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(57) Abstract: The present invention pertains to a projector device (1) for projecting a light beam (100) onto a retina (114) of a human
eye (110), comprising a projector (2) for projecting a light beam (100) from the exterior of a human eye (110) through a pupil (111) of
the eye (110), wherein the projector (2) is configured such that an exit pupil diameter (102) of the light beam (100) is set smaller than
an eye pupil diameter (112) of the eye, a corresponding method, and a device (40) comprising such a projector device.
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Device, projector device and method for projecting a light beam onto a retina of a

human eye

Technical Field

The invention relates to a projector device for projecting a light beam onto a retina of a
human eye, a corresponding method, and a device for projecting a light beam onto a retina

of a human eye comprising such a projector device.

Technological Backsround

Retinal malfunction, in particular caused by degenerative retinal diseases, is a leading reason

for visual impairment or even blindness.

For at least partially restoring a patient’s visual function, it is known to make use of a retinal
implant or in other words retinal prosthesis. In this regard, several different types of retinal

implants are known, which are based on different working principles.

Retinal implants have in common that they are usually placed epiretinally or subretinally in
the eye of the patient, such that they can replace in effect the damaged photoreceptors. In
this regard, information about a visual scene is captured with a camera and then transmitted

to an electrode array implanted in the retina.

Among common retinal implants, implants are known which comprise skin-penetrating
wires. These wires introduce risks of infection, scarring and leakage. Thus, more modern
implants use different wireless techniques, for instance by delivering power and visual
information through inductive coils. Furthermore, it is known to deliver power inductively
and visual information optically through the pupil of the eye, or to deliver both visual

information and power optically.

A particularly beneficial type of wireless information transfer to retinal implants is based on

projecting stimulation patterns of infrared light into the eye. When the gaze direction is such
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that some part of the implants is illuminated by part of the pattern, the implant converts that

part of the signal to electrical current that stimulates the retina accordingly.

The retinal implant is an array composed of stimulation electrodes or pixels. Fach pixel has
one or several photodiodes that capture the light delivered from a visual processor and

converts it into electrical current for stimulation.

Several implant arrays can be placed in the subretinal space, typically in or close to the

foveal area.

For projecting light or a light beam into a human eye, it is known to use a projector device,
such as augmented reality goggles. A projector of the projector device projects the light beam
onto the human eye, wherein the light beam is far broader than the pupil of the human eye.
This light beam is designed on purpose broader than the pupil of the human eye to allow an
imprecision of the placement of the projector with respect to the human eye while still
perceiving part of the light beam and further to allow eye movements to a certain extent.
That is, only a part of the light beam to be transmitted is led into the eye through its eye pupil
and towards the retina with an unknown irradiance as the pupil size of the eye may largely

vary.

Retinal implants based on projection of infrared light, in fact, require a specific irradiance for
correct operation. Thus, ordinary augmented reality goggles are unsuitable in combination

with such designed retinal implants.

The aforementioned projector devices can also be used in optogenetic applications to modify
or improve a targeted retinal area in the eye, such as reactivating the photosensibility of the

targeted area of the retina.

As the light beam arriving onto the retina comprises an unknown irradiance, it is difficult to
adjust the irradiance to an appropriate level. Thus, damages on the targeted area or an
insufficient effect on the targeted area may result due to too high or too low irradiance,

respectively.

Summary of the invention

It is an object of the present invention to provide an improved projector device for projecting
a light beam onto a retina of a human eye, as well as providing a corresponding method for

projecting a light beam onto a retina of a human eye.
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According to a first aspect, a projector device for projecting a light beam onto a retina of a
human eye is suggested, which comprises a projector for projecting a light beam from the
exterior of a human eye through the pupil of the eye. The projector device is further
configured such that an exit pupil diameter of the light beam is set smaller than an eye pupil

diameter of the eye.

By configuration of the projector device such that an exit pupil diameter of the light beam is
set smaller than an eye pupil diameter of the eye, it is possible that the whole light beam
always enters the eye through the eye pupil for a suitable range of eye pupil sizes and gaze
directions. Hence, the retinal implant can be illuminated with the light beam with a
predetermined or (pre-)specified irradiance, as it may be ensured that no radiant power is lost
at the iris of the human eye. Furthermore, there may be no radiance variation on the retina,

and hence on the retinal implant.

According to another preferred embodiment, the projector is configured such that the exit
pupil diameter is equal to or smaller than 3 mm, preferably equal to or smaller than 2 mm,
more preferably equal to or smaller than 1 mm, particularly preferably equal to or smaller
than 0.5 mm, and particularly preferably, the exit pupil diameter is set to T mm, 0.75 mm,

0.5 mm, or 0.25 mm.

As the diameter of the human eye pupil is usually bigger than 3 mm, and usually varies
between 3 mm and 8 mm, by setting the exit pupil diameter to equal to or smaller than 3
mm, it may be achieved that the whole light beam enters through the eye pupil in nominal
conditions, and thus there is no irradiance variation on the retina due to loss of power in

blocked parts of the light beam.

According to a further preferred embodiment, the projector device may comprise a sensor
unit for monitoring the eye pupil diameter of the eye the light beam is projected to and/or for
monitoring an ambient light intensity, wherein the sensor unit preferably comprises a camera
and/or a photodetector, wherein the projector comprises an adjustment unit for adjusting the
exit pupil diameter based on the monitored value of the eye pupil diameter and/or of the
ambient light intensity. Thereby, it can be ensured that the exit pupil of the light beam is
always adjusted or set equal to or smaller than the present eye pupil diameter, such that
substantially the whole light beam can enter the eye and reach the retina or the retinal

implant.
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Alternatively or in addition, the projector may be adapted for adjusting the irradiance of the
output beam based on the monitored value of the eye pupil diameter and/or of the ambient

light intensity.

According to a further preferred exemplary embodiment, an adjustment unit may comprise a

preferably exchangeable dioptric correction wedge.

According to a further preferred embodiment, the projector is configured such that an exit
pupil distance of the light beam emitted by the projector is adjustable in the range from 5
mm to 50 mm, preferably 10 mm — 30 mm, wherein preferably, an exit pupil plane defined
by the exit pupil of the light beam is aligned to an eye pupil plane defined by the eye pupil,
wherein preferably a maximum distance between the exit pupil plane and the eye pupil
plane is + 5 mm, preferably £ 3 mm, more preferably + 2 mm, even more preferably + 1
mm, and particularly preferably 0.5 mm. Thereby, it can be ensured that when the projector
device is correctly positioned in front of the human eye, the exit pupil distance can be
adjusted to the eye relief, that is the distance between the projector and the eye, in particular
a plane defined by the eye pupil. Preferably, adjustment of the exit pupil distance is

performed by an adjustment unit of the projector device or the projector, respectively.

In particular, when according to another preferred embodiment, both the exit pupil diameter
of the light beam and the exit pupil distance is adjusted to the eye pupil diameter and to the
eye relief, respectively, it can be ensured that the diameter of the light beam at the eye pupil
plane is smaller than the diameter of the eye pupil. Hence, thereby it may be achieved that
always the whole light beam enters the eye reaches the retina and potentially the retinal

implant.

