e 1 DESCRI PTI ON Apparatus and Mt hod
for Driving Backlight Unit Technical Field The
present invention relates to a drive apparatus and a
drive nmethod which are adapted for performing drive
control of a backlight unit conprised of groups of
LED el enments. This Application clains priority of
Japanese Patent Application No. 2004-205146, filed on
July 12, 2004, and Japanese Patent Application No.
2004- 336373, filed orDNSCRIPINON, 2004, the
entireties of which are 1incorporated by reference

herei n. ckgrqund. Art | ISRl evi ces using LED
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order to performmatrix drive operation of the LED
el ements, X-Y addressing drive circuits are required
- for respective pixels. The display device serves to
nerk or. el ection (addressing) of a LED el enent
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“of groups of LED 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.

‘BackgroundArt

In display devices using 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 ha%ring a

predetermined gradation.



However, when drive circuits are assenbled with

respect to individual LEDs, in the case where the

nunber of LEDs is large, the circuit configuration
becomes conplicated so thatZ cost is increased. On the
other hand, it is proposed and studied to use LED

el ements as backlight |ight source for liquid crystal

di splay. Particularly, since a nethod in which LED

el ements of respective primary colors of red (R,
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Meanwhlle,_ 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 becoﬁes similar
~to that of the matrix type drive system corresponding to the previously
described display device using LED elements as display pixels. 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,



every colors, currents to be applied to LED el enents
of respective colors. Further, in the LED el enents,
since sem conduct or conposigions are different from
each other every respective colors, voltages and power
consunptions of elenments are different from each

ot her every respective colors. In addition, in actual
circuits having | arge powers of respective LED

el enents and used .in L rive operation for .
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drive is not yet prepared, the cost is increased in
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form of LED elements is used as cascade connection form in order that the
circuit scale is not caused to be large. In the cascade connection form, PWM
adjustment 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
synfhesis 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 converter power
‘supply 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



go dependenci es of |ight em ssion outputs of
respective color systens are also different and
tenperature characteristics are not uniform it is
necessary to perforn1adju§1nent of pulse width every
colors by drive circuits dedicated for respective
colors. For exanple, under the situations where
tenperature is not conpletely elevated imediately
I|ght|n of  t he backlight, the LED el enent of
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have such property, it is necessary for keeping

resp6&ivd adlorgol or tone (color tenperature and
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nj.'%he5| S o{@ﬂra ys of ht emitted fromLED el enents
of Fexamples under Ehfu%ﬂt iomstwhere tempashbroisootoompletely
rays of light which are respectively emtted from LED

elevateaRnhedpkelyesfie T gRting o (b U BY S EETPERRAGK of red

servo so that the value  thus dete econes

st.a In.such edback system. e. g , in the case
ifp i Pk Pﬁ}lﬁ%ﬂn&ﬁﬁ%ﬁaﬁﬁés eprttpdiina (netof gbwrut 50% of ON
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time of drive pulse width of PWM signal.

Since rays of light emitted from LED elements have such property, it
is necessary for keeping constant 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 fo 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 Widtﬁ for controlling PWM signal is coarse, there would result
diﬂ‘erence of adjustment accuracy such that, in dependency upon the number

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



5 of the LED elenent of red having good (high) |ight
em ssion efficiency, whereas change w dth becones
fine in the case of the LED el enent of blue having
bad (I ow |ight emission effdciency) Further, since
colors of rays of light emitted fromthe LED el enents
have uneven accuraci es every respective colors by

di fferences of resolutions of respective col or
systens, adjustnent of bal ance of RGB and/ or

of thdjUEDheitment ofhidde havily goedo(iEigh) f igletukinisdion efficiency,
addition, even if the above-described problens can be
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of respective colors would change by tenperature
haviog low lighteerhisBicl effevi¢rscydf respective colors so
that |ight em ssion chromaticities of respective
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of LED elenments of respective colors by the
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color tone. In the case where the backlight unit has
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t he photo-sensor and/or tenperature characteristic of
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LED elements of respective colors-would change by temperature change in
the LED elements of respective colors so that light emission chromaticities 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.



6 Disclosure of the Invention Problens to be sol ved
by the invention The present invention has been
proposed in view of the problens that prior arts as
descri bed above have, and its object is to provide a
drive apparatus and a drive nethod for backlight unit
which are adapted for <controlling a drive unit for
emtting groups of LED elenments on the basis of |ight
em ssion quantities and calorific value or val ues of
the groups of LED elenents constituting the backlight
unit. The drive apparatus according to the present

Disdl&MBBIIFf e TSyl ted to a drive apparatus for
backl i ght uﬁY%itgchnpri sed of groups of LED (Light

mtting D odez) el ements_in which the LED el enents are
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elements constituting the backlight unit.

The drive apparatus according to the preéent invention is directed to a
drive apparatus for backlight unit comprised of groups of | LED (Light
~ Emitting Diode) elements in Which 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;
{roltage 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



tenperature or tenperatures of the groups of the LED
el ements; and control neans for controlling the
signal generating nmeans on the basis of the |ight

eni ssion quantities which Have been detected by the
l'ight emi ssion quantity detecting neans and the
tenperature or tenperatures which has or have been
detected by the tenperature detecting neans. Moreover,
the drive nethod according to the present invention is

- temperatirever teetfrrdnires off thagitbughiof the tLEDNgleifses; oind control
groups of LED (Light Emtting D ode) elenents in
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step of appl yi ng a predeterm ned voltage every the
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predetermined voltage every the groups of LED elements; a light emission
quantity detection step of detecting light quantities emitted from the groups of
LED elements in accordance with the voltage which has been applied by the
voltage application step; a temperature detection step of detecting femperature
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



backl i ght, detection result of the photo-sensor

relating to an arbitrary color is caused to be

reference to nonitor other colors to performfeedback

of relative percentage (r&tio), and to change the

rati o subject to feedback on the basis of detection

results of the tenperature sensors, thus making it

possible to performextrenely uniformcontrol. Still

further objects of the present invention and nerits
backdighs detdctbyn rbzult pf ¢he photoreemddrarlating tdananbitraryecolor is

apparent fromthe enbodi nents which wll be given
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view show ng, in a nodel form a color liquid crystal
percentage {xatipandttoschainge tbe ratialsubjdct spsfeedback: vhithb Habis of
present invention is applied. FIG 2 is a bl ock
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showi ng an. arrangenent exanple of light emtting

perfarmoepssemeluniobaictanitylt unit constituting the col or
liquid crystal display apparatus. FIG4 is a view
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ci PR jERE bR PRt IO B i stib it by the
emtting diodes are connected in the arrangenent

- presea dppertion willbecemiet miong apipatent. from Bh6 einbadimeritewhich
showing, in a nodel form unit cell in which six |ight

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 lis applied.

FIG. 2 1s a block diagram showing a drive circuit of the color liquid
- crystal display apparatus.

FIG. 3 is a plan view showing an arrangement 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
circuit diagram symbql, form where respective light emitting diodes are

connected in the arrangement example of light emitting diodes.



emtting diodes in total are arranged in |line by

pattern notation in terns of the nunber of |ight
emtting diodes of respective colors. FIG6 is a view
showi ng, in a nodel form fhe case where three unit

cells serving as elenmentary unit are successively
connected by pattern notation in terns of the nunber

of light emtting diodes. FIG7 is a view showing, in

a mopdel form actual connection exanple of |ight

emi HiG. yisch st shewdng s in & mgodélgiorms emitoeelbin wHdch six light
backlight unit. FIG8 is a view showi ng, in a node

itfi ; j L Lt1i l.odes
emitiBf Riod O RERKARTe RN Bl tipp gbacy Ao L8 Iys of the
jn a nodel form tenperature distribution of display
numyehak Beghisempttiggidiofes af vespoctivewioters. i n a nodel form
connection state of light emtting diodes in the

ba ] i ; t [ I Ut i h .
i anh s i SO EREP 1 % Mol iy BiY S8R, Qhefd foree unit
pr.ocessi n% for estimating tenperatures of respective
cells seeyipg dsclemgntasyami bagsesuncessvebnemmestall by gapiermnotation

- distribution pattern. FIG 12 is a bl ock di agram

n eghouL e GOANS UM e |90 et 1o,
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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 in the backlight unit and temperature distribution of the
display apparatus.

FIG 11 is a view for explaining processing for estimating
temperatures of respective positions from one temperature sensor and
temperature distribution pattern;

FIG. 12 is a block diagram showing drive circuit for driving light
emitting diodes.

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



elements. FIG 14 is a characteristic di agram show ng
change of wavelength wth respect to tenperature
change of respective LED el enments and bri ghtness
characteristic followed théPeby. FIG 15 is a view
show ng deviation of white chromaticity when rays of
[ight which are emtted fromrespective LED el enents
are conbined to optically performsynthetic additive
color mxture at the backlight unit to obtain white

Char?‘?f@ﬁ]tsuc Fp&sr ayse Afa Ill@hl 6Whacle aee wenisted wifiegn d adspective LED
obtai ned by optically perform ng optical output

elemgk@ance. FIG 17 is a bl ock di agram showi ng the
: configuration of the backlight wunit. FIGS. 18A, 18B

andﬁl C are views used for explanation with respect
to olditison Qrarasirristig ndirgrdEh Ghovtgy, chiyed watelength

are views show ng waveforns of PWM signals delivered
withtreshete 18" - ctive colars.
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exa I.e2$?f wavefornms of PWM signals delivered to the
Charfb‘itﬁ'i}n‘ggc llpweddhesebyi s of respective colors. 11 Best

Mode for Carrying Qut' the Invention Enbodi ments of the

Pr #ER 5 RV VW ShWwihg MeviiRoR it HESAhcH) When rays
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 views showing data obtained by optically

performing optical output balance.

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 delivered to the groups of LED elements of respective colors.

