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IMPROVED COMPOUND SEMICONDUCTOR GROWTH USING ION
IMPLANTATION

FIELD
This invention relates to ion iraplantation and, more particolarly, to ion implantation

to improve the quality of a layer grown on a workpiece.

BACKGROUND

Ion implantation is a standard technique for introducing material into a workpiece. A
desired implant material is ionized in an ion source, the ions are accelerated to form an ion
beam of prescribed energy, and the ion beam is directed at the surface of the workpiece. The
energetic ions in the ion beam penetrate into the bulk of the workpiece material and affect
both the surface and depth of the workpiece material under certain conditions.

Gallium nitride (GaN) is a material commonly grown on workpieces. GaN is
becoming more important for use in light-emitting diodes (LEDs), power transistors, and
solid state lasers. The ability to grow high-quoality GaN is one limiting factor to improving
the quality and lowering the cost of these devices. One method of tuproving the quality of
epitaxially-grown GaN is known as epitaxial layer overgrowth (ELOG). For ELOG, a layer
of GaN is grown, hard mask windows of 8i0; or SiN, are depasited, and then the high-
guality GaN is grown. In some instances, deposition of the bard mask requires removal of the
workpiece from the MOCVD tool and then reintroduction of the workpiece to the MOCVD
tool after a lithography step, photoresist application, deposition, and photoresist removal,
This particular process is cumbersome and costly, Repeated ELOG sequences add even more
cost.

ELOG of GaN on silicon, sapphire, SiC, AN, GaN, or other workpieces can be
accomplished using implantation instead of Si0; or SiN, deposition. Previously, photoresist
was used to mask part of the silicon workpiece and implantation was performed ou the
unmasked areas. GaN grew laterally over the implanted areas. However, this process is still
fairly complex. The use of photoresist adds extra steps, which increases manufacturing costs.
What is needed is a faster, less complex, and lower cost method of growing high-quality
compound semiconductor lavers,

SUMBMARY

According 1o a first aspect of the invention, a method of workpiece processing is
provided. The method comprises implanting a first plurality of implanted regions in a
workpiece with a first species. A compound semiconductor is grown on the workpiece after

the implanting. The compound semiconductor growth is reduced on the first plurality of
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implanted regions compared to between the first plurality of implasted regions. At least one
device is formed between the first plurality of implanted regious.

According to a second aspect of the invention, a method of workpiece processing is
provided. The method comprises implanting a second plurality of regions in a workpiece. A
compound semiconductor is grown on the workpiece after the implanting. The compound
semiconductor growth is increased on the plurality of implanted regions compared to between
the plurality of immplanted regions,

According to a third aspect of the invention, a method of workpiece processing is
provided, The method comprises implanting a periphery of & workpiece. A compound

semiconductor is grown on the workpiece after the implanting. The growth is reduced on the

periphery.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present disclosure, reference is made to the
accompanying drawings, which are incorporated herein by reference and in which:

FIG. 1 is a cross-sectional side view of a first embodiment of implantationinto a
workpiece;

FIG. 2 1s a cross-sectional side view of a second embodiment of implantation into a
workpiece;

FIG. 3 is a cross-sectional side view of a third embodiment of implantation into a
waorkpiece;

FIG. 4 is a cross-sectional side view of a fourth embodiment of implantation into a
workpisce;

FIG. 5 is a top perspective view of a fifth embodiment of tmplantation into a
workpiece;

FIG. & is a cross-sectional side view of a sixth embodiment of implantation info a
workpiece;

FIG. 7 is a top perspective view of a seventh embodiment of an implanted workpiece;

FIG. 8 is a cross-sectional side view of an gighth embodiment of an implanted
workpiece;

FIG. 9 is a perspective view of a ninth embodiment of an implanted workpiece;

FIG. 10 is a top perspective view of a tenth embodiment of an tmplanted workpiece;

FIG. 11 is a block diagram of a plasma processing apparatus having a plasma sheath
maodifier; and

FIG. 12 is a side view of an embodiment of selective ion implantation.
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DETAILED DESCRIPTION

