128 March 2006 - 1 - DESCRI PTION LI QUI D CRYSTAL DI SPLAY AND PORTABLE

TERM NAL HAVI NG THE SAME 5 Technical Field The present inyZ8wanh 2086ates to
liquid crystal displays and portable terminals having the sane, and nore
specifically, it relates to a liquid crystal display having a nmenory for
each pixel and to a portable termnal in which 10 the liquid crystal

di splay is used as an output display. Background Art A liquid crystal

di spl ay displays inmages by changi ng jatrangenent of |iquid crystal

nol ecul es by applying and 15 withdrawing an electric field and thereby
controlling transm ssion/ bl ocking of light. The liquid crystal display, in
principle, does not require a Iarge anount of power for driving, and it is
a display device with a | ow powBESCEIRIERPti on, in which power consunption
is maintained small. 20 Thus, liquid crystal displays are widely used as
out put displays of portable termnals, particularly those mainly powered
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in order to allow use of a battery for a long , .1 28 March 2006
5 Technical Field

The present invention relates to liquid crystal
displays aﬁd portable terminals having the same, and more
specifically, it relates to a liquid crystal display having
a memory for each pixel and to a portable terminal in which

10 the liquid crystal display is used as an output display.

Background Art
A liéuid crystal display displays images by changing
‘arrangement of liquid crystal molecules by applying'and
15_ withdrawing an electric field and thereby controlling
transmission/blocking of light. The liquid crystal display,
in principle, does not require a large émount of power for
driving, and it is a display device with a low pdwer
consumption, in which power consumption is maintained small.
201 Thus, liguid crystal displays are widely used as output
displays of portable terminals, particularly those mainly
' ﬁowered by batteries, such as cellular phones aﬁd PDAs
(personal digital assistants). ‘
In a liguid crystal display for this typé of

. 25 application, in ordexr to allow use of a battery for a long




"2 period by a single charging, attenpts have been nade to reduce power
consunption by lowering the driving voltage or by | oweri 2§ Mixeh 8006/i ng
frequency. Furthernore, as a pixel structure that allows further reduction
in power consunption, 5 a liquid crystal display in which a nenory is
provided for each pixel is knowmn (for exanple, refer to Japanese

Unexam ned Patent Application Publication No. 9-212140). In such a liquid
crystal display of a pixel structure in which a nenory is provided for

each pixel, with regard to 10 a still picture, once inmage data is witten
to a menory unit of a pixel, it suffices to repeatedly drive the pixel for
di splay using the inmage data stored in the nenory of the pixel. Thus,
signal lines need not be charged and di scharged on each occasion, and in
princigd€iod hey anldinghs elRGidiing PeWRlenRAUIHLL itedhdladOrd nverting
polarity. This allows further reduction in power consunption.. In the

i qui deeiyesd adoviins plaays raMiiRg: Hye 1eeestinde tihen drdesely ked takever the
arrangenent has hitherto been such that the sanme path is used for witing
i mge WatlpWaroima tHegradivitd ifeguenayTenamy thidirindafe ,a api ¥elpiaed for
reading i mage data out of the nmenory into a liquid crystal cell unit at
the pEtelctubdristhathenl Iavgel dattaen scadudtom t tn t hbewaenooysumpst hewe, t he
liquid crystal cell unit is connected to a wite Iine and the pixel
capacia dricatiids atvartgdd ditsivd epotianwhalchok. m@Hotrlye ilsi guiodrideysttal cel | unit
(hereinafter referred to as _
each pixel is known (for example, refer to Japanese
Unexamined Patent Application Publication No. 9-212140).
In such a liquid crystal display of a pixel structure
in which a memory is provided for each pixel, with regard to
10  a still picture, once image data is written to a memory unit
of a pixel, it suffices to repeatedly drive the pixel for
display using the image data stored in the memory of the
-ﬁixel. Thus, signal lines need not be charged and
discharged on each occasion, and in principle, the only
15 electric power required is that for inverting polarity.
This allows further reduction in power consumption.
In the liguid crystal display having the construction
described above, the arrangement has hithertoc been such that
the same path is used for writing image data from a signal
20 . line to a memory unit of a pixel and for reading image data -
out of the memory into a liquid crystal cell unit at the
pixel. Thus, when image data is written to the memory,
"since the liguid crystal cell unit is connected to a write

- line and the pixel capacitance is charged, the potential of .

25 .the liguid crystal cell unit (hereinafter referred to as




28 March 2006 - 3 pixel potential) beconmes unstable, affecting the wite
operation. Consequently, depending on characteristics of 28Mash2065 s
formng the pixel circuit, data held in the nmenory mght be nodified by
the pi xel potential, causing considerable variation in picture quality due
to the variation in the transistor characteristics. The present invention
has been nade in view of the above problem and an object thereof is to
provide a liquid crystal display in which the effect of a pixel voltage
during witing of data to a nmenory is renoved, serving to provide a | arge
margin against variation in charactetistics of transistors formng a

pi xel circuit, and to provide a portable termnal having the liquid
crystal disipledypoirgdhos urercoks| mvertbilon ATotdnagitcowaife rst aspect of the
invention, there is provided a liquid crystal display conprising a
plural ity cperptiel- Epresduestinc|drbenging i eherateaiseety odnits, arranged
to forma matrix on a substrate, vertical driving_neans for selectively

driving tHE2PFEFEALS fOHT O £BF RIXSAUFEECH T a P BT O BYs P€RTNher ei n

each of the rality_of pixel circyits canmprises: .a_ pixel-select switch
for witifg gglﬁu%eng]ocd)éfll%%%é’ g#%r?ajlxe eao?efngtrﬁa&t he ' $itg a?orfsilr?gr?%f? he liquid

crystal CQ;]alé.i!a'EicBr]\ R pSYAGR 8{1‘%}9&3} Qe M4 Rnkeflcal ofCaniag; a menory for
hol di ng a igirtal 1mage signal; a wite.
transistor characteristics.
The present invention has been made in view of the above

"problem, and an object thereof is to provide a ligquid crystal

display in which the effect of a pixel voltage during writing of

data to a memory is removed, serving to provide a large margin

against variation in characteristics of transistors forming a

pixel circuit, and to provide a portable terminal having the

liguid crystal display.

Disclosure of Invention

According to a first aspect of the invention, there is
provided a liquid cr?stal display comprising a plurality 6f pixel
circuits including liquid crystal cell units, arranged to form a.
matrix on a substrate, vertical driving means for selectively
driving the plurality of pixel circuits on a row-by-row basis;
wherein each of the plurality of pixel circuits comprises: a
pixel-select switch for writing an analog image signai fed from
the signal line to the liguid crystal cell unit in
synchronization wiﬁh vertical scanning; a memory for holding a

digital image signal; a write.




28 March 2006 - 3a switch for witing to the nenory a digital inmage signa
fed froma signal line wired on a col um-by-col um basi s;28viarch 200@ad
buffer for reading the digital imge signal held in the nmenory and witing
the digital imge signal to the liquid crystal cell unit; a read switch
for causing a high-inpedance state between an output term nal of the read
buffer and the Iliquid crystal cell unit after conpletion of witing of the
digital inmage signal fromthe nenory3to-the liquid crystal «cell unit by
the read buffer; wherein the vertical driving neans conprises: a first
vertical SHEFOR nPTwaAS1RD TG Ao he pRdetakemege swwrah f&Ad the read

swtch on a rowby-row basis; a second vertical driving nmeans for driving
the wri t 6EORYT (OGN S PORLBYE B Dadl SmARK TG PE°hsetna aspect of
t he i nventi re.L.s .QVJ . t.a .mi_nal ri si.ng an out put
di spl ay Q%ggﬁﬁﬁhgﬁbg?%iEEQ%?%$?§§ %%gggﬁn9&%?%%£§hg?n%§gyﬁgfzkgplayed only
in a parkabry eHORrotify SHLeAgi VAP @iadedst ittt doCENEL Bl quiti Splay is used
as the output display, the liquid crystal display conprising a plurality
of pixel ceiystcail tcelar nahged treadf svimeh Matr cxuoimoa asubgh+aiedaeaeh of the
plurality of pixel circuits including a liquid crystal cell unit, a
- pi xel - selséete kafiveeh fprowhtvti fgraimangifofhe neapel dugher 4wt theom t he si gnal
line to the |iquid crystal cell unit in synchronization with vertical
llgu%%ﬁ'yﬁtﬁbrcw dJin]J"fl afa?@iqoglplieﬁ.h% of writing of the

scanni ng,
digital image signal from the memory to the liguid crystal
cell unit by the read buffer; wherein the vertical driving
means comprises: a first vertical driving means for driving
the pixel-select switch and the read switch on a row-by-row
basis; a second vertical driving means for driving the write
.switch on a row-by-row basis.

According to a second aspect of the invention, there is
provided a.portable terminal comprising an output display
having a partial display mode in which an image is displayed
only in a partial region of a screen, wherein a liquid crystal
display is used as the output display, the liquid crystal
.display comprising a plurality of pixel circuits arranged to
form a matrix on a substrate, each of the plurality of pixel
circuits including a liquid crystal cell unit, a pixel-select
switch.for writing an analog image signal fed from the signal
line to the liquid crystal cell unit in synchronization with
vertical scanning, a memory for holding a digital image
signai, a write switch for writing to the memory a digital
image signal fed from a signal line that is wired on a column-

. by~column‘basis, and a read buffer




signal, a wite switch for witing to the nmenory a digital inmage signal
fed froma signal line that is wired on a colum- by-col unag Magh2006nd a
read buffer 28 March 2006 - 3b for reading the digital inage signal held
in the nmenory and witing the digital imge signal to the liquid crystal
cell unit, a read switch for causing a high-inpedance state between an
output termnal of the read buffer and the liquid crystal «cell unit after
conpletion of witing of the digital 3bmage signal fromthe nmenory to the
l'i quid crtystal cell unit by the read buffer, a first vertical driving
means forfodr Fea®dga fée Pisetalsdmage signadhhahd ithdheemgmany tagld on a

r ow- by-row_basi s %risecond, verti¢al driving npans for drjvi n% the wite

switch OFLEIPBWEL HLGH-Bhsi el figkehpice tBALLIHENCEYSF21 ¢ ltnvent i on, in
a liquid,Grystal,df SR8, A 10,8 portalle termanal Lp woich the 1iquid
di y T put ™ d) s:br%gay, a di g|¥a

crystal sSplay may be used as -an out pu "~ T'mage si gnal

may be Wint bﬁﬂ?ﬁiﬂ; QBrhRga i @Nahhel FBEa i ARe PRIOHE MRidhe-ykad switch,
while a digital inmage signal may be read out of the nenory into the liquid

crystal cell wmit aftart bempreaddnbuof feritihhabfishe sRpatal eimprfehs may be used
for witing a digital inmage signal to the nenory and for reading a digital
i mage si gaghal romm fbempemesy tPhiobe Wienidacdygfidlalcelimgeit diyghk is witten
to the nenory, the wite operation may not be o

read buffer, a first vertical dr¥iving means for driving the

pixel-select switch and the read switch on a row-by-row basis,

a second vertical driving means for driving the write switch

on a row-by-row basis.

In example embodiments of the invention, in a liquid

crystal display, or in a portable terminal in which the liquid

crystal display may be used as an output display, a digital

image signal may be written from the signal line to the memory

via the read switch, while a digital image signal may be read

out_of the memory into the liguid crystal cell unit via the

read buffer. That is, separate paths may be used for writing

a digital image signal to the memory and for reading a digital

image signal from the memory. Thus, when a digital image

signal is written to the memory, the write operation may not

be




28 March 2006 - 4 affected by the pixel potential. Furthernore, when an
analog image signal is directly witten fromthe signal [28March200@
liquid crystal cell unit, witing to the menory may be inhibited by
operation of the read buffer disposed between the nenory and the liquid
crystal cell unit. Brief Description of the Drawngs Fig. 1 is a block

di agram showi ng a schenmatic overall construction of a liquid crystal

di splay according to an enbodi ment of the present invention. Fig. 2 is a
circuit diagram showi ng an exanple configuration of a pixel circuit on an
i-th rowand i-th colum, and Fig. 3 is a circuit diagramshowng a first
exanpl e of the pixel circuit. Fig. 4 #s-a timng chart for witing of an
anal og image signal to a nmenory circuit, Fig. 5is atimng chart for
witing affechagerddha poathechemury-ci Feuinermane, Mhgn & iaadogiming chart
for reading of image data fromthe nenory circuit. Fig. 7 is a circuit

di agr am Wn@l%égeéﬁnﬂl%ﬁﬁl‘é“&ftePhgrOIbi%l styrcuitte FiYth8 is a bl ock
di agram showi.ng a specifjc exanple .configuration of a first vertical
driving CARURTST TG 61K Ry e P dgramtSnBiY 428 Jet i Prab ket e
confi guraty Qe plr A5 8EORL YRLAT 68! redr hYL NG bEthden 28e MRLER 2006

the liquid crystal cell unit.

