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LIFYT OFF PROCESS FOR CHIP SCALE PACKAGE SOLID STATE
DEVICES ON ENGINEERED SUBSTRATE

CROSS-REFERENCES TO RELATED APPLICATIONS
[6001]  This application claims the benefit of U.S. Non-Provisional Patent Application No.
15/288,506, filed on October 7, 2016 and U.S. Provisional Patent Application No.
62/243,540, filed on October 19, 2015, the contents of which is incorporated by reference in

its entirety.

BACKGROUND OF THE INVENTION
[6602] Wide band gap (WBG) semiconductor devices are expensive and time consuming o
manufacture. For example, gallium nitride (GaN) matenals are formed by a heteropitaxial
{epi} growth process that involves depositing GaN on a semiconductor carmer substrate
having a different lattice structure {(or lattice constant) than the deposited GaN. The lattice
mismatch between the GaN and the carrier substrate may create defects, dislocations, and
strains that may negatively impact device yields and performance. In addition, the GaN
lavers and carrier substrate may have different coefficients of thermal expansion (CTE).
Thermal processing {¢.g. GaN epitaxial growth} can crack or delaminate the GaN or bow, and
in some cases break, the carrier substrate. The different CTEs may restrict substrate wafer
size limiting scale and preventing reduction of the overall manufacturing cost of WBG

devices and solutions.

SUMMARY OF THE INVENTION
[0803] The present invention relates generally to 1ift off processes for chip scale package
solid state devices formed on engineered substrates. More specifically, the present invention
relates to methods and systems suitable for fabricating solid state devices using epitaxial
growth processes. As described herein, some embodiments of the present invention have
been applied to methods and systems for fabricating sohid state devices on an engingered
substrate structure by epitaxial growth, wherein the engincered substrate structure is
characterized by a coefficient of thermal expansion (CTE) that 1s substantially matched to
epitaxial layers that form the solid state devices. Some embodiments of the present invention

include methods for separating the engincered substrate structure from the solid state devices
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after the devices have been formed. The separated engineered substrate can be reused later
for fabricating more devices, which would save cost of fabricating the devices. The methods

and techniques can be applied to a varety of semiconductor processing operations.

{6884} According to an embodiment of the present invention, a method of processing an
engimeered substrate structure includes providing an engineered substrate structure. The
engmeered substraie may include a polverystaliine substrate and an engineered laver
encapsulating the polycrystalline substrate. The method further includes forming a sacrificial
laver coupled to the engineered fayer, and joining a solid state device structure to the
sacrificial layver. The method further includes forming one or more channels in the solid state
device structure by removing one or more portions of the solid state device structure to
expose one or more portions of the sacrificial layer, flowing an ctching chemical through the
ong or more channels to the one or more exposed portions of the sacrificial layer, and
dissolving the sacrificial layer by interaction between the etching chemical and the sacrificial
layver, thereby separating the engineered substrate structure from the solid state device

structure.

16085} According to another embodiment of the present invention, a method of processing
an enginecred substrate structure includes providing an engineered substrate structure. The
enginecred substrate structure may include a polycrystalline substrate, and an engineered
laver encapsulating the polycrystalline substrate. The method further includes forming a
sacrificial laver coupled to the engineered layer. The sacrificial layer has an exposed
periphery. The method further inclodes joining a solid state device structure to the sacrificial
layer, applying an ctching chemical fo the exposed periphery of the sacrificial layer, and
dissolving the sacrificial laver by interaction between the etching chemical and the sacrificial
laver, thereby separating the engincered substrate structure from the solid state device

structure.

36861 According to a further embodiment of the present invention, a method of processing
an engincered substrate structure includes providing an engineered substrate steucture. The
engineered substrate structure may include a polyerystalline substrate, and an engineered
layer encapsulating the polverystalline substrate. The engincered layer has an exposed
periphery. The method further includes joining a solid state device structure to the
enginecred laver, applying an ciching chemical to the exposed periphery of the enginecered

laver, and dissolving the engimeered layer by interaction between the etching chenucal and
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the enginecred laver, thereby separating the polycrystalline substrate from the solid state

device structure.

