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(57) ABSTRACT 

A display device with multiple light sources includes a first 
detector for detecting a brightness of one or more different 
portions of the image formed on the display device, a second 
detector that measures output intensities of the light sources, 
and a controller that records correlation values that correlate 
input power settings of the light sources with the detected 
brightness and the measured output intensities. During opera 
tion of the display device, the controller applies the correla 
tion values to determine the proper input power settings of the 
light sources so that brightness uniformity among the mul 
tiple light sources can be achieved. 
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POWER CALIBRATION OF MULTIPLE 
LIGHT SOURCES IN ADISPLAY SCREEN 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of co-pending 
U.S. patent application Ser. No. 13/154.380, filed Jun. 6, 
2011, which claims benefit of U.S. Provisional Patent Appli 
cation Ser. No. 61/352.302, filed Jun. 7, 2010. This applica 
tion also claims the benefit of India application number 1109/ 
DEL/2011, filed Apr. 15, 2011, which claims benefit of U.S. 
Provisional Patent Application Ser. No. 61/352,302, filed Jun. 
7, 2010. Each of the aforementioned patent applications is 
herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003 Embodiments of the present invention generally 
relate to display Screens, and more specifically, to systems 
and methods for calibrating multiple light sources of Such 
display Screens to produce a more uniform image. 
0004 2. Description of the Related Art 
0005 Electronic display systems are commonly used to 
display information from computers and other sources. Typi 
cal display systems range in size from Small displays used in 
mobile devices to very large displays, such as tiled displays, 
that are used to display images to thousands of viewers at one 
time. Multiple light sources are commonly used in such dis 
plays. For example, in laser-phosphor displays (LPDs), mul 
tiple lasers may be used to simultaneously “paint different 
regions of phosphor-containing regions to produce an image 
for a viewer, where the optical output energy of each laser 
paints a different phosphor-containing region of the display. 
Similarly, displays using organic light-emitting diodes 
(OLEDs) may include multiple light sources, such as banks of 
light-emitting diodes (LEDs), each light source providing 
illumination for a specific region of the display screen. 
0006 Because the human eye can readily perceive small 
differences in brightness uniformity of a displayed image, the 
use of multiple light sources in a display system can produce 
visual artifacts in an image when the output of each light 
Source is not tightly controlled. Differences in brightness as 
Small as 1% between adjacent light Sources are apparent to a 
viewer, so each light Source of a display system must be 
calibrated to generate lightenergy with a variation of less than 
1% from the other light sources. Otherwise, display system 
brightness will appear non-uniform. For example, in LPDs, in 
which each laser may illuminate a different row of pixels on 
a display screen, lines of higher or lower brightness may be 
apparent to the viewer if the mismatch in laser power is 
greater than approximately 1%. Although difficult, providing 
a display system with multiple light sources having such low 
mismatch in power output is needed because of manufactur 
ing variations between each light source as well as drift in the 
performance of each light Source over time. 

SUMMARY OF THE INVENTION 

0007. One or more embodiments of the invention provide 
a power calibration system for a light-based display device. 
The power calibration system includes a display screen, light 
Sources for producing light to form an image on the display 
screen, a first detector for detecting a brightness of one or 
more different portions of the image formed on the display 
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screen, a second detector that measures at least a portional 
output intensity of one or more of the light sources, and a 
controller for controlling one of the light Sources to produce 
the light and recording correlation values that correlate an 
input power setting of said one of the light sources with the 
detected brightness of the one or more different portions of 
the image and the measured portional output intensity. 
0008 Another embodiment of the invention provides a 
method of calibrating the power output of light sources of an 
imaging display device. The method includes the steps of 
conveying light produced from the light Sources to the display 
screen to form an image on the display Screen, detecting a 
brightness of one or more different portions of the image 
formed on the display screen, measuring output intensities 
derived from the light Sources, and recording correlation Val 
ues that correlate input power settings of the light sources 
with the detected brightness of the one or more different 
portions of the image and the measured output intensities of 
the light sources. 
0009. A further embodiment of the invention provides a 
computer-readable storage medium comprising instructions 
to be executed by a processing unit of a display device. When 
the processing unit executes the instructions, it carries out the 
steps of receiving first data representative of a brightness 
detected at one or more different portions of an image formed 
on a display Screen of the display device, receiving second 
data representative of measured output intensities of light 
Sources of the display device used informing the image on the 
display screen, and recording correlation values that correlate 
input power settings of light Sources of the display device 
with the first data and the second data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. So that the manner in which the above recited fea 
tures of the present invention can be understood in detail, a 
more particular description of the invention, briefly Summa 
rized above, may be had by reference to embodiments, some 
of which are illustrated in the appended drawings. It is to be 
noted, however, that the appended drawings illustrate only 
typical embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 
0011 FIG. 1 is a schematic diagram of a display system 
configured according to embodiments of the invention. 
0012 FIG. 2 is a partial schematic diagram of the portion 
of a screen indicated in FIG. 1. 
0013 FIG. 3 is a coating curve for a coating on a beam 
splitter used in the display system of FIG. 1. 
0014 FIG. 4 is a schematic diagram of a display system 
configured with a servo beam, according to embodiments of 
the invention. 
(0015 FIG. 5 illustrates a coating curve for a reflective 
coating on a beam splitter used in the display system of FIG. 
4. 
0016 FIG. 6 illustrates a coating curve for a reflective 
coating deposited on a neutral-density filter, according to 
embodiments of the invention. 
0017 FIG. 7A illustrates a schematic view of a configu 
ration of a beam splitter in which unwanted light energy may 
enter a detector. 
0018 FIG. 7B illustrates a schematic view of a configura 
tion of a beam splitter in which an anti-reflective (AR) coating 
prevents unwanted light energy from entering a detector, 
according to embodiments of the invention. 
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0019 FIG.7C illustrates a schematic view of a configura 
tion of a beam splitter in which the body of a beam splitter is 
configured to direct unwanted light energy away from a 
detector, according to embodiments of the invention. 
0020 FIG. 8 is a block diagram of a display system, 
according to embodiments of the invention. 
0021 FIG.9 is a flow chart that summarizes, in a stepwise 
fashion, a method for performing a factory calibration of a 
display system having multiple light sources, according to 
embodiments of the invention. 