Brief Description of the Drawings

Fig. 1 is a block diagram showing a schematic overall
construction of a liquid crystal display according to an
embodiment of the present invention.

Fig. 2 is a circuit diagram showing an example
configuration of a pixel circuit on an i-th row and i-th
column, and Fig. 3 is a circuit diagram showing a first
example of the pixel circuit.

| Fig. 4 is a timing chart for writing of an analcg image
.signal to a memory circuit, Fig. 5 is a timing chart for writing
of image data to the memory circuit, and Fig. 6 is a timing
chart for reading of image data from the memory circuit.

Fig. 7 is a circuit diagram showing a second example of the
pixel éircuit.

Fig. 8 is a block diagram showing a specific example
configuration of a first vertical driving circuit.

fig. 9 is a block diagram showing a specific example

. configuration of a second vertical driving circuit.




5 Fig. 10 is a tining chart for witing of an analog signal over an entire
- screen in an anal og-signal display, Fig. 11 is a timng Q@Bairch200chol di ng
of nmenory data in a conbined display of an anal og-signal display and a
menory 5 data display, and Fig. 12 is a timng chart for witing of nenory
data in a conbined di splay of an anal og-signal display and a nenory-data
display. Fig. 13 is. an external view showing a schematic construction.of
a cellul ar phone according to the present 10 invention, and Fig. 14 is a
di agram showi ng an exanpl e di spl ay-oh an out put display. Best Mde for
Carrying Qut the Invention Now, enbodinents of the present invention wll
be 15 described in detail with reference to the drawings. Fig. 1 is a

bl ock di agrpagm,sh t e I UCkI liquid crysta
i 5pl ay according te an CRboR rene BT Ot Breadntt | ochri o he'is

appar egt ghe@NbGed ad, chiRerki guikdegr Yot 8k gh%@b§¥Sl§Qa§C&9£91Q9 to this
embodi nent includes a pixel region 11 where pirxel “circui'ts including

l'i qui dregystal igekl tupihg anertarbangeddifglorhthyryfds8L #Ad;second
vertical driving circuits 12 and 13 for selectively driving the pixel

ci rcui tembinthedpkpehyr egi on ihadbBgashgwabydieplhasisd @ndemop-signal -1ine:
driving circuit 14 for feeding imge signals, on 28 March 2006
5 data display, and Fig. 12 is a timing chart for writing of
memory data in a combined display of an analog-signal
display and a memory-data display.
Fig. 13 is an external view showing a schematic
construction of a cellular phone according to the present

10 invention, and Fig. 14 is a diagram showing an example

display on an output display.

Best Mode for Carrying Out the Invention
Now, embodiments ©of the present invention will be
15 described in detall with reference to the drawings. Fig. 1
is a block diagram showing a schematic overall construction
of a liquid crystal display according to an embodiment of
the present invention.
As is apparent from Fig._l, the liquid crystal display
20 according to tﬁis embodiment includes a pixel region 11
where pixel circuits_including liguid crystal cell units are
arrandged in a matrix, first and second verticai driving
circuits 12 and 13'fgr selectively driving the pixel
circﬁits in the pixgl region 11 on a row-by-row basis, and a

'_25 signal—-line driving circuit 14 for feeding image signals, on




--.6 a colum-by-colum basis, to pixel circuits on rows selectively
driven by the vertical'driving circuits 12 and 13. |n thegpixeh206gi on 11,
for an array of n-rows-by-m colums pixels, scanning lines 15-1 to 15-n
and msignal 5 lines 16-1 to 16-mare wired in a matrix, and the pixel
circuits are disposed at the intersections thereof. The first and second’
vertical driving circuits 12 and 13 and the signal-line driving circuit 14
are. inplemented in what is called an integrated driving circuit :
arrangenment, 10 that is, integrally %Q[ned on a substrate (hereinafter
referred to as a liquid crystal display panel) 17 on which the pixel
region 11 is fornmed. More specifically, the first and second verti cal
driving circuits 12 and 13 are di sposed separately on the left and right
si des af cehenpilxetcolgionbadds 11to Thiexsl gnafctipe dnivowg circuit 14 is

di sposed, for exanple, on an upper side of the pixel region 11.

Furt heteretivehadlyiegonrbvsthie yrovided dnivitoweiredhes ¥2gimh of the
liquid crystal display panel 17. The liquid crystal display panel 17 is
formedtdf altTHAhe 20 xqbsie @t @ halvi nfPX hgt eorrasi A Hiepves geemits for the
respective pixel circuits, such as thin-filmtransistors _(TFTs), an
opposi F EUBS tRigt e ha i FRPERDr1 ¥19% ek% lane bppoad el skdnades, t hese
supstrates being | am nated with ach other,, and liquid crystal

o ap T e e b % Sibkad e M iHe S HegAl s swi t chi ng
of th%:ﬂgggits are disposed at the intersections thereof.

The first and second vertical driving circuits 12 and
13 and the signal-line driving circuit 14 are implemented in
what is called an integrated driving circuit arrangement,

10 - that is, integrally formed on a substrate (héreinafter
referred to as a ligquid crysfal display panel) 17 on which
the pixel region 11 is formed. More specifically, the first
and second vertical driving circuits 12 and 13 are disposed
separately on the left and right sides of the pixel region

15 1li. The signal-line driving circuit 14 is disposed, for

example, on an upper side of the pixel region 11.

Furthermore, a pad region 18 is provided in a loﬁer~edge
region of_the liguid crystal display panel 17.

The liguid crystal display panel 17 is formed of a TFT

20 substrate having thereon switching elements for the

respective.pixel circuité, such as thin-film trahSistors
(TFTs), an opposing substrate haviﬁg color filters and
opposing electrodes, thése substrates being laminéted with
each other( and liguid crystal encapsulated between the /

~ 25 substrates. In the pixel region 11, switching of thé TFTs




28 ‘Mar ch 2006 - 7 for the respective pixel circuits is controlled on a
row by- row basis by the first and second vertical drivi n@darchi26@ 12 and
13, and voltages are applied according to image signals fed fromthe
signal-line driving circuit 14 via the 5 signal lines 16-1 to 16-m whereby

the orientation of the liquid crystal is controlled to change
transmttance of |light, allow ng display of images. The signal-Iline
driving circuit 14 outputs AC analog imge signals to the signal lines

16-1 to 16-m The AC 10 driven amalog i mage signals herein refer to anal og
i mge signals whose polarity is inverted at a cycle with respect to a
center at a commopn voltage VCOM (signal center) in order to avoid.

degr adgd i ophd Ned e ELST ST YVALY £SPOEI {4 Cis T&SHSIANGR Un & MWheal ), etc.
of the liquid crystal due to 15 continuous application of DC voltages of

the sargy podard tyy €0 therdt dnd ssysidlveBriod Nabw e AGdiivsen anal og
i mge 'signals can be broadly classified into 1F-inversion driving (1F

refersid card 13 el shpevd DEYgench ddtdppyersd aeabidimy {olHmefers to a 20
hori zontal scanning period). In 1F-inversion driving, the polarity of
anal ogsidgregies sf@ghaf Som sthaverdred vihere ahalwithg idiageisi grialvaizofcha pol arity
have been witten to all the pixels. In 1Hinversion driving, the polarity
of Sanaiggnal negessi pral sto sl arwerdletray acHa mecimntatmien rdwthye- - r ow)
liquid crystal is controlled to change tranémittance of
light, allowing display of images.
The signal-line driving circuit 14 outputs AC analog
image signals to the signal lines 16-1 to 16-m. rThe AC-
10 driven analog image signals herein refer to analog image
signals whose polarity is inverted at a cycle with respect
to a ceﬁter at a commeon voltage VCOM (signal center) in
order to avoid degradation in the resistivity (specific
resistance of a material), etc. of the liquid crystal due to
15 continuous application of DC voltages of the same polarity
to the ligquid crystal.
Driving by the AC-driven analog image signals can be
broadly classified into lF-inversion driving (1F refers to a
field period) and 1lH-inversion driving (1H refers to a
20 horizontal scanning period). In 1F-inversion driving, the
polarity of analog iﬁage'signals is inverted when analog
image signals of a polarity have been written tb‘all the
pixels. In 1H-inversion driving, the polarity of analog
image signals i1s inverted on é 1ine—by—line (row-by-row)

- 25  Dbasis, and further inverted on a field¥byffield basis.




25:basis, and further inverted.on a field-by-field basis. 28 March 2006 8
The AC anal og i mage signals output fromthe signal-line @®BiMameh2006cuit 14 -

"tothe signal lines 16-1 to 16-mare signals for a normal display. In the
liquid crystal display according to this enbodinent, in addition to the.
anal og 5 image signals, the signal-line driving circuit 14 also outputs
digital image data for a still picture to the signal lines 16-1 to 16-m

[Pixel Grcuits] Fig. 2 is a circuit diagramshow ng an exanple 10
configuration of a pixel circuit on @an_i-th row and i-th colum. The pixel
circuit includes a liquid crystal cell 21, a hold capacitor 22, a

pi xel -select switch 23, a data-wite switch 24, a nenory circuit 25, a
data-read buffer 26, and a data-read switch 27. 15 The liquid crystal cel
21 and the Hig ;Canaia®rimgge sianpks rattrdst tdertdst sdemednilyinconnect ed,
forma liquid crystal cell unit. To a second end of the liquid crystal

cel | . Arivhed cohhbrivol fafe Wovignapplieds bhdltel al&dtoheE end of the
hol d ca aciior 22, a voltage, Cs., whose polarity is .20 inverted at a cycle
of 1.H19%1e %)f?g %p%@?%ﬂ? qﬁépb?&el-I%e?%%t1%%W%QHF€¥?Wﬁﬁ;%%39%%& end
connected to,the signal |ine, 16-1 and a, second end connected to the first
ends ICTHETIIGUFD CrostaTORITonE, ot (L RET Y Capdt tOREE The

5 - image signals, the signal-line driving circuit 14 also
cutputs digital image data for a still picture to the signal
lines 16-1 to 16-m.

[Pixel Circuits]
Fig. 2 is a circuit diagram showing an example

10 configuration of a pixel circuit on an i;th row and i-th
column. The pixel circuit includes a liquid crystal cell 21,
a hold capacitor 22, a pixel-select switch 23, a data-write
switch 24, a memory circuit 25, a data-read buffer 26, and a
déta-read switch 27.

15 The ligquid crystal cell 21 and the hold capécitor‘22,
with first ends thereof commonly connected, férm a liquid
crystal cell unit. To a second end of the liguid crystal
cell 21, the common Voltége VCOM is applied, and to a second
énd of the hold capacitor 22, a voltage Cs whose.polarity ié

20 inverted at a cycle 6f 1H (or 1F) is applied. The pixel-
select swifch 23 has a first end connected to the signal
line 16-1 and a second end cﬁnnected to the first ends of
the liquid cfystal'éell 21 and the hold capacitor 22. The
pixel—seleﬁt switch 23 is dfiven by a scanning signal_GATﬁ

25 that is provided via the scanning line 15-i to write an




pi xel -sel e ct switch 23 is driven by a scanning signal GATE 25 that ia
provi ded via the scanning line 15-i to wite an 28 March 280araln2008g i mage
signal to-the liquid crystal cell unit. The data-wite switch 24 has a
first end connected to the signal line 16--i and a second end connected to
an input termnal of the menory circuit 25. The data-wite switch 24 5 is
driven by a wite-control signal dwGATE that is provided via a data-wite
control line 28-i to wite digital inage data to the nenory circuit 25.
The digital inage data witten to the nenory circuit 25 (hereinafter also
referred to sinply as nenory data) is read via the read buffer 26. 10 The
data-read switch 27 has a first end connected to an output term nal of the

read buffes 2§m@@g Qi?ﬁgpngae@ge LOORES té%&gﬁéskg%fir§&.@nds of the liquid

crystal cel 21 “and the hold capacitor e data-read switch 27 is

driven by anfatardL£3g8 600l H a4y GAEE Ahateniss Phevded 18 via a

data-read control line 29-i to wite digital inage data read fromthe

Menor yiicd reidta 25 via 1dei raad dufd@ndbend eddieedidih (érrysairxr}iutcel | unit.
To the nenory circuit 25, a power supply voltage VCCVEM i s ed via a

power -tsaiupl tya X ot rethe Imdigo BP-dir A0 Nexd ,  arrsperd dd-Gorexad e tofh the pi xel

circuit configured as described above will be described. (First exanple

G bcuilty driigrerB by @ voi Foeidordiagr amahowidvg2rH ivisit examlo iefed

| via a data-write control line 28-1i to write digital image
data to the memory circuit 25. The digital image data
written to the memory circuit 25 (hereinafter also referred
to simply as memory data) is read via the read buffer 26.