The embodiments are described herein in connection with formation of a compound
semiconductor such as GaN, but these embodiments also may be used with other IIVV
compound semiconductors, IVVI compound semiconductors, or other materials knownto a
person skifled in the art. While specific types of implanters are disclosed, other ion
implantation systems known to those skilled in the art that can focus an ion bearn or that can
implant particular regions of a workpiece with or without a mask on the workpiece may be
used in the embodiments described herein. While LEDs are specifically disclosed, other
devices also may benefit from the embodiments described herein. The workpieces herein
may be silicon, sapphire, AIN, GaN, other compound semiconductors, or other materials and
include a coating or other layers in some instances. Any implant dimensions are exemplary
and other dimensions are possible. Thus, the invention is not limited to the specific
embodiments described below,

FIG, 1 is a cross-sectional side view of a first embodiment of implantation into a
workpiece. In this embodiment, a blanket implant is performed over the entire surface of the
workpiece 100 using the ions 102 (illustrated by the arrows). The implanted region 109 is
formed in the workpiece 100, The devices 104A-104C, which may be GaN or some other
compound semiconducior, are then grown on top of this workpiece 100 after the implantation
is completed. The devices 104A-104C are shown with dotted lines in FIG. 1 because these
devices 104A-104C were not formed prior to the blanket implant. These devices 104A-104C
may have a width 105 of approximately 300 pm in one embodiment, though these devices
104A~104C may be between 100 wm to 3000 um in dimension. Of course, other dimensions
are possible. A distance 106 of approximately 100 pm may separate each pair of devices
104A-104C in one instance. The distance 106 also may be between 16 um to 300 um or other
distances known to those skilled in the art.

The blanket implant that forms the implanted region 109 improves compound
semiconductor growth, such as the growth of GaN. This blanket implant can be combined
with a selective or patterned implant, as seen separately in other embodiments hersin. The
blanket implant and patterned implants can be performed in either order. One possible
mechanism that causes the improved growth is that the implant changes the stoichiometry on
the surface of the workpiece 100 or relieves the lattice mismatch between the workpiece 160
and the compound semiconductor. Stoichiometry is changed by sither adding particular
elements through implantation or by preferential sputtering of the elerpents {from the
workpiece. For example, preferentially sputtering Al or O in a sapphire workpiece 100,
depending on implant species, energy, angle, and dose, may affect the stoichiometry of the

workpiece 100, Of course, other mechanisms are possible.
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FIG. 2 is a cross-sectional side view of a second embodiment of implantation into a
workpiece. In this embodiment, the workpiece 100 is implanted using fons 102 in the
implanted regions 103A-103C. Devices 104A-104C are formed on the implanted regions
103A-103C during a later processing step. These devices 104A-104C may have a width 105

5 of approximately 300 um and may be separated by a distance 106 of approximately 100 um,
though other dimensions are possible. A plasma processing apparatus having a plasma sheath
modifier, such as that illusirated in FIGs. 11-12, or other systems may be used to perform this
selective implantation. Thus, parts of the workpiece 100 are not implanted, such as the
distance 106 between implanted regions 103A-103C. The implanted regions 103A-103C

18 improve compound semiconductor growth on the workpiece 100 or make the compound
semiconductor grow at an increased rate, Some compound semiconductor growth may ocour
between the implanted regions 103A-103C in one instance, but it may occur at a rate less than
the growth on the implanted regions 103A-103C,

FIG. 3 is a cross-sectional side view of a third embodiment of implantation into a

15  workpiece. In this embodiment, only a portion of the areas under the devices 104A-104C are
implanted. The ions 102 only implant the implanted regions [10A~110F. Thus, these
implanted regions 110A-110F are smaller than a dimension of the devices 104A-104C. For
exarmple, the implanted regions 110A~110F may have a width 111 of approximately 20 pm
while the devices 104A-104C may have a width 105 of approximately 300 pm, though other

20 dimensions are possible. Again, a plasma processing apparatus having a plasma sheath
modifier, such as that illustrated in FIGs. 11-12, or other systerns may be used to perform this
selective implantation. Such a selective implantation may improve ELOG and the
subsequently-grown compound semiconductor may be of higher quality. This also may
enable ELOG within a single device. The implanted regions 110A-110C can improve, reduce,

25 or prevent compound semiconductor growth on the workpicce 100, Thus, the compound
semiconductor growth may be at a slower rate over the implanted regions 110A-110C in one
instance.

