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UNITED STATES DISTRICT COURT \ /'@ ~~ —
EASTERN DISTRICT OF TEXAS - /\/ “=AsYERREENSIIS T pre
LUFKIN DIVISION A WUL 25 2006
- DAVID J.-mmﬂb, CLERK
AMBERWAVE SYSTEMS § STUEY L
CORPORATION, § Q.
o §  Civil ActionNo._1-Olpoev!9"]
Plaintiff, §
. g JURY TRIAL DEMANDED
§
INTEL CORPORATION §
§
Defendant. §
§

AMBERWAVE’S COMPLAINT FOR PATENT INFRINGEMENT
AND JURY DEMAND

TO THE HONORABLE JUDGE OF SAID COURT:
Plaintiff AmberWave Systems Corporation (“AmberWave™), for its complaint against
Defendant Intel Corporation (“Intel”), alleges as follows:
INTRODUCTION

1. AmberWave is a small technology and engineering firm founded by a
Massachusetts Institute of Technology (“MIT”) professor—FEugene Fitzgerald—and his former
Studeﬁts. AmberWave develops innovative technology for the production of semiconductor
devices. For years, Intel has been improving the performance of its semiconductor devices by
shrinking the size of their fundamental components. Intel now finds itself unable to continue its
historical pace of performance enhancement using its own technological developments. In order
to defend its market position against inroads by competitors, Intel is using the inventions of

Eugene Fitzgerald to enable the production of faster and more efficient semiconductor devices—
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all without obtaining a license from AmberWave. This action seeks redress for Intel’s infringing

activities.

THE PATENT IN SUIT

2. U.S. Patent No. 5,158,907 (the “’907 patent™), entitled “Method for Making
Semiconductor Devices with Low Dislocation Effects,” was duly and legally issued on October
27, 1992. The sole named inventor on the 907 patent is Eugene Fitzgerald. The 907 patent
represents the fruits of some of Dr. Fitzgerald’s research while he was working at AT&T Bell
Laboratories, before he began teaching at MIT. AmberWave is the assignee of all right, title, and
interest the 907 patent. A true and correct copy of the "907 patent is attached as Exhibit A.

PARTIES AND JURISDICTION

3. This is an action for patent infringement arising under the United States Patent
Act, 35 U.S.C. § 101 ef seq.

4. AmberWave is a Delaware corporation with its principal place of business in
Salem, New Hampshire.

5. AmberWave is informed and believes, and therecon alleges, that Intel is a
Delaware corporation with its principal place of business in Santa Clara, California.

6. AmberWave is informed and believes, and thereon alleges, that Intel has done and
continues to do business in this District. AmberWave is informed and believes, and thereon
alleges, that Intel has harmed and continues to harm AmberWave in this District. AmberWave is
informed and believes, and thereon alleges, that Intel products have been sold in this District.
AmberWave is informed and believes, and thereon alleges, that these products include Intel’s
dual-core devices. AmberWave is informed and believes, and thercon alleges, that Intel
maintains a website accessible to the residents of this District. AmberWave is informed and
belicves, and thereon alleges, that Intel’s website allows users in this District to submit
information to Intel, and to download information from the website. AmberWave is informed
and believes, and thereon alleges, that Intel’s website allows users in this District to locate

companies who will sell Intel products to users in this District, including dual-core devices.

-7
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7. AmberWave is informed and believes, and thercon alleges, that Intel has
voluntarily availed itself of the courts in this District. AmberWave is informed and believes, and
thereon alleges, that Intel has filed complaints in this District as both a plaintiff and as an
intervenor. AmberWave is informed and believes, and thereon alleges, that Intel has appeared as
a defendant and a counterclaim plaintiff in this District, without contesting that venue is proper
in the District.

8. AmberWave is informed and believes, and thereon alleges, that Intel has sought
and received authorization to do business in the State of Texas. AmberWave is informed and
believes, and thereon alleges, that Intel has a registered agent in the State of Texas. AmberWave
is informed and believes, and thereon alleges, that Intel maintains multiple business offices in the
State of Texas. AmberWave is informed and believes, and thereon alleges, that Intel has at least
approximately 600 employees in the State of Texas.