[0807] Numerous benefits are achieved by way of the present mvention over conventional
techniques. For example, embodiments of the present mvention provide solid state devices,
such as solid state emitiers, formed on enginecred substrates that have a coefficient of
thermal expansion (CTE) that is substantially matched to the CTE of the epitaxial layers of
the devices. Matching the thermal expansion properties of the growth substrate o the
epitaxial layer reduces the stress in the epitaxial lavers and/or the engineerad substrate.
Stress is responsible for several tvpes of defects. For example, stress may increase
distocation density in the epitaxial layer, which impairs electrical and optical properties of the
epitaxial layer. Stress may also lead to residual strain in the epitaxial layer or the substrate,
which may lead to additional processing concern in later steps, such as stress cracking,
dislocation glide, slip, bow and warp. Thermal expansion induced bow and warp of the
substrate may make handling of the material problematic in automated equipment, and hont
the ability to perform additional lithographic steps necessary for device fabrication. In
addition, the device performance lifetime is reduced in stressed materials. Stress relaxation
and stress-induced crack propagation, dislocation ghde, and other lattice movement resulting
from thermal mismatch may lead to early faihures in a range of modes, from reduced device
performance to fracture or peeling of devices and device layers. Embodiments of the present
invention provide methods and technigues for separating an engineered substrate from the
epitaxial layers of the devices without destroying the enginecred substrate. The separated
engineercd substrate can be reused later for fabricating more devices, which would save cost

of fabricating the devices.

{6808} These and other embodiments of the invention along with many of its advantages
and features are described in more detail m conjunction with the text below and attached

figures.

BRIEF DESCRIPTION OF SPECIFIC EMBODIMENTS
[6609 FIG. 1 shows a GaN epitaxaal layer formed on an enginecred substrate.

10618} FIG. 2 shows a GaN light emitting diode (LED) epitaxial stack formed on an

cungincercd substrate.

(¥3)
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3611}  FIG. 3 shows a chip scale package (CSP) solid state hight emitting diode (LED)

device formed on the engineered substrate.

(0812} FIG. 4 shows the CSP device of FIG. 3 after removal of the engincered substrate,

and subsequent processing steps.
5 [6813] FIG. 3 shows a sacrificial laver formed 1n an engineered substrate.
{6614} FIG. 6 shows an etched channel formed in a CSP device.

{6815} FIG. 7 shows chemical lift off operations for separating a GaN epitaxial laver from
an enginecred substrate.
10616} FIG. 8 shows a wafer containing multiple CSP devices afier removal of an
10 engincered substrate, and subsequent processing steps.
{0817} FIG. 9 shows a simplified flowchart ilastrating a method of processing an

engimeered substrate structure according to an embodiment of the present invention.

{3618} FIG. 10 shows a simphfied flowchart illustrating a method of processing an

engincercd substrate structure according to another embodiment of the present mvention.

[
e

16019} FIG. 11 shows a simplified flowchart illastrating a method of processing an

enginecred substrate structure according to a further embodiment of the present tnvention.

DETAILED DESCRIPTION OF THE INVENTION
[08208] The present invention relates generally to ift off processes for chip scale package
2 solid state devices formed on engingered substrates. More specifically, the present invention
relates to methods and svstems suitable for fabricating solid state devices using epitaxial
growth processes. As described herein, some embodiments of the present mvention have
been applied to methods and systems for fabricating solid state devices on an engineered

substrate structure by epitaxial growth, wherein the engineered substrate structure is

e
Ly

characterized by a coefficient of thermal expansion (CTE) that is substantially matched to
epitaxial layers that form the solid state devices. Some embodiments of the present invention
include methods for separating the engincered substrate structuse from the solid state devices
after the devices have been formed. The separated engincered substrate may be reused later
for fabricating more devices. The methods and technigues can be applied to a vanety of