0022 FIG. 10 is a flow chart that summarizes, in a step 
wise fashion, a method of controlling output intensity of a 
light source, such as a laser beam, that is scanned across a 
display Screen, according to embodiments of the invention. 
0023 For clarity, identical reference numbers have been 
used, where applicable, to designate identical elements that 
are common between figures. It is contemplated that features 
of one embodiment may be incorporated in other embodi 
ments without further recitation. 

DETAILED DESCRIPTION 

0024 FIG. 1 is a schematic diagram of a display system 
100 configured according to embodiments of the invention. 
Display system 100 is a laser-phosphor display (LPD) that 
uses multiple light Sources, i.e., lasers, for illuminating indi 
vidual pixels of a fluorescent screen 101, and is configured to 
calibrate the output intensity of the multiple lasers. Display 
system 100 includes fluorescent screen 101, a signal modu 
lation controller 120, a laser array 110, a relay optics module 
130, a mirror 140, a polygon Scanner 150, an imaging lens 
155, a beam splitter 170, a detector assembly 180, and a 
display processor and controller 190, configured as shown. In 
some embodiments, a photopically corrected detector 107. 
Such as a photometer, CCD array, or other imaging sensor is 
positioned before the viewing portion of fluorescent screen 
101 to facilitate calibration method. 

0025 Fluorescent screen 101 includes a plurality of phos 
phor stripes made up of alternating phosphor Stripes of dif 
ferent colors, e.g., red, green, and blue, where the colors are 
selected so that in combination they can form white light and 
other colors of light. FIG. 2 is a partial schematic diagram of 
the portion of fluorescent screen 101 indicated in FIG. 1. FIG. 
2 illustrates pixel elements 205, each including a portion of 
three different-colored phosphor stripes 202. By way of 
example, in FIG. 2 phosphor stripes 202 are depicted as red, 
green, and blue phosphor stripes, denoted R, G, and B, 
respectively. The portion of the phosphor stripes 202 that 
belong to a particular pixel element 205 is defined by the laser 
scanning paths 204, as shown. An image is formed on fluo 
rescent screen 101 by directing laser beams 112 (shown in 
FIG. 1) along the laser Scanning paths 204 and modulating the 
output intensity of laser beams 112 to deliver a desired 
amount of optical energy to each of the red, green, and/or blue 
phosphor stripes 202 found within each pixel element 205. 
Each image pixel element 205 outputs light for forming a 
desired image by the emission of visible light created by the 
selective laser excitation of each phosphor-containing stripe 
in a given pixel element 205. Thus, modulation of the optical 
energy applied to red, green, and blue portions of each pixel 
element 205 by the lasers controls the composite color and 
image intensity at each image pixel element 205. To produce 
a uniform field on fluorescent screen 101 that appears uni 
form to the human eye, the output intensity of each laserbeam 
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112 must be controlled to an accuracy of about 1% with 
respect to the other laser beams 112. 
0026. In the embodiment illustrated in FIG. 2, one dimen 
sion of the pixel element is defined by the width of the three 
phosphor Stripes 202, and the orthogonal dimension is con 
trolled by the laser beam spot size. In other implementations, 
both dimensions of image pixel element 205 may be defined 
by physical boundaries. Such as separation of phosphor 
stripes 202 into rectangular phosphor-containing regions. In 
one embodiment, each of phosphor Stripes 202 is spaced at 
about a 500 um to about 550 um pitch, so that the width of 
pixel element 205 is on the order of about 1500 Lum. 
0027. Referring to FIG. 1, laser array 110 includes mul 
tiple lasers, e.g., 5, 10, 20, or more, and generates multiple 
laser beams 112 to simultaneously scan fluorescent Screen 
101. In one embodiment, the lasers in laser array 110 are 
ultraviolet (UV) lasers producing light with a wavelength 
between about 400 nm and 450 nm. Due to manufacturing 
variations and changes in temperature during operation, the 
output wavelength of each laser may be different and may 
drift over time over a significant range, e.g., on the order of 1 
to 10 nm. Laser beams 112 are modulated light beams that are 
scanned across fluorescent screen 101 along two orthogonal 
directions, e.g., horizontally and vertically, in a raster scan 
ning pattern to produce an image on fluorescent Screen 101 
for a viewer 106. 

