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Description

[0001] This application claims priority from and bene-
fits of U.S. Patent Application No. 11/769,580 entitled
"Servo Feedback Control Based on Invisible Scanning
Servo Beam in Scanning Beam Display Systems with
Light-Emitting Screens" and filed on June 27, 2007.

Background

[0002] This patent application relates to scanning-
beam display systems.

[0003] In a scanning-beam display system, an optical
beam can be scanned over a screen to form images on
the screen. Many display systems such as laser display
systems use a polygon scanner with multiple reflective
facets to provide horizontal scanning and a vertical scan-
ning mirror such as a galvo-driven mirror to provide ver-
tical scanning. In operation, one facet of the polygon
scanner scans one horizontal line as the polygon scanner
spins to change the orientation and position of the facet
and the next facet scans the next horizontal line. The
horizontal scanning and the vertical scanning are syn-
chronized to each other to projectimages on the screen.
[0004] US 2006/0221021 describes a display system
comprising a fluorescent screen which is excited by an
optical beam. Parallel fluorescent stripes are formed on
a substrate of the screen with three adjacent stripes ab-
sorbing red, green and blue light respectively.

[0005] WO 2009/116721 describes an anamorphic la-
ser scanning device in which a writing beam is generated
from a light source, the switching frequency of the beam
being a function of data. A reference beam is provided
by means of which the switching frequency of the writing
beam is controlled as a function of detected speed or
position of the reference beam.

[0006] US 2007/000850 describes an image display
device in which a scanning beam is transmitted onto a
screen and a light detection unit detects light incoming
from the screen and stops emission of the light beam in
dependence on the output of the light detection unit.

Summary

[0007] The invention is defined by the independent
claims to which reference should be made.

[0008] This patent application describes, among oth-
ers, implementations of display systems and devices
based on scanning light on a light-emitting screen under
optical excitation. The described display systems use
light-emitting screens under optical excitation and atleast
one excitation optical beam to excite one or more light-
emitting materials on a screen which emit light to form
images. Servo control mechanisms for such display sys-
tems are described based on a designated servo beam
that is scanned over the screen by the same scanning
module that scans the image-carrying excitation optical
beam. This designated servo beam is used to provide
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servo feedback control over the scanning excitation
beam to ensure proper optical alignment and accurate
delivery of optical pulses in the excitation beam during
normal display operation. In some implementations, mul-
tiple lasers can be used to simultaneously scan multiple
excitation laser beams on the screen. For example, the
multiple laser beams can illuminate one screen segment
at atime and sequentially scan multiple screen segments
to complete a full screen.

[0009] In one implementation, a scanning beam dis-
play system includes a light module to direct and scan
at least one excitation beam having optical pulses that
carry image information and at least one servo beam at
a servo beam wavelength different from a wavelength of
the excitation beam; a screen positioned to receive the
scanning excitation beam and the servo beam and com-
prising a light-emitting layer of parallel light-emitting
stripes which absorb light of the excitation beam to emit
visible light to produce images carried by the scanning
excitation beam, the screen configured to reflect light of
the servo beam towards the light module to produce ser-
vo feedback light; and an optical servo sensor module
positioned to receive the servo feedback light and to pro-
duce a servo feedback signal indicative of positioning of
the servo beam on the screen. The light module is re-
sponsive to the positioning of the servo beam on the
screen in the servo feedback signal to adjust timing of
the optical pulses carried by the scanning excitation
beam to control the spatial alignment of spatial positions
of the optical pulses in the excitation beam on the screen.
[0010] As anexample, the screen in the above system
caninclude servo feedback marks that have facets facing
the excitation light source that are specularly reflective
to light of the servo beam, and areas outside the servo
feedback marks that are diffusively reflective to light of
the servo beam. In this example, the system includes a
Fresnel lens located between the screen and the light
module to direct the scanning servo beam and excitation
beam to be at a substantially normal incidence to the
screen. The Fresnel lens has an optic axis symmetrically
in a center of the Fresnel lens to be parallel to and offset
from an optic axis of the light module to direct light of the
servo beam that is specularly reflected by a servo feed-
back mark into the optical servo sensor while light of the
servo beam that is diffusely reflected by the screen out-
side a servo feedback mark is spread by the Frensnel
lens over an area greater than the optical servo sensor
to direct a fraction of diffusely reflected light of the servo
beam into the optical servo sensor.

[0011] In another implementation, a method for con-
trolling a scanning beam display system includes scan-
ning one or more excitation beams modulated with optical
pulses to carry images on a screen to excite parallel light-
emitting strips to emit visible light which forms the images;
scanning a servo beam at an optical wavelength different
from an optical wavelength of the one or more excitation
beams, on the screen; detecting light of the servo beam
from the screen to obtain a servo signal indicative of po-
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sitioning of the servo beam on the screen; and, in re-
sponse to the positioning of the servo beam on the
screen, controlling the one or more scanning excitation
beams to control the spatial alignment of spatial positions
of the optical pulses in each excitation beam on the
screen.

[0012] In another implementation, a scanning beam
display system, includes an excitation light source to pro-
duce at least one excitation beam having optical pulses
that carry image information; a servo light source to pro-
duce at least one servo beam at a servo beam wave-
length that is invisible; a beam scanning module to re-
ceive the excitation beam and the servo beam and to
scan the excitation beam and the servo beam; and a
light-emitting screen positioned to receive the scanning
excitation beam and the servo beam. The screen in-
cludes a light-emitting area which comprises (1) parallel
light-emitting stripes which absorb light of the excitation
beam to emit visible light to produce images carried by
the scanning excitation beam, and (2) stripe dividers par-
allel to and spatially interleaved with the light-emitting
stripes with each stripe divider being located between
two adjacent stripes. Each stripe divider is optically re-
flective. An optical servo sensor is positioned to receive
light of the servo beam scanning on the screen including
lightreflected by the stripe dividers and to produce a mon-
itor signal indicative of positioning of the servo beam on
the screen. This system includes a control unit operable
to, in response to the positioning of the servo beam on
the screen, adjust timing of the optical pulses carried by
the scanning excitation beam in response to the monitor
signal based on a relation between the servo beam and
the excitation beam to control the spatial alignment of
spatial positions of the optical pulses in the excitation
beam on the screen.

[0013] In another implementation, a scanning beam
display system includes a light-emitting screen compris-
ing a light-emitting area which comprises (1) parallel light-
emitting stripes which absorb excitation light to emit vis-
ible light, and (2) optically reflective stripe dividers parallel
to and spatially interleaved with the light-emitting stripes
with each stripe divider being located between two adja-
cent stripes. Excitation lasers are provided to produce
excitation laser beams of the excitation light and at least
one servo light source fixed in position relative to the
excitation lasersis provided to produce at least one servo
beam at a servo beam wavelength that is invisible. This
system also includes a beam scanning module to receive
the excitation laser beams and the servo beam and to
scan the excitation laser beams and the servo beam; at
least one first optical servo sensor positioned to receive
light of the servo beam reflected from the screen to pro-
duce a first monitor signal indicative of positioning of the
servo beam on the screen; at least one second optical
servo sensor positioned to receive light of the excitation
laser beams reflected from the screen to produce a sec-
ond monitor signal indicative of positioning of each exci-
tation laser beam on the screen; and a control unit oper-
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able to, in response to the first and the second monitor
signals, adjust timing of the optical pulses carried by each
excitation laser beam based on a relation between the
servo beam and each excitation laser beam to control
the spatial alignment of spatial positions of the optical
pulses in the excitation beam on the screen.

[0014] In yet another implementation, a method for
controlling a scanning beam display system includes
scanning at least one excitation beam modulated with
optical pulses on a screen with parallel light-emitting
stripes in a beam scanning direction perpendicular to the
light-emitting stripes to excite the fluorescent strips to
emit visible light which forms images. The screen com-
prises stripe dividers parallel to and spatially interleaved
with the light-emitting stripes with each stripe divider be-
ing located between two adjacent stripes and each stripe
divider is optically reflective. This method also includes:
scanning a servo beam, which is invisible, along with the
excitation beam on the screen,; detecting light of the scan-
ning servo beam from the screen including light produced
by the stripe dividers to obtain a monitor signal indicative
of positioning of the servo beam on the screen; and, in
response to the positioning of the servo beam on the
screen, adjusting timing of the optical pulses carried by
the scanning excitation beam based on a relation be-
tween the servo beam and the excitation beam to control
the spatial alignment of spatial positions of the optical
pulses in the excitation beam on the screen.

[0015] These and other examples and implementa-
tions are described in detail in the drawings, the detailed
description and the claims.

Brief Description of the Drawings
[0016]

FIG. 1shows an example scanning laser display sys-
tem having a light-emitting screen made of laser-
excitable light-emitting materials (e.g., phosphors)
emitting colored lights under excitation of a scanning
laser beam that carries the image information to be
displayed.

FIGS. 2A and 2B show one example screen structure
with parallel light-emitting stripes and the structure
of color pixels on the screen in FIG. 1.

FIG. 3shows an example implementation ofthe laser
display system in FIG. 1 in a pre-objective scanning
configuration having multiple lasers that direct mul-
tiple laser beams on the screen.

FIG. 4 shows an example implementation of a post-
objective scanning beam display system based on
the laser display system in FIG. 1. FIG. 5 shows one
example for simultaneously scanning consecutive
scan lines with multiple excitation laser beams and
an invisible servo beam.

FIG. 5A shows a map of beam positions on the
screen produced by a laser array of thirty-six excita-
tion lasers and one IR servo laser when a vertical
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galvo scanner and a horizontal polygon scanner are
at their respective null positions.

FIG. 6 shows one example of a scanning display
system using a servo feedback control based on a
scanning servo beam.

FIG. 7 shows an example of a servo detector for
detecting the servo feedback light in FIG. 6.

FIGS. 8 and 9 show two screen examples for the
servo control based on a scanning servo beam.
FIG. 10 shows optical power of servo light having
optical signals corresponding to stripe dividers on
the screen.

FIG. 11 shows an example of a screen having pe-
ripheral reference mark regions that include servo
reference marks that produce feedback light for var-
ious servo control functions.

FIG. 12 shows a start of line reference mark in a
peripheral reference mark region to provide a refer-
ence for the beginning of the active fluorescent area
on the screen.

FIGS. 13 and 14 show optical power of servo light
having optical signals corresponding to stripe divid-
ers, the start of line reference mark and end of line
reference mark on the screen

FIGS. 15, 16 and 17 show examples of a use of a
sampling clock signal to measure position data of
stripe dividers on the screen using servo feedback
light from the excitation beam or the servo beam.
FIG. 18A shows an example of a vertical beam po-
sition reference mark for the screen in FIG. 11.
FIGS. 18B and 18C show a servo feedback control
circuit and its operation in using the vertical beam
position reference mark in FIG. 18A to control the
vertical beam position on the screen.

FIG. 19 shows an example of the screen in FIG. 11
having the start of line reference mark and the ver-
tical beam position reference marks.

FIG. 20 shows an operation of the servo control
based on the servo beam that is scanned with the
excitation beam.

FIGS. 21, 22 and 23 show examples of screen de-
signs that have IR servo feedback marks that do not
affect the transmission amount of excitation beams
while having a property of diffuse or specular reflec-
tion for at least the servo beams.

FIG. 24 shows an example of the screen design to
have specularly reflective IR feedback marks and
diffusively reflective areas outside the IR feedback
marks on the screen.

FIG. 25 shows an example of a system based on the
design in FIG. 24.

FIG. 26 shows an example of a system thatcombines
IR servo feedback and visible light servo feedback.
FIGS. 27, 28, 29 and 30 illustrate aspects of the sys-
tem in FIG. 26.

FIG. 31 shows a system implementation of the sys-
tem in FIG. 26.
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Detailed Description

[0017] Examples of scanning beam display systems in
this application use screens with light-emitting materials
or fluorescent materials to emit light under optical exci-
tation to produce images, including laser video display
systems. Various examples of screen designs with light-
emitting or fluorescent materials can be used. In one im-
plementation, for example, three different color phos-
phors that are optically excitable by the laser beam to
respectively produce light in red, green, and blue colors
suitable for forming color images may be formed on the
screen as pixel dots or repetitive red, green and blue
phosphor stripes in parallel.

[0018] Phosphor materials are one type of fluorescent
materials. Various described systems, devices and fea-
tures in the examples that use phosphors as the fluores-
cent materials are applicable to displays with screens
made of other optically excitable, light-emitting, non-
phosphor fluorescent materials. For example, quantum
dot materials emit light under proper optical excitation
and thus can be used as the fluorescent materials for
systems and devices in this application. More specifical-
ly, semiconductor compounds such as, among others,
CdSe and PbS, can be fabricated in form of particles with
a diameter on the order of the exciton Bohr radius of the
compounds as quantum dot materials to emit light. To
produce light of different colors, different quantum dot
materials with different energy band gap structures may
be used to emit different colors under the same excitation
light. Some quantum dots are between 2 and 10 nanom-
eters in size and include approximately tens of atoms
such between 10 to 50 atoms. Quantum dots may be
dispersed and mixed in various materials to form liquid
solutions, powders, jelly-like matrix materials and solids
(e.g., solid solutions). Quantum dot films or film stripes
may be formed on a substrate as a screen for a system
or device in this application. In one implementation, for
example, three different quantum dot materials can be
designed and engineered to be optically excited by the
scanning laser beam as the optical pump to produce light
in red, green, and blue colors suitable for forming color
images. Such quantum dots may be formed on the screen
as pixel dots arranged in parallel lines (e.g., repetitive
sequential red pixel dot line, green pixel dot line and blue
pixel dot line).

[0019] Examples of scanning beam display systems
described here use at least one scanning laser beam to
excite color light-emitting materials deposited on a
screen to produce color images. The scanning laser
beam is modulated to carry images in red, green and
blue colors or in other visible colors and is controlled in
such a way that the laser beam excites the color light-
emitting materials in red, green and blue colors with im-
ages in red, green and blue colors, respectively. Hence,
the scanning laser beam carries the images but does not
directly produce the visible light seen by a viewer. In-
stead, the color light-emitting fluorescent materials on
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the screen absorb the energy of the scanning laser beam
and emit visible lightin red, green and blue or other colors
to generate actual color images seen by the viewer.
[0020] Laser excitation of the fluorescent materials us-
ing one or more laser beams with energy sufficient to
cause the fluorescent materials to emit light or to lumi-
nesce is one of various forms of optical excitation. In other
implementations, the optical excitation may be generated
by a non-laser light source that is sufficiently energetic
to excite the fluorescent materials used in the screen.
Examples of non-laser excitation light sources include
various light-emitting diodes (LEDs), light lamps and oth-
er light sources that produce light at a wavelength or a
spectral band to excite a fluorescent material that con-
verts the light of a higher energy into light of lower energy
in the visible range. The excitation optical beam that ex-
cites a fluorescent material on the screen can be at a
frequency or in a spectral range thatis higherinfrequency
than the frequency of the emitted visible light by the flu-
orescent material. Accordingly, the excitation optical
beam may be in the violet spectral range and the ultra
violet (UV) spectral range, e.g., wavelengths under 420
nm. In the examples described below, Violet or a UV
laser beam is used as an example of the excitation light
for a phosphor material or other fluorescent material and
may be light at other wavelength.

[0021] FIG. 1 illustrates an example of a laser-based
display system using a screen having color phosphor
stripes. Alternatively, color pixilated light-emitting areas
may also be used to define the image pixels on the
screen. The system includes a laser module 110 to pro-
duce and project at least one scanning laser beam 120
onto a screen 101. The screen 101 has parallel color
phosphor stripes in the vertical direction and two adjacent
phosphor stripes are made of different phosphor mate-
rials that emit light in different colors. In the illustrated
example, red phosphor absorbs the laser light to emit
lightin red, green phosphor absorbs the laser light to emit
light in green and blue phosphor absorbs the laser light
to emitlightin blue. Adjacent three color phosphor stripes
are in three different colors. One particular spatial color
sequence of the stripes is shown in FIG. 1 as red, green
and blue. Other color sequences may also be used. The
laser beam 120 is at the wavelength within the optical
absorption bandwidth of the color phosphors and is usu-
ally at a wavelength shorter than the visible blue and the
green and red colors for the colorimages. As an example,
the color phosphors may be phosphors that absorb UV
light in the spectral range below 420 nm to produce de-
sired red, green and blue light. The laser module 110 can
include one or more lasers such as UV diode lasers to
produce the beam 120, a beam scanning mechanism to
scan the beam 120 horizontally and vertically to render
oneimage frame at atime on the screen 101, and a signal
modulation mechanism to modulate the beam 120 to car-
ry the information for image channels for red, green and
blue colors. Such display systems may be configured as
rear scanning systems where the viewer and the laser
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module 110 are on the opposite sides of the screen 101.
Alternatively, such display systems may be configured
as front scanning systems where the viewer and laser
module 110 are on the same side of the screen 101.