10 The data-read switch 27 has a first end connected to an
output terminal of the read buffer 26 and a second end
connected to the first ends of the liquid crystal cell 21
and the hold capacitor 22. The data-read switch 27 is
driven by a data—reéd control signal drGATE that is provided

15 wvia a data~read control line 29-i to write digital image
data read from the memory circuit 25 via the read buffer 26
to the liquid crystal cell unit. To the memory circuit 25,
a power supply voltage VCCMEM is fed via a power—supply
control line 30-1.

20 - Next, a specific example of the pixel circuit
configured as described above will be described.

(First example.Circuit) |
Fig; 3 is a circuit diagram showing a first example of
the pixel qircuit. Referring to Fig. 3, in the pixel

25 circuit, iﬁ addition to the scanning line 15-i, the data-




the pixel circuit. Referring to Fig. 3, in the pixel 25 circuit, in
addition to the scanning line.15-i, the data 28 March 200@8Ma4dkth 2006i t €
control line 28-i, the data-read control line 29-i, and the power-supply
control line 30-i, a Cs line 31-i for providing a potential Cs having the
sane polarity as that of the opposing electrode of the liquid crystal cel
21 5 (opposing voltage), an XCs line 32-i for providing a potential XCs
having a polarity opposite to that of the potential Cs, and a
negati ve- power-supply line 33-i for,,feeding a negative power-supply
voltage VSS to the nenory circuit 5% are wired on a row by-row basis. 10
The pixel -select swtch 23 is inplenented by a NchTFT (hereinafter
referred to as a pixel-select TFT) Onl having a gate connected to the
scanniwgité neoriBrol himoulfel coriedakh-terd Reertghallinee%6-4 , and a
drain connected to the first ends of the liquid crystal_ cell_ 21 and the
hol d capdcthorp@er1Sirmhey deert vt teiraniI¢hl 24 i i Mitemdntied ¥y a NchTFT
- (hereinafter referred to as a data-wite TFT) On2 havi ng .a __gate connected

to theRRIEiRT 1 ROMT oIt | e BLinGd % 3B RPnietied T I si gnal
| ol cridht PR P AHE dhid W NTIR = Conftlod h n ser  es. bet veen
;2 Eg&?r 3 Ssuiprpglf yvoclotnééeo)l P lalmrL]%{Css -Jj.nea%—tihefonre%)altolvvied-i%%\/\%r -supply line 33-I
potential XCs having a polafity opposite to that of the
potential Cs, aﬁd a negative-power-supply line 33~i for
feeding a negative power-supply voltage VSS to the memory
circuit 25 are wired on a row-by-row basis.
10 | The pixel-select switch 23 is implemented by a NchTFT
(hereinafter referred to as a pixel-select TFT) Onl having a
gate connected to the scanning line 15—i, a source connected
to the‘signal line 16-1i, and a drain connected to the first
ends of the liquid,crystai cell 21 and the hold capacitor 22.
15 The data-write switch 24 is implemented by a NChTFT
(hereinafter referred to as a data-write TFT) QOn2 having a
‘gate connected‘fo the data-write control line 28-1i and a
soufce connected to the éignal linerlG—i.
The memory circuit 25 is an SRAM formed of a first
20 inverter implemented by a PchTFT Qpl and an NchTFT Qn3
‘connected 1in series between the power—supply cohtrol linér
30-1 and‘the!negative*power¥supply line 33-1 and having
gates commonly conﬁected, and a second inverter similarly
implemented by a PchTFT QOp2 and an NchTFT Qnd cqnnected iﬁ

25 series between the power-supply control line 30-1 and the




gates commonly ceonnected, and a second inverter simlarly i npl emrented by a
PchTFT Q2 and an  NchTFT Qn4 connected in 25 series betweas Neh 2006
power - supply control line 30-i and the 28 March 2006 - 11

negati ve- power-supply line 33-i and having gates conmonly connected,
wherei n an input node NI of one of the inverters is connected to an out put
node N2 of the other inverter and an input node N3 of the other inverter
is connected to an 5 output node N4 of the one of the inverters. The input
node N is connected to'the drain o1 the TFT n2. The data-read buffer 26
is inmplemented by an NchTFT On5 having a gate connected to the out put node
N2 of the nmenory circuit 25 and a source connected to the Cs line 31-i,

and 10,20 NATEL (herainary ef s 21 o512 1p 5.3 19 A £ath el 6 having a

gat e cornnect ed R out put no nmenory cir t 25 and a

sour c& et ed i t e X5 ddhe 3t?odé NMdh dhe A Qfydhgdd ansi stors

5 and N6 conmonly connected. 15 The data-read switch 27 is inplenmented
by an shchbnhedhat aidald fusgledRe: b ax acwtoaaﬂ&aanFDteQﬂ%dww ng a

gate connected to the data-read control signal 29-i, a source connected to

a commn iRgAe: heidears tde Waidihaf itherddans sicﬁm%c%'a ad 06, and a
drain connected to the first 20 ends of the liquid crystal cell 21 and the
hot d capatitt elod?? N4 Hssheeante off the ginelrtidsCui tihehdasipiitheddeansi st or s

N1 is connected to the drain of the TFT Qn2.

The data-read buffer 26 is implemented by an NchTFT QOnb

having a gate connected to the output node N2 of the memory

circuit 25 and a source connected to the Cs line 31-i, and
10 én NchTFT {hereinafter referred to as ardata~read TFT) Qnbéd

having a gate connected to the other output node N4 of the

memory cixcuit 25 and a source connected to the XCs line 32—

i, with the drains of the transistors QOn5 and Qné commonly

cpnnected-

15 The data-read switch 27 is implemented by an NchTFT

{hereinafter referred tc as a data—-read TFT) On7 having a

gate connected to the data-read control signal 29-i, a

source connected to a common node between the drains of the

transistors OnS and Qné, and a drain connected to the first
20 ends of the liquid crystal cell 21 and the hold capacitor 22.
| Thus,'éach of the pixel circuits has nine transistors
(namely, TFTs Qpl and Qp2, and TFTs 0Onl to Qn7); and eight
‘wires (namely, scanhingrline 15-i, signal line 16-~i, data-—
write control line 28—i,_datafread control signal 29-i,

- 25 powerwsupply control line 30~i, Cs line 31-i, XCs line 32-i,




(namely, TFTs Q! and 2, and TFTs Onl to On7), and eight wres (nanely,
scanning line 15-i, signal line 16-i, data- wite control 28iM&cR8606
~data-read control signal 29-i, 25 power-supply control line 30-i, Cs line
31-i, XCs line 32-i, 28 March 2006 - 12 and negati ve-power-supply line .
33-i). Next, operations of the first exanple of the pixel «circuit,
configured as described above, will be described wth reference to timng
charts shown in Figs. 4 to 6. Fig. 54 is atimng chart for witing of an
anal og i mage signal to the liquid ggystal cell unit. Fig. 5is atimng
chart for witing of digital image data to the nenory circuit 25. Fig. 6 ;
is atimng chart for reading of digital image.data from the nenory f
circuit 25. 10 First, an operation for witing an analog inmage signal will
be destR{ bRRTaiveTRPEPENTERbLY thenei P ng) chart shown in Fig. 4. During
this wite operation, the scanning signal GATE is set tq high level (VDD
| evel ). AcdBrdi n@BRRTAHERHOe|thse|fddts treramnls €& fhfed® 6! so that an
anal og jmage 15 signal fed fromthe signal-line,driviggacirpuit 14 (refer

to Figray i SCOME SERRIAT | RPN s2hR TR ¢ SR 1A ] PR YEISd sel ect TFT
Qe Liug covatal m] Lt osg of e Ligud £rvstal cell 28
drGATE and - 20, 108 dal g el L&, cont 9l o st gnal, GhTE are bolh sef to Tow
the liquid crystal cell unit. Fig. 5 is a timing chart for
writing of digital image data to the memory circuit 25. Fig.
6 is a timing chart for reading of digital image data from
the memory circuit 25.
10 First, an operation for writing an analog image signal
will be desc£ibed with reference to the timing chart shown
in Fig. 4. During this write operation, the sbanning signal

GATE is set to high_level (VDD level). Accordingly, the

pixel-select TFT Qnl is turned on, so that an analog image

15 signal fed from the signal-line driving circuit 14 (refer to

Fig. 1) via the signal line 16-i is written via the pixel—

select TFT Qnl to the liguid crystal cell unit formed of the

liguid crystal cell 21 aﬁd the hold capacitor 22.
At this time, the data-read control signal drGATE and
20 the dafa—writejcontrol signal dwGATE are hoth set to low
level (VS8S level), wheréby the data-read TFT On7-and the
data-write TFT On2 are both turned off. ~Thus, image data is
not written to the ﬁemory circuit 25 or read from the memory
circuit 25. The positive power—supplyrvoltage-VCCMEM is éet

25  to VDD level.



| evel (VSS level), whereby the data-read TFT Qn7 and the data-wite TFT

A2 are both turned off. Thus, inmage data is not witten 28 Mdéehd8OOry

cirecuit 25 or read fromthe nenory circuit 25. The positive power-supply
voltage VCCMEM is set 25 to VDD level. 28 March 2006 - 13 Next, an
~operation for witing digital inmage data will be described with reference
to the timng chart shown in Fig. 5. During this wite operation, the
scanning signal GATE is set to low |level (VSS |level), whereby the
pi xel -select TFT 5 Qnl is turned of¥3 Then, at a nornal tining of pixel
selection, the data-wite control signal dwWGATE is set to high |evel (VDD
| evel ). Accordingly, the data-wite TFT Q2 is turned on, so that digital

i mge datayfed frambhescdbgnaby! ke tdhigvidRgieklCinaghs daita whelsignal |ine
16-i is 10 witten to the menory circuit 25 via the data-wite TFT n2.

The digi t@dsd By daten | Sefopaecsata ofic atbhihy phatur ehofvar ineFagpl e, a
one-bit signal. The data wite operation uses a sequence in which the

posi tisve pAWEr WY wialteaGm MGANIM 01t Hehes cpomeimes pipinal KTty ol | i ne
30-i of the nenory circuit (SRAM 25 is once |lowered froma panel-circuitry
dri vi ngtvald agsr ate D (veeelleved )t hevipotedtt itdle gfitdie sl TEhe 16-1 at
VCC |l evel, and raised back to VDD |l evel after data has been witten to the
MeBor \Ordi ricuittu@fed By fusi Mharhi stsequeneel DDingyalf iglxel
selection, the data-write control signal dwGATE is set to
high level (VDD 1evel);' Aécordingly, the data-write TFT Qn2
is turned on, so that digital image data fed from the
signal-line driving circuit 14 via the signai line 16-1 1is
10 written to the memory circuit 25 via the data-write TFT Qn2Z.
The digital image data is image data of a still picture, for
example,.a one-bit signal.
The data write operation uses a seqguence in which the
positive power-supply voltagé VCCMEM on the power-supply
15 control line 30-i of the memory circuit (SRAM} 25 is once
lowered from a panel—-circuitry driving voltage at VDD level
to the potential of the signal line 16-~I at VCC level, and
raised back to VDD level after data has been written to the
memory circuit 25. By using this sequence, VDD level is
20 used as a memory—holding voltage, so that a large marginris
provided against fluétuation or the like associatgd witﬁ the
opposing voltage when data is held in the memofy circuit 25.
To describe the sequence in more detail, for example,

assuming that the amplitude (VSS*VCC) of the image data fed

25 from the signal line 16-i is OV-3V, if the image data is




- 20 gsed'as a menory-hol ding voltage, so that a large margin is provided
agai nst fluctuation or the like associated with the - oppog8ngardo0Gee when
data is held in the nenmory circuit 25. To describe the sequence in.nore
detail, for exanple, assuming that the anplitude (VSS-VCC) of the image .
data fed 25 fromthe signal line 16-i is OV-3V, if the image data is IL 28
~March 2006 - 14 held in the nenory circuit 25 with that anplitude, i.e.
with VSS = OV and VCCMEM = 3V, the polarity of the data held is inverted
if the opposing voltage fluctuates.i4Fer this reason, if the data is held.
in the nenory circuit 25 with an 5 anplitude |arger than the anplitude of
t he dgtg mglttﬁnidfor exanple, with O/-7V (VDD level), a large margin is
provi de or holding data a |n tlon o he |ike_associated wth
tpe 2gﬁ%§|F€ §B?t§@@grﬂbﬁé€€ ?gtﬁéggogﬁ?lvgmg m%r%supply voltage VCCVEM
o] e nenDr cir i ntaine leyel tting a
bPLesﬁbFH Vﬁﬁtagh oﬁn hgh?éiy gﬁl %ﬁ?hgg%§%%¥ gl%@UIgggé Be enotgd by
h, ima ayi ng an_anpl.itu an t nnot be
EB"?H% PT% I Pgﬁ)nglﬁé g$f1] SE\A%ﬁ.ﬁértﬁgtteg yo}.l thg

Writtah en inmage data of 0-3 V

witten, the 1 |
Voo | Eoerotr T B '&ka%ﬁ £0VFG 5L Kok aps, VOB pansachosr <4 from

5 amplitude larger than the amplitude of the data written, for
example, with OV-7V (VDD level), a large margin is provided
for holding data against fluctuation or the like associated
with the opposite voltage.

