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1 DESCRI PTI ON Apparatus and Method for Driving
Backlight Unit Technical Field The present invention
relates to a drive appar atjus and a drive nethod which
are adapted for performng drive control of a
backl i ght unit conprised of groups of LED el enents.
This Application clainms priority of Japanese Patent
Application No. 2004-205146, filed on July 12, 2004,
and Japanese Pat ent | i i No. 2004-336373,
filed on Novenber 1Qfﬁ§53éﬁ&Iﬁghkntireties of which
are ‘incorporated by reference herein. Background Art
Appdrandinidl Rpetieey FeBriviig BatlEibKdUaht Em tting Di ode)
el ements as display pixels, in order to perform
matri x drive operation of the LED el enents, X-Y
addressing drive circuits are required for respective
" pixels. The display device serves to perform
TechiRhEPFidl@n (addressing) of a LED el enment |ocated at
the position of pixel desired to be emitted (lighted)
by,.addressing drj.ve circuit to nbdulate |ighting ti
by 1E RFSseiitveptiPR acliien 10 Railicammgiug qosee deij@ppthod
to execute | um nance adjustnment to obtain display

whichiag¢ udeptedvior perforptiag eirtratctigteo 06 Bid HacklighPutiowevgsrised
when drive circuits are assenbled with respect to

of gr(l)&%l of ﬂﬁﬁ elements.
This Application claims priority of Japanese Patent Application No.
2004-205146, filed on July 12, 2004, and Japanese Patent Application No.

2004-336373, filed on November 19, 2004, the entireties of which are

incorporated by reference herein.

Background Art

In display devices Lising LED (Light Emitting Diode) elements as

~ display pixels, in order to perform matrix drive operation of the LED elements,

X-Y addressing drive circuits are required for respective pixels. The display

device serves to perform selection (addressing) of a LED element located at

the position of pixel desired to be emitted (lighted) by addressing drive circuit

to modulate lighting time by, e.g., PWM (Pulse Width Modulation) drive

~ system to execute luminance adjustment to obtain display picture having a

predetermined gradation.




LEDs, in the case where the nunber of LEDs is |arge,
the circuit configuration beconmes conplicated so that
cost is increased. On the pther hand, it is proposed
and studied to use LED el enments as backlight |ight
source for liquid crystal display. Particularly, since
a nethod in which LED el enents of respective prinmary
colors of red (R, green (G and blue (B) are

i ndividual |y used to. opticall rform.synthetic. .. .

A dHOWEUST, SYhsD TYS CisPaIts reopisamblediith fesgret iodndividual
easily take col or balance, such a nethod is

LEDextignghyebysestwHerd the ausilery ofeY/RBI¥s ofs tlgdoryi theOrtircuit
i mage receiver. Meanwhile, LEDs individually have

unevennesses of |um nance . val ues. .\WWen tenpt is
conflgafalton, bEcRiRgs POmRUCEL A BPHEST 18 RERIRs s o,
respective individual elenents nust be necessarily

dr iOreithe otteerhandp &, isropbsete ped dantied td \ee CIED Wiérbentisas
aresult, drive formextrenely beconmes simlar to

. . t he tri.x type ive.s em cors espondi ng,.t o .
backfigft gt 0 Re o liutd/PSsfel IR b REYL SPRE SBfHod in

el enents as display pixels. Nanely, in the case where
whichHeEBueleetert$ of EBsmdotivenpiimiasy lcat@s, oftrddvéR ); igreen {Ghyand

addressing woul d becone conplicated. Mreover, in the

blue {8k pfyicafly;usglo SRR syl SRl dfffive color

. device, since light em ssion coefficients of LED )
mixtulectioeobtmim fwhitess ight cae epsilyréake coloortmlafcer suclf R)method is
green (G and blue (B) are different from each other,

exterlly I SREAES B Ly Bele IR i nBIREY R e

col-ors. :
Meanwhile, LEDs individually have unevennesses of luminance

values. When attempt is made to correct those individual unevennesses,
respective individual elements must be necessarily driven, one by one, by
independent drive circuits. As a result, drive form extremely becomes similar
to that of the mafrix type drive system corresponding to the previously
described display device using LED elements as display pixelé. Namely, in the
“case where the number of LED elements is large, drive circuit by addressing
would become complicated.

Moreover, in the case where, e.g., LED elements are used, as light
source, for backlight of liquid crystal display device, since light emission
coefficients of LED elements of respective primary colors of red (R), green

(G) and blue (B) are different from each other, it is necessary to also adjust,




Further, in the LED el enents, since sem conductor
conpositions are different fromeach other every
respective colors, voltages and power consunptions of
elements are different fromeach other every
respective colors. In addition, in actual circuits
havi ng | arge powers of respective LED elenents and
used in LED drive operation for illumnmnation purpose,

v 806k Sy i J0TgbPRASERESS e et soior

drive systemso that it is economcally
Furthies avhe { &2 elements, sineevsomicdralutioyeompbsitiens sire different
proposed a nethod in which connection formof LED

ti .

Tonf LEOR Ol ek i R3u P SERHE, SORIESLIANpAREEL by of
t he cascade connection form PW adJ ust nent of

- elemeamts aret different framteaich aghen e rprespEdtivermobarsi on gr oups,

e g., groups in which LED el ements of red, green and
n r
bR HEEHIELEH) SHenks 1SPRIEKRARET pecye LED

synt hesi s of ﬁ of I I ght emtted from LED el enents
elemgnts aard U§¢da§hLE drveeperatiantoriHuringhen purmosensinge LIS1,

t he cascade connecti on for mis enpl oyed as connection

etc. ff@f clsre nfssnota 4rédV f)stp&“ﬁ{crea%%ﬁpﬁy the

umt delivering a ed term ne tage every

groups of red ar and bl ue_ LED eI enents which are
matreg BHea e Ay tflgt Briereremictly disadwmntagagusont r ol
unit is provi ded at the | oad side. Meanwhile, in the

o g s g ot Lt Lo
form 81” PEBY ér%gﬁtsairseusaeldsgs cascade connection form in order that the
circuit scale is not caused to be large. In the cascade connection form, PWM
adjus_tment of currents in a certain series of LED connection groups, e.g.,
groups in which LED elements of red, green and blue are connected every
respective colors is performed to adjust color tone and luminance based on
synthesis of rays of light emitted from LED elements of red, green and blue.
In the backlight unit in which the cascade connection | form is
employed as connection form‘ of LED elements, a DC-DC convertef power
_sdpply unit for delivering a predetermined voltage every groups of red, green
and blue LED elements which are cascade-connected is provided, and a

LED-PWM control unit is provided at the load side.

Meanwhile, in the configuration as described above, since temperature




di fferent and tenperature characteristics are not
uniform it is necessary to perform adjustnent of
pul se width every colors hy drive circuits dedicated
for respective colors. For exanple, under the
situations.where tenperature is not conpletely

el evated i medi ately after |ighting of the backlight,
the LED el enent of red having high Iight em ssion

d f .ab 50% ON
- lssisluplans ot Sppest B Folofrsitiams e also
LED el enent having low light em ssion efficiency is

differemittarel témperahineectefractepistic8re RA%forgl ittisrRecdssary to
drive pulse width of PWM signal . S| nce rays of I|ight
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tenperature and chromaticity) and Ium nance of white
respectiytcobdntsai ned by synthesis of rays of |ight emtted
from LED el enments of red, green and bl ue to detect,

Pl SRR s s Sl A p IR R Sl FRRERR] a%n%teteiy
execut e feedback servo so that the val ue thus
€ eva@ed snnedlistelyo afier tightingrof thenbaokdight cthdbbED slestentt) of red

in the case where resolutlon of change of pul se
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that, in dependen upon the nunber of di vi si ons
time gédsenpolse amith@tty igoalivherens torbER cdement having

the case 5 of the LED el enment of red having good

low gHOhidsiNEMRIERS) Weflifbd if%C¥me of about 80 ~ 90% of ON

time of drive pulse width of PWM signal.

Since rays of light emitted from LED elements have such property, it
is necessary for keeping cortstant color tone (color temperature and
~ chromaticity) and luminance of white light obtained by synthesis of rays of
light emitted from LED elements of red, green and blue to detect, by
- photo-sensors, rays of light which are respectively emitted from LED
elements of red, green and blue to execute feedback servo so that the value
thus detected becomes constant.

In such feedback system, e.g., in the case where resolution of change
of pulse width for controlling PWM sigpal is coarse, there would result
difference of adjustment accuracy such that, in dependency upon the number

of divisions between 0% and 100%, change width becomes coarse in the case




wher eas change wi dth becones fine in the case of the
LED el'enent of blue having bad (low |ight em ssion
ef ficiency) Further, since colors of rays of |ight
emtted fromthe LED el enénts have uneven accuracies
every respective colors by differences of resolutions
of respective col or systens, adjustnent of bal ance of
RGB and/or adjustnent of white |ight becone
difficult. In addition, even if the above-described
of ther bl relement d gd f@w@(goodnﬂmgb}nlyghtu gmissson effisiency,
out put but also |ight em ssion spectrumdistribution
wher@gls 01‘15%@ lvﬁﬂﬁﬂbéc&ﬁd FHRER IECcsR OF TP cfdiaBCoPYlue
tenperature ange in the LED elenents of respective
colors so_that |ight em . ssiqon chromaticities of
haVlH&b%@lOWngb@lm%ﬂ@fhQﬁ'g(éeﬂ%@cor dingly, in the case
where there is only enployed a nethod of detecting
|| gyt a8Tht icBFordloflfaly s%iengmt Smitted HODRIRE TEDCAERests
by the photo-sensors, It np033|ble to correct
change of cqlor tone. In_ the ?)mgere the b Ck|| ht
have JHQVCHACCHEIRIGT SYOIer BPSElYD 99 y diffpren¢es ohpesol
| oner directions with drive operation thereof, color

of reSREERNGSASr E)fsﬂ%soﬁd jiisfrhenentBalahcé BRRGBIRRY/GF HARistment
woul d take pl ace stated above, by perfornance of

t.he 0- Senso d/ or tenmperature characteristic of
Ofwmtf'ghgp% ﬁﬁi%ﬁ] %ipution of LED elenents, it is a

limt to rral ntain accuracy such that chromaticity
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not only light emission output but also light emission spectrum distribution of
LED elements of respective colors would change by temperature change in
the LED elements of respective colors so that light emission chrofnaticities of
respective colors change. Accordingly, in the case where there is only
employed a method of detecting light quantities of LED elements of
respective colors by the photo-sensors, it is impossible to correct change of
~ color tone. In the case where the backlight unit has‘ temperature distribution,
e.g., in upper and lower directions with drive operation thereof, color
unevenness based on difference of that temperature would take place. As
stated above, by performance of the photo-sensor and/or temperature
characteristic of light emission distribution of LED elements, it is a limit to

maintain accuracy such that chromaticity control deviation is about Ax=

0.002 and Ay=0.002. -




‘Problens to be solved by the invention The present
i nvention has been proposed in view of the problens
that prior arts as descrigoed above have, and its
object is to provide a drive apparatus and a drive
met hod for backlight unit which are adapted for
controlling a drive unit for emtting groups of LED
el enents on the basis of light em ssion quantities
and calorific value or values of the groups of LED
el ements constituting the backlight unit. The drive
. apparatus according to the present invention is
Disclgsuescofthetloventiani ve apparatus for backlight unit
conprised of groups of LED (Light Emtting D ode)

' &l@]’(}p‘g t: el emrents are
Prc’bcasca ee?%%lgﬁec'e eelgg?létﬁj{?hree primary col ors, which
conprises: signal generating neans for generating a
si E,Irpﬂﬂal presentnigvention bas been paapdieduigeyicadplitinproblernna tisat

for adjusting light em ssion quantities of the groups

a0 &b e e | t [ I by
P r10rh£a1§§ Eazserl:il Egg%rﬂlér at eg%gyﬁ:‘"t1 8 %ﬁ‘égﬁgﬁ %ﬁécgr %te;cﬁg&rar)gg%% Afive
vol t age applyi ng neans for applying, a predeterm ned

| f
appaiadps #9d avdriyet methedules baeklight wnénwiieeh aregadapted for

em ssion quantity detecting neans for detecting
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groups of the LED ele n accordance wth

- . .. voltage which has pbeen applied by the vo|tage
light £BYFSIPAJIABAINSS ":\I@E@@Pé‘?ﬁ’r valyer@cyalngs pEdhe groups of LED
detecting 7 tenperature or tenperatures of the groups

elem@its tbastitaBng! tha®atklighnghigont rol  neans for _
controlling the signal generating neans on the basis

fthe light . . T
© Tile%rlxlfegapparatus according to the present invention is directed to a

drive apparatus for backlight unit comprised of groups of | LED (Light
'Emitting Diode) elements in Whjch the LED elements are cascade-connected
every three primary colors, which comprises: signal generating means for
generating a signal having an arbitrary amplitude; adjustment means for
adjusting light emission quantities of the groups of the LED elements on the
basis of the signal which has been generated by the signal generating means;
i}oltage applying means for applying a predetermined voltage every the groups
of LED elements; light emission quantity detecting means for detecting
quantities of rays of light which are emitted from the groups of the LED
elements in accordance with the voltage which has been applied by the

~voltage applying means; temperature detecting means for detecting




em ssion quantities which have been detected by the
light em ssion quantity detecting neans and the
tenperature or tenperaturegs which has or have been
detected by the tenperature detecting neans. Moreover,
the drive nethod according to the present invention is
a drive nethod for a backlight unit conprised of
groups of LED (Light Emitting D ode) elenents in
which LED el enents cascade-.con ed every three
- tempitih G BRBFENHGR e GHORPS 6L 08 LgPgDeRtsp And-cargip!
step of applying a predeterm ned voltage every the
mearg' forpsorgfollibR @leesipnils gederatigftmeshs dhothe barnoftthe light
. detection step of detecting light quantities emtted
. f.romthe. groups,of LED elepents,in,agcqrdance. wth .
emisyiRg QHATAGE WAL P DERLACHENG by 1hE Tiete Sty bpiclyauantity
application step; a tenperature detection step of
detectieigemeang ahé the tahpeaturer oft agssratwes svhith has oghavpbeen
of the LED el enents; a signal generation step of
engraf i a signal  having an arbitrary anplitude on
-detec?%cgg%gg?g © h.g'e Ateée “egltgﬁ?%s'or t enper at ures which
has or have been detected by the tenperature
deiMbarcowar, sthe pdrian dnethod djacetrdmngt tos thep podseatjinredrition is a
light emssion quantities of the groups of the LED

. | . t t i Si i .
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. apparatus and the drive nethod according to the
Diodey elemmnts iinvwhidhohED elemeytstarm wiscadé-congediebevery three
el enents used as the liquid crystal 8 backlight,
: t [ I -t.he .p 5 ' t :
primd5, Sk S AR bnfiskls L 00N IpFalich Mo 81 Srfting o

ot her colors to performfeedback of relative_ o
predetermined voltage every the groups of LED elements; a light emission

quantity detection step of detecting light quantities emitted from the groups of
LED eiements in accordance with the voltage which has been applied by the
voltage application step; a temperature detection step of detecting temperature
or temperatures of the groups of the LED elements; a signal generation step of
generating a signal having an arbitrary amplitude on the basis of the
" temperature or temperatures which has or have been detected by the
temperature detection step; and an adjustment step of adjusting light emission
“quantities of the groups of the LED elements on the basis of the signal which
has been generated by the signal generation step.