9. This Court has subject matter jurisdiction under 28 U.S.C. §§ 1331 and 1338(a),
and venue in this District is proper under 28 U.S.C. §§ 1391 and 1400(b).

RELATED ACTIONS

10.  On May 17, 2005, Intel filed a declaratory judgment for non-infringement of
AmberWave’s U.S. Patent No. 6,831,292 in the District of Delaware (the “Delaware 1 Action”™).!
On July 15, 2005, AmberWave filed an action against Intel in the Eastern District of Texas
alleging infringement of AmberWave’s U.S. Patent No. 6,881,632 (the “7632 Action”).? On
September 20, 2005, AmberWave filed a separate action in the Eastern District of Texas alleging
that Intel infringed AmberWave’s U.S. Patent No. 6,946,371 (the *'371 Action™).> On
November 1, 2005, Judge Davis transferred the 632 Action to Delaware because, among other

reasons, the issues in the *632 Action were “closely related” to the issues in the Delaware I

Y Intel Corp. v. AmberWave Systems Corp., 05-301-KAJ
2 AmberWave Systems Corp. v. Intel Corp., 2-05¢v-321-LED
3 AmberWave Systems Corp. v. Intel Corp., 2-05¢v-449-TJW

-3-
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Action. At Intel’s insistence, the parties stipulated to the consolidation of AmberWave’s
infringement claims on the three patents (including the *371 Action) in the Delaware I Action.

11.  Upon obtaining the right to assert the *907 patent against Intel, AmberWave
sought leave to amend its complaint in the consolidated Delaware I Action to add the 907
patent. Intel informed AmberWave that it opposed adding the *907 patent to the Delaware I
Action, among other reasons, because AmberWave allegedly unduly delayed in secking to add
the *907 patent, because adding the *907 patent to the Delaware I Action prejudiced Intel, and
because the *907 patent, according to Intel, “is almost completely unrelated to the patents in suit”
in the consolidated Delaware I Action.

12. On July 8, AmberWave asked Intel whether it would assent to a motion to amend
in the consolidated Delaware I Action to add an additional patent when it issued—U.S. Patent
No. 7,074,655 (the *°655 patent”). While purporting to meet and confer with AmberWave on
the subject, Intel filed a separate declaratory judgment (the “Delaware Il Action”) on the ’655
patent on the day that it issued—TJuly 11.* This confirmed that Intel no longer believes that all
patent litigation between the parties should occur in the consolidated Delaware I Action.

CLAIM FOR RELIEF

COUNT 1
(Patent Infringement by Intel)

13. AmberWave incorporates by reference paragraphs 1 through 12 as if set forth here
in full.

14.  AmberWave is informed and believes, and thereon alleges, that in violation of
351U.8.C. § 271, Intel has been and is currently directly infringing, contributorily infringing,
and/or inducing infringement of, the 907 patent by, among other things, making, using, offering
to sell, selling and/or importing, without authority or license, certain semiconductor devices,

including at least dual-core devices.

4 Intel Corp. v. AmberWave Systems Corp., 06-429.
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15.  AmberWave is informed and belicves, and thereon alleges, that Intel’s
infringement of the *907 patent has been and continues to be willful.

16. Unless enjoined, Intel will continue to infringe the *907 patent, and AmberWave
will suffer irreparable injury as a direct and proximate result of Intel’s conduct.

17. AmberWave has been damaged by Intel’s conduct, and until an injunction issues
will continue to be damaged in an amount yet to be determined.

