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(57) Abstract: A semiconductor structure (12) comprising a light emitting layer (44) disposed between an n-type region (42) and
a p-type region (46) is grown on a first substrate (10). The semiconductor structure (12) is attached to a top surface of a second
substrate (24). The second substrate (24) includes a body (20) with a plurality of holes (22) filled with a conductive material. Atter
attaching the semiconductor structure (12) to the second substrate (24), the body (20) is thinned from the bottom surface of the
second substrate (24), such that a bottom surtace of the holes (22) is exposed.
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SUBSTRATE FOR A SEMICONDUCTOR LIGHT EMITTING DEVICE
BACKGROUND
FIELD OF INVENTION

[0001] The present invention is directed to methods of attaching a light emitting device to a

substrate then processing the substrate.
DESCRIPTION OF RELATED ART

[0002] Semiconductor light-emitting devices including light emitting diodes (LEDs),
resonant cavity light emitting diodes (RCLEDs), vertical cavity laser diodes (VCSELSs), and edge
emitting lasers are among the most efficient light sources currently available. Materials systems
currently of interest in the manufacture of high-brightness light emitting devices capable of
operation across the visible spectrum include Group III-V semiconductors, particularly binary,
ternary, and quaternary alloys of gallium, aluminum, indium, and nitrogen, also referred to as
I-nitride materials. Typically, IlI-nitride light emitting devices are fabricated by epitaxially
growing a stack of semiconductor layers of different compositions and dopant concentrations on
a sapphire, silicon carbide, III-nitride, or other suitable substrate by metal-organic chemical
vapor deposition (MOCVD), molecular beam epitaxy (MBE), or other epitaxial techniques. The
stack often includes one or more n-type layers doped with, for example, Si, formed over the
substrate, one or more light emitting layers in an active region formed over the n-type layer or
layers, and one or more p-type layers doped with, for example, Mg, formed over the active

region. Electrical contacts are formed on the n- and p-type regions.

[0003] US 7,256,483 teaches “it is sometimes desirable to remove the growth substrate to, for
example, improve the optical properties of the LED or to gain electrical access to the LED layers.
In the case of a sapphire substrate, removal may be by means of laser melting a GaN/sapphire
interface. In the case of Si or GaAs substrates, more conventional selective wet etches may be

utilized to remove the substrate.
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[0004] “Since the LED epitaxial layers are extremely thin (e.g., less than 10 microns) and
delicate, before removing the growth substrate, the LED wafer must first be attached to a support
substrate so that the LED layers arec sandwiched between the growth substrate and the support
substrate. The support substrate has the desired optical, electrical, and thermal characteristics for
a particular application of the LED. The growth substrate is then removed by known processes.
The resulting wafer with the support substrate and LED layers is then diced, and the LED dice

are then mounted in packages.

[0005] “A package typically includes a thermally conductive plate with electrical conductors
running from the dic attach region to the package terminals. The p and n layers of the LED are
clectrically connected to the package conductors. In the case of a vertical injection device, the
support substrate is metal bonded to the package, providing a current path to the n or p-type LED
layers adjacent to the support substrate, and the opposite conductivity type layers are connected
via a wire (e.g., a wire ribbon) to a package contact pad. In the case of a flip-chip LED (n and p-
type layers exposed on the same side), both n and p-connections are formed by die attaching to
multiple contact pads patterned to mate to the n and p-contact metallizations on the die. No wires

are required.

[0006] Needed in the art are substrates to which light emitting devices may be connected
which are simple to handle and which efficiently conduct heat away from the light emitting

device.

SUMMARY

[0007] In embodiments of the invention, a semiconductor structure comprising a light
emitting layer disposed between an n-type region and a p-type region is grown on a first
substrate. The semiconductor structure is attached to a top surface of a second substrate. The
second substrate includes a body with a plurality of holes filled with a conductive material. After
attaching the semiconductor structure to the second substrate, the body is thinned from the

bottom surface of the second substrate, such that a bottom surface of the holes is exposed.

[0008] In some embodiments, attaching the semiconductor structure to a substrate with

conductive vias permits wafer-level processing of the semiconductor structure and the substrate.

2
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Heat may be conducted away from the semiconductor structure by the conductive vias.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Fig. 1 illustrates LEDs grown on a growth substrate.

[0010] Fig. 2 illustrates the LEDs of Fig. 1 attached to a substrate with conductive vias.

[0011] Fig. 3 illustrates removing the growth substrate from the structure of Fig. 2.

[0012] Fig. 4 illustrates thinning the substrate of Fig. 3 to expose the bottom of the

conductive vias.

[0013] Fig. 5 illustrates an LED and substrate attached to a mount.

[0014] Fig. 6 illustrates an LED, substrate with through vias, and substrate with integrated

circuitry attached to a mount.
DETAILED DESCRIPTION

[0015] In embodiments of the invention, a semiconductor light emitting device is bonded to a
substrate with conductive through-vias. The substrate supports the semiconductor light emitting
device to prevent breakage during wafer-level processing. The through-vias may conduct heat

away from the light emitting device during operation.

