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-1- 2212361 Col or Liquid Crystal D splay Apparatus
The bresent invention relates to a color liquid crystal display apparatus
haV|ng—a col or saturation cor- rectlng circuit for red, green, and blue. :
Recenthy, color liquid crystal television sets and color |iquid %1@:361
di spl ays have been put into practice and widely used. Fig. 1 is:g
diagramshowing a circuit ar- rangenmenty of a conventional color liquid
crystal .television set. Referring to Fig. 1, reference nuneral 100 denotes -
a liquid crystal panel on which an inmage is displayed. The liquid crystal
panel 100 is designed such that a I|qU|d crystal I s seal ed between a
substrat e having signg Da e havi ng scanni ng
el ectrodes 1°00b. The IPTi ses col or
filters for color dlsplay A natrlx type panel is-exem plified as liquid
crystal panel 100, in which pixels are formed by cross portions between

t he signal . and scanni ng el ectrodes | 00a and | 00b. -2- A flow of signals
until an image is displayed on the liquid crystal panel 100 will be

described bel ow. Refergacerais@ntal idvéRBOORS ¥l AL a VB8R0 liquid

crystal display apparatus having a color saturation cor-

recting circuit for red, green, and blue.

Recently, color 1iqﬁid crystal television sets and
color liquid crystal displays have been put into practice
and widely used. | .

-Fig. 1 is a block diagram showing a circuit ar-
‘rangement of a conventional color liquid crystal television
set.

Referring to Fig. 1, reference numeral 100 denotes
a liquid crystal panel on which an image is displayed. The
liquid crystal panel 100 is designed such that a liquid
crystal is.sealed between a substrate having signal elec-
trodes 100a. and a substrate .having scanning electrodes
100b.. The liquid crystal panel 100 further comprises color
filters for color display, A matrix type panel is exem-
plified as liquid crystal panel 100, in which pixels are
formed by cross. portlons between the signal and scann;ng

' electrodes 100a and 100b.



external radio wave is received by the antenna, a video signal SS is forned
by a receiver 2. The video signal SS is supplied to a color separation
circuit 3, and is sep- arated into a red (R) video output signal RS, a
green (G video output signal GS, and a blue (B) video output signal BS:-r
The R, G and B video output signals BS_ GS, and BS are respectively ‘-~
Al D-converted by A/D converters 4, 5, -and 6, and are output as 4-bit
signals DR, DG and DB. The reference potentials of each A/D converter are
set to high and low_reference paotentials [err] and [err The 4-bit, signals
DR, DG and DB are & r&i¥ 8; a""'rﬁﬁat]iﬁ)l\éRg?*l?aF‘n .’é‘b’Eﬁﬂd RcEifPLRYERe ON
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arated into_a red (R) video output signal RS, a green (G)
video output signal GS, and a blue (B) video output signal
BS. The R, G, and B video output signa1s RS, GS, and BS
are respectively A/D-converted by A/D converters 4, 5, and
6, and are outéut_as 4-bit signals DR, DG, and DB. The
reference potenﬁials of each A/D converter are set to high
and low reference potentials'VH and VL' Thé 4-bit signals
DR, DG, and DB are arrayed by a multiplexer 7 in accordance
with the arrangement of the color filters, and a 4-bit
signal DP is output. The 4-bit signal DP is stored in a
shift register 8. When data corresponding to one scanning
operation is stored in the shift register 8, the stored
data is supplied to a pulse width modulating circuit 9.
The data which has been subjected to pulse width modulation
in the pulse width modulating circuit 9 is supplied to the
signallelectrodes 100a of the liquid crystal panel 100.
The video signal SS is also supplied to a control

circuit 10. The control circuit 10 generates clocks CKR,

CKG, and CKB used in the A/D converters 4, 5, and 6, a



nmodul ating circuit 9, and clock TPR to be supplied to a timng pul se

gener at or 11. An output fromthe timng pul se generator 11 is received by
t he scanni ng el ectrodes 100b of the liquid crystal panel 100. Figs. 2(a),
2(b), ®ad 2(c) respectively show relationships between the
above-described R, G and B video outpdt-signals RS, GS, and GB, and the
high and | ow refer- ence potentials [err] and [err] A tine and a voltage
are plotted along the axis of absci ssa and the axis of the ordinate,

respectively F@fer denof e hor| onta c signal; [err] a
pedest al | evedil v g g‘o Rt bt %’éﬁrv ded %‘E}f CKgnasedndin
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Fig. 3(b) vol tage waveform when a root-nean-square
vol t age betwﬂ&nlﬂdﬁid(ainﬂxi gdrlel 100.
Flgg. 2(a), 2(b),':and 2{(c) respectively show
/- :_ " relationships between the above-described R, G, and B video
output signals RS, GS, and GB, and the high and low refer-

ence potentials V and V

H L*
plotted along the axis of abscissa and the axis of the

A time and a voltage are

ordinate, respectively.
Reference symbol HS denotes a horizontal sync

signal; Vv a pedestal level serving as a reference for

Q'
~ each video ocutput signal and representing the minimum value
of each signal associated with gradation display; and VP'
the maximum value of each video output signal. VQ < VL'
and'VH <V, are established for each video output signal.
Figs. 3(a), 3(b), and 3(c) respectively show
voltage drive waveforms to be applled to the plxels formed
on the first scanning electrode. Fig. 3(a) shows a voltage

waveform when an ON voltage V is applied to the pixels.

