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Description

Background

[0001] The present invention relates to the structure
and composition of metal bonding systems used to attach
substrate wafers carrying light emitting diodes (LEDs) to
other substrate wafers during LED manufacture.
[0002] Light emitting diodes (LEDs) are a class of pho-
tonic semiconductor devices that convert an applied volt-
age into light by encouraging electron-hole recombina-
tion events in an appropriate semiconductor material. In
turn, some or all of the energy released in the recombi-
nation event produces a photon.
[0003] A typical LED includes p-type and n-type epi-
taxial layers ("epilayers") that form a p-n junction through
which current injection occurs to produce the recombi-
nation events. These epilayers are typically grown on a
substrate of the same or a different semiconductor. Epi-
layers can be produced with relatively high crystal quality
and thus enhance the quality and operation of the result-
ing devices. The substrate portion of the device may not
require the same level of quality, or in some cases, sub-
strates formed of the same material as one or more of
the epilayers are not readily available (or available at all).
[0004] Because of their wide bandgap and direct tran-
sition characteristics, the Group III nitride materials are
favored for shorter wavelength light emitting diodes; i.e.,
those that emit in the blue, violet, and ultraviolet portions
of the electromagnetic spectrum. The Group III nitride
materials can, either in conjunction with diodes of other
colors or with phosphors, produce white light. At the same
time, Group III nitride substrate crystals of an appropriate
size and quality are difficult or impossible to obtain. As a
result, LEDs based on the Group III nitride material sys-
tem typically include Group III nitride epilayers on sap-
phire or silicon carbide (SiC) substrates.
[0005] For a number of reasons, when the epitaxial
layers of light-emitting semiconductor materials are
formed (typically by chemical vapor deposition ("CVD")
growth) on a substrate, the resulting precursor structure
can be in some cases added to an additional substrate.
The second substrate may be other than a semiconduc-
tor or if it is a semiconductor, it is not necessarily present
for semiconducting purposes. For example, in commonly
assigned and co-pending U.S. Patent Application Publi-
cation Number 20060060877, a second substrate is used
for mounting and fabrication purposes and to form a por-
tion of a final LED structure. As set forth therein and else-
where, the manufacture of certain types of LEDs includes
one or more steps to reduce the thickness of the original
substrate (e.g., because the original substrate is thicker
in order to make the initial manufacturing steps easier).
Related background is set forth in commonly assigned
U.S. Patent Application Publications Nos. 20060049411,
20060060872, 20060060874, and 20060060879.
[0006] In other structures, light emitting diodes are
mounted to second substrates in order to reverse (flip)

their normal orientation. Stated differently, in a typical
orientation, the substrate is mounted to a lead frame and
the epitaxial layers form the emitting face of the LED. In
a flip chip orientation, however, the epitaxial layers are
mounted towards the lead frame and the substrate pro-
vides the light emitting surface of the LED. Various steps
in the process of manufacturing such flip chip diodes can
require that the LED-carrying substrate wafer be joined
to another substrate wafer either temporarily or perma-
nently. In some flip-chip embodiments, the LED-carrying
substrate wafer is removed from the epitaxial layers after
the epitaxial layers are mounted to the temporary or per-
manent substrate wafer.
[0007] The conventional manner of joining the LED-
carrying substrate wafer (also referred to herein as the
"growth" wafer or substrate) to another substrate wafer
(the "carrier" wafer or substrate) includes the use of var-
ious metal layers in a manner either identical or analo-
gous to soldering or brazing when permanent bonding is
desired. In many circumstances, a layer of titanium (Ti)
is formed or deposited onto the respective surfaces to
be joined, and then additional layers of bonding metals
are added to form a bonding metal structure on each of
the first and second substrates (sometimes referred to
as the donor and acceptor substrates).
[0008] For numerous reasons, gold (Au) has histori-
cally been a predominant element in these bonding metal
layers. Because it resists oxidation and other chemical
reactions (which makes it, of course, historically valuable
for jewelry and related items), gold also is attractive for
its corrosion resistance; i.e., avoiding undesired reaction
with its surroundings. Gold’s ability to form relatively low
melting point alloys or compounds (with respect to pure
gold) also makes it ideal for soldering purposes.
[0009] Nevertheless, the expense of gold, even in
small amounts used in individual semiconductor devices,
becomes significant when multiplied over the millions of
individual light emitting diodes that the market now de-
mands.
[0010] As another factor, soldering wafers to one an-
other requires some application of heat. Thus, a soldering
step used to join an LED substrate wafer to a second
substrate wafer will heat the LEDs to some extent. As is
well understood by those of ordinary skill in this art, rais-
ing the temperature of the light emitting semiconductor
epitaxial layers raises the corresponding probability of
generating defects in the epitaxial layers. Typically, gold-
tin based soldering (bonding, brazing) systems require
temperatures above about 300 °C. Although epitaxial lay-
ers of, for example, Group III nitride materials, can the-
oretically withstand such temperatures, in reality these
temperatures significantly increase the probability that
the bonding step will generate noticeable defects.
[0011] As yet an additional factor, when individual
LEDs are separated from a wafer and mounted on a lead
frame (e.g., to form a lamp), they are typically mounted
on the lead frame with another soldering step. If the LED
already contains a solder bond, the existing solder bond
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should desirably remain unaffected by the temperatures
required to solder the wafer-bonded chip to the lead
frame. Thus, the temperature at which the LED can be
soldered to the lead frame will be limited by the melting
temperature that the substrate-substrate bond. Stated
differently, the thermal characteristics of the substrate-
substrate bonding metallurgy may unfavorably limit the
type of solder that can be used to join an individual LED
to an individual lead frame.
[0012] Accordingly, a need exists for taking advantage
of the improved characteristics of nickel-tin bonding sys-
tems while avoiding the problems raised when tin mi-
grates through the nickel layer to form undesired species
such as free tin, , titanium tin alloys, or other thermally
unstable intermetallic compounds.
[0013] US 2006 189 098 A1 describes a method for
fabricating light emitting diodes (LEDs), which comprises
providing a plurality of LEDs on a substrate wafer, each
of which has an n-type and p-type layer of Group-III nitride
material formed on a SiC substrate with the n-type layer
sandwiched between the substrate and p-type layer . A
conductive carrier is provided having a lateral surface to
hold the LEDs. The LEDs are flip-chip mounted on the
lateral surface of the conductive carrier. The SiC sub-
strate is removed from the LEDs such that the n-type
layer is the top-most layer.
[0014] US-A-5 234 153 describes a procedure to bond
a laser device to a diamond submount, which includes
(1) codepositing an auxiliary layer, on a layer of barrier
metal that has been deposited overlying the submount,
followed by (2) depositing a wetting layer on the auxiliary
layer, and (3) by depositing a solder layer comprising
alternating metallic layers, preferably of gold and tin suf-
ficient to form an overall tin-rich gold-tin eutectic compo-
sition. The barrier metal is typically W, Mo, Cr, or Ru.
Prior to bonding, a conventional metallization such as Ti-
Pt-Au (three layers) is deposited on the laser device’s
bottom ohmic contact, typically comprising Ge.
[0015] US 2007 141 806 A1 relates to a method for
producing a group III nitride based compound semicon-
ductor device. A plurality of group III nitride based com-
pound semiconductor layers are epitaxially grown on a
first substrate. An electrode is formed on the upper most
layer of the group III nitride based compound semicon-
ductor layers, the electrode being formed of a first multi-
layer including at least a layer for preventing migration
of tin contained in a solder. A second multi-layer including
at least a layer for preventing migration of tin contained
in a solder is formed on a second substrate on which a
semiconductor device is to be placed. The surface of the
first substrate on which the electrode has been formed
is joined to the surface of the second substrate on which
the multi-layer has been formed by means of a solder
containing at least tin, the first substrate removed from
the group III nitride based compound semiconductor lay-
ers.
[0016] US-B1 -7 023 089 discloses a low temperature
semiconductor packaging apparatus and method. The

