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A backlight for a hquid-crystal display is disclosed. The
backlight includes a first I.LD array that provides light with
a tirst chromaticity and a second I.LD array that provides
light with a second chromaticity. A combining clcmcnt
combines thc li ht from the first LED array and thc second
LED array and directs thc combine(1 light toward thc liquid
crystal display. A control system is operationally connected
io the second LED array. The controller ad)usta the bnght-
ness of at least one I.LD in the second I.LD array to thereby
adjust the chromaticity of the combined light.
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U,"& 6.60))
1

LED-BASED LCD BACKLIGHT WITH
EXTENDED COLOR SPACE

FIELD OF THE INVENTION

The present invention relates to displays, and more
particularly, to an LED-based backlight for a liquid-crystal
display (LCD).

13ACR(iROUNI) OI'IIL INVL'N 1)ON

I.ight-emitting dindes (I.I.'Ds) have been proposed for use
as a hacklighting source for liquid crystal displays (I.CI)s)
Comparcrl to conventional backlights that usc flunresccnt
lamps, LEDs are less cxpcnsive, last ion er, cnntributc tn a is
morc robust desi n, and provide a higher brightness-to-size
ratio. Specilically, arrays of LEDs emitting while light show
promise as LCD bacl lights.

Some applications require the light emitted from an I.CI)
backlight to possess a spccific chromaticity. This is impor- zn

tant in fields such as avionics, where the colnrs displayed on
a crittcal-function aircraft display must be exact. A slight
diilerence in chromaticity of the baclqight might ariversely
ailect Ihe color of. the display. However, most commercially-
availahle I.L'l)s are produced ivith a limited number of
chromaticity chnices

Furthcrmorc, available LEDs arc typicaily mass-produced
and exhibit chromaticities within a certain range. This means
that even if Ihe rated chromaticity of an available LED

lr)
matches the chrnmaticity requirements for an I.('I) backlight
design, the rated chrnmaticity may be different from the
actual chromaticity. In an array of white LEDs, there may be
many individual LEDs that do not match thc rated
chromaticity, anil thc total chromaticity of the array may
therefore not be predictable.

Another problem is that notwithstanding the long life
exhibited by I.Lil)*s, there may he some change in I.L'D

chromaticity over time. Thc chromaticity may also be
affcctcd by variations in tcmpcraturc. Additionally, there is sn
the chance that one or more LEDs in an array may be faulty
anti either fail prematurely or emit light with an unintended
chrnmaticity In either case the chromaticity of the entire
array may he affected. In demanding applications such as
avionics it is possible that such a chromaticity change ivould j5
ncccssitatc untimely repair or rcmnval of thc backli ht.

It is therefore an oblecl of. the invenuon lo extend Ihe.

range of chromalicities that can be supplied by an LED-
based I.('I) backlight.

It is another object of thc invention to compensate for so

naturally occurring variations in thc manufacture of LEDs so
that ltghl with a prethctable chromaticity is supplied.

It is another object nf the invention to extend the useful
lifetime nf an I.L'I)-based 1.(fl) backlight.

A fcaturc of thc invention is thc varying nf thc bri htncss
"

of a Iirst sel of LEDs relauve lo the bnghlnem of. a seconri
sel of LEDs to adjust Ihe chromaticity of the comb&neil light
from the first and second sets of I.L'l)s

An advantage of the invention is that commonly available
LEDs may bc used in an LCD backlight cvcn if the chro-
maticity of the commonly available LEDs is diilerent from
the ries&reel chromatic&tv.

SUMMARY OF THE INVENTION
65

The invention provides a backlight for a liquid-crystal
display The backlight includes a first I.L'D array that pro-

,()14 Bl

vides light with a Iirst chromaucity and a seconil LED array
that provides light with a second chromaticity. A combining
element combines the light from the tirst I.L'I) array and the
second I.L'D array and directs the combined light toward the
liquid crystal rlisplay. A control system is operationally
connected to the scconrl LED array. Thc controller adjusts
Ihe bnghlness of. at least one LED in the seconri LED array,
Ihereby adlusting the chromaucily of the combined light.

