
EP 0 287 231 B1 Description This invention is based upon the discovery of
certain materials which act as catalysts to increase the rate at which
organic materials can be burned out in  essentially non-oxidizing
atmospheres, i.e., at- 5  mospheres containing very low levels of oxygen,
e.g., <25 ppm oxygen. One particular application for the invention
contemplates the use of the catalysts in the fabrication of microelectronic
circuits prepared through thick-film technology. Most advantageously, the
catalysts are employed in the fabrication of such circuits where copper
metal constitutes the thick-film conductor. In the most general terms, the
preparation of thick-film circuits comprises applying a paste, commonly
termed an ink, containing a conducting material onto a ceramic substrate by
means of a screen or mask ("printing") and then firing the coated substrate
to adhere the paste to the substrate. Because of its excellent insulating
properties and stability, and relatively high thermal conductivity and
strength, alumina [err] has been widely used in the fabrication of such
substrates. Nevertheless, because of the relatively high dielectric
constant of [err], substrates prepared therefrom are subject to significant
signal 15 propagation delays and noise when used in certain high
performance applications. Moreover and very importantly, the high maturing
or sintering temperatures of [err]  C) severely limit the selection of
co-sinterable conducting metallurgies to highly refractory metals such as
molybdenum, palladium, platinum, and tungsten. That is, metals such as
copper, gold, and silver which exhibit much greater electrical conductivity
cannot be used because their melting points are far below [err]. Those
intrinsic drawbacks of [err]  have led to the development of glass-ceramic
substrates. Such bodies are prepared from glass powders which are sintered
together and exhibit the capability of crystallizing in situ during the
sintering firing. Thermally devitrifiable glass compositions have been
developed which can be sintered into non-porous bodies and crystallized in
situ at temperatures below [err] Examples of such compositions can be found
in U. S. Patent No. 4,234,367 and U. S. Patent No. 25 4,301,324, wherein
the predominant crystal phase developed is either [err]-spodumene solid
solution or cordierite, and in U. S. Application Serial No. 923,432, filed
October 27, 1986 in the names of Louis M. Holleran and Francis W. Martin,
wherein the predominant crystal phase developed is willemite with,
optionally, cordierite. Customarily, the fabrication of microelectronic
circuits contemplates interconnected multilayer sub- 30  strates consisting
of sintered glass-ceramic insulator and conducting patterns made of
thick-film gold, silver, or copper. Interconnections between buried
conductor layers can be achieved through vias comprising metal paste-filled
holes in the individual laminae formed prior to lamination which will, upon
sintering, become densely sintered metal interconnections. The production
of such multilayer glass-ceramic sub- strates commonly involves the
following eight general steps: 35    (a) Glass of a chosen composition is
comminuted to a very fine powder, typically to particle sizes less than 10
microns. (b) A slurry of that powder is prepared by admixing the powder in
an organic vehicle system consisting, in general, of a binder, e.g.,
polyvinyl butyral, solvents, e.g., toluene and ethanol, and a surfactant,
e.g., phosphate ester. Steps (a) and (b) may be combined, if desired, by
milling the glass in the organic 40    vehicle. (c) The slurry is cast into
thin green sheets in accordance with conventional techniques, for example,
by doctor blading. (d) The cast sheets are cut to desired dimensions and
vias formed therein in predetermined configura- tions. 45    (e) A
metallizing paste of gold, silver, or copper is deposited into the vias of
the sheets, for example, by screen printing. (f) The desired conductor
patterns are applied onto the sheets; again, for example, by screen
printing. (g) A plurality of the sheets are laminated together in registry.
The temperature and pressure employed for lamination are designed to cause
the individual green sheets to bond together into an integral 50
monolithic green substrate, and to cause the green ceramic to flow
adequately to enclose the conductor patterns. 



(g) The laminated substrate is fired to a temperature and for a time
sufficient to bum out the organic components, and the temperature then
raised to cause the sintering together of the glass particles with their
concurrent conversion into glass-ceramic bodies through crystallization in
situ, and the sintering 55   together of the metal particles in the
conductor patterns to dense metal lines and vias. Silver and gold
conducting pastes can be fired in an air atmosphere. Nevertheless, because
of the characteristic tendency of silver to diffuse into the glass-ceramic
and its apparent proclivity to cause electromigration problems, and because
of the extremely high cost of gold, copper-containing pastes have 2    EP 0
287 231 B1 customarily constituted the economic choice. Unfortunately,
however, copper exhibits a high oxidizing potential, which attribute
requires multilayer structures containing copper pastes to be sintered in
neutral or reducing environments. Disadvantageously, reducing atmospheres
have been observed to occasion adhe- sion problems; accordingly, neutral
environments have been deemed preferable. Nonetheless, although 5  operable
in preventing the oxidation of copper, a neutral atmosphere, e.g.,
nitrogen, argon, and/or helium, does not provide an oxidizing agent capable
of removing the carbon-based (organic) vehicle efficiently. That is, in the
absence of an oxidizing agent, the organic components pyrolyze as the
substrates are fired. This situation has led to numerous schemes for
controlling the atmosphere by limiting the oxygen content thereof. For
example, each of U. S. Patent Nos. 3,726,006, 4,296,272, 4,311,730,
4,313,262, and 10  4,517,155 demonstrates the use of oxygen in restricted
amounts to oxidize the volatilized constituents of the organic vehicle
system and remove them from the burnout chamber, or the use of small
amounts of oxygen to produce a resistor by oxidizing the material deposited
on the substrate. Still other attempts to solve the burnout problem
inherent in the use of inert atmospheres through control of the components
thereof or through control of the composition of the thick film are
illustrated in U. S. Patent Nos. 4,409,261 and 15 4,122,232. Finally, U. S.