apparatus generally comprises a heat spreader, a silicon
die, and a thermal interface material disposed between
the heat spreader and the silicon die comprising a plu-
rality of metals capable of forming a transient liquid phase
bond. The method generally comprises attaching a sili-
con die to a substrate, depositing a thermal interface ma-
terial on at least one of the silicon die and a heat spreader,
and attaching the heat spreader to the silicon die.

Summary

[0017] In one aspect the invention is a light emitting
diode structure in accordance with claim 1. This may in-
clude a light emitting active portion formed of epitaxial
layers and a carrier substrate for supporting the active
portion. A bonding metal system that predominates in
nickel and tin joins the active portion to the carrier sub-
strate. At least one titanium adhesion layer is between
the active portion and the carrier substrate, and a plati-
num barrier layer is between the nickel tin bonding sys-
tem and the titanium adhesion layer. The platinum layer
has a thickness sufficient to substantially prevent tin in
the nickel tin bonding system from migrating into or
through the titanium adhesion layer.
[0018] In another aspect, the invention is a light emit-
ting diode precursor structure that includes a light emit-
ting active portion formed of at least two epitaxial layers
of Group III nitride and a carrier substrate for supporting
the active portion. A bonding metal structure is between
the active portion and the carrier substrate. The bonding
metal structure includes a middle layer of tin between
two outer layers of nickel with the relative amount of tin
being greater than the amount would be consumed by
reacting with either nickel layer alone, but less than the
amount that would provide a functional reaction excess
of tin over both nickel layers. A titanium adhesion layer
is between the active portion and the bonding metal struc-
ture and a platinum barrier layer is between the titanium
adhesion layer and the bonding metal structure for pre-
venting tin in the bonding structure from migrating into or
thorough the titanium adhesion layer.
[0019] In yet another aspect, the invention is a precur-
sor structure for a light emitting diode that includes a
growth structure and a carrier structure for being joined
together. The growth structure includes a growth sub-
strate, light emitting epitaxial layers on the growth sub-
strate, and a metal bonding system on the epitaxial layers
for joining to the carrier structure. The growth structure
metal bonding system is formed predominately of a layer
of nickel and a layer of tin, with an adhesion layer of
titanium between the nickel layer and the epitaxial layers
and a platinum barrier layer between the titanium adhe-
sion layer and the nickel layer. The carrier structure in-
cludes a carrier substrate, a titanium adhesion layer on
the carrier substrate, a platinum barrier layer on the tita-
nium layer, and a nickel layer on the platinum layer for
joining to the growth structure. When the bonding metal
system on the growth structure and the nickel layer on
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the carrier structure are joined and heated, the respective
platinum barrier layers prevent tin from migrating into or
through either of the titanium adhesion layers.
[0020] In another aspect, the invention is a light emit-
ting diode structure on a lead frame. In this aspect, the
invention includes a light emitted emitting active portion
formed of epitaxial layers, a carrier substrate for support-
ing the active portion, and a lead frame or equivalent
structure attached to the carrier substrate with a solder
composition. A bonding metal system joins the active por-
tion to the carrier substrate in the barrier layer is between
the bonding metal system and the epitaxial layers. The
barrier layer is formed of the material and has a thickness
sufficient to substantially preclude the formation or mi-
gration of free metals or alloys that have melting points
lower than the melting point of the solder composition.
[0021] The foregoing and other objects and advantag-
es of the invention and the manner in which the same
are accomplished will become clearer based on the fol-
lowed detailed description taken in conjunction with the
accompanying drawings.

Brief Description of The Drawings:

[0022]

Figure 1 is a cross sectional schematic view of an
LED structure with a nickel-tin bonding system.
Figures 2-5 are cross-sectional photographs of
structures with nickel-tin bonding systems.
Figures 6, 7 and 8 are Auger spectra of the surface
illustrated in Figure 5 taken after successive bom-
bardments with argon.
Figures 9 and 10 are photographs of LED structures
with nickel-tin bonding systems.
Figures 11-12 are EDS spectra from two positions
taken from the surface illustrated in the photograph
of Figure 10.
Figure 13 is a cross-sectional photograph of a struc-
ture according to the present invention.
Figure 14 is a cross-sectional schematic view of a
structure according to the present invention.
Figure 15 is a cross-sectional schematic view of an-
other embodiment of a structure according to the
present invention.
Figure 16 is a cross-sectional schematic view of an-
other embodiment of the present invention.