The inventinn also provides a system fnr adjustin the
chromaticity of an LCD backlight, whcrcin thc backlight
provides combined li ht from a principal LED array anil a
secondary LED array. The system includes a controller that
is operationally connected lo the secondary LED array. The
controller mcluiles a processor that calculates lhe chroma-
ticity difference between a target chrnmaticity of Ihe com-
bined light and an actual chrnmaticity nf the comhmed light
Thc controflcr adjusts the brightncss of the secondary LED
array to reduce thc chromaticity diflbrcnce.

The invenuon iurther provides a method of adjusting lhe
chromaticity of an I.CI) backlight, wherein the backlight
provides light cnmbined from a first I.LD array and a second
I.L'I) array According to the methnd, a target chromaticity
for thc LCD backlight is obtaincrl. An actual chromaticity of
the LCD backlight is rlctcrmincrl. Thc difli:rcncc bctwcen
Ihe target chromaticity and the actual chromaticity is calcu-
lated. The bnghlness of at least one LED in the seo&nd LED
array is adjusted, thereby changing the chromaticity of the
light combined from the first and secnnd I.l'I) arrays and
decreasing the difference 1&et&veen the target chromaticity
anil thc actual chromaticitv.

BRIEF DESCRIPTION OF THE DRAWINGS

lqG. I is a top plan view of an I.('I) backlight assembly
according to an embodiment nf the invention.

FIG. 2 is a side elcvational view of thc LCD backlight
shown in FIG. 1.

I'IG. 3 is a schematic view of a control system that may
he used ivith the invention.

FIG. 4 is a block diagram of scqucntial instructions for thc
control system of FIG. 3.

lqG. 5 is a block diagram of more sequential instructions
for the cnntrnl system of I l(i. 3

FIG. 6 is a top plan viciv of an L('.D backlight according
lo another embodiment of Ihe invention.

I)L'TAII.L'D I)L'S('RIP'I)ON Ol'i IL 1)RAWIN(iS

lqGS I and 2 depict a preferred embodiment of a
backlight assembly 10 according to the invention. 13ackhght
assembly 10 provides light to an LCD stack, shown sche-
matically at 12. The specific rlctails of the construction of
LCD stack 12 do not form part of thc invention anil thcrcforc
will not be further descnbed. Backlight assembly 10
inchides a base 14 that has 6 principal or Iirst LED array 16
dispnsed therenn I irst I.LI) array 16 is comprised of a

plurality of I.L'l)s lg that are selected and arranged accord-
ing to the lightin and viewing requirements of LCD stack
12. First LED array 16 is rlcsigned to provide the substantial
majority of the light rcquircd for LCD stack 12. Togcthcr,
LEDs Ig provide hght with a Iirst chrom aucity, which in the
present embodiment is while or near-white.

A wave uide 20 is disposed between base 14 ami LCD
slack 12. Waveguide 20 is made of a generally planar
malarial thai is designed ui accept light lrom one or more
light sources and uniformly deliver the hght tn I.CI) stack
12 Waveguide 20 has a hrst major surface 22 that faces hase
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14. Waveguide 20 has a secoml major suriace 24, generally
parallel to first mator surface 22, that faces LCD stacl IZ.
Surfaces 22 and 24 arc dcscribcd as being "major*'urfaces
bccausc thcsc surfaces comprise a substantiai majority of thc
surface area of waveguide 20. A plurality of light-scattering
strips 26 are applied to first major surface 22 As shown in
FIG. 1, hght-seafaring strips 26 are preferably white and are
pa&nted or etched onto lirst mator surface 22. L&ght-
scattcrin stnps 26 typically do not sulistantially interfere
w&th the passage of light from lira& LED array 16 throu h

1 1 1

waveguide 20. Light from second LED array 30 that encoun-
ters strips 26 &s scattered in a plural&ty of directions, and a
substantial pnrtion of the scattered light is reflected through
second major surface 24 toward I.('D stack 12.