0028 Signal modulation controller 120 controls and 
modulates the lasers in laser array110 so that laser beams 112 
are modulated at the appropriate output intensity to produce a 
desired image on fluorescent screen 101. Signal modulation 
controller 120 may include a digital image processor that 
generates laser modulation signals 121. Laser modulation 
signals 121 include the three different color channels and are 
applied to modulate the lasers in laser array 110. In some 
embodiments, the output intensity of the lasers is modulated 
by varying the input current or input power to the laser diodes. 
In some embodiments, the modulation of laser beams 112 
may include pulse modulation techniques to produce desired 
gray-scales in each color, a proper color combination in each 
pixel, and a desired image brightness. 
0029. Together, relay optics module 130, mirror 140, 
polygon scanner 150, and imaging lens 155 direct laser beams 
112 to fluorescent screen 101 and scan laser beams 112 hori 
Zontally and vertically across fluorescent screen 101 in a 
raster-scanning pattern to produce an image. For the sake of 
description, “horizontal with respect to fluorescent screen 
101 in FIG. 1 is defined as parallel to arrow 103 and “vertical” 
with respect to fluorescent screen 101 is defined as perpen 
dicular to the plane of the page. Relay optics module 130 is 
disposed in the optical path of laser beams 112 and is config 
ured to shape laser beams 112 to a desired spot shape and to 
direct laser beams 112 into a closely spaced bundle of some 
what parallel beams. Depending on the specific configuration 
of display system 100, laser beams 112 may be slightly 
diverging or converging when exiting relay optics module 
130. Beam splitter 170 is a partially reflective mirror or other 
beam-splitting optic, and directs the majority, e.g., 99%, of 
the optical energy of laser beams 112 to mirror 140 while 
allowing the remainder of said optical energy, i.e., sample 
beams 113, to enter detector assembly 180 for measurement. 
The organization and operation of detector assembly 180 is 
described below. Mirror 140 is a reflecting optic that can be 
quickly and precisely rotated to a desired orientation, Such as 
a galvanometer mirror, a microelectromechanical system 
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(MEMS) mirror, etc. Mirror 140 directs laserbeams 112 from 
beam splitter 170 to polygon scanner 150, where the orienta 
tion of mirror 140 partly determines the vertical positioning 
of laser beams 112 on fluorescent screen 101. Polygon scan 
ner 150 is a rotating, multi-faceted optical element having a 
plurality of reflective surfaces 151, e.g., 5 to 10, and directs 
laser beams 112 through imaging lens 155 to fluorescent 
screen 101. The rotation of polygon scanner 150 sweeps laser 
beams 112 horizontally across the surface of fluorescent 
screen 101 and further defines the vertical positioning of laser 
beams 112 on fluorescent screen 101. Imaging lens 155 is 
designed to direct each of laser beams 112 onto the closely 
spaced pixel elements 205 on fluorescent screen 101. 
0030. In operation, the positioning of mirror 140 and the 
rotation of polygon scanner 150 horizontally and vertically 
scan laser beams 112 across fluorescent screen 101 so that all 
of pixel elements 205 are illuminated as desired. To wit, as 
polygon scanner 150 rotates one of reflective surfaces 151 
through incident laser beams 112, each of laser beams 112 is 
directed to sweep horizontally across fluorescent screen 101 
from one side to the other, each laser beam following a dif 
ferent vertically displaced laser scanning path 204, thereby 
illuminating the pixel elements 205 disposed in these laser 
scanning paths 204 (laser scanning paths 204 and pixel ele 
ments 205 are illustrated in FIG. 2). Given N lasers in laser 
array 110 and N laser beams 112, a “swath' consisting of N 
laser Scanning paths 204 is illuminated as polygon Scanner 
150 rotates one of reflective surfaces through incident laser 
beams 112. Because each of reflective surfaces 151 is canted 
at a different angle with respect to the horizontal, i.e., the 
plane of the page, when polygon Scanner 150 rotates a Sub 
sequent reflective surface 151 through incident laser beams 
112, the beams sweep horizontally across fluorescent screen 
101 at a different vertical location. Thus, given N laser beams 
and M reflective surfaces 151 of polygon scanner 150, one 
rotation of polygon scanner 150 “paints' MxN rows of pixels. 
If fluorescent screen 101 is made up of more than MXN 
horizontal rows of pixels, then mirror 140 can be repositioned 
so that another block of MXN horizontal rows of pixels will be 
painted during the next rotation of polygon Scanner 150. Once 
all pixels of fluorescent screen 101 have been illuminated, 
mirror 140 returns to an initial or top position and the cycle is 
repeated in synchronization with the refresh rate of the dis 
play. 
0031. In one embodiment, the blocks of MxN horizontal 
rows of illuminated pixels are disposed adjacent to each other 
on fluorescent screen 101 and the N laser scanning paths 204 
in each Swath are also adjacent to each other. In another 
embodiment, one or more blocks of MXN horizontal rows of 
illuminated pixels are interleaved with other blocks of MXN 
horizontal rows of illuminated pixels. In such an embodi 
ment, the rows of pixels illuminated during one rotation of 
polygon Scanner 150 are not adjacent to each other and are 
instead spaced between rows of pixels that belong to a differ 
ent block of MXN rows. 

