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(57) Abstract: A holographic gun sight has a housing with a viewing end and an opposing target end, a viewing path being defined
from the viewing end to the target end. A light source projects a light beam along a path to illuminate a reflection-type holographic
optical element (HOE). The HOE reconstructs an object beam with an image of a reticle. The absolute difference between the incid -
ence angle of the light beam on the HOE and the object beam angle is greater than zero and less than or equal to 30 degrees.
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HOLOGRAPHIC WEAPON SIGHT WITH OPTIMIZED BEAM ANGLES

CROSS REFERENCE TO RELATED APPLICATIONS
{1] This U8, patent application claims priority to U.8. provisional patent application
Sertal No. 62/336,792, filed May 16, 2016, and claims priority to US. provisional patent
application Senial No. 62/184,927, filed June 26, 2015, and also claims priovity to US
provisional patent application Serial No. 62/279.164, Yanuary 15, 2016, the contents of which are

incorporated herein in their entirety.

FIELD OF THE INVENTION

(2] This application relates generally to compact holographic weapon sights.

BACKGROUND OF THE INVENTION
{3] There are several types of sights available in the market to enable a user of a
weapon such as rifle, shotgun, handgun and submachine gun {0 aim these weapons. Examples of
such sighting devises include laser sights, holographic sights, and “reflex” or “red dot” sights.
Holographic sights utilize a holographic optical element (HOE), illuminated by a reconstruction
beam, and the HOFE reconstructs an image, typically of a reticle. A user looks through the HOE
at a targeted object and perceives the reconsiructed reticle. Figure 1A schematically illustrates
an example of such a prior art device. A light source 2, typically a laser diode, projects a
diverging beam of light 3 which is reflected by a mirror 4 or HOE, such as a grating, creating a
reflected beam 5. The reflected beam 3 in this example 13 also diverging. and may be considerad
a reconstruction beam.  The reconstruction beam 5 illuminates a holographic optical element
(HOF) 6 and the HOE 6 reconstructs an image of a reticle.  An individual’s eve 7 can view the
tmage of the reticle and a target (not shown) through the HOE 6. This sighting device has
several disadvantages. The use of diverging light to illuminate an HOE may cause diift of the
image plane depth and the position of the reconstructed reticle.  Also, the wavelength of light
produced by typical laser diodes depends on a number of factors, including the teroperature of
the laser diode. For example, some laser diodes will exhibit a shift in output wavelength of
approximately 0.30 n/°C. The change wn temperature of the laser diode may be due to
environmental conditions or due fo heating from operation of the diode. The angle of diffraction

of an HOE or diffraction grating is wavelength dependent. As such, as the femperature shifis,
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resulting in a wavelength shift, the position of the reconstructed reticle shifts.  This is
undesirable. Finally, since the user views the target through the HOE, ambient light may cause a
rainbow effect m high efficiency HOEs and the HOE emulsion may have defects that are
detectable 1o the eve. Certain types of HOFEs also darken over time.

4] Figure 1B schematically illustrates an example of a pnor art device with a
configuration that compensates for wavelength shift. A hight source 10, typically a laser diode,
projects a diverging beam of light 11 which passes through a collimating lens 12. This creates a
collimated beam of light 13. The collimated beam 13 illuminates a diffraction grating 14. The
diffraction graiing 14 produces a reconstruction beam 15 that is angled upwardly, in this
example, which illuminates an HOE 16, The HOE reconstructs an object beam 17 that is
perceived by a user’s eye 18, The object beam 17 is angled downwardly, in this example, such
that the object beam 17 and the collimated beam 13 are parallel to each other. The grating 14
and HOE 16 are also parallel to each other. While the grating 14 and HOE 16 sull suffer from
the same dispersion as in the Figure 1A exaruple, the dispersion of the grating is equal to and in
an oppostte direction to the dispersion of the HOE, thereby compensating for the wavelength
shift. Such a compensation can also be achieved with a grating and HOE that are not parallel as
tong the dispersion of each is equal and 1 an opposite direction. This wavelength compensation
design is sometimes referred to as an achromat or achromat configuration. This design has the
same issue of viewing the target through the HOE. Also, this design can be difficult to package
in a compact weapon sight, and the relative position of the various componenis must be
maintained or the image quality or position may suffer,

151 There have been varicus atiempts to provide wavelength drift compensation
properties in a more compact package by folding the light path. Examples are shown m US

Patent Numbers 5,151,800; 5,483,362; 6,490,060; and 7,145,703,

SUMMARY OF THE INVENTION
{6] Certain embodiments of the present invention provide a compact weapon sight in
which an HOE 15 iHuroinated by a diverging bearn of light and the user views a reflection of the
HOE in a non-diffractive element (NDE). The relative angles of the reconstruction and object
beams of the HOE, and the angles of reflected light, are selected to reduce the visthility of
reflected hight by a user when the user is viewing the reconstructed reticle, while also reducing

the impact of wavelength shifts of the light source. It is preferred that the user not see the
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reflected light when the user’s eve is aligned with a viewing axis of the sight Certain
embodiments of the present invention utilize unequal reconstruction and image beam angles with
a custonized light source to achieve desired performance levels

{7 One embodiment of a holographic gun sight includes a housing having a viewing
end and an opposing target end, a viewing path being defined from the viewing end to the target
end. A light source is operable o project a hight beam along a3 path. A refleclion-type
holographic optical element (HOE) having a surface is disposed in the path of the light beam
such that the HOE 15 illuminated by the light beam at an incidence angle defined with respect to
a line perpendicular o the surface of the HOE. The HOE reconstructs an object beamn with an
1mage of a reticle, the object beam having an object beam angle measured with respect to the line
perpendicular to the surface of the HOE. A positive incidence angle and a positive object beam
angle are defined as being on opposite sides of the perpendicular line. The absohite difference
between the incidence angle of the light beam and the object beam angle is greater than zero and
fess than or equal to 25 30 degrees.

i8] In some varsions, the absolute difference between the incidence angle of the light
beam and the object beam angle is greater than five degrees. In further versions, the absolute
difference between the incidence angle of the light bearn and the object beam angle is greater
than 10 degrees and less than or equal to 20 degress.