Waveguide 20 also has an edge surface 28&& that is
disposed between first and second major surfaces 22, 24. A
secnnd I.L'D array 30 is provided adjacent edge surface 28n
Second LED array 30 includes a plurality of LEDs 32 that,
inihvidually and or collectively, emit light lvith a chroma-
twity that &s d&fferent I rom the chromaucity of hght em&ffed

by lirst LED array 16. For example, second LED array 30
may include a red-light-emitting I.LD 32n, a green-light-
emitting I.LD 326, a blue-light-emitting I.LD 32c, or any
combination of these nr other colors

In operatinn, white light from first I.L'D array 16 enters
waveguide 20 thrnugh first major surface 22, and colored
light from second LED array 30 enters wave uidc 20
through edge surface 28. Thc light from thc LED arrays is
combined in waveguide 20, thereliy altering thc chromatic-
ity of the light from Iirst LED array 16. The combined light
exits the wavegu&de through second mator surface 24, trav-
ehng to&vard I.CD stack 12. I.ight-scattering strips 26 aid in
scattering and refiecting light toward the I.CD stack.

The above conliguration may be sufiicient to ach&eve a
desired chromaticity if the relevant prnperties nf all of the ls
I.L&Ds in the first and secnnd I.LD arrays are knnlvn and are
constant over time. However, as mentioned previously, there

may bc some variation in the chromaticity of mass-produced
LEDs, and these variations may introduce some uncertmniy
in the expected performance of the LEDs. A control system &n

may therefore be provided to cahbrate the chromauc&ty of.

the backlight assembly to thereby cnmpensate for such
uncertainty As schematically depicted in I&IG 3, a control
system. 40 according to thc invention includes a power
supply 42 that supplies power to thc LED arrays. A control- as
lcr 44 connects power supply 42 with first and second LED
arrays 16, 30 through conducuve hnes 46. Controller 44
includes a memory 44n in which chromaticity data is stored.
Controller 44 also includes a prncessor 446 that computes a
chrnmaticity correction, as will be described belo&v An input
dcvicc 48 is rcmovably connected to thc controller. Input
dcvicc 48 permits a user to give instructions to thc controller
to adiust thc chromaticity of first and second LED arrays 16,
30. A spectroraihometer 50, such as the model-PR-705
spectrorad&ometer manufactured by Photo Research, Inc., is
removably connected tn controller 44. Spectroradiometer 50
measures the chromaticity of backlight assembly 10 and
provides data to controller 44 regarding such nicasurcmcnt.

In operation, the chromaticity ot'ight emanating from
backhght assembly 10 is measured by spectroradiometer 50 0&

If it is dcsircd to adjust the chromaticity of backlight
assembly 10, thc user inputs a desired or a target chroma-
twity T into input device 48. The input device iransmits
target chromat&city T to controller 44. Processor 446 com-
pares target chromaucity T to the actual chromaticity A as as
measured by spectrnradiometer 50 Prncessor 446 then
refers to the chromaticity data stored in memnry 44&& to

determine how to ad)ust LEDs 3Z in secoml LED array 30
u& correcl or compensate for the ihlference between actual
chromaticity A and target chromaticity T. Processor 446 then
instructs controller 44 to vary thc power to LEDs 32 in
second I.LD array 30, thereby varying the bri htness of
LEDs 32. Thc exact amount that the power to LEDs 32 is
varied dcpcnds on the amount of deficienc and on empiri-
cally obtained correlation data relating power input and
color output of each LED. When the bnghtness-adtusted
light from second LED array 3U is combined in wavegu&de
20 with light from hrst I LD array 16, the chromaticity of the
combined light is also adjusted or changed.