Detailed Description

[0023] The present invention is an improved metal
bonding system that is particularly useful in certain struc-
tures of light emitting diodes.
[0024] The nature and operation of individual LED de-
vices are well understood in the art and will not be re-
peated in detail herein. Appropriate references include
Sze, PHYSICS OF SEMICONDUCTOR DEVICES, 2d
Edition (1981); Schubert, LIGHT-EMITTING DIODES,

Cambridge University Press (2003) and, Zetterling,
PROCESS TECHNOLOGY FOR SILICON CARBIDE
DEVICES, Electronic Materials Information Service
(2002)
[0025] The bonding system set forth in the ’ 158 appli-
cation successfully addresses a number of the issues
raised when gold predominates by forming a bonding
system predominantly of nickel (Ni) and tin (Sn). As set
forth therein, although the melting point of tin is relatively
low (232° C) alloys formed of nickel-tin compounds that
include between about 30 and 70 weight percent tin have
melting points that are all above 750° C. Thus, the bond-
ing system described in the ’158 application successfully
meets the criteria of withstanding thermal excursions in
the 250-300° C range that take place during fabrication
steps that are carried out after wafers are bonded to one
another.
[0026] Devices formed using the nickel-tin bonding
system in the ’ 158 application have achieved many of
the desired goals. Nevertheless, as their use has in-
creased it has been discovered that tin unexpectedly mi-
grates through the adjacent nickel layers. This migration
appears to take place even when the proportional
amounts of tin and nickel are such that all of the tin would
be expected to be present in the form of the nickel-tin
alloy. Several resulting problems have been observed.
First, when the migrating tin reaches the titanium adhe-
sion layer that is typically present it can form titanium-tin
compounds that are thermally unstable at the tempera-
tures required for the later fabrication steps. Such com-
pounds can and will react in the solid state during later
fabrication steps and as they undergo thermal aging as
the end device is used. These intermetallic compounds
can also cause delamination problems even without ac-
tually melting. Second, the tin can migrate and form por-
tions of free tin adjacent the titanium adhesion layers.
Because of tin’s 232° C melting point, such portions of
free tin or thermally unstable alloys create positions in
the structure that have a higher propensity for separating
at the fabrication temperature steps.
[0027] Theoretically, increasing the amount of nickel
in the layer adjacent a tin layer should successfully pre-
clude any given amount of tin from migrating through the
nickel layer. In practice, however, tin continues to migrate
even when the thickness of the adjacent nickel layers is
doubled. This indicates that the tin has a reasonably high
mobility in nickel and that thickness alone may not solve
the problem. More importantly, merely adding thickness
to a bonding layer (and thus to LEDs, lamps and pack-
ages that incorporate the bonding layer) offers no partic-
ular structural or electronic advantage. Although a nickel
layer could probably be formed that absolutely precluded
tin from migrating, its relative thickness would raise cor-
responding disadvantages such as fabrication difficulty,
size, and cost.
[0028] Figure 1 is representative of such a light emitting
diode structure broadly designated at 20. The diode 20
includes respective epitaxial layers 21 and 22 typically

5 6 



EP 2 183 793 B1

5

5

10

15

20

25

30

35

40

45

50

55

formed of gallium nitride or another appropriate Group
III Nitride. The epitaxial layers are supported by a carrier
substrate 23 through a system of barrier metals 24 a pair
of titanium adhesion layers 25 and 26 and a nickel tin
bonding system 27. In exemplary embodiments, the car-
rier substrate is selected from the group consisting of
aluminum, copper silicon and silicon carbide, with silicon
being prevalent in a number of examples.
[0029] It will be understood that the description and
figures herein are exemplary rather than limiting of the
diode structures that can benefit from the present inven-
tion. Thus, although LEDs can have structures as basic
as one p-type and one n-type layer of GaN, LEDs can
also be formed from multiple epitaxial layers, some of
which may include InGaN as well as buffer layers that
often include AlGaN. The light emitting structures can
include p-n junctions, quantum wells, multiple quantum
wells and superlattice structures.
[0030] It will also be understood that structural terms
such as, "on," "above," and "between," are used herein
in a broad sense to indicate relative positions are rela-
tionships rather than (for example) immediate contact
between the recited items. In any given portion of the
description, the meaning will be clear in context.
[0031] Figure 2 is a cross-sectional micrograph of a
light emitting diode having the basic structure schemat-
ically illustrated in Figure 1. The common elements are
commonly numbered with Figure 1. Accordingly, the gal-
lium nitride epitaxial layers are indicated by the brackets
21, 22, the barrier metals at 23, the titanium layers at 25
and 26, the nickel-tin bonding system at 27 and the silicon
substrate at 23. Figure 2 also illustrates, however, a void
area 30, certain portions of which appear as a dark shad-
ow immediately under the barrier layers 23 and other
portions of which appear as the light gray surface above
the titanium layer 25. As set forth earlier, the void space
results from the delamination that occurs when tin mi-
grates and reacts with the titanium layers 25 and 26, or
forms free tin, or forms other undesired thermally unsta-
ble intermetallic compounds.
[0032] Figure 3 is another view of the same structure
as Figure 2 but with a slightly different orientation that
emphasizes the void 30 created by the delamination.
[0033] Figure 4 is an enlargement of portions of Figure
3 and illustrates the residual titanium layer 25 just below
the barrier metal layers 24. The void space created by
the delamination is again visible as the dark space 30.
[0034] Figures 5 through 8 confirm the nature of the
problem solved by the present invention. Figure 5 is yet
another view of a structure in an orientation turned ap-
proximately (but not exactly) 90 degrees from Figures 2,
3 and 4. An Auger spectroscopic analysis was carried
out on the portion of the delaminated surface labeled as
"2." In Figure 5, a delaminated portion of the epitaxial
layers 21, 22 appear in the lower left-hand corner, the
top of the nickel tin bonding metal system 27 corresponds
to the target designated "2" and the silicon substrate is
again designated at 23.

