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OPTICAL SYSTEM AND METHOD
FOR USE IN PROJECTION SYSTEMS

FIELD OF THE INVENTION

This invention is generally in the field of optical systems and methods,
and relates to an optimized light source and beam shaping system and method

suitable for use in projections systems.

BACKGROUND OF THE INVENTION

As light source technology evolves, light emitting diodes (LEDs) and
lasers are being used in ever growing applications. These types of light sources,
due to their increased optical efficiency and low power consumption are starting
to replace standard light sources such as halogen, florescent, etc.

The problem still keeping LEDs and lasers from becoming key light
sources in the illumination/multimedia industry is the inability to provide high
optical power with relatively low power consumption, as well as inability to
provide small physical size with overall low price of the light source, which is
also due to the low efficiency of today's projection system that enforces high
power sources.

A laser light source composed of a single laser diode is too expensive for
light source applications due to the method of fabrication and the high power out

put required.
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A Vertical Cavity Surface Emitting Laser (VCSEL) has been developed.
VCSEL is a semiconductor microlaser offering significant advantages over edge-
emitting lasers (EEL) currently used in the majority of fiber optic
communications devices. EELs emit coherent light or infrared energy parallel to
the boundaries between semiconductor layers.'VCSEL emits its coherent energy
perpendicular to the boundaries between the layers. VCSELs have high
performance and low cost advantages. The VCSELSs based structure can be diced
directly from the wafer in two-dimensional array configuration. VCSEL operates
with low threshold currents thus enabling high-density arrays. surface-normal
emission of VCSEL and nearly identical to the photo detector geometry gives
easy alignment and packaging; VCSELs provide circular and low divergence
output beams thus eliminating the need for corrective optics. VCSEL has lower
temperature-sensitivity compared to edge-emitting laser diodes, and high
transmission speed with low power consumption.

A vertical cavity surface emitting laser and a method of fabrication thereof
is disclosed for example in U.S. Patent No. 6,542,531. This electrically pumped
VCSEL comprises an active cavity material sandwiched between top and bottom
DBR stacks. The top DBR has at least one n-semiconductor layer. The device
defines an aperture region between the structured surface of the active cavity
material and the n-semiconductor layer of the top DBR stack. The structured
surface is formed by a top surface of a mesa that includes at least the upper n+-+
layer of a p++/n++ tunnel junction and the surface of a p-type layer outside the
mesa. The structured surface is fused to the surface of the n-semiconductor layer
of the DBR stack due to the deformation of these surfaces, thereby creating an air
gap in the vicinity of the mesa between the fused surfaces. The active region is
defined by the current aperture which includes the mesa surrounded by the air
gap, thereby allowing for restricting an electrical current flow to the active
region, while the air gap provides for the lateral variation of the index of

refraction in the VCSEL.
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U.S. Patent No. 6,546,029 discloses a micro-electromechanically tunable
vertical cavity photonic device and a method of fabrication thereof. A tunable
Fabry-Perot vertical cavity photonic device comprises top and bottom
semiconductor DBR stacks and a tunable air-gap cavity therebetween. The air-
gap cavity is formed within a recess in a spacer above the bottom DBR stack.
The top DBR stack is carried by a supporting structure in a region thereof located
above a central region of the recess, while a region of the supporting structure
above the recess and outside the DBR stack presents a membrane deflectable by
the application of a tuning voltage to the device contacts."

Nowadays most of the VCSELs work within the non-visible range, mostly
for purposes of telecommunication although some promise has been made in
demonstrating visible red VCSELS.

New generation of FP lasers with internal 45 degrees reflecting mirror has

also been fabricated to enable the FP laser to be Surface-Emitting.

SUMMARY OF THE INVENTION

There is a need in the art for high-efficiency and preferably small-size
optical systems for use in various applications. |

The present invention provides a novel approach for the light source
aspect and the light propagation aspect (optical path) to dramatically optimize the
optical system performance (e.g. projection systems), costs and size; as well as a
low cost fabrication method for optical elements with total control on the light
beam properties.

The light source system of the present invention is configured for
generating structure light, and preferably includes an array of micro light sources,
which are operable in an optimized manner (depending on the specific
application) to improve the light source system performance. The light source
system also includes a light collecting/directing unit (e.g., a collection lens). The
micro light sources are preferably carried by a common substrate, and the

collection lens is located above the light sources plane. The micro light sources
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may be operated using a sequencing mechanism controlled by a control unit,
which may be integrated within the light source system (internal logic unit) or a
stand alone unit (external unit) connectable to the light source system. Such a
logic unit is configured and operable to control the on and off state of the light
source element (laser) in such a manner as to provide maximum distance
between two subsequently on light source elements, and minimize heating and
maximize heat dissipation.

Preferably, the light source system of the present invention utilizes a
plurality of SE lasers such as VCSELSs, or tightly packaged plurality of EE lasers.
VCSELs may be used as an actual light source and not as a pumping source.
Alternatively, in order to operate in a visible spectral range (for example green
light or blue light) using VCSELs emitting light outside this spectral range,
VCSELs are used together with a non-linear optical medium (e.g., crystal or
polymer), either directly doubling the VCSEL lasing frequency or coupled with
lasing crystals using the VCSELs as a pumping source and then doubling the
emitted frequency from the laser crystal into the visible range.

Additionally, the present invention provides a novel beam shaping
technique. Generally, the beam shaping is aimed at providing, from certain light
input (a single beam or a plurality of beams), light output of a desired cross
section (similarly, a multiple-beam output or a single-beam output). The use of
beam shaping is essential when operating with a plurality of micro light sources
(e.g., VCSELSs) as an optimized light source. The plurality of micro light sources
generate structured light, namely, a plurality of spaced-apart light beams, which
when combined, on the one hand provides an output beam of higher intensity,
and on the other hand has to be appropriately shaped. The beam shaping
technique of the present invention utilizes a diffractive optical assembly, using a
tophat or array of tophat elements; Dammann grdtings; an inverse Dammann
grating; multi-pixel diffractive optical phase mask (filter); and/or a diffractive

optical element utilizing a fractal based approach.
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Thus, according to one broad aspect of the present invention, there is
provided an optical system configured to provide a desired illuminating light
pattern, the system comprising a light source system configured and operable to
produce structured light in the form of a plurality of spatially separated light
beams; and a beam shaping arrangement; the beam shaping arrangement being
configured as a diffractive optical unit configured and operable to carry out at
least one of the following: (i) combining an array of the spatially separated light
beams into a single light beam thereby significantly increasing intensity of the
illuminating light; (ii) affecting intensity profile of the light beam to provide the
illuminating light of a substantially rectangular uniform intensity profile.

The light source system may include a plurality (array) of light source
elements each producing the corresponding one of the light beams of structure
light. Alternatively or additionally, the light source system may include at least
one light source generating a single light beam, and a light splitting unit for
splitting the light beam into a plufality of the spatially separated light beams.

The light splitting unit may include a multi-pixel diffractive optical phase
mask configured to produce from a light beam an array of spatially separated
light beams. The multi-pixel diffractive optical phase mask may be configured to
define within each of the multiple pixels an array of Sub-pixels, thereby
producing from each of the spatially separated light beams a further plurality of
spatially sepai'ated light beams (fractal approach). The light splitting unit may
include a Dammann grating assembly configured to produce from a light beam a

‘plurality of spatially separated light beams. The light splitting unit may include
an array of (at least two) Dammann grating assemblies arranged in a cascaded
manner, such that each light beam output from one Dammann grating assembly
is directed through a successive Dammann grating assembly, thereby multiplying
a number of the light beams produced by the first Dammann grating assembly.

The optical system preferably includes a focusing optics including a single

lens atrangement in optical paths of all the light beams to direct them along an
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optical axis of the lens, or including an array of lenses each in an optical path of
the corresponding one of the light beams.

The light source system may include one or more pumping light source
and one or mofe non-linear medium to be operated by light generated by the
pumping source, either directly or via additional laser crystal. The pumping
source may include an array of light source elements, for example VCSELSs. The
light source system may include at least one light emitting diode (LED), and or at
least one EE laser, and/or at least one VCSEL. |

The beam shaping arrangement may include an inverse Dammann grating
assembly to produce from the structured light a single high-intensity output
beam. Alternatively or additionally, the beam shaping arrangement may include
at least one tophat element assembly, which may be in the form of an array of the
tophat elements each in the optical path of the corresponding one of the plurality
of light beams. The tophat element assembly is configured to affect the intensity
profile of the corresponding light beam to produce therefrom the output beam of
the substantially rectangular intensity profile corresponding to the geometry of an
imaging surface (e.g., SLM pixel or the entire pixel arrangement), by either
generating a mosaic of beams on the imaging surface, or by each beam covering
substantially the entire surface and summing their intensity. The inverse
Dammann assembly may be used together with the tophat assembly, for example
the tophat assembly being accommodated at output of the inverse Dammann
grating assembiy.

The inverse Dammann grating may be used with the light source system
of the kind utilizing pumping a non-linear optical medium. In this case, the
inverse Dammann grating is accommodated upstream of the non-linear medium
with respect to a direction of light propagation through the optical system.
Additionally, a tophat element assembly may be accommodated in an optical
path of the combined light beam produced by the ‘inverse Dammann grating. The

tophat element assembly may be used with the light source system of the kind
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utilizing pumping a non-linear optical medium, wherein the tophat element
assembly is accommodated directly at the output of the non-linear medium.

The optical system preferably includes a control unit associated with the
light source system. The control unit is preprogrammed to carry out a sequencing
mechanism to thereby sequentially actuate a plurality of light source elements in
accordance with a predetermined pattern. The pattern may be such that at any
given time only one light source element is operative, and the entire light source
system is seen to a human eye as constantly operative for a required operation
time, thereby reducing over heating in a single area defined by the light source
system. The pattern may be such that at any given moment of time the most
distant light source element is operative relative to the light source element that
was operative before it. The pattern may be such that at any given time only one
group of light source elements is operative.

The light source system may be configured to define at least two spatially
separated optical paths associated with at least two light sources, respectively, for
example operating in different wavelength ranges. At least one of the light

sources may be of the kind utilizing pumping of a non-linear medium, and at

least one other light source is an active light source. In this case, the beam

shaping arrangement preferably includes a tophat element assembly
accommodated in one of the optical paths to allow passage of the spatially
separated light beams therethrough and thereby produce output light beams of a
substantially rectangular intensity profile; and a light combining unit for
combining light from the at least two optical paths to propagate along a common
optical path. Such a system may be used for illuminating the pixel arrangement
of an SLM. The spatially separated light beams are arranged in an array
corresponding to ‘the pixel array arrangement of the SLM. The tophat element
assembly may include an array of tophat elements each associated with a
corresponding one of the light beams. The beam shaping arrangement may also
include at least one light splitting unit for splitting light emerging from the non-

linear medium into a predetermined array of spatially separated light beams.
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The light source system may include first and second VCSEL arrays
operating with different wavelengths, respectively, associated with the first and
second non-linear medium; and the laser die array operating with a third different
wavelength. In this case, the VCSEL arrays operate in a non-visible spectral
range, and the crystals are used to produce two different colors, respectively, of a
visible spectral range.

According to another broad aspect of the present invention, there is
provided an optical system configured to provide a desired illuminating light
pattern, the system comprising a light source system configured and operable to
produce structured light in the form of a plurality of spatially separated light
beams; and a beam shaping arrangement comprising; the beam shaping
arrangement comprising an inverse Dammann grating assembly configured and
operable to combine said plurality thereby significantly increasing intensity of
the illuminating light.

According to yet another broad aspect of the present invention, there is
provided an optical system configured to provide a desired illuminating light
pattern, the system comprising a light source system configured and operable to
produce structured light in the form of a plurality of spatially separated light
beams; and an array of tophat elements each configured and operable for
affecting the intensity profile of light passing thefethrough to produce therefrom
a light beam of the substantially rectangular uniform intensity profile.

According to yet another broad aspect of the present. invention, there is
provided an optical system configured to provide a desired illuminating light
pattern, the system comprising a light source system conﬁguréd and operable to
produce at least one light beam; and a multi-pixel diffractive optical phase mask
arrangement configured to produce from said at least one light beam structured
light formed by a predetermined array of spatially separated light beams of
substantially equal intensity value and profile, the multi-pixel diffractive optical
phase mask arrangement being configured to define a first array of the pixels,

each of said pixels being patterned to define a second array of sub-pixels, said
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structured light being in the form of the spatially separated light beams arranged
in accordance with said second array of pixels.

According to yet another aspect of the invention, there is provided an
optical system configured to provide a desired illuminating light pattern, the
system comprising a light source system configured and operable to produce at
least one light beam; and a multi-pixel diffractive optical phase mask
arrangement configured to produce from said at least one light beam structured
light formed by a predetermined array of spatially separated light beams of
substantially equal intensity value and profile, the multi-pixel diffractive optical
phase mask arrangement comprising at least first and second multi-pixel
diffractive optical phase masks arranged in a cascaded manner such that the first
mask splits the light beam into a first array of spatially separated light beams, and
the second mask splits each of said spatially separated light beams into a second
array of spatially separated light beams.

