; e3eUUt FRB6XTR DESCRI PTION LI QUI D CRYSTAL DI SPLAY AND PORTABLE TERMN, NAL
- HAVI NG chnical Field The present invention relates £d>$”%p%a Ef
crystal M@%@ﬁ portable term nals having the sane, and nore

speci fical Ly, | |l ates to a liquid crystal display having a nmenory for
~each pi xel a8%t o a portable termnal in which 10 the liquid crystal

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

di splay di splays i mages by changi ng arrangenent of liquid crystal nolecules
by appl mwmmm&mmw,'thdramjng an eleqgtric field and thereby controlling
transm g of light. The liquid crystal display, in principle,

does not requsisee a | arge anmount of power for driving, and it is a display
device with a | ow power consunptiqn,_in WQ}Ch power consunption is
mai nt ai ned small. 20 Thus, |i qui Q§ aisplays are widely used as

out put di splays of portable termnals, particularly those mainly powered by
batteries, such as cellular phones and PDAs

LIQUID CRYSTAL DISPLAY AND PORTABLE TERMINAL HAVING THE SAME

5 Technical Field

The present invention relates to liquid crystal
displays and 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 liquid 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 amount of power for
driving, and it is a display device with a low power
consumption, in which power consumption is maintained small.
20 Thus, liquild crystal displays are widely used as output
displays of portable terminals, particularly those mainly
powered by batteries, such as cellular phones and PDAs
(personal digital assistants).
In a ligquid crystal display for this type of

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



'(personal digital assistants). In a liquid crystal display for this type of
-25 application, in order to allow use of a battery for a |ong - 2 period
by 'a single charging, attenpts have been nmade to reduce power consunption

by | owering the driving voltage or by |Iowering the driving 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 known (for exanple, refer to Japanese Unexam ned Patent
Application Publication No. 9-21214Q) 2 kn such a liquid crystal display of
a pixel structure in which a nmenory is provided for each pixel, with regard
to 10 a still picture, once inage data is wwitten to a nenory unit of a
pixel, it suffices to repeatedly,. drlve th el di spl ay using the

i mage dé’teilsotc{) 3 3 r?Jt“r‘?g l?s% eIyrtr?es need not
be charged, and drschar ed _on .each o casron d rrncr ,. the only 15
el ectri % S < TER nﬂjé'r iR q’r? tﬁ?g T’rp‘ﬁlg 3589 &% furt her

reduct i i ower nsuytpt.i.on, J.n the |iqui ryst al dISp| haV|ng t he
construc |on%"%erslcnrq gcec? lvmg{ = arran emsr]f:ju Cﬂy MY er 6 b%é’n Xset}ch that

the samg %r % glé'géejﬁ étf@ﬂtﬁngPe&lé‘éé‘l ﬁoﬂhaggshggakﬁﬁgukho?oﬁ

menory unrt readin data o into a

i quid or yistals £y 1t d?it&&l Bk Gl lés,métr{rbe@ mgs dlatad sopritten to

t he nenory, Since th I qui ystal cell uni to awite line

and the ietelpGapacid adurd S(dRrdemhpitde RatantdAlyHarezd he liquid
crystal cell unrt (herernafter referred to as - 3 pixel potential)

becones ymsiabitsg afdesid npdie avide mpariatdtnbn Genseguantilay) .dependi ng on
characteristics of transistors formng the pixel circuit, data held in the
menory m ght e sifedi hi ed gy dt keyeirsel dpebeaki alf, acausieldstructure
in which a memory is provided for each pixel, with regard to
10 a still picture, once image data i1s 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
pixel., 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 liquid crystal display having the construction
described above, the arrangement has hitherto 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 liquid crystal cell unit is connected to a write
line and the pixel capacitance is charged, the potential of

25 the liquid crystal cell unit (hereinafter referred to as



‘5 considerable variation in picture quality due to the variation in the
-transi stor characteristics. The present invention has been nade in view of
t he above problem and an object thereof is to provide a liquid crystal

di splay in which the effect of a pixel voltage 10 during witing of data to
"a menory is renoved, serving to provide a | arge margin against variation in
characteristics of transistors formng a pixel circuit, and to provide a
portable term nal having the liquid crystal display. 15 Discl osure of
Invention In a liquid crystal display3aecording to the present invention,

or in a portable termnal in which the liquid crystal display is used as an
out put display, a digital inmage signal is witten fromthe signal line to

t he nmenor.y 210 voiar;thea r)eebdecsvviet ck{i d iblle aad[j iéttalni ews}:i. nal is read out
of the MERSTY BHH ¥R SR yESe & AW (RS MéddSbuffer. That
is, separat t hs S f.or wrjti a digit i .S I t he
menory ZO,P lfaoraorne'adﬁogi%cg?egrﬁqgl’ idr‘rartadgeg%sl?l a fc?loan% Q;ﬁ%%%%;&% hus, when a
digital J j i j o {: r t i;te eration is
not -ﬂ%%gf%éeocltsge 3}“ % ew{oﬂl(%( r1<pez)lt ectnlth:f\ca . ’Fu(%latthae?1 %‘ﬁe,ﬁmﬁ%% an anal og

i mage Si QoA Spidd st i10 I to i~qui d crystal
cell unit, V\Jfr}{ '?Tll gjg}{tteg)tét ﬁneerrleﬁrrlnﬁ ]%%Ocirﬂne}]!%ﬁ%édq%ytég%%&t’i gtr?rﬁ%flntgﬂe r ead

buf f er disxposed- Iataeely i dihg, MBIYNc@d PR iliquigheristale cell unit.

Brief Description of the Drawings Fig. 1 is a bl'ock di agram showi ng a
schemat ivaoveriddd 1GORSEd UGtdrt Sford dHatH st G stiads di spl ay according to an
10 enbodi nent of the present invention. Fig. 2 is a circuit diagram show ng
an exanpl e camfel guednen iokeatpioxehasi beent madeadni vibwr oW and i -th col um,
and Fig. 3 is acircuit diagramshowi ng a first exanple of the pixel
circuit.above problem, and an object thereof is to provide a liquid

crystal display in which the effect of a pixel voltage

10 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 liquid crystal display.

15 Disclosure of Invention
In a liquid crystal display according to the present

invention, or in a portable terminal in which the liquid
crystal display is used as an output display, a digital
image signal is written from the signal line to the memory

20 wvia the read switch, while a digital image signal is read
out of the memory into the liquid crystal cell unit via the
read buffer. That is, separate paths are 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

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



15 Ftg. 4 is atimng chart for witing of an analog imge signal to a
-menory‘circuit, Fig. 5is atimng chart for witing of inage data to the
menory circuit, and Fig. 6 is a timng chart for reading of inage data from
the nenory circuit. 20 Fig. 7 is a circuit diagram show ng a second exanpl e
-of the pixel circuit. Fig. 8 is a block diagram show ng a specific exanple
configuration of a first vertical driving circuit. Fig. 9 is a block

di agram showi ng a specific exanple 25 configuration of a second verti cal
driving circuit. -5 Fig. 10 is a giming chart for witing of an anal og
signal over an entire screen in an anal og-signal display, Fig. 11 is a
timng chart for holding of nenory data in a conbined display of an

anal og-si_gnal display and a_nenory 5 data _display, and Fig. 12 is a timng

chartlféf%ﬁFFFan oﬁ%ﬁeP&ﬁf}d&?§e¥ﬁl§?conﬁpﬁégeaﬁgﬁﬁayWgﬁgaﬁnanalog-signal

dISplaya%QQO% qgg%%y%q%%%ldthh§¥éctly written from the signal line
to the liquid crystal cell unit, writing to the memory is

inhibited by operation of the read buffer disposed between

5 the memory and the liguid 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

10 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.

15 Fig. 4 is a timing chart for writing of an analog 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.

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

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

25 configuration of a second vertical driving circuit.



+ 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
showi ng an exanpl e display on an output display. Best Mde for Carrying Qut
the Invention Now, enbodinents of the present invention will be 15

- described in detail with reference to the drawings. Fig. 1 is a block

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

di splay according to an enbodi ment of the present invention. As is apparent
fromFig. 1, the liquid crystal display-20 according to this enbodi nent
includes a pixel region 11 where pixel circuits including I'iquid crystal
cell units are arranged in a matrix, first and second vertical driving

cirpuits 12 and 13 for selectively driving. the.pix jreui in the pixe
regi on 11 onfa%o 0b§§r8mFB§§P9,c§ﬁﬁta¥§§ gféﬁéﬁblgkeggrgg%%ggcircuitp14

for feedii(ng%airjg\%s%srg n,?e:rafé.lr%nﬁcr_ee% i%h %&1' lé%’l%’—%@g’éx% BASLS ayt 0 pi xel

EETCFLt§ el f ;lven by t efvertlcal riving cifcuits 12 and
scanni ng 19 n s f‘g ttomf‘gl-@ Cél(r)?‘d: t?n%sa%wcgﬂq%fgw%g@fyrg%%%ﬁn%a%x% féd in
a matrix, and thenixel, Gi¢ Gl ts AlE-dspasedialpithe drdl e sReldrgns t her eof .
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 detail 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. 1, the liquid crystal display
20 according to this embodiment includes a pixel region 11
where pixel circuits including liquid crystal cell units are
arranged in a matrix, first and second vertical driving
circuits 12 and 13 for selectively driving the pixel
circuits in the pixel region 11 on a row-by-row basis, and a