[0035] The Auger spectrum of Figure 6 was taken prior
to any sputter bombardment with argon. It indicates the
presence of titanium at the kinetic energy values of 380
and 416 electron volts (eV).
[0036] Figure 7 shows the spectrum from the same
target area after 30 seconds of argon sputtering at a ref-
erence sputter rate in gold of about 5 angstroms per sec-
ond. The large peak at approximately 510 eV indicates
the presence of oxygen from the native oxide that forms
on the layer when the delaminated portion is exposed to
the atmosphere. In comparison to Figure 6, peaks rep-
resenting tin are becoming evident at approximately 423
and 435 eV, but peaks that would be expected for nickel
(for example at about 700 eV) are completely absent.
This spectrum demonstrates that tin and titanium are
present at the surface (rather than nickel and tin), which
in turn indicates that the nickel is neither holding the tin
as an alloy nor preventing tin from migrating to or through
the titanium layer.
[0037] Figure 8 is the same spectrum taken after 90
seconds of bombardment and in which peaks character-
istic of tin at 426 and 432 eV are evident. Figure 8 again
illustrates the absence of nickel, thus confirming the re-
sults of Figure 7 and the existence of the problem.
[0038] Figures 9 through 12 illustrate a different aspect
of the same problem, namely the presence of significant
amounts of free tin. Where appropriate, similar portions
of the structure carry similar numerals as in the earlier
figures. Figure 9 is a cross sectional view of a structure
from which the epitaxial layers have been removed in
order to analyze the bonding structure. Thus, the metal
barrier layers are again designated at 24 and the nickel-
tin bonding system at 27. The void created by delamina-
tion is again labeled at 30 and the silicon carrier substrate
at 23. Figure 9 also illustrates, however, a plurality of
portions of free tin 31. Figure 10 is a plan view of the
delaminated surface of the bonding layer 27.
[0039] Figures 11 and 12 are EDS spectra that confirm
that the portions designated at 31 are tin. Figure 11 is an
EDS spectra taken of the lump object designated "1" in
Figure 10. As Figure 11 indicates, the sample is almost
entirely tin without the presence of titanium or nickel.
[0040] When the same analysis is taken of the location
labeled "3" (i.e., other than the lump structures), the spec-
tra indicates the presence of gold, tin, and titanium, but
again little or no nickel.
[0041] Figure 13 is a cross-sectional micrograph of an
LED structure according to the present invention broadly
designated at 34 that includes the platinum barrier layer.
Where appropriate, like elements carry the same refer-
ence numerals as in the earlier figures. Accordingly, the
structure 34 includes two gallium nitride epitaxial layers
21, 22, although in the photographs they appear as a
single layer. The barrier metal layers are again designat-
ed at 24, and the nickel tin bonding system (containing
a small amount of gold) is again designated at 27. The
titanium adhesion layers appear as the dark lines 25 and
26 on opposite sides of the nickel tin bonding system 27.
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The platinum barrier layer appears as the lighter line 35
above the nickel tin bonding system 27.
[0042] In preferred embodiments the amounts of nickel
and tin are selected to make sure that all of the tin will
react with nickel. In the most preferred embodiments, the
amounts of nickel tin and any other elements present
(e.g., gold) are such that a complete reaction takes place
leaving behind little or no unreacted metal that can un-
dergo diffusion, thermal aging, or any other disadvanta-
geous processes over time.
[0043] Platinum represents an advantageous barrier
metal because platinum can form intermetallic phases
with any tin that reaches the platinum-tin interface. In this
regard, it has been discovered that the barrier layer is
most effective when it reacts with the tin. Thus, an effec-
tive barrier layer reacts with tin rather than merely block-
ing it from diffusing. These platinum-tin phases are stable
within the temperature ranges at which the diodes un-
dergo further fabrication and tend to remain stable during
thermal aging. Stated differently, the presence of the plat-
inum layer prevents formation of low melting point com-
pounds, other thermally unstable intermetallic com-
pounds, or tin migration to the adhesion interface oppo-
site the nickel interface.
[0044] Those familiar with the fabrication of light emit-
ting diodes will recognize that the characteristics of the
barrier layers and related structures described herein are
relevant in the context of the normal and expected length
of time during which the diode will be exposed to any
given temperature. In general, diodes of the type de-
scribed herein will typically be exposed to steps such as
chemical vapor deposition (to add passivation layers,
etc.) at temperatures in the neighborhood of 200° C for
a time on the order of one hour. Various annealing proc-
esses (for example to obtain or improve ohmic contacts)
take place at somewhat more elevated temperatures
(e.g., about 290° C) for periods of about an hour. Attach-
ing a diode to a lead frame ("die attach") using a reflow
process typically takes place at a higher temperature
(315°-350° C) for a shorter period of time; e.g., 5 or 10
seconds. Typical operating conditions are less than 50°
C. High temperature (100° C) operating lifetime has been
demonstrated in excess of 1000 hours with no degrada-
tion of the bond.
[0045] Thus, it will be understood that the barrier layers
and metal systems described herein maintain their de-
sired properties for at least the time required to carry out
these fabrication processes and typically much longer.
[0046] As the relatively clean appearance of the center
portion of Figure 13 indicates, the platinum barrier layer
35 prevents tin in the nickel-tin bonding system 27 from
migrating to or through the titanium layer 25. Accordingly,
Figure 13 is exemplary of a structure that avoids the type
of delamination visible in (for example) Figures 1 and 9.
[0047] Although titanium adhesion layers are frequent-
ly present on both the carrier side and the epitaxial side
of the bonding metal system, the invention offers its ad-
vantages even in the absence of titanium; i.e., in struc-