However, if the positive power—supply voltage VCCMEM of

- 10 the memory circuit 25 is maintained at VDD level (7V),

letting a threshold voltage of the TFTs forming the memory

circuit 25 be denoted by Vth, image data having an amplitude
'_not greater than V-Vth cannot be written to the memory

circuit 25. Thus, when image data of 0-3 V is written, the

15 positive power—-supply voltage VCCMEM is once lowered from

VDD level (7V) to VCC level (3V). Accordingly, image data
of 0-3 V is input to the memory circuit 25 with VSS = 0V and
VCCMEM = 3v, allowing the image data to be written at that
instance. |

20 - When the'image data has been written, the positive

power—suppiy voltage VCCMEM is restored to VDD_level, 50
that the amplitude of the image data written is shifted from
VSS-VCC to VSS*VDD.‘ That is, VDD level is used as a holding
voltage in the memory circuit. 25, allowing a iarge margin

25 against fluctuation or the like associated with the opposing




of 0-3 Vis input to the nenory circuit 25 with VSS = OV and VCCVEM = 3V,
all owing the imge data to be witten at that instance. 28MaePoGche i nage
data has been witten, the positive power-supply voltage VCCVEM i s
restored to VDD |l evel, so that the anplitude of the inmage data witten is
shifted fromVSS-VCC to VSS-VDD. That is,VDD |level is used as a hol ding
voltage in the nmenory circuit.25, allowing a |large margi n 25 agai nst
fluctuation or the |ike associated with the opposing 28 March 2006 - 15
voltage. Wen the digital inmmge dat'® has been witten to the nemory
circuit 25, the data-read control signal drGATE is set to high level in
the next 1H period, whereby the data- 5 read TFT On7 is turned on.

Accor dvegltygei.mage data is read fromthe nmenory circuit 25 via the
data-read buffer (W5 and Q6) 26, and then witten to the liquid crystal

cell unit Whenttlee datqttehdindde Qitd middenréon vefreepi X6l tpatential. Now,
operation of the data-read TFT On7 will be 10 descri bed. Wen the data-read

TFT Qnemsryuchedudh, 2bmagee data-hehd conthelnmemghylcurcrirt: 22 is read via
the data-read buffer 26. At this time, the inage data is stored in the
menor ySetr€ai high devaeriatthe ghett)lliepebiod, avhkpublhel @ueb- 15 Thus,
the data-read buffer (@5 and Qn6) 26 converts
5 read TFT Qn7 is turned on. Accordingly, image data is read
from the memory circuit 25 via the data-read buffer (On5 énd
Qné6) 26, and then written to the liquid crystal cell unit
via the data-read TFT On7 in the form of a pixel potential.
Now, operation of the data-read TFT On7 wili be
10 described. When the data-read TFT On7 is turned on, imags
data held in the memory circuit 25 is read via the data-read
buffer 26. At this time, the image data is stored in the
memory circuit 25 either at high (H) level or at low (L)
level. |
15 | Thus, the data-read buffer (Qn5 and QOné) 26 converts
the image data read from the memory circuit 25 into the
potential Cs or ¥XCs, the poiarity_being changed at a cvcle
of 1H (or 1F), and the constant potential is written to the
liquid crystal cell unit via the data-read TFT On7 as a
20. pixel potential. This allows an operatidn with the timing
of iH inversion (or 1F inversion). When the data has been
written, the data-read TFT QOn7 is turned off, céusing an
open stafe (high—-impedance state) between the output
terminal of the data-read buffér726 and the liquid crystal

. 25 cell unit.




the image data read fromthe nmenory circuit 25 into the potential Cs or
XCs, the polarity being changed at a cycle of 1H (or 1F) 28aviakchReogonst ant
potential is witten to the liquid crystal cell unit via the data-read TFT
A7 as a 20 pixel potential. This allows an operation with the timng of
1H inversion (or 1F inversion). Wen the data has been witten, the
data-read TFT Qn7 is turned off, causing an open state (high-inpedance
state) between the output termnal of the data-read buffer 26 and the
liquid crystal 25 cell unit. 28 NEF%Q 2006 - 16 By using the above
sequence, a display by witing an analog signal in, for exanple, 260

t housand colors (six bits) and a display by witing nenory data in eight
colors (one bit) can be conbined in a single screen. Thus, in a .5 partial
di spl ay nodey iwsiwd cthea glegionséqueight ofibssliy lay wahaing signal has
hitherto been displayed in white, a still picture in eight colors.can be
di spl ayedlpdsedonal neher jordarampkgrt BePnbheusahd mehory dsieuit 25
elimnates the need of charging and discharging the signal lines 16-1 to
10 16-PEatherdne displfy pYcvhibing mesprayddtasérvemaghtocoledace power
consunption. Wien an anal og, i mage signal has been witten to the liquid
cryst afoReIPithi ¢an f2RaFPYO1RER B xRl Skybet sSFRFenl Thysefin Fhus, if the

pogariggkgqafh&i&Sf;?QHgSgtfgeﬁﬁ§§ﬁﬂésregion in eight colors in an
analog signal has hitherto been displayed in white, a sfill
picture in eight colors can be displayed based on memory
data. Furthermore, the memory circuit 25 eliminates the
need of charging and discharging the signal lines 16-1 to

10 16—m each time a stili picture is displayed, serving to
reduce power consumption.

When an analog image signal has been written to the
liguid crystal cell ﬁnit, usualiy, the pixel-select TFT Qﬁl
is off. Thus, if the polarity of the common voltage VCOM is

15 inverted at a cycle of 1H (or 1F), the pixel_potential
changes accordingly. When digital image data held in‘the
memory circuit 25 (memory data) is written to therliquid
crystal cell unit, assuming that the data-read TFT Qn7 is
absent, the first ends of the liguid crystal cell 21 and the

20 hold capacitor 22 are connected to the potentials Cs and XCs

. at low impedanées. | |

Thus, in a display based on memory data, even if the
polarity of the common voltage VCOM changes at a cycle of 1H
{cxr 1F), the pixel potential does not change, in contrast’to

25 the case of writing an analog image signal. This inaicates




15%.inverted at a cycle of 1H (or 1F), the pixel potential changes
accordingly. When digital inmage data. held in the nenory 28iMadh20®D
(menory data) is witten to the liquid crystal cell unit, assum ng that
the data-read TFT Qn7 is absent, the first ends of the liquid crystal cel
21 and the 20 hol d capacitor 22 are connected to the potentials Cs and XCs
at | ow i npedances. Thus, in a display based on nenory data, even if the
polarity of the conmon voltage VCOM changes at a cycle of 1H (or 1F), the
pi xel potential does not change, Higomrtrast to 25 the case of witing an
anal og irmage signal. This indicates 28 March 2006 - 17 - that the common
vol tage VCOM that serves as a signal center differs between a display

based o020 AR3L0R, LROE SLU0S)copnth 2 CLabl oy Basgdon memery dare. T

contras apbove exa e clrcul

Prow! oaflerand hbe,deh o (aRth TET Shfed Son A nEHa 0L WHERETDEY, Gl 3 has

been witten tot i qui cr uni adsing -i npedance

state anmge@isﬁfgy:%%€%§ %ﬁyﬁé rfeblenit and the potentials Cs and XCs.

Accordingly, Tn a di based on nenory data as well as a 10 display
based on ananalAg-448I6 S itaRalap de &a@l@%ﬂuﬁﬂ changes,in

~synchroni zation with inversion of the polarity of f he conmon vol t age VCOM
‘This, thed CoMOmn¥0ld ageoMddd daasa nt dhdercbetweengaydispl ay based on
an anal og i mage signal :

: turned off when memory data has been written to the liquid
crystal cell unit, causing a high-impedance state between
the liqguid crystal cell unit and the potentials Cs and XCs.
Accordingly, in a display based on memory data as well as a

10 display based on.an analog image signal, the pixel potential
changes in synchronization with inversion of the polarity of
the common voltage VCOM. Thus, tﬁe common voltagé VCOM does
not differ between a display based on an analog image signal
and a display based on mémory data.

15 As described above, in the pixel circuit including . the

- memory circuit 25, separate paths are provided for writing
image data to the memory circuit 25 from the signal line 16~
i and for reading image data out of the memory circuit 25
into the liguid crystalrcell unit, and when data is read,

20 memory data is read via the data-read buffer 26.
Accordingly, the effect of the pixel potential‘on the data
in the memory circuit 25 1s removed, so. that mémory data is
prevented from being modified due to the effect. Thus, a
large margin is provided for the TFTs forming the pixel

25 circuit.




and a display based on nenory .data. 15 As described above, in the pixel
circuit including the nenory circuit 25, separate paths agestlogoded for
witing imge data to the nenory circuit 25 fromthe signal line 16-. i and
for reading imge data out of the menmory circuit 25 into the liquid
crystal cell unit, and when data is read, 20 nenory data is read via the

. data-read buffer 26. Accordingly, the effect of the pixel potential on the
data in.the nmenory circuit 25 is renoved, so that nmenory data is

prevented from being nodified due tqg, the. effect. Thus, a large margin is
provided for the TFTs form ng the pixel 25 circuit. 28 March 2006 - 18

Al t hough the first exanple of the pixel circuit has been described in the"
context of an exanple where one pixel circuit includes one nmenory circuit
25 and an AlEigeudglastideofiirah exahplesognaheandxgn riugeibabéd on nenory
data are displayed in conbination, the arrangenment may be such that a

si ngl Bephxdkstsitedi ded thet conteagi ofis aane¢xaarsrey WHierEuiane Pdelpr ovi ded
for the respective regions to allown-bit nmulti-scale display. However, if
the fcistuekafmpbéudest hee pererycPicgiit 25 and @ gmedle d35EH ©™havi ng
nine 10 transistors and eight wires, is used for each of the n bits, the
ci r cuphr gnséapeshensredndepy LERGE b&ﬁ@ﬁc@Paﬂ?Wqﬁﬁédﬁ5a'Pﬁ@ | ar ge nunber of

transi stors. As a counterneasure
5 displayed in combination, the arrangement may be such that a

single pixel is divided into n regions and memory circuits

are provided for the respective regions to allow n-bit

multi-scale display. However, if the first example of the

pixel circuit, i.e., the pixel circuit having nine
10 +transistors and éight wires, is used for each of the n bits,
the circuitry scale becomes very large particularly dge to

the large number of transistors. As a countermeasure

against the above problem, a second example circuit will be

described below.