According to yet another broad aspect of the present invention, there is
provided an optical system for use in patterning a surface, the optical system
comprising a light source system configured and operable to produce at least one
light beam; and a multi-pixel diffractive optical phase mask arrangement
configured to produce from said at least one light beam structured light formed
by a predetermined array of spatially separated light beams of substantially equal
intensity value and profile. '

According to yet another broad aspect of the present invention, there is
provided a light source system comprising an array of light source elements; and
a control unit configured and operable to carry out a sequencing mechanism to
sequentially actuate the light source elements in accordance with a predetermined
pattern.

According to yet another broad aspect of the present invention, there is
provided an optical system for use in scanning an image, the system comprising
at least two light sources producing light of different wavelengths propagating

along at least two optical paths, respectively, at least one of said at least two light
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sources being configured to produce structured light in form of an array of
spatially separated light beams; a light combining arrangement for combining
said at least two optical path into an output optical path; and a mechanical
scanner accommodated in said output optical path.

According to yet another aspect of the invention, there is provided an
optical system for use in scanning an image, the system comprising at least two
individually addressable light sources producing light of different wavelengths
propagating along at least two optical paths, respectively, at least one of said at
least two light sources being configured to produce structured light in form of an
array of spatially separated light beams each of a substantially rectangular
uniform intensity profile; a light combining arrangement for combining said at
least two optical path into an output optical path; and a mechanical scanner
accommodated in said output optical path.

The present invention also provides a method for producing illuminating
light of a desired pattern, the method comprising producing structured light in the
form of a plurality of spatially separated light beams; and applying beam shaping
to the structure light, said beam shaping comprising passing the structured light
through a diffractive optical unit configured and operable to carry out at least one
of the following: (i) combining multiple light beams into a single light beam
thereby significantly increasing intensity of the illuminating light; (ii) affecting
the intensity profile of input light to provide the illuminating light in the form of
an array of light beams of a substantially rectangular uniform intensity profile.

According to yet another broad aspect of the present invention, there is
provided a method for use in patterning a surface to produce a lenslet array, the
method comprising producing at least one light beam; and passing said at least
one light beam through a multi-pixel diffractive optical phase mask configured to
produce from said at least one light beam structured light formed by a
predetermined array of spatially separated light beams of substantially equal

intensity value and Gaussian intensity profile.
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According to yet another broad aspect of the present invention, there is
provided a method for use in scanning an image, the method comprising:
producing at least first and second light portions of different wavelengths
propagating along at least two opticgtl paths, respectively, at least one of the light
portions being in the form of an array of spatially separated light beams
corresponding to an array of image pixels; combining said at least two optical
paths into a single output optidal path and direct the array of light beams along
said single output optical path to a mechanical scanner.

The technique of the present invention provides for delivering unified
brightness over the projected image since each pixel is individually lit and the
spread of brightness across the image is 100% unified. Using the beam shaping
arrangement along with the light source system for example in projection
displays allows reducing the physical size of SLM tremendously and opens up
vast variety of new 4app1ications for display projection technology.

The use of mixed sources combination (coherent and non coherent,
polarized and non polarized), comprising different types of illumination sources
(VCSELs, LEDS, laser dies), along with the beam shaping arrangement
(Dammann, inverse Dammann, Dammann and lenslet arrangement, multi-pixel
diffractive optical phase mask, fractal beam shaping) can improve and optimize
projection systems and can be used as an illumination system for other
applications (for example: lenslet fabrication) with significant improvement over
the state of the art.

The combination of several light sources in a single medium, along with
fast pulse mode drive operation to obtain lower consumption, higher output
optical intensity and speckle reduction, with sets of light groups (laser die arrays,
LED die, VCSEL arrays) and a sequencing mechanism into a single light module

is a significant improvement over the state. of the art.
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BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out
in practice, preferred embodiments will now be described, by way of non-
limiting examples only, with reference to the accompanying drawings, in which:

Fig. 1 is a block diagram of a light source system of the present invention
operable by a sequencing mechanism;

Figs. 2A to 2C more specifically illustrate the possible implementations
of the ligh;c source system of Fig. 1, wherein Fig. 2A shows a multiple micro light
sources’ arrangement, and Figs. 2B and 2C show two examples, respectively, of
implementing the sequencing mechanism;

Fig. 3 is a block diagram of an optical system of the present invention;

Fig. 4 exemplifies a light source module formed by a two-dimensional
array of VCSELs; -

Fig. 5 illustrates the conversion of a Gaussian intensity profile to a tophat
profile;

Figs. 6A to 6F exemplify optical systems utilizing beam shaping based on
the use of a tophat element assembly with simulation of beam shaping
performed; |

Figs. 7A to 7G illustrate the principles of designing a diffractive optical
unit (beam shaping arrangement) to be used in the present invention, wherein
Fig. 7A shows a general optical set up for achieving beam shaping; Fig. 7B
shows some steps of an iterative algorithm used; Fig. 7C shows the input field
distribution (Gaussian field) on the diffractive optical element and the constraint
output shape (rectangular), and Figs. 7D-7G shows the simulation results; |

Fig. 8 exemplifies an optical system of the present invention utilizing an
Inverse Dammann optical element as the beam shaper;

Figs. 9A to 9C illustrate the principles of designing Dammann grating to
be used in the present invention, wherein Fig. 9A shows an optical setup, Fig. 9B
shows the grating transparency function in one dimension, and Fig. 9C shows the

output of a Dammann grating with one transition point;
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Fig. 10A to 10F illusfrate the principles of using the setup of Fig. 8 to
transform an array of coherent point sources into a wide light source, wherein
Fig. 10A shows an input containing a matrix of nine point sources (in one
dimension), Fig. 10B and 10C show the light intensity calculated in the output
plane in, respectively, two dimensions and one dimension, Fig. 10D shows a
one-dimensional Fourier transform of the light intensity in the output plane, Fig.
10E shows the light intensity after free space propagation (FSP) a distance of one
focal length from the focal plane of a collection lens, and Fig. 10F illustrates the
same light intensity in one-dimension after the FSP;

Fig. 11 schematically illustrates an optical system of the present invention
utilizing a diffractive optical unit to convert a single light beam into a 2D array of
beamlets;

Fig. 12 illustrates the principles analytical solution for a phase only filter
showing notations for the mathematical derivation for a region between energy
spots (Ac) where the output must be zero, and a region where the spot appears
(Ap);

Figs. 13A to 13C demonstrate a numerical example for the two fractal
terms approach in a diffractive optical unit suitable to be used as abeam shaping
arrangement in the present invention;

Fig. 14 schematically illustrates yet another example of an optical system
of the present invention, utilizing an inverse Dammann grating assembly and a
tophat element assembly;

Fig. 15 exemplifies production several spots of light on a non-linear
optical medium by replacing the inverse Dammann grating in Fig. 14 by a
different type of optical element;

Fig. 16A and 16B show two examples, respectively, of an optical system
of the present invention configured as a projection system combining light from
different light sources operating in different wavelength ranges;

Figs. 17A and 17B show two more examples of an optical system of the

present invention suitable for use in a projection system;



10

15

20

25

WO 2005/036211 PCT/1L.2004/000951

-14 -

Fig. 18 exemplifies an optical system of the present invention configured
for use in photolithography tools arrangement for the manufacture of micro
structures, such as a micro lens array fabricated as surface relief pattern; and

Figs. 19A and 19B show two examples, respectively, of a full 2D
addressable VCSEL pumped based architecture to obtain three color channels to

achieve a colorful projected image.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Fig. 1, there is illustrated, by way of a block diagram, a light
source system 10 of the present invention. The system 10 includes an
arrangement of micro light sources 6; a focusing optics (light collecting/directing
optics) 4; a light source driver assembly 20; and a processor preprogrammed for
carrying out a light sequencing mechanism 18.

~ Figs. 2A to 2C more specifically illustrate the possible implementations
of the light source system of Fig. 1.

Fig. 2A shows a top view of a light source module 1 formed by a plurality
of N micro light sources 6 all carried by a common substrate 2, and the light
collecting/directing optics 4 located over the plurality of micro light sources 6. In
the present example, the optics 4 includes a single collection lens for collecting
light generated by all the micro light sources 6 and directing the collected light
outwards in a parallel manner relatively unified. It should be noted that additional
optics could be added upstream -and/or downstream of the collection lens, for
example a beam shaping arrangement, as will be described further below. Figs.
2B and 2C schematically illustrate two examples, respectively, for implementing
the sequencing mechanism in the micro light sources. Each of these figures
shows a rear view of the light source module 1.

In the example of Fig. 2B, the light source module 1 utilizes an internal
control unit (electronic circuit) 8 that incorporates the light sequencing
mechanism and the light source driver (18 and 20 in Fig. 1) and operates to

control the sequencing mechanism, namely automatically synchronizes and
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controls which of the micro light sources 6 is to be lit and turned off. Two input
ports 11 are provided being associated with an input voltage supply, while the
rest of the light source on/off operational steps is done automatically by the
internal control unit 8.

In the example of Fig. 2C, an external control unit 12 is used that
incorporates the light sequencing mechanism and the light source driver (18 and
20 in Fig. 1). The light source module 1 on its reaf side is provided with N input
ports 14 associated with N micro light sources, respectively, and appropriately
separately operated by the control unit; and also one common connection port is
used (not shown).

The sequencing mechanism consists of the following: The micro light
sources 6 are lit for a short period of time per source, in such a manner that each
time the most distant source is lit in a relative manner to the light source which
was lit before it. This allows for reducing over heating in a single area defined by
the light source module.

By appropriately sequencing the light sources 6, at any given time only
one light source is being lit. After one light source has been lit for a certain
period of time, the light source is turned off and another light source is turned on.
Since at every given moment of time at least one light source in turned on, the
entire light module is seen to the human eye as constantly lit for the required
operation time.

The sequencing mechanism allows the light module to have smaller
physical size, since heat generated by one light source is absorbed by the entire
light module medium. Since every time a different light source is on, at any
given time the light source that was previously on is now cooling down while
other light source which is on heats up. This also enables over-current operation
of the light source generating higher-peak power light pulses with better
electrical to optical conversion efficiency.

The on time of each micro light source within the light source module and

the selectivity of which of the sources will be lit according to their internal



10

15

20

25

30

WO 2005/036211 PCT/1L.2004/000951
-16 -

location can be selected and controlled according to the specific application
requirements and a desired method of operating the light module.

Turning back to Fig. 1, the system 10 operates in the following manner:
An input driving signal 16 is delivered to the light sequencing mechanism 18,
which is configured and operable to carry out inter alia the control of the
selective operation of the micro light sources, i.e., which micro light source is to
be lit and during which time fraction. The light sequencing mechanism 18
delivers a signal to the light driver 20, which then physically operates the
designated micro light source within the array of micro light sources 6 to
generate light which is being projected outward of the module and then collected
by the optics 4 to uniformly project the collected light outwards in a paralle]
manner.

Any required number of micro light sources 6 may be provided operating
in the same wavelength (for example: red) or different wavelengths. The micro
light sources 6 may be LEDs, lasers, or any combination of the two (including
polarized source types, pulsed or continuous wave types). An example of the
light source module can be a 2D addressable array of surface emitting (SE)
lasers, for example VCSELSs, or the new generation Surface-Emitting FP lasers
(commercially available from Quintessence Photonics Corporation) which have
an internal 45 degrees reflecting mirror.

VCSELSs or a tightly packaged array of small low power Fabry-Perot (FP)
Edge-Emitting (EE) lasers may advantageously be used for illuminating an
optical path. VCSELs are miniature in size and are cost efficient; small low
power FP (EE) are available in high volume applications such as optical storage.
VCSEL operates with low threshold currents thus enabling high-density arrays;
surface-normal emission of VCSEL and nearly identical to the photo detector
geometry give easy alignment and packaging. VCSEL based approach provides
low-cost potential because such devices are completed and tested at the wafer
level. The VCSEL or SEFP array, e.g., a 6x6 array, emitting at 1060nm may be

used in a projector.
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Unlike the typically Fabry-Perot (FP) cavity of an edge-emitting (EE)
laser diode, which is 250 to 500 microns in length, the entire size of a VCSEL is
limited only by the dimensions of the emitting region and space for electrical
contacts. Thus, a die for a complete VCSEL can potentially be only slightly
larger than the beam size. Currently available devices with a 5-25um circular
beam are about 100um dimension (including heat dispersion surface), but this
can certainly be reduced to 50um or less. A smaller size can translate into a
larger yield per wafer and lower costs as well a higher packing density for laser
array applications.