[0022] Examples of implementations of various fea-
tures, modules and components in the scanning laser
display system in FIG. 1 are described in U.S. Patent
Application No. 10/578,038 entitled "Display Systems
and Devices Having Screens With Optical Fluorescent
Materials" and filed on May 2, 2006 (U.S. Patent Publi-
cation No.__ ), PCT Patent Application No.
PCT/US2007/004004 entitled "Servo-Assisted Scanning
Beam Display Systems Using Fluorescent Screens" and
filed on February 15, 2007 (PCT Publication No. WO
2007/095329), PCT Patent Application No.
PCT/US2007/068286 entitled "Phosphor Compositions
For Scanning Beam Displays" and filed on May 4, 2007
(PCT Publication No. WO 2007/131195), PCT Patent Ap-
plication No. PCT/US2007/68989 entitled "Multilayered
Fluorescent Screens for Scanning Beam Display Sys-
tems" and filed on May 15, 2007 (PCT Publication No.
WO 2007/134329), and PCT Patent Application No.
PCT/US2006/041584 entitled "Optical Designs for Scan-
ning Beam Display Systems Using Fluorescent Screens"
and filed on October 25, 2006 (PCT Publication No. WO
2007/050662). The disclosures of the above-referenced
patent applications are incorporated by reference in their
entirety as part of the specification of this application.

[0023] FIG. 2A shows an exemplary design of the
screen 101in FIG. 1. The screen 101 may include a rear
substrate 201 which is transparent to the scanning laser
beam 120 and faces the laser module 110 to receive the
scanning laser beam 120. A second front substrate 202,
is fixed relative to the rear substrate 201 and faces the
viewer in a rear scanning configuration. A color phosphor
stripe layer 203 is placed between the substrates 201
and 202 and includes phosphor stripes. The color phos-
phor stripes for emitting red, green and blue colors are
represented by "R", "G" and "B," respectively. The front
substrate 202 is transparent to the red, green and blue
colors emitted by the phosphor stripes. The substrates
201 and 202 may be made of various materials, including
glass or plastic panels. The rear substrate 201 can be a
thin film layer and is configured to recycle the visible en-
ergy toward the viewer. Each color pixel includes portions
of three adjacent color phosphor stripes in the horizontal
direction and its vertical dimension is defined by the beam
spread of the laser beam 120 in the vertical direction. As
such, each color pixel includes three subpixels of three
different colors (e.g., the red, green and blue). The laser
module 110 scans the laser beam 120 one horizontal line
at a time, e.g., from left to right and from top to bottom
to fill the screen 101. The relative alignment of the laser
module 110 and the screen 101 can be monitored and
controlled to ensure proper alignment between the laser
beam 120 and each pixel position on the screen 101. In
one implementation, the laser module 110 can be con-
trolled to be fixed in position relative to the screen 101
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so that the scanning of the beam 120 can be controlled
in a predetermined manner to ensure proper alignment
between the laser beam 120 and each pixel position on
the screen 101.

[0024] In FIG. 2A, the scanning laser beam 120 is di-
rected at the green phosphor stripe within a pixel to pro-
duce green light for that pixel. FIG. 2B further shows the
operation of the screen 101 in a view along the direction
B-B perpendicular to the surface of the screen 101. Since
each color stripe is longitudinal in shape, the cross sec-
tion of the beam 120 may be shaped to be elongated
along the direction of the stripe to maximize the fill factor
of the beam within each color stripe for a pixel. This may
be achieved by using a beam shaping optical element in
the laser module 110. A laser source that is used to pro-
duce a scanning laser beam that excites a phosphor ma-
terial on the screen may be a single mode laser or a
multimode laser. The laser may also be a single mode
along the direction perpendicular to the elongated direc-
tion phosphor stripes to have a beam spread that is con-
fined by and is smaller than the width of each phosphor
stripe. Along the elongated direction of the phosphor
stripes, this laser beam may have multiple modes to
spread over a larger area than the beam spread in the
direction across the phosphor stripe. This use of a laser
beam with a single mode in one direction to have a small
beam footprint on the screen and multiple modes in the
perpendicular direction to have a larger footprint on the
screen allows the beam to be shaped to fit the elongated
color subpixel on the screen and to provide sufficient la-
ser power in the beam via the multimodes to ensure suf-
ficient brightness of the screen.

[0025] Referring now to FIG. 3, an example implemen-
tation of the laser module 110 in FIG. 1 is illustrated. A
laser array 310 with multiple lasers is used to generate
multiple laser beams 312 to simultaneously scan the
screen 101 for enhanced display brightness. A signal
modulation controller 320 is provided to control and mod-
ulate the lasers in the laser array 310 so that the laser
beams 312 are modulated to carry the image to be dis-
played on the screen 101. The signal modulation con-
troller 320 caninclude a digital image processor that gen-
erates digital image signals for the three different color
channels and laser driver circuits that produce laser con-
trol signals carrying the digital image signals. The laser
control signals are then applied to modulate the lasers,
e.g., the currents for laser diodes, in the laser array 310.
[0026] The beam scanning can be achieved by using
a scanning mirror 340 such as a galvo mirror for the ver-
tical scanning and a multi-facet polygon scanner 350 for
the horizontal scanning. A scan lens 360 can be used to
project the scanning beams form the polygon scanner
350 onto the screen 101. The scan lens 360 is designed
toimage each laserin the laser array 310 onto the screen
101. Each of the different reflective facets of the polygon
scanner 350 simultaneously scans N horizontal lines
where N is the number of lasers. In the illustrated exam-
ple, the laser beams are first directed to the galvo mirror
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340 and then from the galvo mirror 340 to the polygon
scanner 350. The output scanning beams 120 are then
projected onto the screen 101. A relay optics module 330
is placed in the optical path of the laser beams 312 to
modify the spatial property of the laser beams 312 and
to produce a closely packed bundle of beams 332 for
scanning by the galvo mirror 340 and the polygon scan-
ner 350 as the scanning beams 120 projected onto the
screen 101 to excite the phosphors and to generate the
images by colored light emitted by the phosphors. A relay
optics module 370 is inserted between the scanners 340
and 350 to image the reflective surface of the reflector in
the vertical scanner 340 into a respective reflecting facet
of the polygon scanner 350 in order to prevent beam walk
across the thin facet of the polygon scanner 350 in the
vertical direction.

[0027] The laser beams 120 are scanned spatially
across the screen 101 to hit different color pixels at dif-
ferent times. Accordingly, each of the modulated beams
120 carries the image signals for the red, green and blue
colors for each pixel at different times and for different
pixels at differenttimes. Hence, the beams 120 are coded
with image information for different pixels at different
times by the signal modulation controller 320. The beam
scanning thus maps the time-domain coded image sig-
nals in the beams 120 onto the spatial pixels on the
screen 101. For example, the modulated laser beams
120 can have each color pixel time equally divided into
three sequential time slots for the three color subpixels
for the three different color channels. The modulation of
the beams 120 may use pulse modulation techniques to
produce desired grey scales in each color, a proper color
combination in each pixel, and desired image brightness.
[0028] Inone implementation, the multiple beams 120
are directed onto the screen 101 at differentand adjacent
vertical positions with two adjacent beams being spaced
from each other on the screen 101 by one horizontal line
of the screen 101 along the vertical direction. For a given
position of the galvo mirror 340 and a given position of
the polygon scanner 350, the beams 120 may not be
aligned with each other along the vertical direction on the
screen 101 and may be at different positions on the
screen 101 along the horizontal direction. The beams
120 can only cover one portion of the screen 101.
[0029] In one implementation, at an angular position
of the galvo mirror 340, the spinning of the polygon scan-
ner 350 causes the beams 120 from N lasers in the laser
array 310 to scan one screen segment of N adjacent
horizontal lines on the screen 101. The galvo mirror 340
tilts linearly to change its tiling angle at a given rate along
avertical direction from the top towards the bottom during
the scanning by the polygon until the entire screen 101
is scanned to produce a full screen display. At the end
of the galvo vertical angular scan range, the galvo retrac-
es to its top position and the cycle is repeated in synchro-
nization with the refresh rate of the display.

[0030] In another implementation, for a given position
of the galvo mirror 340 and a given position of the polygon
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scanner 350, the beams 120 may not be aligned with
each other along the vertical direction on the screen 101
and may be at different positions on the screen 101 along
the horizontal direction. The beams 120 can only cover
one portion of the screen 101. At a fixed angular position
of the galvo mirror 340, the spinning of the polygon scan-
ner 350 causes the beams 120 from N lasers in the laser
array 310 to scan one screen segment of N adjacent
horizontal lines on the screen 101. At the end of each
horizontal scan over one screen segment, the galvo mir-
ror 340 is adjusted to a different fixed angular position
so that the vertical positions of all N beams 120 are ad-
justed to scan the next adjacent screen segment of N
horizontal lines. This process iterates until the entire
screen 101 is scanned to produce a full screen display.
[0031] In the above example of a scanning beam dis-
play system shown in FIG. 3, the scan lens 360 is located
downstream from the beam scanning devices 340 and
350 and focuses the one or more scanning excitation
beams 120 onto the screen 101. This optical configura-
tion is referred to as a "pre-objective" scanning system.
In such a pre-objective design, a scanning beam directed
into the scan lens 360 is scanned along two orthogonal
directions. Therefore, the scan lens 360 is designed to
focus the scanning beam onto the screen 101 along two
orthogonal directions. In order to achieve the proper fo-
cusing in both orthogonal directions, the scan lens 360
can be complex and, often, are made of multiples lens
elements. In one implementation, for example, the scan
lens 360 can be a two-dimensional f-theta lens that is
designed to have a linear relation between the location
of the focal spot on the screen and the input scan angle
(theta) when the input beam is scanned around each of
two orthogonal axes perpendicular to the optic axis of
the scan lens. The two-dimensional scan lens 360 such
as a f-theta lens in the pre-objective configuration can
exhibit optical distortions along the two orthogonal scan-
ning directions which cause beam positions on the
screen 101 to trace a curved line. The scan lens 360 can
be designed with multiple lens elements to reduce the
bow distortions and can be expensive to fabricate.
[0032] Toavoid the above distortion issues associated
with a two-dimensional scan lens in a pre-objective scan-
ning beam system, a post-objective scanning beam dis-
play system can be implemented to replace the two-di-
mensional scan lens 360 with a simpler, less expensive
1-dimensional scan lens. U.S. Patent Application No.
11/742,014 entitled "POST-OBJECTIVE SCANNING
BEAM SYSTEMS" and filed on April 30, 2007 (U.S. Pat-
ent PublicationNo.___ ) describes examples of
post-objective scanning beam systems suitable for use
with phosphor screens described in this application and
is incorporated by reference as part of the specification
of this application.

[0033] FIG. 4 shows an example implementation of a
post-objective scanning beam display system based on
the system design in FIG. 1. A laser array 310 with mul-
tiple lasers is used to generate multiple laser beams 312
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to simultaneously scan a screen 101 for enhanced dis-
play brightness. A signal modulation controller 320 is pro-
vided to control and modulate the lasers in the laser array
310 so that the laser beams 312 are modulated to carry
the image to be displayed on the screen 101. The beam
scanning is based on a two-scanner design with a hori-
zontal scanner such as a polygon scanner 350 and a
vertical scanner such as a galvanometer scanner 340.
Each of the differentreflective facets of the polygon scan-
ner 350 simultaneously scans N horizontal lines where
N is the number of lasers. A relay optics module 330
reduces the spacing of laser beams 312 to form a com-
pact set of laser beams 332 that spread within the facet
dimension of the polygon scanner 350 for the horizontal
scanning. Downstream from the polygon scanner 350,
there is a 1-D horizontal scan lens 380 followed by a
vertical scanner 340 (e.g., a galvo mirror) that receives
each horizontally scanned beam 332 from the polygon
scanner 350 through the 1-D scan lens 380 and provides
the vertical scan on each horizontally scanned beam 332
at the end of each horizontal scan prior to the next hori-
zontal scan by the next facet of the polygon scanner 350.
The vertical scanner 340 directs the 2-D scanning beams
390 to the screen 101.

[0034] Under this optical design of the horizontal and
vertical scanning, the 1-D scan lens 380 is placed down-
stream from the polygon scanner 140 and upstream from
the vertical scanner 340 to focus each horizontal scanned
beam on the screen 101 and minimizes the horizontal
bow distortion to displayed images on the screen 101
within an acceptable range, thus producing a visually
"straight" horizontal scan line on the screen 101. Such a
1-D scan lens 380 capable of producing a straight hori-
zontal scan line is relatively simpler and less expensive
thana2-D scanlens of similar performance. Downstream
from the scan lens 380, the vertical scanner 340 is a flat
reflector and simply reflects the beam to the screen 101
and scans vertically to place each horizontally scanned
beam at different vertical positions on the screen 101 for
scanning different horizontal lines. The dimension of the
reflector on the vertical scanner 340 along the horizontal
direction is sufficiently large to cover the spatial extent
of each scanning beam coming from the polygon scanner
350 and the scan lens 380. The system in FIG. 4 is a
post-objective design because the 1-D scan lens 380 is
upstream from the vertical scanner 340. In this particular
example, there is nolens or other focusing element down-
stream from the vertical scanner 340.

[0035] Notably, in the post-objective system in FIG. 4,
the distance from the scanlens to alocation on the screen
101 for a particular beam varies with the vertical scanning
position of the vertical scanner 340. Therefore, when the
1-D scan lens 380 is designed to have a fixed focal dis-
tance along the straight horizontal line across the center
of the elongated 1-D scan lens, the focal properties of
each beam must change with the vertical scanning po-
sition of the vertical scanner 380 to maintain consistent
beam focusing on the screen 101. In this regard, a dy-
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namic focusing mechanism can be implemented to adjust
convergence of the beam going into the 1-D scan lens
380 based on the vertical scanning position of the vertical
scanner 340.

[0036] For example, in the optical path of the one or
more laser beams from the lasers to the polygon scanner
350, a stationary lens and a dynamic refocus lens can
be used as the dynamic focusing mechanism. Each
beam is focused by the dynamic focus lens at a location
upstream from the stationary lens. When the focal point
of the lens coincides with the focal point of the lens, the
output light from the lens is collimated. Depending on the
direction and amount of the deviation between the focal
points of the lenses, the output light from the collimator
lens toward the polygon scanner 350 can be either di-
vergent or convergent. Hence, as the relative positions
of the two lenses along their optic axis are adjusted, the
focus of the scanned light on the screen 101 can be ad-
justed. A refocusing lens actuator can be used to adjust
the relative position between the lenses in response to
a control signal. In this particular example, the refocusing
lens actuator is used to adjust the convergence of the
beamdirected into the 1-D scan lens 380 along the optical
path from the polygon scanner 350 in synchronization
with the vertical scanning of the vertical scanner 340.
The vertical scanner 340in FIG. 4 scans at a much small-
er rate than the scan rate of the first horizontal scanner
350 and thus a focusing variation caused by the vertical
scanning on the screen 101 varies with time at the slower
vertical scanning rate. This allows a focusing adjustment
mechanism to be implemented in the system of FIG. 1
with the lower limit of a response speed at the slower
vertical scanning rate rather than the high horizontal
scanning rate.

[0037] The beams 120 on the screen 101 are located
at different and adjacent vertical positions with two adja-
cent beams being spaced from each other on the screen
101 by one horizontal line of the screen 101 along the
vertical direction. For a given position of the galvo mirror
540 and a given position of the polygon scanner 550, the
beams 120 may not be aligned with each other along the
vertical direction on the screen 101 and may be at differ-
ent positions on the screen 101 along the horizontal di-
rection. The beams 120 can cover one portion of the
screen 101.

[0038] FIG. 5illustrates the above simultaneous scan-
ning of one screen segment with multiple scanning laser
beams 120 at a time. Visually, the beams 120 behaves
like a paint brush to "paint" one thick horizontal stroke
across the screen 101 at a time to cover one screen seg-
ment between the start edge and the end edge of the
image area of the screen 101 and then subsequently to
"paint" another thick horizontal stroke to cover an adja-
cent vertically shifted screen segment. Assuming the la-
ser array 310 has N=36 lasers, a 1080-line progressive
scan ofthe screen 101 would require scanning 30 vertical
screen segments for a full scan. Hence, this configuration
in an effect divides the screen 101 along the vertical di-
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rection into multiple screen segments so that the N scan-
ning beams scan one screen segment ata time with each
scanning beam scanning only one line in the screen seg-
ment and different beams scanning different sequential
lines in that screen segment. After one screen segment
is scanned, the N scanning beams are moved atthe same
time to scan the next adjacent screen segment.

