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ETCHED SURFACE GRATINGS
FABRICATED USING COMPUTED
INTERFERENCE BETWEEN SIMULATED
OPTICAL SIGNALS AND REDUCTION
LITHOGRAPHY

BENEFIT CLAIMS TO RELATED
APPLICATIONS

This application claims benefit of U.S. provisional App.
No. 60/661,765 filed Mar. 14, 2005, said provisional appli-
cation being hereby incorporated by reference as if fully set
forth herein.

BACKGROUND

The field of the present disclosure relates to optical
surface gratings. In particular, surface gratings designed by
computed interference between simulated optical signals
and fabricated using photoreduction lithography or photore-
duction lithography followed by replication, and optical
devices or instruments incorporating such gratings, are dis-
closed herein.
One or more distributed optical structures (i.e., sets of
diffractive elements) on a surficial interface may be used to
angularly disperse light as a function of frequency and to
also provide signal wavefront transformations. Distributed
optical structures designed by computed interference
between simulated optical signals are disclosed herein that
may enable substantially optimized performance of such
devices. Also disclosed are reduction lithographic fabrica-
tion means that allow for designed distributed optical struc-
tures to be rendered on a mask on a size scale consistent with
economical and flexible spatially coherent writing means
and yet fabricated on the smaller size scales necessary to
support desired optical functionality.
Various embodiments, implementations, and adaptations
of optical waveguides with diffractive element sets are
disclosed in:
application Ser. No. 11/361,407 filed Feb. 23, 2006 in the
name of Thomas W. Mossberg (now U.S. Pat. No.
7,116,453 issued Oct. 3, 2006);

application Ser. No. 11/334,039 filed Jan. 17, 2006 in the
names of Thomas W. Mossberg, Christoph M. Greiner,
and Dmitri Iazikov;
application Ser. No. 11/298,290 filed Dec. 9, 2005 in the
names of Thomas W. Mossberg, Dmitri lazikov, and
Christoph M. Greiner;

application Ser. No. 11/280,876 filed Nov. 15, 2005 in the
names of Christoph M. Greiner, Dmitri lazikov, and
Thomas W. Mossberg;

application Ser. No. 11/239,540 filed Sep. 28, 2005 in the
name of Thomas W. Mossberg (now U.S. Pat. No.
7,009,743 issued Mar. 7, 2006);

application Ser. No. 11/213,345 filed Aug. 25, 2005 in the
names of Christoph M. Greiner, Dmitri lazikov, and
Thomas W. Mossberg (now U.S. Pat. No. 7,120,334
issued Oct. 10, 2006);

application Ser. No. 11/210,439 filed Aug. 23, 2005 in the
names of Dmitri lazikov, Christoph M. Greiner, and
Thomas W. Mossberg;

application Ser. No. 11/155,327 filed Jun. 16, 2005 in the
names of Christoph M. Greiner, Thomas W. Mossberg,
and Dmitri lazikov (now U.S. Pat. No. 7,190,858
issued Mar. 13, 2007);
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application Ser. No. 11/076,251 filed Mar. 8, 2005 in the
name of Thomas W. Mossberg (now U.S. Pat. No.
7,062,128 issued Jun. 13, 2006);

application Ser. No. 11/062,109 filed Feb. 17, 2005 in the
names of Christoph M. Greiner, Thomas W. Mossberg,
and Dmitri lazikov (now U.S. Pat. No. 7,181,103
issued Feb. 20, 2007);

application Ser. No. 11/055,559 filed Feb. 9, 2005 in the
names of Christoph M. Greiner, Thomas W. Mossberg,
and Dmitri lazikov (now U.S. Pat. No. 7,123,794
issued Oct. 17, 2006);

application Ser. No. 11/021,549 filed Dec. 23, 2004 in the
names of Dmitri lazikov, Christoph M. Greiner, and
Thomas W. Mossberg (now U.S. Pat. No. 7,260,290
issued Aug. 21, 2007);

application Ser. No. 10/998,185 filed Nov. 26, 2004 in the
names of Dmitri lazikov, Christoph M. Greiner, and
Thomas W. Mossberg (now U.S. Pat. No. 6,993,223
issued Jan. 31, 2006);