9] In some versions, the sight further includes a non-diffraction element (NDE)
reflecting the image of the reticle, the non-diffraction element being disposed in the viewing path
such that a user views a target along the viewing path through the non-diffraction element from
the viewing end. The HOE is not disposed in the viewing path. The non-diffraction element
(NDE) may be selected from the group consisiing of a partial mirror, a glass element and an

optical element with a dichroic film coating.

{10} The light source may be a laser diode or a vertical-cavity surface-emitiing laser
diode (VCSEL).
{11} In some versions, the sight further includes a grating disposed in the path of the

hight beam from the light source, the grating reconstructing a bearn and illumunating the HOE
with the reconstructed beam. The light path ts defined as extending along the path of the light
beam and the path of the reconstructed beam. Alternatively, a mirror mav be disposed i the
path of the light beam from the light source, the mirror reflecting the light beam onto the

holographic optical element (HOE) and tllununating the holographic optical element (HOE).



10

20

30

WO 2017/030656 PCT/US2016/039562

112} In some versions, the light beam tlluminating the holographic optical element is a
non-collimated light beam.

[13] In certain versions, the light source directly illuminates the HOE without any
intermediate optical element.

{14} In certain versions, the sight further comprising a base configured to attach to a
weapon, the base having a lower surface and an upper surface, the lower surface configured to
engage the weapon or the optical device,

[15] Another embodiment of the present invention provides an adjustable holographic
sight having a housing with a viewing end and an opposing front end, a viewing path being
defined from the viewing end to the front end. A light source is operable to project a light beam
along a path. A reflection-type holographic optical element (HOE) having a surtace is disposed
in the path of the light beam such that the HOE is illuminated by the light beam at an incidence
angle defined with respect to a line perpendicular to the surface of the HOE. The HOE
reconstructs an object beam with an image of a reticle, the object beam having an object beam
angle measured with respect {o the line perpendicular to the surface of the HOE. A postiive
mncidence angle and a positive object beam angle are defined as being on opposite sides of the
perpendicular line. The absolute difference between the incidence angle of the hight beam and
the object beam angle is greater than zero and less than or equal to 30 degrees. A non-diffraction
element (NDE) reflecis the image of the reticle, the non-diffraction element being disposed in the
viewing path such that a user views a target along the viewing path through the non-diffraction
element from the viewing end. An adjustment mechanism is operable to move the non-
diffraction element relative to at least one axis, thereby providing a windage and/or elevation
adjusiment.

[16] In certain versions, the absolute difference between the mcidence angle of the
light beam and the object beam angle is greater than five degrees. In further versions, the
absolute difference between the incidence angle of the light beam and the object beam angle is

greater than 10 degrees and less than or equal to 20 degrees.

{17] The sight may be a weapon sight or a sight for an optical instrument.
{18] In some versions, the sight further includes a base having a lower surface and an

upper surface, the lower surface of the base configured to engage the weapon or the optical
device. A carrier has a lower surface and an upper surface, the lower surface of the camier being

disposed near the upper surface of the base. The holographic optical element (HOE) and the
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ight source are disposed on the upper surface of the carrier. A vertical pivot bolt connects the
carrier 1o the base such that the carrier is pivotally movable in a generally horizontal plane abowt
a vertical axis defined by the pivot bolt. The adjustment mechanism includes a windage
adjustment mechanism disposed in the carrier, the windage adjustment mechanism having a
windage screw operable to pivotally move the carrier about the vertical axis.

{19] The sight may also include an element holder supporting the non-diffraction
element (NDE) disposed at an angle with respect to the viewing path, the element holder being
pivotal with respect a transverse axis. The adjustment mechanism may include an elevation
adjustment mechanism operable {o pivot the element holder with respect to the transverse axis.
The elevation adjustment mechanism may include an elevation screw and an elevation nut
attached to the elevation screw, the elevation nut having an upper surface and a lower surface.
The upper surface has an angle, and the upper surface of the elevation nut is in contact with the
element holder such that transverse movement of the elevation nut pivotally moves the element
holder. A resilient member biases the element holder into contact with the elevation nut.

[26] The light source may be a laser diode or a vertical-cavity surface-emitting laser
diode (VCSEL) and the non-diffraction element (NDE) may be a partial mirror, a glass element
and an optical element with a dichroic film coating.

{21} In some versions, the sight has an operating temperature range with a minimum
temperature and the light beam from the hight source has a wavelength that decreases as the
temperature of the light source decreases. The HOE is configured such that an image plane
depth of the sight is a predetermined real image plane depth at a wavelength corresponding to the
maximum temperature. A real image plane depth 1s defined as an image plane depth perceived
by a user viewing the image of the reticle through the viewing end of the gun sight and the
wavefront of the light timage beam 1s concave toward the viewing end of the sight.