30 semuconductor processing operations.
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[6621] FIG. 1 shows a GaN epitaxial layer 130 formed on an engincered substrate (ES)
110, Manufacturing of enginecred substrate 110 begins with a ceramic polycrystalline wafer
112, such as aluminum nitride (AN}, Water 112 may comprise other polverystalline
materials, such as silicon carbide (8§iC), or gallium nitride (GaN), aluminum gallium nitride

(AlGaN).

0022} A series of engineered layers 114 are deposited onto ceramic water 102, such as
lavers of oxide, nitride, and polysilicon. Engineered lavers 114 provide adhesion, defectivity
management, and a diffusion barrier for subsequent GaN epitaxial layers. An additional
oxide layer 116 may be deposited on one side of ceramic water 112, A portion of oxide layer
116 1s polished back with a chemical mechamical plananzation (CMP) process to create a

smooth surface for subsequent wafer bonding.

[6023] A layer transfer process is performed using a silicon water 120, Silicon wafer 120
is implanted with several elements to create a damage mterface nside 51, which helps to form
bonding layer 122 for attaching to oxide layer 116, Applying pressure atomically bonds
silicon water 120 to oxide layer 116, Afier the bonding process, an exfoliation process
activates the damage interface inside Si wafer, causing the implanted elements in bonding
layer 122 to expand splitting off the top portion of silicon wafer 120 onto ceramic wafer 112
with engincered layers 114, Remaining stlicon layer 122 bonded to owide laver 116 1s
relatively thin at around less than 5 nucrons and therefore does not significantly contribute to
the CTE properties of engineered subsirate 110, CTE properties of engincered substrate 110

are therefore determined by CTE coefficients of ceramic wafer 112.

[6024] GaN epitaxial layer 130 (which can be referred to as epi layer), can be formed by
epitaxially growing a number of layers or sub-layers to form an epitaxial structure on top of
engincered substrate 110, Thus the term layer should be understood to 1aclude a structure
mchading multiple lavers or sub-layers of the same or different materials. Ceranuc wafer 112
and epitaxial layer 130 are substantially CTE matched. This CTE matching enable formation
of thicker, higher quality epitaxial layers on larger sized ceramic wafers 112 without cracking
or warping. For example, epitaxial laver 130 may be formed on 6 inch, 8 inch, 12 inch, or
larger sized Enginecred Substrates 110, Fabrication of larger wafers increases device count

per wafer resulting in less expensive GaN device fabrication.

36251 CTE matching also enables formation of a significantly thicker epitaxial layer (tens

or hundreds of microns} on top of engineered substrate 110, The thicker combination of

(]
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epitaxial layers may reduce the overall dislocation density for the lattice structures between
epitaxial fayer 130 and silicon layer 122. In additional, a larger number of epitaxial lavers

can be used to support more complex circurty for a wider array of GaN applications.
[6826] Light Emitting Diode {LED) Architectureg

{3827 FIG. 2 shows a GaN LED epitaxaal stack 231 already formed on engineered
substrate (ES) 110, Although an LED epitaxial stack suitable for emission of light is
ithustrated in F1G. 2 and other tigures herein, embodiments of the present invention are not
himited to LED implementations and other device structures, including p-n diodes, Schottky
diodes, transistors, HEMTs, RF devices, hybrid or integrated devices, and the like, in lateral
or vertical architectures, are inchuded within the scope of the present invention. Thas, ong of
skill in the art will be able to substituie other electronic structures for the LED structure
iltustrated in FIG. 2 and other figures herein. One of ordinary skill 1o the art would recognize

many varations, modifications, and alternatives.