[0039] In the above design with multiple laser beams,
each scanning laser beam 120 scans only a number of
lines across the entire screen along the vertical direction
that is equal to the number of screen segments. Hence,
the polygon scanner 550 for the horizontal scanning can
operate at slower speeds than scanning speeds required
for a single beam design where the single beam scans
every line of the entire screen. For a given number of
total horizontal lines on the screen (e.g., 1080 lines in
HDTV), the number of screen segments decreases as
the number of the lasers increases. Hence, with 36 la-
sers, the galvo mirror and the polygon scanner scan 30
lines per frame while a total of 108 lines per frame are
scanned when there are only 10 lasers. Therefore, the
use of the multiple lasers can increase the image bright-
ness which is approximately proportional to the number
of lasers used, and, at the same time, can also advanta-
geously reduce the speed of the scanning system.
[0040] A scanning display system described in this
specification can be calibrated during the manufacture
process so that the laser beam on-off timing and position
of the laser beam relative to the fluorescent stripes in the
screen 101 are known and are controlled within a per-
missible tolerance margin in order for the system to prop-
erly operate with specified image quality. However, the
screen 101 and components in the laser module 101 of
the system can change over time due to various factors,
such as scanning device jitter, changes in temperature
or humidity, changes in orientation of the system relative
to gravity, settling due to vibration, aging and others.
Such changes can affect the positioning of the laser
source relative to the screen 101 over time and thus the
factory-set alignment can be altered due to such chang-
es. Notably, such changes can produce visible and, often
undesirable, effects on the displayed images. For exam-
ple, a laser pulse in the scanning excitation beam 120
may hit a subpixel that is adjacent to an intended target
subpixel for that laser pulse due to a misalignment of the
scanning beam 120 relative to the screen along the hor-
izontal scanning direction. When this occurs, the coloring
of the displayed image is changed from the intended
coloring of the image. Hence, a red pixel in the intended
image may be displayed as a green pixel on the screen.
For another example, a laser pulse in the scanning ex-
citation beam 120 may hit both the intended target sub-
pixel and an adjacent subpixel next to the intended target
subpixel due to a misalignment of the scanning beam
120 relative to the screen along the horizontal scanning
direction. When this occurs, the coloring of the displayed
image is changed from the intended coloring of the image
and the image resolution deteriorates. The visible effects
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ofthese changes can increase as the screen display res-
olution increases because a smaller pixel means a small-
er tolerance for a change in position. In addition, as the
size of the screen increases, the effect of a change that
can affect the alignment can be more pronounced be-
cause a large moment arm in scanning each excitation
beam 120 associated with a large screen means that an
angular error can lead to a large position error on the
screen. For example, if the laser beam position on the
screen for a known beam angle changes over time, the
result is a color shift in the image. This effect can be
noticeable and thus undesirable to the viewer.

[0041] Implementations of various alignment mecha-
nisms are provided in this specification to maintain proper
alignment of the scanning beam 120 on the desired sub-
pixel to achieved desired image quality. These alignment
mechanisms include reference marks on the screen, both
inthe fluorescent area and in one or more peripheral area
outside the fluorescent area, emitted visible light in red,
green and blue colors by the phosphor stripes to provide
feedback light that is caused by the excitation beam 120
and represents the position and other properties of the
scanning beam on the screen. The feedback light can be
measured by using one or more optical servo sensors to
produce one or more feedback servo signals and such
feedback servo signals are used to generate a location
map for red, green and blue sub-pixels on the screen. A
servo controlin the laser module 110 processes this feed-
back servo signal to extract the information on the beam
positioning and other properties of the beam on the
screen and, in response, adjust the direction and other
properties of the scanning beam 120 to ensure the proper
operation of the display system.

[0042] For example, a feedback servo control system
can be provided to use peripheral servo reference marks
positioned outside the display area unobservable by the
viewer to provide control over various beam properties,
such as the horizontal positioning along the horizontal
scanning direction perpendicular to the fluorescent
stripes, the vertical positioning along the longitudinal di-
rection of the fluorescent stripes, the beam focusing on
the screen for control of image color (e.g., color satura-
tion) and image sharpness, and the beam power on the
screen for control of image brightness and uniformity of
the image brightness across the screen. For another ex-
ample, a screen calibration procedure can be performed
at the startup of the display system to measure the beam
position information as a calibration map so having the
exact positions of sub-pixels on the screen in the time
domain. This calibration map is then used by the laser
module 110 to control the timing and positioning of the
scanning beam 120 to achieve the desired color purity.
Foryetanother example, a dynamic servo control system
can be provided to regularly update the calibration map
during the normal operation of the display system by us-
ing servo reference marks in the fluorescent area of the
screen to provide the feedback light without affecting the
viewing experience of a viewer. Examples for using servo
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light produced by phosphor stripe dividers from the ex-
citation light and feedback light from other reference
marks for servo control and screen calibration are de-
scribed in the incorporated-by-reference PCT Patent Ap-
plication No. PCT/US2007/004004 entitled "Servo-As-
sisted Scanning Beam Display Systems Using Fluores-
cent Screens" (PCT Publication No. WO 2007/095329).
[0043] The display systems in this application provide
servo control mechanisms based on a designated servo
beam that is scanned over the screen by the same scan-
ning module that scans the image-carrying excitation op-
tical beam. This designated servo beam is used to pro-
vide servo feedback control over the scanning excitation
beam to ensure proper optical alignment and accurate
delivery of optical pulses in the excitation beam during
normal display operation. This designated servo beam
has an optical wavelength different from that of the exci-
tation beam. As an example, this designated servo beam
can be an IR servo beam that may be invisible to human.
The examples below use an IR servo beam 130 to illus-
trate features and operations of this designated servo
beam.

[0044] Referring to FIG. 1, the laser module 110 pro-
duces an invisible servo beam 130 such as an IR beam
as an example of the designated servo beam. The laser
module 110 scans the servo beam 130 on to the screen
101 along with the excitation beam 120. Different from
the excitation beam 120, the servo beam 130 is not mod-
ulated to carry image data. The servo beam 130 can be
a CW beam. The stripe dividers on the screen 101 can
be made reflective to the light of the servo beam 130 and
to produce feedback light 132 by reflection. The servo
beam 130 has a known spatial relation with the excitation
beam 120. Therefore, the positioning of the servo beam
130 can be used to determine the positioning of the ex-
citation beam 120. This relationship between the servo
beam 130 and the excitation beam 120 can be deter-
mined by using reference servo marks such as a start of
line (SOL) mark in a non-viewing area of the screen 101.
The laser module 101 receives and detects the feedback
light 132 to obtain positioning information of the servo
beam 130 on the screen 101 and uses this positioning
information to control alignment of the excitation beam
120 on the screen.

[0045] The servo beam 130 is invisible to human and
thus does not produce any noticeable visual artifact on
the screen 101 during the normal operation of the system
when images are produced on the screen 101. For ex-
ample, the servo beam 130 can have a wavelength in a
range from 780 nm to 820 nm. For safety concerns, the
screen 101 can be made to have a filter that blocks the
invisible servo beam 130 from exiting the screen 101 on
the viewer side. In this regard, a cutoff absorbing filter
with a bandpass transmission range only in the visible
spectral range (e.g., from 420 nm to 680 nm) may be
used to block the servo beam 130 and excitation beam
120. The servo control of the excitation beam 120 based
on the servo beam 130 can be performed dynamically
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during the normal operation of the system. This servo
design avoids manipulation of the image-producing ex-
citation beam 120 during the normal display mode for
servo operations and thus avoids any visual artifacts that
may be caused by the servo-related manipulation of the
image-producing excitation beam 120.

[0046] In addition, the scattered or reflected excitation
light by the screen 101 may also be used for servo control
operations during a period when the system does not
show images, e.g., during the startup period of the system
or when the excitation beam 120 is outside the active
display area of the screen 101. In such a case, the scat-
tered or reflected excitation light, labeled as light 122,
can be used as servo feedback light for servo control of,
e.g., the horizontal alignment or the vertical alignment of
each laser beam 120.

[0047] In the examples of the systems in FIGS. 3 and
4, the servo beam 130 is directed along with the one or
more excitation beams 120 through the same optical path
that includes the relay optics module 330A or 330B, the
beam scanners 340 and 350, and the scan lens 360 or
380. Referring to FIG. 5, the servo beam 130 is scanned
along with the scanning excitation beams 120 one screen
segment at a time along the vertical direction of the
screen. The servo beam 130 is invisible and can be over-
lapped with a scanning path of one excitation beam 120
or along its own scanning path that is different from a
path of any of the excitation beams 120. The spatial re-
lation between the servo beam 130 and each excitation
beam 120 is known and fixed so that the positioning of
the servo beam 130 on the screen 101 can be used to
infer positioning of each excitation beam 120.

[0048] A light source for generating the servo beam
130 and a light source for generating an excitation beam
120 can be semiconductor lasers in a light source module
which can be an array of lasers and at least one of the
lasers in the laser array can be a servo laser that pro-
duces the servo beam 130. In one implementation, the
location of the servo laser is known relative to each ex-
citation laser in the laser array in the laser module 110.
The servo beam 130 and each excitation beam 120 are
directed through the same relay optics, the same beam
scanners and the same projection lens and are projected
onthe screen 101. Therefore, the positioning of the servo
beam 130 on the screen 101 has a known relation with
the positioning of each excitation beam 120 on the
screen. This relation between the servo beam 130 and
each excitation beam 120 can be used to control the ex-
citation beam 120 based on measured positioning of the
servo beam 130. The relative position relation between
the servo beam 130 and each excitation beam 120 can
be measured using the servo feedback, e.g., during a
calibration process that may be separately performed or
performed during the power-up period of the system. The
measured relative position relation is used for the servo
feedback control.

[0049] FIG. 5A shows a map of beam positions on the
screen produced by a laser array of thirty-six excitation
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lasers and one IR servo laser when a vertical galvo scan-
ner and a horizontal polygon scanner are at their respec-
tive null positions in a prototype pre-objective scanning
display system. The thirty-six excitation lasers are ar-
ranged in a 4x9 laser array and the IR servo laser is
placed in the center of the laser array. The laser beams
occupy an area of about 20 mm x 25mm on the screen.
In this example, the vertical spacing is one half of a pixel
between two vertically adjacent excitation lasers and the
horizontal spacing between two adjacent excitation la-
sersis 3.54 pixels. Because the excitation lasers are spa-
tially staggered along both horizontal and vertical direc-
tions, each scan in one screen segment produces thirty-
six horizontal lines on the screen occupying thirty-six pix-
els along the vertical direction. In operation, these thirty-
seven laser beams are scanned together based on the
scanning shown in FIG. 5 to scan one screen segment
at a time to sequentially scan different screen segments
at different vertical positions to scan the entire screen.
Because the IR servolaseris fixed in position with respect
to each and every one of the thirty-six excitation lasers,
the positioning of the servo beam 130 produced by the
IR servo laser on the screen 101 has a known relation
with respect to each beam spot of an excitation beam
120 from each of the thirty-six excitation lasers.

[0050] FIG. 6 illustrates a scanning beam display sys-
tem based on a servo control using the invisible servo
beam 130. A display processor and controller 640 can
be used to provide control functions and control intelli-
gence based on servo detector signals from radiation
servo detectors 620 that detect servo feedback light 132
from the screen 101. A single detector 620 may be suf-
ficient and two or more servo detectors 620 can be used
to improve the servo detection sensitivity.

[0051] Similarly, one or more radiation servo detectors
630 may also be used to collect excitation servo light 122
produced by scattering or reflecting the excitation beam
120 at the screen to provide additional feedback signals
to the processor and controller 640 for the servo control.
This use of the servo light 122 for feedback control can
be an optional feature that is used in combination with
the IR servo feedback control. In some system imple-
mentations, the IR servo feedback alone without the
feedback based on the feedback light 122 shown in FIG.
6 can be sufficient to align the excitation beam 120 to the
proper phosphor stripes on the screen 101. Examples
for using the servo light 122 produced by phosphor stripe
dividers for servo control are described in the incorporat-
ed-by-reference  PCT Patent Application No.
PCT/US2007/004004 entitled "Servo-Assisted Scanning
Beam Display Systems Using Fluorescent Screens"
(PCT Publication No. WO 2007/095329).

[0052] In FIG. 6, a scanning projection module 610 is
provided to scan and project the excitation and servo
beams 120 and 130 onto the screen 101. The module
610 can be in a post-objective configuration or a pre-
objective configuration. As illustrated, the image data is
fed to the display processor and controller 640 which
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produces an image data signal carrying the image data
to the signal modulator controller 520 for the excitation
lasers 510. The servo laser which is among the excitation
lasers in the array 510 is not modulated to carry image
data. The signal modulation controller 520 can include
laser driver circuits that produce laser modulation signals
carrying image signals with image data assigned to dif-
ferent lasers 510, respectively. The laser control signals
are then applied to modulate the lasers in the laser array
510, e.g., the currents for laser diodes to produce the
laser beams 512. The display processor and controller
640 also produces laser control signals to the lasers in
the laser array 510 to adjust the laser orientation to
change the vertical beam position on the screen 101 or
the DC power level of each laser. The display processor
and controller 5930 further produces scanning control
signals to the scanning projection module 610 to control
and synchronize the horizontal polygon scanner and the
vertical scanner.

[0053] FIG. 7 shows one example of the servo detector
design where a servo detector 620 detects the servo
feedback light 132. The servo detector 620 can be a de-
tector designed to be sensitive to light of the servo beam
wavelength for the invisible servo beam 130 and less
sensitive to other light such as the visible light and the
excitation light. An optical filter 710 can be used to filter
the light from the screen 101 to selectively transmit the
servo feedback light 132 while blocking light at other
wavelengths, such as the excitation light and visible light.
Such a filter allows a wider range of optical detectors to
be used as the servo detector. FIG. 7 also shows an
example of an optional servo detector 630 for detecting
the servo feedback light 122 at the excitation wavelength.
The servo detector 620 can be a detector designed to be
sensitive to light of the excitation wavelength of the ex-
citation beam 120 and less sensitive to light at wave-
lengths of the servobeam 130 and the visible light emitted
by the screen 101. An optical filter 720 can be used to
filter the light from the screen 101 to selectively transmit
the excitation servo feedback light 122 while blocking
light at other wavelengths. The servo detector signals
721 and 722 from the servo detectors 620 and 630, re-
spectively, are directed to the processor and controller
640 for servo control operations.

[0054] FIGS. 8 and 9 show two exemplary screen de-
signs for the screen 101 for providing the feedback light
122 and 132. In FIG. 8, each strip divider 810 is made
optically reflective to the servo and excitation beams so
the reflection can be used as the feedback light 132. The
strip divider 810 can also be made reflective and opaque
to light to optically isolate adjacent light-emitting stripes
to enhance contrast and to reduce cross talk. The light-
emitting stripes such phosphor stripes emitting red, green
and blue light are less reflective to the servo and excita-
tion beams than the stripe dividers 810 so that the feed-
back light 132 exhibits a spike every time the servo or
excitation beams 130 pass through a stripe divider 810.
An absorbent black layer 820 can be coated on each
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stripe divider on the viewer side to reduce glare of am-
bient light to the viewer. FIG. 9 shows another screen
design where a reflective servo reference mark 910 is
formed on the excitation side of each strip divider 901,
e.g., a reflective stripe coating.

[0055] In each horizontal scan, the beam 120 or 130
scans across the light-emitting stripes and the reflections
produced by the stripe dividers can be used to indicate
horizontal positions of the stripe dividers, spacing be-
tween two adjacent stripe dividers and horizontal posi-
tions of the horizontally scanned beam 120 or 130. There-
fore, reflections from the stripe dividers can be used for
servo control of the horizontal alignment between the
beam 120 and the light-emitting strips.

[0056] FIG. 10 shows operation of the stripe dividers
as alignment reference marks. As the servo beam 120
or 130 is scanned horizontally across the screen 101 and
the light at the servo beam shows a low power when the
servo beam 130 is at a light-emitting stripe and a high
power when the servo beam is at a stripe divider. When
the beam spot of the servo beam 130 on the screen 101
is less than the width of one subpixel, the power of the
servo light shows a periodic pattern in each horizontal
scan where the high power peak corresponds to a stripe
divider. This pattern can be used to measure the position
of the stripe dividers or the width of each stripe divider
based on clock cycles of a clocking signal in the proces-
sorand controller 640. This measured informationis used
to update a positioning map of each excitation beam 120
in the horizontal scan. When the beam spot of the servo
beam 130 is greater than one width of the subpixel but
is less than one color pixel made up by three adjacent
subpixels, the power of the servo light 132 still shows a
periodic pattern in each horizontal scan where the high
power peak corresponds to one color pixel and thus can
be used for servo control.

