5 July 2006 | DESCRIPTION Level Converter Circuit, Display Device and
Portabl e Term nal Device Technical Field This invention relates to a | evel
converter circuit, -a display device and a. portable term nlé"llJ d?é((j ce, and

. . . . ul 6 .
particularly to a | evel converter circuit for perform ng. &ver- Conversi on
(level shift) of various pulse signals with a irst voltage anplitude to-
“pul se signals with a second voltage anplitude that is different fromthe
first voltage anplitude, a display device equipped with this circuit; and

a portable term nal device . j j i spl ay device as an output display
unit. Background Art Conventﬁ%@%@?@gpa di spl ay device; a so-called

driving circuit-integrated |liquid - crystal display device is known

i n-whi ch,Lavsl CoxspeeCiguily Displey Blevied and BertablevierginalpDgeics of a pi xel
unit having pixels including liquid crystal cells arrayed in a matrix is
integrally fornmed. on a single board where the pixel unit is forned
(liquid-crystal: 'display panel). In this driving circuit-integrated liquid
crystalnmiiia3 i@y evice, a level. converter circuit is provided which
perforns |l evel conversion of various timng pulses wth a | ow voltage

anmpl i tude.of ,. for.exanp]le, TTIL level, ipputted into the panel from- a
control 1'ARABVSHR 5%?{%0‘8 @hgveﬁa%gfv,er PFHHA [Sifﬁpg@é vVige anfliyh vol t age
anplitude necessary for driving the liquid crystal, and supplying the
| evdrartabls tarmdaaltdayiiery agd partycudady to a level convetter circuit for performing.. i -

level conversion (level shift) of various pulse signals with a first voltage amplifude to:::
pulse signals with a second voltage amplitude that is different from the first voltage
amplitude, a display device equipped with this circuit, and a portable terminal device

- using this display device as an output display unit. - :

. Background Art

Conventionally, as a display device, a so-called driving circuit-integrated liquid oo
crystal display device is known in which, for example, a driving circuit fof driving, -t
pixels of a pixel unit having pixelé including liquid crystal cells arrayed in a matrix is
integrally formed on a single board where the pilxel‘ unit is formed -(liquid crystal.-.. - ... =
.display panel). In this driving circuit-integrated liquid crystal displaydevice, alevel - * -
converter circuit is provided which performs level conversion of various timing pulses- -
with a low voltage amplitude of, for example, TTL level, inputted into the panel from
a control IC provided outside the panel, to timing pulses with a high voltage amplitude

_neéessary for driving the liquid crystal, and supplying the level-converted timing

........




2 pulses to the driving circuit. The driving circuit for driving the pixel
unit uses various timng pul ses are used such as a vertical start pul se
VST and a vertical clock pulse VCK for vertical scanning usgq V\/Q&[%
. . ! . . uly
selectively driving the pixels of the pixel unit by row, and a’wite enable
pul se WE for allowing witing of a signal to the pixels of the row sel ected
through the vertical scanning. Sipce these timng pul ses have different
timng, the timng.pulses are evel-shifted by different |evel converter

circyuits. while, a.,liquid crystal display device is adapted for
di sp %§§%§O J!%acﬂﬁﬁﬁ%drﬁwt‘changi ng the nol ecul ar arrangenent of liquid

crystal on the basis of the . presence/absence of an electric field and thus
control | i hBe dFxHEsiyitdey dryiageppixshuni uses vagiaus impiagpedsesare ysed t i s a

di spl ay device of |ow power consunption type that does not: need nuch

el ecsudhcaspoverticilstartipulee MET dicka etnical clotk pelseNoEKIfgr vaeidabscaanigut put .
display unit for a portable term nal device such as a portable. tel ephone

uni ty QM @hgpéele&tﬁ)&‘élf qun@'erﬁ: éiﬁ‘éis'é‘ﬁﬁig? ?g{bg l)uﬂ&s@gggg 43@&..5 %rthea%r?xa%)Les mai n.

powers ,Wth respect to t i qui Ice s type of

ar T YEP ol AR Bitins R oG R T PineRpr RREGN Rl R Brobh fhey

underway. in order_to enable use of the battery for a |onger time period
af t eYertigpkscgnAme Siaerthese fiming pulsss\have ditfeseps timing, thedimingpalses nt egr at ed
liquid crystal :display device, since separate |evel converter circuits
- for-drevevelsdhified by différonsieveheny epter ehsuns.e used:.constantly -in the.
power -on state, an unnecessary DC current is consumed, obstructing °
Meanwhile, a liquid crystal display device is adapted for displaying an image
by changing the molecular arrangement of liquid crystal on the basis of the
T pr’esence/absénce of an-electric field and thus icq-ntralli.ng-transmiss-i-on:/intencep'ti@ngofiix"-zuz;,:-
| light. Theoretically, it is a display device of low power consumption type that does not:: -
need much electric power for driving. - Therefore, it is broadly used as an output
. -:display-unit for a:portable terminal device such as a partable 1el&ph0ne-=unit-;én-af: PDA. .:
i (personal digital assistant) using a battery-as its main power. Withrespect tothe liquid: .~
crystal display device for this type of application, reduction in power consumption
based on lowering.of the driving voltage and lowering of the driving:frequency has. ...+ ... -
been under way in order to enable use of the battery for a:longer time period after . .- -
charging it once.. -
- In the above-described driving circuit-integrated liquid crystal display device,

since separate level converter circuits for level-shifting various timing pulses are used - -

constantly in the power-on state, an unnecessary DC current is consumed, obstructing




5 July 2006 3 reduction in power consunption of the whole driving circuit.
Therefore, particularly in consideration of application to a portable
term nal device such as a portable :telephone unit or a PD@UI¥§ﬁgction in
power consunption of the liquid crystal display device- it3elTs an.

I mportant task to achieve.in order to further reduce the power consunption
of “theportable term nal device. The, driving system of the display device,
for exanple, a liquid crystal displfay , device, includes a sinple nmatrix
system and an active matrj.x sgﬁ{enh. Epmeverﬂ t.he . active matrix, which has
exceffBIHIonI oYL copsimption ptfhecwhals ey sireyif Thegedores partiqarlyeen used
more often., In the liquid crystal display device of the active matrix

syst #mcomsideralion ioh gipphieation dp ca @Dytgbgtl tegindmal ageiegmehch sassa promtabde | i ne of a
row (line) to~which , a signal is to be witten is selected and then the

- si gnedleplrorsupgit o APDA e ddotiona) papled consumiplintesf the LRfu taethi diptage the .
panel, -thereby witing the signal to pixels decided as driving targets in

t heu‘ﬂ%@i&é!iﬁelf sfcflrﬁ i}g?%{t/@gg%s% Eﬁ'gﬁcgfevreqﬁ dragpid ffggtﬁgir‘ ?éql%n%ﬁ\gef he out put

of t river e the panel st ghal |ine

~are.set in the relation of one-to one correspondence an | C driver having
dut-pﬁ?‘?%—P‘ﬂ%oﬁﬁ}Mﬂa%&%{%‘%%ﬁg%@e-to the number of the signal®Fines -

must be prepared and wirings of the correspondi ng nunmber are necessary for
- connecti nghe eiving system of Hieddisplayl deyiced fer spamapleda Siguid crystabdisplay vi-ew .of -
this, a selector-driving system is recently enployed which allocates .
- - pl.ur.dévise gingludes laisli‘lﬂFleQilatrh@sﬁdtQﬂaind dngaivelmhii $jstind Boweial tiRanel. .as-a. .
unit (set) to one output of the ,
active matrix, which has excellent response characteristics and visibility, has recently
‘been used more often. In the liquid crystal display device of the active matrix system,
Loz rawhendriving the:liquid-crystalidisplay panel; a scanning line: Ofé-ai-:'*I’GIW'Glaiﬁ@)'—i@ﬁwh?iéh:‘Tif?- SRTPRES I
- .a signal is to be written'is:selected and then the signal is supplied{rony, forexample; -« ¢ .oy
a driver IC provided outside the panel;thereby writing the signal to pixels-decided as ~ - =
-driving targets-in.the:matrix.:. . ..
-« o If-the 'signak-line of the:diquid crystal panel-and the output-of the-driver:-FG. 1 v o
provided outside the panel for driving the signal line are set in the relation of one-to-
g one-cbriespondence;an 1€ driver having outputs of the number.corresponding tosthe: ... .w i -
- number-of the signal lines must be prepared and wirings of the corresponding number .+ ;- -
are necessary for connecting the driver IC and the liquid crystal display panel. In view -
of this, a selector driving system is recently employed which allocates plural signal: . -~ .-

lines of the signal lines of the liquid crystal panel as a unit (set) to enc output of the -

driver IC,. time-divisionally selects the plural signal lines, and time-divisionally -




driver I1C tinme-divisionally selects the plural signal |ines, and
time-divisionally 5 July 2006 4 allocates and supplies the out put si gnal
of the driver ICto the selected signal lines. Specifically, ‘)Q (%
sel ector driving system the output of the driver IC and thé |B al line
of the liquid crystal display panel. are set. in the relation of one-to-N
correspondence (N is an integer equal to or nore than 2)., and N signal
Iines al l ocated to one output sign | of the driver IC selected and driven
di vi si on; : this selector driving system it is

p055| L‘P&aﬁeé and suppli¢sbe rﬂ!ﬂﬁﬂgrs‘glﬁﬁ qﬁﬁ[%bd{lger IC t therselested signpigest t he -

nunber: of w rings between the driver 1C acid the liquid crystal display
panel to SlpIRJthfcaﬂMemrthmse}ecwr drigngkystemethe dutpahef thealrbred é6anidiad sel ector. ..
driving systemis enployed in the so-called driving circuit integrated

1T quisihral Msder bl (RE $iRfuRY cERNAICEis] [hyV"Piufél' #0Reflih ‘fh@g'efdtfo‘hubf ohlto-1yhe. pi xel

unit is integrally forne on a e board mhere he pixel unit is- f or med

(lig e e tor | visional |y

a1 1 qofteefiRlcRee HIPHfPER% 46?"84%% i Bap DT selatglely aflpisdeys” Y
prOV|ded on the |i | stal dis anel Thi s sel ector CIrCUIt S
swi t EhOBGHRWHBYY @aﬂgb § éewrolf? @éﬁaﬁqﬂ Fféhﬂflﬁf?ﬂéé%bﬁ tigtecodivigiansdBxuppl i ed -
fromoutside. Mreover, a level converter circuit for converting a signal
Wit hempl@wngéhnszsgbct(nmiw1ngnd5est«:rh 1tfmposm<]:zlerpj edutélthd auaiber 9bpptpuest into- the;. :
panel froman external ICto .-a signal with a high voltage anplitude

eyt I bl A A E b FlCT Mp gy
display panel to 1/N of the number of signal fines.
If the above-described selector driving system is employed in the so-called
' dmn ng eircu i‘t—integratﬁd@rl«i.quid*e’r;ys-t?al? :aisplay device: in‘-«whichﬂ;the-ifd:z:iﬁgingzei towitifor: vl a0y
I:hea-pixel=un:itv:is::iritegrally-rfo:nne_d: 0on a single boardtwherefhe'spixelas.unitﬁ-is? formed- . -~ -
(liquid crystal display partel); a selector circuit for time-divisionally allocating one -
+-output.signal-of the driver [Cto N signél lines is pmv.id;e-dfon;-the-liquid crystal- display: - .. .0 -
+.panek: - This:selector-circuit is-:isWitch—‘controlled(or'seIection'i‘-cgn-trol'l%ed)".bysra‘gsé.le'ctor:‘:'-'f SR SR
pulse supplied from outside. |
-1+ Moreover, a level converter circuit for converting a signal with.a:Jow:voltage = ... -
. amplitude of, for example, FTL level, supplied into the panel from:an:external ICto - -
~a signal with a high voltage amplitude necessary for. driving the liquid crystal is:
- provided on the liquid crysta'l'diéplay panel. The selector pulse is with a low voltage
. amplitude (for example, 0-to 3 V) of TTL level is inputted to- the level converter

- circuit, where the selector pulse is level-shifted to a high voltage amplitude (for




anplitude (for exanple, 0 to 3 V) of TTL level is inputted to the |evel
converter circuit, where the selector pulse is level-shifted to a high
vol tage anplitude (for 5 July 2006 5 exanple, 0 to 7 V) neggas?&¥ for
driving the liquid crystal and supplied to the sel ector ci reul or
time-division control. In the liquid crystal display device of the
above-descri bed selector driving system conventionally, since the |evel
converter circuit for performng |l evel conversion (level shift) of the
sel ector pulse with an external circuit power-supply voltage to an
internal circuit power-supply voltsage is used constantly in the power-on
state, an unnecessary DC current is consuned, obstructing reduction in

POVeExangsIE\ S DY I\Onekbsshiyefontielvehgtint qai &Pfﬁtﬁluiuid suppRé®tPfR, seRafoki cul arly in
consideration of application to a portable term nal device such as a

port-@i‘i’élﬁtfo?kiﬁ{étkﬂ{?ﬁidﬁ"ﬂohg@[ a PDA, reduction in power consunption of the
liquid I" di spl

iquid crysta isplay device itself is an inportant task to achieve in

order to fupther .redu t ower. co mpLion of th ortabl.e term nal
devi ce. [}fns{cqeogﬁﬁlg %?’gt?%gg%”?\%eﬁ%l h Ogﬁﬁgaqtb%ﬁ'td S tbeﬁhséaﬁ)%#%s W8 nvent i on
provide a | evel ,cor%grt,er ci rchgt whi ch enabl es reduction i g c?nsurrpti on
of BSEkr eoRverHAn3lbguEIRFENthe; IPVEhvRANVEBHS st to AoToPeTioRBIghde el devi ce, a
di spl ay device equipped with this level converter circuit, and a portable
t er reicA¥ersipay(level stﬂ%got‘ thes seleept aylsd ewith @naextamabgirput povepisagplyni t .
Enbodi nents of the present invention provide a display device which enables

voltage to an internal circuit power-supply voltage is used constantly in the power-on

state, an unnecessary DC current 1s consumed, obstructing reduction in power

consumption of the whole driving circuit. Therefore, particularly in consideration of

application to a portable terminal device such as a portable telephone unit or a PDA,

reduction in power consumption of the liquid crystal display device itself is an

important task to achieve in order to further reduce the power consumption of the

portable terminal device.

Disclosure of the Invention
Embodiments of the present invention provide a level converter circuit which
enables reduction in consumption of DC current and reduction: in power consumption of
the whole device, a display device equipped with this level converter circuit, and a
portable terminal device using this display device as an output display unit.
Embodiments of the present invention provide a display device which enables
reduction in consumption of DC current particularly in a level converter circuit and

reduction in power consumption of the whole device in the case of employing the




reduction in consunption of DC current particularly in a |level converter
circuit and reduction in power consunption of the whole device in the case
of enploying the 5 July 2006 6 selector driving system angda B&%table
term nal device using this display device as a output disp ayyunlt.
According to a first aspect of the present invention, there is provided a

| evel converter circuit conprising;, a first circuit that is constantly in
an operating state and perforns |evel conversion of a first timng pul se
that becones active for a predetgmned period, froma first voltage
anplitude to a second voltage anplitude; and a second circuit that is in

an opgeabl difisgd &fstent Wnl AP oAEbREEMRAIRRIR s tﬁiEaisgiawevfck REkRY pul se using
the first timng pul'se after the level conversion by 'the first circuit and

per f . nversion of a second timng pulse fromthe first voltage
anplﬁ@ggghﬁ§§¥ﬁgﬁsecond vol tage anplitude. This |level converter circuit is
provided on g driving circuit-integrated display device and is used for

| evel coMFOFENg Ko 61ﬁr§ aspeRt od thapresenfiinyenting, ferdsis provideda levehpl i t ude
inputted fromoutside of a board, to the second voltage anplitude. The

dr i veenyerter eiceiit comprigingt @ firsli Gptwy thieviscnstaritfypad aniopleratngs stade el
converter circuit is used as an output display unit of a portable term nal
devi smd perfortie lebeVvenndesion dfedfidsenmingopulvethheecohies détive fohg di spl ay device
equi pped with this |evel converter circuit, or the portable term nal

devi gRistsimied BeSodl iffh ﬁ)ﬁrﬁ%ltﬁge Qﬁapﬁﬂtd&% Elé%corﬂii xicﬂta%é al;f@;i(l:irtudcj:t, hgafirst

circuit is constantly in the opérating state whi ond'circuit is

a second circuit that is in an operating state during an active period of the first
timing pulse using the first timing pulse after the level conversion by the first circuit
and performs level conversion of a second timing pulse from the first voltage

amplitude to the second voltage amplitude.

This level converter circuit ié ﬁfé;}ided on a driving circuit-integrated display
device and is used for level conversion of a timing pulse with the first voltage |
amplitude inputted from outside of a board, to the second voltage amplitude. The driving
circuit-integrated display device equipped with this level converter circuit is used as an
output display unit of a portable terminal device.