[6028] Varous architectures are used for forming WBG light emitting diodes (LEDs). For
example, lateral or flip chip architectures may use a transparent substrate, such as sapphire or
SiC, to form LED devices. Vertical architecture may use an absorbing substrate such as

stlicon, which is removed during device fabrication, to form LED devices.

160297 A typical LED GaN epitaxial stack 231 may include an n-type GaN layer 134
formed on top of buffer layer 132, An active region with multiple layers of GaN and jndium
galliwm mitrnide (InGaN) forms multiple guantum well (MQW) active region 136, An
aluminum galliem nitride (AlGaN) corrent blocking layer 138 may be applied on MOQW
region 136 and a p-type GaN layer 140 is applied on AlGaN laver 138, Applving a voltage
across n and p GaN layers 134 and 140, respectively, inject carriers into MQW region 136

causing light emission.

[6630] Of course this is just one example enginecred substrate 110 and just one example
GaN LED epitaxial stack or structure formed on top of engineered substrate 110, Gther
example engimeered substrates and other epitaxial structures are described n the following
U.S. patents which are herein all incorporated by reference i their entirety, U5, 7 358,152,
U.S. 7,535,100, U.S. 6,593,212: UK. 6,497,763, U.S. 6,328,796, 1.8, 6,323,108, U.S. Ser.
WNo. 12/836,970; U.5. Ser. No. 13/732,739; U.S. Ser. No. 13/223,162; U .S, Ser. No.
13/732,934; U.S. Ser. No. 12/969,302; U5, Ser. No. 12/836,970; U.5. 8,436,362, U S.
8,729,563; and U.S. Ser. No. 14/282.406.
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36311 FIG. 3 shows i more detal a side corss-sectional view of an example LED device
150 that includes GaN LED epitaxial stack 231 formed on engincered substrate 110, Mesas
152 are etched down to the n-GaN layer of GaN LED ¢putaxial stack 231. Sidewalls of mesas
155 are covered with diclectric material, to provide electrical isolation. Buned n-contacts
160 connect the n-GaN layer via routing layers 156 to n-electrode 170, Reflective p-contacts
154 are formed on the p-GaN layer of GaN LED epitaxial stack 231 and connect via routing
lavers 156 to a p-electrode 172, Electrodes 170 and 172 are built up m height with copper

plating to around 50-100 um.

[6632] A molding material 158 is applied around electrodes 170 and 172, such as an epoxy,
cpoxy molding compound (EMC), or sheet molding compound (SMC). The epoxy is mmtiaily
viscous and dispensed arcund electrodes 170 and 172, The epoxy 138 is then heated and

pressed unti solidifying 1nto sohid structural support around electrodes 170 and 172.

13633] A polishing process is typically used for grinding engineered substrate 110 off of
GaN LED eprtaxial stack 231, However, the grinding process takes a substantial amount of
time and destrovs ES 110, The cost of fabricating LED device 150 increases since new ES
110 is needed for cach wafer. The grinding process also applies stress to GaN LED epitaxial

stack 231.

[0034] FIG. 4 shows next process steps after enginecred substrate 110 is removed and LED
device 150 inverted. An upper surface 180 of GaN LED epitaxial stack 231 is roughened to
mcrease fight extraction. A layer of transparent silicone 182 is applied on top of GaN LED
epitaxial stack 231 and hardened for additional structural support. Silicone 182 may contain

a phosphorous material 184

[B035] Voltage is apphied across electrodes 172 and 170 exciting clectrons in MQW region
136 and generating a blue hght 188, Blue hight 188 exits etther directly into silicone 182 or
reflects back off of mirrored p-contacts 154 into silicone layer 182, Blue hight 188 excites
phosphorus 184 in silicone layer 182 converting into a vellow light that outputs from LED

device 150 as white light 190.
[8836] Non-Destructive Substrate Removal

{36377 FIG. 5 shows atechmque for separating enginecred substrate 110 from GaN LED
epitaxial stack 231 without destroving ES 110, Engincered substrate 110 may include