Comparing the Surface-Emitting (SE) laser to an EE laser diode, the
following should be noted: The EE laser diode must be diced up (and possibly
even mounted) just to determine which are good and which are not. They cannot
be tested at all when being part of the original wafer, since the edges haven't been
cleaved yet. This is an expensive time consuming process and results in a lot of
wasted effort and materials. On the other hand, an entire wafer of SE lasers can
be tested as a unit with each device evaluated for lasing threshold and power,
beam shape, quality, and stability. For example it is possible to form millions of
VCSELSs on a single wafer as a batch process and then tesf and evaluate the
performance of each one automatically. The entire wafer can be burned in to
eliminate infant mortalities and assure higher reliability of the final product. Each
device can then be packaged or thrown away based on these findings. The SE
laser wafers can be diced to generate laser arrays of various sizes in a low cost
fashion. Virtually the same equipment, that is used for the final assembly of
integrated circuits based.devices, can be used for VCSELSs since they are attached
flat on the package substrate and shine through a window like that of an EPROM
(but of higher optical quality) or merged with an optical fiber assembly as
required. Since active lasing semiconductor and mirrors are buried under the top
surface layers, a hermetic seal is unnecessary. VCSELS can use inexpensive
plastic packaging and/or be easily combined with other optical components as a

hybrid or chip-on-board assembly. All this further contributes to reduced cost.
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Turning back to Figs. 1 and 2A-2C, the light source system (module) can
be operable by pulse modulation along with the light sequencing mechanism,
which allows for creating an optimal light module for projection systems where a
light sequential operation is required and there is no requirement for continuous
light operation, for example projection systems where R, G, B sources are
sequentially lit to create a full color video image. In such systems a maximum of
33% of the on time is dedicated to each color source (R, G, B), thus the optimal
light source would not be one which was primarily designed to work 100% of the
time, but only 33% of the time.

Considering the VCSELs-based light source module, groups of VCSELs
can be driven for very short time periods to cover the max 33% of the total color
illumination. By doing so, more optical output can be squeezed from the
VCSEL.s, and therefore each VCSELSs group can be lit for a duty cycle of 5% and
be turned off 95% of the time, while other groups of VCSELs cover the off time
of the first group till filling the entire 95% off time of the first group and then the
first VCSELSs group is lit on again in a repetitive manner. Then, the VCSELs
group has time to cool off, but the VCSELSs can deliver higher peak power when
they are being lit in short times than if they were to be on in continuous wave
(CW) operational mode. Thus, the total optical power output from the light
module for the max light duty cycle of 33% would be higher with relatively
lower electrical power consumption in comparison to a high-power CW light
source that would have been used only for a fraction of 33% of the time.
Therefore power consumption is optimized.

The same technique can be formed and used in other illumination sources
that can be combined with 2D VCSEL pumping array, for example LED dies. A
group of LEDs can be lit a total of maximum 33% of the time, for its given color
sequential operation, where individually each die is lit only about 5% of the 33%
time and being off about 95% of the 33% time. The optical output can rise up by
as much as a factor of up to 15 within such usage with LEDs if the total timing

does not exceed 5ms of the timing cycle. Since color sequential within projection
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displays requires at least 180Hz of frame rate operation, then reaching Sms is not
something that will serve as a limit or an obstacle.

Using a laser dies array, for example as a RED illumination source, the
same method can be used thus reaching similar results.

It should be noted that the VCSEL array source and the laser die array
source both can be of the kind delivering polarized output light and thus can

‘advantageously be used with a spatial light modulator (SLM) by improving the
light transmission through the SLM and the optical path with less heat dispersion,
allowing the total physical system shrinkage to take place.

The present invention provides for using VCSELs array as the actual light
source (and not as the pumping source), with the possible addition of a non-linear
crystal for frequency doubling.

Illuminating with the light source system described above utilizing a
VCSEL array and/or a laser die array causes different patterns of speckles to
appear in each cycle. This allows for reducing the speckle contrast drastically by
switching the VCSEL on and off, e.g., at a rate of 10KHz (which is a low
frequency switching for the VCSEL and a high frequency switching for the
human eye), at a high duty-cycle of 95-99%. Each off-on cycle causes the
VCSEL array to start at a random phase, thus generating a different speckle
pattern. Hence, speckle reduction on the output image is obtained and a clear
speckle free image is maintained. Since VCSELs are typically being used in
telecommunication applications, even faster switching of the lasers is possible
(up to millions of cycles per second), further reducing the speckle phenomena as
speckles pattern keep changing each on cycle. The integration by the eye reduces
the speckle contrast, below a view threshold.

The present invention also provides for a novel beam shaping technique.
The beam shaping can be used to dramatically optimize/improve projection
systems; as well as to improve other applications/systems such as optical
elements fabrication. The beam shaping technique of the present invention is

aimed at carrying out at least one of the following: combining structure light (a
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plurality of spatially separated light beams) into a single light beam of
significantly higher intensity value (practically of the intensity of all the light
beams together); affecting the intensity profile of at least one light beam to
provide at least one output light beam of a substantially rectangular intensity
profile; and producing from a plurality of spatially separated light beams a single
light beam of a substantially rectangular intensity profile.

Fig. 3 schematically illustrates an optical system 200 of the present
invention. The systerﬁ 200 includes a light source system 202; a beam shaping
arrangement 210; and preferably also a light collecting/directing optics 204,
which may and may not be a part of the light source system 202. The beam
shaping arrangement as well may and may not be part of the light source system.
The beam shaping arrangement may be completely or partially accommodated
upstream of the focusing optics.

The light source system 202 is configured to produce structure light By,
which may be achieved by using a single light source and a light splitting unit, or
by using a maultiple light source elements arrangement, for example configured as
shown in Fig. 1A, namely having multiple micro light sources (e.g., VCSELSs)
located on a common substrate (wafer). The focusing optics 204 may include a
single lens associated with the multiple light beams, or an array of lenses (lenslet
array) associated with an array of light beams, respectively. The beam shaping

arrangement 210 is configured as a diffractive optical unit, which may include an

- array of tophat elements for producing rectangular-profile light beams, and/or an

inverse Dammann grating assembly for combining structured light into a single
high-intensity light beam B,.

Optionally provided in the beam shaping arrangement 210 and/or in the
light source system 202 is at least one multi-pixel diffractive optical phase mask
(filter), which may be configured using fractal approach based phase mask.
'Additionally 'optionally provided in the light source system 202 is a non-linear
optical medium located either in the optical péth of light B, (which is either a
single or multiple beam light) or in the optical path of light B.
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The beam shaping arrangement utilizing multi-pixel diffractive optical
phase mask (filter) or fractal approach based phase mask, when lit with a light
source system, can be designed to output a two-dimensional array of spots with
equal energetic distribution. Such beam shaping methods can be used, for
example, on a coherent illumination source to be split into an NxM array of
miniature beamlets/spots to illuminate a pixel array of an SLM unit, where each
pixel on the SLM is being individually illuminated, as if there were NxM
miniature light sources formed, each attached to its own SLM pixel. Thus, the
effectiveness of the light used for illuminating out an image from an SLM is
maximal, without being blocked by the SLM black matrix (TFTs); moreover,
avoiding overheating of the SLM and loosing large portion of light (brightness).
Also, less powerful and more miniature light sources can be used. This
illumination technique also delivers unified brightness over the projected image
since each pixel is individually lit and the spread of brightness across the image
is 100% unified. Using such beam shaping elements along with the illumination
sources as used for projection displays, allows reducing the physical size of an
SLM tremendously and opens up vast variety of new applications for display
projection technology. A two-dimensional array of spots obtained by the beam
shaping technique of the present invention may be used to fabricate a micro-lens
array, as will be described more specifically further below.

Using an inverse Dammann element as the beam shaping means, namely,
a Dammann grating element, where the input (light entrance) and output (light
exit) are reversed, provides for turning an array of input light beams (spots) into a
single high-intensity light beam/spot.

For example, an inverse Dammann element can turn a two-dimensional
array of VCSEL spots into a single light beam/spot, used to pump a non-linear
optical material (e.g. lasing/doubling crystal), creating an optimized pumping
light source.

Fig. 4 exempliﬁes‘ a light source module 1 formed by a two-dimensional

array of VCSELSs. In this example, the module is formed by 10x10 matrix of the
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VCSELs arranged with a 100pm pitch. The module has 1200umx1200um
dimensions.

The present invention provides a novel VCSEL assembly with beam
shaping architecture. This is implemented by using non-linear optical material
along with VCSELSs. By this, light beams of visible spectrum can be obtained, for
example green light or blue light. This can be achieved through pumping and
then frequency doubling, or by direct frequency doubling. A two-dimensional
VCSEL array (an array of micro light sources) can be fabricated to form the
required optical outi)ut to pump a lasing crystal, which along with a special
optical element (for example: micro-lens array, or inverse Dammann grating as
will be described further below) forms a single light beam on the surface of the
crystal.

It has been shown that the multi-mode VCSELs arrays are much more
powerful and cheaper. However, due to the uncertainty in their spatial
distribution, their beam shaping is not efficient. The inventors has used multi
mode VCSEL array to pump a laser crystal and a non-linear optical material as a
frequency doubling (e.g., the DPM1102 commercially available from CASIX,
that is 1.5x2x2.5mm’; or any other non-linear optical crystal). The laser crystal
generates radiation at 1064nm and 914nm and the non-linear optical crystal
doubles it to green 532nm and/or blue 457nm.

A hybrid structure formed by lasing and non-linear optical crystal, termed
DPM (Diode-Pumped Microchip laser) has been developed by CASIX. This
DPM crystal combines Nd:YVO4 and KTP. The use of such hybrid (or

- composite) crystals simplifies construction of a low power green DPSS laser.

25

These hybrid crystals virtually eliminate fiddling as a pastime since the HR,
Nd:YVO4 (vanadate), KTP, and OC mirrors are all permanently aligned. For
many applications, no additional optiés is required. For the blue color
wavelength, a different non-linear optiéal crystal should be used, e.g., BBO

which is characterized by low cost and frequency doubling efficiency.
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The output from the DPM or each output beam from a laser diode array
typically has a Gaussian profile. In order to efficiently illuminate an SLM, as
well as for other applications, a rectangular uniform-intensity beam profile is
required. The 'present invention solves this problem by using a tophat element
assembly, nammely a single tophat element or an array of tophat elements. Fig. 5
illustrates in a self-explanatory manner the conversion of a Gaussian intensity
profile to a tophat profile (rectangular profile with uniform energy distribution).

Reference is made to Figs. 6A to 6F exemplifying optical systems of the
invention utilizing beam shaping based on the use of a tophat element assembly.

Optical system 400A of Fig. 6A includes a light source system 202
formed by a two-dimensional array of light source elements (6x6 array in the
present example) such as a laser die array or surface emitting laser array); a
diffractive optical unit 210 including a two-dimensional array of tophat elements
each associated with the respective one of the laser source elements (i.e., light
beam produced by the laser source element); and focusing optics 204 including a
two-dimensional array of lenses each associated with the respective one of the
tophat elememnits. The laser dies are very cost efficient solution for producing the
red color illumination. The laser dies are coming from the CD and DVD player
industry and thus their prices are extremely low while they produce significant
output power (7mW for low price modules). They are single mode laser and thus
allow efficient beam shaping.

The beam profile at the output of each laser source element in the array is
Gaussian. In order to convert it into the uniform rectangular cross section beam,
the tophatlet array 210 is used, where each tophat element shapes the respective
beam from the laser dies array. Hence, each Gaussian-profile light beam
generated by the light source element is shaped to form a rectangular-profile
uﬁiform-intensity beam; and a two-dimensional array of such rectangular-profile
parallel beams is thus provided together covering substantially the entire area of
a multiple-pixel arrangement (e.g., SLM). It should be noted that the tophatlet

array can be designed to produce multiple beams each of the rectangular uniform
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intensity profile corresponding to the geometry of a single pixel from a multiple-
pixel arrangement (e.g., SLM), or can be configured to provide from each of the
laser beams in the array a rectangular uniform beam profile substantially equal to
the size of the entire multi-pixel arrangement so that all the beams are
superimposed on each other and their energy is summed with low loss due to the
low coherency between each of the laser source elements.

In the example of Fig. 6B, optical system 400B includes a light source
system 202 including a red laser based upon an array of laser dies each
generating a light beam B, at 650nm; and .a beam shéping arrangement 210 in the
form of a two-dimensional array of tophat elements. Each tophat element is
aligned with a respective one of the light beams B;. Light beams B, emerging
from the tophat element assembly are of a rectangular cross section with uniform
intensity profile.

In the example of Fig. 6C, optical system 400C includes a green or blue
light source system 202 based upon a VCSEL array as the energy source at
808nm, a 1064nm lasing crystal with KTP for frequency doubling; a beam
shaping arrangement 210 including a tophat diffractive optical element operating
to turn the Gaussian profile of light generated by the light source system 202 to a
rectangular cross-section light beam. An array of spatially separated Gaussian-
profile light beams By from the VCSEL array produces a single close to
Gaussian-profile light beam B, of a different wavelength (than that of light B,)
emerging from the non-linear crystal. This light beam B, then passes through the
tophat element assembly 210 formed by a single tophat element, resulting in an
output light' beam Bj; of a rectangular cross section with uniform intensity profile.
It should be noted that additional focusing optics can optionally be used in the
optical path of light beams B; to imprové the pumping efficiency.