One possible mechanism that reduces or prevents compound semiconductor growth is
that the compound semiconductor will preferentially deposit on a crystalline portion of the

30 workpiece 100 compared to an amorphous portion of the workpiece 100, An implant may
cause amorphization of the workpiece 100, Another possible mechanism that reduces or
prevents compound semiconductor growth relates to using a species that interferes with the
nucleation of the compound semiconductor. F, CL, C, or metals may have this effect. Of
course, other mechanisms are possible,

FIG. 4 s a cross-sectional side view of a fourth embodiment of iroplantation into a

s
Ay

workpiece. In this embodiment, a blanket implant of the entire workpiece 100 1s performed,
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but a proximity mask 112 positioned above or a distance from the workpiece 100 is used to
block a portion of the ions 102, Thus, the apertures 113 in the proxiraity mask 112
correspond with the desired implanted regions 103A-103C. The devices 104A-104C may
have a width 105 of approximately 300 ym and may be separated by a distance 106 of
approximately 100 pm, thoogh other dimensions are possible. The distance 106 may not
correspond exactly with the dimensions of the proximity mask 112 and the width 105 may not
correspond exactly with the dimensions of the aperture 113 due to the angles of the ions 102
The implanted regions 103A-103C may correspond with the location of the devices 104A-
104C that are formed during later processing steps. A beamline ion implanter, plasma doping
implanter, or other plasma system may be used with the proximity mask 112,

FIG. 5 is a cross-sectional side view of a fifth embodiment of implantation into a
workpiece. In this embodiment, the apertures 113 in the proximity mask 112 are configured
such that the ions 102 implant only a portion of the areas under the devices 104A-104C
during the blanket implant of the workpiece 100, Thus, these implanted regions 110A-110F
are smaller than a dimension of the devices 104A-104C. For example, the implanted regions
110A-110F may have a width 111 of approximately 20 um while the devices 104A-104C
may have a width 105 of approximately 300 wm, though other dimensions are possible. The
width 111 may not correspond exactly with the dimensions of the aperture 113 due to the
angles of the ions 102, A beamline ion implanter, plasma doping implanter, or other plasma
system may be used with the proximity mask.

FIG. 6 is a cross-sectional side view of a sixth embodiment of implantation into a
workpiece. In this embodiment, the regions between the devices 104A-104C are implanted.
Thus, the fons 102 form the implanted regions 114A-114D. These implanted regions 114A-
114D may prevent or reduce GaN growth between the devices 104A-104C during formation
of these devices 104A-104C, While a patterned implant of the jons 102 is illustrated, a
proximity mask also may be used. This may be combined with a blanket implant (fo increase
or reduce GaN growth} or other embodiments disclosed herein. In one embodiment, the
compound semiconductor is grown on the surface of the workpiece 100, but this growth may
be at a reduced rate over the implanted regions 114A-114D compared to between the
implanted regions 114A-114D. In ancther embodiment, compound semiconductor growth
over the implanted regions 114A-114D is prevented but growth between the implanted
regions 114A-114D still cecours,

FIG. 7 is a top perspective view of a seventh embodiment of an implanted workpiece.
In this particular embodiment, multiple implant steps are performed. First, a series of lines
are implanted in the workpiece to form the tmplanted regions 115A-115D, which may be

similar to the implant illustrated in FIG. 6 that forms the implanted regions 114A-114D. The
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workpiece 100 is then rotated, for example, 90" and a second series of lines are implanted in
the workpiece 100 to form the implanied regions 116A-1186D (which are shaded in FIG, 7).

Of course, other rotation amounts, such as 60°, arc possible. These froplanted regions 115A-
11513 and fmplanted regions 116A-116D overlap. “Islands” or “blocks” {represented by the

spaces 117) that may not be implanted are surrounded by implanied “streets™ {represented by

¥ 41

the implanied regions 115A-115D and implanted regions 116A-11613). The implanted
regions 115A-115D and iroplasted regions 116A-1161) may prevent or reduce growth of the
compound semiconductor. During compound semiconductor growth, the crystal regions will
meet within such a region 117, as represented by the X within cach region 117, While the X
10 s illustrated, there may be variation due to non-uniform deposition and the actual patters of
the crystal regions may vary. The defects are reduced and localized in the compound
semiconduector, which leads to a higher quality layer of a compound semiconductor, such as
GaN. The spaces 117 may have a dimension 119 of approximately 100 to 560 um. The
implanted regions 115A-1150 or implanted regions 116A-1161) may have a width 118 of

approximately 10 to 100 pa. Of course, other dimensions are possible.