multiple enginecred lavers including nitride layers 114 and oxide layer 116, In one example,
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a chemical 204, sach as hydrofluoric acid (HF), 1s infused into the lateral sides of the wafer
retaining LED device 150 to etch out one or more engineered layers 114 while AIN wafer
112 and GalN LED epitaxial stack 231 remain intact. Etching one of engincered layers 114
separates GaN LED epitaxial stack 231 from the remamder of ES 110 while preserving
ceramic wafer AIN 112 for reuse. This chenmcal Lift off process also reduces overall stress on

LED device 150 by climinating the previous polishing process.

{3638] In asecond example, a sacrificial layer 200 is formed on or between any of
engineered layers 114 and/or 116. In one example, sacrificial layer 200 comprises a metal or
some other substance susceptible to disimtegration by chemical 204, For example, sacrificial
laver 200 may use a metal such as titanium (T3) that is highly susceptible to dissolving when
exposed to HF. in some embodiments, the sacrificial layer 200 may comprise one of titanium
{11}, vanadium (V), chromium {Cr}, tantalum {Ta), tungsten (W), thentum (Re), silicon
oxide, silicon mitnde, silicon oxinitride, or a combination thereof. Chemical 204 etches out
sacrificial layver 200 without damaging engineered substrate 110 or GaN LED epitaxaal stack
231. The use of sacrificial layer 200 may further reduce the amount of time required to

detach enginecred substrate 110 from GaN LED cpitaxial stack 231,

6039} In another example, protective layers 202, such as stlicon nitride, may be formed
underneath, over, and/or around sacrificial laver 200. Protective lavers 202 may prevent
diffusion of materials from sacrificial layer 200, such as T, into GaN LED epitaxial stack

231 during epitaxial GaN growth.

[6048] FIG. 6 shows another technique for reducing chemical separation time for removing
an engineered substrate. LED devices 150A and 1508 are formed on ES 110 as described
above. As also described above, sacrificial laver 200 may comprise one of the existing
engineered lavers in ES 110, Alternatively, sacrificial laver 200 may comprise an additional
designated engincered laver, such as titanium, formed in between or on top of other
engingered lavers within engineered substrate 110, The matenal used n the designated
sacrificial laver is specifically selected be more receptive to chemical etching during the Iift

off process.

{6841} A channel 202 is etched though GaN LED epitaxial stack 231 and engineered layers
down to sacrificial laver 200. In one example, channel 202 is substantially the same size and
aligned with dies formed on the wafer surface that do not contam LED devices 150. The

etching process also may extend around the perimeter sides of the wafer down to sacrificial
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laver 200. After channel etching is completed, a blocking mask is located over channel 202
prior to applying molding 158, The blocking mask prevents molding 158 from tlowing into

channel 202 and blocking access to sacrificial layer 200,

[6042] <Chemical 204 is then applied through channel 202 and through the lateral sides 206
of the device wafer. Chemical 204 etches out sacrificial laver separating GaN LED eputaxial
stack 231 from ES 110. Channel 202 mcreases the amount of surface area on sacrificial layver
200 wmmediately accessible by chemical 204 thus substantially reducing ctching time during

the separation process.

[0843} FIG. 7 shows example chemical liftoff operations as described above. I operation
210A, chip scale package solid state LED devices 130 are formed on engineered substrate
110 of wafer 212. Each die 214 on wafer 212 may contain a scparate LED device 150, As

explained above each LED device 150 may have a pair of electrodes 170, 172,

16044] 1o operation 210B, channels 202 arc etched through GaN LED epitaxial stack 231,
partially through the engineered layers, down to the sacrificial layer in engincered substrate
110. As mentioned above, channels 202 may be etched 1 empty die locations, around the
perimeter of wafer 212, or at any other locations on water 212, A blocking mask is
positioned over dics 214 and any other location containing channels 202, Molding 158
{shown in hatched lines) 1s applied around and/or over electrodes 170 and 172 of devices 150

while maintaining open access to channels 202,

(6645} In operation 210C, the lift off process applies chemical 204, such as strong acid hike
H,50; or HF, into channels 202 formed on wafer 212, Chemical 204 permeates down and
radially out from channels 202 into the sacrificial layer. Chemical 204 also may etch radially
mward into the sacrificial layer from channels 202 etched mto the perimeter of wafer 2172,
With sufficient etching of the sacrificial laver, engimeered substrate 110 separates from GaN