[0016] Fig. 1 illustrates a IlI-nitride device 12 and portions of two other devices grown on a
growth substrate 10. Only a portion of the growth substrate 10 is shown. Multiple LEDs are
grown on a single growth substrate. A growth substrate may be, for example, on the order of
centimeters in diameter. Each LED may be, for example, about 1 mm long. Growth substrate 10
may be, for example, a sapphire, SiC, Si, composite, or any other suitable substrate. Composite
substrates are described in more detail in US 2007/0072324, which is incorporated herein by

reference.

[0017] The semiconductor structure of the device includes an n-type region 42, a light

emitting or active region 44, and a p-type region 46. An n-type region 42 is grown first on
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substrate 10. The n-type region may include multiple layers of different compositions and
dopant concentration including, for example, preparation layers such as buffer layers or
nucleation layers, which may be n-type or not intentionally doped, release layers designed to
facilitate later release of the growth substrate or thinning of the semiconductor structure after
substrate removal, and n- or even p-type device layers designed for particular optical or electrical

properties desirable for the light emitting region to efficiently emit light.

[0018] A light emitting or active region 44 is grown over the n-type region 42. Examples of
suitable light emitting regions include a single thick or thin light emitting layer, or a multiple
quantum well light emitting region including multiple thin or thick quantum well light emitting

layers separated by barrier layers.

[0019] A p-type region 46 is grown over the light emitting region 44. Like the n-type region,
the p-type region may include multiple layers of different composition, thickness, and dopant

concentration, including layers that are not intentionally doped, or n-type layers.

[0020] A metal p-contact 50 is formed on the p-type region. P-contact 50 may include one or
more metal layers such as, for example, a reflective layer, such as silver, an ohmic contact layer,
and a guard layer. Portions of the p-contact 50, the p-type region 46, and the light emitting
region 44 of the semiconductor structure are etched away to expose portions of the n-type region.
N-contacts 52 are formed on the exposed portions of the n-type region. The n- and p-contacts 52
and 50 may be separated by a gap 54, which may be filled with an insulating material such as a

suitable dielectric.

[0021] In some embodiments, instead of both p- and n-contacts formed on the same surface
of the semiconductor structure, as illustrated in Fig. 1, a single large p-contact may be formed on
the top surface of the semiconductor structure in the orientation illustrated in Fig. 1. A contact to
the n-type region is formed on a surface of the n-type region exposed after removing the growth

substrate, as described below in reference to Fig. 3.

[0022] Trenches 48 may be formed between individual devices 12. Metal bond pads, not
shown in Fig. 1, may be formed over n- and p-contacts 52 and 50. In some embodiments, one or

both of p-contacts 50 and n-contacts 52 are reflective, and light is extracted from the device

4
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through the surface of the semiconductor opposite the contacts, the bottom surface of the

semiconductor structure illustrated in Fig. 1.

[0023] In Fig. 2, the wafer of LEDs illustrated in Fig. 1 is flipped over and attached to a
substrate 24. Substrate 24 may include vias or holes 22 filled with a conductive material such as
metal formed in a non-metallic body 20. The material of body 20 may be sclected for ease of
forming vias and case of thinning, as described below. Examples of suitable materials include
silicon and ceramics such as AIN. Vias 22 in a silicon substrate 20 may be formed by
conventional techniques such as laser drilling or deep reactive ion etching. One suitable deep
reactive ion etching process is described in more detail in US Patent 5,501,893, which is
incorporated herein by reference. Vias 22 may be, for example, between 10 and 100 microns
deep in some embodiments, between 30 and 70 microns deep in some embodiments, and 50
microns deep in some embodiments. Vias 22 may be filled with any suitable conductive material

formed by any suitable technique. In some embodiments, copper is clectroplated into the vias.

[0024] LEDs 12 are attached to substrate 24 by, for example, a metallic bond or any other
suitable bonding technique. For example, copper bond pads may be formed on LEDs 12 and
substrate 24 then directly bonded pad to pad. Diclectric regions which insulate the n- and p-type
pads may be formed between the copper bonds pads. In some embodiments, there is no air gap
between the bonded pads. In other embodiments, LEDs 12 are attached to substrate 24 by solder
or other metal interconnects, which may include multiple layers of materials. In some
embodiments, interconnects between LEDs 12 and substrate 24 include at least one gold layer
and the bond between the LEDs 12 and the substrate 24 is formed by ultrasonic bonding, or
molecular bonding between mating surfaces. LEDs 12 are aligned on substrate 24 such that vias

22 are electrically connected to n- and p-contacts 52 and 50, shown in Fig. 1.

[0025] After bonding LEDs 12 to substrate 24, all or part of the growth substrate 10 may be
removed by a technique appropriate to the growth substrate, as illustrated in Fig. 3. For example,
a sapphire growth substrate may be removed by laser lift off, which may permit reuse of the
growth substrate. A silicon substrate may be removed by grinding, etching, polishing or a
combination of these techniques. A transparent substrate may remain part of the device. After

removing the substrate, additional LED processing may be performed, such as surface ctching,

5
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cleaning, or deposition of dielectric layers, for example. In some embodiments, the
semiconductor structure remaining after removing the host substrate is thinned, for example by
photoelectrochemical etching. The semiconductor surface may be roughened or patterned, for
example with a photonic crystal structure. Since the entire wafer of LEDs 12 is connected to
substrate 24, conventional wafer-scale tools may be used for processing after the growth

substrate is removed.