Figs. 6D and 6E show a simulation of the light beam profile (a two-
dimensional array of light beams) before (Fig. 6D) and after (Fig. 6E) the light
passage through an array of tophats (tophatlet array). As shown, after the light
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passage through the tophat assembly, a light beam has rectangular uniform
intensity profile. .

Fig. 6F illustrates an optical system 400F including a light source system
202 and a beam shaping arrangement 210. The light source system 202 is
configured to generate green or blue light by directly doubling the laser beam by
a non-linear medium. The light source system thus includes a VCSEL array as
the energy source at 1060nm or 910nm with non-linear optical material, such as
KTP, BBO, PPLMN, LBO crystals or non-linear polymers. The diffractive beam
shaping arrangement 210 includes a tophatlet array in the optical path of multiple
beams exiting the non-linear material. As a result, the output beam profile is that
show in Fig. 6E.

It should be noted that the non-linear material together with the necessary
wavelength sensitive coating (e.g. Anti Reflective/Highly Reflective) could be
affixed on top of the laser array in such a way as to be part of the laser array's
resonator structure to form an extended cavity and improve the frequency
doubling efficiency. Affixing of the non-linear optical material to the laser array
may for example be carried out by direct deposition, direct crystal growth,
mechanical gluing_ or spin coating, or a combination thereof.

It should also be noted that in order to optimize the crystal pumping, the
VCSELs may be operated using the above-described sequencing mechanism,
such that at each moment of time only a group of the VCSELs is operative. The
VCSELs can be lit on and off in groups in different timings when each group
lasés over the crystal in a different location within the total lasing surface, thus
allowing better dispersion of heat along the coating substrate and maintaining
better reliability of the coatings over the crystal, while avoiding over heating of a
single spot and preventing the coating from burning. As a result, a higher power
can be driven with smaller and/or cheaper crystals.

It should be understood that in order to operate in visible spectral range, it

is also possible to use VCSEL arrays or similar array arrangements with a given
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wavelength of Green, Red or Blue as illumination channels without the crystal
pumping. ‘

The tophat element assembly should be appropriately designed to provide
the beam cross section corresponding to the shape to be illuminated, for example
the SLM pixel or the entire SLM active area.

An important application of diffractive optical elements is their capability
to perform beam shaping, within limits defined by the wave equation constraints.
A general optical set up for achieving beam shaping is illustrated in Fig. 7A. The
input distribution t; is multiplied by a phase only filter (diffractive optical
element), then a first lens with proper free space propagation and a second lens
are used to perform a Fourier transform of this multiplication.

An iterative algorithm is used to calculate the spatial phase filter where a
random phase is chosen at the beginning and the constraints are the amplitude of
the input and the output planes. In each iteration, the phase is multiplied by the
input amplitude and then a Fast Fourier Transform (FFT) is performed. The so-
obtained phase is multiplied by the output amplitude and an Inverse Fast Fourier
Transform (IFFT) is performed. Now, the obtained phase becomes the input
phase for the second iteration. This iterative algorithm is shown in Fig. 7B. After
several iterations, convergence occurs. |

After calculating the phase only filter, using MATLAB, the filter can be
fabricated by binary optics methods, which will be described further below or
similar linear optics methods. Fig. 7C shows the input field distribution, which is
a Gaussian field (curve H;) and the constraint output shape which is rectangular
(curve H,). The amplitude of the desired output shape was chosen so that the
energy of the output plane was equal to the energy of the input plane.

In the simulation, three different methods were used. The first method was
a regular FFT, the second method used was a Fractional Fourier Transform
(FRT) with order p (chosen for smallest RMS error value), and in the third
method, instead of FFT ot FRT, Fresnel transform for a distance z (again chosen

for smallest RMS value) was used. The simulation results are illustrated in Figs.
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7D-7G: Fig. 7D shows curve Al corresponding to the regular FFT and curve A2
corresponding to the FRT, Fig. 7F shows the Fresnel transform result, Figs. 7E
and 7G illustrate the RMS as a function of the number of iteration for all three
cases (convergence rate). As shown, the Fresnel approach yields better results.
Additionally, it is advantageous since it does not require the Fourier transform
lenses. Hence, this approach is preferably chosen for designing the tophat
element assembly.

Turning back to Figs. 6B and 6C, the tophat element is preferably placed
immediately after the light source system, i.e., (after the laser die array in Fig.
6B, and/or after the DPM structure (laser and non-linear optical medium) in Fig.
6C. Since providing a zero distance is practically impossible, the tophat assembly
is placed at a small distance from the output of the light source system (i.e., not at
the beam waist), and the element design takes this into consideration.

Reference is made to Fig. 8, schematically illustrating an optical system
500 utilizing an Inverse Dammann optical element as the beam shaper. The
system 500 includes a light source system 202 formed by an array of micro light
source elements 6; a focusing optics 204 (common collection lens); and a beam
shaping arrangement 210 including an inverse Dammann grating assembly. The
system 500 is thus configured and operable to convert an aﬁay of incoming low-
intensity light beaims B, into a single high-intensity light beam B,. Light source
elements 6 project beams B; towards the collection lens 204, and then the beams
are converted by the inverse Dammann grating assembly 210 into a plane wave
(a single light beam) B,.

This optical system can be used, for example, within a projection system
with VCSELs groups/arrays to pump a non-linear optical crystal in order to form
a visible range wavelength illumination source, Where the beamslets of the
VCSELs group are translated by beam shaper into a single light spot on the
active pumping area of the non-linear optical crystal. It should be noted that the

array of light source elements can have any type of arrangement, any number of
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light source elements and a variety of light source types (lasers: VCSELSs, laser
dies; LEDs).

An inverse Dammann is a Dammann gratings element, where the input
(light entrance) and output (light exit) are reversed. The Inverse Dammann
grating element provides for turning an array of spots into a single light
beam/spot, e.g., for turning an array of VCSEL light spots to a single light spot
(capable of pumping the doubling or lasing crystal).

The use of Dammann gratings is an analytical approach for realizing a
desired spot distribution at Fourier plane by using a binary phase only gratings.
The transition points between “-1” to “1” transparency value are computed by
solving a set of equations yielding the required spot structure. Illuminating a
Dammann grating with a single light beam/spot can be designed to generate a 2D
array of spots with equal energetic distribution. This approach may be used for
generating any desired spot distribution at the Fourier plane. This 2D array of
spots can be used, for example, as the illumination source of an SLM in a very
optimized way. |

Dammann gratings are binary diffractive optical elements, having several
diffraction orders of equal intensity, used to multiplex images from one input
object. Fig. 9A illustrates, in a self-explanatory manner, an optical setup that can
be used for this purpose. A coherent plane wave Wy, normally impinging onto a
grating G, is diffracted by the grating G, and an output pattern P appears in the
back focal plane of a converging lens CL. Dammann gratings can be designed to
have 3, 5, 7 or more equal diffraction orders. Fig. 9B illustrates the grating
transparency function in one dimension. The ohly free parameters in the one-
dimensional transparency function are the transition points xj, Xp, X3...X,. A
grating with » transition points will result in (2n+1) central diffraction orders.
The output of a Dammann grating with n=1 is illustrated in Fig. 9C: there are
three equal orders having 62% of the input energy; the rest of the energy is

distributed among higher diffraction orders
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An inverse Dammann grating can be used in order to transform an array of
low-intensity light sources into one high-intensity plane wave emitting light
source. Ifthe optical set up of Fig. 9A is used with an inverse Dammann grating,
an array of point sources transforms into one point source with higher intensity.

Turning back to Fig. 8, the inventors used this setup to transform an array
of coherent point sources into a wide light source. Here, an array of point sources
is transformed into a plane wave by the Dammann grating 210 and the lens 204.
An input containing a matrix of nine point sources was chosen, which is
illustrated (in one dimension) in Fig. 10A. The light intensity in the output plane
was calculated by MATLAB simulation. In the output plane (one focal length
from the lens), the obtained intensity was calculated, as illustrated in two
dimensions in Fig. 10B and in one dimension — in Fig. 10C. A one-dimensional
Fourier transform of the light intensity in the output plane is illustrated in Fig.
10D, where it can be seen that indeed 90% of the intensity is in the zero order.
This indicates the efficiency of this optical setup.

As can be seen from Figs. 10B and 10C, the light intensity is not uniform
and has sharp descents to zero. This is because the input has a finite number of
orders. Nevertheless, the spot becomes uniform, when moving farther from the
focal plane of the lens. Fig. 10E illustrates the light intensity after free space
propagation (FSP) a distance of one focal length from the focal plane of the
collection lens 204. Longer distance propagation will smooth the spot further.
Fig. 10F illustrates the same light intensity in one-dimension after the FSP.

As can be seen from the figures, at a distance from the focal plane there
are no more jumps to zero. This is due to the low-pass filter nature of the FSP.
An additional optical low-pass filter may be applied if required, to appropriately
limit the FSP length.

Considering the setup of Fig. 8, the. VCSEL array 202 is placed at the
focal plane of the collection lens 204. Hence, after the lens, its Fourier transform

is obtained. At that plane, the inverse-Dammann element is placed. A relation
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between the focal length f, source spot size d and obtained spot size D in a

Fourier-transform lens is determined as:

A f
2 - p
d

For example, if D=2mm, A=808nm, and d is the active area of the
individual VCSEL, i.e., is about 3-10um, then f=9.9mm (for d=4um). The
inverse Dammann grating 210 is placed immediately after the lens 204. The
aperture of the lens 204 should be larger than the light spot size D. Since the light
spot is small (D=2mm), a lens with aperture of Smm or less could be chosen.

Another issue that needs to be considered is the grating resolution. To

estimate it, we will use:

A-f R
A .

wherein 4 is the illumination area, and R is the resolution (feature size). In this
design, 4 is the VCSEL array area and R is the feature size at the Fourier plane.
Using the 14x14 array (which is shown to be the worst case), with overall size of
16x16mm?, these parameters yield resolution of A/A=10pum. As the Dammann
grating has rapid changes, its resolution can be assumed as an order of magnitude
larger than the output resolution, hence a resolution of 1um can be obtained,
which is well within manufacturing ability.

Reference is made to Fig. 11 schematically illustrating an optical system
600 utilizing a diffractive optical unit to convert a single light beam into a 2D
array of beamlets. The system 600 includes a light source system 202; and a
beam shaping arrangement 210. The light source system 202 is configured to
generate a single or multiple light beam B; (laser, LED); the beam shaping
arrangement 210 includes for example an array of Dammann gratings arranged in
a cascaded manner, or multi-pixel phase mask element designed with or without

fractal beam shaping approach. The beam shaper 210 thus converts the light
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beam B, into a desired 2D array of beamlets B,. To this end, the diffractive
optical unit 210 (the mask of beamlets) is appropriately designed in accordance
with required sizes of beamlets’ diameter and pitch of the beamlets pattern. The
array of beamlets B, lights an output plane 44, which can be any desired plane
requiring illumination (for example: a photo-resistive material illuminated to
generate a patterned array structure, or an SLM clear aperture area where the
mask was designed to be a perfect fit with relative pixel sizes on the SLM as to
maximize light efficiency through the SLM with minimum blocking).

As indicated above, the diffractive optical unit 210 may include several
Dammann gratings arranged in a cascaded manner, such that each spot of the
first Dammann is fed to a second cascaded Dammann element individually,
thereby multiplying the number of spots of the first Dammann. Alternatively, the
diffractive optical unit 210 may be a special multi-pixel diffractive phase mask
element, set to fit to beamlets size requirements and pitch size requirements as so
to be capable to illuminate the desired output plane/surface in an optimized
manner. In cases where large arrays are needed, the multi-pixel diffractive phase
mask element might be designed as a fractal beam shaping element.

Multi-pixel diffractive optical phase mask (filter) is an analytical solution
for a phase only filter, extracting uniform 2-D array of spots. The improved
performance of this type of diffractive optical element is obtained by applying
mathematical constraints dealing with equal energetic content in each one of the
spots in the array, rather than having uniformity in shape of each spot. Such
energetic condition is applicable, for example, in cases where the generated 2D
array aims to illuminate a 2D array of pixels of an SLM. The 2D array of light
beamlets then impinges individually on every pixel of the SLM thus improving
the efficiency. For example, an SLM with a resolution of 1024x768 active pixels
will have sets of 1024x768 beamlets individually to each pixel. By doing so,
degradation of light from the TFT mask of the SLM and dispersion of light on

inactive surfaces/areas can be avoided.
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The following is the explanation of analytical solution for a phase only

filter extracting uniform 2D array of spots. The output plane, where a 2D array of

spots is obtained, is defined as the Fourier transform of a phase only element:

-]

F(u)= [explig(x)lexp(-2mixp)dxc (1)

=00

wherein x is the spatial variable, u is the spatial frequency variable, @(x) is the
phase function, and F(1) is the Fourier transform.