15 (Second Example Circuit)

Fig. 7 is a circuit diagram showing a sepond example of
.the pixel circuit. The example circuit 1s a configuration
for one bit in a pixel circuit having memory circuits for n
bkits as deséribed above. In the second example of the pixel

20 circuit, as opposed to the first example of the pixel
| circuit in which an image based on an analog image signal

and an image based on memory data are'diSplayed in
combination, only én image based on memory data is diéplayed.
Thus, the pixel-select TFT Qnl for writing an analog imagé

25 signal is not needed. Furthermore, as is apparent from the




agai nst the above problem a second exanple circuit will be described
bel ow. 15 (Second Exanple Circuit) Fig. 7 is a circuit di aghnarckhodw ng a
second exanple of the pixel circuit. The exanple circuit is a :
configuration for one bit in a pixel circuit having nenory. circuits for n
bits as described above. In the second exanple of the pixel 20 circuit, as
opposed to the first exanple of the pixel «circuit in which an i mage based
on an anal og i mage signal and an i nage based on nenory data are displayed
in conbination, only an i mage basedZrm nenory data is displayed. Thus,
the pixel-select TFT 0l for witing an anal og i mage 25 signal is not
.needed. Furthernore, as is apparent fromthe 28 March 2006 - 19 operation

of thesgdatarfgadeFFMOadesesibedreaphh eiesthepedatari ead, TE e 7 for
mat chi ng of the comon voltage VCOM can be omitted. That 1s, as is

appar eph+ L pELA SPTIPEHT SOH bl Weeng her StRbX@bmebhCUbl ts§ewncom Fig. 3 and
the pixel circuit shown in Fig. 7, two transistors and two wires can be
om ttedahobeOBRitBEA. Thus, assuming a pixel circuit having menory circuits
for n bits, conpared with a case where the pixel circuit showm in Fig. 3 is
used, in wikdr &« md riansigglaresitarerdd) & etphigaed; sdm setoesesn wisr e t he pi xel
circuit shown in Fig. 7 is used, 6 x ntransistors suffice, allow ng
colsi deiadl ecircuit shown in Fig. 3 and the pixel circuit shown in
| Fig. 7, two transistors and two wires can be omitted for one
bit. Thus, assuming a pixel circuilt having memory circuits
for n bits, compared with a case where the pixel circuit
shown in Fig. 3 is used, in which 8 X n transistors are
10 © required, in a case where the pixel circuit shown in Fig. 7
is used, 6 X n transistors suffice, allowing considerable
reduction in the scale of pixel circuits.
[Vertical Driving System]
A vertical driving system for selectively driving the
15 pixels ({pixel circuits) in the pixel region 11 on a row-by-
row basis includes the first vertical driving circuit 12 aﬁd
the second vertical driving circuit 13, as is apparent from
_Fig. 1. Each of the vertical driving circuits 12 and 13 is
in charge of driving two of the four wires of the p;xel
20 circuit shown in Fig. 2, namely, the scanning line 15+i; thg
data-write control line 28-i, the data-read control line 29-
i, and the power—-supply control line 30-i. Mofe
specifically, the first vertical driving circuit_l2_is in
charge of driving the scanning line 15-i and the data-read

25 control line 29-i, and the second vertical driving circuit




reduction in the scale of pixel circuits. [Vertical Driving Systen] A
vertical driving systemfor selectively driving the .15 pi2geligck pdoee!
circuits) in the pixel region 11 on a row by- row basis includes the first
vertical driving circuit 12 and the second vertical driving circuit 13, as
is apparent from Fig. 1_ Each of the vertical driving circuits 12 and 13
is in charge of driving two of the four wires of the pixel 20 circuit

shown in Fig. 2, nanely, the scanning line 15-i, the data-wite control
line 28-i, the data-read control Li 29- i, and the power-supply control
line 30-i. More specifically, the first vertical driving circuit 12 is in
charge of driving the scanning line 15-i and the data-read 25 control line

29-i, and the second vertical driving circuit 28 Mairch 2006 - 20 13 is in
char gel dfigirivichprde datdriving thatdatatvnetescontapll Lhrepdfet- supply
control line 30-i. Specific circuit configurations of the first vertical
drivi mpei thaiirovgr anterihecoweont Yirei3@&tidri SPagieiecaircudtwill be
described 5 below. (First Vertical Driving Crcuit 12) Fig. 8 is a block
diagrdﬁW?HﬂW?ﬁf%ﬁP%»&ﬁnﬂQ?cf#%ﬁﬁtve%%ﬁﬁ¢;Lﬁ%%?%%go¢l¥ﬁ@lgi%%taVQrtica
driving circuit_12. For _sinplicity of the figure, the configuration of

ci rcui YA F AN SHEF oCH ST IR 1Ty -1 Folk B edehet#beand t he

5 below.
(First Vertical Driving Circuit 12)

Fig; 8 is a block diagram showing an example circuit
configuration of the first vertical driving circuit 12. For
simplicity of the figure, the configuration of circuit

10 poxtions bf fhe i-th and (i+1)-th rows are shown, and the
circuit configuration will be described below,.by wéy of
example, only in relation to a circuit'?ortion 12-i of the
i-th row. |

D flip-flops (D-FFs) 41 are disposed in one-to-one

15 association with the respective rows. The D-FFs 41 of the

respective rows are cascaded with each other, forming a

T

shift register that transfers a pulse transferred from a
previous stage to a subsequent stage in syhchroniiation with
" clocks CLK and XCLK having mutually opposite phases. A
20 pulse before transfer, input to the D-FF 41, and a pulse
after transféf, output from the D-FF 41, are fed to a NAND
gate 42 as two inputs therecf. |
The output of £he NAND- gate 42, after being inverted by.
an inverter’éS, is fed to one-of the inputs of a NAND gaté

25 44. To the other input of the NAND gate 44, an enable.
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circuit configuration will be described below, by way of exanple, only in
relation to a circuit portion 12-i of the i-th row .D fli3s-Nheh200d- FFs)
41 are disposed in one-to-one 15 association with the respective rows. The
D-FFs 41 of the respective rows are cascaded with each other, formng a
shift register that transfers a pulse transferred froma .previous stage

'to a subsequent stage in synchronization with clocks CLK and XCLK havi ng

nmut ual |y opposite phases. A 2.0 pul se before transfer, input to the D-FF

41, and a pulse after transfer, output-fromthe D-FF 41, are fed-to a gate

42 as two inputs thereof. NAND The out put of the NAND-gate 42, after being
inverted by. an inverter.43, is fed to one-of the input.s of a NAND gate

25 44 00 5ol 0 il JISND LS, 44 o1 PR 28 Wy oh 2008

21 si he Tows 1s Ted. The outpu

ate t ' in 2 i ad St ne .qf the
: ignput gtlho% EﬁéA bﬁ&%edgeg% ed ’4%&%#%2”%? hliar{rt{yeq{%]egjtb%gfar% ﬁlenJﬁ%ﬂﬁtrgéq% e zi% a

Menr y=fata, read-Gontfol: fhanalo & Mhye |3 fedrd qihe dious, after
being inverted by an i1nverter 47, is fed. The output of the NAND gate 46,

after i RRINGH RS bediTPY Ak (4w ed ety -idh f2d- dQ1-181156AN1RG a1l | ne 15-
shown in Fig. 2 via a buffer 49 as the scanning :
5 MEM1 commonly fed to the rows, after being inverted by an
inverter 47, is fed. The output of the NAND gate 46, after
being inverted by an inverter 48, is fed to the scanning

line 15-i shown in Fig. 2 via a buffer 49 as the scanning

signal GATE.

- 10 A NAND gate 50 has two inputs, namely, & memory-data

- read-control signal MEMZ commonly fed to the rows, and the
output of the inverter 45 on the next row ((i+l)-th row).
The output of the NAND gate 50, after being inverted by an
A invertér 51, is fed to one of the inputs of a NOR gate 52.
15 To the cther input of the NOR gate 52, a control signal (VSS
level) dron commonly fed to the rows is fed. The output of
the NOR gate-SZ, after being inverted by an inverter 53, is
fed to the data—-read control line 29 shown in Fig. 2 via a
buffer 54 as the data-read control signal drGATE.
20 (Second Vertical Driving Circult 13)
Fig. 9 is a block diagrém showiné a specific example
configuration of the second vertical driving cifcuit i3.
For simplicity of the figure., oﬁly circuit portions of the
ifth row and the (i+1)-th rdw_are shown, and the circuit

25 configuration will be described below, by way of eiample,




signal GATE. 10 A NAND gate 50 has two inputs, nanely, a nenory-data
read-control signal MEM2 commonly fed to the rows, and thes Machato®f the
inverter 45 on the next row ((i+1)--th row). The output of the NAND gdte
50, after being inverted by an inverter 51, is fed to one of the inputs of
a NOR gate 52. 15 To the other input of the NOR gate 52, a control signal
(VSS Ilevel) dron comonly fed to the rows is fed. The output of the NOR
gate 52, after being inverted by an inverter 53, is fed to the data-read
control line 29 shown in Fig. 2 vLaﬁﬁz_puffer 54. as the data-read control
signal dr GATE. 20 (Second Verti cal iving Grcuit 13) Fig. 9 is a block

di agram showi ng a specific exanple configuration of the second vertical
driving circuit 13. For sinplicity of the figure., only circuit portions
of theonlyt hnrsalandorhé&o( B+kirehitomwoartd oghdwnl ardd thiee icithcuicw .25
configuration will be described bel ow, by way of exanple, 28 March 2006 -
22 only i rPTE atébmrre dlepeeedtipopheonoigne afsengatieh wowh D-FFs 61
are disposed in one-to-one association with the respective rows. The D FFs
61 of the respective reWs- afeecBsEBBe§iweth tBgchesPretivEor®vSg a shift

register that 5 transfers a pulse transferred froma previous stage to a
subseq®ht C2Fa@ReRn"EYRCcRRERI 25BN WPERiBHoek stk ZREIREER thaw ng

nu%ual{gaggpg§ét§ Bgfggstrghggggge e%ggg Erggégﬁéhs stage to a '
subsequent stage in synchronization with clocks CLK and XCLK
héving mutually opposite phases. A pulse before transfer,
' input to the D-FF 61, and a pulse after transfer, output
from the D-FF 61, are fed to a NAND gate 62 as two inputs
10 thereof. ;

The output of the NAND gate 62, after being inverted by
an inverter 63, i1s fed to one of the inputs of each of NAND
gates 64 and 65. To the other input of the NAND gate 64, an
enable signal ENB commonly fed to the rows is fed. The

15 output of the NAND gate 64, after being inverted by an |
inverter 66, is fed to one of the inputs of a NAND gafe 67.
To the other inputs of the NAND gates 65 and 67, a:memory—
data write-—control signai WE commonly fed to- the fows is fed.

The output of the NAND gate 65 is used as the SET (S)

20 input of an R-S flip-flop 68,'and after being invertéd'by an
invgrter €62, it i1s fed to one of the iﬁputs of a NAND gate
70. The ocutput of the NAND gate 67 serves as one of the
inputs-of a NAND gate 71, and after being inverted by an
inverter 72, it is used as the RESET (R) input of £he_R—S’:

25 flip-flop 68. The output of the NAND gate 67 is also fed to




iFnput to the D-FF 61, and a pulse after transfer, output fromthe D FF 61,
are fed to a NAND gate 62 as two inputs 10 thereof. The owgmarchRoddre NAND
gate 62; after being inverted by an inverter 63, is fed to one of -the
inputs of each of NAND gates 64 and 65. To the other input of the NAND
gate 64, an enable signal ENB cormmonly fed to the rows is fed. The 15

out put of the NAND gate 64, after being inverted by an inverter 66, is fed
to one of the inputs of a NAND gate 67. To the other inputs of the

NAND. gat es 65 and 67, a nmenory- datd3write-control signal VWE comonly fed
to the rows is fed. The output of the NAND gate 65 is used as the SET (S)
20 input of an RS flip-flop 68, and after being inverted by an inverter

69, itiys d%?‘l-w}i%e ndhe IR 9 @of; aNAND gate g 70 vihe out put of the

NAND gat e serves as one of the inputs of a NA D gate 71, and after

bei ng yypvert 6d By ahe IMEILEN T2, cddti Sl Usethas dWEBATRESET (R) ‘input of the
RS 25 flip-flop 68. The output of the NAND gate 67 is also fed to - 23

the data- W‘i‘hEeoﬁQFhﬁ:_Obﬂ ithe 28si rahewrliop Bisgis2feidata abpbler-73 as the
data-wite control signal dwGATE. The output of the RS flip-flop 68 is fed
10 a pawply SWRRlch W t6h a/bsdectisal eciigrant Sicgnale lfeartisel &0 ng GND 5
| evel , and after being inverted by an inverter 75, it is fed to the
posver swiepl,y asmil tacht 4 besiray sielvectticsh Isi gimalinfvmr tegel7éct il iMCCedevel and
is also fed to the other input of
' to the power—-supply switch 74 as a selection signal for

selecting VCC level and is also fed to the other input of

the NAND gate 71. The output of the NAND gate 71 is fed to

the other input of the NAND gate 70. The output of the NAND
10 gate 70, after being inverted by an inverter 76, is fed to

the power-supply control line 30-i shown in Fig. 2 via a

buffer 77 as the positive power-supply voltage VCCMEM.