Patent No. 4,622,240 discloses the use of an atmosphere of nitrogen
containing 10- 10,000 ppm nitrous oxide (N20) in the burnout environment.
The period of time required to burn out the organic vehicle system in
copper-containing, thick-film inks can be quite lengthy when inert gases
comprise the atmosphere in a burnout chamber. Self-evidently, then, a
reduction in firing time would result in a significant cost saving. 20
Therefore, the principal objective of the present invention was to devise
means for accelerating the rate of burnout of organic materials in a
gaseous, essentially non-oxidizing atmosphere. Most specifically, the
instant invention was designed to provide means for increasing the rate of
burnout of the organic components from multilayer microelectronic circuit
packages utilizing glass-ceramic substrates and copper- containing pastes
when such packages are fired in a wet, inert, gaseous atmosphere. 25     We
have found that those objectives can be achieved through the use of up to
100 ppm of a heavy metal from Group 8 of the Periodic Table (the platinum
metals), i.e., a metal selected from the group consisting of ruthenium
(Ru), rhodium (Rh), palladium (Pd), osmium (Os), iridium (Ir), and platinum
(Pt) as a catalyst. We have discovered that the presence of at least one of
those metals in any measurable amount is effective to enhance the organic
burnout rate in a wet, inert, gaseous atmosphere. In general, however, 30
levels of about 2 ppm (parts per million) total of one or more of those
metals have exhibited significant acceleration in burnout rate, with
improved activity being observed up to 100 ppm. Higher concentrations of
the metals may be employed, but the improvement in rate of burnout is
normally not sufficient to justify the added cost of the very expensive
metals. A preferred range of concentrations is about 10-50 ppm. As was
described above, multilayer glass-ceramic substrates are prepared in
accordance with the 35 following general steps: (1) a glass-forming batch
of a desired composition is prepared; (2) that batch is melted and cooled
to a glass; (3) that glass is comminuted to a very fine powder; (4) a
slurry of the powder is prepared in an organic vehicle system; 



40   (5) the slurry is formed into thin green sheets; (6) those sheets are
cut to desired dimensions and vias formed therein; (7) metallizing paste is
applied to the sheets and in the vias; (8) the coated sheets are laminated
together to form an integral monolithic substrate; (9) the laminated
substrate is fired to burn out the organic vehicle system; and 45   (10)
the temperature is raised to sinter the glass particles together and
simultaneously crystallize the glass in situ to a glass-ceramic. Laboratory
experimentation has demonstrated that the enhancement in rate of organic
burnout can be achieved where the metal is incorporated in any of the
following methods. (A) The most efficient mode contemplates dissolving the
metal in the form of a metal compound in an 50    amount calculated to
yield the desired concentration of metal into the vehicle system and then
contacting the glass particles with that solution. This practice insures
that each glass particle is coated and the metal is available for the
required catalytic action. This solution can be carried out in accordance
with two general procedures. To illustrate: (1) The metal compound may be
dissolved directly into the organic vehicle system either prior to, 55
concurrently with, or subsequently to the glass powder being admixed into
and/or comminuted in the organic vehicle system. (2) The metal compound may
first be dissolved into a polar organic solvent, the glass powder
optionally being admixed into and/or comminuted in the solvent. A polar
liquid is preferred because it 3    EP 0 287 231 B1 retains the glass
particles in suspension, thereby insuring complete surface wetting of the
particles. Thereafter, two alternative practices are possible. In the first
practice, the solvent with the glass particles therein is dried and the
coated glass particles subsequently mixed into the organic vehicle system.
In the second practice, the solvent with the metal compound dissolved
therein is dissolved 5       into the organic vehicle system. The glass
particles may optionally be admixed into and/or com- minuted in the solvent
or may be admixed into and/or comminuted in the solvent/system solution. As
illustrative of this second procedure, rhodium chloride may be dissolved in
an alcohol, e.g., methanol, ethanol, or isopropanol, the glass powder
admixed and/or comminuted therein, and the alcohol evaporated away.
Thereafter, the coated glass particles may be mixed into the organic binder
system. Experience has indicated that this second procedure frequently
results in a more rapid and more complete solution of the metal compound in
the organic vehicle system than where solution of the compound directly
into the vehicle system is undertaken. The first practice of this second
procedure comprises the most preferred embodiment. It will be appreciated,
of course, that an aqueous solution of the metal compound may be made, the
15    glass powder mixed into and/or comminuted in that solution, the glass
powder dried, and the so-coated glass powder then mixed into the organic
vehicle. The practical problems involved in rapidly vaporizing water off a
slurry, however, have discouraged this practice, although it is technically
feasible. (B) A somewhat less efficient procedure involves incorporating
the metal as part of the glass composi- tion. This can be accomplished in
two ways. First, the metal, again normally in the form of a metal compound,
is included in the original glass-forming batch such that, upon melting the
batch, it becomes part of the glass. Second, the metal may become part of
the glass through introduction as an impurity. For example, when a
platinum-rhodium melting unit is used, corrosion of the metal can be
sufficient to cause the migration of platinum and rhodium ions into the
glass. Because the metal is incorporated in the glass, it is less available
to act with respect to the organic vehicle system. 25   (C) A still less
efficient practice consists of adding the metal or metal compound as an
insoluble powder to. the slurry of glass powder. A truly homogeneous
dispersion of the metal is virtually impossible to achieve such that action
between the metal and the organic vehicle system can be inconsistent. 