PRAYER FOR RELIEF

WHEREFORE, AmberWave prays for relief as follows:

A. For a determination that the 907 patent is valid and enforceable;

B. For a determination that Intel has infringed and is infringing the 907 patent, and
that Intel’s infringement is willful;

C. For an order preliminarily and permanently enjoining Intel, and its directors,
officers, employees, attorneys, agents and all persons in active concert or participation with any
of the foregoing from acts of infringement of the *907 patent;

D. For damages resulting from infringement of the 907 patent in an amount to be
determined at trial, and the trebling of such damages due to the willful nature of their
infringement;

E. For an award of interest on damages;

F. For a declaration that this case is exceptional pursuant to 35 U.S.C. § 285 and an
award of attorneys’ fees and costs; and

G. For an award of such other and further relicf as this Court deems just and proper.
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DEMAND FOR JURY TRIAL

AmberWave hereby demands a trial by jury on any issue triable of right by a jury.

Dated: July 28, 2006

Respectfully submitted,

Morgan Chu (CA #70446)

David 1. Gindler (CA #117824)
Samuel K. Lu (CA #171969)

IRELL & MANELLA LLP

1800 Avenue of the Stars, Suite 900
Los Angeles, California 90067-4276
Phone: (310) 277-1010

Facsimile: (310) 203-7199

E-mail: dgindler@irell.com

Clayto;ﬁ%)dward Dark, Jr., Esq. #05384500)
Attorney-in-Charge

P.O. Box 2207

207 East Frank

Suite 100

Lufkin, TX 75902-2207
Phone: (936) 637-1733
Facsimile: (936) 637-2897

E-mail: clay.dark@yahoo.com

J. Thad Heartfield, Esq. (TX #09347000)
The Law Offices J. Thad Heartficld
2195 Dowlen Rd

Beaumont, TX 77706-2534

Phone: (409) 866-3318 ext. 1

Email: thad@jth-law.com

ATTORNEYS FOR PLAINTIFF
AmberWave Systems Corporation
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[57 ABSTRACT

Semiconductor devices having a low density of disloca-
tion defects can be formed of epitaxial layers growsn on
defective or mis{it substrates by making the thickness of
the epitaxial layer sufficiently large in comparison to the
maximum lateral dimension. With sufficient thickness,
threading dislocations arising from the interface will
exit the sides of the epitaxial structure and not reach the
upper surface. Using this approach, one can fabricate
integral gallium arsenide on silicon optoelectronic de-
vices and parallel processing circuits. One can also
improve the yield of lasers and photodetectors.

10 Claims, 3 Drawing Sheets
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METHOD FOR MAKING SEMICONDUCTIOR
DEVICES WITH LOW DISLOCATION DEFECTS

FIELD OF THE INVENTION

This invention relfates 1o semiconductor devices hav-
ing a Jow density of dislocation defects and, in particu-
lar, to semiconductor devices comprising limited area
epitaxial regions grown on either misfit substrates or
substrates having a high density of dislocation defects.
It further concerns methods for making and using such
devices.

BACKGROUND OF THE INVENTION

A low level of dislocation defects is important in a
wide variety of semiconductor devices and processes.
Dislocation defects partition an otherwise monolithic
crystal structure and introduce unwanted and abrupt
changes in electrical and optical properties. Dislocation
defects can arise in efforts to epitaxiaily grow one kind
of crystafline material on a substrate of a different kind
of material (heterostructures) due to different crystal-
line lattice sizes of the two materials. Misfit dislocations
form at the mismatched interface to reheve the mishit
strain, Many misfit dislocations have vertical compo-
nenis, termed threading segments, which terininate at
the surface. These threading segments continue through
zl] subsequent layers added. Dislocation defects can
also arise in the epitaxial growth of the same material as
the substrate (homostructures) where the substrate itself
contains dislocations. Some of the dislocations replicate
as threading dislocations in the epitaxially grown mate-
sial. Such dislocations in the active regions of semicon-
ductor devices such as diodes, lasers and transistors,
seriousty degrade periormance.