ON
Fig. 3(c) shows a voltage waveform when an OFF voltage VBFF

is applied to the pixels.



vol t ages and [err] is applied to the pixels. Reference synbol [err]
denotes a tine period corresponding to one field; [err] a selection period,
[err] a non-selection period; and [err] a blanking period. Reference synbol
[err]. denotes a voltage anplitude in the selection period and b, a bias-~
ratio obtained fromthe conditions fof the maximumratio of the ON-vol tage
VON to the OFF voltage [err] Fig. 4 shows a change in transmttance- T
with respect to an RMS voltage Vrns applied to the liquid crystal panel
at a certain view angj&p TPle axi s_of ahscissa represents the RVS
t0'the F
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shows a cas® wherein the transnittarfce curve of an R pixel is differnt

fromthe transnankngepevivas ORdEeitthdd Myl V.| Behbeeki Glivbltagd-
crystal television set, a bright volune is arrangeg to '

amplitude in the selection period; and b, a bias ratio
obtained from the conditions for the maximum ratio of the

ON voltage VON FF*

Fig. 4 shows a change in transmittance T with-

to the OFF voltage Vo

respect to an RMS ‘voltage Vrm applied to the 1liquid

s
crystal panel at a certain viewing angle. The axis of
abscissa represents the RMS voltage vrms applied to the
liquid crystal. The axis of ordinate repfesents a relative
transmittance, assuming that a state wherein no light is
transmitted is set to be a reference, and a state wherein a
transmittance T is saturated 'upon increasing an applied
voltage is set to be 100%. 1In Fig. 4, curves R and GB
represent transmittance curves of R, and G and B pixels.
The three transmittance curves 'k, G, and B do not neces-
sarily coincide with éach".other.' For example, a certain
color pixel may be -devia_ted from the other two color
transmittance curves. Fig. 4 shows a case wherein the

transmittance curve of an R pixel is different from the

transmittance curves of G and B pixels. In the 1liquid



b

change a drive voltage anplitude while the ratio of the ON voltage VON to
the OFF voltage [err] is set substantially constant so as to obtain a clear
di spl a. WWen the bright volume is set to a position where an image can be
di s- pkgyed, the OFF voltage [err] for a display at the m ninum
transmttance is determined. 1In a liqguyid crystal display apparatus in
which a time-divisional driving is perfornmed, if the nunmber of divisions is
set to be N, the following relationship is obtained fromthe conditions for

Corr] Ther of GRRYSTAL | R 14¥eih o8t [ ot | BEABRE UeoDiif ndd  pHEeERRd0tge
VN Lo aut ool vo JEL AU fethacd ek Brdael SRkl ERECSERIS e o g
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G and B plrelcofetnd o Gk veb! apen P\l 2100, bdoady Y iR D
3c) T's comvarimt Famests; SAa Bfaftfon Uihere, [0 Ak GHE) BTdfLT L)
I n order to«}ﬂp@éd, tKe OFF voltage -VOFF for a display at the minimum
.transmittanpe_ is determined. In a liquid crystal display

\_/ aéparatus in which a time-divisional driving is performed,
if the number of divisions is 'sét to be N, the following

~ relationship is obtained frorp the conditions for setting

the maximum ratio of the ON voltage VON to the OFF voltage

Vorr!

Von’Vorr =V (N + 1)/ (8 - 1)

.~ Therefore, if the OFF voltage VOFF

is automatically determined. 1In Fig. 4, T

is determined, the ON

voltage VON

represents the transmittance of an R pixel and TOFFGB

' represents the transmittance of G and B pixels when the OFF

OFFR

'\_roltage VOFF is applied. In addition, TONR. and Tguop
respectively represent the transmittance of the R pixel,
| and the G and B pixels when the ON voltage VON is applied.

As &escribed above, in order- to apply the RMS
voltage -VO'FF'. in Fig. 4 to the pixels, the apparatus is
required to be driven as shown in Fig. 3(c). The drive

waveform in Fig. 3(c) is converted from a signal level

vV s VL in Figs. 2(a), 2(b), and 2(c). 1In order to apply



the RVS voltage [err] in Fig. 4 to the pixels, the apparatus is required to
be driven as shown in Fig. 3(a). The drive waveformin Fig. 3(a) is
converted froma signal level [err] in Figs. 2(a) and 2(b). In the _
conventional color liquid crystal television set, however, the m ni mum~J
transmttances of an R pixel, and Gang B pixels are determ ned by theVSFF
vol tage [err] as shown in Flg 4, and the transmttances at this tine-are
respectively set to be [err] and [err] In addltlon t he maxi num