FIG. 4 shows the dec&sion logic 6U, used during a cah-
bration operation, that may be employed by control system
40 where a user desires backlight assembly 10 to emit a
target chromaticity T. In step 62, thc user inputs target
chromaticity T into input dcvicc 48. In step 64, processor
446 receives the actual chromaticity A as measured by
spectroradiometer 5U. Actual chromaticity A aml target
chromancity T are preferably arrays of numerical values or
coordinates representing intensities of different wavelen ths
of light. In step 66, processor 446 cnmpares actual chroma-
ticity A with target chromaticity T and dctcrmincs any
chromaticity diffcrcnce 6 thcrcbctwccn. If chromahcity dif-
ference A &1 not zero (step 68), then the processor determines
how to adtust power to LEDs 3Z. For example, &t may be
determined that the 1&ght exiting wavegu&de ZU is delicient in
medium-ivavelength light (i e., reen li ht). In step 70
processor 446 uses the chromaticity data stored in memory
44n to dcterniinc ho&v to adjust LEDs 32 in second LED
array 30 (step 72) to compcnsatc for such dcficicncy. In this
cast: the processor ma&'tlsttuct ci1&ltti111er 44 ti1 i&le&ease.

power to green LED 326 to increase the bnghtness of green
LED 326. Alternately or additionally, processor 446 may
instruct controller to decrease poiver tn red I.L'D 32n and
blue I.LD 32c As a result, medium-wavelen th light is more
prominent in thc chromaticity of the light cmittcd from
second LED array 30. This medium-wavclcngth cnhanccd
light from second LED array 3U is u&mbined &n wavegu&de
20 w&th light Irom Iirst LED array 16, aml the chromaucity
of the combmed 1&ght exiung waveguide 20 has an increased
medium-ivavelength light component Decisinn logic 60
returns to step 64, where actual chromaticity A is again
dctermincd. Thc decision logic repeats steps 66, 68, 70 and
72 and adjusts LEDs 32 until in step 68 it is determined that
there is no difl'ercncc between actual chromaticity A and
target chromahcity T (i.e., A=O). Deci&&on logic 60 then ends
at step 74. Input device 48 and spectroradiometer are d&s-

connected from controller 44, and I.CD backli ht is ready
for use

As the chromaucity of. individual LEDs may change as a

function of time or temperature variatinn, it may be neces-
sary to periodically re-adjust the chromaticity of backlight
assembly 10 after thc backlight assembly has bccn calibrated
usin decision lo ic 60. Aspcctroradiomctcr or other dcvicc
that directly measures chromaucity may be integrally
mcluded in backli ht assembly 1U or may be periodically
reattached to controller 44 to penodically adjust the chro-
maticity I iowever, due to cost and space considerations of
including and maintainin a spectroradiometer for such a

purpose, it is preferable to use a spectroradiometer only
&vhcn initially calibratin the chromaticity, which is done as
the backlight &s being constructed. Further periodic adtust-
ments to the chromaticity of. the backlight assembly are done
by indirectly measuring changes in chromaticity. This &s

done by measuring the change in the relative bnghtnesses of
the first and second I.LD arrays, which indicates a corre-
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spomfing change in the chromaticity of: the comb&neet hght
from lirst anti second LED arrays 16, 3U. To ihis eml,
luminance-measuring devices such as photodiodcs are
included in thc design of the present invention. As shown in
I IG. 3, tirst and second photodiodes 76, 78 are pnsitioned to
mcasurc thc brightncss of the first and second LED arrays,
fcspi'ctivc1)''IG.

5 shnws a set of decision logic 80 that may he used
by controller 44 to adjust the chromaticity of thc backlight
assembly based on changes in relative brightness of the LED in
arrays. Decision logic 8U includes a prehminary operation
80a that is performed after the chromaticity of. the bacl light
has been initially calibrated as deacnbecf above. Preliminary
operation 80a includes a step 82 in which the luminance I o
of brat I.L'D array 16 is measured l&y first photndinde 76 and
thc luminance L of second LED array 30 is mcasurcd by
second photodiodc 78. In step 84, a baseline ratio R, of
luminances L, and L is calculated by processor 44h and
storecf in memory 44a. Baseline ratio Ro represents the.