0032. Display processor and controller 190 are configured 
to perform control functions for and otherwise manage opera 
tion of display system 100. Such functions include receiving 
image data of an image to be generated, providing an image 
data signal 191 to signal modulation controller 120, providing 
laser control signals 192 to laser array 110, producing scan 
ning control signals 193 for controlling and synchronizing 
polygon scanner 150 and mirror 140, and performing calibra 
tion functions according to embodiments of the invention 
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described herein. Specifically, display processor and control 
ler 190 is configured to individually modulate power applied 
to each laser in laser array 110 in order to adjust the output 
intensity of each light Source. 
0033 Display processor and controller 190 may include 
one or more Suitably configured processors, including a cen 
tral processing unit (CPU), a graphics processing unit (GPU), 
a field-programmable gate array (FPGA), an integrated cir 
cuit (IC), an application-specific integrated circuit (ASIC), or 
a system-on-a-chip (SOC), among others, and is configured 
to execute software applications as required for the proper 
operation of display system 100. Display processor and con 
troller 190 may also include one or more input/output (I/O) 
devices and any Suitably configured memory for storing 
instructions for controlling normal and calibration opera 
tions, according to embodiments of the invention. Suitable 
memory includes a random access memory (RAM) module, a 
read-only memory (ROM) module, a hard disk, and/or a flash 
memory device, among others. 
0034. Detector assembly 180 is configured to measure the 
actual output intensity of the lasers in laser array 110 during 
operation of display system 100 and, according to some 
embodiments, includes a neutral-density filter 181, a detector 
182, and a current-to-voltage converter circuit 183. By 
directly measuring the optical energy contained in each of 
sample beams 113 while display system 100 is in operation, 
drift in laser performance can be immediately compensated 
for and a more uniform image can be generated by display 
system 100. To prevent leakage of light from detector assem 
bly 180 that can adversely affect the performance of display 
system 100, detector assembly 180 is configured to be opti 
cally isolated from other regions of display system 100 and 
internal surfaces thereofare black. Detector 182 is a conven 
tional light detector, such as a standard silicon photodetector, 
and may be configured with a collecting dome 184 as shown 
to direct each of sample beams 113 to a central region of 
detector 182, since sample beams 113 may not be following 
identical optical paths when entering detector assembly 180 
and may require additional optical manipulation to ensure 
incidence on the active portion of detector 182. Because the 
response to incident light of detector 182 may vary at different 
locations on its surface, detector assembly 180 may include 
optical steering elements in additional to collecting dome 184 
that can more precisely direct each of sample beams 113 to 
substantially the same point on the surface of detector 182. 
Current-to-voltage converter circuit 183 is configured to con 
vert the signal produced by detector 182, which is an electri 
cal current, to a Voltage signal, for ease of measurement. The 
Voltage signal produced by current-to-voltage converter cir 
cuit 183, which is a Voltage signal proportional to the optical 
intensity of light incident on detector 182, is provided to 
display processor and controller 190 so that the power input to 
a laser being measured can be adjusted accordingly. 
0035) To further minimize the spread between the differ 
ent locations at which each of laserbeams 112 strikes detector 
182, and to thereby increase the accuracy of detector 182, 
detector 182 may be positioned at a point in the optical paths 
of sample beams 113 where sample beams 113 are positioned 
relatively close together and/or are overlapping with each 
other. For example, in one embodiment, the laser beams 112 
are closest together where they reflect off mirror 140. Conse 
quently, in Such an embodiment, by configuring the optical 
path length between detector 182 and beam splitter 170 to be 
Substantially equal to the optical path length between mirror 
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140 and beam splitter 170, the sample beams 113 will be as 
closely spaced on detector 182 as laser beams 112 are on 
mirror 140. 

0036. In operation, light enters detector assembly 180 
through beam splitter 170, passes through and is conditioned 
by neutral-density filter 181, is directed to a point near the 
center of the surface of detector 182, and is measured by 
detector 182. Light to be measured by detector 182 is prefer 
ably incident near the center of detector 182 to minimize the 
possibility of any of sample beams 113 from partially or 
completely missing the surface of detector 182, which would 
produce inaccurate light intensity values. Because all lasers in 
laser array 100 are turned on when an image is being formed 
on fluorescent screen 101, i.e., when swaths of pixels are 
being painted by laser beams 112, measurements of the out 
put intensity of an individual laser are made in the time 
interval that occurs between Swaths being painted. Such a 
time interval occurs after each reflective surface 151 of poly 
gon Scanner 150 has rotated through incident laser beams 
112, such that the laser beams will paint a swath across the 
targeted locations within the display panel yet before the next 
reflective surface 151 has been illuminated to paint the sub 
sequent Swath across the next targeted locations within the 
display panel. In this way, a single laser can be cycled on and 
the output intensity thereof measured directly by detector 
182, while minimizing the intensity of unintended light 
directed toward fluorescent screen 101. 

0037 Detector 182 may have an inherent capacitance dur 
ing operation and therefore may accrue a Substantial charge 
when a relatively high intensity of optical energy is incident 
thereon. Namely, when all lasers of laser array 110 are on, as 
when a Swath of pixels is being painted by laser beams 112, a 
portion of the optical energy of every laser in laser array 110 
is incident on detector 182, and a Substantial charge may 
accumulate on detector 182 prior to the measurement of an 
individual laser. Such a residual charge present on detector 
182 can significantly affect the accuracy of optical intensity 
measurements by detector 182. Consequently, in some 
embodiments, detector assembly 180 is configured with a 
diode switch 185 that is closed to ground when detector 182 
is not actively measuring the output intensity of a laser. In 
such an embodiment, diode switch 185 is opened immedi 
ately prior to measuring output intensity of a laser. 
0038. In some embodiments, beam splitter 170 is a par 