25 signal-line driving circuit 14 for feeding image signals, on



+The first and second vertical driving circuits 12 and 13 and the
.signal-line driving circuit 14 are inplenented in what is called an
integrated driving circuit arrangenent, 10 that is, integrally fornmed on a
substrate (hereinafter referred to as a liquid crystal display panel) 17 on
-which the pixel region 11 is forned. Mre specifically, the first and
second vertical driving circuits 12 and 13 are di sposed separately on the

|l eft and right sides of the pixel region 15 11. The signal-line driving
circuit 14 is disposed, for exanpl e~ @ -an upper side of the pixel region
11. Furthernore, a pad region 18 is provided in a | ower-edge region of the
liquid crystal display panel 17. The liquid crystal display panel 17 is

formed of a .TFT 20 substrate havi thereon sw tching el ements for the
respect i VEPIFE Y TEUT Y RARH as™? HH S Icrﬁlicrﬁ%ss For€"TFTs), an

0PPOSI G, SUBSLIALE, NI NG, 6 ofnd 114 80 AN NA0S! 19 Elcly adegd hese

subst rates bei'hg T-am nat ed eac crystal encapsul at ed

bet the 2 trages.. ln i i o SW_tehing of the TFT
etween {he ] islgrgesalfﬁz réc_iﬂérbellp,' &y raq'gla‘(}re]:c?:lyé oY r%Qan—?Ja/\(l)v e S

for the Tespe xel  circuits 1's control n'a row by asis by the

first ar@oﬁﬁﬁ%‘dpifélté calo i Mg Gldeuids 15 and 13, and Molfages are
ccor I | -1

applied a Ing to 1mage signals fed fromthe signal-linedriving circuit

14 visa thghes si@naled i 1Sy 10rd d0rdb-1R Iherehk t hg LriRNiAkian of the

liquid crystal is controlled to change transmittance of light, allow ng

di spl ay ©f rduB@eSard e SR -d 4 Nendrini s dticid thbrgmdut s AC anal og
image signals to the signal lines 16-1 to 16-m The ACLO driven anal og

i mage signal ghkerfird eher ske@ondaheg timage dsiigiaks cmrese tpohar hy i s
inverted at a cycle with respect to a center at a common vol tage VCOM
(signal Icerdret )the srghesl 1ol ey ol viegy adiatcwoit i1t tdree riesilsmented (ispeci fic
resistance of a material), etc. of the liquid crystal due to 15 conti nuous
appl i catwhat ofs D& Mad agesiofed et edhindy polray idiyrdud it e darggamendr,y st al .
Driving by the AC-driven anal og i mage signals can be broadly classified

i nt 801F-tihaferist onimrdasalgly 1o reddran ta sulfdtelatpetica®in@fder- i nver si on
driving (1H refers to a 20 horizontal scanning period). In 1F-inversion
drivi ng,refRrgRsl dQ t3F F it oy FnEe SidieR 1Y PaNRer tidd akhétighal og i mage
signals of a polarity have been witten to all the pixels. In 1Hinversion
drivi ng, thh@ Pt arie L It bhatdf IMRaR siMrd SRECiTEted g BL5Re- by- | i ne

(romfby-gégwsecond vertical driving circuits 12 and 13 are disposed

separately on the left and right sides of the pixel region
15 11. 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 lower-edge
region of the liquid crystal display panel 17.
The liquid crystal display panel 17 is formed of a TFT
20 substrate having thereon switching elements for the
respective pixel circuits, such as thin-film transistors
(TFTs), an opposing substrate having color filters and
opposing electrodes, these substrates being laminated with
each other, and liguid crystal encapsulated between the

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



'25 basis, and further inverted on a field-by-field basis. - g The AC
-anal og 'i mage signals output fromthe signal-line driving circuit 14 to the
signal lines 16-1 to 16-mare signals for a normal display. In the liquid
crystal display according to this enbodinment, in addition to the analog 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 [Pixe
Circuits] Fig. 2 is a circuit diagramshow ng an exanple 10 configuration
of a pixel circuit on an i-th row ard7i -th columm. The pixel circuit
includes a liquid crystal cell 21, a hold capacitor 22, a pixel-select
switch 23, a data-wite switch 24, a menmory circuit 25, a data-read buffer

26, andi@ & read o tChﬁééggl%iE eltsqqldc%%¥§ %he%e h ﬁlr%ﬂdb De h0|d

capaC|tor ﬁﬁ? TS hereo connnnly connected” fofm'a iquid
crystal &6 alhd pyl 3 Sf%]cr%ncd 0 oI eyl glc%m'n Celircglest e
commmon vo tage ied to a second of 't of capaci t or
22, a vagl4 l.arjd r I 1H (or 1F) is
appl i ed. The%plq%er%qﬁg%qs%dtech 23 gﬂ\é i traggogﬁ&% o)r%%egtmg et o the signal
line 16-d; QQ%H?Q§K§QﬂEﬁﬁ¥FHiﬂH% Hﬁ%vﬁh@skl%%@§toﬁ4tQ@alEHB'd

crystal cell 21 and the hold capacitor 22. The pixel-select swtch 23 is

driven hyhaScannidyg 19-analo Gl 25 Hdialbyl $hRr Qwidedatiiant b geanning |ine
15-i to wite an - 9 analog image signal to the liquid crystal cel

unit. Tha fala-dMyiste 1swd Gendddlasd dd cHanged teanredt-ednice blie signal |ine
16-i and a second end connected to an input termnal of the nenory circuit
25. The dafte: Walllewsiwid elis ay of images.
The signal-line driving circuit 14 outputs AC analog
image signals to the signal lines 16-1 to 16-m. The AC-
10 driven analog image signals herein refer to analog image
signals whose polarity is inverted at a cycle with respect
to a center at a common voltage VCOM (signal center) in
order to avoild 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 liquid crystal.
Driving by the AC-driven analog image signals can be
broadly classified into 1F-inversion driving (1F refers to a
field period) and 1lH-inversion driving (1H refers to a
20 horizontal scanning period). In 1lF-inversion driving, the
polarity of analog image signals is inverted when analog
image signals of a polarity have been written to all the
pixels. In lH-inversion driving, the polarity of analog
image signals is inverted on a line-by-line (row—by-row)

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



‘5 is*driven by a wite-control signal dwGATE that is provided via a
-data-wite control line 28-i to wite digital image data to the nenory
cifcuit 25. The digital inage data witten to the nmenory 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 termnal 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 dat@m-+ead control signal drGATE that is
provided 15 via a data-read control line 29-i to wite digital inage data
read fromthe nenory circuit 25 via the read buffer 26 to the quuid

t al | it. To the m t 2 I, VCCVEM
el o W S AR R oo PR
t he pi xe%f Cl {cw confjggﬂ eglo a@hgesﬁr’x bledlfrpeosvelém %Téjescrl bed. (First

exanple rCU|?) crrcul agranlshomﬁng A s exanple of the

pi xel cigcyity o Ref rgl@g?hgl GufapPay! 1 SR XElodts iy daddition to

the scanning Ti ne - |ne

dat a-reag, gg&{ % Li ne, 29- émb@@ijméllf‘? Payed. ng% &9%@' :1?%30 i, aCs

line 31-1 viding a potenti al e sane po ar as that of

the @ppOﬁw@eeéﬁgﬁ&er eﬁetmglhagumn&rdﬁ@i c%eéir@atlé 1oppasd ng vol tage),
an XCs Iine 32-i for providing a potential XCs having a polarity opposite

to that ohtphes P@igitidl ikSge 20sta NEHAL | ¥er POVR! c 8Dl to | dme Sidyraif or
feeding a negative power-supply voltage VSS to the nenory circuit 25 are

Wi red onLanédwt byt reaw beshs. 10 The pi xel -select switch 23 is inplenented
by a NchTFT (hereinafter referred to as a pixel-select TFT) Ol having a
gate conpetted ¢bréhetsranning line 15-i, a source connected to the signal
line 16-i, and a drain connected to the first ends of the liquid crystal
cell 21 and thiey .hd d scapacinarit22lidyaihehdatiazgmvant @exswiptleh 24 i s

i npl enented by a NchTFT (hereinafter referred to as a data-wite TFT) 2
havillg acefaf tgeonhieen cdf td Pheelatbrowit eowaan riotth ivaw 282d danfd a source
connected to the signal line 16-i. The nenory circuit 25 is_an SRAM forned
of a fireelwmpninvEREePikapl EAEAEE BYCAUPEATETICERiENETaAtRENTRTIQRS

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
data-read switch 27.

15 The liquid crystal cell 21 and the hold capacitor 22,
with first ends thereof commonly connected, form a liquid
crystal cell unit. To a second end of the liquid crystal
cell 21, the common voltage VCOM is applied, and to a second
end of the hold capacitor 22, a voltage Cs whose polarity is

20 inverted at a cycle of 1H (or 1F) is applied. The pixel-
select switch 23 has a first end connected to the signal
line 16-1 and a second end connected to the first ends of
the liquid crystal cell 21 and the hold capacitor 22. The
pixel-select switch 23 is driven by a scanning signal GATE

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



rconnected in series between the power-supply control line 30-i and the
-negative-power-supply line 33-1 and having gates comonly connected, and a
second inverter simlarly inplemented by a PchTFT 2 and an NchTFT n4
connected in 25 series between the power-supply control |ine 30-i and the
- 11 negative-power-supply Iine 33-i and having gates comonly connect ed,
wherein an i nput node N1 of one of the inverters is connected to an out put
node N2 of the other inverter and an i nput node N3 of the other inverter is
connected to an 5 output node N4 of tBe -one of the inverters. The input
node N1 is connected to the drain of the TFT 2. The data-read buffer 26
is inplemented by an NchTFT n5 having a gate connected to the output node