' J termi ned by the
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cannot be oht ai Red.i M¥gg$Perid)y cald V2 (b)Y, the reference potentials for the
liquid crystafgpé“hel ﬁ1:|g ‘4)Iare set(a)fs shown in Fig. 2, the overall

di splay imge is tlrmd:mt&bmﬁéhumﬁ &T&P%ﬁ e&fg@@ bl e
V\:hEIEl) an image i s displayed upon reception of a raster si gn&? ﬁsﬁes S
caused nai nigethy Howkvdey etine niii hRan {1 dndmPPehldslof al R pixel, and

G and B p:Lxels are determlned by ths OFF voltage ‘-IOFF as

shown in Fz.g. 4, and the transmittances at this time are

orrr 27 Toppgp*

In addition, the maximum transmittances of the R

respectively set to be T

pixel, and the G and B pixels are determined by the ON
voltage VON'.' and the transmittances at <this time are
respectively set to be TONR and TONGB' If a difference
between T and T or between T

OFFR OFFGB’ ©°F onr 274 Toyngp 1S
increased, the saturation of R and B will be different from
each other and the saturation of G and B will also be
different from each other. This poses a problem that a
natural image cannot be obtained. More specifically, if
the reference potentialé for the 1liquid crystal panel in
Fig, 4 are set as shown in Fig. 2, the ovérall- display
image is tinged with red. ' This phenomenon becomes most
noticeable when an image is displayed upon reception of a

white raster signal. This is caused mainly by a difference

and T

between TONR ONGB

@
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In Fig.” 4, the transmttance curves of the G and B pixels exhibit the sane
characteristic. However, even if the transmttance curves of the R G and
B*pi xeks exhibit different characteristics, a similar problemis posed. In
nass-pggguction, since the thickness and spec- tral characteristics of
color fFlters interposed between signaj.fng scanni ng el ectrodes vary, the
transmttance curves of R G and B may differ fromthe respective preset
val ues, and hence are required to be electrically correct- ed. It is an
obj ect of the present_invention to provide a color crystal |iquid display
apparat us having a colBrFigdrufat the tsansmitigneec carves fofi the G amdl B.
According to a.coLor Ih ng crystal disBIay appara- tus of the present.
i nvention, whBh*EH® RX % 1indhe $me shapacterdfiis.ar Homempezon\avendif at
| east one of JQw and hi reference potentials can be jndependently ,
adj usted as a#ﬁ%ngQHEQQFB?“ﬁchEBKG r??oﬁheFﬁg.qri4941§ﬂ£kﬁ?Hﬁaﬁ¥Ehblt
showi ng a cirgyj [ agr ventional ;.color liguid crystal television
set; Figs. 2(§¥?£3€%€? é%%iéfg?ggggl??hiﬂgsi g*?ﬁ PE@B%%Tiﬁ%I?°§ﬁ%mﬁng
rel ationshi ps betweengih 'i&Hﬂﬁﬁ‘ - 8-, t R B M feg out put
signals and the referé%cgaggFg%tla i ﬁvﬁiégﬁvgﬁ ng?bk%ggs aAé’sFec
' tral characteristics of color filters interposed between
signal and scanning electrodes vary, the transmittance
2 curves of R, G, and B may'differ'from the respective preset
values, and hence are required.to be electrically correct-

ed.

It is an object of the present invention to provide
a color crystal liquid display apparatus having a color
saturation correcting mechanism for R, G, and B.

According to a color liquid crystal display appara-
tus of the preSent invention; when the R, G, and B Video
outpﬁt'signals are A/Déconverféd, at least ohe of low and
high referencé potentials can be independentiy adjusted as

a reference for A/D conversion.

Fig. 1 is a leck diagram showing a circuit diagram
of a conventional color liquid crystal television set;
 Figs. '2(a);. 2(b), and 2(c) are timing charts

| - respectively showing relétionships between the amplitudes



Figs. 3(a), 3(b), and 3(c) are timng charts show ng vol tage drive
wavefornms when maxi mum internedi ate, and naxi mum RVS val ues are applied to
each pixel in the conventional color liquid crystal television set, respec-*
tively; Fig. 4 is a graph of typical gransnmittance charac- teristics 0f a
liquid crystal panel of the conventionhal color liquid crystal televisr®n
set, showing a relationship between RVS vol tages applied to the liquid
crystal panel and transmittances; Fig. 5 is a block diagramshowing a
circuit arofrahgerentG, odnd Bolvdded ioptipht csimials andpthg refipzeaces
according to an enbodi nent of the present invention; Fig. 6 is a graph of
transn tt apotenhbdndst ofi A¥Dcsoofrezteirgyi d crystal panel of the color liquid
crystal display apparatus of the present invention, showing a relationship
bet ween RVB vol t ag€dgappl Bda) ,t o3tike .1 i gdidd Slgdt arrgandlimdmg charts
transmttances; Figs. 7(a), 7(b), and 7%9) are timn charts show ng
rel ati onshepowbagw¥eatage drive: wa¥eformshwhrn Baximymp @mgesme gie .
signals in the color Ifgﬂid'crystal dispra% apparatus of the present

i nventi on 8R8 MAXiRR RMEnv@lentFel SPPLiSAD tdnearheixel in. theys
8(a) and cgggéntiggafiégfgk f?&ﬁi c%@%@gfitelevisiqn set, respec-
tively; '