According to yet another preferred embodiment, the projector device is configured to control
an irradiance of the light beam. Thereby, it can be ensured that the retinal implant is always

irradiated with the correct irradiance.

According to another preferred embodiment, the projector device comprises an alignment
device for aligning a central axis of the light beam with a center of the eye pupil, wherein
preferably a maximum deviation between the central axis of the light beam and the center of
the eye pupil is equal to or less than T mm. Hence, by means of the alignment device, loss of
power on the iris due to a misalignment of the light beam with respect to the eye pupil can

be avoided.
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Preferably, the alignment device is configured for aligning to the central axis of the light
beam with a viewing axis, being defined as the axis passing by the center of the eye pupil
and a center of an implant of the eye, wherein preferably a maximum deviation between the
central axis of the light beam and the viewing axis is equal to or less than 1°. Hence, by
means of the alignment device, loss of power on the iris and particularly on the retinal
implant due to a misalignment of the light beam with respect to the eye pupil can be

avoided.

With other words, when simultaneously, according to a particularly preferred embodiment,
the exit pupil diameter of the light beam is set smaller than an eye pupil diameter of the eye
as described above, the exit pupil plane defined by the exit pupil of the light beam is aligned
to the eye pupil plane defined by the eye pupil as described above, and the central axis of
the light beam is aligned with the center of the eye pupil preferably the viewing axis, it is
ensured that the light beam enters the eye pupil in its entirety and reaches the implant.
Hence, according to this exemplary embodiment, the irradiance onto the retinal implant may

always be known and/or predetermined.

According to another preferred embodiment, the alignment device is motorized and dynamic
and coupled with an eye observation module, preferably an eye position sensor, allowing
direction of the projection to follow the eye direction. In that embodiment, the eye
observation module, which can be an eye tracker device which monitors the eye position
and angle, provides the alignment requirement to the alignment device, and the alignment
device automatically adjusts the position and angle of the projection beam, for instance with
micromirrors or piezoelectric micro-motors, to ensure a correct alignment being done
automatically and regularly. With other words, the alignment device may include a
motorized unit configured to couple the direction of projection with an eye direction as
monitored by an eye observation module, preferably an eye tracking device, wherein the eye

observation module preferably is embedded in the projection device.

In a further preferred embodiment, the projector device comprises a fastening section for
fastening the projector device onto a frame, preferably a spectacles frame, wherein the
alignment device is configured such that a position and/or an orientation of the projector can
be adjusted with respect to the fastening section. Hence, alignment of the light beam with
respect to the eye pupil may be achieved simply by adjusting the position of the projector

with respect to the fastening section.
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For providing the above-mentioned adjustability, according to a further preferred
embodiment, the alignment device is formed such that the projector can be moved relative to
the fastening section in a plurality of movement directions, particularly preferably in five

movement directions.

Preferably, the alignment device is formed such that at least one of the movement directions
is a longitudinal direction, wherein preferably two movement directions are longitudinal

directions, and particularly preferably three movement directions are longitudinal directions.

In this regard, preferably each longitudinal direction is oriented substantially orthogonal to at
least one other longitudinal direction, wherein preferably each of the longitudinal directions

is oriented orthogonal to all other longitudinal directions.

It has been shown that adjustment as described above can be achieved in a particularly
beneficial way, when according to a preferred embodiment, one movement direction
corresponds to a longitudinal axis of a human head, and/or one movement direction
corresponds to a transversal axis of a human head, and/or one movement direction

corresponds to a sagittal axis of a human head.

Accordingly, when a movement direction corresponds to a longitudinal axis of the human
head, and another movement direction corresponds to the transversal axis of the human
body, the direction of the light beam can be adjusted, such that the central axis of the light

beam is projected onto the center of the eye pupil.

Furthermore, when a movement direction corresponds to the sagittal axis for human head,
the eye relief, hence the distance between the projector or a surface of the projector facing

towards the eye, and the eye pupil can be adjusted.

According to another preferred embodiment, the alignment device is formed such that at
least one of the movement directions is a direction of rotation, preferably two movement
directions are directions of rotation. Thereby, misalignments of the light beam with respect to

an axis defined by the eye pupil and the retinal implant can be compensated.

Thereby, preferably one direction of rotation is oriented such that a pantoscopic angle of the
projector with respect to the eye can be adjusted, and/or one direction of rotation is oriented

such that a wrap angle of the projector with respect to the eye can be adjusted.

When according to yet another preferred embodiment the alignment device comprises at

least one kinematic pair, preferably a plurality of kinematic pairs, wherein preferably at least
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one kinematic pair is a prismatic joint and/or wherein preferably at least one kinematic pair
is a rotating joint, and/or wherein the alignment device comprises at least one locking unit,
preferably a locking screw, for locking of at least one movement direction, adjustment and/or
alignment of the projector and/or the light beam with respect to the fastening section and/or

an eye pupil of a human eye may be provided in a robust and simple way.

According to yet another preferred embodiment, the projector device further comprises a
camera for capturing patterns of interest in front of the projector device, wherein a content of
the light beam is based on the captured pattern of interest, wherein preferably a main axis of
the camera is aligned with a main axis of the light beam, preferably concentrically aligned,
wherein preferably the camera and the projector are arranged in line facing opposite sides of

the device.

Thereby, it can be ensured that when a person equipped with the projector device is looking
straight ahead, the person may see exactly what is straight ahead of him. With other words,
thereby, it may be easier for the person to focus on a point of interest and moreover to orient

in space.

According to yet another preferred embodiment, the projector device comprises a
micromirror array, preferably a digital micromirror device which is per se known, wherein
the light beam is based on patterning light directed onto the micromirror array, preferably
light emitted by a laser, laser diode and/or an LED, preferably an LED-Matrix. With other
words, the micromirrors of the micromirror array each reflect a part of the incident light

beam, thereby generating a reflected, patterned exit light beam.

Preferably, light, preferably comprising a wavelength in the near infrared field, is lead into a
total internal reflection (TIR) prism, the light then hits an active area of the micromirror array
where the micromirrors select what part of the micromirror array disk is reflected toward the
eye and thus creating a pattern, the patterned light passes through the TIR prism again, and
the patterned light goes through a final lens and thereby exits the projector.

Preferably, the light beam is based on incoherent light such that diffraction effects or

interference patterns can be neglected.

According to another preferred embodiment, the light beam is based on coherent light.
Thereby it is possible that the micromirror array causes diffraction or interference patterns of
the light beam.
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According to yet another preferred embodiment, the projector device is adapted such that an
incident angle of the coherent light and a pitch of the micromirrors of the micromirror array
are configured such that a distance between intensity maxima of adjacent orders of
diffraction, preferably of the two most powerful orders of diffraction, of an output beam is
equal to or greater than 7 mm, preferably equal to or greater than 8 mm, more preferably
equal to or greater than 10 mm. Thereby, it can be ensured that only one intensity maxima
enters the eye pupil, which normally extends between 3 to 7 mm in diameter. Hence, the

irradiance on the internal implant can reliably be (pre-)determined.

