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(54) Method for relieving lattice mismatch stress in semiconductor devices

(57) A method for growing a crystalline layer[14]
that includes a first material on a growth surface of a
crystalline substrate[12] of a second material, wherein
the first material and the second material have different
lattice constants. A buried layer[18] is generated in the
substrate[12] such that the buried layer[18] isolates a
layer of the substrate[12] that includes the growth sur-
face from the remainder of the substrate[12]. The sec-
ond material is then deposited on the growth surface at
a growth temperature. The isolated layer[16] of the sub-
strate[12] has a thickness that is less than that thickness
at which the crystalline lattice of the first material will

deform in response to the second material crystallizing
thereon. The buried layer[18] is sufficiently malleable at
the growth temperature to allow the deformation of the
lattice of the isolated layer[16] without deforming the
remainder of the substrate[12]. The present invention
may be utilized for growing III-V semiconducting mate-
rial layers on silicon substrates. In the case of silicon-
based substrates, the buried layer[18] is preferably SiO2
that is sufficiently malleable at the growth temperature
to allow the deformation of the isolated substrate
layer[16].
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Description

Field of the Invention

[0001] The present invention relates to the fabrica-
tion of semiconductors based on GaN and similar mate-
rials, and more particularly, to a method for relieving the
stress generated when layers of such materials are
grown on a substrate having lattice constants that differ
from those of the grown layer.

Background of the Invention

[0002] Group III-V materials such as the GaN mate-
rial system are particularly useful in constructing lasers
and LEDs in the blue and green wavelengths. The con-
struction of an optical device based on these materials
typically begins with the deposition of a layer III-V mate-
rial on a substrate such as sapphire or Si. Ideally, one
would like to grow an optical device such as a laser on
silicon so that additional circuit components can be fab-
ricated on the same die. Because of the lattice mis-
match, such growth is not currently practical.
Accordingly, lasers are often grown on sapphire. How-
ever, there is still a significant mismatch in the lattice
constants of sapphire and GaN. For example, the lattice
constant for GaN differs from that of sapphire by approx-
imately 13-16%. During the growth of the GaN layer, the
substrate and the GaN layer tend to keep their original
lattice parameters; hence, there is a mismatch between
the lattice parameters between the two layers. This mis-
match generates stress in the GaN layer which, in turn,
leads to defects in the layer. Such defects interfere with
the construction of further layers on the base layer and
reduce the yield of useful devices.
[0003] Broadly, it is the object of the present inven-
tion to provide an improved method for growing Group
III-V layers on a substrate having a substantially differ-
ent lattice constant.
[0004] It is a further object of the present invention
to provide a method for growing GaN on Si in which the
stress generated by the lattice mismatch is substantially
reduced.
[0005] These and other objects of the present
invention will become apparent to those skilled in the art
from the following detailed description of the invention
and the accompanying drawings.

Summary of the Invention

[0006] The present invention is a method for grow-
ing a crystalline layer that includes a first material on a
growth surface of a crystalline substrate of a second
material, wherein the first material and second material
have different lattice constants. A buried layer is gener-
ated in the substrate such that the buried layer isolates
a layer of the substrate that includes the growth surface
from the remainder of the substrate. The second mate-

rial is then deposited on the growth surface at a growth
temperature. The isolated layer of the substrate has a
thickness that is less than the thickness at which defects
are caused in the crystalline lattice of the first by the
second material crystallizing thereon. The buried layer
is sufficiently malleable at the growth temperature to
allow the deformation of the lattice of the isolated layer
without deforming the remainder of the substrate. The
present invention may be utilized for growing III-V semi-
conducting material layers on silicon substrates. In the
case of silicon-based substrates, the buried layer is
preferably SiO2 doped with impurities, which is suffi-
ciently malleable at the growth temperature to allow the
deformation of the isolated substrate layer.

Brief Description of the Drawings

[0007]

Figure 1 is a cross-sectional view of a portion of a
Si substrate on which a GaN layer has been grown.

