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LIGHT EMITTING DIODES WITH LOW JUNCTION TEMPERATURE AND
SOLID STATE BACKLIGHT COMPONENTS INCLUDING LIGHT EMITTING
DIODES WITH LOW JUNCTION TEMPERATURE

BACKGROUND

[0001] Solid state lighting systems including one- or two-dimensional arrays
of solid state lighting devices are used for a number of lighting applications. For
example, solid state lighting panels including arrays of solid state light emitting
devices have been used as direct illumination sources, for example, in architectural
and/or accent lighting. Solid state lighting arrays are also commonly used as
backlights for small liquid crystal display (LCD) screens, such as LCD display
screens used in portable electronic devices. In addition, there has been increased
interest in the use of solid state lighting arrays as backlights for larger displays, such
as LCD television displays.

[0002] A solid state light emitting device may include, for example, a
packaged light emitting device including one or more light emitting diodes (LEDs).
Inorganic LEDs typically include semiconductor layers forming p-n junctibns.
Organic LEDs (OLEDs), which include organic light emission layers, are another
tyi)e of solid state light emitting device. Typically, a solid state light emitting device
generates light through the recombination of electronic carriers, i.e. electrons and
holes, in a light emitting layer or region.

[0003] InanLCD backlight, it is common to arfange LED devices in a linear
array on a metal bar, called a “light bar”, which is arranged within an LCD backlight
unit to emit light parallel to the LCD screen. The light is directed toward the LCD
screen by a light guide in the LCD backlight unit.

[0004] As LED applications, such a backlighting applications, transition to the
use of fewer light sources, the individual light emitting device packages are required
to emit more light per package. Accordingly, the present trend is toward using larger
and larger size die to accommodate higher light output requirements. Larger LED
dice are generally driven at higher forward currents to obtain the desired light output.

[0005] Present technology uses LED devices that are attached to packages,
heatsinks and/or submounts with silicone die attach. Asa die attach material, silicone

is not ideal. It is a poor thermal conductor, which may limit the reliability and/or
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performance of LED die and packages at the higher drive currents needed for higher
light output.

[0006] Die attach metals may have better thermal conductivity than silicone.
However, conventional die attach metals may be unsuited for attachment to plastic
packages, such as those used in backlighting applications.

[0007] A typical die attach metal is a eutectic Au/Sn alloy, with 80% Au and
20% Sn (by weight). The Au/Sn 80/20 alloy has good mechanical strength,
reliability, and thermal conductivity, and is recognized as a standard die attach alloy.

[0008] A challenge with the AuSn 80/20 alloy die attach is the requirement of
a hot reflow to form the bond, typically in the range of about 305 °C. Many plastic
packages or chip-on-board packages are adversely affected by exposure to elevated
temperatures. The packages may fail catastrophically at temperatures in excess of
300 °C, o may suffer material degradation, for example, browning and/or yellowing
of the package, which reduces the reflectivity and hence the brightness of the
package.

[0009] Furthermore, as the number of devices in a lighting unit, such as a light
bar, decreases, the overall voltage across the bar may also decrease, resulting in a
need to drop the line (supply) voltage further to the operating voltage of the low-
voltage bar that includes fewer, larger LED dice. This may require a more
complicated power supply that has more dissipation loss, resulting in lower overall

system efficiency.

SUMMARY

[0010] A light emitting diode chip according to some embodiments includes a
support layer having a first face and a second face opposite the first face, a diode
region on the first face of the support layer, and a die attach pad on the second face of
the support layer. The die attach pad includes a gold-tin structure having a weight
percentage of tin of 40% or more.

[0011] The support layer may be insulating or semi-insulating, and in some
embodiments, the support layer may include semi-insulating silicon carbide.

[0012] The diode region may include a plurality of isolated active regions on
the first face of the support layer, each of the isolated active regions including an

anode contact and a cathode contact.
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[0013] The light emitting diode may further include a first bond pad on an
anode contact of a first one of the isolated active regions and a second bond pad on a
cathode contact of a second one of the isolated active regions.

[0014] The isolated active regions are arranged in a row extending from a first
end of the support layer to a second end of the support layer opposite the first end, and
the cathode contact of each of the isolated active regions may be provided on a side of
the isolated active region nearest the second end of the support layer.

[0015] The isolated active regions include a first active region and a second
active region adjacent the first active region, the light emitting diode chip may further
include an insulating layer between the first active region and the second active
region, and an electrical interconnect on the insulating layer and conductively
connecting the cathode contact of the first active region to the anode contact of the
second active region. ‘

[0016] The isolated active regions may be connected in electrical series.

[0017] The light emitting diode chip may further include a first bond pad on
an anode contact of a first one of the isolated active regions and a second bond pad on
a cathode contact of a second one of the isolated active regions.

[0018] The die attach pad may include a layer of gold and a layer of tin on the
layer of gold. The layer of gold may include a first layer of gold, and the die attach
pad may further include a second layer of gold The layer of tin may be between the
first layer of gold and the second layer of gold. The bondpad may include a layer of
nickel between the layer of tin and the second layer of gold. A thickness of the layer
of tin may be abouf three times a combined thickness of the first layer of gold and the
second layer of gold. | ‘

[0019] The weight percentage of tin in the die attach pad may be at least about
50%. In some embodiments, the weight percentage of tin in the die attach pad may be
at least about 60%, and in still further embodiments, the weight percentage of tin in
the die attach pad may be at least about 70%, and in yet further embodiments, the
weight percentage of tin in the die attach pad may be at least about 90%.

[0020] The light emitting diode chip may further include a layer of titanium
between the die attach pad and the support layer. In some embodiments, the light
emitting diode chip may further include a layer of platinum between the die attach pad
and the layer of titanium. In still further embodiments, the light emitting diode chip
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may further include a layer of nickel between the die attach pad and the layer of
platinum.

[0021] A light bar according to some embodiments includes an elongated
support member, and a plurality of light emitting diode chips mounted on the
elongated support member. Each of the light emitting diode chips includes a support
layer having a first face and a second face opposite the first face, a diode region on the
first face of the support layer, and a die attach pad on the second face of the support
layer. Each of the die attach pads includes a gold-tin structure having a weight
percentage of tin of 40% or more. The light emitting diode chips are mounted to the
elongated support member by their respective die attach pads.

