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DESCRI PTI ON ELBCTRI CALLY CONTROLLED BI RI FRI NGENCE LI QUI D CRYSTAL
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5 Technical Field The present

I nvention rel at liquid crystal di spl ay apparatus a gd
of driving the ‘géﬁ@gagznd nore particularly, toaliquid g?{/@fdazﬁaﬂ

di spl ay apparatus 10 which displays color inades using the birifringence
of a - liquid crystal. Background Art

A liquid crystal display (LCD) panel for a color LCD appar at us
generally has a liquid crystal (LO ceII.D QCR?£ 5 of polarization plates
sandwi ching the LC cell, and a back Flg %f? um nation |ight source)

| ocat ed outsi de one of the pol arization plates. The LC cell conprises
a pain of

ELECTRICALLY CONTROLLED BIRIFRINGENCE LIQUID CRYSTAL DISPLAY HAVING MORE
DISPLAY AREAS AND METHOD OF DRIVING THE SAME

Technical Field
The present invention relates to a liquid crystal
disﬁlay apparatus and a method of driving the same, and,
more particﬁlarly, to a liguid crystal display apparatus
10 which displays color images using the birifringence of a
" liguid crystal.
Background Art
A liquid crystal display (LCD) panel for a color LCD
apparatus'generallf has a liquid crystal (LC) cell, a pair
15 of polarization plates sandwiching the LC cell, and a back
. light (illumination light source) located outside one of
the polarization plates. The LC cell comprises a pair of
transparent substrates with transparent electrodes formed
on the opposing surfaces of the transparent substrates, and
20 a liquid crystal sandwiched between the transparent
substrates. One of the transparent substrates is provided
with a color filter.
Conventional LCD apparatuses are driven by enabling or
disabling the drive voltage to be applied between the
25 opposing transparent electrodes to control the alignment
state of the liquid crystal and causing the-light from the
back light to or not to transmit the LCD panel. When

passing the color filter, the light from the back light is



transparent substrates with transparent el ectrodes forned on the
opposi ng surfaces of the transparent substrates, and 20 a liquid crystal

sandwi ched between the transparent substrates. One of the transparent
substrates i s provided with a color filter. Conventional LCD
apparatuses are driven by enabling or di sabling the drive o]
bgpappl i ed bet W@A™P448 25 opposing transparent el ectrodes to @ﬁ}#%ﬁ’%‘he
al i gnnent state of the liquid crystal and2eausing the light fromthe
back light to or not to transmt the LCD panel. Wen passi ng the col or
filter, the light fromthe back light is - WO 97/ 06482

PCT/ JP96/ 02248 -2-_. olored to_the
col or of that col¥PH9Y & WS FPAFFNGE P2t c?%ﬂﬁnfﬁ%ﬁﬁgé.d&ngaylng Fhe
light transmttanc@r ¥ fdiyecol or filter is low, so t hat the
conventional color LCD apparatus suffers a |arge

The light transmittance of the color filter is low, so

that the conventional color LCD apparatus suffers a large
5 1light loss af the color filter, making the display darker.

In a reflection type LCD apparatus which employs a
reflector in place of the.back light, in particular, the
incident light is absqrbed by the color filter twice,
before and after it is reflected at the reflector. This

10 absorption darkens the display. 1t is therefore difficulf
to employ a color-filter using color LCD panel in the
reflection type LCD apparatus.

Under this circumstance, recently has been developed
an electrically controlled birifringence (ECB) type LCD

15 apparatus which can display color images without using any
color filter;

Since this ECB type LCD apparatus employs a different
coloring methéd from that of the LCD apparatuses using a
color filter, it cannot be driven directly by using an RGB

20 signal which is used to drive an ordinary color LCD device
using a color filter. Accordingly, the conventional ECB
type LCD apparatus disregards color information and uses
luminance information to provide the two-color (ON and OFF)
display.

25 As énother possible approach, the abplied voltage may
be altered in accordance with a display color which is
specified by an RGB signal may be discriminated. This

method, however, requires a process of temporarily



5 light loss at the color filter, making the display darker. In a
reflection type LCD apparatus which enploys a reflector in place of
the back light, in particular, the incident |light is absorbed by the
color filter tw ce, before and after it is reflected at the reflector.

This 10 absor%&ﬁﬁosgﬁr kens the display. It is therefore diffi ¢gkiposnzzest O
enploy a color-tilter using color LCD panel in the reflection type LCD

appar at us. Under this circunstance,~¥ecently has been devel oped
an electrically controlled birifringence (ECB) type LCD 15 apparatus
whi ch can di splay col or images w thout using any color filter.

Since this ECB t ; r agm;ln%?% di,f t ry met hod
fromthat of thexﬁgf#é%%ggg?dgggﬁh I ng in hcgféﬁaf? f%ﬁfqﬁ%yégﬁﬁbt be
driven directly bBhaHging tile RiFp1idh vwidage whtebdifigUsedthed diépyra@n
ordinary color LCD device using a color filter. Accordingly, the
conventi onal ECBecolor.tyPhis amethyphrtherefdrer ngaddsacoébativély nkargsr and
uses | um nance inforpation to provide the two-color (ON and OFF) |

i

di splay. 25 CaPASL LR of FRIRe LR SndygrngRlNes: RRMRERE | LY BTURSFHRY -
be altered ingaccordance with a d*ﬁ@a@gsgggogfmgﬁggnéﬁmn specified by an
I'S

RA&B signal may be di scrim nat ed.
Accordingly, it is a primary object of the present

invention to provide an LCD apparatus capable of presenting
multi-color display without using color filter, and a
method of driving the same.

10 It is another object of this invention to provide an
LCD apparatus which can set display cblors on the apparatus
side, and a method of driving the same.

It is a further object of this invention to provide an
LCD apparatus capable of presenting gradation (color)

15 display without using a large-capacity frame buffer, and a

. method of driving the same.

To achieve the above objects, a liquid drystal display
apparatus according to the first aspect of the present
invention comprises:

20 a liquid crystal display panel (3) for displaying
different colors in accordance with an applied voltage, the
liquid crystal display panel (3) having at least two
display areas (3b, 3c¢);

designation means (301 to 304) for respectively

25 setting display colors in the at least two display areas
(3b, 3c); and s

drive means (400) for generating drive signals

respectively to the at least two display areas (3b, 3c¢) in



met hod, however, requires a process of tenporarily WO 97/ 06482
PCT/JP96/02248 - 3- devel oping a

di splay image in a frane buffer and t hen changi ng the applied vol tage
according to the display color. This nethod therefore needs a

relatively |ar g@owmwfapam ty frame buffer and involves conpl g¢rApishazes
pr ocessi ng. Di scl osure of Invention

Accordi ngly, |t is a primary object of the pré?éht i nvention to
provi de an LCD apparatus capabl e of presenting mul ti-col or display
wi t hout using color filter, and a met hod of driving the same. 10

It is another obj Q&T:oﬁaﬁcfﬂ SeilthY @lsbAByt BoPbP¥i SfedEied byl—@QeaBEQ'iBEHGJ.on
whi ch can set. display colors on the apparatus side, and a net hod of

driving the sane.means (301 t#d 30 )aahdr applybhgethe drive siignadst itonthe
provi de an LCD a arat us capabl e of presenting gradation (color) 15
di splay w thout ubt CFW-‘@}@Jc&gé@ulﬁy prafRd b8} ckherghy slisplaying

colors, specified by the designation means (301 to 304), on
5 the at least two display areas (3b, 3c).
The at least two display areas (3b, 3c) include a
first display area (3b) for displaying an image comprising
a plurality of pixels and a second display area (3c) for
displaying an image comprising at least one pixel. In this

10 case, the designafion means may include means (301, 303,
304) for specifying a display image, ‘a display color and a
display position for the first display area (3b) and means
(302) for specifyiné_a display color for the second display
area (3c).

15 The first display area {3b) may have a dot matrix
display area, and the second display area (3c) may have a
pictograph display section.

The first dispiay'area (3b) may have character display
areas for displaying a plurality of characters each

20 comprising a plurality of pixels; and the second display
area (3c) may have an image display area for displaying an
image comprising at least one pixel. In this case, the
designation means specifies characters to be displayed,
display colors and display positions to the drive means

25 (400) with regard to the character display areas (3b), and
specifying a display color of an image with regard to the
image display area (3c).

. The designation means (301 to 304) may specify, for



met hod of driving the same. To achi eve the above objects, a

liquid crystal display apparatus according to the first aspect of the
pr esent i nvention conprises: 20 a liquid crystal display panel
(3) for displaying different colors in accordance with an appl i ed
vol t age, the d crystal display panel (3) having at | Qaspddid24s
di spl ay areas ( 89%@ﬁ€i desi gnati on neans (301 to 304) for
respectively 25 setting display colors in theSat |east two display areas
(3b, 3c); and drive nmeans (400) for generating drive signals
respectively to the at least two display areas (3b, 3c) in WO
97/ 06482 ch of the plurality of ch S PAD AT act 1
- 4- accor dance Wi #edfégfgy 34 %rscg%ggﬁggéd by t he §a§|Sﬁét?éﬁp =

means (301 to 304oxid mmbmayhﬁoﬂitﬂﬁnsamaéﬁedﬁﬁih@ the display color
' for each pixel constituting the image.
. The designation heans (301 to 304) may comprise:

5 character code storage means (301) for storing character
codes in aséociation with positions at which the first
-display area (3b) of the liquid crystal display panel (3)
displays the characters; character color data storage
means f304) for stofing display color data of characters in

10 association with the character codes stored in the
character code sforage means (301); and image color data
storage means (302) for storing image color data to be
displayed on the second display area (3c).

The image color data storage means (302) stores, for

15 example, individual 5its of the image color data in bits at
relatively same positions in adjoining memory areas or in
adjoining bits in a memory area.

The character color data storage means (304) and/or
the image color data storage means (302) may store p-bit

20 display color data for designating any of 2° colors, where p
is a positive integer; and the drive means (400) may
include means for converting the p-bit display coloxr data
to g-bit display color data where g is a positive integer
grater than p and means (400) for driving the liquid

25 crystal display panel (3) to display the display data in a
display color corresponding to the g-bit display color data
after conversion.

' To achieve the above objects, a method of the second



liquid crystal display panel (3), thereby displaying

: ( colors, specified
by the designation neans (301 to 304), on 5 the at |least two display

areas (3b, 3c). The at | east two display areas (3b, 3c) include a
first display area (3b) for displaying an inage conprising a plurality
of pixels and ﬁfosﬁ opd display area (3c) for di spl ayi ng acivivege2248
conprising at ['east one pixel. In this 10 case, the designation means may
i ncl ude means (301, 303, 304) for specifiﬂ‘ng a display imge, a

di splay color and a di splay position for the first display area (3b)
and neans (302) for specifying a display color for the second display

area (3c). 15 8s%>ﬁc1-l:_h8ff'.tﬁét FhSeH M nvetd 108 D1 s "Por hindsrimgd @l LiRfurdiax

di splay area, an e second display area (3c) nay have a

pi ct ograph

di spl ay section. crystal disphsy fparstl dibighadispday$ mfﬁwmmm dat er

di spl ay areas for displaying a plurality of characters each 20

ﬁonpr|5|ng a pl uegcprgapeepyithsan Arplied yodspge R RAs at 1leask, tWwey) gy
ave an image display area for dis i ng an i mage conprising at | east
one pixel. In thﬂ%58i§¥,aFﬁés (gb'gggignation means specifies characters to

be di spl ayed
25 (400) with'regard to the character display areas (3b),

and

' 5 di $8baY nEPh8E ScompkidiesP Ity Bespsi@ps to the drive means

respectively setting display colors in the at least

two display areas (3b, 3c); and

generating drive signals respectively to the at least

two display areas (35, 3c) in accordance with the display

10 color setting and applying the drive signals to the liquid

crystal display panel (3), thereby displaying set colors on

the at least two display areas (3b, 3c¢).

The at least two display areas (3b, 3c) of the liquid

crystal display panel (3) may include a first display area

15 (3b) for displaying an image comprising a plurality of

pixels and a second display area (3c) for displaying an

image comprising at least one pixel. In this case, the

setting step may specify a display image, a display color

and a display position for the first display area (3b) and

20 a display color for the second display area (3c).

The first display area (3b) may have a dot matrix

display area, and the second display area (3¢) may have a

pictograph display section.

The first display area (3b) may have character display

25 areas for displaying a plurality of characters each

comprising a plurality of pixels; and the second display

area (3c) may have an image display area for displaying an

image comprising at least one pixel.



specifying a display color of an inage with regard to the I mage

di splay area (3c). The designation neans (301 to 304) nmay
specify, for WO 97/ 06482

PCT/ JP96/ 02248 - 5- each of the
plurality of chayeeszs, the character, display col or andrdrgpHicay24s
position and specifying the display color _ntor each pixel constituting
t he i mage. The desi gnati on nmeans (SOZ to 304) nay conpri se: 5
character code storage neans (301) for storing character codes in
association with positions at which the first di splay area (3b) of the
liquid crystal displ aghpaselttisy step speelfies i o lewanpier, switharagaed
col or data storage means (304) for storing display color data of

characters
char att er

in

1o Zbeocharpskeri EhSPhRY cAERaRi SNTRIISTSH FPehe ALlpptayed,

code stqQrage nmeans (301); .and, i mage col or_ dat . st or age, neans
(302) Tor Storingage ERRBFoary pRoRueY ISsFOLs MUt wien 2040280

-
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the image display area, a display color of an image.

The setting step may specify, for each of the
plurality of characters, the character, display color and
display position and the display color for each pixel
constituting the image.

The setting step may store character codes in
character code storage means (301) in association with
positions at which the liguid crystal display panel
displays the characters, display color data of characters
in character color data storage means (304) in association
with the character codes stored in the character code

storage means (301), and imége color data to be displayed

. on the second display area in image color data storage

means (302). In this case, the driving step drives the
liquid crystal display panel (3) based on data stored in
the character code storage means (301), the character color
data sforage means (304) and the image color data storage
means (302). '
Individual bits of the image color data are stored,
for example, in bits at relatively same positions in
adjoiniﬁg memory areas or in adjoining bits in a memory
area.
—_-The setting step may store in at least one of the
character color data storage means and the image color data

storage means, p-bit display color data for designating any



di spl ayed on the second display area (3c). The i mage col or data
storage neans (302) stores, for 15 exanple, individual bits of the inage
color data in bits at relatively sane positions in adjoining nmenory
areas or in adjoining bits in a nmenory area. The character
col or data storggfReaRs (304) and/or . the imge col or dat 2cglpécARess
means (302) nmay store p-bit 20 display color _data for designating any of
2[err] colors, where p is a positive intéaér; and the drive neans
(400) may i nclude nmeans for converting the p-bit display color data
to g-bit display color data where g is a positive integer grater than
p and nmeans (400)of oz¢ dolvireg ahe thdlWrfividy etept mhy dbcmveyt pemelp(dt t o

di splay the display data in a di splay color corresponding to the g-bit
di spl ay col or dat@isplay afalar certactei gnbit display cpdozcHagee(ghe mbosrd
objects, a nethod_of the second WO 97/ 06482
PCT/ JP96/ 02248 drives the liquid crystal display panel in such a way as to
display the display data in a display color corresponding
5 +to the g-bit display color data after conversion.

The liquid crystal display panel (3) is comprised of a
reflection type of liquid crystal display device which
changes display colors by changing retardation of a liquid
crystal by controlling an applied voltage.