Alternatively, the projector device is adapted such that an incident angle of the coherent light
and a pitch of the micromirrors of the micromirror array are configured such that the majority
of the power of the light beam goes into a single order of diffraction. Preferably, 70% to 95%,
more preferably 80 % to 95 %, more preferably 90 % of the light is directed into one order of
diffraction. Hence, other orders may become negligible in terms of power, and therefore
whether these orders also enter the pupil or not is not significant, as they do not significantly

affect the irradiance on the retina.

When according to yet another preferred embodiment, the projector device comprises a
preferably detachable eye observation module for observing at least a part of the retina,
preferably a part of the retina at which the light beam is targeted and/or for observation of the
eye pupil, wherein preferably, the eye observation module and the light beam comprise the
coincident optical axes, the eye observation module may be attached to the projector device
for adjusting, aligning and/or centering the light beam projected by the projector device into
a patient’s eye pupil and onto a retinal implant of the patients, when the patient wearing a
device comprising a projector device according to one of the above-mentioned
embodiments. Preferably, adjustment of the light beam is performed by trained medical staff.
After adjustment, the eye observation module may be detached as it is no longer needed. In
addition or as an alternative, the eye observation module may be used for observing the eye

pupil and/or for observation of the projected pattern on the retina.

According to another preferred embodiment, the eye observation module is adapted to
observe the retinal implant implanted in the retina. This allows to further adjust the light

beam projected by the projector device with respect to the retinal implant.

Preferably, the projector device further comprises a distance sensor for determining an eye

relief, that is a distance between the projector device and the eye pupil.
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According to another preferred embodiment, the projector device is adapted to transmit one
or more test patterns which can be used to adjust the alignment of the beam emitted by the

projector device and the eye pupil and/or the retinal implant.

According to another aspect, a device for projecting a light beam into a human eye is
suggested, which comprises a frame and a projector device according to any one of the
preceding embodiments, wherein the projector device is fixed to the frame, preferably by

means of its fastening section.

The effects and advantages described with regard to the projector device may analogously be

achieved by the device for projecting a light beam into a human eye.

According to a preferred embodiment, the frame is a spectacles frame, and/or wherein the
frame comprises a headband, and/or wherein the frame comprises a headring, and/or the

frame comprises ear stoppers.

According to another preferred embodiment, the device comprises a lens held by the frame,
wherein preferably, the lens is arranged at the frame to cover the eye when the device is
worn. The lens preferably is shaded, preferably tinted. By providing the shaded lens, the eye
pupil diameter may naturally be enlarged as less ambient light falls into the eye pupil.
Hence, alignment of the central axis to the center or the viewing axis, respectively, may be
facilitated.

According to another preferred embodiment, the frame is adapted to allow for at least some
of the above alignments, preferably the frame comprises a hinge arranged between a front
frame and a temple of the frame. By means of hinge, a temple is pivotable relative to the

front frame.

Alternatively or in addition, on at least one temple, a displaceable ear pad may be arranged

which can be displaced along the temple.

For supporting front frame on the patient’s nose, one or more adjustable nose pads may

preferably be provided.

By means of the aforementioned parts, the frame may be adjusted to the patient’s individual
head form prior for at least supporting adjustment of the light beam with respect to the eye
pupil. In particular, the ear pads may be moved forward or backward on the temples
relatively to each other to adjust the wrap angle of the front of the frame and hence of the

projector.
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According to yet another aspect of the invention, a method for projecting an image onto a
retina of a human eye or a method for operating a projector device as described herein for
projecting an image is suggested, comprising projecting a light beam from the exterior of a
human eye towards the pupil of the eye, wherein an exit pupil diameter of the light beam is

set smaller than an eye pupil diameter of the eye.

The effects and advantages described with regard to the projector device above may also be

anonymously achieved by the method.

According to another preferred embodiment, the method further comprises the step of
aligning a central axis of the light beam to a center of the eye pupil, wherein preferably a
maximum deviation between the central axis of the light beam and the center of the eye
pupil is equal to or less than 1 mm, wherein preferably, the central axis of the light beam is
aligned with a viewing axis, being defined as the axis passing by the center of the eye pupil
and a center of an implant of the eye, wherein preferably a maximum deviation between the

central axis of the light beam and the viewing axis is equal to or less than 1°.

According to another preferred embodiment, the exit pupil diameter is set equal to or smaller
than 3 mm, preferably equal to or smaller than 2 mm, more preferably equal to or smaller
than 1 mm, particularly preferably equal to or smaller than 0.5 mm, and particularly

preferably the exit pupil diameter is set to T mm, 0.75 mm, 0.5 mm, or 0.25 mm.

According to yet another preferred embodiment, an exit pupil plane defined by the exit pupil
of the light beam is aligned to an eye pupil plane defined by the eye pupil, wherein
preferably a maximum distance between the exit pupil plane and the eye pupil plane is £ 5
mm, preferably + 3 mm, more preferably + 2, even more preferably + 1, and particularly

preferably 0.5 mm.

According to yet another preferred embodiment, an exit pupil distance of the light beam is

adjustable in the range from 5 mm to 50 mm, preferably 10 mm to 30 mm.

According to another preferred embodiment, the exit pupil distance is adjusted to a distance

between the projector and the eye pupil.

According to another preferred embodiment, the method further comprises the steps of
monitoring the eye pupil diameter of the eye the light beam is projected to and/or monitoring
an ambient light intensity, and adjusting the exit pupil diameter based on the monitored

value of the eye pupil diameter and/or the ambient light intensity.
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According to yet another preferred embodiment, the light beam is based on patterning of
coherent light, preferably light emitted by a laser, a laser diode, directed onto a micromirror
array, wherein an incident angle of the coherent light and a pitch of the micromirrors are
configured such that a distance between intensity maxima of adjacent orders of diffraction,
preferably of the two most powerful orders of diffraction, of an output beam at the exit pupil
plane is equal to or greater than 7 mm, preferably equal to or greater than 8 mm, more

preferably equal to or greater than 10 mm.

Alternatively, the light beam may be based on patterning of incoherent light, preferably light

emitted by an LED, to substantially avoid effects of interferences.

Brief description of the drawings

The present disclosure will be more readily appreciated by reference to the following
detailed description when being considered in connection with the accompanying drawings

in which:

Figure 1 is a schematic side view of a projector device for projecting a light beam onto a

retina of a human eye according to a first embodiment;

Figure 2 is a schematic side view of a projector device for projecting a light beam onto a

retina of a human eye according to a second embodiment;

Figures 3a and 3b schematically show side views of a projector device having misaligned

light beams;

Figures 4A and 4B are schematic side views of projector devices for projecting a light beam

onto a retina of a human eye according to preferred embodiments;

Figure 5 is a schematic side view of a device for projecting a light beam onto a retina of a

human eye according to an exemplary embodiment;

Figure 6 is a schematic front view of a human head having a projector device for projecting a

light beam onto a retina of a human eye placed in front of an eye;
Figure 7 is a schematic side view of the human head of figure 6;
Figure 8 is a schematic top view of the human head of figure 6;

Figure 9 is a schematic side view of a human head wearing a device according to figure 5;
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Figure 10 is a schematic top view of the head of figure 9;

Figure 11 is a schematic side view of a micromirror array according to a preferred

embodiment;

Figure 12 is a schematic side view of the micromirror array according to Figure 11 having

tilted micromirrors; and

Figure 13 is a schematic side view of a micromirror array according to another preferred

embodiment.

