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An image projection system
employing microlaser and/or diode
laser arrays (11). Each laser in
each array is individually address-
able. The system includes three
linear laser arrays, one red (12),
one green (13), and one biue (14),
each individually addressable laser
being powered and modulated in
accordance with the input image
signal (21). When microlaser ar-
rays, which are energized by laser
diode pumps, are used, the laser
diode pumps are formed in equiv-
alent arrays (15, 16, 17). The laser
output beams are combined in a
dichroic prism (31) and reflected
off a rotating multifaceted scanning
mirror (22) which effects two di-
mensional scanning as it rotates.
The image beam reflected from the
scanner passes through an imaging
lens (24), a speckle eliminator (25)
and then onto the projection screen
(27). The invention also includes
the method of generating and scan-
ning the image beam, as well as
the novel speckle eliminator and the
microlaser array configured for op-

timally close spacing to achieve the desired result. In one embodiment, the laser diode pumps are directly modulated by the video signal,
while in another embodiment the microlaser outputs are modulated utilizing a spatial light modulator array.
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DESCRIPTION
HIGH RESOLUTION IMAGE PROJECTION SYSTEM
AND METHOD EMPLOYING LASERS

TECHNICAL FIELD

This invention relates to image projectors using lasers for a source of light.
More specifically, it relates to projection display systems wherein solid state
microlasers or heterostructure diode lasers, or both, are employed in the projection

of high resolution full-color images.

BACKGROUND ART

Rapid advances in processing of information have placed ever increasing
demands on the display systems which transfer critical information to the decision
makers in a variety of settings. One serious limitation has been in the area of the
quality of display systems meeting the demands of high frame rates and high
resolution with compact, cost effective, and efficient optical sources.

Two basic principles, light-modulation and direct emission, are used in
video projectors. In a light-modulation design, a beam of light passes through an
optical array which is capable of switching individual display elements (pixels) on
or off. Liquid crystal display (LCD) panels are common light modulators. Other,
more exotic modulators, such as oil films and deformable micro-mirrors, are also
available. Direct-emission projectors emit their own light. The most common
direct-emission device is the CRT projector, used in home TV projectors and in
high power versions for large screen industrial use. Direct-emission projectors are
inherently simpler than light-modulation projectors. Conceptually, the direct
emission projector consists only of a controllable light source and optics. The

evolution of the CRT projector illustrates how, owing to its inherent simplicity, a
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direct-emission display mechanism can be readily produced and later scaled-up to
higher brightness and resolution levels.

As the resolution requirement of high definition television (HDTV) and
computer displays increase, CRT-based projectors reach some basic physical limits.
A breakthrough is necessary to extend the resolution and brightness limits of this
mainstream projection technology. Unfortunately, there are very few viable direct-
emission technologies, so designers have looked for other ways to project video
and computer information. The result is a host of light-modulation projectors
using many different techniques. However, projectors of this type share a set of
comxﬁon problems. One of them is the need for an efficient light source which
maximizes the amount of light that is passed through the modulator. Also, the
modulation device must be scalable to a reasonably small size. The design issues
associated with these needs are difficult and complex, and in many cases they
directly limit the achievable results.

To better understand the nature of limitations associated with previous
technology, it becomes instructive to review briefly the operating characteristics
of four principal contenders in the video projection arena. In order of review,
these can be identified as CRT projectors, light valve projectors, passive-matrix
panels and active-matrix panels.

CRT Projectors:  Projection CRTs are similar to conventional
monochrome CRTs, except that they are operated at much higher beam currents.
Color systems are built using three independent CRT systems, each with its own
lens. The user must make periodic convergence adjustments to bring the three
beams into color registration. Attempts to produce single-lens projectors, where
the three color tubes are internally converged at the factory, have not been widely
accepted.

Light Valve Projectors: Light valve projectors have been developed to

overcome some of the deficiencies of the CRT projectors. An advantage of light
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valve systems is that the light source and modulating element are decoupled. Light
valve projectors based on the electron beam oil film light valve were developed
over 25 years ago. In such systems, an oil film is used as the image source.
Intensity of the projected light is controlled by the amplitude of the deformation
of the oil film. However, they are very complex, bulky, expensive, and are
difficult to set up and maintain.

An alternative to the oil film approach is provided by the LCD light valve.
Here the LCD matrix is not used as a simple shutter that reduces the input light,
but a stimulus responsive to the input signal is used to activate the LCD material,
which then is coupled to a separate output light source. Extremely high
resolutions (5000 x 7000) ﬁave been achieved via the LCD approach. However,
due to thermal inertia, the writing rate is very slow at this resolution, requiring 3.5
minutes to update a display using two 40 milliwatt lasers. Ultra high resolution
is thus offset by very slow writing speed and very high cost.

Passive-Matrix Panels: A simpler method for using an LCD panel as a
light modulator is that of interposing the panel between a light source and the
projection optics. Sﬁch panels can be activated by either of two approaches, either
passive-matrix and active-matrix. In both passive and active drive technologies,
the LCD cells are arranged in a matrix of rows and columns, and are driven by
row and column driver circuits. In a passive-matrix drive system, the LCD cell
alone exists at each intersection. A time-multiplexing scheme is used to energize
each of the LCD cells in the matrix. Unfortunately, the slow response time of
passive-matrix panels makes them unsuitable for displaying quickly changing
information such as television signals. Also, crosstalk between LCD cells is a
significant disadvantage.

Active-Matrix Panels: An active-matrix panel contains a switching device

such as a thin film transistor (TFT), and a storage element (capacitor), in addition

to the LCD cell at every LCD site. Each switch/capacitor acts as a "sample-hold"
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(S/H) circuit for the briefly appearing pulses from the multiplexed drive system.
Each LCD cell, driven by its own S/H circuit, is thus decoupled from the other
LCD cells, minimizing crosstalk. Furthermore, active-matrix LCD cells can be
formulated to respond quickly. Update rates under 50 milliseconds are easily
achieved with active-matrix panels. However, active-matrix panels are not easy
to manufacture, requiring an impressive range of challenging technologies. The
overall yield is the product of a series of process steps, at each of which losses
typically occur.