[0057] In addition to the stripe dividers as alignment
reference marks on the screen 101, additional alignment
reference marks can be implemented to determine the
relative position of the beam and the screen and other
parameters of the excitation beam on the screen. For
example, during a horizontal scan of the excitation and
servo beams across the light-emitting stripes, a start of
line mark can be provided for the system to determine
the beginning of the active light-emitting display area of
the screen 101 so that the signal modulation controller
of the system can properly control the timing in delivering
optical pulses to targeted pixels. An end of line mark can
also be provided for the system to determine the end of
the active light-emitting display area of the screen 101
during a horizontal scan. For another example, a vertical
alignment referenced mark can be provided for the sys-
tem to determine whether the scanning beams are point-
ed to a proper vertical location on the screen. Other ex-
amples for reference marks may be one or more refer-
ence marks for measuring the beam spot size on the
screen and one or more reference marks on the screen
to measure the optical power of the excitation beam 120.
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Such reference marks can be placed a region outside
the active fluorescent area of the screen 101, e.g., inone
or more peripheral regions of the active fluorescent
screen area and are used for both excitation and servo
beams.

[0058] FIG. 11 illustrates one example of a fluorescent
screen 101 having peripheral reference mark regions.
The screen 101 includes a central active light-emitting
display area 1100 with parallel fluorescent stripes for dis-
playing images, two stripe peripheral reference mark re-
gions 1110 and 1120 that are parallel to the fluorescent
stripes. Each peripheral reference mark region can be
used to provide various reference marks for the screen
101. In some implementations, only the left peripheral
reference mark region 1110 is provided without the sec-
ond region 1120 when the horizontal scan across the
fluorescent stripes is directed from the left to the right of
the area 1100.

[0059] Such a peripheral reference mark region on the
screen 101 allows the scanning display system to monitor
certain operating parameters of the system. A reference
mark in the peripheral reference mark region can be used
foraservo control operation based onthe servofeedback
light 132 generated from the servo beam 130. When the
servo feedback light 122 generated from the excitation
beam 120 is also used for a servo control operation, a
reference mark in the peripheral reference mark region
can be used for servo control operation based on the
servo feedback light 122. A reference mark in the periph-
eral reference mark region can be used to measure both
the excitation beam 120 and the servo beam 130 for a
servo control operation in some implementations. The
description on various examples of reference marks be-
low may specifically refer to the excitation beam 120 and
similar functions can be used in connection with the servo
beam 130.

[0060] Notably, a reference mark in the peripheral ref-
erence mark region is outside the active display area
1100 of the screen 101 and thus a corresponding servo
feedback control function can be performed outside the
duration during the display operation when the excitation
beam is scanning through the active fluorescent display
area 2600 to display image. Therefore, a dynamic servo
operation can be implemented without interfering with
the display of the images to the viewer. In this regard,
each scan can include a continuous mode period when
an excitation beam sans through the peripheral refer-
enced mark region for the dynamic servo sensing and
control and a display mode period when the modulation
of the excitation beam is turned on to produce image-
carrying optical pulses as the excitation beam scans
through the active fluorescent display area 1100. The
servo beam 130 is not modulated to carry image data
and thus can be a continuous beam with a constant beam
power when incident onto the screen 101. The power of
the reflected servo light in the feedback light 132 is mod-
ulated by the reference marks and stripe dividers and
other screen pattern on the screen 101. The modulated
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power of the reflected servo light can be used to measure
the location of the servo beam 130 on the screen 101.
[0061] FIG. 12 shows an example of a start of line
(SOL) reference mark 1210 in the left peripheral region
1110 in the screen 101. The SOL reference mark 1210
can be an optically reflective, diffusive or fluorescent
stripe parallel to the fluorescent stripes in the active light-
emitting region 1100 of the screen 101. The SOL refer-
ence mark 1210 is fixed at a position with a known dis-
tance from the first fluorescent stripe in the region 1100.
SOL patterns may be a single reflective stripe in some
implementations and may include multiple vertical lines
with uniform or variable spacing in other implementa-
tions. Multiple lines are selected for redundancy, increas-
ing the signal to noise ratio, accuracy of position (time)
measurement, and providing missing pulse detection.
[0062] In operation, the scanning excitation beam 120
is scanned from the left to the right in the screen 101 by
first scanning through the peripheral reference mark re-
gion 1110 and then through the active region 1100. When
the beam 120 is in the peripheral reference mark region
1110, the signal modulation controllerin the laser module
110 of the system sets the beam 120 in a mode that
ensures adequate sampling of information without cross-
talk (e.g. one beam at a time during one frame) When
the scanning excitation beam 120 scans through the SOL
reference mark 1210, the light reflected, scattered or
emitted by the SOL reference mark 1210 due to the illu-
mination by the excitation beam 1210 can be measured
at an SOL optical detector located near the SOL refer-
ence mark 1210. The presence of this signal indicates
the location of the beam 120. The SOL optical detector
can be fixed at a location in the region 1110 on the screen
101 or off the screen 101. Therefore, the SOL reference
mark 1210 can be used to allow for periodic alignment
adjustment during the lifetime of the system.

[0063] When the pulse from the SOL 1210 detected is
detected for a given excitation beam, the laser can be
controlled to, after the delay representing the time for
scanning the beam from the SOL 1210 to the left edge
of the active display area 1100, operate in the image
mode and carry optical pulses with imaging data. The
system then recalls a previously measured value for the
delay from SOL pulse to beginning of the image area
1100. This process can be implemented in each horizon-
tal scan to ensure that each horizontal line starts the im-
age area properly and optical pulses in each horizontal
scan are aligned to the light-emitting stripes. The correc-
tion is made prior to painting the image for that line in the
area 1100 on the screen 101, so there is no time lag in
displaying the images caused by the servo control. This
allows for both high frequency (up to line scan rate) and
low frequency errors to be corrected.

[0064] The servo beam 130 can be used to provide a
positioning reference for each excitation beam 120 for
controlling both the timing for beginning image-carrying
pulses before the excitation beam enters the active light-
emitting area 1100 and during the normal display when
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the excitation beam 120 scans in the active light-emitting
region 1100. FIG. 13 illustrates the detected signal power
of the light at the servo beam wavelength in the feedback
light 132 to show optical signals indicative of positions of
the SOL mark and stripe dividers on the screen 101. The
optical peaks in the feedback light shown in FIGS. 13
and 14 are idealized as sharp square wave signals and
are likely to have tailing and leading profiles shown in
FIGS. 15-16. Such a pulse signal with trailing and leading
profiles can be converted into square wave like pulse
signals by edge detection.

[0065] Similar to the SOL mark 1210, an end-of-line
(EOL) reference mark can be implemented on the oppo-
site side of the screen 101, e.g., in the peripheral refer-
ence mark region 1120 in FIG. 11. The SOL mark is used
to ensure the proper alignment of the laser beam with
the beginning of the image area. This does not ensure
the proper alignment during the entire horizontal scan
because the position errors can be present across the
screen. Implementing the EOL reference mark and an
end-of-line optical detector in the region 1120 can be
used to provide a linear, two point correction of laser
beam position across the image area. FIG. 14 illustrates
the detected signal power of the light at the servo beam
wavelength in the feedback light 132 to show optical sig-
nals indicative of positions of the SOL mark, stripe divid-
ers and EOL mark on the screen 101

[0066] Whenboth SOL and EOL marks areimplement-
ed, the laser is turned on continuously in a continuous
wave (CW) mode prior to reaching the EOL sensor area.
Once the EOL signal is detected, the laser can be re-
turned to image mode and timing (or scan speed) cor-
rection calculations are made based on the time differ-
ence between the SOL and EOL pulses. These correc-
tions are applied to the next one or more lines. Multiple
lines of SOL to EOL time measurements can be averaged
to reduce noise.

[0067] Based on the stripe divider and SOL/EOL pe-
ripheral reference marks, the positioning of the servo
beam 130 on the screen 101 can be measured. Because
the servo beam 130 has a fixed relation with each exci-
tation beam 120, which can be measured at the SOL
reference mark or EOL reference mark, any error in the
positioning of the servo beam 130 suggests a corre-
sponding error in each excitation beam 120. Therefore,
the positioning information of the servo beam 130 can
be used in the servo control to control the servo beam
130 and each excitation beam 120 to reduce an align-
ment error of the excitation beam.

[0068] The present servo control operates to place
each optical pulse in the excitation beam 120 near or at
the center of a target light-emitting stripe to excite the
light-emitting material in that stripe without spilling over
to an adjacent light-emitting stripe. The servo control can
be designed to achieve such alignment control by con-
trolling the timing of each optical pulse in order to place
the pulse at a desired position on the screen 101 during
a horizontal scan. Accordingly, the servo control, i.e., the
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processor and controller 640, needs to "know" horizontal
positions of the light-emitting stripes in each horizontal
line before each horizontal scan in order to control the
timing of optical pulses during the scan. This information
on horizontal positions of the light-emitting stripes in each
horizontal line constitutes a two-dimensional position
"map" of the active display area or light-emitting area of
the screen 101 of (x, y) coordinates where x is the hori-
zontal position of each stripe divider (or equivalently, the
horizontal position of the center of each stripe) and y is
the vertical position or ID number of a horizontal scan.
This position map of the screen 101 can be measured at
the factory and may change in time due to changes in
the system components due to temperature, aging and
other factors. For example, thermal expansion effects,
and distortions in the optical imaging system will need
corresponding adjustments in the precise timing to acti-
vate each color in a pixel. If the laser actuation does not
properly correspond to the timing where the beam is di-
rected at the central portion of a sub-pixel or stripe for
the intended phosphor, the beam 120 will either partially
or completely activate the wrong color phosphor. In ad-
dition, this position map of the screen 101 can vary from
one system to another due to the component and device
tolerances during the manufacturing.

[0069] Therefore, it is desirable to update the position
map of the screen 101 and to use the updated position
map for controlling the timing of pulses of the excitation
beam 120 in each horizontal scan during the normal dis-
play. The position map of the screen 101 can be obtained
using the feedback light 122 and 132 in a calibration scan-
ning when the system is not in the normal display mode,
e.g., during the start-up phase of the system. In addition,
the servo feedback light 132 can be used in real time
video display to monitor and measure changes in an ex-
isting position map of the screen 101 when the system
is operating in the normal display mode to produce im-
ages on the screen 101. This mode of the servo control
is referred to as dynamic servo. The dynamic monitoring
of the screen 101 can be useful when the system oper-
ates for an extended period time without a downtime be-
cause the screen 101 may undergo changes that can
lead to significant changes to the position map of the
screen 101 that is updated during the start-up phase of
the system.

[0070] The position map of the screen 101 can be
stored in the memory of the laser module 110 and reused
for an interval of time if the effects that are being com-
pensated for do not change significantly. In one imple-
mentation, when the display system is turned on, the dis-
play system can be configured to, as a default, set the
timing of the laser pulses of the scanning laser beam
based on the data in the stored position map. The servo
control can operate to provide the real-time monitoring
using the servo feedback light 132 and to control the
pulse timing during the operation.

[0071] In another implementation, when the display
systemisturned on, the display system can be configured
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to, as a default, to perform a calibration using the exci-
tation beam 120 and the servo beam 130 to scan through
the entire screen 101. The measured position data are
used to update the position map of the screen 101. After
this initial calibration during the start-up phase, the sys-
tem can be switched into the normal display mode and,
subsequently during the normal display operation, only
the servo beam 130 is used to monitor the screen 101
and the data on the screen 101 obtained from the servo
beam 130 can be used to dynamically update the position
map and thus to control the timing of pulses in the beam
120 in each horizontal scan.

[0072] The calibration of the position map of the screen
101 can be obtained by operating each scanning beam
120 or 130 in a continuous wave (CW) mode for one
frame during which the scanning laser beams 120 and
130 simultaneously scan through the entire screen, one
segment at a time as shown in FIG. 5, when multiple
laser beams 120 are used. If a single laser is used to
produce one excitation beam 120, the single scanning
beam 120 is setin the CW mode to scan the entire screen
101, one line at a time, along with the servo beam 130.
The feedback light 122 and 132 from the servo reference
marks on the stripe dividers is used to measure the laser
position on the screen 101 by using the servo detectors
620 and 630.

[0073] The servo detector signals from the servo de-
tectors 620 and 630 can be sent through an electronic
"peak" detector that creates an electronic pulse whenev-
er a servo signal is at its highest relative amplitude. The
time between these pulses can be measured by a sam-
pling clock in a digital circuit or microcontroller that is
used by the processor and controller 640 to process and
generate an error signal for controlling timing of optical
pulses in each excitation beam 120 in a horizontal scan.
[0074] In one implementation, the time between two
adjacent pulses from the electronic peak detector can be
used to determine the spacing of the two locations that
produce the two adjacent electronic pulses based on the
scan speed of the scanning beam 120 or 130 on the
screen 101. This spacing can be used to determine the
subpixel width and subpixel position.

[0075] In another implementation, servo measure-
ments and corrections are based on relative time meas-
urements. Depending on the beam scan rate and the
frequency of the sampling clock, there are some nominal
number of clocks for each sub-pixel. Due to optical dis-
tortions, screen defects or combination of the distortions
and defects, the number of clock cycles between two
adjacent pulses for any given sub-pixel may vary from
the nominal number of clock cycles. This variation in clock
cycles can be encoded and stored in memory for each
sub-pixel. Alternatively, a correction value can be calcu-
lated and used for some number N of adjacent sub-pixels
because changes usually do not occur with significant
changes between adjacent sub-pixels.

[0076] FIG. 15 shows one example of the detected re-
flected feedback light as a function of the scan time for
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a portion of one horizontal scan, the respective output of
the peak detector and the sampling clock signal. A nom-
inal subpixel with a width corresponding to 9 clock cycles
of the sampling clock and an adjacent short subpixel cor-
responding to 8 clock cycles are illustrated. In some im-
plementations, the width of a subpixel may correspond
to 10-20 clock cycles. The clock cycle of the sampling
clock signal of the digital circuit or microcontroller for the
servo control dictates the spatial resolution of the error
signal. As an example for techniques to improve this spa-
tial resolution, averaging over many frames can be uti-
lized to effectively increase the spatial resolution of the
error signal.

[0077] FIG. 16 shows one example of the detected re-
flected feedback light as a function of the scan time for
a portion of one horizontal scan, the respective output of
the peak detector and the sampling clock signal where
a nominal subpixel corresponding to a width of 9 clock
cycles and an adjacent long subpixel a corresponding to
a width of 10 clock cycles re illustrated.

[0078] During calibration, contaminants such as dust
on the screen, screen defects, or some other factors may
cause missing of an optical pulse in the reflected feed-
back light that would have been generated by a servo
reference mark between two adjacent subpixels on the
screen 101. FIG. 17 illustrates an example where a pulse
is missing. A missing pulse can be determined if a pulse
is not sampled or detected within the nominal number of
clock cycles for a subpixel within the maximum expected
deviation from the nominal number of clocks for a sub-
pixel. If a pulse is missed, the nominal value of clock
cycles for a subpixel can be assumed for that missing
sub-pixel and the next sub-pixel can contain the timing
correction for both sub-pixels. The timing correction can
be averaged over both sub-pixels to improve the detec-
tion accuracy. This method may be extended for any
number of consecutive missed pulses.

[0079] The above use of the sampling clock signal to
measure the position map of the screen 101 can be used
with detection with the excitation servo feedback light
122 or the servo feedback light 132 from the screen 101.
Because the excitation beam or beams 120 scan all hor-
izontal lines in the screen 101 during a calibration scan
in a CW mode, the position data from the excitation servo
feedback light 122 can provide data for each and every
subpixel of the screen 101. The position data obtained
from the servo beam 130 and its corresponding feedback
light 132, however, only covers one horizontal scan line
per screen segment as shown in FIG. 5. The position
data measured from the servo beam 130 for one screen
segment can be used as a representative scan for all
horizontal lines in that screen segment is used to update
position data for all lines in that screen segment. Two or
more servo beams 130 may be used to increase the
number of lines measured in each screen segment.
[0080] Vertical position of each laser can be monitored
and adjusted by using an actuator, a vertical scanner, an
adjustable lens in the optical path of each laser beam or
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a combination of these and other mechanisms. Vertical
reference marks can be provided on the screen to allow
for a vertical servo feedback from the screen to the laser
module. One or more reflective, fluorescent or transmis-
sive vertical reference marks can be provided adjacent
to the image area of the screen 101 to measure the ver-
tical position of each excitation beam 120. Referring to
FIG. 11, such vertical reference marks can be placed in
a peripheral reference mark region. One or more vertical
mark optical detectors can be used to measure the re-
flected, fluorescent or transmitted light from a vertical ref-
erence mark when illuminated by the beam 120 or 130.
The output of each vertical mark optical detector is proc-
essed and the information on the beam vertical position
is used to control an actuator to adjust the vertical beam
position on the screen 101.

