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ABPLI CATI ONS Background of the Invention . Techni cal
Field 5 The present invention relates to a gold-tin sol der
and, nore particularly, toatin-ri ch,'bol d-tin sol der.

Description of the Prior Art Sol dering is a well-known

techni que for securing netal GOLD-TINSOLDER SUITABEE'F(FR”T f 85 hibond .
the two base metal s that arc (EBEALIGNINCABPERRTIONG Sess resul ts i n
Background of the Invention
Technical Field
5 The present invention relates to a gold-tin solder and, more particularly,
to a tin-rich, gold-tin solder. _
' Description of the Prior Art

Soldering is a well-known technique for securing metal piece parts in a
permanent fashion. Solder material must have the capacity to from metallurgical

10 bonds with the two base metals that are to be joined. The bonding process results in
the formation of an alloy in the surface of the base metal characterized by atoms of
the soldering composition interspersed between atoms of the base metal.

When the solder is heated to a molten state, it exists as a round droplet
as a result of the attraction between the molecules forming the alloy. This attraction

15 is commonly referred to as surface tension. For many technologically advanced
applications, such as semiconductor and lightwave technologies, a solder
composition of choice is a eutectic gold-tin material which is approximately 80% by
weight gold and 20% by weight tin. The eutectic god-tin is often used in soldering
comporients to gold (or gold-plated) bond pad sites.

20 In a conventional solder process, discrete portions, or preforms of the
solder material are disposed or otherwise deposited (e.g., vapor deposition or silk
screen paste )on a surface of one of the pieces to be mated (for example, to the bond
pad site). The two pieces are joined and heated to a temperature where the solder
liquifies (i.e., approximately 315°C in a nitrogen ambient) and reflows over the

25 mating surfaces to provide attachment upon cooling. -

There are many known disadvantages to this procedure. First, the
reproducibility of the reflow is questionable and sensitive to process variations,
particularly since commonly available eutectic Au/Sn solder may only be guaranteed
+1 % around the entectic 80/20 composition. Additionally, the solid state diffusion

30 of tin into an underlying gold bond pad will shift the preform composition to the
gold-rich side of the eutectic and could result in poor reflow by raising the melting
temperature of the resulting ailoy.

In spite of the above drawbacks, however, Au/Sn remains the solder
composition of choice since it is compatible with the materials (in particular, gold)

35 used to plate most device surfaces.
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the formation of an alloy in the surface of the base netal characterized by

ai ons of the sol dering conposition interspersed between atons of the
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it exists as a round dropl et as a resut€-of the attraction between the
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(for exanple, to the boénd é%ﬁpad site). The two pieces are joined and
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10 of tin into a contacting gold plating layer occurs, the melt temperature will actually
drop as the tin is depleted in the solder composition, until the eutectic composition is
reached. The use of the tin-rich solder thus insures that the alloy will remain molten
during solder reflow.
Further, the soldering process of the present invention may be optimized

15 by heating the solder preform within a reducing ambient such that the further growth
of any tin oxide on the surface of the preform (skin oxide) is significantly reduced.

An advantage of the solder composition of the present invention is that
self-alignment of piece parts may be achieved. In particular, the utilization of a tin-
rich solder allows for the solder to remain liquid and completely cover (i.e., "wet")

20 both bonding surfaces. Therefore, by controlling the size and location of the
bonding surfaces, the liquification of the tin-rich solder will result, through surface
tension effects, in registration (i.e., centering) of the device with respect to the
underlying bond pad.

Other advantages of the present invention will become apparent during

25 the course of the following discussion and by reference to the accompanying
drawings.

Brief Description of the Drawing
Referring now to the drawings, where like numerals represent like parts
in several views: _

30 FIGs. 1-3 illustrate an exémplary sequence of steps otilized to provide
self-aligned solder attachment in accordance with the teachings of the present
invention;

FIG. 4 illustrates in particular the self-aligning ability of the system of
the present invention;
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reproducibility of-the reflowis questionable and sensitive to process
vari ations, particularly since commonly avail able eutectic Au/ Sn

sol der may only be guaranteed 1 % around the eutectic 80/20

conposi tion. Additionally, the solid state diffusion 30 of tin into an
underlying gold bond pad will shift the preform conposition to the

gol d-rich side of the eutRIGt 5@omaﬁ1s<athlsnrpassddxagxﬁnﬂ%@fulixﬁﬁixdaﬁsrbﬂdlﬂgth%' ng