To avoid dislocation problems, most semiconductor
heterostructure devices have been limited to semicon-
ductor lavers that have very closely lattice-matched
crystal structures. Typically the lattice mismatch is
within 0.1%. In such devices a thin Iayer is epitaxiaily
grown on a mildly lattice mismatched substrate. Solong
as the thickness of the epitaxial layer is kept below a
critical thickness for defect formation, the substrate acts
as a template for growth of the epitaxial layer which
elastically conforms to the substrate template. While
lattice matching and near matching climinates disloca-
tions in a mamber of structures, there are relatively few
lzttice-matched systems with Jarge energy band offsets,
Iimiting the design options for new devices.

There is considerable interest in heterostruciure de-
vices involving greater epitaxial layer thickness and
greater lattice misfit than present technology will allow,
For example, it has long been recognized that galliom
arsenide grown on silicon substrates would permit a
varicty of new optoelectronic devices marrying the
electronic processing technology of silicon VLSI cir-
cuits with the optical component technology available
in gallium arsenide. Ses, for example, Choi et 4,
“Monolithic Integration of $i MOSFET's and GaAs
MESFET’s", IEEE Electron Device Lerers, Vol. EDL-
7, No. 4, April 1986, Highly advantageous results of
such a marriage include high speed gallium arsenide
circuits combined with complex silicon VLSI circpits

- and gallium arsenide opioelectronic interface units to

replace wire interconnects between silicon VLSI cir-
cuits. Progress has been made in integrating gallium
arsenide and silicon devices. See, for example, Choi at
al, “Monglithic Integration of GaAs/AlGaAs Double-
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Heterostructure LED’s and $i MOSFET's" JEEE Elec-
rron Device Lenters, Vol. EDL.T, No. 9, September 1986;
Shichijo et al, “Co-Integration of GaAs MESFET and
Si CMOS Circuits”, IEEE Electron Device Letters, Vol,
9, No. 9, September 1988, However, despite the widely
recognized potential advantages of such combined
structures and substantial efforts to develop them, their
practical utility has been limited by high defect densities
in gallium arsenide layers grown on silicon substrates.
Sez, for example, Choi et al, “Monolithic Integration of
GaAs/AlGaAs LED 2nd Si Driver Circuit”, IEEE
Electron Device Letters, Vol. 9, No. 10, Oct. 1988 {p.
513). Thus while basic techniques are known for inte-
grating gallivm arsenide and silicon devices, there exists
a need for producing gallium arsenide layers having a
low density of dislocation defects.

There is also considerable interest in growing low
defect density gallium arsenide surfaces irrespective of
the type of substrate. Gallinm arsenide is prone to dislo-
cation defects; and, as a conseguence, devices grown on
gallinm arsenide substrates have 2 notoriously low
vield.

SUMMARY OF THE INVENTION

In contrast with the prior art approach of minimizing
dislocation defects by limiting misfit epitaxial layers to
less than a critical thickness for elastic conformation to
the substrate, the present invention utilizes greater
thickness and limited latera! areas to produce limited
area regions having upper surfaces exhausted of thread-
ing dislocations. Since threading dislocations propagate
with a lateral as well as a vertical component, making
the thickness sufficiently large in comparison to the
lateral dimension permits the threading dislocations to
exit the sides of the epitaxial structure. The upper sur-
face is thus left substantially free of defects. As a result,
one can fabricate monolithic heterostructure devices,
such as gailium arsenide on silicon optoclectronic de-
vices, long sought in the art but heretofore impractical
due to dislocation defects. As another embodiment, one
can fabricate a monolithic structure using gallium arse-
nide circuitry to perform high speed processing tasks
and silicon VLSI circuitry to perform complex, lower
speed tasks. In yet another embodiment, ore can fabri-
cate arrays of low defect density devices-on a high
defect density subsiraie, sobstantially improving the
yield.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages, nature and various additional fes-
tures of the invention will appear more fully spon con-
sideration of the illustrative embodiments now to be
described in detajl. In the drawings:

FIG. 1 is a schematic cross section illustrating the
problem. of threading dislocations addressed by the
present invention.

FIG. 2 is a schematic cross section of a first embodi-
ment of a semiconductor workpiece provided with
limited area regions of low defect density in accordance
with the invention,

FI1G. 3 is a schematic cross section of a second em-
bodiment of a semiconductlor workpicce in accordance
with the invention.