In the above-described level converter circuit, the display device equipped with this
level converter circuit, or the portable terminal device using this display device as an output
display unit, the first circuit is constantly in the operating state while the second circuit is
in the operating state to perform level conversion of the second timing pulse only during the
active period of the first timing pulse. Thus, compared with the case where both the first and

second circuits are constantly in the operating state, the




in the operating state to performlevel conversion of the second timng
pul se only during the active period of the first timng pul se. Thus,
conpared with the case where both the first and second cirgg%@gm%re
constantly in the operating state, the 5 July 2006 7 consunptron of a DC
current in the level converter circuit can be reduced by the anount
corresponding to the period when the second circuit is in the non-operating
state. According to a second aspect of the present invention, there is
provi ded a display device conpriding a pixel unit having pixels arrayed in
a matrix on a board, driving neans provided on the sane board as the pixel
uni tcansdmptiaptefda T8F cdrient g thehkevpl xabvertef cirthie can el reducdéd barttlea | evel
converter circuit for performng |l evel conversion of a timng pulse of a

firsimyohtt agrespoiding sl ehd fMleh TR Qo8| GRulthe iR Hoh-Bparafifgond vol t age
anplitude and supplying the |evel-converted timng pulse to the driving

meang,iet he |evel converter circuit conprising: a first circuit that is
constantly in an operating state and perforns |evel conversion of a first

timng pylse.that becones actiye during a, horizontal . bl anki peri od of an
| mge s ATanE R ERa At SVHF pixge Ao Rdbe RS PRGN b1 { age
anpl.itude; and a second. circuit that is in an operating state during an
- act fgdcpepmpHsisg amieel ppjtdavinghixg)s pupyed s matrixen 7 boasd, diingig pul se after
the level conversion by the first circuit and perforns |evel conversion of
a sawengprovidedgn thekare boaythas He fikelamitenidtadgeted fign drivimgsthe pixetseofsecond
vol tage anplitude. Disclosed herein is a display device conprising a pixe
uni thehxel ngitparxied IBveélicoay@er circuit for performing level conversion of a timing
. pulse of a first voltage amplitude inputted from outside the board to a second voltage
-amplitude and supplying the level-converted timing pulse to the driving means, the
level converter circuit comprising: a first circuit that is constantly in an operating state
and performs level conversion of a first timing pulse that becomes active during a
- ‘horizontal blanking period of an 1mage51gnal from the first voltage amplitude to the
second voltage amplitude; and a second circuit that is in an operating state during an
active period of the first timing pulse using the first timing pulse after the level
conversion by the first circuit and performs level conversion of a second timing
pulse from the first voltage amplitude to the second voltage amplitude,
Disclosed herein is a display device comprising a pixel unit having pixels arrayed
in a matrix on a board and having signal lines arranged for each row of the pixel

array; selection means provided on the same board (panel) as the pixel unit and adapted

for time-divisionally selecting a set of plural signal lines and supplying a




in a mtrix on a board and having signal |lines arranged for each row of the
pi xel array; selection nmeans provided on the sane board (panel) as the

pi xel unit and adapted for tinme-divisionally selecting a sggmﬁéxglural
signal lines and supplying a 5 July 2006 7a signal thereto; and I evel
conversion nmeans for converting a selector pulse with a first voltage
anplitude inputted fromoutside the board to a second vol tage anplitude

and supplying the converted selector pulse to the selection neans, the

| evel conversion neans being inactive when the selection neans is in a
non-sel ection state. This displayadevice is used as an output display unit
of a portable term nal device. According to a third aspect of the present

i nvesighainthetdiey end fevel @vhdadich ReaialreontEtRRNOORABY bEReYSNG, as an
out put display unit, a display device conprising a pixel unit having

pi x i ! v | n the sane
Poar 5l REamplinReTRbSoh P SuRAR! flo bUiath AR O BERET . el
uni t | conyerter ci.rcuit for .perform.ong | evel canversion of a
g e R e Bom AR S0 U s oeBT it v S ReER et he boar d
to a sec%gd Vol t age anp itLide,and supplying the | evel -converted tim ng
pul dBeqns beng iBaGtiye o be selegtinn meqns 1s épa panselection state Thisonpri sing: a
first circuit that is constantly in an operating state and perforns |evel
convlispppdedte is used o3 ambuipmgdppf/as'emﬁthﬁta etabietsrmaingl devickur i ng hori zont al
bl anking period of an inmage signal, fromthe first voltage anplitude to
t he secofetowdihg egethird apddct ofihe paiRehtanvepgondhat icptotidedatporiablé an operating

state during an active period of the first timng pulse using the first
U Mep RS BeALL S6irlg) 8s a8 \GlipGOMYFTS Bt WaiksPhy device comprising a
pixel unit having pixels arrayed in a matrix on a board, driving means provided on
the same board as the pixel unit and adapted for driving the pixels of the pixel unit, and
a level converter circuit for performing level conversion of a timing pulse of a first
voltage amplitude inputted from outside the board to a second voltage amplitude and
supplying the level-converted timing pulse to the driving means, the level converter
circuit comprising: a first circuit that is constantly in an operating state and performs
level conversion of a first timing pulse that becomes active during horizontal blanking
period of an image signal, from the first voltage amplitude to the second voltage
* amplitude; and a second circuit that is in an operating state during an active period of
~ the first timing pulse using the first timing pulse after the level conversion by the
first circuit and performs level conversion of a second timing pulse from the
first voltage amplitude to the second voltage amplitude, wherein the level converter
circuit is provided on the same board as the pixel unit.

In the display device of the above-described structure or the portable terminal




first circuit and perfornms | evel conversion of a second timng pulse from
the first voltage anplitude to the second voltage anplitude, wherein the
| evel converter «circuit is provided on the sane board as thg bbypl unit.
In the display device of the above-described structure or the gortable
termnal 5 July 2006 7b device equipped with this display device as an
out put display unit, the selection neans is not constantly in a selection
state for the plural signal lines but sequentially repeats

sel ection/ non-sel ection. The sel ecti on/ non-sel ection of the signal |ines
need not be, continuously carrie@dbout one after another. It suffices to
conpl ete sel ection/non- selection sequentially within one horizontal

s canddvi@: Rfpgped with el daplayilePicy a4 n HabuREpDldy\thit, HictoRLtidd Mess isher ef ore,
the | evel converter circuit is inactive when the selection neans is in the

0N SGIBRUAAR ifth SHEcrioR Ui 1 HIMGSLL M fndhe SERE IS bRe | evel 5 July

2006 8 conveérter circuit 1s constantly active, sunption of a DC

current in,the . onversiQn _neans can .be.reduced. The ot her aspects

and St e B A B RnmEy R 3F UBSE S AR e HSuRe  be Fur t her

clarified b the,follomﬁn%:desc i ption Qf enbodi nents_described with

r ef e?cg%@éw’eﬁymgl%%%@sa cpapethebedciutliessdn Omrlts selestippigonrig. | is a

bl ock di agram showi ng a schematic overall structure of a liquid crystal
selection sequentially within one horizontal scanning period, even at intervals between the

signal lines. Therefore, the level converter circuit is inactive when the selection

means 1s in the non-selection state. Thus, compared with the case where the level




di spl ay device according to a first enbodi nent of the present invention.
Fig. 2 is a circuit diagramshow ng an exenplary circuit structure of a

pi xel circuit constituting the liquid crystal display devi%%mag&%rding to
the first enmbodi ment of the present invention. Fig. 3 is a coﬁceptual Vi ew
showing a three-tinme-division driving selector circuit <constituting the

| iquid crystal display device according to the first enbodinent. Fig.4 is a
bl ock di agram showi ng a specific exenplary structure of a | evel converter
circuit constituting the liquid crystal display device according to the
first embodinment. Fig-5is atimm®ig chart (part 1) for explaining the
operation of the |evel converter circuit. Fig.6 is a circuit diagram

showeagyettes pREmit i€ constimitlyadctive] felddnsoinpaos T DUOcurr@it Gh-thy pevel evel
shifter. 5 July 2006 9 ig.71s atimng chart (part 2) for explaining the

oper gdveRkid mEag %aﬁ‘ﬁ@'redif&@d’.e”er circuit. Fig.8 is a block di agram show ng

a schematic overa structure of a liquid crystal - display device

i ouit MRS RERERE SRRV anfieet PORIAIS b oLy Riom Sl °
b ST HRTERR. B dbe dolipH i KeBIPOnF0b, obRamante SRSEBEGaM el ew Showi ng
a three-tinme-division driving sel ector :

reference to the drawings.

Brief Description of the Drawings

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

Fig. 2 is a circuit diagram showing an exemplary circuit structure of a pixel circuit
constituting the liquid crystal display device according to the first embodiment of the present
invention.

Fig. 3 is a conceptual view showing a three-time-division driving selector circuit
constituting the liquid crystal display device according to the first embodiment.

Fig.4 is a block diagram showing a specific exemplary structure of a level
converter circuit constituting the liquid ’{crystal display device according to the first
embodiment.

Fig-5 is a timing chart (part 1} for explaining the operation of the level converter
circuit.

Fig.6 is a circuit diagram showing a specific exemplary circuit of a sampling

latch-type level shifter.




circuit constituting the liquid crystal display device according to the
second enbodi nent of the present invention. .Fig4l is block diagram
showi ng a specific exenplary structure:.of a |evel converterdfreﬁ&gt used
for the liquid crystal display device accordrng to the secort
, .. ..enbodi nent of the present invention. ~.Figl2is a timng chart .for.
expl ai ning the operation. of the:level, converter circuit. Figd3:is a
timng chart (part 1) for explaining the operation in a partial, display
, hode. ration in
oSS, il s i S yr Y5 e B BHIOHEL R EOR T 2
schemati¢c structure of a portable t el ephone unit according to the present
i nverftiS ﬁ' 5 July 2006 10 Fig.16 is a view showi ng an exenplary display on
an output display unit. Best Mde for Carrying Qut the Invention
 Enbodi mentfig 8fis a bleck disgeam showingra sphewiatic onera btngbserifpduuidcagstadi | with
reference. to the drawings. <First Enbodinent> Fig.1l is a block dragram
s howidigplay desicb avedridingonal @dondtemtsddinRnebf thedh@BémMnvention.

- Fig.9 is a circuit diagram showing a basw circuit structure:of a pixel-circuit .
- constituting the liquid crystal display device according to the second-embodiment of - -
e the-present invention:. .
Fig.10 is a conceptual view showing a three-time-division driving selector

circuit constituting the liquid crystal display device according to the second

swempbodiment-of the:presentinvention: .+ 1o amy

Figedl is:a block-diagram :showing a specific-exemplary structure.of adevel v 1o o

- “converter circuit used for the liquid crystal display device according to the second

:oomembodiment of the preseatinvention.: . oo ity T 1

wimies s Figid24s a-timing chart for explainingthe: operation:of the-level converter : < :iwnmi
circuit.
wisinn Figel 3:ds a timing:chart (part 1) for explaining the operation in-a partialdisplay. :-: . s
- --qode. -
Fig.14.-1s a timing. chart (part 2) for. explammg the operation in the partial .. -
dtsplay mode.
Fig.15 is an appearance view showing a schematic structure of a portable

‘telephone unit according to the present invention.




device according to a first enbodi nent of the present invention, for
exanple, a liquid crystal display device using a liquid crystal cell as a
pi xel display elenment. The liquid crystal displaydevice accqéﬂ;qﬁogo this
enbodi nent has a pixel unit 11 having pixel circuits. includi'i
l'iquid-crystal cell parts: arrayed. inta matrix-It first and second
vertical driving circuits 12,13 fofgsel ectively driving the pixel circuits
of the pixel unit :1..1 by row, a: selector. circuit 14 for,

sel ecti vel I '- ' ' I kCLH t he: . row
cel oot velyBdii a i) sAhdERR o Rt BBy Wihphy B Bt E Syl | 2o g
drive-controlled in accordance with a selector driving system which wll
be described later, and a | evel converter circuit 15 for perform ng | evel
conversion of various timng pulses inputted fromoutside of a panel, as
- showBdash Modyg for Caneying ghitdhe hyemsiondi spl ay device according to -this -

enbodi nent has a driving circuit-integrated structure in which the first
- andsecon@nresdiineats 6 il P@seht fitiichioddvill Adw bAeSGHRCL B defailcwith 14 and . -

| ~the level converter circuit 15 are integrally formed on a board

. (herej tar, [ o.as liquid crystal panel) 16. The liquid crystal

i "_pa’hé?él%gérg%\ltﬁltgé gf@"g‘ﬂﬁﬁ has a structure formed by superposing a TFT board
havi ng,. for exanple, thin film transistors (TFTs) forned thereon, which
'-'a‘r-"é'-"§%"isf:%“#b°(€m§ﬂ?nt s of the respective “pixel circuits, and a

counter-board having a color filter and counter-el ectrodes forned thereon,

—and fil g hea irba?]@dilagram@owm theswheomtiniavierdll guncuce pEnalisplay- t-he -

pi xel unit 11, n scanning lines 17-1 to 17-n and msignal lines 18-1 to 18-.

n ar ﬂe\f\icé%dcoridmdg’\io_zﬂﬁist exbodic AeSMRE prdsenBinPeN@dn, FbF BRAAPR) & 1Rfuid rows and
m colums, and pixel circuits are. arranged: at points of :intersection.

: Undﬁysﬁ:ﬁ‘?ﬁs;ﬁ% Q6dice rﬁsﬁl%rﬁ fiabid crystal cell as a pixel display element.

e Lew Theliquidcrystal display device.aceording:to:this embodiment-has:a pixebumit. -+ oo
< it 1l-having pixel eircuits:including liquid-ceystal cell parts:atrayed.in-a matrix; firstand . ooy
second vertical driving circuits 12, 13 for selectively driving the pixel circuits of the
. pixelunit.-11 by row, a selector circuit 14 for: selectively supplying an:image signal to- - -
e thve pixels circuits of the: row selectively:driven by-the: vertical: driving .circuits 12; 13 i e
while being drive-controlled in accordance with a selector driving system, which will
202 besdescribed Jater, and a level.converter cireuit 15 for performing Ievel conversion of - ..
-+ .various timing pulses inputted from outside of a panel, as.shown in Fig.1. .. -
. The liquid crystal display device according-to this embodiment has a driving
circuit-integrated structure in which the first and second vertical driving circuits 12,
13, the selector circuit 14 and the level converter circuit 15 are integrally formed on

a board (hereinafter referred to as liquid crystal panel) 16. The liquid crystal panel 16




of. the selector circuit 14, an alternated inage signal is supplied to the
respective pixel <circuits of the pixel unit 11 through the signal |ines
.18-1 to 18-m The alternately driven inmge signal is an ugp §O(§gnal
with its polarity inverted in a cycle centering a common vol 58 ?signa
center) VCOMin order to prevent deterioration of specific resistance
(resistance value proper to _a subgjance) or the like of the liquid crystal
due to continuous application-of a DC voltage of the sane polarity to the

[ i [ i\ | i i . Sj. [ i
1 b SRk, BRI SRS TARSHOTH ik VERPL SRR L2, o
R A R T SN ER A A S N TN

inversion driving is a drivi ng method in which after an inmage signal of
cer t gixelgbicuits;tapdiasounterthoard baving atchborfilteslagd cohatepelantiddesdbribbd i mage.
signal is inverted. On the other hand, 1H inversion driving is a driving

- . et hetbreon, and/ il thd SpR& Betiviekn BhesdboafRORitRIBRAN chgstainverted every line.