tures where other adhesion layers known to those skilled
in the art are used, or where platinum can act as the
adhesion layer, or where an adhesion layer is not includ-
ed.
[0048] Figure 13 also illustrates the problem solved by
the platinum barrier layer 35. In particular, in the portion
of the photograph of Figure 13 that is labeled with the
arrow at 36, the titanium adhesion layer 26 tends to dis-
appear into or otherwise be obscured by the nickel-tin
bonding system 27. This is further evidence that, in the
absence of the platinum barrier layer, the tin in the nickel
tin bonding system 27 will migrate either into or through
(or both) the titanium layer 26 and form low melting point
titanium-tin compounds, other thermally unstable inter-
metallic compounds, or free tin.
[0049] Figure 13 also includes an area labeled at 38
that illustrates the onset of localized interaction of the
platinum layer 35 at temperatures of about 330° C. The
titanium layer 25 remains well-defined above the area
38. When the structure of Figure 13 is heated further
(e.g., to about 350° C) more such localized interaction
has been observed.
[0050] In exemplary embodiments, the localized inter-
actions between platinum and tin (e.g., region 38 in Fig-
ure 13) tend to become more significant at bonding tem-
peratures approaching about 330° C and under the
amount of force being applied (typically on the order of
about 6500 Newtons). At lower temperatures, such as
about 240° degrees centigrade, the localized interactions
between platinum and tin are not evident. Accordingly, a
practical bonding temperature range starts at about the
melting point of tin (232° C) up to about 350° degrees
centigrade, with a preferred range being between about
240° and 330° C.
[0051] The barrier layer offers structural advantages
on the epitaxial side of the metal bonding system, or on
the carrier substrate side, or both. Thus, the invention
includes all three possibilities. As a general observation
to date (rather than a limitation of the invention) diodes
without the barrier tend to delaminate on the epitaxial
side more than on the carrier substrate side.
[0052] Figure 13 also illustrates that the invention has
advantages in the context of the thickness of the bond
line because the barrier layer make a thinner bond line
more practical. The term "bond line" is generally well-
understood in the art and as used herein refers to the
metal bonding system 27. In the invention, the bond line
is typically less than 6 microns (mm) thick with exemplary
embodiments being less than 3 mm thick. The thin bond
line offers several advantages such as reduced fabrica-
tion costs and reduced stress in the metal system. In
comparison, high stress can create a relatively high de-
gree of wafer bowing particularly when employed in a
thin (e.g., less than 150 um) wafer. Such bowing can
increase the difficulty of later fabrication and processing.
Wafer bowing can also cause processing difficulty in
thicker wafers (e.g., about 600 mm) during steps such as
maintaining a vacuum on a chuck or photolithography. A
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number of different factors can, of course, influence wafer
stress, (e.g., bonding temperature, bonding pressure,
deposition technique), but the invention provides the op-
portunity to minimize the bond line thickness and thus
minimize any stress caused by excess bond line thick-
ness.
[0053] As noted earlier, the platinum barrier layer (35
in Figure 13) precludes the movement of tin beyond the
barrier layer 35. This enables the tin to be constrained
by the platinum barrier layer 35 rather than by simply
increasing the amount of nickel present in the bonding
layer 27 (and thus avoiding increasing the bond line thick-
ness).
[0054] Figure 14 is a schematic diagram of a light emit-
ting diode according to the invention broadly designated
at 37 that includes the elements illustrated in Figure 13,
but also illustrating a second platinum barrier layer on
the carrier wafer side of the device. The gallium nitride
layers are again indicated at 21 and 22, the metal barrier
layers at 24, and the substrate at 23. The titanium adhe-
sion layers are illustrated at 25 and 26 on opposite sides
of the nickel-tin bonding system 27.
[0055] Figure 14 includes the platinum barrier layer 35
illustrated in Figure 13, and also includes a second plat-
inum barrier layer 40 on the carrier substrate side of the
device 37.
[0056] In exemplary embodiments of the invention the
bonding metal system 27 is a metal alloy that is more
than 75 percent nickel and tin and in some cases more
than 85 percent nickel and tin. If present, gold is limited,
with exemplary embodiments containing less than 50
percent by weight gold and more typically less than 20
percent by weight gold.
[0057] Figure 15 illustrates the invention in the context
of a precursor growth structure broadly designated at 42
and a carrier structure broadly designated at 43. The
growth structure 42 includes a growth substrate 44 which
in exemplary embodiments is formed of silicon carbide
because its lattice match with the Group III nitrides is
better than that of other substrate materials such as sap-
phire. The growth structure 42 includes Group III nitride
epitaxial layers 45 and 46 which in exemplary embodi-
ments are formed of gallium nitride, but as noted earlier
can include InGaN and can also include more complex
structures such as heterojunctions, double heterojunc-
tions, quantum wells, multiple quantum wells, and super-
lattice structures.
[0058] The barrier metals typically present are desig-
nated at 48.
[0059] The growth structure 42 includes a metal bond-
ing system on the epitaxial layers 45 and 46 for joining
the growth structure 42 to the carrier structure 43. The
growth structure metal bonding system is formed pre-
dominantly of a layer of nickel 47 and a layer of tin 50
with an adhesion layer of titanium 51 between the nickel
layer 50 and the epitaxial layers 45, 46 and a platinum
barrier layer 52 between the titanium adhesion layer 51
and the nickel layer 47.