The use of lasers in the production of images, and in particular, the
production of a sequential set of electrical signals which represents an original
picture for direct display through the use of lasers ("video imaging") is known in
the art. See for example, U.S. patents 3,549,800 and 3,721,756 (Baker); 3,571,493
and 3,621,133 (Baker et al.); 3,737,573 (Kessler); 3,818,129 (Yamamoto);
3,958,863, 3,977,770, and 3,994,569 (Isaacs et al.); 3,636,251 (Daly et al.); and
4,720,747 and 4,851,918 (Crowley). See also, Taneda et al., "High-Quality Laser
Color Television Display," Journal of the Society of Motion Pictures and
Television Engineers, Volume 82, No. 6 (1973); Taneda et al., "A 1125 Scanning-
Line Laser Color TV Display," SID International Symposium and Expedition
(1973); and Yamamoto, "Laser Displays," Advances and Image Pick-up and
Display, Academic Press, Inc., Vol. 2 (1975); and Glenn, "Displays, High
Definition Television and Lasers," SID International Symposium and Expedition
(1993). For general references to video imaging, see U.S. patents 3,507,984
(Stavis); and 3,727,001 (Gottlieb).

None of the above mentioned patents relate either to diode pumped
microlaser technology or to laser array based approaches. Relevant to the present
invention, research is ongoing into a variety of red, green and blue (RGB) solid
state laser projection technologies. Such work encompasses electrically pumped

blue/green semiconductor lasers, nonlinear mixing or frequency doubling of
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infrared lasers, and infrared-diode-pumped solid state upconversion lasers. All of
this work, however, is concentrated on singular red, green and blue sources which,
individually, are capable of providing sufficient power at one or other of the colors
to provide a brightly illuminated display as opposed to the array approach of this
invention as described below.

Possible applications for improved laser projection display systems are for
those who need full multimedia integrated projectors. Examples are corporate,
industrial, and institutional organizations which make presentations to groups
ranging in size from 2 to 500 people. Such users demand good image quality, full
motion capability, and integrated sound for their computer and audio/visual (A/V)

presentations.

DISCLOSURE OF INVENTION

Broadly speaking, the invention comprises a video display system which

uses diode-pumped microlaser and/or diode laser array sources to produce images.
The practical purpose of the invention is to achieve a high brightness
(>1000 lumens) projection display on a screen of approximately 7.5 feet diagonal
which combines HDTV resolution with 24-bit color.

In its essence, the invention is a high resolution image projection system
comprising: an array of a multiplicity of lasers for each of the three primary colors
of the image projection system; means for individually addressing each said laser
in each said array; means for modulating the beam intensity output of each said
laser; means for combining the outputs of each said laser so that those outputs are
in precise registration with each other; apparatus for two dimensional scanning of
the outputs of each said combined laser beam output; and optical means for
forming the scanned beams into a projection beam.

A representative display system utilizes three linear arrays of 120 laser

elements each--one red, one green, and one blue array. A particular configuration
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of such an array is disclosed herein. The arrays of light sources are scanned in
two dimensions. During each horizontal scan 120 video lines are written,
requiring 10 scans to complete a 1200 line image. While being scanned, the
intensities of the lasers are modulated directly via the near-IR diode laser pumping
energies, the currents to which diodes are so modulated. ~Alternatively, the

microlasers can be run in a continuous wave mode and a linear array of external

intensity modulators can be utilized.

This type of scanning is preferably accomplished with a polygonal scanner
which has successively tilted facts. The tilt angle between two adjacent facets is
such that the projected image moves down 120 lines when the next horizontal scan
is performed. The tolerance requirements on the facet angles are well within that
achievable with diamond machining.

An advantage of this approach is that the required amplitude modulation
bandwidth of an individual beamlet is reduced by 120, as compared to a single
beam approach, due to the parallel nature of the scanning configuration.

The requirement for an external modulator can be eliminated if the
individual laser elements are modulated directly by means of an electrical signal
sent to the array.

This invention also includes means to reduce or remove speckle, which
typically is associated with monochromatic light sources by the incorporation of
a speckle eliminator within the projection system.

These parameters will be used in the following description of the invention,
with the understanding that they are examples only. The image may consist of

more or less than 1200 lines and each laser array may have other than 120

elements.
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BRIEF DESCRIPTION OF DRAWING

The objects, advantages and features of this invention will be more readily

appreciated from the following detailed description, when read in conjunction with
the accompanying drawing, in which:

Fig. 1 is a conceptual schematic diagram of a basic embodiment of the
system of the invention;

Fig. 2 is a schematic diagram of the functional elements of the invention;

Fig. 3 is a plan view of a dichroic prism assembly used in the system of
the invention;

Fig. 4 is a perspective view of a scanning polygon for use with the system
of the invention;

Fig. 5 is a perspective view of a 120-element per centimeter individually
addressable microlaser array including a heat sink and a thermoelectric cooler
(TEC);

Fig. 6 is a plan view of the microlaser array projection system of the
invention;

Fig. 7 is a perspective view of the system of Fig. 6;

Fig. 8 is a conceptual representation of a speckle eliminator used in the
invention;

Fig. 9 illustrates an example of a diode laser-pumped microlaser employed
in the invention;

Fig. 10 is a conceptual diagram of a 120-element pumped microlaser array
as used in the invention;

Fig. 11 is a perspective view of a linear array spatial light modulator for
the microlaser array of the invention without external connections;

Fig. 12 is a conceptual schematic diagram similar to Fig. 1 of the preferred

embodiment of the invention, employing several of the modulators of Fig. 11; and
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Fig. 12A is an enlarged perspective view of a spatial light modulator in the

same orientation in which it is shown in Fig. 12.

BEST MODES FOR CARRYING OUT THE INVENTION

Recent advances in diode laser-pumped solid-state lasers have made

possible compact, efficient, visible, coherent microlaser sources. Applications
requiring small size and low weight are a perfect match for microlaser projection
systems. Such devices utilize the well developed near-IR diode laser technology
as a pump source for rare-earth ion doped solid-state lasers, thereby facilitating the
conversion of the near-IR radiation to coherent, narrow band, visible light.
Additionally, ongoing research on visible heterostructure diode lasers promises
compact red, green and blue diode laser arrays which are amenable to the disclosed
display configuration.

The direct-emission laser approach of this invention is intended to eliminate
the projector design problems represented by existing technologies as set out
above. Gone is the high intensity light source with its efficiency problems, the
heat-absorbing light valve with its aperture limits, and the exotic mechanical
systems that are finicky and expensive. Because they don’t require bulky
deflection systems and optics, and because of their inherent miniaturization, very
bright and compact projectors are made possible using laser projector technology.
The potential ease of incorporation into projection systems make this approach a
revolutionary one, not just an evolutionary extension of the previous technologies,
some of which date back over 20 years.

To compare microlaser projection technology with conventional
technologies, it is instructive to examine two fundamental parameters which relate
to their ultimate practicality. The first parameter can be defined as optical
efficiency--in this case, the lumens of output per watt of input to the light source.