Fig. 4 is a graph of typical fransmittance charac-
teristics of a 1liquid cryétal panel of the conventional
color liquid crystal television set, éhbwiné a relationship
between RMS voltages applied to the liquid crystal panel
and transmittances;

Fig. 5. is a b'lock__ diagram showing a circuit ar-
rangement of a color .liquid crystal display apparatus
according to an embodiment of the preseht invention;

Fig. 6 ig a_§raph of transmittance characteristics
of a liquid crystél pé_mel of the color 1liquid crystal
display apparatus of the present invention, showing a
relationship between ﬁMS voltages applied, to the 1liquid
crystal panel and transmittances; '

Figs. 7(a), 7(b), and .7(c) are timing charts
showing relationships between the amplitudes of the R, G,
and B video outpﬁt signals in the color 1liquid crystal
display appa:atué of the present invention and the refer-

ence potentials of ‘A/D converters;
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vol tage drive waveforns when a maxi num RVS voltage is applied to G and B
pi xels, and an R pixel in the color liquid crystal display apparatus of the
present. invention; Figs. 8(c) «and 8(d) are timng charts show ng
vol t agg drive waveforns when a mininum RV voltage is applied to an R

pi xel , <¥nhd G and B pixels in the color Piquid crystal display apparatus of
the present invention; Figs. 9 and 10 are gr aphs of di fferent
transmttance characteristics of |liquid erystal panels, respectively

o, LT P R, PR A AL it

panel s and transm ttances; -an

circuit arrangRiiiligd! ariGA OhabbBUEAsCIYRLA 1 HRLANAPPRIE! Yo FELQL T110

t o anot her enbodi nent of the present 1 nvention.

present i nverdpggiiedM {;J_, dPeanesr i‘pﬂggité;, d%liai l%rpeﬁogiWetlh .{r?f Flﬁgn(‘t?f&

the acconpany- ing drawings. Figs. 5 show col or ui
crystal tel evidiquideirygaal @lspldy @pphratud I @h@l@és@éﬂ?rﬁ{\*&don;
i g.

according to an enbodi nent of the present invention. Is a bloc

di agram showi ng a cir ®iigs.ar 8 (cdngament 8¢&)t harei qdmling! athaktd! ahowing
appar atus accordi ng -10- to the enbodinent of the present invention.
The sane voltage drive waveforms when a minimum RMS voltage is
applied to an R pixel, and G and B pixels in the color
liquid crystal display apparatus of the present invention;
'Figs. 9 and 10 are graphs of different
transmittance characteristics qf liquid crystal panels,
_respectively ~showing relationships_ between RMS voltages
épplied to the liquid crystal panels_énd transmittances;
and |
Fig. 11 is a block diagram showing' a circuit
arrangement of a color. liguid crystal display apparatus
according fo another embodiment of the present invention.
Embodiments. of the présent invention will be
‘described in detail below with reference to the accompany-
ing drawings. | |
Figs. 5 to 11 show a color 1liquid crystal
television:set‘as a color liquid crystal display apparatus
according-to an embodiment of the.present invention.
Fig. 5 is a Block diagram showing a circuit ar-

raﬁgement of_the'liguid color display apparatus according



reference nunerals in Fig. 5 denote the sane parts as in Fig. 1. A video
signal SS is supplied to a color separation circuit 3, and is separated
into RR G and B video output signals RS, GS, and BS. The RR, G and B video¢
output signals RS, GS, and BS are A/ D-converted, and are output as 4-b't
signals DR, DG and DB, respectively 0The HBX|nun1and mini num | evel s Y& A/ D
conversion of the R V|deo out put S|gnal are respective- |y set to high and

| ow reference potentials [err] and VLR by changing variable resistors

[err] and [err] The maxi mum and mninmum |l evels in A/D conversion of the
G vi deo outpat thegnambmdimesspeoifi vehg spresenti ginventicw r effheensame
potentials [err] and [err] by changing variable resistors [err] and [err]
The nmaxi nunrefierence mwmesadiss im Big.cbndensiten thet hamg \padds s pin
signal are respectively set to high and | ow reference potentials [err] and
[err] by chBhgrn- varlable resistors [err] and [err] A description after

the 4-bit signals DR, angd DB_outpuyt fromA/D converters 4, 5 and 6 are
supplied to a nult|ﬁ|¥k@?°7signﬁﬂes§aﬁ§ &EPPH&Fdlﬁ°FPg°°}°rFF§PaGa§H8ﬂs a

A EE L R RS D ek R
axes of g ionals RS, GS, and BS.
The R, G, and B video output éignals RS, GS, and BS
are A/D-converted, and are output as 4-bit signals DR, DG, A
and DB, respectively. The maxiﬁqm and minimum levels in
A/D conversion of the R vidéq outputISignal are respective-
ly set to high and low reference potentials VHﬁ and ViR by
changing variable resistors RHR'and Rip- The maximum and
minimum 1levels in A/D conversion of the G video output
signal are respectively set to high and low reference
potentials VHG and viG by changing variable resistors RHG
and R, .. ' B
The maximum and minimum levels in A/D conversion of

the B video output signal are‘respecfively Set to high and

low reference potentials V

HB ‘and VLB by changing variable

resistors Ryp and Rip-

A description after the 4-bit siénals DR, DG, and
DB output from A/D converters 4 5, and 6 are supplled to a
multiplexer 7 is the same as that in Fig. 1.