In the drive apparatus and the drive method according to the present

invention, in a system of driving LED elements used as the liquid crystal




percentage (ratio), and to change the ratio subject to

feedback on the basis of detection results of the

tenperature sensors, thusgnaking it possible to

performextrenmely uniform'control. Still further

obj ects of the present invention and nerits obtained

by the present invention will beconme nore apparent

fromthe enbodi nents which wll be given bel ow vvith

erence to t ached dr awi ng Brief Descripti

backlégeh ﬂsteeﬁlswrﬁ@étp? phetarseRsas pelatingsta, pp ArRIKRY 6 or is

in a nodel form a coI or liquid crystal display
causediPlRb et dfercdicetbanbakll HaRE C%Ycﬁ*set bﬁe@fdﬁ’ﬁi fdedbagk RIfeeR#tive
; invention is applied. FIG 2 i s a di agram show ng
' a driyve.circui f the colqr |iquid I spl a
percepiage; datie), 033?%& tbparﬁtlm%xhj%qt&w egwia@ ahey ahistof

exanple of light emtting diodes used in backlight
detectiBht r&x@M§t bf UbhkeNterhperafgkokeddofsli ehed Wahldng G WS@“ble to

apparatus FIG4 is a view showing, ina rmde form

di ode .mark.of electric circuit diagram synbol,

Perfof%r%mﬁ‘w WforaL 690k | ght enitting di odes are

connected in the arrangenent exanple of light emtting -

di StiHsurtbeFbbidetd of the\freverghavemion hnd anérd@lbtiiaedby the

. unlt cell in mhlch six light emtting diodes in total
e arranged i4N pattern tat on in
* preseftf V¥R Sycogii; mihel dmigen: Bges the SralodiBietis Which
colors

will be given below with reference to the attached drawings.

Brief Description of the Drawings

| FIG. 1 is a perspective view showing, in a model form, a color liquid
crystal display apparatus of the backlight system to which the present
invention -is applied.

FIG. 2 is a block diagram showing a drive circuit of the color liquid
- crystal display apparatus.

FIG 3 is a plan view showing an arrangeﬁlent example of light
emitting diodes used in backlight unit constituting the color liquid crystal
display apparatus.

FIG. 4 is a view showing, in a model form, by diode mark of electric
cirpuit diagram symbql, form where respective light emitting diodes are

connected in the arrangement example of light emitting diodes.




FIG 6 is a view showng, in a nodel form the case
where three unit cells serving as elenentary unit are
successively connected by goattern notation in terns

of the nunber of light emtting diodes. FIG 7 is a
view showi ng, in a nodel form actual connection
exanple of light emtting diodes constituting |ight
source of the backlight unit. FIG8 is a view show ng,
in f.or cannection ple of. ht .emtti

o BRGRS S8 PN Moo pgRpaEniarn s cell S yHyfagt ffhe
showi ng, in a nodel form terrperature di stribution of

emittthg floales dppatahbrs arrkhged th llneéoWFﬁ%mMﬁ@m ih fer@ns of the
nodel form connection state of ight emtting diodes

n t ackl i ght ndt ture di stribution of
numl:teﬁé)flil(ghg Iﬁ%ﬂﬁ%‘%ﬂ?ﬁe@ﬂe@ flcq @53 view for
expl ai ni ng processing for estimating tenperatures of
refpEcébiive viesi thowing, inm anwld donay dieicsseswhery thasd unit
tenperature distribution pattern. FIG 12 is a bl ock

cells g&%ﬁ%ﬁ@%g%%ﬁ%ydr ' %rei éﬁfc%séw{;f)éﬁg%ié/ ! c?gy p%rt]tern notation

. expl anation with respect to tenperature 10
in terntsavfdbe eninsbércofdightapsitbifig digdds. whi ch are enmitted from
respective LED elenents. FIG 14 is a characteristic

di pesams Q%\Q%hﬁ%ﬂg,emoé n’f\@&'eqlfgﬂﬁf Detual connection example

- of light emitting diodes constituting light source of the backlight unit.
FIG. 8 is a view showing, in a model form, connection example of
 light emitting diodes used in the backlight unit.

FIG. 9 is a view showing, in a model form, temperature distribution of
display apparatus.

FIG. 10 is a view showing, in a model form, connection state of light
emitting diodes i the backlight unit and temperature distribution of the
display apparatus.

FIG. 11 is a view for explaining processing for estimating
temperafures of respective positions from one temperature sensor and
 temperature distribution pattem;

FIG. 12 1s a block diagram showing drive circuit for driving light
“emitting diodes.

FIG. 13 is a view used for explanation with respect to temperature




with respect to tenperature change of respective LED
el ements and brightness characteristic foll owed
thereby. FIG 15 is a view,ghowi ng deviation of white
chromaticity when rays 011 light which are emtted
fromrespective LED el enents are conbined to
optically performsynthetic additive color m xture at
the backlight unit to obtain white light. FIGS. 16A

| and. BB e vie dat a obt,ain by optically
Chﬁfﬂ&&?rfﬁwm Oggﬂlggﬁt pich, Argn gmitt ﬁﬂegrom respectiyeo diED
di agram shovm ng the configuration of the backlight

elememst. FIGS. 18A, 18B and 18C are views used for
expl anation with respect to resolution of PWM signal.

19B and 19C are vi ewg show ng wavef.or ns of
pﬁGs.JléAgﬁ & chefiiiteTitio; SReRun GsTPSEoR NS of dverelength
respective colors. FIGS. 20A, 20B and 20C are views

with ﬁdspwm tenfperattsd cRARSPLE fesplctivVal BIP el @its B)’l\ﬂ"bnghmess
signals delivered to the groups of LED el enents of

ctd we cal 11 Best Mode for Carrying Qut the
charaf:_ﬁ%g;ﬁﬁfgn E’r?giot F%Wts of the present invention will be
explained in detail with reference to the attached
dr BlfiinbS is ahdewr siraning dedationofiwhide eht@datioity &vigen rdys

color liquid crystal display

of light which are emitted from respective LED elements are combined to
optically perform synthetic additive color mixture at the backlight unit to
obtain white light.

FIGS. 16A and 16B are Viéws showing data obtained by optically
performing optical output balénce.

FIG. 17 is a block diagram showing the configuration of the backlight
unit.

FIGS. 184, 18B and 18C are views used for explanation with respect
to resolution of PWM signal.

FIGS. 19A, 19B and 19C are views showing waveforms of PWM
signals _d.elivered to the groups of LED elements of respective colors.

FIGS. ZOA, 20B and 20C are views showing practical examples of

waveforms of PWM signals delivered to the groups of LED elements of

respective colors.




apparatus 100 of the backlight system of the
configuration as shown in FIG 1. The color liquid
crystal apparatus 100 shoyp in FIG | conprises the
transm ssion type color liquid crystal display pane
10, and a backlight unit 20 provided at the rear face
side of the color liquid crystal display panel 10. The
transm ssion type color liquid crystal display pane

configuration jn which a TFT base
Bes"ﬁﬂ&@?‘?%&é{"yﬂggﬁ’g ‘?1}% W e el ectrode base
(substrate) 12 are arranged opposite to each other,

anEmbbiinests Githe Presdrdevention WilMbeCdkplgingd, intdetsil edth
nematic (TN) liquid crystal is filled |s provi ded at

t he Ci between. On the TFT base 11, there
fefeISP%efcgﬁ%ag?@@ﬁﬁaW% 14 and scanning |ines 15
which are arranged in a matrix form and thin film

tr arted pteent kfvensionvistappiied tel eEnd somirdiqiidarystal display
el ectrodes 17 which are arrangeJ I ntersecting

appabSaRialihg Reck iy i ot £ S' o psshed iy BIG 1.

serve to wite video signals dellvered fromthe
si g‘r‘lazl colondgjuld crydtal spparespolGl sigowhXal FIEE dctompeises the
t he ot her hand, opposite el ectrodes 18 and
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crystal display apparatus 100 is adapted so that the
provitledtatdhe nearsion sidepef theloolod liguiddrystybdsblali panedyl 0.
panel 10 of such a configuration 1is put between two

e, SahuBRefO T e O TRBI CPERCABPE e T8 Jhgt"the

- dsirradiated fromthe rear face "side by the -
configacatiom e winich 20 ED bakat(subsiicate) &t andl fn cyiposite redegrode
di splray can be

base (substrate) 12 are arranged opposite to each other, and a liquid crystal

: layer 13 in which, e.g., ﬁwisted nematic (TN) liquid crystal is filled is provided

at the spacing therebetween. On the TFT base 11, there are formed signal lines
' 14 and scanning lines 15 which are arranged in a matrix form, and thin film
transistors 16 as switching elements and pixel electrodes 17 which are
'-afranged at intersecting points thereof. The thin film transistors 16 are
sequentially selected by the scanning lines 15, and serve to write video signals
~ delivered from the signal lines 14 into corresponding pixel electrodes 17. On
- the other hand, opposite electrodes 18 and color filters 19 are formed at the
internal surface of the opposite electrode base 12.

The color liquid crystal display apparatus 100 is adapted so that the




obt ai ned. The backlight unit 20 conprises a |ight

source 21 and a waveform |ength selection filter 22.

The backlight unit 20 ser%?s to irradiate rays of

light which have been emtted fromthe Iight source

21 to illumnate the color .liquid crystal display '

panel 10 through the wavel ength selection filter 22

from the rear face side thereof. The color liquid

crystal display.apparatus , 100 to which fhe present )
transfksSiA; tyhe icgi%lypl&ﬂlﬁ@cpry?aﬁmsp B?fl\,ll\gel. ot Sl icoutiguration

circuit 200 of which electric block configuration is

is pus bewnedmtvid Polatization l[ﬁét'e% Qo Pekfohd dAVE opeFAtdNSINF tifke active

power supply unit | I0 for delivering drive powers of

the color l,jqujd crystal, di splay panel 10 and fhe
matr SSienin dhe Hlate gvickh wolle 1l e adiated Smm dhe gear face
Y-driver circuit 130 which are adapted for driving

side biethe Maoklihtwhid 20r sthal addediedyfinboslor Hagd di¥égday can be
process processing unit 150 supplied with a video

obt'Si nal through an input termnal 140 fromthe exte
, an inmage nenory 160 and a control unit 170 which
are connected to the RGB process processing unit 150,

andle baddigightnidrd0v eomprisesla light sdfef D1 a9l b oxaveform
drive control of the backlight unit 20. 13 In the

riye.cireuit . deo ,si gnak Vi which has_ been .
tengf{oeX el il 27 oFhe KeckiRardiaRir 20 Sbriuf ehdty SRS h atieht
_to undergo signal processing such as chroma
whichrlvaves beewy  erettted frpm hhe REhtpsaness2 prtocidlsningteuthd color
150. Further, the video signal Vi thus processed is
liquid QRYseAlt cﬁgpfa&%gn%?%Qﬁf&fghsﬂl%%hvélgﬁgth selection filter 22 from
the rear face side thereof. |

The color liquid crystal display apparatus 100 to which the present
invention is applied is driven by, e.g., a drive circuit 200 of which electric
block configuration is shown in FIG. 2.

The drive circuit 200 comprises a power supply unit 110 for delivering
drive powers of the color liquid crystal display panel 10 and the backlight unit
20, an X-driver circuit 120 and a Y-driver circuit 130 which are adapted for
driving the color liquid crystal display panel 10, a RGB process processing
unit 150 supplied with a video signal through an input terminal 140 from the
external, an image memory 160 and a control unit 170 which are connected to

the RGB process processing unit 150, and a backlight drive control unit 180

for performing drive control of the backlight unit 20.