In order to test the effectiveness of the metals as catalysts to accelerate
the rate of burnout of organic materials in gaseous, essentially
non-oxidizing atmospheres, circular pellets having a diameter of 13 mm 30
(0.5") and weighing about 3-4 grams consisting of 10 parts of powdered
glass, glass-ceramic, or ceramic and 1 part organic binder were pressed in
steel molds at pressures of 34 MPa (5000 psi). An electrically- heated,
tube-type furnace using a stainless steel retort comprised the firing
chamber. Purified nitrogen having a flow rate ranging over about 3-6
liters/minute was bubbled through a bath of distilled water operating at
120 F [err] to provide an atmosphere of wet nitrogen. Such an atmosphere
has been 35 widely used commercially (Patent No. 4,234,367, supra). Because
of the differences in the sintering characteristics of the glass,
glass-ceramic, and ceramic materials, and in the burnout characteristics of
the binders, four distinct heat treating schedules were employed. All of
the schedules were similar, however, in utilizing binder burnout at
temperatures between [err]. That temperature interval was selected because
readily recognizable results were obtained within about 2-7 hours; lower
temperatures most 40  probably would have required longer dwell periods.
The four heating schedules are set out below. Schedule 1 comprised heating
from room temperature (R.T.) to [err] at [err]/minute, maintaining that
temperature for 7 hours, heating to [err] at[err]/minute, holding that
temperature for 2 hours, and then cutting off the electric current to the
furnace with the samples retained therein. This "cooling at furnace rate"
averaged about 5  C/minute. 45     Schedule 2 consisted of heating from
R.T. to [err] at [err]/minute, holding that temperature for 7 hours, and
then cooling at furnace rate. Schedule 3 involved heating from R.T. to
[err] at [err]/minute, maintaining thereat for 4 hours, and then cooling at
furnace rate. Schedule 4 utilized heating from R.T. to 750 C at
[err]/minute, holding that temperature for 7 hours, 50  and then cooling at
furnace rate. The occurrence of enhanced organic binder burnout was readily
observed visually. Samples with and without metal additives were fired
concurrently. Samples without metal additives exhibited a gray appear- ance
due to carbon residue therein. In contrast, samples evidencing accelerated
burnout exhibited a white or near white appearance. 55    In the following
examples either polyvinylbutyral (PVB) or ethyl cellulose (EC) constituted
the organic binder. Furthermore, in the following examples Material A
comprised a cordierite-containing glass-ceramic of the type described in U.
S. Patent No. 4,301,324; Material B comprised a Ba-osumilite-containing
glass- ceramic of the type described in U. S. Patent No. 4,464,475;
Material C comprised an anorthite-containing 4    EP 0 287 231 B1
glass-ceramic of the type described in U. S. Patent No. 4,615,987; Material
D comprised a willemite- containing glass-ceramic of the type described in
U. S. Patent application Serial No. 923,432, filed October 27, 1986 in the
names of Louis M. Holleran and Francis W. Martin; Material E comprised
Coming 9608, a beta-spodumene-containing glass-ceramic marketed by Corning
Glass Works, Corning, New York under the 5  trademark CORNING WARE;
Material F comprised a cordierite-containing glass-ceramic of the type
described in U. S. Patent No. 4,015,048; Material G comprised a
beta-spodumene-containing glass-ceramic of the type described in U. S.
Patent No. 4,301,324; Material H comprised a [err]-containing glass-ceramic
of the type described in U. S. Patent No. 4,576,920; Material I comprised
powdered [err] and Material J comprised Coming 1723, an alkaline earth
metal aluminosilicate glass marketed by Corning Glass Works. 10  The
cordierite-containing glass-ceramics described in U. S. Patent No.
4,301,324 are stated to consist essentially, in weight percent, of about:
[err]    48-55              [err]   0-3 [err]   18-23               [err]
0-2.5 MgO    18-25               SnO2    0-2.5 ZnO      0-2
ZrO2    0-2.5 



[err]     0-1   [err] + [err] + ZrO2   0-5 [err]     0-3 20 The
beta-spodumene-containing glass-ceramics described in U. S. Patent No.
4,301,324 are stated to consist essentially, in weight percent, of about:
[err]    65-75    CaO and/or BaO   0-2 25                            [err]
12-17    [err] and/or [err]   1-3.5 MgO      0-2               P2 05
0-2.5 ZnO      0-2               [err]   0-3 [err] 0    3.5-11
F   0-3 30                            [err]     0-2.5 The
Ba-osumilite-containing glass-ceramics described in U. S. Patent No.