Detailed description of preferred embodiments

In the following, the invention will be explained in more detail with reference to the
accompanying figures. In the Figures, like elements are denoted by identical reference

numerals and repeated description thereof may be omitted in order to avoid redundancies.

Figure 1 is a schematic side view of a projector device 1 for projecting a light beam 100 onto
a retina 114 of a human eye 110 according to a first embodiment. In this exemplary

embodiment, the light beam 100 comprises a wavelength in the near infrared field (NIR).

The projector device 1 comprises a projector 2 for projecting a light beam 100 from the
exterior of the human eye 110 through a pupil 111 of the eye 110. The projector 2 is
configured such that an exit pupil diameter 102 of an exit pupil 101 of the light beam 100 is

set smaller than an eye pupil diameter 112 of the eye.

Thereby, it is ensured that substantially the whole energy of the light beam 100 enters the eye
110 through the eye pupil 111. Hence, the retinal implant 30 implanted in the retina 114 is
irradiated with substantially the whole irradiance of the light beam 100. With other words,
the irradiance on the retinal implant 30 is known. Also, variation of the irradiance on the
retinal implant 30 can be avoided. Hence, by controlling the irradiance of the light beam
100 at the projector device 1, the irradiance on the targeted area of the retina is known and
can be controlled. Accordingly, proper operation of the retinal implant 30 and/or proper

functioning of optogenetic applications can be ensured.
The irradiance on the retinal implant 30 is crucial for functioning of the retinal implant 30.

For ensuring that the entire light beam 100 having its exit pupil diameter 102 set smaller than

the eye pupil 111 enters the eye pupil 111, the central axis central axis 107 of the light beam
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100 is aligned with the center 116 of the eye pupil 111. In this regard, it has been shown that
a maximum deviation between the central axis 107 and the center 116 equal to or smaller

than T mm provides adequate accuracy.

In addition, an exit pupil plane 104 defined by the exit pupil 101 of the light beam 100 is
aligned to an eye pupil plane 113 defined by the eye pupil 111. Thereby, it can be ensured
that the diameter of the light beam 100 is smaller than the eye pupil diameter 112 at the eye
pupil plane 113. For doing so, the exit pupil distance 103 extending between the projector
exits plane 108 and the exit pupil plane 104 is adjusted to the distance between the projector
108 and the eye pupil 111, thus the eye relief.

It has been shown that when the alignment of the exit pupil plane 104 to the eye pupil plane
113 is within a tolerance having a maximum distance of + 5 mm, preferably + 3 mm, more
preferably + 2, even more preferably = 1, and particularly preferably 0.5 mm, adequate

alignment is achieved.

The above described alignment of central axis 107 and center 116 as well as exit pupil plane
104 and eye pupil plane 113 is provided by means of an alignment device (not shown in

figure 1) of the projector device 1, which is described in detail below.

Setting the exit pupil diameter 102 smaller than the eye pupil diameter 112 may be provided
by setting the exit pupil diameter 102 to a fixed value which is smaller than an estimated
minimum eye pupil diameter 112. It has been shown that when the exit pupil diameter 102
is set to a value equal to or smaller than 3 mm, preferably equal to or smaller than 2 mm,
more preferably equal to or smaller than 1 mm, particularly preferably equal to or smaller
than 0.5 mm, it can be ensured that the eye pupil diameter 112 is always greater than the
exit pupil diameter 102. Advantageous values for the exit pupil diameter 102 are T mm, 0.75

mm, 0.5 mm, or 0.25 mm.

Alternatively or in addition, the projector 2 may comprise an adjustment unit (not shown) for
adjusting the exit pupil diameter 102 based on a monitored value of the eye pupil diameter

and/or of the ambient light intensity surrounding the projector device 1.

In this regard, the projector device 1 may comprise a sensor unit configured for monitoring
the eye pupil diameter 112. Hence, the adjustment unit can set the exit pupil diameter 102
smaller than the measured eye pupil diameter 112. In this regard, it has been shown

advantageous when the sensor unit comprises a camera for monitoring the eye pupil 111,
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Alternatively or in addition, the sensor unit may be configured for monitoring the ambient
light intensity. As the eye pupil diameter 112 is substantially depending on the ambient light
intensity, with other words, as the eye pupil diameter 112 is a function of the ambient light
intensity, the sensor unit may determine the eye pupil diameter 112 based on the measured
light intensity, e.g. by comparing them value of the measured light intensity with values
stored in a lookup table. In this regard, it has been shown advantageous when the sensor unit

comprises a photodetector.

It may be particularly comfortable for a person who is equipped with the projector device 1
when the eye relief between the projector 2, hence the projector exit plane 108, and the eye
pupil 111 is arranged in a distance between 5 to 50 mm, preferably 10 mm to 30 mm. Thus,
the projector 2 is optionally configured such that an exit pupil distance 103 of the light beam
100 emitted by the projector 2 is adjustable in the range from 5 mm to 50 mm, preferably 10

mm — 30 mm, preferably by means of the adjustment unit.

The alignment device 4 optionally is configured for aligning the central axis 107 of the light
beam 100 with a viewing axis, being defined as the axis passing by the center 116 of the eye
pupil and a center of an implant of the eye 110, wherein preferably a maximum deviation
between the central axis 107 of the light beam 100 and the viewing axis is equal to or less
than 1°.

Figure 2 is a schematic side view of a projector device 1 for projecting a light beam 100 onto
a retina of a human eye 110 according to a second embodiment. This embodiment
substantially corresponds to the embodiment shown in figure 1. Again, the output beam
diameter 109 which is herein disclosed to be seen corresponding to the exit pupil diameter
102 at the eye pupil location is set smaller than the eye pupil diameter 112. Hence,
substantially the whole light energy of the light beam 100 arrive at the retinal implant 30.
That is, again, the irradiance at the retinal implant 30 is known and can be controlled at the

projector device 1.

Figures 3a and 3b schematically show side views of a projector device 1 according to figure

1 having misaligned light beams 100.

By these figures it can be seen that the alignment of the light beam, hence the exit pupil 101,

with respect to the eye pupil 111 is from significant importance.

In figure 3A, the exit pupil plane 104 is misaligned to the eye pupil plane 113 with a distance

105 greater than the above described tolerance. Hence, although the exit pupil diameter 102
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is set smaller than the eye pupil diameter 112, the light beam 100 is particularly blocked by
the iris 115.

In figure 3B, in turn, the central axis 107 of the light beam 100 is misaligned to the center
116 of the eye pupil 112 by a deviation 106 greater than the above described maximum
deviation 106. As can be seen, the light beam 100 is also partially blocked by the iris 115.