FIG. 4 is a schematic cross section of a third embodi-
ment of the invention;

FIG. 5 schematically illustrates the use of the inven-
tion to provide optical input, optical interconnections
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and/or optical cutput to integrated circuits in the sub-
strate.

¥FIG. 6 schematically illustrates the use of the inven-
tion 1o provide a supplementary kigh speed circuit to an
integrated circnit in the substrate; and

F1G. 7 schematically illusirates the use of the inven-
tion to provide arrays of low defect density regions on
a high defect density substrate.

It is to be understood that these drawings are for
purposes of illustrating the concepts of the invention
and are not to scale. Similar structural elements are
denoted by the same reference numerals throughout the
drawing,

DETAILED DESCRIPTION

Referring to the drawings, F1G. 1 is a schematic cross
section illustrating the problem of threading disloca-
tions resulting from efforts to epitaxially grow a blanket
layer 16 of crystaliine material on a crystalline substrate
11. As illustrated, dislocation defects 12 form at the
interface 13 between layers 10 and 11. Many of these
defects 12 have not only horizontal portions 14, termed
misfit segments, but also portions with vertical compo-
nents 15, termed threading segments. Such threading
segments can also arise as continnations of pre-existing
threading segments 16 in the substrate 11.

FI1G. 2 is a schematic cross section of a first embodi-
ment of 2 semiconductor workpiece provided with

15

limited area regions of low defect density in accordance .

with the invention. The workpiece comprises a mono-
lithic semiconductor substrate 20 having a major sur-
face 21 covered with an insulating layer 22, The insulat-
ing layer includes one or more openings 23, and grown
within the openings on substrate 20, one or more limited
area epitaxial regions 24 of low defect density semicon-
ductor. The substrate 20 and the low defect region 24
can be different crystalline semiconductors having lat-
tice mismatch in excess of 0.2%.

Because of dislocations or pre-existing threading seg-
ments at the interface between substrate 20 and grown
regions 24, threading segments 15 and 16 arise from the
interface. However each epitaxial region 24 has a thick-
ness t sufficiently large as compared- with its maximum
Iateral extent L that the threading segments exit the
sides of regions 24 rather than reaching the upper sur-
faces 27. The ratio of t/L. reguired t0 insure exit of
threading segments arising {rom the interface depends
on the crystalline orientation of the substrate. A (100)
snbstrate requires a ratio of 1; a (111) substrate regaires
a ratio of V2, and a (110) substrate requires V373,
Ratios of 509 of these values provide a useful level of
defect elimination.

In 2 preforred embodiment, the sobstrate 20 is (100)
monocrystalline silicon, the insulating layer 22 is silicon
oxide, and the limited area regions 24 are gallium arse-
nide. The limited area regions are approximately circo-
lar in the lateral surface and preferably have a trans-
verse thickness t at least as preat as their maximum
lateral dimension L.

This preferred embodiment can be fabricated by
growing om a conventioral (100) sflicon IC wafer 20 a
layer of siticon oxide 22 having a thickness preferably in
the range from 5 10 100 microns. Conventional photoli-
thography can be used with HF etchant to open win-
dows 23, and gallium arsenide having a thickness
greater than or approximately equal to the maximum
laterat dimension is deposited on the exposed silicon by
MBE with a substrate temperature of 570° C. Preferably
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the thickness of the silicon cxide and the gallium arse-
nide are egual in order to produce & co-planar structure
as shown in FIG. 2.