4,414,475 are stated to consist essentially, in weight percent, of about:
[err]     51-68   [err]   0-20 [err]   17.5-30   [err]   0-10 MgO
5-12   [err]     0-12 [err]      3.5-15   ZrO2    0-6 Si  0-1 The
anorthite-containing glass-ceramics described in U. S. Patent No. 4,615,987
are stated to consist essentially, in weight percent, of about: CaO
0-25                                       MgO   0-15 SrO          0-30
[err]   0-4 CaO + SrO   10-30                                        [err]
0-6 [err]      25-38                                       TiO2   0-12
[err]        35-60                                        ZrO2    0-15 50
BaO           0-25                                     [err]   0-3 MgO
0-15   BaO+ MgO+[err]+ [err]+[err] +ZrO2 [err]   0-30 Coming 9608
glass-ceramic has the approximate composition, in weight percent, of about
5    EP 0 287 231 B1 [err]    70   MgO    3 [err]   18   ZnO    1 [err]
3   [err]   5 5 which is included within the beta-spodumene-containing
glass-ceramics described in U. S. Patent No. 3,157,522. The compositions
disclosed in that patent are stated to consist essentially, in weight
percent, of about: [err]    55-75                    [err]    3-7 [err]
12-36   SiO2 + A1203 + [err] + [err]  95 [err]     2-15 15     The
cordierite-containing glass-ceramics described in U. S. Patent No.
4,015,048 are stated to consist essentially, in mole percent, of about: MgO
22.2-26           MO    0.7-5.6 [err]   23.6-27.8   MgO + MO     23.6 [err]
44.3-52.7 wherein MO = BaO and/or PbO and/or SrO and/or CaO. The
[err]-containing glass-ceramics described in U. S. Patent No. 4,576,920 are
stated to consist 25 essentially, in weight percent, of about: 



[err]    1 0-50             [err]   25-75 B203    5-35          [err]
>90 30 Coming 1723 glass has the approximate composition, in weight
percent, of about [err]    57   MgO      7 36
[err]   16   CaO    10 [err]    4   BaO       6 which is included within
the alkaline earth alumino-silicate glasses described in U. S. Patent No.
3,496,401. The compositions disclosed in that patent are stated to consist
essentially, in weight percent, of about 40 [err]    55-70   alkaline earth
metal oxide   10-25 [err] 13-25                     B203    0-10 45     The
willemite-containing glass-ceramics described in U. S. Application Serial
No. 923,432 are stated to consist essentially, in weight percent, of about:
[err]    30-55                                                         MnO
0-15 50     [err]    10-30
MgO   0-15 ZnO     15-45
Cs2 0   0-7 [err]     0-5                             CaO and/or SrO and/or
BaO and/or PbO   0-5 CaO and/or SrO and/or BaO and/or PbO + [err] + [err] +
MgO + MnO   0-15 55    EP 0 287 231 B1 Table I Material    Additive
Batch   Slurryl Binder   H.T.   Burnout I   A     I     None      -     -
IPVB  I  1    Poor I I   A     I      None       - I    -1 1
Poor I   A      [err] (20ppm)   X     -        PVB     1    Poor I 10
A    [err]   I           X            PVB  I      Poor I I
( 20ppm)   I I    I I   A     [err] (20ppm)   X  I        I  EC     2
Poor I 15      A      [err]   -   I   X  I  EC  I          Good I I
I       (20ppm)I       I       I            I        I I   A    [err]
(26ppm)    X  I   -  I PVB  I  1 I  Good I A     [err]      -      X    PVB
1   Good 20              I       (20ppm)  I                         I
I I   A     [err]  (26ppm)   X  I   -         EC     2    Good I A
[err]    I      I   X     EC     1    Good I 25
(20ppm)I       I       I       I I   A     [err]  (24ppm)l  X  I   - PVB
I  1    Poor I A    [err]  (20ppm) I  -      X  I PVB    I  1    Good I 30
A     [err]  (24ppm)   X      -  I  EC  I  2    Poor I   A    [err] (20ppm)
-      X     EC  I       Good A       [err] (32ppm)   X      -    PVB  I
1  Good I   A     [err] (10ppm)   -  I   X    PVB  I  1    Good I I   A
I [err] (32ppm)        I   I  I  EC     21  Good I A     [err]    -
X   EC    1    Good I     (10ppm)I 40      A        [err] (24ppm)I  K  I
-  I PVB   I  1     Good I I   A     [err]                X    PVB     1
Good 



I                 (10ppm)         I            I        I 45        A
[err]        -  I   X    PVB        1    Good I         I       (20ppm)
I    I A     [err]                X    PVB     1    Good (40ppm) I
I         I 50        A      [err] (24ppm)I   X  I   -  I  EC     2    Good
55 7    EP 0 287 231 B1 Table (Con't.) Material   Additive     Batch Slurry
Binder H.T.  Burnout A    [err]          -      X         EC   1    Good I
(10ppm) I     I               I I   A     [err]  (20ppm)   X   I   -  I PVB
I  1 I  Poor I 10        A       [err]     -      X   PVB      1     Good
(20ppm) A      [err]  I  -      X      EC    1        Good (20ppm)
I       I 15         A      [err] (30ppm)   X   I   -  I PVB   I  1
Poor A     [err]             X   I  PVB   1    Poor I I         I
(20ppm)              I I   A         (30ppm)   X   I   -  I  EC   I