N2 of the nory circuit 25 and .a source, connected ta the Cs |line 31-i, and
10 an N¢ ({h%?aeq%asfjt%r}a e C)e(rifl'lpieed i é:ré'zfteca?-lr & TP 'on6 having a gate

connect ed £0 4 fle olher, QULPULnade NA,0f Lhe JBIDLY CLLGUEL. 28 gnd a sour ce

connected to I"I"'ne Wit 't he drai ns "~ of e “transistors 5 and
M6 conmﬁn!y C t ) T - SW gn ﬁ? 1.5, 4 ol by an
NchTFT (her esiln%rcl% elae;seld %oodgsasa%%}t%a-e\r/}qgta_ d%{%r%a\%%ﬁgtn %écate
connect e iy 41e fatéd et LANtE0led 9N, 29nle A BOULGELUNGELY L0 a
common node between the drains of the transistors Qn5 and Qn6, and a drain

connect egs to- {1, fy 4 20 @ndsofrdines dldriti diweinist alnagelils $handeghe hol d

capacitor 22. Thus, each of the pixel circuits has nine transistors

(nanel y,vidFTs 3 a-ansh €« orth ITAEH QY8110 N Tni tRNA1QJigh1 Wnige (nanely,

scanning line 15-i, signal line 16-i, datawite control |ine 28-i,
dat a- r eath ttontd Ahesingdr 2 incdt pever - pliyiaet rieladd at30-i, Cs line
31-i, XCs line 32-i, - 12 and negative-power-supply line 33-i). Next,
oper at i onsitfert heo files tmaxanpl el afuitthe i fred rediinatfitidr, a0l irgiflead eals
descri bed above, will be described with reference to timng charts shown in
Figs. 4 t®o BimfHiyg.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-read control signal drGATE that 1s 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 30-1i.
20 Next, a specific example of the pixel circuit
configured as described above will be described.
(First example Circuit)
Fig. 3 1s a circuit diagram showing a first example of

the pixel circuit. Referring to Fig. 3, in the pixel

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



‘54 is atimng chart for witing of an anal og image signal to the liquid
.crystal* cell unit. Fig. 5is atimng chart for witing of digital inmage
data to the nenory circuit 25. Fig. 6 is a timng chart for readi ng of
digital image data fromthe menory circuit 25. 10 First, an operation for
-witing an anal og image signal will be described wth reference to the
timng chart showmn in Fig. 4. During this wite operation, the scanning
signal GATE is set to high level (VDD |level). Accordingly, the pixel-select
TFT 1l is turned on, so that an anal pg +nage 15 signal fed fromthe
signal-line driving circuit 14 (refer to Fig. 1) via the signal |line 16-i
is witten via the pixelselect TFT Onl to the liquid crystal cell unit
fornmed of fhe I| uid c cel | nd the hol d capaci At this
time, th‘%rjd £ a< q%\ oﬁ/ ﬁi% Jgnafrh‘?ir%ﬂﬁaE %erf‘dl] trfed%dgtlé? e cont r ol

si gnal e both set.to |ow |evel l evel mher tq§ dat a- r ead

WGAT

TFT n7 %%% E%% %@W%Fvﬁ??%}ﬁTﬁOQiﬁf%ﬂ%§ HUrﬁ% neThus |nage data is
t t t, 2 f t 25

The positias Suldre 2%5*“%15% fd;;,ehafddsm.‘;‘dsse °£B§%@er1@8”arevéw' £

Ne I Jﬁﬂ Q%; bed h

rel)‘(fareng%}?%géﬁggﬁ%’loél% (%neq Cﬁ%\?\énﬁ?nl ¥ chi‘c“ ng q?sﬁ\?\ff[; gpe\rMaL on,

the gcanping,si chef S SRtxdo 1%'3%2/% Ao\és%ﬂo%yﬁi:)n wher eby the

pi xel -sel ect TF is turned off. Then at a nornal tlnlng of pi xel
sel ect %téﬁlﬁﬁt%é’\”ﬂé@u@@rﬁ red1 S AT i1 sefatt G hiwgfe | evel (VDD
level ). Accordingly, the data-write T 2 is turned on, so that digital

llgage daperdegidT am | hensi Hnddgd & Nee-dfdwd MBI IGHI Tinkd 35-a the: signal line

e 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 1s implemented by a NchTFT
(hereinafter referred to as a pixel-select TFT) QOnl having a
gate connected to the scanning line 15-i, a source connected
to the signal line 16-i, and a drain connected to the first
ends of the liquid crystal 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) On2 having a
gate connected to the data-write control line 28-1 and a
source connected to the signal line 16-i.

The memory circuit 25 is an SRAM formed of a first

20 inverter implemented by a PchTFT Qpl and an NchTFT Qn3
connected in series between the power-supply control line
30-1i and the negative-power-supply line 33-I and having
gates commonly connected, and a second inverter similarly

implemented by a PchTFT Qp2 and an NchTFT Qné4 connected in

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



+10 witten to the nmenory circuit 25 via the data-wite TFT Q2. The digital
-image data is image data of a still picture, for exanple, a one-bit signal
The data wite operation uses a sequence in which the positive power-supply
vol t age VCCMVEM on the power-supply 15 control line 30-i of the nenory
-circuit (SRAM 25 is once lowered froma panel-circuitry driving vol tage at
VDD | evel to the potential of the signal line 16-1 at VCC | evel, and raised
back to VDD | evel after data has been witten to the nenory circuit 25. By
using this sequence, VDD |level is 201ysed as a nenory-hol ding voltage, so
that a large margin is provided against fluctuation or the |ike associ ated
with the opposing voltage when data is held in the memory circuit 25. To
descri be th% .sequence in nRre detail, .for gang assum ng that the

anpl i t ud&IGVSEEVELY S5 StRE YmegBeddcatt 88928¥ B PAESE GRANOPHHe 16- i is
Ov-3V, if the_ inmag n_.the clrcui

that  amSPREGGEea: “anetadrn Spssrbubyngia JochEnPEeser Fhe bavsr%wsof the
data hel.d is |nv rteed if _the 9RRO I g t F t reason,
if the &at§°P§6ﬁ6F8 %o Fﬁeoﬁg E %c?gcﬁgt %5%a‘t§%E8§ ?gvef %ud ﬁarger

t han th%nagﬂk)llnttqud%f N%h%fd%%. g"ch%%e@nvfeg& X%ggESnn%EBdt ?75( o (VDD

| evel ) ge margin i s provi ta agains | uctuation or

the 4i k%u%?%qch@H%dN\ﬁ‘ L tt'ﬂ% ?Bgoggft %h%OHB@E‘EtelE'QV‘BV%e thphbenpgsi ti ve

power - supply vol tage VCCVE the nmenory circuit 25 is nmaintal ned at

VDD level §&Vionhellklry +d tth@eak}ahel ¥el tagerpt bhe TFTs form ng the menory
circuit 25 be denoted by Vth, inmage data having an anplitude not greater

than V-Vth C@HQOQaJ@Q—i‘\éé&ltEﬁiff@rtbé BNy &héfted Bp. ad NUShTIMERn $ Mage
data of 0-3 Vis witten, the 15 positive power-supply voltage VCCMVEM i s

once | onakedqf BO @aVBchawebtéaVkot ah¥Ceukpuel n63¥) N2AcEotHeNgEMoriymage dat a
of 0-3 Vis input to the nmenory circuit 25 with VSS = OV and VCCMEM = 3V,

al | owl ngitrkeiitmdge addt a soulrteewcbhhentatl thathenStahtre 20-Wheantihe i nmage
data has been witten, the positive power-supply voltage VCCMEM i s restored
to MDD kev8chTEG t(hetretine farpl redderefl theaenmagdatataeadi TFEh O86shifted
fromVSS-VCC to VSS-VDD. That is, VDD |level is used as a holding voltage in
the menbeyisdr eugetescoankeliedgta thegethargPrte8tagafasN4f plictbation or

the |i ke associated with the opposing
memory circuit 25 and a source connected to the XCs line 32-

i, with the drains of the transistors Qn5 and Qné commonly
connected.

15 The data-read switch 27 is implemented by an NchTFT
(hereinafter referred to as a data-read TFT) On7 having a
gate connected to the data-read control signal 29-1i, a
source connected to a common node between the drains of the
transistors Qn5 and Qné6, and a drain connected to the first

20 ends of the liquid crystal cell 21 and the hold capacitor 22.

Thus, each of the pixel circuits has nine transistors

(namely, TFTs QOpl and Qp2, and TFTs Qnl to QOn7), and eight
wires (namely, scanning line 15-i, signal line 16-i, data-
write control line 28-i, data-read control signal 29-i,

25 power-supply control line 30-i, Cs line 31-i, XCs line 32-1i,



+- 15 voltage. Wen the digital imge data has been witten to the nmenory
~circuit 25, the data-read control signal drGATE is set to high level in the
next 1H period, whereby the data5 read TFT On7 is turned on. Accordingly,
image data is read fromthe nmenory circuit 25 via the data-read buffer (5
-and Qn6) 26, and then witten to the liquid crystal cell unit via the
data-read TFT n7 in the formof a pixel potential. Now, operation of the
data-read TFT Qn7 will be 10 described. Wien the data-read TFT On7 is
turned on, image data held in the nempgy-circuit 25 is read via the
data-read buffer 26. At this time, the image data is stored in the nenory
circuit 25 either at high (H level or at low (L) level. 15 Thus, the

dat a-read buffer 26 converts the image data read fromthe

menory C§QQHng%ﬁéY éﬁﬁﬁgki (SﬂﬁﬁikﬂHQEQ%ii)XCs, the polarity being changed
i i d oyt Nl PRETACARE Cifc 18 ALFead FATRRR 70k A28 BFYel pot ot al
s SN BN RSB A L LS00 Sl LY IOt d huer i on).
causi ng Vginthogreegfus%e:fgrceez(thg gtgi'r%jﬁpefdcﬁxq%ﬁr?c(fsts%to@n l{g‘tzgg?rel_] t he fQuthut _Fti?%m gsl of

the data-Tea 6 an he' | crystal I unit.” .
Lo P YR SENEa e AT B e L kg e o
gat a in @ights Gl OrSfONe idD1 Gande Ganpi nedd iy &9y @G eqdy Thus, in
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 described with reference to the timing chart shown
in Fig. 4. During this write operation, the scanning 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) wvia the signal line 16-1 is written via the pixel-
select TFT Qnl to the ligquid crystal cell unit formed of the
liquid crystal cell 21 and the hold capacitor 22.
At this time, the data~read control signal drGATE and
20 the data-write control signal dwGATE are both set to low
level (VSS level}), whereby the data-read TFT Qn7 and the
data-write TFT Qn2 are both turned off. Thus, image data is
not written to the memory circuit 25 or read from the memory
circuit 25. The positive power-supply voltage VCCMEM is set

25 to VDD level.