To the buffer 77, a positive power-supply voltage at

VDD level is fed, and VCC level or GND (VS8S) level is
15 selectively supplied according to switching by the power-

supply switch 74. Thus, the positive power-supply voltage

VCCMEM fed to the power-—-supply control line 30-i selectively.

takes on the three levels, namely, VDD level, VCC level, and_

GND (VSS) level.
20 - Next, operations of the first vertical driving circuit

12 and the second vertical driving circuit 13 will be

described with reference to timing charts shown in Figs. 1Q

to 12,

Fig. 10 is a timing chart for writing of an analog

25 signal over the entire screen in an analog—signal display

<



the NAND gate 71. The output of the NAND gate 71 is fed to the other input
of the NAND gate 70. The output of the NAND 10 gate 70, ab8&Marbiel®$
inverted by an inverter 76, is fed to the power-supply control |ine 30-i
shown in Fig. 2 via a buffer 77 as the positive power-supply voltage
VCCMEM To the buffer 77, a positive power-supply voltage at VDD |level is
fed, and VCC |l evel or G\D (VSS) |evel is 15 selectively supplied according
to switching by the power- supply switch 74. Thus, the positive
power - supply voltage VCCMEM fed to,fhe power-supply control |ine 30-i
selectively. takes on the three levels, nanely, VDD | evel, VCC |evel, and
G\D (VSS) |level. 20 Next, operations of the first vertical driving circuit
12 and the second vertical driving circuit 13 will be described with

r ef er diG@E'R (@ 1) ity GATET tist Shlown Hiw Filgs isl #ianiry ®iagt % s a timng
chart for witing of an analog 25 signal over the entire screen in an
anal odpodidgmal ofi spirRr28iaE ci 200 melned) disEATR] i%1)27 FREGAE]T +5)}. Fig.
11 is a timng chart for hoIding of menory data in a conbi ned di spl.ay  of
an anafiggalsidgmalag spibayq JP T IdATE(i2PE TLam FATMIGAPE(i128%) 1 and a

menory-data displ a GATE(i +2) to GATE(i+4)},. Fig. 12 is 5 timng chart
f or w%/‘ieffioﬁg"@iat%e " gt g{qprﬁEa(lcﬁ?r)rbitr?((alc(PM&I}@pﬁJdg) of Fdlrg‘aﬂla% ci'g'sl st ggal

. 7
dlgpl%%mg%% %%a%@Tﬁgr %&iéygé of memory data in a combined

display of an analog-signal display {up to GATE(i+l), and
from GATE(i+5)} and a memory-data display {GATE(i+2) to
GATE (i+4)}.
First, an operation for writing an analog signal will
10 be-described with reference to the timing chart shown in Fig.
10. The memory-data read-control signals MEM1 and MEM2 and
the memory-data write control signal WE are all set to low
level (ﬁereinafter referred to as "L" level). Accordingly,
the first vertical driving circuit 12 sequentially outputs
15 scanning signals GATE in synchronizatidn with shift
operations (transfer operations) of tﬁe shift register
implemented by the cascaded D-FFs 41. Furthermore, the
data-read control signal drGATE is set to "Lt level.
Accordingly; in the second vertical driving circuit 13, the
20, data—-write céntrol signal dAwGATE is set to "L" level, and
the positive power-supply voltage VCCMEM 1s pulled to VDD
level.
- Thus, in the pixel circuit including the memory, shown
in Fig. 2, the data—ﬁrite switch 24 and the.data—read swifch

25 27 are both turned off (open). Accordingly, image data is




from GATE(i +5)} and a nenory-data display {GATE(i +2) to GATE (i+4)) .
First, an operation for witing an analog signal will 10 b8 Massroted W th
reference to the timng chart shown in Fig. 10. The nenory-data
read-control signals MEML and MEM2 and the nenory-data wite contro

signal WE are all set to low level (hereinafter referred to as "L" level).
Accordingly, the first vertical driving circuit 12 sequentially outputs 15
scanni ng signals GATE in synchronization with shift operations (transfer
operations) of the shift register- 4mptenented by the cascaded D FFs 41.
Furthernore, the data-read control signal drGATE is set to "L" |evel
Accordingly, in the second vertical driving circuit 13, the 20. data-wite

ContrﬁthhQQ%keﬂwQ%ﬂﬁ%'ﬁ%es%tg%gl" ] ee%%Lu aid e RS, ¥ rRQWer - supply
vol tage VCCMEM i's pulled to | evel . Thus, in the pixel circuit

i ncl Ug'jngahﬁem@ﬁ@'@g Y da$BOWR o Fledd dutt b %team%bn_»g swi-t-gh245and the
dat a-read switch 5 27 are both turned off (open) ccordingly, inmage

~data istd8thar ¢hqdqeb crydralnee1w whien themchhe shghakibbnemidfei to the
menory circuit 25, and nenory data is not read out of the menory circuit

25 isignhbeckhquiedter yataliieghil wiiykitaandean! ynam anakogokwhBge signal can
be to the liquid crystal cell unit on a rowby 5 row basis via the
pEMeIreelbasiswhﬁahtﬂé puxeeédsehetet! egédyh 23 turned on (closed)

in response to the scanning signal GATE.

Next, an operation for reading memcry data will be

described with reference to the timing chart shown in Fig.

11. In a vertical scanning pericd for a memory-data display,
10 the memory-data read-control signal MEM 1 is set to high

level (hereinafter referred to as "H" level), and after a

period of 1H from a rise thereof, the memory-data read-

control signal MEM 2 is set to "H" level. Then, in the

first vertical driving circuit 12, the scanning signal GATE

15 is set to "L" level by the memory-data read—control signal
MEM1, and after a period of 1H, the data-read control signai
drGATE is set to "H" level by the memory-data read-control

'signal MEM2 .
. When the data-read contrel signal drGATE is set to "H"
20 level, the data-read switch 27 is turned on, so that data
held in the memory‘circuit 25-(memory data) is re@d via the
- data-read buffer 26 with a delay of 1H from the-timing of

scanning by the scanning signal GATE. At this time, by the

operation of the data-read switch 27, a potential Cs or Xcs§,

 25 ' the polarity being inverted at a cycle of 1H (or 1F), is



in, response to the scanning signal GATE. Next, an operation for reading
menory -data will be described with reference to the tim g Meh20&own in
Fig. 11_In a vertical scanning period for a nmenory-data display, .10 the
menory-data read-control signal MEM1 is set to high I|evel (hereinafter
referred to as "H' level) , and after a period of 1H froma rise thereof,
the nenory-data read- control signal MEM2 is set to "H' level. Then, in g
the first vertical driving circuit 12, the scanning signal GATE 15. is set
to "L" level by the nenory-data rga%cgntrol signal MEML, and after a
period of 1H, the data-read control "signal drGATE is set to "H' |level by
the nenory-data read-control signal MEM2. When the data-read control

signal drGATE is set to "H' 20 level, the data-read switch 27 is turned
on, ' sorthiatedata thel dignidhermetewilyceilicunt t28s( remdrgldadentsialead vi a
the data-read buffer 26 with a delay of 1H fromthe timng of scanning by
t he scannimgs stignal WATEhange tpESUES nED bYye tdrerppeateHnte® the dat a-read
switch 27, a potential Cs or Xcs, 25 the polarity being inverted at a cycle
of . 1Hgend Fertioal MFER PDOBLCcPBt Wpitten to the liquid crystal cell
unit as a pixel potential. At this tinme, no change ,occurs in the operation
of the secdh® Vidrtstcalrigring g TGWdui%? fFivase Wie 56 Widditcuit 12

drgve%JEm%égﬁggnfgéé}géswith shift operations of the shift
register implemented by the cascaded D-FFs 41. Thus, a
combined displaf of an analog-signal display and a memory-
data display is allowed since a boundary scanning line
between a display region for writing an analog signal and a

10. display region for'writing memory data can be défined by

timings of the memory-data read-control signals MEM1 and

MEMZ .

Furthermore, in this embodiment, as is appérent from
the timing chart shown in Fig. 11, the data-read control

15 signal drGATE(i+4) of the (i+4)-th row is generated at the

same timing as the scanning signal GATE(i+53) of the (i+5)-th
row 1s generated. That is, the scanning signal GATE (i+5) of
the (i+5)-th row and the data-read control signal
erATE(i+4f of the (i+4)-th row are set to "H" level at the
20 'saﬁe timing. | |

By sefting timing relationships as described above, in
driving'for a memory-data display, even if memory data is
read and written to the liguid crystal cell unit after a
period of 1H from a timing of pixel seleétion in an analoé—

+ 25 signal display, i.e., from a timing of writing imagé data to



5S4 n synchronization with shift operations of the shift register
‘inplemented by the cascaded D-FFs 41. Thus, a conbined di28payh2606an
anal og-si gnal display and a menory- data display is allowed since a
boundary scanning line between a display region for witing an anal og
signal and a 10 display region for witing nemory data can be defined by
timngs of the menory-data read-control signals MEML and MEM.
Furthernore, in this enbodinment, as is apparent from the timng chart
shown in Fig. 11, the data-read cerdTot 15 signal drGATE(i +4) of the
(i+4)-th row is generated at the sanme timng as the scanni ng si gnal
GATE(i +5) of the (i+5)-th rowis generated. That is, the scanning signal

GATE(i +5) of the (i+9)-th row and the dat | i
of th&hE REPOrY o e égr tomﬁgorieveQ%a%ltﬁﬁ%yC%% sams t?ﬁ?hgdrgﬁTE(l+4)

setting timn relmlo hum S, jdes
: 19 gdf%l}%%, A +590H RGwf Qred
menor Y& & ngan Sior y read andqmﬁltteg to the li qui d

crystal &Ce'e'fas 'S%a' é;ng‘% t%, salt;&?c{é :%%e%f AH.Jthnga ol NG OmeRiorgl-asekect i on in

an anél ., froma timng of witing im
, ge data to
.28 March ?LOOG the n;élm(;lcoiﬁltay% ThUE M datsa @dnspl ay for the

(|+4)dlsﬁ %&N an %ana g-signal display for t he (i+5)-th row are
~ald ovgq At otfheth%a%ﬂdﬂy&dé&%n SWGRi N fg.gmurke (mRmprytdate, is
displayed for sure.
Finally, an operation for writing memory data will be
described with reference to the timing chart shown in Fig.
12. First, in a period of writing digital image data to the
10 memory circuit 25, the memory-data write—control signal WE
is set to "H" level. The timing of the memory-data write-—
control signal WE can be arbitrarily set, and thus is not
shown in the timing chart shown in Fig. 12.
In the second vertical driving circuit 13, when.the
15 memory—data‘writewcontrol signal WE is set to “H* level,
‘data-write control signals dwGATE are sequentially output in
synchronization with transfer operations of the shift
register implementéd by the cascaded D-FFs 6l. Thué, in the
pixel circuit including.the memory, shown in Fig. 2, the
20 data-write sﬁitch 24 is turned on,.so that digital imagé
data is written to the memory circult 25 via the_signal line
16-1. |
This éequencerallows image data to be written to the

. memory circuit 25 and image data to be read from the memory

25 circuit 25 within 1F (one field) period..




1

di splay to the anal og-signal display. Thus, the last one |I|ine of the
menory-data display, i.e., the (i+4)-th row, is displayed Maghreds
Finally, an operation for witing menmory data will be described w.th
reference to the timng chart shown in Fig. 12. First, in a period of
witing digital inage data to the 10 menory circuit 25, the nmenory-data
wite-control signal WE is set to "H' level. The timng of the nenory-data

wite- control signal V\E can be arbitrarily set., and thus is not shown in

the timng chart shown 'in Fig. 12. 5kn_ the second vertical driving circuit
13, when the 15 nmenory-data wite- control signal WVE is set to "H' level,
data-write control signals dWGATE are sequentially output in

synchroni zation with transfer operations of the shift register inplenented
by the cascdfedBLims Wlltaaﬁj oY MeMRErY sladel igi rtde tamveiwudi ng t he
nmenory shown the 20 data-wite switch 24 is turned on, so that

di gi t &5 TEe %a%% T'}%e vﬁ’?li?]erF%?F‘Eh%rW?r cspRRtY YD vi dfhdre signal |ine

This se uenc ovvs i e data to be witten to the nenory circuit 25.
and i rﬁi‘&q aat&l olsb % ’f ridhn e BRIIATY o5 @it R 25 adaribed (one
fiel d) r| ord 2E Mq{ch 2006 The hol di ng vol tage for rrermry dat a
in the rrem)ry CI LA e PHHA G T YIS dWers s BFFBPIEDD.  When

5 of the pixel circuit, the positive power-supply voltage
VCCMEM is once lowered from VDD level to the memcry-data
voltage at the VCC level. At that time, it takes time for
the positive power-supply voltage VCCMEM to shift from VDD

- Jevel to VCC level due to the effect of characteristics of
10  circuit elementé.
If it takes time for the positive power-supply voltage
VCCMEM to shift from VDD level to VCC level, in the case of
the example described earlier, image data is input to the

memory. circuit 25 while the positive power-supply voltage

15 VCCMEM is being shifted from 7 V to 3 V. For example, if.

the positive power-supply voltage at that time is 5 V,'the
data becomes indetefminate, causing a current to flow
through the memory circuit 25 (SRAM in the example circuit
shown in Fig. 3).