Hence, only when the alignment is described above with regard to figure 1 is performed, that
is the exit pupil distance 103 is correctly set or adjusted, and the main axis 3 of the projector
2, which corresponds to the central axis 107 of the light beam 100 is correctly set or
adjusted, it can be ensured that the light beam 100 having an exit pupil diameter 102 smaller

than the eye pupil diameter 112 in total enters the eye 110.

Figure 4A is a schematic perspective side view of a projector device 1 for projecting a light
beam onto a retina of a human eye according to another embodiment. The projector device
1 substantially corresponds to the projector device 1 described with regard to figure 1. As
can be seen in figure 4A, in this exemplary embodiment, the projector device 1 comprises a
camera 6 for capturing patterns of interest in front of the projector device 1. The captured
pattern of interest captured by the camera 6 provides basis for the content of the light beam

100 which is projected into the human eye 110 and onto the retinal implant 30.

Moreover, the projector device 1 comprises an optional preferably detachable eye
observation module 8 for observing at least a part of the retina 114 and/or the iris 115,
preferably a part of the retina 114 at which the light beam 100 is targeted. Preferably, the
content captured by the eye observation module is led to a video screen (not shown),
wherein preferably the video screen is aligned with the light beam 100 and the implant 30.
When the iris 115 is observed, it is possible to observe the alignment of the output beam to

the eye pupil 111 for monitoring whether further adjustment needs to be performed.

Thereby preferably the eye observation module 8 is configured such that the retinal implant
30 on the back of the eye 110 and also the projected beam 100 on the retina 114 can be

monitored and thus shown on the video screen.

In a further preferred embodiment, the eye observation module 8 comprises an optical path
that can be combined with the optical path of the projection, for instance through dielectric
mirrors and/or beam splitters, hence permitting the direct visualization of the projected beam

on the eye observation camera 6. Preferably, the camera 6 is positioned on one of the sides
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of the module, and is optically connected, preferably via lenses, and/or mirrors and/or beam

splitters, to the optical path of the projection, that is the output beam 22.

Simple alignment of the eye pupil 111 and the light beam 100 may be achieved and/or may
be controlled when adjusting the light beam 100, hence the projector device 1 with respect
to the human eye 110. Moreover, the above may be helpful for training a patient equipped

with the projector device 1.

Figure 4B shows a schematic perspective side view of a projector device 1 for projecting a
light beam onto a retina of a human eye according to another embodiment. The projector
device 1 substantially corresponds to the projector device shown in figure 4A, wherein the

eye observation module 8 is arranged on another location at the projector device 1.

Figure 5 is a schematic side view of a device 40 for projecting a light beam onto a retina of a

human eye according to an exemplary embodiment.

The device 40 comprises a frame 50 which in this embodiment is implemented in form of a

spectacles frame 50.

The device 40 further comprises a projector device 1 which substantially corresponds to the

projector devices 1 described with regard to figures 1 and 4.

The projector device 1 is attached to the frame 50 via a fastening section 5. As described
above, the projector device 1 comprises the alignment device 4. By means of the alignment
device 4, the position and the orientation of the projector 2 can be adjusted with respect to
the fastening section 5, thus with respect to the frame 50 and as a consequence to the human

eye of the patient wearing the device 40.

The alignment device 4 is formed such that the projector 2 can be moved relative to the

fastening section 5 in five movement directions 10, 11.

Three movement directions are longitudinal directions 10, 10, 10", wherein optionally each

longitudinal direction is oriented substantially orthogonal to the other longitudinal directions.

In this exemplary embodiment, a first longitudinal movement direction 10 corresponds to a
longitudinal axis of a human head, a second longitudinal movement direction 10"
corresponds to a transversal axis of a human head, and a third movement longitudinal
direction 10’ corresponds to a sagittal axis of a human head, as will be described in more

detail with respect to figures 6 to 8.
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The two remaining movement directions are directions of rotation 11, 11”.

In this exemplary embodiment, a first direction of rotation 11’ is oriented such that a
pantoscopic angle of the projector 2 with respect to the eye 110 can be adjusted, and a
second direction of rotation 11 is oriented such that a wrap angle of the projector 2 with
respect to the eye 110 can be adjusted, as will be described in more detail with respect to

figures 6 to 8.

For providing the movement directions 10, 10’, 10”, 11, and 11/, the alignment device 5
comprises a plurality of kinematic pairs which are shown in generic form, as kinematic pairs

are per se known.

The longitudinal movement directions 10, 10, 10” are provided by means of prismatic joints.
In detail, one of the prismatic joints is arranged in proximity to the fastening section 5. This
prismatic joint provides linear movement in the longitudinal movement direction 10. A
second prismatic joint is arranged adjacent to the first prismatic joint and provides movement
along the longitudinal movement direction 10’. Adjacent thereto, a first rotating joint is
arranged, which provides rotation in the direction of rotation 11. Moreover, a further
prismatic joint is provided for enabling movement in longitudinal movement direction 10”.
In addition, a further rotational joint is provided for providing rotation in direction of rotation
11"

Furthermore, alignment device 5 comprises a plurality of locking units, wherein each of the
locking units (not shown) is allocated to a respective kinematic pair for locking or releasing
movement in the respective movement direction. Locking units are per se known, and for
instance may be implemented in the form of a locking screw or a surface comprising a high

coefficient of friction.

As can be seen in figure 5, the main axis 7 of the camera 6 is aligned with a main axis 3 of
the projector 2 and hence with the central axis 107 of the light beam 100. According to this
exemplary embodiment, the main axis 3 and the main axis 7 are concentrically aligned. With
other words, the camera 6 and the projector 2 are arranged in line facing opposite sides of

the projector device 2.

Moreover, the device 40 comprises a lens 60 held by the frame 50. The lens 60 according to
this embodiment is shaded, here tinted. By providing the tinted lens 60, the eye pupil

diameter 112 is naturally enlarged as less ambient light falls into the eye pupil 111. Hence,
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alignment of the central axis 107 to the center 106 or the viewing axis, respectively, may be
facilitated.

Figure 6 is a schematic front view of a human head 15 having a projector device 1 for

projecting a light beam onto a retina of a human eye placed in front of the eye 110.

The projector device 1 corresponds to the projector device 1 described with respect to
figures 1 and 5. For better visibility, the projector device 1 is shown in reduced form and the

device 40 is spared.

As can be seen, longitudinal movement direction 10” is oriented substantially parallel to
transversal axis 13 of the human head 15. Hence, a transversal or lateral adjustment of the

projector 2 and hence the light beam 100 with respect to human eye 110 can be performed.

The longitudinal movement direction 10 corresponds to a longitudinal axis 12 of the human
head 15. Hence, by means of longitudinal direction 10, the projector 2 can be lowered or

raised with respect to the eye 100.

Figure 7 is a schematic side view of the human head 15 of figure 6. As can be seen,
longitudinal movement direction 10" essentially corresponds to the sagittal axis 14. Hence,
by the longitudinal movement direction 10’, the eye relief can be adjusted to correspond to

the exit pupil distance 103.

