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WOF RECEIPT

BONDING METHOD USING SOLDER COMPOSED OF

MULTIPLE ALTERNATING GOLD AND TIN LAYERS

Background of the Invention

' This invention relates to bonding methods, and more particularly to

5 methods for bonding devices that generate heat during subsequent operation such as
semiconductor laser devices. '

During operation of a semiconductor laser device, i.e., when it is
generating optical radiation, it also generates relatively large amounts of heat that
must be quickly and efficiently conducted away from the device, lest its temperature

10 rise to an undesirable level and its useful device lifetime be undesirably reduced.
| U.S. Patent No. 4,772,935 teaches a process-for thermal-compression
; bonding of a silicon integrated circuit due to a package comprising a header. The
process utilizes sequential formation on a major surface of a silicon wafer
(substrate), prior to its being cut into a plurality of dies, the following successive
15 layers: (1) an adhesion layer of titanium; (2) a barrier layer, preferably of tungsten;
(3) a bonding layer, preferably of gold. Also, a stress-relieving layer, preferably of
gold, can be formed earlier between the adhesion layer of tungsten and the major
" surface of the wafer. Thereafter, the substrate is cut into the plurality of dies, each of
which is bonded, for example, to a ceramic header ("submount™). Prior to the die’s
20 being bonded to the header, a major surface of the header is coated with a layer of
gold that, in turn, is coated with a binding layer of solder, preferably a gold-tin
eutectic. The purpose of the adhesion layer is to promote adhesion of the tun gstcn
barrier layer to the substrate. The purpose of the barrier lay::r is to suppress
migration of silicon from the substrate into the originally eutectic binding layer of
25 solder, such migration causing an undesirable increase in the melting temperature of
the binding layer of solder and hence a required undesirably high temperature rise in
the wafer during the thermal-compression bonding process in which the binding
layer of solder must be melted to wet the surface to be bonded. The purpose of the
bonding layer of gold is to protect the barrier layer from oxidation that would
30 weaken the resulting bond.

In the aforementioned patent, the thickness of the binding layer of solder
was reported to be 0.5 to 1.0 mil, or 12.7 t0 25.4 um. Such a relatively large
thickness, regardless of relatively small thicknesses of other layers, is not desirable
in the context of relatively high power (over 100 milliwatt) lasers, because of the

35 need of a significantly higher thermal conductance and hence significantly smaller
thickness of the entire resulting bond between laser ';é.hdgubxfiouyt. e '
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On the other hand, when a gold-tin solder layer is made desirably thin

" from the standpoint of good and sufficient thermal conductance--i.e., about 4 um or

less--then surface regions of the solder suffer from premature freezing

.. (solidification) during the bonding process when heat is applied in quantities

sufficient to raise the temperature of the solder above-its melting temperature,
namely above 280°C in cases where the gold-tin solder has a eutectic composition
(gold: 80 per centum by weight; tin: 20 per centum by weight) and hence a
desirable minimum melting temperature. This premature freezing is caused by
migration of tin away from the surface of the solder (initially having a eutectic or
even a tin-rich nearly eutectic composition), whereby (because the solder’s surface
regions no longer have the eutectic or nearly eutectic compositions) the melting-

(= freezing) point of the solder’s surface regions dramatically increases, namely, by
about 30°C per centum (by weight) decrease in the tin component in the
neighborhood of the eutectic composition on its tin-poor side. Consequently, surface
regions of the solder undesirably solidify ("freeze") during bonding, because the
bonding process cannot be performed at a temperature that is high enough to prevent
this freezing and at the same time is low enough so as not to injure the device. This
premature freezing of the solder causes poor "wetting" of the surface of the gold
bonding layer (on the barrier layer) on the device by the solder and consequently
poor bonding of the device to the submount. Thus, during subsequent device
operation, the resulting poor thermal conductance of the resulting bond (caused by
the poor "wetting") tends to cause injurious overheating of the device, and the

resulting poor mechanical adhesion property of the bond ter:ds to allow the device to |

detach from the submount.

On the other hand, gold-tin solder is preferred over other solders--such
as indium, lead—tin,__tin-'leéd, tin-indium, lead-indium-silver--because of its relatively
high Young’s modulus of elasticity and hence its resulting mechanically more stable
(rigid) bond. Also bonds made from gold-tin solder tend to have desirably lower
creep, such lower creep being associated with the relatively high melting
temperature (280°C or moni) of a gold-tin solder. Moreover, gold-indium solder has
too high a melting temperature (about 457°C) for bonding lasers, because such a |
high temperature tends to injure the laser durihg bonding.