[0081] FIG. 18A shows an example of a vertical refer-
ence mark 2810. The mark 2810 includes is a pair of
identical triangle reference marks 2811 and 2812 that
are separated and spaced from each other in both vertical
and horizontal directions to maintain an overlap along
the horizontal direction. Each triangle reference mark
2811 or 2812 is oriented to create a variation in the area
along the vertical direction so that the beam 120 partially
overlaps with each mark when scanning through the
mark along the horizontal direction. As the vertical posi-
tion of the beam 120 changes, the overlapping area on
the mark with the beam 120 changes in size. The relative
positions of the two marks 2811 and 2812 defines a pre-
determined vertical beam position and the scanning
beam along a horizontal line across this predetermined
vertical position scans through the equal areas as indi-
cated by the shadowed areas in the two marks 2811 and
2812. When the beam position is above this predeter-
mined vertical beam position, the beam sees a bigger
mark area in the first mark 2811 than the mark area in
the second mark 2812 and this difference in the mark
areas seen by the beam increases as the beam position
moves further up along the vertical direction. Conversely,
when the beam position is below this predetermined ver-
tical beam position, the beam sees a bigger mark area
in the second mark 2812 than the mark area in the first
mark 2811 and this difference in the mark areas seen by
the beam increases as the beam position moves further
down along the vertical direction.

[0082] The feedback light from each triangle mark is
integrated over the mark and the integrated signals of
the two marks are compared to produce a differential
signal. The sign of the differential signal indicated the
direction of the offset from the predetermined vertical
beam position and the magnitude of the differential signal
indicates the amount of the offset. The excitation beam
is at the proper vertical position when the integrated light
from each triangle is equal, i.e., the differential signal is
zero.

[0083] FIG. 18B shows a portion of the signal process-
ing circuit as part of the vertical beam position servo feed-
back control in the laser module 110 for the vertical ref-
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erence mark in FIG. 18A. A PIN diode preamplifier 2910
receives and amplifies the differential signal for the two
reflected signals from the two marks 2811 and 2812 and
directs the amplified differential signal to an integrator
2920. An analog-to-digital converter 2930 is provided to
convert the differential signal into a digital signal. A digital
processor 2940 processes the differential signal to de-
termine the amount and direction of the adjustment in
the vertical beam position and accordingly produces a
vertical actuator control signal. This control signal is con-
verted into an analog control signal by a digital to analog
converter 2950 and is applied to a vertical actuator con-
troller 2960 which adjusts the actuator. FIG. 18C further
shows generation of the differential signal by using a sin-
gle optical detector.

[0084] FIG. 19 shows an example of the screenin FIG.
11 having the start of line (SOL) reference mark and the
vertical beam position reference marks. Multiple vertical
beam position reference marks can be placed at different
vertical positions to provide vertical position sensing of
the excitation beams 120 in all screen segments. The
example in FIG. 19 shows the SOL reference mark is
located between the vertical beam position reference
marks and the screen display area so that, in a horizontal
scan beginning from the left to the right, the excitation
beam 120 or the servo beam 130 hits the SOL reference
mark after the vertical beam position reference marks.
In another implementation for a horizontal scan begin-
ning from the left to the right, the SOL reference mark is
located between the vertical beam position reference
marks and the screen display area to ensure that the
excitation beam 120 or the servo beam 130 hits the SOL
reference mark before the vertical beam position refer-
ence marks. In addition, separate from the vertical beam
position reference marks for the excitation beams 120,
multiple vertical beam position reference marks can be
placed at different vertical positions, e.g., one vertical
reference mark for the servo beam 130 to provide vertical
position sensing of the servo beam 130 in each screen
segment. These vertical reference marks are presented
by the numeral "1910" in FIG. 19. The combination of the
SOL reference 1210, the vertical reference marks 1910
and the periodic pattern in the strip structure of the light-
emitting area 1110 provides positioning information of
the invisible servo beam 130, positioning information of
the excitation beams 120 and the horizontal parameters
of the pixels on the screen 101 for servo control in a
scanning display system.

[0085] FIG. 20 shows an example of the operation of
a servo control using the servo beam 130 during the nor-
mal display mode when each excitation beam 120 is used
for carrying optical pulses for producing images on the
screen 101 and is not used for servo control. The servo
beam 130 is a CW beam and is scanned over one hori-
zontal line per screen segment with the scanning mod-
ulated excitation Laser beams 120. The servo feedback
light 132 is detected by the one or more servo detectors
620 to measure an alignment error of the servo beam
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130 on the screen 101 during the normal display. The
alignment of each excitation laser beam 120 is adjusted
based on the measured alignment error of the servo
beam 130 to reduce the alignment error of the excitation
laserbeam 120. In other implementations, the red, green
and blue light emitted by the screen 101 or a portion of
back-reflected excitation light of the scanning excitation
beam 120 can be used to provide a calibration mecha-
nism to calibrate the measurements obtained via the ser-
vo beam 130.

[0086] Inthe above examples for using the invisible IR
servo beam 130 to provide the feedback light 132 to the
laser module 110, the parallel phosphor stripes and the
stripe dividers on the screen 101 are used to produce
back-reflected feedback light 132 by reflection of the ser-
vo beam 132 at the stripe dividers. Alternatively, the
screen 101 can be designed to include IR feedback
marks that are configured to produce desired feedback
light 132. The IR feedback marks can be registered with
a special spatial relationship with respect to the stripe
dividers or the phosphor stripes, e.g., a servo feedback
mark is aligned in position with a light-emitting stripe or
a division (a divider) between two adjacent parallel light-
emitting stripes in the screen. In the examples described
below, such position registration is not required and it is
sufficient that the IR feedback marks have a fixed and
known spatial relationship with respect to the stripe di-
viders or the phosphor stripes so that there is a fixed and
known mapping of the positions of the IR feedback marks
and the positions of the phosphor stripes and stripe di-
viders.

[0087] FIG. 21 shows an example design for the light-
emitting screen 101 that includes IR feedback marks on
the excitation side of the phosphor layer. This screen 101
includes a phosphor stripe layer 2110 with parallel phos-
phor stripes emitting red, green and blue light under ex-
citation of the excitation beam 120, a back panel 2112
on the excitation side of the phosphor layer 2110 facing
the excitation beam 120 and the IR servo beam 130, and
a front panel 2111 on the viewer side of the phosphor
layer 2110. In this example, IR feedback marks 2120 are
formed on the back surface of the back panel to provide
the IR feedback light 132 by reflecting or scattering the
IR servo beam 130. In other implementations, the IR
feedback marks 2120 may be placed at other positions
and can be located on either the excitation side or the
viewer side of the phosphor layer 2110.

[0088] The IR feedback marks 2120 are designed to
provide position registration of the servo beam 130 on
the screen and can be implemented in various configu-
rations. For example, the IR feedback marks 2120 can
be periodic parallel stripes that are parallel to the parallel
phosphor stripes in the phosphor layer 2110. An IR feed-
back mark 2120 can be placed at any position relative to
a stripe divider or a phosphor stripe in the phosphor layer
2110 along the horizontal direction, including a position
horizontally displaced from a stripe divider or the center
of a phosphor stripe. The width of each of the IR feedback
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marks 2120 can be equal to the width of the beam spot
of the IR servo beam 130 on the screen 101 when the
detection for the IR servo feedback light 132 is based on
a peak detector. IR feedback marks 2120 with a width
wider than the width of the beam spot of the IR servo
beam 130 on the screen 101 can be used if the detection
for the IR servo feedback light 132 is based on the posi-
tion of each IR feedback mark 2120 with respect to a
position reference such as the SOL mark. The width of
the IR feedback marks 2120 may be less than the width
of each phosphor stripe, e.g., one half of the width of a
phosphor stripe. The spacing between two adjacent IR
feedback marks 2120 can be greater than the spacing
between two adjacent phosphor stripes. For example,
the IR mark spacing can be 25 mm and the phosphor
stripe spacing can be 1.5 mm.

[0089] The IR feedback marks 2120 can be made to
be optically different from the areas surrounding and be-
tween the IR feedback marks 2120 to allow for optical
detection of the IR feedback marks 2120 to register the
positions of the IR feedback marks 2120 on the screen
while maintaining the substantially the same optical
transmission for the excitation beam 120 as the areas
surrounding and between the IR feedback marks 2120.
Therefore, the presence of the IR feedback marks 2120
does not optically interfere with the optical transmission
of the excitation beam 120 by optically imprinting the
shapes of the marks 2120 on the excitation beam 120
thatreaches the phosphor layer of the screen 101. In this
regard, the IR feedback marks 2120 can be implemented
in various configurations. For example, each IR feedback
mark 2120 can be made to have a smooth surface facing
the excitation side and optically specularly reflective to
lightand the areas surrounding and between the IR feed-
back marks 2120 are configured to exhibit optically dif-
fused reflection which spreads in different directions. The
specularly reflective IR feedback marks 2120 and the
diffusively reflective areas surrounding and between the
marks 2120 have the same optical transmission charac-
teristics. Different from the above design of having spec-
ularly reflective marks 2120 in a diffusive background,
the IR feedback marks 2120 can also be made diffusively
reflective to light and the areas surrounding and between
the marks 2120 are made specularly reflective. As an-
other example, the IR feedback marks 2120 can have a
transmissivity or reflectivity at the wavelength of the ex-
citation beam 120 that is significantly different from the
wavelength of the servo beam and servo wavelengths.
For example, the IR feedback marks 2120 can be con-
figured to be optically transparent to light of the excitation
beam 120 and optically reflective to light of the servo
beam 130 so that the the IR feedback marks 2120 are
optically "invisible" to the excitation beam 120 and reflect
the servo beam 130 to produce the IR servo feedback
light 132.

[0090] FIGS. 22 and 23 show examples of screen lay-
out configurations with vertical reference marks 1910 for
measuring the vertical positions of the IR servo beam
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130. In FIG. 22, the vertical reference marks 1910 are
located on the edge of the screen, preferable outside the
main display area of the screen. In FIG. 23, the vertical
reference marks 1910 are placed at the edges and in the
middle of the screen and may be made to have the same
optical transmission characteristics for light of the exci-
tation beam 120.

[0091] FIG. 24 shows a specific example of a screen
design with specularly reflective IR feedback marks and
optically diffusive areas surrounding and between the IR
feedback marks. In this example, an IR feedback mark
is formed by a film stripe that has a smooth surface to
produce a specular reflection 2430 of the incident IR ser-
vo light 130. The screen area between two IR feedback
marks is formed by a film layer with a roughened surface
that diffuses light in reflecting the incident IR servo light
130 to produce the diffused reflection 2440 that spreads
in different directions forming a diffused reflection cone.
The two regions 2410 and 2420 have approximately the
same optical transmission for light of the excitation beam
120.

[0092] The above screen design for IR servo feedback
can use the different optical behaviors of the specular
reflection and the diffusive reflection of the IR servo beam
130 from the screen in the optical far field from the screen
to facilitate the servo detection as shown in the example
in FIG. 25.

[0093] FIG. 25 shows an exemplary scanning beam
display system 2500 that provides an IR servo feedback
based on the screen design in FIG. 24. The laser module
110 projects and scans both the IR servo beam 130 and
the excitation beam 120 onto the screen 101 with IR feed-
back marks. The laser module 110 has a symmetric optic
axis 2501 around which the beam scanning is performed.
The screen 101 has a construction as shown in FIG. 21
or 22 based on the design in FIG. 24. An optical telecen-
tric lens 2510 such as a Fresnel lens layer is provided in
to couple the incident scanning beams 120 and 130 from
the laser module 110 onto the screen 101 in a substan-
tially normal incidence to the screen 101. The telecentric
lens 2510 is configured to have its symmetric optic axis
2502 to be parallel to the optic axis 2501 of the laser
module 110 with an offset 2503. As illustrated, the Fres-
nel lens 2510 is placed in front of the back surface of the
screen 101 with an air gap 2520.

[0094] The IR servo detection is provided by using an
IR servo detector 2530 located along an optical path of
the returned specular reflection 2430 of the incident IR
servo light 130 from the IR feedback marks on the screen
101. The location of the IR servo detector 2530 is deter-
mined by the offset 2503 for receiving the returned spec-
ular reflection 2430 of the incident IR servo light 130 from
each IR feedback mark on the screen 101. Returned IR
light in a direction different from the specular reflection
direction at each IR feedback mark is directed by the
Fresnel lens 2510 to miss the IR servo detector 2530
when the deviation from the specular reflection exceeds
a range beyond the aperture of the IR servo detector
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2530. Under this design, only a very small fraction of the
returned IR servo lightin the diffused reflection 2440 from
an area between IR feedback marks is received by the
IR servo detector 2530 and the majority of the returned
IR servo light in the diffused reflection 2440 is not col-
lected by the IR servo detector 2530. In contrast, the light
in the returned specular reflection 2430 of the incident
IR servo light 130 from each IR feedback mark on the
screen 101 is substantially collected by the IR servo de-
tector 2530. Based on this difference, the detector signals
from the IR servo detector 2530 can be used to determine
a hit by the scanning IR servo beam 130 on an IR feed-
back mark.

[0095] The light of the excitation beam 120 can also
be reflected back by the specular and diffusive regions
on the screen 101. Hence, the specularly reflected light
at the excitation wavelength is directed back to the same
location at the IR servo detector 2530. A wavelength se-
lective optical beam splitter can be used to split the col-
lected light at the servo wavelength and the collected
light at the excitation wavelength into two separate sig-
nals for separate optical detectors, the IR servo detector
2530 to receive the IR servo light and another servo de-
tectorto receive the feedback light at the excitation wave-
length.

[0096] The scanning IR servo beam 130 can be a CW
beam. As such, each hit at an IR feedback mark on the
screen produces an optical pulse at the IR servo detector
2530. In each horizontal scan, the IR servo detector 2530
detects a sequence of optical pulses that correspond to
the different IR feedback marks on the screen, respec-
tively. The detector output of the IR servo detector 2530
is similar to the detector outputs shown in FIGS. 13-17
obtained by using phosphor strip dividers as IR feedback
marks except that the pulse separation in the detector
output of the IR servo detector 2530 in time is greater
and corresponds to the IR feedback mark spacing. Sim-
ilarly, SOL or EOL signals can be used to determine the
horizontal location of the scanning IR servo beam 130
and vertical reference marks can be used to determine
the vertical position of the scanning IR servo beam 130.
[0097] Inthe system examplesin FIGS. 1,6and 7, the
excitation servo feedback light 122 can be used in com-
bination with the servo feedback based oninvisible servo
beam 130. In such systems with combination servo con-
trols, the positioning measurements from both the IR ser-
vo light feedback and the excitation light servo feedback
can be used to calibrate with respect to each other. For
example, such a display system can be operated to per-
form a calibration using the excitation beam 120 and the
IR servo beam 130 to scan through the entire screen 101
to measure the position maps of the screen 101 and to
use the position map obtained from the excitation beam
120 to calibrate the position map obtained from the IR
servo beam 130. Based on this calibration, during the
normal operation of the system, the feedback from the
IR servo beam 130 can be used, without the feedback
based on the excitation light servo feedback, to monitor
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the screen 101 and to control the timing of pulses in the
beam 120 in each horizontal scan.