(every row) and also 1inverted every field. 5 July 2006 12 In the liquid
crystal di : |- C i Ng; h s empadinent . as t | tgrnated -
i mage si g%‘zp{,eaﬁa{’ﬁag‘\#éﬂo@g%%%!Qég‘“g?‘é‘tﬁ%ﬁpo‘?’ Wﬁg{i Flgaﬂi@?eszlﬁ%li?éﬁ al image
data for Sbgijc inP%g ie grogerly.%ﬁpplied through the selector circuit 14
f r ot @GPy Ry N4 1galr Wg JEIRFSH IO h PEICY ATRRECP R R EqWs end - nheplamnss, [ Pi xel -
Grcuit] Fig.2 is a circuit diagramshow ng an exenplary structure of the
“pi xehtnd prxal icircoits: atecarrangedraf\poinin df titersectibn ¢ & nden thdkélscpomebntrol cui't has: .
aliquid crystal cell .2,1,: a
of the selector circuit 14, an alternated image signal is supplied to the respective pixel
circuits of the pixel unit 11 through the signal lines 18-1 to 18-m.” The alternately =
dr'-iM.e'm‘.imagézsignal»%iS's~an.= mage:signal:with 1tspolar1tymvertedmacyclecer{temnga
D COMIEON: voltage (signal:center) VCOM in order torprevent deterioration:of specific' + 5+ e
“1esistance (resistance value proper to a substance) or the like of the liquid crystal ‘due -
- r,..ﬂ'f-‘rtovcom;i-nuous‘-appli@at-ion;aof:azD.C-:.Vol.tage-oﬁthe:s_ameap.o-la-rity;.to :t-he:;.l-iq-uid:crsrystal;,. Y R O g
eowmm e sPrivingbased-onsthe alternately driven image signal-is roughly-classified into:: e
1F mversion driving (where 1F is one field period) and 1H inversion driving (where
; + .«}H is-one horizontak scanning period),. depending on:the timing - of.the.polarity: < ., ois
- w~-inversion of the image signal. 1F inversion driving is-a driving method in which after -
an image signal of certain polarity is written to all the pixels, the polarity of the image
“...signal is inverted.- ‘On the other hand, 1H inversion driving is a driving method. in .

which the polarity of an image signal is inverted every line (every row) and-also

inverted every field. ~




hol di ng capacitance 22, a pixel selection switch 43, a data witing swtch
24, a menory circuit 25, a data reading buffer 26 and a data reading switch
27. The liquid crystal cell 21 and the hol di ng capacitance %f’h’-@‘ their
one-side -.ends.::comonly connected to forma liquid :crystar™ part.
A, common voltage VCOMis applied to the other end of the liquid crystal
cell 21 and an electric potential €5 with its polarity;inverted every 1H or
1F is applied to the other end of the holding capacitance 22s s: The pi xel
~sel ecti on§whe AfyAd drfsial H&p%d@%e%ﬂﬁﬁhgdtot iS| diﬂle'nﬂea%gflé and has

its other end cohnected the end of each~of the liquid crys cell 21.

and . | Ng; citange 22.. The pixel selection switch 43 is driven
oy SVl Iie FERAT A ARE05 i Bke SlPol P o o R i el ey "
witing an analog image: Signal to the liquid crystal cell part: The data
Twrict idﬁgﬁ-f@ma&lﬁ imaghais preperbnaipphigd dyangk thasdlectoneiraliybhfrom adrives-i and =~
- has its other end connected to the input end of the nenory circuit 25. The
-» dat alClrd pronideshvuisitic Pie liquidrdrysial paneh 16r i ting .control -signal  dwGATE ...
provided via a data 5 July 2006 13 witing control line 28-i, thereby
AW U{pﬁ@_'{}ﬂi&ﬁh i mage data to the menory circuit .25. The digital inmage
data'witten ih the nenory circuit 25 is read out through the reading

. buffer 26g. Hereipafter., the digital imge data n briefly referred to

+an erior  Fisgi AR GiagtFalithg fu ok PRy il of Bkl eitalinobt o o
the qutput end of-the L. L.

oo thed«th-row and the i-th: column. This pixel circuit has a:liquid: crystal:cell: 21,:a

=

holding capacitance 22, a pixel selection switch 43, a data writing switch 24, a memory

" circuit 25, a data reading buffer 26 and a data reading switch 27.

<:Che:liquid:.crystal:cell 21-and the-holding capacitance:22havestheit-one-sidesi o i i
Steiesesends-eommonly -connected: to form a- liquid erystal-cell: part:: A common voltage . i v
EE ‘VCOM is applied to the other end of the liquid crystal cell 21 and an electric potential *
< gerirc(osowithy its-polarity dnverted every. 1H or-1F is:applied:to:the-other-end-of the holding - -+ c- <t s
.w; werscapacitance 22:: Fhe-pixelselection switch 43 -hassits-one end-connected4orassignaks: - 1 o i
line 18-i and has its other end connected the one end of each of the liquid crystal cell
w2l -and the holding; capacitance 22. The. pixel selection switch:43.is-driven-by a. . i, we
. scanning S-ignaInGATE- provided via a signal line 17-i, thereby writing an analog image: « +::: =+~ ...
. . -signal to the liquid erystal cell part.

S The data writing switch 24 has its one end connected to the signal line 18-iand - -

has its other end connected to the input end of the: memory circuit 25. - The data

-writing switch 24 is driven by a writing control signal dwGATE provided via a data




11 reading buffer 26 and has its other end connected to the one end of each
of the liquid. crystal cell 21 and the hol ding. capacitance 22. The data
reading switch 27 is driven by a data reading control si gnal ?@gE
provided via a data reading control line 29-i, thereby witi ngy digital
| mage data read out fromthe nenory circuit 25 through the readi ng; buffer
26 to the liquid crystal cell parti3 The nenory circuit 25 is supplied wth
power - supply vol tage. VCCMEM via a power, control line 30-i The pi er

Ci I ClyirftinonRbol Hﬁ&?@ﬁaﬂiel‘é’byl Wﬁlhg‘i'h%i‘r?aeltlm dabClUhE lf}gc ifcdiF oy

CII‘CUIt ut may have basi‘c str e up of the ul de crystal cel |

aC|t nce 22 and a tran Vertical
o TG o7l g R e BRI ik i€ Bihes s FO8100k irobety M wepltig ¢ he
plxels (pixel circuits) of the pixel. unit. 11 by the colum is divided
“i nt obufiker 26.r Heriaakters dhc digital Image Hateunay e baiedlyt tséerred tasas orinont t i cal
driving circuit 13, as seen fromFig.1l. Each. of these vertical driving
circdaths 12, 13 handle the driving of two of the four wirings of -the pixel
circuit shown in Fig.2, that is, the scanning line 17-i, the data mwiting

| ggm ;g: :Tl'ri]hgd%g r%adlf’s.gg"‘ﬁl?hcaIIfa%a‘Eig (Eﬂe ?[?c?gérﬂi/eé:'ﬁ(lf‘@ tﬁgghﬁ%%ﬁ%m§4 drivi ng -
T cndhnb RO T S, e h Prane SR B e cal gerch af s fiid 15
2?}2? (:zfggta]t Qﬁb%&ggh? e holdntlgh gapda?:tltgngg IZf?,I ; ecgart]ztl ;galdnllgl, 2»311(2:3 2|7 Igrzlorllvte?le pOV\Pr e
by a data reading control signal dtGATE provided via a data reading control line 29-i,
- thereby writing the digital image data read out from the memory circuit 25 through the
vz readin g:==huﬁﬁer¢-n26‘r,s-.to,- the:liquid:crystal r—.:el:l-:‘pa'rt;:r-.-:-.The;.zzmemeﬁyéicire‘.uits%ﬁ‘iis&;'supplie‘d EEE NS TR
-+ 1'with-azpower-supply:voltage VCCMEM:viaa power:controldine:30-iis = 400 T -
“The pixel circuit is not necessarily limited to the structure having a memory

. circuitbutmay havea-basic structure made up-of the liquid-crystal-cell: 215 theholding: - i 20 e

-« capacitance 22 .and-a:pixel transistor (TFT).

[Vertical Driving System]

.. Auvertical driving system for selectively-drliv.ing‘the‘p.‘ixels {pixelcircuitsyofthe: - ..~ .-+ -

-pixel unit 11 by the column is divided into the first vertical driving circuit12 and the . - -
+ second vertical driving circuit 13, as seen from Fig.1. Each of these vertical driving
circuits 12, 13 handle the driving of two of the four wirings of the pixel circuit shown
in Fig.2, that is, the scanning line 17-i, the data writing control line 28-i, the data.

- reading control line 29-i and the power control line 30-i. Specifically, the first vertical



[Selector Circuit 141 In the liquid crystal-display device

according.to-this enbodi nent, a. selector driving system (timne-division

driving systen) is used for driving the signal lines 18-1. tﬁo‘I ?‘%o% of the
y

liquid crystal display. panel 16. In this selector driving s , pl ural
signal lines of the signal lines 18-1 to 18-mare allocated as a unlt (set)
to one output of the driver |C 19y4and these plural signal lines are

time-divisionally selected so that an out put signal of the driver ICl9 is
tine | : gnagl nes.
spect P AT ROV BUEEIEHFI M 08 Aoad G PRIl effanidns o
18-m are . set e, relation of one-.to-N. . cqrrespo nce.(where N is an
i nt egAMrdding é' & tp‘é?@‘%’rﬂdo‘fqgﬁaltg%“ﬂ&gd:“ﬁg "(j‘ﬁ%ﬂ %qe,d,gggngp Hated to
one output of the driver 1C 19 are selected by N tine division and thus

dri védata vajtiagepoigphigne B84 asdithe powedconfirolglisy3@ém it is - possible.to -
reduce the nunber of outputs of the driver IC 19 and the nunber of wrings

:bet%ﬁ&tbhe}u@mt\aqq IC 19 and the liquid crystal di-splay panel 16; to 11N
of the number I'i nes mof the S|gnal lines 18-1 to 18-m To enploy this

I R AR S 0 Ly AR 1
e S e wg'aéﬁgt@rgﬁa“e' TR T RN K
I( 1b Inug) 1(83(5%9&9 {ilf%%;](%mg gg)@?@ll(cilgg? n&:piig{]lg te %n &gsn ;lgétaating;gagm?gﬁel[];lutrglr = °! ngaI :
signal lines of the signal lines 18-1 to 18-m are allocated as a unit (set) to one output
of the driver IC 19, and these plural signal lines are time-divisionally selected so that
1w ansoutpatsignal:ofithe. derer IC:19 is-time-divisionally:allocated-and:supplicditoithe -« i 50 iy
= u-oselected sighal:lines. - - -
- Specifically, one output of the drivet IC 19 and the signal lines 18-1 1o 18-mare -
-wsetintherelation-of:one-to-N. .cotrespondence (where:Nisan:integerequaltoorlarger:... [ .
- +than two)and-the:Nsignal lines allocated to one output.ofthe driverIG:19 arexselected vz 0 .+ -
by N time division and thus driven. By employing this gélcctor driving system, it is
: .;possibleatosredlice'teheenumb.emfoutputg of the dﬁver;IG.;IQz&n'd*theé numberofwirings..« .. -
. ‘between:the driverIC'19-and the liquid crystal display panel 16; to.1/N of the number ... -
- of lines m of the signal lines 18-1 to. 18—111.
- To employ this selector driving system, adjacent plﬁral. signallines.of the signal . -
lines 18-1 to 18-m are grouped as sets in the pixel unit 11. For example, in the case :

- -of the liquid crystal display panel 16 for color display in which the pixel circuits are




-case, three-tinme-division driving is perfornmed. Meanwhile, the selector
circuit 14 is supplied with color imge signals of mM3._ channels for. the
msignal lines 18-1 to 18-mfromthe driver 1C 19 provi ded %Hﬁ?z&% t he
liquid crystal display panel 16. That is, the driver 1C 19 outﬁu in tinme
series~ the BRG signals provided to the three signal lines of each
correspondi ng set fromeach channgk. The selector circuit 14
time-divisionally sanples the tine-series signals outputted every channel

from ' h set of
o S5gfEHpngl iU RANANTChLARL KD SiRaR HREEET S o
dr|vI sel ect lrcul As sho In Flg ector circuit 14
has Stadasentes VAR ineBCR) of thy “”hmsﬂs {3 1hR. bRt s i 3)
correspond to output lines of the drawer | C 19, each selector being nade
up ofasd)rtheecanaicalviswin direingSv\perfSifednd SWB; - connect ed bet ween one  out put
line of the driver IC 19 and each set of three signal |ines and adapted for

time- di vingemnahile, tBasaEBE cir Bt ;ugmi@u@awww&%tage siga®@Sofh@Bal
i nes., Wen inmage S|gnals for three pixels of BGR is outputted in tine

= serl E&ﬁ@ﬁl%@gg}%ﬂ%@ al hﬂgsg eln@e‘ﬁjf‘é,}@ﬂ (irz%e al?j; : %E%Yldég%tﬁgs a%ce)f t}lma: |

S|gn | J.ines b d|V| iving . thr the three anal.og svvltches
— afswfzq'éﬁcffé%lt display prpcld rﬂ%gs it daviad 14 utpefpindpye soues the .
_sequentlal ly ONVOFF-driven by selector pulses SELB, SELG 5 July 2006 16 and

-z SEL-RBRG:signals provided:-to:the three signal lines of cach correspondmg set from:each

channel. The selector circuit 14 time-divisionally samples the time-series signals

outputted every channel from the driver IC 19 and sequentially supplieé the signals to

: each-setdafthreeslgﬂallmes GRS o T TR AR R R ey 1
-Fig.3 is-a conceptual x'/-iew-of-ﬁthe three-time-divisien:driving'selector-circuit 14:- -
Asshown in Fig.3; the selector circuit. 14 has a structure in-which selectors (SEL)14-1
: tﬂl4«k(wherek=m/3) correspond to output lines.of:-the:driver:IC: 19y each:selector: v =i s
= being made:up of three-analog switches SW1, SWZﬁand‘=SW&%:coﬂne&ed*—bctwe.emzoﬁeai_e?;-::.*- -
output line of the driver IC 19 and each set of three signal lines and adapted for time-
-:;adivi;si‘(l)nai-ly;sampling:'the;s-ign:al_s-;pr'ov_id'ed to the three signaklines.. i simns & win e
- . 'When image signals for three pixels of BGR is-outputted: in%-timr::.*seﬁess to:one - i
“output line of the driver IC ‘19,. the image signals of this .one BGR time series are .
-sequentially allocated and supplied to the three signal-liﬁes-'by' time division driving - -
through the three analog switches SW1, SW2 and SW3. The three analog switches

SWI1,5W2 andjSWB are sequentially ON/OFF-driven by selector pﬁlses SELB,SELG




In the liquid crystal display device of the above-described structure,
various timng pulses for controlling the driving circuits includingthe
first and second vertical driving circuits 12,13 and the sglep&g CIrCUIt
14 are inputted with a | ow voltage anplitude (for exanple,

for exanple, TTL level, froma control IC (not shown) provided: out5|de
the liquid crystal display panel 13§. These.various. timng pulses with a
Iom/voltage anplitude are | evel -converted by the | evel converter circuit:
15 tgul IP@ pul ses with a high voltage anplitude (for exanple, 0 to 7 V)

necessary driving the |i qU| d crystal This i nvent lon is characterized
by the sp lelﬁ st ruct u[ o Q \ég verter rcuit 15: LLeveI
Converter cUAmd gystg a‘sﬁ’ 35 dgViGe Ilh‘af’ %Y%F}?% nrueteiSe ¥HPES exenpl ary’

structure of the level converter circuit 15. To this |level converter
- ci r cbimingpuises foresominolleng thadrismagpciscyitd iseludingshe first andsecendnerticabl e pul se
xenb a timng control pulse reg, a selector control pulse c¢nt, a vertical

cl oc.&ripmdg,selrmks 12, PRahtlahe GO cRUhis A4Pire, inpudMed tigiRla I%WQBH Lzing
pul se a wite enable pul se we, a DC-DC control pulse ddc, it pul se

R gfggkiﬁpg@bte% VRARRS: SOMRREL 1Y) BFel fibrdohlify kegﬁ?t and.

" their nvers are nverter circ
o Scsbm 5@%&&‘«@%3@%%‘?%5& ol eaned 161 ’eﬁé‘sl,e&?atr%s%ﬁ‘fr'aiqg‘?’.lr d fevel
shift circuit 34, and. a fourth level shift circuit 35. The |evel Shl ft
. Cit rpuESt:sm a l@zv‘fdiia@mmﬂﬂuﬁe afoolenvsl-cemairteddywtbe ¢k cofiverte: circuit: SRR
above menti oned various timng pulses from5 July 2006 17
15 to timing pulses with a high voltage amplitude (for example, 0 to 7 V) necessary for
driving the liquid crystal. This invention is characterized by the specific structure of
Cwoothedevelconvertercireuit 155 -
~[Level-Gonverter Circuit 15} - -+~ + s e e
-Fig.4 is a block' diagram showing a speciﬁ.c exemplary structure of the level
- convertercircuit:15:. Tothis:level converter circuit:15; for-example;anenable-pulse ... .- -
:zenbjitsinversionenable pulse-xenb; a timing control pulse reg;a selector:control pulse:
cnt, avertical clock pulse vk, a pdrtial control pulse prt, a vertical synchronizing pulse
+ .vd-a-write-enable pulse we; a DC-DC control pulseddc,:a-bit.pulse bit;a-reset pulse.
r -18t, a-memory control:pulse fld and the like, and their inversion-pulses are inputted.. - . -
+ ~The-level converter circuit 15 aécording.to- this example includes afirst level -
- . shift circuit 31, a second level shift circuit 32, a timing controf circuit 33, a third level

-~ shift circuit 34, and a fourth level shift circuit 35. The level shift circuits 31, 32, 34

‘and 35 performs level conversion of the above-mentioned various timing pulses from




a low voltage anplitude of, for exanple, 0 to 3 V, which is the voltage
anplitude of an external: circuit power source, to a high voltage
anplitude (VDD level) of, for exanple, 0 to 7 V, which is %Uq &&ktage
anplitude of an internal circuit power source. The specific stffictures of
the respective circuit parts wll now be described. (First Level Shift
Circuit 31) The first level:shift ¢rrcuit 31 includes a |evel shifter 311
that is-in the operating state whenever the internal circuit power source
s 0o a r 2 \7e shi R e _pul se enb
and. PIQV RIS HmPE B, 9F FRERDR, Fos YABlerGRin yBltadainf RO o] o
enabl e | se, ENB and its inversiaon,, enable pulse X of a _high_voltage
anpl ¥ saierik 8"8‘#@%&% SPUEeEKB; tEh Yaags goplitude 5}@9 i-l‘év%{gl o, foi | evel

during a horizontal: blanking period of an image signal, as is clear from

- t'he - examply, OhariV owhichiig 18, valtage amypitedpof seinidiBal sirsuippbwedstwrcthe - tinmi ng -

control circuit 33 and the first wvertical driving circuit 12. The .