[0022] A light bar for backlighting a liquid crystal diode display according to
some embodiments may include an elongated support member, and a plurality of light
emitting diode devices mounted on the elongated support member. Each light
emitting diode device may include at least three isolated active regions connected in
electrical series. |

[0023] Each of the light emitting diode devices may include a support layer
having a first face and a second face opposite the first face, and a diode region on the
first face of the support layer. The diode region may include a plurality of isolated
active regions connected in electrical series.

[0024] Each of the light emitting diode devices may include a light emitting
diode package including a submount and at least three singulated light emitting diodes
on submount, an anode contact and a cathode contact. The at least three singulated
light emitting diodes are connected in electrical series between the anode contact and
the cathode contact.

[0025] Each of the light emitting diode devices may include a light emitting
diode package including a submount and a singulated light emitting diode die on
submount, an anode contact and a cathode contact. The singulated light emitting die
may include a plurality of isolated active regions on a common substrate, which may
be connected in electrical series between the anode contact and the cathode contact.

[0026] A liquid crystal diode display according to some embodiments may
include a liquid crystal display panel, a diffuser sheet adjacent the liquid crystal
display panel, and a light bar adjacent to the diffuser sheet including a linear array of
light emitting diode devices configured to emit light when energized into an edge of

the diffuser sheet. The light bar may include an elongated support member and a
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plurality of light emitting diode devices mounted on the elongated support member.
Each light emitting diode device may include at least three isolated active regioné
connected in electrical series.

[0027] A light emitting diode chip according to further embodiments includes
a diode region having a first face and a second face, and a die attach pad on the first
face of the diode region. The die attach pad includes a gold-tin structure having a
weight percentage of ti_n greater than 40%.

[0028] A light emitting diode chip according to further embodiments includes
a diode region having a first face and a second face and a die attach pad on the first
face of the diode region. The die attach pad includes at least one layer of gold and a
layer of tin on the at least one layer of gold, and a weight percentage of tin in the die
attach pad relative to a total weight of the layer of tin and the at least one layer of gold
is greater than 20%.

[0029] The light emitting diode may further include an anode contact on the
second face of the diode region, and the die attach pad may include a cathode contact.

[0030] The light emitting diode may further include a cathode contact on the
second face of the diode region, and the die attach pad may include an anode contact.

[0031] In some embodiments, the light emitting diode may further include a
substrate on the second face of the diode region and a cathode contact on the
substrate, and the die attach pad may include an anode contact.

[0032] A light emitting diode chip according to some embodiments includes a
support layer having a first face and a second face opposite the first face, and a diode
region on the first face of the support layer. The diode region may include a plurality
of isolated active regions on the first face of the support layer, each of the isolated
active regions including an anode contact and a cathode contact. A metal die attach
pad is on the second face of the support layer.

[0033] The light emitting diode chip may further include a first bond pad on
an anode contact of a first one of the isolated active regions and a second bond pad on
a cathode contact of a second one of the isolated active regions.

[0034] The isolated active regions may be connected in electrical series.

[0035] The light emitting diode chip may further include a first bond pad on
an anode contact of a first one of the isolated active regions and a second bond pad on

a cathode contact of a second one of the isolated active regions.
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[0036] The isolated active regions may be arranged in a row extending from a
first end of the support layer to a second end of the support layer opposite the first
end, and the cathode contact of each of the isolated active regions may be provided on
a side of the isolated active region nearest the second end of the support layer.

[0037] The isolated active regions include a first active region and a second
active region adjacent the first active region. The light emitting diode chip may
further include an insulating layer between the first active region and the second
active region, and an electrical interconnect on the insulating layer and conductively
connecting the cathode contact of the first active region to the anode contact of the
second active region. 4 _

[0038] The die attach pad may include a layer of gold and a layer of tin on the
layer of gold. The die attach pad may have a weight percentage of tin greater than
40%.

[0039] Some embodiments provide methods of attaching a light emitting
diode die including a metal bonding pad to a submount including a die attach pad.
The methods include bonding the metal bonding pad to the die attach pad at a
temperature less than 250 °C to provide a metal bond having a reflow temperature
greater than 260 °C.

[0040] The metal bonding pad may include a layer of tin and at least one layer
of gold. The method the die attach pad may include a gold-tin structure having a
weight percentage of tin greater than 40%.

[0041] Other systems, methods, and/or computer program products according
to embodiments of the invention will be or become apparent to one with skill in the
art upon review of the following drawings and detailed description. It is intended that
all such additional systems, methods, and/or computer program products be included
within this description, be within the scope of the present invention, and be protected

by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042] The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
application, illustrate certain embodiment(s) of the invention. Inthe drawings:
[0043] Figure 1 is a plan view of a light emitting diode structure according to

some embodiments.
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[0044] Figure 2 is a cross-sectional view of a light emitting diode structure
according to some embodiments taken along line A-A’ of Figure 1.

[0045] Figure 3 is a cross-sectional view of a light emitting diode structure
according to further embodiments.

[0046] Figure 4 is a bottom plan view of a light emitting diode structure
according to further embodiments.

[0047] Figure 5 is a cross-sectional view of a metal bond pad stack according
to some embodiments.

[0048] Figure 6 is a graph of a phase diagram for the Au-Sn material system.

[0049] Figure 7 is a cross-sectional view of a packaged device including a
multiple active region light emitting diode according to some embodiments.

[0050] Figure 8 is a cross-sectional view of a packaged device including
multiple single active region light emitting diodes according to some embodiments.

[0051] Figure 9 is a schematic diagram of a packaged device according to
some embodiments. ‘

[0052] Figures 10 and 11 are plan views of a light bars including a plurality of
light emitting diodes according to some embodiments.

[0053] Figure 12 is a schematic diagram illustraﬁng a backlight assembly for a
liquid crystal display screen.

[0054] Figure 13 is a side cross-sectional view of a liquid crystal diode display
according to some embodiments.

[0055] Figures 14A, 14B and 14C are cross-sectional views of light emitting

diode structures according to further embodiments.

DETAILED DESCRIPTION .