FIGS. 20A, 20B and 20C are views showing practical examples of
waveforms of PWM signals delivered to the groups of LED elements of

respective colors.



reference to the attached drawi ngs. The present
invention is applied to, e.g., a color liquid crystal
di splay apparatus 100 of the backlight system of the
configuration as shown in BEG 1. The color liquid
crystal apparatus 100 shown in FIG 1 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

Best Moenios Camy ingp@ut theoknvtdngiond crystal di spl ay panel
10 has the <configuration in which a TFT base

(Subefbdfifentd of the BeRE Y <fich RN SRt ingetil wit
and a liquid crystal Jlayer 13 in which, e.g., tw sted

referpneqttp dhe BMpchedydiravingsst al is filled is provided at
t he spaci ng therebetween. On the TFT base 11, there

are I i ] ] L d_scanni Lings 15 .
i SREETESerh E08hbh 1€ oplitd 06 800 Colte oA vl display
transjstors 16 as_switching el ements and pi xel

appapiist HheE therbagklight systena of tirgeoh hguratioar asestiowgin FIG. 1.
poi nts thereof. The thin filmtransistors 16 are

se | ' l. 5. .and.
sorvac co NadR Bl dhbolatfs TER Hiln shitfS:, 1 rafbfises the
signal lines 14 into correspondi ng Eixel el ectrodes
transpissign typecadoniguid ey stalplisplay pasekd0; ends Hakdight unit 20
color filters 19 are fornmed at the internal surface
rovided Aethe ' Ly
Pr R e et Colt e oV L AR B et 1t
12 _transm ssioon type color liquid crystal display
panbie 1ransmission &neosplogulianidoerystal displayepaselnl1dves the

pol ari zation plates to performdrive operation by the
confBgiratién in which a TFT base (substrate) 11 and an opposite electrode

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

layer 13 in which, e.g., twisted 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

‘arranged 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



matrix systemin the state where white light is

irradiated fromthe rear face side by the backlight

unit 20 so that a desired full color image display can

be obtained. The backligh#tZ2unit 20 conprises a |ight

source 21 and a waveform length selection filter 22.

The backlight unit 20 serves to irradiate rays of

l'ight which have been emtted fromthe |ight source

21 to illumnate the color liquid crystal display
trangaussior Gypehcalog iquiid crpstel dizpldy pahelctd onstdl & %bnﬁéurauon

from the rear face side thereof. The color liquid
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circuit 200 of which electric block configuration is
matigx spstam 81 the XstatEhwheré wehitd fighit tis 2BQdROEP TroiRShe rear face
power supply unit 110 for dellverlng drive powers of

side @;ﬁﬁfe?%%{kl L%%):ﬂtulﬂtng %étntﬁﬁ’_c r ﬁct‘i%i]gceﬁlp% %Qgggﬁﬁslgay can be
Y-driver circuit 130 which are adapted for driving

obtaings. col or liquid crystal display panel 10, a RGB
process processing unit 150 supplied with a video

Si P najl. 140 fro e
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whi ch are connected to the RGB process processing
lengiinseleatsm filten 22. Theitackhight nnit2 @ sextves to imadiatsea sf@ﬁhght
~ performng drive control of the backlight unit 28,
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e 8aused to undergo Si Eroce55|ng such
liquid crystal display panel 10 t oug the wavelength 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 colof- l'iquid 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.
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as chroma processing, etc. by the RGB process
processing unit 150. Further, the video signal Wi

t hus processed is converted from conposite signal into
RGB separate signal suitabllé 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 delivered to the X-driver 120
through the image nenory 160. Moreover, the contro

uni In ¥#e driweraksuit [RO0K-videyesigahl Ol whiel hanbeéhdnputted
Y-driver circuit 130 at a predetermned tim ng

o b o A AL b
signal delivered to the X-driver 120 through the image -

as cheomayprb6essing, elics plyatheaRGBTpescese presemist hait b50.Meurther,
RGB separate signal. The backlight unit 20 is of

L ned bl ow i | | uni pat i in_ whichthe .
the VIRC B! Wi By Beblasebied B, ePavith dapmqfampastip simral into

10 is disposed at the rear face thereof and serves to
RGB | separatatsighaleswitdtle for qlrive opgsdtion fof divet dxdor pirjuid wiystal
i medi ately below the rear face. The |ight source 21

R e R T

di odes as light emtting source. The plural Iight
conteph tnitng70i aokds delevatedi wethe X alrbedr ¢20pitirsegh ahe image
groups of light emtting diodes, and are driven every

eSS0 Yy B 0E RSST ool SCAAL i 120
oo e driger sinca e%\(gr;tliag;gﬁﬁﬂﬂsmi%efirgﬁné T:%rfets;f)gding to the
RGB sepérate 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



emtting diodes, two light emtting diodes | of red,
two light emtting diodes 2 of green and two |ight
emtting diodes 3 of blue are respectively used every
unit cells 4-1, 4-2 so that4 six light emtting diodes
in total are arranged in line. Wile six |ight
emtting diodes are provided as the unit cell 4 in
this arrangenent exanple, distribution of the numnber
of respective colors may be variation except for this

of thesbaoklight n@i20hwilhbeespldine®f adj usting the Iight
out put bal ance because m xed col or is caused to be

whi Ie%]ggty? havj.ng good _bal ance by rating and/ or .
|igﬁl‘?‘ | S SEENENCES. RF ghrargsnenh examples of light
used, etc. In the arrangenent exanple shown in FIG 3,

emitting disdds, e@bllight erditting odesi bfe&d,! twhts ﬁgﬁggﬁltiﬁg{g' ARldés 2

the sane configuration, and are connecte

central both,end partiang indi ed by arrow.

of grggn &@ewo @‘i%% e&“@ﬂeaéﬂf)aes e‘kfgglﬂeeaﬁenr%ﬁ?@'fivﬁlﬁfeuﬁﬂ gyery

_where the unit cell 4-1 and the unit cell 4-2 are

unit citsved del bs that i et ethibing dastis TRt t faré AeraRbeg i line.
circuit diagramsynbol. In the case of this exanple,
re ive,l ight itti.ng di odes, .i,.e., light entting .
o SBE SEfiehd i digfes e gt s Aherunt cel b his
light emtting diodes 3 of blue are connected in

arrangemiens ekamiphe, disailautidie o€ thé @mﬁ‘tﬁsﬁ)fh@s?ééﬁiz@éolors may be
conformng to a direction where current flows from

. 1 f t right. re, ,when patter tation of,
varialiOff &febr fr itﬁ%wﬁf‘%ﬂlpt‘%ﬁ?ﬁ’%me BRFEIGOL SRR dha light
of red, two light emtting diodes 2 of green and two
outputi blancenrbetdusg mikediesld Bfchised tariee rsipe tighy ¢layinis edod

so that six light emtting diodes in total

- 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 light emitting diodes, i.e., light emitting

| diodes 1 of red, light emitting diodes 2 of green and light emitting diodes 3 of
blue are connected in series in the state where they have polarities conforming

. to a direction where current flows from the left to the right.

Here, when pattern notation of unit cell 4 in which two light emitting



are arranged in line is perfornmed by the nunber of
light emtting diodes of respective colors, it is
represented as (2G 2R 2B) as shown in FIG 5. Nanely,
(2G 2R 2B) shows that six ptterns in total consisting
of two patterns for green, two patterns for red and
two patterns for blue are caused to be elenentary
unit. Further, in the case where three unit cells of
. elenmentary unit are successively connected as shown
diode IFpEred, Wedightt emittingodindesr? iof grpen fandntwdb bight enitting
nunber of light enmitting diodes in terns of synbol

GiodB3B SE0RS 85 habbA Al A 05 T BB1 i Bces i o

relationship of light emtting diodes at the |ight
are aganged m lote ishpetfarkieddhy theitumbembf llighe eexitling niiddes of
As shown in FIG 7, at the |light source 21, the

re i I raer e
SPEUEITOORTY HEL kot edlion 5 PR SATRS b3 U, ey,
light emtti n%@ﬁi odes is caused to be one nmiddle unit
(2G 236 3R sbywsothah #ix nasterns dul etalncossighie: 6% 88) patems for

arranged in a matrix formhaving five rows in a

eeR O | FRELJan d u [ riical

Breah T PR 10F deloehl 5V, hafidrsThy 'hie AECEHIRA to be
360 light emtting diodes in total are arranged. These

clemgniy ainghi Furthercing the ppse whese dhrad it ioplls of demertary unit
a screen horizontal direction so that |light emtting

are SliR@ssivaly @ \ ' &Rt hOtion i
dlcedesvaly spanoter, bAHARESH PG 20kn A, holkion i

rica 16 . connegted in, the screen horizontal

el ec |y . L
perfoinyedt 3o ihsr BUBYReef clight, eseitting, diadeshimrterma pf Ghgnbol
at the |light source 21 of the backlight unit 20. Thus,

- exprédsedals QW3R 2B), those unit cells are indicated by (6G 6R 6B).

Then, the connection relationship of light emitting diodes at the light
source 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 times larger than the previously described elementary unit (2G 2R 2B)
of light e_mitting 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

| horizontal directidn and four columns in a vertical direction with respéct to the
screen.  As a result, 360 light emitting diodes iﬁ'total are arranged. These
middle units (6G 6R 6B) are electrically connected in a screen horiZontal

direction so that light emitting diodes arranged in the screen horizontal

..direction. As sltated. ‘above, the middle units (6G. 6R 6B) are electrically -



30 of plural light emtting diodes which are connected

in series in a horizontal direction are forned.

Further, at the backlight unit 20, independent LED

drive circuits 31 are resb%ctively provi ded one by

one at individual groups 30 of light emtting diodes

whi ch are connected in series in horizontal direction.

The LED drive circuit 31 is a circuit for allow ng

current to flowin the group 30 of light emtting
conngicieibin the sereen thioeinonkidrdirection e commectmhinserdds, ttheshown

groups of light emtting diodes 30 which are

: t ' | £59 ] i e Ct he

in FRIEHAEP ighy 38016253 ) Brdng BarRAghQtng pheC AR, o1 Broups
other light emtting diodes arranged within the

30 of pdfanah h&é emittaygpdindes evhiebsark avomnsotedt iarserias iy at Inerizontal
same tenperature when the tenperature distribution of

direé%glaegfﬂ' t unit 20 is nmeasured. The tenperature
C}I stribution exanple on the screen of the color |iquid

crystal display apparatus 100 at the time of operation
of Fyisheraakthgthackhight 2mit 26, sidependentLED . drivescircuits 31
shows the region where the portion in which hatching

) i i i t.urs . S, t i e .
are reipoctivehy PROREE brleBP SRt g ARaSEIRlD; 1 of BEhf Bipiting
.. temperature. As shown in FIG9, in the color liguid
diodeys ydvigh age spnagctadinsgries in dwrizosial atizgation. be D drive
hi gh according as distance fromthe picture upper

i, s SRS RIS S50 o M i
emitting diodes to emit them. '

Here, as the arrangement of the groups of light emitting’ diodes 30
which are connected in series in a horizontal direétion, 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 thé color liquid
crystal display apparatus 100 at the time of operation of the backlight uﬁit 20
~is shown in FIG. 9. FIG 9 shows the region where the portion in which
" hatching is thick has high témperature, and shows the region where the
poﬁion in which hatching is thin has low temperature. As shown in FIG 9,