The second is cost compatibility, that is, the extent to which the technology in
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question yields a cost effective solution to the requirements of a specific
application. As an abstract from a paper by William Glen at the OSA Conference
on Compact Blue-Green Lasers (February 1993), the parameters for the
technologies which might possibly compete for the medium-screen and large-
5  screen display market are listed in Table 1.
TABLE I
Display--Efficiency--Cost

Efficiency Power Required (Watts)
Display Type (lumens/watt) Medium-Size Screen | Large-Size Screen | System Cost

Electroluminescence 0.4 2,500 No High

10 Gas Laser 0.1 10,000 100,000 High
Gas Plasma 0.25 4,000 No Medium
CRT Direct View 4 250 No Medium
CRT Projector 0.5 2,000 20,000 High
Light Valves 4 250 2,500 Low

15 Solid-State Lasers 30 30 300 Medium

In context of medium-size projectors, it is evident from the above Table
that the field of efficient cost-effective technologies narrows immediately to CRT
direct view, light valves and solid-state lasers. Meanwhile, in the large-screen
arena, there is a short list of two, namely, light valves and solid-state lasers.

20  Hence, the competition between technologies which exhibit compatibility with both
medium-size and large-size projection becomes one between light valves and solid-
state lasers.

The heart of the disclosed high resolution projection system preferred
embodiment employs visible microlaser technology. As mentioned previously

25  herein, heterostructure diode lasers may be used alternatively to microlaser arrays

and their pumping laser diodes. The specific example employs microlasers so
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either that term or the word "lasers" will be used herein to encompass both types
of light emitters.

A red/green/blue (RGB) microlaser system, consisting of three lasers or
laser arrays, each operating at a fundamental color, is the most efficient, high
brightness, white light projection source for display applications to date. In this
context, microlaser operation has been achieved at 650 nm, 530 nm, 470 nm, and
450 nm, as discussed below. An optical source with this spectrum provides a
greater color gamut than conventional liquid crystal light valve (LCLV) approaches
and projection technologies which use blackbody spectrum optical sources.

To satisfy typical HDTV requirements, an array of 1,200 lasers can be
scanned horizontally in approximately 14.3 ms to attain a resolution of 1200 lines
by 1400 pixels. Alternatively, arrays containing fewer individual microlasers can
be used in a variety of multi-scan geometries. For example, in the multi-scan
approach disclosed herein, three linear arrays of 120 microlaser elements each are
employed--one red, one green, and one blue array. The arrays of light sources are
scanned in two dimensions. With each horizontal scan 120 video lines are written,
requiring 10 scans to complete the 1200 line image. While the lasers are scanned
they are intensity modulated directly by means of the electrical current applied to
the individual diode laser pumping sources.

An exemplary embodiment of the invention is shown in Figs. 1 and 2. In
these figures there is shown light generator microlaser array module 11 comprised
of array 12 of 120 red microlaser elements, array 13 of 120 green microlaser
elements, and array 14 of 120 blue microlaser elements. Directly adjacent each
microlaser array is equivalent pumping diode array 15, 16 and 17, respectively.
Video or image signals, which control diode power, are applied to the pumping
diodes through cable 21. The powered and modulated light beams from arrays 12,
13, 14 are applied to scanning polygon 22 through relay lens assembly 23. The

scanning light beams then pass through imaging lens assembly 24, speckle
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eliminator 25, projection lens 26, and projection screen 27. The speckle eliminator
is a preferred element of the system, but it is not an essential element.

Many high resolution formats can be achieved with the array approach and
with the apparatus shown in Figs. 1 and 2, or a modification thereof. For
example, to satisfy the HDTV requirements of 1200 lines by 1400 pixels with a
frame refresh rate of 70 Hz non-interlaced, the individual microlasers within a 120
element array can be intensity modulated at a rate of 490 KHz. Meanwhile, the
effective gray level and color of each pixel is determined by the amplitude of the
diode current and the relative powers in the RGB beams.

Scanning formats of the above type can be accomplished with polygonal
scanner 22 which is configured with successively tilted facets. The tilt angle
between two facets is such that the projected image shifts by 120 lines when the
next horizontal scan is performed. For example, the tilt angles between two
adjacent facets would be 0.6°. Known techniques of diamond machining are
sufficient to form such a scanner wheel.

A complete projection system based upon the above described technique,
a schematic of which is shown in Figs. 1 and 2, accepts the outputs of three laser
arrays, combines them, scans them, and projects them as a picture upon a large
screen. As evidenced from the figures, the optical train following the laser arrays
comprises six principal elements. These are dichroic prism combiner 31, relay
lens 23, polygonal scanning mirror 22, imaging lens 24, speckle elimination
element 25, and projection lens 26. The final image is focussed onto projection
screen 27.

The geometry of dichroic prism combiner 31 of Fig. 3 is arranged such
that, when viewed from prism output 32, the outputs from individual microlaser
arrays are precisely registered one with respect to another. From Figs. 6 and 7 it
can be seen how the microlaser arrays are arranged with respect to the dichroic

prism. Red array 12 is paired with and abuts against face 33 of the prism. The
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red microlaser output light beam follows path 34, 35, 36 to output beam 32.
Green array 13 similarly abuts face 37 of the prism. The green microlaser output
light beam follows path 38, 35, 36 to output beam 32. Blue array 14 abuts face 41
of the prism. The blue microlaser output light beam follows path 42, 43, 36-to
output beam 32. As is well known in the art, faces 45, 47, 51, 52 and 53 of the
dichroic prism are appropriately coated to reflect certain wavelengths and to pass
others. For example, face 45 reflects the red light waves while faces 52 and 53
are transparent to red. The locations of the red, green and blue inputs with respect
to the prism and the structural geometry of the system are such as to allow
maximum convenience in microlaser array accessibility. Associated relay lens 23
produces an exit pupil of small diameter, matched with the size of and distance to
a face of scanner 22. The location of the pupil is arranged so as to coincide with
the surface of the scanning polygon.

A typical tilt-facet polygon scanner 22 which employs a total of twenty
facets (two each at ten progressive angles) is illustrated in Fig. 4. The 20-sided
scanner is designed with groups of faces 61 and 62, each group of which exhibits
ten discrete pyramidal angles, each specific angle being duplicated on diametrically
opposed facets. The facets in the first set of ten are designated 61 and the
repeating set of ten are referred to with numeral 62. This configuration allows
consecutive facets of the scanner to step the picture by 10 percent of the overall
picture height. The radius of the polygon is on the order of 50 mm, while the
speed of rotation required to achieve 70 frames per second is 2,100 rpm. For this
particular configuration, where each scanner facet 61,62 has an angle with respect
to the vertical which changes by 0.6° from one facet to the next adjacent facet
within each grouping of facets, a 180°-rotation moves the sweep vertically by 6°.
The next rotational group starts at the same vertical position and again moves the

sweep 6° with another 180° of rotation. In the meantime, each facet subtends a
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horizontal angle of about 8°. Of course, with different element parameters, these
specific details would change.