RGB separate signal suitable for drive operation of

the color liquid crystal display panel 10. The RGB
separate signal thus obtained is delivered to the
control unit 170 and is ddfivered to the X-driver 120

t hrough the image nenory 160. Mreover, the contro

unit 170 controls the X-driver circuit 120 and the Y
-driver circuit 130 at a predeternm ned t|n1ng
corresponding to the RGB separate signal to drive the
collor the duive cirgsit s20Qi vidleaysigank|Vilehish R@8 bempanpuited
S|gnal dellvered to the X-driver 120 through the imge -

sepa a ettéglrrg%gﬂ@q_ﬁ%% g%ﬂ% ‘%‘?défﬁé %?%1 qﬂﬂ&%swsuch

I mredi atel y beIOW|IIumnat|ontype|n whi ch the ‘
as chnoaies presssaingt pise byother RGRyprocess yproe¢ssitigs phityl ardurther,

10 is disposed at the rear face thereof and serves to

L8O
e HHEEREY! UEN ) AER O
of the backlight unit 20 includes pI ural LEDs (Light
RGB:gepamteysignet suitableafarsdave mpseatinmofi the | aadon lignid taryigfal
di odes as light emtting source. The plural 1ight

dlspI%.?'I o{%}&*de'l‘ QOd'"FHEeRGB rs%PIer?‘éfé gf‘%}jdé gﬁﬁsa E)giaﬁé’dr% d8fYeRdd to the

ps of l1ght emt are driven every
ose sets. Then,. f.he arran enent  of I| ht em tting

Contlal oMt 10 ond 15 grliversdr te the Xedriyer a0 baERRS Ry tthe Limage

20 w1l be explained. FIG 3 shows the state where, as

m%?j’r 369 VEoteoR¥R ARG @ofifrol ’uﬁﬁt 1 7094561{‘&61@ $hé DRAESer LRIt 120
light emtting di odes I red, two light emtting

o 1 5 0 e Tt L5
RGB separate signal to drive the color liquid crystal display panel 10 by RGB
separate signal delivered to the X-driver 120 through the image memory 160
to display an image corresponding to the RGB separate signal.

The backlight unit 20 is of immediately below illumination type in
which the transmission type color liquid crystal display panel 10 is disposed at.
the rear face thereof and serves to illuminate the color liquid crystal from the
portion immediately below the rear face. The light source 21 of the backlight
unit 20 includes plural LEDs (Light Emitting Diodes) and uses these plural
'light emitting diodes as light emitting source. The plural light emitting diodes
are divided into set comprised of groups of light emitting diodes, and are
driven every those sets.

Then, the arrangement of light emitting diodes at the light source _21




unit cells 4-1, 4-2 so that six light emtting diodes
intotal are arranged in line. Wile six |light
emtting diodes are provided as the unitcell 4 in this
arrangenment exanple, dist 4 bution of the nunber of
respective colors may be variation except for this
exanple fromthe necessity of adjusting the |ight
out put bal ance because m xed color is caused to be
white |ight having good balance by rating and/ or
‘of the b@ctkllémlmsﬁlﬁw“éﬁ%ec&@imedf light emtting di odes
: used, etc. In the arrangenent exanple shown in FIG 3,
th Nint uni.t tiLEak
tnEIGn sBEls, e 8 Wiere "B afifhsationt, "RURRE! bF e
central both end portions indicated by arrow
emitting diedes,, twa lighuesiiting dindes bxdirpd.etvmlight emitting diodes 2
where the unit cell 4-1 and the unit cell 4-2 are
t ; - f '
of ex G BN ARG, HBb LSRR s B B IR Kosbplilelure by
respectlve Ilght enrttln di odes, i.e., light enrttlng
unit cgllgdob. 4-2cto thetisix highteraing idiodas ibdotil 2ro rignged ia fin

l'ight emtting di odes 3 of bl ue are connected in

se I [
Wik 5 hgﬁt d| r R %@?r@ﬁﬂﬁd% el &ﬁl?%fell 4 in thJS

conformg current romthe
left to the rig Her el pattern notatlon of wunit

arrang@menyexampie élhstrlhidtlprlgrft ¥\12rrutnfﬂpergo Hrespeeides colays may be
two light emtting diodes 2 of green and two |ight

variai®9h tecBt £ eilgSexhugplebiiden M€ HeREpRH! bfeddjuthesl (O light

that six light emtting diodes in total are arrange
- outpu balfeepecaat paErolb o Faisad o bS b Edieht dinvine foed
2R 2B) as shovvn in FIG5. Nanely,
balance by rating and/or light emission efficiency of light emitting diodes
used, etc.

In the arrangement example shown in FIG. 3, the unit cell 4-1 and the
unit cell 4-2 have entirely the same configuration, and are connected at the
central both end portions indicated by arrow. Moreover, FIG. 4 shows the
| example in which the form where the unit cell 4-1 and the unit cell 4-2 are
connected is illustrated by diode mark of the electric circuit diagram symbol.
In the case of this example, respective Iight-.emitting diodes, i.e., lighf emitting
| diodes 1 of red, light emitting diodes 2 of green and light emitting diodes 3 rof

blue are connected in series in the state Whera they have polarities confomﬁng

~ to a direction where current flows from the Ieft to the right.

Here, when pattern notation of unit cell 4 in which two .'light emitfiifrg




(2G 2R 2B) shows that six patterns in total consisting
of two patterns for green, two patterns for red and
two patterns for blue are;gaused to be elenmentary
unit. Further, in the case where three unit cells of
el ementary unit are successively connected as shown
in FIG 6, when pattern notation is perforned by the
nunber of Ilght emttl ng di odes in terms of syrrbol

diodgndi G5tk 1B Hetd SRIBRE Thies S Ofeicom e, o Lt emitting

relationship of light emtting di odes at the I'i ght

-diodepBiofe]ad apd réspectiask! uggdt soithiak sROlight bnﬁ@ufgx@ﬂodb@ @l total
As shown in FIG 7, at the |ight source 21,

el ement.ary unit |ch hr ee r. tha
are aiAERRg D) (e fef it bk he arpaber o pigh %ﬁuﬁs&g Ypds of
light emtting diodes is caused to be one mddle unit

 respecfiGeaB6m) itsis repdisetifed asn2@3RR 2B) s shétwnGR 18). 5aNamely,
: arranged|narratrleormhawngflverovvs|na

ctlon nd f.our .colums..in erti
(G g 2B iy i Befétns PhloiCepBRRnASLIFE s for
360 light emtting diodes in total are arranged. These
greemi tdb epatterns {@Gré&R #iid) twoe pattents forlblye covnemised o be
a screen horizontal direction so that light emtting

 clemGhAEP Tl FRRBEE Sl FasBHES IIPE (B Bl e 1EREhl:RY uni
electrically 16 connected in the screen hor| zont al

are Sdllcﬁeﬁstvfﬂ_ﬁ eomasterhest sipwn #ehil6s,6,awhshopatiernnnétaton is
8, at the light source 21 of the backl | ght unit 20.

.perfogﬂllé b9| W ndhBUP S H z%th etﬁ#ﬁhg did@dy u?nk:'i'ﬁl'sn%f (Symbol

whi ch are conn S&ries ina horizon

dlrectlon are formed. )
~expressed as 3*(2G 2R 2B), those unit cells are indicated by (6G 6R 6B).

Then, the connection relationship of light emitting diodes at the light
sourée 21 of the backlight unit 20 will be explained.

As shown in FIG. 7, at the light source 21, the elementary unit which
is-three‘ t_imés larger than the previously described elementary unit (2G 2R 2B)
of light emitting diodes is caused to be one middle unit (6G 6R 6B) so that the
.middle ﬁnits (6G 6R 6B) are arranged in a matrix form having five rows in a

7 :hori_zontal direction and four columns in a vertical direction with respect to the
- scréen. As a result, 360 light.-emi-tting diodes in total are arranged. These
_mi.'ddle units (6G 6R 6B) are electrically connected in a screen horizontal
'&irection so '_thla't light emitting diodes arranged in the lscreen horizontal

,'direct.i(_)n.' As stated above, the middle units (6G 6R 6B) are electrically .
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connggles

Further, at the backlight unit 20, independent LED
drive circuits 31 are respectively provided one by
one at i ndividual groups ﬁg of light emtting diodes
- ~which are connected in serres in horizontal direction.
The LED drive circuit 31 is a circuit for allow ng
current to flowin the group 30 of light emtting
diodes to emt them Here,, as the arrangenent of the
roupsigg light enitting. diodes 30 which_are. '
e thg screepehozontal dirgelion et apnerated in series nsrshown
~results the state where there are connected to each
. . o , i 1 ¢
I e B, OO ERCAERT AR . | T s plrg] grous
enperature .when the tenperature distributjon of
30 of aﬁﬁeﬁkghﬁ grittipgidiodes which-aep sennectackin sarssrin@aerizontal
di stribution exanple on the screen of the color liquid

directioviSdralfofhs®! ay apparatus 100 at the tinme of operation
of the backlight unit 20 is shown in FIG9. FIG 9

shq t he regi on re the paqrtion jn i.ch_ . hatching
s Futhep %ﬁﬂ%%ﬂ%@&%@&@&f dndepep ﬁElPrférlveegirgﬁﬂs 31

where the portion in which hatching is thin has | ow

‘are ré@@ﬁﬁély‘ép@vi@éd sheWy okt & Mdididual Brodi 3WbPlight emiiling
|

crystal spl ay apparatus 100, tenpérature becones

o IR R SRR TRt STHBT S e

and the screen |ower portion Sd has |ow tenperature.
circuftl & 16 d sirauiti fow dlfowimigC butrbet ¢ dwvarini thei @@iupn0 tafelight
connection relationship of light emtting di odes of

Ii:rllngio%e%r%g etmhftﬁe?nnper ature di st_rl buti on

emitt
Here, as the arrangement of the groups of light emitting diodes 30

which are connected in series in a horizontal direction, there results the state

where there are connected to each other light emitting diodes arranged within

- the region where respective LEDs have substantially the same temperature

when the temperature distribution of the backlight unit 20 is measured.

- The temperature distribution example on the screen of the color liquid

crystal display apparatus 100 at the time of operation of the backlight unit 20

(is shown in FIG. 9. FIG. 9 shows the region where the portion in which
E hatching is thick hés high temperature, and shows the region where the
: 'poﬁion' in which hatching is thin has low temperaujré. | As shown in FIG. 9,
- in the color liquid crystal display apparatus 100, tefnperaturc, Eecomes high

i according '_as distance from the picture upper portion Su. de'creases,




di agram of FIG 9 overlap with each other. As shown in
~FIG 10, in this exanple, when light emtting di odes
arranged in a horizontal direction of the screen are
connected, |ight enittingldi odes having substantially
- the sane tenperature are connected to each ot her.
Mor eover, at the backlight unit 20, as shown in FIG
10, there are provided tenperature sensors 32 for
detecting tenperatures of the groups of respective
tempeiahte eracbiresg higlmtesankD .théssdrben t lovwer portien s®dshas low
' 32, as shown in FIG 10, there nay be provided plural
tem {IT: at respective vertical positions corresponding to
PEH oups of light enmitting diodes which are
connected in series in a horizontal direction, or
onlBIGorid i@ wigw hia pihich dhd dingrame indsdatinghtheucotn@gdion
Mor eover, as shown in FIG 11, for exanple, the

eGSR B B tpion

. menory within which tenperature distribution pattern
diagriam tofeFKa r@ ervevlapt withl each oghtr oA$ shewor sdFil@. 10, in this

.. advance, e.g.,. nenory 49 which will be described
cxanlelt nef 1R HIGE gl BrafLaPTy ST0kEni] SRR Bt

vertical direction by nmaking reference to the content
screengare sondected: ilight vemiitings dindes t baying asubstandiadlyo thes zame
Tenperature values detected by the tenperature

tempégdr?ﬁ%:ﬁe%mﬁ&&eﬁecbie\é%%ﬁhéﬁ the LED drive circuit 32

I'ving corresponding group of light emtting

di odes. Further, at the backlight unit 20, as _shown in
FI Margovenegtethgr backlight unit 20,”as shown n FIG. 10, there are

- provided temperature sensors 32 for detecting temperatures df the groups of
respective light emitting diodes 30.

As the temperature sensor 32, as shown in FIG 10, there may Be
provided plural LEDs at respective vertical positions corresponding to the
~ groups of light emitting diodes which are connected in series in a horizontal |
direction, or only one LED may be provided at lo_ne backlight unit 20.
- Moreover, as shov'vn in FIG. 11, for example, the backlight unit 20 may be
caused to be of the configuration in which one temperature sensor 32 and a
| memory withi_n which temperature distribution pattem in the screen vertical

direction is stored in advance, e.g., memory 49 which will be described later
are provided at the screen center to estimate temperatures at r¢spective

positions in the screen vertical direction by making reference to the content




provided, e.g., light quantity or chromaticity sensors
33 (33R, 33G 33B) for detecting Iight quantities or
chromaticities of respectige colors of RRL, QB of the
respectlve groups of light emtting di odes 30. As
shown in FIG 10, plural light quantity or chromaticity
sensors 33 (33R, 33G 33B) are provided at respectlve
vertlcal p03|t|ons corresponding to the groups 30 of

ht emtting di odes which are conr%eZC in series
ﬁrom. detactionryalunc OBEr EIPFANIRIEBSOE S 2- t hLPBPRERjUIse values
enpl oyed an optical systemin which a diffusion plate

' detecftéH b?QhéntéﬂlP@ﬂltﬁféeS(ﬁﬁbi‘g 82 &¢ AelifkredWosthed BP diié efrbuit
: is utilTized to effectlvely performcolor m Xxi ng

rays of lighf emtted I ndi Vi LEDs, and the
32 fof K HE caIrPeRPRAIRE Bt Behi ?@Hitmgdﬁﬁfiﬁ y or
chromaticity sensors 33 (33R, 330 33B) to be one. It

| SFuftheg AR Bd&ﬁhgh D Jrie 20858 whewa LEPGr HO,UtRe afe
t he backllght l'i ght source for liquid crystal, there

providefistie BTGB G HHOAD) RS 99 PaRe v 5h oD for

groups of light emtting diodes 30 for t he reason of

detectihg liggt quagititie’ &f clongnigtientf asgpectivepdlodsnoff Re G B of
V\,here [ight quantity or chromaticity sensors 33 are ‘

osed at a qontion a art the groups 30 of
the repER s i TRt Dt HRREPdes Mot ot O a6 veak 11 ght
rays of light which are emtted fromthe groups of

| i glstshosw in FiG. d0pphraBlight quartitycasehraeatécityheerisoghB3
quantity or chromaticity sensors 33 are di sposed at a

(3RGES6, FEY R e R s PR Sic P bwREhS coffoo RaiER o
_ are emtted fromthe
the groups 30 of light emitting diodes which are connected in series in a
-hbﬁzéntal dfrection_. Moreover, there may be employed an 0pfica1 system in
which a diffusion plate for permitting the entire color mixture to be uniform,
etc. is utilized to effectively perform color mixing of rays of light emitted of
- individual LEDs, and th_é like to allow the number of light quantity or
chromaticity sensors 33 (33R, 33G 33B)‘ to be one.

