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LIGHT BEAM DISPLAY

RELATED APPLICATION INFORMATION

This application is a continuation of U.S. Serial No. 09/169,163 filed
October 8, 1998, which in turn is a continuation-in-part of U.S. Serial No.
08/887,947 filed on July 3, 1997, which in turn is a continuation of U.S. Serial
No. 08/162,043 filed on February 2, 1994, now U.S. Patent No. 5,646,766.
The disclosure of the above noted patent and applications are incorporated
herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the 'lnvention

" The present invention relates to méthods and apparatus for displaying
an image by employing a light beam or beams.

2. Description of the Prior Art and Related Information

High resolution displays have a variety of applications, including
computer monitors, HDTV and simulators. In such applications, the primary
considerations are resolution, maximum viewable area, cost and reliability.
Although a number of approaches have been employed including CRT
displays, rear projection and front projection displays, plasma displays and
LCDs, none of these have been able to satisfactorily provide all the above
desirable characteristics. In other display applications, such as control panel
displays, and vehicle and aircraft on-board displays, resolution is of less
importance than brightness, compact size and reliability.

Although lasers potentially can provide many advantages for displays
of both types noted above, laser based displays have not been widely
employed. This is due in large part to limitations in the laser scanning
engines available. One conventional approach to scanning a laser beam
employs a rotating mirror to scan the laser beam in a linear direction as the
mirror rotates. Typically, the mirror is configured in a polygon shape with
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each side corresponding to one scan length of the laser beam in the linear
direction. ' ' '

An example of such a rotating polygon laser beam scanner is
illustrated in Figure 1. The prior art laser beam scanning apparatus shown in
Figure 1 employs a polygon shaped mirror 1 which receives a laser beam
provided by laser 2 and deflects the laser beam in a scanning direction X as

‘the polygon 1 rotates. It will be readily appreciated from inspection of the

geometry of Figure 1 that such a rotating polygon sys’tem has the ability to
scan the laser beam through a maximum angle of 180° with a scan line
duration determined by the rotational speed of the polygon divided by N,
where N is the number of polygon sides. Also, it IWiII be appre.ci_ated.”that for
large N the scan angle may be significantly reduc,ed. below 180°. Thus, for
the eight sided polygon configured as illustrated in Figure 1, the laser beam
is scanned through an angle of about 90° with the duration of each scan line
being 1/8 the period for one rotation of the polygon. -

The laser scanning apparatus illustrated in Figure 1 has the
advantage of being quite simple, and is suitable for some applications.
Nonetheless, this conventional laser scanning apparatus is not suitable for
high resolution displays since the inherent limitations of such apparatus
make it difficult to simultaneously achieve a high degree of resolution, high
scanning speed and a large scanning angle. More specifically, a high degree
of resolution requires a relatively large polygon with few sides. That is, if the
laser beam is to provide accurate information as it is scanned along the scan
direction, modulation of the laser beam as it traverses the surface of the
polygon side must unambiguously provide discrete points in the scan
direction. Thus, each side of the polygon must increase with the beam
diameter and the number of discrete scan points (n). Therefore, high
resolution, corresponding to a very large number (n) of discrete scan points,

~ in general requires large polygon sides.  This limitation is particularly

significant where the scanned beam target surface is located close to the



10

15

20

25

WO 0020912 _ PCT/US99/23414

3
polygon mirror. Also, as noted above, the scan angle is reduced as the
number of polygon sides is increased. Therefore, high resolution and high
scan angle require a large polygon with relatively few sides.

The requirements of a large polygon with few sides, however, mitigate
against a high scan rate and thus severely restricts resolution and/or refresh
rate of a display based on such a laser beam scanning apparatus. As
indicated above, scanning speed is directly related to the number of polygon
sides. Therefore, a bolygon with few sides requires very high speed rotation
to achieve high scanning speed. Rotating a large polygon at high speed
creates mechanical problems, however. In particular, high speed rotation
introduces vibrations, stress on the moving parts, and reduced accuracy in
the registration of the mirror relative to the laser beam. These factors
collectively limit the rotational speed of the mirror, and hence the beam scan
rate.