Imaging lens 24 has been designed to use the output of scanner 22, which
is typically collimated, and to provide an exit pupil that is conjugate with the
entrance pupil of projection lens 26. This lens is somewhat complex, but that
complexity is dictated by its requirement to provide a color corrected diagonal
field of about 40 degrees in conjunction with an exit pupil which is located
approximately 200 mm beyond the image plane. Compound lens arrangements are
within the ordinary skill in the art and will not be described in detail here.

The system shown in Fig. 1 includes projection screen 27, which has
certain parameters. As stated previously, that screen may be as large as 7.5 feet
diagonal. It may be a flat screen or wall, or a concave screen. The system is
suited to any type of projection surface.

A conceptual layout for a 120-element individually addressed microlaser
array is shown in Fig. 5. Board 65 has circuitry 66 printed thereon which provides
connectors 67 for the video signals to be conducted to laser diode array 15, for
example. These diodes pump the microlasers in array 12 to result in red output

light to surface 33 of prism 31. Mounted to the other side of board 65 is the heat

“sink and TEC 71. When three such arrays (providing red, green and blue light

beams) are mounted to the combining prism, they can be integrated into a
projection system which takes the form shown in Figs. 6 and 7. These views of
the system demonstrate the three-dimensional relationship between key system
elements, namely, the microlaser arrays, the combining prism, the relay lens, the
scanning polygon assembly, the imaging lens, the speckle elimination device, and
the final projection lens.

Also shown in these structural system figures are projector control card 73
to which the video signals are applied through input 21, and diodes driver card 74,
connected by cable 75 to card 73. Cables 76, 77 and 78 connect the respective
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laser diode/microlaser modules to driver card 74. Chassis 81 also includes power
supply 82 and auxiliary power supply 83.

When a laser source is used for video image projection, each individual
pixel at the screen comprises a large number of scattering sources. The intensity
of the signal seen by an observer is the summation of the signals from each of
these scattering points. Hence, in the presence of a non-moving monochromatic
source and a non-moving screen, the video image is comprised of a complex
interference pattern which is called speckle.

Prior laser based projection systems have suffered from this problem of
image speckle which is intrinsic to narrow-band laser sources. Such speckle
manifests itself as fine grain intensity fluctuations in the viewed image, the specific
distribution of fluctuations rearranging itself in a random fashion whenever the
viewer’s head executes small lateral motions. The visual effects of speckle detract
from the aesthetic quality of an image and also result in a reduction of image
resolution. Consequently, in the context of high resolution display systems, it is
generally deemed essential that speckle be eliminated.

Of the many methods whereby elimination can be effected, four separate
approaches are described briefly herein, each of which introduces an optical path
randomizing media at an intermediate focal plane within the projection optics.
These four randomizing media can be described as: spinning diffusion plates;
flowing fluid diffusers; non-flowing fluid diffusers; and nutating diffusion plates.

When a spinning diffusion plate is located at an image plane of the
projector system, elimination of speckle effects occurs for transverse plate
velocities in excess of a few centimeters per second. Disadvantages associated
with such devices involve their transmission inefficiency (~50%), the large
numerical aperture of their output, and their general bulkiness. To circumvent the
first two disadvantages, one can replace the ground glass surface, a structure

previously suggested in the literature, by a thin sheet of wax supported between
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glass plates. This allows one to increase the forward transmittance of the screen
to the 85%-95% regime while, at the same time, retaining high resolution in
conjunction with forward scattering cones in the 10°-20° full width at half
maximum (FWHM) range.

A flowing fluid diffuser comprises a pair of closely spaced glass plates
between which a highly turbid fluid is caused to flow. Tests of this concept have
been performed with a correction fluid suspension acetone. An example of such
a product is "Liquid Paper" (a trademark of The Gillette Company). At modest
flow rates, this technique results in complete elimination of speckle. However, it
combines low transmission efficiency with the inconvenience of a pump and
associated plumbing.

When the particles suspended in a fluid diffuser are sufficiently small in
size, speckle is eliminated in the absence of flow. This phenomenon is caused by
Brownian motion of the scattering particles. As such, it leads to a simple and
compact device which, in the conventional sense, has no moving parts. A
disadvantage of this type of speckle eliminator is that its transmission efficiency
is limited, compared with what presently appears to be the best available system
described below.

At this time it appears that the best approach to speckle elimination is a
novel nutating diffusion plate configuration. This preferred embodiment approach
to speckle elimination takes advantage of the desirable properties of wax laminate
diffusers (mentioned in connection with spinning diffusers), while packaging the
resultant device in a less bulky configuration. A screen with linear dimensions
which are slightly greater than the intermediate image within the projection system
is employed. It is supported on springs, and caused to vibrate in a plane which
lies perpendicular to the projection axis of the video image beam. A conceptual
example is shown in Fig. 8. Screen 25 is supported by spring elements 85 from

aperture plate 86, which is mounted to chassis 81. The nutation may be induced
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in screen 25 by orthogonal electromagnets 87,88. The image beam passes through
opening 91 in plate 86 and then through speckle eliminator plate 25.

Motion relative to two orthogonal axes is induced in plate 25, together with
a 90-degree phase shift between those motions, in order to avoid periodic moments
of zero velocity which would be associated with simple harmonic motion along a
single axis. The result is a non-rotating diffuser which undergoes rapid nutation,
much in the manner of the contact surface of a orbital sander. Hence, all regions
of the image are subjected to the same motion. An excursion of 1 millimeter at
60 Hz provides a constant transverse velocity of about 20 cm sec”. This yields
an inexpensive device which is barely larger in cross section than the imaging
beam itself.

Microlasers suited to image projection typically are fabricated by polishing
wafer 94 of solid-state rare-earth doped gain medium so that two sides of the
wafer are flat and parallel (see Fig. 9). The thickness of the wafer corresponds to
the length of the laser cavity, which typically is on the order of 1 mm.
Appropriate dielectric coatings 95 and 96 are deposited directly to the polished
surfaces to form the mirrors of a two-mirror standing wave cavity.