It is to be noted that in the case_where LEDs are used as fhe Backlight
. light source for liquid crystal, there are instances where light quantity-' or
"'chromaticity seﬁsoré 33. cannot be disposed in the vicinity of the groups of
light emitting diodes 30 for the reason of the restriction of arrangement and

- ‘shape. In the case where light quantity or ch_fomaticity sensors 33 are

: d15posed_at-a portion apart from the groups 30 of light emitting diodes, they




groups of light emtting diodes 30. In such a case,
the characteristic of the 1light quantity or
chromaticity sensor 33 is Ealculated by optica

simul ation or actual neasurenent by the reference
light emtting diode, etc. to prepare the correction
val ue data thereof as nenory table in advance to
correct sensed |ight quantity data on the basis of
correction value data, thus making it possible to

detectoap Weaki lights ters of light whicloare estied fiosm the growns of Hght
LED drive circuit 31 for driving groups of Iight

iy o . o : g C .

conitfy dib86s 07 PEE (0 ik (b CHRS IRSE (At S vBdndlidy
the LED drive circuit 31 is provided within backlight.

sensersj 3 axe stispnsedratta potion nepr diem thengiawps2f bght emitting
exanple of the LED drive circuit 31 is shown in FIG

diodd30, ingy R Al by @tr@ﬂ;% g%%ﬂ, rdys 6P ﬁgh' Shici ateMitted from the

converter 41, a cons resistor (Rc) 42, a FET 43,

a P ontrol cifcyit_44, a capacitor 45, a FET, 46
groupgp canifgng dig ¢e30st & suoh acasy dhe chargteisticypt the

48, a nenory 49, and a CPU (Central Processing Unit)

light 2fianfibe ok ERrétahieite isERstrt 33 &lchlouRHeP blyesptidal Bimulation or
: det ect’i on out put val ues of 20 the tenperature sensor

' r sensors , and the ligh uantity,or chromaticit

actua gpeayiecmant By getorens Hebh anpming-dissie i4.dp Preppee the
supplied wth DC voltage VIN generated fromthe |ight

corregtiohCeallie 1dats hhwreof isFAemotyttablkeid advhsed t6 loR@ct sensed

oper ation of
- light quantity data on the basis of correction value data, thus making it
_ pbssible to comply with such situation or inconvenience.

Then, the LED drive circuit 31 for driving groups of light emttting
diodes 30 which are connected in series in a horizontal direction will be
explained. In this case, the LED drive circuit 31 is provided within backlight
drive control unit 180.

A circuit configuration example of the LED drive circuit 31 is shown
in FIG. 12.

The LED drive circuit 31 comprises a DC-DC converter 41, a constant
 resistor (Rc) 42, a FET 43, a PWM contro} circuit 44, a capacitor 45, a FET 46
for sample hold, a resistor 47, a hold timing circuit 48, a memory 49, and a

CPU (Central Processing Unit) 50.

The LED drive circuit 31 is supplied with detection output values of




inputted DC power to generate a stabilized DC out put

vol tage Vcc. The .DC-DC converter 41 generates a

stabilized out put voltagezémc so that potentia

di fference between voltage i nputted from feedback

termnal Vf and output voltage Vcc becones equal to

reference voltage value (Vref). In this exanple,

reference voltage value (Vref) is delivered fromthe

CPU 50. The anode side of th roup of light emitting,
the tGPERAIITSOSHIPE KT 5EBSOB0 ARe ARG B NS qUEIIY CToRHORAEHiLY

to the output termnal for output voltage Vcc of the

* sensd?§3BG30RN¥SE 88BJ1 through constant resistor (Rc).

Moreover, thée anode side of the group of |ight
em.tti i odes 30 whjch are,_connected i .series is
co Cﬁ%dﬂcﬁ coRger@cfibas supBlag mﬂ}tl%(g saliagey pogenerated

converter 41 through source-drain of the sanple-hold

from REE 1iht sourde €10 shb®nCit PRI 3b RrRirm SWetcHiBp&fation of

light”emtting diodes 30 which are connected in series

L. is nnected to the ground..th h the portion
inputied Jin PO o foncsene st & Stahilizedi i noutaig VpltageoV cene The

FET 43 is supplied with PWM signal which has been

DC-DEnevav&der damoeherdti £ anibifilzedi oatput ddltapthevVicdWd that

signal isin state, the portion (channel) between

 th he drain .of th ] d
potengi eI DPRAS piBeS Bbptiod o, fedback gl ¥ and

(channel ) between source and drain is tuned OFF.

outpudoastagiengly bevdners ttgaaPiVrsiegiiide valtdge ueVaeB, Thehis
FET 43 allows current to flowin the groups of Iight

 oxanl nhBhct Potfun, ol YRR IF RSt Py TP 0 50

The anode side of the group of light emitting diodes 30 which are

_connected in series is connected to the output terminal for output voltage Vee

of the DC-DC converter 41 through constant resistor (Rc). Moreover, the
anode side of the group of light emitting diodes 30 which are connected in

series is connected to the feedback terminal of the DC-DC converter 41

| -through source-drain of the sample-hold FET 46. Further, the cathode side of

the group of light emitting diodes 30 which are connected in series is

connected to the ground through the portion (channel) between source and

drain.

The gate of the FET 43 is supplied with PWM signal which has been

- generated from the PWM control circuit 44. When PWM signal is in ON state,

- the portion (channe]) between the source and the drain of the FET 43 is turned




in the group of light emtting diodes 30 to be zero.
Nanmel y, when the PWM signal is in ON state, the FET
43 emts the group of light emtting diodes 30. Wen
the PMM signal is in OFF state, the FET 43 stops
emtting operation of |ight em ssion of the groups of
light emtting diodes 30. The PWM control circuit 44
generates a PWM signal which is binary signal in

i ch du tLo hetwee ti me, and Ftine i .
ON. YhGL i POAhE i dugl s DBIF sttt Borfion LelipoeDabeieasn
a PWM control value fromthe CPU 50 to change duty

sourceaindodiain 4¢ aniethORF. A ¢dortilig 1y, WheR thé PWheIsignal T8#én ON
- capacitor 45 is provided between the output term nal

- converter .41 and the feedhack term nal
state, dhg FEF 45 AlIOWS S} o HOR. (e Houps G AL b drodes
term nal of the DC-DC converter 41 and the gate of

30. Witen thenpWavingbdalRs inADFF BigtenthedFETM Ngliows Quirterd Sloveing
supplied wwth a PWM signal to generate a hold signal

. which 1Ls,turned OFF .on r predeterm.ned,ti

in the' Bt o it RGiHipe ahiiab > e Belkarer HEetinian By BYM

, turned ON at other tinmes. The gate of the sanpl e-hold

signaFISTIMON stase; pthe iR wi3t émits lthé gremny odllightieinibtiha eliddesB0.
outputted fromthe hold timng circuit 48. Wen the

| Sd: l. 0:S A . sk at tae portion. (channgl
Wher R A0 o OBk el 7 43585, b S eb R At of
.. FET 46 is turned ON. Wien the hold signal is in ON
light emistsinn of the groups ofi light amitting deides80. t he source and
the drain of the sanple-hold FET 46 is turned OFF.

The PWM control circuit 44 generates a PWM signal which is binary
signal in which duty ratio between ON time and OFF time is adjusted. The

PWM control circuit 44 is supplied with a PWM control value from the CPU
- 50 to change duty ratio in accordance With the PWM control value.

The capacitor 45 is provided between the output terminal of the
DC-DC converter 41 and the feedback terminal thereof. The resistor 47 is
connected to the output terminal of the DC-DC converter 41 and the gate of
- the sample-hold FET 46.

The hold timing circuit 48 is supplied with a PWM signal to generate ™
a hold signal which is turned OFF only for a predetermined time period at
rising edge of the PWM signal and which is turned ON at other times.

The gate of the sample-hold FET 46 is supplied with a hold signal

- which has been outputted from the hold timing circuit 48. When the hold




In the LED drive circuit 31 as stated above, current
ILE,) is caused to flowin the group of Iight

emtting diodes 30 only for a tinme period during

whi ch PWM si gnal generate@2from the PWMV contr ol

circuit 44 is in ON state. Mdreover, the capacitor

45, the sarnple-hold FET 46 and the resistor 47
constitute sanple-hold circuit. The sanpl e-hol d

circuit serves to sanple, at the tine when the PW

signad igi@lQFF state, OGN sdréioa, (chahnel) betrméere thd sduree anddbealrain

the group of light emtting di odes 30,' i.e., one

or s Bl R FRTSHER. it TS WA e AR O s

value thus sanpled to the feedback term nal of the
the pofti® (chamesl) dretween Shecmurbe andGheCdrainvel ther sabple-hold
stabilizes output voltage Vcc on the basis of voltage

l. i.n d to the feedback term nal, crest (peak)
FETégllgg"rgFgcﬁﬁ ‘ent ILED flowi ng in the constant

-resistor Rc 42 and the group of light emtting diodes
301 ¢bo idED ahinst airtuit Adcas diated above, eureeniHpesns eaused to
circuit 31, pulse drive operation corresponding to

‘ g i . i i t 3 .
flow (30F WoBbIEligh? oA BRfies 30 DRIF0t & 1R fedof ypine

of light emtting diodes 30 is caused to be constant.
which PWM signabgencrated fesn floe RIS conluol eincuifddris ia QN State.

flowng in the groups of light emtting diodes 30, on

Moreo¥er, iR %agéciﬁﬁ't Rsdehecdy e-sﬂcggaaﬁlg‘)f%t Hﬁi gtﬁlte resistor 47

tenﬁeratur Sensor” or sensors t he

' guantity or chromaticity sensors .33 (33R 33G

constgug) samplerhold ¢istwt. Thmiamplsthpldiadrgpat seryes tasample, at the
chromaticity)

time when the PWM signal is in ON state, voltage value of the anode of the
group of light emitting diodes 30, i.e., one end of the constant resistor 42 in
which 6utput voltage Vcc is not applied to deliver the voltage value thus
sampled to the feedbaék terminal of the DC-DC converter 41. Since the
DC-DC converter 41 stabilizes output voltage Vcc on the basis of voltage
value inﬁutted to the feedback terminal, crest (peak) value of current Iiep
flowing in the constant resistor Re 42 and the group of light emitting diodes
- 30 becomes constant.

Accordingly, in the LED drive circuit 31, pulse dfive operation
~corresponding to the PWM signal is performed in the state where crest (peak)
~value of current Igp flowing in the group 30 of light emitting diodes 30 is

caused to be constant.




and | um nance of white light emtted fromthe

backl i ght unii .20 becone constant. Adjustnent of
~current values flow ng ingghe group of light emtting
di odes 30 may be perforned by changi ng PWM contr ol
value to adjust duty of current flowng in the group
of light emtting diodes 30, may be perfornmed by
changi ng reference voltage value (Vref) delivered to

of TG F BN 5Py i igta Adiisk Syhb Sasffih AOBRE in e Broups
di odes 30, or may be performed by conbi nati on of these

of lighf esdi disdénad®, ois tht dapik afdveth dbecibl Hifnals of the
perforns feedback control of intensity of rays of

ol S 5808 B A

tenperature sensor or sensors 32 and |light quantity
33 (3R cRBGNBBBYJ ty thainsslos t3i3e (S3l6r t83Petdbe ahd uhromiatiofty)
it possible to generate white light having uniform

and FRBEE YR, PRRRSL IR i BEcuhEE % Socome
tenperature sensor 32 is used for the purpose of

constapftrolling the-intensity of light em ssion of the
light emtting diode will be explained. 24 First, the

o AR RRHE, G EBPDF SaBles Blitdn 150 GRS iht srffing

a view showi ng relative |um nance val ues of respective

diod¢sER0 ehayriet perddrmed by Rhangire ® WS cantrobivabig 8) adjust duty
the graph of FIG 13,

~ of current flowing in the group of light emitting diodes 30, may be performed
by changing reference voltage value (Vref) delivered to the DC-DC converter
41 to adjust crest (peak) value of current flowing in the group of light emitting
diodes 30, or may be performed by combination of these adjustment methods.
As stated above, the CPU 50 performs feedback control of intensity of .
rays of light emission of the group of light emitting diodes- 30 on the basis of
" both detection signals of the temperature sensor or sensors 32 and light
'qUantity or chromaticity sensors 33 (33R, 33G, 33B), thus making it:possible
to generate white light having uniform chromaticity and laminance within the
image.
Here, the reason why detection output value of the temperature sensor
32 is used for the purpose of controlling the intensity of light emission of the

light emitting diode will be explained.