Fig. 6 shows a change in transmittance with respect

to RMS voltages applied to a liquid crystalfpanel of the
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absci ssa and ordinate, and curves R and GB in Fig. 6 represent the sane
as'in Fig. 4. It wll be described how variable resistors [err] [err] and
[err] _are set as described in Fig. 5 so as to performan inmage display with
excel [’ént col or bal ance by exenplifying. the color liquid crystal display
appar a¥tis having the liquid crystal pa “exhibiting the liquid crystal
characteristics shown in Fig. 6. As described in Fig. 4, if the bright
volune is set to a certain position, the OFF and ON voltages [err] and
[err] as the m_ni mrum and pmaxi num val ues in a vol tage applicable range are
respect i vel y Q¥ nildgpidrh eryshal adidplaghg@praratiig.ageIhe e adﬁe.fsgeﬂafnt ly

set for R ang G.,and B sqQ as to set su stantiallﬁS t he sane _,

appl i cati on aasfr?t_?@a apdi r QRINRESnCcANG T AW aS afsnPREar®R &R vEIG he R
pi xel and that of th and. B pi xel,s. re specifically, the range of [err]
i s used for ﬁ?@rtm%n%}%rwe&ﬂ%éﬁ,&%n *the range of [err] is

IR L PR TR NE R R MR SRR T R
per 1070 by 1SN 10, %0 Ackust! e VREkeBE LESUBRBLIEY th pids
-12- so as to perform an image display with excellent color
balance by exemplifying thé" color liquid crystal display
U apparatus having the liquid crystal panel ekhibiting the
1i§uid crystal characteristics shown in Fig. 6.

As described in Fig. 4, if the bright volumé is set
to a certain position, the OFF and ON voltages VOFF and VON
as the minimum and maximum values in a voltage applicable .
range are respectively determined. The application ranges
of voltages are differently set for R, and G and B so as to
set substantially . the same application range - of
transmittances of '_the transmitfance curve of the R pixel
and that of the G and B pixels. More specifically, the
range of VOFF sV s '\72 is used for the transmittarlxc'e curve
'R, and ‘the range of Vl s Vs VON' is ‘used for the .
transmiftanc‘e curve GB so as to set the transmittances of
R, G, and B to be chahged in the rangé of T1 ST S T2.
This setting is performed’ :by. changing and adjusting the
variable resistors'RHR, RLR’ RHG' RLG' RHB' and RLB so as

\' \'

HG' "LG’

to determine the ;eference potentials HR' VLR'

\' B’ and VL

H B



Figs. 7(a), 7(b), and 7(c) show relationships between the
anplitudes of the respective video output signals described in
reference to Fig. 5 and the reference potentials. The sane reference
‘synbols in Figs. 7(a) to 7(c) denategjhe sanme as in Fig. 2. In Fig. 7(¥),
ref erence synbol RS denotes the R video output signal, for which the hfgh
and | ow reference potentials [err] and [err] are set as referencés for
Al D convertion. In Fig. 7(b), reference synbol GS denotes the G video

' |, f whi ch hi d | | d
WG are “setas rEHEPencblD) for 8Pl cofibr of B 1 PP T e LoptF oo
nbol BS t B i ' |, ls t | gh
41 or ence BERURTH o 05 o AHPIEES e O bEPetNRE, PLogbI 0B N o

Conver si ong B&iﬁrglégérfz}‘é@ﬁoknvr_e‘%‘é%h‘é% %d“ﬂ?fg?s éﬂd’et}gé W@?ﬁé%ﬁée

V,
S. . :
conponent o%geac eo out put signal, which i ocl ate a gradation

di splay; | ' I : Figs.
700, () POERELpLs- 2 THE TBMY ckugeRentl” SVillits SR | A oF%er )

correspondg (¢p @efibbenthe RéAmeoksags Feg(]2( OFF voltage) applied to each R
pi xel , whereas a signal level of [err] corresponds to a maxi num RVS vol t age

V2 applied to eachiiR mixel .7 (@)gnakeferehaeofsyntic] ®Sd dérdtesorthesprnd to
m ni rum and maxi mum RMS voltages [err] and [err] (ON voltage)
video output signal, for which the high and low reference

potentials VﬁR and VLR are set as references for A/D .

convertion. In Fig. 7(b), reference symbol GS denotes the
G video output signal, for which the high-and low reference

potentials VHG and Vic are set as references for A/D

conversion. In Fig. 7(c), reference symbol BS denotes the
B video output signal,.for'which the high and low reference

potentials Vas and V,p. are set as references for A/D

conversion. Reference symbol V_ denotes a minimum value of

Q

a signal component of each video output signal, which is
associated with a gradation display; and VP' a maximum
value of the signal component. In Figs. 7(a), 7(b), and
7(c), VﬁR > VP, vLG < VQ, and ViB < VQ are ‘set. A signal
level of VQ s Vs VLR corresponds to a minimum RMS voltage
.VOFF (OFF voltage) applied to each R pixel, whereas a
signal level of V = Vp corresponds to a maximum RMS voltage
Vz appliad to each R pixel.