The energy at the output plane in a specific impulse equals to:

(n+1)Au

10 E,= [[FGl du @

nAu

Thus, two constraints for analytical optimization process will be defined:

Ac+kdu
| FaP du=0 3)
kAp
15
Aupvnhp Ap+mhApu
[ VFw P du= [[F@P du=y €
Ao+nAu ) Ao+mAu

The parameters Ac and Ap are defined in Fig. 12, which shows notations
for the mathematical derivation, wherein Ac is the region between energy spots
where the output must be zero; and Ap is the region where the spot appears. The

20 shape of the spot is not important as long as its energy is equal to the other spots.

This leads to the following two cost functions to be minimized:

Ao+kAp

&= [IF@)P du

kAp
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&' =| [ |FwP du- [Fw)l du (6)
Ac+nAp Ao+mAp

which means solving the following equation set:

aigl =0
’ )
—822 =0
op
5 This leads to:
a Ao +kAu
— F(u) P dp|=0 8
6¢[ kA[! ] u] ®)
and:
P ApsnAp Ap+mAu ) Au+mAy Apsrndp
10 | [IFGPde||1-|  [IF@Pde||~| = [F@Pde||l [[FG@P du|-1|-
a¢ Ac+nAu Aoc+mAu a¢ Ao+mAp Ac+nAu

©)
Starting with the first equation (Eq. 8), ¢ = ¢, + &4 will be defined in order

to compute | F(u) = () [ +5ﬂ F(uw) |2} where 5{| F(u) |2} is the differential of
15 | F(u)[ which is related to the differential of &,.

Assuming small variations of the phase &g << ¢,, ¢ >> (5¢)*> = 0 yields:

exp(ig) ~ exp(ig, 1 + 4]

20 and:

SUFG) P Y= [ [l6p(r) - 50 o) lexpligf(x,) — i, explmip(e, — x)ldndr,  (10)

Since the differential of the error is
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se, = [S{F(w)Plau=0 (11)
kAp
one obtains:
[6{ P PYap =1 [8pae)lT ()~ (x)]= 0 (12)
kAu
where:
Ao+khp
5 Tk)= exp<f¢<xl){ [exp(-ig(x, )( fexp(2in(x, —xl))du}bz} (13)
It should be note that:

[exp(2riu(x, — x))du = (B —a)expli(x, - x)(B +a)]sinc|(x, - x)(B-a)]  (14)

o

where:
sine(£) = sin(ze) (15)
G
10 and thus:

T(x,) = exp(i(x, exp(—ig(x,) ® (Ao explmix, (Ao + 2kAw)|sinc(x,Ac))] (16)

where ® denotes correlation integral.
Since according to Eq. 12, the equation is to be zero for all variation of the

phase, one obtains:

15
T(xl)’"T*(xz)=0 (17)

wherein asterisk indicates complex conjugate operation. This leads to the fact

that the imaginary part of T(x1) must be zero and thus:
£i(x,) = cos[p(x, )] ® [sin(mx, (Ao + 2kAw))sin c(x,Ac)]+
—sin[g(x, ® [cos(mcl (Ao + 2kA,u))sin e(x,Ao) ]+ (18)
fo(x) = cos[(/ﬁ(x1 )] ® [cos(ﬂxl (Ao + ZkAﬂ))Sin c(xlAO')]+
—sin|g(x, )| ® [sin(mz, (Ao + 2kA))sin c(x,A0)]

20 and:

tan[¢<xl>]=—% (19)
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Thus, the optimal phase function may be extracted by applying the inverse
tan operation.

Now, the equation related to the second optimization condition on €22 can

be derived.
a 2 a Ap+nbpu ) a Ap+mAp )
5 Y & = 25_¢[A0+@j ) dﬂ] + 2—5—[Aa+£,|j (W) | duJ +
2| FG@P e[ IFGE du|+|  [F@Pdu| 2| [IF@ R dul|=0
Ac+mAu a¢ Ac+nlAp Ac+nAp a¢ Ao+mAu
(20)
Applying similar mathematical manipulations and using Eq. 14 one
obtains:
10
f,.("> (x) = cos[;é(x1 )]® [sin(7zx1 (Ao +Au+ 2nA,u))sin c(x, (Au— AO'))]+
- sin[(zrﬁ(x1 )]® [cos(ﬂac1 (Ao +Au+ 2nAﬂ))sin c(x, (Au— Aa))]f
£ (x,) = cos|p(x,) | ® [sin(mx, (A & + Az + 2mAw))sin e(x, (Au ~ Ac))]+
- sin[qri(x1 )]® [cos(fz:x1 (Ao +Au+ 2mA,u))sin c(x; (Ap - AO'))]+ @1)
£.2 ) = cosp(x,)|® [cos(m, (Ao + Au + 2nAw))sin c(x, (A — Ac)) ]|+
- sin[gé(x1 )]® [sin(ﬂx1 (Ao +Au+ 2nA,u))sin c(x, (A — AO'))]
1.5 (x,) = cos|p(x,)|® [cos(mi, (Ao + Ap + 2mAp))sin c(x, (Ap — Ac)) |+
- sin[¢(x1)] ® [sin(mcl (Ao +Au+ ZmAﬂ))sin c(x,(Au— AO'))]
and thus:
_ f;‘(n) (xl) - f; o (xl ) . o)
B G 7P 2
15

Equations 19 and 22 should be fulfilled: the solution for the phase is both
recursive and iterative. An initial guess for the phase is assumed. Then, the right
wing of Eq. 19 and 22 is computed. Thus, the phase could be found from both
equations. An average is computed between both solutions. This result is

20 assumed as the next input for the right wing of both equations 19 and 22. The left
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wing (the phase) is computed again. The process is repeated until convergence is
obtained.

It should be noted that the equivalent of Eq. 19 and 22 must be written N
times, where N is the overall number of the spots in the output plane. Thus,
actually this result is better expressed in a matrix representation where the
elements of the matrix are all possible combinations of 1<k,n,m<N.

As indicated above, in the system 600 of Fig. 11, the diffractive optical
unit 210 may be a multi-pixel diffractive optical phase mask (filter). This filter
can be used for extracting the phase mask required to generate medium size array
of spots. In order to expand this realization for large dimension arrays a fractal
based approach should t;e used and an appropriate diffractive optical element is
created.

The mathematical derivation described above could be used for extracting
the phase mask required to generate medium size of array of spots. In order to
expand this realization for large dimension arrays, a fractal based approach could
be used.

Assuming that the phase mask originally generated for the multi-pixel
diffractive optical phase mask element is an NxN array of spots at its Fourier
plane (output plane), if the mask is expanded (scaled) by a factor of N, the NxN

array will shrink by a factor of N, due to the well known Fourier relation:
G(u) = [g(x)exp(-2aixss)dx — G(%j = [g(ax)exp(-2mixp)dx  (23)

wherein G(u) is the Fourier Transform of g(x)

Thus, if a convolution between the original and the scaled array of spots is
performed in the output plane (the Fourier plane) an array of N° by N spots is to
be realized due to the property of the delta function that a convolution between
any function and a delta function will shift the function to the position of the

delta:
F-x0)= [ =x)8 =0 )dbs
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The convolution operation performed in the output plane is equivalent to a
multiplication operation in the phase mask plane since a Fourier relation exists
between the two planes:

if F(u) = [£()exp(-2rizp)ds and G(u) = [g(x)exp(-2mixp)d

then t(x') = jf (x)g(x'-x)dx - T (1) = F(1)G(x)

where T(u) = [t(x) exp(-2mixps) cbx

Multiplication of two-phase masks means addition of the two phases.

Thus, the over all phase expression for the described case is
Xy
) = 24
br(x,) = #lx, y)+ ¢(N=Nj 24)

wherein ¢ is the phase of the mask that is realizing the N by N spot structure.
In the general case, equation for the phase equivalent to the fractal
equations is obtained, i.e. a structure that is composed out of a summation of the

scaled versions of the same structure:

b1 (5.3) = 2¢(~;— ]\fj (25)

Figs. 13A-13C demonstrate a numerical example for the described
approach for two fractal terms. Fig. 13A shows an 8 by 8 two-dimensional array
of spots computed using the Gerchberg-Saxton numerical algorithm. The result
was obtained after 21 iterations. Scaling the phase leaded to the array of spots
distribution shown in Fig. 13B. This distribution is actually a scale of the original
one. Summation of the two phases (the original and the scaled one) yields the
result presented on Fig. 13C, i.e. a 2D array of spots with 82 by 82 spots (i.e. 64
by 64 spots).

Reference is made to Fig. 14 schematically illustrating another example of
an optical system 700 of the present invention. The system 700 includes a light
source system 202 formed by a laser array 61 operating in a non-visible spectral
range (laser dies or VCSELSs) generating a 2D array of beamlets By (the 2D form

of the beamlets is denoted 52), and a non-linear optical crystal 60; a focusing
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optics 204 including a collimated lens located at the output of the laser array 61;
and a beam shaping arrangemént 210 including an inverse Dammann grating
assembly 56 located proximate to the lens 204 downstream thereof and a tophat
element assembly 64 downstream of the non-linear crystal 60. Beamlets B;
generated by the laser array 61 are collimated by the lens 204 and directed
towards the inverse Dammann grating 56 where they are being converted into a
single beam B, (corresponding spot being denoted 58) to be aimed at a lasing or
doubling crystal’s active aperture 60 (or any other non-linear optical medium)
and being thus converted to a visible beam B3 (corresponding spot being denoted
62). The visible beam Bj is then directed towards another diffractive optical
element (tophat) 64 where the (Gaussian nature of the beam B; is turned into a
unified form output beam B4 to reach a total unified brightness distribution
across the beam (spot denoted 66).

The so-produced unified beam B, can be used to illuminate any surface,
such as an SLM, thus having a clear and unified brightness with equal light
distribution across the active surface. It should be noted that although a non-
linear optical crystal is used in the light source system, different variations of the
architecture are possible with laser sources not requiring such a non-linear optical
medium.

It should also be noted that although a single spot is produced on the
surface of the non-linear optical crystal by using an inverse Dammann grating,
several spots of light on the surface of the crystal may be produced by replacing
the inverse Dammann grating by a different type of optical element (e.g., lenslet
array). This is illustrated in Fig. 15: a non-linear crystal 60 is illuminated with
spots of light 70, where each spot is in different location on the lasing surface,
and preferably each spot turns on in different periods of time by a different set of
gfouped lasers (laser dies or VCSELSs), thus allowing better heat dispersion over
the surface of the crystal (reducing any probability to damage the coatings) and

better optimization of the output optical intensity.
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Reference is made to Fig. 16A and 16B showing another examples of an
optical system of the present invention, configured as a projection system
combining light from different light sources operating in different wavelength
ranges. In the example of Fig. 16A, light from two sets of 2D VCSEL sources is
combined with light from a 2D laser die array source. In the example of Fig.
16B, light from one set of 2D VCSEL array is combined with light from a LED
and from a set of 2D laser die array.

System 800A of Fig. 16A includes a light source system 202; a beam
shaping arrangement 210; a focusing optics 204, and a light combiner 92
(periscope). The system 800A is aimed at appropriately illuminating an SLM 94,
which is in turn equipped with an output imaging optics 96. In the present
example, the SLM is of a light transmitting type, but it should be understood that
the principles of the invention could be used with a reflective type SLM.

The light source system 202 includes light sources 72 and 74 both
operating in non-visible range, and formed by 2D VCSEL arrays 83 and 85 (for
example 1060nm and 940nm) for pumping respectively non-linear optical
material 84 and 86 (e.g., KTP and BBO crystals), and a light source 76 formed
by a laser die array (for example, operating with 650nm). The three light sources
define three optical paths of light propagation, respectively.

The focusing optics 204 includes a micro lenslet arrays 78, 80, 82
accommodated in three optical paths, respectively, associated with the light
sources 72, 74 and 76, and are appropriately aligned with these light sources. The
micro lenslet arrays 78 and 80 are located at the output of the VCSEL arrays 83
and 85 upstream of the crystals 84 and 86, respectively. Each of the micrq lenslet
arrays 78 and 80 is configured to focus VCSELs groups of the respective total
VCSEL array so as to form a few focused spots on the respective crystal
(preferably at different time sessions) as described above. The groups of spots
exiting the micro-lenslet arrays 78 and 80 impinge on crystals 84 and 86 to
thereby achieve a second harmonic generation effect and thus obtain green and

blue light beams (in this specific example).
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The micro lenslet array 82 accommodated at the output of the third light
source 76 is in the form of KxL array of micro lenses arranged in accordance with
the arrangement of the laser die array 76, such that a laser die elements matrix
NxM is substantially identical to the lenslet matrix KxL. This is in order to unify
the beamlets on the SLM active surface.

The beam shaping arrangement 210 includes multi-pixel diffractive
optical phase masks 88 and 90 accommodated in the optical paths defined by the
light sources 72 and 74, downstream of the non-linear crystals 84 and 86,
respectively; and a multi-pixel diffractive optical phase masks 91 (e.g. tophat
array) in the third optical path, at the outpuit of the lenslet array 82.