;B?t rene'o]E | ?%e abob’g&gﬁeﬁﬁg Pfggé"ﬁ%}y\gg &%’UL\U gg ?lelrg?/ns t he sol der
conposi tion of choice si 6. Scontainsarphatiguaph ofi tond ipad cowdrage when Giilizing a
particular, gol dyomdenticifal phibr £t BiEcHPAl/SARGHRE; 44" T aces.
5 FIG. 7 contains a photograph of improved bond pad coverage when
utilizing an exemplary tin-rich Au/Sn solder of the present invention.
Detailed Description
An exemplary process for providing self-aligned solder attachment of a
- pair of components is illustrated in FIGs. 1-3. The inventive bonding process will be
10 particularly described in association with the self-aligned attachment of an LED to a
bond pad. However, it is to be understood that the tin-rich solder of the present
invention is ubiquitous in nature and can be utilized within virtually any desired
soldering process. Referring back to FIG. 1, a device submount 10, which may be
formed of silicon, is illustrated as including a bond pad 12. Conventionally, bond
15 pad 12 is formed of a highly conductive material and, in particular, may comprise a
tri-layer structure of titanium, platinum and gold. Gold, in general, is often used for
bond pads due to its inert nature and relatively high conductivity. A device 14, such
as an LED, is illustrated in FIG. 1 as positioned above bond pad 12. Device 14 also
includes a conductive layer 16 (which may also.comprise a tri-level, or gold plated
20 Ilayer) to facilitate bonding. In order to provide alignment of device 14 to submount
10, conductive layer 16 should be substantially similar in dimension to bond pad 12.
Bonding is achieved, in accordance with the present invention, by
utilizing a tin-rich (with respect to the eutectic 80/20) Au/Sn solder preform 18
which is disposed over and brought into contact with bond pad 12. Initially, solder
25 preform 18 may comprise a solid compound, and exhibit a weight percent
composition within the range of, for example, 74/26 to 78/22. To initiate bonding, as
shown in FIG. 2, device 14 is brought into contact with solder preform 18 and the
combination is heated to a temperature (for example, 400°C) at which the tin-rich
solder will liquify. As the ambient temperature increases, the rate of solid state
30 diffusion of the tin out of solder 18 and into gold layers 12 and 16 will increase, as
indicated by the arrows in FIG. 2. The solid state diffusion is also known to occur
with the conventional eutectic solder. In particular, problems arise when utilizing
the prior art eutectic in that as the tin diffuses out, the solder becomes gold-rich, and
the temperature required for liquifying the solder raises. FIG. 5 contains a Aw/Sn
35 phase diagram illustrating the effect of the composition on the phase state of the
material. Thus, when soldering at the temperature associated with a "eutectic” solder
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- 2- . Thus, a need remains in the art for some neans of
overcom ng the various drawbacks associated with the eutectic Au/ Sn
sbl der. Summary of the Invention The need remai ni ng
in the prior art is addressed by the present‘“i‘nvention 5 which rel ates
to a gold-tin solder and, nore particularly, to a gold-tin solder suitable
for self-alignine@pd¥8°C)] a poion of the solder will remain ih theasttidrstaeami will fott he
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I d flow, ' Further, the so ro t he
B(r)es:;t r ;anvg\r/]vt i oayifking the solderagtagily drops (following along the Tink from 419.3°C toward

the limit of 278 °C), and essentially all of the solder will remain in the liquid state.
FIG. 3 illustrates the relative location of device 14 with respect to the liquified

10 solder preform 18. As shown, when completely liquified, solder 18 will completely
cover the top surfaces 20,22 of bond pad 12 and conductive layer 16, respectfully.
The surface tension created at the outer bound of solder 18 will cause device 14 to
center itself, thus resulting in device 14 to be self-aligned with respect to the
underlying bond pad 12.

15 It is known that the soldering operation such as that discussed above
will cause a tin oxide layer to form (or an existing layer to increase) at the outer
strface of solder 18. The presence of this oxide may necessarily affect the solder
reflow. Thus, in the preferred technique of the present invention, the heating step is
perfomied in a reducing ambient which inhibits the formation of this oxide. For

20 example, formic acid may be used to prevent tin oxide formation. Other reducing
environments (indicated as "R.E." in FIG. 2) include, but are not limited to, forming
gas (20%H,/80%N ), carbon monoxide, or any suitable liquid flux.