LED el enent tenperature is indicated in the x-axis
direction, relative lumnance is indicated in the
y-axis direction, and the,point of elenment

tenperature 25C is caused 1o be relative |um nance
100% The LED el enent of red (R) has the sem conduct or

| ayered structure of four elenent systemof AllnGP
Since the band gap energy is low, carriers

contrib on to light em ssion decrease he tine, of
hi §Hst, eﬁ‘fﬁ‘e renpeEatureTIoharaqlersic faths t ﬁmeﬁereent ill be
| owered. As a result, in the state of about 70C whi ch

explairﬁecﬂﬁ'ﬂhrtéferéﬁcé WRI@S. (9R8Nati ng) tenperature of LED
el enent, Ium nance value is |owered down to about 60%

is set as nof nal tenperature reov in .
tth@E%g’ SefrefiEWoshowing melativrahigaogn t}%? oF regpactive
with respect to tenperature is |large as corrpared to

HED 3?""3‘2?‘?%%’1"2%& ERR T E“WEE"?@‘%#B& R iy ?*ES‘“%% o

S mcond ctor | ayered, struc f three .Lelenen
LED g to emnea e, %s@dmseé Bheies e etg\f;etl%gtrﬁlaﬂve
: shorter t han that of the LED el enent of red (R) so

Jumiriahaet * ishéidicgietiolrs the cparidnatifectionl eind the asuigli nefl ¥lement
the band gap energy is large. Thus, these LED el enents

' fficult.to er.go.intl uence qf tenperature.
temp%%% A O A
rays of light of LED elenments are such that

t e"li’he IHDredembat af tred i(R)iles thief fepiicondustoe dhyered shuGture
14 is a graph showi ng brightness with respect to Iight

- of fofué Sl%lﬂ%l’lt gswgtgﬁ't (Q%gAg-ﬁ}ng?Lg§ﬁ’§)”[ﬁ/eb § gl e"éan%téy is low,
carriers contribution to light emission decrease at the time of high temperature.
Thus, light quantity emitted is lowered. As a result, in the state of about
70°C which is general as running (opetating) temperature of LED element,
luminance value is lowered down to about 60% when 25°C is set as normal
temperature. Moreover, in the LED element of red (R}, change of luminance
value with respect to temperature is large as compared to other colors.

On the other hand, in the LED element of green (G) and the LED
element of blue (B) having the semiconductor layered structure of three
element system of InGaN, those LED elements have wavelength shorter than
that of the LED element of red (R) so that their colors_ becorrte more violet.
- Accordingly, the band gap energy is large. Thus, these LED elements

become difficult to.undergo influence of temperature.




Graphs with respect to respective cases where
tenperature is 0C, 25C and 50C are shown in FIG 14.
In this case, in the graph.of FIG 14, light em ssion
wavel ength is indicated in the x-axis. direction, and
light em ssion output (brightness) is indicated in
~the y-axis direction. As understood with reference to
FIG 14, in respective LED elenents, not only |ight
em,ssi on antity with respect to tenperature_ (area, of
t hés gedidbeventtdapadsesio ﬁhﬂﬁﬂ\‘ﬂé?tlgﬁ%ﬁ’ééft}){s kg ED
wavel ength shifts toward | ong wavel ength side

elem@®s af&liih At tQNPEFAIY chdrAcefidtesdiffia dvieppcaldry., in
the LED elenent of red (R), wavel ength caorrespondi ng

no al n-.shaped,sumn t ai pt (peak) (peak wayel engt h)
sh#ﬂj’sif*dm rapéhg*%m HgBH@ﬁd@t Eeehest ﬁé%ilég emission
tenperature increases. Fromthe above-nentioned FIGS.

waveléhgtiidl o 4espelctive IURDeéhRads bifatd (RYMPAS AL ?G)? and blue (B).

characteristics, of the LED el enents$ greatly change
ependi ng upon respective cqlors. In concrefe.t ,

Gfapﬁft eYl Eﬁﬁ%’@%?‘béﬁ‘;ﬁ%% rqa8eT EHCTR teRPRTatEre | {lec( §§"‘“@ Zad
the characteristic that there is hardly change in

50°C| anel slesweg aFUE. I4L h Thegiig Cdask 0 i ahBegrablr 6f HIendel, aight
change of wavelength with respect to tenperature

. ¢change i.s spall. an he LED el ement 26 of d,(R) has
emissiofs el Sndthriscindléiied 1RHbe -pe Fidherionnand Tight damission
value with respect to tenperature change is |arge and
output fbnghtnets viaiedeagichinvihiehy-aespdiedctiono t enper at ure
change is also large. FIG 15 shows tenperature

dexlsqfd2Pst8bd ‘Wftﬁ ?efe?tra gea{d I3 ié.yl ﬁi,cllnErespective LED elements,

not only light emission quantity with respect to temperature (area of the
portion encompassed by curve) chahges, but also waveléngth shifts toward
long wavelength side according as temperature increases. Particularly, in the
LED element of red (R), wavelength corresponding mountain-shaped summit

point (peak) (peak wavelength) shifts toward long wavelength side according

- as temperature increases.

From the above-mentioned FIGS. 13 and 14, it is understood that

temperature characteristics of the LED elements greatly change depending

upon respective colors. In concrete terms, it is understood that the LED

element of blue -(B) has the characteristic that there is hardly change in
luminance value with respect to temperature change and change of

wavelength with respect to temperature change is small, and the LED element




chromaticity coordinate display (x, y)) when rays of
light emitted fromLED elenent of red (R), LED

el enent of green (G and %ED el enent of blue (B)

whi ch have the above-described characteristic are
conbined to optically performsynthetic additive
color mxture at the backlight unit 20 to obtain
white light. In this case, the characteristic shown in
FIG 15 is neasured in the state where feedback

of red §R) thsp the charaséerastis: onathg othghhandathat lymmansg vgdue with

chromaticity sensor is stopped. As shown in FIG 15,

r .

respey 80 B tRlperip argel 81 Sindd o Way ol HEATRIE oot
(Ay val ue) becones equal to +0.0025 and deviation of X

to terppsratyig changgds agdlasfial to -0.015. It is understood
that the chromaticity of white color is in

COIRT &S PON ARBHR %Ilirlgefd‘ﬁﬁret RIBATON \YTE it LRI Gafifity SCIE
corresponding to unt ai n-shaped sunmt. point (p€ak

(peak wavelength) . shifts towards |o vel.ength si
Chmlﬁé%’ﬁﬂicﬁﬁlfélﬁ@get 5@3&%%@) WhER Tays phoEbE kETited £¢@t ﬁgD
with respect to tenperature change of LED el enent of

elemé@dof Rd (RNAVBD dlecat - grébg (5Ruk] BRI eferhaivieof blue (B)

tenperature characteristic as stated above. Such LED
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colors. For this reason, the CPU50 is required to

perfoper fyrithictic catditioe @leo mixtwe AgtHd datleliger ahitr2) sensisthin
32 in order to allow color tone (color tenperature

_...apd, chronmgt.icity) of white.light emt om t he .
whi LT o Bin et g phiebcsErigidpow in FRG. 15 Hhichured in
the state where feedback control of temperature and light quantity based on

chromaticity sensor is stopped. As shown in FIG. 15, when temperature rises

from 35°C to 60°C, chromaticity of white light has the deviation that

deviation of Y (Ay value)} becomes equal to +0.0025 and deviation of X (Ax

value) becomes equal to —0.015. It is understood that the chromaticity of
white color is in correspondence with the tendency where wavelength
corresponding to mountain-shaped summit point (peak) (peak wavelength)
shifts towards long wavelength side according as temperature rises in the
characteristic with respect to temperature change of LED element of red (R)
shown in FIG. 14.

The LED elemenfs have temperature characteristic as stated above.

Such LED elements have large temperature _depehdency and have their




Further, in order to allow color tone (col or
tenperature and chromaticity) of white light emtted
fromthe backlight unit 29 to be constant, the CPU 50
is required to detect, by {i ght quantity sensors,
respective light emssion quantities of respective
colors of red (R), green (G and blue(B) to
synthetically control l|ight em ssion quantities of red
(R), green (G and blue (B). Nanely, there is not

- charagtgsistigs v agyingpiensasking aippsr ¢alors.  sbeibiuk regseny dhe (FHU 50

| ight em ssion quantity of red (R) by making reference

. i i t . t:
s 1oAY g o ULl Ao e, g, Bt i

em ssion quantity of red (R) by naking reference to .
order fogpHlow (ede tane ééﬂ%temmr@mr@ ad ghromsafieity) o whiterdight

green (G and blue (B)) also including other colors.

emitt %a diitRe bﬁél@li)%ht dE268Y brCRRtd@r M8 operation

culation) ©n the basis of matrix operationa
expression having three rows and three colunmms as
in mstgteréd ipy org 18| |6§lmﬁg colptmipge ( {§olpp temperature and
synthetically adjust |ight em ssion quantities of LED

chroBAGERNN 6f White9iiR CohRdCROBT thel FackBighBlnitZ) kd be(constant,

in1l ™12 m3 Y m21 n2 m 23 1Z nB1 nB2 nB3 Matrix A
the C&’LIE 50 is required to detect, by light quantity sensors, respective light
emission quantities of respective colors of red (R), green (G) and blue(B) to
synthetically control light emission quantities of red (R), green (G) and blue
(B). Namely, there is not employed an approach to perform feedback control
of light emission quantity of red (R) by making reference to only light
quantity sensor output for red (R), .but it is required to perform feedback
confrol of light emission quantity of red-(R) by making reference to light
quantity sensor outputs of all colors (red (R), green (G) and blue (B)) also
including other colors.

For this reason, the CPU 50 performs operation (calculation) on the

basis of matrix operational expression having three rows and three columns as

“indicated by the following formula (1) to synthetically adjust light emission

quantities of LED elements of respective colors (R, G, B).




Lg Lb In the formula (1), "X", "Y' and "Z" represent
chromaticity coordinates of rays of light emtted from
t he backlight unit 20. Moreover, in the formula (1),
"Lr" indicates detection %utput val ue of red conponent
of the light quantity or chromaticity sensor 33, "Lg"
~indicates detection output value of green conponent

of the Iight quantity or chromaticity sensor 33, and
"Lb" indicates detection output value of blue

[1] conponent of the light quantity or chromaticity
sensor 33. Moreover, matrix A consisting of

XY coe ,ﬁilciﬂgts dfr Yhree rows x three colums which
is precedin il% f the right side of the-fornula
Y| Matr “Copfficients multiplied by detection

Z j out pmf, viluem,(Li,LbLY, Lb) of the [light quantity or
chromaticity sénsor “33. (In this case, subscript x of
mis 1, 2, 3 and indicates row nunber of coefficient
correspfi@iAg thereto, and subscript y thereof is 1,

2, 3 and indicates colum nunber of coefficient
correspondi ng thereto). The matrix A shoul d-bél)
expressed as constant when considered ideally.
However, since LED el enents of respective colors have
~ 29 tenperature characteristic in practice as descri bed
above, the matrix Aresults in matrix obtained by . .
nulrt i thieyifogmunde r(1), CX8prie¥énend by~ csepiesprt jsayopraticity
three rows x three colums and matrix B of function
[ : ; of i
coordﬁ%‘t&%%yf &‘%65?8% la{ fit FIP% : dth thé Bﬂﬂﬂﬁéitqirﬁt P00f MBRover, in

e tenperature

thé formula (1), “Lr” indicates detection output value of red component of the
light quantity or chromaticity sensor 33, “Lg” indicates detection output value
“of green component of the light quantity or chromaticity sensor 33, and “Lb”
indicates detection output value of blue component of the light quantity or
chromaticity sensor 33.

Moreover, matrix A consisting of coefficients my, of three rows x
three columns which is preceding matrix of the right side of the formula (1) is
‘matrix of coefficients muitiplied by detection output values (Lr, Lg, Lb) of the
,.Iight quantity or chromaticity sensor 33. (In this case, subscript x of m is 1,
| 2, 3 and indicates row humber of coefficient corresponding thereto, and
‘subscript y thereof is 1, 2, 3 and indicates column number of coefficient
corresponding thereto). The matrix A should be expressed as constant when

considered ideally. However, since LED elements of respective colors have




characteristic. [21 nll1l ml2 ni3 ill ./12 113 nR1l nR2
n23 121 322 323 nB31 nB2 nB3 131 J32 .r33 k,I(T)
k,2(T) k,3(T) k21(T) k224 T) k23 (T) k31 (T) k32(T)
k,3(T) Matrix C Matrix B .. (2) Nanely, the CPU 50
~perfornms, on the basis of the fornmula (1), by using
detection output (T) of tenperature sensor 32 al ong
with detection outputs (Lr, Lg, Lb) of the Iight

uant i or. chtopaticity sensor,, 33, ,a feedback.
tempQ 3Rtk At TR DB ctoe B SO EDR, S0 B A hgesults
chromaticity) of white |ight becomes constant. In
in mathixs obtadted eb?; hauldplyang kmairlx \@Irepeesehiedh b?ré‘onstant jxy of
conmponents of the matrix B and coefficient j. val ues

which are co nents of the. ri ar.e al cul at.ed
three | TPV BB PONaS M B hrello O cifaitiope Rad) USing, a5
shipping or forwarding fromfactory, and are stored

paramstenyetepiperdfirehTcbf iISEDoristabmd ifbe cameslny - thd0tethgerature
- practical operation of the CPU 50 for performng the

charagﬁ?igﬁé.i on

[2]
My ny my, Ju Ju Ja ki (T) kp(T) k(T
Mgy My My | = | Ju Jun Jx kny(T) ky(T) ky(T)
My, My, My Jn Jn Ju ks (T) kyp(T)  ky(T)

MatrixC MatrixB

Namely, the CPU 50 performs, on the basis of the formula (1), by
using detection output (T) of temperature sensor 32 along with detection

outputs (Lr, Lg, Lb) of the light quantity or chromaticity sensor 33, a feedback

- control such that color tone (color temperature and chromaticity) of white

light becomes constant.