-ignal levels of V = VQ and VHG SV s Vé correspond
to minimum and maximum RMS voltages Vl and VbN (ON voltage)



3

-13- applied to each G pixel. Signal levels of V=V and [err]
respectively correspond to m ni mum and nmaxi mum RVS voltages [err] and
[eerr] . (ON voltage) applied to each B pixel. The types of drive waveforns
used fo obtain the above-described RMS y®ltages [err] and V1 will be
descri-med with reference to Figs. 8(a), 8(b), 8(c), and 8(d). Figs. 8(a),
8(b), 8(c), and 8(d) show voltage drive waveforns applied to the pixels
formed on the first scan- ning electrode. The sanme reference synbols in

Figs. 8(a) toaBplliederts cehbh sGnpizeli.n FSigndl FevelB(adf£skove the and
.vol tage waveform when the ON voltage VON is applied to G and B pix@:s. Fi g.
8(b) shows tth§o£tuge veéspectiealyheoRbEspohdate Nihimappah@dmavimwan
R pixel. A7 differenc between the wavefornms in Figs. 8(a) and 8(b)
corresponds tBMa didlftageweV|hamEVyol t@esvpitage) applied | toi reashy. B6.
Fig. 8(c) shows the voltage Wwaveform when the OFF voltage [err] is applied
to the R pi xepixelg. 8(d) shows the voltage waveform when the RVS vol t age
[err] is applied to the G and B pixel's. A difference between the wavef orns
in Figs. 8(d) and 8(cTheort¥pgsonas wdriyeli vavefarmsparsgdntor ipbtayps the
voltages.-[err] and_[err]. in Fig. 6. — : _ )
above~described RMS voltages V V..me and Vi will be

~ON’ -‘72' OFF
described with reference to Figs. 8(a), 8(b), 8(c), and
8(d).

_ Figs; 8(a), 8(b), 8(c), and 8(d) show voltage dfive
waveforms applied'to the pixels formed on the first scan-
ning electrode. The same reference symbols in Figs. 8(a)
to 8(d) denote the same as in Fig. 3.

Fig.,B(a) shows the voltage waveform when the ON
voltage VbN is applied to G and B pixels. Fig. 8(b) shows
the voltage waveform when the R_MS-vol_tage'V2 is applied to
an R pixel. A difference between the waveforms in
.Fi_gs. 8(a) and 8(b) corresponds to a difference the RMS
» voltages VbN and Vz in Fig. 6. Fig. 8(c) shows the voltage

waveform ﬁhen the OFF vol_tage VOFF is applied to the R
pixel. Fig. 8(d) shows the voltage waveform when the RMS
voltage'V1 is applied ;o the G and B pixels. A difference
between the waveforms in.Figs, 8(d) and 8(c) corresponds to

a difference between the RMS voltages V, and V. in

Fig. 6.



-14- The reference potentials of the A/D converters for RR G and B are

I ndependently set in this manner so that mninumtransmttances T1l, and
maxi num transmttances T2 can be set to be substantially equal,
respectively, for R G and B. Fig. 9 shows transmttance characteristics
of aliquid crystal panel different fgomthose shown in Fig. 6. In order to
di splay an image on the liquid crystal panel having such transmttance
characteristics with excellent col or balance, the range of [err] is used
for the transmttance curve R and the range of [err] is used for
the transmittance Bhevgederence makentinlsmévkhe hAdDscanvertersr &o¥e

potentials are set to_satisfy [err]_and [err% by adjusting the variable
resistors Reri§. @nd B [axe |independently | getnild Hiifermanner afenithadnce

can be changed within the, range of Jerr or each of R G ;and B pi ls. In’
oo er S o e RS, Fendins EFRRCR ST mitt dnd O aiii e rsnsmifiinged 32 3 |

| having t it has act eri st i hown in Fid..10. whi.ch
T feront FRBmbthaas &' Be ra0bEEAREIS1 LY efullY lepeluivpay’ ol H,0,

[err] i squsegdigf @, the transmittance curve R and the range of [err] is
used for thé transnittance curve GB. This state can be achieved by setting

reference Fig. 9 shows transmittance characteristics of a
liquid crystal panel different from'ﬁhose shown in Fig. 6.
In order to display an image on the liquid crystal QJ
panel having such transmittance characteristics with

excellent color balance, the range.of'V’oF sV S'V} is used

F
for the transmittance curve R, and the  range of
vaF £V s VON is used for the transmittance curve GB. In

order to achieve this state, reference potentials are set
VLR = VLG = VLB and VHR > VﬁG = VHB by adjusting

the variable resistors RHR’ RLR' RHG' RLG' RHB’ and RLBlzn

to satisfy

Fig. 1. In this manner, 'a transmittance can be changed
within the range of Tl s TS T2 for each of R, G, and B
pixels.