tially reflective mirror that is formed by a specifically engi 
neered coating on an otherwise transparent optical element. 
The coating is designed to allow only a small portion, e.g., 
approximately 1%, of the total incident optical energy of laser 
beams 112 to pass through beam splitter 170 and to reflect the 
majority of incident optical energy to mirror 140 and ulti 
mately fluorescent screen 101. FIG. 3 is a coating curve 300 
for such a coating on beam splitter 170. Coating curve 300 
illustrates the reflectivity of a coating on beam splitter 170 as 
a function of incident light wavelength. As shown, a coating 
on beam splitter 170 preferably reflects 99% of light in the 
wavelength band that corresponds to the operating band of the 
lasers in laser array110. In the embodiment illustrated in FIG. 
3, the operating band of the lasers in laser array 110 is 
between about 400 nm and 450 nm. Because the output wave 
length of the lasers in laser array 110 may vary over time due 
to changes in temperature and other factors, wavelength 
insensitivity of the coating on beam splitter 170 is preferable. 
Specifically, the portion of coating curve 300 in the operating 
band of the lasers in laser array 110, e.g., 400 nm-450 nm, is 
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a substantially straight line with a slope of Zero and without 
significant ripple or other variation. When coating curve has 
such behavior, the same portion of light from laser beams 112, 
e.g., 1%, will pass through beam splitter 170 and into detector 
assembly 180 for measurement. Consequently, as the operat 
ing wavelength of laser beams 112 varies during operation of 
display system 100, the portion of light from laser beams 112 
that enters detector assembly 180 will remain substantially 
the same. One of skill in the art, given an operating band and 
a desired reflectivity, can devise Such a coating. 
0039. In some embodiments, an LPD display system 
includes servo control mechanisms based on a designated 
servo beam that is scanned over the screen by the same optical 
scanning components that scan laser beams 112 across fluo 
rescent screen 101. This designated servo beam is used to 
provide servo feedback control over the Scanning excitation 
beams, i.e., laser beams 112, to ensure proper optical align 
ment and accurate delivery of optical pulses during normal 
display operation. In Such an embodiment, the servo beam is 
at a different wavelength of light than laser beams 112, e.g., 
servo beam 402 may be an infra-red (IR) beam, and fluores 
cent screen 101 is configured to reflect the servo beam to 
produce servo feedback light. 
0040 FIG. 4 is a schematic diagram of a display system 
400 configured with a servo beam, according to embodiments 
of the invention. Display system 400 is an LPD substantially 
similar to display system 100 in organization and operation, 
with the following exceptions. Laser array 410 includes, in 
addition to laser array110, a laser diode for generating a servo 
beam 402. Laser beams 412 include laser beams 112 for 
exciting phosphors and servo beam 402 to provide servo 
feedback control over laser beams 112. Fluorescent screen 
401 includes reflective servo reference marks disposed on 
fluorescent screen 401, and these reflective servo reference 
marks reflect servo beam 402 away from fluorescent screen 
401 as servo feedback light 432. Display system 400 includes 
one or more radiation servo detectors 420, which detect servo 
feedback 432 and direct servo detection signals 421 to display 
processor and controller 190 for processing. An LPD-based 
display system configured with a servo beam is described in 
greater detail in U.S. Patent Application Publication No. 
2010/0097678, entitled “Servo Feedback Control Based on 
Designated Scanning Servo Beam in Scanning Beam Display 
Systems with Light-Emitting Screens' and filed Dec. 21, 
2009, and is incorporated by reference herein. 
0041. Because servo beam 402 follows essentially the 
same optical path as light beams 112 and is therefore incident 
on beam splitter 170, the reflectivity of beam splitter 170 for 
light at the wavelength of servo beam 402 directly affects the 
intensity of servo beam 402 that reaches fluorescent screen 
401. Thus, it is desirable for the coating on beam splitter 170 
to reflect a relatively high percentage of the optical energy of 
incident servo beam 402, e.g., 90% or more, to minimize 
attenuation of servo beam 402 by beam splitter 170. 
0042 FIG. 5 illustrates a coating curve 500 for a reflective 
coating on beam splitter 170 that has a consideration in the IR 
regime for servo beam 402. In addition, FIG. 5 includes an 
ideal coating curve 501 (dashed line) for reference. As shown 
by ideal coating curve 501, ideally a coating on beam splitter 
170 will uniformly reflect 99% of light across the wavelength 
band that corresponds to the operating band of the lasers in 
laser array 110 and 100% of light in the operating band of 
servo beam 402, in this case between about 800 nm and about 
850 nm. Due to the complexity of forming a coating operating 
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in multiple wavelength bands, however, realization of Such a 
coating is problematic. In practice, coatings having a perfor 
mance similar to actual coating curve 500 are more readily 
constructed, and Such coatings affect the performance of dis 
play system 400 in two ways. First, actual coating curve 500 
does not reflect 100% of incident IR light, which results in at 
least some attenuation of servo beam 402. Second, the reflec 
tivity of actual coating curve 500 in the operating band of 
laser beams 112 varies as a function of wavelength. Thus, as 
the wavelength of each of laser beams 112 varies during 
operation of display system 400, the quantity of light entering 
detector assembly 180 from a particular laser will vary even 
though the actual light output from the laser is constant. For 
example, when the wavelength of a laser is at a first wave 
length 511, actual coating curve 500 indicates that 99.1% of 
the light is reflected from beam splitter 170 and 0.9% passes 
through beam splitter 170. When the wavelength of the laser 
drifts to a second wavelength 512, only 98.9% of the light is 
reflected from beam splitter 170, 1.1% passes through beam 
splitter 170. Thus, detector 182 will erroneously measure a 
change in output intensity of the laser of over 20%. In order to 
compensate for the ripple and other variation indicated in 
actual coating curve 500, a coating having complementary 
reflectivity properties with respect to wavelength is applied to 
neutral-density filter 181. 
0043 FIG. 6 illustrates a coating curve 600 for a reflective 
coating that may be deposited on neutral-density filter 181, 
according to embodiments of the invention. In addition, FIG. 
6 includes ideal coating curve 501 and actual coating curve 
500 of the reflective coating deposited on beam splitter 170. 
Coating curve 600 is constructed to compensate for ripple and 
other variation present in actual coating curve 500, which 
describes the performance of the reflective coating on beam 
splitter 170. In other words, coating curve 600, when com 
pared to actual coating curve 500, has an “equal but opposite' 
variation in reflectivity so that, when light passes through 
beam splitter 170 and neutral-density filter 181, the effective 
reflectivity of the two optical elements combined is substan 
tially wavelength independent and approximates ideal coat 
ing curve 501. Given a coating curve 500 to be corrected in a 
single wavelength band, one of skill in the art can construct a 
coating having complementary reflectivity properties with 
respect to wavelength, such as coating curve 600. 
0044. In some embodiments, beam splitter 170 is a par 