relattve luminance or bnghtness of the fitst ancf secoml LED o

arrays &vhen the chrnmaticity of the backlight has been
calif&rated using spectroradiometer 50. In a subsequent
operation 80h, which controller 44 niay be programmed to
pcmochcally rcpcat as desired, the luminances of the LED
arrays are measured aml compared to the basehne ratio. zs
Specilically, in step 86 luminances L, and L. are again
measured by Iirst aml second photodiodes 76, 78, respec-
tively. In step 88, processnr 44b calculates a ratio R, which
represents the relative luminance ot'he first and second
LED arrays after a period of usc. In step 90, ratio R is
compared to baseline ratio R, that is stored in memory 44a.
If there is a digerence between rauo R aml rauo Re, in step
92 the bnghtness of lira( and/or second LED arrays are.

mfjusted to correct the chlference. Such adtusting of. Lhe.

relative brightness of the I.LI) arrays akso adjusts the chro- is
maticity at'he combined light created by the first and second
LED arrays. Steps 86, 88, 90 and 92 are repeated until in step
90 it is dctcrmincd that there is no difiercncc bctwcen ratio
R anti baseline ratio Re. The operation then ends at 94. As
previously stated, subsequent operation 8Uh may be repas(eel so
as oflen as necessary to ensure that the chromaticity of the
light supplied hy the backlight assembly remains constant
over time

The invention descnbecf thus far has charactenzed the. lira(
I.LiD array as heing physically separate from the second Ls

I.LiD array. I fo&vever, it is possible to cnnstruct the backlight
assembly such that the LEDs front the first and second LED
arrays arc physically adjacent each other. For example, thc
embodiment shown in FIGS. 1 and 2 may be mod&lied such
that LEDs 32 from seconcf LED array 3U and LEDs 18 from so

Iirst LED array 16 are intermingled along base 14 and along
edge surfaces 28a, 286. I'IG. 6 shows a backlight 100
according to another embodiment of the invention in which
LEDs 18 from first LED array 16 arc intermingled with
LEDs 32 from second LED array 30 along cdgcs 28a, 286 ..
of waveguufe 20. Backlight IUU is designed such that no
LEDs are positioned to emit light into waveguide 20 ihrough
first mator surface 22. Light-refiecting stops 26 may there-
fore he expanded as desired, and may even be replaced by
a hght-reflecting surface that completely covers the first ao

ma)or surface. A single cxcmplary light-reflecting strip 26 is
shown in FIG 6, it being understood that thc number, size
and shape of: light-rellecting strips 26 may be varied as
desired. Backlight 100 is useful in applications where it is
desired to use a solely edge-lit waveguide to provicfe li ht io as
an I.CD stack. I'he invention may also he varied such that a
mixed arrangement ot'.LiDs frnm the first and secnnd I.L'D

arrays emits light into waveguicle 20 only through lirst maior
surface 22. In such a variation no I.l'l)s are chsposed
adjacent edge surfaces 28a, 286 and it therefore may not be
necessary to use waveguide 20. Regardless of whether the
first ancl second LED arrays are physically scparatc or arc
intcrmixecl, control systeni 44 controls the bn htncss of thc
LEDs in lira( array 16 separately from the bnghtness of Lhe

LEDs in second array 30.
The mvention may be variecl in many ways. For instance,

to provide for more uniform mixin of the light from second
array 30, the second array may i&e disposed adjacent more
than one cd c surface of waveguide 20. As shown in FIGS
I and 2, a part of second array 30 is adjacent edge surface
28a, and another part of thc seconcl array is adjacent cdgc
surface 28b. It may also be possible that sera&nd LED array
30 is composed of: LED& all having the same chromaucity
output I.ight-scatterin strips 26 may be etched instead of
painted onto first major surface 22 of waveguide 20 The
brightncss adjustnicnt to the LEDs may be accomplishccl by
varying the amount of power to thc LEDs, or by pulse width
modulation techniques in which thc frcqucncy or length of
pulses of: power to the LED& is vaned. For instance, an LED
that is pulsed so that it is on 50% of the ume appears to be
dimmed ivhen compared to an I.LI) that is not pulsed

An advantage of the invention is that commercially pro-
duced I.L'l)s can be used to meet exacting chromaticity
rcquirenicnts for LCD backlights. This provides significant
savin s bccausc it is not necessary to custom-build LEDs
having specdic chromaucity outputs Furthermore, the
mvenuon compensates for Lhe natural chromaucity vanauon
mherent in commercially produced LEDs.