- As noted above, another category of display application of increasing
importance requires relatively small but robust displays having good
brightness and acceptable resolution for graphics, such as maps, and text.
Such displays have significant applications in automobiles and other
vehicles. In such applications, a laser based display has potential
advantages due to its brightness. However, once again, the existing laser
beam scanning apparatus are not well suited. In particular, the 'optical path

. of the laser beam is quite short in such applications due to the compact
space available for the display. This requires the size of the rotating polygon
to be increased. However, mechanical instability is associated with large
rotating polygons and is a serious detriment for such applications, where
reliability is critical. .

Accordingly, it will be appreciated that a need thus presently exists for
an improved laser beam display apparatus.
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SUMMARY OF THE INVENTION
| The present invention provides a display apparatus and method

employing scanning of light beams through a large scan angle at high speed
 andwitha high de'g're_.e of accuracy to provide a high resolution display. The
5 present inventio'n.fu'rther provides a light beam display apparatus having a

reiatively compact cdriﬁgurati’on for a given screen size and which is

relatively free of vibration or other mechamcal problems even at high

‘resolutions and refresh rates

The present mventlon provides a laser beam display which includes a
10  first and second plurality of light beam sources, each of which may preferably
‘be an array of semiconductor lasers, providing a plurality of light beams in an
optical path so as to simultaneously reflect off plural reflective facets of a
movable reflector and illuminate a‘display screen. In a color display, each

column of the laser array corresponds to a separate primary color and the

15 separate rows of the arfay correspond to independently activated but
simulfaneoﬂsly driven scan lines to be illuminated by the laser beam"
scanning apparatus. The plural laser beam arrays subdivide the width of the
screen into smaller scan segments to increase the scanning angle or
increase the horizontal sca'nning' speed of the apparatus. A scan format

20 employing simultaneously illuminated dlagonal scan tiles provnde optimal use

i of the plural laser beam arrays.

- More specifically, in a preferred embodiment the light beam scanning
apparatus of the present invention includes an input for receiving video data
including a plurality of horizontal lines of display information and a high -

25 speed memory for storing the video data for plural horizontal lines. First and
second light diode arrays are provided, each comprising a plurality of rows
and at least one column. A control circuit controls simultaneous activation of
the fight beams in accordance with the video data from 'plural horizontal lines
stored in the high speed memory. An optical path including a movable
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reflector directs the simultaneously activated plural beams from both diode
arrays off of at least two facets of the movable reflector to the display screen.

In a further aspect the present invention provides a method of
displaying information on a display screen employing a plurality of light beam
sources and a rotatable reflector having a plurality of reflective facets tilted at
different angles. A first plurality of light beams are directed to a first facet of
the movable reflector tilted at a first angle, and from the first facet to the
display screen, from the first light beam source. A second plurality of 'Iight
beams are directed to a second facet of the movable reflector tilted at a
different angle, and from the second facet to the display screen, from the
second light beam source. The reflector is rotated so as to cause the first
and second plurality of light beams to simultaneously trace out parallel multi-
line scan segments on the display screen. The parallel scan segments are
displaced vertically on the screen by the tilted facets so as to provide a
generally diagonal configuration on the display screen. The entire screen is
ifluminated by tiling the screen with these diagonal scan patterns as different
tilted facets rotate into the optical path of the light beams.

Further features and advantages of the present invention will be
appreciated from the following detailed description of the invention.

PCT/US99/23414
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BRIEF DESCRIPTION OF THE DRAWINGS ~ -
‘Figure 1 is a top schematic view of a prior art laser scanning -
apparatus. - ' '

Figure 2 is a schematic drawing of a laser beam dlsplay in accordance
with a preferred embodiment of the present invention.

Figure 3isa schema_tnc drawing of a scan pattern in accordance with
the ober'ation' of the laser display of the present invention.

Figures 4A-4C are schematic drawings of a scan pattern provided in
accordance with a preferred mode of operation of the laser beam display of
the present invention. '

~ Figure 5 is a block schematic drawmg of the cnrcu:try of a preferred
embodlment of the laser beam display of the present invention.

Figure 6 is a:' parﬁal cutaway view of a laser diode array in accordance

“with the present invention. '

Figures 7A and 7B illustrate an alternate embodiment of the present
invention employing a fiber optic laser beam delivery head.

