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(57) Abstract: The present invention includes methods for reducing photoexcitation of a photoswitchable photoinitiator in volumetric
printing including a volume of a photohardenable composition at locations in the volume at which intersection of two wavelengths does
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composition including a photoswitchable photoinitiator. Preferably the photohardenable composition includes the dual- wavelength
photoinitiator and a photohardenable resin component. The present invention also includes a photohardenable composition including
a photoswitchable photoinitiator with an improved reuse-printing lifetime.
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considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art
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"Box No. IT Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.: :

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of'the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 141 ’ ;
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III  Observations where unity of invention is lécking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Please See Supplemental Page-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. .

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. .

3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, m No required additional search fees were timely paid by the applicant. Consequently, this international search report is resfricted
to the invention first mentioned in the claims; it is covered by claims Nos.: .
1-59, 88-107, 134-140 '

Remark on Protest ' D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. ‘ :

I__—I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2022)



INTERNATIONAL SEARCH REPORT International application No

PCT/US23/83218

Wk

-Continued From Box No. [ll: Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group |: Claims 1-59, 88-107, and 134-140 are directed toward a method of three-dimensional (3D) printing.
Group II: Claims 60-87, 108-136, and 139-140 are directed toward a method of volumetric printing with reduced photoexcitation of a
photoswitchable photoinitiator included in the printing volume.

The special technical features of Group | include at least wherein the light sheet is modified in one or more regions to reduce regions of
the volume exposed only to first excitation light thereby reducing photoexcitation of the photoswitchable photoinitiator in the
photohardenable composition. .

The special technical features of Group |l include at least projecting an optical image generated with the second excitation light along a
projection axis to a selected location in the volume, wherein the optical image is oriented perpendicular to the projection axis, wherein the
optical image is oriented perpendicular to the projection axis.

The common technical features shared by Groups | & Il are exposing a volume of a photohardenable composition including a
photoswitchable photoinitiator and a photohardenable resin component to a projected optical image created by second excitation light
and a light sheet generated with first excitation light such that the optical image and light sheet intersect, preferably in a common plane,
at a selected location in the volume to induce polymerization or cross-linking of the composition at the selected location; wherein the
height dimension of the light sheet that is directed into the volume along the light sheet illumination axis is controlled such that height
dimension of the light sheet is less than the height dimension of the volume of the photohardenable composition through which it is
directed and greater than or equal to the height dimension of the projected optical image in the volume in the selected plane, and wherein
the light sheet at least fully overlaps the projected optical image in the volume in the selected plane. However, these common features
are previously disclosed by US 2020/0361152 A1 to Lawrence Livermore National Security, LLC et al. (hereinafter “LLNS"). LLNS
discloses exposing a volume of a photohardenable composition including a photoswitchable photoinitiator and a photohardenable resin
component to a projected optical image created by second excitation light and a light sheet generated with first excitation light such that
the optical image and light sheet intersect, preferably in a common plane (photocuring photosensitive resins; [0021]), at a selected
location in the volume to induce polymierization or cross-linking of the composition at the selected location (forming a solid polymeric
material; [0021]); wherein the height dimension of the light sheet that is directed into the volume along the light sheet illumination axis is
controlled such that height dimension of the light sheet is less than the height dimension of the volume of the photohardenable
composition through which it is directed and greater than or equal to the height dimension of the projected optical image in the volume in
the selected plane, and wherein the light sheet at least fully overlaps the projected optical image in the volume in the selected plane
(cross-linking by imaging from light curing radiation at a desired depth (height) to form an object in a containment vessel which would
have a greater height than the object; Fig. 2; [0063-0064] & [0073-007). ’

Since the common technical features are previously disclosed by the LLNS reference, these common features are not special and so
Groups |-l lack unity. ' i
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