~ In order to display an image with -excellent coior
balance on a 1liquid crystal panel"havingl transmittance
characteristics shown in Fig. 10, which are different from
those of the above-described panels, the range of

VorF S V s VbN is used for the transmittance curve R, and

the range of Vl's vV s VON is used@ for the transmittance

curve GB. This state can be achieved by setting reference
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- 15 - potentials to satisfy [err] .and [err] by adjusting the variable
resistors [err] [err] and [err] In this manner, a transmttance can be
ehanggg within the range of [err] for each of R, G and B pixels. The above
descriyption is associated with a case wherein the transmttance curve of
the RPixel is deviated fromthe transmjétance curve of the G and B pixels.
However, when, for exanple, the transmttance curve of the G pixel is
deviated fromthe transmttance curve of the R and B pi xels, adjustnent can
be perforned in the, sanme nanngn; Ip additjon, the present invention _can be
applied to a RekRR i Fot A8 ?Fﬁﬂs&um andeccdr Vas @Y hurhFedng Telmr e

di ff f . Gl g. . ' ' '
i quid cryst Y GROJRAY G PP TAERBRA e T4t S n Bementiok heRmcer Ynar

present inveniion. opiepsane refeignce QUARES!S I N bentlodenal colhe 5

I
parts as in FIEB’5. PhBé e diment,  a cogﬁlnatlon SENaT

ST MRS SuafL VB SR o 'R Lo e B g

potential s of converters re specifticall or the

converter 4, XﬁﬁiﬁgﬁfkéFQIStor [err] for adjusting the high reference
potential, variab resistor RLR for adjusting the |ow reference potenti al,

two transistors [erfhe aBdYe [§65brip8ldn riaST 868bciheed] willE alUSedke
' ‘wherein the transmittance curve of the R pixel is deviated
Q,- "from the transmittance curve of the G and B pixgls.
However, when, for example, the transmittance curve of tﬁe
G pixel is deviated from the transmittance curve of the R
and B pixels, adjustment can be performed in the same
manner. In addition, the present invention can be applied:
"to a case wherein the trénsmittance curves of the three
pixels are different from each other.

Fig. 11 shows a circuit arrangemeht of a color
liquid crystal display apparatus according to another
embodiment of the_pre#ent invention. The same reference
numerals in Fig. 11 denote the-same'parts as in Fig. 5.

In this embodiment, 'a combination of variable
resistors, transistors, and resistors is used to adjust the
reference potentials of_A/D converters 4, 5, and 6. More

. specifically, for the A/D converter 4, variable resistor
R for adjuStihg thé hiéh reference pétential, variable

HR

resistor RL

‘transistors 'Tr1 "and TrZ' and resistor ry are used.

R for adjusting the low reference potential, two



-16- Simlarly, for the A/D converter 5, variable resistors RHG and [err]
transistors [err] and [err] and resistor [err] are used. For the A/D _
converter 6, variable resistors [err] &and [err] transistors [err] and [err]*’
and resistor [err] are used. Wth Lh%g circuit arrangenent, an enitteLg '
follower circuit is formed by conneciing a variabl e point.of each varrable
resistor to the base of a corresponding transistor so as to decrease an '
out put resistance, thereby stabilizing each reference potential. A nethod

of adj usti 893 15605/, %é%}%{)cb‘ﬁir@ﬂtéﬁcb,V@hiriﬁb‘?c_er 28s3ltbrsS £ hie- same

as that described i'n Figs. 5 The present invention has been

described Qugexrent, Rirangitddrie ML Hng Y PE landlirdsSisttdle Pl isddovever,
the present invé®ion can be-equ&ﬁ y applrl4ed to a case wher®ein an active

type |iqui ghogt Vistiéll ApBn&onv@titiex a6) i varghBlenesdstve! B | Sangek As is
apparent fromthe above description, accord- ing to the ciBr Ilqwgf
crystal di ¢pylamgsistearsatius. @nd e nr esehtresistdd ddee usaidr ehce

potentials of the AID cdverterd%or R G and B are i ndependently set so

t hat the mini nrum afithexihien civesitt aangegenénk, &n amdtBer Xidld aeer be

I ndependent |y changed. As a result, when the transmttance curves of the R

G and B picidicatids iseformed by connecting a variable point of each
variable resistor to the base of é corresponding transistor
so as to decrease an output resistance, thereby stabilizing
each reference ﬁoiential.

A method of adjusting a reference potential using
each variable resistor is the same as that described in
Figs. 5 to 10.

The present invention has been described by exem~
plifying the matrix type liquid crystal panels. However,
the present invention can be equally applied to a case
wherein an active type liquid crystal_panel having active
elements as pixels is used.