Figure 8 illustrates two fiber optic delivery heads in accordance with
the alternate embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 2, a preferred embodiment of the laser beam
display apparatus of the present invention is illustrated in a schematic
drawing illustrating the basic structure and electronics of the embodiment.
The dimensions of the structural components and optical path are not shown
to scale in Figure 2, and the specific dimensions and layout of the optical
path will depend upon the specific application.

As shown in Figure 2, the laser beam scanning apparatus includes a
multifaceted polygon reflector 32. The polygon shaped reflector 32 is
preferably coupled to a variable speed motor 36 which provides for high
speed rotation of the reflector 32 such that successive flat reflective facets on
the circumference thereof are brought-into reflective contact with the laser
beams. The rotational speed of the reflector 32 is monitored by an encoder
(not shown) which in turn provides a signal to motor control circuit (which
may be included in the control electronics 220). The motor control circuitry, -
power supply and angular velocity control feedback may be as described in
U.S. Patent No. 5,646,766 the disclosure of which is incorporated herein by
reference. Although a wheel shaped multi-faceted reflector 32 is presently
preferred, it will be appreciated that other forms of movable multi-sided
reflectors may also be employed to consecutively bring reﬂecti\)e flat
surfaces in reflective contact with the laser beams. Such alternate reflectors
may be actuated by any number of a wide variety of electromechanical
actuator systems, including linear and rotational motors, with a specific
actuator system chosen to provide the desired speed of the facets for the
specific application. '

- The apparatus of Figure 2 further includes a first source 200 of a
plurality of laser beams 202, which plural beams may include beams of
different frequencies/colors as discussed in detail below, and an optical path
for the laser beams between the laser source 200 and a display screen 206.
A second source 300 of a plurality of beams 302 is also provided, with a

PCT/US99/23414
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generally parallel optical path to-display screen 206. - As one examplé'of a
presently preferred embodiment the laser sources 200, 300 may each
comprise a reCtangul?r array of laser diodes having a pluraﬁty of rows and at
least one column. A monochrome display may have a single column for
each diode array whereas a color displayf may have 3 columns. A color array
thus provides the 3 primary-colors for each row. The number of rows
corresponds to the n_,umber.df parallel scan lines traced out on the display
screen 206 by each diode array. For example, 14 rows. of diodes may be
employed. Each two-dimensional diode array 200, 300 may thus provide
from 1 to 42 separate laser beams 202, 302 simultaneously (under the
control of control 'ele,é_’tronics 220, discussed below). Other sources of a .
plurality of laser beams may also be employed. For example, a single beam

- may be split into a plurality of independently modulated beams using an

AOM modulator, to thereby constitute a source of a plurality of beams. Such
an approach for-creatirig plural beams using an AOM modulator is described
in U.S. Patent No. 5,646,766, incorporated hereby by reference. . -

- The optical path-is configured such that the laser beams intercept:-fhe
rotating polygon 32 in a manner so as to provide a desired scan range .
across display screen 206 as the polygon rotates.  The optical path will
depend on the specific application. and as illustrated may employ one or
more reflective optidal elements 212 to increase the path length. Also, one
or more lenses 214, 314, may be provided for each laser beam 202, 302 so
as to focus the beams with a desired spot size on display screen 206.

it will be appreciated that a variety of modifications to the optical path
and optical elements illustrated in Figure 2 are possible. For example,
additional optical eléments may be provided to increase the optical path
length or to vary the geometry to maximize scan range in a.limited space
application. Alternatively, the optical path may not require any path
extending elements such as reflective element 212 in an application allowing
a suitable geometry of beam sources 200, 300, reflector 32 and screen 206.
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Similarly, additional focusing or collimating optical elements such as lenses
214 may be provided to provide the desired spot size for the specific
application. In other applications the individual focusing elements 214, 314
may be combined for groups of diodes. Forexample, all the diodes in a
single row of a diode array may be focused by a si\ngle optical focusing
element 214, 314. In yet other applications, the focusing elements may be
dispensed with if the desired spot size and resolution can be provided by the
laser beams emitted from the diode arrays 200, 300 itself. The screen 206
in turn may be either a reflective or transmissive screen with a transmissive
diffusing screen being presently preferred for compact displays or where a
high degree of brightness is desired.