- I nveThi gpecifiatiticiits 6f MHeNBspective RitdufPat8 willen e bRNRscHiB¥®! - shift circuit

- 32 (Second Level Shift GCircuit 32) The second level shift circuit 32
—i.ncl gges 1 %ol shi frerv321 having a known .circuit structure based on a
| o BT ST ety |

latc e internal circuit power is supplied to :the |evel

hifter 32 |y dyrj the ri od. when the . i rsion enable pulse XENB is
. Suppl Tet P Araevelishidfoirat b e ‘fqeséﬁ?‘éqi?‘E‘f@igﬁHWt'I‘%U’éhe@@FWg@gof“-t he

enabl e pul se ENB), the level shifter 321 is in the operating state only

- duri vigterwibiengseritheoingsrdakairdud prsvéreveice is hinf Thofesehehifienidid peofurnsl. - pul- se ..«

reg and its inversion control pulse xreg of a low 5 July 2006
level shift of the enable pulse enb and its inversion enable pulse xenb of a low voltage

amplitude to an enable pulse ENB and its inversion. enable pulse XENB of a high
-+ ~voltage-amplitude.: The enable pulse ENB is—-a.timinggp.uls.ei_that; isatalow:leveliduring::: + =+ w500
- ~-a horizontal-blanking period of an image signal, as:is :clear:fmm'ethf;.t:iming'cﬁarté'-ofs
- Fig.5. The enable pulse ENB is supplied to the timing control circuit 33°and the first -
wo-vegtical driving cireuitd2: The inversion enable pulse:XENB:is supplicd:to:the second: . .+t 00
<oz v levekshift-oircwit: 325 <
(Second Level Shift Circuit 32)
> w2 'Thessecond:levelishift circuit 32 includes a level _-shiﬁer.:.32‘1-..-having‘.a-:lmcwn _
circuit structure based-on a latch circuit. - As the internal circuit power is supplied'to -
* :the level shifter 321 only during the period when the inversion enable pulse XENBis - =
- supplied from the first Ievel shift circuit 31 (low—levelpefiod of the enable pulse ENB), . .
- the level shifter 321 is in the operating state.only during that period and performs level -

- shift of the timing control 'pulse reg and its inversion control pulse xreg of a low




18 voltage anplitude to a timng control pulse REG of a high voltage
anplitude. This timng control pulse REGis supplied to the timng control
circuit 33 and the level shift circuit 34. (Timng Control %‘J{‘ng@ 33) The
timng control circuit 33 includes two timng generators 33 an 32; each
of which :has. two inputs of the enable pulse ENB and the timng: control
pulse REG As is clear fromthe timgng chart of Fig.5, the tim ng generator
331 generates a. control pulse LT1 that is at a high level during a period

f r omyvioltagé ahdplitide figa qhih@%&ﬂ@?@@ﬁ%ﬁ{ﬁg oﬁ“ﬁilg%%(irlthgg;d}ﬁgn{ddgi At the

timng control pulse REG "and th genera generat es a control

pul sg: L.T2 ' i . l..duri.ng a peri.od.fypomihe fall tjmng of
Fhe Fintihe olitol bt RET; B BBotift B o inliPg SRl i T d BRdp sl ce Ene:
~These, control pulses LT1 and LT2 are supplied to the third |l evel shift
cthﬁFF“ﬁgM“(Thfrd:LEVel :Shift Circuit 34) The third level shift circuit
34 includes for exanple, six level shifters 341 to 346. However, the
-~nunbéFineing GemtrolsBiréwieB3) s not linited to six and an:arbitrary nunber can
be set when necessary. As the level shifters 341 to 346 for exanple,

~sanmpli ng The.tlnlllﬂg%ﬁnltré{ﬁﬁrdu‘ﬁvﬁ inefiides %ﬁﬁﬁ?i}%g@lﬁeraﬂ]‘?é&%?%@g 9!3% ggch L

circuit,structure of the sanpling latc eve

- Seschit b il gt 54 SHSSENTEH O, Bl S0t SRR 10
" latch-type level shifter according to this exanple includes a first latch
e lrcﬁﬁtlgl %‘&P'E ﬁﬂﬁf‘tzﬂﬁ dming b of Fig-2he tindog geprantor 431 gggerates a contrel - 5t
pulse LT1 that is at a high level during a period from the fall timing of the enable pulse
" ENB to tlie rise timing of the timing control pulse REG, and the timing generator 332
i ;—;:fsf:-f.i::ger’n:e-‘r;atesz acontrol:pulse:LT2 that is:at a highlevel duringa'periodsfromithe-falltiming:: = .- irisiows
o sv0f the'timing control-pulse REG to the risé timing of the:enable pulse ENB.: These: - - & ¢ s
“control pulses LT1 and LT2 are supplied to the third level shift circuit 34.
e Phirddievel Shift Gireuit 34) oo s e B
s ienilhe-third level shift circuit ,34,-"~include-s,‘ for-example; six:level shifters 341:to- -+ =t
346. However, the number of le\}el shifter is not limited to six and an arbitrary number
-« can be’set-when necessary. As the.level shifters 341 to: 346, for-example, sampling ... . x5
- datch-type level shifter are used. The specific circuit-structure of the sampling latch-. - .
- type level shifter will now be described.
Fig:6 is a circuit dizigram showing a specific exemplary circuit structure of the -
. sdmpling latch-type level shiftér. 'fhe sampling latch-type level shifter according to

this example includes a first latch circuit part 41 and a second latch circuit part 42, as




5 July 2006 19 shown in Fig.6. The first latch circuit part 41 has a CMOS

| atchcell 413 in which a CMOS inverter 411 including an NMOS transi stor
M1l and a PMOS transistor @ll with their respective gate%d@p? rains
connected commonly, and a CMOS inverter 412 including an N ransi stor
M12 and a PMOS transistor. Ql2 with their respective gates and drains
connected comonly, are connected & parallel. 1In this CMOS latch cel

413, the sources of the NMOS transistors nll and nl2 are connected to a
negagh¥@,qﬁwﬁg VSS The sources of the PMOS transistors @l1 |land Q12 are
connéec g positive power VDD via a PMOS transistor (Ql13. The conmon

connectiop,.point of the gates of the N trans 11 and_ the PMOS
“transi stor {ept |1%tchd3r‘ﬁ?€g ﬂlﬁ%r@@hﬂﬁ é‘@i‘lr‘f@@ll high atCMOS he ‘drai ns-
of the NMOS transistor nl2 and the PMOS transi stor Q012 and i's supplied

wi t himrerterddtl ipdludeng an WMOSHrawsizFot Omidiantlar PRIAS trahbistad@pbhwatinnecti on -
point of the gates of the NMOS transistor 112 and the PMOS transistor

QL2heir @@meﬁv@&%tﬁ£mlﬁm@cﬁwa&ﬁMQﬂ y PRI R @M@@qnv&%@fl  of .the
NMOS transi st or 11 and the PMOS transi stor 11 and is-supplie with

oo ia RS NS PG ST g Bmﬁ?ﬁ%%i*ptﬁgwgh%%&%g i r?”i# “the
PMOS transistor (13 and the NMOS transistors nl3 and Qnl4. A Iatch puI se
of ~aB¥HPEERIng cunFded S@mal%ﬂ,earefpnngcw%pm&ebnd out putted -

wxininthis:EGMOS latch cell- 413, the sources:of the NMOS: traisistors:@nll.and - - oo

Qn12 are connected to a negative power VSS. The sources of the PMOS transistors
- Qp11 and Qp12 are connected to  positive power VDD viaa PMOS transistor Op13.
it i;;;f;{.égﬁhg:g‘qemmﬂmé:ﬁ(}ﬂnecﬁaﬂ :point-of:.the:gates:of the: NMOS:transistor Qnil: &ﬂﬂiiiﬂlﬁi?‘..-- Eo S
o PMOS: dransistor-Qpll-is connected:with the-commén:connectionspoint: of theé: drains .+ i .0
of the NMOS transistor Qn12 and the PMOS transistor Qp12 aﬁd is supplied-with an -
.o dnput-pulsecifi-via an NMOS transistor Qnil3. - coooan e oy
-etpzs7sn Fhercommon ‘connéction point:of the gates-of the:NMOS transistorQnl2:and =720 e wnin
the PMOS transistor Qp12 is connected with the common connection point of the
. s drains of the NMOS transistor Qnl11 and the PMQS‘....tﬁnsis-tor:Qplli and is supplieds: .~ i1t s "
;--with the inversion input pulse.xin of the input pulse'in’.v-ia*an} NMOS: transistor Qnl4... . . |
N The above-described control pulse LT1 is applied to the gates of the PMOS transistor -
Qp13 and the NMOS transistors Qn13 and Qn14.
A latch pulse of a VDD level acquired at a node (1) is inverted and outputted -

by a CMOS inverter 414 including an NMOS transistor Qu15 and a PMOS transistor




by a CMOS inverter 414 including an NMOS transistor Qnl5 and a PMOS
transistor 5 July 2006 20 @14 with their respective gates and drains
connected conmonly. A latch pulse of a VDD |evel acquired %E@&ge (2) is
i nverted and outputted by an NMOS inverter 415 including an‘N

transi stor 116 and a PMOS transistor @15 with their respective gates and
drains connected comonly. On the gf her hand, the second latch circuit part
42 has a:CMOS latch cell 423 as its basic structure, in which a CMOS

| ey \f}i%l]rtﬂerfﬂeﬂﬂé&ﬂre (VTR NS SO AL A0 A BERoIa0g St o QP16

eir respect es and con

| inve 42 I ncl udi ng g/DS trangl stor 18 and a _PMOS tranS| stor QQl7
wi't h ViNgilevel asqiged ‘6‘ '@f?&‘e& avarissd aad euipgtisd by andMigniigvete 418onnect ed -

in parallel between the positive power VDD and the negative power VSS In

-t hi sincleBag an MEE transB8or Qb6 amhaBM@S fmesistion Qpidi with tieit lespgaives of - :
t he. - NMOS transistor Qnl7 and the PMOS transistor l6 is connected with

_i..the %g@ggﬂddggﬂgegﬁﬁ%(p@élﬂh&ﬂ the drains.of the NMOS transistor Qn. 18and
t he transi stor 17 and is supplied with the inversion pulse of the

"--f*-2821%%22;;%f&?sgﬁﬁ'}’@@g{d»ﬁtﬁv‘é@?&e&i*a@a gz pond 2 AReRMOS RERE 80 22015 aISE -

the PMOS transistor Qpl7 cted with the common connection point of
e %F%Pﬁ%‘céﬁuFﬂ'ée’Nm‘Fl‘éréWESgﬁ“‘@m 42 dnehding/me NMOS tansistatp: 16~ and -
Is supplied wth the. inversion pulse of the node (1) of the CMOS | atch

wcel-l QalZ anda: BMOBBBnsistor Qpl6 with their respective gates and drains ‘connected  « v F 5

commonly, and a CMOS inverter 422 including an NMOS transistor Qnl18 and a

PMOS transistor Qp17 with their respective gates and drains connected commonly are

4wcconnected in paraliel-between the positive:power-VBD:and:the megative power: V88 v ity st
i~ I this CMOS latch cell 423, the:common cennection point of the:gates:of the: . urni v
NMOS transistor On17 and the PMOS transistor Qp’16 is connected with the common

4 :connection point-of the-drains of the N-MO_S-‘-trans-istor:.'Qnsl S:and-the PMOS transistor.” ...+ 5w 00
= Qpl7 and is supplied with the inversion pulse-of the-‘node.(2) of the: CMOS Hatch-eell: - is5 5sinr o5

413 via an NMOS transistor Qnl9.

wwriwfs o The commen cennection point-of the:gates of the NMOS transistor. Qni8and -+ ¢ ow.s i

- -{he PMOS transistor Qp17 is connected with:the common connection point of the -

~ drains of the NMOS transistor Qnl7 and the PMOS transistor Qpl6 and is supplied -

with the. inversion pulse of the node (1) of the CMOS ‘lat.-ch cell 413 via an NMOS-
-transistor Qn20. The above-described control pulse LT2 is applied to the gates of the - -

NMOS transistor Qn19 and the NMOS transistor Qn20.




o when

transi stor Qn20. The above-described control pulse LT2 is applied to the
gates of the NMOS transistor Qnl9 and the NMOS transistor n20. 5 July
2006 21 A latch pulse at anode (3) is inverted to becone a%Ll’"éS&g{“ on
out put pul se xout by a CMOS inverter 424 including an NMOS transrst or 21
and a PMOS transistor Q18 with their respective gates and drains
connected -comonly.. A latch pulse;at a node (4) is inverted to beconme an
‘out put pul se out by a CMOS inverter 425 including an NMOS transi stor n22

and a PI\/D§3_ | , 9. M.t h thei,r respective gates and . drains
connect ed C%J%%ﬁ#lé%%%%%q@ﬁ"ﬁ P‘V:egtﬁglt%[’? 1 3 1S, Igﬁﬂﬂﬁ%“gé’”lsled{t%-type

1 evel Sh.ﬁ\%ér .of the 22b,ove .described structure will now be described with
r ef et Sripgerisrd2dgnelyding oy NM@Sdransisterfndband 6 PNMOSteansistoof  a hi gh
| evel is outputted fromthe timng generator 331 of the timng control

ci r cidplBwithuheingespeetine ghtek audidrpias iconnddiat tamnicaily blamkiinguls@ar i od) - of
the enabl e pul se ENB, the PMOS transi stor Qnl3 of t)ffle first latch

cir Cmbﬁg&isﬂﬁﬂéﬂﬂto: echileBiodpihi hﬁﬂge B&%fﬁt@wgﬁ?gﬁv&?& mmk[ﬁn%% r VoD

to the latch cell 413 its shut down. poi nt, as ’
transi , 14 ot.urne n, by. l.ication of the high-I|evel

Cont PRSI (135 @P Dpa3 dila s MO Ror R iR e Fhp v apte s dhe s

Iat,cl& cell 413. (y\hen th? control pulse LTI shifts to. a low level, that is,

SfHas CORRTIrC pEONY-T1 vani‘'shes, ‘the PMOS transi-stor Qi3 is turned

on. As the supply of the positive power VDD to the: CMOS latch cell 413 is

“start ed; - dihd- dfcuitheperatien-tof ithe- sahgpigBitch-type level shifter of the -above: . - &

described structure will now be described with reference to the timing chart of Fig.5,

As the control pulse LT1 of a high level is outputted from the timing generator

33 of the timing:control: circuit 33:during the:high-lével period:(horizontal:blanking . »: 11+t i

= period) of the enable pulse ENB, the PMOS transistor Q13 ofithe: first-latch Gircwit 4 o0 o = 1oz

part 41 isturned off and the supply.ofthe positive power VDD to the CMOS latch cell -~ -

nor vl 3 s shut do‘Wn-::ﬁ:'-At:;‘:thiS=point; as the: NMOS transistors Qnl3.and Onldrareturned: 1o~ norie . i

wo - renionby- application:ef-the-high-level control-pulse 1.T1, theanput:-pulsesinrand-xin-are’ i e

inputted to the CMOS latch coll 413,
-+~ When the.controlpulse LT1 shifts to a lowlevel, that is, when the control. pulse .= 4 .o .
- LT1 vanishes; the PMOS transistor Qp13 is turned-on. As the supply of:the positive: - -~ = ..
power VDD to the-CMOS latch cell 413 is started, and at the same time; the NMOS -+« -
transistors On13 and Qn14 are turned off, the input pulses in and xin are latched by -
the CMOS latch circuit 413.