Detailed Description of the Invention

[0008] To simplify the following discussion, a refer-
ence to GaN is to be understood as including the entire
GaN material system of GaN, AlN, InN, AlGaN, InGaN,
AlGaNP, AlGaNAs, InGaNP, InGaNAs, etc. unless the
context makes it clear that only GaN is intended. The
manner in which the present invention obtains its
advantages can be more easily understood with refer-
ence to a specific example. Consider the growth of a
GaN layer on a Si substrate. The lattice constant of GaN
differs from that of Si by approximately 20%. As noted
above, this mismatch leads to stress in the GaN layer.
The present invention overcomes this stress by growing
the GaN on a very thin Si layer, which is supported on
the substrate by a buried layer that relieves the stress.
The GaN layer, which is thicker than the thin Si layer,
distorts the Si layer (this is called the compliant layer),
and hence, the lattice mismatch stress is taken up by
the thin Si layer rather than the GaN layer.
[0009] The manner in which the thin Si layer is gen-
erated can be more easily understood with reference to
Figure 1, which is a cross-sectional view of a portion of
a Si substrate 12 on which a GaN layer 14 has been
grown. A thin Si layer 16 (approximately 100 nm) is iso-
lated on the surface of Si substrate 12 by ion implanta-
tion of the surface of substrate 12 with oxygen. The
energy of the oxygen atoms is sufficient to assure that
the oxygen atoms penetrate to locations below the posi-
tion of Si layer 16. The oxygen implantation generates a
buried SiO2 layer 18. For example, a buried SiO2 layer
that is approximately 400 nm thick and 180 nm from the
surface of a Si wafer can be generated by implanting
oxygen at a dose of 2x1018/cm2 at an energy of 180
keV. The wafer is typically heated to 500 °C during the
implantation process. The wafer is annealed at a tem-
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perature greater than 1200 °C after the implantation. If
a thinner compliant layer 16 is desired, the implantation
energy can be reduced or layer 16 can be etched to the
desired thickness. In addition, layer 16 can be thinned
by oxidizing the surface of the layer and stripping the
oxide. The temperature at which the SiO2 layer 18
becomes malleable is controlled by the implantation of
impurities such as phosphorous, which are also intro-
duced by implantation. SiO2 layer 18 is implanted with
impurities at a concentration that assures that SiO2
layer 18 is malleable at the growth temperature of the
GaN layer. Hence, when the substrate is heated to the
GaN growth temperature, the complaint Si layer 16 can
be stretched or compressed independently of the
remainder of the Si substrate, since the SiO2 layer takes
up the stress resulting from the deformation of Si layer
16.

[0010] The method discussed above can be applied
to other substrates. In general, a buried layer that is
malleable at the growth temperature is generated in the
substrate by ion implantation into the substrate at a
depth sufficient to isolate a thin complaint layer of sub-
strate material above the malleable buried layer. In the
case of other silicon-based substrates such as SiC, the
buried layer is preferably SiO2 that has been doped to
become malleable at the growth temperature. In the
case of non-silicon substrates such as sapphire, the
SiO2 layer can be generated by implanting both the oxy-
gen and silicon components of the SiO2.
[0011] It should be noted that the compliant layer
need not be planar. For example, the compliant layer
can be incorporated on a patterned substrate such as
shown in U.S. Patent 4,810,664. The buried layer can
also be any amorphous layer under a layer of silicon or
substrate. For example, the fabrication of silicon-on-
insulator films is well known in the art. The reader is
directed to "Silicon-on-insulator films by oxygen implan-
tation and lamp annealing", G. K. Celler, Solid State
Technology, March 1987, pp. 93-98 for a more detailed
discussion of such films. In addition, an amorphous bur-
ied layer created by damaging the crystalline structure
of the substrate can also be utilized in place of the SiO2
layer discussed above. An amorphous layer is substan-
tially weaker than a crystalline layer. Hence, the overly-
ing crystalline layer can be stretched or compressed,
since the amorphous layer can take up the relative dis-
placement.
[0012] The method of the present invention may be
utilized to provide an integrated circuit substrate that
can be used as a starting material for the fabrication of
light emitting devices based on III-V semiconductors.
The substrate includes a Group III-V semiconducting
material layer on the surface of a substrate having the
buried layer described above. The III-V layer can be
used as the base layer for the fabrication of other
devices. By mass producing such a substrate, the cost
of fabricating such light emitting devices can be sub-
stantially reduced.