[0056] Embodiments of the present invention are directed towards methods
and devices that may improve the thermal characteristics of a solid state lighting
apparatus, such as a light bar, and in some cases may reduce the operating
temperature of a solid state lighting apparatus. Some embodiments provide a light
emitting device die design including a plurality of isolated active junctions conﬁguréd

to be connected in series on the die. Providing a die with multiple junctions that are
connected in series may allow the chip to produce a high light output while driving
the chip at a relatively low current, thereby reducing the operating température of the

device. Furthermore, some embodiments provide a metal die attach for a light
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emitting device die that decreases the thermal resistance of a package incorporating
the die, thereby potentially reducing the operating temperature of the device, while
permitting the device to be manufactured using a lower temperature reflow that may
not adversely affect plastic material in the device package.

[0057] Embodiments of the present invention now will be described more
fully hereinafter with reference to the accompanying drawings, in which embodiments
of the invention are shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements throughout.

[0058] It will be understood that, although the terms first, second, etc. may be
used herein to describe various elements, these elements should not be limited by
these terms. These terms are only used to distinguish one element from another. For
example, a first element could be termed a second element, and, similarly, a second
element could be termed a first element, without departing from the scope of the
present invention. As used herein, the term "and/or" includes any and all
combinations of one or more of the associated listed items.

[0059] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an" and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises,” "comprising,” "includes" and/or "including" when used herein,
specify the presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups thereof.

[0060] Unless otherwise defined, all terms (including technical and scientific
terms) used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. It will be further understood .
~ that terms used herein should be interpreted as having a meaning that is consistent
with their meaning in the context of this specification and the relevant art and will not
be interpreted in an idealized or overly formal sense unless expressly. so defined

herein,
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[0061] It will be understood that when an element such as a layer, region or
substrate is referred to as being "on" or extending "onto" another element, it can be
directly on or extend directly onto the other element or intervening elements may also
be present. In contrast, when an element is referred to as being "directly on" or
extending "directly onto" another element, there are no intervening elements present.
It will also be understood that when an element is referred to as being "connected” or
"coupled" to another element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast, when an element is .
referred to as being "directly connected" or "directly coupled" to another element,
there are no intervening elements present.

[0062] Relative terms such as “between”, "below," "above," "upper," "lower,"
"horizontal," "lateral," "vertical," "beneath," "over," “on,” etc., may be used herein to
describe a relationship of one element, layer or region to another element, layer or
region as illustrated in the figures. It will be understood that these terms are intended
to encompass different orientations of the device in addition to the orientation
- depicted in the figures.

~ [0063] Embodiments of the invention are described herein with reference to
cross-section illustrations that are schematic illustrations of idealized embodiments
(and intermediate structures) of the invention. The thickness of layers and regions in
the drawings may be exaggerated for clarity. Additionally, variations from the shapes
of the illustrations as a result, for example, of manufacturing techniques and/or
tolerances, are to ble expected. Thus, embodiments of the invention should not be
construed as limited to the particular shapes of regions illustrated herein but are to
include deviations in shapes that result, for example, from manufacturing.

[0064] As noted above, a typical die attach metal is a eutectic Au/Sn alloy,
with 80% Au and 20% Sn (by weight). The Au/Sn 80/20 alloy has good mechanical
strength, reliability, and thermal conductivity, and is recognized as a standard die
attach alloy. However, an AuSn 80/20 alloy die attach may require a reflow in the
range of about 305 °C, which can adversely affect plastic packages or chip-on-board
packages.

[0065] Some embodiments provide a metal die attach including an Sn rich
structure that reflows at temperatures less than 250 °C.  In particular, some
embodiments provide an AuSn metal die attach that includes about 40% or more (by

weight) of Sn. In some embodiments, the weight percent of Sn in the die attach
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structure may be greater than 60%, and in some embodiments the weight percent of
Sn in the die attach struéture may be greater than 70%. In some further embodiments,
the weight percent of Sn in the die attach structure may be greater than 75%, and in
still further embodiments the weight percent of Sn in the die attach structure may be
greater than 90%. | .

[0066] In still further embodiments, because gold and tin are layered in the die
attach stack, the tin may melt at a lower temperature than an AuSn alloy having a
comparable weight percentage of tin. Thus, in some embodiments, the weight percent
of tin in the die attach structure may be greater than 20%.

[0067] A die attach structure according to some embodiments may reflow and
bond at temperatures less than 250 °C. The lower reflow temperature of a metal die
attach structure as described herein may allow the use of lower reflow temperatures,
which may mitigate or reduce the negative effect of high temperature solder reflow on
a plastic package body, while providing a metallic submount bond that has enhanced
therrhal properties, such as reduced thermal resistance, relative to a conventional die
attach material, such as silicone.

[0068] Moreover, a metal die attach structure as disclosed herein can remain
stable during a RoHS (Restriction of Harmful Substances) — compliant package
reflow, which allows temperatures up to 260 °C. That is, a metal stack according to
some embodiments may have a reflow temperature less than about 250 °C, but once
bonded may remain stable at temperatures above 260 °C.

[0069] Figure 1 is a plan view of a light emiiting diode die (or chip) 10
according to some embodiments, while Figure 2 is a cross sectional view of a light
emitting diode structure according to some embodiments taken along line A-A’ of
Figure 1.

[0070] Referring to Figures 1 and 2, a light emitting diode die 10 according to
some embodiments is a unitary semiconductor device that includes a support layer 12
having a first face 12A and a second face 12B opposite the first face 12A. A diode
region including a plurality of isolated active regions 14A-14D is on the first face 12A
of the support layer 12. The active regions 14A-14D may be isolated from one
another by means of mesa isolation (as illustrated in Figures 1-2) or other techniques,
such as implant isolation, trench isolation, etc.

[0071] Each of the active regions 14A-14D may include a single p-n junction,
Thus, the light emitting diode die 10 may be referred to as a multi-junction die. This

10



WO 2012/099791 PCT/US2012/021253

structure is not to be confused with a multiple quantum well diode structure, which is
well known in the art. A multiple quantum well structure has an active region that
may include multiple stacked quantum wells in which recombination occurs to
generate light. However, a conventional multiple quantum well structure may still
have only a single p-n junction. In contrast, a light emitting diode die 10 according to
some embodiments may have multiple isolated active regions, and hence may have
mulﬁple isolated p-n junctions.

[0072] Each of the isolated active regions includes an anode contact 15 and a
cathode contact 17.
| [0073] A die attach pad 30 is on the second face of the support layer. The
bond pad includes a gold-tin structure having a weight percentage of tin of 50% or
more. .