application Ser. No. 10/989,244 filed Nov. 15, 2004 in the
names of Christoph M. Greiner, Thomas W. Mossberg,
and Dmitri lazikov (now U.S. Pat. No. 6,961,491
issued Nov. 1, 2005);

application Ser. No. 10/989,236 filed Nov. 15, 2004 in the
names of Christoph M. Greiner, Dmitri lazikov, and
Thomas W. Mossberg (now U.S. Pat. No. 6,965,716
issued Nov. 15, 2005);

application Ser. No. 10/923,455 filed Aug. 21, 2004 in the
names of Thomas W. Mossberg, Dmitri lazikov, and
Christoph M. Greiner (now U.S. Pat. No. 7,054,517
issued May 30, 2006);

application Ser. No. 10/898,527 filed Jul. 22, 2004 in the
named of Dmitri lazikov, Christoph M. Greiner, and
Thomas W. Mossberg (now U.S. Pat. No. 7,194,164
issued Mar. 20, 2007);

application Ser. No. 10/857,987 filed May 29, 2004 in the
names of Lawrence D. Brice, Christoph M. Greiner,
Thomas W. Mossberg, and Dmitri lazikov (now U.S.
Pat. No. 6,990,276 issued Jan. 24, 2006);

application Ser. No. 10/842,790 filed May 11, 2004 in the
names of Thomas W. Mossberg, Christoph M. Greiner,
and Dmitri lazikov (now U.S. Pat. No. 6,987,911 issued
Jan. 17, 2006);

application Ser. No. 10/798,089 filed Mar. 10, 2004 in the
names of Christoph M. Greiner, Thomas W. Mossberg,
and Dmitri lazikov (now U.S. Pat. No. 6,823,115 issued
Nov. 23, 2004);

application Ser. No. 10/794,634 filed Mar. 5, 2004 in the
names of Dmitri lazikov, Thomas W. Mossberg, and
Christoph M. Greiner (now U.S. Pat. No. 6,985,656
issued Jan. 10, 2006);

application Ser. No. 10/740,194 filed Dec. 17, 2003 in the
names of Dmitri lazikov, Thomas W. Mossberg, and
Christoph M. Greiner (now U.S. Pat. No. 7,224,855
issued May 29, 2007);

application Ser. No. 10/653,876 filed Sep. 2, 2003 in the
names of Christoph M. Greiner, Dmitri lazikov, and
Thomas W. Mossberg (now U.S. Pat. No. 6,829,417
issued Dec. 7, 2004);

application Ser. No. 10/602,327 filed Jun. 23, 2003 in the
name of Thomas W. Mossberg (now U.S. Pat. No.
6,859,318 issued Feb. 22, 2005);

application Ser. No. 10/229,444 filed Aug. 27, 2002 in the
names of Thomas W. Mossberg and Christoph M.
Greiner (now U.S. Pat. No. 6,678,429 issued Jan. 13,
2004),
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application Ser. No. 09/843,597 filed Apr. 26, 2001 in the
name of Thomas W. Mossberg (now U.S. Pat. No.
6,965,464 issued Nov. 15, 2005);

application Ser. No. 09/811,081 filed Mar. 16, 2001 in the
name of Thomas W. Mossberg (now U.S. Pat. No.
6,879,441 issued Apr. 12, 2005).

Each of said applications and patents is hereby incorpo-
rated by reference as if fully set forth herein. Many of these
references describe diffractive elements formed in a one- or
two-dimensional optical waveguide, wherein the input or
output optical signal propagates in the waveguide. Some of
these references describe diffractive elements forming sur-
face gratings, wherein both input and output optical signals
propagate as diffraction-guided optical beams. For one or
more of the references incorporated hereinabove, it may be
the case that the devices, structures, embodiments, imple-
mentations, adaptations, procedures, or techniques disclosed
therein may be employed, within the scope of the present
disclosure or appended claims, for implementing an optical
surface grating, a method for fabricating the optical surface
grating, or an optical spectrometer incorporating the optical
surface grating.