[0013] It should also be noted that the present
invention provides a method for combining III-V based
semiconducting elements including light emitting
devices and transistors with conventional CMOS or
other silicon-based circuitry. At present, a circuit com-
bining such elements must be assembled from two dif-
ferent dies, one having the silicon-based circuitry and
one having the III-V semiconductor based devices.

[0014] Various modifications to the present inven-
tion will become apparent to those skilled in the art from
the foregoing description and accompanying drawings.
Accordingly, the present invention is to be limited solely
by the scope of the following claims.

Claims

1. A method for growing a crystalline layer (14) com-
prising a first material on a growth surface of a crys-
talline substrate (12) comprising a second material,
wherein said first material and said second material
have different lattice constants, said method com-
prising the steps of: generating a buried layer (18)
in said substrate (12), said buried layer (18) isolat-
ing a layer (16) of said substrate (12) that includes
said growth surface from the remainder of said sub-
strate (12); and depositing said second material on
said growth surface at a growth temperature,
wherein said isolated layer (16) of said substrate
(12) has a thickness that is less than that thickness
at which the crystalline lattice of said first material
will deform in response to said second material
crystallizing thereon, and wherein said buried layer
(18) is sufficiently malleable to allow said deforma-
tion without deforming the remainder of said sub-
strate (12).

2. The method of Claim 3 wherein said step of gener-
ating said buried layer (18) comprises the step of
implanting ions of a first element into said substrate
(12).

3. The method of Claim 2 wherein said second mate-
rial is silicon and said first element is oxygen.

4. The method of Claims 2 or 3 wherein said second
material is a III-V semiconducting material.

5. The method of Claim 4 wherein said III-V semicon-
ducting material comprises GaN, AlN, InN, AlGaN,
InGaN, AlGaNP, AlGaNAs, InGaNP, or InGaNAs.

6. The method of one of Claims 2 to 5 further compris-
ing the step of implanting ions of a second element
at a predetermined density into said substrate (12),
said second element and predetermined density
being chosen such that said buried layer (18) com-
prises SiO2 that is malleable at said growth temper-
ature.
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7. The method of one of the preceding Claims wherein
said buried layer (18) comprises an amorphous
region in said substrate (12).

8. An integrated circuit substrate comprising: a crys-
talline substrate (12) comprising a first material
having a first lattice constant and a growth surface
thereon, said crystalline substrate (12) comprising
a first material; a buried layer (18) in said crystalline
substrate (12), said buried layer (18) isolating a
layer of said substrate (12) that includes said
growth surface from the remainder of said substrate
(12); and a crystalline seed layer comprising a sec-
ond material having a second lattice constant in
contact with said growth surface, said second lat-
tice constant being different from said first lattice
constant, wherein said isolated layer (16) of said
substrate (12) has a thickness that is less than that
thickness at which the crystalline lattice of said first
material will deform in response to said second
material crystallizing thereon, and wherein said
buried layer (18) allows said deformation without
deforming the remainder of said substrate (12).

9. The integrated circuit substrate of Claim 8 wherein
said buried layer (18) comprises SiO2 and said first
material is silicon.

10. The integrated circuit substrate of Claims 8 or 9
wherein said second material comprises a III-V
semiconducting material.

11. The integrated circuit substrate of Claim 10 wherein
said second III-V semiconducting material com-
prises GaN, AlN, InN, AlGaN, InGaN, AlGaNP,
AlGaNAs, InGaNP, or InGaNAs.

12. The integrated circuit substrate of one of Claims 8
to 11 wherein said buried lay er (18) comprises an
amorphous layer.
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