The first and second light beams of a visible spectrum emerging from the
crystals 84 and 86 pass through the multi-pixel diffractive optical phase masks 88
and 90, respectively, where they are converted to first and second arrays of NxM
beams as required according to the pixel arrangement of the SLM unit 94. The
beamlets from the multi-pixel phase masks 88 and 90 and from the multi-pixel
diffractive optical phase masks 91 are directed towards the periscope 92, and
then towards the SLM unit 94 in order to cover its active surface in an optimal
manner. This light is appropriately modulated by the SLM unit (operated by
driving signal) and directed towards the imaging lens 96 where it is magnified
and projected outwards.

It should be noted that, although the present example show the use of a
combination of two VCSEL arrays and one laser die array, all the three light
sources may be laser die arrays or VCSEL arrays. It should also be noted that,
although the lenslet arrays were used as light splitting units, diffractive optical
elements (e.g., Dammann gratings) could be used instead (optionally together
with tophat element assemblies to equally unify the output spots’ brightness.

Additionally, it should be noted that the optics 204 could be removed
entirely, and the non-linear material together with the necessary wavelength
sensitive coating (e.g. Anti Reflective/Highly Reflective) could be affixed on top

of the laser array in such a way as to be part of the laser array's resonator
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structure to form an extended cavity and improve the frequency doubling
efficiency.

Additionally, it should be noted that, although generating a few spots on
the surface of the non-linear optical crystal is preferred, a configuration where a
single light spot impinges onto the crystal could be used as well. Also, at least
one of the multi-pixel phase masks or all of them used to provide optimal light to
the SLM can be replaced by other suitable means, such as fractal beam shaping
elements, or alternatively tophat assemblies to provide a uniform intensity
rectangular beam impinging on the SLM. It should also be understood that the
use of non-linear material is optional, and is eliminated if a VCSEL operable in
the visible spectral range is used. Although in the present example only a
doubling crystal (e.g., KTP) is used, it should be understood that in some
applications a lasing crystal would also be used (e.g., a light source setup
including a 2D VCSEL array at 808nm would require a lasing crystal, such as
YVO4, and a KTP crystal to obtain green output at 532nm).

In the example of Fig. 16B, a projection system 800B similarly includes a
light source system 202; a beam shaping arrangement 210; a focusing optics 204,
and a light combiner 116 (periscope); and is aimed at appropriately illuminating
an SLM 118 (e.g., transmitting type SLM). Here, the light source system 202
includes a first light source 98 formed by a 2D VCSEL array 99 and a non-linear
optical crystal 110 (e.g., KTP); a 2D laser die array 102; and a LED source 100.

The focusing optics 204 includes micro lenslet arrays 104 and 108
associated with the light sources 98 and 102, respectively, and a collection lens
106 at the output of the LED 100. Micro lens array 104 is accommodated at the
output of the VCSEL array 99 upstream of the crystal 110 and is configured to
focus groups of VCSELSs from the total 2D VCSEL array 99 to form few focused
spots on the pumped crystal 110 (preferably at different times). Micro lens array
108 is accommodated at the output of the laser die array 102 and is a KxL matrix

of micro lenses arranged in accordance with a matrix of NxM laser dies, such
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that these matrices NxM (die) and KxL (lenslets) are substantially identical, in
order to unify the beamlets on the SLM active surface.

The beam shaping arrangement 210 includes a multi-pixel diffractive
optical phase mask 112 at the output of the crystal 110; and a tophat element 114
in the optical path pf light collected from the L.ED 100.

Thus, light from the LED 100 is collected by the collection lens 106 and
then passed through the tophat 114 where the light is being reshaped from
Gaussian intensity profile to that of rectangular unified beam, in order to improve
light unification over the SLM surface and obtaining a unified image. Light
exiting from the tophat 114 is directed toward s the periscope 116. Light that exits
the pumped crystal 110 passes through the multi-pixel diffractive optical phase
mask 112, which is configured to convert this light into NxM beams as required
according to the pixel arrangement of the SI.M. These light beams from three
optical paths are directed towards the periscope 116 and from there to the SLM
118. The SLM is controllable operated to modulate the incident light to form an
image and to be then projected outwards by an imaging lens 120.

It should be noted that the lenslet arrays may be replaced by Dammann
grating (optionally together with a tophat element assembly to equally unify the
output spot brightness). Instead of generating a few spots on the surface of the
crystal, the system may be configured to produce a single light spot on the
crystal. Also, at least one of the multi-pixel phase masks or all of them used to
provide optimal light to the SLM can be replaced by other suitable means, such
as fractal beam shaping elements or alternatively tophat assemblies to provide for
a uniform-intensity rectangular beam impinging on the SLM. The use of cfystals
(non-linear material) is eliminated if the visible-range VCSEL is used. Instead of
using only a doubling crystal, a lasing crystal together with non-linear optical
crystal may be used (e.g., a 2D VCSEL array at 808nm, a lasing crystal such as
YVO4, and a KTP crystal to obtain green output at 532nm). The use of single
LED may be replaced by an array of LED's along with their required optics

(lenslet array or a collimation lens), in which case the provision of tophat
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assembly 114 is optional. The combination of the laser die array with the VCSEL
array may be replaced by two VCSEL arrays or two laser die arrays (along with
the suitable beam shaping optics). Additionally, it should be noted that the optics
204 could be removed entirely, and the non-linear material together with the
necessary wavelength sensitive coating (e.g. Anti Reflective/Highly Reflective)
can be affixed (for example by methods listed above) on top of the laser array so
as to be part of the laser array's resonator structure to form an extended cavity
and improve the frequency doubling efficiency.

Reference is made to Figs. 17A and 17B showing yet another examples of
optical systems suitable for use in éprojection system for example.

In the embodiment of Fig. 17A, an optical system 900A includes a light
source system formed by a 2D VCSEL array 122; focusing optics including first
and second collection lenses 126 and 134; and a beam shaping arrangement
including first and second diffractive optical units 130 and 136. The VCSEL
array 122 produces an array of beamlets 124 propagating towards the lens 126
(can alternatively be a plane of 2D lenslet array), which thus produces. collimated
beams 128 propagating towards the first beam shaper 130. The latter is a multi-
pixel diffractive optical phase mask, designed to generate an output in the form
of NxM beamlets. Such a mask 130 can be formed by an array of phase mask
elements, where each multi-pixel phase mask element is aligned individually
with a specific beamlet from the VCSEL array’ beamlets. Hence, each VCSEL
beamlet is transformed by its individual phase mask into an array of beamlets,
meaning all the VCSEL beamlets are together transformed into a large number of
output beamlets 132 by all the phase mask elements. The output characteristics of
the masks 130, such as pitch and size, can be predetermined according to the
requirements of a specific application. If the number of beamlets 132 in not
sufficient, the second iteration can be preformed: Beams 132 are directed
towards the focusing lens 134 (which can also be a 2D lenslet array) where they
are collimated and projected towards the second multi-pixel phase mask 138

(which can also be an array of multi-pixel phase masks) to multiply the number
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of 2D beamlet array achieved by the first mask 130, thus achieving a large scale
beamlets array. |

A convolution is formed between the Fourier of the beam shaﬁing
elements 130 and 138 to the VCSELs set, and a distance between the beamlets
spots may be set to be equal to the size of the VCSEL array.

Resulting beamlets 140 are then directed towards an illumination plane
(not shown), for example, to illuminate a photo-resist for patterning it to obtain
an array of optical elements, or to illuminate an SLM in a fully optimized way,
where each beamlet individually impinges on a corresponding pixel in the active
surface of the SLM.

It should be noted that the multi-pixel phase masks may be replaced by
fractal beam shaping eléments to achieve even a larger 2D beamlets array. The
VCSEL array may be replaced by a laser die array.

An optical system 900B (Fig. 17B) is configured generally similar to the
system of Fig. 17A, namely, includes a 2D beamlet array light source 142 (such
as 2D array of VCSELs or laser dies); focusing lens arrangement; and a beam
shaping arrangement. Here, however, the focusing lens arrangement is in the
form of a lenslet array 146; and the beam shaping arrangement includes a single
multi-pixel diffractive optical phase mask 150 formed by of an array of sub-
elements (phase masks).

The light source 142 projects an array of beamlets 144 towards the lenslet
array 146, where the beams are being collimated. The lenslet array 146 outputs
an array of beamlets 148 towards the beam shaping element 150. The latter is
configured such that each phase mask is individually aligned with a specific
beamlet of the beamlet array 148, forming an array of a larger number of output
beamlets 152, NxM beamlets with a specific beam size and gap between adjacent
beams according to the requirements and the multi-pixel phaéc sub-masks design.

It should be noted that the multi-pixel phase masks may be replaced by
fractal beam shaping elements to achieve even a larger 2D beamlet array. Thé

VCSEL may be replaced by a laser die array.
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Fig. 18 exemplifies an optical system 1000 configured for use in
photolithography for the manufacture of micro structures, such as a micro lens
array fabricated as surface relief pattern. The system 1000 includes a light source
system formed by a UV light source 154; and a beam shaping arrangement
formed by a multi-pixel diffractive optical phase mask 158. The light source 154
is a 2D array of UV light source elements (e.g., VCSELs, laser dies) generating
together a 2D array of beamlets 156. The multi-pixel diffractive optical phase
mask 158 may be built out of sub-masks, mask per beémlet, as described in the
previous example. The mask 158 converts the beamlets 156 to an NxM array of
micro UV beams 160 with specific beam diameter and pitch size. This array of
beams 160 is then projected as output illumination light. For example, beam 160
can be projected onto a photo-resist (e.g., polymer) coated substrate 162 (e.g.,
glass), causing the photo-resist material removal within the regions of interaction
with UV light (or the opposite, in the case of a negative photo-resist). Since
beams 160 present an array of spots with Gaussian distribution of light, they
form a matrix-like shape on the photo-resist substrate corresponding to a lens-
like shape, thus manufacturing the basic pattern for creating micro lens arrays.

It should be noted a single light source element may be used instead of an
array of micro light source elements, in which case the multi-pixel diffractive
optical phase mask is designed accordingly to provide a desired beamlet array
arrangement. The use of the optical system 1000 provides for eliminating the
need for the creation of a fabrication mask (photo tool), since the system
provides the desired UV fabrication pattern, thereby reducing the fabrication cost
of the micro structures.

It should also be noted that instead of using a multi-pixel phase mask,
fractal beam shaping elements or Dammann elements can be used to generate the
2D beamlets array.

With regard to all the above-described examples of the invention, it
should be noted that other standard optics known to the art (e.g., lens

arrangement) can be added before and after the beam shaping arrangement for
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adjustment purposes only. Each of the light sources or light source elements can
be designed using the light module architecture of Figs. 1, 2A-2C, where several
light sources are used, together with sequencing mechanism and pulse mode
operation.

The use of setups of variations of VCSEL arrays, laser die arrays, and
LEDs along with special beam shaping arrangement in the same projection
system could potentially create great reduction in cost and physical size, higher
output brightness and lower electrical power consumption.

A beam shaping technique of the present invention can be used, for
example, to dramatically improve the efficiency of light impinging over the clear
aperture of a spatial light modulator (SLM). The construction and operation of an
SLM are known per se and therefore need not be specifically described. SLMs
are commonly used nowadays as miniaturized displays (typically with a screen
size of less than 1.5" diagonal) in data projectors, head mounted displays, and in
the traditional viewfinders of digital cameras. Manufacturers of SLMs seek to
reduce its physical size within each generation of modulators, in order to extract
new varieties of products. Yet, the transmittance efficiency of an SLM remains
problematic and serves as a major obstacle for further shrinking the modulators
in a dramatic manner, as their inner black matrix TFT mask blocks a large
portion of the incoming projected light, thus forcing the use of high brightness
illumination sources, to achieve an adequate output projection image.
Furthermore, the portion of light blocked by the SLM derives a requirement for
an SLM with a larger surface, in order to spread the accumulated heat over the
SLM, as the behavior of a Liquid Crystal substance may produce aberrations on
the projected image, due to overheating. Hence, a relatively large SLM is needed
to allow better light transmittance and heat dispersion.

The present invention solves the above problem by utilizing a beam
shaping technique in an SLM unit. The beam shaping of the present invention is

based on Dammann gratings (with or without lenslet arrays), multi-pixel
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diffractive optical phase mask (ﬁlter) or a fractal approach, and/or inverse
Dammann gratings.

Reference is made to Figs. 19A and 19B showing two examples,
respectively, of a full 2D addressable VCSEL pumped based architecture to
obtain three color channels to achieve a colorful projected image.

In the example of Fig. 19A, an optical system 1100A is configured to
define three spatially separated optical paths, and direct 1ight from all the paths
towards a deflection element which scans an outpu‘i image. The image is built
from a set of 2D addressable channels per light source, where each light source
set up is controlled to provide different patterns of gray levels and synchronically
scanned by the deflection element which can be a digital micro mirror based
element forming a moving square shape pattern on a projection surface with gray
level changing, thus obtaining an image.