Another advantage of the invention is that the chroma-
ticity of an I.CD backlight can be adjusted or tuned to
compcnsatc for chromaticity chan cs of the LED array over
a period of time or as a result of naturally occurring
tcmpcraturc variations. This extcncls thc life of thc backlight
and ensures high-quality output over a long penod of use.

Still another advantage is that the chromaucity of: an LCD
backlight can be adjusted to compensate for faulty imh-
vidual I.LI)s in the backlight. 'I'his reduces the need to
completely replace the hackli ht due to faulty IEI)s.

Yet another advantage is that a regular-production I.('D
backli ht may bc custom-tuned accordin to thc require-
ments of difi'crcnt applications. Eliminating multiple LCD
backlight production ines provides significant savings to a
marluf;ICLllrei:

W'hife the invention has been chsclosecl in its preferred
form, the specific embodiments thereof as disclosed and
illustrated herein are not to i&e considered in a limiting sense
as numerous variations arc possible. Thc sub)cct matter of
thc invention includes all novel ancl non-obvious combina-
tions and subcombinations of the various elements, fcaturcs,
funcuons and or properues disclosed herein. No single
feature, function, element or property of Lhe d&sclosed
embodiments is essential to all of the disclosed inventions
Similarly, ivhere the claims recite "a*'r "a first*'lement or
the equivalent thereof, such claims should be understood to
include incorporation of onc or morc such clcmcnts, neither
rcquirin nor excluding two or more such clcmcnts.

It is believed that the following claims particularly point
out certain combinations ancl subcombinations that arc
directed to Lhe Lit&closed invenuons and are novel and
non-obvious. Inventions emboched m other combinations
and subcombinauons of. features, functions, elements and&or

properties may be claimed through amendment of the
present claims or presentation of neiv claims in this or a
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related application. Such amended or new claims, whether
they are directed to a different invention or directed to the
same invention, whether different, broader, narrower or
equal in scope to the original claims, are alan regarded as
included within thc subject matter of thc invention of thr
prcscnt disclosure.

What is claimerf is:
1. A bacl light for a liquid-i:rystal rfisplay, comprising:
a first light-emitting diode (I.ED) array that provides light

with a first chromaticity; iu

a secoml LED array that provides light with a second
chromaticity that ts dilferent from Ihe Iirst chromancity,
wherein the second I.LiD array includes at least one
I.L'I );

is
a combining clement that combines thr light front thc first

LED anrf seconrf LED arrays and directs the combined
ltght towarrf the liquid crystal ihsplay; anrf

a cnntrnl system that is operationally connected to the
second LED array, wherein thc control system sclcc- zo
tivcly vancs the bri htnrss of thc at icast one LED
inrlcpcndcnt of the brightncss of thc first LED array,
thereby arftusting the chromaucity of ihe combined
ltght, wherein Ihe control system includes a processor
that calculates the difFerence between a target chroma-
ticity of the combined light and an actual chromaticity
of thc combined light, thc control system selectively
varying the bnghtncss of thc at least onc LED to reduce
said diffcrcncc.

2. The bacl light of. claim 1, wherein the Iirst LED array
composes a plurality of LEDs that emit substantially white
light, and wherem the at least one I.LiD in the second I.L'D

array emits substantially non-white light
3. Thc backlight of claim 1, wherein thc chromaticity of

thc combined li ht is varied by varying thc power to thr at
least onc LED

4. The backlight of. claim 1, wherein the combining
element is a substantially planar waveguide.

5. 'I'he backlight ot'laim 4, wherein the waveguide has a
first ma)or surface, and wherein the first I.LiD array emits
light into thc wavcguidc through the first major surface.