[0074] The light emitting diode die 10 may further include a first wirebond
pad 18 on an anode contact 15 of a first one 14A of the isolated active regions and a
second wirebond pad 20 on a cathode contact 17 of a second one 14D of the isolated
active regions. Moreover, the isolated active regions 14A-14D may be connected in
series by means of metal interconnects 28A, 28B and 28C which contact respective
current spreading fingers 25A,25B, 25C on the anode contacts 15. As illustrated in
Figure 2, metal interconnect 28 A may electrically connect the cathode contact 17 of
the first one 14A of the isolated active regions and the anode contact 15 of the second
one 14B of the isolated active regions. Metal interconnect 28B may electrically
connect the cathodg contact 17 of the second one 14B of the isolated active regions
and the anode contact 15 of the third one 14C of the isolated active regions. ;
Similarly, metal interconnect 28C may electrically connect the cathode contact 17 of
the third one 14C of the isolated active regions and the anode contact 15 of the fourth
one 14D of the isolated active regions. The isolated active regions 14A-14D may
thereby be connected in electrical series by the electrical interconnects 28 A-28C.

[0075] Accordingly, the isolated active regions 14A-14D may be connected in
series to form an electronic device having a single anode contact (wire bond pad 18)
and a single cathode contact (wire bond pad 20).

[0076] The support layer 12 may be insulating or semi-insulating, and in some
embodiments, the support layer may include semi-insulating silicon carbide, which is
available from the assignee Cree, Inc. In some embodiments, the support layer 12

may be a growth substrate on which the epitaxial semiconductor layers that form the

11



WO 2012/099791 PCT/US2012/021253

isolated active regions 14A-14D are grown. In other embodiments, the support layer
may include a carrier layer on which the isolated active regions 14A-14D are |
supported. In still further embodiments, the support layer may include a layer of a
semi-insulating gallium nitride based semiconductor material on which the epitaxial
semiconductor layers that form the isolated active regions 14A-14D are grown.

[0077] The formation of semi-insulating gallium nitride is well known in the
art, and is described, for example in U.S. Patent No. 7,135,715, the disclosure of
which is incorporated herein by reference as if set forth herein.

[0078] Sémi—insulating SiC may include silicon carbide doped with deep level
transition elements, such as vanadium, as described in U.S. Patent No. 5,856,231, the
disclosure of which is incorporated herein by reference as if set forth herein, and/or
~ may include high purity semi-insulating silicon carbide. A high-purity semi-
insulating (HPSI) silicon carbide boule may be formed using a seeded sublimation
growth technique. Exemplary sublimation growth techniques are more fully described
in U.S. Patent Publication No. 2001/0017374 and in U.S. Pat. Nos. 6,403,982,
6,218,680, 6,396,080, 4,866,005 and Re. 34,861, the disclosures of which are hereby
incorporated herein by reference. Sublimation techniques may also include gas fed
sublimation, continuous growth and high-temperature CVD.

[0079] The isolated active layers may be formed using gallium nitride based
materials. For example, the semiconductor light emitting device may be gallium
nitride-based LEDs such as those devices manufactured and sold by Cree, Inc. of
Durham, North Carolina. - The present invention may be suitable for use with LEDs
and/or lasers as deécribed in United States Patent Nos. 6,201,262; 6,187,606;
6,120,600; 5,912,477, 5,739,554; 5,631,190; 5,604,135; 5,523,589; 5,416,342;
5,393,993; 5,338,944; 5,210,051; 5,027,168; 5,027,168; 4,966,862 and/or 4,918,497,
the disclosures of which are incorporated herein by reference as if set forth fully
herein. Other suitable LEDs and/or lasers are described in published U.S. Patent
Publication No. US 2003/0006418 Al entitled Group III Nitride Based Light Emitting
Diode Structures With a Quantum Well and Superlattice, Group III Nitride Based
Quantum Well Structures and Group III Nitride Based Superlattice Structures,
published January 9, 2003, as well as published U.S. Patent Publication No. US
2002/0123164 Al entitled Light Emitting Diodes Including Modifications for Light
Extraction and Manufacturing Methods Therefor. The LEDs and/or lasers may be

configured to operate such that light emission occurs through the substrate. In such
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embodiments, the substrate may be patterned so as to enhance light output of the
devices as is described, for example, in the above-cited U.S. Patent Publication No.
US 2002/0123164 Al.

[0080] The light emitting devices may include a substrate that has been
thinned, for example, by etching, mechanical lapping or grinding and polishing, to
reduce the overall thickness of the structure. Techniques for thinning a substrate are
described in U.S. Patent Publication No. 2005/0151138 entitled "Methods Of |
Processing Semiconductor Wafer Backsides Having Light Emitting Devices (LEDS)
Thereon And LEDs So Formed," the disclosure of which is hereby incorporated by
reference as if set forth fully herein. Furthermore, a substrate may be shaped or
roughened using sawing, laser scribing or other techniques to introduce geometrical
features such as angled sidewalls which may increase light extraction. The substrate
may be further etched to improve light extraction using for example the etch process
described in US. Patent Publication No. 2005/0215000 entitled "Etching Of
Substrates Of Light Emitting Diodes," the disclosure of which is hereby incorporated
by reference as if set forth fully herein.

[0081] Alternatively, the substrate may be remove entirely by substrate
removal techniques such as the techniques taught in U.S. Patent Nos. 6,559,075,
6,071,795, 6,800,500 and/or 6,420,199 and/or U.S. Patent Publication No.
2002/0068201, the disclosures of which are hereby incorporated by reference as if set
forth fully herein.

[0082] Referring still to Figures 1 and 2, in some embodiments, the isolated
active regions 14A-14D are arranged in a row extending from a first end 12C of the
support layer 12 to a second end 12D of the support layer 12 opposite the first
end12C. In some embodiments, the anode contact 15 of each of the isolated active
regions 14A-14D may be provided on a side of the isolated active region nearest the
first end 12C of the support layer 12, while the cathode contact 17 of each of the
isolated active regions 14A-14D may be provided on a side of the isolated active -
region nearest the second end 12D of the support layer 12.