tially reflecting mirror configured to minimize unwanted light 
from unwanted scattering entering detector 182. FIG. 7A 
illustrates a schematic view of a configuration 701 of beam 
splitter 170 in which unwanted light energy may enter detec 
tor 182. In configuration 701, beam splitter 170 is a partially 
reflecting mirror and includes a partially reflective coating 
171. Laser beams 112 strike partially reflective coating 171, 
and sample beam 113 is refracted toward rear surface 172 of 
beam splitter 170. The majority of sample beam 113 contin 
ues on to detector 182 for measurement, but a small portion of 
sample beam 113 is internally reflected as internally reflected 
beam 114. Internally reflected beam 114 may have approxi 
mately 4% of the optical energy originally contained in 
sample beam 113. As shown, 99% of internally reflected 
beam 114 reflects from partially reflective coating 171, passes 
through rear surface 172, and due to further refraction, is 
directed toward detector 182 as ghost beam 115. Because the 
optical paths of each of laser beams 112 may not be perfectly 
coincident in a display system, each laser beam 112 may be 
incident on partially reflective coating 171 at a slightly dif 
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ferent location. Consequently, Some of ghost beams 115 may 
strike detector 182 and some of ghost beams 115 may fall 
outside of detector baffle 186. Ghost beams 115 striking 
detector 182 form a “ghost spot” thereon, which will intro 
duce an error that may be as large as several times the accept 
able error limit for detector 182. 

0045 FIG. 7B illustrates a schematic view of a configura 
tion 702 of beam splitter 170 in which an anti-reflective (AR) 
coating prevents unwanted light energy from entering detec 
tor 182, according to embodiments of the invention. In con 
figuration 702, beam splitter 170 has an AR coating 173 
formed on rear surface 172. In such a configuration, AR 
coating 173 reduces the optical energy contained in ghost 
beam 115, since reflected beam 114 is substantially attenu 
ated. 