10 Brief Description of Drawings

Fig. 1 is a cross-sectional view of an LCD panel of a
color LCD.apparatus according to one embodiment of this
invention;

Fig. 2 is an exemplary plan view exemplifying the

15 combination of the direction of the aligning treatment
_ performed on én aligning film in the LCD panel according to
this embodiment, the optical axis of a retardation plate
and the transmission axis of a polarization plate for each
constituting element;' | )
20 Fig. 3 is a diagram showing the display area of the
LCD panel according to this embodiment:;

Fig. 4 is a block diagram showing the géneral
structure of the color LCD apparatus according to this
embodiment;

25 Fig. 5 is a block diagram showing the detailed
structure of a drive controller according to this

embodiment;

Fig. 6 is a diagram depicting the memory structure of




aspect of the present invention is for driving a liquid crystal display

panel which displays different colors in accordance with an applied
vol tage and has at |east two di splay areas (3b, 3c). 5 The

met hod conprises the steps of; respectively setting display
colors in the ahobRsak two display areas (3b, 3c); and PCT/IP96/02248
generating drive signals respectively to the a% | east two di spl ay
areas (3b, 3c) in accordance with the display col or setting and
applying the drive signals to the liquid crystal di spl ay panel (3),
t hereby di splaying set colors on the at |least two display areas (3b,
3c). The mirdMatdcdring R dniar emBodBhendsc) of the liquid

crystal display panel (3) may include a first display area 15 (3b) for
di spl ayi ng an i mage cdig. I ng & @liagariamt ;lepictmg P glegnamyd skrsetond of

di splay area (3c) for displaying an ge _conprising at | east one _
pi xel . In this c@&igirgraph (ﬁﬂﬁ%g%ﬂcﬁﬁydy&d@ ythigiempodimentde a
di spl ay col or -and, a d| play sition f he first dIS | a a_(3b

and 20 a display col g“? e 83595 ¢ sp éﬁ%ar h(%c"}emo ééruc % °}

first display grea d¢éiom r%bdﬁ!&ﬁag’ﬂ‘t@‘th&%t Bm¥odimentlj spl ay area, and the
second di splay area (3c) may have a

Fig. 9 is a diagram depicting the memory structure of
a CCRAM according to this embodiment:

Fig. 10 is a diagram illustrating the correlation
between gradation data and the contents of palettes A, B, C

10 and D;

Fig. 11 is a diagram exemplifying picto diSplay data
which is displayed in different colors dot by dot:

Fig. 12 is a diagram showing an example in which
gradation data in the picto display data in Fig. 11 is set

15 by a pair of data at the adjoining addresses:;

Fig. 13 is a diagram exempiifying the'setting of
gradation data in the picto RAM by a pair of data at the
adjoining addresses;

Fig. 14 is a diagram exemplifying the setting of

20 gfadation data in the picto RAM by a pair of adjoining
bits; and

Fig. 15 is a diagram illustrating the memory structure
of the picto RAM which also serves as a CGRAM.

Best Mode for Carrying Out the Invention
25 A preferred embodiment of the present invention will
—_— now be described referring to the accompanying drawings.
Fig. 1 presents a cross-sectional view of an LCD

(Liquid Crystal Display) panel of a color LCD apparatus




pi ct ograph display section. The first display area (3b) may have
character display 25 areas for displaying a plurality of characters each

conprising a plurality of pixels; and the second displ ay area (3c) may
have an image display area for displaying an | mage conprising at | east
one pi xel . wo 9708897/ 06482 PCT/IP96/02248
PCT/ JP96/ 02248 -7- The setting
step specifies, for exanple, with regard td%he character di spl ay
areas, characters to be displayed, di splay col ors and di spl ay
positions, and with regard to the image display area, a display color
of an inmage. 5 accorflifigsebt bng atlmpmnmntspeithis fiavenatbnof the
plurality of characters, the character, display col or and di spl ay

posi tion and the displ &3 sbbwn fnrFiachl pikaolor ILESheppayetug 1heonpriges
The setting step may _store character codes in 10 _character code, storage
means (301) in as &Ll Bangilt § end a drive controller 5 which drives the
LCD panel 3. The drive controller 5 controls the value of
5 the drive voltage to be applied to the LCD panel 3 to
display images in different colors in accordance with the
value of the drive voltage.
The LCD panel 3, which is a reflection type, has an LC
(Liquid Crystal) cell 30, upper and lower polarization
10 plates 40 and 41 sandwiching the LC cell 30, a retardation
plate 42 located between the LC cell 30 and the upper
polarization plate 40, and a reflector 43 provided on the
bottom of the lower polarization plate 41 (at the back of
the LCD panel 3).
15 The LC cell 30 has a pair of transparent substrates 31
and 32 connected via a seal member 33, and a liguid crystal
34 sealed in the area defined by those substrates 31 and
32. Respectively formed on the opposing surfaces of the
transparent substrates 31 and 32 are 72 transparent
20 electrédes (segment electrodes) 36 and 40 transparent
electrodes (common electrodes) 38. Aligning films 37 and
39 are respectively formed on the transparent electrodes 36
and 38,
The aligning films 37 and 39, whose surfaces have
25 undergone an éligning treatment like rubbing, restrict the
aligning direction of the nearby LC molecules so that the
lengthwise directions of the LC molecules are aligned to

the direction of the alignhing treatment. Accordingly, the



positions at which the liquid crystal display panel di spl ays the

characters, display color data of characters I n character col or data
storage neans (304) in association with the character codes stored in
the character code 15 storage neans (301), and inmage col or data to be
di spl ayed “Q? ddegsasecond display area in inmage color data séRiRes:
nmeans (302). In %IS case, the driving step drives the liquid crystal
di spl ay panel (3) based on data stored in ~llfhe character code st orage
means (301), the character color 20 data storage nmeans (304) and the inmage
col or data storage means (302). I ndi vi dual bits of the inmge
color data are SterﬂgleculesfﬁﬁaQ%@ﬁﬁk?lihﬁi@'E§y§%aiei§§éi“%4’é%ﬂ“%w1sted
positions in adj oi ni-ng nmenory areas or adjoining bits in a nenory
25 area. toﬁhfdsthélt@pﬁﬁnqrenn/sabsmsama a2 frosttlwetxdndgerent
character color data storage neans and the inmage col or data st or age
means, p-bit di sFERFtEBLer3Hath IHrAES §FadBlgtany70 degrees. That is,

. the LC cell 30 is a super twisted nematic (STN) LC cell.

5 The retardation plate 42 causes the linearly polarized

light having passed the upper polarizétion plate 40 to be
elliptically polarized. The retardation plate 42 has its
optical éxis (phase~leading axis or phase-lagging axis)

obliquely shifted from the transmission axis, 40a, of the

10 upper polarization plate 40 by a predetermined angle.

Fig. 2 is an e#emplary plan view exemplifying the
combination of the direction of the aligning treatment
performed on the aligning film in the LCD panel according
to this embodiment, the optical'axis of the retardation

15 plate and the transmission axis of the polarization plate

_ for each coustituting element.

In the diagram, single-arrowhead lines 3la and 32a
indicate directions of the aligning treatment performed on
the aligning films 37 and 39, respectively. Double-

20 arrowhead lines 40a and 4la respectively indicate the
transmission axes of the upper polarization plate 40 and
the lower polarization plate 41. A line 42a shows the
optical axis of the retardation plate 42. A line S
indicates a reference iiné which is introduced for the sake

25 of descriptive convenience and extends horizontally.

As shown in Fig. 2, the aligning-treatment directions
3la and 32a are set to be inclined in the opposite

directions to the reference line S by a predetermined angle
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- 8- of 2[err] colors; and the driving step may convert the p-bit

di splay color data to g-bit display color data (q > p) and drives the
liquid crystal display panel in such a way as to di spl ay the display

data in a display.col correspondi ng 5to the g-bit display
after convenﬂ().°9"M82 The liquid crystal display panel §Ehﬁbﬁ6£&§

conprised of a reflection type of |iquid-d?ystal display devi ce whi ch
changes di splay colors by changing retardation of a |iquid crystal by
controlling an applied voltage. 10 Brief Description of

Draw ngs Fi fecd h§n§19r Oﬁﬁesl%tﬁ&ﬁ@éul\ésemgf (iiEIgLCP) P&RE | oy st
col or LCD apparatus accor |ng t 0 one enbodi ment of th | nventi on;

Fig. 2 is an exengowaydplthe vpperexcanspdyerity smﬁstrkiecazbfﬁmumemfowém
direction of the aligning treatnent performed on an aligning filmin
t he LCD panel accdrmgnsparent subskrsterdbdimetite directponcand samglef a

retardation plate . and the transm ssion axis of a polarization plate
for each conddigatRg breitbgt axroy T. Fig. 3 is a diagram showi ng

the display area of th%he optical axis 42a of the retardation plate 42,
which is, for example, the phase-lagging axis, obliquely
intersects the reference line S by a predetermined
'inciihationmangle VY. The transmission axes 40a and 41a,
which are parallel to each other, are inclined to the

10 optical axis 42a by an inclination angle ¢.
The following will describe why a display image on the
LCD panel 3 'is colored.
As exterﬁal light passes the upper polarization plate
40, it is linearly polarized. As the linearly polarized
15 1light passes the retardation plate 42, it becomes
elliptically polarized by the birifringence effect
according to the optical layout condition, such as the
position of the retardation pléte 42, and the value of the
retardation. As this elliptically polarized light passes
20 the LC cell 30, it changes the polarized state by the
birifringence effect according to the optical layout .
condition of the LC cell 30 and the retardation value.
When the elliptically peclarized light, which has
undergone the birifringence effect caused by the
25 retardation plate 42 and the LC cell 30,'hits the lower
polarization plate 41, only the wavelength component of the
elliptically polarized light which is parallel to the

transmission axis 4la passes the lower polarization plate



LCD panel according to this enbodinent; Fig. 4 is a block diagram
showi ng the general structure of the color LCD apparatus according to
this enbodi nment; - 25 Fig. 5is a block diagram show ng the

det ai |l ed structure of a drive controller according to this

enbodi nment ; Fig. 6 is a diagramdepicting the nmenor of
WO 97/ 06482  WO9706482 ’ PO Bt Ipos) ozzﬁ%éﬁm%m@

-9- a DDRANIaccordlng to this enbodSment; Fig. 7
is a diagram depicting the nmenory structure of a pictograph

(picto) RAM according to this enbodi nent; Fig. 8 is a diagram

depi cting the oQRTY SHLUSHILE, One Ligh S @ 4GOI P0 UL P wnion

enbodi nent ;
structure Of goes oﬁtCEE$%4@E&OiéuéEJﬂdldﬂ%zitaﬁh0§1828t41 becomes

Fig. 10 is a diagramillustrating the correlation
colored. The hue is essentially determined by the
retardation of the retardation plate 42 and the retardation

5 of the LC cell 30.

The light having passed the lower polarization plate
41 is reflected by the reflector 43 and goes to the upper
side of the LCD panel 3 in the opposite path to the above-
described light path. The color of the outgoing light

10 presents color display.

The retardation of the retardation plate 42 is
determined by the product, An-d, of the refractive
anisotropy An and the plate thickness 4 of the retardation
plate 42. The retardation of the LC cell 30 is determined

15 by the product, An'd, of the refraétive anisotropy An and

_ the layer thickness @ of the liquid crystal layer 34 and
the alignment state of tﬁe LC molecules 34a. By changing
the value of the voltage to be applied to the LC cell 30 to
alfer the alignment state of the LC molecules 34a,

20 ‘therefore, the retardation of the LC cell 30 changes and
the degree of the birifringence effect of the LC cell 30
changes.

The above will be described more spec1f1ca11y. When
no voltage is applied to the LC cell 30, the light incident

25 to the LCD panel 3 undergoes the birifringencé effect of
the retardation plate 42-and the birifringence effect
according to the initial twist angle T of the LC molecules

34a and becomes elliptically polarized light according to



bet ween gradati on data and the contents of palettes A, B, C 10 and D
Fig. 11 is a diagramexenplifying picto display data which is

di splayed in different colors dot by dot; Fig. 12 is a

di agram showi ng an exanple in which gradation data in the picto

di spl ay data i“vﬂ@mis% s set 15 by a pair of data at thg-raghehi3kdd
addr esses; Fig. 13 is a diagramexenplifying the setting of
gradation data in the picto RAM by a pair of g3 at the adj oi ni ng
addr esses; Fig. 14 is a diagramexenplifying the setting of
20 gradation data in the picto RAM by a pair of adjoining bits;

and _ thicke b3ri®radngbAds adtiddts! I ahiag el NEpESRI Vy SHELEE 1
of the picto RAM which al so serves as a CGRAM Best Mbde

for Carrying Qut tlighithpastesnthe lo@ér polarikgtiehepletieedboamdreis of the

present invention will- now be described referring to the acconpanyi ng
dr awi ngs. reflectedgby] theesefilector ddss thenzefieetredflight CD

(Liquid Crystal Dit%:%'v@Qs Q.%n%kle()fopgogﬂzg rpal‘tq:)tacpg%r 8L¥%+0 the upper side of
5 the LCD panel 3. The display color then becomes the color
according to the retardation of the retardation plate 42
and the retardation of the liquid crystal layer 34 aligned

. at the initial twist angle T. '

When a voltage is ‘applied to the tfansparent

10 electrodes 36 and 38, the LC molecules 34a gradually go
upright from the initiai twisted state as the voltage value
increases. In accordance with the aligning state of the LC
molecules 34a which_have been aligned upright, the
retardation of the LC cell 30 chgnges. The light incident

15 +to the LCD panel 3 undergoes the birifringence effect of
the retardation plate 42 and the birifringence effect
according to the varied retardation of the LC cell 30 and
becomes elliptically polarized light according to those
birifringence effects. The display color then differs from

20 the one acquired in the above case where no voltage is
applied to the LC cell 30.

When a voltage large enough to align the LC molecules
34a substantially upright is applied to the LC cell 30, the
retardation of the LC cell 30 becomes approximately "0."

25 Consequently, the birifringence effect of the LC cell 30
vanishes and the light incident to the LCD panel 3 is
elliptically polarized only by the birifringence effect of
the retardation plate 42. This elliptically polarized
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- 10- according to one enbodi nent of this invention. As
shown in Fig. 1, a color LCD apparatus 1 conprises an LCD panel 3 and
a drive controller 5 which drives the LCD panel 3. The drive
controller 5 ¢ K he val ue of 5 the drive voltage to be ' 0
the LCD panel %ﬂ{)(g%sﬁsi display images in different colors in gg@%ﬁ@%’f}g
with the . val ue of the drive voltage. ~15~ The LCD panel 3, which
is areflection type, has an LC (Liquid Crystal) cell 30, upper and

| ower polarization 10 plates 40 and 41 sandw ching the LC cell 30, a

dat i J 2 1 d h c cell. 30
ol ar i zat i on pl atB O WIER FHRA%PB! H4ek, BOT ORI BHTRSIEcS i OB of

the lower pol ari zads QI dhd HethBetBaCh30f ana tréderd G ﬁgﬁg%p&sité5

The L€ cell 30 has a pair of transparent subsfrates 31 a
connected via a gssth neniiexals8 thend.CR pageild3cr yTheal outgoir@yl lsighltedsi n t he
area defined by those substrates 31 and 32. Respectively formed on the

opposing surfacesc¥oxgsk with the color according to the retardation of the
5 retardation plate 42.

The display area of the LCD panel 3 will now be
discussed.

The LCD panel é has 34 common electrodes 38 and 72

. 'segment electrodes 36 as mentioned earlier,_and has a
10 plurality of pixels defined by the opposing portions of the
common electrodes 38 and the segment electrodes 36.

As shown in Fig. 3, the uppér area of a display area
3a of the LCD panél 3 constitutes a pictograph (hereinafter
referred to as "picto") display area 3c, and the lower area

15 constitutes a segment display area (character display
areas) 3b.

The individual pixels.of the segment display area 3b
are shaped like dots. Thg segment display area 3b has a
dot pattern of 72 dots x 32 dots by which it displays

20 arbitrary characters (including numerals and symbols). The
display positions énd sizes of characters are fixed, and
there are 4 lines by 12 digits of character display areas
each having a size of 8 x 6 dots.

The individual pixels of the picto display area 3c are

25 patterned in arbitrary shapes to form prédetermined images.
in Fig. 3,the display patterns are "Eng."”, "Jap." and the
frames surrounding the former two. Of the 72 segment

electrodes 36, predetermined three segment electrodes 36



transparent substrates 31 and 32 are 72 transparent 20 el ectrodes (segnent

el ectrodes) 36 and 40 transparent el ectrodes (common el ectrodes) 38.
Aligning filnms 37 and 39 are respectively forned on the transparent

el ectrodes 36 and 38. The aligning films 37 and 39, whose
surfaces have one an aligning treatnment |ike rubbing, :

t he aligniﬁgogﬁggégion of the nearby LC nol ecul es so that ¥?§ﬁ%&h£&s

| engt hwi se directions of the LC nol ecul es are -difi-gned to the direction
of the aligning treatment. Accordingly, the WD 97/ 06482

PCT/ JP96/ 02248 -11- LC nol ecul es 34a

of the liquid crys {é}%&%@ﬂin@% iﬁetﬁxéétfﬁhges. HﬁﬂQEQrEQecgéﬁgﬁg?i%%%f?%f

substrate 32 fron1_ ranspar ent substrate 31 at an an _
270 degrees. That 3%.faces thee fikemechatEErns ahd R sevontedoifoRt éTedtddde

LC cell. 5 The retardation plate 42 causes the linearly polarized
38 faces the "Eng." and "Jap.".
The drive controller 5 performs the matrix driving of
5 +the entire common electrodes 38 and segment electrodes 36,
i.e., the entire display area 3a,'to display an imagé.

-The drive controller 5 will now be described.