Asg is apparent from the above description, accord-
ing to the color liquid crystal display apparatus of the
present invention, the reference potentials of the A/D
converters for R, G, and B are independently set so that
the minimum and maximum transmittances of R, G, and B
pixels can be independently changed. As a result, when the

transmittance curves of the R, G, and B pixels of thz

liquid crystal panel are different from eéch~other, since
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liquid crystal ~panel are different fromeach other, since -17- the
mnimumtransm-ttances and the maxi numtransm ttances can be respectively
‘'Jet to be equal, excellent color bal ancgyis obtained, and saturations of R
G an&fB becone uniform thereby reproducing natural colors. In order to
prevemt an image in which a specific color is excessively enphasized, e.g.
an image tinged with red, only the maximnumtransmttances for R G and B
may be set to be equal. This operation can be performed by setting the

| ow ref erencetlpdt pnhiath tPanBmi@tated addi ehednfas: tf’ﬂ?‘@%ﬁ%ﬁfﬁ% o

m nimumtransnmttances, at the sane |level, and setting the

potentials atcahf fies - mpedtiRlly f etk te Bad Bgqudlys.ex&&ére! color
advant ages can be obtai ned in which col or bal ance can be adjusted accordi ng

to the charadizlam¢e cksobbtained} dandyshturagiohs Yer,dicl,f and @& bdwdmeen
the transmttance curves of RR G and B are relatively large, nonuniformty
of col ors cammkferucetebsbiadiepstodgeingi mratabhnsesddrsnces and maxi num
transmttances, respectively, ina direction to .cause them approach. each
other without settingIaherders o spiaventi ahl ymagealin | whirehs aprspeaifin, a
variation in thickness and spectral characteristic of color filters
di sposed in 19@lQe% is\excespively emphasized, oviveran sivdge tinged iwithan
be ' _ ' .
red, only the maximum transmittances for R, G, and B may be
set to be equal. This operation can be performed by
setting the low reference pbtentials for ﬁ, G, and B, which
are used to determine minimum transmittances, at the same
level, and setting the high reference potentials at differ-
ence levels for R, G, and B. Thus, technical advantages
can be obtained in which color balance can be ‘adjusted
according to the characteristics of a liquid crystal panel.:
When differences between the transmittance curves
of -R, G, and B are relatively large, nonuniformity of
colors can be reduced by adjusting minimum transmittances
— and maximum transmittances, respectively, in a direction to
céuse them approach each other without setting them to be
substantially equal.
In mass production, a variation in thickness and
spectral characteristic of color filters disposed in liquid
crystal panels is caused. However, such a variation can be

canceled by performing the above-described adjustment

according to the characteristic of respective 1liquid



cancel ed by perform ng the above-described adjustnent according to the
characteristic of respective liquid -18 - crystal panels. Especially,
in the color liquid crystal display apparatus of the present invention, if
the variable resistors for setting the reference potentials are arranged in
a driving circuit, and the above adjuggnent is performed when the |iquké-
crystal panel and the driving circuit are conbined wth each other, inage
gqual ity can be checked. - 19- CLAIMS 1. A color liquid crystal

di splay apparatus conprising a receiver for receiving an external radio
wave and outqruslialg panediee siBpreciadlonl oinsdper acobor ciliquitl ferystal

col or-separating the video signal and outputting red, green, and blue video
out put si gn#iSPlaY AAPIXAENRS taf the pvesenhvinventiemchi Hitheevarigble een,
and the blue video output signals, a liquid crystal panel, having a

plurality off§i3&hars ke Leteing (the Fekprenes ipetentiakyarsm ateangad s of

an out put from sajd, A/ D converjer, adj ysti ng ans which can
i ndependent I5P ﬁlﬁﬁ’["’aﬂg |G e @%%W a?ﬂ%mfﬁ gﬁfirf‘é?@%‘?ﬁ:e’-ﬁ)cﬁ%?ﬁ?féﬂ%d used

as ref er,enc%é‘nortffé Dliquid crystal panel and the driving circuit are

combined with each cher, image quality can be checked.

“e,
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.gonversion by said A/D converter. 2. An apparatus .according to claim]1,
nherein said adjusting neans is capable of continuously changing the

- neference potentials. 3. An apparatus according to claim2, wherein said

adj.usfitent means conprises a circuit +ntduding a vari

appardtius according to claim1, wherein one of the hl$"l“ﬂ ﬂﬁﬂﬂ"ﬂﬂl&ﬂ"nce

potentials of said A/D converter is constant. 5. An apparatus atcordi*ng to

claiml1, wherein said liquid crystal @aaBESforns pixels for a matrix

di splay by using a plurality of signal electrodes and a plurality of
scanni ng el ectrodes. '

1. A color 1liquid crystal display apparatus

comprising a receiver for receiving an external radio wave
and outputting a videé signél,_a color sepafation circuit
.for color-separating'the video sighal and outputting red,
green, and blue video output signals, an A/D conve;ter for
A/D-convefting each of the red, green, and the blue video
‘output signals, a liquid crystal panel, having a plurality
of pixels formed therein, for displaying an image on the
basis of an output from said A/D converter, and adjusting
means which can independently édjust at least one of low
and high reference potentials used as references for A/D
conversion by said A/D converter.

2. An apparatus according to claim 1, wherein said 
adjusting means -is capable of continuously changing the
reference pqtentials.

3. An apparatus according to claim 2, wherein said
adjustment means comprises a circuit including a variable
resistor.

4. An apparatus according to claim 1, wherein one
of the high and low reference potentials of said A/D
converter is constant.

5. An apparatus according to claim 1, wherein said

liquid crystal panel forms pixels for a matrix display by

using a plurality of signal electrodes and a plurality of

scanning electrodes.