fe—
A

In one particular embodiment, the whole surface of the workpiece 100 is implanted.
The implanted regions 115A-115D and implanted regions 116A-116D may be implanted with,
for example, Ar and the spaces 117 may be implanted with, for example, N. Other
erabodiments or combination of species is possible. This may be performed using either two
20 or more patterned implants or using a blanket implant {(as illustrated in FIG. 1) to implant the
spaces 117 with one or more patterned implant to form the implanied regions 115SA-115D and
implanted regions 116A-116D. For example, a blanket N implant can be combined with two
patterned Ar implants to form the structure shown in FIG. 7. The workpiece 100 is rotated

between these two Ar implants.

25 The quality and growth rate of epifaxially-grown GalN on sapphire can be controlled
by selection of the implant species. For example, N, Al, or O enbance GaN growth on
sapphire while Ar prevents or reduces GaN growth on sapphire, Implanting &L N, or O can
change the stoichiometry on the surface of the sapphire workpicce. For example, if GaN is
grown on g sapphire workpiece, the N implant will add N to the sapphire workpiece surface.

33 AIN may bhave a better match to GaN than sapphire in terms of lattice constant or size.

Implanting Ar may change the stoichiometry by preferential spottering of Al overthe O on
the sapphire surface, for example. High doscs of some species, such as doses sbove

1E17 e may prevent or reduce compound semiconductor growth if amorphization occurs
on the workpiece. Smaller tons, such as H or He, also may prevent or reduce compound

. . N . 2
35 semiconductor growth if amorphization oceurs. A dose smaller than 1E17 cm™ may be used
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to amorpiize a workpiece and prevent or reduce compound semiconductor growth with other
noble gases larger than Ar.

¥n one instance, two sapphire workpicces wore implanted at 40 keV and 181 7em™
using Ar and N, respectively. GalN successively grew on the N-implanted workpiece, while
Ar caused pitting in the GaN growth. The dose or either N or Ar may be optimized {or
improved GalN growth or reduction in growth., For example, an N dose below approximately
1E17 cra™ may fmprove GaN growth. Of course, other species besides N or Ar may be used.
P, As, or other species also may enhance GaN growth. Other noble gases, H, 0, AL, C, or
other species also may prevent or reduce GaN growth. For silicon workpieces, noble gases
such as Ar, Xe, and Kr may prevent growth of GaN. O or N may form Si0; or 8iN regions in
a silicon workpicce during an anneal, which also may prevent growth of GaN. These species
also may have similar effects on other workpiece materials or with other compound
semiconductors,

Compound serniconductor growth, such as GaN growth, on a sificon workpiece also
may be enhanced by implanting C or Ge. This may form 8iC or Si1Ge during an anneal,
These SiC or 8iGe regions modify the lattice parameter of the silicon and may allow better
lattice matching to the GaN.

Effects on the surface of the workpiece also may enhance, reduce, or prevent growth
of a compound seniconductor. For example, a 0.5 keV Ar implant into a silicon workpicce
with a dose of 5E16 cm™ has been shown to spuiter approxinately 100 nin away from the
workpiece. Thas, this is further increased when using & focused beam because the sputter
yield may increase as the angle of incidence of the ions increases toward 60 degrees. This
may produce a textured workpiece. Besides the chemical effects from the {on implantation,
this surface topography modification also may affect the growth of the compound
semiconductor. In one instance, the textured surface caused by sputiering will enhance
compound semiconductor growth on the workpiecs.