As further illustrated schematically in Figure 2, the laser beam sources
200, 300 provide the plurality of laser beams, illustrated generally by beams
202, 302 in Figure 2, simultaneously on respective facets 204,304 of the
rotating reflector 32. In particular, plural beams 202 are simultaneously
directed to respective spots or pixels on display 206 via facet 204. Plural
beams 302 via facet 304 are in turn simultaneously directed to a different set
of pixels on display 206. A plurality of beams from a laser source 200 or 300
may also simultaneously illuminate a single pixel. In particular, in a color
display all three diodes in a single row of the diode array may simultaneously
illuminate a single pixel. Even in a monochrome display application plural
beams may be combined at a single pixel to provide increased brightness.
This combination of plural beams to plural pixels is illustrated generally in
Figure 2 by the four laser beams simultaneously being directed to display
206, each of which preferably includes plural distinct component beams of
different frequency or color. The specific manner in which the beams 202,
302 trace out the video data on the screen 206 will be described in more
detail below in relation to Figures 3 and 4A-4C. _

Still referring to Figure 2, the diode arrays 200, 300 are driven by
controf signals provided from control electronics 220 which in tumn receives
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the video information.to be displayed from video data source 100. Video
data source 100 may comprise.any source of video information to be
displayed on displ_ay 206 and may comprise a source of analog or digital
video signals in-any of a vérie_ty of knbwn formats. Control electronics 220
converts the video data provided from source 100 to digital form if necessary

‘and then to a parallel scan format adapted for the specific scan pattern

provided by the diode arrays 200, 300, as described in more detail below.
Referring to Figure 3, the manner in which the muiltiple diode arrays

200, 300 simultaneously provide piural beams to plural facets and provide an
incfeased scanning speed and/or scanning angle for the display, is
ilustrated. | o |

- In Figur_é 3, a front view of display screen 206 is schematically
ilI_ustratéd with the usable part of the screen having a width dimension (W)
and a height dimension (H). The display shown is for a color display, with
three beams of different color light simultaneously activated and focused on

. each pixel 210, 310, from each of the laser sources 200, 300, respectively.

20

25

30

These individual beams preferably correspond to the three primary colors
red, blue and green to provide a color image on display 206. Thus, for the
two sets of pixels 210, 310 illustrated in Figure 3, red, blue and green laser
beams (RBG) are provided simultaneously by laser sources 200, 300.

As shown ln Figure 3, the width dimension (W) of display screen 206
may be subdivided into plural horizo_ntal scan segments corresponding to the
number of diode arrays. Although two horizd:n,tal_ scan segments 208, 308
are illustrated, corresponding to two diode arrays 200, 300, the number of
such segments and diode arrays is not so limited and generally may be 2-10
or greater in number. In the first horizontal scan segment 208 a first plurality
of beams is provided from diode array 200 to plural rows of pixels 210 as
ilustrated in Figure 3 to trace out a first set of scan lines 212. At the same
time a plurality of beams from diode array 300 i_llurriinate_ plural rows of pixels
310 which trace out a second set of scan lines 312 in the second horizontal

PCT/US99/23414
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scan segment 308. These respective beams, scanned along plural
horizontal scan linesby rotation of reflector 32, thus generate a first vertical
scan segment 316. Accordingly, it will be appreciated that for rotation of the
polygon 32 through an angular range corresponding to a single facet width,
the width scanned out on the screen 208 will be double that provided by
single source of laser beams. Accordingly, a concomitant increase in
scanning speed and/or screen size is provided.

The vertical range or height (H) of the display screen 208 is scanned
out by repeating the parallel scanning for each of the vertical scan segments
316. It will be appreciated that to consecutively scan the laser beams over
the respective vertical scan segments 316, some means is required for
shifting the beams vertically to cover the entire vertical distance H shown in
Figure 3. Several different such means for vertically shifting the beams are
described in U.S. Patent No. 5,646,766 the disclosure of which is
incorporated herein by reference.