In this example, function k,y(T) values which are components of the
matrix B and coefficient jy, values which are components of the matrix C are
calculated in advance_ by experiment or measurement before shipping or -

forwarding from factory, and are stored in memory 49 which is non-volatile

memory.




(cal cul ation) and the control which have been stated
above is as follows. During the operation of the
backlight unit 20, the CP%bSO perfornms, at a suitable
time period (e.g., every predeterm ned tine period, or
at all times) an adjustnent control of chromaticity
and | um nance of the backlight unit 20. Wen the CPU
50 starts the adjustnment control of chromaticity and

| uni.nance of the backl | ght %Pit 20, it reads out

outlgi: Brasticeh eperation; o Ud ) dop performang the opgmtion

the light quantity or chromaticity sensors 33, and

(calcabltich) @heans ceHirbl WhecH HAGE besh ktatdd ah6vE RR&s follows.
coefficient j,,y fromthe nmenory 49. The Ois

CPU 5
operative to suhstitufe tenperature or t ratures
wh Lk heppratien i dhe bag g%uwiphﬁlq égﬁﬁﬁﬂ:@r rms, at
sensor or sensors 32 into T of the above-nmentioned

a suifab]eins Péﬂibd qe%.,fw&)ary%k‘édbtérﬁﬁﬁéd it ?_eﬁ;@ﬁ,e 6f aPAll times)

val ues of the light quantity or chromaticity sensors

3.nto Lr Lb of .t.he ove- nentioned formul as
an a‘ﬁ‘iﬁm}mg CPESIOfgf eafomtigiEy inagiceiatdh ?a,ac gl 20.
' respective colors of the backlight unit 20. Further,

t hAVEEW the CRJUSO staty tienhdjustient BYMrel bf chrokeisity and

value) caused to flowin LED el enents of respective

- col hat,.t h iciti X. Y, Z) th
tomi 54, 51 s bRERHE AR A "GafbEt Pkl oh thedmpriyre
49, etc. in which specific set values, e.g., ideal

sensoradissnsare 32eandahorlpis uemititg @r chiopnatidity sendorod3, and
factory. Thus, the CPU 50 permts col or tone (col or

cats [ FREFMHE ARBSUPKCIRRIRE ol b bt By .

The CPU 50 is operative to substitute temperature or temperatures -
which has or have been detected by the temperature sensor or sensors 32 into
T of the above-mentioned formulas (1) and (2), and to substitute detection
values of the light quantity or chromaticity sensors 33 into Lr, Lg, Lb of the
- above-mentioned formulas (1) and (2) to calculate chromaticities (X, Y, Z) of
respective colors of the backlight‘ unit 20.

Further, the CPU 50 adjusts currént value (PWM duty or crest value)
caused to flow in LED elements of respective colors so that the chromaticities ;
(X, Y, Z) thus calculated become equal to values stored in the memory 49, etc.
in which specific set values, e.g., ideal values are set before shipping or
forwarding from factory.

Thus, the CPU 50 permits color tone (color temperature and




at all th-nes. FIG 16A is a view show ng tenperature
deviation of chromaticity (CIE chromaticity
coordi nate di splay (X, y)% of white light emtted from
the backlight unit 20 in3the case where chromaticity
control is performed Only by the light quantity or
chromaticity sensor 33 wi thout perform ng feedback
control by the tenperature sensor 32 (the case of the
' conventional nethod). Mreover, FIG 16B is a view
chroglatinityy of eviite Hght emdtted ditdmrthe backlightauniti20yto b&lcBnstant
chromaticity coordinate display (x, y)) of white |ight
atallfﬁ%g%ed fromthe backlight unit 20 in the case where
eedback control by both the tenperature sensor 32
and the light quantity or chromaticity sensor 33 is
petlor i 19 a jerw hovahgotemparature cdawiatodn (athehwasaticity

of the nethod of the present invention). As shown in

F ‘i : : c td Gt s i
(O Pty RGRE RIMR 1o ULRE G Yichf Rl fppn the
sensor_ 33, Ay value is +0.0010 and Ax value is
backlightoni wgno%n@i'cmse ovhegetakiramatisity oagéral is peeforoedoonly by
is understood that this characteristic is

50". It
ot by . ) y .

the R QuERigy ol KprmalitlfTadlsot 33 NGy Beciming Yetback
shown in FIG 15. Further, in the case where feedback

contigh miyr the temnesature sensampe(thaicase of the conyentienalyaethod).

l'ight quantity or chromaticity sensor 33 is~ perforned

Mordd¥er, BIG, AEB 5 QBN s‘fﬂo‘xﬁngqehfﬁélraﬁ?e aBeMR oot ¢ ronddRity
Ay value is +0-0005 and 3Z Ox value is -0.0005 as

deviation within the range from25C to 50C. It is
(CIE (ﬁqromanc{]ty Coordinate dlspaiajg (x, ?) o% W%ute light emitted from the

backlight unit 20 in the case where feedback control by both the temperature
~sensor 32 and the light quantity or chromaticity sensor 33 is performed to
perform chromaticity control (the case of the method of the present invention).

As shown in FIG 16A, in the case where chromaticity control is
performed only by the light quantity or chromaticity sensor 33, Ay value is
+0.0010 and Ax value is ~0.0015 as deviation within the range from 25°C to
50°. It is understood that this characteristic is improved by 1/5 in terms of Ay
value and by 1/10 in terms of Ax value as compared to the characteristic
shown in FIG. 15.

Further, in the case where feedback control by both the temperature
sensor 32 and the light quantity or chromaticity sensor 33 is performed to

perform chromaticity control as shown in FIG 16B, Ay value is +0.0005 and




understood that this characteristic is inproved by 1/2
interns of Ay value and by 1/3 in terns of Lax val ue
as conpared to the characggeristic shown in FIG 15 so
that further characteristic inprovenent is perforned.
As stated above, in accordance with the backlight unit
20 to which the present invention is applied, since
col or tone (color tenperature and chromaticity) and

| um pan white l.ight.1o0 he emtted are caused to. .
ax vt BorPafle asneviatiofavichfy i tanaseiont P3iC & Sﬂaéslt Is
of the tenperature sensor or sensors 32 and the |ight

undefstead thiat this REsiBtisE¢ 13/ingeRved b3 P2 B3X8rm3 HABIEe and

it is possible to emt rays of light of stable "col or

by BB T6HBKPT QiR 08 cOBIEres 14 e CENBCRFSC GowA In T1G 15
expl ai ned. As shown in FIG 17, the backlight drive

so thetofuithelr chmiaktckBic iggﬁm&r'emﬁ rdoaied.descri bed pl ural
LED drive circuits 31 supplied with voltage from

oreyRtligtyp oo PRt el ackBebFFic 2l fibiny the

_ 30. In FIG 17, the group of gl indicates group of the
presenpparventionr ¢ appligd)s etheefl @loupiont l(cglor &mperange and
di odes 30 of red (R1l), group of light emtting diodes

R PR S BH8 D A I8, S

row | ocated bel ow by one row relative to the group gl
constantrposthe logsigyob hpthfddtegtiun: signais of) thie delmpeBiuns semsdr or
' (R2), group of light emtting diodes 30 of green (&)

sns RS 3Rl AR APy o P,
it is possible to emit rays of light of stable color tone with high accuracy.

Then, the configuration of the backlight drive control unit 180 will be
explained. As shown in FIG 17, the backlight drive control unit 180
comprises the above-described plural LED drive circuits 31 supplied with
voltage from power supply 110 for converting AC voltage into DC voltage to
drive the groups of light emitting diodes 30.

In FIG. 17, the group of gl indicates group of the uppermost row
composed of group of light emitting diodes 30 of red (R1), group of light
emitting diodes 30 of green (G1) and group of light emitting diodes of blue
(B1). The group of g2 indicates the group of row located below by one row

 relative to the group g1 composed of group of light emitting diodes 30 of red

'(R2), group of light emitting diodes 30 of green (G2) and group of light




di fference between drive wi dths when PWM signal is
delivered to the group of light emtting di odes 30 of
respective rows. Here, thg PWM drive operation with
respect to the group of a emtting diodes 30
which is perforned by the backlight drive control unit
180 wll be explained. First, attention is drawn to
the LED el ement of blue (B). Since the LED elenent of
(B) has difficulty in |um nous efficacy, ON tine
emlfﬁeg |dé@rieSo30 oh&lpefBd). dJradditon.iad 4 shees, iaryatodehdarm,

i ght em ssion perl od of the LED el ement of red (R

diffefdite bdtwrleh Vid@s8FhHeh @Wﬁ\? tvei?’éd to th% group

conpensate l1g t quantity of s or reover

har dl y _exi sts di fference between drlve wi dt h of PWWM
thg'lt@ﬁ@[ﬁ% pdesBbet respeefive ¥oWs.and drive width of PW

signal of B2p of the g2 row. This is because since gl

roWére, thO P @hoy % gﬁgﬁnﬁi S\}Fitﬁyreggé&t f.'g ?hef gr&%]% r(ﬁ""hght

so that Tt "has high tenperature
whi ch tentigon iis drawn i s LED elenent of b )
emitiig CherascEl Wi ghis BeRaSTeR byhn duckyEhtAnEe sonkel uhit 180
: dependency, it is unnecessary to allow drive width to
willb@e}\(ﬁlah%ﬂ. Then, attention is drawn to LED el enent of
red (R). Since the LED elenent of red (R) has good

['ight |um nous.efficacy, ' eri od PV
Si %%ﬁt Ut i ﬁéwg%cm%iﬁiﬁl%nﬁwe ot%rbi%f@aeﬁen% the
blue (B). Moreover, difference k between drive w dths

LEDgzleﬁl\éM of Ghad (B hixb ﬂl@‘cuﬂh' inoMingiho@Bs @fiYidss IQINaime fperiod
p of g2 rowis |large is is because since gl row
of theSPWM signal is caused to be larger than light emission period of the
" LED element of red (R) and LED element of green (G) to complement or
compensate light quantity of shortage. Moreover, there hardly exists
difference between drive width of PWM signal of B1p of the gl row and drive
width of PWM signal of B2p of the g2 row. This is because since gl row is
- located above the display relative to g2 row so that it has 'high 'temperature,
but LED element to which attention is drawn is LED element of blue (B)
having less Iight emission change by temperature dependency, it is
unnecessary to allow drive width to be varied.

Then, aftention is drawn to LED element of red (R). Since the LED
element of red (R) has good light luminous efficacy, ON time period of the

- PWM signal is shortened as compared to the LED element of blue (B).

Moreover, difference k between drive widths of PWM signal of R1p of g1 row




| ocat ed above the display relative to g2 row so that
tenperature is high and LED elenent to which
attention is drawn is LED Ienent of red (R) having

| arge |ight em ssion quan?lty change by tenperature
dependency, it is necessary to allowdrive width to
be varied. The backlight drive control unit 180
perfornms drive operation such that pul se w dth of the

PWM si.gn econgs large,  in order . to realize |i
and %WM mgpg{aaf %ﬁ@egﬁ,g?rr%ﬁ)&gge{ Shgy upacause Sa%qsfeg? row is
rows, at g | row where tenperature is high. The

| locatéé%o'vgrthe (Hlklylﬁ GRHtIV tdH thrOWQo'tﬁaﬂﬁbiﬁﬁﬁﬂuﬁ@ is1a

di fference of tlma period of PWM signal is use

' a techniqu r changi ng l'i ght nt
LED glgment 4o ayhi atEeRbonais frava &Lﬁﬁ@fﬁ‘éﬂﬂ&f FF‘é{ éﬁ bﬁgylg

to be uniform thus nmaking it possible to ensure

largeu Ngher Bhdidsionh §eamakaichhfge cbg aghpérafireC depéidehcyheit is
di spl ay. Then, 'the operatl on Tor adjusting adjustnent

. resol uti.ons O.f res ctlve [ ain
necetsaro i AN dniye i a R B The Skl dejve Eonol unit

resolution of PMM signal. FIG 18A shows waveform

180 ?emlm gfiveVbpeahdoa! sitdl itvar edlseowititte ofr thep PAVM  signal
: |ght emtting diodes 30 of red (R}, FIG 18B shows a -

becol Ry P Al Sy e S S LR

18(C) shows a waveform di agram of PWM si gnal delivered
of other tdves, agpd wpwolhbiegtemssrature dghighodes 30 of blue (B).
35 As the result of the fact that m xture ratio of
raﬁeogaékil%% &l £65E1 8%t 180 is adapted so that difference of
ON time period of PWM signal is used as é technique for changing light
emission quantity in order to allow temperature distribution of the display to
be uniform, thus making it possible to ensure uniformity of temperature
characteristic within the display.
Then, the operation for adjusting adjustment resolutions of respective
colors will be explained below.
FIG 18 is a waveform diagram showing resolution of PWM signal.
FIG. 18A shows waveform diagram of PWM signal delivered to.ﬁthe group of
light emitting diodes .30 of red (R), FIG. 18B shows a waveform diagram of
.PWM signal delivered to the group of light emitting diodes 30 of green (G),
and FIG. 18(C) shows a waveform diagram of PWM signal delivered to the

group of light emitting diodes 30 of blue (B).