Moreover, via the direction of rotation 11’ (see figure 5) the pantoscopic angle 16 of the
projector 2, hence the light beam 100, with regard to the human eye 110, hence the eye
pupil 111, can be adjusted.

Figure 8 is a schematic top view of the human head 15 of figure 6. As can be additionally
seen in this view, by means of direction of rotation 11 (see figure 5) the wrap angle 17 of the
projector 2, hence the light beam 100, with regard to the human eye 110, hence the eye
pupil 111, can be adjusted.

That is, by means of the above-mentioned five movement directions 10, 10/, 10”, 11, and
117, the light beam 100 can be centered and aligned with regard to the center of the eye
pupil 111 and the eye relief can be adjusted such that the exit pupil plane is aligned with the
eye pupil plane.

Consequently, the light beam 100 enters the eye 110 in its entirety and moreover is aligned

such that it is directed onto the retinal implant 30.



10

16

20

25

30

WO 2020/192942 PCT/EP2019/057966
19

Figure 9 is a schematic side view of a human head 15 wearing a device 40 according to
figure 5. The device 40 according to this exemplary embodiment in addition optionally
comprises hinges 56 which are arranged between a front frame 55 and temples 53 of the
frame 50. By means of hinge 56, a temple 53 is pivotable relative to the front frame 55.
Moreover, on each temple 53, a displaceable ear pad 52 is arranged which can be displaced
in the displacement direction 520. For supporting front frame 55 on the patient’s nose,
adjustable nose pads 54 are provided. By means of the aforementioned parts 52, 54 and 56,
the frame 50 can be adjusted to the patient’s individual head form prior to adjusting the
projector 2 and hence aligning the light beam 100 with respect to the eye pupil 111 of the
patient as described above. In particular, the ear pads 52 can be moved forward or backward
on the temples 53 relatively to each other to adjust the wrap angle 17 of the front frame 55

and hence of the projector device 1.

Similarly to hinge 56, there can be a further hinge at the location of hinge 56 to tune the
angle of the temples 53 relatively to the front frame 55 for a potential adjustment of the wrap
angle 17. Alternatively, the hinges 56 are arranged to provide pivoting of the temples 53

relative to the front frame 55 about at least two pivot axes.

Figure 10 is a schematic top view of the head 15 of figure 9. In this view, optional
counterweights 51 and 51" are shown. Counterweight 51 is arranged on the side of the frame
50 opposite to the side at which the projector device 1 is arranged such that the lateral
weight distribution of the device 40 is balanced. In addition, optional counterweights 517
contribute to a balanced distribution along the sagittal axis 14. Thereby, a wearing comfort of

the device 40 may be increased.

Figures 11 and 12 show schematic side views of a micromirror array 20 which may be part

of a projector device 1 according to a preferred exemplary embodiment.

Figure 11 is a schematic side view of the micromirror array 20, wherein the light beam 100 is
based on patterning of coherent incident light 21 directed onto the micromirror array 20, in

this exemplary embodiment NIR light emitted by a laser diode.

Several orders of diffraction, corresponding to light beams in constructive interference, of
respective intensity maxima 26, 26, 26"’ of the reflected output beam 22 appear out of the
micromirror array 20 due to the pitch 23 of the micromirrors 27. Energy is distributed mostly
in the zeroth order intensity maxima 26. Hence, the incident angle 24 is equal to the output
angle 25. Here, substantially the total light energy of the light beam 100 is distributed in the
zeroth order 26 only.
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Figure 12 is a schematic side view of the micromirror array 20 having tilted micromirrors 27.
Due to the tilting of the micromirrors 27, the light energy of the coherent light 51 is
distributed differently in the different orders of intensity maxima 26, 26’, 26”, such that for

example the second order maxima 26’ gets most of the energy.

If the incident angle 24 is slightly decreased, the energy will be distributed between the first
and second order 26’ and 26”". Hence, by adjusting the incident angle 24, the energy of the

incident coherent light 21 can be distributed in either one or two output beams 22.

Moreover, if the micromirrors 27 are tilted in two dimensions, the energy of the incident light

21 can be split into four output beams 22.

In this regard, the incident angle 24 of the coherent incident light 21 and a pitch 23 of the
micromirrors 27 of the micromirror array 20 are configured such that a distance between the
intensity maxima 26, 26’, 26" of adjacent orders of diffraction, that is of the two most
powerful orders of diffraction, of the output beam 22 at the exit pupil plane is equal to or
greater than 7 mm, preferably equal to or greater than 8 mm, more preferably equal to or

greater than 10 mm.

Alternatively or in addition, the projector device is adapted such that the incident angle 24 of
the coherent incident light 21 and the pitch 23 of the micromirrors 27 of the micromirror
array 20 are configured such that the majority of the power of the output beam 22 goes into a
single order of diffraction, according to this embodiment in intensity maximum 26.
Preferably, 80 % to 95 %, more preferably 90 % of the power of the light is directed into this

order of diffraction.

Figure 13 is a schematic side view of a micromirror array 20 which may be part of a
projector device 1 according to another preferred exemplary embodiment, wherein the light
beam 100 is based on patterning of incoherent incident light 21 directed onto the

micromirror array 20, in this exemplary embodiment NIR light emitted by an LED.

As can be seen, due to the incoherence of the light beam 100, the output beam 22 is based
on reflection of the incident light 21 and patterning according to the structure of the

micromirror array 20 only. Substantially no diffraction occurs.

It will be obvious for a person skilled in the art that these embodiments and items only depict
examples of a plurality of possibilities. Hence, the embodiments shown here should not be

understood to form a limitation of these features and configurations. Any possible
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combination and configuration of the described features can be chosen according to the

scope of the invention.
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Claims

Projector device (1) for projecting a light beam (100) onto a retina (114) of a

human eye (110), comprising

a projector (2) for projecting a light beam (100) from the exterior of a human
eye (110) through a pupil (111) of the eye (110),

characterized in that

the projector (2) is configured such that an exit pupil diameter (102) of the
light beam (100) is set smaller than an eye pupil diameter (112) of the eye.

Projector device (1) according to claim 1, wherein the projector (2) is configured
such that the exit pupil diameter (102) is equal to or smaller than 3 mm,
preferably equal to or smaller than 2 mm, more preferably equal to or smaller
than 1 mm, particularly preferably equal to or smaller than 0.5 mm, and
particularly preferably the exit pupil diameter (102) is set to T mm, 0.75 mm, 0.5

mm, or 0.25 mm.

Projector device (1) according to claim 1 or 2, further comprising a sensor unit for
monitoring the eye pupil diameter (112) of the eye (110) the light beam (100) is
projected to and/or for monitoring an ambient light intensity, wherein the sensor
unit preferably comprises a camera and/or a photodetector, wherein the projector
comprises an adjustment unit for adjusting the exit pupil diameter (102) based on
the monitored value of the eye pupil diameter (112) and/or of the ambient light
intensity.