In a presently preferred embodiment the vertical shifting of the beams
is achieved by using facets of the rotating polygon 32 which are angled at
differing degrees relative to the axis of rotation of the polygon 32. Each
differing facet angle thus corresponds to a different vertical position on the
display screen 206 allowing the different vertical scan segments 316 to be
traced out as the laser beams 202, 302 intercept consecutive ever more tilted
facets. Therefore, one rotation of the polygon 32 will result in all the vertical
scan segments 316 being illuminated providing an image on the entire
usable surface area of display screen 206.

In accordance with the use of tilted facets of the rotating polygon
reflector 32 as a means for vertically shifting the laser beams, a modification
of the scanning format of Figure 3 is preferably employed. In particular, a
diagonal “titing” scan format is preferably employed. This scan format is
illustrated in Figures 4A-4C, which Figures show consecutive sections of the
screen 206 being illuminated by the laser beams in a tiling pattern. The
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example of the diagonal tiling SGan:fo'r'_mat shown in Figures 4A-4C includes
14 rows of laser diodes being 'SimulténeOUSIy provided from each of laser
beam sources 200 and 300 and a rotating polygon reflector 32 having N -
facets (or a'n"int'ege_r"multiple thereof, plus any “dead"” facets between
5 frames). Eachofthe N facets is tilted at a 'differe'n.t angle, the angle for each

facet corresponding to a different vertical position on the display 206 as
generally indicated to the left of each vertical scan segment in Figures 4A-

© 4C. The numbering of the facets for Figures 4A-4C is such that facet 1
correspohds'to the facet tilted to illuminate the top of the display screen 206

10  whereas facet N is tilted to lluminate the bottom of display screen 206.
| Referring first to-Figure 4A, the scan pattern begins with a first scan
tite 400-1 illuminated by the !éser beams from the first laser beam source, -
: i.e., diode array 2_00; striking facet 1 of the rotating polygon reflector 32 and
being scanned across the width of a horizontal scan segment 208. In this
15 . way, for the example of a 14 row diode érray 100, 14 rows of video
information are scanned in parallel across the horizontal scan segment in the
first tile 400-1. The number of pixels of resolution in the horizontal direction
depends on the video data and the particular application; for example, 320

pixels is a specific example for a hlgh resolutlon dlsplay, but fewer or greater
20 pixels may be provided. | ' o
Referring to Figure 4B, the scan pattern is illustrated after the rotating
polygon reflector 32 has rotated facet 1 into the optical path of the second
laser beam source, i'e diode array 300, and the second facet is in the
optical path of the first laser beam source. Rotation of the reflector at this
25 time scans the laser beams from the first and second laser beam sources
over the two diagonally configured tiles 400-2 illustrated in Figure 4B. This
diagonal tiling scan pattern cdntinues-with the hext' consecutive tilted facet
(facet 3) entering the optical- path of the laser beam sources to illuminate
diagonal tiles 400-3 as illustrated in Figure 4C. ThlS pattern continues until
30 the entire display screen 206 has been illuminated by the laser beams. As
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used herein, the term “parallel scan segments” will refer to the tiles which are
scanned out together in parallel, e.g., the tiles 400-2 in Figure 4B and the
tiles 400-3 illustrated in Figure 4C.

_ It will be appreciated that if additional laser beam sources are
provided the tiling pattern illustrated in Figures 4A-4C will add additional
horizontal scan segments. The diagonal tiling pattern in turn will extend
across the entire width of the display with the number of tiles simultaneously
itluminated equal to the number of horizontal scan segments. Thus, for
example, if three diode arrays were employed the scan pattern
corresponding to Figures 4B and 4C would include three diagonally spaced
tiles illuminated simultaneously. Similarly, more tiles will be simultaneously
iluminated for greater numbers of laser beam sources, which as noted above
may be 2-10 in number or even greater if desired for the particular :
application.