[0083] The light emitting diode die 10 may further include an insulating layer
29 on the support layer 12 and between respective ones of the active regions 14A-
14D. The electrical interconnects 28 A-28C may be at least partially provided on
portions of the insulating layer 29. Moreover, other portions of the insulating layer 29

may be provided on the active regions 14A-14D and on the interconnects 28A-28C.
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[0084] The insulating layer 29 may include, for example, an insulating
material, such as silicon oxide, silicon nitride, polyimide, or any other suitable
insulator, The insulating layer 29 may include a single layer of insulating material
and/or may be formed in multiple layers of the same or different material.

[0085] In some embodiments, the insulating layer 29 may include an
encapsulant material, such as silicone, epoxy resin, or the like. Furthermore, the
insulating layer 29 may include phosphor materials, such as those described in U.S.
Patent No. 6,853,010, entitled Phosphor-Coated Light Emitting Diodes Including
Tapered Sidewalls and Fabrication Methods Therefor, and/or U.S. Patent No.
7,821,194, entitled “Solid State Lighting Devices Including Light Mixtures” the
disclosures of which are incorporated by reference herein as if set forth fully.

[0086] The wirebond pads 18, 20 may extend outside the insulating layer 29
to facilitate electrical contact to the die 10.

[0087] Although illustrated in Figures 1 and 2 as having four separate isolated
active regions, it will be appreciated that a different number of isolated active regions
may be formed that is either less than or greater than four. Furthermore, in some
embodiments, the light emitting device chip may include only one active region.

[0088] Figure 3 is a cross view of a light emitting device die 10” according to
further embodiments, and Figure 4 is a bottom plan view of the light emitting device
die 10°.

[0089] In the embodiments illustrated in Figures 3-4, the isolated active
regions 14A-14C, the wirebond pads 18, 20, the metal interconnects 28A-28C, the
anodes 15, the cathodes 17 and the insulating layer 29 may all be similar to‘ those
described above with respect to Figures 1-2.

[0090] In the embodiments of Figures 3-4, the die 10” includes a support layer
42 that has sidewalls 42C that are angled at an oblique angle to the upper and lower
surfaces 42A, 42B of the support layer. In particular, the sidewalls 42C may be
angled inwardly from the upper surface 42A on which the isolated active regions are -
provided to the lower surface 42B of the support layer 42.

[0091] The metal die attach pad 30 may be formed on the lower surface 42B
and not on the angled sidewalls 42C of the support layer 42 to enhance light
extraction when the chip 10’ is mounted, for example, to a submount.-

[0092] Figure 5 is a cross sectional view of a metal die attach pad 30

according to some embodiments. The die attach pad 30 may include a metal stack
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including a layer of titanium 38 in direct contact with the support layer 12, 42,a layer
of platinum 36 on the titanium layer 38, and a layer of nickel 32 on the platinum layer
36. ‘

[0093] The titanium layer 38 may have a thickness of about 5 angstroms to
about 250 angstroms, and in particular may have a thickness of about 100 angstroms.
The purpose of the titanium layer 38 is to promote adhesion.

[0094] The platinum layer 36 may have a thickness of about 1000 angstroms
to-about 5000 angstroms, and in particular may have a thickness of about 2500
angstroms. The purpose of the platinum layer 36 is to reduce tin migration to the
titanium layer 38 during the bonding process, and to form a platinum-tin phase with
excess molten tin to enhance stability under operation and thermal exposure.

[0095] The nickel layer 32 may have a thickness of about 1000 angstroms to
about 5000 angstroms, and in particular may have a thickness of about 2000
angstroms. The purpose of the nickel layer 32 is to form a nickel-tin phase with
excess molten tin during the bonding process, and to enhance stability under operation
and thermal exposure.

[0096] The die attach pad 30 further includes a die attach (bonding) layer 34
that includes a first layer of gold 34A, a layer of tin 34B and a second layer of gold
34D. The die attach pad 30 may also include a layer of nickel 34C between the layer
of tin 34B and the secor/ld layer of gold 34D. The purpose of the nickel layer 34C is to
reduce diffusion of gold from the second gold layer 34D into the tin layer 34C.during
the deposition process.  The nickel layer 34C may have a thickness between about |
500 angstroms and about 2000 angstroms, and in particular may have a thickness of
about 2000 angstroms.

[0097] A thickness of the layer of tin 34B may be about three times a
combined thickness of the first layer of gold 34A and the second layer of gold 34D.

[0098] The weight percentage of tin in the die attach layer 34 and/or in the die
attach pad 30, may be about 40% or more. In some embodiments, the weight
percentage of tin in the bond pad may be at least about 50%, and in still further
embodiments, the weight percentage of tin in the bond pad may be at least about 60%.
In further embodimehts, the weight percentage of tin in the bond pad may be at least
about 70%, in still further embodiments, the weight percentage of tin in the bo;1d pad
may be at least about 75%, and in yet further embodiments, the weight percentage of
tin in the bond pad may be at least about 90%.
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[0099] Other metal layers, including for example one or more reflective layers
of silver and/or aluminum, may be provided in the metal stack between the die attach
layer 34 and the support layer 12, 42.

[00100] Figure 6 is a graph of a phase diagram fof the Au-Sn material system.
In the graph of Figure 6, temperature is shown on the ordinate (y-axis) while weight
percent of tin is shown on the abscissa (x-axis). While not wishing to be bound by a
particular theory, it is presently believed that, unlike a conventional 80/20 AuSh alloy,
an alloy created during the melting and solidifying of the Au and Sn in the metal die
attach pad 30 will not pass through the eutectic point E that exists in the AuSn system
at about 20% Sn by weight (corresponding to about 29% tin by atomic percentage), as
illustrated in Figure 6.
[00101] Rather, because the slope of the liquidus curve of the AuSn alloy is

| negative for alloys with more than about 40% Sn by weight, the Au and Sn in the die
attach pad 30 will melt at a relatively low temperature as the temperature of the die
attach pad 30 is raised, and the high-Sn content melt will then solidify to an alloy that
has a melting temperature that is greater than the melting temperature of the 80/20
eutectic alloy, and in particular a melting temperature that is greater than 260 °C.
Rather, because the metal stack includes a layer of pure tin which has a melting point
of about 230 °C, a bonding process below 250 °C will be sufficient to melt the tin
layer. The molten tin in contact with the gold, nickel, and platinum layers in the stack
will solidify as various gold-tin and platinum-tin phases. These phases have higher
melting points than pure tin according to their respeective phase diagrams, and will
therefore be thermélly stable up to 260C under operation and thermal exposure.