*5 partial display node in which a region in eight colors in an anal og

-signal "has hitherto been displayed in white, a still picture in eight
col ors can be displayed based on nmenory data. Furthernore, the nenory
circuit 25 elimnates the need of charging and di scharging the signal |ines
"16-1 to 10 16-meach tine a still picture is displayed, serving to reduce

power consunption. Wien an anal og i mage signal has been witten to the
liquid crystal cell unit, usually, the pixel-select TFT Qnl is off. Thus,
if the polarity of the common voltage3/COMis 15 inverted at a cycle of 1H
(or 1F), the pixel potential changes accordingly. Wen digital inage data
held in the nenory circuit 25 (nmenory data) is witten to the liquid
crystal cell unit, assumn a ta-r

th d TF 7 i t. . .the fi t
ends of the Nedi aBr;??FéF%&BH Eo ritiRE 56%51% ?ﬁﬁaéfeagsggl&%e =

connect t he enti.als and XCs ances, Th Sy
di spl ay as o on 4m }}:Ia]fe e\}]e%eﬁ G}ée p% ITzlilrrl1 gh rif he co}ri]l1mn vost age

Vmch@gesq&ig; il sevﬁfl Hggr%rral%n”{%ep'g&%na% Ylfla i dls change.

i n cont rast case o dn anal"og | mage Si

di cat t th I h i I
ot or ?‘?1‘? ers o 1 @1 Sp:'ﬂagyéb\éo e %O\élhte e \é%s'm%sc g

center et ween a ased on a |nage signal and a

di spkay fased an R 9k fdat dindd) canty %tmallnttlmn rx_;el&aénol e circuit,
the datab read TFT On7 is provided, and the dat a- read TFT On7 is turned off

when Mergy e daldh hash ORI Al Lilt@N dohtided IsiGmiad ehacairel iGeldeturid , causing
a hi gh-i npedance 'state between the liquid crystal cell unit and the

pot ent i &l isgrCsl . X@HD Acsadi nglatcdriiagdiyspldy Basedwalvemery gdat a as
wel | as a 10 display based on an anal og inage signal, the pixel potenti al
changes ig o @m zald ahan tdigimedr Snpyeoldattae flaal drichy tofe t he conmon

vol tage VCOM Thus, the comon vol tage VCOM does not differ between a

di spl ay siiaged -dniren daniatiogy ictegerisi dalviandhse diigplady liased éori enory dat a.
15 As described above, in the pixel circuit including the nenory circuit
25, 18eparuittecqratties tdree muampried Hoorl twizst ivig itihegdadat-amide & Thémery
circuit 25 fromthe signal line 16i and for reading inmge data out of the
menory direWioidml nimeaendaatagdisd igags latéeldf @nisttlildnditterrgatf®sd s read,

example, a one-bit signal.
The data write operation uses a sequence in which the
positive power-supply voltage VCCMEM on the power-supply
15 control line 30-1 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 margin is
provided against fluctuation or the like associated with the
opposing voltage when data is held in the memory 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 0V-3V, if the image data is



20 menory 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 menory data is prevented from being nodified due to the effect. Thus,
a large margin is provided for the TFTs form ng the pixel 25 circuit. -
-18 Although the first exanple of the pixel circuit has been described in
the context of an exanple where one pixel circuit includes one nenory
circuit 25 and an i mage based on an anal og signal and an inage based on
menory data are 5 displayed in conbingfi-on, the arrangenent may be such
that a single pixel is divided into n regions and nenory circuits are
provided for the respective regions to allow n-bit nulti-scale display.
However, if_ the

t I f, t i.xel t ., th I t
o ng. FiHE! 10° i SIS e ek g Wi tﬂa&"%‘g@&lft&% a&heoﬁ' the n bits,
th t I t I t I mb
of 1 anslsTbrs? As 2y Gt BB o & g AP orAS o oY SoIEe Sodtond
exampl & ol reid, wid |, be deseri heg pel gy %551%%%@% il G t) Fro. 7
is a CIFCUHT 5’agran15homnné)a sé g pi xel citeuit. The

exanpl e Gl I G ! JTfS the YU OY' ALY f%r %%em@mto% g r@ﬁetl 28! LAY a{iﬁa‘“ ng

nmenory circult’s h bits as describ above e second exa e of the

pi xek 2%@1&%% 135 WP sed, Lt?xet @%Jl' rt%e%%mlh% Qifattah%rrg_'t)f:pejn CidgGuit in

whi ch an 'mage based on an og |1 mage signal and an i mage based on nmenory

dat a ar e.dinghly e 1 g rkaﬁu:prl,eml y, @n1i7eee Rasad QR MRRiudata is
di spl ayed. Thus, the pixel-select TFT Ch for witing an anal og i nage 25
si gnal if@moiolr&e@ecaatlauratdw_rﬂ&r El Rt uat izpParerhef NAke B®sociakd
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—-supply voltage VCCMEM is restored to VDD level, so
that the amplitude of the image data written 1s shifted from
VSS-VCC to VSS-VDD. That is, VDD level is used as a holding
voltage in the memory circuit 25, allowing a large margin

25 against fluctuation or the like associated with the opposing



. operation of the data -read TFT On7 described earlier, the data-read TFT

~ M7 for matching of the common voltage VCOM can be omtted. That is, as is
apparent froma conpari son between the 5 pixel circuit shown in Fig. 3 and
the pixel circuit showmn in Fig. 7, two transistors and two wires can be
-omtted for one bit. Thus, assum ng a pixel circuit having nenory circuits
for n bits, conpared 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 1pt+ansistors suffice, allow ng

consi derabl e reduction in the scale of pixel circuits. [Vertical Driving
System] A vertical driving systemfor selectively driving the 15 pixels
(pixel circuits) in the pixel region 11 on a row by row basis includes the
first vefYi€&d® driving circuit 12 and the second vertical driving circuit
13, as is apparent.frqm Fi 1. Eac f the vertical drivin prcuits 12
and 13 is inacﬁﬁr Sjgeo TgHE ilnfjmta% g?g?h{éa?oﬁ?e%ﬁ ‘F’%%tg?nt 8gﬁﬁ>e<el 20
circuit i Q. 2 N | V... .t h anni l4i ~i ta-wite
control %pn(r%\ey}Zé{lllJ?u?‘ ﬁcezzé?dt gﬁﬁ% e)aéll trgo%te?dgl %:a:n%go 9@’:3(3jrl gr%ddtr#e}’%g\%esr-suppl y
control &Jeitm%:o?’ 'iigh M%Rr"aelsﬁ%dtfhiecilelxéb |1?{2§eff§r°?t'a retrje‘f)@zl tqilrei \@a Circuit 12

is in charge o riving the scanning lir . nd the“data-read 25 control
| i ne529-jig, ARG i 75 60N, HRIG Ioeale | Q&;Icv;lraq_n@ll&glJIi&nage- ddQa 13 iredan charge

of driving the data-wite contro ine 28-1 "and the "power-supply control

line 30-fipomoRefd hetdily’ QUirteu@anhisguriat itRs daftatheald beis feer ticed aGid Vi ng
circuit 12 and the second vertical driving circuit 13 wll be described 5

bel ow. (Jrig)st2eVelanidC ahed Wtitg @l freUithel 2i qligh Fyistad lleQak udiiagr am
showi ng an exanple circuit configuration of the first vertical driving
circuit viia they dsithplrneaid ywraf gnive i glike fotrime ool ipduedt ipoteoft icilr.cuit 10
portions of the i-th and (i+1)-th rows are shown, and the circuit
confi gurati oNow, | bpbeatiésor plietthbetioha-bgada¥Fdf OeXawplé, benly in rel ation
to a circuit portion 12-i of the i-th row.
10 described. When the data-read TFT Qn7 is turned on, image
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 (QOn5 and Qné) 26 converts
the image data read from the memory circuit 25 into the
potential Cs or XCs, the polarity being changed at a cycle
of 1H (or 1F), and the constant potential is written to the
liquid crystal cell unit via the data-read TFT Qn7 as a
20 pixel potential. This allows an operation with the timing
of 1H inversion (or 1F inversion). When the data has been
written, the data-read TFT On7 is turned off, causing an
open state (high-impedance state) between the output

terminal of the data-read buffer 26 and the ligquid crystal

25 cell unit.