 Jtwill be appreciated by those skilled in the art that the ability to
provide multiple tiles each multiple beams deep on display screen 208 has
significant advantages in display applications. The above example using a 14
x 3 rectangular diode array provides a reasonable compromise between
scanning speed and size of the diode arrays 200, 300 and a 504 line color
image could thus be provided onto the display screen 206 by 36 scans of the
laser beams in the horizontal direction across the display screen 206. Thus,
36 independently tilted facets could provide scanning of all 504 lines of the
display 206 in a single rotation of rotating polygon 32. Therefore, the
combination of the two-dimensional diode arrays 200, 300 and a multifaceted
tilted facet polygon 32 allows the size and rotational velocity of the rotating
polygon 32 to be reduced without compromising resolution or display size. it
will be appreciated by those skilled in the art that a variety of different
combinations of diode array dimensions and/or rotating polygon 32

. configurations may be provided depending upon the specific requirements of

any given application including cost, space available for the laser beam
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scanning apparatus, screen size desired, total number of scan lines required,
etc.. Furthermore, while a rectangular array of diodes has the advantage of
ease of layout and adapts well to a rectilinear scanning of lines in a typical
display application, it will be appre"_ciated that other diode array configurations
can also be employed. - | |

The display of the present invention has a further advantage for color
display applications over cbnventional color displays. Conventional displays,
e.g., cathode ra'y tube (CRT) displays, cannot provide different colors
precisely at a single pixel region sjnc_e-t_he phosphorous employed must have
different characteristics for the'diffe_reht colors and must be separated.

Therefore, the individual colored pixels in CRT displays are arranged side by

sideina manné_r which optically is perceived as a single pixel by the eye.
For very high resolutions, however, the limitation of having to provide three
separate pixel regions for each pixel of the display can negatively impact on
the resolution of the display. The present invention, however, can place the:
three distinct color laser beams on precisely the same pixel spot, whether for

 a reflective or transmissive type display screen 208, thereby avoiding a side

by side placement' of the color pixel regions.

- Referring to Figure 5, a block schematic drawing of the control ~ -
electronics 220 is illustrated. The control electronics receives a video input
signal from the video source along line 222. As noted above, the input signal
may be of any of :a n.umber of conventional formats, e.g., NTSC interlaced or
progressive scan formats, and may be either analog or digital in nature. The
signal is provided to video interface 286 which, in the case of an analog input
video signal provided along line 222; will provide analog to digital conversion
of the input signal. Video interface 286 outputs the digital video data in serial
format along line 288 to serial o parallel converter 290. Serial to parallel
converter 290 operates in conjunction with video RAM controller 292 to
convert the serial video data, which ‘may typically be in a raster scan format,
to a parallel scan format corr'espondi'ng to the parallel tiling scan pattern

PCT/US99/23414
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illustrated in Figures 4A-4C. Video RAM controller 292 will include a high
speed temporary memory such as a random access memory (RAM) or FIFO
buffer of sufficient capacity to hold at least one paraliel scan segment of
video datai, e.g., corresponding to two scan tiles. The video sync signals in
the video data provided along line 288 in turn are passed through beam
timing logic 294 which synchronizes the parallel scan segments with the start
of frame and start of line signals typically provided in an analog or digital
video signatl and provides the parallel scan timing signals to the video RAM
controller 292. The output of video RAM controlier 292 in turn is provided -
independently to the red, green and blue video driver circuitry 278, 282 and
280, respectively, in the form of digital color intensity signals to allow a gray
scale color control for a desired palette of colors for the color display. The
video driver circuitry in turn converts the digital color intensity signals to
analog drive signals provided to the individual diodes in the diode array 200
(or 300, not shown in Figure 5) to turn them on and off with an intensity
related to the gray scale drive signal and provide the desired color for each
pixel.

Referring to Figure 6, one embodiment of the diode array 200 is
illustrated in a perspective cutaway view (diode array 300 will be of identical
structure and hence is not shown). As shown, the diode array 200 is
provided by a compact configuration of individual laser diodes 230, e.g., color

- specific diodes, 230R, 230B and 230G. The individual laser diodes 230 are

configured in a compact housing 240 which in turn may be mounted to a
printed circuit board or other suitable support structure via mounting bracket
242, Alternatively, adhesive or other suitable mounting techniques well
known o those skilled in the art may be employed. As further illustrated in
Figure 6, the individual laser diodes may preferably include a focusing iens
cap 232 affixed to the output portion of the laser diode to provide an initial
focusing of the laser beam. The power and control signals in tumn are
provided to the individual laser diodes through a suitable electrical
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connection, such as flex circuit 250 illustrated in Figure 6. Flex circuit 250 is
electrically and mechanically coupled to the housing 240 and individual
diodes 230 via a plug'con_nector-252. It will be appreciated that a variety of
other electrical connection approaches may also be employed, hbwever.