~ in the color liquid crystal display apparatus 100, temperature becomes high

- rlact_:ording-‘ :as distance  from the picture upper portion Su decreases,



FIG 10 is a view in which the diagramindicating the

connection relationship of light emtting di odes of

FIG 8 and the tenperature distribution diagramof FIG

9 overlap with each other. As shown in FIG 10, in this

exanpl e, when light emtting diodes arranged in a

hori zontal direction of the screen are connected,

light emtting diodes having substantially the sane

tenperature are connected to each other. Moreover, at
températurgc becghes uhighe2p, amak thaovereen Fv@rl Qortiber 8dahas low

provi ded tenperature sensors 32 for detecting

tem%%ﬂ pat ures’ of the groups of respective |ight

({1 hg diodes 30. As the tenperature sensor 32, as
shown in FIG 10, there may be provided plural LEDs at

r espEot ilPeisy ar vievalinpwhich dhe diagras powditaimg thd kennection
groups of light emtting di odes which are connected in '

' [f; i t ' i on nly one L Ry, .
relaffGhIp i ABELAREBbdr b FEG B Angghe SRighefilre A TBHion
. Shown in FIG 11, for _ exanple, the backlight unit 20
diagram ot FlEas everlap bwithf eadie olwerf | gAs ahowm im Rl di9, dnethis
tenperature sensor 32 and a nenory w thin which

DDy : i the. o )
exarh B ARt igh SRt MG CAEATA Ul TS A reqgign o the
49 which will be described |ater are provided at the
scregie rasencomnficted,t bght tamisting t diodes dhawing substasizlyt ithe same

positions in the screen vertical direction by making

temﬂe@aﬁfre%@cbﬂlé&ed@aréaafﬂggile‘%Tefrom detection val ue of

one tenperature sensor mper at ur e val ues

detected by the tenperature sensors 32 are_delivered
to M%getgm @mtﬁg kagidight unit 20, as shown i FIG. 10, there are

provided temperature sensors 32 for.detccting 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 'o.ne backlight unit 20.
Moreover, as _shoWn 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 within which temperature distribution péttem 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 respective

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



32 for driving corresponding group of light emtting
di odes. Further, at the backlight unit 20, as shown in
FIG 10, there are provi d%%, e.g., light quantity or
chromaticity sensors 33 (33R 33c 33B) for detecting
l'ight quantities or chromaticities of respective
colors of RR QB of the respective groups of |ight
emtting diodes 30. As shown in FIG 10, plural |ight
quantity or chromaticity sensors 33 (33R, 3303 33B)
froma detgetion gelueatofr enpetenmparatuee tdenadr 3osi t Temperature values
corresponding to the groups 30 of light emtting
: _ egh i : [ :
deteGleBiRE MTRARRuENERLTSo Wl FfilaRy @ e HED 4808 Hrouit
systemin which a diffusion plate for permtting the
32 fardnviagesrssspending graup oklight émithing diodes.is utili zed
to effectively performcol or mxing of rays of |ight
empdfgbrofat Y LLWkE 202 [ ajho e
nunEoer g? aﬁi%ﬁ?“&ﬁ%@%y or 20&%0%@ Fg%lg}ﬁs%ér’s%g are
‘ (33R, 33C 33B) to be one. It is to be noted that in
provided, €8 e light quaptify ofrcbiromsgicty sensorsadkI(BgRs 33G @aB) for
source for liquid crystal, there are instances where
. H - 1 #e i | t
detectlif light aanfitics OF SIROMDREIAGS SV LRPRRAve TR, B of
_ emtting di odef _38 for. the reasgon of the restriction
- the repegtive ggevnef light enriimg diodes B8- case where |i ght
quantity or chromaticity sensors 33 are disposed at a

a3 o FIGO e RASARY ! o) s 33
(33R; géﬁi ggBl)i 2 tprg@{d%g a@[rrgsggtfx}eexger&[:glr%(t)sq’?iogg %gﬁzsggnMg to
the groups 30 of light emitting diodes which are connected in series in a
_- hbﬁzﬁntal direction. Moreover, there'm.ay' be employed an Opfical system in
which a diffusion plate for permitting the eﬁtire color mixture to be uniform,
~ete. is utilized to effectively perforfn color mixing of rays of light emitted of
individual LEDs, and the 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 the .backlig-ht
light source for liquid crystal, thére are instances where light quantity; or
chromaticity seﬁsors 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 chromaticity sensors 33 are

‘ 'disposed‘at-a portion apart from the groups 30 of light emitting diodes, they



emtting diodes 30. In the case where the |ight
guantity or chromaticity sensors 33 are disposed at a
portion near fromthe groups of light emtting diodes
30, they detect, as stronglf’i ght, rays of |ight which
are emtted fromthe groups of light emtting di odes
30. In such a case, the characteristic of the 1ight
quantity or chromaticity sensor 33 is cal cul ated by
optical simulation or actual neasurenent by the

detechfas wesls lighghraysroft lighigwhichiere emditted from ¢hapgonpreof light
correction val ue data thereof as nenory table in

i 42403001 15 CARE e, HBP' At By

possible to conply with such situation or .
sensorg Gdvard dispesedaér portéon Eoatfroma thier groups3df tight emitting
driving groups of light emtting diodes 30 which are

i [ - : 4 0 :

diodg8 SUE 8kt o yang 63 87 TP bt i e
provjded w thin backlight drive control unit 180. A

groupsy @iy hight sprtting diadss %kanbl suclh at ¢rse) Bie charssteristicuof the
31 is showmm in FIG 12. The LED drive circuit 31

Vb URN<6: ayGEnEOE UGG g RO b U5l o

clz; acitor 45, a FET 46 for sanple hold, a resistor

- actuglymegsyrsmeent; by Hoe eefecence light aniting diofle, etmdoaprepate the
(Central Processing Uni _t') 50. The LED drive circuit 31

corré@icit RRluecdatt fHersStt 8¢ th&MoPY LtRble Hﬁg&t@%&{ Itcs %toﬁéé? sensed

tenperature sensor or sensors 32, an

. uant j. r chromat, cit .
-ﬁllghtq quantli)y fa ‘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 emitting-
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 (Re) 42, aFET 43, a PWM control 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



- potenjiad difigzense betiveanonoltage ypmttesh firasn

sensors 33 (3311, 33G 33B). The DC-DC converter 41 is
supplied with DC voltage VN generated fromthe |ight
source 110 shown in FIG 2 to perform sw tching
operation of inputted DC%)Q)wer to generate a
stabilized DC out put voltage Vcc. The DC-DC converter
41 generates a stabilized output voltage Vcc so that
potential difference between voltage inputted from
feedback term nal Vf and output voltage Vcc becones
the temperatuge rsehevenr sensdrsadid, sad dke (ighafquanitity tdri ehromaticity
exanpl e, reference voltage value (Vref) is delivered
yhe anode side of the group of I|ight
Senséfﬁgtgt F%ﬁ‘ﬁ%@ which are connected in series is
connected to the output termi nal for output voltage
VeclTho DEHRCommertsorleis supplied with@C caritapgnVyy generated
resistor (Rc). Moreover, the anode side of the group

| §; 1Lt ' [ C ed in .
fronflhe B9 sGUEE 00 1P B 48 e RAGRLY opftion o
. DC.DC converter 41 through source-drain of the
inputiedhJPE- pewer HET gaserat ra Keabjlized RGt voipat sialtagef Veche The

group of light emtting diodes 30 which are connected

DC-DC SRR e#] S41¢ «!S‘B“Eg'ﬁfe%d al Qi Q0 Ob'lgl‘aug W(ﬂ%ﬁ@&g 50, that

portion (channe et ween source an rain.
of the FET 43 is supplied with PW signal which has

fepduadit tosminsih¥ig and
PWM signal is in ON state, the portion (channel)

 ouplemegs os Bdghe, sl e dechacotale e D, 1n o

rtion (channel) bet
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- example, reference voltage value (Vref) is delivered from the CPU 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 Ve

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 (channel) between the source and the drain of the FET 43 is turned



source and drain is tuned OFF. Accordingly, when the

PW signal is in ON state, the FET 43 allows current

to flow in the groups of I%jg:ht emtting diodes 30.

Wien the PWM signal is in F state, the FET 43 all ows

current flowng in the group of light emtting diodes

30 to be zero. Nanely, when the PWM signal is in ON

state, the FET 43 enmits the group of light emtting

di odes 30, \Wen the PMMsignal is in OFF state, the
ON. fhensthe: BPEVe signall g inp©Fdt state, othe pomitm Eotiamiebnbetfween

the groups of light emtting diodes 30. The PW

- : S

sousBgra| et OEpE IR et VS RO
tine is adj usted The PV\M control circuit 44 is

Statesﬂ“f?pFEIo‘l%al v quwerider flow inathecgronpsnoflightRhitéing idiodes

change duty ratio in accordance with the PWM contr ol

t | .

30 ‘I@F%QEZF‘WM%%%@%%%&%% T s sl fbing
t erm nal ereof . The resistor 47 is connected to the

in the greup q ehl tremitsing diodes 30cta baaere cNamelyinwhencthgaR WM
of the sanple-hold FET 46. The hold timng circuit 48

sl O AACANOTE M 3 e LOGEOETRAE il Y S0

[iS] n edge of the PWM signal and
'Whe%ﬂERW ﬁlﬂmﬁeaﬁ @’taﬁﬁart he ek 43 Shepyamattistg eperation of
sanpl e-hol d FET 46 is supplied with a hold signal

light ehiisdioRa¥ the 881iER timng circuit
£ 48. Wen thegE%@%g 22 1@8?8%@@%&?29%}3\:9 state, the

0 annel) between the source _and the drain
P IEIthe,oly\}v(l\(}[hcon‘[m 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 teﬁninai 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 h(')ld-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



of the sanple hold FET 46 is turned ON. Wien the hold
signal is in ON state, the portion (channel) between
the source and the drain o% the sanple-hold FET 46 is
turned OFF. In the LED dri¢®& circuit 31 as stated
above, current ILED is caused to flowin the group of
light emtting diodes 30 only for a tinme period during
whi ch PWM si gnal generated fromthe PWM contro
. Circuit 44 is in ON state. Moreover, the capacitor
Slgnall51,5 nPFEastgte the pertien (charmel) betvees il sourte and the drain
constitute sanple-hold circuit. The sanple-hold

of thel Jaﬁl‘;‘llbfe_ KAHVEST Y RaPhéd CAY. “h‘?en[ fﬂe@qlﬁ{lﬁ@iﬂg &g% state,

sig is in ON state, voltage val ue 0 ano
the, group of |light emtting diodes 30, i.e., one end

|
the portiose (ehanneihbefwesns the sopree andhthehdeainpof thesamgde-hold

Vcc is not applied to deliver the voltage val ue thus

FETH R taghdPOHRE feedback term nal of the DC-DC
_ converter 41. Since the DC-DC converter 41 stabilizes

output Vv age. Vcc on the basis of voltage value
i n&E‘t 'Ef@dfhb 85%’%%&]%@& aeptatethrbove, cawrgrpdaky) iy ghused to

of current ILED flowing in the constant resistor Re

flow4a giedgidig @fdihtoémittialt dRASIIM %3%'/ P9ES. tiBl ?&gqmrmg

constant. "Accordingly, i'n the LED drive circui

. r.ive, operati.o cqrrespondi ng tg the PWM signal
-WMC@W%EH@OE nergied om &%‘3\&4 corigel qipauk#4 iyan (3N state.
current |LED flowing in the group 30 of light emtting
Morebvage th8 CcapaciteAUES dted shmplehl@tET246 dhRe. tﬁgt%]é@stor 47

serves to adjust current quantities flowing in e
consHiule I%ample-hold circuit. The sample-hold circuit serves to sample, at the
- 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 éutput 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 in?utted to the feedback terminal, crest (peak) value of current Iipp
flowing in the constant resistor Rc 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 Iy gp flowing in the group 30 of light emitting diodes 30 is

caused to be constant.