[0098] In some implementations, the screen 101 can
be designed to utilize as much the excitation light for pro-
ducing the visible light by reducing any optical loss of the
excitation light from the excitation beam 120. For exam-
ple, the screen can be designed to eliminate any optical
reflection back to the laser module 110 by using, e.g., an
optical layer on the excitation side of the phosphor layer
to transmit light of the excitation beam into the phosphor
layer and recycle any excitation light from the phosphor
layer back into the phosphor layer. Under such a design,
it can be difficult to use light from the excitation beam
120 to produce the servo beam 122. The following sec-
tions describe system designs that use visible light emit-
ted by the phosphor layer in the screen 101 to produce
a visible servo beam and to provide a second feedback
mechanism in addition to the invisible IR servo feedback.
[0099] FIG. 26 shows an example of a scanning beam
display system 2600 that provides the servo feedback
based on the IR servo beam 130 and a second servo
feedback based on detection of emitted visible light from
the phosphor layer in the screen. In this system, an off-
screen optical servo sensing unit 2610 is used to detect
the red, green and blue light emitted from the screen 101.
The servo sensing unit 2610 can be located at a location
where the emitted visible light from the screen 101 can
be detected, e.g., at the viewer side of the screen 101 or
at the excitation side of the screen 101 as shown, and
the location of the servo sending unit 2610 can be se-
lected based on the screen design and the system layout.
Three optical detectors PD1, PD2 and PD3 are provided
in the sensing unit 2610 to detect the red, green and blue
fluorescent light, respectively. Each optical detector is
designedtoreceivelightfrom apart of orthe entire screen
101. A bandpass optical filter can be placed in front of
each optical detector to select a designated color while
rejecting light of other colors. This sensing unit 2610 gen-
erates a servo feedback signal 2612 to the laser module
110 for controlling the system operation.

[0100] One way to correct the horizontal misalignment
in the display systemsin FIG. 26 is to program the display
processor in the laser module 110 to control the timing
of the optical pulses based on the position error detected
in the feedback signal 2612. For example, the laser mod-
ule 110 can delay the modulated image signal carried by
the modulated laser beam 120 by one sub color pixel
time slot if the green detector has an output and red and
blue detectors have no output or by two sub color pixel
time slots if the blue detector has an output and red and
green detectors have no output. This correction of a spa-
tial alignment error by a time delay may be achieved dig-
itally within the display processor. No physical adjust-
ment in the optical scanning and imaging units in the
laser module 110 is needed. Alternatively, you mean the
controller unitin the laser module 110 may be adjusted
to physically shift the position of the excitation beam 120
on the screen 101 so that the laser position on the screen
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101 is adjusted horizontally to the left or right by one sub
pixel in response to the error detected by the servo sens-
ing unit 2610. The optical alignment by physically adjust-
ing the scanning laser beam 120 and the electronic or
digital alignment by controlling the timing of optical pulses
can be combined to control the proper horizontal align-
ment.

[0101] A test pattern can be used to check the horizon-
tal alignment in the display system 2600 in FIG. 26. For
example, a frame of one of the red, green and blue colors
may be used as a test pattern to test the alignment. FIG.
27A shows a test pattern for the color pixel embedded
with the detectors in the servo sensing unit 2610 and the
corresponding outputs of the three detectors PD1, PD2
and PD3 when the horizontal alignment is proper without
an error. FIGS. 27B, 27C and 27D show three different
responses generated by the three detectors PD1, PD2
and PD3 when there is a misalignment in the horizontal
direction. The detector responses are fed to the laser
module 110 and are used to either use the time-delay
technique or the adjustment of the beam imaging optics
to correct the horizontal misalignment.

[0102] Hence, the servo feedback control based on
sensing the screen-emitted visible light in FIG. 26 is op-
erated in during a designated calibration operation of the
system 2600 when the system 2600 is not displaying
images for the viewer. This type of feedback control is
"static" because the system is operated out of its normal
display mode and is operated with test patterns for meas-
uring the alignment conditions of the screen 101. For
example, such a static servo feedback algorithm can be
performed once at the power-on of the display system or
at the factory initial map generation before the system
begins the normal display of the images on the screen
101 and the display system can be controlled to perform
the initial clock calibration to align the laser pulses to the
sub-pixel center positions. Different from the static servo
control, adynamic servo control can also be implemented
during the normal display operation mode of the system.
For example, the dynamic servo feedback algorithm is
performed continuously during the normal operation of
the display system. This dynamic servo feedback keeps
the pulses timed to the subpixel center position against
variations in temperature, screen motion, screen warp-
ing, system aging and other factors that can change the
alignment between the laser and the screen. The dynam-
ic servo control is performed when the video data is dis-
played on the screen and is designed in a way that it is
not apparent to the viewer. This dynamic control is pro-
vided by the invisible servo control in the system 2600 in
FIG. 26.

[0103] FIG. 28 illustrates an example of an optical ser-
vo design using a visible light servo optical sensor 4501
placed away from a fluorescent screen 101 on the viewer
side of the screen 101 in the scanning beam display sys-
tem 2600. The optical sensor 4501 may be configured
and positioned to have a field of view of the entire screen
101. A collection lens may be used between the screen
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101 and the sensor 4501 to facilitate collection of the
fluorescent light from the screen 101. The optical sensor
4501 can include at least one optical detector to detect
fluorescent light at a selected color, e.g., green from dif-
ferent colors (e.g., red, green and blue) emitted by the
screen 101. Depending on the specific techniques used
in the servo control, a single detector for a single color
may be sufficient for the servo control in some implemen-
tations and, in other implementations, two or more optical
detectors for detecting two or more colors of the fluores-
cent light from the screen 101 may be needed. Additional
detectors may be used to provide detection redundancy
for the servo control. Referring to the reference marks
for generating reference signals, detection of such refer-
ence signals and control functions based on the refer-
ence signals from reference marks, the servo control can
be combined with the control functions of the reference
marks for the system. In an example described below,
the start of line reference mark outside the screen area
having the fluorescent stripes can be used as a timing
reference for static servo control of the timing of optical
pulses of the scanning beam.

[0104] In the example in FIG. 28, the optical sensor
4501 includes three servo optical detectors 4510, 4520
and 4530 (e.g., photodiodes) that detect, respectively,
three different colors emitted by the screen 101. The pho-
todiodes 4510, 4520 and 4530 are arranged in three
groupings and each group is filtered by a red filter 4511,
a green filter 4521 or a blue filter 4531 so that three pho-
todiodes 4510, 4520 and 4530 receive, respectively,
three different colors. Each filter may be implemented in
various configurations, such as a film which makes a pho-
todiode sensitive only to one of the red, green and blue
colors from the viewing screen.

[0105] The detector circuit for each color group can
include a preamplifier (poreamp) 4540, a signal integrator
(e.g., a charge integrator) 4541, and an A/D converter
4540 to digitize the red, green or blue detector signal for
processing in a digital servo circuit 4550 which may be
a microcomputer or microprocessor. The red, green and
blue light intensities of the fluorescent light emitted from
the screen 101 can be measured and the measured re-
sults are sent to the digital servo circuit 4550. The digital
servo circuit 4550 can generate and use a reset signal
4552 to reset the integrators 4541 to control the integra-
tion operation of the detectors. Using these signals, the
digital servo circuit 4550 can determine whether there is
an error in the alignment of a scanning laser beam on
the screen 101 and, based on the detected error, deter-
mines whether the laser clock is to be advanced or de-
layed in time in order to center the laser pulses on the
subpixels on the screen 101.

[0106] The static servo control operations described
here are performed when the display system is notin the
normal operation for displaying images on the screen.
Hence, the regular frame scanning in both directions us-
ing the galvo vertical scanner and the polygon horizontal
scanner during the normal operation can be avoided. The
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vertical scanning by the galvo scanner can be used to
directa scanning laser beam at a desired vertical position
and fixed at that position to perform repetitive horizontal
scans with different time delays in the laser pulse timing
to obtain the desired error signal indicating the laser tim-
ing error in the horizontal scan. In addition, a special laser
pulse pattern (e.g., FIGS. 27A-D and 29) that does not
carry image signals can be used during the static servo
operation to generate the error signal.

[0107] In the static servo control, the laser pulse pat-
tern for a laser can be chosen to generate a signal that
is proportional to the position error of the laser pulses on
the screen 101. In one implementation where multiple
lasers are used, each laser is pulsed one at a time across
the screen 101 and the remaining lasers are turned off.
This mode of operation allows the timing for each laser
to be measured and corrected independently during a
static servo control process.

[0108] FIGS. 29 and 30 illustrate one example tech-
nique for generating the error signal forimplementing the
static servo control. FIG. 29 shows an example of a test
optical pulse pattern modulated onto a scanning laser
beam that has a periodic pulse pattern of laser pulses.
The pulse width in time of this test pulse pattern corre-
sponds to a spatial width on the screen that is greater
than the width (d) of the border between two adjacent
subpixels and less than twice of the width (D) of a subpixel
(one fluorescent stripe). For example, the pulse width in
time of this pulse pattern corresponds to a spatial width
equal to the width (D) of a subpixel. The repetition time
of the pulse pattern corresponds to a spatial separation
of two adjacent laser pulses on the screen that is equal
to the width (3D) of one color pixel (three successive
fluorescent stripes).

[0109] Inoperation, the timing of the laser pulse pattern
in FIG. 29 is adjusted so that each laser pulse partially
overlaps with one subpixel and an adjacent subpixel to
excite light of different colors in the two adjacent subpix-
els. Hence, a laser pulse overlapping with two adjacent
subpixels (e.g., a red subpixel and a green subpixel) has
ared excitation portion that overlaps with the red subpixel
to produce red light and a green excitation portion that
overlaps with the adjacent green subpixel to produce
green light. The relative power levels of the emitted red
light and the emitted green light are used to determine
whether the center of the laser pulse is at the center of
the border between two adjacent subpixels and the po-
sition offset between the center of the laser pulse and
the center of the border. Based on the position offset, the
servo control adjusts the timing of the laser pulse pattern
to reduce the offset and to align the center of the laser
pulse at the center of the border. Upon completion of this
alignment, the servo control advances or delays the tim-
ing of the laser pulse pattern to shift each laser pulse by
one half of the subpixel width to place the center of the
laser pulse to the center of either of the two adjacent
subpixels. This completes the alignment between a laser
and a color pixel. During the above process, the vertical
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scanner is fixed to direct the laser under alignment to a
fixed vertical position and the horizontal polygon scanner
scans the laser beam repetitively along the same hori-
zontal line to generate the error signal.

[0110] The above process uses the relative power lev-
els of the emitted red light and the emitted green light to
determine position offset between the center of the laser
pulse and the center of the border between two adjacent
subpixels. One way to implement this technique is to use
a differential signal based on the difference in the
amounts of light emitted by the two different phosphor
materials. A number of factors in the servo detection in
FIG. 28 can affect the implementation. For example, dif-
ferent fluorescent materials for emitting different colors
may have different emission efficiencies at a given exci-
tation wavelength so that, under the same scanning ex-
citation beam, two adjacent subpixels can emit light in
two different colors (e.g., green and red) with different
power levels. As another example, the color filters 4511,
4521 and 4531 for transmitting red, green and blue colors
may have different transmission values. As yet another
example, the optical detectors 4510, 4520, and 4530 may
have different detector efficiencies at the three different
colors and thus for the same amount of light entered into
the detectors at different colors, the detector outputs may
be different. Now consider the condition where the center
of a laser pulse is aligned to the center of the border
between two adjacent subpixels and thus the laser pulse
is equally spit between the two adjacent subpixels. Due
to the above and otherfactors, the servo optical detectors
corresponding to the emission colors of the two adjacent
subpixels may produce two detector outputs of two dif-
ferent signal levels when the laser pulse is equally spit
between the two adjacent subpixels. Hence, for a given
display system, the servo detector signals can be cali-
brated to account for the above and other factors to ac-
curately represent the position offset of the laser pulse.
The calibration can be achieved via the hardware design,
software in the digital signal processing in the servo dig-
ital circuit 4550 in FIG. 28, or a combination of both the
hardware design and signal processing software. In the
following sections, it is assumed that the proper calibra-
tion is implemented so that the calibrated detector out-
puts from two different servo optical detectors are equal
when the laser pulse is equally spit between the two ad-
jacent subpixels.

[0111] Therefore, under a proper alignment condition,
each of the laser pulses has one half of the pulse over a
green subpixel, and the remaining one half of the same
pulse over an adjacent red subpixel. This pulse pattern
generates equal amounts of red and green light on the
servo detectors when the alignment s proper. Therefore,
the difference in the detector output voltage between the
red detector and the green detector is an error signal that
indicates whether the alignment is proper. When the
alignment is proper, the differential signal between the
red and green detectors is zero; and, when the alignment
is off from the proper alignment, the difference is either
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a positive value or a negative value indicating the direc-
tion of the offset in alignment. This use of a differential
signal between two color channels can be used to negate
the importance of measuring the absolute amplitude of
the light emanated from the viewing screen phosphor.
Alternatively, the difference between two different color
channels, the blue and red detectors or the green and
blue detectors, may also be used to indicate the align-
ment error. In some implementations, because the blue
light is closest to the incident excitation laser light wave-
length, it can be more practical to use the difference be-
tween the green and red detectors for the servo control.
An optical sensor for detecting light from the reference
mark, which is separate from the optical sensor 4501 for
detecting the fluorescent feedback light from the screen
in FIG. 28, is used to generate the detection signal and
is connected to the digital servo circuit 4550.

[0112] In the static servo control, the start of the timing
scan can be corrected first using the test pulse pattern
in the scanning laser beam. The timing is corrected for
the first group of adjacent pixels along the horizontal scan
(e.g., 5 pixels), then the next group of adjacent pixels of
the same size, e.g., the next 5 group, then the next 5
group, until the entire scan has been corrected for a given
laser. Here, the number of 5 pixels is chosen as an ex-
ample for illustration. Such grouping can be used to re-
duce the amount of time needed for the servo control and
to increase the signal-to-noise ratio of the error signal
when the signals generated from different pixels in one
group are integrated. In practice, the number of pixels
for each of the groups can be selected based on specific
requirements of the display system. For example, the
severity of the initial timing error may be considered
where a small timing error may permit a large number of
successive pixels to be in a group for the servo control
and a large timing error may require a smaller number
of successive pixels to be grouped together for the servo
control. In each measurement, the timing error of the
scanning beam can be corrected to one clock cycle of
the digital clock of the digital servo circuit 4550. In FIG.
45, digital servo circuit 4550 is a micro-controller which
is designed to have timing control foreach individual laser
and is used to correct the timing of the laser pulse for
each pixel.

[0113] Notably, various phosphors can exhibit persist-
ence in fluorescent emission. This property of phosphors
can cause the phosphor to produce light after the laser
pulse has moved to the next pixel. Referring to FIG. 28,
the signal integrator 4541 can be connected at the output
of the preamp 4540 for each servo detector to offset this
effect of the phosphor. The integrator 4541 can be used
to effectively "sum" all the light for a given preamp 4540
over multiple pixels while the reset line for the integrator
is low to set the integrator in the integration mode. When
the micro-controller initiates an A/D sample, the summed
light for a given color is sampled. The reset line 4552 for
each integrator 4541 then goes high until the integrator
voltage is set back to zero to reset the integrator 4541
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and is subsequently released back to low to restarta new
integration period during which the integrator 4541 starts
summing the light again.

[0114] FIG. 30 illustrates how the error signal varies
as the laser timing is varied from its nominal position di-
rectly centered between the red and green subpixels us-
ing the laser pulse pattern in FIG. 29. When the error
voltage of a differential signal based on the laser pulse
pattern in FIG. 29 is equal to zero as shown in FIG. 30,
there are equal amounts of Red and Green light on the
red and green servo detectors, and the timing of the laser
pulses is directly over the borders between two adjacent
sub-pixels. Inthis manner, the error signal ateach sample
represents the laser timing error only for the period after
the previous reset pulse. Using this scheme, a corrected
laser timing map can be generated for each laser on eve-
ry horizontal sweep until the entire screen timing is cor-
rected for each laser. The vertical scanner is used to
change the vertical position of the horizontal scanning
beam from each laser.

[0115] The above technique for generating the static
servo error signal uses a border between the two adja-
cent subpixels as an alignment reference to align the
laserpulseinalaser pulse pattern. Alternatively, the cent-
er of each subpixel may be directly used as an alignment
reference to center the laser pulses directly over the sub-
pixels without using the borders between two adjacent
subpixels. Under this alternative method, the output from
a single color servo optical detector is sufficient to gen-
erate the error signal for the servo control. An alignment
reference mark, such as the start of line (SOL) peripheral
alignment reference mark in FIG. 12 and a separate SOL
optical detector that detects the feedback light from the
SOL mark, can be used to provide a timing reference and
assistthe alignment. Referring to FIG. 45, the SOL optical
detector is connected to direct its output to the digital
servo circuit 4550.