Fig. 4 presents a block diagram showing the overall
circuit structure of the color LCD apparatus 1 according to

10 this embodiment.

The drive cohtroller_s is connected between the LCD
panel 3 and a display controller 10 which performs data
processing to proddce display data. The drive controller 5
produces an LC drive voltége (which will be discussed

15 later) according to a display color in accordance with
serial input data DATA, a serial interface shift clock
signal SCK and a serial interface input enable signal STB,
all input from the display controller 10. The drive
controller 5 applies the LC drive voltage to the LCD panel

20 3 to display characters in multiple colors.

The drive controller 5 comprises a power supply.
section 51, an output interface circuit 100, a control
section 200, a memory section 300 and an LCD driver 400, as
shown in Fig. 4. _

25 Fig. 5 is a block diagram showing the detailed
structure of the drive controller 5.

As shown in Fig. 5, the power supply section 51

includes a supply voltage adjuster 511, a constant voltage



| i ght having passed the upper polarization plate 40 to be elliptically
pol ari zed. The retardation plate 42 has its optical axis
(phase- | eadi ng axi s or phase-|aggi ng axis) obliquely shifted fromthe
transm ssion axis, 40a, of the 10 upper polarization plate 40 by a

predet er m ned ﬁ%‘vﬁsfasz Fig. 2 is an exenplary plan Vi e¥¢rigpesez24s
exenplifying the conbi nation of the direction of the aligning

t r eat ment performed on the aligning film¥n the LCD panel according
to this enbodinment, the optical axis of the retardation 15 plate and the
transm ssion axis of the polarization plate for each constituting

el enent . | AT 1904 B13058BE8d L1 NePs i A 3R

i ndi cate directi%ﬁgé%#{€fé§%?ﬁ5ﬁ¥%3&{?gg?nen?gggr?%rned on t he

aligning filns 3fobbdgssyrnasheiddvaa. Doubl e- 20 arrowhead |ines 40a and
4la respectively indicate the transm ssi on axes of the upper

pol ari zation pl ate 40Thgiccontrol Izedtimy 200 ancludesnapl eseilfiatex |30is 42a
shows the optica

axis,of the retardation plate 42. Alihe S
i cat 65 a ref CTEREUSRPRETRIIMF 1200 Gtiod PERCRRETERR 205 & address
descr oL ve CRTIEBLESEE A SSRGS\t reqtotars 5 S e
inclined in the geeeaét €206 andlid @i ON Belchetbefeesateciidiai © 4097 .
predet ermi ned angl e
The memory section 300 includes a display data RAM
(DDRAM) 301, a picto RAM 302, a character Qénerator ROM
{CGROM) 303 and a character color RAM (CCRAM) 304.
10 The LCD driver 400 includes a gradation PWM (Pulse
Width Modulation) signal generator 401, a parallel/serial
converter 402, a'shift register 403, a common signal
generator 404, a common driver 405, a latch circuit 406 and
a segment driver 407.
i5 a description will now be given of the power supply
~section 51.
The constant voltage generator 512 is comprised of a
constant voltage source and generates a constant voltage
from a supply voltage V,,, a ground voltage V,; and a
20 reference voltage Vg,. The supply voltage adjuster 511
adjusts the wvalue of the constant voltage which is
generated by the constant voltage generator 512. The
supply voltage booster 513 boosts the constant voltage
generated by the constant voltage generator.512. The LCD
25 voltage synthesizer 514 receives the supply voltage boosted
—by—the supply voltage booster 513, combines a plurality of |
voltages needed to drive the segment electrodes, and

supplies the resultant voltage to the segment driver 407;
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-12- [err]. Accordingly, the LC nolecules 34a (Fig. 1) are tw sted

toward the upper transparent substrate 32 fromthe | ower t ranspar ent

substrate 31 in the direction and angle i ndicated by the arrow T. 5
The optical axigoddedah the retardation plate 42, whi ch | $cTfiP66/02248

exanpl e, the phase-laggi ng axis, obliquely I ntersects the reference

line S by a predeterm ned i nclination angﬂg'[err]. The transm ssion

axes 40a and 4la, which are parallel to each other, are inclined to

the 10 optical axis 42a by an inclination angle [err]. The

following wll describenehgudpdtSpheertddeidtuife100 cohtdrpantie Sdriial
col ored. As externaF | i ght passes the upper polarization plate

40, it is linearl ynpuitadatedDARS, t tire | sewizml imelrdeceeshift ¢logk ghgrsds
the retardation plate 42, it becones
: SCK and the serial interface input enable signal STB,
supplied from the display controller 10, to levels or data
5 which can be processed in the drive controller 5, and sends
the results to the individual sections in the drive
controller 5.
The control section 200 will be discussed below. The
oscillator 201 generates a reference oscillation signal
10 from the serial interface shift clock signal SCK supplied..
from the display controller 10. The frequency divider 202
frequency-divides the reference oscillation signal fr§m-the
oscillator 201 by a predetermined frequency-dividing ratio.
The timing synthesizer 203 synthesizes acquires a timing
15 signal to drive the common electrodes from the frequency-
divided signal from the frequency divider 202, -and supplies
the timing signal to the common signal generator 404.
The address counter 204 counts the addresses of data
to be displayed, stored. in the DDRAM 301 and the picto RAM
20 302, based on the serial interface shift clock signal SCK
supplied from the output interface circuit 100. The
address counter 204 sends out the counted addresses to the
DDRAM 301 and the picto RAM 302.
. The status regisfer group 205 comprises a plurality of
25 registers for temporarily storing character data, color
attribute data, display color specifying palette data and—-
the like included in the serial input data DATA input from

the output interface circuit 100.



elliptically polarized by the birifringence effect according to the
optical layout condition, such as the . position of the retardation
and the value of the retardation. As this elliptically
pol ari zed |ight passes 20 the LC cell 30, it changes the polarized state

pl ate 42,

by the birifringence effect according to the optical |ayo
condition of tWOTEZ | 30 and the retardation val ue. %’Wgﬂn%e
elliptically polarized |ight, which has -18e¢ergone the birifringence

effect caused by the 25 retardation plate 42 and the LC cell 30, hits the
pol ari zation plate 41, only the wavel ength conponent of the

I'1'ipticall | ari | i ght whi ' lel tq th t ) SSi
xi s 41 passes the | ShEr PBPAR AARIIpI e, Secoles S coppand olELHRS 1n

PCT/ JP96/ 02248

| ower

the light (lineafl

Frig(]).l é?Plzlg dd?F%hl%lgTA V\Ihfr%m the qu%' ut in ef’éac 2@:{1%&'@’

y i C goesS out fromf OWer

pol ari zation pl aheo4anbeeofitsols th®liHER:idlaA Beetionessetdbidlhy to the

determ ned by th

5

10

15

20

25

e
decoded result.

The power ON detector/reset circuit 207 detects the
power ON action of the color LCD apparatus 1 and resets the
individual sections of the drive contreller 5.

A description will now be given of the memory section
300. o |

The DDRAM 301 has a plurality of memory areas of 4 x
12 bits in association of the chéracter display areas 3b of
4 lines by 12 digits, as shown in Fig. 6. Each memory area
stores 8-~-bit character data (code data). The address of
each memory area in the DDRAM 301 consists of six bits

(upper two bits (DDHl1 and DDH2) and lower two bits (DDL1 to

. DDL4). The memory addresses of the DDRAM 301 correspond to

the character display positions of the character display
areas 3b in a one-to-one relation. When a character "B" is
to be displayed on the character display area 3b at the
first line and the second column as shown in Fig. 3, for
example, 8-~-bit character data (code) of the character "B"
is stored at the upper address (DDH2, DDH1l) - 01) and the
lower address (DDL1-DDL4) = {(1000) in the DDRAM 301.

The memory contents of the DDRAM 301 can be set and
changed arbitrarily by the display controller 10 in
accordance with the display contents.

Fig. 7 shows the memory structure of the picto RAM
302.



retardation of the retardation plate 42 and the retardation 5 of the LC

cel | 30. The |ight ‘having passed the | ower polarization plate

41 is reflected by the reflector 43 and goes to the upper side of the
LCD panel 3 in the opposite path to the above- descri bed |ight path.
-The color of the outgoing |light 10 presents col or display. JThe
retardati on of WPREY&t ar dati on plate 42 is det er m ned byP ﬁg%pﬂr’zg“ uct,
[err]d, of the refractive ani sotropy ATZfrd the plate thickness d of
the retardation pl ate 42. The retardation of the LC cell 30 is

determned 15 by the product, An d, of the refractive ani sotropy An and

the | t hi ck he | iqui I ' t
L e B ol gl s ystale N M8 ieenge g dpianen

state of the LC nol ecl the value o eto

be applied to thgatd) caldicHtive of a plées diwpialyi gBIBAt totd apidied C
nol ecul es 34a, 20 therefore, the retardation of the LC cell 30 changes and

t he degree of t henbthe fpdiaipe diepdafesteaf3d [ [Bec&CD Bénel 3. clEheygsicto
The above will. be described nore specifically. Wen . ho voltage is
applied to the |RAMc302 Jis gight BRECTYIRERAR o028 K06t hdts gy gt 3

under goes t hesb'éisféia” enc eoresf fo%c

%SOL 6) x 4 patterns can be specified.
It is possible to aibitfarily decide whefher or not to |
actually use those memory areas, in accordance with the
structure of the LCD panel 3.

In Fig. 3, for example, there are three segments

10 (patterns) of "Eng.“,_“Jap." and "frame". Therefore, 6nly.
color attribute data (six bits) for three segmenfé are
stored and the other areas are empty and unconnected in
Fig. 7. |

Eéch memory area ({8 x 6) bits) of the picto RAM 302

15 is specified by a 3~bit upper address Cl-C3 and one word
(six bits in this case) in each memory area is specified by
a 3—bif lower address L1-L3.

2-bit color attribute data for indicating the color of
each segment is stored, separated at the relatively same

20 address posifions in two adjoining memory areas of an odd-
numbered address and an even-numbered address. Bit data
with a weight "1" (2°) is stored in the area at an even-
numbered_address, and bit data with a weight "2"-(21) is
stored in the area at an odd-numbered addréss.

25 For example, the color attribute data (00; background
color) of thg segment of the "frame" in Fig. 3 (first
segment) is stored in the 0-th bits DO at addresses

"000000" and "001000" (C3-Cl, L3-L1) in the picto RAM 302.



the retardation pl ate 42-and the birifringence effect according to the

initial twist angle T of the LC nol ecul es ~ 34a and becones elliptically
pol ari zed |ight according to WO 97/ 06482

PCT/ JP96/ 02248 - _ ' -14- t hose
birifringence ts. This elliptically polarized l'i gh he

| ower polarizgf$;ﬁﬁ%§ate 41 and is refl ected by the ref gg?§$ﬁ%3k and
the reflected Iight travel s in the oppodite path to go out to the
upper side of 5 the LCD panel 3. The display col or then becones the col or
according to the retardation of the retardation plate 42 and the

retardation of phgeldgul Gl Wahal hayeivite a&a«fm 0; read! ofNEnbblbfdnt,

twi st angle T. a voltage is a ranspare

el ectrodes 36 amgng8r iherif: @'1%C'é|t§§e34ﬁ'xgﬂﬁﬂlﬁ.|ﬂs)t ®9ts D1 HRAI Ghé from
the initial twisted state as the voltage val ue I ncreases. -In

accordance w t hcbheradttrnibutestdatta ¢D1t hblug) of thmobegnba$ 3Zapwhi td have
been allgned upright, the :
stored in the second bits DI1.
5 The color attribute data of each segment is allowed to
be externally supplied by the display controller.lo.
-Fig. 8 depicts the memory structure of the CGROM 303.
The CGROM 303 serves to store character fonts, and has
a memory area (10h to DFh) 303a for storing 208 character

10 fonts having a size of 5 x 8 bits, a memory area (EOh to
FFh) 303b for storing 32 character fonts having a size of 6
x B bits, and a memory area (0Bh to OFh) 303c for storing 8
pictographs of 6 x 8 bits.

Those_ﬁemory addresses each consist of eight bits

15 (upper four bits and lower four bits) and are associated
with character codes stored in the DDRAM 30l1. It is to be
noted that the address OCh to 07h is what is assigned to
the above-described picto RAM 302 and the address O0Oh to
O7h in the CGROM 303 is not used. : . .

20 From the viewpoint of the hardware structure, the
GCROM 303 is comprised of a backed-up RAM or the like, so
that the use efficiency of the hardware becomes higher if
the address 00h to 07h in the CGROM 303 is used.

Fig. 9 depicts the memory structure of the CCRAM 304.

25 The CCRaM 304 serﬁes to specify the display colors of
individual characters to be displayed on the character
display areas 3b of the LCD panel 3, i.e., the display

colors of the character codes stored in the DDRAM.301, and



retardation of the LC cell 30 changes. The light incident 15 to the LCD
panel 3 undergoes the birifringence effect of the retardation plate 42
and the birifringence effect according to the varied retardation of
the LC cell 30 and ~becones elliptically polarized |light according to

t hose b|r ce effects. The display color then diff 20

t he one ach|reéf 9@ e above case where no voltage is ag%‘uﬁ* ?%sthe
LC cell 30. Wien a voltage | arge em®®mh to align the LC nol ecul es
34a substantially upright is applied to the LC cell 30, the _
retardation of the LC cell 30 becones approximtely "0." 25 Consequently,

the birifringence.gilectonly NAAbAE batl in odd:AGENA0S thha LbolY

incident to the pane elliptically polarized only by t
birifringence ef hagd €b be sfched anarfal LAGipldial 4dmolRi srahlsl i)ﬁIﬂ&H y

pol ari zed ' WO 97/ 06482
PCT/ JP96/ 02248 DDRAM 301. The CCRAM 304 has 4 x -l memory areas in
association with the character display areas 3b which
5 display characters of 4 lines by 12 digit. As mentioned
earlier, each color attribute data consists of 2 blts and
each memory area has a size of 2 bits. Each memory address
of the CCRAM 304 consists of six bits (upper two bits (CCH1
and CCH2) and lower four bits (CCL1-CCL4}). The memory
10 addresses of the CCRAM 304 correspond to the character
display positions of the character display areas 3b and the
mnemory addresses of the DDRAM 301 in a one-to-one relation.
The 2-bit color attribute data stored in the CCRAM 304
specifies the display color of the character code stored at
15 the same address position in the DDRAM 301. '
The contents of the CCRAM 304 are also allowed to be
externally set by the display controller 10.
The LCD driver 400 will now be described.
Based on the serial interface shift clock signal, SCK,
20 the PWM signal generator 401 generates a gradation setting
PWM signal for the PUM driving of the segment electrodes 36
in association with 2~-bit color attribute data stored in
the CCRAM 304. The PM signal generated by the PWM signal
generator 401 is sent to the segment driver 407.
25 The above will be discussed more specifically. The
PWM signal generator 401 has four palettes A to D each fer.
storing 4-bit data. The palettes A to D respectively

correspond to the color attribute data 00 to 11 stored in



| i ght then passes the | ower polarization plate 41, is reflected by the

reflector 43, and travels in the opposite path to | eave the LCD panel
3. The outgoing light is colored with the color according to the
retardation of the 5 retardation plate 42. The di splay area of
t he LCD panel wa ddsznow be di scussed. The LCDpromm®s/noRsbas 34
common el ectrodes 38 and 72 segnent el egcirodes 36 as nentioned
earlier, and has a 10 plurality of pixels défined by the opposing portions
of the common el ectrodes 38 and the segnent el ectrodes 36.

As shown in Fig. 3, the upper area of a display area 3a of the LCD

panel 3 constityh€SCCRAN G0 A Glhtorel paldtfe data Fekesetting €t Widuh")
di splay area 3c, and the |lower area 15 constitutes a segnent display area
(character di spbfiythe pukseds) bghapplied to thEhd.COngavedudl tpiaml s of the

segnent display area 3b are sbaged |i ke dots. The segnent . dis I%% area
3b has a dBEPPEXRGY Vauey Ang FlEteenlenals Pagkoraupd SPLion hyfg’o 0

oL St SRS 1 0 TR SR T s Tl g ST

12 digits of schatagheredis R R188Sattrib@es Bdtaviiadspesiffed®! Gmed dots.
palette data is set to 1101, for instance, a pulse whose
width is 12/15 of one horizontal scan period, for egample,
is produced. _

Writing of data in the palettes A to D is executed by

10 an instruction command "write palette data." More
specifically, of displayable sixteen colors, four which can
simultaneously be displayed are selected, are set in the
palettes A-D and are selected to be displayed by the color
attribute data.