of light emtting diodes 30, on the basis of both
detection signals of the tenperature sensor or
sensors 32 and the |ight qggntity or chromaticity
sensors 33 (33R, 33( 33B),"so that color tone (color
tenperature and chromaticity) and |um nance of white
light emtted fromthe backlight unit 20 becone
constant. Adjustnent of current values flowing in the
group of light emttin di odes 30 may be perforned by
ch.aWEﬁr@P SEHTFSoi0 %fgﬂulate cugrentijquentities ylovengdar thergroups -
flowwng in the group of light em.tting di odes 30, nay
P ; a 0 :
of 1 BB Siodth D07 RRL PR R ST TSottc HbRGGolCsigfols of he
crest (peak) value of cury nt,flom@n%_in the grqup of
tempgrghiresenser apsensossd2 avd thelightyqusatite or shrematigity sensors
conmbi nati on of these adjustnent nethods. As stated '

33 (99R\,/%3(Eh333@£%o‘591&e<;618f #8nd FeSIORGKNRPALRS afll chromaticity)

intensity of " rays of light em ssion of the group o
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32 and light quantity or chromaticity sensors 33
condt@sR, 3303 33B), thus nmaking it possible to generate

white |ight having uniformchromaticity and | um nance

W thin the i e. Here, the reasqn ypwhy deteclio .

. outPEIusIEeH ‘gt? g‘t“ﬁ%mt E%Waﬁﬁﬁ’@% éﬂsfgg Ere3Ip; %I' i%g& §gitting

t he purpose of controlling the intensity of |ight
diodes3¥shiy bé pgetformddby dHinbing PWM E&ntiol vabee to adjust duty

expl ained. 24 First, the tenperature characteristic

of t

~of currené1 ﬁo%v%jg% € ngtrm\./t\f) Iolf lpg%t 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 uminance 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.



explained wth reference to FIGS. 13 to 15. FIG 13 is

a view show ng relative |um nance val ues of respective
LED el enents of red (R), green (G and blue (B). In

the graph of FIG 13, LED“ enent tenperature is
indicated in the x-axis direction, relative [|um nance
is indicated in the y-axis direction, and the point of

el ement tenperature 25C is caused to be relative

| um nance 100% The LED el enent of red (R) has the

s elixsgndive t temperghiredcharagtaristie  off thieo ItEB| eblement will be
systemof AllnGaP. Since the band gap energy is | ow,

[ Tyt t i gt em ssi on decrease at
expla?ﬁ%&?\ﬁﬂgreg?f%cgehﬂtfgﬁn%r% ll[Jdr g§ Thus, |ight quantity

emtted is lowered. As a result, in the state of about
70€IGmilShis o yimvershiovangr relaiing loopnamté vgjues of respective
tenperature of LED el enent, |um nance value is

LED QUEE, 5930102 Abn I PGS} i o BTG 15

__change of lum nance value with respect to tenperature
- LEDj ¢lamenfe tempetatpee e tindisatast inoltbe sx-amis t direotiomr relative
hand, in the LED el enment of green (G and the LED

. - . . _' i d ' \V
lumiRERHS 3Blicpell ih ne 3208, LOECAGE, SHA MR Yoibf KT Efment
el enents have wavel ength shorter than that of the LED

tempetagurent s 67 is eanseditods nebative heninasoe d09%ecome nore
violet. Accordingly, the band gap energy is |arge.

Thyge EEBSslehEéht%iefe‘ng) ha§ %@%e&iiééﬁc(f}&&g%ro E%éflect? Shiture

i nfluence of tenperature. 25 As state

under st ood t hat antities of, rays of light of LED
I_of four element system g% AllnGaP. Sinceythe band ggap energy 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,
Juminance value is lowered down to about 60% when 25°C is set as normal
~ temperature. Moreover, in the LED elemenf 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‘ becorﬁe more violet.
Accordingly, the band gap energy is large. Thus, these LED elements

 become difficult to undergo influence of temperature.



el ements are such that tenperature characteristics

differ every colors. FIG 14 is a graph show ng

brightness with respect to |ight em ssion wavel engths

of respective LED el ements?®df red (R), green (G and

blue (B). G aphs 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, Iight

em ssion wavel ength is indicated in the x-axis

di résg stated abowe,lit ghunderistaxidthat quanptitied of rayistofcight ¢SLED

indicated in the y-axis direction. As understood with

t n not

elem%ﬁfseél%%ﬁ:p tgﬁ]{: %&%eﬁa%rgnc{h%ﬁ’&gﬁ txgs %&%‘g g%v%ff BbRors.
tenperature (area of the portion enconpassed by
cu%@ Ichsngegrapbuhoaving brightnesg twitls hesptest tovight emission
| ong wavel ength side according as tenperature

: I
v FERENE resREL SRR Slemichis BF sed EROREERENGS aufi e )
oi nt (peak) (peak wavel ength) shifts tovvard | ong
Grapfs weith igspedti toerespedtivi ngsesawheeerpemperatare mc@%ﬁ;\,s@§°c and
From t he above-nentioned FIGS. 13 and 14, it is
o I np a r C .
SO RE SPL i NG, | PP ER T oS0 hE R i3phess FAGLI, Jigh
. col ors. @imgconcrete terms, it is understood that the
emisgiep wavelesgth é¢ imdliceteds)n fthe x-Asisciizectionrangd light reamission
there is hardly change in |um nance value with
outputIbPRindR) ICIHREALY I BOIBEs AWLABANIS Of
vvave engt with respect t0 tenperature change is
nd the LED el enment 26 of red (R) has the
rstaadc wighreferenserer FiGind, inwaspactsvenaibeelements,

vaI ue VVI th
not only light emission quantity with respect to temperature (area of the

portion encompassed by curve) chaﬁges, but also waveleﬁgth 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
o as temperature inéreases.

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 charaqteristic 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



respect to tenperature change is |arge and change of
wavel ength with respect to tenperature change is al so
| arge. FI G 15 shows tenperature deviation of white
chromaticity (CIE chromat#&ity coordinate display (X,
y)) when rays of light emtted fromLED elenent of
red (R), LED elenent of green (G and LED el enent of
blue (B) which have the above-descri bed
characteristic are conbined to optically perform

of redy(iR)nkeas theacltiirhctesistio] on the xttherchaid,tthat hanidangbtvalue tvith
20 to obtain white light. In this case, the

respdt3bElfHer b BB it Bk oitytedgloal Wk Plendi ity respect
quantity based on chromaticity sensor is stopped. As

to temipovature cEanRd 5 alstdargeenperat ure rises from 35C to
60C, chromaticity of white |ight has the deviation

th deyi gt | Y. % - be .equal_to. .
010635 4 PY; Bhmsridie e iptions ey it chihdicity (CIE
to -0.015. It is understood that the chromaticity of
chromaticgyceasdinate idispley r(@s poh sdrererayist of light ernitted dyom LED
where wavel ength correspondi ng to nount ai n- shaped
' RNt , ) [ 0
clemph BT reBIRY, LS EhtREas e QI LEP el i YERRR (®)
the characteristic wth respect to tenperature change

- whichf hawe dlecabavedtesedbied Rpharghtswisticn aré Gombineteto Eiptically

el enents have tenperature characteristic as stated

| J .
pero SR RLRLomR by ARSI 12 o i

di ng upon colors. For this reasaon, the CPU 50

... depen
- white ﬁ%ﬁt In this case, the characteristic shown in FIG. 15 is measured 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 elements have temperature characteristic as stated above.

Such LED elements have large temperature dependency and have their



is required to performa control also by using the
tenperature sensor 32 in order to allow color tone
(col or tenperature and CFWéywaticity) of white Iight
emtted fromthe backlight™unit 20 to be constant.
Further, in order to allow color tone (col or
tenperature and chromaticity) of white light emtted
fromthe backlight unit 20 to be constant, the CPU 50
is required to detect, by light quantity sensors,
chargcienisies varying slepeadingsnben qodensi t ey this reaspec the £PU 50
colors of red (R), green (G and blue(B) to
i [ b Lo NN bt ;
is rQULATD SO L SOteL Ty RBRRS CHRabrgSeibof 92 in
enpl gpyed an approach to perform feedback caontrol _of .
ordey fq ﬁﬁom@@r dang (salor lpmeperpage @rd efjromeaticity)r eff whateclight
to only light quantity sensor output for red (R), but
emiteld frém/ BeWackHchPuBR IPEdHE eedagk control of 1ight
em ssion quantity of red (R} by making reference to
i ght uantity sensor_ outputs of all cqlors (red (R
gr g‘héh‘ﬂ}%) 1Bn Prsheti e 1@ pplloxy seolor népnei Gfgﬁer hismperagyrs, and
For this reason, the CPU 50 perforns operation

chroatitiy) of wiitle HBht bnittbd i SmaheBacklishOBAItE0 &9 8L constant,
expression having three rows and thrée columms as

R L I T —
el ements of respective colors (R GS B). 28 X M ni2
emissioh3qldantities oPrespletit@olérs of PRIL(RB2eBa (K¥) 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 controll
- of light cnﬁsskn1.quanﬁty of red (R) by making reference to only light
quantity sensor output for red (R), but it is required to perform feedback
control 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

inciu(iixlg other éolors-.
For this reason, the CPU 50 performs operation (calculation) on the
basis orf matrix operational expression having three rows and thfee columns as

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

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




Matri xA (1) In the formula (1), "X', "Y' and "Z"
represent chromaticity coordinates of rays of |ight
emtted fromthe backlight,,unit 20. Mreover, in the
formula (1), "Lr" indicatés detection output value of
red conponent of the |ight quantity or chromaticity
sensor 33, "Lg" indicates detection output value of
green conponent of the light quantity or chromaticity
sensor 33, and "Lb" indicates detection output val ue
[1] of blue conmponent of the light quantity or
chromaticity sepsqor 33. Mdreover, matrix A consisting
X Yof doaff it ems \nik§rdf three rows x three col umms

v | Whi i s precediingypdtrix of the right side of ‘the
- i R 7S

for ilx of coefficients multiplied by
Z )det @i offsputthut) V&PJes (Lr, Lg, Lb) of the |Iight
quantity or chromaticity sensor 33. (In this case,
subscript. x of mis 1, 2, 3 and indicates row nunber
~of coe %¥gﬁt correspondi ng thereto, and subscript y
thereof is 1, 2, 3 and indicates col um nunber  of
coefficient corresponding thereto). The nathﬁfh
shoul d be expressed as constant when consi dered
i deal l'y. However, since LED el ements of respective
colors have 29 tenperature characteristic in practice

descri ped ab : i X_A Its | .
oot et BFHIR: KBy 1 AG etk el B e eSesthyptromaicity

constant jxy of three rows x three columms and matri x
coordinafesfofhalk @f lightwndittedsfrog tiesbagldighitaigt 20. Moreover, in

tenperature T of LED el enent for canceling the
thé 16520 ar(%,u"zfr” 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
éhromaticity sensor 33.

