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METHOD OF FORMING AN ELECTRONIC 
DEVICE USING A SEPARATION TECHNIQUE 

RELATED APPLICATION 

[0001] This is a continuation of and claims priority under 
35 U.S.C. §120 to US. patent application Ser. No. 12/435, 
942 entitled “Method of Forming an Electronic Device Using 
a Separation-Enhancing Species” by MatheW et al. on May 5, 
2009, and is related to and claims priority under 35 U.S.C. 
§119(e) to US. Patent Application No. 61/050,696 entitled 
“Method of Forming Devices on a Semiconductor Layer and 
Related Devices” by MatheW et al. on May 6, 2008, both of 
Which are assigned to the current assignee hereof and incor 
porated herein by reference in their entireties. 

FIELD OF THE DISCLOSURE 

[0002] The present invention relates generally to electronic 
devices, and in particular to methods for making electronic 
devices on a layer that has been separated from a substrate. 

RELATED ART 

[0003] The use of semiconductor layers that have been 
transferred onto substrates or substrates that have been thick 
ened using various groWth processes have been used in tech 
nologies such as silicon-on-insulator (SOI) technology. The 
transfer of layers therein involves process incorporation of a 
cleaving plane, sticking to a foreign substrate and separation 
of the surface layer. The incorporation of a cleaving plane is 
performed using a process of ion implantation or formation of 
porous layers. The bonding to a foreign substrate involves 
Van der Waals forces on extremely smooth surfaces; eutectic 
bonding using suitable materials; or thereto-compression 
bonding using suitable materials, elevated temperature, and 
elevated pressure. The separation involves annealing of the 
bubbles and cracks formed during ion implantation. In the 
formation of devices, the cycle time and cost of processes 
such as ion implantation and the formation of smooth surfaces 
is expensive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] Embodiments are illustrated by Way of example and 
are not limited in the accompanying ?gures. 
[0005] FIG. 1 includes an illustration of a cross-sectional 
vieW of a portion of a Workpiece comprising a substrate. 
[0006] FIG. 2 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 1 after formation of a metal 
containing ?lm. 
[0007] FIG. 3 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 2 after formation of a conduc 
tive ?lm. 
[0008] FIG. 4 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 3 after an annealing process. 
[0009] FIG. 5 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 4 after a separation process. 
[0010] FIG. 6 includes an illustration of a cross-sectional 
vieW of a substantially completed semiconductor device. 
[0011] FIG. 7 includes an illustration of a cross-sectional 
vieW of a portion of a Workpiece after formation of voids to 
aid in the separation of the semiconductor layer in accordance 
With an alternative embodiment. 
[0012] FIG. 8 includes an illustration of a cross-sectional 
vieW of a portion of a Workpiece after formation of a plurality 
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of voids adjacent to primary surfaces of the Workpiece in 
accordance With another alternative embodiment. 
[0013] FIG. 9 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 8 after the semiconductor 
layers have been separated from opposite sides of a substrate. 
[0014] FIG. 10 includes an illustration of a cross-sectional 
vieW oft a portion of a Workpiece comprising a substrate, in 
ingot form, a doped region, and a conductive layer. 
[0015] FIG. 11 includes an illustration of a cross-sectional 
vieW of the Workpiece of FIG. 10 after a combination of a 
semiconductor layer, the doped region, the conductive layer 
has been separated from the substrate. 
[0016] Skilled artisans appreciate that elements in the ?g 
ures are illustrated for simplicity and clarity and have not 
necessarily been draWn to scale. For example, the dimensions 
of some of the elements in the ?gures may be exaggerated 
relative to other elements to help to improve understanding of 
embodiments of the invention. 

DETAILED DESCRIPTION 

[0017] The folloWing description in combination With the 
?gures is provided to assist in understanding the teachings 
disclosed herein. The folloWing discussion Will focus on spe 
ci?c implementations and embodiments of the teachings. 
This focus is provided to assist in describing the teachings and 
should not be interpreted as a limitation on the scope or 
applicability of the teachings. HoWever, other teachings can 
certainly be utiliZed in this application. 
[0018] Before addressing details of embodiments 
described beloW, some terms are de?ned or clari?ed. Group 
numbers corresponding to columns Within the Periodic Table 
of the elements use the “New Notation” convention as seen in 
the CRC Handbook of Chemistry and Physics, 81“ Edition 
(2000-2001). 
[0019] The term “metal” and any of its variants are intended 
to refer to a material that includes an element that is (1) Within 
any of Groups 1 to 12, or (2) Within Groups 13 to 15, an 
element that is along and beloW a line de?ned by atomic 
numbers 13 (Al), 50 (Sn), and 83 (Bi), or any combination 
thereof. Metal does not include silicon or germanium. Note, 
hoWever, that a metal silicide is a metallic material. 

[0020] As used herein, the terms “comprises, compris 
ing,” “includes,” “including,” “has,” “having” or any other 
variation thereof, are intended to cover a non-exclusive inclu 
sion. For example, a method, article, or apparatus that com 
prises a list of features is not necessarily limited only to those 
features but may include other features not expressly listed or 
inherent to such method, article, or apparatus. Further, unless 
expressly stated to the contrary, “or” refers to an inclusive-or 
and not to an exclusive-or. For example, a conditionA or B is 
satis?ed by any one of the folloWing: A is true (or present) and 
B is false (or not present), A is false (or not present) and B is 
true (or present), and both A and B are true (or present). 
[0021] Also, the use of“a” or “an” is employed to describe 
elements and components described herein. This is done 
merely for convenience and to give a general sense of the 
scope of the invention. This description should be read to 
include one or at least one and the singular also includes the 
plural, or vice versa, unless it is clear that it is meant other 
Wise. For example, When a single item is described herein, 
more than one item may be used in place of a single item. 
Similarly, Where more than one item is described herein, a 
single item may be substituted for that more than one item. 
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[0022] In addition, the terms “front,” “back,” “top,” “bot 
tom,” “over,” “under” and the like in the description and in the 
claims, if any, are used for descriptive purposes and not nec 
essarily for describing permanent relative positions. It is 
understood that the terms so used are interchangeable under 
appropriate circumstances such that the embodiments of the 
invention described herein are, for example, capable of opera 
tion in other orientations than those illustrated or otherWise 
described herein. 