FIG. 8 i5 a cross-sectional side view of an eighth embodiment of an implanted
workpiece. The workpiece 100, which also may include a blanket buffer layer {not
illustrated), is implanted using a proximity mask or patterned implant as previously described.
The implanted regions 114A-114C and implanted regions 110A-110D are designed to reduce
or prevent GaN growth. These implanted regions 114A-114C and tmplanied regions 110A-
1105} may be implanted with Ar. A compound semiconductor, such as GaN, is grown
between these implanted arcas to form devices 104A and 1048, which may be LEDs. Defect
lines or voids 120 form above the roplanted regions 110A-110D3. These may encourage
ELOG to oconr within the individual devices 104A and 1048, Sclective area growth (SAG)

may ocour between the devices 104A and 1048,

~
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FIG. 9 is a perspective view of a ninth embodiment of an implanted workpiece. This
embodiment may correspond to the embodiment iHustrated in FIG. 8. The workpiece 100 is
implanted. The implanted regions 114, of which only one is pointed out in FIG. 8, separate
multiple spaces 117. The compound semiconductor preferentially grows in the spaces 117
between the implanted regions 114 because the implanted regions 114 are configured to
reduce or prevent growth of a compound semiconductor. Af Jeast one space 117 has at least
one implanted regions 110, of which only one is pointed out in FIG. 9. The implanted regions
114 and 110 are configured to reduce or prevent growth of GaN. The spaces 117 may be
implanted in one instance to improve growth of GaN. Of course, other implant patterns are
possible from that iflustrated in FIG. 9.

FIG. 10 is a top perspective view of a tenth embodiment of an implanted workpiece.
The periphery 121 {shaded in FIG. 10) of the workpiece 100 is implanted to reduce or prevent
compound semiconductor growth. During a growth process, GaN or another compound
semiconductor may grow thicker or at a faster rate at this periphery 121 than in the center 122.
The lattice constant of, for example, GaN may be smaller than that of the sapphire or silicon
in a workpiece 100. Thus, the GaN deposits under significant strain at the center 122 of the
workpiece 100. At the periphery 121 of the workpiece 100, the GaN deposits more freely or
is less constrained and forms an initial layer more quickly. Once the GaN is deposited,
additional Ga and N atoms deposit more freely on the GaN at the periphery 121 of the
workpiece 100 than filling the center 122 of the workpiece 100. This forms a thicker outer
layer of GaN on the workpiece 100, This effect may disappear when a sufficiently thick layer
of GaN, such as greater than approximately 100 nm, is formed on the entire surface of the
workpiece 100, but the workpiece 100 may still have an uneven layer of GaN due to the
inttial GaN growth at the periphery 121,

The resulting thicker GaN at the periphery 121 may lead to cracking because of the
increased stresses caused by the difference in thickness. The implant at the periphery 121 is
configured to reduce compound semiconductor growth so that this compound semiconductor
growth is equal on both the periphery 121 and center 122. This results in a workpiece 100
having a compound semiconductor layer with an approximately equal or uniform thickness.
O, alternatively, the implant at the periphery 121 is configured to totally prevent compound
semiconductor growth on the periphery 121, In one particular embodiment, the workpiece
100 is rotated 360° under a fixed ion beam that has a width of the implanted area at the
periphery 121. In one instance, the periphery 121 that is implanted has a width of
approximate 5 mm, though other dimensions are possible. This implant into the periphery 121

may be combined with other implants, such as the resulting implanted workpiece 100 of FIG.

9.
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In one particular embodiment, the workpieces may have a blanket implant performed
across the entire surface of the workpiece prior to the patterned implant. This may be have a
different dose, energy, or species from a patterned implant. The blanket implant may improve
compound semiconductor growth.

In an alternate embodiment, the compound semiconductor may be grown in a plasma
cluster tool. This may be the same tool where the implants were performed or it may be
operatively linked to the tool where the implants were performed. Vacuum may not be
broken around the workpiece if the tools are operatively linked, which reduces oxide layers,
contamination of workpieces, and increases throughput. Ion beam assisted deposition (IBAD)
also may assist in GaN growth.

FIG. 11 is a block diagram of a plasma processing apparatus having a plasma sheath
modifier. The plasma 140 is generated as is known in the art. This plasma 140 is generally a
guasi-neutral collection of jons and electrons. The ions typically have a positive charge while
the electrons have a negative charge. The plasma 140 may have an electric field of, for
example, approximately 0 V/cm in the bulk of the plasma 140. In a system containing the
plasma 140, ions 102 from the plasma 140 are attracted toward a workpiece 100. These ions
162 may be attracted with sufficient energy to be implanted into the workpiece 100. The
plasma 140 is bounded by a region proximate the workpiece 100 referred to as a plasma
sheath 242. The plasma sheath 242 is a region that has fewer electrons than the plasma 140.
Hence, the differences between the negative and positive charges cause a sheath potential in
the plasma sheath 242. The light emission from this plasma sheath 242 is less intense than
the plasma 140 because fewer electrons are present and, hence, few excitation-relaxation
collisions occur. Thus, the plasma sheath 242 is sometimes referred to as “dark space.”