Moreover, matrix A consisting of coefficients m,, of three rows x

three columns which is preceding matrix of the right side of the formula (1) is

- matrix of coefficients multiplied by detection output values (Lr, Lg, Lb) of the

- light quantity or chromaticity sensor 33. (In this case, subscript x of m is 1,

2, 3 and indicates row number of coefficient corresponding thereto, and

subscript v 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. [2] nill nl2 m3 ill 112 113 k11 (T)
k12 (T) 1cl13(T) nR1 M22 M23 = 121 122 123 k21 (T) k22
(T) k23 (T) nB1 M32 '33 331 332 333 k31 (T) k32(T)
k33(T) MatrixC MatrixB (2) Nanmely, 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

i hr.omaticity sensor .33 f eedback, .
temp@RRte, (Bl sifchids SR ARBEIPE Pavpeins Bririn Auresults
. chromaticity) of white |ight becomes constant. In
In. matrixs obtainpd ehy fmultiplpingk higttk) Cv aépresenveichy atonstant j,, of

- conponents of the matrix B and coefficient jxy val ues

' r nents of, the matrix are cal at ed
three OG0, 2 Fuel TBANEMS vl mirivodh PG bRetRr Bobl) Usihg, as
shipping or forwarding fromfactory, and are stored
paramefene tmnperddurchilc ofi £ BIdneleniaiti for capcaling tBE teﬁh%rature
practical operation of the CPU 50 for perform ng the
: ion (calculation) and the control which have
charaggaz%s?fgf ated above is as follows. During the operation
: of the backlight unit 20, the CPU 50 perforns, at a
{2] suitable tine period (e.g., every predetermned tine
period, or at all tines) '

(M My My Ju Ju Js k(T) ky(T) k3 (T)
My My My | = VJy Jo Jn ky(T) kyn(T) ky(T)
My My My, Jn Ju o Js ky(T) ky(T) ksy(T)

Matrix C Matrix B

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 (Lz, 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,(T) values which are components of the
matrix B and coefficient j,, values which are components of the matrix C are
calculated in adva.nce_ by experiment. or measurement before shipping or
forwarding from factory, and are stored in memory 49 which is non-volatile

~ memory.



an adjustnent control of chromaticity and | um nance of
t he backlight unit 20. Wien the CPU 50 starts the

adj ust ment control of chr ticity and |um nance of

t he backlight unit 20, it reads out outputs of the
tenperature sensor or sensors 32 and the |ight
guantity or chromaticity sensors 33, and calls (reads
out) the function kXy and the coefficient j, ,y from

thenenory.49. The CPU 50 | rative to substitute .
t e?rg%? & %&écag rOREZARR a‘#u‘?’ésbf’&ﬁ B@hfa%gerémﬁmge thy egeration
detected by the tenperature sensor or sensors 32 into

(calchlation )i veontrsitwhithcthdver bednagatel) atvé 1Ak follBst O

substitute detection values of the light quantity or
chrqmatigity sensors.33 into. Lr, L Lb o

bdIBEhE e BREERHEY R ibickihtanEy0 Bedsp kLS o performs, a
chromaticities (X, Y, Z) of respective colors of the

a subtalslk| tirgbtperivd (£8., dvery peedetefinidddUinf pellivg! 6r et kN &lhes)
value (PW duty or crest value) caused to flowin LED

an aSiicH ool SRR myficly B luidanncs af dhe becimhtamisRo.

to values stored in the nenory 49, etc. in which
s p¥henctheeCPUh0estarts . the , adjdstaient adoirtfolasf chRsmbEéRy end
shi pping or forwarding fromfactory. Thus, the CPU 50

. ' I . G r.te rature and 3
tumifReB OF 8 oA 2B 4 B BULaSRg, dhthe temperature
backlight unit 20 to be constant at all tinmes. FIG
- sensareer isensorsi Bvasdothienhght quentityuoe obewiraitictty sdnsors 33, and
chromaticity ' _
calls (reads out) the function k,, and the coefficient jy, from the memory 49.

The CPU 50 is operative to substitite 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 current 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 Valués, e.g., ideal values are set before shipping or

forwarding from factory.

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




(CE chromaticity coordinate display (x, y)) of white
light emtted fromthe backlight unit 20 in the case
where chromaticity control is performed only by the
light quantity or chromati®ity sensor 33 without
perform ng feedback control by the tenperature sensor
32 (the case of the conventional nethod). Moreover,
FIG 16B is a view show ng tenperature deviation of
chromaticit (CIE chromaticity coordinate display (x,
chropjaticofy )wifi whiteilgght emittedefiofn tme baekligistakiit gbt toule tofstant
in the case where feedback control by both the

at all grature sensor 32 and the light quantity or
chromaticity sensor 33 is perforned to perform
chromaticity control (the case of the nmethod of the
pr eBEmt 16Aviena i ey shewihgvteniperfing deAiation tdfeciumematicity
where chromaticity control is perforned only by the

ot SR BRES 3 R S Y STSAl g St e
t

the range from 25C to 50: i s understood that this
backdighit amiie?@ in ithe casd wheow ebirdipati¢iBy icontrel is pefformped only by

value and by 1/10 in terns of Ax value as conpared to

. : i Shd ' | r bt
the g8t SRANAE) B Shidpatny opSet 5, it pafibumidl REdback
. sensor 32 and the light quantity or_chromaticity
contﬁérl@)bltht’asempe@éwf%smrtﬁ (ther ¢asenot theoperyentignal method).
control as shown in FIG 16B, Ay value is +0.0005 and

o e ) Ve Bt o
MorgBra SIGPISB I oo Monte ASHBLIGR, Wiy bRRticy
characteristic j,s inproved by 1/2 in terns of A

(CIESaromgiciiy coardiBsiendispia Ciay Deo it gt amigedngom the
characteristic shown in FIG 15
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
sﬁown 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 confrol as shown in FIG. 16B, Ay value is +0.0005 and



so that further characteristic inprovenent is
perfornmed. As stated above, in accordance with the
backlight unit 20 to whic 2the present invention is
appl i ed, since color tone {col or tenperature and
chromaticity) and |um nance of white |ight to be
emtted are caused to be constant on the basis of
bot h detection signals of the tenperature sensor or
sensors 32 and the |ight quantity or chromaticit

Ax vadus ¢y 0 B3R degBtiors38jhin the raslgcoﬁgnbrzé"@otOe%O?C. It is

rays of light of stable color tone with high accuracy.

.  aht , I
undel:&%Bd i 8tetlﬁ$ PB%&%;};% ASRh a}rBisé?ﬁHﬁquﬂ te&%\sgﬁpﬁféﬁ and
backllght drive control unit 180 conprises the
by 15/ erassfrdvalys ay eompearddiio the diaracteristic shewpphn BG. 15
wi-th voltage from power supply 110 for converting AC
A& I,ﬁ]?g [ roups of |ight
50 th\g?nh%tl ngé}%{rgﬁtggsgg 8%%%6111%1{5 eﬁ-félgl?%cgp of gI
indjicates_group ,of the_ upperppst row _.conp
gr dd Stated phave.dpiaccprdangecyal the bﬂckhght mt)ZO f@rwbpch the
of light emtting diodes 30 of green (@) and group

preséft lihGEitiGHN {st 'dgﬂ)lféki‘)dﬁic@f cBlare toﬁ@lhol-'di‘ etghpsande and
g2 indicates thée group of rowlocated bel ow b one r ow

relatlvetothe group, gl. .conpose f group of lig
Rficityhging byamange el mdite élﬂ%t tog ugIitted argqnfsaused to be

emtting diodes 30 of green (&) and group of light 33
const%ﬂittdﬂ 1173 @a@@e@f BQﬂPHeﬁJcﬁ©n( ﬁ@mls' of m&&émﬁﬁfa‘cﬂ&seﬂs%r or

shows, in a nodel form di ff érence between drive

 sensqiscia aeﬂjtﬁné%”' aRHED @%%?%%ﬁﬁ%??ﬁ@i}gﬁs%%ﬂpﬁg 33B),

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

elﬁitting 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 gl composed of group of light emitting diodes 30 of red

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



Here, the PWM drive operation with respect to the
group of light emtting diodes 30 which is perforned
by the backlight drive con#ol unit 180 wll be
expl ai ned. First, attentiofi is drawn to the LED
el ement of blue (B). Since the LED elenent of blue
(B) has difficulty in lum nous efficacy, ON tine
- period of the PWMsignal is caused to be |arger than
.light. em gssion period of the LED el ement of red (R)l
emithpg dipdee Pernblusi(Bynebn addtians FEdkeshaws,dn a model form,
conpensate |light quantity of shortage. Mreover, there
. - di . .
IR PoSIeY fvEMqThe SfiRa P WIRERighlal 16 dMtihilo fitfiprov
.sjignal .of B2p of the g2 row This is because since gl
of lighfpmuting shades 30w vesneséivgiromsay rel ative to g2 row
so that it has high tenperature, but LED elenent to
Whi gBreaatth@MPPRI idRivel 8peraitid L%@'rgfp%a 10 tH g%&ﬁ)of light
having | ess i ght em sSion change tenperatdare
..depenpdenc it. 1S unpecessary to allowdrive wwdth to
emitgb dipdes30-higich iamesirme by tee haklight dve centsal vgit 180
red (R). Since the LED elenent of red (R) has good
Wﬂlbé@hpidiﬂm,nous efficacy, ONtinme period of the PW
signal is shortened as conpared to the LED el enent of ~

bl B),. Moreover, differ k. betweepn_ drive wdths
of Lﬁv% SitgptPn s %ﬂb\’rbﬁog e lokDaglemaent ug &§A+ Syice the
R2p of g2 row is large. This is because since gl row
LED élenett aifastual{®)ehdshdiffery ai 1ofliabuny @fﬁéhc?@ U\AIﬁ Wilﬁ@ period
0 whic

that tenperature is high and LED el enent

of the i)%?M gpgnia ig rc%\{\lﬁs]eé Yo EeDlaEerlggr nztm ?{ghrt ee%u(sg?onh%\éli'igg 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 light emission change by temperature dependency, it is
unnecessary to allow drive width to be varied.