Near-IR diode lasers, such as AlGaAs quantum well devices, are used to
longitudinally pump the microlaser, as indicated by input 97. The diode laser
wavelength can be temperature-tuned to a strong absorption band of a rare-earth
ion, thus allowing very efficient operation. The planar uniformity of the flat-flat
cavity is broken by pump beam 97, which deposits heaf as it pumps the crystal.
As the heat diffuses outward from the pumped volume, it forms a thermal
waveguide that defines the transverse dimensions of the oscillating mode, typically
100-200 pm in diameter. The output is indicated by reference numeral 101. If
smaller mode sizes are required, convex curvatures can be imparted onto the

microlaser surfaces.
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One of the techniques employed to generate visible light from a microlaser
is based on frequency doubling of the near-IR emission of an aluminum galium
arsenide (AlGaAs) diode laser pumped neodymium ion (N d*) doped device. The
AlGaAs output is tuned to the 0.809 um absorption transition of Nd*, and lasing
is achieved at 1.3 pm, 1.06 pm, and 0.9 um. Using conventional frequency
doubling techniques, visible light at 0.65 pm, 0.53 pm, and 0.45 pm is obtained.
Thus red, green and blue laser output are achieved. The specific techniques to
generate the various colored laser beams are not relevant to this system invention.
Suffice it to say that operative techniques are described in the literature and are
within the skill in this art. It should be recognized that frequency doubling can be
accomplished with a single rare earth doped nonlinear material or with two
adjacent materials, such as a rare earth doped crystal in combination with a second
nonlinear crystal.

Since an individual microlaser occupies only a small volume within a host
wafer and that volume is pumped along an axis which lies perpendicular to the
plane of the wafer, it becomes a simple matter to incorporate an array of
microlasers within a single wafer. In this regard, array geometries of microlasers
are limited only by characteristics of the pump diode laser arrays and by the
transverse mode dimensions mentioned above.

One approach for fabrication of microlaser arrays is to polish a slab or
sheet of gain material flat and parallel with etalon parallelism tolerances. This slab
is butt-coupled to a diode laser array, with laser action occurring at the positions
of each diode laser pump. However, in a flat-flat microlaser slab the smallest spot
size, and hence the minimum center-to-center spacing of individual microlaser
elements, is limited by thermal diffusion and by the size of the resultant thermally
induced index-waveguide. Even when the diode pump spots are extremely small,

the thermal waveguide effect limits the spot size and center-to-center spacing to
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~100 pym. This corresponds to 100 emitters/cm which is borderline for the HDTV
requirements but this approach could work in the system of this invention.

To achieve higher density microlaser arrays, the surfaces of the material
can be modified such that the microlaser mode size is determined by surface
curvatures and not by the pump-induced thermal waveguide effect. To attain a
center-to-center emitter spacing of <100 um and prevent crosstalk, the single
element microlaser cavity design must be chosen to give a transverse mode
diameter on the order of 20 um. For a microlaser material with a typical index
of refraction of 1.8, a 20 um mode diameter is achieved with a confocal resonator
of length 300 um (a confocal resonator requires convex surface/mirror radii of
curvatures equal to the cavity length). Convex surfaces, as shown in Fig. 10,
reduce the lasing threshold. Indexes of refraction are different for different lasing
materials, but that information is readily available as needed.

Individually addressed diode laser arrays have been produced with 83 um
center-to-center spacing with ~100 mW output per emitter. Each element within
the array is a single mode diode laser with an output aperture of 1 x 20 um and
an emission bandwidth of <1 nm at output wavelengths of about 0.809 um. These
characteristics are well suited for pumping Nd** doped microlasers. Also, such
devices have been tested to 1 MHz amplitude modulation bandwidth with no sign
of optical cross-talk between adjacent emitters.

As new visible heterostructure diode lasers become available, such as
AlGalnP operating at red wavelengths, and II-VI diode lasers, such as CdZnSe and
AlGalnN operating at green and blue wavelengths, these elements can be employed
in this system in place of the microlasers discussed above.

The particular configuration of Fig. 10 is provided as an example only.
Sheet 111 of laser material 112, which as stated previously, may be a unitary or
a compound sheet, includes flat side 113 which is polished and coated with a

suitable dielectric as discussed above. Opposite side 114 is formed with a
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multiplicity of convex protrusions 115, each of which defines an individual
microlaser. That surface, or at least the convex areas, are polished and coated with
the appropriate dielectric material. As shown, the diameter of protrusions 115 on
surface 114 is about 50 ym. A diode laser pump element 116 is aligned with each
convex surface 115. Each diode laser is individually modulated in intensity so that
it pumps its associated microlaser with 0.809 ym energy 117, causing lasing
action, and the appropriate wavelength output 121 (red, green or blue) at the
appropriate image intensity is emitted. The laser light so emitted is operated on
as previously discussed in connection with the description of the system.

It is contemplated that there will be 120 microlasers within the laser
material strip of 10 mm in length. The center-to-center spacing between adjacent
microlaser elements is in the range of 83 um. It could be less, depending on the
configuration of the elements of the system, even as small as about 25 pm spacing.
The thickness of the strip or sheet 111 is on the order of 300 um and the radius
of curvature of each convex protrusion 115 is also on the order of at least 300 pm.
This relationship, where the radius of curvature is at least equal to the length of
the cavity, should be maintained to ensure small laser modes and stable laser
action. As each microlaser is pumped, it emits a beam of approximately 20 pm
diameter. This set of parameters is by way of example only. It provides a
suitable array of individually addressable microlasers and their associated
individual diode laser pumping elements to enable the system of Figs. 1-7 to work
in the desired manner.

To satisfy the requirements for the image projection system of this
invention, the microlaser array module should have the following characteristics:
about 100 elements/cm; be capable of >1 MHz modulation bandwidth/element;
have sufficiently small cross-talk to allow for contrast ratios >100:1; have a
transmission éfﬁciency >85%; have a drive voltage of <80 volts; be low in cost;

and have a high yield in mass production.
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An alternative, and preferred, embodiment of the laser/modulator array
module is shown in Figs. 11, 12 and 12A. Fig. 12 is quite similar to Fig. 1, with
the addition of the linear array spatial light modulator 131 of Fig. 11. This
embodiment of the invention is particularly capable of meeting the above criteria.
As an example, the microlaser array employs spatial light modulators based upon
the ceramic electro-optic material lead lanthanum zirconate titanate (PLZT). This
material has been employed in light modulator applications such as for flash
blindness goggles. Because the material is a ceramic, the fabrication technology
is well developed so high yield, low cost devices can be realized.

