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engineered substrate, additional layers of material mey be formed and processed
(e.g., patterned) over the epitaxial layer of III-V type semiconductor material to form
one or more semiconductor devices on the engineered substrate.

When a layer of semiconductor material is epitaxially grown at elevated
temperatures upon an engineered substrate, lattice sirain may be induced in the
crystal lattice of the layer of semiconductor material. The strain in the
semiconductor material may result from a lattice parameter mismatch between the
crystal lattice of the underlying maierials of the engineered substrate and that of the
semmiconductor material being formed thereon (e.g., the underlying material has one
or more lattice constants that differ from that of the semiconductor material).

In addition, a lattice strain may alsc be induced in the crystal lattice of the
semiconductor material during epitaxial growth at elevated ternperature due to a
difference in the coefficients of thermal expansion (CTE) exhibited by the respective
adjacent materials. For example, if the underlying engineered substrate has mean a
CTE which is greater than that of the semiconductor material being grown upon the
engineered substrate, the semiconductor material may be grown in a state of tensile
strain. Such & state of tensile strain may increase during the growth of the
semiconductor material, as the layer thickness increases, and may eventually result
in the formation of defects in the semiconductor layer. Such defects may include,

for example, dislocations and cracks.

DISCLOSURE
Embodiments of the present invention may be used to provide layers of
semiconductor material over engineered substrates having reduced lattice strain,
which may enable the formation of relatively thicker layers of high quality
semiconductor material using the engineered substrates. As a result, embodiments
of the present invention may be used to provide improved semiconductor devices.
“rrsomeembodimentsr-the-presentinventromineludes-methodsof-fabricating

semiconductor structures and devices in which at least one geed-stTacture is bonded
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According to an aspect of the present invention, there is provided a method of fabricating a
semiconductor structure or device, comprising: bonding at least one seed structure at least
substantially comprised by a single crystal of semiconductor material to a carrier substrate using a
glass bonding layer; selecting the carrier substrate to comprise a material that exhibits a coefficient of
thermal expansion higher than a coefficient of thermal expansion exhibited by the single crystal of
semiconductor material of the at least one seed structure; depositing at ieast ome layer of
semiconductor material over the at least one seed structure at a temperature above a glass transition
temperature of a glass material of the glass bonding layer while the at least one seed structure is
supported on the glass bonding layer; cooling the at least one layer of semiconductor material, the at
least one seed structure, the glass bonding layer, and the carrier substrate to room temperature after
depositing the at least one layer of semiconductor material over the at least one seed structure; and
compressively straining the single crystal of semiconductor material of the at least one seed structure
using thermal contraction of the carrier substrate while cooling the at least one layer of semiconductor
material, the at least one seed strﬁcture, the glass bonding layer, and the carrier substrate to room
temperature from a temperature below the glass transition femperature of the glass material of the

glass bonding layer.



4.

Structure-at-a-temperature ahove s glnce {ransition temperature ofa g];mc materialof

the glass bonding layer while the at le eed-strtcture 1s supported on the glass

Jn-sdditional-embodiments-the-presentinventon-ineludesmethodsof—
fabricating semiconductor structures and devices in which at least one sepd structure

is bonded to a first carrier substrate using a glass bonding layer. at least one

seed structure is at least substantially comprised by a single cpyStal of semiconductor
material. A second carrier substrate is bonded to the at Jefist one seed structure on a
side thereof opposite the first carrier substrate usinga non-glassy bonding layer.

The first carrier substrate and the glass bondimg layer may be removed from the at
Jeast one seed structure, and the single prystal of semiconductor material of the at
least one seed structure may be expanded using the thermal expansion of the second

carrier substrate while heatin€ the at least one seed structure, the non-glassy bonding

layer, and the second ier substrate. At least one layer of semiconductor material

According to another aspect of the present invention, there is provided a method of

fabricating a semiconductor structure or device, comprising: bonding at least one seed structure at

icast substantially comprised by a single crystal of semiconductor material to-a first carrier substrate

using a glass bonding layer; bonding a second carrier substrate to the at least one seed structure on a

side thereof opposite the first carrier substrate using a non-glassy bonding layer; removing the first

carrier substrate and the glass bonding layer from the at least one seed structure; expanding the single

crystal of semiconductor material of the at least one seed structure using thermal expansion of the

second carrier substrate while heating the at least one seed structure, the non-glassy bonding layer,

and the second carrier substrate; and depositing at least one layer of semiconductor material over the

at least one seed structure on a side thereof opposite the second carrier substrate and the non-glassy

bonding layer while the single crystal of semiconductor material is in an expanded state at Jeast

partially caused by the thermal expansion of the second carrier substrate,

There are also disclosedAdditional—embodiments—of-~the—present—invention—include

semiconductor structures and devices formed by the methods described herein. Such
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semiconductor structures and devices include, for exampile, integrated circuits (1Cs)
(e.g., logic processors and memory devices), radiation emitting devices (e.g., light
emitting diodes {LEDs), resonant cavity light emitting diodes (RCLEDs), and
vertical cavity surface emitting lasers (VCSELs)), ?adiation absorbing devices (e.g.,
optical sensors and solar celis) and switching/rectifying devices (e.g., power
electronic devices). Such devices may comprise bipolar junction transistors (BJTs),
power metal-oxide-field-effect-transisior MOSFETS), thyristors, schottky diodes,
junction field effect transistors (JFETs), insulated gate bipolar transistors (IGBTs)
and PIN diodes.



29

patterning an at least substantially continuous seed layer to form a plurality of seed structures;

and

bonding the plurality of seed structures to the first carrier substrate using the glass bonding layer.

12, The method of claim 8, further comprising selecting the single crystal of
semiconductor material of the at least one seed structure to comprise a III-V type semiconductor

material.

13.  The method of claim 12, wherein depositing the at least one layer of
semiconductor material over the at least one seed structure comprises epitaxially growing a layer
of ITI-V type semiconductor material on the at least one seed structure to a thickness of about

two microns (2 pm) or more.

14.  The method of claim &, further comprising:
selecting the plass bonding layer to comprise a borophosphosilicate glass (BPSG); and
selecting the non-glassy bonding layer to comprise at least one of Si0,, Si3Ny, and SiON;,

wherein x and y are any numbers having a sum approximately equal to two (2).

15.  The method of claim §, further comprising:
selecting the second carrier substrate to comprise an electrically and thermally conductive
material; and

selecting the non-glassy bonding layer to comprise a metal or metal alloy material.

16.  The method of claim 8, further comprising fabricating at least one of a
light-emitting diode, a laser, an optical sensor, a power electronic device and a solar cell

comprising the at least one layer of semiconductor material.
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