Thén, attention 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




:

| arge Iight em ssion quantity change by tenperature
dependency, it is necessary to allow drive width to
be varied. The backlight drive control unit 180
perforns drive operation sfch that pulse width of the
PWM si gnal becones large, in order to realize |ight
quantity balance with respect to groups of other
rows, at gl row where tenperature is high. The
backl i ght drive control unit 180 is adapted so that
and BWMesmnab offR2j0ftg2reoweisi ladgo fTHHwE Hiegante smcesgh raw is
a technique for changing |i ght em ssion quantity in
0 I V.
locaf RioCt, SRAIET FREHOR D7 TN AL Ui o flerdfRe By Heand
uniformty of tenperature characterlstlc within the
LEDdelepent . toTwhich attentogre isdrawnfisrL.120j elstrieng ofdjeds¢Riphaving

resol utions of respective colors w I | be expl ai ned

.larg@qh%eﬁhgh&ﬁ qﬁ&ﬁ&i@?\éﬂgé}{% ‘%!yfﬂ‘lgt{/ or |agr§%%m? is

si gnal deI ivered to the group of Ilight emtting
necegsashide Apwidrivsawidsh b visrds idwsbacideghdfdnive @oagpbmnlt
of PWMsignal delivered to the group of |ight

10 AR AR, ATl s RO 5 Ty

group of ght emttin dlodes 30 of blue (B). 35 As

~becommes laegayii |11a 06dertﬂﬂel'eﬂbée ighdquaniitubalange Mithorespegttmgroups

light emtted fromthe LED elenent of red (R), rays of
thi S green (G and
ofo lrlaeigvg%%tltggﬁ?“émttéelg&ﬂ: t&Le LE%heI enment of blue (B)
> The backlight drive control unit 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 toﬂthe 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).



adjusted in order to obtain a predeterm ned white
light, a predetermned white |ight can be obtained,
as shown in FIG 18, at the,tinme of mxture ratio where
pul se wi dth of PWM signal delivered to the group of
light emtting diodes 30 of blue (B) is 256 (100%,
pul se width of PWM signal delivered to the group of
Ilght emttlng di odes 30 of green (G is 191 (about

59 and p of PWM signal of the oup, of
gﬁst %&u ? th%é@tﬂw X thregratie) of krysxd hﬁsmﬂted from
l\/breover in the above-described exanple, in the case

the WP elerRhtust E@d‘g Wi ehsA (ﬁf 11 éﬁu?ﬁstﬁi.t A thEWMED 8R@hent of

delivered to respective ups o ight emtting
ree of freedom of

iodes 30 is s t.to 8 blts t he de
gree&f@e a%édtay%e Spitted &am\ﬁbﬁeﬂEﬂa eleraent ofiploe (B) is
light emtting diodes 30 of blue (B) can be adj usted
adjubtédlihZrleSteBbain S Wetetmih&dl Jaﬁnté‘ﬁ reHEf% Qfhite

of freedom of adjustnent wdth of pu dth of PWM
. del i ere to th Q of Ilght mtting
hghto@agvd@% obfaige %)méa% S 13 ey the times of anwrf/rftae where
Step which is about one hal f thereof. Mreover, there

pulsé aKdth pf AWM Ripridl deliveriEir th W oéf ﬁgﬁpeﬂlfittﬁié éﬁbdes 30
wi dth of PWM signal delivered the group of

or o 4 e B S PRl wsmdé@ -

of PWM signal 36 delivered to the group of I|ight

of light ¢rmittigptidiodes 38000 Erdedd(GRls 19Di(bdst 7590 08NE Ppubs¥ width
roma viewpoint of insurance of adjustnment accuracy.

of Piv@vfr gg%ééstgf fhe o'gldoépu%ltl hgrl% onl\lll?t?inegnalod 3(5 of" re%e'(sﬁf i 126
(50%),

| Moreover, in the above-described example, in the case where
adjustment width of pulse width of PWM signal delivered to respectivo
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
degree 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
Idel_ivered 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



resol ution of adjustnment width. For exanple, there is

a technique of allow ng adjustnent wi dth of pul se

wi dt h of PWM signal delivered to the group of Iight

emtting diodes of blue ( 30 to be 10 bits. However,

there is a difference between adjustnent steps every

respective groups of light emtting diodes 30. Since

i mprovenent is not performed in principle, when
.difference of ON tinme period of PWM signal reaches

deliversd, tadthesgrewe of dight emitpinigs diadast B0onf Pkl §RynalThis is
delivered to the group of light emtting diodes 30 of

. . | b . i | d i
incof 84 19 D5t oGpL ol o SHGRBAC

becomes equal to 10 bits or nore, converter for
per f b BIAGL e oreydi fugh mconvenienees ife kpunsessery dot ingrease
the cost of the device itself is increased. In view

18fioh N6f aRHYU | 1 R hepdackl | '
reso C(Zl)?lt r ol agﬁnﬁmﬁlgo%gigjmust ledc%r g,}s,(%&?g)%ak va:f%ezggﬁecgﬁiq\ﬁ% of
sig (constant current value |ILED) delivered from

naJ. ! .
- allowing ﬁ@um%n‘o’m&epf plgenavidds pd gigpap<lebveradyibe the
emtting diodes 30 so that adjustnent w dths of PW

group b lig} 5eﬂﬁﬁmgaﬁme% %ﬂtﬁﬁ@gg? iswetoatﬁsif Py BtsOf Hé‘(gv@%%r, there is

emtting diodes 30 are su ant i y uniform (e.qg.
.é:i ts). , The waveform di agram of PWM si gnal delivered .
- a diffgrepge beldgsnoradipgiment oHeps | everyi sernsctiveogrowRs (o) light
is shown in FIG 19A, the waveform di agram of 37 PW
| emiu?gaﬁided 0. ves et ighprdehient s bt ?b%’rm%ﬂ' ! prifl igﬂ@,d&ﬁen

of green (G is ‘shown in FIG 19B, and the vv?a ef'orm
differgfe oF RN iRt OF T Syalrsachis,s0rn adetmsat Width
| of puise width of PWM 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



The backlight drive control unit 180 perforns PAM

(Pul se Anplitude Modul ation) of signals delivered

from e.g., DCDC convertg&,to respective groups of

light emtting diodes 30 t0 adjust crest (peak) val ue

of constant current value ILED delivered to

respective groups of light emtting di odes 30.

Accordi ngly, the backlight drive control unit 180

r.for adjustnments in time direction and in .

PWM; Srlgla?-lun@ﬂlwe‘i fe ke groupe ohilight emifiing dioslesi3ghaf grean (8) is

delivered to respective groups of light emtting

“shoveh 96149G30 9 ﬁfdﬁtﬁ@v@%@%ﬁﬁﬂia%ﬁanﬁ'ﬁfﬁw. §bnal delivered to
adj ustnment, ‘thus making 1t possible to maintaln

bal ance, of adj ustpent accuracy aof, the respective
the g5pa 04 light ergfingdiodes ) of bivel(Eds shev, idH GG
exanpl e of a signal waveformwhen signals delivered

t o THebaslauas diivd i:sﬂ&opﬁiﬁttisw;géﬁeﬂﬁ mlé@hﬁﬁgﬁde

I's shown below. FIG 20A shows Signal min

case ere a si | i ime directjon is nodul ated .
MOdPg\Sml’f\ﬁoé%‘%iﬁwggﬁYe@HdﬁQ%i % 8al ﬁ@%pntf%@r to respective
_ direction is not changed (fixed), i.e., peak current
- groupé JfHzlkd efiining didis 80aRg deusVQ:fréﬁﬁeak) Rt YF constant

shows a signal waveformin the case ere" signal in
the ti irection (in the PMM directjon) is.fixed
curre] Gali LB GVl hPsnetiive Bronas of Heht soabing Aides 30,
Further, FIG 20B shows a signal waveformin the case
Accostimrgdy,atlss daekiigin diive donee! et i180Npelfbahe hdjtistnfents in
_ signal in anplitude --------- ------ 38 direction is
time mfcéﬁ%gg}égtﬁﬁmﬁéﬁ é}fﬁ%%%[)&%‘i&ed %iﬂ'? treépnectt r}% :gi%%gls to be
delivered to respective 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 emitting 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., peak 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 in 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



i ntensionally adjusted by white bal ance, etc., the
backl i ght drive control unit 180 perforns nodul ati on
inatinme direction (PW, 8and nodul ation in an
anplitude direction (PAM Tay be performed for
correction of |ight em ssion output bal ance by
tenperature distribution of display. In adjusting
light enmitting operation of the groups of |ight

. emtting dipdes 30 constituting the backlight unit 2,

direqtipn i W%ﬁﬁﬂéﬁeﬁve control unit 180 according to the
invention of this Application constituted in this way

perft ds My tRANBEIIRRAS in theheasdMilticrelde #li Negfih@iteafthy be
in the time direction so that resolutions of

. . adjustment beconme uyniformin all of the, groups of ]
intensi ly @%chmtﬁgyowﬁ%@ & Stes ba&&ll@aﬂ Jitee cpptrol unit
addi tion, since the backlight drive control unit 180

180 pesfordisaotnldtivh in AVed Aitedfion TPWRPP!dndefdcdlation in an
Suitably detects tenperature distributiion extending