{22} A further embodiment of the present invention provides a method of setiing an
image plane depth of a holographic gun sight having a viewing end and a target end  The
method includes providing a holographic gun sight in accordance with any embodiment herein,
wherein the light bearn produced by the light source has a wavelength that decreases as the
temperature of the fight source decreases. An operating temperature range is defined, having a
maximum and a munimum femperature. A wavelength of the light beam is determined
corresponding to the maximum and munumum temperature. A mimmum image plane depth is

selected for the gun sight. The gun sight is such that the image plane depth is real and equal to

(¥2]
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the nunimum image plane depth at the wavelength corresponding fo the maximum temperature.
A real image plane depth is defined as an image plane depth perceived by a user viewing the
image of the reticle through the viewing end of the gun sight and the wavefront of the image
beam is concave toward the viewing end of the gun sight.

{23} In some versions, the step of configuring the gun sight comprises creating the
HOE such that the image plane depth 15 real and equal to the minimum image plane depth at the
wavelength corresponding to the maximum temperature.

124] In some versions, the operating temperature range has a defined minimum
temperature, whergin the sight is configured such that the image plane depth is virtual and equal
to or greater than the mimimurn image plane depth at a wavelength corresponding to the

minimum temperature.

BRIEF DESCRIPTION OF THE DRAWINGS
28]  The accompanying drawings, which are included to provide a further understanding of the
invention and are incorporated in and constitute a part of this application, tllustrate embodiment (g} of the

mvention and together with the description serve to explain the principle of the mvention. In the

drawings:

{26] FiG. 1A is alight path diagram of an example of a prior ari sighting device;

127} FIG. 1B is alight path diagram of another example of a prior art sighting device;
{28} FIG. 2A 15 a front perspective view of a sight in accordance with an ernbodiment

of the prasent invention;

{29] Fi(3. 2B is arear view of the sight of FI(G. 2A;

{36 FIG. 3 15 an exploded perspective view of the sight of FIGS. 2A and 2B;

[31] FIG. 4 15 a cross sectional view of the sight of FIGS. 2A, 2B and 3;

132} FIG. S 1s alight path diagram for an embodiment of the present mvention;

{33] FIG. 6 15 a hight path diagram illustrating reflection of a light beam illurninating
an HOE

134] Fi(z. 7 15 a light path diagram illustrating an image beam reconstructed by an
HOE;

{35] FIG. 8 i3 a light path diagram illustrating the path of a reflected light bean in a

sight according to the present invention;
{36] FiG. 9 15 a hight path diagram illustrating the path of an image beam i a sight

according to the present invention;
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137} Fi(3. 10 is a light path diagram tHustrating both a reflected beam and an image
beam;
[38] FIG. 11 1s a light path diagram for an altemative embodiment of a sight according

1o the present invention;
{39] FIG. 12 15 a graph showing image plane depth versus wavelength of a light source
for an example of the present invention,
{40} FIG. 13 15 a table providing calculations concerning performance characteristics
of a sight according to certain embodiments of the present invention; and
[41] FIG. 14 15 a schematic illustration of wavefronts of an image beam produced by
an HOE.

DETAILED DESCRIPTION OF THE INVENTION
{42} Figures 2A and 2B provide front and back perspective views of a sight 100 in
accordance with certain embodiments of the present invention. The sight 100 has a base 102
configured to engage a weapon. This may be accomplished 1 a variety of ways, including the
use of a quick release assembly configured to engage a rail of the weapon. Allematively, the
base 102 may be integrated with a weapon. In this embodiment, a carrier 110 is connected
adjacent an upper surface of the base 102, The position of the carrier 110 may adjustable relative
to the base 102 to adjust for windage and/or elevation. Embodiments of the present invention
may be used in combination with anv of the windage and elevation adjustment designs shown in
Applicant’s copending patent applications, U.S. Sertal Nos. 62/184,927 and 62/279,164, the
entire contents of all of which are incorporated herein by reference. Fmbodiments of the present
mnvention may also be used with other adjusiment designs. In the present embodiment, the
carrier 110 1s votatable with respect to the base 102 for windage adjustment but elevation
adjustment is accomplished separately, as will be described.
[43] A hood 120 is disposed on top of the carrier 110 and has a front protective lens
122 and a rear protective lens 124, In this disclosure, the terms “front™ or “forward™ refer to the
direction toward the user and “rear” or “rearward” refers to the direction toward the target. The
front protective lens may be said to define a viewing end of a housing of the sight and the rear
protective fens maybe said to define a target end of the housing, with a viewing path being
defined from the viewing end to the target end. Some embodiments may lack a {front and/or rear

protective lens with the housing just having openings or windows at the viewing and target ends.
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in the example of Figures 2ZA and 2B, the hood 120 and lenses 122 and 124 cooperate to enclose
an internal area above the carrier 110,