The plasma sheath modifier 101 is configured to modify an electric field within the
plasma sheath 242 to control a shape of a boundary 241 between the plasma 140 and the
plasma sheath 242, Accordingly, ions 102 that are attracted from the plasma 140 across the
plasma sheath 242 may strike the workpiece 100 at a large range of incident angles. This
plasma sheath modifier 101 may be referred to as, for example, a focusing plate or sheath
engineering plate.

In the embodiment of FIG. 11, the plasma sheath modifier 101 includes a pair of
panels 212 and 214 defining an aperture there between having a horizontal spacing (G). The
panels 212 and 214 may be an insulator, semiconductor, or conductor. In other embodiments,
the plasma sheath modifier 101 may include only one panel or more than two panels. The
panels 212 and 214 may be a pair of sheets having a thin, flat shape. In other embodiments,
the panels 212 and 214 may be other shapes such as tube-shaped, wedge-shaped, and/or have

a beveled edge proximate the aperture. The panels 212 and 214 also may be positioned a



WO 2012/158632 PCT/US2012/037811

vertical spacing {Z2) above the plane 151 defined by the front surface of the workpiece 100, In
one embodiment, the vertical spacing (£) may be about 1.0 to 10.0 mm.
fons 102 may be attracted from the plasma 140 across the plasma sheath 242 by

different mechanisms. In one instance, the workpiece 100 is biased to attract ions 102 from

5 the plasma 140 across the plasma sheath 242. In another instance, a plasma source that
generates the plasma 140 and walls surrounding the plasma 140 are biased positively and the
workpiece 100 may be grounded. The biasing may be pulsed in one particular embodiment.
In vet another instance, electric or magnetic fields are used to atiract jons 102 from the plasma
148 toward the workpiece 100,

10 Advantageously, the plasma sheath modifier 101 modifies the electric field within the
plasma sheath 242 to control a shape of the boundary 241 between the plasma 140 and the
plasma sheath 242, The boundary 241 between the plasma 140 and the plasma sheath 242
may have a convex shape relative to the plane 151 in one instance. When the workpiece 100
is biased, for example, the ions 182 are attracted across the plasma sheath 242 through the

15 aperture between the panels 212 and 214 at a large range of incident angles. For instance,
ions 102 following trajectory path 271 may strike the workpiece 100 at an angle of +8
relative to the plane 151, Ions 102 following trajectory path 270 may strike the workpiece
100 at about an angle of 0° relative to the same plane 151, lons 102 following trajectory path
269 may strike the workpiece 100 an angle of -0 relative to the plane 151, Accordingly, the

20 range of incident angles may be between +8° and -8° centered about §°. In addition, some ion
trajectories paths such as paths 269 and 271 may cross each other. Depending on a number of
factors including, but not limited to, the horizontal spacing (G} between the panels 212 and
214, the vertical spacing (Z) of the panels 212 and 214 above the plane 151, the dielectric

constant of the panels 212 and 214, or other process parameters of the plasma 140, the range

N>
4

of incident angles (8) may be between +60° and -60° centered about §”.

FIG. 12 is a side view of an emnbodiment of selective ion implantation. lroplanted
regions 103 are formed in the workpiece 100 using the ions 102, The workpicce 100 is
scanned with respect to the plasma sheath modifier 101 or ions 102, as illustrated by the
arrow 108. This may involve moving the plasma sheath modifier 101, workpiece 100, or both.
30 The scanning may be in one dimension or two dimensions. In one particular embodiment, the
workpiece 100 is biased when the ions 102 implant the implanted regiouns 103, The bias
scheme is adjusted to produce the desived pattern of implanted regions 103, Thus, the
workpiece 100 is not biased when the ions 102 would implant between the implanted regions

103. This eliminates or reduces ions 102 from impacting between the implanted regions 103,

je
L

In this manner, the implanted reglons 103 may be formed without a mask or photoresist layer