. .he u rtion of the display toward the | ower,
mpf@éﬁ%? dipeetide lwgrq Bf laafféi“gheﬁfrepﬂowé light emission
anplitude direction on the basis of the detection

outptiebalahice by te@ipepitiy RKribOtid Of défplgylr rent val ues
: tpdeI i veredyt o the groups of |ight perrl%pltti ng di odes 30,

it s possible.to eli.m nate di spl unevenness ,b e

t ertherdiRting Jilh e Bitingnontraling of Ly oy o gy puiting

noted that the present invention has been described in
-diodec 30 cdasiitutinig! thefbaektizhednitr) okié bectght@ieotontrol unit 180

illustrated in the 39 acconpanying draw ngs and

described.in detai -l t, shoul.d be under st.0qd. b t hose
accoffif it 2F riselEht it P Sp SRR eR G dhis Yay ipeffbfms

not limted to

(@R

~adjustments in the amplifude 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 possible 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



enbodi nents, but various nodifications, alternative
constructions or equivalents can be inpl enented
wi t hout departing fromthe,scope and spirit of the
present invention as set f$ th and defined by -appended
claims. 40 CLAIMS 1.. A drive apparatus for a
backlight unit in which plural groups of LED (Light
Emtting Diode) elenents where the plural LED el enents
are connected in series_every three primary colors
accomppanying rhawings endfdasenibed gor detetls jt shmlldrl%)/@/ anderstood by
apparatus conprising: signal generating neans for
: eRRLiALH il gh LS $i40 [ [ . O OUP$: 0
thosfPORBNIN shilledin, AL SAIO R 0! inlknlil fUR Tinfted to
of . the LED el enents on the basis of the signal which
embadimentsn Guhevarions bynodificatipns) ghemativiengconsimetions  or
vol t age appl yi ng neans for applying a voltage to the
Sl S STRAO Rt doyhBhg TR I ERCGHE B it of
. light which are enjtted fromthe groups of the LED
 the predsRtiRveRtpras 89t forthaand detined hyappeaded slimsd:
tenperature detecting neans for detecting tenperature
or tenperatures of the groups of the LED el enents;
“and control nmeans for controlling at |east the signa
generating nmeans and adjusting |ight em ssion output
of the plural LED elenments in correspondence



with the respective groups of the LED el ements based .
on light emssion quantities which have been detected
by the |light em ssion quantity detecting 41 neans and
the tenperature or tenperatures which has or have been
detected by the tenperature detecting neans, said
plural LED el ements connected in series for the
respective groups of LED el enments having (being) a
substantially sane tenperature. 2. The drive
apparatus as set forth in claiml1, wherein the contro
means adj usts |ight enissi#h output of LED elenents
r.every three primary colors so as to coincide
CL ticity of white |I|ights provided with the plura

1. Doy tRosve Athatads %&3‘9 }%ﬁ{g&ﬁn@w‘%dp wigeh Ak eepnps of
* oS4 Dy RSSO, I GRS Bl o
contiEF fh SBfieh SRS Er 3&58#*3’?%0 QP iREE g fferent

. porfiLs, B e B p AR ISRl 2 ament s ar e di sposed at

di f g genél%'thgoﬁt%ahé‘ e ?Eh@l%ltlng fgﬂt ¥hisdion $i8nal of the

driv ratus as set forth in wher el n~t he
gro@sgﬁ&hemwémegtsneans generates a PWM (Pul se Wdth

Modul ation) signal. 5. The drive apparatus as set
f or flivemedas forldriving the groups of the LED elements on the basis
of the signal which has been generated by the signal generating means;
voltage applying means for applying a voltage to the groups of the
LED elements;
light emission quantity detecting means for detecting quantities of
- rays of light which are emitted from the groups of the LED elements to which
the voltage has been applied;
temperature detecting means for detecting temperature or
temperatures of the groups of the LED elements; and
control means for controlling at least the signal generating means and
adjusting light emission output of'the plural LED elements in correspondence

with the respective groups of the LED elements based on light emission

quantities which have been detected by the light emission quantity detecting



wherein the Iight em ssion |ight detecting neans
detects quantities of rays of |ight which have been
emtted fromthe groups of the LED el enents conprised
of the LED elenments of arbitrary primary colors. 42

6. The apparatus as set forth in claim1, conprising:
anpl i tude adjustnent neans for adjusting anplitude of
a constant current val ue 2 owi ng in the groups of the
LED el enments in accordance Wwith the tenperature or

meg e SRR ormBln AR AR B S AE0 i Hccted
by thetémpLfarhRiaeRlid HianddbitPbIRAIL EEABRMAMOBGNAL in

st gnal generating nméans connected thereto to

-seriﬁ@fttrf tlﬁb rédpebtive efb s LB ¢leiments hadng V(Béii’@‘) afsubS@ntially

ED el enents. 7. The drive apparatus as set forth in

same! taipetatugnpri si ng: sel ector neans for selecting the
group of LED elenents constituting the backlight unit

hi accordance with tenperature or tenperatures which
has or have been detected by the tenperature
2. det diwi diyvempeatustasisei fortthin dannrlgl nmeans control s
light enmission quantities of the group the LED
el efgrereinvthe hcontvel besamssedipstsedighy emisssml eatput of LED
nmeans, on the basi,s of a_ signal whic¢h has_ been, . .
elergenis fax eemyythrecspdimgRe colash 80 A8itagorrcide chngmagcitygé white
. ,drive apparatus as set forth i | ai , 4ncluding: a
| llghFFeE’E‘P‘{ﬂ%F r Wallho they lEER - BEQURSn Ol g LER; dlgmests ramged at
différent portions by correcting a deviation of light emission wave length of the

LED according to the temperature.

3. . Thedrive apparatus as set forth in claim 2,

wherein the respective groups of the LED elements are adapted so that
the plural LED elements connected in series are arranged in a horizontal
direction, and the plural groups of the LED elements are disposed at different

portions in vertical direction.

4, The drive apparatus as set forth in claim 1,

wherein the signal generating means generates a PWM (Pulse Width
Modulation) signal.
5. The drive apparatus as set forth in claim 1,

wherein the light emission light detecting means detects quantities of
rays of light which have been emitted from the groups of the LED elements
comprised of the LED elements of arbitrary primary colors.




correspondence with a portion where the LED el enents
are arranged, light quantities of rays of I|ight
emtted fromthe LED el enments, which have been
detected by the |ight em ssion quantity detecting
means, wherein the control nmeans controls the signa
generating neans on the basis of the |light em ssion
gquantities -which have beeq corrected by the
correction data stored in te. menory and the

. h b :
6. gt bt Wﬂﬁﬂ&s&%@‘a@m@g&ﬁ%ﬁ eans. 9. The
~dri 'é&ﬁgﬁﬂﬂ%ﬁf ﬁ&jﬁ%ﬁﬁénﬁﬁ{eaﬁl@%i“ all 15t \% gtﬁa%'f'asé SHbtarkt

menor I n WhIC correcti ta obtal ne
curbdhtavalie FHAVIRE §|oﬂTﬁé%EB'Téi€h1éﬁ§ i dcad@lance with

stored such t at he case where the |ight em ssion
~the meﬁﬁperhmréeéﬁ%mpermsmﬁ@ dHakaog R vat b@erPQYetd:dwd by the
apart fromthe groups of the LED el enents, they
tengperatate dagctiieghndanght , rays of |ight whi ch are
emtted fromthe groups of the LED elenents, while in
t he wherstn dine contrbk méagist cantialsitha amphtudwadjesﬁmmtngleans
-means_are arranged at_ a portion near fromthe groups
- along whb IL @n@h@mgratmgeyneﬁéISe@@nnwe@tth@fego|togm>nt101 light
- rays of light which ar mtted fromthe groups of LED
eml@ﬁlé’ﬁlémtﬁu'f dicgraupn et EQ clgEmdS-corrects | i ght
em ssion quantities which have been detected by the
light emi ssion quantity detecting neans on the basis

7. ?‘2&“1@ A BRPE el KR T 5, L il ene. on
L onseeivtp@agS BE kPl AL bR ATIAD HREDL Ghufittine

the %%Eﬁﬁéﬁfjuﬁﬁ HiYfecordance with temperature or temperatures which has

or have been detected by the temperature detecting means,
- wherein the control means controls light emission quantities of the
- group the LED elements which have been selected by the selector means on

‘the basis of a signal which has been generated by the signal generating means.
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tenperature detecting neans. 10. The drive apparatus
as set forth in claiml, conprising: |ight quantity
rati o adj ustnment means for suitably adjusting |ight
quantity ratio of the respective-LED el enents, and a
second nenory table where tenperature information of
an arbitrary one color which is caused to be

reference i n obtaining v\/mt4 light by the Iight

t I
8 Gara B e PR SRTbUATRIONS, SRMERE Wnea
- actyaly TOPNStOFRIS Ofo2berishoata YA19HL NS Neorrect, in

control meafs corrects |ight em ssion quantfties which

: corfe%}o@nﬂaﬁdb ddileat poktion Wierd ithSILED eRin®htdugdtdrtahged, light
ecting neans on the basis of correction val ue data

qualtlolles ofi rays hef glstoashitbedrfirom tthe | leEDoeleandnts)| whith have been
gnal generating neans on the basis of corrected
detd:atgdh bydhe sighb emdgsion guamtityadetectivymeans,ur e or
tenperature which has or have been detected by the
t enperereln thedeansmlimganseeoentrols the aignal \g@nﬁmtmgdmws an the
backl i gh nit in which plural groupso LED (Li
bas thﬁghgﬁbmlsa%ﬁﬂﬂa ifige rwhigle h@wer é@e&@@r@ wérhyé the

nnect ed |ntger| es eve@%/(i gree mar col ors

£ dRERIOTY ﬁée \ﬂé’ teERprIgtures

T3t T A I e

light em ssion quantity detection step of detecting
guantities of rays

- 9. The drive apparatus as set forth in claim 1, comprising:

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

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 first memory table to control the signal




of light emtted fromthe groups of the LED el enents
to which the voltage has been applied by the voltage
application step; a tenperature detection step of
detecting tenperature or tenperatures of the groups
of the LED el enents; a signal generation step of
generating a |ight enissiog4signal of the groups of
the LED el enents on the basis of |ight em ssion

genBHAM tlﬁ@a?ns""ﬂhp{he ???@C?P %rﬂa%?&ftl%ltb midon | @lintities and

em ssion quantity lon step a enper at tre or
‘ temg)gi’@t%ﬁ'@té’f gEmMErairB3SwicH VA l@ﬁeﬁaﬁl{?tl%‘érﬁcﬁéwc’%eﬂe by the

nperature detection step; and a control step o

tem?@fﬁtﬂ@dét@cﬁi gheaflgusting |ight em ssion output of
he plural LED elenments in correspondence wth the

respective plural groups of the LED el enents based on
the light em ssion signal which has been generated by
10. t hd'hsi appraretustasset fardpin slaimd IplcomyprisiED el enent s
connected in series for the respective groups of LED
el bphitgranditymgtichad gy ment sueansafar mlltgo]sfaat@ustmg light
t enper at utrt:ﬁﬁ 12. The drive nethod as set forth in
quagfityf ratip101 thesespastived-EBrglemientreand adj usts i ght
em ssi on output of LED . elenents for.eyer .thr%fe .
pri AeiCFORG MBFEOLY t crghers; teRIMFEatyRe b‘h%’ﬁ‘éﬁp? an[rpigary
lights,provided with th lural groups of .rthe L .
- one gl RHEIR Gied thibe pREPR TR iR Sl Hehtoy the bt
-devj.ati ' ] S$i | engt f_d.
quafifE s, g seht PiasEr R BRI vle L SR dpeen
obtdified BY Y el rirfin &P LG PRIMIS GGt et 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 second memory table to control the
signal generating means on the basis of corrected light emission quantities and
temperature or temperature which has or have been detected by the

temperature detecting means.