The system 1100A includes a light source system formed by three
individually addressable light sources 164, 166, 168, which are 2D VCSEL
arrays operating with different wavelengths. Light source 164 is a 2D VCSEL
array (preferably individually addressable) at a given wavelength of 1060nm;
light source 166 is a different illumination channel based on a 2D addressable
VCSEL setup array at a different given wavelength of about 860-940nm; and
light source 168 is a 2D addressable VCSEL array at a given wavelength of
about 630-660nm. Light source 168 acts as the RED light source of the system,
while the other two sources 164 and 166 are utilize crystal doubling elements 170
(e.g., KTP) and 172 (e.g., BBO) to provide, respectively green and blue colors.
Light source 164 illuminates doubling crystal 170 and converts the 1060nm IR
beam it originally emitted to a 530nm green output from the KTP crystal 170.
Light source 166 beams towards the doubling crystal 172 thereby converting the
860nm IR beam from the source to 430nm blue output from the BBO crystal 172.
The beamlets sets in each of the light sources are controlled, and their brightness
is determined in correspondence to the required projected image gray level per

color. The IR beams consisting of the brightness pattern are projected in parallel
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on the doubling crystals and are interpreted into same patterns of brightness in
the doubling output side but in a different wavelength within the visible range.
These light source arrangements can be fabricated in similar manner as described
above with reference to Figs. 16A and 16B.

Beams emerging from crystals 170 and 172 and from the RED 2D
addressable VCSEL setup 168 are all directed into a periscope 174, where they
are combined, and are then directed towards a stationary mounted mirror 176,
which reflects them towards a rotating mirror 178. The rotating mirror 178
carried out all the output scanning to create the entire image from numerous
arrays of beamlets. The full output image is finally projected out through an
imaging lens 180, the provision of which is optional.

It should be noted that other types of crystals (lasing and doubling) or
other non-linear optical medium could be used to achieve the same outcome. It
should also be noted that additional optical elements (for example: micro-lens
array) can be used within the illumination channels. Although specific
wavelengths of illumination VCSELs were presented to obtain colorful images, it
should be understood that other illumination sources with different wavelengths
within the non-visible range can be used as well.

In the embodiment of Fig. 19B, an optical system 1100B is configured to
provide a full 2D addressable VCSEL pumped based architecture utilizing a
single 2D addressable VCSEL array to obtain three color channels to achieve a
colorful projected image. This 2D addressable VCSEL array 182 is an IR light
source at a given wavelength of 808nm. Light produced by the light source 182 is
split into three spatially separated beams by beam splitters 184 and 186. As
shown, a light portion reflected by the beam splitter 184 is directed to the beam
splitter 186 to be further split into two light portions, one of which is transmitted
by the beam splitter 186 towards a mirror 188 appropriately oriented to direct this
light portions parallel to the light portions that were, respectively, transmitted by
beam splitter 184 and reflected by beams splitter 186.
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Light portions emerging from the beam splitters 184 and 186, and the light
portion reflected by mirror 188 are directed to liquid crystal cells 190, 192 and
194, respectively. Each liquid crystal cell can be controlled to allow each
projection channel to be operated or to be turned off (to allow color sequential
operation).

Light portions emerging from the liquid crystal cells 190, 192, 194
propagate toward, respectively, lasing crystals 196, 198 and 199, where the
wavelength per channel is converted from 808nm to a different wavelength
range. Light output form the LC 190 passes through the lasing crystal 196 (e.g.,
Nd: YVO4) to be converted to 1064nm light, and is then passed through a
doubling crystal 206 (e.g., KTP) where second harmonic generation of light is
formed and thus a visible-range beam of 532nm (green) is produced.

A similar process takes place in the illumination channel associated with
the beam splitter 186. Light emerging from the L.C cell 192 hits a lasing crystal
198 (e.g., Nd:YVO4) which converts the 808nm input to 914nm, and is then
aimed at a doubling crystal 207 (e.g., BBO) which emits a second harmonic
generation of the input, thus achieving 457nm output (Blue).

At the third channel associated with the beam splitter 188, light output
from the LC 194 is directed towards a lasing crystal 199 (e.g., Nd:Yag) which
emits 1319nm light and is then directed towards a doubling crystal 201 to obtain
a second harmonic generation in its output, thus achieving a 660nm output (Red).

All the channels are lit in different timings in color sequential mode,
where at each illumination cycle a different pattern is lit on the 808nm VCSEL
array. The light beams are beamed towards each channel in. a parallel manner, but
the patterns of illumination cycle are forwarded only to the channel of the
corresponding color, and are blocked by the liquid crystals in the other channels.

Light generated in each one of the channels is directed outwards as visible
range pattern and projected towards a periscopé 208, where the light from all the
channels is pointed towards a mirror 211 and then towards a deflection mirror

212. The latter carried out all the output scanning to create the entire image from
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numerous arrays of beamlet patterns. The full output image is finally projected
out through an imaging lens 214 (optionally). It should be noted that alternatively
the beam splitter and Liquid Crystal shutter combination can be replaced by a
deflector mirror to control which path receives illumination at what point in time.

At each given cycle, a control unit (not shown) carefully adjusts the gray
level of the 2D VCSEL array according to the inserted image feed per color, and
is scanned by the deflector outwards to obtain a large image out of a relatively
small array of 2D VCSELs.

It should be noted that other types of crystals (lasing and doubling) may
be used to achieve the same outcome. Additional optical elements (e.g., micro-
lens array) can be added within the illumination channels. Instead of splitting the
808nm VCSEL array into three channels, three 808nm VCSEL arrays can be
used, each in a different channel, eliminating the need for beam splitters and
liquid crystals. Alternatively, a larger 808nm 2D addressable VCSEL array can
be used to cover all three channels (instead of three VCSEL arrays) and
illuminate each channel by controlling the VCSEL array address lines. It should
also be noted that although specific wavelengths of illumination were
exemplified to obtain colorful images, other illumination sources with different
wavelengths within the non-visible range can be used. It should be noted that this
light source structure coupled with the proper beam shaping arrangement can
also be used to illuminate an SLM based projection system such as described
above with reference to Figs. 16A and 16B.

Those skilled in the art will readily appreciate that various modifications
and changes can be applied to the embodiments of the invention as hereinbefore
described without departing from its scope defined in and by the appended

claims.
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CLAIMS:

1. An optical system configured to provide a desired illuminating light
pattern, the system comprising a light source system configured and operable to
produce structured light in the form of a plurality of spatially separated light
beams; and a beam shaping arrangement; the beam shaping arrangement being
configured as a diffractive optical unit configured and operable to carry out at
least one of the following: (i) combining an array of the spatially separated light
beams into a single light beam thereby significantly increasing intensity of the
illuminating light; (ii) affecting intensity profile of the light beam to provide the
illuminating light of a substantially rectangular uniform intensity profile.

2. The system of Claim 1(i), wherein said diffractive optical unit comprises
at least one inverse Dammann grating.

3. The system of Claim1(ii), wherein said diffractive optical unit comprises
a tophat element assembly.

4. The system of Claim 3, wherein said tophat element assembly comprises
an array of tophat elements arranged in accordance with an array of the spatially
separated light beams, such that each of the tophat elements affects the
corresponding one of the light beams.

5. The system of Claim 4, wherein the tophat element is configured to
affect the intensity profile of the corresponding light beam to produce therefrom
an illuminating light beam of the substantially rectangular intensity profile
corresponding to a geometry of the entire surface to be illuminated.

6. The system of Claim 4, wherein the tophat element is configured to
affect the intensity profile of the corresponding light beam to produce therefrom
an illuminating light beam of the substantially rectangular intensity profile
corresponding to a geometry of a single pixel from an array of pixels in a surface
to be illuminated.

7. The system of Claim 4, wherein the tophat element is configured to

affect the intensity profile of the corresponding light beam to produce therefrom
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an illuminating light beam of the substantially rectangular intensity profile
corresponding to a geometry of a sub-array from an array of pixels in a surface to
be illuminated.

8. The system of Claim 1, wherein said light source system comprises a
plurality of light source elements each producing the corresponding one of said
light beams.

9. The system of Claim 1, wherein said light source system comprises at
Jeast one light source element generating at least one light beam; and a light
splitting unif for splitting the at least one light beam into an array of the spatially
separated light beams.

10. The system of Claim 1, comprising a focusing optics comprising a lens
accommodated in optical paths of an array of the light beams to direct them
along an optical axis of the lens.

11. The system of Claim 1, comprising a focusing optics comprising an array
of lenses each in an optical path of the corresponding one of an array of the light
beams.

12. The system of Claim 1, wherein said light source system comprises at
least one pumping light source arrangement and at least one non-linear optical
medium to be pumped by light generated by said at least one pumping light
source arrangement.

13. The system of Claim 12, wherein the pumping light source arrangement
comprises a surface emitting laser source for directly pumping the non-linear
optical medium.

14. The system of Claim 12, wherein the pumping light source arrangement
comprises a surface emitting laser source and a lasing crystal.

15. The system of Claim 12, wherein said at least one pumping light source
arrangement comprises an array of surface emitting laser source elements.

16. The system of Claim 12, wherein said at least one pumping light source
arrangement comprises an array of Vertical Cavity Surface Emitting Lasers
(VCSELSs).
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17. The system of Claim 1, wherein said light source system comprises at
least one light source element, said 'Iight source element being at least one of the
following: light emitting diode (LED), laser die, Edge Emitting Laser, Surface
Emitting Laser.

18. The system of Claim 9, wherein said light splitting unit comprises at
least one multi-pixel diffractive optical phase mask, the mask being configured to
produce from said at least one light beam an array of the spatially separated light
beams.

19. The system of Claim 9, wherein said light splitting unit comprises a
multi-pixel diffractive optical phase mask defining a first array of pixels, each of
said pixels being configured as a second array of sub-pixels, thereby producing
the spatially separated light beams arranged in accordance with said second
array.

20. The system of Claim 9, wherein said light splitting unit comprises at
least first and second multi-pixel diffractive optical phase masks accommodated
in a spaced-apart relationship along an optical path of light propagation through
the system, and defining different arrays of pixels, respectively, such that light
passage through the first mask produces a first array of spatially separated light
beams, and passage of said first array through the second mask produces a
second array of an increased number of spatially separated light beams.

21. The system of Claim 9, wherein said light splitting unit comprises a
Dammann grating assembly configured to produce from said at least one light
beam an array of the spatially separated light beams.

22. The system of Claim 18, wherein said beam shaping arrangement
comprises an array of tophat elements, each in the optical path of the
corresponding one of the spatially separated light beams to produce therefrom a
light beam of substantially rectangular and uniform intensity profile.

23. The system of Claim 9, wherein said light splitting unit comprises an
array of Dammann grating assemblies arranged in a cascaded Iﬁanner, such that

each light beam output from one Dammann grating assembly is directed through
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a successive Dammann grating assembly, thereby multiplying a number of the
light beams produced by said one Dammann grating assembly.

24, The system of Claim 15, wherein the beam shaping arrangement
comprises an inverse Dammann grating assembly for combining an array of the
spatially separated light beams into the single combined light beam of
significantly higher intensity value.

25. The system of Claim 24, wherein said inverse Dammann grating
assembly is accommodated upstream of the non-linear optical medium with
respect to a direction of light propagation through the optical system.

26. The system of Claim 24, wherein the beam shaping arrangement
comprises a tophat element accommodated in an optical path of the combined
light beam to produce the illuminating light beam of the substantially rectangular
uniform intensity profile.

27, The system of Claim 15, wherein the beam shaping arrangement
comprises an array of tophat elements accommodated at the output of the non-
linear medium.

28. The system of Claim 15, comprising a multi-pixel diffractive optical
phase mask accommodated in optical path of light output from the non-linear
optical medium to produce an array of the spatially separated light beams, and an
array of tophat elements accommodated in optical path of said array of the
spatially separated light beams. t

29. The system of Claim 1, comprising a control unit associated with the
light source system, said control unit being preprogrammed to carry out a
sequencing mechanism to thereby sequentially actuate a plurality of light source
elements in accordance with a predetermined pattern.

30. The system of Claim 29, wherein said pattern is such that at any given
time only one light source element is operative, and the entire light source system
being seen to a human eye as constantly operative for a required operation time,

thereby reducing over heating in a single area defined by the light souxce system.



10

15

20

25

30

WO 2005/036211 PCT/1L.2004/000951
-55-

31. The system of Claim 30, wherein said pattern is such that at any given
moment of time the most distant light source element is operative relative to the
light source element that was operative before it.

32. The system of Claim 29, wherein said pattern is such that at any given
time only one group of light source elements is operative.

33. The system of Claim 15, comprising a control unit associated with the
light source system, said control unit being pfeprogrammed to carry out a
sequencing mechanism to thereby sequentially actuate the plurality of the light
source elements in accordance with a predetermined pattern.

34. The system of Claim 33, wherein said pattern is such that at any given
time only one group of light source elements is operative.