10
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on the workpiece 100, Alignment, lithography, or photoresist removal steps may be
eliminated.
The location of the implanted regions 103 may be carefully controlled because
spacing of the implanted regions 103 may affect growth of the GaN or another compound
3 semiconductor during ELOG. This spacing may be optimized for the improved compound
semiconductor growth.
The dose rate and focus of the fons 102 can be varied to form the implanted regions
103. If the workpiece 100 is scannad, then the ions 102 may be switched on and off to form
the implanted regions 103, the dose of the ion 102 may be adjusted to reduce implantation
10 between the implanted regions 103, or the ions 102 may be focused when implanting the
implanted regions 103. If the ions 102 are focused when implanting the implanted regions
103, the ions 102 may be less focused over other parts of the workpicce 100, which reduces
tmplantation between the implanted regions 103,
The present disclosure is not to be limited in scope by the specific embodiments

described herein, Indeed, other various embodiments of and modifications to the present

[
g

diselosure, in addition to those described herein, will be apparent to those of ordinary skill in
the art from the foregoing description and accompanying drawings. These other
smbodiments and modifications are intended to fall within the scope of the present disclosure,
Furthermore, although the present disclosure has been described herein in the contextof a

20 particular implementation in a particular environment for a particular purpose, those of
ordinary skill in the art will recognize that its usefuluess is not limited thereto and that the
present disclosure may be beneficially implemented in any number of environments for any
number of purposes. Accordingly, the claims set forth below should be construed in view of

the full breadth and spirit of the present disclosure as described herein.
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What is claimed is:

A method of workpiece processing comprising:

implanting a first plurality of implanted regions in a workpiece with a first species;
and

growing a compound semiconductor on said workpiece after said implanting,
wherein said compound semiconductor growth is reduced on said first plurality of
implanted regions compared to between said first plurality of implanted regions,
wherein at least one device is formed between said first plurality of tnplanted
TERIOnS.

The method of claim 1, wherein said first plurality of implanted regions form a grid
and said compound semiconductor grows preferentially in spaces between said first
plurality of implanted regions.

The method of claim 1, further comprising implanting a second plurality of
implanted regions in said workpiece, wherein each of said second plurality of
implanted regions is between said first plurality of implanted regions.

The method of claim 1, further comprising implanting a periphery of said
workpiece, wherein said growing is reduced on said peripbery.

The method of claim 4, wherein said growing is rednced to zero on said periphery.
A method of workpiece processing comprising:

implanting a phurality of implanted regions in a workpiece; and

growing a compound semiconductor on said workpiece after said implanting,
wherein said compound semiconducior growth is increased on said plurality of
implanted regions compared to between said plurality of implanted regions.

The method of claim 6, wherein further comprising implanting 2 second plurality of
implanted regions in said workpiece, wherein each of said plurality of implanted
regions is between said second plurality of implanted regions.

The method of claim 7, wherein said second plurality of implanted regions form a
grid and said compound semiconductor grows preferentially on said plurality of
implanied regions between said second plurality of implanted regions.

The method of claim 6, further comprising implanting a periphery of said
workpiece, whereln said growing is reduced on said periphery.

The method of claim 9, wherein said growing is reduced to zero on said periphery.
The method of claim 6, wherein said implanting textures a surface of said

workpiece on said plurality of implanted regions.

12
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12.

£3.
14.

15.

16.

17.

18.

A method of workpiece processing comprising:

implanting a periphery of a workpiece; and

growing a compound semiconductor on said workpiece after said implanting,
wherein said growing is redoced on said periphery.

The method of claim 12, wherein said growing is reduced to zero on said periphery.
The method of claim 12, wherein said growing on said periphery is reduced to be
approximately equal to growing at a center of said workpiece whereby a thickness
of said compound semiconductor is approximately equal across said workpiece.
The method of claim 12, wherein said implanting comprises rotating said
workpiece with respect to an ion beam during said implanting, whereby said ion
beam only implants said periphery.

The method of claim 12, wherein further comprising tmplanting a first plurality of
regions in said workpicce, wherein said compound semiconductor growth is
reduced on said first plurality of implanted regions compared to between said first
plurality of implanted regions.

The method of claim 16, wherein said first plurality of regions form a grid and said
compound semiconductor grows preferentially in spaces between said first plurality
of regions.

The method of claim 16, further comprising implanting a second plurality of
regions in said workpiece, wherein each of said second plurality of regions is

between said first plurality of regions.
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