Subsequently, when the control pulse LT2 of a high level is outputted from the




transistors 13 and nl1l4 are turned off, the input pulses in and xin are
| atched by the CMOS |atch circuit 413. Subsequently, when the control

- pulse LT2 of a high level is outputted fromthe 5 July 2006 %J%! 266m ng
generator 332 of the timng control circuit 33, the NMOS transrétors 19
and 20 of the second latch circuit part 42 are turned on. Therefore,.
the. latched data in the CMOS latgh cell 413 is supplied to the second
latch circuit part 42 via the NMOS transistors Qnl9 and Qn20 and | at ched

by t I | 4., 423.. Thi s | at.che Ayl ut tte out put
pur s dnihBencBhGEs PP itin b B oPLEAR LR NND SR T it P
sarrpldnﬁ}-liiatch-typ | evel shifter,as the level shifters 341 to 346, the
| evell ‘F"@I"*Sgﬁflmﬁlémhdﬂﬁ%"‘l Raref2 aps turned oppdherfers, the lasehadodatpin se cut
and its inversion control pulse xcnt of a |l ow voltage anplitude to a

- sel ethofMOStIatwh elll4d8 iChippliedatotthgkecidtlagd crplt partlé2 vihihe $B@St or
control pulse OCNT is supplied to the selector circuit 14 (see Fig 1) and

‘ ..used_:trlfaea@isﬁﬁ@qm z&ﬂ%ﬂﬁ‘anﬁfﬁtchfeﬁ% ﬁé@?\f[@rsllﬁﬂch%i-ltﬁtzj.’,.AfT is %Eﬁ]édedﬁ%._-sm-f ter

342 perfornms Tevel shift of the vertical clock pulse vc its inversion

ol B4 B BBy VORI i o el el ok pul se VX
- vertical c¢clock . pulses VCK and XVCK of the opposite phases are supplied to
~the first laHe biddewel shidt cireust 34rusing iz samphing latoh-4ype leyehphifteraed as @
reference clocks for vertical scanning a The |level shifter 343 perforns
- {"évetheskvel shufietsil Iplar JdGathclentl shiftpr B4 e ppiformsdeviet shift of the selector- -~ - -
control puise cat and its inversion control pulse ant of a low voltage amplitude to a
selector control pulse CNT of a high voltage amplitude. This selector control pulse
- CNTissuppliedto the:seleetor: circuit 14 (see-Fig:1) andused-for:control:tomtumoff v | w5 b
- sthe selector-eircuit 143 oo
The level shifter 342 performs level shift of the vertical clock pulse vckand its -
--"'»'-':::-.:-c't::invers-ion.\elock;:pul-ses,:xuelc;of:a;low:-voltageazampl-itudefto;a vertical:clockspulse: MEK:: -« = oo vy
‘i andrits-inversion-clock:pulse XVCK of a-high voltage amplitude - These vertiealclocks . + . w v
pulses VCK and XVCK of the opposite phases are supplied to the first and second
‘oo .o vertical driving circuits:12 and 13 and used as reference clocks for vertical:scanming..... - -«
- Thelevelshifter 343 performs level shift of the partial control pulse pit andits -
- inversion control pulse xprt.of a low voltage amplitude to a partial control pulse PRT
-« of ahigh voltage amplitude. This partial control pulse PRT is supplied to:the first and

second vertical driving circuits 12 and 13 and used for designating a region by line

~ (row) in a partial display mode. The partial display mode is a partial screen display




I nversion control pulse xprt of a |low voltage anplitude to a partia

control pulse PRT of a high voltage anplitude. This partial control pulse
PRT is supplied to. the first and.. second vertical driving gilgts 12
and 13 and used for designating a region by line (row) in a pgrtlal

di spl ay node. The partial display node is a partial screen display 5 July
2006 23 node for presenting normab3di splay of a part of a screen and white
or black display of the remaining part of the screen. The |evel shifter

O ) . e AR
Rﬁéd@fdﬁyrés%ﬁﬁh% PBkhkI H’ifsgfag}%f‘ée;%}r! gﬁ* sCHYOF (Pwhﬁbnfbglbﬁﬂaﬁgsqlgy S?Cer 't i '(S:al

I nver si on synchronfzing pulse”xvd ow voltage a

sync | 7] 4 ) of a high voltage anplitude. This vertical
synCE@%%@%‘ﬂ%‘%%@gfé%ﬁcgeee{l'pul se that is at a high level for:one H period
~ during IF_period, as shown in the. tim ng chart of Fig.7. The verti cal
“=‘'synchr oni AigdeyrlshidtoypAdd peefopps lestel shiftrafdhe veticabsynchsewioing pudse véal
driving circuits 12 and 13 and used as a vertical start pulse VST for
-0 nst modtitnvstsion sypchabnizivgy. phist txvidegl 3 iewsvalpstdmpliiuag tbhesertfal cui ts.
The | evel shifter 345 perforns |evel shift of the wite enable pul se we.

B e L e R R e e
LB N AT RS e Aol bk, SRR RI L TS
s Shl f : %—i%i ngfzgag%%%ﬁgrgsrflhg ngrlticsé;]is;r}chcr):)nitzihn% p?z%e?%l)cig r;tu lr:)gll-iec? ;Joltshzfigfaliin d

second vertical driving circuits 12 and 13 and used as a vertical start pulse VST for
instructing start-up of the shift registers constituting these circuits.
watee s Fhedevel shifter:345 performs level shift of the writewenable pulse: we.anduits: =i L.
- inversion enable pulse xwe of a low voltage amplitude to a-write enable:pulse WE of - -
a high voltage amplitude. This write. enable pulse WE is supplied to the second
=i+« ventical.deivingeireuit- 13 and used-for.write control-of asignal to:eachs pixel-circuit-of = - -+ - -
o dhepixelunitd ot o e et e
The level shifter 346 performs level shift of the DC-DC control pulse ddc and
- its inversion control:pulse xddc of a low voltage amplitude-to.a DC-DC control pulse -
+ DDC of -a-high voltage amplitude.. This DC-DC.control pulse DDE"is used:for :
- controlling'a DC-DC converter (not shown).. This DC-DC converter is provided
together with the level converter circuit 15 on the same '-bbard where the pixel unit 11. -

is provided. The DC-DC converter is adapted for generating a DC voltage such as

negative power VSS, for example, on the basis of the internal circuit power VDD.




its inversion control pulse xddc of a | ow voltage anplitude to a DC-DC
control pulse DDC of a .high voltage anplitude. This DC DC.control pul se
DDC is used for controlling a DC-DC converter (not shown). STRI %J%g-DC
converter is provided together with the |evel converter ci reurt on the
sanme board where the pixel unit 11 1is provided. The DC-DC converter is
adapted for generating a DC vol taggq such as negative power VSS, for
exanple, on the basis of the internal circuit power VDD. 5 July 2006 24

T8 tha! (O iy pAve 1eobh (iR OB ICT N iRl 4 ShACK I, "

is, the selector ntro he vertica dl' se .. the

tial trol , th tical | Zi I VD, th It
enanPBegir SonGe! Bils® T heovertcslielpsk sl YClpdhs rardlioiop e that

need _to be level -shifted once in one H period. (Fourth Level Shift Circuit

- 35) FPRA flnirartcalsyachemizing pilse WD, 38 writel andble, pullssr Wik amb the; DERDER | evel ..

shifters 351; 352 and 353. However, the nunmber of |evel shifters is not

<1 boutrSlpulSVIOPCANY (Mg Ul URI DU L URYsHiRed Shoafhimeepensar y. As
S

each of the three |evel ifters 351, 352 and 353, a level shifter of a

*knp\é\fF‘g‘Lr,{thE&el§ﬂH%i%‘ﬁt ??)ZEd on.a latch circuit is used simlarly to the

second vel shift circuit 32. ‘These level ‘shifters

| ev ter

oL 352 R RS S RS A b o o

hi gh [evel. The level shifter 351 perforns |evel shift of the bit pulse bit

Corand 323 anddS3s i Uewevepithe susiier- of flevelt hiftess| is agetianitdd tautheed endvali t- pul se-

Bl T-of a. high voltage anplitude.,
arbitrary number may be set when necessary. As each of the three level shifters 351,

352 and 353, a level shifter of a known circuit structure baséd on'a latch circuit is

i usedystmilatl v to ;:tha:--;lﬁml:shi-ftep: 321 constituting:the isecond«evel-shift-circuit:32.. o oo

w1’ These levelshifters 351,352 and. 353 are inthe operating state to:pérforinialevel shift .

operation when the above-described vertical synchronizing pulsé VD is at a high level.
oo« Fherlevel shifter 351 performs level shift. of the bit-pulse:bit andvits:inversion . . «
- z'pulse'::xbit:-of'a low voltage axﬁplitude to a bit-pulse BIT-of a-high- veltage amplitude. - -
- This bit pulse BIT is used for coﬁtroliing the memory circuit 25 of the pixel circuit
. (see-Fig.2): - The Jewel:shifter 352 performs level shift-of the:reset-pulse:st and its:
-~ inversion p_u:lse-k_rst of a low voltage amplitude to a resct pulse RST:of a high-voltage -
= -lamplit'ude..' This reset-pulse RST is used for resetting-the entire driving circuit.. The.
- - level shifter 353 perfonﬁs level shift 6f the memoryfcontrol.-pulse fld and_its inversion
- -pulse xfld of a low voltage amplitude to a memory control pulse FLD of a high voltage

. amplitude. This memory control pulse F LD is used for controlling the memory circuit




This bit pulse BIT is used for controlling the menory circuit 25 of the

pi xel circuit (see Fig.2) The |level shifter 352 perforns |evel shift O
the reset pulse rst and its inversion pul se-xrst of a Iom/%g%hgg%
anplitude to.a reset pulse RST of a high voltage anplitude. IS reset
pul se RST is used for resetting the entire driving circuit. The |evel
shifter 353 perforns |evel shift ohsthe nenory control pulse fld and. its

i nversion pulse xfld of a |low voltage anplitude to a nmenory control pul se
FLD ok a high voltage anplitude. This nenory control pulse FLD is used for
controlling the menory circuit 5 July 2006 25 25. The tim ng pul ses

| evel -shifted. by the fqurth lLev shift ciycujt 35, that is, the: bit

pul se B T%hFﬂHnMﬁseﬁaF%@“*&cth t&%g‘“}ff@’r#ﬁ’?i HHH b3 .dharispther e timi ng

pul ses that, need to be |level-shifted once in IF period. The tim ng pul ses
- | evebitgnilse BT otheerciset pisp &S Todnd ghe meemniyr choriterepulstiFltD carectiming 34 ar e

not limted to the selector control pulse CNT, the vertical block pul se

- VCK; piilses thadmted ko bO fviePshgtedssh R, 1H f&io®r:ti cal synchroni zi ng pul se VD,
the wite enable pulse WE and the DC control pulse DDC. Simlarly, the

L1709, POLRERSREFSBILEA R Roc | REGUEH R L
o AR ordhiiBlo/BE s conet e O mcrtibaldodhpue JKEHr 1 or & |
~ the level converter circuit 15 of the above-described structure as so
SoicaltHEdtinl egrdrdtpudse PRT, the vertical synchronizing pulse VB, the write:eénable pulse: <
WE and the DC-DC control pulse DDC. Similarly, the timing pulses level-shifted once
in 1F period by the fourth level shift circuit 35 are not limited to the bit pulse BIT, the
s resetpulse RS Tand:theinemory control- pulseFlBssdvremensb g e ceennt e i D
ween yEffects of Level-Gonverter Circuit 15) - ¢ o wbieuie sod 00 o e v
- As is clear from the above description, the control of the level shifters in the
v Jevel-converter: cireuit:-15-of the above-described:structure:is:so-called:-hietarchical - - oo e
<tz recontrol ivwhich the individual level shifters are-controlled to:be inthe operating state: - 1. = wz
only during the period when the operating is necessary, as follows:
s i () using the output pulse of:the level shifter:311,:which.is .constantly in the -~ » 2. o4 s
v oncopowet-ONvstate, the. level :shifter 321 on the next-hierarchical-level is set in.the .- .- -
- & o -operating state;
-(2) using the output pﬁlses of the level shifter 311 aﬁd the level shifter 321, the .

- control pulses LT1 and LT2 are generated,;

(3) using these control pulses LTT and LT2, the level shifters 341 to 346 on the




control in which the individual |evel shifters are controlled to. be in the
operating state only during the period when the operating i s necessary, as
follows: (1) using the. -output pulse of the |evel shifter 3L ﬂ%ﬁ ch. its
constantly in the power ON state, the level shifter 321 on thg next

hi erarchical level is set in the operating state; (2) using the. output.
pul ses of the level shifter 311 andgthe | evel shifter 321, the control

pul ses LTl and LT2 are generated; . (3) using these control pulses LT1 and

T2, nefehieghicaMIEEsS i iR ABugy Y ydul y 2006 26 mext hi erar chi cal

| evel are set 1n the operating stat usi ng one of the output

f | evel shif . the level . . shi d
Bss”on ¢ néPhTinEie, e Gltput Biisr o Becter S shifiEs aghiaiideg e 81 s this

hi erarchi cal._control structure is enployed, the follow ng effects can be

" pr ovildters Aol s352 and Frkon ke nexthierschicalrlegaliare sepinohic depdratinty sthtei s.

constantly in the -power-ON state, and the enable pul se ENB after the

~zlevel - shi #s this HiedascHieal @ongrol Strestudlis ensploged] the folk@bidgd e fdiextarl Byvel.

shifter 3214n the operating state onl uring the lowlevel period (a=cti\'/é |

y
- per i pbvila HigsenahleuRulee) Bffer 319 i Hfofldea! wh‘icﬂ%%ﬁé&%‘iétrlﬁ'(-g&ttg?t'-at ¢h

circuit part in e |l eve ter durrng t er the =

LS bl S L ol PR PR AT LT

enabl e pul se ENB. Therefore, the .. power consunption in the |evel

s oniAsiesefl tesetdbe nextdevelshifterr3duiodhie operating state-only during the low-level- i e

period (active period) of the enable pulse ENB, and the electric potential in the latch

circuit part in the level shifter 321 is held during the period after the level shift by the

wesoneslevel shifter 3215 the consumption:of:DE: current-in: the: level shifter-321 can:bes . oo nr

"+ reduced:-except. for the low-level period:of the enable.pulse ENB: Therefore, the .+ .o
 power consumption in the level converter circuit 15 can be reduced. -
st s o Moreover, since the control pulses LT 1and LT2 thatbecome:active at-different .. vo oo v, s
w2 Aiming-during the active period of the-enable puls‘c;-.ENBr--ar-.efr generated by the fiming v iy e
~ generators 331 and 332 of the timing control circuit 33 on the basis of the output
-i-::pulses of the level shifter 311 and the level shifter 321, that is, the enable pulse ENB:: 0", 72
<+ -and the timing control pulse REG, and these control:pulses: 1.T1 and LT2 are used fo -
«control the level shifters 341 to 346 constituted by sampling latch-type level shifters,
-+ . the consumption of DC current in the level shifters 341 tb 346:can-be reduced.
Specifically, in the sampling latch-type level shifter shown in Fig.6, in

- - accordance with the control using the control pulses L'T1 and LT2, the power VDD is




R ANE -

"Moreover, since the control pulses LTFand LT2 that. becone active at
different timng during the active period of the enable pul se ENB are

“ generated by the timng r generators 331 and 332 of the ti rp n@ gc%ntrol
circuit 33 on the basis of the output pulses of the |evel SHIYEEP 311 and
the level shifter 321, that is, the enable pulse ENB and. the timng
control pulse REG and these contrgy pulses LTl and LT2 are used to
control the level shifters 341 to 346 constituted by sanpling |atch-type

| eve i : ' rrent. in.t Jevel shifters 341 to
346 1':1 gﬁgub‘;e‘; 1%@3 ctg‘ct‘j @é?g"é‘?‘?‘?ﬁ%%‘f‘?@ Fl‘r‘\‘%% g%séﬁb‘{eu l?weg“?‘g@}!gﬁ%{%eé Heé'\‘)&‘? shifter.
shown b{] %ﬂ q ilnolv@ic rdance with the control using the control pul ses
tT1 Shis qomtiqlpulsg the imputpujsesdn@nd xin age takgpini ayl herafpes OVOS:

| atch cell 413 duri n% the active period (high-level period) of the control
* pul-s tra qonsymptionf Dapurreptists CMQS thteh celhd €3 cak di reduceand dlinesef or e t he
consunption of DC current in the CMOS |atch cell :413 can be reduced to

~al nostro. &nee thBicoBsurhPeos ONDURUrkdH iPfede FHH ERMof the [RAVGR e} Hach. of
- the I ével- shifters 34?&1?0 346; the. reduction inocon%unp%l?gﬁefospﬁc current

o LNt RE3SE % Shi-f b S heed. nd .t he power. consunption in the
ent | re3%§g+'%é§ﬁyéﬁtlér58%@rlﬁ fcgfq#sbg%r@é@ﬂ SﬁisﬁiEﬁ[ﬁ'ﬁvﬁp&%ﬁg@@‘lm'"e'o've-r",- e
.vvi_t_h.r(? pect to the thm w pul ses that need to be level-shifted only once
I ForPaspnaumphen grhespligelesehconyreer dsaut baicar bregnifieantiye erory - -
~control pulse FLD, the vertical synchronizing pulse VD, which is at a high
4. eveledgfeq: s:for:1H period duri-ng 1F period;-i:'s-used to .set the |evel.
shifters 351, 352 and 353 in the
: Moreover, with respect to the timing pulses that need to be level-shifted only
‘once in 1F, for example, the bit pulse BIT, the reset pulse RST and the memory
wi-control pulse FLD; the:vertical synchronizing pulse:VD;whichis dtza:high-levelonlys o oo s
vw1wfor 1Hpetiod during 1F period, is usedto: set the-level shifters 351;352:and 853 dnthe: ..« - o+ o
operating state to perform level shift, thus enabling setting of the rise timing and fall -
i timingOf thﬂseplﬂsesatarbitraryPOSltionS=(tlmeS)in)1HP€ri0d. RIS ST R REEY I SRS Y A R CERR TR IS FU BN LW
w7 The level converter-circuit-according to: the present:inventiom:has the: pewer == 0 -0 o
consumption reducing effect not only in the driving circuit-integrated display device.
-4 Therefore, the level converter-circuit-according to the present invention:dsnotdimited: - . oo -
.« to the application. to- the level -converter circuit provided.in the:driving circuit- v . -
- -integrated display device but can be-generally applied to a level converter circuit - -
* having plural level shifters for performing level shift of various timing pulses ofa first

-voltage amplitude to timing pulses of a second voltage amplitude that is different from

the first voltage amplitude.




operating state to performlevel shift,-thus enabling setting of the rise
timng and fall timng:of these pulses at arbitrary positions, (times) in
1H period. The |evel converter circuit according to the pregﬁmbzb&yentlon
has the .power consunption reducing effect not only in the driving _
circuit-integrated display device. Therefore, the level converter circuit
according to the present invention2gs not a limted to. the application.
to the level converter circuit provided in the driving circuit- integrated

di spl<@tcord Eagbdtiincadn be generally applied to a level. converter circuit
having plural |evel shifters for performng |level shift of various timng

Bt ude TRl Flogk PGP S A hPmind b BB ScBireRagT LIy 2006

8 is.a block diagram schematically show ng the

28 d Enmbodi nent> Fig. _ ] > _ |
e over< gﬁ%ﬁ‘?ﬁ%ﬂ?ﬂéﬁf’&fseﬁﬂr&? smbadiment ok theapresenti inyenidon, foecantpderrodi ment of -

the present invention, for exanple, a liquid crystal display device. In

- Fi g. $iquisd erpstal stigplay Wehvirt  Iio Fihh 85 elahertts Gqlivaest to flrReteTRRY1 e same .. ..

nunerals. As shown in Fig.8, :the liquid. crystal display device. according

| to. t,,ﬂé@tQHQ?QngQheméaBi xel unit 11 having pixel circuits including
ysfa

liquid cr cells. arrayed in a matrix, a vertical driving circuit 12

sel ecli | VirE i xel, ci [ f th i xel it 11 by row, a
Lor et eoheabi oL B B, SR Ao dhPEeChE b e

pi xel s of . the row sel ectively driven by the vertical driving circuit 12

i | embediment has a pixel-unit 11 ¥1av1ng pixel-circuits including liquid crystal-cells: - = . .. -

arrayed in a matrix, a vertical driving circuit 12 for selectively driving the pixel circuits
of the pixel unit 11 by row, a selector circuit 14 for selectively supplying an image

«signaltoithe pixels of theaow:selectively drivenby thewerticatdrivingciteuitdZmwhile s i i

¢+ being-drivercantrolled: in:accordance with-a- selector: driving-systemy; -and: a-level:r o o

converter circuit 15 for performing level conversion (level shift) of a selector pulse for- -

pvestrselectively driving the-selector circuit-14.

s st Therliquideorystal display: device according to this:embodiment has: axdriving -~ -+ e

circuit-integrated structure in whiéh the vertical driving circuit 12; the selector circuit o
-~ 14.and the-level converter circuit.15.are integrally formed on a-I-iquidferystal-.panel- R P
> ‘The liquid crystal panel 16 has a structure formed by superposing a TFT board having: -
switching elements of the respective pixel circuits such as thin filmtransistors (TFTs)
- formed thereon, and a counter-board having a color fiitcr and counter-electrodes . .- .
formed thereon, and filling the space between these transparent insulating boards (for

example, glass boards) with a liquid crystal material.