[0023] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. The materials, methods, and examples are 
illustrative only and not intended to be limiting. To the extent 
not described herein, many details regarding speci?c materi 
als and processing acts are conventional and may be found in 
textbooks and other sources Within the semiconductor and 
electronic arts. 

[0024] A method of forming an electronic device can 
include forming a metallic layer by an electrochemical pro 
cess over a side of a substrate that includes a semiconductor 

material. The method can further include introducing a sepa 
ration-enhancing species into the substrate at a distance from 
the side. The method can still further include separating a 
semiconductor layer and the metallic layer from the substrate, 
Wherein the semiconductor layer is a portion of the substrate. 
In an embodiment, the separation-enhancing species can be 
incorporated in the metallic layer during its formation and 
moved into the substrate during an anneal. In another embodi 
ment, the separation-enhancing species can be implanted into 
the substrate. During heating or cooling of the Workpiece 
using either or both embodiments, stress can develop near the 
separation-enhancing species and cause the semiconductor 
layer to separate from the substrate or make separation of the 
semiconductor layer from the substrate easier. Further, the 
separation can be made more reproducibly as compared to a 
mechanical tearing operation that does not use a separation 
enhancing species. Although the description beloW provides 
many details, including particular numerical values and con 
?gurations, after reading this speci?cation, skilled artisans 
Will appreciate that the embodiments described herein merely 
illustrate and do not limit the scope of the present invention. 
[0025] FIG. 1 illustrates a Workpiece 100 comprising a 
substrate 102. The substrate may be a semiconductor sub 
strate comprising a Group 14 element (silicon, germanium, or 
carbon), any combination of Group 14 elements (silicon ger 
manium, carbon-doped silicon, or the like), or Group 
l3-Group l5 semiconductors (gallium arsenide, gallium 
nitride, indium phosphide, gallium indium arsenide, or the 
like). The substrate 102 can include a substantially monoc 
rystalline, amorphous, or polycrystalline semiconductor sub 
strate. In other embodiments, various combinations of mate 
rials may form the substrate. In a particular embodiment, the 
substrate can have a thickness of at least approximately 50 
microns or at least approximately 200 microns. Although 
there is no theoretical upper limit on the thickness, the sub 
strate may be no greater than approximately 5 meters or no 
greater than approximately 0.1 meter. As Will be described in 
an alternative embodiment, ingot processing can be used to 
form substantially rectangular sheets. 
[0026] FIG. 2 illustrates the Workpiece 100 after formation 
of a doped region 204 and a metal-containing ?lm 206 over 
the substrate 102. The doped region 204 includes a dopant of 
the opposite conductivity type as compared to the substrate 
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102, so that a pn junction is formed. The doped region 204 can 
include an n-type or a p-type dopant. The doped region 204 
can be formed by gas-phase furnace doping, a spin-on dopant, 
depositing or groWing a doped layer (a doped glass, a doped 
semiconductOr layer (amorphous, polycrystalline, substan 
tially monocrystalline), or by implantation. An anneal or 
dopant drive may be performed if needed or desired. In an 
embodiment, the peak concentration of the doped region 204 
is at least approximately 1017, 1018, or 1019 atoms/cm3 . In an 
embodiment, the junction depth of the doped region 204 is at 
least approximately 0.01 microns or at least approximately 
0.1 microns, and in another embodiment, the junction depth 
of the doped region 204 is no greater than approximately 5 
microns or no greater than approximately 1 micron. In other 
embodiments, the doped region 204 can have other dopant 
concentrations or junction depths than previously described. 
If the dopant source for the doped region 204 includes a layer 
formed over the substrate 102, the layer may or may not be 
removed after the doped region 204 is formed. For example, 
a doped silicon layer may be formed over the substrate 102 
and remain. In this particular embodiment, the doped region 
204 may principally lie Within the doped silicon layer. In 
another embodiment, the doped region 204 may not be used. 
[0027] A conductive layer is formed over the substrate 102 
and, if present, the doped region 204. The conductive layer 
can include a metallic layer and have one or more ?lms 
therein. For example, the metallic layer can include a metal 
containing ?lm 206. The metal-containing ?lm 206 can 
include an adhesion ?lm, a barrier ?lm, a seed ?lm, another 
suitable ?lm, or any combination thereof. The adhesion ?lm 
can include a refractory metal (titanium, tantalum, tungsten, 
or the like), and the barrier ?lm can include a metal nitride 
(TiN, TaN, WN of the like) or a metal semiconductor nitride 
(TaSiN, WSiN, or the like). The seed ?lm can include a 
transition metal or transition metal alloy, and in a particular 
embodiment, the seed ?lm can include titanium, nickel, pal 
ladium, tungsten, copper, silver, or gold. In other embodi 
ments, other materials may be used Within the adhesion ?lm, 
barrier ?lm, seed ?lm, or any combination thereof. The metal 
containing ?lm 206 can be formed by physical vapor deposi 
tion (PVD, such as evaporation or sputtering), chemical vapor 
deposition (CVD), atomic layer deposition (ALD), electro 
chemistry, another suitable method, or any combination 
thereof. In another embodiment, the metal-containing ?lm 
206 may be bonded to the doped region 204 by forming a 
metal ?lm over the Workpiece 100 and reacting the metal ?lm 
to form a metal silicide. In an embodiment, the metal-con 
taining ?lm 206 can have a thickness of at least approximately 
1 nm or at least approximately 10 nm, and in another embodi 
ment, the metal-containing ?lm 206 can have a thickness no 
greater than approximately 10 microns or no greater than 
approximately 0.1 microns. 
[0028] A conductive Elm 308 is formed over Workpiece 
100 as illustrated in FIG. 3. The metallic layer 309 includes 
the metal-containing ?lm 306 and the conductive ?lm 308. In 
a particular embodiment, the metallic layer 309 or over the 
conductive ?lm 308, by itself, may have a thickness, such that 
it provides suf?cient mechanical support to a subsequently 
formed semiconductor layer, Wherein the semiconductor 
layer is formed from a portion of the substrate 102. The 
conductive ?lm 308 may be substantially thicker and have a 
relatively higher conductance as compared to the metal-con 
taining ?lm 206. In a particular embodiment, the conductive 
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?lm 308 is at least approximately 11 times, approximately 50 
times, or approximately 500 times thicker than the metal 
containing ?lm 206. 
[0029] The conductive ?lm 308 can include any of the 
metals or metal alloys previously described With respect to 
the metal-containing ?lm 206. In a particular embodiment, 
the conductive ?lm 308 comprises tin, nickel, chromium, 
copper, silver, gold, or a combination thereof. Similar to the 
metal-containing ?lm 206, the conductive ?lm 308 can 
include a single ?lm or a plurality of ?lms. In a particular 
embodiment, the conductive ?lm 308 can consist essentially 
of gold, and in another embodiment, the conductive ?lm 308 
can be mo stly copper With a relatively thin indium-tin alloy to 
help improve soldering during a subsequent bonding opera 
tion. Other combinations of materials can be used such that 
the composition of the conductive ?lm 308 is tailored to a 
particular application. The conductive ?lm 308 can be formed 
by PVD, CVD, ALD, electrochemistry, another suitable 
method, or any combination thereof. The conductive ?lm 308 
and the metal-containing ?lm 206 can include the same com 
position or different compositions and be formed using the 
same technique or different techniques. In an embodiment, 
conductive ?lm 308 can have a thickness of at least approxi 
mately 10 microns or at least approximately 30 microns, and 
in another embodiment, the conductive ?lm 308 can have a 
thickness no greater than approximately 2 mm or no greater 
than approximately 100 mm. 