{44] Referring now to Figures 3 and 4, sorme of the intemal configuration of the sight
100 will be described. Figure 3 provides an exploded view and Figure 4 provides a cross
sectional view. A light source 130 is supported on the carrier 110 fowards the forward end. In
ceriain embodiments, the light source 15 a laser diode such as a vertical-cavity surface-emitling
faser diode (VCSEL), though other light sources may be used. The hight source illuminates a
nirror 140 that is supported by a mirror support 142, best shown in Figure 3. The mirror support
142 13 arch-shaped and extends upwardly from the carrier 110, The wirror is not shown in
Figure 3 but, as shown in Figure 4, mounts to the underside of the arch-shaped murror support
142 adjacent the top of the hood 120 This design isolates the mirror 140 from the hood 120
such that damage to the hood, or impacts against the hood, are less likely to adversely affect the
mirror.  Alternatively, the murror could be mounied to the hood itself An HOE 150 1s also
mounted to the carrer 110, rearwardly of the light source 130, such that light from the light
source 1s reflected by the mirror 140 onto the HOE 150. In this embodiment, the mirror and the
HOE are both disposed generally horizontally (with respect to a reference frame defined by the
carrier and/or the viewing path). In this embodiment, the hght source 130 i3 disposed generally
at the same height as the HOE 150

{45} A non-diffraction element (NDE) 160 is supported at an angle relative to
horizontal and generally above the HOE 150, As used herein, a holographic optical element
{(HOFE) 15 defined as an optical element {such as a lens, filter, beam splitter, or diffraction grating)
that 15 produced using holographic imaging processes or principles. Any embodiment of this
invention may also have a non-diffraction element (NDE), which may consist of a partial mirror,
glass or dichroic film coating.  As used herein, an NDE 15 defined as an optical element for
redirecting a pattern of light while preserving wavefront and diffracted pattern characteristics.
As such, an NDE is not an HOE. When the HOE reconstructs the image of a reticle, this image
may be reflected 1o or by the NDE. Thus, the NDE may serve two functions for the sight. The
MNDE reflects the image such that it may be viewed by a user’s eve. Additionally, a user may
view a target through the same NDE such that the reticle is superimposed on the target. This
facilitates a user for atming the weapon or optical device. Therefore, a user views the reticle and
the target through the NDE, not through an HOE. The NDE reflects more light and avoids a

rainbow effect.
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[46] The NDE 160 is supported by a NDE holder 162 which is pivotally supported by
the carrier 110 for rotation about a transverse axis. The pivot axis in this embodiment is defined
by pivot bolts 164 that pass through openings in the sides of the carrier 110 and engage pivot
tabs 166 extending downwardly from the remainder of the NDE holder. As will be clear to those
of skill in the art, pivoting the holder 162 will cause the reflected image of a reticle,
reconstructed by the HOE 150, to move upwardly and downwardly. Thereby, pivoting of the
holder 162 provides an elevation adjustment. It 1s noted that the positions of the light source
130, mirror 140 and HOE 150 are fixed relative to one other and relative to the cammer. This
maintains alignment and performance. Windage and elevation adjustments are achieved without
changing the relative positions of these elements.

471 Figure 5 provides a schematic representation of a particular embodiment of a sight
in accordance with the present invention and will be used to descnbe the light and image paths
for such embodiments. The sight 200 has a hight source 230, preferablyv a VCSEL that produces
a beam of light 232, The light beams in this Figure show only a central axis of the beam but it is
preferred that the beam 232 is a diverging beam of light, which in some versions may be
coherent light. All references herein to a beam angle refer to the central axis of the beam,
generally illustrated with heavier hine weight in the Figures. The position of the light source 230
is consistent with mounting the light source on a carner such as in Figures 2-4. The beam 232 is
angled upwardly and rearwarldy. A mirror 240 is generally horizontal and disposed above and
rearwarldy of the light scurce, and posttioned such that it s lluminated by the light beam 232.
Preferably, the light beam 232 diverges sufficiently to illuminate all or substantially the entire
nurror 240. The light beam 232 may tlluminate an area larger than the mirror 240, in which case
the murror will act to choke down the light beam by not reflecting all of it The murror 240
reflects the light beam 232, creating beam 244. The beam 244 may be referred to as a
reconstruction beam, since it will illuminate an HOE for reconstruction of an object beam. The
beam 244 1s also diverging,

[48] An HOE 250 1g generally horizontal and at about the same height as the light
source 230. The HOE 250 i1s positioned consistently with being mounted on a carrier as in
Figures 2-4, and positioned such that it is illumiated by the reconstruction beam 244
Preferably the light bearn 244 illununates all or substantially all of the HOE 250. The light beam
may tluminate an area larger than the HOE, in which case the HOE will choke down the light

beam 244 to the size of the HOE by not reflecting or otherwise making use of the light beam
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outside the area of the HOE. The HOE 250 reconstructs an obiect beam 252, tvpically an image
of areticle. A NDE 2534 is disposed above and at an angle to the HOE 250 such that the object
beam 252 i3 reflected as a reflected object beam 256 1o the user’s eve 238 Element 252 may
also represent a viewing path for the sight 200, though the direction of the viewing path is
defined opposite 1o the direction of the object beam. As shown, the HOE is a reflection-type
HOE, meaning that the reconstruction beam 244 itlluminates the upper surface and the image
beam 252 wutilized by the sight 200 extends from this same upper swrface. Referring back to
Figure 1B, this prior art sight utilized transmission-type HOEs wherein the image beam extends
from the surface opposite 1o the surface iltuminated by the light beam.