[0116] This alternative static servo technique can be
implemented as the follows. A test pulse pattern that has
at least one pulse corresponding to one subpixel within
a pixel used to modulate the scanning laser beam where
the pulse width corresponds to one subpixel width (D) or
less. In a horizontal scan, the laser timing is adjusted on
the first group of subpixels of the scan after the SOL
signal is detected by the SOL optical detector. Based on
the timing reference from the SOL signal, the laser timing
of the laser pulse pattern is adjusted to maximize the
detected optical power of one of the three colors emitted
by the fluorescent screen, e.g., the Green light (or Red,
or Blue). The adjustment can be achieved by pulsing the
laser once per pixel and adjusting the laser timing. When
the Green light is maximized on the first 5 pixels, the next
five green subpixels are pulsed. The timing is advanced
by one clock cycle during one horizontal scan, then de-
layed by one clock cycle on subsequent laser horizontal
scans at the same vertical position on the screen. The
timing that produces the maximum Green light is chosen
as the correct laser timing. If the output signal from ad-
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vancing the clock cycle is equal to the output signal form
delaying the clock cycle, then the laser timing is proper
and is left unchanged. The next 5 pixels are then illumi-
nated with the advanced and delayed laser clock cycles,
and the timing that produces the maximum Green light
is chosen for this group of 5 pixels. This operation is re-
peated across the horizontal length of the screen until
the end of the screen is reached. This method can also
produce a laser clock that is corrected for each laser as
the beam from the laser sweeps horizontally across the
screen.

[0117] The above static servo control operations are
performed when the display system is not in the normal
operation and thus a test pulse pattern (e.g., FIG. 29)
that does not carry image signals can be used. The dy-
namic servo correction is performed by using the invisible
IR servo feedback during normal operation and viewing
of images on the screen.

[0118] On a given horizontal scan, all the lasers can
be advanced in phase by one clock cycle of the digital
circuit 4550. This operation causes all the laser beams
to shift in their positions on the screen by a scanning
distance over the one clock cycle and this shift is small
when the scanning distance is small (e.g., less than one
tenth of the subpixel width). Accordingly, the amplitude
of the emitted color light from a subpixel (e.g., the green
detector) is slightly changed. On the next frame, all the
lasers are delayed in phase by one clock cycle. If the
nominal laser pulse position is initially correct, the ampli-
tudes of the delayed and advanced scans of the two dif-
ferent and successive image frames should be equal for
any color chosen to be measured and observed. When
the amplitudes of the delayed and advanced scans of
two different frames are different, there is a laser timing
error and a correction can be applied to the laser timing
to reduce the difference in subsequent image frames
while the error signal is being monitored and the correc-
tion is updated based on the newly generated error sig-
nal. The sign of the difference indicates the direction of
the offset in the laser timing error so that the servo control
can apply the correction to negate the offset. Similar to
the second static servo control method described above,
the output from a single color servo optical detector is
sufficient to generate the error signal for the dynamic
servo control.

[0119] FIG. 31 shows a more detailed example of a
scanning beam system based on both the dynamic in-
visible servo feedback and the visible light static servo
feedback. An IR servo detector 620 is provided on the
excitation side of the screen 101 to detect the IR servo
light 132 reflected from the screen 101 while visible light
servo detectors 3110 are placed on the viewer side of
the screen 101 to detect screen-emitted visible light 3120
to provide visible light servo detector signals that are fed
into the display processor and controller 640. The visible
light static servo feedback is used to calibrate the position
map of the dynamic IR servo feedback during a calibra-
tionrun ofthe system and the calibrated dynamic IR servo
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feedback is used during normal operation of the system
to correct beam alignment errors.

[0120] While this patent application contains many
specifics, these should not be construed as limitations
on the scope of an invention or of what may be claimed,
butrather as descriptions of features specific to particular
embodiments of the invention. Certain features that are
described in this patent application in the context of sep-
arate embodiments can also be implemented in combi-
nation in a single embodiment. Conversely, various fea-
tures that are described in the context of a single embod-
iment can also be implemented in multiple embodiments
separately or in any suitable subcombination.

[0121] Only a few implementations are disclosed.
However, variations and enhancements of the described
implementations and other implementations can be
made based on what is described and illustrated in this
patent application.

Claims
1. A scanning beam display system, comprising:

an excitation light source (110) to produce at
least one excitation beam (120) having optical
pulses that carry image information;

a servo light source (110) to produce at least
one servo beam (130) at a servo beam wave-
length that is invisible and different from that of
the excitation beam (120);

a beam scanning module (610) to receive the
excitation beam and the servobeam and to scan
the excitation beam and the servo beam;

a light-emitting screen (101) positioned to re-
ceive the scanning excitation beam and the ser-
vo beam and comprising a light-emitting area
(1100) which comprises parallel light-emitting
stripes which absorb light of the excitation beam
to emit visible light to produce images carried
by the scanning excitation beam, and feedback
marks (2120) provided on the light-emitting
screen, on the side of the light-emitting screen
where the excitation beam (120) and the servo
beam (130) are incident, the feedback marks
(2120) reflect the servo beam and are config-
ured to be optically transparent to the excitation
beam , wherein the light-emitting stripes and
feedback marks have a fixed and known spatial
relationship;

an optical servo sensor (620) positioned to re-
ceive light of the servo beam scanning on the
screen including light reflected by the feedback
marks and to produce a monitor signal indicative
of positioning of the servo beam on the light-
emitting screen; and

a control unit (640) operable to, in response to
the positioning of the servo beam on the screen
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in the monitor signal, adjust timing of the optical
pulses carried by the scanning excitation beam
based on a spatial relation between the servo
beam and the excitation beam to control the spa-
tial alignment of spatial positions of the optical
pulses in the excitation beam on the light-emit-
ting screen.

2. The system as in claim 1, wherein:

the servo beam wavelength is greater than each
wavelength in a visible spectral range of the vis-
ible light emitted by the light-emitting stripes.

3. The system as in claim 1, wherein:

the servo beam and the excitation beam co-
propagate along a common optical path from
the beam scanning module to the light-emitting
screen.

4. The system as in claim 1, wherein:

the light-emitting screen comprises a reflective
stripe line as a start of line servo reference mark
(1210) outside the light-emitting area of the light-
emitting screen and parallel to the light-emitting
stripes toindicate areference position of the ser-
vo beam and a reference position of the excita-
tion beam during a beginning of a beam scan of
the servo beam or the horizontal beam perpen-
dicular to the light-emitting stripes, and

the control unitis operable to, based on received
light of the servo beam from the start of line servo
reference mark and the feedback marks, to con-
trol the spatial alignment of spatial positions of
the optical pulses in the excitation beam on the
light-emitting screen, when the excitation beam
scans in the light-emitting area and produces
the images.

5. The system as in claim 4, wherein:

the light-emitting screen comprises a vertical
beam position servo reference mark (1910) out-
side the light-emitting area in a beam scanning
path perpendicular to the light-emitting stripes,
the vertical beam position servo reference mark
producing a vertical beam position servo feed-
back light when illuminated by the scanning
beam to indicate information on a vertical beam
position in a vertical direction parallel to the light-
emitting stripes.

6. The system as in claim 1, wherein:

the feedback marks comprise servo feedback
marks that have facets facing the excitation light
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source that are specularly reflective to light of
the servo beam, and areas outside the servo
feedback marks that are diffusively reflective to
light of the servo beam;

wherein the system comprises a Fresnel lens
(2510)located between the light-emitting screen
and the light module to direct the scanning servo
beam and excitation beam to be at a substan-
tially normal incidence to the light-emitting
screen, and

wherein the Fresnel lens has an optic axis sym-
metrically in a center of the Fresnel lens to be
parallel to and offset from an optic axis of the
light module to direct light of the servo beam that
is specularly reflected by a servo feedback mark
into the optical servo sensor while light of the
servo beam that is diffusely reflected by the
screen outside a servo feedback mark is spread
by the Fresnel lens over an area greater than
the optical servo sensor to direct a fraction of
diffusely reflected light of the servo beam into
the optical servo sensor.

7. The system as in claim 6, wherein:

the servo feedback marks are parallel stripes
that are parallel to the parallel light-emitting
stripes in the light-emitting screen and have fac-
ets facing the excitation light source that are
specularly reflective to light of the servo beam.

8. The system as in claim 1, comprising:

a second optical servo sensor module (2610)
located relative to the light-emitting screen to
receive a portion of the visible light emitted by
the screen to produce a second servo feedback
signal, and

wherein the control unit is operable to calibrate
positioning of the servo beam on the light-emit-
ting screen in the servo feedback signal with re-
spect to positioning information in the second
servo feedback signal.

9. The system as in claim 8, wherein:

the second optical servo sensor module include
a plurality of optical detectors (PD1, PD2, PD3)
to respectively detect visible light of different
colors emitted by the light-emitting screen.

10. The system as in claim 1, wherein:

the servo beam is an IR beam.

11. The system as in claim 1, wherein:

the feedback marks are specularly reflective;

)]
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and
areas between the feedback marks are diffu-
sively reflective to the light of the servo beam.

12. The system as in claim 1, wherein:

the feedback marks are diffusively reflective;
and

areas between the feedback marks are specu-
larly reflective to the light of the servo beam.

13. A method for controlling a scanning beam display
system according to claim 1, comprising:

scanning one or more excitation beams (120)
modulated with optical pulses to carry images
on a light-emitting screen (101) to excite parallel
light-emitting strips to emit visible light which
forms the images;

scanning a servo beam (130) at an optical wave-
length different from an optical wavelength of
the one or more excitation beams, on the light-
emitting screen;

detecting light (132) of the servo beam from the
screen to obtain a servo signal indicative of po-
sitioning of the servo beam on the light-emitting
screen; and

in response to the positioning of the servo beam
on the light-emitting screen, controlling the one
or more scanning excitation beams to control
the spatial alignment of spatial positions of the
optical pulses in each excitation beam on the
screen based on a position relation between the
servo beam and excitation beam.

14. The method as in claim 13, comprising:

detecting a portion of reflected light (122) of the
one or more excitation beams from the screen
to provide a second servo signal indicative of
positioning of an excitation beam on the light-
emitting screen; and

usinginformationin the servo signal and the sec-
ond servo signal to control the spatial alignment
of spatial positions of the optical pulses in each
excitation beam on the light-emitting screen.

15. The method as in claim 13 comprising:

detecting a portion of visible light of emitted from
the light-emitting screento provide a second ser-
vo signalindicative of positioning of an excitation
beam on the light-emitting screen; and
usinginformationin the servo signal and the sec-
ond servo signal to control the spatial alignment
of spatial positions of the optical pulses in each
excitation beam on the light-emitting screen.
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16. The method as in claim 13 comprising:

detecting light reflected from a reference line
mark on the light-emitting screen that is spaced
away from and is parallel to the parallel light-
emitting strips on the screen as a start of line
reference (1210) to measure a position of a
beam relative to an edge of the parallel light-
emitting strips; and

using the measured position from the reference
line mark to control timing of the optical pulses
in each excitation beam in displaying the images
on the light-emitting screen.

Patentanspriiche

Abtaststrahl-Anzeigesystem, Folgendes umfas-
send:

eine Anregungslichtquelle (110) zum Erzeugen
wenigstens eines Elektronenstrahls (120) mit
optischen Impulsen, die Bildinformationen tra-
gen;

eine Servolichtquelle (110) zum Erzeugen we-
nigstens eines Servostrahls (130) mit einer Ser-
vostrahlwellenléange, die unsichtbar und von der
des Anregungsstrahls (120) verschieden ist;
ein Strahlabtastmodul (610) zum Empfangen
des Anregungsstrahls und des Servostrahls und
zum Abtasten des Anregungsstrahls und des
Servostrahls;

einen Licht ausstrahlenden Bildschirm (101),
positioniert zum Empfangen des Abtastanre-
gungsstrahls und des Servostrahls und Folgen-
des umfassend: einen Licht ausstrahlenden Be-
reich (1100), der parallele Licht ausstrahlende
Streifen umfasst, die Licht von dem Anregungs-
strahl absorbieren, um sichtbares Licht auszu-
geben, um Bilder zu erzeugen, die von dem Ab-
tastanregungsstrahl getragen werden, und
Feedbackkennzeichen (2120), bereitgestelltauf
dem Licht ausstrahlenden Bildschirm, auf der
Seite des Licht ausstrahlenden Bildschirms, auf
der der Anregungsstrahl (120) und der Ser-
vostrahl (130) auftreffen, wobei die Feedback-
kennzeichen (2120) den Servostrahl reflektie-
ren und konfiguriert sind, fir den Anregungs-
strahl optisch transparent zu sein, wobei die
Licht ausstrahlenden Streifen und die Feed-
backkennzeichen ein festes und bekanntes
raumliches Verhaltnis aufweisen;

einen optischen Servosensor (620), positioniert,
um Licht des Servostrahls, das den Bildschirm
abtastet, einschlie3lich von den Feedbackkenn-
zeichen reflektierten Lichts, zu empfangen, und
um ein Uberwachungssignal zu erzeugen, das
die Positionierung des Servostrahls auf dem

10

15

20

25

30

35

40

45

50

55

24

46

Licht ausstrahlenden Bildschirm anzeigt; und
eine Steuereinheit (640), funktionsfahig, in Re-
aktion auf die Positionierung des Servostrahls
auf dem Monitor in dem Uberwachungssignal
die Zeitsteuerung der von dem Abtastanre-
gungsstrahl getragenen optischen Impulse auf
der Grundlage eines raumlichen Verhaltnisses
zwischen dem Servostrahlund dem Anregungs-
strahl einzustellen, um die raumliche Ausrich-
tung von raumlichen Positionen der optischen
Impulse in dem Anregungsstrahl auf dem Licht
ausstrahlenden Bildschirm zu steuern.

2. System nach Anspruch 1, wobei:

die Wellenlange des Servostrahls groRer ist als
jede Wellenlange in einem sichtbaren Spektral-
bereich des sichtbaren Lichts, das von den Licht
ausstrahlenden Streifen ausgegeben wird.

3. System nach Anspruch 1, wobei:

der Servostrahl und der Anregungsstrahl sich
gemeinsam entlang eines gemeinsamen opti-
schen Pfads von dem Strahlabtastmodul hin zu
dem Licht ausstrahlenden Bildschirm ausbrei-
ten.

4. System nach Anspruch 1, wobei:

der Licht ausstrahlende Bildschirm Folgendes
umfasst: eine reflexive Streifenzeile als einen
Anfang eines Zeilenservoreferenzkennzei-
chens (1210) auRerhalb des Licht ausstrahlen-
den Bereichs des Licht ausstrahlenden Bild-
schirms und parallel zu den Licht ausstrahlen-
den Streifen zum Anzeigen einer Referenzposi-
tion des Servostrahls und einer Referenzpositi-
on des Anregungsstrahls wahrend eines An-
fangs einer Strahlenabtastung des Servostrahls
oder des horizontalen Strahls senkrecht zu den
Licht ausstrahlenden Streifen, und

die Steuereinheit funktionsfahig ist, auf der
Grundlage von empfangenem Licht des Ser-
vostrahls vom Anfang des Zeilenservoreferenz-
kennzeichens die raumliche Ausrichtung von
raumlichen Positionen der optischen Impulse in
dem Anregungsstrahl auf dem Licht ausstrah-
lenden Bildschirm zu steuern, wenn der Anre-
gungsstrahl den Licht ausstrahlenden Bereich
abtastet und die Bilder erzeugt.

5. System nach Anspruch 4, wobei:

der Licht ausstrahlende Bildschirm ein Servor-
eferenzkennzeichen (1910) fur die vertikale
Strahlenposition auf3erhalb des Licht ausstrah-
lenden Bereichs in einem Strahlenabtastpfad
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senkrecht zu den Licht ausstrahlenden Streifen
umfasst, wobei das Servoreferenzkennzeichen
fur die vertikale Strahlenposition ein Servofeed-
backlicht fiir die vertikale Strahlenposition er-
zeugt, wenn durch den Abtaststrahl beleuchtet,
um Informationen auf einer vertikalen Strahlen-
position in einer vertikalen Richtung parallel zu
den Licht ausstrahlenden Streifen anzuzeigen.

System nach Anspruch 1, wobei:

die Feedbackkennzeichen Folgendes umfas-
sen: Servofeedbackkennzeichen, die Facetten
aufweisen, die zu der Anregungslichtquelle hin
weisen und die spiegelreflexiv fiir das Licht des
Servostrahls sind, und Bereiche auf3erhalb der
Servofeedbackkennzeichen, die diffus reflexiv
fir Licht des Servostrahls sind;

wobei das System Folgendes umfasst: eine
Fresnel-Linse (2510), angeordnet zwischen
dem Licht ausstrahlenden Bildschirm und dem
Lichtmodul, um den Abtastservostrahl und den
Anregungsstrahl umzuleiten, um im Wesentli-
chen senkrecht auf den Licht ausstrahlenden
Bildschirm aufzutreffen, und

wobei die Fresnel-Linse eine optische Achse
aufweist, die symmetrisch in einer Mitte der
Fresnel-Linse verlauft, parallel und versetzt zu
einer optischen Achse des Lichtmoduls, um
Licht des Servostrahls, das spiegelnd durch ein
Servofeedbackkennzeichen in den optischen
Servosensor reflektiert wird, wahrend Licht von
dem Servostrahl, das diffus von dem Bildschirm
aullerhalb eines Servofeedbackkennzeichens
reflektiert wird, von der Fresnel-Linse tiber einen
Bereich verteilt wird, der groRer ist als der opti-
sche Servosensor, um einen Teil von diffus re-
flektiertem Licht des Servostrahls in den opti-
schen Servosensor zu leiten.