As mentioned above, an advantage of utilizing the tin-rich solder of the
present invention is the ability to provide automatic alignment of a device to an

25 underlying bond pad. Referring to FIG. 3 in particular, the tin-rich solder allows for
a device 14 to be aligned with bond pad 12. The coverage of liquified solder 18 with
respect to surfaces 20 and 22 of bond areas results in alignment since the solder
material will naturally move so as to reduce its overall surface area. Reference is
made to FIG. 4 which illustrates a device 14’ offset with respect to the underlying

30 bond pad 12. As shown, liquified solder 18 will exhibit an increased surface area
with respect to a minimum, as a function of the amount of offset. Thus, the
liquified solder will naturally move, in the direction as indicated by the arrows, so as
to minimize the surface area. The natural tendency of the solder movement thus
results in alignment of the device to the bond pad. Experimentally, it has been found

35 that misalignment on the order of 100jum can be corrected to within a oneyum limit.



15 by heating the solder preformw thin a reduci ng anbi ent such that the

further growth of any tin oxide on the surface of the preform (skin
oxide) is significantly reduced. An advant age of the
sol der conmposition of the present inventi on”?§ that sel f-alignnent of
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It is to be understood that the arrangement described above is exemplary
10 only, and the tin-rich Au/Sn solder of the present invention is applicable to any
system which requires the soldering of a component to a gold, or gold-plated bond

pad.



sel f - aI| hrrent I n accordance with the teachings of the
pr esent I mm! FIG 4 illustrates in particular
the sel f of the system of the present invention;

FI G 5 contains a Au/Sn phase di agram useful in
understandl ng the process of the pr %ent I nventi on;
c

FIG 6 contains a photograph of bond pad verage when utilizing a
Claims:
1. A method of soldering a first component to a second component, the

method comprising

providing a first component (10) and a second componment (14), each

5 component including a surface layer of gold (12,16); CHARACTERISED BY

disposing a Au/Sn solder (18) of the composition Augg_, Snog,x, 0<xS6,
between the gold surface layers;

contacting the first and second components such that the Au/Sn solder is
in physical contact with both gold surface layers; and

10 heating the combination to a temperature sufficient to liquify the Au/Sn

solder.

2. The method of claim 1 wherein in performing step b), 2<x<4
3. The method of claim 1 wherein in performing step d), the combination

is heated to a temperature in excess of 280°C.
15
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conventional prior. art eutectic Au/Sn solder; and 5 FIG 7

contai ns a photograph of inproved bond pad coverage when utilizing an
exenplary tin-rich Au/ Sn sol der of the presept invention. Det ai | ed
Descri ption An exenpl ary pfdcess for providing
self-aligned solder attachnment of a pair of conponents is illustrated

in FIGs. 1-3. The inventive bGOLDJITIN SOEDERISUTTABLEFORarticul arly
described in association mﬁth of an LED to a
bond pad. However, it is to be Eﬁﬁﬁi‘é@#‘&r@f‘ﬁ@ﬁ% ch sol der of the
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20 layer) to facilitate bonding. In order to;érovide al i gnnment of device

14 to subnount 10, conductive | ayer 7ﬁ uld be substantially simlar
i n di mension to bond pad 12. ondi ng is achieved, in
accordance with the present invention, utilizing atin-rich (wth
respect to the eutectic 80/20) Au/Sn solder preform 18 which is

di sposed over and brought into contact with bond pad 12. Initially, solder
25 preform 18 may conprise a solid conpound, and exhibit a weight percent
conposi tion within the range of, for exanple, 74/26 to 78/22. To initiate
bondi ng, as lﬁ;{ |n FI G 2 device 14 is brought into contact with
sol der preform and'the conblnatlon is heated to a tenperature (for
exanple, 400[err]C) at which the tin- rlch solder Wwill liquify. As the
anbi ent tenperature increases, t - - diffusion of the

tin out of solder 18 and into gold Iayers 12 and 16 will |nc1$ase
indicated by the arrows in FIG 2. The solid state diffuUSior!Ts also known
to occur with the conventiofal eutectic solder. In particular,

probl ens arise when utilizing Mehat as the

tin diffuses out, the sol der becs he tenperature
required for liquifying the solder raises. FIG 5 contains a Au/ Sn 35
phase diagramillustrating the effect[of the conp03|~L9m89n t he phase state
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l'iquifying the salder actually drops (f0||i§A§ﬁ along the line from
d

419. 3[err] C toward the limt of 278 C essent i Tajs[Sheeptiss Boen Replaced
solder will remain in the liquid state. FIG 3 illus Iﬂ l-
relative location of device 14 with respect to the liquif

preform 18. ASSE#QQELGMh conpletely liquified, solder 18 will conpletely
cover the top r 2@)22 of bond pad 12 and conductive | ayer 16,

respectful ly. The surface tension created at the outer bound of sol der
18 will cause device 14 to center itself, thus resulting in device 14
to be self-aligned with respect to the underlying bond pad 12. 15