Poor I   A     [err]  -           X   I  EC      1     Poor I (20ppm)
I        I A     NiO    (30ppm)   X  I   -  I PVB    1      Poor A
[err]    I              X  I PVB   I  1     Poor I        (20ppm)        I
-A     NiO   (30ppm)   X   I   -          EC      1    Poor I 30         A
[err]    I            X     EC     1     Poor (20ppm) A     (0.74%)   X
-  PVB        1  1   Poor 35         A      [err]         -        X
PVB       1   Poor I       (20ppm) A      [err]        -      X     EC
1    Poor I                (20ppm)        I-           I      I B
None          -  I   -   PVB   I  2    Poor I   B      [err] (20ppm)   X
-  I PVB            2    Good I B      [err]                 X     PVB
3    Good 45                        (20ppm) C     I      None            I
-  PVB     2   Poor C      [err] (20ppm)   X           -   I PVB   I  2
Good I 50 55 8    EP 0 287 231 B1 



Table  (Con't.) Material I  Additive             Batch I Slurry Binder I
H.T.  Burnout C        [err]        -        X     PVB        3     Good
(20ppm) I            I I    D               None
PVB           2 -      PVB      2     Poor 10       .       D       [err]
(20ppm)   X   I    -   PVB                      2     Good D        [err]
-        X     PVB       3     Good I                     I         I E
I       None        I   -        -   I PVB   I 2&3    Poor  I I    E
None          I                    EC       3      Poor I    E        [err]
(20ppm)   X      -   PVB    1   2  I  Good E        e[rr] 3H20
-         X      EC       3     Good (10ppm)I                     I
I E         [err]            -   I    X      PVB           3     Good I
(10ppm) I                                     I I    F               None
I  -   I           I   PVB        1     Poor 25 F       [err]   (8ppm)   X
I    -   PVB    I   1     Good  I F      [err]              -   I    X
PVB      1          Good (10ppm)           I          I         I      I 30
G       e[rr] (20ppm)   X        -    PVB                  3     Good G
[err] (20ppm)  X   I    -   I   EC       3              Good  I I    H
None              -   PVB -                 I   2     Poor 35
H  [err]         I   -   I    X     PVB       2     Good I        (20ppm)
I    I           I           I I    I   None              I
EC    4  Poor [err]                      -         X       EC       4
Good 40                              (10ppm)   I              I
I          I I    J             None          I   -   I    -    PVB
3      Poor J     [err]                 -         X      PVB        - 3
Good 45                              (20ppm)                      I A
circular pellet pressed from a mixture of powdered [err] (Material I) and
an epoxy binder demonstrated poor burnout when subjected to heat treating
Schedule 4 in a flowing wet nitrogen 50  atmosphere, but, when [err] in an
amount so calculated that 10 ppm rhodium was incorporated, excellent
burnout was exhibited. Rhodium (III) 2,4-pentanedionate [err] was dissolved
in methanol [err] and that solution blended into PVB to form a binder
system calculated to yield 20 ppm rhodium per weight of glass when the
liquid was added to powdered glass. After the solution was added to
powdered Material A, the mixture was 55 rolled in a jar mill for 20
minutes, the methanol evaporated by heating the mixture at about 50 * C in
a flow of air, and the resulting mixture ground to a coarse powder, i.e.,
powder >10 [err] (microns) in diameter. Circular pellets were pressed
wherein the glass:binder ratio was 10:1 by weight. When the pellets were
fired according to Schedule 1 in a flowing wet nitrogen atmosphere,
excellent burnout was demonstrated. 9    EP 0287231 B1 As can be observed
from the above, the platinum metals, i.e., Ru, Ph, Pd, Os, Ir, and Pt, are
effective in varying degrees in catalyzing the burnout of organic materials
in a wet, inert, gaseous atmosphere. Rhodium appears to be the most
effective and, hence, is the preferred catalyst. The metals seem to perform
equally well with glasses, glass-ceramics, and ceramics; the one obvious
requirement being that 



5 the sintering temperatures of the glasses, glass-ceramics, and ceramics
are higher than the burnout temperature of the organic material. To
illustrate the effectiveness of the catalysts in reducing the time of
burnout, several circular pellets were pressed from a mixture of Material A
in polyvinylbutyral as the binder. A matrix of experiments was designed
utilizing rhodium calculated in amounts of 10 ppm, 20 ppm, and 40 ppm and
firing Schedule A, 10  except that dwell times at [err] of 2, 4, and 8
hours were used. At the 10 ppm rhodium level, complete binder burnout
occurred at about 8 hours; at the 20 ppm rhodium level, complete burnout
was accom- plished in about 6 hours; at the 40 ppm rhodium level, complete
burnout was achieved in about 4 hours. Such reduction in time necessary for
burnout is, self-evidently, very valuable from a commercial point of view.