[49] For ease of explanation, reference 15 now made to Figures 6 and 7. Figure 6
shows a light source 260 that projects a diverging beam of light 262, The beam of light 262
tluminates a mirror 270, which creates a reflected beam of light 272, which is also diverging.
Physies dictates that the angle of incidence 264 will be equal to the angle of reflection 274, The
angle of incidence 264 and the angle of reflection 274 are both measured with respect to a line
276 extending perpendicular to the surface of the mirror 270, For purposes of this disclosure, a
positive angle of incidence and a positive angle of reflection are on opposile sides of the
perpendicular line 276, In this illustration, the bearn of light 262 illuminates an area larger than
the mirror 270. The light source 260 and beam 262 may be said to have a divergence angle 265
corresponding to the outer edges 266 of the diverging beam. However, since only a portion of
the diverging beam is reflected by the murror, the effective divergence angle, also referred to as a
choked angle 267, is smaller, corresponding to the outer edges 268 of the portion of the light
beam that will be reflected by the mirror 270, As such, the mirror acts to limit the effective
divergence angle. As will be clear to those of skill in the art, the divergence angle 265 may not
be well defined, since light may fall off at the edge rather than having a sharp termination.

{50} Referring now to Figure 7, the same light source 260 is shown projecting the
same diverging beam of light 262, This time only the effective portion of the diverging beam is
iltustrated. In Figure 7, the light beam illuminates an HOFE 280 and the HOE reconstructs an
object beam 282 Depending on how the HOE was recorded or created, the object besam 282
may be projected at a different angle than a reflected beam. In Figure 7, the beam of light 262
Hluminating the HOE may be referred to as a reconstruction beam, and the angle of incidence is
also defined as a reconstruction beam angle 264. The angle at which the object beam 282 is

projected from the HOE is defined as an object beam angle 284, In this illustration, the object

10
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beam angle 284 is smaller than the reconsiruction beam angle 264 but an HOFE may be created
with just about any combination of reconstruction beam angle and object beam angle. The key
point s that these angles do not need to be equal to each other. However, the dispersion of the
HOE is dependent on the difference between the reconstruction beam angle and the object beam
angle. If these angles are equal, there 1s no dispersion and a shift in the wavelength of the
reconstruction beam will not cause a change in the object beam angle. However, this will cause
reflected light from the hight source to be directed into the user’s eve. As clear to those of skill in
the art, an HOFE also acts as a nmirror and reflects some portion of the reconstruction beam. This
reflected light beam 1s reflected at an angle of reflection that is equal to the angle of incidence. If
an HOFE 1s created having equal reconstruction beam and object beam angles, the object beam
with be projected from the HOE at the same angle as light is reflected from the surface of the
HOE. In such a case, a user viewing the object beam will also see the light sowrce. (i a
diverging sowrce 1s used, this reflected light 1s undesirable and may interfere with use of the
sight. An alternative approach is provided in copending Patent Application Senal Number
62/269,657 filed December 18, 2016. As described therein, equal reconstruction and object
beam angles mayv be used with a collimated light source. The light from the light source is
reflected toward the user’s eve but appears as a dot that may be “hidden” m the reticle pattern.
51} Referring again to Figure 5, the reconstruction beam angle 246 is larger than the
object beam angle 253, and therefore the object beam angle is smaller than the angle of
reflection, not shown. As with the angle of reflection, a posifive image beam angle is defined as
being on a side of the line 276 opposite the angle of incidence or reconstruction beam angle. An
HOF may be constructed such that the object beam projects from the HOFE at an angle on the
same side of the line 276 as the reconsiruction beam but, as used herein, such an object beam
would be defined as having a negative object beam angle. In certain embodiments, the use of
object beam angles different from the angle of reflection allows a user to view the object beam
without also sesing the reflected light beam from the light source.

152} Referring now to Figures 8 and 9, the light paths for reflected light and a
reconstructed object beam are compared. In Figure 8, a light source 330 projects a diverging
beam of light 332 and illuminates a mirror 340. The light source illuminates an area larger than
the mirror and is therefore choked down {0 a choked angle or an effective angle of divergence.
The mirror 340 reflects a reflected beam 342 which illununates an HOE 350. In this Figure, the

path is tHustrated only for light reflected from the HOE, as 1f'it is a mirror. it is undersiood that
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not all light is reflected. The reflected light beam 352 then #lluminates an NDE 360 and is
reflected as a reflected light beam 362, The HOE and/or the NDE may be smaller than the light
bearn and act to further choke the light beam. As used herein, the term “effective divergence
angle means the divergence angle of the light beam after all choking. Angles are deternmuned
with respect to a central axis of the effective beam, after choking. As shown, the reflected light
beam 362 13 angled downwardly. Element number 362 points to the central axis of the reflected
hight beam. The outer edge of the reflected light beam 1s indicated by element number 364, As
shown, the edge 364 of the reflected light beam 362 extends below the user’s eye 366, when it is
aligned with the viewing path 368 The housing 370, such as defined by a bood, may have a
viewing window 372 that is sized to prevent the majority or entirety of the reflected light beam
362 from projecting out of the housing.

I83] in Figure 9, the same light source 330 is shown, with the diverging beam of light
332 iflumanating the mirror 340 and the reflected beam of hight 342 Hluminating the HOE 330.
However, this Figure shows the reconstructed object beam 354 being projected from the HOFE at
a shallower angle than the reflection angle. This object beam is reflected by the NDE 360 and
travels generally along the viewing path {o the user’s eve 366.