[0060] The carrier structure 43 includes a carrier sub-
strate 53 typically selected from the group consisting of
silicon and silicon carbide, a second titanium adhesion
layer 54 on the carrier substrate 53, a second platinum
barrier layer 55 on the second titanium layer 54 and a
second nickel layer 56 on the second platinum layer 54
for joining the carrier structure 43 to the growth structure
42.
[0061] When the bonding metal system on the growth
structure 42 and the nickel layer on the carrier structure
43 are joined and heated, the respective platinum barrier
layers 52 and 54 prevent tin from the layer 50 from mi-
grating into or through either of the titanium adhesion
layers 51 or 54.
[0062] Figure 15 also illustrates that in this embodi-
ment the growth structure 42 and the carrier structure 43
can each include a flash layer of gold for improving the
bond when the structures are joined. The growth struc-
ture 42 has a flash layer of gold 57 on the tin layer 50
and the carrier structure 43 has a flash layer of gold 60
on the second nickel layer 56.
[0063] In exemplary embodiments, the thickness of the
tin layer 50 in the growth structure 42 is between about
five and 10 times the thickness of the nickel layer 47 in
the growth structure 42.
[0064] In exemplary embodiments, which are illustra-
tive rather than limiting of the claimed invention, the lay-
ers on the growth structure 42 have the following thick-
nesses: the titanium adhesion layer 51 is approximately
100 nanometers, the platinum barrier layer 52 is approx-
imately 150 nanometers, the nickel layer 47 is approxi-
mately 200 nanometers, the tin layer 50 is 2 microns thick,
and the gold flash layer 57 is 30 nanometers.
[0065] On the corresponding carrier structure 43 the
titanium adhesion layer 54 is 100 nanometers, the plat-
inum barrier layer 54 is 1500 angstroms, the nickel layer
56 is 300 nanometers, and the gold flash layer 60 is 5
nanometers.
[0066] In another embodiment (not shown) an addi-
tional layer of about 100 nanometers of gold is positioned
on the growth structure 42 between the 2 micron layer
of tin and the 200 nanometer layer of nickel.
[0067] In other embodiments, the amount of nickel in
either the growth structure 42 or the carrier structure 43
can be increased to 300 or 400 nanometers depending
upon the desired final structure and composition.
[0068] The respective structures 42 and 43 illustrated
in Figure 15 are heated when placed together under mod-
erate pressure to form the bonded structure. Thereafter
the growth substrate 44 can be thinned or removed de-
pending upon design choice.
[0069] Figure 16 illustrates the invention in the context
of a lead frame. As in certain of the other drawings, pre-
viously-referenced elements carry the same reference
numerals as they did in the other drawings.
[0070] Accordingly, Figure 16 illustrates a light emitting
diode structure broadly designated at 60. The structure
60 includes a light emitting portion formed of the epitaxial
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layers 21 and 22. A carrier substrate 23 supports the
epitaxial layers 21 and 22. The carrier substrate is at-
tached to a lead frame 61 with a solder composition 62.
It will be understood that the lead frame and solder com-
position are illustrated schematically and in representa-
tive fashion, and that light emitting diodes are attached
in the same or analogous manners to other fixtures and
that such other analogous and equivalent structures fall
within the scope of the invention.
[0071] A bonding metal system 27 joins the epitaxial
layers 21 and 22 to the carrier substrate 23. A barrier
layer 63 is positioned between the bonding metal system
27 and epitaxial layers 21, 22. The barrier layer 63 is
formed of a material and has a thickness sufficient to
substantially preclude the formation or migration of free
metals or alloys that have melting points lower than the
melting point of the solder composition 62, or that dem-
onstrate thermal instability at such temperatures.
[0072] As set forth with respect to the previous embod-
iments, when the metal bonding system 27 predominates
in nickel and tin, platinum serves as an exemplary barrier
layer. As also set forth with respect to the other embod-
iments, the diode structure 60 typically also includes an
adhesion layer 25 between the metal bonding system 27
and the epitaxial layers 21, 22 and with the platinum bar-
rier layer 63 being positioned between the adhesion layer
25 and the nickel-tin bonding system 27. As in the other
exemplary embodiments, the adhesion layer includes ti-
tanium because of its favorable properties for this pur-
pose.
[0073] Figure 16 also illustrates the barrier metal sys-
tem 24 that is conventionally (but not necessarily) used
in the structure along with a second titanium adhesion
layer 26 immediately adjacent the carrier substrate 23
and an additional platinum barrier layer 64 between the
bonding metal system 27 and the second adhesion layer
26 for likewise preventing free metals or alloys with low
melting points (tin in particular) or other thermally unsta-
ble intermetallic compounds from forming or migrating to
or through the titanium adhesion layer 26 at the carrier
substrate. As noted earlier, however, if the barrier layer
also provides satisfactory adhesion properties, the spe-
cific titanium adhesion layer may be omitted.
[0074] In the drawings and specification there has
been set forth a preferred embodiment of the invention,
and although specific terms have been employed, they
are used in a generic and descriptive sense only and not
for purposes of limitation, the scope of the invention being
defined in the claims.

Claims

1. A light emitting diode structure (20, 37) comprising:

a light emitting active portion formed of epitaxial
layers (21, 22);
a carrier substrate (23) for supporting said active

portion;
a bonding metal system (27) that predominates
in nickel and tin joining said active portion to said
carrier substrate (23), at least one barrier layer
(35) adjacent said nickel tin bonding system
(27), characterized in that said bonding metal
system (27) is less than 6mm thick; and said bar-
rier layer consisting of platinum of a thickness
sufficient to substantially prevent tin in said nick-
el tin bonding system (27) from migrating
through said barrier layer (35).

2. A light emitting diode structure (20, 37) according to
Claim 1 wherein said barrier layer(35) can form in-
termetallic compounds with tin that are thermally sta-
ble within the temperature range of between about
240° and 350° C.

3. A light emitting diode structure (20, 37) according to
Claim 1 further comprising at least one titanium ad-
hesion layer (25) between said active portion and
said platinum barrier layer (35).

4. A light emitting diode structure (20, 37) according to
Claim 3 wherein said adhesion layer comprises tita-
nium.

5. A light emitting diode structure (20, 37) according to
Claim 1 wherein said bonding metal system (27)
comprises a metal alloy that is more than 85 percent
nickel and tin.

6. A light emitting diode structure (20, 37) according to
Claim 1 wherein said bonding metal system (27) is
a metal alloy that contains gold in an amount of less
than 20 percent by weight.

7. A light emitting diode structure (20, 37) according to
Claim 1 wherein said light emitting active portion is
formed from Group III nitride material system.

8. A light emitting diode structure (20, 37) according to
Claim 4 further comprising:

a second titanium adhesion layer (26) between
said nickel-tin bonding system (27) and said car-
rier substrate (23); and
a second platinum barrier layer (40) between
said titanium adhesion layer (26) and said nick-
el-tin bonding system (27).