5 including individual electrical connections to each laser diode 230 or '
provision of independ_ent printed circuit boards for each column of the diode
array. The flex circuit 250 is cou.pled to control electronics 220 which in turn
is preferably configured on a printed circuit board. The control electronics
may, however, be prdvided-on the same circuit board which receives

10  mounting bracket 242 or to which the housing 240 is otherwise directly
mounted.

. Referring to Figures 7A and 78, an alternate embodiment of the laser
source 200 and associated electronics is illustrated which employs a fiber
- optic laser beam delivery head which may be advantageous for applications
15  having space limitations or other constraints requiring a compact laser
delivery head. _ : o
As shown in Figure 7A, the fiber optic laser beam delivery head 260
includes a bundle of optical fibers 262 arranged in a compact rectangular
array within a housing 264. The ends of each of the optical fibers 262 may

20 preferably include a focusing end cap element 266 as more clearly illustrated
- in Figure 7B. Aithough the illustration of Figure 7B is not intended to show
-the accurate optical shape of the focusing element 266, it does illustrate the
compact manner in which it can be integrated with the optical fiber 262.
Referring agai'n to Figure 7A, the opposite end of each optical fiber 262 is
25 - coupled to the output of a corresponding laser diode 268. An optional
additional collimator and focuser 270 may be provided at the output of the
individual laser diodes 268 depending upon the length of the optical fiber 262
and the output charé_cteristics of the laser diodes 268. The individual laser
diodes 268 and optional collimator/focusing elements 270 for each column of
30 the diode array may be mounted on separate circuit boards 272, 274, 276 as
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illustrated in Figure 7A or a single circuit board, space permitting. The length
of the optical fibers 262 is chosen to enable the laser array delivery head 260
to be conveniently mounted in the desired optical path relative to the display
screen 206. The individual laser diodes 268 in turn are powered by
respective red, blue, and green video driver circuitry 278, 280, 282 which
form part of control electronics 220 as described above. The video driver
circuitry may be configured on the same circuit boards 272, 274, 276 as the
laser diodes or on a separate circuit board depending on the specific
application and space requirements.

Referring to Figure 8, a compact circuit board implementation of the
laser diodes driving plural fiber optic delivery heads is illustrated. As shown,
two fiber optic delivery héads 330, 332 are coupled to a plurality of laser
diodes 334 via optical fibers 336. The individual laser diodes 334 may be
configured on a single circuit board 338 as illustrated or may be split into
separate boards depending on the space requirements of the specific
application. Also, as in relation to the embodiment described above in
relation to Figure 7A, optical collimator/focusing elements 340 may be
provided between the output of the laser diodes and the optical fibers. As
also more clearly shown in Figure 8, the control electronics splits the video
driver signals for each color (red being illustrated in Figure 8) into parallel
drive signals corresponding to the two fiber optic delivery heads

While the foregoing detailed description of the present invention has
been made in conjunction with specific embodiments, and specific modes of
operation, it will be appreciated that such embodiments and modes of
operation are purely for illustrative purposes and a wide number of different
implementations of the present invention may also be made. Accordingly,
the foregoing detailed description should not be viewed as limiting, but
merely illustrative in nature.

- PCT/US99/23414
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What is Claimed Is:

1. Alight beam display apparatus, comprising:

a display screen having a vertical and a horizontal dimension;

a first plurality of light beam sources configured in an array comprising
a plurality of rows and at least one column; . _

a second plurality of light beam sources configured in an array
comprising a plurality of rows and at least one column;

control means for simultaneously activating said first and second
plural light beam sources; and - . .

an optical path including a movable reflector having a plurality of
reflective facets between the display screen and the first and second light
beam sources for directing said simultaneously activated plural light beams
to the display screen via respective first and second facets of the movable

reflector to simultaneously illuminate different horizontal regions of the

display.

2. A llght beam scanning apparatus as set in claim 1, wherein the
movable reﬂector is a rotatable polygon and wherem the hght beam scanning

| apparatus further comprises a motor for rotatmg the polygon ata

predetermlned angular speed thereby bringing successwe facets into the

~ optical path so as to mtercept the plural l:ght beams

3. A light beam scanning apparatus as set in claim 1, wherein the
light beam sources in each column of the array correspond to a different
color of light.