[54] Figure 10 1s a simplified schematic showing the combination of reflected and
reconstructed beams projected from the HOE 350. The reconstructed object beam is shown in
solid lines and the reflected beam 1s shown in dashed lines.

[35] An HOE will cause some dispersion depending on the angles of the reconstruction
and image beams. The HOE is created with a desired image beam angle, which will result when
that HOFE 1s illuminated with the predetermined wavelength of light at a predetermined
reconstruction beam angle. Dispersion 13 a change in the actual image beam angle, as compared
to the desired beam angle, that results from changes in the wavelength of the reconstruction
beam. As the color {i.e wavelength) of the light source, and therefore the reconsiruction beam,
shifts, the dispersion of the HOE increases and the image beam angle shifis from the desired
angle. The greater the difference between the predetermuned reconstruction beam angle and the
desired object beam angle, the greater the dispersive effects of the HOE. o an HOE with verv
small differences between the predetermined reconsiruction and desired image beam angles,
wavelength shifts will cause a small shift in the actoal image beam angle. In an HOE with larger
differences between the predetermined reconstruction and desired image heam angles, the same

wavelength shift will cause a greater shift in the actual image beam angle. In some embodiments
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of the present invention, the difference between the angles is limited to no more than 30 degrees,
and in certain embodiments no more than 20 degrees, and in further embodiments the difference
is approsimately 15 degrees. At the same time, the difference between the reconstruction beam
angle and the object beam angle is preferably great enough to avoid a user seeing the reflection
of the light source, particularly if the user’s eye is generally aligned with the viewing path or
axis. In some embodiments, the difference between the reconsiruction beam angle and the object
beam angle is at least 5 degrees, and in certain embodiments the difference is at least 10 degrees,
and in further embodiments 1t is approximately 15 degrees. For some embodiments, values in
these ranges provide a sight wherein the user can view the object beam without viewing the
reflected hight beam while also himuting dispersion to a level that avoids the needs for an
achromatic arrangement or a wavelength-stabilized light source. 1t is noted that the angle
difference indicated above are absolute differences. For exampie, in one version of a sight, the
angle of inctdence for the HOE 15 30 degrees and the image beam angle is 15 degrees such that
the difference between the image beam angle and the angle of incidence (and also the reflection
angle) is 15 degrees. These angles may be reversed, with an appropriate reconfiguration of the
sight, such that the angle of incidence is 15 degrees and the image beam angle is 30 degrees, and
the difference (1.e. absolute difference) is still 15 degrees. For purposes of this invention, the
image beam angle corresponds to the angle designed into the HOE, or used when forming the
HOE. Asnoted, this angle will change slightly with changes in wavelength.

{56] In some embodiments of the present invention, the light source 1s a VCSEL with a
wavelength of 670 nm +/- 2 nm and a spectral width of 1 nm.

157} The configuration shown in the prior Figures allows a user to view the object
beam without viewing the reflecied light source, while limiting dispersion to an acceptable level.
But, the present invention 1s not hinited to this configuration. Instead, the present mvention may
be practiced with other configurations that achieve similar results. Figure 11 illustrates a version
wherein the light path is less folded and does not use a murror. Instead, a light source 43¢
directly luminates an HOE 450 without any other optical elements disposed therebetween. The
reroainder of the sight 1s the same as before. In further alternatives, the angles between vartous
elements may be other than as shown, such as the mirror and HOE not being parailel to each
other and/or not be generally honzontal. In alternative embodiments, a grating may replace the
mirror, with the grating reconstructing a light beam that ilhuroinates the prmary HOE. In such a

case, the reconstructed light beam is considered a continuation of the light beam from the light
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source and the light path of the light beam (original or reconstructed) includes the path of the
reconstructed fight beam.

[58] For certain embodiments, the use of a reflection HOE 15 preferred as it provides
better efficiency. It is also preferred that NDE is a dichroic misror that reflects wavelengths
corresponding to the object beam and passes other wavelengths, but other NDEs may be used.
It is further preferred that diverging light iflumnates the HOE as this avoids the need for a
collimating lens or element, allowing more compact positioning. The use of a nurror, if hight is
1o be reflected to the HOE, is preferred, but in certain embodiments the mirror could be replaced
with a grating. It i3 noted that in some embodiments only a single HOE i3 used and the HOE is
not in the viewing path.

[59] Certain embodiments of the present invention also address issues with the image
plane depth of a holographic sight The image plane depth of the holographic sight is the
apparent distance al which the reticle appears. 1t 1s generally preferred that the reticle appear at a
substantial distance frorn the user, such as a distance of at least 35 vards. If the tmage plane
depth is very shallow, large parallax errors will occur as the user moves their eve side to side and
up and down. A sight that uses collimated light may have an image plane depth that is generaily
constant despite changes in the wavelength of the reconstruction bearn. However, with a
diverging reconstruction beam, shifis in wavelength will cause the image plane depth to change.
A holographic optical element has some lens-like effects. With a typical lens, as the lens
position is adjusted, the 1mage plane depth will change and an object viewed through the lens
will appear 1o go in and out of focus as the image plane depth moves. A holographic optical
element has some similar effects with respect to image plane depth. Figure 12 provides a graph
of image plane depth versus laser wavelength for one particutar embodiment of the present
mvention. Figure 13 provides calculations for this particular configuration.  fn Figure 12, the
wavelength of the reconstruction beam increases from left to right, so longer wavelengths are at
the right and shorier wavelengths are at the left. At the right end of the graph, the reticle image
is considered to be “real” and have a negative image plane depth. A negative image plane depth
and a positive image plane depth for the holographic optical appear the same to a user. Put
another way, a negative 50 vard image plane depth will look the same as a positive 50 vard
image plane depth. The difference is the shape of the wavefront reaching the user.