0046 FIG. 7C illustrates a schematic view of a configura 
tion 703 of beam splitter 170 in which the body 174 of beam 
splitter 170 is configured to direct unwanted light energy 
away from detector 182, according to embodiments of the 
invention. In configuration 703, body 174 has a thickness 175 
that directs ghost beams 115 away from the opening of detec 
tor baffle 186 as shown. A suitable thickness 175 for configu 
ration 703 is dependent on the angle of incidence of laser 
beams 112 to partially reflective coating 171, the width 176 of 
the opening of detector baffle 186, the index of refraction of 
body 174, and the possible range of locations at which the 
different laser beams 112 may be incident on partially reflec 
tive coating 171. Upon reading the disclosure herein, thick 
ness 175 can be readily determined by one of skill in the art. 
0047. In some embodiments of the invention, a display 
system may have a different light engine and/or display 
screen than a LPD. Laser imaging, light-emitting diode 
(LED) digital light processing (DLP), and LED-liquid crystal 
display (LCD) systems may also be configured to calibrate 
and adjust the output of multiple light sources of the display 
device to produce a more uniform image with the display 
device. FIG. 8 is a block diagram of a display system 800, 
according to embodiments of the invention. Display system 
800 includes multiple light sources 801, a detector 802, an 
optics module 803, a controller 804, and a display screen 805. 
Light sources 801 may be lasers, individual LEDs, or inde 
pendent banks of multiple LEDs. Detector 802 may be any 
light detection device Suitably configured for measuring the 
output intensity of each of light sources 801 and providing 
controller 804 with an output intensity signal for each of light 
sources 801. Optics module 803 may be any optical system 
configured to direct light from light sources 801 to display 
screen 805. Controller 804 may be similar in organization to 
display processor and controller 190 in FIG. 1, and is config 
ured to receive output intensity signals from each light Source 
801. Controller 804 is further configured to individually 
modulate power applied to each light source 801 in order to 
adjust the output intensity thereof in accordance with desired 
display values and correlation values that are determined 
during factory-calibration as further described below. 
0048 FIG. 9 is a flow chart that summarizes, in a stepwise 
fashion, a method 900 for performing a factory calibration of 
a display system having multiple light sources, according to 
embodiments of the invention. By way of illustration, method 
900 is described in terms of an LPD-based electronic display 
device Substantially similar in organization and operation to 
display system 400 in FIG. 4. However, other electronic dis 
play devices may also benefit from the use of method 900. 
Prior to the first step of method 900, again-adjustment pro 
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cedure is performed on detector 182, in which each of the 
lasers of laser array 410 is set to maximum output intensity, 
and the gain of current-to-voltage converter circuit 183 is 
adjusted so that detector 182 is not saturated by again that is 
too high or has again that is too low. The gain adjustment may 
be performed using a circuit-board-mounted potentiometer 
that is part of current-to-voltage converter circuit 183. In 
Some embodiments, the gain adjustment may be digitally set 
and in other embodiments it may be a fixed gain value. 
0049. In step 901, the correct timing of laser pulsing is 
confirmed by shifting the timing of laser pulses earlier and 
later, thereby determining the center of each of phosphor 
stripe 202. Specifically, when the timing is too early or too 
late, a portion of the laser spot will fall outside the phosphor 
stripes 202 and the brightness of pixels on fluorescent screen 
101 will be attenuated. Therefore, the timing of laser pulses 
can be adjusted to fall directly between earlier pulse timing 
that causes brightness attenuation and later pulse timing that 
causes brightness attenuation. 
0050. In step 902, a test pattern is produced on fluorescent 
screen 101 by one of the lasers in laser array 110. The test 
pattern is generated at a single constant input power value for 
the laser for the duration of steps 902-904. In one embodi 
ment, the test pattern is a single pixel element, i.e., the adja 
cent portions of a red, a green and a blue phosphor Stripe 202 
contained in a single laser scanning path 204, as illustrated in 
FIG. 2. In another embodiment, the test pattern is a block of 
multiple adjacent pixel elements that are all illuminated by 
the same laser, e.g., a strip of adjacent pixel elements 20 pixel 
elements long and 1 pixel element wide. 
0051 Steps 903 and 904 may occur either substantially 
simultaneously or sequentially. In step 903, photopically cor 
rected detector 107 is used to measure the brightness of the 
test pattern being produced on fluorescent screen 101. Use of 
a photopically corrected sensor ensures that the frequencies 
of light that are less visible or completely invisible to the 
human eye do not bias the brightness measurement made in 
step 903. 
0052. In step 904, detector 182 measures the output inten 
sity of the laser at the current input power. In some embodi 
ments, the output intensity measurement of step 904 takes 
place during the time interval that occurs between Swaths 
being painted by the laser. 
0053. In step 905, the brightness measurement of step 903, 
the output intensity measurement of step 904, and the asso 
ciated input power setting of the laser are recorded in memory 
as correlation values. 
0054) In step 906, steps 902-905 are repeated for a plural 
ity of power levels across the dynamic range of the laser. In 
one embodiment, step 906 is performed for each possible 
input power setting of the laser. For example, given a laser that 
is controlled with 8-bit precision, steps 906 can be performed 
for all 256 different input power settings. In another embodi 
ment, step 906 is performed for a smaller number of different 
input power settings and interpolation may be used to deter 
mine the correlation values associated with the other input 
power settings. Upon completion of step 906, a complete 
table of correlation values is constructed for one laser in laser 
array 410, in which a measured screen brightness value is 
associated with each input power setting and each output 
intensity of the laser measured by detector 182. 
0055 Method 900 may then be repeated for each laser in 
laser array 410. Alternatively, because using method 900 to 
determine a relatively large number of correlation values for 
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multiple lasers can be prohibitively time-consuming, method 
900 may be performed on some or all of the lasers in laser 
array 410 simultaneously. In Such an embodiment, the test 
pattern in step 902 is configured so that each laser being tested 
illuminated a separate region of fluorescent Screen 101, 
thereby allowing measurement of the brightness produced on 
fluorescent screen 101 by each individual laser being tested. 
The optimal pattern may be different depending on specific 
features of the architecture of display system 400, such as 
pixel turn-on times, optical cross-talk, electrical channel 
cross-talk, etc. In one embodiment, the test patterns of mul 
tiple lasers may be staged at different locations across fluo 
rescent display 101 to further reduce the effects of cross talk 
on laser performance during method 900. 
0056 FIG. 10 is a flow chart that summarizes, in a step 
wise fashion, a method 1000 of controlling output intensity of 
a light Source. Such as a laser beam, that is scanned across a 
display Screen, according to embodiments of the invention. 
By way of illustration, method 1000 is described in terms of 
an LPD-based electronic display device substantially similar 
in organization and operation to display system 400 in FIG. 4. 
However, other electronic display devices may also benefit 
from the use of method 1000. Prior to the first step of method 
1000, a table of correlation values is constructed that corre 
lates actual brightness produced at fluorescent screen 101 by 
the laser with the input power setting of the laser and the 
output intensity measured by detector 182. In one embodi 
ment, the table of correlation values is constructed according 
to method 900. 