[00102] Figure 7 is a cross sectional view of a package 50 including a multiple
active region light emitting diode 10, 10” according to some embodiments. The
package 50 includes a submount 55, which may include a thermally conductive
material, such as aluminum nitride, copper, aluminum or the like. A reflector 56 is on
the submount 55 and surrounds a die mounting region on an upper surface of the
submount 55. The reflector 55 may be formed of a material that has specular
reflective properties, such as aluminum, or it may be formed of a diffuse reflector,
such as white plastic.

[00103] A multiple active region light emitting diode 10, 10” as described
above is mounted on a bond pad or metal bonding region (not shown) in the die

mounting region using the metal die attach pad 30 for die attach, and the device 10° is
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electrically connected to the package through wirebonds to the first and second bond
pads 51A, 51B, which are electrically connected to anode and cathode pads 52, 54,
respectively, of the package 50, for example, through conductive vias in the submount
55 (not shown).

[00104] A separate metal pad 53 may be provided to enhance thermal
conduction from the package 50 to an external heat sink (not shown).

[00105] Accordingly, a package 50 includes a unitary light emitting diode chip
that includes a plurality (e.g. four) separate active regions on a common substrate.
The plurality of active regions are connected in series, so that the package 50 may
have a single anode contact 52 and a single cathode contact 54..

[00106] A package 50 as illustrated in Figure 7 may have particular advantages
when used in a backlight for a liquid crystal display (LCD), because the package may
emit an increased amount of light for a given level of current, and the package may
have a higher forward voltage drop than a conventional package that includes only
one LED chip or two LED chips connected in series.

[00107] That is, although it may be known to provide a package including two
LED chips connected in series, that is typically only done to increase light output to
compensate for low emission power. Such a package may have a forward voltage of
about six volts. While a package including two LEDs may be used to increase light
output, it is typically undesirable to increase the forward voltage of the package.

[00108] In contrast, a package 50 according to some embodiments may have a
forward voltage that is greater than about 6 volts. In some embodiments, the package
may have a forward voltage of about 9V or more, and in some embodiments the
package may have a forward voltage of about 12 volts or more. Accordingly, a
plurality of packages 50 may be provided in series in a structure, such as.an LCD
backlight unit. The packages 50 may each have a high level of light emission and
also a high forward voltage, so that the overall forward voltage of the series may be
better matched to the output voltage of a DC power supply that provides current to the
LED structure,

[00109] Figure 8 is a cross sectional view of a packaged device 50° inciuding
multiple single active region light emitting diodes according to further embodiments.
The package 50 is similar to the package 50 illustrated in Figure 7. However, instead
of one multi-junction LED chip, the package 50 includes a plurality of singulated
single-junction LED chips 60A-60D connected in electrical series by wirebonds 51.
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A package 50’ may have similar advantages for use in LCD backlighting, as the
package may generate increased light output for a given level of current while having
a higher forward voltage drop over a single packaged component.

[00110] Figure 9 is a schematic diagram of a packaged device 50, 50°
according to some embodiments. As shown in Figure 9, a packaged device 50, 50°
may include a single package body having a single anode contact 52 and a single
cathode contact 54 made to a group of light emitting diode junctions 14, 60 coupled in
electrical series.

[00111] Figure 10 is a plan view of alight bar 100 including a pluralityvof light
emitting devices 10 according to some embodiments.

[00112] A light bar 100 according to some embodiments includes an elongated
support member 70, and a plurality of light emitting devices 10A-10C mounted on the
elongated support member 70. Each of the light emitting diode chips 10A-10C may
have a structure as illustrated in Figures 1-4, Thus, each of the light emitting diode
chips 10A-10C may include a support layer 12, 42 having a first face and a second
face opposite the first face, a diode region on the first face of the support layer 12, 42,
and a die attach pad 30 on the second face of the support layer 12, 42. Each of the
bond pads includes a gold-tin structure having a weight percentage of tin greater than
40%. The light emitting diode chips 10A-10C are mounted to the elongated support
member by their respective bond pads 30, so that heat generated during operation of
the light emitting devices 10A-10C may be at least partially dissipated through the
light bar. .

[00113] The light emitting diode chips 10A-10C may be connected in electrical
series via anode and cathode contacts 62A-62C, 64A-64C as illustrated in Figure 10.
thus, the active regions 14A-14D of each of the light emitting diode chips 10A-10C
may be connected in electrical series. Light output from the light bar 100 may
thereby enhanced even though the light bar includes fewer light emitting devices 10A-
10C, because the light bar 100 still includes a large number of active regions 14A-
14D. Moreover, the light bar can be run at lower current than a light bar having a
similar number of conventional light emitting devices with similar active junction
areas. Also, the overall level of voltage that is applied to be light bar 100 may be
better matched to an external power supply, so that less voltage must be dropped
outside the light bar, thereby decreasing the complexity of a system in which the light

bar is used.
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[00114] Figure 11 is a plan VieW of a light bar 100’ including a plurality of
multiple emitter light emitting diode packages S0A to 50C according to some
embodiments. The LED packages S0A to 50C may have a structure similar to the
package 50 illustrated in Figure 7 and/or the package 50” illustrated in Figure 8. The
LED packages 50A to 50C may be connected in electrical series. Accordingly, the
light bar 100’ may have fewer light emitters (the packaged devices S0A to 50C) with
higher light emission and higher forward voltage than a light bar that included
packages with only one or two LED junctions per package.

[00115] Figure 12 is a partial exploded diagram illustrating portions of a
backlight assembly for a liquid crystal display screen, while Figure 13 is a side cross
sectional view of an LCD display panel 300 according to some embodiments. As
shown therein, a backlight assembly may include a diffuser sheet 200 and a plurality
of light bars 100, 100°, each including a plurality of light emitters 10, 50 arranged in a
linear array to transmit light into an edge of the diffuser sheet 200. Light emitted by
the light bars 100, 100’ is diffused by the diffuser sheet and transmitted in a direction
normal to the figure shown in Figure 12 into an LCD screen 250 to provide
backlighting for the LCD screen 250.