It is known that ol dering operation such as that discussed above

will cause a tin oxide layer to form (or an existing |layer to increase) at
t he outer surface of. solder 18. The presence of this oxide may
necessarily aff?ﬁKELh sol der reflow. Thus, in the preferred technique
of the present i 2Nty oN, the heating step is performed in a reducing
anbi ent which inhibits tRe formation of this oxide. For 20 exanple, formc
acid may be used&tﬁ preveNt tin oxide formation. O her reducing

environments (in ed as\"R E." in FIG 2) include, but are not limted
to, formng ¢ gas |(20%1X 80%\2), carbon nonoxi de, or any suitable liquid
flux. °
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As nentjoned above, an advantage of utilizing the tin-rich solder of the

present invention is the ability to provide automatic alignment of a deV| ce
to an 25 underlying bond pad. Referring to FIG 3 in particular, the

tin-rich solder allows for a device 14-7o be aligned with bond pad 12.
The coverage of liquified solder 18 with respect to surfaces 20 and 22

of bond areas results in ali g@gEDD-FINSOLIERSUHABLE FORut eri al wil |

naturally nove so as to reduce Ref erence is

made to FIG 4 which illust rat%@‘g *ﬁ‘\éﬁ?@@fﬁf‘%ﬁ@éﬁrﬁm h respect to the

underlying 30 hQobstrgaeed 12. As shown, liquified solder 18 will exhibit an

i ncreased surface area i e
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a one pmlimt. e solder and improving its reflow quality with respect to conventional eutectic
solders.
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- 5- ' " FIGs. 6 and 7 contain top views of actual bond pad
sites |nclud|ng a ~ reflowed solder preform (original preform being
circular in shape). The bond pad of FIG 6 contains a conventional
eutectic 80/20 Au/Sn sol der after reflow. As shown, t he sol der does not

conpletely coat the surface of the bond pad. As discussed above, 5 the

put-diffusion of tin into the bond pad res#dts in a gold-ri

ch sol der which

does not conpletely liquify and, hence, has poor reflow qualities. In

contrast, the bond pad of FIG 7 contains a tin-rich (7

0 be understood that the arrangenment described above is. ex

6/ 24) sol der of

[ he present inve essentially all of the bond pad
sur f ace has beenjp;gzgh mnaﬂ the refl owed material. It is

enplary 10 only,

and the tin-rich Au/ Sn sol der of the present invention is applicable to any
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system whi ch requires the soldering of a conponent to a gold, or

gold-plated bond pad. -
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‘Cl.ai ms - 1. A nethod of soldering a first conponent to a second
conponent, the nethod conprising the steps of: a) providing a
first conponent (10) and a second conponent (14), the first conponent

i ncluding a gold bond pad (12) and the second conponont including a surface

| ayer of gold (16); b) disposing a Au/ Sn sol der (18) of the
conposition Au 80-xSn[err]+x, O<x=6. betwken the gold bond pad and surface
| ayer; :£2 co cting the first and second conponents such that
t he Au/ Sn soIdJFU[ fa plhysical contact with both the gold surface | ayer
and the bond pad; and d) heating the conbination to a

tenperature sufficient to liquify the Au/Sn sol der such that the surface
tension or the sol der causes the secong '

g?{dzggzglpad. 1200 2. The net hod BN perform ng step
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3." The net hod of claim1l wherein in performng step d), the cor%olgﬁ%’f'ﬁon IS
heated to a tlmmmml"m(u"t"mltcess of 280[err] C. 4. Th&% et hod
according to he first conponent is a subrmount and the
second conponent ‘i stan" LED

Claims
1. A method of sofdering a first component to a second component, the
method comprising the steps of:

a) providing a first component (10) and a sccond component (14), the
first component including a gold bond pad (12) and the second componcnt including
a surface layer of gold (16); :

b) disposing a AwSn solder (18) of the composition Augy_, Snagy,,
0<x<6, between the gold bond pad and surface layer;

¢) contacting the first and second components such that the Aw/Sn solder
is in physical contact with both the gold surfacc layer and the bond pad; and

d) hcating the combination to a temperature sufficicnt to liquify the
AwSn solder such that the surface tension of the solder capses the second component
to be aligned with the gold bond pad.

2. The method of claim 1 wherein performing step b), 2<x4.

3. The method of claim 1 wherein in performing step d), the combination
is heated to a temperature in excess of 280°C.

4. The method according to claim | whercin the first component is a
submount und the sccond component is an LED.,
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