LED epitaxial stack 231.

[6646] FIG. 8 shows GaN LED epitaxial stack 231 separated from the engineered substrate.
The top surface of GaN LED epitaxial stack 231 is roughened and a combination of silicon
182 and phosphor is applied over the top. Wafer 212 is then diced 220 nto separate chip
scale package (CSP) solid state LED devices 150A-150C.
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{3647} The process described above can be used for separating lavers from any integrated
circuit device using any type of substrate. For example, chemical separation may be used for

wafer bond scparation, wafer removal, layer transfer, and device layer stack and separation.

{0848} The example above describes a GaN LED device. However the chemical Lift off
process can be used with any integrated circuit (IC) device, such as multi-junction GaN
devices and high voltage GaN power devices. The chenucal 1ift off process can also be
applied to GaN devices that use nanowires, nanocolumns, or micro-gmtters {0 output
muitiple wavelengths and provide white light. In another example, the Lift off process may be

performed without using the molding. o this case, temporary bonding might be used.

[6849] FIG. 9 shows asimplified fowchart iHustrating a method 900 of processing an
enginecred substrate structure according to an embodiment of the present invention. The
method 900 meludes, at 902, providing an engineered substrate structure. The engineered
substrate may include a polycrystalline substrate and an engineered layer encapsulating the
polyerystalline substrate. The method 900 further includes, at 904, forming a sacrificial layer
coupled to the engineered layer; and at 906, joining a solid state device structure to the
sacrificial layer. The method 900 further inclades, at 908, forming one or more channels in
the solid state device stracture by removing one or more portions of the solid state device
structure to expose one or more portions of the sacrificial layer; at 910, flowing an etching
chemical through the one or more channels to the one or more exposed portions of the
sacrificial laver; and, at 912, dissolving the sacnificial laver by interaction between the
etching chemical and the sacrificial layer, thereby separating the engineered substrate

structure from the solid state device structure.

[6856] It should be appreciated that the specific steps illustrated in FIG. 9 provide &
particular method of processing an enginecred substrate structure according 1o an
embodiment of the present mvention. Other sequences of steps may also be performe
according to aliernative embodiments. For example, alternative embodiments of the present
mvention may perform the steps outlined above i a different order. Moreover, the mdividual
steps llustrated in FIG. 9 may include multiple sub-steps that may be performed in various
sequences as appropriate to the individual step. Furthermore, additional steps may be added
or removed depending on the particular applications. One of ordinary skill in the art would

recognize many varations, modifications, and alternatives.

10
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36511 FIG. 10 shows a simphfied flowchart llustrating a method 1000 of processing an
engincered substrate structure according to another embodiment of the present invention.

The method 10090 includes, at 1002, providing an engincered substrate structure. The
engineered substrate structure may include a polycrystalline substrate and an engineered laver
encapsulating the polyverystalline substrate. The method 1000 further includes, at 1004,
forming a sacrificial layer coupled to the engineered layer. The sacrificial layer has an
cxposed periphery. The method 1000 further inclades, at 1006, joining a solid state device
structare to the sacrificial layer; at 1008, applving an eiching chemical to the exposed
periphery of the sacrificial laver; and at 1010, dissolving the sacrificial layer by interaction
hetween the etehing chemical and the sacrificial layer, thereby separating the engincered

substrate structure from the solid state device structure.