{64 Figure 14 1s a schematic showing wavefronts for various image plane depths. At

the top of Figure 14, a flat wavefront is shown approaching the eve of the user The flat
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wavefront corresponds to an tmage plane depth at infinity.  Just below this, another wavefront is
shown approaching the eve, but this wavefront i1s convex towards the user’s eye. This
corresponds to a virtual image at some distance, such as 200 yvards. However, it 15 noted that the
wavefront shape is exaggerated in the Figure. The actual concavity or convexity of a wavefront
is very slight. The wavefront at the botiom of Figure 14 is concave toward the user’s eye, and
corresponds to a real image at some distance, such as 200 vards. Again, the wavelront shape is
exaggerated.

[61] Referring again to Figure 12, at the right end of the graph, the image plane depth
is negative, the image 1s “real” and the wavefront is concave toward the user. As the wavelength
is reduced, the tmage plane depth increases, represented bv moving toward the center of the
graph. This corresponds to the wavefront flattening out (radius increasing). At the center of the
graph, a vertical line indicates where the wavefront becomes flat and the image plane depth
approaches infinity. As the wavelength is further shortened, the image becomes virtual and the
image plane depth 1s reduced.

[62] In accordance with an aspect of the present invention, it is preferred that the
image plane depth, positive or negative, be at least far enough to limut parallax errors. In some
versions, the image plane depth 1s at least 25 vards and 1n some versions the image plane depth is
at least 35 yards; other depths may also be used. In one example, the wavelength of the light
source, the distance from the light source to the HOE, and the operating temperature range are
known. The wavelength of the light source at the exiremes of the operating range may then be
determined. The minimum image plane depth (for example 35 yards) is set and the sight is
configurad such that at the maximum temperature, and therefore at the longest wavelength, the
image plane depth is real (i.e. negative) and al the selected minimum distance. Then, as the
temperature is reduced, and the wavelength shortens, the image plane depth will get longer and
then shorter again. When properly designed, the image plane depth will be greater than the
desired minimum (positive or negative) throughout the defined operating temperature range. In
one example, the wavelength of the light source is approximately 672.3 nm at 170 degrees
Fahrevheit. To this example, if the image plane depth 1s set at 35 yards at this temperature, the
image plane depth remains above 35 vards all the way down to negative 25 degrees Fahrenheit.
in a further example, the minimun image plane depth 15 a preferred distance based on the

application of the product.
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163] Certain embodiments of the present invention may utilize a wavelength stabilized
light source, such as described in co-pending provisional patent applications U.S. Serial Nos.
62/184,927 and 62/279,164, the entire contents of all of which are incorporated herein by
reference. This may be used to stabilize the wavelength across a temperature range or, as a more
himited siabilization, to reduce the wavelength change with temperature but to still allow some
wavelength change.

[64] As will be clear to those of skill in the art, the herein described embodiments of
the present invention may be altered in varicus ways without departing from the scope or
teaching of the present mvention. [t is the following claims, wncluding all equivalents, which

define the scope of the invention.
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CLAIMS

L. A holographic gun sight, comprising:

a housing having a viewing end and an opposing target end, a viewing path being defined
from the viewing end to the target end;

a light source operable to project a light beam along a path; and

a reflection-type holographic optical element (HOE) having a surface, the HOE disposed
in the path of the light beam such that the HOE is illuminated by the light beam at an incidence
angle defined with respect to a line perpendicular to the surface of the HOE, the HOE
reconstructing an object beam with an image of a reticle, the object beam having an object beam
angle measured with respect to the line perpendicular to the surface of the HOE, a positive
incidence angle and a positive object beam angle deflined as being on opposite sides of the
perpendicular line;

wherein the absolute difference between the incidence angle of the light beam and the
object beam angle is greater than zero and less than or equal to 30 degrees.

2. A sight according to claimn 1, wherein the absolute difference between the
incidence angle of the light beam and the object beam angle is greater than five degrees

3. A sight according to claim 1, wherein the absolute difference between the
incidence angle of the light beam and the object beam angle is greater than 10 degrees and less
than or equal to 20 degrees.

4. A sight according to any of claims 1-3, further comprising:

a non-diffraction element (NDE) reflecting the tmage of the reticle, the non-diffraction
element being disposed in the viewing path such that a user views a target along the viewing path
through the non-diffraction element from the viewing end; and

the HOE is not disposed in the viewing path.

5 A sight according to clam 4, wherein the non-diffraction element (NDE) is
selected from the group consisting of a partial mirror, a glass element and an optical element

with a dichroic filim coating.

6. A sight according to any of claims 1-5, wherein the light source is a laser diode or

a vertical-cavity surface-emitiing laser diode (VCSEL).
7. A sight according to any of claims 1-6, further comprising:
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a grating disposed i the path of the light beam from the light source, the grating
reconstructing a beam and illuminating the HOE with the reconstructed beam, the light path

defined as extending along the path of the hight beam and the path of the reconstructed beam; or

a mirror disposed in the path of the light beam from the light source, the muror reflecting
the light beam onto the holographic optical element (HOE) and illuminating the holographic

optical element (HOE}.