“eapaend anbiquizh orystah capgritinca(biquisk aeystid exel

being drive-controlled in accordance with a selector driving system and a
| evel converter circuit 15 for performng | evel conversion (level shift) of
a selector pulse for selectively. driving the sel ector circgb &@&J The -
liquid crystal display device according to this enbodi nent has’a dri ving
circuit-integrated structure in which the vertical driving circuit 12; the
selector circuit 14 and the |evel pgonverter circuit 15 are integrally
formed on a liquid crystal panel 16. The liquid crystal panel 16 has a
strUﬁpH&g(ﬁgﬁﬁqd by superposing a TFT board having sw tching el enments of

t he respective'pixel circuits such as thin filmtransistors (TFTs) forned

t hereon; and. a coun - board. havin col.or filter a co er-el ectrodes
tormea it ndh Pt FlinRghtime AL Er LB antinb Sl ind B o Bheul art ng

boards (for exanple, glass boards) with a liquid crystal material. 5 July
* - 2006029 Mrrskin onatiE With rspdeé topp pexel amangamennoke sows agd:-m eedunt®s, 1 to. 17-n
and msignal lines 18-1 to 18- n are. wired in a-matrix with respect to a
- pi:xehndrpigeleiienits afe Mrimwal angoiits df UiGsectivnd - Thy Qlixel el haadre arranged
at points of intersection. The pixel circuit has a switching el enent for

capat R QbR ol e AERETDRel i Balglt AT S IEuor2s, FRARRER P |
B SR A e AT T
transi stor. 23, for exanple, as shown in Fig.9. The liquid crystal
)g Ivbevingnis pixedl electrode i - e
connected to the drain of the thin film transistor 23, for examplé, as shown in Fig.9.
The liquid crystal capacitance 21 is a capacitance generated between the pixel
i electrade:-formed, by:the:thin:film-transistor:23- and-the: counterseléctrode formed to : vei i s 1
i enifacedthe pixelelectrode: The ‘-th'i-‘:.-l:film-:'tran'sistor-: 23:has'its source:comected:to the.
corresponding one of the signal lines 18-1 to 18-m and has its gate connected to the
- correspending one of the signal lines 17-1-to. 17-n. A-constant:electric-potential Csis..: - -
#xswapphieddosthe-other.end 6f‘ the holding capacitance 22:- A:«commonvoltage: VCONis: - -~ - < oo
applied to the counter-electrode of the liquid crystal capacitance 21.
i Lo While the.pixel is described using a basic circuit stiucture ‘as.an example;the .
- +pixel circuit is:not-limited to-this. ‘For example, fhe.liquid crystal-display device may. -
have a structure having a memory circuit for each pixel circuit so that it.can deal with
- mixed displ;iy including normal display based on analog iﬁlagc signals and staticimage -
- display based on digital image data held in the memory circuits, similarly to the liquid -

crystal display device according to the first embodiment.




el ectrode forned by the thin filmtransistor 23 and the counter=el ectrode
formed to face-the pixel-electrode. The thin filmtransistor 23 has its-

source connected to the. correspondi ng one of the signal Ii@q&y% sl to 18-m ..
and has its gate connected to the ~correspondi ng one of the signal |ines
174-1 to 17-n. A constant electric potential. Cs is. _ applied to the

ot her, end of the hol ding, capacitagpce 221A conmon voltage VCOM i s’
applied to the counter-electrode of the Iiquid crystal capacitance 21.

Wi | evVieh§c ) DG inb'Ss Fe%;]rl bed using a basic circuit structure as an exanple,
t he T:pixel cirf:lgitygls not limted to this. For exanple, the-liquid crystal

circuit for each

~display deyjce. . . .have a.structure Vi ng a, menor.
" pi xel “ci rj&etveé’gg%ih%wpg C&%‘Hiél‘“%fi?ﬁ»%ﬁﬁ%%‘aplﬁ’sapﬂ?slf‘ef AeESHndnchor mal

di spl ay. based on_anal og i nage signals and static imge display based on

© di gi Parforms yertiral scanaing bysuppdy imgrccgnaing pulsesseqséntidlBrioghe scarméng | i qui d -

crystal display device according to the first enbodinment. 5 July 2006 30

- [Vertinesll 78k to/l v oBythié piel T Mesid SefuesliibNy Qéleéﬂiﬁ%ﬂié-rejs e&t’i\?ésgﬁ%ﬁr for
- exanple, a shifter register,. and perforns vertical scahning

i all : y 0G0 1A - 17- -n. of the.
e T e A AR R & bR N o't s by

y suppl yi ng

r ow. i.ving.. circuit 12 is arranged on one

. N this,examl e, the vertical
o7 aeot B Oisd FRER. (ot Tt kEfioal Gtkiomiiruit iy e arraas oo both rmy

be-arranged on both sides of the pixel unit 11, simlarly to the liquid

- crysvides af thepayel vaehi 1o sinzidasby i thg liqoid drgstat displayetevict aventdinByo diep!-oyi ng. - -

the structure in which the vertical driving circuit is
first embodiment. By employing the structure in which the vertical driving circuit is

arranged on both sides, it is possible to prevent delay of the scanning pulse transmitted

e --.the:‘-frespee’tmeﬁpi.xel'%ci;f:cuiitsaby'-row.'.thr'ough%:the scanninglineS:dTadito I Tt v a0 pe

2 Selector Gircuitd4]:- - e

In the liquid crystal display device according to this embodiment, a selector

+ wv.drivingsystem:(time-divisiondriving system) is used:for-driving:the signallines 1:8-1..- . .-

-to-=z:a7u&+-mmf'f:th'ediqui‘-d:r-‘erysta'lradisplay panel 16. Therefore; in:thepixelunit 11;iphiral. -
adjacent signal lines of the signal lines 18-1 to 18-m are grouped as a set. For
- wexample;inthe case-of the-liquid crystal display panel-16:for color-display:in which
: -the pixel circuits are arrayed horizontally as repetitions.of B.(blue); G (green).and R
(red); each set.consists of adjacent three signal lines (BGR) of the signal lines 18-1 to
.-18-m. . That is, in.this case, three-time-division driving is performed. . -
- ‘Meanwhile,—the selector circuit 14 is supplied with color image signals of m/3

channels for the m signal lines 18-1 to 18-m from a driver IC 19 providedroutside the




arranged on both sides, it is possible to prevent delay of the scanning
pulse transmtted to the respective pixel circuits by row through the
scanning lines 17-1 to 17n [Selector Circuit 14] In the liq%59|95d§tal

di spl ay device according to this enbodi nent, a sel ector driU|Hg
system~(tinme-division driving system is used for driving the signal -1lines
1'8=1 to 18-mof the liquid crystgh-display panel 16. Therefore, in the
pixel unit 11, plural. adjacent signal lines of the signal lines 18-1 to

. 18-m ty. R .exanpl e in_t case af the liquid crystal
di s pllg{‘/’?‘%gﬁ&%@s@@ aigl 6. oFhay lﬁy&ﬁerdrmf ig '{heﬂlét%?%ép.“fe? seiieS $hay e

arra horizontal |ly as repetitions. of B (blue), G (green) and R (red),
eac h@g‘?’ Sé%'ﬁ’é$ B{Oéfl-%ffd*ﬁhshﬁdgme tigpaldingisgd gach icpgssp@angotet fiven sagnal 1 nes

18-1 to 18-m. That is, in this case, three-tinme-division driving is

- “per f shamaclVeBhokstleefortdiecusiel € ¢ime-divisionally Samipless tRpliiRdsepessispdior i.mage.

signals of mM3 channels for the msignal linés 18-1 to 18-mfroma driver

- 1 C 19ufpudeddeerpetane Bfrblifthe & sah I Uhedl; Ad ~panel 16.
That 1 he o wart) G o e ICTDAnA Seate iy SpKBLAlaRySly 0°7
.. .provi he theee signal |ines of each corresponding setfrom each
Chanﬁgﬁggf#ﬁtgﬁrgkggw'?l&%'cui t 14 time-divisionally sadnples the tine-series
- signals. pui@utfced every channel fromthe driver IC 19 and sequentially
= suppli‘es Frgel isgranseptual véewpt terthige-time«ivisiondaving selsctoFciycdid1ds a -
conceptual view of the three-tinme-division driving selector circuit 14.:.
ot Agvi disdselear froomTiig. 1), 1he sdlectsebirctiony hak attiictikd il ahich SdlbaokH 1 £.3-n Which: .
sel ectors 1471, . ‘ -
to 14-k (where k = m/3) correspond to output lines of the driver IC 19, each selector

being made up of three analog switches SW1, SW2 and SW3 connected between one

wswvoutputdineofithe driverIC 19 and each set-ofthreessignaldines.and -adapted:for time= ou vt
woeesodivisionally:sampling the signals provided to-the three:signallines:, -1~

- When image signals for three pixels of BGR is outputted in time series to one
woii-outputdine-ofsthe deiver C 19, the image signals of:s;thi:Ss;a‘()n'e;.a:BG_R»t:i:mfepsérj'eé CATE. ¢ s
: ‘*f.'.-;'-:‘-::.«i:-a:;%%.--'aa-'ac‘1=seqheﬁﬁf&ll¥':'-al:lioeate’d?"-aﬂd- supplied to the 'thre-e';esigsna‘l%'é]:iﬂes;:—sby:-ti-rﬁeiédivi’sifﬂ:m driving:: i i Ty
thfough the three analog switcheé SW1, SW2 and SW3. The three analog switches
v i SW;:EW2and SW3:are sequentially ON/OFF-drivenby selectorpulses SELB, SELG: v - ot
* and SELR:-These selector pulses SELB, SELG and:SEIL*R;‘a‘telbbtéined:las.-‘-t-he level .. ...
'+ .converter circait 15 performs level conversion of selector pulses selB; selG and selR
- -inputted from outside the liquid crystal display panel 16-(hereinafter simply referred - - - .
~-+ to as “outside the panel”) from an external circuit power-supply voltage (for example, -

3 V) to an internal circuit power-supply voltage (for example, 7 V), which is a high




to 14-k (where k = m 3) correspond to output lines of the driver 1C 19,
each selector being made up of three analog switches SW, SW2 and SWB
connected between one output line of the driver I C 19 and %ﬁﬁpzﬁﬁ; of
three signal lines and adapted for tinme-- divisionally sanpliné e signals
provided to the three signal lines Wen image signals for three pixels of
BGR is outputted in tinme series to;9ne out put line of the driver 1C 19,
the image signals of this one BGR fine series are sequentially,,allocated

and s ' thyee-signal. .Lines by tinme' division-driving through
the Wgégg%‘#g%%rtdéw&ggﬁgl}q% Uérﬁ?il SWB. The three anal og switches SW,
SW iﬂg % are sequentially OV-OFF driven by sel ector pulses SELB, SELLG
and” $EEYE! Gomestes {peaiolS|poul ses SELB, SELL and SELR:are obtai ned as the
| evel converter. circuit; 15 perfornms |evel. conversion of selector pul ses
- sel B sel Glamtmbodimdnn puthtedtiéripdbyuhsspteifiderd dngsiof tied s idlondepel ay panel -
16 (hereinafter sinply referred to as "outside the panel”) from an

- »ext etiehit Ci.CUhk RRMRIe %ﬂﬂpéﬁf%f%{%ﬁ ﬁﬁe—lﬁgf:f; EGWEB'%%@S ol h@aﬁﬂ%i nternal

circuit power-supply voltage or exa Jul'y
.. 2006, avol t nec ary..for driving the lLiquid crystal. [Level
 Conv S55Be B MSEBRRI b iapti i PY ashen dtanplabasGycure oL fhei 11 ¢
~ structure of the |evel converter circuit 15. The.structure and effect of
ot e FEYPEPORGHIR RSt cui t 15 wil I now be - descr.i bed.:- Fi.g. 11 is a bl ock
di agram showi ng a specific exenplary; structure of the |evel converter
reigiiricui b 1Bhedevel converter-circuit 15-of this example has four level shifters (L/S)s51:

to 54, three timing controllers 55 to 57, and three power switches 58 to 60. As the

level shifters 51 to 54, a circuit structure based on a known latch circuit is used, which

wuses;for-example; aninternal circuit:power:supply-voltage: VDD (hereinafter:simply > 1sm sz

<ireferred-to;as power-supply voltage VDD) as:its operating:power-supply voltage and: - . 5 s
-~ whichlatches a pulse inputted with an internal circuit power-supply voltage, performs -
al@Vﬁ]Shiﬂ*(lﬁVCl conversion) of: the inputted: pulse:tosa:pulse; of the power-supply. - . xduit £

wvioltage: ¥DD-level and outputting the levél-shifted:pulse:. 5% 2 * st s soiad hien,

The level shifter 51 is con‘stﬁntly act.-ive (in the on-state) and performs level shift
- wiscnofansenable =:i)ul'se---enb of an external circuit power-supply voltage inputted from:: s ... o
ki s outside the panel to an'enable pulse ENB of the:power-supply-voltage VDD. The level -
eoonoshifter 52, together with the. timing controller 55, constitutes a circuit part':
- .. comespending to the selector pulse selB. The level shiﬂer535.together with the timing -
-~ controller 56, constitutes a circuit part corresponding to.the selector pulse.selG. The - -

level shifter 54, together with the timing controller 57, constitutes a circuit part




The -level converter circuit 15 of this exanple has four |level shifters
(L/'S) 51 to 54, three timng controllers 55 to 57, and three power
switches 58 to 60. As the |level shifters 51 to 54, a crrcurt §5&%cture
based on a known latch circuit is used, which uses, for exaane

internal circuit power-supply voltage UDD (herein after si mply referred to
as power-supply voltage VDD) as itgjoperating power-supply voltage and
which latches a pulse inputted with an internal circuit power-supply

vol t%%?res?@{n{l}i‘ﬂ@fﬁ thd géfg&ofems l@vel conversion) of the inputted pul se to

a pulse o owWer - s dge VDD | evel and outputting the

| evel -shif Ise hl1 Igvel shrfter 51 is constantly active (in the °
on-state) L0 FECEAYSSs as tWoympnis, Hi) enable pulse iNB thaghasxt er nal .
circuit :power-sup vaoI tage inputted fromoutside the panel to anenabl e
pul s Seengeoil- Stﬂnﬁetbgyvﬂle kupbshiften51 agd thOEelcTioe pubsecSEL6hiitht &as H2ent oget her -
with the. timng controller 55,. constitutes a circuit part correspondi ng

1 0.t Revel SheREOby b BRcPiBer IBead Epy@torsty. (DIﬂres g/@@ﬁ%ﬁ@@ eerﬁ&ﬂarb e tining.