[6652] It should be appreciated that the specific steps illustrated in FIG. 10 provide a
particular method of processing an engincered substrate structure according to an
embodiment of the present invention. Other sequences of steps may also be performed
according to alternative embodiments. For example, alternative embodiments of the present
ravention may perforn the steps outlined above in a different order. Moreover, the mdividual
steps illustrated in FIG. 10 may include multiple sub-steps that may be performed in various
sequences as appropriate to the individual step. Furthermore, additional steps may be added
or removed depending on the particular applications. One of ordinary skill in the art would

recognize many variations, modifications, and alternatives.

106537 FiG. 11 shows a simphified flowchart dlustrating a method 1100 of processing an
cugincercd substrate structure according to a further crobodiment of the present jnvention.
The method 1100 mcludes, at 1102, providing an engineered substrate structure. The
engingered substrate structure may include a polycrystalling substrate and an engingered laver
encapsulating the polycrystalline substrate. The engincered layer has an exposed periphery.
The method 1100 further includes, at 1104, joining a solid state device structure to the
engingered laver: at 1106, applying an etching chemical to the exposed periphery of the
engincered layer; and at 1108, dissolving the engincered layer by interaction between the
ctching chemical and the engineered layer, thereby separating the polycrystalline substrate

from the solid state device structure.

[6654] It should be appreciated that the specific steps illustrated in FIG. 11 provide a

particular method of processing an engincered substrate structure according o an

i1
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embodiment of the present mvention. Other sequences of steps may also be performed
according to alternative embodiments. For example, alternative embodiments of the present
mvention may perform the steps outlined above in a different order. Moreover, the mdividual
steps llustrated in FIG. 11 may include multiple sub-steps that may be performed in various
sequences as appropriate to the individual step. Furthermore, additional steps may be added
or removed depending on the particular applications. One of ordinary skill in the art would

recognize many variations, modifications, and alternatives.

10655] It is also understood that the examples and embodiments described herein are for
ithustrative purposes only and that various modifications or changes 1n light thercof will be
suggested to persons skilled in the art and are to be included within the spinit and purview of

this application and scope of the appended claims.



CLAIMS

1. A method of processing an engineered substrate structure, the
method comprising:

providing an engineered substrate structure including:

a polycrystalline substrate; and
an engineered layer encapsulating the polycrystalline substrate;

forming a sacrificial layer coupled to the engineered layer;

forming a solid state device structure coupled to the sacrificial layer;

forming one or more channels in the solid state device structure by
removing one or more portions of the solid state device structure to expose one or more portions
of the sacrificial layer;

after the one or more channels are formed, forming a molding support on
the solid state device structure, the molding support exposing the one or more portions of the
sacrificial layer;

after the molding support is formed, flowing an etching chemical through
the one or more channels to the one or more portions of the sacrificial layer; and

dissolving the sacrificial layer by interaction between the etching chemical
and the sacrificial layer, thereby separating the engineered substrate structure from the solid state
device structure.

2. The method of claim 1 wherein the sacrificial layer comprises one
of titanium (T1), vanadium (V), chromium (Cr), tantalum (Ta), tungsten (W), rhenium (Re),

silicon oxide, silicon nitride, silicon oxinitride, or a combination thereof.

3. The method of claim 1 wherein the etching chemical comprises

hydrofluoric acid (HF) or sulfuric acid (H,SOx).

4, The method of claim 1 wherein the polycrystalline substrate
comprises one of polycrystalline aluminum gallium nitride (AlGaN), polycrystalline gallium
nitride (GaN), polycrystalline aluminum nitride (AIN), silicon carbide (SiC), or a combination

thereof.

13



5. The method of claim 4 wherein forming the solid state device
structure comprises:

forming a bonding layer coupled to the sacrificial layer;

forming a substantially single crystalline silicon layer coupled to the
bonding layer;

forming a gallium nitride (GaN) layer coupled to the substantially single
crystalline silicon layer; and

forming one or more solid state devices coupled to the GaN layer.