[0030] In a particular embodiment, the conductive ?lm 308 
can be formed such that a separation-enhancing species 307 is 
incorporated Within the conductive ?lm 308 When it is 
formed, as illustrated in FIG. 3. As Will be described later, the 
separation-enhancing species 307 can help separate a portion 
of the substrate, in the form of a semiconductor layer, from a 
remaining portion of the substrate 102. In a particular 
embodiment, the separation-enhancing species 307 is hydro 
gen. When the conductive ?lm 308 is formed using an elec 
trochemical process, such as plating (i.e., electroplating or 
electroless plating), hydrogen may be incorporated from the 
conductive ?lm 308 from the plating bath, such as an acidic 
solution. When a PVD, CVD, or ALD process is used, hydro 
gen may come from a hydrogen-containing gas, such as an 
organometallic precursor, Water vapor, a hydrogen-contain 
ing plasma, or any combination thereof. 
[0031] FIG. 4 illustrates the Workpiece 100 after the sepa 
ration-enhancing species 307 is diffused, transported, or oth 
erWise moved from the metallic layer 309 into the substrate 
102 of the Workpiece 100 to a location 409. The movement of 
the separation-enhancing species 307 can aid in separating a 
combination of the metallic layer 309, the doped region 204, 
and a semiconductor layer, Which is a portion of the substrate 
102 from a remaining portion of the substrate 102. The sepa 
ration-enhancing species 307 can be moved by an annealing 
process. The annealing process can be controlled based on the 
uniformity and defect levels desired in the Workpiece 100. 
The annealing temperature may be determined at least in part 
on the composition of the substrate 102 and layers of the 
Workpiece 100. In an embodiment, the anneal is performed at 
a temperatures of at least approximately 25° C. or at least 
approximately 100° C., and in another embodiment, the 
anneal is performed at a temperature no greater than approxi 
mately 700° C. or no greater than approximately 500° C. In an 
embodiment, the anneal is performed for a time of at least 
approximately 1 second or at least approximately 1 hour, and 
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in another embodiment, the anneal is performed at a tempera 
ture no greater than approximately 20 hours or no greater than 
approximately 6 hours. 
[0032] The temperature and time of the anneal can depend 
on the particular application for the semiconductor device 
being formed. The thickness of the semiconductor layer may 
be based at least on part on the composition of substrate 102 
and the particular electronic application, such as a photovol 
taic cell, a light emitting device, a radiation detector, or the 
like. In an embodiment, the semiconductor layer can have a 
thickness of at least approximately 1 micron or at least 
approximately 20 microns, and in another embodiment, the 
semiconductor layer can have a thickness no greater than 
approximately 100 microns or no greater than approximately 
50 microns. As the semiconductor layer thickness increases, 
the anneal temperature, the anneal time, or a combination of 
the anneal temperature and time may increase, and con 
versely, as the semiconductor layer thickness decreases, the 
anneal temperature, the anneal time, or a combination of the 
anneal temperature and time may decrease. 
[0033] Note that even though the metal-containing ?lm 206 
may include a barrier ?lm, such barrier ?lm helps to reduce 
the likelihood that a metallic material from the conductive 
?lm 308 from entering the substrate 102. HoWever, the sepa 
ration-enhancing species 307 may diffuse or otherWise 
migrate through the barrier ?lm. Thus, a barrier ?lm is effec 
tively a barrier to the metallic material Within the conductive 
?lm 308 and not a barrier to the separation-enhancing species 
307. 