4, A light beam scanning apparatus as set out in claim 3, wherein
the array has three columns and wherein each column corresponds to a |

light beam source having a primary color.
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5. A light beam scanning apparatus as set out in claim 1, wherein

the plurality of light beam sources comprise semiconductor lasers.

6. A light beam scanning apparatus as set out in claim 5, wherein
the light beam sources comprise semiconductor diodes.

7. A light beam scanning apparatus as set out in claim 1, further
comprising means for shifting the light beams so as to illuminate different
vertical scan segments of the display screen.

8. A light beam scanning apparatus as set out in claim 7, wherein
the means for shifting comprises a plurality of reflective facets configured on -
the movable reflector tilted at differing degrees.

9. A light beam scanning apparatus as set out in claim 8, wherein
movable reflector is a rotating polygori and wherein the tilted facets are tilted -
relative to the axis of rotation of the polygon so as to direct the light beams to
varying vertical scan segments on the display screen.

10.  Alight beam scanning apparatus comprising:

an input for receiving video data, the video data including a plurality of
horizontal lines of display information;

a display screen; '

a first plurality of light beam sources conﬁguréd in an array comprising
a plurality of rows and at least one column;

a second plurality of light beam sources configured in an array
comprising a plurality of rows and at least one column;

a movable reflector having a plurality of reflective facets tilted at
differing angles;

a memory for storing a plurality of horizontal lines of video data;
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-a control CIl’CUlt for simultaneously activating said light beam sources
in accordance with video data from plural horizontal lines stored in said
memory; and |

an'o'ptical path bétween the display screen, the mbvable reflector and
the first and secohd _blufality of':l'ight beam sources for dirécting said |
simultaneously actjgated plural beams to at least two facets of the movable-
reflector and to the ;c_éisplay screen, wherein the movable reflecting scans
each of the first and second plurality of light beams over only a portion of 'a

horizontal line.

11. A _ligh't,"bea_m scanning apparatus as set in claim 10, wherein
the movable reflector is a rotatable polygon and wherein the light beam -
scanning apparatus further comprises a motor for rotating the polygon at a
predetermined anglular_speed thereby bringing respective facets into the -
optical path so as 't_o_'ir'\tercept the plural light beams. L

12.  Alight beam scanning apparatus as set in claim 10, wherein
each of the arrays of light beam sources have plural columns which
correspond to a different color of light. '

13.  Alight beam scanning apparatus as set out in claim 12,
wherein each array has three columns and wherein each column
corresponds to a light beam source of a primary color.

14.  Alight beam scanning apparatus as set out in claim 10,
wherein the plurality of light beam sources bomprise semiconductor lasers.

-15. A Iigh‘t beam scanning apparatus as set out in claim 10,
wherein each array comprises an array of fiber optic fibers mounted in an
array and coupled optically to respective light emitting diodes.
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16. A method of displaying information on a display screen
employing a plurality of light beam sources and a movable reflector having a
plurality of reflective facets tilted at different angles, comprising the steps of:

directing a first plurality of light beams to a first facet of the movable
reflector, and from the first facet to the display screen;

directing a second plurality of light beams to a second facet of the
movable reflector, and from the second facet to the display screen;

moving the reflector so as to cause the first and second plurality of
light beams to simultaneously trace out in a first direction parallel multi-line
scan segments on the display screen, the parallel scan segments being
displaced in a second direction so as to provide a generally diagonal
configuration on the display screen.

17. A method as set out in claim 16, wherein said display screen
has a generally rectangular configuration and wherein said first direction
corresponds to the horizontal dimension of said screen and said second

 direction corresponds to the vertical dimension of said screen.

18. A method as set out in claim 17, wherein the entire display is

illuminated by sequentially illuminating parallel scan segments employing
different sets of tilted facets in the optical path of the light beams..

19. A method as set out in claim 17, wherein the parallel scan
segments comprise diagonally adjacent rectangular segments of the display
screen.

20. A method as set out in claim 18, wherein the parallel scan
segments each have a plurality of different horizontal scan lines of video
information.