20. In order to prevent this problem, in this embodiment,

- the positive power-supply voltage VCCMEﬁ of the memory

circuit 25 is controlled as will be described below. The
coﬁtrol is executed'by the second vertical driving circuit

13. A specific control sequence will be described below.

25 As shown in the timing chart shown in Fig. 12, when the

T
i

H




.'.-inage data is witten to the menory circuit 25, as described earlier in
relation to the operations of the first exanple 5 of the2piMatheioscuit,
t he positive power-supply voltage VCCMEM is once | owered from VDD level to
" the nenory-data voltage at the VCC level. At that tine, it takes tine for
- the positive power-supply voltage VCCMEM to shift fromVDD |evel to VCC
" level due to the effect of characteristics of 10 circuit elenents. If it
takes tine for the positive. power-supply voltage VCCMEMto shift from VDD
|l evel to VCC level, in the case of 2bhe exanpl e described earlier, inage
data is input to the nenory circuit 25 while the positive power-supply
vol tage 15 VCCMEM is being shifted from7 Vto 3 V. For exanple, if the
positive power-supply voltage at that_ ti is 5V, the data becones
ndet P HRY 0% LA LRT G 2 S Feht 19 H] oW THF GUgR  THe HEntr S 079 cui ¢ 25
(SRAM ip the ex | e, circui sho in Fig. . 20 1n.order. ta prevent this
ool it eeE o bt TR Tenft B e Seo S 1AL PLEO M of
the ne . Ccircuit. i S t d i | rd el The
NG bER 64 neFaE i Sty bR S s eire i ® Aepecific

control Ts 'éxecu “the se ver Iving circui
contro u ]| rybed. b 2 hgwa i-R.th I.m-Ag chart
‘shown bﬁﬁﬁﬁgfgﬁg%m%#eﬁggﬁgﬁgg_kgr%ﬁ gggéhF gSA%ﬁ%ngrg-ﬁé%E %%Fnggéntrol
si gnaly,ME- 4195 $18aussd i g, hddd9-supply voltage VCCMEM is once

Jowered from VDD level to VS5S level. Then, the power-supply

switch 74 selects VCC level in response to an output of the
inverter 75, whereby the positiee power—-supply voltage
VCCMEM is shifted from VSS level to VCC 1evel. The image
10 data 1s written to the memory circuit 25 at VCC level, and
then the positive power—supply.voltage VCCMEM is restored to
VDD level.
As descfibed above, when image data is written to the
memory circuit 25, the positive power-supply voltage VCCMEM
15 of the memory circuit 25 is once lowered forcibly from VDD
level to a level KVSS level in this example) lower than VCC
'fﬁ level and then set to VCC level. Thus, the time it takes
fof the poeitive power—supply voltage VCCMEM to shift from
VDD level to VCC level is considerably reduced. Accordingly,
20 . image data is prevented from being input to the memory
circuit 25 before the positive power-supply voltage VCCMEM
has fully been lowered to VCC level. Thus, data is
prevented from being indeterminate, and flow of a passing
cﬁrrent associated with indeterminate date is prevented.

25 - In order to implement the vertical driving systém




of ,image data is set to "H' level, in the second vertical driving circuit
13, the power-supply switch 74 selects GND (VSS) |evel in3inadon8ls to. an
output of the RS flip-flop 68, 5 whereby the positive power-supply voltage
VCCMEM i s once |owered from VDD |evel to VSS |evel. Then, the power-supply
switch 74 selects VCC | evel in response to an output of the inverter 75,
wher eby the positive power-supply voltage VCCMEMis shifted fromVSS | evel
to VCC level. The inage 10 data is witten to the nenory circuit 25 at VCC
| evel, and then the positive power-supply voltage VCCMEM is restored to
VDD | evel . As described above, mhénﬁrrﬁge data is witten to the nenory
circuit 25, the positive power-supply voltage VCCMEM 15 of the nenory -
circuit 25 is once lowered forcibly fromVDD | evel to a-level (VSS |level in
t hi s éxanple)tHowaimdthiooh /@2 sdeMetd atisbtdienn seirdo MaBdewd . Thus, the

tine it takes for the positive power-supply voltage VCCMEM to shift from
VDD | ewvedid cMCGiltevels irscadad) dey aid yapredisoed. £foAoc ortd igdamp120 | nage dat a
is prevented frombeing input to the menory circuit 25 before the positive
power -csiuppliytaval it dgee GANVEM véaisi dail |dr beery |owened: t12 V@A |éwel . Thus,
data is prevented frombeing indeterm nate, and flow of a passing current
associsgtasihdniviet Yt ebriviiaie datcris prevditied regm@ilits grnder Mg dienpl enent
the vertical driving system 28 March 2006 -. 3 0 ,

number of circuit elements and an extremely large circuitry

scale. When a liquid crystal display is used as an output

display of a portable terminal, for example, a cellular

phone, the output display is disposed typically at a center

of the body of the cellular phone. Since bodies of cellular
10 phones are becoming smaller and smaller every year, it is

desired in a liquid'crystal display that the periphery of

the pixel region (effective screen), or what is called a

frame, be reduced in size.

In view of this situation, in the liquid crystal

15 display according to this embodiment, as is apparent from

Fig. 1, the vertical driving system is divided into the

first and second vertical driving circuits 12 and 13, and

‘the layout is such that the vertical driving circuits 12 and

13 are disposed separately on the left and right sides of
20 the pixel region 11. Thus, the pattern layout of the

vertical driving system is efficient using both sides of the

pixel region (effective screen) 11, allowing the frame of

the liquid crystal display panel to be narrower.

In particular, in the circuit examples described

25 hereinabove, the first vertical driving circuit 12 is in




L}

‘havi ng the functions described above, a large nunber of logic circuits is

needed, ‘as is apparent formthe exanple <circuits of .the f28Mdarch@6®ds ca
driving circuit 12:and the second vertical driving circuit 13. This
results in a large 5 nunber of circuit elenents and an extrenely |arge
circuitry scale. Wen a liquid crystal display is used as an out put

di splay of a portable terminal.., for exanple, a cellular phone, the

out put display is disposed typically at a center of the body of the

cel lul ar phone. Since bodies of cellqil ar 10 phones are becom ng snall er and
smal ler every year, it is desired in aliquid crystal display that the
periphery of the pixel region (effective. screen), or.what is called a
frame, be reduced in size, In viewof this situation, in the liquid crysta
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herelna e first vertl riving crrcuit 2006
read control signal drGATE for driving the data-read control

line 29?i, and the data-write control signal dwGATE for
driving the data-write control signal 28-i and the power—
supply voltage VCCMEM for driving the power—supply control
10 1ine 30-i are associated with each other in operation. Thus,
‘the circuits can be shared between the signals, serving to
.simplify thewcopfigurations of the first and second vertical
" driving circuits.
Fig. 13 is an external view showing a schematic
15 construction of a portable terminal, for example, a cellular
phone, according to the present invention.
The cellular phene in this example has, on a front side
of an apparatus case 81, a speaker 82, an output display 83,
an operation unit 84, and a microphohe 85, disposed in that
20 order from aﬁ upper side. In the ceilular phone constructed
as described above, a 1iquid crystal display is used in the
output display 83, and the liquid crystal display is
implemented by the iiquid crystal display according to the
embodiment described earlier.. | ’

25 The output display 83 in such a cellular phone has a'




.- 31 charge of driving the scanning line 15-i and the data-read control
line 29-i, and the second vertical driving circuit 13 is 28MatkehRges of
driving the data-wite control line 28-i and the power-supply control |ine
30-i. Thus, the scanning 5 signal GATE for.driving the scanning |ine 15-i
and the data- read control signal drGATE for driving the data-read contro
line 29-i, and the data-wite control signal dwGATE for driving the
data-wite control signal 28-i and the power- supply voltage VCCMEM for
driving the power-supply control 10 line 30-i are associated with each
other in operation. Thus, the cifcdft5 can be shared between the signals,
serving to sinplify the configurations of the first and second vertical
driving circuits. Fig. 13 is an external view showi ng a schematic 15

const pitiion ofi shof bl derdnidmdp1 derrexanpde, i@ Lalddldyy miwne,

according to the present invention. The, . .cellular phone in thIS exanpl e

has, @r ale dnitkesj dien wiidn appaiajelsi €asesBlayad speakem 82, an out put
dlsplay 83, an operation unit 84, and a nicrophone 85, disposed in that.
20 or dertiimdmmryiuppem ditde . vdrntitdeel ol taedairorphohe-teonsindigt.ed Asas
descri bed above, a liquid.crystal display is used in the output display
83, ama Exenrplegui dricripst altadidpt aedss, dimipdmreniteed sueh ks Ithgui d cryst al
di splay according to the enbodinent described earlier.. 25 The out put

di Bpl &PTE3 NiiRds fEH te re Idapam tyho e deaxt ion SenSltlvltY; and time

is constantly displayed in a partial region of the screen,
as shown in Fig. 14. The remaining display area is
displayed, for example, in white (or black).
In the cellular phone having the output display 83 with
10 a partial display functlon as descrlbed above “the liquid
crystal display according to the embodiment described
earlier is used as the output display B3, and a memory-data
display is performed in the partial display mode. Thus,
reduction in power consumption is allowed since charging and
15 discharging of signél linés are not needed, allowing usage
over a longer period by a single charging of a batteryr
gerving as a main power supply.
In particular, since the effect of a pixel potential is
avoided when image data is written to the memory circuits
20 provided for the respective pixel circuits, serving to
-prévide a large margin against variation in characteristics
of transistors forming the pixel circuits. Accordingly,
variation in picture guality due to variation in the
.transistor characteristics does not exist, serving to

25 - provide pictures in high guality.




~+ 28 :March 2006 - 32 partial display node as a display function in a standby
node or the like, in which an image is displayed only in 28 Mmeh0@8 region
in the vertical direction of the screen. As an exanple, in the standby
node, information such as the 5 renmining battery capacity, reception

. sensitivity, and time is constantly displayed in a partial region of the
screen, as shown in Fig. 14. The remaining display area is displayed, for
exanple, in white (or black). In the cellular phone having the output
display 83 with 10. a partial display function as described above, the
liquid crystal display according to the enbodi nent described earlier is
used as the output display 83, and a nenory-data display is perforned in
the partial_display node. Thus, reduction in power consunption is allowed
si nce char giHg-Emanase di e gty bivergnal thacseatecabtdneded, al | ow ng
usage over a_l onger Eeriod by a single charging of a battery serving as a
mai n pdVeFeBubpl FEchnthakt FREI AFrssi ARe ERECBAf BeEtoFah Pridingotential is
avoi ded, when i ge dgtf is witten tﬁ the nmenory circuits _20 provided for
t he re%bﬁ%??@%nﬁ xB8Pdci P cAFEsAERPIPRgSEB2pR 1 HeCR FAfgeehhr 8RR agai nst

- variation jn_charac eriEtics_ f_transistors fo nln .the pixel circuits.
Accord?ﬁ%?é,Sl%%?fafP%n FﬂmﬁlgquéquéﬂFi aoEstd vgi?%f?gnp?ﬂe he
transi s10r, ENALAET8LESLLER . dOfR, DO XL Stne PELYIA9LOstal display
' is mounted on the apparatus case 81 of a prédetermined size,

the effective screen size can be increased owing to the
narrower frame of the liquid crystal display panel.
Conversely, if the effective screen size is pfedetermined,
10 the size of the-apparatus case 81 can be reduced owing to
the narrower frame of the liquid crystal display.panel.
Although the description has been made in the context

of a cellular phone as an example, without limitation

thereto, application to portable terminals in general,

15 including a cordless handset of an extension telephone set,

and a PDA, is possible.