Therefore, it would be desirable to have a bonding method using a

gold-tin solder, but which does not suffer from the short-comings of prior art.
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Summary of the Invention

In accordance with the invention we provide a bonding method as
recited in claim 1. It is further advantageous that this bonding method is in
accordance with claim 2. It is also further advantageous that this bonding method is
in accordance with claim 3. Itis yet further advantageous that this bonding method
is in accordance with claim 4. It is yet further advantageous that this bonding
method is in accordance with claim S or 6. It is also further advantageous that the
method is in accordance with claim 7. It is also further advantageous that the
method is in accordance with claim 8 or 9. It is also further advantageous that this
method is in accordance with claim 10.

- - Brief Description of the Drawing(s) -

FIG. 1 is an elevational cross-sectional view of a bonding method in
accordance with a specific embodiment of the invention.

Only for the sake of clarity the drawing is not to scale except that
layers 23.1, 23.2, ... 23.11 are drawn with relative thicknesses that conform to an
approximate scale among one another.

Detailed Description

Referring to FIG. 1, a semiconductor laser structure 10, typically InP-
based, has a bottom contact electrode layer 10.5, typically a gold-germanium alloy
having a thickness of about 0.015 yum whereby a semiconductor laser device 100 is
formed. On the electrode layer 10.5 is located an adhesion layer 11, typically a
titanium layer having a thickness in the approximate range of 0.05 to 0.10 pm. On
this adhesion layer 11 is located a barrier layer 12, typically a platinum layer having
a thickness in the approximate range of 0.05 to 0.10 gm. On this barrier layer 12 is
located a binder layer 13 of gold, having a thickness of typically about 0.5 pm.

A submount 20 is to be attached by metallic solder or epoxy to a stud of
copper or to a ceramic board (not shown) after the bonding procedure has been
performed. This submount 20 typically is made of silicon, ceramic, or low pfessure
chemically vapor deposited (LPCVD) diamond. Typically, the submount 20 has a
thickness of about 250 pm. On at least a portion of the top surface of the
submount 20 (namely, where the device 100 is to be bonded) is located an adhesion
Iayer 21, typically titanium having a thickness of about 0.10 jtm. On this adhesion
layer 21 s located a barrier layer 22, typically nickel having a thickness of about
0.30 m. Instead of nickel, other materials such as tungsten, chromium, ruthenium,
or molybdenum can also be used for the barrier layer 22.
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On the barrier layer 22 is located a solder composite layer 23 composed
of multiple alternating layers 23.1, 23.2, ... 23.11 of gold and tin, starting with a
bottom layer 23.1 and ending with a top layer 23.11, both of gold. For example, the
thicknesses of layers 23.1, 23.2, ... 23.11 typically are respectively equal to
approximately 0.400 pum of gold, 0.200 pm of tin, 0.250 ym of gold, 0.300 |im of
tin, 0.325 pm of gold, 0.300 um of tin, 0.375 pm of gold, 0.350 pm of tin, 0.250 pm
of gold, 0.350 um of tin, and 0.100 um of gold--a total of eleven alternating layers.
The total thickness of gold is thus equal to 1.70 um; of tin 1.50 ytm; for a total of
3.20 um--that is, containing tin in an amount of 25 per centum by weight (a eutectic
containing tin in an amount of about 20 per centum by weight)--whereby the
composite layer 23 on the overall average has a tin-rich (gold-poor) near-€utectic
composition. If the bottom layer of the solder composite layer 23 is tin instead of
gold, the top layer always being gold, then there are an even number of layers in the
composite layer instead of an odd number of layers. For example, the thicknesses of
the alternating tin and gold layers, in accordance with another specific exampie, are
(going from bottom to top) respectively equal to 0.200 pim of tin, 0.650 um of gold,
0.300 pm of tin, 0.325 ym of gold, 0.300 ytm of tin, 0.375 pum of gold, 0.350 um of
tin, 0.250 pm of gold, 0.350 um of tin, and 0.100 pm of gold--a total of ten
alternating layers. The total thickness of gold is again equal to 1.70 pm, and the
total thickness of the tin is again equal to 1.50 tm, whereby the solder composite
layer 23 is again a 3.20 pum thick tin-rich eutectic (averaged over its entire
thickness). This thickness, when added to the thicknesses of the barrier and adhesion
layers 22 and 21, amounts to a total thickness of only 3.60 um.