controll er 56, constrtut es a Ci rcurt part ondi e selector

ST ey i R R e A e
| -BEI <S8 ERaliol el dla<ar ke ever sup §%'oftae v?asraﬁc?%ré bl ditena the
seI eg;gﬁr}r t%lél Sl%/ggll:“%otnprzi OP Slse tlljnea?rrg controller 55
The level shifter 52 becomes active as the internal circuit power-supply voltage
VDD is supplied thereto through the power switch:58. The level shifter 52 then
o wniperforms:level:shift-of-thesselector: pulse: selBrofithesexternal: cirouit:powerssupply:« :w s o
wipranoltage inputted fromeoutside: to the selector pulse SELBrof the. power-supply veltage - T,
- VDD. The selector pulse SELB after the level shift is supplied to the analog swirChes
R S;Wilazééof::;thafabqve—\deseribed--se-lectors-,1@1:t();-a.14.ek=;'=e*-f-:The-f:Levelzés-hi;fterx.52‘-beeomes~.:-::~.:.v':-; Srves ey
-psscinactivel as the supply. of the power-supply voltage:VDD:is shut down by the power: .« 1.
switch 58. - |
-+ Thhe timing-controller:56 receives, as:two-inputs; the selector-pulse:SELB-that. 2s ..« .
~hasbeenievel-shifted by the level shifter 52 and the selector pulse SELR that hasbeen - -
‘level-shifted by the level shifter 54, and performs ON/OFF control of'the powerswitch .~ . - -
" .59 on the basis- of the two pulses SELB and SELR. The power:switch 59 controls
- supply/shutdown of the power-supply voltage VDD to the level shifter 53 under the

ON/OFF control of the timing controller 56.




| evel -shifted by the level shifter 53, and perforns ON (cl ose)/ OFF (open)
control of the power. switch 58 on the basis of the two pul ses ENB and
SELG. The power-switch 58 controls supply/shutdown of the ?Ooﬁupply
voltage . VDD to the level. shifter 52. under the QV OFF contr¥) of th
~timng controller 55.. The level shifter 52 becones active as the internal
circuit power-supply voltage VDD kg supplied thereto through the power
switch 58: The level shifter 52 then performlevel shift of the selector

P o2 4 Ik Sty S5 BBLoRLE felive A%qwgLntéfﬁapéi;f_ayif)%&\%%ﬁs{,5@&3@?&%‘)m

outside to the se OWEr -'su The

sel e puI B aft the | evel shift supplied to. the_anal og
S SWi tmb p@?‘eﬁﬁbef%‘[’)é %Bs@mpéﬁerswéfé! é?s' ’EB@ leyed shiftex >3 then| evel
-shifter 52 becones inactive as the supply of the power-supply voltage=VDD
i s -sipatfooms loyel shife of thaeelectonipulte $8G offtbe textimal. cimonit plovear-afpplecei ves as
two inputs, the selector pulse SELB that, -has been | evel-shifted by the

- | eveloRhié igiutied monammltﬁ@saembﬁge@ﬂi}bh% ﬂ%’&ep Iy k;%l&ﬁge shifted
by the | evel shifter 54, and perfornms OV OFF control e’ power switch

oot RE IR I PR ER: ﬁ":"‘f@ﬁﬁ %@%ﬁd@&g%%gwe Wrove
A Tt AR S R RSB B

power - supply 'vol tage VDD i ssupplied thereto t hrough the power switch 59.

. Thesinggdve ghithe supE of tenpower-supply voltage VDD is shut-down by the power: 0

“switch 59.
The timing controller 57 receives, astwo inputs, the selector pulse SELG that -
+ i has:beendevel-shiftedby.the-level shifter 5 3:and the:enablessignal- ENB:that-fias-beens =0 & b
«12+ -]evelsshifted'by thelevelshifter:51; and performs ON/OFEcontrol-of the-powerswitch . AR
60 on the basis of the two pulses. SELG and ENB. The power switch 60 controls
worSUpply/shutdown of the power-supply: voltage VDDB:to: the:devel shifter-54- underthe «+o+ it =
2t ONJOFFwcontrol ofthe-timing:controller 57, - e swisbir v sty v sy stigs
The level shifter 54 becomés active as the internal circuit power-supply voltage
wo i N IDID S supplied theretoithrough the power switch: 60... The-level shifter S4-then . v oo
- - ;performs: level shift of the selector pulse selR of the-external circuit power-supply - =~
“voltage inputted from outside to the selector pulse SELRof the power-supply voltage. ~ . -
- VDD The selector pulse SELR after the level shift is suﬁplied tothe analog switches
- SW3 of the above-described selectors 14-1 to 14-k. - The level shifter 54 becomes

inactive as the supply of the power-supply voltage VDD is shut down by the power




perforns | evel shift of the selector pulse selG of the external. circuit
power - supply voltage-inputted from outside to-the selector pulse SELG of
t he power-supply voltage VDD. The sel ector pul se SELG afterdhhe ob veI
shift is supplied to the anal og switches. SW of the above Cri
selectors 14-1 to 14-k. The level shifter 53 beconmes inactive as the
supply of the, power-supply voltaggsVDD is shut down by the power swtch
59. The timng controller 57 receives, as two inputs, the selector pulse

SELGsiHiath s been level shifted by the | evel shifter 53 and the enable

signal ENB~t hat has been |evel shifted by the level shifter 51, and

Bﬁ[lié”&?ﬂ%ﬁﬁ oRBR R 53, B A Tare Sho st PG e reniiofoulicor t ne

shifter 54 under the ONVVOF I C The

power - sup vol.tage VDD to the | evel
- TeévelC ﬁiiqu)érouﬁ %QEWHHG?! pukse §N T krea signakfoaicobeeicudly cpotweling el v

voltage VDD pis supplied thereto: through the power switch 60. The IeveI

- .shif netive/imactive statgpef fur lrscl shifttrssIB, 58 antl 54t hwhealthe cofntrolpse SR of -t he -

external circuit power-supply voltage inputted fromoutside to the

. seleqd gfra mufﬁm REERBE 12 sRAVGS S2URB! éﬁad\éﬂ & ana}é%w\%& dhet&‘?@% pul se

of the

TR Al tﬁgmaﬁ

S C

SELR after the levél shift is suppl’le to th

power 5 %'ﬂ 2006 35 switch 60.
e‘circuit-operation of the level converter: cm:ult 15:0f:the abeve-described:

structure witl now be described with reference to the timing chart of Fig.12.

First, when the enable pulse enb which allows.writing of a signal to the signal

-+.speriod:(H-representing -a-horizontal scanning period);the ievel shifter:51 :performs:: -« roooe .

level shift of the enable pulse enb of the external circuit power-supply voltage to the

2w cenable signal ENB-of. ;the;.p_ow'errsupply;:-iteltrage.z VDD.°The level-shifted:enablessignal <. v

» +» - ENB is inputted-to the-timing controllers 55-and 57.: - :

When the enable signal ENB is inputted to the timing controller 55, the timing’

.- .controller:55 turns.on the power:switch 58 at the fall timing t1.of the-epable:pulse- ... - - =

.- ENB: This causes the power-supply voltage VDD to be supplied to the-level shifter -
- 52 through the: power switch 58, and the level shifter 52 becomes active. ‘As the -
- selector pulse selBis inputted duritxg this active period, the selector pulse selB is level-
shifted by the level shifter 52 to the selector pulse SELB of the power-supply voltage.

' VDD, which is inputfed to the timing controller 56.

widinesrl8-1-10118-myis inputted. to: theilevel:shifter:51:from- outside the-panelsins = - coo2iv s



The timng controllers 55,56 and 57 are supplied. with a common control

pul se CNT fromoutside. This control pulse CNT is a signal for collectively
controlling the active/inactive state of the |evel shlfter%ﬁg o 3 and 54.
When the control pulse CNT. is at a low (L) -level, the |evél ﬁ ters: 52,
53 and 54 becone inactive and hold: their. outputs (see timng charts of
Figs.13 and 14). The circuit operagon of the |level converter circuit 15.

of the. above-described- structure will now be described with reference to
the_,tim'n f t. . I b hallows
witing o Ql?lhggﬁ% Ctlt(:){ 9}'&%85%%%1 '}lmnegdsjmzfgg!ﬂﬁpggfzgnﬁgggf E}lﬁ %0 the

| evel shi 5-1 from out si de .t he pan In 1H period (H resenting a:
hor'i E%'Hf%ﬁ s{%ﬂﬁ?%gﬂﬁg]ﬂ)@&ﬁer Syiichy %tl‘%lf?ﬁtt’é‘i““gltzﬁéfrthérsﬁ%’cporlE‘%ﬂé‘? shift of -
the enabl e pul se enb of the external circuit power-supply voltage to the
enabSELH. gHaik celsahe pheepsugplyswbiaigy WoDttade spplied Thehd level slsifiief t enabl e
signal ENB is inputted, to the- timng: controllers 55 and 57. Wen the

- enabke thi tlﬁJ\E’o\lvﬁr sm@ﬁtsed ahQ th@qexﬁélr@hwelcwtbreebines aeHvel N&s khen .ng
controller turns :on the power swtch at the fall timng tl of the

'-EESE%&%‘%“* @1?'5? s Gﬁfﬁ%“ﬁ%safhgﬁpﬁﬁﬁ ‘Pﬁég%g{%rp%i%ﬁaﬁ%iﬁ nd e

| evel ifte activ As t he ector pulse selB jis inputted
duri ﬂg ﬂﬁ)g B%fwg ﬁPr 3%10 theeseleqterpuse §Eﬁé%0§@nemquerr%\p@ﬂy valigded by the

| evel shifter 52 to the sel ector pul se SELB of the power-supply voltage |

/DB, VIR olhich:is mpritteeltotthe tindingiconirglleci s akd 67.:66. .- 5-:Jul-y:+2006: 36 -

When the selector pulse SELGis inputted to the timing controller 55, the timing
controller 55 turns off the power switch 58 at the rise timing t3 of the sélector pulse
vy SELG: This shuts-down the supply.of the power-supply:voltage: VDD fodevelshifter:: i marsen
~o<52yand the levelshifter52becomes inactive. That is, thelevel shifter 52 is:activeonly: ;- «ioe

during the period of level-shifting the selector pulse selB and is inactive otherwise.
- ..When the selectorpulse SELGisinputted.to:the timing controller57;thetiming . - vt
~controller 57 turns:on the power:switch-60:at. the fall timing t4 of:-the selector.pulse..- . = =" -
SELG. This causes the powet-supply voltage VDD to be supplied to the level shifter
- 54: through.the:power. switch: 60, .and the -level shifter 54 becomes:active -:Asthe. ..
- -selector pulse selR is inpu.ttefd during this active period, the selector pulse selRiisfevel- -
- shi-fted by the level shifter 54 to the selector pulse SELR of the power-supply voltage-
- VDD, which is inputted to the timing controller 56.
When the selector pulse SELR is inputted to the timing controlier 56, the timing

controller 56 turns off the power switch 59 at the rise timing t5 of the selector pulse




When the selector pulse SELB is inputted to the timng controller 56, the
timng controller 56 turns on the power switch 59 at the fall timng t2 of
the selector. pulse. SELB. This causes the power-supply vol t@ﬂ,@zggg) to be.
supplied to the-level shifter 53 through the power switch: 59, and the

| evel shifter 53 becones active.. As the selector pulse selGis inputted:
during this active period, the selegtor pulse selGis level shifted by the
| evel shifter 53 to the selector pulse SEWof the. power-supply voltage :

VDD Wi | By d t L. controllenrs 5 a 7. Wien the

sel ectortouFis Bl ffeh i SEpdly OB PR gieef REPELiS R EVel i ng
contrql.ler .35 turns off the r switch 58 at the rise timng t3 of the
sel ecﬁﬂbcbé sﬁn‘ssjﬁledev?hl‘éﬁ%ﬁg? gga@mﬁs ipactygppVRat ds, thadeyadwbifteupbisy vol t age:
VDD to |level shifter 52 and the level shifter 52 becones inactive. That is,
t he |asee oply Hudng$ire peried vf levebshifiing dhe selgconpulyersct@ Mild kaugdtivghi fting
the. selector pulse selB and is inactive otherw se. Wen the sel ector pulse

SELG dthefwigelt ted-to the. timng-controller 57 the timng. controller 57
turns on the power switch 60 at the fall tinmng t4 of the sel ector pulse

- SEHT oS RIS DR A Bt RO Pl BB R
e SBnaRu LEEhG SEol  cir p e aemsE
sel ector pul se SELR of the power-supply voltage VDD, which is inputted to
+ t e " P mlilies Souts downighe Sgpply oftenpower-sepdytvaltageNIBDIEURe ievel 8hifisred to.the .
timng controller 56, the timng controller 56 turns off the power swtch
59 at54{ ed thiedevd] sHifRd 54 DeBdmbOMaSHYECTREL RUNSE Feval SWier 3998active only
during the period of level-shifting the selector pulse selR and is inactive otherwise.
Asa:is:el‘sﬁﬁvfriam-zt-hes.ahﬁye'-—;deS'cr;ibed?oper-ation;;‘ the level:shifters 52483 and: 54~ sovc e
- are‘active onlyduiingthe period of level-shifting the:selector pulsesiselBisselGiand = - .. ¥
selR, respectively; and are inactive otherwise. This means that the level converter
- . -eircuitdSzincluding theslevel-shifters: 52; 53 and.54-is:active-only;when:the:analogs .~ = .\ .
- ~switchesSW1;8W2and SW3.ofthe selector circuit 14 areon: (attheitime-of selection) - :
.and are inactive when the analoglswiiches are off (at the time of non-selection).”
-+ - iIn.the-selector circuit /4. for performing time division driving; the.analog v - ;. .
switches 'SW1, SW2-and-SW3 are not constantly on but sequentially- repeat: the -
“ON/QOFF operation. The analog switches SW1, SW2 and SW3 need not perform the -
‘ON/OFF operation continuous to each other and may comi)lete the ON/OFF operation

i order within 1H period even with intervals between their respective ON/OFF.

-operations.




37 SELR This shuts down the supply. of the power-supply voltage VDD to
the level shifter 53, and the level shifter 53 becones inactive. That is,
the level shifter. 53 is active only during the period of | Lsghi fting
the selector pulse selG and. is inactive otherw se. Wen the enabl e pul se
enb shifts to a low |l evel and the enable signal ENB shifts to a high |evel
the timng controller 57 turns off3ghe power switch 60 at the rise timng
46,. This shuts down the supply of the power-supply: voltage VDD to the

L ovel St i Glow Bttt fts bk DI RS 4 BSETRSR K W ieE3E ' o

_level shifter 54 1s active on n e perro

sel ector pul.se IR and is.in I ye otherwise. As is clear fromthe above
descMPBEG fégbgpg??%sﬁﬁﬂo; 8\?8‘!'?@%1' ‘X\ee?UQPEQ“V% é‘g Pavespuppheveléage ¥XDEN v - during -
the period of |evel-shifting the selector pulses selB, SelG and selR

- r espitheJeve) shidieas 82,63 anekd4 intholdnnl whsecrictiviruitdaris stopptd kb ehdi elvel Co
converter circuit.1-5 including the level.shifters 52;.53 and-54 is active

- onl ylevebshiftbes bavahtginastiid. CA $hiS\WrucBMB i BRApRWR A Sinlchehs RlvaE s Rittegd M CUi t. 14
are on (at the tinme of selection) and are indactive when the anal og

e 5‘1"‘4t5@9§3 %fS@E&nﬁﬁﬁehﬂﬁﬁbﬂﬁeﬂg ingi?lg' lé@tg%ﬁﬁ]eggrﬁgitggﬁt crl]ueru?g? lh%céqcﬁchh;gu'sb\l '

forperformng time division drivin

Bl e N R U e

- ON/ OFF operation continuous to each other and may conplete the OV OFF
" opereansyRptondndbe lanel pomvertersinci s d Seansbhasict tthe, whele/diisingativaéncanhei r - . - ..
respective OV OFF. operations.
be reduced.
In the level converter circuit 15 of the above-described ‘structure, the level
S :=_:shifte-r%«ﬁ:%%sf@;awlremleshifﬁﬂgvt-hef'eriable:rpulse enb, whichallowswaritingiofisignalsitorthe’ e o
~i-signaklines 181 40:18+myis constantly active. Thereforeythe enable pulse:ENB after:: -
the fevel shift is constantly éutputte,d,,from the level shifter 51, and the partial display
- -~mode-(partiakscreensdisplay mode), in which a past of-the screen ;provides:normak ... . 1 .
- rdisplay whilethe teinaining part of the screen-provideswhite.orblack display;capalso .. +-
“be used. | | |
Spee_i:ﬁical'lsy,;; for:providing while or black display in.the remaining part of the- .~ - -
... ...screen inthe partialdisplay mode, the selectors 14-1.to-14-k 0f«th¢=selectbr:-:eircu-it 4.0
- must be constantly-in the selection state. In the display-area; the sequence of the
- above-described circuit operation is taken, and in the ﬁon'—display area, the level-

. shifted outputs of the selector pulses selB, selG and selR are latched from the initial

stage of the non-display area, as shown in the timing chart of Fig.13, thus setting the




< dispP

5 July 2006 38 In view of this, this enbodi mrent enploys the structure in
which, at the tinme of non-selection of the selector circuit 14, the supply
of the power-supply voltage VDD to the level shifters 52’5%“5Q9° 4 in the
| evel converter circuit 15 is stopped so that the |evel shifters becone

I nactive. As this structure is enployed, since the level shifters 52, 53
and 54 consune no DC current in thgglevel shifter circuit 15 during the
period when the sel ector pulses selB, sel G and sel R need not: be:

| evel,s ifg‘,ﬁgz L%y : tign.in t | evel ~converter .circuit 15
and ﬁg?\fég the h\/%ﬁ()ﬁkxgldrg?w:rﬁlgd(:sﬁggﬁq%ﬁ?t@gﬁy “ﬂ)@'er @ﬁj‘é@# 'IT(rile e'F’fgr‘?r’égc-ﬂ“”converter
circuit 15 of the bove-_descr{)lbacﬁi structure, the level shifter 51 for |evel
shif PPH@Fl'FH’#éY PN puvlie onnblagk; signal cambavepnstantlyf weitighaned tthet he

signal lines 18-1 to 18mis constantly active. Therefore;: the enable pul se

- ENE &pnegnijonpl partiahdispdaretarsbé fitades constantly-outputted -.fromthe |evel

shifter 51, and the partial display made (partial screen display node), in

used.