It enables the production of desired products to be carried out more
rapidly and less expensively. 15 Claims 1. A method for accelerating the
rate of burnout in a wet, inert, gaseous atmosphere containing a very low
level of oxygen of organic material from a body prior to sintering said
body, said body comprising said organic material and an inorganic material
selected from the group consisting of glasses, glass- ceramics, and
ceramics, by incorporating in said body up to 100 ppm of at least one
metal-containing material wherein said metal is selected from the group
consisting of Ru, Rh, Pd, Os, Ir, and Pt. 2. A method according to claim 1
characterised in that the metal-containing material is incorporated in a 25
batch which is then melted and formed into a glass body. 3 A method for
fabricating microelectronic circuits consisting of interconnected,
multilayer glass-ceramic substrates with conducting patterns and
interconnecting vias produced from copper-containing thick- film inks
comprising the steps of: 30        (a) preparing a glass-forming batch of a
desired composition; (b) melting said batch; (c) cooling said batch to a
glass; (d) comminuting said glass to very fine particles; (e) preparing a
slurry of said glass particles in an organic vehicle system; 35       (f)
forming said slurry into thin green sheets; (g) cutting said sheets to
desired dimensions and forming vias therein; (h) applying
copper-containing, thick-film ink to said sheets and in said vias; (i)
laminating said sheets together to form an integral monolithic substrate;
a) heating said substrate in a wet, inert, gaseous atmosphere containing a
very low level of oxygen 40       to a temperature and for a time
sufficient to burn out said organic vehicle system; and (k) heating said
substrate to a higher temperature for a time sufficient to sinter said
glass particles together and simultaneously crystalline the glass in situ
to a glass-ceramic the improvement comprising accelerating the rate of
burnout of said organic vehicle system by incorporating up to 100 ppm of at
least one metal-containing material into said thin green sheets, said metal
being 45        selected from the group consisting of Ru, Rh, Pd, Os, Ir,
and Pt. 4. A method as claimed in claim 2 or claim 3 characterised in that
the metal-containing material is incorporated in said glass-forming batch.
50 5. A method as claimed in claim 2 or claim 3 characterised in that
metal-containing material is incorporated in said glass as an impurity from
the glass melting unit. 6. A method as claimed in claim 1 characterised in
that the metal-containing material is incorporated in said body in
particulate form. 55 7. A method as claimed in claim 3 characterised in
that the metal-containing material is incorporated in particulate form in
said slurry. 10    



EP0287 231 B1 As can be observed from the above, the platinum metals, i.e.,
Ru, Ph, Pd, Os, Ir, and Pt, are effective in varying degrees in catalyzing
the burnout of organic materials in a wet, Inert, gaseous atmosphere.
Rhodium appears to be the most effective and, hence, is the preferred
catalyst. The metals seem to perform equally well with glasses,
glass-ceramics, and ceramics; the one obvious requirement being that 5  the
sintering temperatures of the glasses, glass-ceramics, and ceramics are
higher than the burnout temperature of the organic material. To illustrate
the effectiveness of the catalysts in reducing the time of burnout, several
circular pellets were pressed from a mixture of Material A in
polyvinylbutyral as the binder. A matrix of experiments was designed
utilizing rhodium calculated in amounts of 10 ppm, 20 ppm, and 40 ppm and
firing Schedule A, 10  except that dwell times at 785 C of 2, 4, and 8
hours were used. At the 10 ppm rhodium level, complete binder burnout
occurred at about 8 hours; at the 20 ppm rhodium level, complete burnout
was accom- plished in about 6 hours; at the 40 ppm rhodium level, complete
burnout was achieved in about 4 hours. Such reduction in time necessary for
burnout is, self-evidently, very valuable from a commercial point of view.
It enables the production of desired products to be carried out more
rapidly and less expensively. 15 Claims 1. A method for accelerating the
rate of burnout in a wet, inert, gaseous atmosphere containing a very low
level of oxygen of organic material from a body prior to sintering said
body, said body comprising said organic material and an inorganic material
selected from the group consisting of glasses, glass- ceramics, and
ceramics, by incorporating in said body up to 100 ppm of at least one
metal-containing material wherein said metal is selected from the group
consisting of Ru, Rh, Pd, Os, Ir, and Pt. 2. A method according to claim 1
characterised in that the metal-containing material is incorporated in a 25
batch which is then melted and formed into a glass body. 3. A method for
fabricating microelectronic circuits consisting of interconnected,
multilayer glass-ceramic substrates with conducting patterns and
interconnecting vias produced from copper-containing thick- film inks
comprising the steps of: 30       (a) preparing a glass-forming batch of a
desired composition; (b) melting said batch; (c) cooling said batch to a
glass; (d) comminuting said glass to very fine particles; (e) preparing a
slurry of said glass particles in an organic vehicle system; 35       (f)
forming said slurry into thin green sheets; (g) cutting said sheets to
desired dimensions and forming vias therein; (h) applying
copper-containing, thick-film ink to said sheets and in said vias; (i)
laminating said sheets together to form an integral monolithic substrate;
(j) heating said substrate in a wet, inert, gaseous atmosphere containing a
very low level of oxygen 40       to a temperature and for a time
sufficient to burn out said organic vehicle system; and (k) heating said
substrate to a higher temperature for a time sufficient to sinter said
glass particles together and simultaneously crystalline the glass in situ
to a glass-ceramic the improvement comprising accelerating the rate of
burnout of said organic vehicle system by incorporating up to 100 ppm of at
least one metal-containing material into said thin green sheets, said metal
being 45        selected from the group consisting of Ru, Rh, Pd, Os, Ir,
and Pt. 4. A method as claimed in claim 2 or claim 3 characterised in that
the metal-containing material is incorporated in said glass-forming batch.