15 In this embodiment, for example, the background color,
red, blue and green are displayed with the color attribute
data "00," "01," "10" and ”"11,” respectively. It is
further assumed that the LCD panel 3 is driven with a duty
ratio of 1/33 and a bias of 1/5, the values of the .

20 effective voltages to be applied to the segment electrodes
36 for setting those colors are set to 6.73 to 6.82 V for
red, 6.86 to 6.94 V for blue, 7.00 to 7.55 V for green and
6.55 vV for the background color, and data "0000," "0110,"
"1011" and "1111" have previously been written in the

25 palettes A to D for controlling the pulse width of the
segment signal in order to acquire those effective voltage
values. |

In setting daté (palette data) to the palettes A-D,



The individual pixels of the picto display area 3c are 25 patterned in
arbitrary shapes to form predeterm ned i nages. In Fig. 3, the display
patterns are "Eng.", "Jap." and the frames surrounding the forner two.
O the 72 segnent el ectrodes 36, predeterm ned three segnent

el ectrodes 36 WD 97/ 06482 - PCT/IP96/02248

PCT/ JP96/ 0224870 ¥7/06482 - 16- are patterned
in those shapes. The first common el ectrode™24~ 38 faces the frane
patterns and the second common el ectrode 38 faces the "Eng." and

"Jap. ". The drive controller 5 perforns the matrix driving of 5
the entire commapetli@ebllafesontralllrs A0Menpptiest tielepalwtte dath. €., the

entire display area 3a, to display an imge. The drive controller
5 will now be dexdriibgdcommand” and leagh papettendata o ddie dudgum show ng
the overall circuit structure of the color LCD aggaratqs 1 according
to 10 this enbddtesfpce circuit 100. The output interface circuit 100
sets this command in the command decoder 206 and supplies
5 +the palette data to the palettes A-D via the status
registers 205.
When réceiving data from the picto RAM 302, the
parallel/serial converter 402 reconstructs color attribute
. data of each segment, and converts the reconstructed color
10 attribute data to serial data which is in turn sent to the -
shift register 403.

When receiving a éharacter pattern from the CGROM 303
and color attribute data corresponding to that character
pattern from the CCRAM 304, the parallel/serial converter

15 402 outputs the supplied color attribute data for enabled
dots specified by the character pattern, selects the color
attribute data of the background color for disabled dots
and sends the selected color attribute data to the shift
register 403 after conversion to serial data. .

20 . The shift register 403 sequentially stores serial data
(color attribute data specifying the display colors of the
individual pixels) supplied from the parallel/serial
converter 402 while shifting the serial data. When one dot
line of serial data is stored, for example, the shift

25 register 403 transfers the data in parallel to the latch’
circuit 406.

The common signal generator 404 sequentially generates

common drive signals to drive (scan) the common electrodes



The drive controller 5 is connected between the LCD panel 3 and a

di splay controller 10 which perforns data processing to produce

di splay data. The drive controller 5 produces an LC drive voltage
(which will be discussed 15 later) according to a display color in
accordance W o g7ms4g2Seri al i nput data DATA, a serial interf peeasdsiobiascl ock

signal SCK and a serial interface input em@%g;signal STB, all input
fromthe display controller 10. The drive controller 5 applies the LC
drive voltage to the LCD panel 20 3 to display characters in nmultiple
colors. The drive controller 5 conprises a power supply.

section 51, an ggtpettid iy dafeti BCUbdsddbn aheObbifibn timisfEignal200, a
menory section 300 and an LCD driver 400, as shown in Fig. 4. 25

Fig. 5 is a bl océtmihegizomn dhenwitigingesyethasioer 203.st Foetcpmumarf drharedri ve
controller 5.

i ncl udes a supp®yIvRts ﬁ%%%?&ngg.ﬁ%%%ﬁrﬁgég%gr “fod & >
sequentially transferred to the common driver 405.
5 The common driver 405 sequentially drives the common
electrodes 38 in response to the common drive signals.

The latch circuit 406 latches segment driving data
(color attribute data specifying the display colors of the
individual.pixels) supplied from the shift register 403 and

10 outputs the data to the segment driver 407.

The segment driver 407 combines the data from the
latch circuit 406, the display color setting PWM signal
from the gradation PWM signal generator 401 and the segment
dfiving supply voltage from the LCD voltage synthesizer 514

15 +to produce a segment drive signal to sequentially drive the
segment electrodes of the LCD panel 3.

A description will now be given of the operation of
the color LCD apparatus 1 to display characters in colors.

When a character-to be displaved on the assogiated

20 character display area 3b and the display color are set,
the display controller 10 supplies a write command together
with the character data (character code data), the display
position data and the color attribute data of the target
character to the output interface circuit 100.

25 - When receiving those data from the display controller
10, the output interface circuit 100 supplies the character
data and colof attribute data to the DDRAM 301 and the

CCRAM 304 respectively via the status registers 205.
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-17- generator 512, a supply vol tage booster 513 and an LCD

vol t age synt hesi zer 514. The control section 200 includes an
oscillator 201, a frequency divider 202, a timng synthesizer 203, an
addr ess 5 cowblosnssdd4, a plurality of status registers 205, rermovnagl
decoder 206 and a power ON detector/reset cirguit 207. The nenory
section 300 includes a display data RAM (DDRAM) 301, a picto RAM 302,
a character generator ROM (CGROM 303 and a character col or RAM
(CCRAM 304. 10 The LCD driver 400 includes a gradation PWM (Pul se

W dth Modul ation) si gnattiganerdieoputtpdt ingerfddecicisenitl 100 cawseserther

402, a shift register 403, a comon si gnal gener at or _404, a conmon
driver 405, a | RIS GAUNLEES 204dte generifhnéhO-Bitvafdaess 15 A

e o W O By 2L L0e RO, S on, B84 Bl e

source and generglfs HAHUEH AtheVRLh8PE aread HAMRSHBRAM 3@t tAeerrl, a

ground voltage Vss and a 20 reference voltage V[err]. The supply vol tage

adjuster 511 5 CCRAM 304 which correspond to each display position are
addressed.

Moreover, the output interface circuit 100 gives a
command "write DDRAM data and CCRAM data" to the command
decoder 206. _

10 The command decoder 206 decodes this command and
supplies the write control signal to the DDRAM 301 and the
CCRAM 304.

As a result, 8-bit character data is stored in the

addressed'memory area in the DDRAM 301, i.e., thé memory

15 area corresponding to the display position, and 2-bit color
attribute data is stored in the addressed memory area in
the CCRAM 304, i.e., the memory area corresponding to the
display position.

The above-described processing is repeated for eqch

20 display position. _

In the case where "2" is displayed in "red" on the
character display area 3b at the second line and the fourth
digit as shown in Fig. 3, for example, the display
controller 10 supplies the display position "the second

25 1ine and the fourth digit," the character data of "2," the
color attribute data specifying "red" and the write command
to the output.interface circuit 100. The output interface

circuit 100 respectively supplies the character data



adj usts the value of the constant voltage which is generated by the
constant vol tage generator 512. The supply voltage booster 513 boosts
t he constant voltage generated by the constant voltage generator 512.
The LCD 25 voltage synthesizer 514 receives the supply voltage boosted

by the supply wolsraess2 boost er 513, conbines a plurality of POTAIPOGIOP248

needed to drive the segnent el ectrodes, and _ supplies the resultant
voltage to the segnment driver 407. 6&?97/06482

PCT/ JP96/ 02248 -18- The out put
interface circuit 100 converts the serial | nput data DATA, the serial
interface shift Qjﬂaﬂeas:iiggal"z'" and $He adorhatscibate iqu® fid@a catpny enabl e
si gnal STB, upplied fromthe display controller 10, to levels or data
"5 which can be pr G@@ésé:@ fthet PERAM | 301 @@ﬂtrthI §€ng"1 M\g@wd@le statube -
results to the |nd|V|duaI gtlons in the dri ontroller 5.

The control sect (XAFFFERi ?5 be %F%‘aﬁrsea:hﬁef’lﬁpuﬁ'h’e“terface cireuit 100

. causes the address counter 204 to generate the 6-bit
5 address (010100) corresponding to the display position. In
accordance with this address, the memory areas in the DDRAM
301 and the CCRAM 304 which correspond to the position "the
- second line and the fourth digit" are addressed.
Furthermore, the output interface circuit 100 gives the
10 command "write DDRAM data and CCRAM data" to the command
decoder 206. The cohmand"decoder 206 decodes this command
and supplies the write control signal to the DDRAM 301 and
the CCRAM 304. As a result, 8-bit character data
indicating "2" is stored in the addressed memory area in
15 the DDRAM 301, i.e., the memory area corresponding to the
display position, and 2-bit color attribute data indicating
"red" is stored in the associated memory area in the CCRAM
304.
_ By repeating the above processing is repeated as
20 needed, data to be displayed on the character display areas
3b can sequentially be set in the DDRAM 301 and the CCRAM
304. |
Whén only the display color of character data already
stored in the DDRAM 301 is to be altered, the display
25 controller 10 may supply the color attribute data and the
"CCRAM data writing commangd to.the output interface
circuit 100 fo write the color attribute data into the

CCRAM 304 without manipulating the DDRAM 301.



oscillator 201 generates a reference oscillation signal 10 fromthe seri al
i'nterface shift clock signal SCK supplied fromthe display controller
10. The frequency divider 202 frequency-di vides the reference
oscillation signal fromthe oscillator 201 by a predeterm ned
frequency-dividing ratio. The tim ng synt hesizer 203 sy '

acquires a ti rwga%osfgz signal to drive the common el ectrodes ﬁc‘é&ﬁ&%@%
frequency- di vided signal fromthe freg®8scy divider 202, and supplies
the timng signal to the conmon signal generator 404. The address
counter 204 counts the addresses of data to be displayed, stored.in-

t he DDRAM 301 and th i_cto RAM 20 2, _ n.the seri |.nter

shift clock signal S en °“l§uspr%%§$¥d%§$%§H€%t6%t%?n$er$%ﬁ%&%fﬁéﬁﬁ% 100.
The addr ess) GUAH LTere0 8138085 Qb1 of NALCRIRt 8do2dd! £3585 thHAM 301
DDRAM 301 and the picﬁ% RANI§O . ? ° The status register.group 205
conpri ses a pl urediahdgda, Ahe @gsplay scomtrdlamronor nhy stpplycchhar act er
data, color attribute data, display color specifying palette data and
the |ike incl udezhdamactesr sierticakeninphe TRRRAMARAa wpdting opemmand't e dileput

interface circuit 100.
: -5 output interface circuit 100 to write the color attribute

data into the DDRAM Soi'without manipulating the CCRAM 304.
In setting the display color of each segment (pattern)
of the picto display area 3c, the display controller 10
sets the.display colors segment by segmént, and supplies
10 the segment numbers, the color attribute data indicating
their colors and the "picto RAM 302 writing command" to the
output interface circuit 100;
Upon reception of fhose data, the output interface
circuit 100 separates‘the color attribute data of the
15 individual segments to a lbwer—bit set and an upper-bit set
and sequentially supplies those sets of data to the picto
RAM 302. -
The output interface circuit 100 causes the address
counter 204 to sequentially generates 6-bit addresses.of
20 the picto RAM 302.
The output interface circuit 100 supplies the "picto
RAM writing command” to the command decoder 206. The
command decoder 206 decodes this command and supplies a
control signal, such as a write enable signal, to the picto
25 RaM 302.
Consequently, 2-bit color attribute data of the each
segment is stored, separated at the relatively same address

positions in two adjoining memory areas of an odd-numbered
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The command decoder 206 decodes a conmmand included in seria

i nput data DATA fromthe output interface circuit 100 and
controls the individual sections according to the decoded

resul t. : The power ON detector/reset circuit 204 68kk t he
power ON acti o o 8% color LCD apparatus 1 and resets the Bér £hed

i ndi vi dual sections of the drive controller %29- A
description will now be given of the nenory section 300.

10 The DDRAM 301 has a plurality of nenory areas of 4 x 12
bits in associat| t r e ' YaddSasy 3b of . 4 |ines
by 12 digits, ashgﬁg%l%si n $%§ %%%%gﬂbﬁgén%r?&%r ea stores 8-bit
character data (code gatehe hiinpaddeddanOin Fig. 3, the@@CArBERRFN¥earea in

t he- DDRAM 301 consists of six bits 15 (upper two bits (DDH1 and
DDH2) and | ower segments {(Ebiternns) of "frame" DDIENg.",Thadmédapy”addIesses
of the DDRAM 301 correspond to t he character display positions

of the charact er 4FRIPEINg those segmgpigsinpthe Pagkgroyngneoleral i Greden

a CharaCFer E Eﬁd "blue" respectively, the display controller 10 supplies

the numbers of the individual patterns, the color attribute
data (00, 01, 10) indicating their display colors and the
"picto RAM writing command” to the output'interface circuit
100.
10 The output interface circuit 100 sends the "picto RAM
| writing command” to the command decoder 206. The command
decoder 206 decodeé this command and supplies the write
control signal to the picto RAM 302. The output interface
circuit 100 causes the address counter 204.to sequentially
15  generate the addresses "000000" and “001000.“ Further, the
output interface circuit 100 separates the color attribute
data to a lower-bit set (001) and an upper-bit set (010)
and supplies those sets of data fo the picto RAM 302 in
synchronism with the addreséing. Consequently, the ceolor
20 attribute data "00" specifying the background color is
stored in the bits DO of the addresses "000000" and
"0D1000" in the picto RAM 302, the color attribute data
"01l" specifying "red" is stored in the bits ﬁl, and the’
color attribﬁte data "10" specifying "blue" is stored in
25 the bits D2. '
The address counter 204 may be permitted to
sequentially generate addresses so that write data is

supplied to the picto RAM 302 at the timing at which the



to be displayed on the character display area 3b_at the 20 first

line and the second colum as shown in Fig. 3, for exanpl e;
8-bit character data (code) of the character "B" is stored at

t he upper address (DDH2, DDHl) 01) and the | ower address
(DDL1-DDL4) = ( kL t he DDRAM 301. The mengyy ts
of the DDRAM 36%8g2ﬁ“ e set and 25 changed arbitrarily by-t el

di splay controller 10 in accordance with the<#splay contents.

Fig. 7 shows the menory structure of the pi cto RAM 302.

WO 97/ 06482 - PCT/ JP96/ 02248

- 20- é%ga 3? 66, 2-bit data (color attribute

data) indicative of a plcto I splay color to-be displayed on the picto

di splay area 3c of therddl2dimiagld decddér 08 @ecodesRele 38Gmiasd eir@ht menory
areas of 8 x 6 bits so that 5 display colors of (8 x 6) x 4 patterns can
be specified. supplies the write control signal to the palettes A-D. As

a result, palette data is written in the respective
5 palettes A-D as shown in Fig. 11l.

When the character data is written in tﬁe.bDRAM 301,
the color attribute data is written in the picto RAM 302
and the CCRAM 304 and the palette data is written in the
palettes A-D in the above manner, preparation for data -

10 display is completed. .

In displaying.an image on the LCD panel 3, the display
controller 10 supplies a display command to the output
interface circuit 100. In response to this command, the

| output interface éircuit 100 first sets a read command for

15 the picto RAM 201 in the command decoder 206. The command
decoder 206 decodes this command and supplies a read
control signal to the picto RAM 302. Further, the output
interface circuit 100 causes the address counter 204 to
sequentially update the address values from "00Q000.".

20 The picto RAM 302 sequentially reads daté from.the
addresses specified by the address counter 204 and supplies
the data to the parallel/serial converter 402. The
paréllel/serial converter 402 temporarily stores the data
read from the picto RAM 302, reconstructs 2-bit color

25 attribute data when data read from adjoining two memory
areas are acquired, converts the color attribute data to
serial data and supplies the serial data to the shift

register 403.



It is possible to arbitrarily deci de whether or not to actual |y use

t hose nenory areas, in accordance wth the structure of the LCD panel
3. : In Fig. 3, for exanple, there are three segnents 10
(patterns) of "Eng.", "Jap." and "frame". Therefore, only col or
attribute dat ts) for three segnents are stored her
areas are enpayg§h§&@%connected I n Flg 7. Eac dgﬁgﬁgﬁ%rea
((8 x 6) bits) of the picto RAM 302 15 is sp¥kified by a 3-bit upper
address Cl1-C3 and one word (six bits in this case) in each nenory area
I's specified by a 3-bit |lower address L1-L3. 2-bit color

attribute data for ingicating the.c Ior nent stored
separated at the rel g'ghve? %arﬁ?glfg ?és%e% |a§'n ﬁofvv% é&? enri.:"nr"igl
menory areas of @Qt@dfkput fr&.ur\%r %Qraﬂﬂéﬁﬁée:?i‘éi %n%%eeumr&% addr ess.