3s. The system of Claim 1, wherein said light source system is configured to
define at least two spatially separated optical paths, the light source system
comprising at least two light sources operating in different wavelength ranges.

36. The system of Claim 35, wherein at least one of said light sources
comprises a pumping light source arrangement and a non-linear optical medium.
37. The system of Claim 35, wherein the beam shaping arrangement
comprises a tophat element assembly accommodated in one of the optical paths
to allow passage of the spatially separated light beams therethrough and thereby
produce output light beams of the substantially rectangular uniform intensity -
profile; and a light combining unit for combining light from said at least two
optical paths to propagate along a common optical path.

38. The system of Claim 37, comprising a Spatial Light Modulator (SLM)
accommodated in said common optical path.

39. The system of Claim 38, wherein the spatially separated light beams are
arranged in a predetermined array corresponding to a pixel array arrangement of
the SLM.

40, The system of Claim 38, wherein the tophat element assembly comprises
an array of tophat elements each associated with a corresponding one of the light

beams.
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41. The system of Claim 36, wherein the beam shaping arrangement
comprising at least one light splitting unit accommodated at the output of said at
least one non-linear optical medium, respectively, and configured for splitting
light emerging from the non-linear optical medium into a predetermined array of
the spatially separated light beams for propagating along the respective at least
one optical path; and comprising at least one tophat element assembly
accommodated in at least one of said optical paths to allow passage of the
spatially separated light beams therethrough and thereby produce output light
beams of a substantially rectangular uniform intensity profile; and a light
combining unit for combining light from said at least two optical paths to
propagate along a common optical path.

42, The system of Claim 41, wherein the array of tophat elements is
accommodated in the optical path associated with the at least one other light
source.

43. The system of Claim 36, wherein said at least one pumping light source
arrangement comprises a certain number of Surface Emitting Lasers, and said at
least one other light source comprises a certain number of laser dies.

44, The system of Claim 43, wherein the light source system comprises first
and second Surface Emitting Laser arrays producing light of different
wavelengths, respectively, and operating as first and second pumping sources for
the first and second non-linear optical media; and comprises the laser die array
operating with a third different wavelength.

45. The system of Claim 44, wherein the first and second Surface Emitting
Laser arrays operate in a non-visible spectral range, light emerging from the first
and second non-linear optical media being of two different colors, respectively,
of a visible spectral range.

46.  The system of Claim 45, wherein the first and second Surface Emitting
Laser arrays are Vertical Cavity Surface Emitting Laser (VCSEL) arrays; the first

and second non-linear optical media are KTP and BBO crystals.
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47. The system of Claim 35, comprising at least two focusing optics
arrangement accommodated in said at least two optical paths.

48. The system of Claim 41, wherein the light source system comprises first
and second Surface Emitting Laser arrays producing light of different
wavelengths, respectively, and operating as first and second pumping sources for
the first and second non-linear optical media; and the laser die array operating
with a third different wavelength, the light splitting units being accommodated in
first and second optical paths associated with the first and second Suxface
Emitting Laser arrays, and the tophat element assembly being accommodated in
the optical path associated with the die array.

49. The system of Claim 35, wherein the light source system is configured to
define three spatially separated optical paths associated, respectively, with the
first light source including an array of Surface Emitting Lasers and producing an
array of spatially separated light beams; the second light source including a light
emitting diode (LED); and the third light source formed by an array of laser dies.

50. The system of Claim 49, wherein the first light source includes a non-
linear optical medium to be pumped by the Surface Emitting Laser Array.

51. The system of Claim 50, comprising a light splitting unit accommodated
at the output of the non-linear optical medium to split light emerging therefrom
into an of the spatially separated light beams.

S2. The system of Claim 49, comprising two focusing optics arrangerment
accommodated in the optical paths defined by the Surface Emitting Laser array
and laser dies array, respectively; and light collection optics accommodated in
the optical path defined by the LED. |

53. The system of Claim 49, wherein the beam shaping arrangerment
comprisés a tophat element accommodated in the second optical path to produce
from a light beam generated by the LED a light beam of a substantially
rectangular uniform intensity profile; and a light combining unit for combining

light from said three optical paths to propagate along a common optical path.
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54. The system of Claim 51, wherein the beam shaping arrangement
comprises a tophat element accommodated in the second optical path to produce
from a light beam generated by the LED a light beam of a substantially
rectangular uniform intensity profile; and a light combining unit for combining
light from said three optical paths to propagate along a common optical path.

5S. The system of Claim 49, comprising a Spatial Light Modulator (SLM)
accommodated in said common optical path.

56. The system of Claim 55, wherein the array of the spatially separated light
beams produced by the light source corresponds to a pixel array arrangement of
the SLM.

57. The system of Claim 54, wherein the tophat element assembly comprises
an array of tophat elements each associated with a corresponding one of the light
beams.

58. The system of Claim 1, comprising at least one multi-pixel diffractive
optical phase mask configured to produce said structure light in the form of a
predetermined pattern of spatially separated light beams.

59. The system of Claim 58, wherein the multi-pixel diffractive optical phase
mask is configured to define a first array of pixels, each of said pixels being
configured to define a second array of sub-pixels.

60. The system of Claim 58, wherein the beam shaping arrangement
comprises at least first and second multi-pixel diffractive optical phase mask
accommodated in a spaced-apart relationship along an optical path of light
propagation through the system, such that the light beam emerging from the first
mask is further split into an array of light beams by the second mask.

61. The system of Claim 58, comprising a focusing optics accommeodated in
an optical path of light propagating towards said at least one multi-pixel
diffractive optical phase mask. |

62. The system of Claim 60, comprising a focusing optics including at least
two focusing assemblies accommodated upstream of said at least two multi-pixel

diffractive optical phase masks, respectively.
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63. The system of Claim 61, wherein the focusing optics comprises an array
of lenses arranged in a plane perpendicular to an optical axes of the lenses,
thereby producing a corresponding array of focused light beams propagating
towards the multi-pixel diffractive optical phase mask. ‘
64. The system of Claim 63, wherein the multi-pixel diffractive optical phase
mask comprises an array of phase masks arranged in a plane parallel to the lenées
arrangement, said array of the phase masks being configured such that each of
the phase masks is aligned with a corresponding one of the focused light beams,
thus forming an array of light beams of a predetermined size and gap between the
adjacent beams.
65S. An optical system configured to provide a desired illuminating light
pattern, the system comprising a light source system configured and operable to
produce structured light in the form of a plurality of spatially separated light
beams; and a beam shaping arrangement comprising; the beam shaping
arrangement being configured as a diffractive optical unit configured and
operable to combine an array of the spatially separated light beams into a single
light beam thereby significantly increasing intensity of the illuminating light.
66. The system of Claim 65, wherein the diffractive optical unit comprises
an inverse Dammann grating assembly.
67. The system of Claim 65, wherein said diffractive optical unit is
configured to affect the intensity profile of the beam to produce therefrom a light
beam of a substantially rectangular uniform intensity profile.
68. The system of Claim 67, wherein said diffractive optical unit comprises a
tophat element assembly.
69. The system of Claim 66, wherein the diffractive optical unit comprises a
tophat element assembly to affect the intensity profile of the light beam to
produce therefrom a light beam of a substantially rectangular uniform intensity
profile.
70. The system of Claim 69, wherein said tophat element assembly is

accommodated at the output of the inverse Dammann grating.
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71. An optical system configured to provide a desired illuminating light
pattern, the system comprising a light source system configured and operable to
produce structured light in the form of a plurality of spatially separated light
beams; and a beam shaping arrangement comprising; the beam shaping
arrangement comprising an inverse Dammann grating assembly configured and
operable to combine said plurality thereby significantly increasing intensity of
the illuminating light.

72. An optical system configured to provide a desired illuminating light
pattern, the system comprising a light source system configured and operable to
produce structured light in the form of a plurality of spatially separated light
beams; and an array of tophat elements each configured and operable for
affecting the intensity profile of light passing therethrough to produce therefrom
a light beam of the substantially rectangular uniform intensity profile.

73. An optical system configured to provide a desired illuminating light
pattern, the system comprising a light source system configured and operable to
produce at least one light beam; and a multi-pixel diffractive optical phase mask
arrangement configured to produce from said at least one light beam structured
light formed by a predetermined array of spatially separated light beams of
substantially equal intensity value and profile, the multi-pixel diffractive optical
phase mask arrangement being configured to define a first array of the pixels,
each of said pixels being patterned to define a second array of sub-pixels, said
structured light being in the form of the spatially separated light beams arranged
in accordance with said second array of pixels.

74. An optical system configured to provide a desired illuminating light
pattern, the system comprising a light source system configured and operable to
produce at least one light beam; and a multi-pixel diffractive optical phase mask
arrangement configured to produce from said at least one light beam structured
light formed by a predetermined array of spatially separated light beams of
substantially equal intensity value and profile, the multi-pixel diffractive optical

phase mask arrangement comprising at least first and second multi-pixel
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diffractive optical phase masks arranged in a cascaded manner such that the first
mask splits the light beam into a first array of spatially separated light beams, and
the second mask splits each of said spatially separated light beams into a second
array of spatially separated light beams.

75. An optical system for use in patterning a- surface, the optical system
comprising a light source system configured and operable to produce at least one
light beam; and a multi-pixel diffractive optical phase mask arrangement
configured to produce from said at least one light beam structured light formed
by a predetermined array of spatially separated light beams of substantially equal
intensity value and profile.

76. The system of Claim 75, configured to produce said light beams with
Gaussian intensity profile, the system being thereby operable to fabricate a
lenslet array.

77. A light source system comprising an array of light source elements; and
a control unit configured and operable to carry out a sequencing mechanism to
sequentially actuate the light source elements in accordance with a predetermined
pattern..

78. The system of Claim 77, wherein said pattern is such that at any given
time only one group of the laser source elements is operative.

79. An optical system for use in scanning an image, the system comprising at
least two light sources producing light of different wavelengths propagating
along at least two optical paths, respectively, at least one of said at least two light
sources being configured to produce structured light in form of an array of
spatially separated light beams; a light combining arrangement for combining
said at least two optical path into an output optical path; and a mechanical
scanner accommodated in said output optical path.

80. An optical system for use in scanning an image, the system comprising at
least two individually addressable light sources producing light of different
wavelengths propagating along at least two optical paths, reépectively, at least

one of said at least two light sources being configured to produce structured light
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in form of an array of spatially separated light beams each of a substantially
rectangular uniform intensity profile; a light combining arrangement for
combining said at least two optical path into an output optical path; and a
mechanical scanner accommodated in said output optical path.

81. The system of Claim 80, wherein said at least one light source is
configured to provide the individually addressable spatially separated light
beams.

82. A method for producing illuminating light of a desired pattern, the
method comprising producing structured light in the form of a plurality of
spatially separated light beams; and applying beam shaping to the structure light,
said beam shaping comprising passing the structured light through a diffractive
optical unit configured and operable to carry out at least one of the following: (i)
combining multiple light beams into a single light beam thereby significantly
increasing intensity of the illuminating light; (ii) affecting the intensity profile of
input light to provide the illuminating light in the form of an array of light beams
of a substantially rectangular uniform intensity profile.

83. The method of Claim 82(i), comprising passing the multiple light beams
through an inverse Dammann grating.

84. The method of Claim 82(ii) comprising passing the input light through a
tophat element assembly.

85. The method of Claim 84, wherein said tophaf element assembly
comprises an array of tophat elements arranged in accordance with an array of
the spatially separated light beams, such that each of the tophat elements affects
the corresponding one of the light beams.

86. The method of Claim 85, wherein the tophat element is configured to
affect the intensity profile of the corresponding light beam to produce therefrom
the illuminating light beam of the substantially rectangular intensity profile
corresponding to a geoﬁetw of the entire surface to be illuminated.

87. The method of Claim 85, wherein the tophat element is configured to

affect the intensity profile of the corresponding light beam to produce therefrom



10

15

20

WO 2005/036211 PCT/1L.2004/000951
-63 -

the illuminating light beam of the substantially rectangular intensity profile
corresponding to a geometry of a single pixel from an array of pixels in a surface
to be illuminated.

88. The method of Claim 85, wherein the tophat element is configured to
affect the intensity profile of the corresponding light beam to produce therefrom
the illuminating light beam of the substantially rectangular intensity profile
corresponding to a geometry of a sub-array from an array of pixels in a surface to
be illuminated.

89. A method for use in patterning a surface to produce a lenslet array, the
method comprising producing at least one light beam; and passing said at least
one light beam through a multi-pixel diffractive optical phase mask configured to
produce from said at least one light beam structured light formed by a
predetermined array of spatially separated light beams of substantially equal
intensity value and Gaussian intensity profile.

90. A method for use in scanning an image, the method comprising:
producing at least first and second light portions of different wavelengths
propagating along at least two optical paths, respectively, at least one of the light
portions being in the form of an array of spatially separated light beams
corresponding to an array of image pixels; combining said at least two optical
paths into a single output optical path and direct the array of light beams along

said single output optical path to a mechanical scanner.
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