50  5. A method as claimed in claim 2 or claim 3 characterised in that
metal-containing material is incorporated in said glass as an impurity from
the glass melting unit. 6. A method as claimed in claim 1 characterised in
that the metal-containing material is incorporated in said body in
particulate form. 55 7. A method as claimed in claim 3 characterised in
that the metal-containing material is incorporated in 



particulate form in said slurry. 10    EP 0 287 231 B1 8.  A method as
claimed in any of claims 1-3 characterised in that the metal-containing
material is incorporated in said body in solution with said organic
material or vehicle system. 9. A method as claimed in claim 8 characterised
in that the organic material or vehicle contains a binder 5      selected
from the group consisting of polyvinylbutyral, ethyl cellulose, and epoxy
resin. 10. A method as claimed in claim 3 characterised in that the crystal
phase present in said glass-ceramic is selected from the group consisting
of cordierite, Ba-osumilite, anorthite, willemite, beta-spodumene, and
[err] 10 Patentanspriiche 1. Verfahren zur BeschleunIgung der
Ausbrenngeschwindigkeit elnes organischen Materials In elner feuchten,
inerten, gashaltigen Atmosphire, die einen nur geringen Sauerstoffehalt
aufwelst, aus elnem t5     K8rper vor dem Sintern dieses Kdrpers, wobel der
Kdrper das organische Material und ein anorganil- sches Material enth~lt,
ausgewAhIt aus der Gruppe, bestehend aus Glasern, Glaskeramiken und
Keramiken, wobel in den Kdrper bis zu 100 ppm wenigstens eines
Metall-enthaltenden Materials aufgenommen werden, wobei das Material
ausgewAhlt wird aus der Gruppe, bestehend aus Ru, Rh, Pd, Os, Ir und Pt. 20
2. Verfahren nach Anspruch 1, dadurch gekennzelchnet, daB das
Metall-enthaltende Material in einen Ansatz aufgenommen wird, der
anschlieBend geschmolzen und zu einem Glaskorper geformt wird. 25 3.
Verfahren zur Herstellung mikroelektronischer Schaltungen, die aus
untereinander verbundenen, Mehr- schichtglaskeramiktragern mit leitenden
Strukturen und Verbindungswegen, hergestellt aus Kupfer- enthaltenden
dickfilmigen Farben, bestehen, wobei das Verfahren die nachfolgenden
Schritte aufweist: (a) Herstellen sines glasbildenden Ansatzes einer
gewfnschten Zusammensetzung; 30       (b) Schmelzen dieses Ansatzes; (c)
Abkthlen dieses Ansatzes zu einem Glas; (d) Zerkleinern des Glases zu sehr
feinen Tellchen; (e) Herstellen eines Slurries aus den Glasteilchen in
einem organischen Tragersystem; (f) Formen des Slurries zu dfnnen
ungebrannten Schichten; 35       (g) Schneiden dieser Schichten zu den
gewUnschten GroBen und Ausbilden der Verbindungswege in den Schichten; (h)
Aufbringen einer Kupfer-enthaltenden Farbe als dicken Film auf die
Schichten und in die Verbindungswege; (i) Zusammenlaminieren der Schichten,
um ainen einstUckigen monolithischen TrAger zu bilden; 40        0 Erhitzen
des Tragers in ainer feuchten, Inerten, gashaltigen Atmosphare, die einen
nur geringen Sauerstoffgehalt aufweist, auf eine Temperatur und fOr eine
Zelt, die ausreichend sind, um das organische Tragersystem auszubrennen;
und (k) Erhitzen des Tragers auf eane hhere Temperatur far eine Zeit, die
ausreicht, um die Glasteil- chen zusammen zu sintern und gleichzeitig das
Glas in situ zu miner Glaskeramik zu kristallisieren, 45       wobei die
Verbesserung die Beschleunigung der Ausbrenngeschwindigkeit des organischen
Trager- systems durch die Aufnahme von bis zu 100 ppm wenigstens eines
Metall-enthaltenden Materials in die dOnnen ungebrannten Schichten umfaflt,
wobei das Metall ausgewahIt wird aus der Gruppe, bestehend aus Ru, Rh, Pd,
Os, Ir und Pt. 



5o  4. Verfahren nach Anspruch 2 oder 3, dadurch gekennzeichnet, daB das
Metall-enthaltende Material in den glasbildenden Ansatz aufgenommen wird.