Projector device (1) according any one of the preceding claims, wherein the
projector (2) is configured such that an exit pupil distance (103) of the light beam
(100) emitted by the projector (2) is adjustable in the range from 5 mm to 50 mm,
preferably 10 mm — 30 mm, wherein preferably, an exit pupil plane (104) defined
by the exit pupil (101) of the light beam (100) is aligned to an eye pupil plane
(113) defined by the eye pupil(111), wherein preferably a maximum distance
(105) between the exit pupil plane (104) and the eye pupil plane (113) is + 2 mm,

preferably + 1 mm, more preferably + 0.75, and particularly preferably = 0.5 mm.

Projector device (1) according to any one of the preceding claims, being

configured to control an irradiance of the light beam (100).
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Projector device (1) according to any one of the preceding claims, further
comprising an alignment device (4) for aligning a central axis (107) of the light
beam (100) to a center (116) of the eye pupil (111), wherein preferably a
maximum deviation (106) between the central axis (107) of the light beam and

the center of the eye pupil is equal to or less than 1 mm.

Projector device (1) according to the preceding claim, wherein the alignment
device (4) is configured for aligning the central axis (107) of the light beam (100)
with a viewing axis, being defined as the axis passing by the center (116) of the
eye pupil and a center of an implant of the eye (110), wherein preferably a
maximum deviation between the central axis (107) of the light beam (100) and

the viewing axis is equal to or less than 1°.

Projector device (1) according to claim 6 or 7, further comprising a fastening
section (5) for fastening the projector device (1) onto a frame (50), preferably a
spectacles frame, wherein the alignment device (5) is configured such that a
position and/or an orientation of the projector (2) can be adjusted with respect to

the fastening section (5).

Projector device (1) according to claim 8, wherein the alignment device (4) is
formed such that the projector (2) can be moved relative to the fastening section
(5) in a plurality of movement directions, particularly preferably in five movement

directions.

Projector device (1) according to claim 9, wherein the alignment device (4) is
formed such that at least one of the movement directions is a longitudinal
direction, preferably two movement directions are longitudinal directions,

particularly preferably three movement directions are longitudinal directions,

wherein preferably each longitudinal direction is oriented substantially
orthogonal to at least one other longitudinal direction, preferably, each of the

longitudinal directions is oriented orthogonal to all other longitudinal directions,

wherein preferably one movement direction corresponds to a longitudinal axis
of a human head, and/or one movement direction corresponds to a transversal
axis of a human head, and/or one movement direction corresponds to a sagittal

axis of a human head.
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Projector device (1) according to claim 9 or 10, wherein the alignment device (4)
is formed such that one of the movement directions is a direction of rotation,

preferably two movement directions are directions of rotation,

wherein preferably one direction of rotation is oriented such that a
pantoscopic angle (16) of the projector (2) with respect to the eye (110) can be
adjusted, and/or one direction of rotation is oriented such that a wrap angle (17)

of the projector (2) with respect to the eye (110) can be adjusted.

Projector device (1) according to any one of the claims 8 to 10, wherein the
alignment device (4) comprises at least one kinematic pair, preferably a plurality

of kinematic pairs,

wherein preferably at least one kinematic pair is a prismatic joint and/or

wherein preferably at least one kinematic pair is a rotating joint, and/or

wherein the alignment device comprises at least one locking unit, preferably a

locking screw, for locking of at least one movement direction.

Projection device (1) according to any one of the claims 6 to 11 wherein the
alignment device (4) includes a motorized unit configured to couple the direction
of projection with an eye direction as monitored by an eye observation module
(8), preferably an eye tracking device, preferably being embedded in the

projection device.

Projector device (1) according to any one of the preceding claims, further
comprising a camera (6) for capturing patterns of interest in front of the projector
device (1), wherein a content of the light beam (100) is based on the captured

pattern of interest,

wherein preferably a main axis (7) of the camera (6) is aligned with a main
axis (3) of the light beam (100), preferably concentrically aligned, wherein
preferably the camera (6) and the projector (2) are arranged in line facing opposite

sides of the projector device (1).

Projector device (1) according to any one of the preceding claims, wherein the
projector device (1) comprises a micromirror array (20), preferably a micromirror

device, wherein the light beam (100) is based on patterning of incident light (21)
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directed onto the micromirror array (20), preferably light emitted by a laser, laser
diode and/or an LED.

Projector device (1) according to the preceding claim, wherein an incident angle
(24) of the coherent light (21) and a pitch (23) of the micromirrors (27) of the
micromirror array (20) are configured such that a distance at the exit pupil plane
(104) between intensity maxima of adjacent orders of diffraction (26, 26/, 26"),
preferably of the two most powerful orders of diffraction, of an output beam (22)
is equal to or greater than 7 mm, preferably equal to or greater than 8 mm, more

preferably equal to or greater than 10 mm.

Projector device (1) according to the preceding claim, wherein the incident angle
(24) of the coherent light (21) and the pitch (23) of the micromirror array (20) are
configured such that a majority of the power of the output beam (22) goes into a
single order of diffraction (26), wherein preferably 70% to 95%, more prefereably,
more preferably 80 % to 95 %, more preferably 90 %, of the power of the light is

directed into this order of diffraction.

Projector device (1) according to any one of the preceding claims, further
comprising a preferably detachable eye observation module (8) for observing at
least a part of the retina (114), preferably a part of the retina (114) at which the
light beam (100) is targeted, and/or for observation of the eye pupil, wherein
preferably, the eye observation module (8) and the light beam (100) comprise the

coincident optical axes.

Projector device (1) according to any one of the preceding claims, further

comprising a shaded lens (60), preferably a tinted lens (60).

Device (40) for projecting a light beam into a human eye, comprising a frame
(50),

characterized in that

a projector device (1) according to any one of the preceding claims is fixed to
the frame (50).

Device (40) according to the preceding claim, wherein the frame (50) is a
spectacles frame, and/or wherein the frame comprises a headband, and/or

wherein the frame comprises a headring, and/or the frame comprises ear stoppers.
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Method for projecting an image onto a retina (114) of a human eye (110),
comprising projecting a light beam (100) from the exterior of a human eye (110)

towards the pupil (111) of the eye,
characterized in that

an exit pupil diameter (102) of the light beam (100) is set smaller than an eye
pupil diameter (112) of the eye (110).

Method according to the preceding claim, further comprising aligning a central
axis (107) of the light beam (100) to a center (116) of the eye pupil (111), wherein
preferably a maximum deviation (106) between the central axis (107) of the light
beam (100) and the center (116) of the eye pupil (111) is equal to or less than 1

mm.

Method according to claim 22 or 23, wherein preferably, the central axis (107) of
the light beam (100) is aligned with a viewing axis, being defined as the axis
passing by the center (116) of the eye pupil and a center of an implant of the eye
(110), wherein preferably a maximum deviation between the central axis (107) of

the light beam (100) and the viewing axis is equal to or less than 1°

Method according to claim 22 or 24, wherein the exit pupil diameter (102) is set
equal to or smaller than 3 mm, preferably equal to or smaller than 2 mm, more
preferably equal to or smaller than 1 mm, particularly preferably equal to or
smaller than 0.5 mm, and particularly preferably the exit pupil diameter (102) is

setto T mm, 0.75 mm, 0.5 mm, or 0.25 mm.