[0034] During heating or cooling after the anneal, stress can 
build Within the substrate 102 and help to separate the com 
bination of the metallic layer 309, the doped region 204, and 
a semiconductor layer 510, Which is a portion of the substrate 
102, from a remaining portion of the substrate 102, as illus 
trated in FIG. 5. Thus, the location 409 in FIG. 4 represents a 
Weak point from Which separation may occur. The separation 
may occur during the heating or cooling or thereafter. For 
example, a mechanical operation may be used to help With the 
separation. In a particular embodiment, the separation may 
occur by cleaving or fracturing the substrate 102 at a location 
at or near Where the separation is to be performed. A Wedge, 
Wire, or saW may be used to aid in the mechanical separation. 
In another embodiment, a metallic paste can be mechanically 
applied over the Workpiece, and a stiffened or handling sub 
strate can be attached to the metallic paste and used to aid the 
separation operation. In a particular embodiment, the separa 
tion can be analogous to an exfoliation operation. As illus 
trated in FIG. 5, the semiconductor layer 510 remains bonded 
to the portion of the Workpiece Which includes the metallic 
layer 309. The combination of the semiconductor layer 510, 
the metallic layer 309, and the doped region 204 are noW thick 
enough to be handled mechanically for further processing. 
[0035] In another embodiment, the separation-enhancing 
species 307 can be moved by an electrical ?eld. For example, 
if the hydrogen is positively charged, then a su?icient strong 
negative charge from the substrate, a positive charge on the 
conductive ?lm 308, or both may be used to move the hydro 
gen from the conductive ?lm 308 into the substrate 102. An 
anneal and separation process as previously described can be 
performed. 
[0036] FIG. 6 illustrates a semiconductor device 600 after a 
patterned interconnect layer 612 has been formed, The inter 
connect layer 612 can be formed using a conventional or 
proprietary technique. In a particular embodiment, the semi 
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conductor device 600 can be used as one or more photovoltaic 
cells. In another embodiment, the semiconductor device 600 
may be further processed and singulated to form light emit 
ting devices. In yet another embodiment, the metal intercon 
nect layers 612 may be formed after further deposition of 
additional layers (not illustrated) on surface of the semicon 
ductor layer 510. These additional layers may include an 
oxide, a nitride, an epitaxial layer or a non-epitaxial layer, or 
any combination thereof. 

[0037] An electronic device can include the semiconductor 
device 600 or a plurality of semiconductor devices similar to 
or different from the semiconductor device 600. The elec 
tronic device can be a solar panel that includes one or more of 
the semiconductor devices, Wherein the semiconductor 
devices are photovoltaic devices. In another embodiment, the 
electronic device can be a display that includes one or more of 
the semiconductor devices, Wherein the semiconductor 
devices are light emitting devices. In still another embodi 
ment, the electronic device can be a radiation detector that 
includes one or more of the semiconductor devices, Wherein 
the semiconductor devices are radiation sensors. The elec 
tronic device can include different types of semiconductor 
devices. For example, an electronic device may include a 
display that includes control logic to adjust the intensity of the 
display based on the ambient light level Within a room. In this 
particular electronic device, both light emitting devices and 
radiation sensors may be used. After reading this speci?ca 
tion, skilled artisans Will appreciate that many different con 
?gurations can be used to achieve a Wide variety of applica 
tions. 

[0038] In prior embodiments, a separation-enhancing spe 
cies can be incorporated Within the metallic layer 309 during 
its formation. In other embodiment, another separation-en 
hancing species can be used and introduced into the metallic 
layer 309 or the substrate 102 using ion implantation. Ion 
implantation may alloW for better control over the thickness 
of the subsequently-formed semiconductor layer, as com 
pared to embodiments previously described. 
[0039] FIG. 7 illustrates the Workpiece 700 in another 
embodiment, in Which the separation-enhancing species, 
such as hydrogen, helium, boron, silicon, ?uorine, or chlo 
rine, is implanted into the substrate 102. Although not limited 
to those species, the relatively lighter species may alloW the 
species to be implanted relatively farther into the substrate 
102 than if a relatively heavier species (e.g., germanium or 
arsenic) Were used. Thus, the damage to the substrate 102 
may be less. After a particular species is selected, an implant 
energy is determined to achieve a desired projected range. 
The projected range can lie closer to the side of the substrate 
102 adjacent to the doped region 204 as compared to the 
opposite side of the substrate 102. In a particular embodi 
ment, the projected range is substantially equal to the desired 
thickness of the semiconductor layer that Will be formed upon 
subsequent separation. The dose of the implant can be at least 
approximately 1015 ions/cm2, approximately 1016 ions/cm2, 
or even higher. 

[0040] In another embodiment, the ion implantation can 
create defect sites that getter other separation-enhancing spe 
cies from a subsequently-formed metallic layer, thus aiding in 
the movement of the other separation-enhancing species from 
the metallic layer into the substrate 102. A combination of 
separation-enhancing species incorporated by an electro 
chemical process and the implantation alloWs a loWer dose to 
be used during ion implantation. For example, the combina 
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tion may reduce the dose during implant by approximately 
one to tWo orders of magnitude. 

[0041] FIGS. 8 and 9 illustrates Workpiece 800 in another 
embodiment, Wherein the method of separation of the semi 
conductor layers occurs along opposite sides of the substrate 
102. Any of the previously described processes can be used 
for the method. The embodiment as illustrated in FIGS. 8 and 
9 includes a particular, non-limiting embodiment. After read 
ing this speci?cation, skilled artisans Will appreciate that 
other embodiments may be used Without departing from the 
concepts described herein. 
[0042] In the embodiment as illustrated in FIG. 8, doped 
regions 204 and 804 are formed along opposite sides of the 
substrate 102. The doped regions 204 and 804 can be formed 
using any of the techniques as previously discussed With 
respect to the doped region 204 in FIG. 2. The doped regions 
204 and 804 may have the same dopant or different dopants, 
have the same junction depth or different junction depths 
from their corresponding sides, may be formed the same 
formation technique or different formation techniques, and 
the may be formed at substantially the same time or at differ 
ent times. Separation-enhancing species can be formed at 
locations 703 and 803. The separation-enhancing species at 
regions 703 and 803 can be fanned using any the techniques 
as previously discussed With respect to the separation-en 
hancing species at regions 703 in FIG. 7. The separation 
enhancing species at regions 703 and 803 may have the same 
separation-enhancing species or different separation-enhanc 
ing species, the regions 703 and 803 may be the same distance 
or different distances from their corresponding sides, may be 
formed the same formation technique or different formation 
techniques, the may be formed at substantially the same time 
or at different times. 