D flip-flops (D-FFs) 41 are disposed in one-to-one 15 association wth 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
previ ous stage to a subsequent stage in synchronization with clocks CLK and
- XCLK having nutual |y opposite phases. A 20 pul se before transfer, input to
the D-FF 41, and a pulse after transfer, output fromthe D-FF 41, are fed
to a HAND gate 42 as two inputs thereof. The output of the NAND gate 42,
after being inverted by an inverter-43% 4s fed to one of the inputs of a
NAND gate 25 44. To the other input of the HAND gate 44, an enable - 21
signal ENB commonly fed to the rows is fed. The output of the NAND gate 44,

after being Enverted g anbinverter 45, i s fed io ope ofﬁ%he i nputs of a
NAND gate 46EYTESLRE BUReFPPRBUPSETeTRE: HANGIORIGY4EY AChbnbFy=at a

d- traql_ si | .5.ME Ly f o af i i d
read-contr ng5§%%aﬁslpég%°%°%g%%P o egfbotkgﬁithZCO%O%%f(gﬁlng i nverte

by an i VEr he“output’ t he ate er being

i nvertedg . an_inver. i.s.fed. Lng :Li - in Fig.
2 via aqﬁﬁ%ge%HEQ%agH%%%% cg nﬁﬁgqéﬁgnﬁgﬁ8§%éagT§ A%N%%B%gafg gggﬂas t wo

i nput's, QALY )a JIRMRLY @daba ne@BdrnC ANtk a8l ¢Rdle MEMR TgoONky Sf ed to the
rows, and the output of the inverter 45 on the next row ((i+1)-th row). The

out peit  Qfythe INGNRAaLE mdde aht ¢hikei BY reBYOht ad RY odt IdMeriserindhn is fed
to one Of the inputs 6f a NOR gate 52. 15 To the other input of the NOR

gate 52,an2169N11nadl 8kl hiVasitevekknduerpoaenliy Wwed kg Bhewigws is fed.
The output of the NOR gate 52, after being inverted by an inverter 53, is

fed to hetdatea-inead gtantoodlborsi Ran2Beshowpliayeld Bas2dvior aehidiier 54 as the
dat a-read control signal dr GATE. 20 (Second Vertical Driving Crcuit 13)
Fig. 9 idata.bl aul thieagioam,shbow mgmargpedirtiud te 2&nmplld miaaftiegurtatei on of t he
second vertical driving circuit 13. For sinplicity of the figure, only
Ci rcui t npect icdnshefrating ianidh diswhamg inke thie+ Ejignk lr dwnase 1$hdwio and t he
circuit 25 configuration will be described bel ow, by way of exanple,
10 16-m each time a still picture is displayed, serving to
reduce power consumption.
When an analog image signal has been written to the
liguid crystal cell unit, usually, the pixel-select TFT Qnl
is off. Thus, if the polarity of the common voltage VCOM 1is
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 the liquid
crystal cell unit, assuming that the data-read TFT QOn7 is
absent, the first ends of the liquid crystal cell 21 and the
20 hold capacitor 22 are connected to the potentials Cs and XCs
at low impedances.
Thus, in a display based on memory data, even if the
polarity of the common voltage VCOM changes at a cycle of 1lH

(or 1F), the pixel potential does not change, in contrast to

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



- 22" only inrelation to a circuit portion 13-i of the i-th row D FFs 61
.are disposed in one-to-one association wth the respective rows. The D-FFs
61 of the respective rows are cascaded with each other, formng a shift
register that 5 transfers a pulse transferred froma previous stage to a
-subsequent stage in synchronization with clocks CLK and XCLK havi ng
mutual | y opposite phases. A pul se before transfer, input to the D FF 61,
and a pul se after transfer, output fromthe D-FF 61, are fed to a NAND gate
62 as two inputs 10 thereof. The outpyt of the 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 enabl e signal
ENB connnnlg fed to the rows is fed. The 15 output of the ND gat e 64,
after bethgti FuercommRy Wl F39erYetMelat sS¢Evet i2®n? DFIRPE FRPEEE of a

NAND gate, 67. Ta the other .jnputs of the NAND gates 65 and 67 menor ydat a
U1 (e oo EF TS BRATCTE EOTHORISY TS Thetl GRan 90t BRSO el hEhut of t he
NAND gat e 65 i@.usgd S tﬁg %ET‘%E% 2qji€$ut of an R-S flip-flop 68, and
after befhg ¥nier¥ %YgEa%% i AV EPTRT 692t is fed to one of the inputs of a
NAND gate 70.. The t of the D gate 67 sernes.. e o he i nputs of
a NAND gate 7Ifl rljaonngﬂlaepstuce’r Cabneitnl?lge :_a"r;%\%'r Zed( abm% lzfn c’irlnr\e/ctsa‘urJta%’r Qf%e C|Iatéa| S used as

the RESET (R pRhs Of s S RG2S 1hd Peil 0B B8 Ihe AEDME, Of sthe NAND gat e

67 is also ta-wrife confro Ine 28-i shown in Fig. 2

via a buffered3, 88 {iien MR | 485 0N £ Obe S OPAL L IWGATE. (be; oyt pyt of the

RS flip-flop 68 is fed to a powersupply swtch 74 as a selectrion signal

for sel egtyoea GNELD1 | @vet, Sdgls Ahdes rbfwgiﬂq.ls@@aﬁ@él Y288 haVREERT 75, it
is fed to the power-supply switch 74 as” a selection signal for selecting

VCC | evethandidqsidl soydesl t et heuwibesind nphd pétéheidPO-gaded 7decs The
out put of the NAND gate 71 is fed to the other input of the NAND gate 70.
The out patcofdibgl WANDh 160 @bdel 59, badé@robharagorynvestedadbywahl i ayest er 76,
is fed to the power-supply control line 30-i shown in Fig. 2 via a buffer
77 a9 t heéippbayihespdwen - swpphyl ool iregee VOCMEM , the pixel potential
changes in synchronization with inversion of the polarity of
the common voltage VCOM. Thus, the common voltage VCOM does
not differ between a display based on an analog image signal
and a display based on memory 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-
1 and for reading image data out of the memory circuit 25
into the liguid crystal cell 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 is removed, so that memory data is
prevented from being modified due to the effect. Thus, a

large margin is provided for the TFTs forming the pixel

25 cilrcuit.



'To the buffer 77, a positive power-supply voltage at VDD | evel is fed, and
VCC | evel or G\D (VSS) |level is 15 selectively supplied according to
switching by the power supply switch 74. Thus, the positive power-supply
vol tage VCCVEM fed to the power-supply control line 30-i selectively takes
on the three |levels, nanely, VDD |level, VCC |level, and G\D (VSS) |evel. 20
Next, operations of the first vertical driving circuit 12 and the second

vertical driving circuit 13 will be described with reference to timng
charts shown in Figs. 10 to 12. Fig. 1BO-is a timng chart for witing of an
anal og 25 signal over the entire screen in an anal og-signal display - 24

{GATE(i +1) to GATE(i+5)}. Fig. 11 is a timng chart for holding of nenory

o o N L R ML R DB T D
anal og- BPERaT ST ebPE) tUpchs CATEFTYITT ARdHFBRLCATERr S poantngt & "
B g e T L A R I e Al

chart shawgnbiofi 95i0y The UEMDLY.dahasLeadscAOkhel §h9gabseMEM and MENZ

and the nenory-data wite contro gna are a set to w | eve

(herei ngh kgiapeheinedohBiAagtibn, | eNEl drrARGORELROYy bBeshERSEhYerLi cal
driving circuit 12 sequentially outputs 15 scanni ng signals GATE in

synchrogkzgi bopiweihishihlyigper 8htons éég@eﬁﬁeanapﬁéﬁbk9nélreﬁitge shift
regi ster inplenented by the cascaded D-FFs 41. Furthernore, the data-read

control agkgpabvda&ATEcrStEBt réSpebtilgvebgi HEE0EHI AULYw hAbiRe second
vertical driving circuit 13, the 20 data-wite control signal dwGATE is set

to "L" havel;rsaallet §&spDaiti VRopewer supptieveltagee¥&GHEM b§ pHkl ed to VDD
| evel . Thus, in the pixel circuit including the nenory, shown in Fig. 2,
t he datpiweiteiswufith 24eandthbepilata- ceéaduswi hetild§ 2¥nare both turned off
(open). Accordingly, inage data is
10 transistors and eight wires, is used for each of the n bits,
the circuitry scale becomes very large particularly due 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 second example of
the pixel circuit. The example circuit is a configuration
for one bit in a pixel circuit having memory circuits for n
bits as described 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 an image based on memory data is displayed.

Thus, the pixel-select TFT Qnl for writing an analog image

25 signal i1s not needed. Furthermore, as is apparent from the



'- 25" not witten fromthe signal line 16-i to the nenory circuit 25, and
.menory data is not read out of the nenory circuit 25 into the liquid
crystal cell unit, and only an anal og i mage signal can be to the liquid
crystal cell unit on a rowby 5 row basis via the pixel-select switch 23
-turned on (closed) in response to the scanning signal GATE. Next, an
operation for reading nenory data will be described with reference to the
timng chart shown in Fig. 11. In a vertical scanning period for a
menory-data display, 10 the nmenory-datg read-control signal MEM1 is set to
hi gh | evel (hereinafter referred to as "H' level), and after a period of 1H
froma rise thereof, the nenory-data readcontrol signal MEM 2 is set to "H'

I . Th th f t t I t I
GATE 15 ?éé‘gaetl% St e i i Thheey? e %%‘taa&c%ﬁfi PO NN
d aft he dat d t I I t t "H
Fovel byht L RRAB T h A 05 SR LRSS Eoahe st Hnea F at R eaa _°
control gégn@é é%%%%%%ts set to "H' 20 Ievelz the dat a-r ead smntch 27 i's

turned on, so t a held in the nenory circuit 25 (nmenory data) is read

via the data-ead bufter 26 Wi & el of JAIAANGdIEA0 e Soanni ng

by the scannlng S|gdal s tine, b e operation o

dat agr eaﬁdléatt&br%tasmr?nﬂa& gs 9a ﬁsthg%tbgl pol pLity HesRg {pverted

at a cycle of 1H (or witten to the [iquid crystal cel

unit as @@i xel ﬂ%e@faﬁélsféré hi$a t 08, wiBe ShaRgerOCoHI SLéd £he operation
of the second verti cal driving circuit 13. The first driving circuit 12

drives ther pi xBhug] r&sdddify i SyRenront@ait oNavwihd séhdty operatiens of the
shift register inplenmented by the cascaded D-FFs 41. Thus, a conbi ned

di spl ay bdr af lahed pocangpedd di Sth 8y edsle awlien®r yidat gl <k 5 pe aycw 5t al | owed
since a boundary scanning |ine between a display region for witing an
anal og ssigsvah amdF g 103 disphsyd regh omhiol 8w tn ngramenis yodkatarean be
defined by timngs of the nenory-data read-control signals MEML and MEMR.
Fur tier nmeguiredi his @nbotk memtre ashe sphpphrehtchiibnshdren timiRggchart shown
in Fig. 11, the data-read control 15 signal dr GATE(i +4) of the (i+4)-th row
is generbedsed, thex 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 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, namely, the scanning line 15-i, the
data-write control line 28-i, the data-read control line 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 292-i, and the second vertical driving circuit