Bit data . with a weight "1" (2[err]) is stored in the area.at an even-
nunber ed addr esstransiféxs thazstnnaﬂ datei gt the "lgt2fhecifpuis 406 wisdmyed in
the area at an odd-nunbered address. 25 For exanple, the col or

attribute data (69T ®%RmRi®uRRe lmecépma)c@rm@meal@@@#@ﬁe)opftqa@lmrrarre" in
o050t o sooasbREBiES s o BEBLeh” e el b hargssb addszoes
determined from the read address in the picto RAM 302 or
the like. | |

The latch circuit 466 sends the latched color
attribute data to the segment driver 407.

10 The segment driver 407 combines the data from the
latch circuit 406, the PWM signal from the PWM signal
generator 401 and the segment driving'supply voltage from
the LCD voltage synthesizer 514 to produce a segment drive
signal and applies this drive signal to the segment

15 electrodes 36.

As mentioned earlier, the PWM signal is set based on
data set in the palettes A-D, and the segment drive signal
has a pulse width corresponding to the data set in the
palette specified by the color attribute data. - .

20 When the color attribute data of the segment “Eng.":of
the picto display area 3¢ is set to "01" as shown in Fig.
7, for example, the segment driver 407 produces the segment
signal whose pﬁlse width corresponds to the palette data
"0110" set in the palette B corresponding to the color

25 attribute data "01" as éhown in Fig. 10, and applies this
segment signal to the associated segment electrode 36.

Based on the common timing signal supplied from the

timing synthesizer 203, the common signal generator 404
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-21- Li kew'se, the color attribute data (10; red) of the segnent
"Eng." in Fig. 3 is stored in the first bits Eﬂ and the col or
attribute data (01; blue) of the segnent "Jap." is stored in the
second bits DI The color attribute data of each sqg-_am

allowed to woBe‘ﬁ;é‘xternally supplied by the display controlle ba@@m
Fig. 8 depicts the nmenory structure of the CEROM 303. The CGROM
303 serves to store character fonts, and has a nenory area (10h to

DFh) 303a for storing 208 character 10 fonts having a size of 5 x 8 bits,

a menory area ([EdindedtiallyFhBhesdls (e HomibROaB2ve haigs doo@rgvhavi ng
a size of 6 X 8 bits, and a nmenory area (08h to OFh) 303c for storing

8 pi ct ogr ape mionﬁnon 8lbetsodes 38 of théhd€b pamel \3.addhes Lommeach

consi st of eight bits Supper four bits and | ower four bits) and are

associ at ed drive signa s generated by the common signal generator 404

are sequentially transferred to the common driver 405.
5 Based on the common drive signals, the common driver 405
sequentially drives the common electrodes 38 of the LCD
panel 3.
When data reading from the picto RAM 302 is cbmpleted,
the output interface circuit 100 supplies the "DDRAM 301
10 reading command” to the command decoder 206. The command
decoder 206 decodes this command and supplies the read
control signal to the DDRAM 301, the CGROM 303 and the
CCRAM 304.
‘The output interface circuit 100 further causes the

15 address cbunter 204 to generate the 6-bit address
corresponding to the display position. Accofding to this
-address, the memory areas in the DDRAM 301 and the CCRAM
304 which are associated with each display position are
addressed. . .

20 Consequently, the character data stored in ‘+the DDRAM
301 is sequentially read out. The CCROM 303 is addressed
with the read charactef data, sd that one line of character
pattern data cprresponding to the character data is read in
the units of six bits, for example, and is supplied to the

25 parallel/serial converter 402.

Likewise, the color attribute data stored in the CCRAM
. 304 is sequenfially read and is supplied together with the

associated character pattern data to the parallel/serial



w th character codes stored in the DDRAM 301. It is to be noted t hat
the address 00h to O7h is what is assigned to t he above-descri bed

pi cto RAM 302 and t he address 00h to 07h in the CGROM 303 is not used.
20 From the vi ewpoint of the hardware structure, the GCROM 303

I's conprised of a backed-up RAMor the like, so that th
efficiency of WR&4war e beconmes hi gher if t he addres?‘%ﬁ)ﬁ%’?}%h in

the CGROM 303 is used. - Fig. 9 depi88s the nenory structure of the
CCRAM 304. 25 The CCRAM 304 serves to specify the display colors of
I ndi vi dual characters to be displayed on the character di spl ay areas
3b of the LCD panel t he di spl ay colors of the character codes

i |
stored in the Dﬁ%\/ﬁ% = 4R7- WD 97/ 06482

PCT/ JP96/ 02248 dgzc col or
I d ih'ﬁh 1i h £ n
attri-bute data in asschgFanavf?ry g SUPPA1% araﬁaer ?breg In the

i ndi vi dual nenD@atal, eghel @ai-amel/seﬂa@AMba%rtJﬁm@%we%@ hae 2-¥it2

nmenory areas In _
. color attribute data supplied from the CCRAM 304 for

_5 _enabled dots, selects the color attribute data indicating
‘the background color for disabled dots and sends the
selected color attribute data to the shift register 403
after conversion to serial data.

" The shift register 403 sequentially stores the color

10 attribute data supplie& from the parallel/serial converter '
402 and_transfers_the stored data to the latch circuit 406
when, for example, one line (one common electrode) of color
attribute data is stored. The end of one line can be
deter@ined from the read address in the DDRAM 301 or the

15 1like.

The latch circuit 406 sends the latched color
attribute data to the segment driver 407.
_ Thé segment driver 407 combines the data f£rom the
latch c;rcuit 406, the PWM signal from the PWM szgnal‘

20 generator 401 and the segment driving supply voltage from
the LCD voltage synthesizer 514 to produce a segment drive
signal and applies this drive signal to the segment
electrodes 36. At this time, the segment driver 407 reads
palette data from one of the palettes' A~-D using each color

25 attribute data as an addfess, produces the segment drive
signal whose pulse width corresponds to the read data and
applies this drive signal to the segment electrodes 36.

As the above-described operation is repeated, the



association wth the character display areas 3b which 5 di spl ay
characters of 4 lines by 12 digit. As nentioned earlier, each color
attribute data consists of 2 bits and ~each nmenory area has a size of 2
bits. Each nmenory address of the CCRAM 304 consists of six bits (upper
two bits (CCHlwgorpesd CCH2) and lower four bits (CCL1- CCLA) pcr/hPst/oBReOry
10 addresses of the CCRAM 304 correspond to t%@_character di spl ay
positions of the character display areas 3b t he menory addr esses
of the DDRAM 301 in a one-to-one relation. The 2-bit col or
attribute data stored in the CCRAM 304 specifies the display col or of

the character cogdRaghétef pattedn I0FE arbiRraddr Cissrantir idanta etbltad DDRAbhe
301. The contents of the CCRAM 304 are also allowed to be

external |y set bPDRAM 3PLpisydispitayeld dn tbe color whichTlie spBcdfiedrby00
wi Il now be descri bed. Based on the serial interface.shift clock

signal . SCK, 20 the PORPS| YREFiRiEiRe ARty SEBIeﬁemrﬁi%sC% 3Q93ri ot Sdxedng

PWM signal for the PWM dri of t d 36
aSSOCIgtIOH mnthp?tg%fncbf #I%k e S i?g é§58t6?h8°€fﬁmﬁ?%04.
The PWM si gnak 9§8§5§t39e£WTiéﬁfﬁ§N%H§ Qﬂﬁbr attriﬁﬁ%ﬁfﬁd¥h 4RLrka $8NENLO

the segnent driver 407. , The above wi |l be discussed nore
specifically. Tpgcto RAM 302. What is more, the color specified by the

color attribute data can be finely adjusted by the palette
. data. . _
In éhort, this embodiment can display an image on the
10 LCD panel having a plurality of display areas, e.g., the
picto display area and the character display area, by
specifying display colors in-different ways.

This invention is not limited to the above-described

eﬁbodiment, but may be modified and adapted in various
15 other forms.

Although the foregoing description of this embodiment
has been given with reference to the case where character
data and color attribute data are supplied tc the output
interface circuit 100 from the display controller 10, color

20 attribute data may have previously been set in the CCRAM
304 and only a character code may be supplied later.
Likewise, character data may have previously been set in
the DDRAM 301 and only color attribute data may be supplied
later.

25 The driver can take an arbitrary structure. In this
embodiment, when data is displayed on the picto display |
area 3c, the bicto RAM 302 is selectively enabled for data

reading, while when For instance, daté is displayed on the



PWM si gnal generator 401 has four palettes Ato D each for storing
4-bit data. The palettes A to D respectively correspond to the col or
attribute data 00 to 11 stored in WD 97/ 06482

PCT/ JP96/ 02248 - 23- t he CCRAM 304,
and store pal ewber06a8n for setting the width of the pul SRETVIPIEER248
applied to the LCD panel 3 to an arbitrggy value in sixteen levels
(background col or: 0000, red: 0110, blue: 1101 and green: 1111) as
shown in Fig. 10, 5 at the tine the color attribute data is specified.
When palette data is set to 1101, for instance, a pul se whose

width is 12/ 15 chagaecteyr @isplay zwsms Bbri the PORAN3OMD|and the CCBAM 304
pr oduced. Witing of data in the palettes Ato D is executed by
10 an instruct %3¢ EeARERIVelY|eraiedfoxr data. readin® Instesdeifical |y,

o oo s oL YgBERnEop§edeel il " obBanee o8 BHLARGRTAN BP2. g
to be displayed the DBRAMOBOL and the CCRAM 304 so that display data is
5 changed according to the difference between the addresses.
For example, each memory area in the picto RAM 302 may
be designated with the address "00" to "07" output from the
address counter 204, so that color attribute data (one bit
in this data) in that area is sequentially read in the
10 units of six bits and sach memory area in the DDRAM 301 and.
the CCRAM 304 is specified with the address at "08" or -
following it. This structure significantly facilitates the
control to enablé and disable each memory.
The CGROM 303 may be constituted of a backed-up RAM or
15 the like, so that the area from the address "00" to the
address "O07" in the CGROM can be used as the picto RAM. 1In
this case, however, character data should take a value
equal to or greater than "08."
Although the palettes A~-D are provided in tﬁe PW@
20 signal generator 304 and the PWM signal indicating the
pulse width corresponding to the data set in the palettes
A-D is generated in this embodiment, the palettes A-~D may
be provided in the segment driéer 407. 1In this case, the
PWM signal generator 401 generates the PWM signal which
25  specifies sixteen levels of pulse widths. The segment
| driver 407 selects one of the palettes A-D in accordance
with the data (color attribute data) supplied from the

-lateh circuit 406, and generates the segment signal whose



attribute data. 15 In this enbodi nent, for exanple, the background

col or, red, blue and green are displayed with the color attribute
data "00," "01," "10" and "11," respectively. It is further assuned
that the LCD panel 3 is driven with a duty ratio of 1/33 and a bias of

1/5, the valueﬁmg%mFQQ 20 effective voltages to be applied perivgresagrent
el ectrodes or setting those colors %¥e set to 6.73 to 6.82 V for
\'A

red, 6.86 to 6.94 V for blue, 7.00 to 7.55 Bt green and 6.55 V for
t he background col or, and data "00000," "0110," "1011" and "1111" have
previously been witten in the 25 palettes Ato D for controlling the

pul se width of therse wid@y Botresbonias to thslarmlive sequinethdseleaddeatt i ve
vol t age val ues. In setting data (palette data) to the

pal ettes A-D, - palette, bag@edphO8he2PWM signal.

PCT/ JP96/ 02248 : . -24- . tﬁ;,diiylay
control ler 10 suppl i SLEHR¥gH, Hhe; fispley patterns of the picto display

area 3c are fixed in the above-described embodiment, the
5 number, shapes and the like of the display patterns
(segmenté)lbf the picto display area 3c may be set
arbitrarily. For example, the density of the segments of
__the_pictoldisplay area 3c may be set the same as the dot
density of the character display area so that a pictograph
10 can be displayed in a dot pattern. In this case, display
colors can be designed dot by dot. -
Fig. 11 exemplifies a character which is displayed as
a pictograph in a dot pattern. _
In this example, the elements "1," "/" and "4" in the
15 character "1/4" are displayed in different colors. In this
case, bit data of the coldf attribute data with the weight
"1" is set at the address "00" in the picto RaM 302, bit
data of the color attribute.data with the weight "2" is set
at the address "01" and those bits are used as a pair, as
20 shown in Fig. 12.
| By displaying a pictograph in such a dot pattern, it
is possible to display the elements "1," "/" and "4" in the
character "1/4" ‘as gradations (colors) corresponding to the
palette data in Fig. 10, namely the element "1" in red, the
25 element "/" in green and the element "4" in blue as shown
in Fig. 11.
In the cése of displaying the pictographs together
with "1/4," the color weight for the addresses "p2," 04"



witing command” and each palette data to the output Interface circuit

100. The output interface circuit 100 sets this command in the command
decoder 206 and supplies 5 the palette data to the palettes A-D via the
stat us regi sters 205. When receiving data fromthe picto RAM
302, the /serial converter 402 reconstructs col ' e
data of each-se g {4@ and converts the reconstructed col or %cgﬁ??%ﬁe
data to serial data which is in turn sent to3e shift register 403.
When receiving a character pattern fromthe CGROM 303 and col or
attribute data corresponding to that character . pattern fromthe CCRAM

304, the parall el{seigeal 5 gogg@r{:grul 15 42 i U&élgﬁ‘@ SHPRHE b diHe¥zes

attribute data for enable dots’ speci.fied by the character pattern,
sel ects the col 003, *03t't ahbure7dais @it the "29ckgnautiiose|mits eiredi sabl ed
dots - and sends the sel ected color attribute data to the shift

regi ster 403 af tldkestiipeeuspdnasoa spainl data 20 The shift register
403 sequentially stores serial data | or attribute data speci ffyi ng

the display colors offo f@crease; F’Bﬁv‘i“é}mﬁr ﬁ&@iré?a%ﬁﬁbﬁ the

parallel/serigl asareditleh! 8h 402 Gt LBB-bUEAS | Ghol Ulmpllicnaone

set of three addresses can provide 8 gradations, and a set
of four addresses can provide sixteen gradations.)

As apparent from the above, the display color of a
pictograph can be adjusted dot by dot by using the bits at

10 relatively the same positions in adjoining memory areas in '
the picto RAM 302 as a pair and giving the gradation
(color) weights to those bits.

Although the foregoing description of this embodiment
has been given with reference to the case where the pulse

15 width modulation (PWM) system for gradation control is used
as a method of displaying characters and pictographs in
colors, the above—describéd gradation (color) display of
characters and pictographs can also be accomplished by the
gradation frame thinning method. . .

20 Although the foregoing description of this embodiment
has been given with reference to the case where the memory
areas with adjoining odd-numbered and even-numbered
addresses in the picto RAM 302 are used as a pair, the
weight of the color as a pictograph attribute is set by two

25 bits and a character or pictograph is displayed in |
different colors dot by dot, it is possible to use any
other method af setting the weight of the color as a

pictograph attribute.



line of serial data is stored, for exanple, the shift 25 register 403

transfers the data in parallel to the latch circuit 406. The
comon si gnal generator 404 sequentially generates comon drive
signals to drive (scan) the common el ectrodes MO 97/06482

PCT/ JP96/ 02248 - 25-

panel 3, based¥81"P482 common ti ni ng signal coming from t h& B@Pk?'ﬁf}w
synt hesi zer 203. The conmon drive si gnat88generated by the conmon
signal generator 404 are sequentially transferred to the comon driver
405. 5 - The common driver 405 sequentially drives the common

el ectrodes 38 In I eSRENRALE MIECOUIME dELUELAONRE She picto RauTHB2! 2 o

circuit 406 | atches Segnen col or Fute
speci fying the %%&hgyaaakeﬁegfsémn the LAY skad :plexqﬁs-)s syppl i ed from

the shift register 403 and 10 outputs the data to the segnent.driver 407.

The segnent dri egemplé, coprbdatsondimagaba seemidticby dot by giving a color
' weight to adjoining bits (two bits) in each memory area and
5 using those two bits as a pair.

In this case, in the memory area from the
éddresses"OZ" to "07" in the picto RAM as shown in Fig. 14,
color weights'“l“ and "2" are alternately set in the column
direction as shown in the memory area at the address "04."

10 A gradation likei“ll (green)," associated with the.palette'
data shown in Fig. 10, can be set dot by dot by setting the
color weight "1" to the right-hand input data "1" in the
adjoining pair of bits and setting the color weight "2" to
the left~hand input data "1" as shown in the memory area at

15 the address "02."