6. Thc backlightof claim S,wherein the wave uidr has an
crlgc surface that is disposed at a non-paralicl angle to thr
first mator surface, and wherein the seconrf LED array emits
hght into the waveguide through the edge surface.

7 The backlight of claim 5, wherein the secnnd I.L'D

array emits light into the waveguide through the first major
surface.

8. Thc backlight of claim 5, wherein thc wave uidr has a
second major surface that is generally parallel to thc first
mator surface, anil wherein light that is combined from Ihe.

Iirst and seconil LED arrays exits the waveguide ihrough Ihe.

secnnd majnr surface to provide light to the liquid crvstal
display

9. 'I'he backlight ot'laim 8, wherein the waveguide has a
plurality of light-scattcrin strips disposed on the first major
surface, wherein the light hitting the light-scattcrin strips is
substantially refiected toward the secoml mator surface..

FU. The backlight of claim 9, wherein the plurality of.

light-scattering strips are disposed upon the first major
surface such that light frnm the-first I.L'D array is substan-
tially permitterl tn enter the waveguide through the first
ma)or surfaci, wherein thr light in the wavcguidc hittin the
light-scattering strips is substantially reficctrd toivard the
seconrf major surface.

11. The bacl light of claim 4, wherein Ihe waveguirle has
an cd c surface, and wherein thc first LED array and thc
second LED array emit light into Ihe waveguide through the
edge surface.

12. The backlight of claim 1, wherein the control system
includes a chromaticity-measuring means that measures the
actual chromaticity of thc con)bine(i light from thc first and
second I.L'D arrays.

13. A liackli ht for a liquid-crystal display, comprising
a first light-emitting diode (I.LD) array that provides hght

ivith a first chromaticity;
a second I.LD-array that provides light with a second

chromancity that is dilferent from the Iirst chromancity,
ivherein the second I.LD array includes at least one
LED;

a combining element that combines the light from the first
LED and second LED arrays and directs the combined
light toward the liquid crystal display; and

a control system that is operationally connected Io the
second LED array, whcrcin the control system sclcc-
tively vanes the brightness of the at least one LED
independent of the brightness of the first I.LD array,
thereby adtusting the chromaticity of the combined
light, ivherein the control system includes a brightness-
mcasuring means that measures thc brightness of at
least one of the first and second I.LD arrays at two
prcdctcrmincd times, the control system sclcctivcly
varyin ~ Ihe bnghtness of. the least one LED of the
second LED array in rcsponsc to a differcncc in the
brightness measured at the two predetermineil times,
thereby adjusting the chromaticity of the combined
light.

14 A method of adjusting the chromaticity of an I.('D
backli ht, thc LCD backlight provirling light comliined from
a first light-emitting diode (I.LD) array and a second I.ED
array, the nicthorl comprising:

obtaining a target chromaticity for the I.('D backlight by
measuring the brightncsses of the first and scconrl LED
arrays;

determimng an actual chromaticity of the LCD backlight,

calculating a diffcrince bctwcen thc target chromaticity
aml the actual chromaticity by determining the change
in thc ratio of the brightnesscs of the first and second
LED arrays as measured at two prerleterminerl nmes;
and

adjusting thc liri htness of at least one LED in thc second
LED array, thereby changing the chromaticity of the
light combmed from the lirst and seconrl LED arrays
and decreasing the difference betiveen the target chro-
maticity and the actual chromaticity.

15 The method of claim 14, ivherein the determining,
caiculatin, and adjusting steps arc repeated until thc dif-
fcrcncc between the target chromaticity and the actual
chromaticity is substantially zero.

16. The method of claim 14, wherein Ihe LCD backlight
includes a power supply that supplies power to the second
I.L'D array, and ivherein the brightness of the at least one
I.L'D in the second I.L'D array is adjusted by varying the
power to thc at least one LED.
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