[0043] FIG. 9 illustrates Workpiece 800 after additional 
processing. Metallic layers 308 and 908 are formed along 
opposite exposed sides of the Workpiece. The metallic layers 
308 and 908 can be formed using any the techniques as 
previously discussed With respect to the metallic layer 308 in 
FIGS. 2 and 3. The metallic layers 308 and 908 may have the 
same ?lms and compositions or different ?lms or different 
compositions, have the same thickness or different thick 
nesses, may be formed the same or different formation tech 
nique or different formation techniques, and the may be 
formed at substantially the same time or at different times. In 
a particular embodiment, a separation-enhancing species can 
be incorporated into the metallic layers 308 and 908 during 
the same electrochemical process, for example, plating. The 
Workpiece can be annealed and cooled as previously 
described and alloW semiconductor layers 510 and 910 to be 
removed from the substrate 102. If needed or desired, any of 
the previously described mechanical operations can be used 
to assist in separating the semiconductor layer 510, 910, or 
both layers from the substrate 102. The semiconductor layers 
510 and 910 may have the same or different thickness. Sub 
sequent processing, such as forming patterned interconnect 
layers adjacent to the semiconductor layers 510 and 910, may 
be performed to form substantially completed semiconductor 
devices. 

[0044] Dual processing embodiments, such as the embodi 
ment previously described and illustrated in FIGS. 8 and 9, 
may alloW one or more processing operations to be performed 
simultaneously, and thus, increase equipment throughput. 
The same type of different types of semiconductor devices 
may be formed along the opposite sides of the substrate 102. 
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[0045] Embodiments previously described may use sub 
strates that are in a Wafer form. In another embodiment, the 
substrate may be in an ingot form. In a particular embodiment 
as illustrated in FIG. 10, the substrate 1002 can be substan 
tially cylindrical. Such a substrate can be made from a boule 
groWn using a CZochralski growth technique and machined to 
the desired shape. The ingot can have a diameter of approxi 
mately 50 mm to approximately 300 mm or even larger. The 
length of the ingot can be greater than the diameter and can 
range from approximately 150 mm to approximately 5 
meters. The substrate 1002 can include any of the materials 
are previously described With respect to the substrate 102. 
The Workpiece 100 further includes a doped region 1004, a 
metal-containing ?lm 1006, and a conductive ?lm 1008, 
Which can includes any of the materials, have any of the 
thicknesses, and be formed using any of the techniques as 
previously described With respect to the doped region 204, the 
metal-containing ?lm 206, and the conductive ?lm 308, 
respectively, as previously described. A separation-enhanc 
ing species (not illustrated) can be introduced into the Work 
piece during an ion implantation operation, during formation 
of the conductive ?lm 308, or both. After reading this speci 
?cation, skilled artisans Will appreciate that one or more of 
the regions or ?lms of the Workpiece 1000 are not required 
and may not be used, and that other regions or ?lms as 
previously described but are not illustrated may be used. 

[0046] The conductive ?lm 1008 can be scored, perforated, 
or cut to provide a Weakened location from Which separation 
can more readily start. The Workpiece 1000 is then annealed 
using annealing conditions as previously described. During 
heating or cooling after the anneal, stress can build Within the 
substrate 1002 and help to separate the combination of the 
conductive ?lm 1008, the metal-containing ?lm 1006, the 
doped region 1004, and a semiconductor layer 1110, Which is 
a separated portion of the substrate 1002, from a remaining 
portion of the substrate 1002, as illustrated in FIG. 11. The 
resultant Workpiece 1100 can be further processed to form a 
semiconductor device. In this particular embodiment, the 
semiconductor device can be in the form of a rectangular 
sheet, as opposed to a circular disk. In still another embodi 
ment, the substrates may be substantially rectangular and be 
formed using an edge-de?ned groWth technique. 
[0047] The embodiments described herein alloW a separa 
tion-enhancing species to be introduced into a substrate to 
alloW more readily the separation of a surface layer of semi 
conductor material to be removed from the substrate. A 
mechanical operation may not need to be performed for the 
separation, or if a mechanical operation is used, such 
mechanical operation Would not need to be as aggressive or 
damaging as compared to a mechanical tearing operation 
performed in the absence of the separation-enhancing spe 
cies. Further, use of the separation-enhancing techniques can 
improve reproducibility of the thickness of the semiconduc 
tor layer from semiconductor device to semiconductor 
device. Ion implantation can be performed such that the pro 
jected range in controlled With a feW microns from semicon 
ductor device to semiconductor device. Even if the separa 
tion-enhancing species is not implanted, for example, 
movement of separation-enhancing species from a metallic 
layer into the substrate, thickness control is better than a 
mechanical tearing operation in the absence of the separation 
enhancing species. Still further, the resulting surfaces of the 
semiconductor layers (along the separated Zones) may be 
smoother When a separation-enhancing technique is per 
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formed, as compared to a mechanical tearing operation With 
out the use of a separation-enhancing technique. 
[0048] Thus, after reading this speci?cation, skilled arti 
sans Will appreciate methods described herein can be used to 
form a semiconductor device With a metallic layer as a sup 
port on Without the need for a separate substrate or handle to 
be used, such as during a mechanical tearing operation. In still 
further embodiments, When one of the separation-enhancing 
species includes hydrogen that moves from the metallic layer 
into the substrate, the separation operation can be further 
enhanced by implanting another separation-enhancing spe 
cies, such as silicon, or by forming a brittle layer, such as 
porous semiconductor layer. In a particular embodiment, 
porous silicon may be achieved by implanting ?uorine or 
chlorine into the substrate. 
[0049] Many different aspects and embodiments are pos 
sible. Some of those aspects and embodiments are described 
beloW. After reading this speci?cation, skilled artisans Will 
appreciate that those aspects and embodiments are only illus 
trative and do not limit the scope of the present invention. 
[0050] In a ?rst aspect, a method can include forming a 
metallic layer by an electrochemical process over a ?rst side 
of a semiconductor substrate, Wherein the semiconductor 
substrate has at least one doped junction. The method can also 
include incorporating hydrogen into the metallic layer over 
lying the semiconductor substrate, and moving the hydrogen 
from the metallic layer into the semiconductor substrate by an 
anneal process. The method can further include separating a 
semiconductor layer and the metallic layer from the semicon 
ductor substrate. 
[0051] In an embodiment of the ?rst aspect, the semicon 
ductor substrate includes a hydrogen-implanted region, and 
Wherein the moving the hydrogen from the metallic layer into 
the semiconductor substrate is used to separate the semicon 
ductor layer from the semiconductor substrate. In a particular 
embodiment, the semiconductor substrate includes a plurality 
of hydrogen-implanted regions. In another embodiment, the 
method further includes forming a metallic layer by the elec 
trochemical process over a second side of the semiconductor 
substrate. In still another embodiment, the metallic layer is 
formed by physical vapor deposition, atomic layer deposi 
tion, chemical vapor deposition, or any combination thereof. 
In a further embodiment, the metallic layer includes titanium, 
tungsten, palladium, copper, tin, nickel, or any combination 
thereof. In yet a further embodiment, the forming the metallic 
layer further includes mechanically applying a metallic paste 
over the semiconductor substrate. 