The ratio of the thickness of the top layer 23.11 }o the thickness of the
(next-to-top) layer 23.10--i.¢., the layer whose top surface is in immediate physical
contact with the bottom surface of the top layer 23.11--is thus 0.100 + 0.350 = 0.286,
that is, less than 0.3. This ratio also holds in the other example, i."é., where the total
number of alternating layers is ten. Accordingly, in both examples, the average
composition is sufficiently go_ld-poor' and hence tin-rich (with respect to their
eutectic composition) that during their subsequent melting for thermal compression
bonding (i.e., bonding with the gold layer 13 located on the laser device 100), and
hence during migration of tin from the initial layer 23.10 into the initial top (gold)
layer 23.11 even the surface of the solder composite layer 23 does not become an
undesirable gold-rich eutectic mixture, i.e., a mixture that would suffer from

~ premature freezing due to its relatively high melting (= freezing) temperature. On

the other hand, the top layer 23.11 is advantageously gold in order to protect the
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underlying tin layer 23.10 from undesirable oxidation, prior to the melting during
bonding that would otherwise occur if this tin layer 23.10 were not coated with gold.

The layers 11, 12, and 13 can all be formed by successive evaporation or
sputtering using suitable metallic targets, as known in the art; and the layers 21, 22,
as well as the layers 23.1, 23.2, ..., 23.11, can likewise be formed by conventional
evaporation or sputtering.

After formation of all these layers, bonding under applied heat and
pressure is performed by applying compression forces F--typically amounting to a
pressure in the approximate range of 1 to 3 Mega Pascal--to the exposed surfaces of
the laser device 100 and of the submount 20, while heating the solder composite
layer 23 to a temperature of approximately 320°C for approximately 10 seconds. In
this way, the solder composite layer 23 melts and wets the surface of the binder
layer 13. After the applied heat and pressure are terminated, a bond is thus formed
between the laser device 100 and the submount 20, with the composite layer 23.1,
23.2, .... 23.11 having melted and fused into a tin-rich gold-tin eutectic.

Although the invention has been described in terms of specific
embodiments, various modifications can be made without departing from the scope
of the invention. For example, instead of the single layer 13 located on the laser
device 10, a composite layer in accordance with the composite layer 23 can be used.
Also, fewer than a total of ten layers can be used for the composite layer 23: a total
of seven to fifteen layers is preferred, but as few as a total of three to six layers is
_useful. Finally, instead of less than about 0.3, the ratio of the thickness of the top
layer 23.11 and the next-to-top layer 23.10 can be as high as about 0.8; and instead
of 3.6 yim--i.e., less than 4 pm--the total thickness of the composne layer 23 can be

as high as S pm. Preferably in all cases the bottom layer (as well as the top layer) in
the composite layer is made of gold, and thus the number of multiple layers that
form the composite layer is preferably an odd number.
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CLAIMS

1. A method of bonding together first (20) and second (10)
bodies comprising forming a first solder composite layer (23) for
the first body in accordance with the steps of

sequentially depositing a plurality of alternating layers of
gold and tin, the number of such layers being equal to at least
three, on a top surface of the first body or on a top surface of an
auxiliary layer located on the surface of the first body, whereby
the composite layer is formed with a top layer of gold, an
intermediate layer of tin being located in direct physical contact
with a bottom surface of the top layer of go]d

CHARACTERIZED IN THAT _ . _

the composition of the composite 1ayer averaged over the
number of layers is a tin-rich eutectic of gold and tin having an
overall average content of gold substantially in the range of
75-t0-78 percentum by weight, and the top layer of gold and the
next-to-top layer of tin have respective thicknesses in a ratio that
is less than substantially 0.8.

2. The method of claim 1 in which the ratio is in the
approximate range of 0.2 to 0.3.

3. The method of claim 1 or 2 in which the first solder
composite layer has a total thickness of less than about 4 m.
4. The method of claim 1 or 2 in which the body comprises
diamoﬁﬂ. | - o

5. The method of claim 1 or 2 in which the‘plurality of
alternating layers is equal to at least ten.

6. The method of claim 1 or 2 in which the pluralxty of
alternating layers is equal to at least seven.

7. The method of claim 1 or 2 further comprising the step of
physically applying an exposed surface layer of the second body to
the top layer of the first body under heat and pressure that are

sufficient to melt the solder-metallization composite layer.
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8. The method of claim 7 in which the exposed surface layer of the
second body comprises gold.

9. The method of claim 4 further comprising the step of physically
applying an exposed surface layer of the second body to the top layer of the first
5 body under heat and pressure that are sufficient to melt the solder composite layer.

10. The method of claim 1 or 2 in which the number of layers is an odd
number.
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