‘sane timng as the scanning signal GATE(i+5) of the (i+5)-th rowis

- generated. That is, the scanning signal GATE(i+5) of the (i+5)-th row and
the data-read control signal drGATE(i +4) of the (i+4)-th row are set to "H'
| evel at the 20 sane timng. By setting timng relationships as descri bed
~above, in driving for a nenory-data display, even if nenory data is read
and witten to the liquid crystal cell unit after a period of 1H froma
timng of pixel selection in an analog 25 signal display, i.e., froma
timng of witing inage data to — 20 4+he nenory circuit 25, a
menory-data display for the (i+4)th row and an anal og-si gnal display for
the (i+5)-th row are allowed at the sane tinme when swtching fromthe
menory- data di,spl to the ,anal.og-signal .displ.ay. Thus, .the |l ast, gne 5 line
of The Hanary HnrhbaegoPay 2 va ol T Barhy Wt Ty drsy 28 -for sure.
Finally, an eration _for witin r ta w il be _described wth

et or enBE SRBNBOER RYPRAS! EOBRET TArE G0 o RPPELiEn At eE Eod of
witing digi. i t 0 t. 1 r A -dat a
mmite-cggbrébﬂgﬁgggﬁ%wg%igh%efapgt'&eqﬁgggﬁ.%fﬁgqbbnﬁﬁgc%?%tEgn%éﬁbry-data
wri L ecoRiOl 2gaak oW1 680 B 13hRl IBTY 595, 4a0d Haugest.nggshoun in the
timng chart shown in &lg. H'Mn %t ne "second “vertical riving circuit 13,
whens t hg 35,menory-data wite-control signal WE is set to "H' |evel
data-wite control signals dwGATE are sequentially output in

synchr onirz aki0R Wi Batir aRSE2 L goReRRLI1QNI 29f the shift register inplenented
by the cascaded D-FFs 61. Thus, in the pixel circuit including the nenory,
shown in Figri@., thes29 HabaxWaihgrsmi bEBw2Agi snt ykaRPl1ENciseuihat digital

image data is witten to the nenory circuit 25 via the signal line 16-i.
Thi s seguafdcguabltows bimgaedd@tiastoviee tWeiallt drivdngheifemiry 1Qi.r cEolr 25 and
image data to be read fromthe nenory 25 circuit 25 within 1F (one field)
period. simpl28it¥hefhahei idguakt ageef confégomre tdatha oifn ctilkeudgnory circuit
25 is the panel-circuitry power supply VDD. Wien inmage data is witten to
t hel(renmppytéorsuct 2Be astdesovd Hédlearthi erowisn arel ghiown .t encdhéheper ati ons
of the first exanple

circuit configuration will be described below, by way of

example, only in relation to a circuit portion 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

shift register that transfers a pulse transferred from a

previous stage to a subsequent stage in synchronization with

clocks CLK and XCLK having mutually opposite phases. A

20 pulse before transfer, input to the D-FF 41, and a pulse
after transfer, output from the D-FF 41, are fed to a NAND
gate 42 as two inputs thereof.
The output of the NAND gate 42, after being inverted by

an inverter 43, is fed to one of the inputs of a NAND gate

25 44, To the other input of the NAND gate 44, an enable



5 of 'the pixel circuit, the positive power-supply voltage VCCMEM i s once
lowered fromVDD | evel to the nenory-data voltage at the VCC | evel. At that
time, it takes tine for the positive power-supply voltage VCCMEM to shift
fromVDD |l evel to VCC | evel due to the effect of characteristics of 10
circuit elenents. If it takes time for the positive power-supply voltage
VCCVEM to shift fromVDD | evel to VCC |level, in the case of the exanple
described earlier, image data is input to the nmenory circuit 25 while the
positive power-supply voltage 15 VCCNEM+s being shifted from7 Vto 3 V.
For exanple, if the positive power-supply voltage at that tinme is 5V, the
data becones indeterm nate, causing a current to flow through the nenory

i it 25 in th I i it sh i i 0...3)...20 1 d t
oot 2 LA R the samle ol ot Show 1A 51 99 p 20n rder o
VCCVEM t i i 5.1 Il il izb bel .
VODVEM ot BB, St U 35 s ontk e a5, il s daseribed el o

i fi 1 b i 2 h in th
speci 1 Gesonty ol oeaueice wil)ebe dessiuiets . 2ol the

si gnal \ﬂ'é}oflf&r orfegh&%smm Wairld DG Ofy ifRQEe- Al d $e38L-dodi£rid1 l§¥al 10 the

second vertical driving circuit 13, the power-supply switch 74 selects G\D

(VSS | eiveh ic%nﬁr%%ﬁ?rnsf%dt ¢ AR HRULRME 0 ftthe BeSrld 1iRnidr@R 68y anwhereby the
positive power-supply voltage VCCMEMis once |owered from VDIg | evel to VSS

level . TheRrtehe 400WRk- FuRP! Y ™9 it pld o8 edless NKRD |lemel 4 l@3Rense to an
out put of the inverter 75, whereby the positive power-supply voltage VCCMVEM
i s shiftedny amvéstedewsl ano iViSEdtenelss  The ifmpeacl@hdatsaanhiwg tten to the
menory circuit 25 at VCC level, and then the positive power-supply voltage
VCCMVEM (14 nleediseriedhioanVER IFevel .2 Ad ades duififed aifows, tMeescammgagdata i s
witten to the nenory circuit 25, the positive power-supply voltage VCCVEM
15 of thegmedoGATE.rcuit 25 is once lowered forcibly fromVDD | evel to a

| evel (VSS level in this exanple) |ower than VCC | evel and then set to VCC
| evEd . Thus, At NAND| getet S5Pakes twp theupssi nerelpowner msuppyydeskt age VCCVEM
to shift fromVDD |level to VCC | evel is considerably reduced. Accordingly,
20 i nag&egdraond rolevésned MEMR wemmpnilnpded ¢a Fdemsitity @ncedibe 25 before

t he positive power-supply vol taﬁ‘re VCCVEM has fully been |lowered to VCC
| evel . PRIRULIRES the greieatedd 4 OR B ¢ S%Td &8t i idtld  tnd M ow of a

pas Sl N0l L B9200LALETA IOk 1130 8 1 LU 55 a2 1

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
level) dron commonly 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 via a
buffer 54 as the data-read control signal drGATE.

20 (Second Vertical Driving Circuit 13)

Fig. 9 is a block diagram showing a specific example

configuration of the second vertical driving circuit 13.
For simplicity of the figure, only circuit portions of the
i-th row and the (i+1)-th row are shown, and the circuit

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



- 30 having the functions descri bed above, a | arge nunber of |ogic
circuits is needed, as is apparent formthe exanple circuits of the first
vertical driving circuit 12 and the second vertical driving circuit 13.
This results in a large 5 nunber of circuit elenments and an extrenely | arge
-circuitry scale. Wien a liquid crystal display is used as an out put display
of a portable termnal, for exanple, a cellular phone, the output display
is disposed typically at a center of the body of the cellular phone. Since
bodi es of cellular 10 phones are becopng smaller and small er 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 sit atlon in the liquid crys 15 di spl gy ,according to
this enBaddmh re&e §™a g 9a o it P I9°§tlf¥‘ U & 1R SRR syt em i 5

divided into tpﬁ ist an lgecon vertlca 5ng|2930|£c &ts %2 gnd 13, and
t he | ayout i B ERRhOthaf St bertical 8r|V|ﬁg BFr GFPS 15 8Rd" 15 ar e

$;18pose%h%e%ts§tewv%nrm% ! Sl O S1:088 0l 2P RS ] X8l 001 08 1.
us, the pat n

rn Tayout of the vertical drivi mis e |C|ent usi ng

both si Q?c% af, SL0e B )&':?_Lthr el (t% feth'o‘.’c%ﬁg' %)nlljflc s ‘ﬂe’%g thiag frame of

the liquid crystal display panel to 'be narr artic in the
Circyit (eX3uRLeS ‘Ae%%rl's*éech%%s*}%&%'ef&la%‘é‘ﬁr al 'i!ﬁefv'lo%ts ‘é%tg‘ecad %“ ving
circuit 12 1sin = 10 charge of driving the scanning line 15-i and
the dat%ub%@%u%ﬁ%t%ng%'ﬁ% 29mich rd M8 ore6ang alddxGaler @ iavian&cgixr cui t 13
is in charge of driving the data-wite control line 28-i and the

power - Sﬁﬂp|l)ﬁgcﬁlﬂﬁ:h@|lllyl R éﬁﬁhlte Présest. he as ganprien®eFograk rahEEfor driving
t he scanning |ine 15- he dataread control signal drGATE for driving

t he dat anpead t@omhreolo lFIFn6129-aln,d angullke daEttarwirae stert,r outpugnal dwGATE
for driving the data-wite control signal 28-i and the powersupply voltage
VCCMVEM ffepmditihei DgFFhé lpowere Sepplty @oMAND daitree 620-6is awe dnpodisated with
each other in operation. Thus, the circuits can be shared between the
si ghal stheegevifng to sinplify the configurations of the first and second
vertical driving circuits.
The output of the 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 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 gate 67,
To the other inputs of the NAND gates 65 and 67, a memory-—
data write-control signal WE commonly fed to the rows 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 inverted by an
inverter 69, it is fed to one of the inputs of a NAND gate
70. The output 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 the R-S