the LED el enent of red (R), rays of light emtted from
the LED el enent of green (G and rays of |ight
enmtted fromthe LED el eng {)ﬂ of blue (B) is adjusted
in order to obtain a predeterm ned white light, a
predeterm ned white |ight can be obtained, as shown
in FIG 18, at the tine of m xture ratio where pulse
wi dt h of PWM signal delivered to the group of |ight

emtting diodes 3 blue (B) is 9% ., pulse
wi drhihgrres ithe, gqctaﬁiﬂa PSR i ¢ ra@frsdffghgﬁifemﬁ@ﬁtfmm

emtting diodes 30 of green (G is 191 (about 75%,

the 100 dleheat Wifded (RYf r3Vb8 lighelentitted FRor @PLBD klcthént of

emttlng di odes 3 of red (R is 126 (50% . Moreover,

grect, YAV et HELHH SRUIED Tt heol EBAIGRgRLIOE Dlde (B) is

delivered to respectlve groups of light emtting

adjusied deordd tosotaghn 4 préldberinginet Rehite HERE aOprelieagannediwhite
pul se w dth of PWM signal delivered to the group of

lightisytt e SRietsicch Fa.chShauin [ HOA & ot fBie Gomiewe grog
of freedom of adjustnent wi dth of pul se vvfdth of PWM

pulsessiwgdihl of B Mvspasl delivdred go ek gedup bf igheedittinggdiodes 30
d| odes 30 of red (R) can be only adjusted by 1/126

of by §B 4256 (L0071 PhisS Widlf itV aRenat ISR %ﬂ}%%mup

wi dth of PWM signal delivered to the group of lig
of lighti emithing diiodizss3(Bof gred (&) (8) Ybdaboes78%)aknd tpmlsae w1dth
val ue which is twice larger than 1 Step of pulse width

of PEEERR! 87 She a0 BERE b b BP0 ot LR i 126

(50%),
Moreover, in the above-described example, in the case where
adjustment width of pulse width of PWM signal delivered to respective

groups of light emitting diodes 30 is set to 8 bits, the degree of freedom of -

- pulse width of PWM signal delivered to the group of light emitting diodes 30

of blue (B) can be adjusted by 1/256 Step as shown in FIG. 18. However, the
dégree of freedom of adjustment width of pulse width of PWM signal

delivered to the group of light emitting diodes 30 of red (R) can be only

- adjusted by 1/126 Step which is about one half thereof. Moreover, there
takes place the inconvenience where 1 Step of pulse width of PWM signal

delivered to the group of light emitting diodes 30 of blue (B) becomes equal

to a value which is twice larger than 1 Step of pulse width of PWM signal




i nconveni ent froma viewpoint of insurance of

adj ustment accuracy. In order to avoid such

i nconveni ence, it is necegsary to increase resolution
of adjustment wi dth. For exanple, there is a technique
of allow ng adjustnment width of pulse width of PW
signal delivered to the group of light emtting

di odes of blue (B) 30 to be 10 bits. - Hovvever t here

. is_ a djfference _between a e
delivergdpi: trleegrgmu,% ht egyiftiries e %g’fﬂdog '$B). shis is
i mprovenent is not performed in principle, when
inconfehieat efion 0fh PletipotPeifl ds@lanB¥YWMosi afplstmeat hascuracy.
50% adjustnent Wi th of pul se wi dth of melsrgna
del i to the, .of 1ight enr%tln di odes
red ut aget é‘c‘ iBCONVERIERCe, df i 8P$Sé§$<§ﬂd‘inﬁ§ease
to 1 b|t In addition, when the adjustnent resol ution

resolt&aOness adfuamene AAthi t SEor dX@bdple, aBererites feehnique of
perform ng processing, etc. becomes expensrve so tha

* allowipg afgiimeth widh S iSe Wit of PWRE SRR [deivere B9 ahe

control unit 180 adjusts crest (peak) value of a

groupsoﬁhght ¢raittispativdesiof Bhie (B3 3(etd bEDD bitle! i Howestef, thepe is
th e DC-DC converter to the respectlve gr oups of Ilght

-3 at ad ust ment .w dt hs of

a aifffindd ShipReOerlinSfnt ol Re gRSRatls uk of“ﬂght
emtting diodes 30 are substantially uniform(e.qg

emittimgt dipdes 3be \Bineé ampraiengersnis afot ékfarngsthin pﬂhmpéc ewhen
to the group of light emtting diodes 30 of red (R

differiec BF N iy Eaitiot RIPQERACH R HRTE0ZE Anfpcitiden

30 of green SG) S ]
of pulse width of P signal delivered to the group of light emitting diodes

30 of red (R) would be deteriorated by value corresponding to 1 bit. In
addition, when the adjustment resolution becomes equal to 10 bits or more,
converter for performing processing, etc. becomes expensive so that the cost
of the device itself is increased.

In view of the above, as shown in FIG. 19, the backlight drive control

‘unit 180 adjusts crest (peak) value of a signal (constant current value ILED)

delivered from the DC-DC converter to the respective groups of light emitting

diodes 30 so that adjustment widths of PWM signals delivered to respective

groups of light emitting diodes 30 are substantially uniform (e.g., 8 bits).

The waveform diagram of PWM signal delivered to the group of light

emitting diodes 30 of red (R) is shown in FIG. 19A, the waveform diagram of




shown in FIG 19B, and the waveform di agram of PWV
signal delivered to the group of light emtting

di odes 30 of blue (B) is ghown in FIG 19C. The
backl i ght drive control unit 180 perforns PAM (Pul se
Ampl i tude Mbdul ation) of signals delivered from
~e.g., DCDC converter to respective groups of I|ight
emtting diodes 30 to adjust crest (peak) value of

P ot B e b B ) i
backl i ght drive control unit 180 perforns adjustnents

-showrNin FIGe 191 ealli the wavefobmdiia@eimost PWNT Siinay delfered to
with respect to signals to be™ delivered to respective

the gl RELighrendfingaoden el tHa Bhindtaym i podel fre <o
mai nt ai n bal ance of adjustnent accuracy of the

r eSRChackdight deive cdntidl afiit @80 tpekfogmei RARE (Bllse Hehplitude

an actual exanple of a signal waveforin when signals

Modgg b S B B ST R LB

wavefon-n in the case where a signal in tine direction
- groupss of nibght! eméttingPikddes 30etd ardjrst) cresn (Q;?@l@i wilak ofconstant

anplitude direction is not changed i xed), i.e

: Ky CUpr-ent . of | el ement is not changed. . Moregver
curreif QNG livehe or PRt Bl SLRER iR R 30.
signal inthe time direction (in the PWM direction)
Accordinfglgethe backlgihgndtiverdontiol amip! 180 gerfodinseadjustméersts in
nodul ated. Further, FIG 20B shows a signal wavefon-n

e khep, 550 "SS5 AR o B BT e o
delivgrle?iotongeiglegttiged groups of light emitting diodes 30 to ensure accuracy
at the time of adjustment, thus making it- possible to maintain balance of
adjustment accuracy of the respective groups of light emitting diodes 30.

Here, an actual example of a signal waveform When signals delivered
to the groups of light emitﬁng diodes 30 are adjusted is shown below. FIG
20A shows signal waveform in the case where a signal in time direction is
modulated (PWM is performed), and a signal in amplitude direction is not
changed (fixed), i.e., p.eak current of LED element is not changed. Moreover,
~ FIG. 20C shows a signal waveform in the case where signal in the time
direction (in the PWM direction) is fixed, and signal only ln amplitude

- direction is modulated. Further, FIG. 20B shows a signal waveform in the

case where a signal in time direction is modulated and a signal in amplitude




It is to be noted that in the case where, e.g.
| um nance may be intensionally adjusted by white
bal ance, etc., the backlight drive control unit 180
performs nodul ation in a 3 me direction (PW), and
nodul ation in an anplitude direction (PAM may be
performed for correction of |ight em ssion output
bal ance by tenperature distribution of display. In
adjusting light emtting operation of the groups of
directibglid akktirhddulgteddi odes 30 constituting the backlight
unit 2, the backlight drive control unit 180

according to the jnvention of this Applig¢ation
cotist§ tt%tgléf'd n[qjiecf ﬁb@t By e FEs5 er%djglgs’t i?é‘??ﬂ%al}cﬁ gy be
anplitude direction and in the time direction so that

intenﬁi@ﬁallytdd?me@foya\ﬂhthaltcd; etamehaibadldighti driwd confrot bhait
groups of light emtting diodes 30 of respective

col.ors. In,additi.on, ..singe the oht, (dri {fol
180 GiFeismatuliion 18 4 53 BhebliGe BIEME Abd YRR i an
Application suitably detects tenperature distribution
ampliutie ditieotiof (BAM heaypipe performied foptotrhetioi ofllight teonasion
the I ower portion thereof to performadjustnment in

t.he.anpl,i e di t 4. LS of the detection
outpl}tgysaéz}r{% ‘%%fég%h’%ﬁﬁg Sé%&bggﬂfl %gl(ﬁ%ﬁhi'u rrent val ues
delivered to the groups of light emtting diodes 30,
i t In sadposiighlight ematting opemtigins pf dhe groeps ofdightbgmitting
' tenperature distribution of the display. It is to be
. . [ tod ¢ j [
diod i Sorofidg By bASH L LNEER 6oL RRT, B OPAL 180
illustrated in the 39 acconpanyi ng draw ngs, and
accomding to thevinventien aif ithisi Appheatian eenstitetedsndbis woy performs

" adjustments in the amplitude direction and in the time direction so that

resolutions of adjustment become uniform in all of the groups of light
emitting diodes 30 of respective colors.

In addition, since the backlight drive control unit 180 according to the
~ invention of this Application suitably detects temperature distribution
extending from the upper portion of the display toward the lower portion
thereof to perform adjustment in the amplitude direction on the basis of the
detection results to perform peak control of current values delivered to the
groups of light emitting diodes 30, it is pbssible to eliminate display
unevenness by temperature distribution of the display.

It is to be noted that the present invention has been described in

accordance with preferred embodiments thereof illustrated in the




those ordinarily skilled in the art that the invention
is not limted to enbodinents, but various

modi fications, alternativggconstructions or

equi val ents can be inplenmented w thout departing from
the scope and spirit of the present invention as set
forth and defined by appended clains. 40 CLAIMS 1 A
drive apparatus for a backlight unit conprised of

roups of, LED (Light Emitfing D.ode). el ements jn
accoffjpagying, dravines) %@Bﬁ&fﬂ*@%%s% 1t §heldebe ssEstead by
every three primary colors, the drive apparatus

‘those cordinarilyg skillednah deneratthag teansdn®londgoenst iIgitéd to
signal having an arbitrary anplitude; adjustnent

ans for, adjusting li el ssi o uantities of fhe
emb RIS, ol?‘%t h%arll_(Eﬁg eméﬁﬁﬁf’%n%at ﬂi‘eg‘%@}‘é@ of ORF{ERE|qRg,) OT
“which has b.een generated by the signal generating
' equivalemis candiet ingsieawpited WdthmadSpi@ﬁlg%@ﬂnyth@%c@ﬁe and spirit of
predeterm ned vol tage every the groups of the LED

: -l ght 1SS0 nti,ty detecti nmeans fo
the o PBE Hiviyeignaitsof Pl shd AR ey 0
emtted fromthe groups of the LED el enents in
~accordance wth the voltage which has been applied by
the voltage appl yi ng neans; tenperature detecting

nmeans for detecting tenperature or tenperatures of
t he groups of the LED el enments; and




control neans for controlling the signal generating
nmeans on the basis of the Iight em ssion quantities
whi ch have been detected ﬁﬁ the light em ssion
quantity detecting neans d the tenperature or
tenperatures which has or have been detected by the
tenperature detecting neans. 41 2 The drive apparatus
as set forth in claiml1, wherein the signal generating
means generates a PWM (Pul se Wdth Mbodul ati on)

signal. 3 The drive afpbAdMS as set forth in claim1
wherein the |ight em ssion detecting neans detects

qUANRiL . . b .
1 AhlE St e e Lhadilh W SoniR R BE RS b LED
. .elenments of arbitrary primary colors, 4 The drjve
(LighdpBaitiings Piadeheelemsnts iini whichartbei pluel ddfRselemmants are
nmeans for adjusting anplitude of a constant current
| [ , gmﬂl ature or tenperatures
casca&ﬁidgjﬁml'ggtgﬂor 21\5/%% een%‘?dggf%d by the tenperature
det ecti,ng neans, wherein the vol tage appl yi ng neans
seﬂiﬁe@fl't’%aﬁpﬂlf@wsa%nplé&mgbl tage to be variable every
the groups of LED elenents on the basis of the
co r
C el e U iRy WBr SIS o SR TaE By ivg 88 JrbRfiry
forth in claiml1, further conprising: selector neans
amplitgde;sel ecting the group of LED el enents constituting
the back light unit in accordance with tenperature or

t engigcahertoneudld €6t diasting light emission quantities of the groups

~ of the LED elements on the basis of the signal which has been generated by
the signal génerating means;

voltage applying means for applying a predetermined voltage every
the groups of the LED elements;

light emission quantity detecting means for detecting quantities of ray
of light which are emitted from the groups of the LED elements in accordance
~ with the voltage which has been applied by the voltage applying means;

temperature  detecting means for detecting temperature or
tgmperatures of the groups of the LED elements; and

control means for controlling the signal generating means on the basis
6f the light emission quantities which have been detected by the light
emission quantity detecting means and the temperature or temperatures which