Therefore, a pictograph can be diéplayed in colors by
givihg color weights to the adjoining bits (twq bits) in an
arbitrafy address in the picto RAM and using those bits as
a pair. This scheme can allow the color LCD apparatus to

20 accomplish multifarious displays.

Although four gradations are controlled by the
adjoining bits (two bits) in an arbitrary address (memory
area) ih the picto RAM 302, it is possible to display a
pictégraph in eight gradations using three bits in an

25 arbitrary address or in sixteen gradations using four bits.
In this case, however, the number of palette data should be
increased.

' the gradation setting scheme used to display a



| atch circuit 406, the display color setting PW signal fromthe
gradati on PWM si gnal generator 401 and the segnent driving supply
voltage fromthe LCD voltage synthesizer 514 15 to produce a segnent drive
signal to sequentially drive the segnent el ectrodes of the LCD panel
3. Avolomeeaspti on will now be given of the operati orrcafaresr224& he
color LCD apparatus 1 to display characters_ 441 colors. ‘\Wen a
character to-be displayed on the assopiated 20 character display area 3b
and the display color are set, the display controller 10 supplies a
wite command toget her with the character data (character code data),
t he di spl ay piPasgiaph ciat alandbéhesed|in wddirstextiagdat aadbitieerst ar get
character to the output interface circuit 100. 25 When recei vi ng

t hose data frorfhagacesn|af arvRdddriepal chanmgeteqrhe out put interface

the DDRAM 301 and { FRAAL tHoMI Anazaatees ST KR SFaheRerhY BY HTES dgit or s
gg_Sl_/ jP9 6/ 02248 pmg 71‘19@%? the character generato_rzéi_AM (CGRAM), for
5 example.
Fig. 15 exemplifies the memory structure of the picto
RAM which also serves as a CGRAM.
The structure of the picto RAM is substantially the
same as that of the picto RAM shown in Fig. 7; with the
10 difference lying in that the addresses "00" and "01l" are
used exclusively for the CGRAM while the addresses "02" to
"07" are used for both the CGRAM and fhe picto RAM.
In this case, "0O0Oh" to "07h" can be used as character
codeé to be input to the DDRAM 301. In othér words, when a
15 character code within this range is to be displayed on the
character display areas 3a, data stored in the picto RAM
302 at every adjoining addresses should be used as a pair
and should be sent to the shift register 403 from the
parallel/serial converter 402 as font data given gradayion
20 1line by line. The other operation is the same as that for
ordinary character font data. -
Additional characters may be stored by using any
adjoining bits in the picto RAM 302 as a pair. |
As discussed above, an additional character can be
25 displayed in different gradations dot by dot, by using the
picto RAM as a CGRAM.
Although only one embodiment of the present invention

has been described herein, it should be apparent to those



Further, the output interface circuit 100 causes the address counter
204 to generate a 6-bit address corresponding to the display position.
I n accordance with this address, the nenory areas in the DDRAM 301 and
t he 5 CCRAM 304 which correspond to each display position are

addr essed. reover, the output interface circuit j :
command "wri tewBBmms%/gta and CCRAM data" to the conmand é'?g er 8306.
10 The command decoder 206 decodes tH4Ptommand and supplies the
wite control signal to the DDRAM 301 and the CCRAM 304. As
a result, 8-bit character data is stored in the addressed nenory area
in the DDRAM 30d;11&3 11 Rehd RIR' ¥hat Sthid SohvelitiBRPREG BY dfbddiadlisp! ay
position, and 2-bit col or attribute. data is stored in the addressed
menory area i N many otierlCE@Miiaé, forms  witliouE @eprreing £Hoi eci® Epixg 4 o

t he di spl ay position. The above-descri bed processing is
repeated for eaeh segpe difsjihey ipyentiom. In the case where "2" is
di splayed in "red" on the character display area 3b at the second |ine
and the fourth '



digit as shown in Fig. 3, for exanple, the diéplay controller 10
supplies the display position "the second 25 |I|ine and the fourth digit,"

the character data of "2," the color attribute data specifying "red"
and the wite conmand to the output interface circuit 100. The out put
I nterface circuit 100 respectively supplies the charact

WO 97/ 06482 WO 97/06482 PCT/ JP96/ 02 H%L‘a“”‘s
-27- indicating "2" and the col or attAibute data—indicating

"red" to the DDRAM 301 and the CCRAM 304 via the statusTMsSegﬁgEgé S 285.

Further, the output interface circuit 100 causes the T &

204 to generate the 6-bit 5 address (Olggggg‘scorresponda Bﬂm : pl ay
ess, oL

position. In accordance with this ad t he nmenor
DDRAM 301 and the CCRAM 304 which correspond to the position "the
second line and the fourth digit" are addressed. Furthernore, the

output interface cirauit AlQfqgoidesrydtnl Hispleynapparatis ehaRdéteddtzadand
CCRAM data" to the command
by comprising:

5 a liguid crystal display panel (3) for displaying
different dolors in accordance witﬁ an applied voltage,
said liquid crystal display panel (3) having at least two
display areas (3b, 3c):

designation means (301 to 304) for respectively
10 setting display colors in said at least two display areas’
(3b, 3¢); and )
drive means (400) for generating drive signals
respectively to said at least two display areas (3b, 3c) in
accordance with display colors specified by said
15 designation means (301 to 304) and applying said drive
signals to said liquid crystal display panel (3), thereby
displaying colors; specified by said designation means (301
to 304), on said at least two display areas (3b, 3c).
2. The liquid crystal display apparatus acgording to
20 claim 1, characterized in that said at least two display
areas (3b, 3c) of said liquid crystal display panel (3)
include a first display area (3b) for displaying an image
comprising a plurality of pixels and a second display afea
(3c) for displaying an image comprising at least one pixel:
25 and .
said designation means includes means (301, 303, 304)
for specifying a display image, a display éolor and a

display position for said first display area and means

* c L M s "




decoder 206. The conmand decoder 206 decodes this comand and supplies
the wite control signaL—Lg_LheﬁDDRANF3GI and the CCRAM 304. As a
result, 8-bit character data |n | "2" is stored in the addressed

memory area in 15 the mﬁ ‘ﬂ iste he memory area corresponding to
t he di spl i on * or attribute data indj 248
"red" is storé@xgﬂaﬁﬁ% ass area in the CCRAM hﬁﬁ?%@?

By repeating the above processing is repeate& as 20 needed, data to be

di spl ayed on the character display areas 3b can sequentially be set in
t he DDRAM 301 and t he CCRAM 304. When only the display color
of character datggy r%g'yspec1f§i19§eéj d{hﬁﬂﬁr EBRAM 804 iid Gh&rd tered,

the display 25 contro 10 may supply the color attribute data and t he
" CCRAM data.VW|taﬂsmlegnH&ad"(3o)Ihe out put interface circuit 100 to
wite the color attribute data into the . CCRAM 304 wi t hout . mani pul ati ng
t he DDRAM 301. 3. The liquid crystal display apparatus according to

claim 2, characterized in that said first display area (3b)
5 has a dot matrix display area, and said second display area
{3c) has-a pictograph display section.

4. The ligquid crystal display apparatus according to
claim 2, characterized in that said first display area (3b)
has a character display areas for displaying a plurality of

10 characters each comprising a plurality of pixels; and

said second display area (3c) has an image display
area for displaying an image comprising at least one pixel.

5. The liquid crystal display apparatus according to
claim 4, characterized in that said designation means has

15 means (301, 303, 304) for specifying characters to be
displayed, display colors and display positions to said
drive means (400) wifh regard to said character display
areas (Sb), and specifying a display color of an image with
régard to said image display area (3c). . .

20 6. The liquid crystal display apparatus according to
claim 5, characterized in that said designation means (301
to 304) specifies, for each of said plurality of |
characters, said character, display color and display
position and specifying said display color for each pixel

25 constituting said image.

7. The liquid crystal'display apparatus according to
claim 4, charécterized in that said designation means (301

to 304) comprises:
I —

LR VL



WD 97/ 06482 PCT/ JP96/ 02248

- 28- ' When only—adispiay character is to be altered while

| eavi ng the display col. lsgk&ggggaﬁ Rediged i n the DDRAM 301 unchanged,
the display controller character data and the "DDRAM
data witing comand’ 'WU]I m»m interface circuit 1 e the
color attri buPVé)”m“szdat M 301 wi t hout mani pul g&?ﬁg"p‘#‘h

304. - In setting the display col or-43-each segnent (pattern)

of the picto display area 3c, the display controller 10 sets the

di splay colors segnment by segnent, and supplies 10 the segment nunbers,

t he co!or attribute"gﬁ%%?% é¥‘3§3 n%tSEFgehﬁelr §§d¥1;f%&d %g%iEBiCto RAM

302 witing conmand CIrCUIt

Upon reception gfat-hee&r daddes JHEd%%BBEEtiBEe&ifﬁ*bos;tloﬁbrS%'%hiQQ said
separates the color attribute data of the 15 indi'vidual segnents to a

| ower-bit set afidres appplapidrexci(3b) ofasdidelfimpnid aldystaldpplispiayhose
sets of data to the picto RAM 302. The out put interface
circuit 100 caubanelnediddteriays saidoghaEpct®dsr o sequentially generates

6-bit addresges of égaéggt fcéo or Mg%a storage means (304) for storing

display color data of characters in association with said
character codes stored in said character code storage means
(301); and

image color data storage means (302) for storing image

10_ color data to be displayed on said second display area
(3c).

8. The liquid crystal display apparatus according to
claim 7, characterized in that said image color data
storage means (302) stores individual.bits of said image

15 color data in bits at relatively same positions in
adjoining memory areas or in adjoining bits in.a memory
area.

9. The liquid crystal display apparatus according to
claim 7, characterized in that at least one of said .

20 charécter color data storage means (304) and said image
color data storage means (302) stores p-bit display color
data for designating any of 2P colors, where p is a positive
integer; and

said drive means (400) includes means for converting

25 said p-bit displéy color data to g-bit dispiay color data
where q is a positive integer grater than p and means (400)
for driving said liquid crystal display panel (3) to

display said display data in a display color corresponding

A




The output interface circuit 100 supplies the "picto RAM wri ting
command” to the conmand decoder—206—The—— command decoder 206 decodes
this command and suppl i esrhesShee HasGRM BBlacegi 9Nal , such as a wite enable

signhal, to the picto | HM ||< Oonsequently, 2-bit color
n

attribute dat ayefe &? each s stored, separated brhbsnz4s
relatively sane a& ress tmn ad10|n|ng menory areas of an

odd- nunber ed WO 97/ 06482
PCT/ JP96/ 02248 - 29- addr ess and an
even- nunber ed addr ess. I n the exarrpl e shown in Fig. 3, there are

three SegRR $56B2GL8LRSAiSp1ay (W dakBJaftedEbnviiibion. |
di spl ayi ng those segnent’s in the "background color," "red" 5 and "bl ue"

respectively, t he di gpl.ay Theniighidreritstalpdispday appdzetusl rMueosrddingt te
I ndi vi dual patterns, the color attribute data (00, 01, 10) indicating
t heir display C@ﬂ@ﬁ@ adndchpsacterized in that said liquid crystal display

panel (3) is comprised of a reflection type of liquid
5 .erystal display device which changes display colors by
changing retardation of a liquid crystal by contreiling an
applied voltage. | |
11. A method of driving a liquid crystal display
apparatus for displaying different colorslin accordance
10 with an applied voltage, said liquid crystal display panel
(é) having at least two display areas (3b, 3c), said method
characterized by comprising the steps of:
respectively setting display colors in said at least
two display areas (3b, 3c); and
15 generating drive signals respectively to said at least
two display areas (3b, 3c) in accordance with the display
coior setting and applying said drive signals to said
liquid crystal display panel (3), thereby displaying set
colors on said at least two display areas (3b, 3¢).
20 12. The method according to claim 11, characterized
in that said at least two-display areas (3b, 3c) of said
liquid crystal display panel (3) include a first display
area (3b) for displaying an image comprising a plurality of
pixels and a second display area (3c) for displaying an
25 image comprising at least one pixel: and
said setting step specifies a display image, a display
color and a display position for said first display area

(3b) and a display color for said secohd display area (3c).

* [ L M S *




"picto RAMwiting command” to the output interface circuit 100. 10
The output interface ctLQuLLWLOO_sends—%he "picto RAM writing command”

to the command decoder 206. The co . decoder 206 decodes this
command and supplies thdhj ‘i?ol signal to the picto RAM 302.

The out put in : auses the address couny
sequentially égé‘g‘ﬁ%’r ate ﬁgrgé)(%z&so

"000000" and "001000.™ t he
output interface circuit 100 separates the cébor attribute data to a
| ower-bit set (001) and an upper-bit set (010) and supplies those sets
of data to the picto RAM 302 in synchronismw th the addr essi ng.
Consequently, the colgr | but .a " 0Q" | ound
color is storedign ﬁﬂe5£§{ﬁ4§§éq§og§&ﬁg g&éggggg S%B&Qgtgéggga
"001000" in the;pi ‘Ehﬁt%éoglré@%:&‘ﬂl% %E‘EB' pS'lS? K & dot maltix
speci-fying "red" is stored in the bitfs color .attribute
data "10" speci fiispdaybaves, |an@tsaﬂﬂjseaonﬂSdLhBltvt&rdEZ(3c) has a The
address counter 204 may be permtted to sequential |y generate

addr ésses so th&ELCWPQFQPHa‘? spkay sectd@fp|jed to the picto RAM 302 at the

timng at Wh%Ph the 14. The method according to claim 12, characterized

in that said first display area (3b) has character display
areas for displaying a plurality of characters each.
comprising a plurality of pixels; and

said second display area (3c) has an image display

10 area for displaying an image comprising at least one pizxel.’

15. The method according to claim 14, characterized
in that said setting step specifies, with regard to said
character display areas (3b), characters to be displayed,
display colors and display positions, and with regard to

15 said image display area (3c), a display color of an image.

16. The method according to claim 15, characterized
in that said setting étep specifies, for each of said
plurality of characters, said character, display color and
display position and said display color for each .pixel,

20 constituting sald image.

17. The method according to claim 14, characterized
in that said setting step includes steps of storing
character qodes in character code storage means (301) in
association with positions at which said liquid crystal

25 display panel displays said characters, storing display
color data of characters in character color data storage
means (304) iﬁ association with said character codes stored

in said character code storage means (301), and storing

* c L M $ *




WD 97/ 06482 - ) PCT/ JP96/ 02248

- 30- desired address is output. The command decoder 206
decodes the conmand and Tmsmms eeBe«helWW|te control signal to the

pal ettes A-D. As data is witten in the respective

S palettes A , When the charac S
Wi ttenlnthwgn t ecolor attribute data i S\A/rlk’te?lérgﬁ?ﬁ“thhe
pi ct o RAM 302 and the CCRAM 304 and The=-ffitette data i's witten in the
palettes A-D in the above manner, preparation for data 10 display S

conpl et ed. I'n displaying an inmage on the LCD panel 3, the dlsplay

troller 10 t
oS00 UG Bl SHafy €O BN hlakll OH'Ehld secordepley

circuit 100. In resﬁﬁhse to this conman out put I nte
100 first sets aareadimoawagd é6lor datd RAoRbgbomEdns 2@?02)1, @@ command

decoder 206. The conmand decoder 206 decodes this command and
supplies a read caddr drivigmadtamw inedudest 8 Kép 0L . drvimgesaidhe
out put

liquid crystal display panel (3) based on data stored in

5 said character code storage means (301), said character
color data storage means (304) and said image color data
storage means (302). |

18. The method according to claim 17, characterized
in that individual bits of said image color data are stored

10 in bits at relatively same positions in adjoining memory
areas or in adjoining bits in a memory area.

19. The method according to claim 17, characterized
in that said setting step stores in at least one of said
character color data storage means and said image color

15 data storage means; p~bit display color data for
designating any of 2P colors; and

said driving Step converts said p-bit display color
data to g-blt display color data (g > p) and drives said
liquid ecrystal display panel in such a way as to display

20 said display data in a display color corresponding to said
g-~bit display color data after conversion. '

20. The method according to claim 11, characterized
in that said liquid crystal display panel (3) is comprised
of & reflection type of ligquid crystal display device which

25 changes display colors by changing retardation of a liquid

crystal by controlling an applied voltage.