5. Verfahren nach Anspruch 2 odor 3, 55     dadurch gekennzeichnet, daB das
Metall-enthaltende Material in das Glas In Form einer Verunreinigung aus
der Glasschmelzein- heit aufgenommen wird. ~~~~~I11|1 11111#1 llX11 11Xt
11 ,"-    EP 0 287 231 B1 6. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, daB das Metall-enthaltende Material in den Korper in
teilchenformiger Farrn aufgenommen wird. s  7. Verfahren nach Anspruch 3,
dadurch gekennzeichnet, daR das Metall-enthaltende Material in
teilchenformiger Form in den Slurry aufgenommen wird. 8. Verfahren nach
einem der Ansprlche 1 -3, 1_;o     dadurch gekennzeichnet, daB das
Metall-enthaltende Material in den K6rper in Losung mit dem organischen
Material oder Tragersystem aufgenommen wird. 9. Verfahren nach Anspruch 8,
*s     dadurch gekennzeichnet, daB das organische Material oder der Trager
ein Bindemittel enthilt, ausgewdhlt aus der Gruppe, bestehend aus
Polyvinylbutyral, Ethylzellulose und Epoxyharz. 10. Verfahren nach Anspruch
3, dadurch gekennzeichnet, daB die in der Glaskeramik vorliegende
Kristallphase ausgewbhit wird aus der Gruppe, bestehend aus Kordierit,
Ba-osumilit, Anorthit, Willemit, Beta-Spodumen und BPO4. Revendications 25
1. Proc6dd destin6 & accdlerer la vitesse d'dlimination par brOlage, dans
une atmosphere gazeuse inerte et humide contenant un trbs faible taux
d'oxygene d'un matfriau organique provenant d'un corps avant le frittage
dudit corps ; ledit corps comprenant ledit mateiau organique et un mat6riau
Inorganique choisi dans le groupe comprenant les verres, les verres
ceramiques et les c6ramiques, par incorpora- 30    tion dans ledit corps
jusqu'a 100 ppm d'un mat6riau contenant au moins un m6tal dans lequel ledit
metal est choisi dans le groupe constitu6 de Ru, Rh, Pd, Os, Ir, et Pt. 2.
Proc~dd selon la revendication 1, caractdris6 en ce quo le materiau
contenant du metal est incorpore dans un lot qui est ensuite fondu et mould
en un corps vitreux. 35 3. Proc6d6 de fabrication de circuits
micro6lectroniques constitues de substrats de verre-c6ramique multicouches
interconnect6s avoc des motifs conducteurs et des voies d'interconnection
produits a partir d'encres a film epais contenant du cuivre, et comprenant
les 6tapes de: (a) pr6paration d'un lot permettant la formation de verre de
la composition d~sirde; 40       (b) fusion dudit lot; (c) refroidissement
dudit lot en un verre; (d) comminution dudit verre en particules trOs
fines; (e) preparation dune pate a partir desdites particules de verre dans
un systeme de vehicule organique; 45       (f) mise en forme de ladite pAte
en feuilles crues minces; 



(g) decoupage desdites feuilles aux dimensions desir6es et formation des
voies dans celles-ci; (h) application de l'encre . film epais contenant du
cuivre sur lesdites feuilles et dans lesdites voies; (1) colaminage
desdites feuilles de fagon a former un substrat monolithique d'une seuls
piace; U) chauffage dudit substrat dans une atmosphere gazeuse inerte et
humide contenant un tres faible 50       taux d'oxygbne a une tempdrature
et pendant un temps suffisants pour eliminer par bratage ledit systeme de
v6hicule organique ; et (k) chauffage dudit substrat A une temperature plus
6lev6e pendant un temps suffisant pour fritter lesdites particules de verre
ensemble et simultan6ment in situ rendre le verre cristallin pour former un
verre-ceramique, I'am6lioration 6tant constitute par l'accel6ration de la
vitesse d'eliminatlon par S5       brOlage dudit systbme de vehicule
organique par incorporation de jusqu'b 100 ppm d'un mat6riau contenant au
moins un mftal dans lesdites feuilles crues minces, ledit metal 6tant
choisi dans le groupe constitue de Ru, Rh, Pd. Os, Ir, et Pt. 12    EP O
287 231 B1 4. Proc6de comme revendique dans la revendication 2 ou la
revendication 3, caract6ris6 en ce quo le mat6riau contenant du m~tal est
incorpor4 dans ledit lot permettant la formation de verre. 5. Proc~d6 commo
revendiqu6 dans la revendication 2 ou la revendication 3, caract~rls6 on ce
quo le 5      mat6riau contenant du m~tal est incorpor6 dans lodit verre en
tant qu'impurete b partir de l'unit6 de fusion du verre. 6. Proc~dd comme
revendiqu6 dans la revendlcation 1, caract6ris6 en co que le mat6riau
contenant du metal est lncorpor6 dans ledit corps sous forme particulaire.
10 7. Procedd comme revendique dans la revendication 3, caracterisd en ce
que le materiau contenant du m6tal est incorpor6 sous forme particulaire
dans ladite pate. 8. ProcMd6 comme revendiqu6 dans l'une quelconque des
revendicatlons I A 3, caracterlse en ce que le i5     matdriau contenant du
metal est incorpord dans ledit corps on solution avec ledit materlau ou
systbme de v~hicule organique. 9. Proc6d6 comme revendiqu6 dans la
revendication 8, caract6ris6 en ce que le materiau ou systeme do v6hicule
organique contient un liant choisi dans le groupo constitue du
polyvinylbutyral, de I'dthylcellu- ty 20  lose et de la rosine epoxy. 10.
Procd6 comme revendiqu4 dans la revendication 3, caract6ris6 en ce que la
phase cristalline presente dans ledit verre-ceramique est choisle dans le
groupe constitu6 de la cordi6rite, de la Ba-osumilite, de I'anorthite, de
la will~mite, du b8ta-spodumene et du BPO4. 25 30 35 40 45 50 55 13    