Industrial Applicability
As described hereiﬁabove, according to the present
20 '1nvention,‘iﬂ a pixel circult including a memory, separate
paths are provided for writing a digital image signal to the
memory and for reading a digital image signal from the
memory. Thus, Wheﬁ a digital image signal is written to fhe
memory, the writing operation is not affected by a pixel

25 potential. Accprdingly,_a large margin is provided against



25 provide pictures in high quality. 28 March 2006 - 33 Furthernore, since
the |l ayout of the vertical driving systemis such that t g8 ¥MucEtoaad
second vertical driving circuits 12 and 13 are di sposed separately on the
left and right sides, the frame of the liquid crystal display panel can
be made narrower. Thus, when the liquid crystal display is nounted on the
apparatus case 81 of a predeterm ned size, the effective screen size can
be increased owing to the narrower framge of the liquid crystal display
panel . Conversely, if the effective screen size is predeterm ned, 10 the
size of the apparatus case 81 can be reduced owing to the narrower franme
of the liquid crystal display_ panel. . Al though the descri bion has been
made in ardatgmrein ehazagberifhicprohdt AR HP Oé?“%gtﬁ Bt limtation
thereto, application to portable termnals, in general,, 15 including a

cor dl esPIHISET Vi tan SEXTERTI bR FEPEDHERE-2 &QPE&FtF§Ep8§§¥b#% set,

I ndustrial Applicability As descyibed hereinabove, .according,to the present
20 irnuﬂﬂqﬁnﬁoiW@E&a§P98+1BiFgﬁl?ﬂﬁ¥ﬁﬁﬁﬁﬁ%ﬁf¥9 e 3&&3F&ggorﬁaths are
provided for witing a digital imge signal to the nenory and for reading
a digital image signal fromthe nenory. Thus, when a digital inmge signa
is witten to the '




menory, the witing operation-is not affected by a pixel 25 potential.
Accordingly, a large margin i s provided agai nst 28 March 2Earch3406
variation in characteristics of transistors formng the pixel circuit,
serving to avoid variation in picture quality due to variation in the
characteristics of the transistors. 28 March 2006 - 35 CLAIMS 1. Aliquid
crystal display conprising a plurality of pixel «circuits including liquid
crystal cell units, arranged to forma matrix on a substrate, vertical
driving neans for selectively drivigg-the plurality of pixel circuits on a
row by-row basis; wherein each of the plurality of pixel circuits
conprises: a pixel-select switch for witing an anal og i nage signal fed
fromthe signal line to the liquid crystal cell unit in synchronization
with vertical scanning; a nenory ¢ Mhol ding a digital image signal; a
wite switch for witing to the menory a digital inage signal fed froma
signal line wired on a colum-by-colum basis; and a read buffer for
readi ng the. digital. inmage signal. held in the mory_and w.iting the
digital i made RIGRAIY CETTHA PO CPPEEae a plurailey & B

circuits including liquid crystal cell units, arranged to form a
matrix on a substrate,

vertical driving means for selectively driving the plurality
of pixel circuits on a row-by-row basis;

wherein each of the plurality of pixel circuits
comprises:

a pixel-select switch for writing an analog image signal fed

from the signal line to the liquid crystal cell unit in
synchronization with vertical scanning;

a memory for helding a digital image signal;

a write switch for writing to the memory a digital image
éignal fed from a signal line wired on a column-by-celumn basis;
and

a read buffer for reading the digital image signal held in the

memory and writing the digital image signal to the liquid crystal
cell unit;

a read switch for causing a high-impedance state between an
output terminal of the read buffer and the liquid crystal cell unit
qfter completion of writing of the digital image signal from the
memory to the liquid crystal cell unit by the read buffer;

wherein the vertical driving means comprises:

a first vertical-driving means for driving the pixel-select

switch and the read switch on a row-by-row basis;




cell unit. a read switch for causing a high-inpedance state between an
output termnal of the read buffer and the liquid crystal 28aUkrch2006 after
conpletion of witing of the digital inmage signal fromthe nenory to the
liquid crystal cell unit by the read buffer; wherein the vertical driving
means conprises: a first vertical driving neans for driving the

pi xel -select switch and the read switch on a row by-row basis; 28 March
2006 - 36 a second vertical drivingsmeans for driving the wite swtch on
a rowby-row basis. 2. Aliquid crystal display according to claim 1,

wher ei n' t hea seaddbuéftecadotvering hhendifgirt atitimggehsiwgniak read fromthe
menory into a constant potential whose polarity is inverted in

synchr 8%t &2t i%989n2 wiawrhanteppusitAg potential of the liquid crystal cell unit
whose polarét¥his inverted on a Iine-b¥-Jine (qor field- by-field) basis,
and suppl i e§ IEGfst At p SR PRI 2T TP iaid or YREEAINCEMS unit as a

pi xel ng.(?% !ar §dn\/6‘rl:ge?t%ﬂed dﬁ.%%ééfl!imgiggpsliar%lagcgeoall’éji .rgmt 1911eC| aiml,wherein

the first and second v Ica riving”nea el ng disposed on both sides

of themphad) ihedi Obondradt Idohei £7 Yabal sHisphay AcqaLdiag 4@ claim 1,
wherein the first vertical driving nmeans, when switching froma first

di spl ayynemde: based ebth ey dpbpbéalg phageisngosl tHeeadqhid@ri/hearenory
circuit to a second di splay node based on the anal og i mage
cell unit whose polarity is inverted on a line-by-line (or field-
by-field) basis, and supplies the constant potential to the
-liquid crystal cell unit as a pixel potential.

3. A liquid crystal display according to claim 1,wherein the
first and second vertical driving means being disposed on both
sides of the pixel région.

4. A liquid crystal display according to claim 1, wherein the
first wvertical driving means, when switching from a first display
mode based on the digital image signal read from the memory
circuit to a second display mode based on the analog image
signal, sets timing of driving the read switch in a pixel circuit
on a final row in the first display mode to the same timing és
timing of driving the pixel-select switch in a pixel cifcuit on a
first row in the second disblay mode.

5. A liquid crystal display according to claim 1, wherein the
second vertical driving means supplies a circult power—-supply

-voltage that is used in the pixel circuit to the memory circuit
as a holding voltage.

6. A liguid cry%tal display according to claim 5, wherein
the second vertical driving means once lowers the power-supply

voltage fed to the memory c¢ircuit via the power-supply control

line from the circuit power—-supply voltage to a potential of the




signal, sets timng of driving the read switch in a pixel circuit on a
final rowin the first display node to the sane tim ng as 28 March@006
driving the pixel-select switch in a pixel circuit on a first rowin the
second display node. 5. Aliquid crystal display according to claim]l1,
wherein the second vertical driving nmeans supplies a circuit power-supply
voltage that is used in the pixel circuit to the nenory circuit as a

hol ding voltage. 6. A liquid crystal_display. according to claimb5, wherein
t he second vertical driving means “oAée” | ower s t he. power-supply voltage fed
to the nmenory circuit via the power-supply control I|ine fromthe circuit
power -supply voltage tqQ a potenti.al of the 28 March 2006 - 37 signal |ine
when tr?elgféﬁéi%ﬂé}e Pegehs gratte’s HepetEPnRd the T ieRBriP dhPcuit, and

restores _the power-su voltage . to the circuit. power-s ly voltage
L ter CHABFETNOOF THEL YeFErig. The heMeraane ot ot BT enti dccor di g to
claim6,,; in__the seco vertical driving ne first. lowers the power
suppl y Cl\f\gpfggggwfe}édp%p@ Pfh‘ercr;ﬂn:\ea er‘—il/f%efrr gﬁrln?levﬁlgnt?len%gmf'egﬁ%lﬁlﬁpl y control

line to a peteptial,; ko hag; p I 2 sikgnal._lLine when the
digital inage gfg%%ﬁhi§E§?%%i§3§%%§%ﬁ%&%%%%byeéfgggwtéiq@ﬁag% en sets the
povier - $uBPsconal el a0 LPErRRt ROAAlEi0Et tNGerST Al LERG B yA POrtabl e
term nal conprising an output "display having a partial display node in
whi ch aB1tapgeestdigR! ayperPi¥chit &7ia the power-supply control '

line to a potential lower than the potential of the signal line

when the digital image signal is written to the memory circuit,
and then sets the power-supply voltage to the potential of the

signal line.

8. A portable terminal comprising an output display having a

partial display mode in which an image is displaved only in a

partial region of a screen,

wherein a liquid crystal display is used as the output
displéy, the liquid crystal display comprising a plurality of
pixel circuits arranged to form a matrix on a substrate, each of
the plurality of pixel circuits including a liquid crystal cell
unit, a pixel-select switch for writing an analog image signal
fed from the signal line to the liquid crystal cell unit in
synchronization with vertical scanning, a memory for holding a
digital image signal, a write switch for writing to the memory a
digital image signal fed from a signal line that is wired on a
column-by-column basis, and a read buffer for reading the digital
imége signal held in the memory and writing the digital image

signal to the liquid



partial region of a screen, wherein a liquid crystal display is used as the
out put display, the liquid crystal display conprising a pl3xatdht2006f
pi xel circuits arranged to forma matrix on a substrate, each of the
plurality of pixel circuits including a liquid crystal cell wunit, a
pi xel -sel ect switch for witing an anal og i mage signal fed fromthe signa
line to the liquid crystal cell unit in synchronization with verti cal
scanning, a nenory for holding a digital inage signal, a wite switch for
witing to the menory a digital rnﬁge"signal fed froma signal |ine that
is wired on a colum-by-colum basis, and a read buffer for reading the
digital _inmage signal_ held in th ry and witing the digital inmage
Signal TE°CRE F1dulEo8 MVEFER D006 - 138 CRPYRTal ST IHAEIE read swit ch
for causin hi gh- L npedance ate hetween _an .o ut _termnal of the read
buffer%ﬁﬁgtﬁ%tW Phﬁ?dmgﬁygtg?a%éaﬁ aﬁf¥%% F%?]%%#%Fe??%ﬁﬂ%f writing of the
di gi t 3l figec | anal ol O Rea FRADLYn) DA RE b AiLifEYSE AheCel | unit by the
read buffeer, afirst vertical driving nmeans for riving the pixel-sel ect
swi tch andibheidLRAsSMMIICHLOR Ehd QLDYy dPWhbaBigriddcspaendoyertical
driving neans for driving the wite switch on a rowby-row basis. 9. A
port ablitepil il raggaoftiRe, 9 GlrakNvSrtiMaer 8tiv ildemedid Forand second
vertical driving neans bei ng disposed on both sides of the pixel region.
driving the pixel-select switch and the read switch on a row-by-

row basis, a second vertical driving means for driving the write
switch on a row-by-row basis.

9. A portable terminal according to claim 8, wherein the
first and second vertical driving means being disposed on both

sides of the pixel region.




* "ABSTRACT A liquid crystal display that is unsusceptible to the effect of a
. pixel potential during witing of data to a nenory, allow28Marchd0@e nargin
- to be provided against variation in characteristics of transistors formng
= a pixel circuit, and a portable termnal having the |iquid crystal
display. In a pixel circuit including a menory circuit (25), separate paths
are provided for witing imge data froma signal line (16-i). to the
menory circuit (25) via a data wite switch (24) and for reading i nmage data
held inthe menory circuit (25) out39nto a liquid crystal cell unit via a
data-read switch (27). Furthernore, inmage data are read via a data-read
buffer (26). Accordingly, when image data is witten to the nenory, data
held in the nmenory circuit (25) ABSTRRCTaffected by a pixel potenti al
Thus, a large margin can be provided against variation in the
characteristics of the transistors formng the pixel circuit, serving to
avoid variation in picture quality due to the variation in the transistor
charact eri shi tdquid crystal display that is unsusceptible to the
effect of a pixel potential during writing of data to a
5 memory, allowing a large margin to be provided against
variation in characteristics of transistors forming a pixzel
circuit, and a portable terminal having the liquid crystal
display. In a pixel circuit including a memory circuit (25),
separate paths are provided for writing image data from a
10 © signal line (16-1i) to the memory circuit (25) via & data-
write switch (24) and for reading image data held in the
memory circuit (25) out into a liquid crystal cell unit via
a data-read switch (27). Furthermore, image data are read
" via a data-read buffer (26). Accordingly, when image data
15 4is written to the memory, data held in the memory circuit
(25) is not affected by a pixel potential. Thus, a large
margin can be provided against variation in the
characteristics of the transistors forming the pixel circuit,

serving to avoid variation in picture qgality due to the

20 variation in the transistor characteristics.