Method according to any one of claims 22 to 25, wherein an exit pupil plane
(104) defined by the exit pupil (101) of the light beam (100) is aligned to an eye
pupil plane (113) defined by the eye pupil (111), wherein preferably a maximum
distance (105) between the exit pupil plane (104) and the eye pupil plane (113)is
5 mm, preferably + 3 mm, more preferably £ 2 mm, even more preferably + 1

mim.

Method according to claim 26, wherein an exit pupil distance (103) of the light
beam (100) is adjustable in the range from 5 mm to 50 mm, preferably 10 mm to
30 mm, wherein preferably, the exit pupil distance (103) is adjusted to a distance

between the projector (2) and the eye pupil (111).
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Method according to any one of the claims 23 to 27, further comprising

monitoring the eye pupil diameter (112) of the eye (110) the light beam (100)

is projected to and/or
monitoring an ambient light intensity, and

adjusting the exit pupil diameter (102) based on the monitored value of the

eye pupil diameter (112) and/or the ambient light intensity.

Method according to any one of the claims 22 to 28, wherein the light beam
(100) is based on patterning of coherent light (21), preferably light emitted by a
laser and/or a laser diode directed onto a micromirror array (20), wherein an
incident angle (24) of the coherent light and a pitch (23) of the micromirrors (27)
are configured such that a distance at the exit pupil plane between intensity
maxima of adjacent orders of diffraction, preferably of the two most powerful
orders of diffraction, of an output beam (22) is equal to or greater than 7 mm,
preferably equal to or greater than 8 mm, more preferably equal to or greater than

10 mm.

Method according to any one of the claims 23 to 28, wherein the light beam
(100) is based on patterning of coherent light (21), preferably light emitted by a
laser and/or a laser diode directed onto a micromirror array (20), wherein an
incident angle (24) of the coherent light and a pitch (23) of the micromirrors (27)
are configured such that a majority of the power of the output beam (22) goes into
a single order of diffraction (26), wherein preferably 80 % to 95 %, more

preferably 90 %, of the power of the light is directed into this order of diffraction.



WO 2020/192942 PCT/EP2019/057966

1/13

113, 104
\ | / 105
2 « / 112

Fig. 1



WO 2020/192942 PCT/EP2019/057966

2/13
\\/\\ 113,104 .,
103
108, \
1109 ;
L D N 4|

Fig. 2



WO 2020/192942 PCT/EP2019/057966

1

\,\ 3/13
115




PCT/EP2019/057966

WO 2020/192942

4/13

Fig. 4A

Fig. 4B



PCT/EP2019/057966

WO 2020/192942

5/13

40

11

Fig. 5



WO 2020/192942 PCT/EP2019/057966

6/13

Fig. 6



WO 2020/192942 PCT/EP2019/057966

7/13

Fig. 7



WO 2020/192942 PCT/EP2019/057966

8/13

Fig. 8



WO 2020/192942 PCT/EP2019/057966

9/13

Fig. 9



WO 2020/192942 PCT/EP2019/057966

10/13

15

51° \\ 51°

..............................................................................................................................................

53

40

Fig. 10



WO 2020/192942 PCT/EP2019/057966

11/13

Fig. 11



WO 2020/192942 PCT/EP2019/057966

12/13

Fig. 12



WO 2020/192942 PCT/EP2019/057966

13/13

100

Fig. 13



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/057966

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B3/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B GOZB

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

abstract; figures 5,6
paragraphs [0005], [0006],
[0177]

abstract; figure 2

X US 2017/293147 Al (TREMBLAY ERIC [CH] ET
AL) 12 October 2017 (2017-10-12)

[0174],
A US 10 175 490 Bl (SERDAREVIC OLIVIA [US]
ET AL) 8 January 2019 (2019-01-08) 25

column 2, Tine 61 - column 3, line 3
column 13, Tine 57 - column 15, line 38

1,2,22,
25

1,2,22,

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
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

"&" document member of the same patent family

Date of the actual completion of the international search

17 December 2019

Date of mailing of the international search report

06/03/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Daniel, Christian

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2019/057966
Box No.ll 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. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' 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.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

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

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

3. 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. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

2, 25(completely); 1, 22(partially)

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

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:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ EP2019/ 057966

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 2, 25(completely); 1, 22(partially)

Projecting a light beam towards a pupil of a human eye,
wherein an exit pupil diameter of the 1light beam is equal to
or smaller than 3 mm

2. claims: 3, 28(completely); 1, 22(partially)

Projecting a light beam towards a pupil of a human eye,
wherein an exit pupil diameter is adjusted based on a
monitored eye pupil diameter and/or an ambient light
intensity

3. claims: 4(completely); 1, 22(partially)

Projecting a light beam towards a pupil of a human eye,
wherein an exit pupil distance of the 1ight beam is
adjustable in the range from 5 mm to 50 mm

4. claims: 5(completely); 1, 22(partially)

Projecting a light beam towards a pupil of a human eye,
wherein an irradiance of the 1ight beam is controlled

5. claims: 6-13, 23, 24, 26, 27(completely); 1, 22(partially)

Projecting a light beam towards a pupil of a human eye,
wherein a central axis or an exit pupil plane of the Tight
beam is aligned to the eye pupil

6. claims: 14(completely); 1, 22(partially)

Projecting a light beam towards a pupil of a human eye,
wherein a content of the 1light beam is based on a pattern of
interest captured by a camera

7. claims: 15-17, 29, 30(completely); 1, 22(partially)

Projecting a light beam towards a pupil of a human eye,
wherein the 1ight beam is based on patterning of incident
Tight

8. claims: 18(completely); 1, 22(partially)

Projecting a light beam towards a pupil of a human eye with




International Application No. PCT/ EP2019/ 057966

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

a projector device comprising an eye observation module

9. claims: 19(completely); 1, 22(partially)

Projecting a light beam towards a pupil of a human eye with
a projector device comprising a shaded lens

10. claims: 20, 21(completely); 1, 22(partially)

Projecting a light beam towards a pupil of a human eye with
a projector device fixed to a frame of a device for
projecting a Tight beam into a human eye




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2019/057966
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2017293147 Al 12-10-2017 CN 106170729 A 30-11-2016
EP 2979128 A2 03-02-2016
EP 3296797 Al 21-03-2018
JP 6449236 B2 09-01-2019
JP 2016517036 A 09-06-2016
KR 20150136601 A 07-12-2015
US 2016033771 Al 04-02-2016
US 2017293147 Al 12-10-2017
WO 2014155288 A2 02-10-2014
US 10175490 Bl 08-01-2019 US 10175490 Bl 08-01-2019
us 10386646 Bl 20-08-2019
US 2019187476 Al 20-06-2019
WO 2019126039 Al 27-06-2019

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report
	Page 50 - wo-search-report