[0052] In another embodiment of the ?rst aspect, the semi 
conductor substrate includes silicon, germanium, gallium 
arsenide, gallium nitride, indium phosphide, or any combi 
nation thereof. In still another embodiment, the semiconduc 
tor substrate is gallium arsenide. In a further embodiment, the 
method further includes adding contacts to the separated 
semiconductor layer to form a photovoltaic cell. In still a 
further embodiment, the method further includes adding con 
tacts to the separated semiconductor layer to form a light 
emitting device. 
[0053] In a second aspect, a method can include implanting 
a species into a semiconductor substrate corresponding to a 
projected range, Wherein the semiconductor substrate has at 
least one doped junction, and Wherein the species includes 
hydrogen, helium, or boron. The method can also include 
forming a metallic layer by an electrochemical process over a 
?rst side of a semiconductor substrate. The method can still 
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further include separating a semiconductor layer and the 
metallic layer from the semiconductor substrate after 
implanting the species. 
[0054] In an embodiment of the second aspect, implanting 
the species forms a plurality of hydrogen-implanted regions. 
In another embodiment, the metallic layer is formed by physi 
cal vapor deposition, atomic layer deposition, chemical vapor 
deposition, or any combination thereof. In still another 
embodiment, the metallic layer includes titanium, tungsten, 
palladium, copper, tin, nickel, or any combination thereof. In 
a further embodiment, forming the metallic layer further 
includes mechanically applying a metallic paste over the 
semiconductor. 
[0055] In another embodiment of the second aspect, the 
semiconductor substrate includes silicon, germanium, gal 
lium arsenide, gallium nitride, indium phosphide, or any 
combination thereof. In still another embodiment, the method 
further includes forming a metallic layer by the electrochemi 
cal process over a second side of the semiconductor substrate. 
In a further embodiment, the method further includes adding 
contacts to the separated semiconductor layer to form a pho 
tovoltaic cell. In still a further embodiment, the method fur 
ther includes adding contacts to the separated semiconductor 
layer to form a light emitting device. 
[0056] In a third aspect, a method of forming an electronic 
device can include forming a ?rst metallic layer by a ?rst 
electrochemical process over a ?rst side of a substrate that 
includes a semiconductor material. The method can further 
include introducing a ?rst separation-enhancing species into 
the substrate at a ?rst distance from the ?rst side. The method 
can still further include separating a ?rst semiconductor layer 
and the ?rst metallic layer from the substrate, Wherein the ?rst 
semiconductor layer is a ?rst portion of the substrate. 
[0057] In an embodiment of the third aspect, the substrate is 
a substantially monocrystalline semiconductor substrate. In 
another embodiment, the substrate principally includes sili 
con, germanium, gallium arsenide, gallium nitride, indium 
phosphide, or any combination thereof. In still another 
embodiment, the method further includes doping a portion of 
the substrate With a dopant having a conductivity type oppo 
site that of the substrate. In a further embodiment, the method 
further includes depositing a doped semiconductor layer over 
substrate before forming the ?rst metallic layer, Wherein the 
doped semiconductor layer has a conductivity type opposite 
that of the substrate. 
[0058] In another embodiment of the third aspect, the ?rst 
metallic layer includes titanium, tungsten, palladium, copper, 
tin, nickel, or any combination thereof. In still another 
embodiment, forming the ?rst metallic layer further includes 
forming an adhesion ?lm, a barrier ?lm, or both before initi 
ating the ?rst electrochemical process. In a further embodi 
ment, Wherein forming the ?rst metallic layer further includes 
forming a seed ?lm over the substrate before initiating the 
?rst electrochemical process. In still a further embodiment, 
forming the ?rst metallic layer is performed using physical 
vapor deposition, atomic layer deposition, chemical vapor 
deposition, or any combination thereof. In yet a further 
embodiment, forming the ?rst metallic layer is performed 
using a hydro gen-containing gas. In another embodiment, the 
?rst electrochemical process includes plating. 
[0059] In a further embodiment of the third aspect, incor 
porating the ?rst separation-enhancing species includes 
incorporating hydrogen into the ?rst metallic layer; and mov 
ing the hydrogen from the ?rst metallic layer into the sub 
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strate. In a particular embodiment, forming the ?rst metallic 
layer is performed using an acidic solution as a source of 
hydrogen. In another particular embodiment, forming the ?rst 
metallic layer and incorporating hydrogen into the ?rst metal 
lic layer occur substantially simultaneously during a particu 
lar time period. In still another embodiment, forming the 
metallic layer further includes mechanically applying a 
metallic paste over the semiconductor. 