9. A light emitting diode structure (20, 37) according to
Claim 4 wherein:

said light emitting active portion is formed of at
least two epitaxial layers (21, 22) of Group III;
and
said bonding metal structure (27) between said

13 14 



EP 2 183 793 B1

9

5

10

15

20

25

30

35

40

45

50

55

active portion and said carrier substrate (23)
comprises a middle layer of tin (50) between two
outer layers of nickel (47, 56) with the relative
amount of tin being greater than the amount
would be consumed by reacting with either nick-
el layer alone, but less than the amount that
would provide a functional reaction excess of tin
over both nickel layers.

10. A light emitting diode precursor structure (20, 37)
according to Claim 1 or Claim 9 wherein said epitaxial
layers (21, 22) comprise gallium nitride.

11. A light emitting diode precursor structure (20, 37)
according to Claim 1 or Claim 9 wherein said carrier
substrate (23) is selected from the group consisting
of aluminium, copper, silicon and silicon carbide.

12. A light emitting diode precursor structure (20, 37)
according to Claim 9 wherein the thickness of said
tin layer (50) is between about five and 10 times the
thickness of either of said nickel layers.

13. A light emitting diode precursor structure (20, 37)
according to Claim 9 further comprising a second
titanium layer (26) between said carrier substrate
(27) and said bonding metal structure (27).

14. A light emitting diode precursor structure (20, 37)
according to Claim 13 further comprising a second
platinum layer (40) between said second titanium
layer (26) and said bonding metal structure (27).

15. A light emitting diode precursor structure (20, 37)
according to Claim 1 or Claim 9 wherein said bonding
metal (27) is less than 3mm thick.

16. A light emitting diode structure (20, 37) according to
Claim 1 further comprising a lead frame (61) at-
tached to said carrier substrate (23) with a solder
composition.

17. A light emitting diode structure (20, 37) according to
Claim 1 wherein said bonding metal system (27) is
a metal alloy that contains gold in an amount of less
than 50 percent by weight.

Patentansprüche

1. Leuchtdiodenstruktur (20, 37), welche aufweist:

einen aktiven Leuchtabschnitt, der aus epitaxi-
alen Schichten (21, 22) gebildet ist;
ein Trägersubstrat (23) zum Tragen des aktiven
Abschnitts;
ein Bondingmetallsystem (27), in dem Nickel-
und Zinn vorherrschen und das den aktiven Ab-

schnitt mit dem Trägersubstrat (23) verbindet,
wobei zumindest eine Barriereschicht (35) dem
Nickel-Zinn-Bondingsystem benachbart ist, da-
durch gekennzeichnet, dass das Bondingme-
tallsystem (27) weniger als 6mm dick ist; und
die Barriereschicht aus Platin mit einer Dicke
besteht, die ausreicht, um im Wesentlichen zu
verhindern, dass Zinn in dem Nickel-Zinn-Bon-
dingsystem (27) durch die Barriereschicht (35)
wandert.

2. Leuchtdiodenstruktur (20, 37) nach Anspruch 1, wo-
bei die Barriereschicht (35) intermetallische Verbin-
dungen mit Zinn bilden kann, die innerhalb des Tem-
peraturbereichs zwischen in etwa 240°C und 350°C
thermisch stabil sind.

3. Leuchtdiodenstruktur (20, 37) nach Anspruch 1, die
ferner zumindest eine Titanhaftschicht (25) zwi-
schen dem aktiven Abschnitt und der Platinbarrier-
eschicht (35) aufweist.

4. Leuchtdiodenstruktur (20, 37) nach Anspruch 3, wo-
bei die Haftschicht Titan aufweist.

5. Leuchtdiodenstruktur (20, 37) nach Anspruch 1, wo-
bei das Bondingmetallsystem (27) eine Metalllegie-
rung aufweist, die mehr als 85 Prozent Nickel und
Zinn ist.

6. Leuchtdiodenstruktur (20, 37) nach Anspruch 1, wo-
bei das Bondingmetallsystem (27) eine Metalllegie-
rung ist, die Gold in einer Menge von weniger als 20
Gewichtsprozent enthält.

7. Leuchtdiodenstruktur (20, 37) nach Anspruch 1, wo-
bei der aktive Leuchtabschnitt aus einem Gruppe-
III-Nitrid-Materialsystem gebildet ist.

8. Leuchtdiodenstruktur (20, 37) nach Anspruch 4, die
ferner aufweist:

eine zweite Titanhaftschicht (26) zwischen dem
Nickel-Zinn-Bondingsystem (27) und dem Trä-
gersubstrat (23); und
eine zweite Platinbarriereschicht (40) zwischen
der Titanhaftschicht (26) und dem Nickel-Zinn-
Bondingsystem (27).

9. Leuchtdiodenstruktur (20, 37) nach Anspruch 4, wo-
bei:

der aktive Leuchtabschnitt aus zumindest zwei
epitaxialen Schichten (21, 22) der Gruppe III ge-
bildet ist; und
die Bondingmetallstruktur (27) zwischen dem
aktiven Abschnitt und dem Trägersubstrat (23)
eine mittlere Zinnschicht (50) zwischen zwei Ni-
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ckel-Außenschichten (47, 56) aufweist, wobei
die relative Menge von Zinn größer ist als die
Menge, die durch Reaktion mit einer Nickel-
schicht allein verbraucht werden würde, aber
weniger als die Menge, die einen funktionellen
Reaktionsüberschuss von Zinn über beide Ni-
ckelschichten bereitstellen würde.

10. Leuchtdiodenvorläuferstruktur (20, 37) nach An-
spruch 1 oder Anspruch 9, wobei die epitaxialen
Schichten (21, 22) Galliumnitrid aufweisen.

11. Leuchtdiodenvorläuferstruktur (20, 37) nach An-
spruch 1 oder Anspruch 9, wobei das Trägersubstrat
(23) aus einer der Gruppe ausgewählt ist, die aus
Aluminium, Kupfer, Silizium oder Siliziumkarbid be-
steht.

12. Leuchtdiodenvorläuferstruktur (20, 37) nach An-
spruch 9, wobei die Dicke der Zinnschicht (50) zwi-
schen etwa dem fünf- oder zehnfachen der Dicke
von einer der Nickelschichten beträgt.