-has or have been detected by the temperature detecting means.




or have been detected by the tenperature detecting
nmeans, wherein the adjustnent neans serves to adj ust
light em ssion quantitieg,of the group. of LED
el enments whi ch have been sélected by the selector
means on the basis of the signal which has been
generated by the 42 signal generating neans. The drive
apparatus as set forth in claiml1, further including a
menmry which stores correction datfa for correcting, in
2 cor Yol apRrafistas %f@ﬂgﬁg cl#iBr & the LED el enents
are disposed, quantities of rays of light emtted
fr omdeR tHelsighaMeBhdratingi BBahayendarR a PAVRE (PHIsYWidth
the light em Ssion quantity deté&cting nmeans, wherein
the, control neans controls the signal generating neans
BﬂOdBG“ sighdi s of the | i ght enission quantities which
have been corrected by the correction data stored in
3 thQHBﬂﬁWWaﬁ%&dﬁﬂ%éﬁw@@ﬁﬁﬁﬁ@%ﬂﬁ1}enperatUreS whi ch
has or have been detected by the tenperature detecting
means. 7 The.drjve.apparatus, as set forth in claim]l,
f uF’i’th‘é'P“’c&?p]rlgg% Figpis ingoeans HOlmT RURBH RSPl BAYS
val ue data obtained by a predeterm ned actua

of light ashichTRve beehhaitedersinothetrouph of MED elerh&gts @@%@prised
where the light em ssion detectihg neans are di sposed

| portion ap from the groups of the LED
of th Fh Rimenty of Sifiteacy PmstiSedloft ghe - rays of 11 ght

which are emtted fromthe groups of the LED
4 el diendisve appdratisrfutther caswprisigg.e the [ight em ssion
detecting neans are di sposed at a portion near from

| -th%nﬂ)rlﬂldﬁé adjustment means for adjusting amplitude of a constant

current value in accordance with temperature or temperatures which has or

have been detected by the temperature detecting means,

wherein the voltage applying means serves to allow applied voltage to

- be variable every the groups of LED elements on the basis of the constant

current value which has been delivered from the adjustment means.
5 The drive apparatus as set forth in claim 1, further comprising:
selector means for selecting the group of LED elements constituting

the back light unit in accordance with temperature or temperatures which has

- or have been detected by the temperature detecting means,

wherein the adjustment means serves to adjust light emission

quantities of the group of LED elements which have been selected by the

selector means on the basis of the signal which has been generated by the




of the LED el ements, they detect, as strong |ight,
rays of light which are emtted fromthe groups of
the LED el ements, wherein,the control neans corrects
i ght emission quantities which have been detected by
the light em ssion quantity detecting nmeans on the
basis 43 of correction value data stored in the nenory
table to control the signal generating. neans on the

. asis of corrected |ight em ssion quantities and

S1gng Faling B8RSt enper at ures which has or have been
detected by the tenperature detecting neans. The

6 dritie épvenppadnasasadt fbahtih ddint i 2fimher ihelGHRRY
conpri sing: adjustnent neans for suitably adjusting

i ght antity,r.atio of the respecti,ve ED el emrents, .
and aTHEROR, PRHFR | SIONRI CPPTEHIE: afifide TOTF oFHREFBRE O In

an arbitrary one color which is caused to be

corrgspbadenee witholporiionggwhistd etHel dHEDbYelenbatsadirgs ididgidsed,
means and correction value data obtained by a

e S e R T Tk RARE b becn
quantities which have been detected by the |ight

deteated byithe light ehiission guantityndeteeting nwankhe basis  of
correction value data stored in the nenory table to

co |-t Si I ener,atyi neans on the basis of
conibin %, G meaRSH AL Mk FRRAS e Terblifio 2GS & the
or tenperatures which has or have been detected by the

~ basist efipthealight egeissioni qgantties wiicA Have deenat bortetted by the
backlight unit conprised of groups of LED

correction data stored in the memory and the temperature or temperatures

Which has or have beeﬁ detected by the temperature detecting meahs.
7 The drive apparatus as set forth in claim 1, further comprising:

a memory table in which correction value data obtained by a
ﬁredetermhled actual measurement method are stored such that in the case
Where the light emission detecting means are disposed at a portion apart from
the groups of the LED elements, they detect, as weak light, rays of light which
are emitted ﬂoﬁ the groups of the LED elements, while in the case where the
light emission detecting means are disposed at a portion near from the groups
of the LED elements, they detect, as strong light, fays of light which are
emitted from the groups of the LED elements,

wherein the control means corrects light emission quantities which

have been detected by the light emission quantity detecting means on the basis




(Light Emtting D ode) elements in which the plura
LED el enments are cascade-connected every three
primary colors, the drive Rethod conprising: a voltage
application step of applyﬁ g a predeterm ned vol tage
every. 44 the groups of the LED elenents; a |ight
em ssion quantity detection step of detecting
_ . quantities of rays of light which are emtted from
the groups of the LED elenents in accordance wth the
of coweetir Wame Katasterednim ik ireembyy ttabley to teagérol the signal
application step; a tenperature detection step of
j t t S :
gencl G it BTOAC IR, 6L coPIRRE e e Rside EBRAHES and
generating a signal having an arbitrary anplitude on
temperurRa sots temperaihtesewhkichohaguant havee beani cletenicd beethe
detected by the light em ssion detection step and the

eratures which has or have been
tempefAtRRd &éc}ﬁgfjng #éa‘i@p

etecte e tenperature detection step; and an

adj ystnment step of adjusting |light em ssion quantities
8  of ﬁ’ﬁ‘e dgHEu BRPAFHLY 16 EﬂDf@%@nﬁht@m@h bLhéurthern somprisieg:

signal which has been generated by the signal

- 1 - 1 M t t .
- adjusdSRAt MéLi3 foreitably A8Risfih Vlggehr’]fg(aﬁh?ﬂlgﬁ%aﬁs of Bk ﬂé%%ébtlve

-claim9, wherein the signa at i step I s adapted

' t t PWV ( Pul W Modul at i i . 11
LED leMgnis, anidt ABmaL §ieler s i tonpprgtue informiaton of an

arbitrary one color which is caused to be reference in obtaining white light by

the adjustment means and correction value data obtained by a predetermined

actual measurement method are stored,

wherein the control means corrects light emission quantities which

have been detected by the light emission quantity detecting means on the basis

- of correction value data stored in the memory table to control the signal

generating means on the basis of corrected light emission quantities and

“temperature or temperatures which has or have been detected by the

temperature detecting means.

9 A drive method for a backlight unit comprised of groups of LED

- (Light Emitting Diode) elements in which the plural LED elements are

cascade-connected every three primary colors,
the drive method comprising:

a voltage application step of applying a predetermined voltage every




wherein the Iight em ssion quantity detection step is
adapted to detect |ight quantities which have. been
emtted fromthe groups of,LED el enents conprised of
the LED el ements having ar%itrary primary colors. 12
~ The drive nethod as set forth in claim?9, further
conprising: 45 an anplitude adjustnent step of
adjusting anplitude of a constant current value in
accor danc ith tenmperature or tenperatures which has
theggg)up%gﬁ@eg[eﬁb%g{r@ ®d by the tenperature detection
step, wherein the voltage application step is adapted

t o Aligveaigiore quani@lyt daection Bepvef deeteng yehtitibe of rays
groupsS of LED elenments on the basis of a constant

.qurrent val ue which s deliveped at_the adjustnent
o ightapfitharsieane Eomee saouRs b B CEnitt i detordance
further conprising: a selection step of selecting the

with gheupltage WHiclehasbaés apptied by whe Roltagd epplacitionadtepuni t
: in accordance with tenperature or tenperatures which

has . or have bgen detecte the tenperature
o telePinstatie SRRuaRLiRD o dolectiis ISRPSEREE ' demperatuges
to adjust light em ssion quantities of the group of

-of thé gtbepeotiiied BDi elbmizake been sel ected by the
sel ection step on the basis of a signal which has been

generated by the signal uantity generation step, .14
T SRL ehbetorn sHacer ehBiing o SRRREHaPihel parblitary
conprising. a correction step of correcting, in

ampletade axpthelbasie ofilight enpesivhoquantdimsewhivh hbP bdendetested
are di sposed, the light em ssion quantities of the

by the light emission detection step and the temperature or temperatures

which has or have been detected by the temperature detection step; and
- an adjustment step of adjusting light emission quantities of the groups

of the LED elements on the basis of the signal which has been generated by
the signal generation step.
10 ‘The drive method as éet forth in claim 9,

wherein the signal generation step is adapted to generate a PWM

" (Pulse Width Modulation) signal.

11 Thé drive method as set forth in élaim 9,

wherein the light emission qﬁantity detection step is adapted to detect
light quantities which have been emitted from the groups of LED elérﬁents
comprised of the LED elements having arbitrary primary colors.

12 The drive method as set forth in claim 9, further comprising:




LED el enents whi ch have been detected by the |ight
detection step, wherein the signal generation step is
adapted to generate a signal having an arbitrary
anplitude on the basis of 4 ght emi ssion quantities
whi ch have been corrected by the correction step and
tenperature or tenperatures 46 which has or have been
detected by the tenperature detection step. 15 The
drive nethod as set forth in claim9, further
compr amphigndea adpistivent steps vépadjsting rmowplitide| ofyBt constant
em ssion quantities obtained from sensors for
f [N
curref VBRI, BY aBtcifianct SR tehfikaily cr ISt hbich hes or
emtting detection step on the baS|s of correction
have \bgen detreted by the tamperpturgidetedtiongtegh correction val ue
data obtained by a predeterm ned actual neasurenent
methpd.@r t ith. the
sensor%ﬁa?leéd‘ﬁ{s,lp segﬁg%&gﬁ%%r%tl nlga%g%ﬁg‘t{r om E?lﬁWeapp lied
groups of the LED elenents, the sensors detect, as
Voltage dr 'w ghtiableageryt they graupshel hED eleragntst @ the hastsef a
groups of the LED elenments, while in the case where
constaBEcutERSPISe WHick hap ﬂ%ﬁ%@d & tﬁé’ AHjREnBRAEStep! OM t he
groups of the LED elenents, the sensors detect, as
str ng, light, rays of Ilght whi c re emtted from
?legk ethod #esqtdpribmlpin 9 ﬂrr@mcr@mpréseggnm
gener ation step is adapted to generate a signal

- havdelléctivh Sepi off %Iﬁct?ﬁ@ lthé WelguP BIITEDDEleher®é cohsituting
em ssion quantities which have been corrected by the

rrectian.ste d_tenperature or tenperat
the bGlight il iR BERerBEE YRR BRPEFRFRCH ﬁﬂ&ét%lelphﬁw
st ep.
or have been detected by the temperature detection step,

13

wherein the ad_]ustment step is adapted to adjust light emission
quantities of the group of LED elements which have been selected by the

selection step on the basis of a signal which has been generated by the signal

~ quantity generation step.

14 The drive method as set forth in claim 9, further comprising:

a correctien stei) of correcting, in correspondence with a portion
where the LED elements are disposed, the light emission quantities of the
LED elements which have been detected by the light detection step,

wherein the signal generation step is adapted to generate a signal
having an arbitrary amplitude on the basis of light emissiori quantities which

have been _corrected by the correction step and temperature or temperatures




16 The drive nmethod as set forth in claim9,1 further
conprising: an adjustnent step of suitably adjusting
light quantity ratio of the LED elenents of
respective colors;. and a*®orrection step of
correcting light emssion quantities which have been
detected by the |ight em ssion quantity 47 detection
step on the basis of a correction value of a nenory
_table in which tenperature informatjon of arbitrary
which hes o heve hisen Klefesterhby dbe tanperatgraietenion stap.
obtai ning white |ight by the adjustnent step and
: co [ i ai hﬁﬂ%ﬁﬁ&ﬁ% by a
15 prg@%ﬁgpﬁ?%%g&gg?ﬂgﬁqﬁeasuﬁgﬁgﬁ?’net od ar ﬁﬁ@%byed,
wherein the signal generation step is adapted. to,
. genmaarastiansytgp Af conegting lightamissionrguaniiiiesaideinggd from
the basis of |light em ssion quantities which have
7?'\ » Te I
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the tenperature detection step. ] .
groups of LED elements at the light emitting detection step on the basis of

correction value data of a memory table in which correction value data
obtained by a predetermined actual measurement method are storedrsuch that
in the case where the sensors are disposed at a portion apart from the groups
of the LED elements, the sensors detect, as weak light, fays of light which are
emitted from the groups of the LED eléments, while in the case where the
sensors are disposed at a portion near from the groups of the LED elements,
the sensors detect, as strong lighf, rays of light which are emitted from the
groups of the LED elements,

wherein the signal generation step is adapted to generate a signal
-having an arbitrary amplitude on the basié of light emission quantities which
. have been corrected by the correction step and temperature or temperatures
which hés or have been detected by the temperature detection step.
16 The drive method as set forth in claim 9, further comprising:

an adjustment step of suitably adjusting light quantity ratio of the LED
elements of respective colors; and a correction step of correcting light

emission quantities which have been detected by the light emission quantity




47

detection step on the basis of a correction value of 5 memory table in which
temperature information of arbitrary one color which is caused to be reference
in obtaining white light by the adjustment step and correction value data
~ which has been obtained by a predetermined .actual measurement method are
stored,

- wherein the signal generation step is adapted to generate a signal
'having an arbitrary amplitude on the basis of light emission quantities which
have been corrected by the correction step and temperature or temperatures

which has or have been detected by the temperature detection step.