[0060] In another embodiment of the third aspect, introduc 
ing hydrogen includes implanting a separation-enhancing 
species at an energy corresponding to a projected range that is 
closer the ?rst distance than to the ?rst side. In a particular 
embodiment, the projected range is substantially equal to the 
?rst distance. In still another embodiment, the separation 
enhancing species includes hydrogen, helium, boron, silicon, 
?uorine, or chlorine. 
[0061] In a further embodiment of the third aspect, the 
method further includes annealing the substrate and the ?rst 
metallic layer. In still a further embodiment, separating the 
?rst semiconductor layer and the ?rst metallic layer from the 
substrate includes mechanically separating the ?rst semicon 
ductor layer and the ?rst metallic layer from the substrate. In 
a particular embodiment, Wherein mechanically separating 
the ?rst semiconductor layer and the ?rst metallic layer from 
the substrate is performed using a Wedge, a Wire, or a saW. In 
yet a further embodiment, separating the ?rst semiconductor 
layer and the ?rst metallic layer from the substrate includes 
fracturing or cleaving the substrate at substantially the ?rst 
distance from the ?rst side of the substrate. In another 
embodiment, after separating the ?rst semiconductor layer 
and the ?rst metallic layer from the substrate, the ?rst metallic 
layer is thicker than the ?rst semiconductor layer. In still 
another embodiment, separating the ?rst semiconductor layer 
and the ?rst metallic layer from the substrate, the ?rst metallic 
layer is at least approximately 11 times thicker than the ?rst 
semiconductor layer. 
[0062] In another embodiment of the third aspect, forming 
the ?rst metallic layer to a thickness, such that by itself, the 
?rst metallic layer provides su?icient mechanical support to 
the ?rst semiconductor layer. In still another embodiment, the 
method further includes adding contacts to the ?rst semicon 
ductor layer after separating the ?rst semiconductor layer and 
the ?rst metallic layer from the substrate. In yet another 
embodiment, the ?rst semiconductor layer has a thickness in 
a range of approximately 1 micron to approximately 100 
microns. In a further embodiment, the electronic device 
includes a photovoltaic cell, a light emitting device, or a 
radiation detector, each of Which includes the ?rst semicon 
ductor layer and the ?rst metallic layer. 
[0063] In a further embodiment of the third aspect, the 
method further includes forming a second metallic layer by a 
second electrochemical process over a second side of the 
substrate, Wherein the second side is opposite the ?rst side, 
introducing a second separation-enhancing species into the 
substrate at a second distance from the second side, and 
separating a second semiconductor layer and the second 
metallic layer from the substrate, Wherein the second semi 
conductor layer is a second portion of the substrate. In a 
particular embodiment, forming the ?rst metallic layer and 
forming a second metallic layer are performed substantially 
simultaneously during a ?rst time period; and introducing the 
?rst separation-enhancing species and introducing the second 
separation-enhancing species are performed substantially 
simultaneously during a second time period. In another par 
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ticular embodiment, a combination of the ?rst semiconductor 
layer and ?rst metallic layer is of a ?rst semiconductor device 
type, a combination of the second semiconductor layer and 
second metallic layer is of the ?rst semiconductor device 
type, and a thickness of the ?rst semiconductor layer is sub 
stantially the same as a thickness of the second semiconduc 
tor layer. In still another particular embodiment, a combina 
tion of the ?rst semiconductor layer and ?rst metallic layer is 
of a ?rst semiconductor device type, a combination of the 
second semiconductor layer and second metallic layer is of a 
second semiconductor device type, and a thickness of the ?rst 
semiconductor layer is different from a thickness of the sec 
ond semiconductor layer. 
[0064] Note that not all of the activities described above in 
the general description or the examples are required, that a 
portion of a speci?c activity may not be required, and that one 
or more further activities may be performed in addition to 
those described. Still further, the order in Which activities are 
listed is not necessarily the order in Which they are performed. 
[0065] Bene?ts, other advantages, and solutions to prob 
lems have been described above With regard to speci?c 
embodiments. HoWever, the bene?ts, advantages, solutions to 
problems, and any feature(s) that may cause any bene?t, 
advantage, or solution to occur or become more pronounced 
are not to be construed as a critical, required, or essential 
feature of any or all the claims. 
[0066] The speci?cation and illustrations of the embodi 
ments described herein are intended to provide a general 
understanding of the structure of the various embodiments. 
The speci?cation and illustrations are not intended to serve as 
an exhaustive and comprehensive description of all of the 
elements and features of apparatus and systems that use the 
structures or methods described herein. Separate embodi 
ments may also be provided in combination in a single 
embodiment, and conversely, various features that are, for 
brevity, described in the context of a single embodiment, may 
also be provided separately or in any subcombination. Fur 
ther, reference to values stated in ranges includes each and 
every value Within that range. Many other embodiments may 
be apparent to skilled artisans only after reading this speci? 
cation. Other embodiments may be used and derived from the 
disclosure, such that a structural substitution, logical substi 
tution, or another change may be made Without departing 
from the scope of the disclosure. Accordingly, the disclosure 
is to be regarded as illustrative rather than restrictive. 