13. Leuchtdiodenvorläuferstruktur (20, 37) nach An-
spruch 9, die ferner eine zweite Titanschicht (26) zwi-
schen dem Trägersubstrat (27) und der Bondingme-
tallstruktur (27) aufweist.

14. Leuchtdiodenvorläuferstruktur (20, 37) nach An-
spruch 13, die ferner eine zweite Platinschicht (40)
zwischen der zweiten Titanschicht (26) und der Bon-
dingmetallstruktur (27) aufweist.

15. Leuchtdiodenvorläuferstruktur (20, 37) nach An-
spruch 1 oder Anspruch 9, wobei das Bondingmetall
(27) weniger als 3mm dick ist.

16. Leuchtdiodenvorläuferstruktur (20, 37) nach An-
spruch 11, die ferner einen Leiterrahmen (61) auf-
weist, der mit einer Lötmittelzusammensetzung an
dem Trägersubstrat (23) angebracht ist.

17. Leuchtdiodenvorläuferstruktur (20, 37) nach An-
spruch 1, wobei das Bondingmetallsystem (27) eine
Metalllegierung ist, die Gold in einer Menge von we-
niger als 50 Gewichtsprozent enthält.

Revendications

1. Structure de diode électroluminescente (20, 37)
comprenant :

une partie active électroluminescente formée de
couches épitaxiales (21, 22) ;
un substrat porteur (23) pour supporter ladite
partie active ;
un système métallique de liaison (27), constitué

principalement de nickel et d’étain, assemblant
ladite partie active audit substrat porteur (23),
au moins une couche barrière (35) adjacente
audit système de liaison nickel-étain (27), ca-
ractérisée en ce que ledit système métallique
de liaison (27) a une épaisseur inférieure à 6
pm ; et
ladite couche barrière est constituée de platine
ayant une épaisseur suffisante pour empêcher
sensiblement l’étain dans ledit système de
liaison nickel-étain (27) de migrer à travers ladite
couche barrière (35).

2. Structure de diode électroluminescente (20, 37) se-
lon la revendication 1, dans laquelle ladite couche
barrière (35) peut former des composés intermétal-
liques avec l’étain qui sont thermiquement stables
dans la plage de température comprise entre environ
240° et 350°C.

3. Structure de diode électroluminescente (20, 37) se-
lon la revendication 1, comprenant en outre au moins
une couche d’adhérence en titane (25) entre ladite
partie active et ladite couche barrière en platine (35).

4. Structure de diode électroluminescente (20, 37) se-
lon la revendication 3, dans laquelle ladite couche
d’adhérence comprend du titane.

5. Structure de diode électroluminescente (20, 37) se-
lon la revendication 1, dans laquelle ledit système
métallique de liaison (27) comprend un alliage mé-
tallique qui est constitué de plus de 85% de nickel
et d’étain.

6. Structure de diode électroluminescente (20, 37) se-
lon la revendication 1, dans laquelle ledit système
métallique de liaison (27) est un alliage métallique
qui contient de l’or en une quantité inférieure à 20%
en poids.

7. Structure de diode électroluminescente (20, 37) se-
lon la revendication 1, dans laquelle ladite partie ac-
tive électroluminescente est formée à partir d’un sys-
tème de matériau au nitrure du Groupe III.

8. Structure de diode électroluminescente (20, 37) se-
lon la revendication 4, comprenant en outre :

une deuxième couche d’adhérence en titane
(26) entre ledit système de liaison nickel-étain
(27) et ledit substrat porteur (23) ; et
une deuxième couche barrière en platine (40)
entre ladite couche d’adhérence en titane (26)
et ledit système de liaison nickel-étain (27).

9. Structure de diode électroluminescente (20, 37) se-
lon la revendication 4, dans laquelle :
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ladite partie active électroluminescente est for-
mée d’au moins deux couches épitaxiales (21,
22) du Groupe III ; et
ladite structure métallique de liaison (27) entre
ladite partie active et ledit substrat porteur (23)
comprend une couche intermédiaire d’étain (50)
entre deux couches externes de nickel (47, 56)
avec la quantité relative d’étain supérieure à la
quantité qui serait consommée en réagissant
avec une seule couche des couches de nickel,
mais inférieure à la quantité qui fournirait un ex-
cès d’étain de réaction fonctionnelle sur les deux
couches de nickel.

10. Structure de précurseur de diode électrolumines-
cente (20, 37) selon la revendication 1 ou 9, dans
laquelle lesdites couches épitaxiales (21, 22) com-
prennent du nitrure de gallium.

11. Structure de précurseur de diode électrolumines-
cente (20, 37) selon la revendication 1 ou 9 dans
laquelle ledit substrat porteur (23) est choisi dans le
groupe consistant en l’aluminium, le cuivre, le sili-
cium et le carbure de silicium.

12. Structure de précurseur de diode électrolumines-
cente (20, 37) selon la revendication 9, dans laquelle
l’épaisseur de ladite couche d’étain (50) est compri-
se entre environ cinq et 10 fois l’épaisseur de l’une
ou l’autre desdites couches de nickel.

13. Structure de précurseur de diode électrolumines-
cente (20, 37) selon la revendication 9, comprenant
en outre une deuxième couche de titane (26) entre
ledit substrat porteur (27) et ladite structure métalli-
que de liaison (27).

14. Structure de précurseur de diode électrolumines-
cente (20, 37) selon la revendication 13, comprenant
en outre une deuxième couche de platine (40) entre
ladite deuxième couche de titane (26) et ladite struc-
ture métallique de liaison (27).

15. Structure de précurseur de diode électrolumines-
cente (20, 37) selon la revendication 1 ou 9, dans
laquelle ledit métal de liaison (27) a une épaisseur
inférieure à 3 pm.

16. Structure de diode électroluminescente (20, 37) se-
lon la revendication 1, comprenant en outre une grille
de connexion (61) fixée audit substrat porteur (23)
avec une composition de soudure.

17. Structure de diode électroluminescente (20, 37) se-
lon la revendication 1, dans laquelle ledit système
métallique de liaison (27) est un alliage métallique
qui contient de l’or en une quantité inférieure à 50%
en poids.
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