With the proper composition, PLZT exhibits a large, fast electro-optic
effect in the absence of a piezo-electric effect. The existence of a piezo-electric
effect precludes the use of more conventional electro-optic crystals, such as
LiNbO,, due to acoustic ringing which gives rise to significant cross-talk between
elements within a linear modulator array. One composition for a spatial light
modulator which satisfies the requirements set out above is a 9/65/35 PLZT which
exhibits a cubic symmetry, a quadratic electro-optic effect, and a zero piezo-
electric effect. Further, this material displays high transmission per unit length
(~95%/mm) in the spectral region extending from ~450nm to ~670nm, the region
of interest here. This composition has 9% lanthanum and the remainder is a 65:35
ratio mixture of lead zirconate and lead titanate, respectively. This is a non-
ferroelectric state of PLZT, having a piezo-electric coefficient of zero. There are
some PLZT compositions which exhibit a piezo-electric effect and they would not
be suitable for this application.

The linear array spatial light modulator shown in Fig. 11 may be made with
the following characteristics, listed here only as an example. Thickness 133 of
wafer 132 is 0.2mm, its width 134 is Imm, and its length 135 is 10mm. This
wafer has 100 Cr/Au electrodes 136 which are S0um wide, with the pitch between

electrodes of 100um. ' The electrodes are deposited on one side of the wafer and
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ground plane 137 is deposited on the other side. Appropriate wire bonding
techniques may be employed to connect electrical signals to each electrode.
Injected microlaser array beamlets 141 from each microlaser element in an array,
such as array 152, are 50um in diameter and their input polarizations are oriented
at 45° to the applied electric field. To ensure 45° polarization of the laser
beamlets from any microlaser array, it may be necessary to interpose a wave plate
or phase retarder 138 (Fig. 12A) between a microlaser array and modulator 132.
In the embodiment contemplated, the red and blue microlazser outputs need phase
retarders to achieve 45° polarization, while the green outl’.aut is already polarized
at 45°. Polarization analyzer 142 is bonded to the output side of modulator wafer
132 and its polarization at iero modulation voltage is oriented at 90° relative to
the input polarization. Under these conditions, when no modulation voltage is
applied to electrodes 136 there is no light output from the microlaser array module.
With the module dimensions given above, and the known electro-optic coefficients
of 9/65/35 PLZT, the half wave voltage (voltage required for intensity modulation
from full ON to full OFF) is ~70 V.

By applying a video signal voltage, entering through cable 158 to a specific
electrode, the polarization of the respective microlaser beamlet is rotated, resulting
in polarization modulation in wafer 132 of the video voltage signal. The output
of the module from analyzer 142, is then amplitude modulated. Thus the
microlaser array beamlets are simultaneously adjusted in amplitude by changing
the voltages amplitudes applied to the 100 electrodes on each wafer 132.

For completeness, the other image projection system elements will be called
out. The only differences between Fig. 12 and Fig. 1 are in microlaser array
module 151 and its external connections. In place of current driver video input
21, which directly modulated each laser pumping diode in arrays 15, 16 and 17 in
Fig. 1, input cable 161 is a power connection only. In this preferred embodiment,

all the pumping diodes in arrays 155, 156 and 157 are on continuously, thereby
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continuously energizing each microlaser element in arrays 152, 153 and 154. A
voltage driven video input signal is employed in the Fig. 12 embodiment, referred
to generally by reference numeral 158. In Fig. 12A, cable 158 is seen to be
comprised of many wires 159, one connected to each electrode 136 on wafer 132.
An external ground connection may be made to ground plane 137 by wire 139.

In actuality, individual connections are likely made to electrodes 136 by
conventional wire bonding.

The output beams from module 151, fully modulated as they were from
module 11 in F1g 1, are then combined by such means as combiner 171, possibly
the dichroic prism shown in Fig. 3. The laser beams then proceed through relay
lens 163, are scanned as previously described by scanner 162, pass through
imaging lens 164, speckle eliminator 165, projection lens 166 and finally onto
projection screen 167.

It should be noted that the modulation apparatus in the Fig. 1 embodiment
comprises video or image input 21 and laser diodes 15, 16 and 17. The
modulation means in the Fig. 12 embodiment comprises image input 158,
wires 159, wafer 132, and electrodes 136. Similarly, the red, green and blue laser
elements of Fig. 1 are individually addressed in the manner that they are excited
or energized by the modulation means. In the Fig. 12 embodiment the laser
elements are continuously excited and it is the output beams that are individually
addressed and modulated. Of course, each laser elements is individually pumped
in both embodiments.

The combining element is shown as dichroic prism 31, but other structures
could be devised to accomplish the same result. Unitary microlaser block 11
shown in Fig. 1 is actually contemplated to be made in separate spaced elements
as shown in Figs. 6 and 7. That particular arrangement corresponds with the

geometry of prism 31. A different combiner would likely result in a different
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physical arrangement of the microlaser arrays and, of course, the mating spatial
light modulators of Fig. 12.

There are very significant advantages to this invention. Because of the
parallel nature of the scanning configuration (multiple beams in a "paintbrush"
arrangement), both amplitude modulation bandwidth and the power required for
each microlaser emitter is reduced by a factor of 100 in relation to a single beam
approach. A 100-element microlaser array-based projector requires a modulation
bandwidth of ~IMHz for each microlaser beamlet. Of course, whether 100, 120,
or some other number of microlaser elements is used only modifies the numbers
without changing the invention.

Upon review of the above detailed description it is likely that modifications
and improvements will occur to those skilled in the art which are within the scope
of the accompanying claims. The specifically described speckle eliminator is not
the only one that can be used in the system. There may be applications of the
system where no speckle eliminator is necessary. Further, while a glass/wax
laminate plate is described, other substances which accomplish the function of an
optical path randomizing media can be used. The particular microlaser array
configuration of Fig. 10 is not absolutely required for proper operation of the
system of the invention, although it offers some definite advantages over the

known prior art.
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CLAIMS

1. A high resolution image projection system comprising:

an array (11, 151) of a multiplicity of lasers for each of the three primary
colors of the image projection system;

means (15, 16, 17 and 131) for individually addressing each said laser in
each said array;

means (21, and 158, 132, 136, 142) for modulating the beam intensity
output of each said laser;

means (31, 171) for gombirxing the outputs of each said laser so that those
outputs are in precise registration with each other;

apparatus (22, 162) for two dimensional scanning of the outputs of each
said combined laser beam output; and

optical means (24, 26 and 164, 166) for forming the scanned beams into

a projection beam.

2. The system recited in claim 1, and further comprising:
means (21, 158) for receiving an image signal;
means for coupling said image signal to said modulating means to produce

modulation signals which thereby individually address each said laser.