0057. In step 1001, detector 182 measures the output 
intensity of a laser at a current input power setting. In some 
embodiments, the output intensity measurement of step 1000 
takes place during the time interval that occurs between 
Swaths being painted by the laser. 
0058. In step 1002, the appropriate correlation values 
associated with the input power setting are retrieved from the 
table of correlation values constructed for the laser. 
0059. In step 1003, the input current to the laser is modu 
lated based on the output intensity measured in step 1001, and 
the desired optical output of the laser as determined from the 
correlation values retrieved in step 1002. The input power 
setting of the laser is increased if the measured intensity is less 
than the desired intensity and decreased if the measured 
intensity is greater than the desired intensity, and unchanged 
if the measured intensity is equal to the desired intensity. 
0060. In some embodiments, method 1000 is performed 
for all lasers in laser array 410 throughout normal operation of 
display system 400. In this way, the actual brightness of the 
multiple light sources of display system 400 are dynamically 
controlled to a high level of accuracy, since the output inten 
sity of each is constantly compared to a known value that was 
determined using an external sensor, i.e., photopically cor 
rected detector 107. 
0061. When a single laser in laser array 110 degrades in 
performance, the other lasers laser array 110 may all be 
reduced in output intensity. Reducing the output intensity of 
the other lasers to match the reduced output intensity of the 
degraded laser would maintain absolute brightness unifor 
mity across fluorescent screen 101 but would significantly 
reduce overall brightness of fluorescent screen 101. Instead, 
according to one or more embodiments of the invention, 
lasers of laser array 110 that generate laser beams that are 
scanned across fluorescent screen 101 directly above and 
directly below the laser beam generated by the degraded laser 
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are reduced in output intensity but not as much as the 
degraded laser. Other lasers are reduced in output intensity in 
a similar manner Such that the amount of reduction in output 
intensity decreases as the position of the laser beam generated 
from such other lasers moves further away from the position 
of the laser beam generated by the degraded laser. The maxi 
mum allowable reduction gradient is dependent on the con 
trast sensitivity of the human eye. In one embodiment, the 
reduction gradient is on the order of 0.1%. 
0062 
the present invention, other and further embodiments of the 
invention may be devised without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that follow. 

1-20. (canceled) 
21. A system comprising: 
a display Screen having an excitation side and a viewing 

side; 
two or more excitation Sources; 
a polygon Scanner having a plurality of reflective Surfaces: 
a detector assembly, wherein the detector assembly is dis 

posed on the excitation side of the display screen, 
wherein the detector assembly is capable of measuring 
an output intensity of each excitation source at a time 
interval after each reflective surface has been illumi 
nated with Swaths of imaging information to be painted 
and before a subsequent reflective surface has been illu 
minated with Subsequent Swaths of imaging information 
to be painted; and 

a signal modulation controller, wherein the signal modu 
lation controller is capable of directing light to the detec 
tor assembly, then the polygon Scanner and then the 
display screen. 

22. The system of claim 21, wherein the controller is 
capable of performing the output intensity measurement dur 
ing the time interval that occurs between Swaths being painted 
by the set of excitation sources. 

23. The system of claim 21, wherein the signal modulation 
controller is capable of adjusting light emitted from the two or 
more excitation beams such that output intensity from one 
excitation source is reduced when compared to another exci 
tation Source. 

24. The system of claim 23, wherein the signal modulation 
controller is capable of maintaining a brightness uniformity 
across the display screen. 

25. The system of claim 21, wherein the signal modulation 
controller is capable of maintaining a brightness uniformity 
across the display screen. 

26. The system of claim 21, wherein the two or more 
excitation sources comprise a laser array. 

27. The system of claim 21, wherein the detector assembly 
comprises: 

a detector, 
a filter; 
a collecting dome; and 
a current-to-voltage converter circuit. 
28. The system of claim 27, further comprising a diode 

switch coupled to the detector. 
29. The system of claim 21, further comprising a beam 

splitter coupled to the detector assembly. 

While the foregoing is directed to embodiments of 
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30. The system of claim 21, further comprising a diode 
switch coupled to the detector assembly. 

31. The system of claim 21, further comprising an imaging 
lens disposed between the polygon Scanner and the display 
SCC. 

32. The system of claim 21, further comprising a mirror 
disposed between the detector assembly and the polygon 
SCaC. 

33. A system comprising: 
a display Screen having an excitation side and a viewing 

side, wherein the display Screen is capable of rendering 
images in a time interval manner, 

two or more excitation Sources; 
polygon Scanner having a plurality of reflective Surfaces; 
a detector assembly, wherein the detector assembly is dis 

posed on the excitation side of the display screen; and 
a signal modulation controller, wherein the signal modu 

lation controller is capable of directing light to the detec 
tor assembly, then the polygon Scanner and then the 
display screen, wherein the signal modulation controller 
is capable of adjusting light emitted from the two or 
more excitation beams such that output intensity from 
one excitation source is reduced when compared to 
another excitation source, and wherein the signal modu 
lation controller is capable of maintaining a brightness 
uniformity across the display Screen. 

34. The system of claim 33, wherein the controller is 
capable of applying a known input current to an excitation 
SOUCC. 

35. The system of claim 33, wherein the controller is 
capable of measuring excitation source intensity, and wherein 
the controller is capable of correlating values of the measured 
excitation source intensity and adjusting the current of one 
excitation Source to be uniform with a second excitation 
SOUC. 

36. The system of claim 33, wherein the two or more 
excitation sources comprise a laser array. 

37. The system of claim 33, wherein the detector assembly 
comprises: 

a detector; 
a filter; 
a collecting dome; and 
a current-to-voltage converter circuit. 
38. The system of claim 37, further comprising a diode 

switch coupled to the detector. 
39. The system of claim 33, further comprising a beam 

splitter coupled to the detector assembly. 
40. The system of claim 33, further comprising a diode 

switch coupled to the detector assembly. 
41. The system of claim 33, further comprising an imaging 

lens disposed between the polygon Scanner and the display 
SCC. 

42. The system of claim 33, further comprising a mirror 
disposed between the detector assembly and the polygon 
SCaC. 

43. The system of claim 33, wherein the display screen 
comprises a plurality of phosphor stripes. 

k k k k k 