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



*Fig.* 13 is an external view showing a schematic 15 construction of a
_portabte termnal, for exanple, a cellular phone, according to the present
i nvention. The cellular phone in this exanple has, on a front side 20 of an
apparatus case 81, a speaker 82, an output display 83, an operation unit
-84, and a m crophone 85, disposed in that order from an upper side. In the
cel lul ar phone constructed as described above, a |liquid crystal display is
used in the output display 83, and the liquid crystal display is

i npl enented by the liquid crystal disqd ay according to the enbodi nent
described earlier. 25 The output display 83 in such a cellular phone has a
- 32 partial di splay node as a display function in a standby node or the
i ke, i a g ispl:ayed qonl y..i artial oregion in the
vertlcal ghpgg |gﬁl ?ﬁg§§%}egﬁ%%AgSaE é%gﬁp éR F%gahe g?an%by node,

I nf or m%h?'%e%”‘%g ag the %art%m@a'rri't%g c%l tttr%rly %B%‘i' Wsar@ception

sensitivity, time is constantly displ aye in"a partial region of the

screen, as Sfﬂ&mohﬂpﬁtgoflﬂheTﬁesr?ﬂ@bﬂtﬂg dggpkayrapesaci 8 ghwekayed, for
exanple in white (or black). In the cellular phone having the out put

di spl ay s83pmMt BylQ@cd Parisala dledRlcay churGlgnan o rdesckicked abfve, the
liquid crystal display according to the enbodi nent described earlier is

useds as 1khe1Qubpdt aditsp! #1893 1aRE ra MR Mndahweditep! @B ,i Stpesf geaed in
the partial display node. Thus, reduction in power consunption is allowed

si nce char ghegpanérisutpdghamditat 04 sisgralsdliered oar @ ipma lngeded, al | ow ng
usage over a longer period by a single charging of a battery serving as a
mai n powelestippby VCCn lparttli amldari,s silsoe fielke tef frbet oahear pnyelt pdtential is
avoi ded when inage data is witten to the nmenory circuits 20 provided for
t he respbet NaNDpigrele Filr.cuilhse, osaputng ft dher dWNDe ga tlear’de isarfgidn tagai nst
variation in characteristics of transistors formng the pixel circuits.
Accor di gy otheri anboi iof pihet Bw&IDggaitiet y Odue The wautpatti of ithet NaND
transi stor characteristics does not exist, serving to 25 provide pictures
|r]}ﬁghgqﬁg|ﬁpy 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 (VSS) 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. 10

to 12.

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

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



- 33" Furthernore, since the |layout of the vertical driving systemis such
~that the first and second vertical driving circuits 12 and 13 are di sposed
separately on the left and right sides, the frane of the liquid crystal

di spl ay panel 5 can be nade narrower. Thus, when the liquid crystal display
s mounted on the apparatus case 81 of a predeterm ned size, the effective
screen size can be increased owng to the narrower frame of the liquid
crystal display panel. Conversely, if the effective screen size is
predeterm ned, 10 the size of the appasatus case 81 can be reduced owing to
the narrower frame of the liquid crystal display panel. Al though the
description has been nmade in the context of a cellular phone as an exanpl e,
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nmenory an e 'signal hus, when a
af fectod E%gf? %a'%ﬁpé%ﬂeﬁiﬁﬁé%é&t?@f% S e o 1S frovi ded
agai ?St tinin ch‘é?’c“d %d@rhflr\:frg{garc?fetn%ﬁosﬁy Gt aa”%o‘?r’?b%n%é ormng the
pi xel circuit, serving to avold variation in picture quality due to
variati Qi@.s'ﬁlatW%fCQ@f alardpld A ditdANQISHY BATE (i+1) , 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 MEMZ2 and
the memory-data write control signal WE are all set to low
level (hereinafter referred to as "L" level). Accordingly,
the first vertical driving circuit 12 sequentially outputs
15 scanning signals GATE in synchronization with shift
operations (transfer operations) of the shift register
implemented by the cascaded D-FFs 41. Furthermore, the
data-read control signal drGATE is set to "L" level.
Accordingly, in the second vertical driving circuit 13, the
20 data-write control signal dwGATE is set to "L" level, and
the positive power-supply voltage VCCMEM is pulled to VDD
level.
Thus, in the pixel circuit including the memory, shown

in FPig. 2, the data-write switch 24 and the data-read switch

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



.- 35 CLAIMS 1. Aliquid crystal display comprising a plurality of pixe
~circuits including liquid crystal cell units, arranged 5 to forma matrix
on a substrate, wherein each of the plurality of pixel circuits conprises:
a nenory for holding a digital image signal; a wite switch for witing to
-the nmenory a digital 10 inmage signal fed froma signal line wred on a

col um- bycol unm basis; and a read buffer for reading the digital inmage
signal held in the nenory and witing the digital inmage signal to the
liquid crystal cell unit. 15 2. A l4 @H d crystal display according to Claim
1, wherein each of the plurality of pixel circuits conprises a pixelselect
switch for witing an analog image signal fed fromthe signal line to the

Taud goystal vesll 0L i sYnghaoRLgathen e er Ligal seanlog. 20 3. A

liquid crys I'spl-ay accor erern

Convert§Fth ndl Qlhy ﬁ&y‘%ﬁ%ﬁ EBQR%E 3 ag Eb%"b%h%hgeﬁB&Xr&”E?ﬁéuEQ”EBa”t

potenti a ose polarity I1s | nverte I'n synchroni zation an opposI ng

ot o ShsSf b cospstal bk gk, wieSene) i gl mhaged on o
const ant ; BakeNnthal pko thhenkl quid:er ¥ebakatebb1tnLhiasod B ¥8l-BgLential.
5 row basis via the pixel-select switch 23 turned on (closed)
in response to the scanning signal GATE.
Next, an operation for reading memory data will be
described with reference to the timing chart shown in Fig.
11. 1In a vertical scanning period 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 signal
drGATE is set to "H" level by the memory-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, so that data
held in the memory circuit 25 (memory data) is read 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



4. Ali

.pluralt

quid crystal display according to Claim3, wherein each of the

ty of pixel circuits conprises a read 5 switch for causing a

hi gh-i npedance state between an output term nal of the read buffer and the

liquid
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r ow by-

second

W res connected to the plurality of pixel
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crystal cell unit after conpletion of witing of the digital

i mge

fromthe nenory to the liquid crystal cell unit by the read buffer.
10 5. Aliquid crystal display according to Caim1, conprising vert
driving neans for selectively driving the plurality of pixel circuit

row basis, wherein the vertieabedriving neans conprises first

i cal
S on a
and
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Claim6, wherein the plurality of wires includes a scanning |line for
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between a display region for writing an analog signal and a
display region for writing memory data can be defined by
timings of the memory-data read-control signals MEM1 and
MEM2 .

Furthermore, in this embodiment, as is apparent from
the timing chart shown in Fig. 11, the data-read control
signal drGATE (i+4) of the (i+4)-th row is generated at the
same timing as the scanning signal GATE(i+5) of the (i+5)-th
row is generated. That 1s, the scanning signal GATE (i+5) of
the (i+5)-th row and the data-read control signal
drGATE (1i+4) of the (i+4)-th row are set to "H" level at the
same timing.

By setting timing relationships as described above, in
driving for a memory-data display, even if memory data is
read and written to the liquid crystal cell unit after a
period of 1H from a timing of pixel selection in an analog-

signal display, i.e., from a timing of writing image data to

is fed to the nenory



'the *scanning line and the read-control |ine, and wherein the second driving
.means is in charge of driving the wite-control |ine and the power-supply
control line. 15 8. Aliquid crystal display according to Claim?7, wherein
the first driving nmeans, when switching froma first display node based on
-the digital image signal read fromthe nenory circuit to a second display
node based on the anal og i mage signal, sets timng of driving the read
switch in a pixel 20 circuit on a final rowin the first display node to
the sane timng as timng of drivingZhe- pixel-select switch in a pixe
circuit on a first rowin the second display node. 9. Aliquid crystal
di splay according to Clain17 wherein the second driving neans supplies a
CIrCUIt ower - su p I age that is ixel.cirg to the
menory he. memggy el i) &E SShbRRPRy gt eageortaY ROF: ghfd EFpkra
di splay_accordi.ng to Ca wherei,n t con drlvksﬂ ngans once | owers

t he po&é sﬁﬁHl oﬁpaagaﬂgg F&gpﬁé 9&ﬁ8?9y PEui peVIé ondl grgupply
control th% Wﬁlr g the ¢l %UltEmBO\M% SHQJEchhYB\%’(K %??mt ‘Bpé @%&SNQ ghegf the

si gnal t he digital si gnal nory circuit,

st rowsinl ol el oy o i
tf)cﬂajﬂkﬁg,of the memory-data display, i.e., the (i+4)-th row, 1is
displayed for sure.
Finally, an operation for writing memory data will be
described with reference to the timing chart shown in Fig.
12. PFirst, 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 write-control signal WE is set to "H" level,
data-write control signals dwGATE are sequentially output in
synchronization with transfer operations of the shift
register implemented by the cascaded D-FFs 61. Thus, in the
pixel circuit including the memory, shown in Fig. 2, the
20 data-write switch 24 is turned on, so that digital image
data is written to the memory circuit 25 via the signal line
l6-1i.
This sequence allows 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.
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circuit 25 is controlled ‘as will be described below.” The
control 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
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memory-data write-control signal WE for requesting writing
of image data is set to "H" level, in the second vertical
driving circuit 13, the power-supply switch 74 selects GND
(VSS) level in response to an output of the R-S flip-flop 68,
5 whereby the positive power-supply voltage VCCMEM is once
lowered from VDD level to VSS level., Then, the power-supply
switch 74 selects VCC level in response to an output of the
inverter 75, whereby the positive power-supply voltage
VCCMEM is shifted from VSS level to VCC level. The image
10 data is written to the memory circuit 25 at VCC level, and
then the positive power-supply voltage VCCMEM is restored to
VDD level.
As described 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 (VSS level in this example) lower than VCC
level and then set to VCC level. Thus, the time it takes
for the positive 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
current associated with indeterminate data is prevented.