SUMMARY

A method comprises: formulating a design input optical
signal; formulating a design output optical signal; comput-
ing an interference pattern between the simulated input and
output optical signals; computationally deriving an arrange-
ment of a set of diffractive elements from the computed
interference pattern; forming a mask pattern corresponding
to the derived arrangement of the diffractive elements; and
forming the diffractive element set on a substrate surface by
projecting the mask pattern onto the substrate surface. The
simulated design input optical signal propagates toward and
through a diffracting volume from a designed optical input
port as a diffraction-guided optical beam, and the simulated
design output optical signal propagates through and away
from a diffracting volume to a designed optical output port
as a diffraction-guided optical beam. The interference pat-
tern is computed over a design diffracting surface in the
diffracting volume. The arrangement of the diffractive ele-
ments is computationally derived from the computed inter-
ference pattern so that when the diffractive element set is
formed on a substrate surface substantially conforming to
the design surface, the diffractive element set would route,
as an output optical signal propagating to the output optical
port, a diffracted portion of an input optical signal propa-
gating from the input optical port and incident on the
diffractive element set that is diffracted by the diffractive
element set. The mask pattern is formed at a desired mask
size scale, and the diffractive element set is formed at a
desired projection size scale.

An optical apparatus comprises a set of diffractive ele-
ments on a substrate and arranged for i) receiving at least a
portion of an input optical signal propagating from an input
port as a diffraction-guided optical beam, ii) diffracting a
portion of the received input optical signal as an output
optical signal, and iii) routing the output optical signal to
propagate to the output optical port as a diffraction-guided
optical beam. The arrangement of the diffractive elements is
computationally derived from an interference pattern com-
puted from interference at a surface of the substrate between
a simulated design input optical signal and a simulated
design output optical signal.

An optical spectrometer comprises: an input optical port
for receiving an input optical signal into the spectrometer; an
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4

output optical port for transmitting an output optical signal
out of the spectrometer; and an optical surface grating
comprising a set of diffractive elements on a substrate. The
diffractive elements are arranged on the substrate surface for
i) receiving at least a portion of the input optical signal
propagating directly from the input port as a diffraction-
guided optical beam, ii) diffracting a portion of the received
input optical signal as the output optical signal, and iii)
routing the output optical signal to propagate directly to the
output optical port as a diffraction-guided optical beam. The
arrangement of the diffractive elements is computationally
derived from an interference pattern computed from inter-
ference at a surface of the substrate between a simulated
design input optical signal and a simulated design output
optical signal. The simulated input optical signal propagates
from the input optical port as a diffraction-guided optical
beam and the simulated output optical signal propagates to
the output optical port as a diffraction-guided optical beam.

Objects and advantages pertaining to the disclosed optical
surface gratings and methods of fabrication thereof may
become apparent upon referring to the exemplary embodi-
ments illustrated in the drawings and disclosed in the
following written description and/or claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates schematically computed interference of
optical beams at a substrate surface.

FIG. 2 illustrates schematically an exemplary interfero-
gram phase function and a diffractive element set arrange-
ment derived therefrom.

FIG. 3 illustrates schematically an exemplary derived
arrangement of diffractive elements formed on a substrate.

FIG. 4a illustrates schematically computed interference of
optical beams at a substrate interface. FIG. 4b illustrates
schematically an exemplary derived arrangement of diffrac-
tive elements formed on a substrate.

FIG. 5 illustrates schematically an exemplary arrange-
ment for blazing an optical surface grating.

FIGS. 6a and 65 illustrate schematically prior art blazing
of an optical surface grating. FIG. 6c¢ illustrates schemati-
cally calculation of phase differences between diffracted
optical signals. FIG. 6d illustrates schematically a blazed
optical surface grating according to the present disclosure.

FIGS. 7a and 756 illustrate schematically exemplary opti-
cal spectrometers incorporating optical surface gratings
according to the present disclosure.

The embodiments shown in the Figures are exemplary,
and should not be construed as limiting the scope of the
present disclosure and/or appended claims.

Oval-like structures that may appear in various of the
Figure showing diffractive element sets are artifacts of the
printing/display method, and are not part of the depicted
diffractive element set.

DETAILED DESCRIPTION OF EMBODIMENTS

For purposes of the present written description or
appended claims, the term “diffraction-guided optical beam”
shall denote an optical beam that propagates through a
substantially homogeneous optical medium (material or
vacuum) with a spatial wavefront that evolves according to
its diffractive nature rather than by the influence of index
boundaries or gradients.

An optical apparatus according to the present disclosure
comprises a substrate having a surficial arrangement of
diffractive elements (exposed or overcoated) arranged so as






