[00116] Figures 14A, 14B and 14C are cross views of light emitting diode
structures according to further embodiments. In particular, the light emitting diode
structures 11A and 11B may be mounted in a flip-chip configuration. Referring to
Figure 14A, the light emitting diode structure 11A may include a substrate 12, which
may be a growth substrate or é carrier substrate on which an active region 15 is
provided. The active region 15 may include a p-type epitaxial region 15A and an n-
type epitaxial region 15B layered on the substrate 12. A cathode contact 13 is on the
substrate 12, while a die attach pad 35 is on the p-type epitaxial region 15A and
provides an anode contact for the diode 11A. The die attach pad 35 may have a
structure as described above with respect to Figure 5, and, accordingly, may be
configured to reflow at low temperatures but solidify to provide a bond that is stable
at high temperatures.

[00117] Referring to Figure 14B, the light emitting diode structure 11B may be
similar to the light emitting diode structure 11A, except that the substrate 12 has been .
removed using conventional substrate removal techniques.

[00118] Referring to Figure 14C, the light emitting diode structure 11C may be
similar to the light emitting diode structure 11B, except that the die attach pad 35 is
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on the n-type epitaxial region 15B and an anode contact 17 is on the p-type epitaxial
region 15A.

[00119] Many different embodimeﬁts have been disclosed herein, in connection
with the above description and the drawings. It will be understood that it would be
unduly repetitious and obfuscating to literally describe and illustrate every
combination and subcombination of these embodiments. Accordingly, all
embodiments can be combined in any way and/or combination, and the present
specification, including the drawings, shall be construed to constitute a complete
written description of all combinations and subcombinations of the embodiments
described herein, and of the manner and process of making and using them, and shall
support claims to any such combination or subcombination.

[00120] In the drawings and specification, there have been disclosed typical
embodiments of the invention and, although specific terms are employed, they are
used in a generic and descriptive sense only and not for purposes of limitation, the

scope of the invention being set forth in the following claims.
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WHAT IS CLAIMED IS:

1. Alight emitting diode chip, comprising:

a support layer having a first face and a second face opposite the first face;
a diode region on the first face of the support layer; and

a die attach pad on the second face of the support layer, the die attach pad

comprising a gold-tin structure having a weight percentage of tin greater than 40%.

2. The light emitting diode chip of Claim 1, wherein the support layer is

insulating or semi-insulating.

3. The light emitting diode chip of Claim 1, wherein the support layer

comprises semi-insulating silicon carbide.

4, The light emitting diode chip of Claim 1, wherein the diode region
comprises a plurality of isolated active regions on the first face of the support layer,

each of the isolated active regions comprising an anode contact and a cathode contact,

5. The light emitting diode chip of Claim 4, further comprising a first
bond pad on an anode contact of a first one of the isolated active regions and a second

bond pad on a cathode contact of a second one of the isolated active regions.

6. The light emitting diode chip of Claim 4, wherein the isolated active

regions are connected in electrical series.

7. The light emitting diode chip of Claim 6, further comprising a first
bond pad on an anode contact of a first one of the isolated active regions and a second

bond pad on a cathode contact of a second one of the isolated active regions.

8. The light emitting diode chip of Claim 4, wherein the isolated active
regions are arranged in a row extending from a first end of the support layer to a
second end of the support layer opposite the first end, and wherein the cathode contact
of each of the isolated active regions is provided on a side of the isolated active region

nearest the second end of the support layer.
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9. The light emitting diode chip of Claim 4, wherein the isolated active
‘regions include a first active region and a second active region adjacent the first active
region, the light emitting diode chip further comprising an insulating layer between
the first active region and the second active region, and an electrical interconnect on
the insulating layer and conductively connecting the cathode contact of the first active

region to the anode contact of the second active region.

10.  The light emitting diode chip of Claim 1, wherein the die attach pad

comprises a layer of gold and a layer of tin on the layer of gold.

11.  The light emitting diode chip of Claim 10, wherein the layer of gold
comprises a first layer of gold, the die attach pad further comprising a second layer of
gold, wherein the layer of tin is between the first layer of gold and the second layer of
gold.

12.  The light emitting diode chip of Claim 11, wherein a thickness of the
layer of tin is about three times a combined thickness of the first layer of gold and the
second layer of gold.

13.  The light emitting diode chip of Claim 11, further comprising a layer
of nickel between the layer of tin and the second layer of gold.

14.  The light emitting diode chip of Claim 1, wherein the weight
percentage of tin in the die attach pad is at least about 50%.

15.  The light emitting diode chip of Claim 1, wherein the weight
petcentage of tin in the die attach pad is at least about 60%.

16.  The light emitting diode chip of Claim 1, wherein thebweight
percentage of tin in the die attach pad is at least about 70%.

17.  The light emitting diode chip of Claim 1, wherein the weight
percentage of tin in the die attach pad is at least about 75%.
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18.  The light emitting diode chip of Claim 1, wherein the weight
percentage of tin in the die attach pad is at least about 90%.

19.  The light emitting diode chip of Claim 1, further comprising a layer of

titanium between the die attach pad and the support layer.

20.  The light emitting diode chip of Claim 19, further comprising a layer

of platinum between the die attach pad and the layer of titanium.

21.  The light emitting diode chip of Claim 20, further comprising a layer
of nickel between the die attach pad and the layer of platinum.

22. Alight bar, comprising:

an elongated support member; and

a plurality of light emitting diode chips mounted on the elongated support
member, each of the light emitting diode chips comprising a support layer having a
first face and a second face opposite the first face, a diode region on the first face of
the support layer, and a die attach pad on the second face of the support layer, the die
attach pad comprising a gold-tin structure having a weight percentage greater than
20%, wherein the light emitting diode chips are mounted to the elongated support

member by their respective die attach pads.

23. A light bar for backlighting a liquid crystal diode display, comprising:

an elongated support member; and

a plurality of light emitting diode devices mounted on the elongated support
member, wherein each light emitting diode device comprises at least three isolated

active regions connected in electrical series.

24,  The light bar of Claim 23 wherein each of the light emitting diode
~ devices comprises a support layer having a first face and a second face opposite the
first face, and a diode region on the first face of the support layer, wherein the diode

region comprises a plurality of isolated active regions connected in electrical series.
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25.  The light bar of Claim 23, wherein each of the light emitting diode
devices comprises a light emitting diode package including a submount and at least
three singulated light emitting diodes on submount, an anode contact and a cathode
contact, wherein the at least three singulated light emitting diodes are connected in

electrical series between the anode contact and the cathode contact.