* [ L M S *



interface circuit 100 causes the address counter 204 to sequentially
updat e the address val ues from "000000.". 20 The picto RAM 302
sequentially reads data fromthe addr esses specified by the address
counter 204 and supplies ~ the data to the parallel/serial converter
402. The (?57%6[‘ | /serial converter 402 tenporarily storggyribssodaka
read fromthevg cto M 302, reconstructs 2-bit color 25 attribute data
when data read from adjoi ning two menonMs areas are acquired, converts
the color attribute data to serial data and supplies the serial data
to the shift regi ster 403. WO 97/ 06482

PCT/ JP96/ 02248 ' -31- . The shift
regi ster 403 sequentially stores the serial data input fromthe

paral |l el / serial converter 402 and transfers the stored data to the

| atch circuit 406 when, for exanple, one |line (one comon.el ectrode)
of col or 5 attribute data is stored. The end of one |ine can be

DRIVE
CONTROLLER _ : .

" FIG.1



determned fromthe read address in the picto RAM 302 or the |iKke.

The latch circuit 406 sends the | atched col or attribute data to the
~segnent driver 407. 10 The segnent driver 407 conbi nes the data from
t he |l atch circuit 406, the PWM signal from.the PWM signal
gener at or 401‘@89 %ﬂgﬁsegnent driving supply voltage from
vol tage synt he 4 4 to produce a segnent drive S|gnal andiapplles
this drive signal to the segnent 15 eb?f rodes 36. . As nentioned
earlier, the P Msignal is set based on data set in the palettes A-D
and the segnent drive signal has a pul se wdth corresponding to the
data set in the palette specified by the color attribute data. . 20
When the color attribute data of the segnent "Eng." of the picto
display area 3c is set to "01" as shown in Fig. 7, for exanple, the
segnent driver 407 produces the se nt -pul se width
corresponds to the palette data "éll . set }he lette B
corresponding to the color 25 at{ribut 8%t " “as sh wn in Fig. 10, and
applies this segnent signal fo thg agsoci d segne ABct r ode 36.
Based on the common tim ng signal supplwgéff the

}}\\~40a
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S T 31a
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timng synthesizer 203, the commpn signal generator 404 WO

97/ 06482 PCT/ JP96/ 02248

-32- - sequentially generates the common drive signals to drive

t he common el ectrodes 38 of the LCD panel 3. The common drive signals
enerated b n signal generator 404 are sequent

?ransferredytépﬁﬁ@&ggﬁnnn grive? 405. 5 Based on the cgnnnncab?§gnmm
signals, the comon driver 405 segpggtially drives the comon

el ectrodes 38 of the LCD panel 3. When data reading fromthe
picto RAM 302 is conpl eted, the output interface circuit 100 supplies

the "DDRAM 301 10 reading command” to the command decoder 206. The
command decoder 206 decodes this conmand and supplies the read
control signal to the DDRAM 301, the CGROM 303 and the CCRAM 304.

The output interface circuit 100 further causes the 15 address counter 204
to generate the 6-bit address

= - —7 ~3a
| f’ [(Eng. | [Jap_] -~ HT
‘ialBlc|plE|F] |L|Cc|D . 1l—-3b
‘10X3+Pict4 |
' ID[R|I[V]E[R :
" IRC—STN -

FIG.3



corresponding to the display position. According to this address, the
menory areas in the DDRAM 301 and the CCRAM 304 which are associ ated
wi th each display position are addressed. 20 Consequently, the
character data stored in the DDRAM 301 is sequentially read out. The.
CCROM 303 i s agdroossssl with the read character data, so pdwireen248 i ne
of character pattern data corresponding to the character data is read
in the units of six bits, for exarﬂb’l'g, and is supplied to the 25
paral |l el /serial converter 402. Li kewi se, the color attribute data
stored in the CCRAM - 304 is sequentially read and is supplied together
with the associ ated_charagter palf€rn datato the paral] el /serial

WD 97/ 06482 ' o ' «. PCT/ JP96/ 02248

--33- conver t ek 492 lquhcgordance with the supplied

character pattern 8
' <
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data, the parallel/serial converter 402 selects the 2-bit col or
attribute data supplied fromthe CCRAM 304 for 5 enabl ed dots, selects
-the color attribute data indicating - the background col or for disabled
dots and sends the sel ected color attribute data to the shift register
403 after conversion to serial data.’ The shi ft%(ﬁﬁﬁ" @52«? 403
sequential ly W@FUW4he color 10 attribute data supplied fr

paral |l el / serial converter 402 andﬁt{gnsfers the stored data to the

| atch circuit 406 when, for exanp é one line (one conmon el ectrode)
of col or attribute data is stored. The end of one |ine can be

determ ned fronrthe 1ead address —itn “tthre DDRAM 301 "o e ~ 15" ~"ffRe-~—~ -~ !

The latch circuft 406 SCOMMON oUTRUThed col or SEGMENT butrputat a t o tihe

segnent driver!A07. comt ------- The . gament SeGYer -407 -conbi-nes -t-hgedakg firom
the - Iatch-mrcwt 0p, the P i gnal fjo e \PVWM si I 2 3
generat or 401 ah qggle&tgyﬁem u”mg * PEB j o &, + & P'IT :
vol tage synthes$|zer 5TACOMMONDRIVER $egnent| dri \ssemsnmmvan and [api ies
this drive S|gmal to t-he—ereg-nc?-n-t—-———-electr q
segnent driver , fGfpg_ges pat-ett-ey B06—i -ID;
usi ng each col ¢f at COMMON SiGNALas an addr ess LAKGHGIRGU e se {
: T :
1 §
[ T + 403 i
! P SHIFT REGISTER !
400 - | !
a ! 402, } 1 401, :
X PARALLEL/ PWM SIGNAL (|,
) SERIAL GENERATOR {|.
206 ' CONVERTER !
100 o tzeeeee- i e et !
= . [commanp |: | T ccram |
1 1 1
> DECODER [, ' al —»| CCRAM |,
! e a1l < 1
| 205 L e 7 304
L . 303 ~ '
.| STATUS ['70, |PICTORAML 302 CGROM | ,
OUTPUT | | REGISTERS : !
DATA - NTERFACE || | 4} 301
sck—~ CRCUT . owipua ! |! ul
| SECTIONS | {™= DDRAM 1
STB —> ; ! !
' [ADDRESS | [/  301°- .
PTCOUNTER |, ~~ """ """ "777"77TTATTTO
pm-osooo-o- S 207 oa) | - 300
! 1S 204 *
; POWER ON | : 200 |
1 | DETECTOR/RESET —> . \ '
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si gnal whose pulse width corresponds to the read data and applies this
drive signal to the segnent el ectrodes 36. As the above-descri bed
operation is repeated, the WO 97/ 06482

PCT/ JP96/ 02248 - 34- character
pattern of arbitrary character data stored in the DDRAM

di splayed in il %ﬁ?ﬁﬁ whi ch is specified by the col or atgﬁpkﬁwnmgata
stored in the CCRAM 303. A fixed p?%%ern is displayed on the picto

di splay area 3c in the 5 col or speci by the color attribute data
stored in the picto RAM 302. What is nore, the color specified by the
color attribute data can be finely adjusted by the palette . dat a.

In short, this enbodi nent can display an i mage on the 10 LCD panel having
a plurality of display areas, e.g., the picto display area and the
character display area, by speci fying display colors in different
ways. This invention is not limted to the above-descri bed
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enbodi nent, but may be nbdified and adapted in various 15 other forns.

“Al'though the foregoing description of this enbodi nent has been given
‘wWith reference to the case where character - data and color attribute
data are supplied to the output - interface circuit 100 fromthe display
controller 10, 20 attribute data may have previously b Pée 1 the
CCRAM 304“@%%%(’% y a character code may be supplied | at e?a, ozi&
Li kewi se, character data may have previ ?yfgy been set in t he DDRAM 301
and only color attribute data may be supplied | ater. 25 The
driver can take an arbitrary structure. In ' enbodi 302hen data
I s displayed on the picto di spl dyPICTO RARY Ba DA{-W Icto RAM 302 is
sel ectively enabled for data APBRES$ g ; ] For +fistance, data‘is
di spl ayed on the WO FREREY %-':6 e e 5
PCT/ JP96/ 02248 | oo 135 charact er
di splay areas 3b, the WOj 310d Ot:gﬁ_1 AM_B(4 AREA OF
WEIGHT 110]0 ADDRESS
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are selectively enabled for data reading.
may be assigned to the picto RAM 302,

.so that display data is
addr esses. For exanpl e,
be designated with the address "00" to "07" output fromthe
counter 204, KOPHU*% 0l or attribute data (one bit
that area is sequentially read in the
menory area in the DDRAM 301 and

address at "08" or following it.
facilitates the control

| nst ead,

This structure significantly
to enabl e and di sabl e each nenory..

The CGROM 303 may be constituted of a backed-up RAMor 15 the like, so
that the area fromthe address "00" to the address "07" in the CGROM
can be used as the picto RAM In this case, however, character data
shoul d take a val ue equal to or greater than "08." Al t hough
the palettes A-D are provided in the PWM 20 signal generator 304 ggd the
PWM signal indicating the pul se wi dth corresponding to the ta set

the palettes A-D is generated in this enbodi nent,
be provided in the segnent driver 407. In this case, the

di fferent addresses
t he DDRAM 301 and t he CCRAM 304
5 changed according to the difference between the
each nmenory area in the picto RAM 302 may

in thﬁ"%"ﬁ’g%%ﬁﬁ |

@& units of six bits and each
SCCRAM 304 is specified with the

t he pal et/tes A-D may
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PWM si gnal generator 401 generates the PWM.signal which 25 specifies

si xteen |l evels of pulse wdths. The segnent driver 407 sel ects one of
the palettes A-D in accordance with the data (color attribute data)
supplied fromthe | atch circuit 406, and generates the segnent signal
whose 7/ 06482 _ PCT/IP96/02248
he? S o 022480 Y o - 36- pul se wi dt h
corresponds to the value set in the selgggged pal ette, based on the PWV
si gnal . Al t hough the display patterns of the picto display

area 3c are fixed in the above-described enbodi nent, the 5 nunber, shapes
and the |like of the display patterns (segnents) of the picto display
area 3c may be set arbitrarily. For exanple, the density of the
segnents of the picto display area 3c nmay be set the sane as the dot
densi-ty of the character display area so that a pictograph 10.can be
displayed in a dot pattern. In this case, display colors can be

desi gned dot by dot.

. CCRAM STRUCTURE
(m ROWS n COLUMNS DISPLAY MODE, m x n x o BITS)
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Fi g.
a dot pattern.
the 15
case,
at the address.”
attri bute data

w\ﬂ’}q@ﬁ{sgetc\:i glhft o RAM 302, bit

those bits are used as a pair,
di spl aying a pictograph in such a dot pattern,

di splay the elenents "1," "/" and "4" in the
gradations (colors) corresponding to the

nanely the el enment "1"

el ement "4"

in red,
in blue as shown

t he

di splayi ng the pictographs together

in Fig.

11.

it

11 exenplifies a character which is displayed as
In this exanple,

the elenents "1,
character "1/4" are displayed in different col ors.
bit data of the color attribute data with the weight

a pictograph in

ll-/ n
In this
"1" is set

feffbdimg
By

data of th
"2" is set’ at the address
as 20 wn in Fig. 12.

and "4"

is possible to

char act er
pal ette data in Fig. 10,
25 el enent

"1/ 4"

as

"/" in green and the
In the case of
with "1/4," the color weight for

t he addresses "02," "04" WD 97/ 06482 :
PCT/ JP96/ 02248
| COLOR PALETTE DATA
coor | ATEAFR'E |PALETTE Y
(CCRAM) | p3 | b2 | D1 DO | ool OR GODE
BACKGROUND
A SR 00 A cololo]|o 0.
RED 01 B ol1l1]o0 6
" BLUE 10 c 1 lol1]1 11
GREEN 11 D BERERE 15
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- 37- and "06" is set to "1," the col or wei ght for the addresses

"03," "05" and "07" is set to "2," and those bits are " li kew se used as
a pair. To i ncrease the nunber of gradations, the nunber of 5
addresses to be a set should be increased. (For exanple, a set of

t hree addresses can provide 8 gradations, and a set of f ses
can provide si 6‘&f’adations.) As appar ent fronltﬁgfg%%@%§§the
di splay color of a pi ct ograph can-lli)ﬁaadj usted dot by dot by using the
bits at 10 relatively the sanme positions 1n adjoining nmenory areas in

the picto RAM 302 as a pair and giving the gradation (color) weights
to those bits. - Al though the foregoing description of this

enbodi nment has been given with reference to the case where the pul se
15 w dt-h nodul ati on (PWW) system for gradation control is used as a
met hod of di splaying characters and pictographs in colors,. the
above-descri bed gradation (color) display of characters and

pi ct ographs can al so be acconplished by the gradation frame thinning
met hod. 20 Al t hough the foregoing description of this enbodi nent

has been given with reference to the case where the nenory

(DISPLAY EXAMPLE)

“/" (GREEN)

v

T 1 -

"1"'Z}IRED) i

_ 4" (BLUE)




areas wi th adjoi ni ng odd- nunbered and even- nunber ed addresses in the

picto RAM 302 are used as a pair, the wei ght of the color as a
ipi ctograph attribute is set by two 25 bits and a character or pictograph
'is displayed in different colors dot by dot, it is possible to use any
ot her net-hod g the weight of the color as a P i HpoH
Sttribure WodbeEl0 e e o biaus
PCT/ JP96/ 02248 12115 - 38- Wth the
menory area structure of the picto RAM 302 havi ng addresses set in the
units of 8 x 6 bits, for exanpl e, gradations may be set dot by dot by
giving a col or wei ght to adjoining bits (two bits) in each nenory area
and 5 using those two bits as a palr In this case, in the
menory area fromthe addr essesg the pi cto RAM as shown
in Fi'g. 14, color weights "1" an % ggsaogr)l ernately set in the
col um
PICTO RAM
___DATA
DiDIDI{D(D{D
5{4{3]2!1]0
1}0]0]0}110
1]0{0}1]0{0
~{t[{oj1]|010|0
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ojojo|0j0i0 -
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- AR
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ojt111(111(0
] ojojoj1jojo] |

FIG.12



direction as shown in the nenory area at the address "04." 10 A gradation

like "11 (green)," associated with the palette data shown in Fig. 10,
can be set dot by dot by setting the col or weight "1" to the
right-hand input data."1" in the adj oining pair of bits and setting
the col or wei OWo svdést O the left-hand input_data "|" as sopgheofhe ne
menory area at 15 the address "02. Therefore, a prctograph can
be displayed in colors by gi vi ng G'%Jﬂé wei ghts to the adjoining bits
(two bits) in an arbitrary addre,ss_/ the picto RAM and usi ng those
bits as a pair. This schene can allow the color LCD apparatus to 20
acconplish nmultifarious displays. Al t hough four gradations are
controlled by the adjoining bits (two bits) in an arbitrary address
(menory area) in the pioto RAM 302, it is possible to display a-
pi ctograph in eight gradations using three bits in an 25 arbitrary address
or in sixteen gradations using four bits. - In.this case, however, the
nunber of palette data should be i ncreased. t he gradation
setting schene us_gd to di'splay a A : ~
';F i.;“
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WD 97/ 06482 PCT/ JP96/ 02248

- 39- pi ct ograph can also be used in registering an arbitrary
"character as an additional character. Addi tional characters may
~be registered by using the picto RAM as the character generator RAM

(CGRAM, for 5 exanpl e. Fig. 15 exenplifies the

structure of twg%" n]é RAM whi ch al so serves as a CGRAM nﬁgBM6M48The

structure of the picto RAMis substantt&hl?/ t he sanme as that of the
~picto RAM shown in Fig. 7, with the 1 difference lying in that the

addresses "00" and "01" are used exclusively for the CGRAM whil e the
addresses "02" to "07" are used for both the CGRAM and the. picto RAM

In this case, "00h" to "07h" can be used as character codes to be

input to the DDRAM 301. In other wordsgewhen a 15 character code within
this.ange is to be displayed on the .. character display areas 3a, data

stored in the picto RAM 302 at y adj oi ni ng addresses should be
used as a pair and shoul d be se o the shift register 403 fromthe
parallel/serial converter 402 as fontz@ata given gradation
: 1§24
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20 line by line. The other operation is-the same as that for ordi nary

character font data. Addi ti onal characters nmay be stored by using
any adjoining bits in the picto RAM 302 as a pair. As ,
di scussed above, an additional character can be 25 displayed in different
rgradati ons dotwbwreakr by using the pi cto RAM as a CGRAMCT/IP96/02248