25 In order to implement the vertical driving system
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having the functions described above, a large number of
logic circuits is needed, as is apparent form the example
circuits of the first vertical driving circuit 12 and the
second vertical driving circuit 13. This results in a large
5 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
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charge of driving the scanning line 15-i and the data-read
control line 29-i, and the second vertical driving circuit
13 is in charge of driving the data-write control line 28-1
and the power-supply control line 30-i. Thus, the scanning
5 signal GATE for driving the scanning line 15-i and the data-
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 line 30-i are associated with each other in operation. Thus,
the circuits can be shared between the signals, serving to
simplify the configurations 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 phone 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 microphone 85, disposed in that
20 order from an upper side. In the cellular phone constructed
as described above, a liquid crystal display is used in the
output display 83, and the liquid crystal display is
implemented by the liquid crystal display according to the
embodiment described earlier.

25 The output display 83 in such a cellular phone has a
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partial display mode as a display function in a standby mode
or the like, in which an image is displayed only in a
partial region in the vertical direction of the screen. As
an example, in the standby mode, information such as the
5 remaining 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 example, 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 embodiment described
earlier is used as the output display 83, and a memory-data
display is performed in the partial display mode. Thus,
reduction in power consumption 1is allowed since charging and
15 discharging of signal lines are not needed, allowing usage
over a longer period by a single charging of a battery
serving 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
provide a large margin against variation in characteristics
of transistors forming the pixel circuits. Accordingly,
variation in picture quality due to variation in the
transistor characteristics does not exist, serving to

25 provide pictures in high quality.
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Furthermore, since the layout of the vertical driving
system is such that the first and second vertical driving
circuits 12 and 13 are disposed separately on the left and
right sides, the frame of the liquid crystal display panel

5 can be made narrower. Thus, when the liquid crystal display
is mounted on the apparatus case 8l of a predetermined size,
the effective screen size can be increased owing to the
narrower frame of the liquid crystal display panel.
Conversely, 1f the effective screen size is predetermined,

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 hereinabove, according to the present
20 invention, in a pixel circuit 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, when a digital image signal is written to the
memory, the writing operation is not affected by a pixel

25 potential. Accordingly, a large margin is provided against
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103 pixel circuits including liquid crystal cell units, arranged
5 to form a matrix on a substrate,
wherein each of the plurality of pixel circuits
comprises:

a memory for holding a digital image signal;

a write switch for writing to the memory a digital

10 image signal fed from a signal line wired on a column-by-

column basis; and

a read buffer for reading the digital image signal held
in the memory and writing the digital image signal to the
ligquid crystal cell unit.

15 2. A liquid crystal display according to Claim 1, 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 liguid crystal cell unit in
synchronization with vertical scanning.

20 3. A liquid crystal display according to Claim 1, wherein
the read buffer converts the digital image signal read from
the memory into a constant potential whose polarity is
inverted in synchronization with an opposing potential of
the ligquid crystal cell unit whose polarity is inverted on a

25 line-by-line (or field-by-field) basis, and supplies the



1103 (#109B& ()-!" (#10%|,|& ()-" (#10% & ()-!"

(#10%##& () -rssttuvzXeg\ =! " L$10% h, h& ()-M ~L$10%41& ()-M L$109%&' ()-M " L$10

% & ()-M#109%&' ()-! #109B8& () - vvwxxxx$xx{\ : !l f#10%& ()-zLMLO%&' ()- 10

10 10" 19$10%& ()-z! " 19$10%

& ()-2!; L$10% , & () - Mkx; y$zz={z{zX9{\: ! 9$10%& ()-! 9$10%#& ()-!  9$10%it#

& ()-1"9%$10% , & ()-f#109%&' ()-z! f #109%AA& ()-zz{?||b}c}d}e}l}}oP:! 9$10% @O

% ()- 10 10

10!, "' 9$109&' ()-!Xx ' 9$10% (& ()-!~-9%409& () -1} T~Er zX9P: ! s#10%& () - g! S#10%

L& ()-gs WO ()-!;s WO ()-'s %d0% a(a& ()-!s

%4 0%t#8&' () -} oP: ! s#10%&MLO% & () - 10 10 10! 1" (‘$10%&' ()-'s’ (" $10%@& ()-!"
$109.1& ()- WBP: | & $1090"b" & () -|.& $10% f & () 09 "& ()-19$10%] & ()-!

9$10%<k&3?’33 @%@é‘f(l)a *\g 'L%W/WS( ‘ﬁ?ﬁéﬂ&‘&l #5185 10S

10S&) 1$1096&" () - 2! 10%" b" & ()-z! 1& $109&' () - V: aXyV\B{\ Il (M310%z& ()-!D

&#10% z & (5% l@ﬁed?) () -1 &#10%e& ()-!1$10%PzP& ()- t$109&' ()- X>~v~\: 11!

4. A liquid crystal display according to Claim 3, wherein
each of the plurality of pixel circults comprises a read
5 switch for causing a high-impedance state between an output
terminal of the read buffer and the ligquid crystal cell unit
after completion of writing of the digital image signal from
the memory to the liguid crystal cell unit by the read
buffer.

10 5. A ligquid crystal display acceording to Claim 1,
comprising vertical driving means for selectively driving
the plurality of pixel circuits on a row-by-row basis,

wherein the vertical driving means comprises first and
second driving means for driving, in a shared manner, a

15 plurality of wires connected to the plurality of pixel
circuits on a row-by-row basis, the first and second driving
means being disposed on both sides of the pixel region.

6. A liquid crystal display according to Claim 5, wherein
each of the plurality of pixel circuits comprises:

20 a pixel-select switch for writing an analog image
signal fed via the signal line to the liquid crystal cell
unit in synchronization with vertical scanning; and

a read switch that causes a high-impedance state
between an output terminal of the read buffer and the liquid

25 crystal cell unit after completion of writing of the digital
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the plurality of wires includes a scanning line for feeding
5 a driving signal to the pixel-select switch, a write-control
line for feeding a driving signal to the write switch, a
read-control line for feeding a driving signal to the read
switch, and a power-supply control line for controlling a
power-supply voltage that is fed to the memory circuit,

10 wherein the first driving means is in charge of driving

the scanning line and the read-control line,
and wherein the second driving means is in charge of
driving the write-control line and the power-supply control
line.

15 8. A liquid crystal display according to Claim 7, wherein
the first 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

20 circuit on a final row in the first display mode to the same
timing as timing of driving the pixel-select switch in a
pixel circuit on a first row in the second display mode.

9. A liquid crystal display according to Claim 7, wherein
the second driving means supplies a circuit power—-supply

25 voltage that is used in the pixel circuit to the memory
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wherein the second driving means once lowers the power-—
supply voltage fed to the memory circuit via the power-

5 supply control line from the circuit power-supply voltage to
a potential of the signal line when the digital image signal
is written to the memory circuit, and restores the power-
supply voltage to the circuit power-supply voltage after
completion of the writing.

10 11. A liquid crystal display according to Claim 10,
wherein the second driving means first lowers the power
supply voltage fed to the memory circuit via the power-
supply control line to a potential lower than the potential
of the signal line when the digital image signal is written

15 to the memory circuit, and then sets the power-supply
voltage to the potential of the signal line.

12. 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,

20 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 memory for holding a digital image

25 signal, a write switch for writing to the memory a digital



10Z&9: ! 10%Z&' () -! <&1! 10%ZZ&' () -
: ( ! &1! 10%Z& / $109%Z&
I(:Izaj#;gOO/(Oz/f:&(%) 8@%00/;/‘{?)(') F?ééllgos/;] (>;1I I_:I ! 1OZI(:)2#10%&' ()-'()8F§L#10%&' ()-
"$109& ()-!." 109 ()-!"' $10%&R ( ' S10% () a1 ()
$ ( )-! $109& 9%$10%& *&
S Bhasion (10 1| sol () a0 k0% 20 0
] : - ( '()-3Uo3~_=!I'l 110&&$109 &
) hgoa/%i ﬁl)g \{%@élowg é) 10 10" 19' 0,9 "10%(~ (&'/%g)é' &c%lg/;' ()-@Nornmal "
e e e Y iiane e e e, T,
adin "A"
Par agraph FontR B~#/). 49>D(JCOTZ dj oudzF&=0 4U . (7I—|\/gU9?C)3]=?$2)6D\e; ?z;tS

<>@ CA LNQ SvVzX[ **acf g prvxz{| ,
New'h Resje Esnigxya/%rﬂ%c ta ijq%ég/&u]%ae&y\ Zﬁigré%%gm RomanAri al Couri er

<=>? @ABCDEFGHI JKLMN\CP N
QRSTU\WYZ,LA] _ abedaf ghi kidmonareing vy { | } -

column-by-column basis,
digital image signal held in the memory and writing the
digital image signal to the liquid crystal cell unit.

5 13. A portable terminal according to Claim 12, wherein
the liquid crystal display comprises vertical driving means
for selectively driving the plurality of pixel circuits on a
row-by-row basis,

and wherein the vertical driving means comprises first

10 and second driving means for driving, in a shared manner, a
plurality of wires connected to the plurality of pixel
circuits on a row-by-row basis, the first and second driving

means being disposed on both sides of the pixel region.