FIG. 3 is a schematic cross section of a second em-
baodiment of a semiconductor workpiece provided with
limited area regions of low defect density. The embodi-
ment is similar to that shown in FIG. 2 except that the
substrate 20 is provided with one or more limited area
mesa regions 30 upon which the limited area regions 24
of low defect density semiconductor are grown. The
mesas ave substantially surrounded by trenches 31,

This embodiment ¢an be fabricated by forming on a
sificon substrate an zluminum mask which selectively
exposes trench regions 31. The masked substrate is then
subjected to reactive ion etching io produce trenches
31. The aluminum is removed over the mesas, and a
silicon: oxide layer is deposited. The silicon oxide over
the mesas is selectively removed, and the gallium arse-
nide region 24, having a thickness preferably in excess
of its maximum laieral dimension, is deposited by CVD
at a temperature of about 600°-700° C. or by MBE at
about 550°-650° C. Any GaAs deposited on the oxide
covered areas can be removed by dissolving the under-
lying silicon oxide in HF. Finally a planarized insnlating
fayer 22, such as silicon oxide can be applied to the
non-mesa areas, resolting in the structure shown in FIG.
3.

FIG. 4 is a schematic cross section of a third embodi-
ment of the inveniion wherein a semiconductor sub-
strate 20 is provided with Jimited area regions 24 of low
defect density by providing a plurality of relazed, mis-
fitted buffer layers 42 and 43 between the substrate and
the low defect Iayer.

In essence the preferred form of the FIG. 4 embodi-
ment is similar 1o the preferred form of the FIG. 3 em-
bodiment except that disposed between the upper sur-
face of silicon mesa 30 and limited area gallium arsenide
region 24 js a limited area region 42 of germaninm sili-
con alloy Ge, Si;._y having an upper surface 43 of sub-
stantially pure germanium upon which gallium arsenide
region 24 is grown. The Gez8i1—xregion is grown as a
limited area region having an area in the range between
25 and 10,000 square microns. The Gex 8i;—xregion 42
has gradient of increasing Ge concentration as the re-
gion extends from the mesa 30 to the gallium arsenide
Iayer 24. The advantage of growing this structure in
limited area is that a high proportion of threading seg-
ments from the interface with substrate 20 can glide out
to the sides of the structure, Thus the Germanium sur-
face 43 presents the gallium arsenide layer 24 with a
very low defect substrate. If desired, highly effective
further filtering can be provided by growing layer 24 in
sufficient thickness t in relation to maximum Iateral
dimension L that threading segments exit. the sides.

The workpiece of F1G. 4 can be prepared by etching
trenches 31 to define mesas 30, and depositing Gex
Si1—x onto the mesas by the MBE or CVD processes.
The Ge concentration increased linearly with thickness
or step graded at a rate in the range between 5% and
0.1% per one thousand angstroms until the concentra-
tion of germanium is substantially 1009%. The tempera-
ture of growth should be greater than about 600° C. For
the CVD process the temperature is preferably abomt
900° C. and for the MBE process, preferably 650°-750°
C.

Once the pure germanivm concentration js reached,
either the GaAs layer can be grown immediately or a
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Ge buffer layer 43 of about 1000 angstroms can be
grown before the GaAs deposition.

Semiconductor workpieces as shown in FIGS. 2, 3
and 4 are highly advantageons jn that they present
upper surfaces of epitaxial regions 24 that are substan-
f1ally free of dislocation defects. While the low defect
surfaces are limited in area, they present areas of 25 1o
10,000 square microns that are large enough to permit
fabrication of usefol optosiectronic devices and high
speed integrated circuits. Primary uses include 1) provi-
sion of optical input, optical output and optical inter-
connections 1o integrated circuits in the substrate; 2)
provision of high speed supplementary circuitry in sup-
port of integrated circuits in the substrate; and 3) provi-
sion of high yield areas in low yield substrates.

FIG. 5 schematically illustrates the use of the inven-
tion to provide optical inpm, optical interconnections
and optical output to integrated circuits in the substrate.
Specifically, the substrate 20 is preferzbly a monolithic
silicon substraie containing one or more integrated cir-
cuits 50A and 50B and one or more limited area, low
defect gallium arsenide regions 24A, 24B, 24C and 24D.

Integrated circuit 50A is provided with optical input,
as from optical fiber 51A, by forming a photodetector
52A on Imited area gallium arsenide region 24A. The
opiical signal coupled to the photodetector praduces an
electrical signal coupled to circuit 50A by conformal
metal leads 53.