[0026] After optional post-growth-substrate-removal processing and optional testing, the top
surface of the wafer of LEDs 12 may be attached to handling tape 28, as is known in the art of
semiconductor processing. The substrate 24 may be thinned by conventional techniques such as
etching, grinding, or polishing, which remove material from the bottom surface of the substrate.
Substrate 24 is thinned to a thickness suitable for mechanical handling, and at least until the

bottoms 22a of vias 22 are exposed.

[0027] The use of substrate 24 permits wafer-level processing on both the front side (for
example, removing the LED growth substrate and thinning the LED semiconductor structure)

and back side (for example, thinning the substrate 24 to expose the vias) of the structure.

[0028] After thinning, the substrate 24 may be diced at locations 30 between individual LEDs
12.

[0029] An individual LED 12 and its substrate 24 may then be attached to a mount 34 by
conventional pick and place techniques. Mount 34 may be, for example, a silicon, ceramic, or
AIN mount, a silicon mount with through vias as described above, a printed circuit board, or any
other structure on which LED 12 and substrate 24 may be mounted. Conductive vias 22 in
substrate 24 may align with vias 32 in mount 34. Vias 32 in mount 34 may be formed in, for

example, a silicon structure 30.

[0030] In some embodiments, integrated circuits such as those required for, for example,
efficient driving, feedback control, and electrostatic discharge protection, are formed in a
substrate with conductive through-vias, as illustrated in Fig. 6. In a substrate 36, integrated

circuitry 40 may be formed in a silicon body before or after vias 38 are formed.
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[0031] In some embodiments, a wavelength converting material, which absorbs light emitted
by the light emitting region and emits light of one or more different pecak wavelengths, may be
disposed over the LED 12 illustrated in Figs. 5 and 6. In some embodiments, polarizers, dichroic
filters or other optics known in the art are formed over the LED or over the wavelength

converting material.

[0032] Having described the invention in detail, those skilled in the art will appreciate that,
given the present disclosure, modifications may be made to the invention without departing from
the spirit of the inventive concept described herein. For example, though the above examples
refer to IlI-nitride light emitting devices, other devices such as other III-V devices, IlI-phosphide,
III-arsenide, or II-VI devices, may be used with the above-described substrates. Therefore, it is
not intended that the scope of the invention be limited to the specific embodiments illustrated and

described.
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CLAIMS
What is being claimed is:

1. A method comprising:

providing a semiconductor structure grown on a first substrate, the semiconductor
structure comprising a light emitting layer disposed between an n-type region and a p-type
region;

attaching the semiconductor structure to a top surface of a second substrate, the second
substrate comprising a body with a plurality of holes, wherein the plurality of holes are filled
with a conductive material; and

after attaching the semiconductor structure, thinning the body from the bottom surface of
the second substrate, such that a bottom surface of the holes is exposed.

2. The method of claim 1 wherein the body is silicon.

3. The method of claim 1 further comprising:

forming holes in the body by one of laser drilling and deep reactive ion etching; and

filling the holes with a conductive material.

4. The method of claim 1 further comprising removing the first substrate.

5. The method of claim 4 further comprising:

processing the semiconductor structure after removing the first substrate; and

dicing the semiconductor structure after processing the semiconductor structure.

6. The method of claim 1 further comprising aligning the plurality of holes with n-
and p-contacts disposed on the semiconductor structure.

7. The method of claim 1 further comprising attaching the second substrate to a
mount.

8. The method of claim 7 further comprising disposing a third substrate between the
second substrate and the mount, the third substrate comprising an integrated circuit.

9. The method of claim 8 further comprising aligning the holes in the second
substrate with holes filled with conductive material in the third substrate.

10. The method of claim 1 wherein the conductive material is copper.

1. The method of claim 1 further comprising dicing the semiconductor structure after
thinning the body from the bottom surface of the second substrate.

12. A method comprising:
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attaching a semiconductor structure to a substrate, the semiconductor structure
comprising a [lI-nitride light emitting layer disposed between an n-type region and a p-type
region, the substrate comprising a silicon body with a plurality of holes filled with a metal; and

after attaching the semiconductor structure, thinning the silicon body from the bottom
surface to expose the metal filling the plurality of holes.

13. The method of claim 12 wherein the semiconductor structure comprises a wafer of
light emitting devices, the method further comprising dicing the semiconductor structure and the
substrate into individual light emitting devices after thinning the silicon body.

14. The method of claim 12 wherein the semiconductor structure comprises a wafer of
light emitting devices, the method further comprising:

processing a surface of the semiconductor structure after attaching the semiconductor
structure to the substrate; and

dicing the semiconductor structure and the substrate into individual light emitting devices

after processing the surface of the semiconductor structure.
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