"Al t hough only one enbodi nent of the present invention ‘has been

~described herein, -it should be apparent§gfd5t hose WO 97/ 06482
PCT/ JP96/ 02248 . - 40- skilled in the art

that this invention my | Led MActomAm | ot her specific forms wi thout
departing fromthe spiri PI‘\% gés ape ofDATXe 1| fvention. _
- I e e
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CLAI M5 0 Dese}lnm,ﬁ |¢%g—"%¥,§ ~di‘$pl ay apparatus characteri ze,ﬂ, 5%_3

conpri sijng Ca_zm(s) J $pl ay panel (3) for displayi -

dlff{e(et[j; WeTZ-) 52 ; dth ah applied voltage, said |iquikes
P28y O Paged .. _

I ! -di spl.a
crysta ,;g@ﬁ&;’sﬂui& shéet @S@éﬂ%mﬁef 1999
ipl ayi ng an i mage conpri si«ag?a8 P%

di
di spl ayi ng a p u‘gal [ lpy 0 '"éhalpa %e’?"é
i 301 to 304) for respectively setting:

and an i{mge dIS | a ar ea ,,for
one pi xe '9 i %
di splay col ors |gmm& charact er and i mage display areas (3b, 3c), said
desi gnati on neans having means display color and a display position for
each of the display xhhiguiérerysthl dispcy tapparatesacharacteirdzedy
area and ans 302) for specifying a display color for the at |east one
pi xel cons Yttﬁ‘? BPimge display area (3c); and ~drive means
(400) for genergingdcifiidyecsigeals §9splhgP! panedn (Hai Qdihaﬂiﬁsb:!ayd&@p' ay
area, the specified display characters wth the specified colors at the
speC|f|ed slgeﬁﬁqmrst WCPR O Ss ptd t qq;cyai@qmawa@beraan@pplwm% velspoey

ar eas c %gg,(y nc ft [ i d
desi gnatlon rredzn%l?ggi f%ﬁ) 81%%5? Sl g'na S tgggin ga;?/ %hg‘qialr%’ge%aon
sai d i mge dicipdEdyayarea e(a3b) nfoacdms@é.aqangma rplmt'mlz.tsy)eoff chatracters

speci fi ed %y aid deSJ natl and i;ng said _drive.si s to
Shd || qui FAcH SOt e A RTBE ALY Qo SR S R niEe: BLPRIEY ¢
colors at pewd | O:a‘@) Oﬂorsallépl@ﬁrr@:t&ﬁ $inagbayomipd simd tle 1888€ wnleh a

color specified by said designation neans (301 to 304) on said inage
di spl ay ar ®&¥e3. 3c). 42 Substitute

sheet - 6 Septeefiddd%on means (301 to 304) for respectively

setting display colors in said character and image display

areas (3b, 3¢}, said designation' means having means
display color and a displéy position for each of the
display characters, with respect to said character display
area and means (302) for specifying a display color for
the at least one pixel constituting said image display
area (3c); and

drive means (400) for generating drive signals to
display, on. said character display area, the specified
display characters with .the specified colors at thé
specified positions v;rith respect to said character and
image display areas (3b, 3¢c) in accordance with
specifications specified by said designation means (301 to
304) and drive signals to display the image on said image
display area in accordance with the specification
specified by said designation means, and applying said
drive signals to said liquid crystal display panel (3),
thereby displaying characters with colors at positions on
said ci'xaracter display area and the image with a color
specified by said designation means (301 to 304) on said

image display area (3b. 3c).

AR

QIOSIAL -



2. The liquid crystal display apparatus according to claim1, '
characterized in that said first display area (3b) has a dot &gt SER p'ggpl ay
area,-'and sai d second display area (3c) has a pictograph display sectron.

3. Aliquid crystal display apparatus ch2rSudistitutecshéat c68eptember 1999 a
liquid crystal display panel (3) for displaying different colors in
accordance wth an applied voltage, said liquid crystal display panel (3)
having a first display area (3b) for displaying an inmage conprised of a
plurality of pixd@.s athe idquad dtxyatal adéaplay) Fnpparstys apcrgrdiangnage
conprised of__at_Jeast.on |.X . esignati.o . 1 ) vi ng
nmeans (301, r‘?of,iaﬁﬁ)lfo(r%hgﬁg‘g#%ﬁf'ﬁagd??p:%g‘ftch%aa{rg%g%és?@d‘l%%?g%}c%fcg s and
]gi spl ay p?si(@mnsggdst Ihar edblf:Ctm&t_')rﬁﬁi difspdy diaaqfé_ag,y- mda?ddn}eaa&ohaOZ)
or.- specifying a display color with respect to said second di splay area
(3c): and = displaye drehs(3odes & F@éﬁgﬂiﬁ HLaVe S§FAQR Wi t h respect
to said first display area (3b) in accordance with the display characters,
di splay colors and display positions specified by said designation neans
(301 to 304) and 3genefatixguid derystal gAdspiwy happapatust chaxpgtesised

di splay ar e%%?éca i g % cordance with the color specified by said

desi gnati on ans ) 304) and applying the drive signals to said
liquid crystal disspllagupdnetrystalt htisplayli pphali n(B ch&@cact aispdaitingol ors
at positions specified by said designation means (301 to 304), on said
first displ &t D@Sb?"iﬂﬂsdik‘bl agrrydeRee; g whPh Qﬁ?]dr“s‘; spedfFeoed by
said desi gnadion MEARNA cry#RSLCl BispRhy PEREDNAION haEHME a (B3Escl O
304) conpri ses: 43 Substitute sheet - 6
Sept enber 199®play area (3b) for displaying an image comprised of a

plurality of pixels and a second display area (3c) for
digplaying an image comprised of at least one pixel

designation means (301 to 304), having means (301,
303, 304) for specifying display characters, display
colors and display positions with respect to said first
display area and means (302) for specifying a display
color with respect to said second display area (3c); and

drive means (400) for generating a drive signal with
respect to said first display area (3b) in accordance with
the display charaéters__, display colors and display
positions specified by said designation means (301 to 304)
and generating a drive signal with respect to said seéond
display area (3c¢) in accordance with the color specified
by said designation means (301 to 304) and applying the
drive signals to said liquid crystal display panel (3),
thereby displaying characters with colors at positions
specified by said designation means (301 to 304), on said
first display area (3b) and displaying the image with
colors specified by said designation means;

wherein said designation means (301 to 304)

comprises:

* c L L N *



char acter code storage nmeans (301) for storing character codes in
asseciation with positions at which said first display area 43}J)§m'f 1989 d
I|qU|d crystal display panel (3) displays said characters character
col or " data storage neans (304) for stori%g Substitute she pepte 52 er s
In.association with said character codes stored in sai d character code
storage neans (301); and I mge col or data storage neans (302) for
storing image color data to be_ di splayed on said second display area (3c).
4. - The liquid cropaABRCERLpl g9dappararageac @sadieng (P V) ai feB, storing
char acter | Mhdraddll - Salilel TBAS LA A SLALAIDIEMIELS 02 “hAiER

I ndi vi dual bit said 1mage color data i1n bits at at1vely sane
positions i rsaad; oifningyr nelimplaar eadxreadr i(3kad) oifni Bglkill tilquld merysygadr ea.

5. The liq st al aratus cording to claim 3,
characteriz é%’h nﬁq @a? d’o‘%@ J?cq%ﬁxfc‘t%ﬁr %ol or data storage
means (304) and sHdrdctEie edlor data %t@&ca%e RS (Gﬂi@) sterestBring
~display color data for designating any of 2P colors,  where Pis a

posi tive i ntdig@alayamplor data efi \F%la#'é&ﬁ@rMGG) 39ROCREIGRawEthopaid
conver (1 10, Rltkarit (oslny ofBLRN dth 40 Wi thcsplay QD" odBiaquhCr e
g is a positive Integer greater t neans riving sdid
liquid crystmdams s{30dy) ;paarnel (3) to d| spl ay said display data in a di spl'ay
col or correspondi.n sar d bi t rﬁspl coI or data af 35(1' conver si g

The 1iquid cryst g;? pPaF&: LECORRESr INFRFS ¢ o Ui mtPE cR Pﬁ&f‘grl zed

in that sai Qrddg%“@oIdSiz‘SH&'ta to be displayed on said second4dispbsyitute
sheet - 6 Septerrb(e3r )1999
. area (3c

4, The liquid crystal display apparatus according
to claim 3, characterized in that said image color data
storage means (302) stores individual bits of said image
color data in bits at relatively same positions in
adjoining memory areas or in adjoiniﬁg bits in a memory
area.

5. The liquid crystal display .apparatus according
to claim 3, characterized in that at least one of said
character color data storage means (304) and said iamge
color data storage means (302) stores P-bit display color
data for designating any of 2P colors, where P is a
positive integer; and

said drive means (400) includes means for converting
said P-bit display color data to P-bit display color data
where g is a positive integer greater than P and means
(400) for driving said liquid crystal display panel (3) to
display said display data in a display color corresponding

said g-bit display color data after conversion.

6. The liquid crystal display apparatus according to

claim 1, characterized in that said liquid crystal
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dlsplay panel (3) is conprised of a reflection type of |iquid 2 xgga@gs
di spl ay device which changes display colors by changing retafidti '

liquid crystal by controlling an applied voltage. : 7. A method of
drivihg a liquid crystal display apparat44 Substitutebheetgbdbdéptembierct 90 s

I n.accordance with an applied voltage, said liquid crystal display panel
(3) having a character display area (3b) for displaying a plurality of
characters each conprising a plurality of pixels and an image display area
(3c) for di shisplaywy mrAanekagEd) cémpreaiprised ofeat refiectporel type saifd

met hod char act er. e e e n

characters ai (ﬁ‘é& p‘?gﬁlacfnglﬁi%? %?‘%é% YQ %gﬂaﬁgaﬂggé §E_ ngl‘d[ cgahig)fgf
each of thehy&ma)gn@rwtaematﬂm hof eapeituid aaydtamabycbentdb&ph&g area
and setting a display. color for the at |east one pixel constituting said

i mage di spl & &RRL %huyo tagfemerating drive signals to display, on
sai d character dlsplay area, the set display characters with the set colors
at the set positions with respect to said. character display area (3b) in
accordance with the sétt meghodepofindlmiving sagnbiguid dirgpsital t ddspdaye on

ond appl o ngEeRERtf vkarl ATBBIAORRG, thiFetde SHAIdE i "AcRBaRdes) o
t hereby di sptiah rgh cppbidd@reoltade cobaid diquodi trpssatetlibplapepaskli ng

step on sai d _character dlsgla area and_the inmage with_a cqQlor_set in the
setting step3dn RAVRI nragehareprsy Sierlpsh ax?@) (3b)g fondimplaping a

accor di ng tqalqixaalrm& 6l2ar aphpabeess eddint compibi b3t di shhas1ansa bEb)

has a dot mat Substitute Sheet - 6
Sept enber 1@ggels and an image display area (3c) for displaying an

image comprising at 1least one pixel, said wmethod
characterized by comprising the steps of;

setting display characters to be displayed, and
display colors and diéplay positions of each of the
display characters, with respect to said character display
area and setting a display color for the at least one
pixel constituting said image display area; and

generating drive signals to _diéplay, on said
character display area, the set display characters with
the set colors at the set positions with respect to said.
character display area (3b) in accordance with the setting
step and drive signals to display the image on said image
display area in accordaﬁce with the setting in the setting
step, and applying =e=aid drive signalé to said 1liquid
crystal display panel (3), thereby displaying characters
with colors at positions set in the setting step on said
character display area and the image with a color set in

the setting step on said image display area (3b. 3c).

8. The method according to c¢laim 7, characterized in

that said first display area (3b) has a dot matrix
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di spl ay area, and said second display area (3c) has a pictograph display
section.’ 9. A nmethod of driving a liquid crystal displ ySEpaa8%t us
for di'splaying different colors in accordance with an applied voltage, said
liquid crystal display panel (3) having 45 c3ubstittite shesipt 6\Septembe?N99Dr
di splaying a plurality of characters each conprising a plurality of pixels
and a image display area (3c) for displaying an inmage conprising at

| east one pixel, said nethod characterized by conprising the steps of;
setting di slsplayxhareeterand dissisl agecontiordisplal diegelay (poki thasns af or
sai d character displ re 3b nd _a display color. for said imge display
area (3c); Pl¢%ﬁ§é§éﬁﬂé%f51#¥\é$é§ﬁ%ﬂnus respectively to said character
and i nmage display areas (3b, 3c) in accordance with the setting in the
setting step and applying said drive_signals to said_liquid crystal _display
panel (3), there® di $pl B¢thedset cIdridting sani +HIeid Gndtalat ddeplay

posi tions onsaldGhar gg erdﬂéﬁpéf{grﬁg.@e%%awg the LERgeaatickh Set
color on.said”Ii mage di splay areas , 3C); erein sald setting step

i ncl udes st epsnfarstapphied heokicage, cosibd 1hqehdrarystatodésplayapensdans
(301) in asspgGiation with positions at Ich_said Ji,quid crystal display
panel di spl a@? %@%a?aggarg? Efoﬁﬁgﬁgp’sﬁrzﬁ? cé@r ‘Lu%’f ad%?pgﬂgiﬂgt &s in
character c@Qiraalts, Sber agRafB@aepers 3¥hcH N cempetbahgona Wiglhursdiit e hagact er

codes stored in _said charcter code storage neans (301), and storing inmage
col or data wRd3¥fdai 3payediBagsaidiaRkandagrdpl BF)ar £9ri AiFRIARY I oPldat a

storage nea 2) s £  least ixel id6 SUbsbigtute
sheet - 6 Sg'?)l% erc?gggmlng & sglag dri?/l}eng Etuecs |'nclsua es a step of

driving sai ¢Hamudteerwiraest dy diowisipgndhe Brepsexf ;on data stored in
setting display characters, ~display c¢olors and

display positions for said character display area (3b) and
a display color for said image diéplay area (3c);

generating drive signals respectively to said
character and image display areas (3b, 3c) in accordance
with the setting in the setting step and applying said
drive signals to said liquid crystal display panel (3),
thereby displaying set characters with set colors at set
positions on said character display area and displaying
the images with set color on said image display areas (3b,
3c¢);

wherein said setting step includes steps of storing
character codes in character code storage means (301) in
association with positions at which said liquid crystal
display panel displays said characters, storing display
color data of characters in character color data storage
means (304) in association with said character codes
stored in said charcter code storage means (301), and
storing image color data to be displayed on said second

display area in image color data storage means (302), and

-
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ter code storage means (301), said character color dajgssipi3age
31) and said i mage col or data storage neans (302). P . The
cording to,claim9, characterized in that indivi diel & %k sai d

ge gbl or data are stored in bits at rejatjyely sa oskid ons in
i ng menory areas or in adj oi ning bi4 st f‘geptem er 1999
s=¥et-hod according to claim9, characterized in that said setting step
s in at | east onesafidsaddivingacitep cdnocludesa at gtape oandriavingai d

| ITfge col or dat, st or,age ans,.. p-hi.t _displ colo da fo

dz i gnati ng ﬁﬁﬁaofllﬂf"& ]cré'%%@lﬂs digpjay pa'%e:lli d(a%?r Rﬁshegé s?répé%b‘ﬁv%??§e§ai d
p=bit displ ayncol or data to P-bit display color data (q > p) and drives
said liquid crystal display panel in such a way as to display said display
data in a di Spidy GABRCReF r E9FEnFHRFaFLe sHE@n§- b(30H) spieajdeofearagter
after conversgjion e o] ordi ng, clal.m.7, agleri zed
in that sai dé??aﬁi a&rays?%%rﬁgspfnggh%aggﬁg%)éﬂ&s]' (S:%%dor ﬁ'gﬂgge ofc%r}?{afﬁiégéi on
type of |iqustoeayet meadissgBag)devi ce which changes display col ors by
changing retardation of a liquid crystal by controlling an applied voltage.

10. The method according to c¢laim 9, characterized
in that individuals bits of said image color data are
stored in bits at relatively same positions in adjoining

£ memory areas or in adjoining bits in a memory area.

11. The method according to claim 9, characterized
in that said setting step stores in at least one of said
character color data storage me_ans_and- said image. color
data storage fneans, p-bit display color data for
designating any of 2P colors; and

said driving step converts said p-bit display color
data to P-bit display color data (q > p) and drives said

- liquid crystal display panel in such a way as to display
said display data in a display color cofresponding to sé.id

g-bit display color data after conversion.

12. The method according to claim 7, characterized
in that said liquid crystal display pahel (3) is comprised
of a reflection type of liquid crystal display device
which changes display colors by changing retardation of a

liquid crystal by controlling an applied voltage.
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An electrically controlled birifringence type liquid crystal
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RAM (302). The color attribute data of the individual segments
are read from the picto RAM (302) at the timing for displaying a
pictograph, and the segment driver (407) controls voltages to be
applied to the liquid crystal display panel in accordance with this
. color attribute data, for displaying pictograph on the pictograph
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