Integrated circuit 50A is provided with optical out-
put, as to optical waveguide 54, by forming a light
emitter 55A, such as a LED or laser, on limited area
gallium arsenide region 24B. An electrical signal from
circoit S0A is coupled to Kght emiiter 55A by metal
leads 56. The light emitter, in tarn, produces a modu-

lated optical output signal coupled by waveguide 54 to.

a second photodetector 52B formed on limited area
region 24C. The electrical output of 52B is conpled toa
second imtegrated circoit 50B by metal leads 57. Thus
integrated circuits 50A and 50B are provided with opti-
cal interconnections.

As iflustrated, the sysiem can similarly be provided

with an optical output as by a second light emitter 558

formed on limited area region 24D. An electrical output
signal from circuil 508 over leads 53 causes emitter 55B
to produce an optical output signal coupled into optical
fiber 51B.

The integrated circuits 50A and 50B can be any of a
large number of known silicon VLSI circuits useful, for
example, in processing serial digital signals. The struc-
ture and fabrication of such circuits is well known in the
art.
Limited avea gallinm arsenide regions 24A, 24B, 24C,
and 24D can be fabficated on substrate 20 after forma-
tion of integrated circuits 83A and 50B withont signifi-
cantly deteriorating the underlying integrated circuits.
MBE at 550°-650° C. is particularly advantageous be-
cause of the low deposition temperatpres. Photodetsc-
tors 52A and 52B can be formed on regions 24A and
24C in accordance with one of a2 variety of known
methods of forming photodeteciors on gallium arsenide
substrates. See, for example, the photodetectors dis-
closed in Smith et al, **A New Infrared Detector Using
Electron Emission From Multiple Quantum Wells,” J.
Vae. Sei Technol B, Vol. 1, No. 2, April-June 1983 and
Levine et al, “New 10 Micron Infrared Detector Using
Intersubband Absorption In Resonant Tunneling
GaAlAs Superlattices,” Appiied Physics Letters, Vol. 50,
No. 16, Apr. 20, 1987. Similarly light emitiers 554 and
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55B can be formed on regions 24B and 24D in accor-
dance with one of a variety of known methods for form-
ing LED's or 1asers on gallinm arsenide substrates. See,
for example, Windhorn et al, “AlGaAs/GaAs Laser
Diodes on Si”, Applied Physics Lenters, Vol. 41, p. 1031
{1985); Ettenburg, “Continuous Low Threshold Al-
GaAs/GaAs Laser”, Applied Physics Letters, Vol. 27, p.
652 (1973), or the previously cited Choi et al articles.
Wavegnide 54 can be polymer, silicon coxide, or glass.
Preferably it is a phosphosilicate glass waveguide such
as described in Henry, “Recent Advances in Integrated
Optics on Silicon”, Proceedings of Eighth Annual Eu-
ropean Fiber Optic Communications and Local Area
Networks Conference, Jun, 27-25, 1990,

FIG. 6 schematically illustrates the use of the inven-
tion to provide a supplementary high-speed circuit toan
integrated circuit in the substrate. Here, as sbove, the
substrate 20 is preferably a monolithic silicon substrate
containing one or more integrated circnits 50 and one or
more limited ares, low defect density galliom arsenide
regions 24. The primary difference between this em-
badiment and that of FIG. 5 is that in FIG. 6 the regions
24 is sufficiently large to contain a small integrated
circuit 60 rather than only a device. For example, a
limited area region 24 having dimensions 50X 50x 50
microns is sufficiently large to contain the GaAs MES-
FET Circuit described in Shichijo, et al, “Co-Integra-
tion of GaAs MESFET and Si CMOS Circuits”, IEEE
Electron Device Letters, Vol, 9, No. 9, September 1988.
The silicon integrated circait 50 can be CMOS inverter
stages. The combination can form a ring oscillator. The
advantage of using limited area regions 24 in accor-
dance with the invention is lower defects in the gallium
arsenide with resulting higher yield and improved per-
formance.