6. The method of claim 5 wherein forming the GaN layer comprises

epitaxially growing the GaN layer on the substantially single crystalline silicon layer.

1. The method of claim 6 wherein forming the one or more solid state
devices comprises:

forming an N-GaN layer coupled to the GaN layer by epitaxial growth;

forming a GaN-based active layer coupled to the N-GaN layer by epitaxial
growth; and

forming a P-GaN layer coupled to the GaN-based active layer by epitaxial
growth.

8. A method of processing an engineered substrate structure, the
method comprising:
providing an engineered substrate structure including:
a polycrystalline substrate; and
an engineered layer encapsulating the polycrystalline substrate;
forming a sacrificial layer coupled to the engineered layer, the sacrificial
layer having an exposed periphery;
forming a solid state device structure coupled to the sacrificial layer;
forming a molding support on the solid state device structure;
after the molding support is formed, applying an etching chemical to the

exposed periphery of the sacrificial layer; and

14



dissolving the sacrificial layer by interaction between the etching chemical
and the sacrificial layer, thereby separating the engineered substrate structure from the solid state

device structure.

9. The method of claim 8 wherein the sacrificial layer comprises one
of titanium (T1), vanadium (V), chromium (Cr), tantalum (Ta), tungsten (W), rhenium (Re),

silicon oxide, silicon nitride, silicon oxinitride, or a combination thereof.

10. The method of claim 8 wherein the etching chemical comprises

hydrofluoric acid (HF) or sulfuric acid (H2SO4).

11. The method of claim 8 wherein the polycrystalline substrate
comprises one of polycrystalline aluminum gallium nitride (AlGaN), polycrystalline gallium
nitride (GaN), polycrystalline aluminum nitride (AIN), silicon carbide (SiC), or a combination

thereof.

12. The method of claim 8 wherein forming the solid state device
structure comprises:

forming a bonding layer coupled to the sacrificial layer;

forming a substantially single crystalline silicon layer coupled to the
bonding layer;

forming a gallium nitride (GaN) layer coupled to the substantially single
crystalline silicon layer; and

forming one or more GaN-based devices coupled to the GaN layer.

13. A method of processing an engineered substrate structure, the
method comprising:
providing an engineered substrate structure including:
a polycrystalline substrate; and
an engineered layer encapsulating the polycrystalline substrate, the

engineered layer having an exposed peripherys;

15



forming a solid state device structure coupled to the engineered layer;

forming a molding support on the solid state device structure;

after the molding support is formed, applying an etching chemical to the
exposed periphery of the engineered layer; and

dissolving the engineered layer by interaction between the etching
chemical and the engineered layer, thereby separating the polycrystalline substrate from the solid

state device structure.

14. The method of claim 13 wherein the etching chemical comprises

hydrofluoric acid (HF) or sulfuric acid (H,SOx).

15. The method of claim 13 wherein the polycrystalline substrate
comprises one of polycrystalline aluminum gallium nitride (AlGaN), polycrystalline gallium
nitride (GaN), polycrystalline aluminum nitride (AIN), silicon carbide (SiC), or a combination

thereof.

16. The method of claim 13 wherein the engineered layer comprises

one of silicon oxide, silicon nitride, silicon oxinitride, or a combination thereof.

17. The method of claim 15 wherein forming the solid state device
structure comprises:

forming a bonding layer coupled to the engineered layer;

forming a substantially single crystalline silicon layer coupled to the
bonding layer;

epitaxially growing a gallium nitride (GaN) layer coupled to the
substantially single crystalline silicon layer; and

forming one or more GaN-based devices coupled to the GaN layer by

epitaxial growth of one or more GaN-based layers.

18. The method of claim 1 wherein the molding support covers

sidewalls of the one or more channels.
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