7. System nach Anspruch 6, wobei:

die Servofeedbackkennzeichen parallele Strei-
fen sind, die parallel zu den parallelen Licht aus-
strahlenden Streifen in dem Licht ausstrahlen-
den Bildschirm sind und Facetten aufweisen, die
zu der Anregungslichtquelle hin weisen und
spiegelreflexiv fir das Licht des Servostrahls
sind.

8. System nach Anspruch 1, Folgendes umfassend:

ein zweites optisches Servosensormodul
(2610), angeordnet mit Bezug auf den Licht aus-
strahlenden Bildschirm zum Aufnehmen eines
Anteils des von dem Bildschirm ausgestrahlten
sichtbaren Lichts, um ein zweites Servofeed-
backsignal zu erzeugen, und
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1.

12.

13.

wobei die Steuereinheit funktionsfahig ist, die
Positionierung des Servostrahls auf dem Licht
ausstrahlenden Bildschirm in dem Servofeed-
backsignal mit Bezug auf Positionierungsinfor-
mationen in dem zweiten Servofeedbacksignal
zu kalibrieren.

System nach Anspruch 8, wobei:

das zweite optische Servosensormodul mehre-
re optische Detektoren (PD1, PD2, PD3) ent-
halt, um entsprechend von dem Licht ausstrah-
lenden Bildschirm ausgestrahltes sichtbares
Licht verschiedener Farben zu erfassen.

System nach Anspruch 1, wobei:
der Servostrahl ein IR-Strahl ist.
System nach Anspruch 1, wobei:

die Feedbackkennzeichen spiegelreflexiv sind;
und

Bereiche zwischen den Feedbackkennzeichen
fir das Licht des Servostrahls diffus reflexiv
sind.

System nach Anspruch 1, wobei:

die Feedbackkennzeichen diffus reflexiv sind;
und
Bereiche zwischen den Feedbackkennzeichen
fur das Licht des Servostrahls spiegelreflexiv
sind.

Verfahren zum Steuern eines Abtaststrahlanzeige-
systems nach Anspruch 1, Folgendes umfassend:

Abtasten von einem oder mehreren Anregungs-
strahlen (120), moduliert mit optischen Impul-
sen, zum Tragen von Bildern auf einem Licht
ausstrahlenden Bildschirm (101) zum Anregen
von parallelen Licht ausstrahlenden Streifen
zum Ausstrahlen von sichtbarem Licht, das die
Bilder ausbildet;

Abtasten eines Servostrahls (130) mit einer op-
tischen Wellenlédnge, die von einer optischen
Wellenlange des einen oder der mehreren An-
regungsstrahlen verschieden ist, auf dem Licht
ausstrahlenden Bildschirm;

Erfassen von Licht (132) des Servostrahls von
dem Bildschirm zum Erhalten eines Servosig-
nals, das die Positionierung des Servostrahls
auf dem Licht ausstrahlenden Bildschirm an-
zeigt; und

in Reaktion auf die Positionierung des Ser-
vostrahls auf dem Licht ausstrahlenden Bild-
schirm, Steuern des einen oder der mehreren



49 EP 2168 115 B1

Abtastanregungsstrahlen zum Steuern der
raumlichen Ausrichtung von raumlichen Positi-
onen der optischen Impulse in jedem Anre-
gungsstrahl auf dem Bildschirm auf der Grund-
lage eines Positionsverhaltnisses zwischen
dem Servostrahl und dem Anregungsstrahl.

14. Verfahren nach Anspruch 13, Folgendes umfas-
send:

Erfassen eines Teils von reflektiertem Licht
(122) des einen oder der mehreren Anregungs-
strahlen von dem Bildschirm zum Bereitstellen
eines zweiten Servosignals, das eine Positio-
nierung eines Anregungsstrahls auf dem Licht
ausstrahlenden Bildschirm anzeigt; und
Verwenden von Informationen in dem Servosi-
gnal und dem zweiten Servosignal zum Steuern
der raumlichen Ausrichtung von rdumlichen Po-
sitionen der optischen Impulse in jedem Anre-
gungsstrahl auf dem Licht ausstrahlenden Bild-
schirm.

15. Verfahren nach Anspruch 13, Folgendes umfas-
send:

Erfassen eines Teils von sichtbarem Licht, aus-
gestrahlt von dem Licht ausstrahlenden Bild-
schirm, zum Bereitstellen eines zweiten Servo-
signals, das eine Positionierung eines Anre-
gungsstrahls aufdem Lichtausstrahlenden Bild-
schirm anzeigt; und

Verwenden von Informationen in dem Servosi-
gnal und dem zweiten Servosignal zum Steuern
der raumlichen Ausrichtung von rdumlichen Po-
sitionen der optischen Impulse in jedem Anre-
gungsstrahl auf dem Licht ausstrahlenden Bild-
schirm.

16. Verfahren nach Anspruch 13, Folgendes umfas-
send:

Erfassen von Licht, reflektiert von einem Refe-
renzzeilenkennzeichen auf dem Licht ausstrah-
lenden Bildschirm, beabstandet von und parallel
zu den parallelen Licht ausstrahlenden Streifen
auf dem Bildschirm als einen Anfang einer Zei-
lenreferenz (1210) zum Messen einer Position
eines Strahls mit Bezug auf eine Kante der pa-
rallelen Licht ausstrahlenden Streifen; und
Verwenden der gemessenen Position von dem
Referenzzeilenkennzeichen zum Steuern der
Zeitsteuerung der optischen Impulse in jedem
Anregungsstrahl beim Anzeigen der Bilder auf
dem Licht ausstrahlenden Bildschirm.
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Revendications

1.

Systéme d’affichage a faisceau de balayage,
comprenant :

une source de lumiere d’excitation (110) pour
produire au moins un faisceau d’excitation (120)
ayant des impulsions optiques qui portent des
informations d’image ;

une source de lumiére asservie (110) pour pro-
duire au moins un faisceau asservi (130) a une
longueur d’onde de faisceau asservi qui est in-
visible et différente de celle du faisceau d’exci-
tation (120) ;

un module de balayage de faisceau (610) pour
recevoir le faisceau d’excitation et le faisceau
asservi et pour balayer le faisceau d’excitation
et le faisceau asservi ;

un écran électroluminescent (101) positionné
pour recevoir le faisceau d’excitation de balaya-
ge et le faisceau asservi et comprenant une zo-
ne d’émission de lumiere (1100) qui comprend
des bandes émettrices de lumiére paralléles qui
absorbent la lumiére du faisceau d’excitation
pour émettre une lumiére visible pour produire
des images portées par le faisceau d’excitation
de balayage, et des marques de rétroaction
(2120) disposées sur l'écran électrolumines-
cent, sur le coté de I'écran électroluminescent
ou le faisceau d’excitation (120) et le faisceau
asservi (130) sont incidents, les marques de ré-
troaction (2120) refletent le faisceau asservi et
sontcongues pour étre optiquementtransparen-
tes aufaisceau d’excitation, dans lequel les ban-
des émettrices de lumiére et les marques de ré-
troaction ont une relation spatiale fixe et
connue ;

un capteur d’asservissement optique (620) po-
sitionné pour recevoir une lumiere du balayage
de faisceau asservi sur I'écran comprenant la
lumiére reflétée par les marques de rétroaction
et pour produire un signal de surveillance indi-
quant le positionnement du faisceau asservi sur
|’écran électroluminescent ; et

une unité de commande (640) pouvant étre ac-
tionnée pour, en réponse au positionnement du
faisceau asservi sur I'écran dans le signal de
surveillance, ajuster la synchronisation des im-
pulsions optiques portées par le faisceau d’ex-
citation de balayage sur la base d’une relation
spatiale entre le faisceau asservi et le faisceau
d’excitation pour commander I'alignement spa-
tial de positions spatiales des impulsions opti-
ques dans le faisceau d’excitation sur I'écran
électroluminescent.

2. Systéeme selon la revendication 1, dans lequel :
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la longueur d’onde de faisceau asservi est su-
périeure a chaque longueur d’'onde dans une
plage spectrale visible de la lumiére visible émi-
se par les bandes émettrices de lumiére.

3. Systéme selon la revendication 1, dans lequel :

le faisceau asservi et le faisceau d’excitation se
copropagent le long d’un trajet optique commun
du module de balayage de faisceau a I'écran
électroluminescent.

4. Systéme selon la revendication 1, dans lequel :

I'écran électroluminescent comprend une ligne
de bande réfléchissante en tant que début de la
marque de référence d’asservissementde ligne
(1210) en dehors de la zone d’émission de lu-
miere de I'’écran électroluminescent et paralléle
aux bandes émettrices de lumiére pour indiquer
une position de référence du faisceau asservi
et une position de référence du faisceau d’exci-
tation pendant un début d’'un balayage de fais-
ceau du faisceau asservi ou du faisceau hori-
zontal perpendiculaire aux bandes émettrices
de lumiére, et

'unité de commande peut étre actionnée pour,
sur la base de la lumiére regue du faisceau as-
servia partirdu débutde lamarque de référence
d’asservissement de ligne et des marques de
rétroaction, commander 'alignement spatial de
positions spatiales des impulsions optiques
dans le faisceau d’excitation sur I'écran électro-
luminescent, lorsque le faisceau d’excitation ba-
laie dans la zone d’émission de lumiére et pro-
duit les images.

Systeme selon la revendication 4, dans lequel :

I'écran électroluminescent comprend une mar-
que de référence d’asservissement de position
de faisceau vertical (1910) en dehors de la zone
d’émission de lumiere dans un trajet de balaya-
ge de faisceau perpendiculaire aux bandes
émettrices de lumiére, la marque de référence
d’asservissement de position de faisceau verti-
cal produisant une lumiére de rétroaction d’as-
servissement de position de faisceau vertical
lorsqu’elle est éclairée par le faisceau de ba-
layage pour indiquer des informations sur une
position de faisceau vertical dans une direction
verticale paralléle aux bandes émettrices de lu-
miére.

Systeme selon la revendication 1, dans lequel :

les marques de rétroaction comprennent des
marques de rétroaction d’asservissement qui
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ont des facettes faisant face a la source de lu-
miere d’excitation qui sont réfléchissantes de
maniére spéculaire a la lumiere du faisceau as-
servi, et des zones en dehors des marques de
rétroaction d’asservissement qui sont réfléchis-
santes de maniére diffuse a la lumiere du fais-
ceau asservi ;

dans lequel le systéeme comprend une lentille de
Fresnel (2510) située entre I'écran électrolumi-
nescent et le module de lumiére pour diriger le
faisceau asservide balayage et le faisceau d’ex-
citation a une incidence sensiblement normale
a I'écran électroluminescent, et

dans lequel la lentille de Fresnel a un axe opti-
que symétriguement dans un centre de lalentille
de Fresnel de fagon a étre paralléle a, et décalée
a partir d’'un axe optique du module de lumiére
pour diriger la lumiere du faisceau asservi qui
estreflétée de maniére spéculaire par une mar-
que de rétroaction d’asservissement dans le
capteur d’asservissement optique tandis que la
lumiére du faisceau asservi qui est reflétée de
maniére diffuse parl'’écran en dehors d’'une mar-
que de rétroaction d’asservissement est diffu-
sée par la lentille de Fresnel sur une zone plus
grande que le capteur d’asservissement optique
pour diriger une fraction de lumiére reflétée de
maniére diffuse du faisceau asservidans le cap-
teur d’asservissement optique.

7. Systéeme selon la revendication 6, dans lequel :

les marques de rétroaction d’asservissement
sont des bandes paralléles qui sont paralléles
aux bandes émettrices de lumiére paralléles
dans I'écran électroluminescent et ont des fa-
cettes faisant face a la source de lumiére d’ex-
citation qui sontréfléchissantes de maniéere spé-
culaire a la lumiére du faisceau asservi.

8. Systéme selon la revendication 1, comprenant :

un second module de capteur d’asservissement
optique (2610) situé par rapport a I'écran élec-
troluminescent pour recevoir une partie de la lu-
miére visible émise par I'écran pour produire un
second signal de rétroaction d’asservissement,
et

dans lequel 'unité de commande peut étre ac-
tionnée pour étalonner le positionnement du
faisceau asservi sur I'écran électroluminescent
dans le signal de rétroaction d’asservissement
par rapport au positionnement d’informations
dans le second signal de rétroaction d’asservis-
sement.

9. Systéeme selon la revendication 8, dans lequel :
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le second module de capteur d’asservissement
optique comprend une pluralité de détecteurs
optiques (PD1, PD2, PD3) pour détecter respec-
tivement la lumiere visible de différentes cou-

54

d’asservissement indiquant le positionnement
d'un faisceau d’excitation sur [I'écran
électroluminescent ; et

I'utilisation d’informations dans le signal d’asser-

leurs émise par I'écran électroluminescent. 5 vissement et le second signal d’asservissement
pour commander I'alignement spatial de posi-
10. Systéme selon la revendication 1, dans lequel : tions spatiales des impulsions optiques dans
chaque faisceau d’excitation sur I’écran électro-
le faisceau asservi est un faisceau IR. luminescent.
10
11. Systéme selon la revendication 1, dans lequel : 15. Procédé selon la revendication 13 comprenant :
les marques de rétroaction sont réfléchissantes la détection d’une partie de la lumiere visible
de maniére spéculaire, et les zones entre les émise a partir de I'écran électroluminescent
marques de rétroaction sont réfléchissantes de 75 pour fournir un second signal d’asservissement
maniére diffuse a la lumiére du faisceau asservi. indiquant le positionnement d’'un faisceau d’ex-
citation sur I'écran électroluminescent ; et
12. Systéme selon la revendication 1, dans lequel : I'utilisation d’informations dans le signal d’asser-
vissement et le second signal d’asservissement
20

les marques de rétroaction sont réfléchissantes
de maniére diffuse, et les zones entre les mar-
ques de rétroaction sont réfléchissantes de ma-
niere spéculaire alalumiere du faisceau asservi.

pour commander I'alignement spatial de posi-
tions spatiales des impulsions optiques dans
chaque faisceau d’excitation sur I’écran électro-
luminescent.

13. Procédé de commande d’'un systeme d’affichage a 25 16. Procédé selon la revendication 13 comprenant :
faisceau de balayage selon la revendication 1,

comprenant : la détection de la lumiére réfléchie a partir d’'une

le balayage d’'un ou de plusieurs faisceaux d’ex-

la détection d’une partie de la lumiére réfléchie
(122) des un ou plusieurs faisceaux d’excitation
a partir de I'écran pour fournir un second signal

28

marque de ligne de référence sur I'écran élec-
troluminescent qui est espacée de, et est paral-

citation (120) modulés avec des impulsions op- 30 Iéle aux bandes émettrices de lumiére paralleles
tiques pour porter des images sur un écran élec- sur I'écran en tant que début de référence de
troluminescent (101) pour exciter des bandes ligne (1210) pour mesurer une position d’unfais-
émettrices de lumiére paralléles pour émettre ceau par rapport a un bord des bandes émettri-
une lumiere visible qui forme les images ; ces de lumiére paralléles ; et
le balayage d’un faisceau asservi (130) a une 35 I'utilisation de la position mesurée a partir de la
longueur d’'onde optique différente d’'une lon- marque de ligne de référence pour commander
gueur d’'onde optique des un ou plusieurs fais- la synchronisation des impulsions optiques
ceaux d’excitation, sur I’écran dans chaque faisceau d’excitation lors de I'affi-
électroluminescent ; chage des images sur I'écran électrolumines-
la détection de la lumiere (132) du faisceau as- 40 cent.
servi a partir de I'écran pour obtenir un signal
d’asservissement indiquant le positionnement
du faisceau asservi sur I'écran
électroluminescent ; et
en réponse au positionnement du faisceau as- 45
servi sur I'écran électroluminescent, la com-
mande des un ou plusieurs faisceaux d’excita-
tion de balayage pour commander 'alignement
spatial de positions spatiales des impulsions op-
tigues dans chaque faisceau d’excitation sur 50
I'écran sur la base d’une relation de position en-
tre le faisceau asservi et le faisceau d’excitation.
14. Procédé selon la revendication 13, comprenant :
55
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