FIG. 7 schematically illustrates the use of the inven-
tion to provide arrays of low defect density regions
integrally formed on a high defect density substrate.
Here substrate 20 is a monolithic crystalline substrate
having a level of defect density sufficiently large to
preclude high yield or to limit desired quality of devices
formed on the substrate. For example, substrate 20 can
be gallium arsenide having a defect density in excess of
about 103 em—2,

As 2 preliminary step, substrate 20 is etched, as by
reaciive ion etching, to form a sequence of pits 70 and
mesas 71, Gallium arsenide is deposited as by MBE to
form low defect regions 24A on the mesas 30, and low
defect regions 24B can be simultanecusly formed in the
pits. By growing the gailium arsenide sufficiently thick
as compared with its maximum lateral dimension, the
regions 24A and 24B are provided with upper surfaces
substantially free of defects. The resulting structure can
be used to fubricate on the upper surfaces of regions
24A and 24B, arrays of devices such as photodetectors
and lasers, having reduced defects and resnlting higher
yield and performance.

It is to be understood that the above-described em-
bodiments are illustrative of only a few of the many
possible specific embodiments which can represent ap-
plications of the principles of the invention. Numerous
and varied other arrangements can be readily devised in
accordance with these principles by those skilled in the
art without departing from the spirit and scope of the
invention.

1 claim:
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1. A method for making 2 semiconductor device
having one or more limited area regions with low defect
density semiconductor surfaces comprising the steps of:
providing a monocrystalline semiconductor sub-
strate; 5

epitaxially growing on said semiconductor substrate
onc or more limited area regions of semiconductor
material having a maximum lateral dimension L
and a thickness t, the ratio t/L being in excess of
V373 s0 that threading dislocations arising from
the interface between said Himited area regions and
said substrate exit at lateral side surfaces of said
limited area regions.

2, The method of claim 1 further comprising the step
of eiching one or more pit regions in said substrate; and

wherein said limited area regions are grown in said

pit regions.

3. The method of claim 1 further comprising the step
of forming on said substrate one or more mesa ragions
on said substrate; and

wheretn said limited area regions are grown on said

mesa regions.

4. The method of claim I further comprising the steps
of a} providing said substrate with a layer of insulating
material, and b) etching in said insulating layer one or 25
more pit regions 1o said substrate; and

wherein said limited area regions are grown in said

pit regions.

5. The method of claim 1 further comprising the steps
of a} providing said substrate with a layer of insulating 30
material of thickness substantially equal 1o the thickness
to which said limited area regions are to be grown, and
b} etching in said insulating material one or more pit
regions o said substrate; and
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wherein said imited area regions are grown in said

pit regions.

6. The method of claim 1 wherein said substrate is of
a first crystafline material and said limited area regions
are of a second cyystalline material, said first and second
materials having a lattice mismatch in excess of about
0.2%.

7. The method of claim 1 wherein said substrate com-
prises silicon and said limited area regions comprise
gallium arsenide.

8. The method of claint 1 wherein said substrate haca
density of dislocation defects In excess of about 10° per
cm? and said limited area regions are comprised of the
same semicondoctor material as said snbstrate.

9. A method for making a semiconductor device
having one or more limited area regions with low defect
density semiconductor surfaces comprising the sieps of:

providing a monocrystalline siticon substrate;

epitaxially growing on said silicon substrate one or
more limited area regions of GexSij—; having re-
spective areas in the range between 25 and 10,000
square microns and having a graded concentration
of Germanium increasing to about 100%; and

epitaxially growing on said Ge,Si;_; regions respec-
tive limited area regions of gallium arsenide having
a thickness sufficiently large as compared with the
maximum lateral dimension that threading disloca-
tions anising from the GaAs-Ge interface exit at
lateral side surfaces.

10. The method of claim ¥ wherein the concentration
of germanium in said GexSii_xis graded at a rate in the
range between 5% and 0.1% per ope thousand ang-

stroms.
2 % A b %