8. A sight according to any of claims 1-7, wherein the light beam iHuminating the

holographic optical element 15 a non-collimated light beam.

9. A sight according to any of claims 1-6 or 8, wherein the light source directly

Hiuminates the HOF without any intermediate optical element.

10, A sight according to any of claims 1-9, further comprising a base configured to
attach to a weapon, the base having a Jower surface and an upper surface, the lower surface

configured to engage the weapon or the optical device,

it An adjustable holographic sight, comprising:

a housing having a viewing end and an opposing front end, a viewing path being defined
from the viewing end to the front end;

a light source operable to project a light beam along a path;

a reflection-type holographic optical element (HOE) having a surface, the HOE disposed
in the path of the light beam such that the HOE 1s illuminated by the light beam at an incidence
angle defined with respect to a line perpendicular to the surface of the HOE, the HOE
reconstructing an object beam with an 1mage of a reticle, the object beam having an object beam
angle measured with respect 1o the line perpendicular to the surface of the HOE, a positive
incidence angle and a positive object beam angle defined as being on opposite sides of the
perpendicular line;

wherein the absolute difference between the incidence angle of the light beam and the
object beam angle is greater than zero and less than or equal to 30 degrees;

a non-diffraction element (NDE) reflecting the image of the reticle, the non-diffraction
element being disposed in the viewing path such that a user views a target along the viewing path

through the non-diffraction element from the viewing end; and
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an adjustment mechanism operable to move the non-diffraction element relative to at
ieast one axis, thereby providing a windage and/or elevation adjusiment.

12, A sight according to claim 11, wherein the absolute difference between the
incidence angle of the light beam and the object beam angle is greater than five degrees

13, A sight according to claim 11, wherein the absolute difference between the
incidence angle of the light beam and the object beam angle is greater than 10 degrees and less
than or equal to 20 degrees.

14 A sight according to claim 13, wherein the sight is a weapon sight or a sight for an
optical instrument.

15 A sight according to clair 14, further comprising:

a base having a lower surface and an upper surface, the lower surface of the base
configured to engage the weapon or the optical device;

a carrier having a lower surface and an upper surface, the lower surface of the carrier
being disposed near the upper surface of the base, the holographic optical element (HOE) and the
light source being disposed on the upper surface of the carrier;

a vertical pivot bolt connecting the carrier to the base such that the carrier is pivotally
movable in a generally horizontal plane about a vertical axis defined by the pivot bolt;

wherein the adjusiment mechanism comprises a windage adjustment mechanism disposed
in the carrier, the windage adjustment mechanism having a windage screw operable to pivotally
move the carrier about the vertical axis,

16, A sight according to any of claims 11-15, further comprising:

an element holder supporting the non-diffraction element {(NDE) disposed at an angle
with respect to the viewing path, the element holder being pivotal with respect a transverse axis;

wherein the adjustment mechamsm comprises an elevation adjustment mechanism
operable to pivot the element holder with respect to the transverse axis.

i7. A sight according fo claim 16, wherein the elevation adjustment mechanism
comprises:

an elevation screw and an elevation nut being attached to the elevation screw, the
glevation nut having an upper surface and a lower surface, the upper surface having an angle, the
upper surface of the elevation nut being in contact with the element holder such that transverse
moverent of the elevation nut pivotally moves the elervent holder; and

a resilient member biasing the element holder into contact with the elevation nut.
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18 A sight according to any of claims 11-17, wherein:

the hight source is alaser diode or a vertical-cavity surface-emitting laser diode (VCSEL):
and

the non-diffraction element (NDE) 15 selected from the group consisting of a partial

mirror, a glass element and an optical element with a dichroic film coating.

19 A sight according to any of claims 1-18, wherein:

the sight has an operating temperature range with a minimum and a maximum
temperature and the light beam from the light source has a wavelength that decreases as the
temperature of the light source decreases; and

the HOE is configured such that an image plane depth of the sight is a predetermined real
image plane depth at a wavelength corresponding to the maximum temperature, a real image
plane depth defined as an fmage plane depth perceived by a user viewing the image of the reticle
through the viewing end of the gun sight and the wavefront of the image beam is concave toward
the viewing end of the sight

20. A method of seting an image plane depth of a holographic gun sight having a
viewing end and a target end, the method comprising:

providing a holographic gun sight in accordance with any of claims 1-19, wherein the
fight beam produced by the light source has a wavelength that decreases as the temperature of the
Hight source decreases;

defining an operating temperature range having a maximum temperature;

determining a wavelength of the light beam projected by the light source af the maximum
temperature;

selecting a roinumum iroage plane depth for the gun sight;

configuring the gun sight such that the image plane depth is real and equal to the
minimum image plane depth at the wavelength corresponding 1o the maximum temperaiure, a
real image plane depth defined as an image plane depth perceived by a user viewing the image of
the reticle through the viewing end of the gun sight and the wavetront of the image beam 1s
concave toward the viewing end of the gun sight.

21 A method according to claim 20, wherein the step of configuring the gun sight
comprises creating the HOE such that the image plane depth 1s real and equal to the nunimum

image plane depth at the wavelength corresponding to the maximum temperature.
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22. A method according to claim 20 or 21, wherein the operating temperature range
has a defined minimum temperature, wherein the sight is configured such that the image plane
depth is virtual and equal to or greater than the minimum image plane depth at a wavelength

corresponding to the minimum temperature.
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