3. The system recited in claim 1, wherein each said laser array
comprises a linear arrangement of a multiplicity of lasers (12, 13, 14 and 152, 153,

154).

4, The system recited in claim 1, wherein said multiplicity of lasers

comprises:
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linear arrays of microlaser elements (152, 153, 154) having inputs and
outputs;

equivalent linear arrays of laser diodes (155, 156, 157) for individually
pumping each said microlaser element in each said array;

linear array spatial light modulators (132) having input sides and output
sides, thin input sides confronting and in alignment with the laser beam outputs of
said microlaser arrays;

means on said spatial light modulators for receiving image signals (141),
said image signals individually polarization modulating the laser beam outputs

from each said microlaser element; and
a polarization analyzer (142) at the output side of said spatial light
modulators, the output of said polarization analyzer being an amplitude modulated

video signal.

5. The system recited in claim 4, wherein:

each said spatial light modulator array is fqrmed with a ground plane (137)
on one side and a multiplicity of electrodes (136) on the opposite side, said
electrodes being equivalent in number to said microlaser elements, one said
electrode being operationally coupled to the output of each said microlaser
element; and

said modulating means comprising individual video voltage inputs (159) to
each said electrode to thereby polarization modulate the laser beam output from

each said microlaser element.

6. The system recited in claim 4, and further comprising a phase
retarder (138) selectively interposed between said microlaser array outputs and said

input side of said spatial light modulator, said inputs to all said spatial light



WO 95/10159 : PCT/US94/11181

10

15

20

26

modulators being polarized at 45°, the polarization of said polarization analyzer

being oriented at 90° relative to the polarization of said inputs.

7. The system recited in claim 5, wherein at zero modulation voltage
the output of each said microlaser element/spatial light modulator/polarization

analyzer is zero.

8. The system recited in claim 4, wherein said spatial light modulators

are 9/65/35 lead lanthanum zirconate titanate (PLZT).

9. The system recited in claim 1, wherein said array of a multiplicity
of lasers comprises:

an array of microlaser elements (12, 13, 14 and 152, 153, 154); and

means (15, 16, 17 and 155, 156, 157) for individually pumping each said

microlaser element in each said array.

10.  The system recited in claim 9, and further comprising:

means (21) for receiving an image signal;

means for coupling said image signal to said modulating means to produce
modulation signals; and

means for coupling said modulation signals to said pumping means to

thereby modulate the outputs of each said microlaser element.

11.  The system recited in claim 9, wherein each said microlaser array

comprises a linear arrangement of a multiplicity of microlaser elements.

12. The system recited in claim 9, wherein said pumping means

comprises a laser diode, there being one laser diode for each said microlaser
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element, said laser diodes being configured in arrays (15, 16, 17 and 155, 156,

157) mating with said microlaser array.

13.  The system recited in claim 12, wherein said microlaser arrays are
arranged in a fixed relationship configuration to each other and each said laser

diode array is arranged in a mating relationship with each said microlaser array.

14.  The system recited in claim 13, wherein each said microlaser
element is defined by a convex surface (115) aligned with its associated diode laser

pumping element.

15.  The system recited in claim 1, wherein said output combining means
comprises a dichroic prism (31, 171) which accepts the inputs from each of said
three laser arrays and provides a single output (32) for each corresponding laser

in said three arrays.

16.  The system recited in claim 1, wherein said scanning means
comprises a rotating wheel having a plurality of facets (61, 62), each facet having
a different angle of tilt with respect to each adjacent facet, each said facet thereby
producing a one dimensional sweep of said combined laser outputs, each adjacent

facet shifting the combined laser outputs in a second orthogonal dimension

between sweeps.

17.  The system recited in claim 1, and further comprising speckle

eliminator means (25) interposed in said scanned beams.

18.  The system recited in claim 17, wherein said speckle eliminator

means comprises means for diffusing the light in said scanned beams.
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19.  The system recited in claim 18, wherein said diffusion means is a
rigid plate structure comprising:

a first glass plate;

a second glass plate parallel with and spaced from said first glass plate; and

light diffusing material supported between said first and second glass plates.

20. The system recited in claim 19, wherein said light diffusing material

is wax.

21.  The system recited in claim 19, wherein said speckle eliminator
means further comprises means (85, 87, 88) to move said rigid plate in a

nutational manner.

22.  The system recited in claim 21, wherein said nutational moving
means comprises motion inducing elements orthogonally arranged with respect to
said rigid plate and incorporating a 90-degree phase shift between the motions of

said orthogonal elements to avoid periodic moments of zero velocity.

23. A method for projecting a high resolution image, the method
comprising the steps of:

preparing an array of a multiplicity of red laser emitters (12, 152), an array
of a multiplicity of green laser emitters (13, 153), and an array of a multiplicity
blue laser emitters (14, 154) in a fixed relationship configuration to each other;

individually addressing each laser in the three laser arrays with image
signals to cause the laser light emitted therefrom to be commensurate with the
image inputs;

optically combining the laser outputs to form a multiplicity of parallel

beams equal in number to the number of lasers in each array;
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repeatedly scanning said parallel beams across a limited angle, each scan
being at a different tilt angle with respect to the time adjacent scans, thereby
forming a composite output image beam; and

focusing the image beam at a predetermined location to form a complete

image comprised of a predetermined number of scans of the image beam.

24.  The method recited in claim 23, and comprising the further step of

eliminating speckle from the output image beam.

25.  The method recited in claim 24, wherein said speckle eliminating
step comprises nutating a light diffusing plate (25) in the output image beam, the

nutation motion being orthogonal to the output image beam axis.

26. The method recited in claim 23, wherein the laser arrays are

arranged in a single linear configuration.

27.  The method recited in claim 23, wherein said scanning step is
accomplished by rotating a wheel (22) positioned in the image beam, the wheel
having a plurality of facets (61, 62), each facet having a different angle of tilt with
respect to each adjacent facet, each said facet thereby producing a one dimensional
sweep of said combined laser outputs, each adjacent facet shifting the combined

laser outputs in a second orthogonal dimension between sweeps.