26.  The light bar of Claim 23, wherein each of the light emitting diode
devices comprises a light emitting diode package including a submount and a
singulated light emitting diode die on submount, an anode contact and a cathode
contact, wherein the singulated light emitting die includes a plurality of isolated active
regions on a common substrate, wherein the plurality of isolated active regions are

connected in electrical series between the anode contact and the cathode contact.

27.  Aliquid crystal diode display comprising:

a liquid crystal display panel;

a diffuser sheet adjacent the liquid crystal display panel; and

a light bar adjacent to the diffuser sheet including a linear array of light
emitting diode devices configured to emit light when energized into an edge of the
diffuser sheet, wherein the light bar comprises an elongated support member and a
plurality of light emitting diode devices mounted on the elongated support member,
wherein each light emitting diode device comprises at least three isolated active

regions connected in electrical series.

28. A light emitting diode chip, comprising:
a diode region having a first face and a second face; and-
a die attach pad on the first face of the diode region, the die attach pad

comprising a gold-tin structure having a weight percentage of tin greater than 40%.

29.  The light emitting diode chip of Claim 28, wherein the die attach pad

comprises a layer of gold and a layer of tin on the layer of gold.

30.  The light emitting diode chip of Claim 29, wherein the layer of gold

comprises a first layer of gold, the die attach pad further comprising a second layer of
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gold, wherein the layer of tin is between the first layer of gold and the second layer of
gold.

31.  The light emitting diode chip of Claim 30, wherein a thickness of the
layer of tin is about three times a combined thickness of the first layer of gold and the
second layer of gold.

32.  The light emitting diode chip of Claim 30, further comprising a layer

of nickel between the layer of tin and the second layer of gold.

33.  The light emitting diode chip of Claim 28, wherein the weight
percentage of tin in the die attach pad is at least about 50%.

34.  The light emitting diode chip of Claim 28, wherein the weight
percentage of tin in the die attach pad is at least about 60%.

35.  The light emitting diode chip of Claim 28, wherein the weight
percentage of tin in the die attach pad is at least about 70%.

36.  The light emitting diode chip of Claim 28, wherein the weight
percentage of tin in the die attach pad is at least about 75%.

37.  The light emitting diode chip of Claim 28, wherein the weight
percentage of tin in the die attach pad is at least about 90%.

38,  The light emitting diode chip of Claim 28, further comprising a layer

of titanium between the die attach pad and the diode region.

39.  The light emitting diode chip of Claim 38, further comprising a layer

of platinum between the die attach pad and the layer of titanium.

40,  The light emitting diode chip of Claim 39, further comprising a layer

of nickel between the die attach pad and the layer of platinum.
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41.  The light emitting diode of chip of Claim 28, further comprising a

substrate on the second face of the diode region opposite the die attach pad.

42. A light emitting diode chip, comprising:

a diode region having a first face and a second face; and

a die attach pad on the first face of the diode region;

wherein the die attach pad comprises at least one layer of gold and a layer of
tin on the at least one layer of gold; and

wherein a weight percentage of tin in the die attach pad relative to a total

weight of the layer of tin and the at least one layer of gold is greater than 20%.

43.  The light emitting diode of Claim 42, further comprising an anode
contact on the second face of the diode region, wherein the die attach pad comprises a

cathode contact.

44,  The light emitting diode of Claim 42, further comprising a cathode
contact on the second face of the diode region, wherein the die attach pad comprises

an anode contact.

45.  The light emitting diode of Claim 42, further comprising a substrate on
the second face of the diode region and a cathode contact on the substrate, wherein the

die attach pad comprises an anode contact.

46. A light emitting diode chip, comprising:

a support layer having a first face and a second face opposite the first face;

a diode region on the first face of the support layer, wherein the diode region
comprises a plurality of isolated active regions on the first face of the support layer,
each of the isolated active regions comprising an anode contact and a cathode contact;
and

!
a metal die attach pad on the second face of the support layer..

47.  The light emitting diode chip of Claim 46, further comprising a first
bond pad on an anode contact of a first one of the isolated active regions and a second

bond pad on a cathode contact of a second one of the isolated active regions.
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48.  The light emitting diode chip of Claim 46, wherein the isolated active

regions are connected in electrical series.

49.  The light emitting diode chip of Claim 48, further comprising a first
bond pad on an anode contact of a first one of the isolated active regions and a second

bond pad on a cathode contact of a second one of the isolated active regions.

50.  The light emitting diode chip of Claim 46, wherein the isolated active
regions are arranged in a row extending from a first end of the support layer to a
second end of the support layer opposite the first end, and wherein the cathode contact
of each of the isolated active regions is provided on a side of the isolated active region

nearest the second end of the support layer.

51.  The light emitting diode chip of Claim 46, wherein the isolated active
regions include a first active region and a second active region adjacent the first active
region, the light emitting diode chip further comprising an insulating layer between
the first active region and the second active region, and an electrical interconnect on
the insulating layer and conductively connecting the cathode contact of the first active

region to the anode contact of the second active region.

52.  The light emitting diode chip of Claim 46, wherein the die attach pad

comprises a layer of gold and a layer of tin on the layer of gold.

53.  The light emitting diode chip of Claim 52, wherein the die attach pad

comprises a gold-tin structure having a weight percentage of tin greater than 40%.

54. A method of attaching a light emitting diode die including a metal
bonding pad to a submount including a die attach pad, the method comprising:
bonding the metal bonding pad to the die attach pad at a temperature less than

250 °C to provide a metal bond having a reflow temperature greater than 260 °C.

55.  The method of Claim 54, wherein the metal bonding pad comprises a

layer of tin and at least one layer of gold.
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56.  The method of Claim 55, wherein the die attach pad comprises a gold-

tin structure having a weight percentage of tin greater than 40%.

57.  The method of Claim 56, wherein the weight percentage of tin in the
die attach pad is at least about 50%.

58.  The method of Claim 56, wherein the weight percentage of tin in the
die attach pad is at least about 60%.

59.  The method of Claim 56, wherein the weight percentage of tin in the
die attach pad is at least about 70%.

60.  The method of Claim 56, wherein the weight per.centage of tin in the
die attach pad is at least about 75%.

61. . The method of Claim 56, wherein the weight percentage of tin in the
die attach pad is at least about 90%.
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