What is claimed is: 
1. A method of forming an electronic device comprising: 
forming a ?rst metallic layer by a ?rst electrochemical 

process over a ?rst side of a substrate that includes a 

semiconductor material; 
annealing the substrate and ?rst metallic layer; 
cooling the substrate and the ?rst metallic layer after 

annealing the substrate and the ?rst metallic layer, 
Wherein after cooling the substrate and the ?rst metallic 
layer, stress Within the substrate is higher than it Was 
before annealing; and 

separating a ?rst semiconductor layer and the ?rst metallic 
layer from the substrate, Wherein the ?rst semiconductor 
layer is a ?rst portion of the substrate. 

2. The method of claim 1, Wherein during annealing, stress 
develops Within the substrate. 

3. The method of claim 1, Wherein during cooling, stress 
develops Within the substrate. 
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4. The method of claim 1, further comprising forming a 
doped region adjacent to ?rst side of a substrate that includes 
a semiconductor material before forming the ?rst metallic 
layer, Wherein the doped region has a conductivity type oppo 
site that of the substrate. 

5. The method of claim 1, Wherein forming the ?rst metal 
lic layer further comprises forming an adhesion ?lm, a barrier 
?lm, a seed ?lm, or any combination thereof before initiating 
the ?rst electrochemical process. 

6. The method of claim 1, Wherein the ?rst electrochemical 
process comprises plating. 

7. The method of claim 1, Wherein: 
the introducing a ?rst separation-enhancing species into 

the substrate at a ?rst distance from the ?rst side; and 
the separation-enhancing species includes hydrogen, 

helium, boron, silicon, ?uorine, or chlorine. 
8. The’method of claim 7, Wherein introducing the ?rst 

separation-enhancing species comprises: 
incorporating hydrogen into the ?rst metallic layer; and 
moving the hydrogen from the ?rst metallic layer into the 

substrate. 
9. The method of claim 8, Wherein forming the ?rst metal 

lic layer is performed using an acidic solution as a source of 
hydrogen. 

1 0. The method of claim 8, Wherein forming the ?rst metal 
lic layer and incorporating hydrogen into the ?rst metallic 
layer occur substantially simultaneously during a particular 
time period. 

11. The method of claim 1, Wherein separating the ?rst 
semiconductor layer and the ?rst metallic layer from the 
substrate comprises mechanically separating the ?rst semi 
conductor layer and the ?rst metallic layer from the substrate. 

12. The method of claim 11, Wherein mechanically sepa 
rating the ?rst semiconductor layer and the ?rst metallic layer 
from the substrate is performed using a Wedge, a Wire, or a 
saW. 

13. The method of claim 1, Wherein separating the ?rst 
semiconductor layer and the ?rst metallic layer from the 
substrate comprises fracturing or cleaving the substrate at 
substantially the ?rst distance from the ?rst side of the sub 
strate. 

14. The method of claim 1, Wherein after separating the 
?rst semiconductor layer and the ?rst metallic layer from the 
substrate, the ?rst metallic layer is thicker than the ?rst semi 
conductor layer. 

15. The method of claim 1, Wherein forming the ?rst metal 
lic layer to a thickness, such that by itself, the ?rst metallic 
layer provides su?icient mechanical support to the ?rst semi 
conductor layer. 

16. The method of claim 1, further comprising adding 
contacts to the ?rst semiconductor layer after separating the 
?rst semiconductor layer and the ?rst metallic layer from the 
substrate. 

17. The method of claim 1, Wherein the electronic device 
comprises a photovoltaic cell that includes the ?rst semicon 
ductor layer and the ?rst metallic layer. 

18. The method of claim 1, further comprising: 
forming a second metallic layer by a second electrochemi 

cal process over a second side of the substrate, Wherein 
the second side is opposite the ?rst side; 

introducing a separation-enhancing species into the sub 
strate at a distance from the second side; and 
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separating a second semiconductor layer and the second 
metallic layer from the substrate, Wherein the second 
semiconductor layer is a second portion of the substrate. 

19. The method of claim 18, Wherein: 
forming the ?rst metallic ?lm and forming the second 

metallic layer are performed substantially simulta 
neously during a ?rst time period; and 

annealing the substrate and introducing the separation 
enhancing species are performed substantially simulta 
neously during a second time period. 

20. A method of forming an electronic device comprising: 
forming a ?rst ?lm over a ?rst side of a substrate that 

includes a semiconductor material, Wherein the ?rst ?lm 
includes an adhesion ?lm, a barrier ?lm, a seed ?lm, or 
any combination thereof; 

plating a metallic ?lm over the ?rst ?lm by a ?rst electro 
chemical process, Wherein plating is performed using an 
acidic solution; 

incorporating hydrogen into the metallic ?lm during plat 
ing; 
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annealing the substrate, the ?rst ?lm, and metallic ?lm, 
Wherein hydrogen moves from the metallic ?lm into the 
substrate during annealing; 

cooling the substrate, the ?rst ?lm, and the metallic ?lm 
after annealing the substrate, the ?rst ?lm, and the metal 
lic ?lm, Wherein after cooling, stress Within the substrate 
is higher than it Was before annealing; and 

separating a semiconductor layer, the ?rst ?lm, and the 
metallic ?lm from the substrate using a Wire, Wherein the 
semiconductor layer is a ?rst portion of the substrate, 
Wherein after separating the metallic ?lm is thicker than 
the semiconductor layer. 

21. The method of claim 20, further comprising: 
forming a doped region adjacent to the ?rst side of the 

substrate before plating the metallic ?lm, Wherein after 
separating the semiconductor layer, the ?rst ?lm, and the 
metallic ?lm from the substrate, the doped region is 
disposed Within the semiconductor layer; and 

forming a patterned interconnect layer along a second side 
of the semiconductor layer opposite the ?rst side. 

* * * * * 