28. A method for projecting a high resolution image, the method
comprising the steps of:

preparing an array of a multiplicity of red laser emitters (12, 152), an array
of a multiplicity of green laser emitters (13, 153), and an array of a multiplicity

blue laser emitters (14, 154) in a fixed relationship configuration to each other;
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pumping said red, green and blue emitters to cause laser light output beams
to be emitted therefrom, the output beams from said red, green and blue output
beams being polarized at a predetermined angle;

individually addressing the laser light beams with image signals to
modulate them by causing the polarization of each said laser beam to rotate in
response thereto;

applying the laser beams to a polarization analyzer having its polarization
oriented at 90° to the polarization orientation of the laser beams prior to their
being modulated, the outputs from the polarization analyzer being amplitude
modulated;

optically; combining the laser outputs to form a multiplicity of parallel
beams equal in number to the number of lasers in each array,;

repeatedly scanning said parallel beams across a limited angle, each scan
being at a different tilt angle with respect to the time adjacent scans, thereby
forming a composite output image beam; and

focusing the image beam at a predetermined location to form a complete

image comprised of a predetermined number of scans of the image beam.

29.  The method recited in claim 28, and comprising the further step of
selectively rotating the polarization of the laser beams which are output from said
red, blue and green lasers by a predetermined amount so that all said laser beams

from said lasers are polarized at the same angle prior to said modulation step.

30. A method for projecting a high resolution image, the method
comprising the steps of:

preparing an array of a multiplicity of red microlaser emitters (12), an array
of a multiplicity of green microlaser emitters (13), and an array of a multiplicity

blue microlaser emitters (14) in a fixed relationship configuration to each other;
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preparing arrays of laser diodes (15, 16, 17) in mating relationships with
said microlaser emitters for individually pumping each microlaser in the three
microlaser arrays;

feeding image signals (21) to the laser diodes to cause the laser diodes to
individually address each microlaser in each array to induce laser light outputs
therefrom commensurate with the image inputs;

optically combining the microlaser outputs to form a multiplicity of parallel
beams equal in number to number of microlasers in each array;

repeatedly scanning said parallel beams across a limited angle, each scan
being at a different tilt angle with respect to the time adjacent scans, thereby
forming a composite output' image beam; and

focusing the image beam at a predetermined location to form a complete

image comprised of a predetermined number of scans of the image beam.

31.  The method recited in claim 30, and comprising the further step of

eliminating speckle from the output image beam.

32.  The system recited in claim 30, wherein the microlaser and the laser

diode arrays are arranged in a single linear configuration.

33.  The system recited in claim 30, wherein said scanning step is
accomplished by rotating a wheel (22) positioned in the image beam, the wheel
having a plurality of facets, each facet having a different angle of tilt with respect
to each adjacent facet, each said facet thereby producing a one dimensional sweep
of said combined microlaser outputs, each adjacent facet shifting the combined

microlaser outputs in a second orthogonal dimension between sweeps.
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34. A speckle eliminator for an imaging system having a projection axis
for the image, said speckle eliminator comprising:

a diffusion means in the form of a rigid plate (25):

said diffusion means defining a plane and being adapted to be positioned
with said plane perpendicular to the projection axis so that the image projection
beam passes therethrough prior to arriving at the focal plane of the image beam;

‘ means (85) for supporting said diffusion means in a flexible manner in the

image beam; and

means (87, 88) to cause said diffusion means to nutate in a plane

perpendicular to the projection axis.

35.  The speckle eliminator recited in claim 34, wherein said rigid plate
comprises:
a first glass plate;
a second glass plate parallel with and spaced from said first glass
plate; and
a sheet of light diffusing material supported between said first and

second glass plates.

36.  The speckle eliminator recited in claim 34, wherein nutation is in
two orthogonal axes parallel to said plane of said diffusion means with a 90-degree
phase shift between the orthogonal nutating motions to thereby avoid periodic

moments of zero velocity.

37.  The system recited in claim 34, wherein the nutation motion

comprises excursions of about 1 mm at 60 Hz.
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38.  The system recited in claim 34, wherein the nutating motion of said

diffusion means provided a constant transverse velocity of about 20 ¢m sec™.

39. A microlaser array comprising:

a sheet of solid-state material (111) defining a multiplicity of microlaser
cavities, said sheet having a first side (113) which is flat and polished, and a
second side (114) which has a multiplicity of convex protrusions (115), one for
each microlaser, said second side being polished,;

a first dielectric coating on said first side forming a first internally mirrored
surface; '

a second dielectric coating on said second side forming a second internally
mirrored surface, said mirrors on either side of said sheet forming a multiplicity

of two-mirror standing wave cavities, each of which is a single microlaser.

40.  The microlaser array recited in claim 39, wherein the radius of
curvature of each said convex protrusion is at leaset equal to the cavity length

between said first and second surfaces.



WO 95/10159

177

FIG. 1

11200
LINES

PCT/US94/11181

1

'SUBSTITUTE SHEET (RULE 26)

20 LINES




WO 95/10159 PCT/US94/11181

2/7
OUTPUT

32—;} _,////31

33
o3 [-36 47

RED INPUT 34 43
51 42 BLUE INPUT
35—

iZf 41

FIG. 3

61

61

61 FIG. 4

QUBSTITUTE SHEET (RULE 26)



SUBSTIUTE SHEET (RULE 26)



PCT/US94/11181

WO 95/10159

4717

9 Ol

18
LNdNI w ‘
STIVNOIS _A
03dIA cg—1
. __
T v | |
1z o ) |
O A
O ez
o —
ze’ z8 //
| . gz
___ N\
1
|
G/ 8L

14

|

1NdinNo
JOVNAI
O3diA

|

SUBSTITUTE SHEET (RULE 26)



WO 95/10159 PCT/US94/11181

5/7

SUBSTITUTE SHEET (RULE 26)



WO 95/10159 PCT/US94/11181

6/7
LASEr GAIN 6/7
MEDIUM
97 95 /f/1—96
g 7 101
DIODE s /
PUMP / ;

= ¥ | T MICROLASER
/ / NN\\\\\\\\ OUTPUT

DIELECTRIC —~—+

ESNSSSNNSNANNS
NANAVANNANNNNNNN

COATING DIELECTRIC
— COATING FIG. 9
R=300 um
111
17 13 ///,///‘ 121
\ \
N A
118 /
\q — -
/ LASING
PUMP MODE
DIODE 14| 20 um
LASER \ T™~112
LASER 83 um
MATERIAL | 113
AlGaAs 10 mm
DIODE ?
LASER
ARRAY || S0 um 1.
~— Yy i
\/\
[ 300 —=
| m
Y
FIG. 10

SUBSTITUTE SHEET (RULE 26)



WO 95/10159

7/7

(o
/_l

—
(@8}
~!

N

N

O\

141

135//

157

153

- — — — —

158

I_—142
FIG. 12A L~

]'

\

>\

PCT/US94/11181

132

142

~~—136

N

~~—136

FIC. 11

1200
LINES

100 LINES

FIG. 12

QUBSTITUTE SHEET (RULE 26)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