1L A drive method for a backlight unit in which plural groups
of LED (Light Emitting Diode) elements where the plural LED elements are
connected in scries every three primary colors are arranged at different

portions, the drive method comprising:



46 respective groups of the LED elenents at the

respective groups of the LED elenents. 13. The drive

nmethod as set forth in claim1l, wherein the

respective groups of the LED el enents are adapted so

that the plural LED el enents connected in series are

arranged in a horizontal qlisrecti on, the plural groups

of the LED el enents are di sposed at different portions

in : [

cont o | A2° RPHEHOT MIROR spbBiTng T YRHaBE HeLPithe ioups of
the WFIVREerRéntkhe LED el enents at the control step. 14.

The drive nethod as set forth in claim11l, wherein a

PWa( RahisemWsithih qiveitsed éteodios isgiabf detegeingr qiaditas of rays

the signal generation step. 47 15. The drive nethod

. of leghtsenittedrfréimi thegdraiips df thevh&12 clemets tto twieishdhe vaytage has

of |ight which have been generated fromthe groups of

. beenmppbkd yrihe vodtago sppliodtiamsiepED el enents of arbitrary

primary colors are detected at the |light em ssion
quarit ioyperatuse detectismeptep 1. datheling ite@paERtwsHoR teraperatures

orth in ai 1, conprising: an anplitude adjustnment
oftgegﬁowscgahggtrﬁ.iége‘lgpﬁg& ude of a constant current :
val e o "Gt S BEnShtihe % Tight Briiseion sighal of the

- groups of the LED elements on the basis of light emission quantities which

have been detected by the light emission quantity detection step and

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

temperature detection step; and

a control step of controlling and adjusting light emission output of
the plural LED elements in correspondence with the respective plural
groups of the LED elements based on the light emission signal which has
been generated by the signal generation step, said plural LED elements
connected in series for the respective groups of LED elements having (being) a

substantially same temperature.

12. - The drive method as set forth in claim 11,

wherein the control means adjusts light emission output of LED
elements for every three primary colors so as to coincide chromaticity of white
lights provided with the plural groups of the LED elements arranged at
different portions by correcting a deviation of light emission wave length of the
LED according to the temperatur, and

light emission output is controlled in correspondence with the



tenperature or tenperatures which has or have been
detected by the tenperature detection step, thus to
control, at the anplitude adjustnment step, |ight
em ssion output of the groups of LED elenents on the
basis of a constant current value which has been
delivered at the anplitude adjustnent step and the
light em ssion signal which has been generated by the
signal generation step. 17."The drive nethod as set
hoi :
resp B hVe lotpf oS LTS PR A (e SRR LB A'tpg LED
clelBfgid i ght unit in accordance with tenperature or
tenperatures which has or have been detected by the
tenperature detection step, thus to control, at the
control step, light em ssion quantities of the group
-13.0f t'MRe UEWegheti®dtay sehfsth havkimkead) sel ected by the
sel ection step on the basis of a signal which has
‘beenwhersin dietespyctive griugpsadf the 1t btglemceatseare atidptethso that
drive nethod as set forth 11, conprising: 47a a
thecplurek {iEID alenpnts cooneetedi g sehes larg farramgeslsima horizontal
. quantities of the LED el enents whi ch have been
dirgritaast ed by the |ight em ssion quantity detection
step.in correspondence with a portiqon where the LED .
el erfBgiumgt graunsLigha LEID plements gap disposed at diffesent portions
. signal.generatiopn step, the light em ssion signal on
"JW%gC%égﬁg%%%?' | i ght enission quantities which have

oGRS SR BB RRehThE Sy e
resf)gceti‘}e? %i)gtolfrtﬁe P15 €ldr2on R '5F Bhe control step.

14. - The drive method as set forth in claim 11,
- wherein a PWM (Pulse Width Modulation) signal is generated at the

signal generation step.



19. The drive nethod as set forth in claim11,
conprising: a first correction step of correcting
light em ssion quantities obtained fromsensors for
detecting quantities of rays of |ight which are
emtted from the groups of the LED el enents at the
i ght em ssion detection s&ﬁg on the basis of
correction value data of a nory table in which

15. cor r”Pfié lfYe YRLHSd a@%%taﬁo i f18fny @ predeterm ned

actual neasurenent net are storéd such th_at in the
cas Wh@?@ih&]ﬁdiﬁtﬁ r@ﬁ'QELt%s of Hghf Lahde Hadé baeR %‘éhbﬁfﬁe@ﬂ@iﬁ the

fromthe groups of D el enments, they detect, as weak

grotpgbf LERYSeabnlsi @thpodede st e LEDeldraehts r(ﬁ'rnrbmr%r primary

groups of LED elenents, while in the case where the

- colamsasedstectadeatdhe hghedmadsien qoantityrdetesron stom t he

groups of LED elenents, they detect, as strong light,
rays of light which are emtted fromthe groups of the
LED elements, wherein the |light em ssign signal is

. 16. gendhgtdsive methadeassseydarthgeelaa 1 breompmpingon t he

basi s of |.ight em ssion quantjtj.es. which have
cor F‘BC@I@BLMQ adustment 4%ep of AdjEsHRB AEPERIdeaf a constant

T L N
RSt Sl el Bl SR BB By e

' [ i gh quantity ratio of the LED el enents of
temﬁ%@%s(%g%({d(&eﬁ%l ors; and a second correction step
of rect | ' 1.881 A ' ;
ool ISBRHTENE oita EFpREIE SN o 2R SrrifBn oput
of thgrdisy 6f PEIR eBi8HtY orftietodsts of a constant current value which

‘has been delivered at the amplitude adjustment step and the light emission

signal which has been generated by the signal generation step.

17. . The drive method as set forth in claim 11, comprising:
a selection step of selecting the group of LED elements constituting

the backlight unit in accordance with temperature or temperatures which has

or have been detected by the temperature detection step,

thus to control, at the control step, light emission quantitics of the
group of the LED elements which have been selected by the selection step on

the basis of a signal which has been generated by the signal generation step.

18. The drive method as set forth 11, comprising:



whi ch tenperature information of an arbitrary one
color which is caused to be reference in obtaining
white light by the Iight quantity ratio adjustnent
step and correction val ue data obtained by a
predeterm ned actual neasurenent nethod are stored,
wherein the |ight enission¢ﬁignal IS generated, at the
signal generation step, oh the basis of |ight

em $SddfecidRNited bf%oﬂ‘ébﬁﬁ% '“Blti’é’ REemiS&ann euhRELEY of tELED

Bo
second correction st ep an enﬁer ature or ten‘per at ur es

 elembBhghwhich Bavedeen d&@é’teﬂ%&{f_&i@ﬁgﬁy ehiiSsibaneiaityrdetection
detection step. 48 ABSTRACT The present invention is

stepdin @atespohdencewithen powanakheref the IeEDadémegtstare @nahged,
(20) in which plural LED (Light Emtting Di ode)
- el efiam ® gererateasicthdsigrah ipenemtion\stey, thatight priissoly signal
col ors, which comprises a signal generating unit (44)
‘on thebagisrafrthehght enysgjnnlquaatitiag winclahave baey camgticdhjethe
an ,adjustnent unit (50) for adjusting |light em_ssion
COTERfAINN sicpsand tempepatuse artpmpgrahuiessvhad) has ordwve been

basij f the signal, which has been generated by the

- detesioghy TagsiearneraHiC deIECHOBAED 2 vol t age appl yi ng uni t
(41) for applying a predeterm ned voltage every the
groups of LED elenents (30), light emssion quantity

19. o7 PP BAyK b hobAsel Bt B SR NP SRS o0ps oF
DRt S S RO i
'- fror%rqsi%iélﬁ&ﬁg[g)r bdggébtgig Filﬁglgﬁiii%s” ?ﬁgﬁﬁ gRNight Wiibh 416 ehftiedOom
“the. groups of the LED clements at the light emission detection step on the
‘basis of correction value data of a memory table in which correction value
data obtamned by a predetermined actual measurement method are stored such
that in the case where the sensors are arranged at a portion apart from the
groups of LED elements, they detect, as weak light, rays of light which are
emitted {rom the groups of LED elements, while in the case where the sensors
are arranged at a portion near from the groups of LED elements, they detect,
as strong light, rays of light which are emitted from the groups of the LED
clements,

wherein the light emission signal is generated, at the signal generation

step, on the basis of light emission quantities which have corrected by the first



vol tage applying unit (41), and a control unit (50)
for controlling the signal generating unit (44) on
the basis of |ight em ssion quantities which have been
detected by the |ight em ssion quantity detecting
units (33) and calorific values which have been
detected by the calorific value detecting units (32).

47b
- correction step and temperature or temperatures which has or have been

detected by the temperature detection step.

- 20. - The drive method as set forth in claim 11, comprising:

- a light quantity ratio adjustment step of suitably adjusting light

- quantity ratio of the LED elements of the respective colors; and a second

- correction step of correcting -light‘ emission quantities which have been
- detected by the light emission detection step on the basis of a memory table in
- -which temperature information of an arbitrary one color which is caused to be
reference in obtaining white light by the light quantity ratio adjustment step
and correction value data obtained by a predetermined actual measurement
method are stored,

- wherein the light emission signal is generated, at the signal generation
. step, on the basis of light emission quantities which have been corrected by
the second correction step and temperature or temperatures which has or have

- been detected by the temperature detection step.
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ABSTRACT

The present invention is directed to a drive apparatus for a backlight
unit (20) in which plural LED (Light Emitting Diode) elements are
cascade—coﬁnected every three primary colors, which comprises a signal
generating unit (44) for generating a signal having an arbitrary amplitude, an
adjustment unit (50) for adjusting light emission quantities of groups of LED
elements (30) on the basis of the signal which has been generated by the
signal generating unit (44), a voltage applying unit (41) for applying a
_predetermined voltage every the groups of LED elements (30), light emission
quantity detecting units (33) for detecting quantities of ré.ys of light which
have been emitted from the groups of LED elements (30), calorific value
detecting units (32) for detecting calorific values emitted from the groups of
LED elements in accordance with the voltage which has been applied to the
voltage applying unit (41), and a control unit (50) for controlling the signal
generating unit (44) on the basis of light emission quantities which have been
detected by the light emission quantity detecting units (33) and calorific

values which have been detected by the calorific value detecting units (32).