- which a phi theobaseachiRarhal L ichory) S8 ihe SIBplody 1401 & U JERRE! i NG

part of the screen provides white or black display can

 Che. sk o el o bERoliau Jh i fetign St b ey %, "o 1 e

sel ector, . ci r&t&t 14 _nust be. con_st%ntly in the selection state. In the
%@ thgsglectqrgcanbg roasiaptly set Highe aopvelestionstated e this gase,suéhat ion is. -

taken, and in the non-display area, the |evel-

v effective displaysarea; the sequence of the above-described circuit-operation-is:taken, « < .- v o

and in the memory display part, the level-shifted outputs (low-level outputs) of the

selector pulses selB, selG and selR are latched from the initial stage of the non-display

andrea;tasishownein the timing: chart:of Fig:14; thus setting:thie:analog switches:SWilys o ¢ i s

e S W2and:SW3:constantly in the"OFF—state.:--Thercfo-ré;-"in;-ztl:her.iﬁeh?mr.y'.displ'ay period,

‘the DC power of the level shifters-51-to 54, the charge/discharge power of ‘the

s vselectorsdd«tto:b4-ksand the charge/discharge powertosthe:signallines:18=Fito:182my - v e

vt ieecamibenCuba i o o

In the above-described first and second embodiments, the present invention is
.+ <+ applied-to the:liquid crystal display device usingliquid crystal cellsas:display.elements’« . © .. i
- .of pixels.:However; the present invention is not limited to the application to the liquid-
‘crystal display device and can also be applied generally to-a:driving circuit-integrated
-'display device equipped with a level converter circuit, sﬁch‘ as an EL dis_playtdevice
- ~using EL (liquid crystal display) elements as display elements of pixels.

‘<Exemplary Application>




Lo SO A s g T s [ T

shifted outputs of the selector pulses selB, selG and selR are | atched from
the initial stage of the non-display area, as shown in the timng chart of
Fig.13, thus setting the 5 July 2006 39 anal og swi tches SW%QU§Q%mand SWB -
constantly in the ONstate. Therefore, in the non-display period, a. white
or black signal can be constantly witten and the conventional parti al

di spl ay can be nmade. In the case eggh pixel has a nenory, since the
selectors -14-1 to 14-k of the selector circuit 14 need not be constantly

in the sel [ t ' I.spl rt, the. selectors can be.
constantly 'g;sqigr?ﬁtaﬁjgg?\%lﬂgégﬁ%@%ﬂ“&&éﬁ%§$ﬂ%ﬁ%$@%&§%,O?ianp?rﬁ@leeffect ive -
di sphear%ﬁargg t.he se%en e of the above_described circuit operation is
t aken  MIARHIGVICE gecopding to the pussens 1ngention, fer gxanleshpextabledatephivac
(low 1l evel outputs) of the selector pulses selB, selG and selR are | atched
from'Ke initial stage of the non-display.area as shown in the timing chart
of Fig 14 thus setting the analog switches SW,, SW2 and SWB constantly in
t he OFF-sTht @orfibkr tefephenc ugitt L sp) S More 1S, Qover - of

P ephBnc it a&@ofmﬂ%wtm& éﬁ%{?gl&ﬁau%s a SpRekHp AP

the |l evel shifters5l-to 54, the charge/disc e power of ectors

1o ot et fatbu MR REBRAE, B0 AAURE MU Fhe b Taicllbiniionre B oBigh s, Che

nvent dtothe liquid crystal display device using

“be'cut. 11 |-
P e ssabéalibedrdeediiimdRe pimon thefrontride of Srdogisctasing b Toth ho

present invention is not limted to the application to the liquid crystal
di s gPejatieelephencamitel siich o stractappifoedxayrple; aligyid @ysaldisplaydtevice - -
circuit-integrated

is used for the output display part 63. As this liquid crystal display device, the liquid

crystal display device according to the above-described first or second embodiment is

ek irinithe output-display part 63 of the portable telephone unit-ofithistype; a partial . - =
display”inode for ‘performing image-display only-in a'partial area inthe vertical -
:_-.,.direé;tiemefzs;thaasereen-:-tis-fpmvided as a displayfunctioninastandby:modeorthedike: - - ooi
-« nFor-exampie, in the standby mode, information suchras-the:rémaining power of the. - -+
battery, the receiving sensitivity of time is constantly displayed in a partial area of the
iscreen, as-shown.in Fig.16. In the remaining display.area;. for.example;:white-(or.
- ‘black) display ismade. ..~
.7 Inthe portable telephone unit equipped with the output-display part 63 having,
- for example, the partial display function, by thus using fhe' above-described -liquid .
- -~crystal display device according to the first embodiment as the output display device

.63 and using the above-described hierarchical centrol for controlling the level




ﬁdisplay device equipped with a | evel converter circuit, such as an EL
di splay device wusing EL (liquid crystal. display) elenents as display

el enents of pixels. <Exenplary Application> 5 July 2006 40 5Fi@ %%lis an
appear ance vi ew showi ng the schematic structure of a portabléju 8 I nal
device according to the present invention, for exanple a portable tel ephone
unit. The portable tel ephone unit ggcording to this exanple includes a
speaker part 62, an .output display part 63:, an operating part 64 and a

m cr.BROBA P& ERP il i L k! Lfang I he taop .on the
front side of @ dé%%‘gmga‘g{'ﬁéqg‘%f%ﬂﬁ&ktsée a{)g{rl?gegﬁasﬁméﬁr%ﬁéﬁdﬁﬁ of such
a str Qr__ex le, a liguid crystal display device 1is used for the
“out "p’l‘# Eéaﬂg@sé{;eﬁgﬁ @“gﬁ‘f H%!Ogiu‘f'ﬁ?fmtds'ﬁ?%ﬁw - Hilspssiblade reducetthe 1 qui d
crystal display device according to the above-described first or second
* enbodPHER COnsiEtien bytheren@ut pii redtictiph ay D€apowe Bcarfsuniptigroirt thbllerd el ephone
unit of this type, a partial display node for perform ng i mge-display

~onlycomvariqravitoudl. Biczefore) it Bepossivlé eRlise thorthiiek PR RimiRHALECERES Provi ded
as a display function in a standby node or the 1ike For exanple; in: the

. _A:t.,anﬁgyar-_m%@f pgﬂ{,@bpﬁmeﬂg}, E‘ﬁ'ﬁjﬁfﬂ,«éﬁﬂmg: remai ni. ng power, of. the battery,

~ the receiving sensitivity . I's Constant 'y di spl'ayed in a partial area
b BB RRR B G Rl SRR R s T
i i ojothesecond-embodiment .-as.t.he--outputxd.isp]a;y part-63-and:inactivating-the devel: - -
converter circuit (level shifters) at the time of non-selection of the selector, it is
possible to reduce the power consumption by the amount of reduction in DC power

sz consumption.. Therefore, it is possible to-use the-battery:-for alonger period of time = i -+ o0z

! epenrbyrcharging itonce oo
While the present invention is applied to the example of the poﬁable telephone
-asykunitythe present:invention-is not limited to.this and:can.alse.be:applied generally:to.as::xi o oo oo

;..;-=::-=;n‘-=:.-;'.v-='aa»:,f,tf.poﬁabl-efter;mimlfdevice;s-uchuas.a-sec‘onda—r.yn.nit:'oﬁ‘;am.GXtaniﬂm-'te-lfep:hone oraPDA . s

v uo v Industrial Applicability - -
| - According to the present invention, since hierarchical:control is uséd for -
. -.géontrollingthe level converter circuit including the plural level shifters so that the level .
~shifters: are in the operating state only during a period'. when: it is necessary, the
- consumption of DC current in the level converter circuit can bereduced in comparison

with the case where the level shifters are constantly in the operating state. Therefore,




In the portable tel ephone unit equi pped with the output display part 63
havi ng; for exanple, the partial display function, by thus using the
above-described liquid crystal display device according tofﬁﬂ@QQEfSt
enbodi mrent as the output display device 63 and using the above-described
hi erarchi cal control for controlling the level 5 July 2006 41 converter
circuit including plural level shifpers so that the |level shifters are in
the operating state only during the period when it is necessary, it is

oSS b ol ARSIy AR CRINIILL AL RAuELFF TRl o0t on 11 O

power consunption eve conver circul e, it is

~ possible use the battery as a nmain power source for a |aqnger period of
“time by cM‘?‘&PH‘a‘v‘f‘it"Sﬁ’é@?& Vé‘éﬁ}b‘%"}g@'g‘?sﬁg%ﬁg f-Wén&%‘-‘\}%mé@Eéﬂdegﬁ quid
crystal dLspk%% device according. to the second enbodi nent as the output

di spIS%ﬂaﬂ)HﬂQS hepixel haitﬂnd'ha‘i’ingthmeBbwveﬁenviemiefom;ietrﬁaﬁningIiamd:I _ ,
shifters) at the tinme of non-selection of the selector, it is possible to

T educenvémsiopovlsclectos pilles Gfipiited Trom@Side Othd RAME IoRDeitlr BlechRUe!

consunption. Therefore, it is possible to use the battery for a | onger B
. peri: frateldr i ' | hi) e re in jion is applied
P t Rt iR o sl o e ST RIS BleaB e ThesbBorer on s not
_limted to this a an _al so he applied generally to a  portable term nal
devit e'%%ﬁna’é‘oé‘-@ﬁarfa% %P%&h-ale '@‘g’cla?f’f@é&f@ﬁ§F‘6r‘?etf8fllé%ﬁbc%mpaﬂmé-‘:--‘ S
‘I'ndustrial Applicability According to the present invention, since.
v h ‘er Widhibe gase ovltarelthe: fevied eanvyaster-circuit is constantly -active;-and:the power .o . i

consumption of the whole device can be reduced by that amount.




controlling the I evel converter circuit. including the plural |evel

shifters so that the level shifters. are in the operating state only

" during a period. when: it is necessary, the consunption of QQuﬁﬁﬁ&Fnt in
the |l evel converter circuit can be reduced in conparison wth'the case

where the level shifters are constantly in the operating state. Therefore,

5 July 2006 42 the power consunptiygn of the whole device can be reduced by

t hat anount. Moreover, in the display device using the selector driving

system for driving the signal hﬁ?g§ the pi xel unit and having the | eve

converter circuit.for performng leve conversion of selector pulses

I nputted fromoutside, the |level converter circuit is inactivated at the

time of none selection of the selector (selection neans). Therefore,

the. consunption of DC current in the |evel converter can be reduced in

conpékrsoﬁ\fﬂﬁfﬁﬂﬂﬁﬁﬁﬁ&@@“ﬁéﬁéﬂﬂwﬁéyIevel converter’ circui't ks -eonstantly

active -and the power consunption of the whole device can be reduced by

- that arount firs drduyt ﬂmeis%r@taﬁwsnﬂan:op[s\erhﬁng-l_st@@nm't;ﬁrrfcfr—jrrisc_%aal

conprising: a first circuit that is constantly in an operating state and

per f'%%erst(ﬁlvﬁla.fﬂrsgﬂggﬁ @A%PQF beo ..ers%tctﬁr%:/ Q%@Hé@pﬁpﬁ@&&f@& gi%z% 28;5\’ S

~ for a predeterm ne roma first

vol t 3 Litude second, ciycuit that,is in an operating state durin
el %§§gggléqgeoadn8ﬁpu§lﬁgoﬁispgqnd voltage:ampnﬁnde; and: p R g g -

“an a

w0 oeone wrsasecond:cireuit-that is in:an operating state duringan active period-of the first. - oo v
timing pulse using the first timing pulse after the level conversion by the first circuit
and performs level conversion of a second timing pulse from the first voltage -

-~ amplitude to:the second voltage.amplitude . . -
2.. - The level converter circuit as claimed in claim 1, further-comprising:= + vi*v: s 0t o o
atiming contro] circuit for generating a control pﬁlse that becomes active during
- the-active period of.the first timing pulse onthe basis of the first-and second-timing:: iz i
--pulses after the level conversion:by-the first and seconid-circuitsyand: . ;o o oo s i
a third circuit that is in an operating state during an active period of the control
- --pulse using the control pulse and performs level conversion of a third%'ti.mi.ﬁg'ipu-lse: SSRIIEI AP
from the first voltage amplitude to the second voltage amiplitude..
3. The level converter rcircuit as claimed in claim 2, wherein the third circuit
includes plural circuit parts corresponding to plural said fhird timing pulses.:. -
4. The level converter circuit as claimed in claim 2, wherein the timing control

circuit generates first and second control pulses that become active at different timing
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timng pulse using the first timng pulse after the | evel conversion by the
first circuit and perforns |evel conversion of a second timng pulse from
the first voltage .anplitude. to the second voltage anplitude,, 2606 The

| evel converter circuit as clainmed in. claim1, further conpri ey ng: a
timngcontrol circuit for generating a control pulse that becones active
during the:. active period of thegfirst timng pulse on the basis of the.
first and second timng pulses after the level. conversion by the first:
and ;oML S, SUPET- R o] ci,rguit that is in an operating

st at zﬁgg%q%%uﬁ%jak%lﬁ%%ggg@i%ﬁt {olﬁ“{lgghgsgh?{ggl pul se using the control pulse
and perforys level conversion qf third timng pulse. .: fromthe first
vol t age affst thisdyirquaf ‘Fﬁéagﬁ’g’&gaat\?grttwﬁée‘fe;ﬁgi&]@cfdg%t. IS IR a NPROPIYHNE convert er
circuit as clained in claim?2, wherein the third circuit includes plural

ci r cstate pharing ewractsppadpd ftancpolitled figsti ahd séqoadt ¢oritry pulbeethat i, The

| evel converter circuit as claimed in claim2, wherein the timng control

| i) peLPoFeraghg Ve at -
different. timng 5 July 2006 44 dufing the active period of the first

1 m g DWERE thEBShihdlPuf it thathiVE Yhin I cReSMIRLIAD halsE add BEceSYRL -Shi frer
ealngsat e perroa o t he

that“I's in a non-op ate during an activ

en takes the

firs d, second conjrol pulses that is enerated first apd th
< i ¢ nehe H@tﬂpansaesv-ﬁw@ﬁ {'s3a8 Whahrquous -‘&HﬂbHﬁ&PF‘ﬁ@f plilcethifdt the -

control pulse is inactive, then |atches the:control pulse, and |atches the

~lat-c geterdtaddatésn: a ‘subsequent stage synchronouslyz:wi.th the control.: pulse.

that is.
5. The level converter circuit as claimed in claim 2, further comprising a fourth

circuit that is in an operating state during an active period of the third _timing pulse

- using:the third timingpulseafter:the level conversion by:thethird circuitand:performis: . : o convnes

-, .level conversion of a fourth timing pulse from the first voltage amplitude tothe:second i v v

- voltage amplitude. NI

w0650 The Jevel converter cireuit -as. claimed-in-claim: 5, wherein:the:fourth: circuit -+ 50

<2 includes plural cireuit:parts-corresponding to-plural'said fourth timing pulses: i+ 5 s ivp s

7. A display device comprisihg a pixel unit having pixels arrayed in a matrix on
- a board, driving means:provided on the same-board-as the pixel unit:and adapted for:. i w0 v
+driving the pixels of the pixel unit; and a level converter circuit for performing level . : ;- i
conversion of a‘timing pulse of a first Voltage amplitude inputted from outside the - -
- board to a second voltage amplitude and supplying the level-converted timing pulse. * - -
- to the driving means,

the level converter circuit comprising:




generated later. 5. The level converter circuit as clainmed in claim 2,
further conprising a fourth circuit that is in an operating state during
an active period of the third timng pul se using-the thirdé\,:ung(% pul se
after the | evel conversion by the third circuit and perforns &ve
conversion of a fourth timng pulse fromthe first voltage anplitude to the
second voltage anplitude. 6:. Thegkevel converter circuit as, clainmed in
claim5 wherein the fourth circuit includes plural circuit parts

correspondy fgst SrqlibRAt ﬁabgngtﬁ’ﬁﬁi gptédﬁoﬂgraﬁ’\gﬂ@ Site’ an@ﬁéﬁ@érﬁﬁ/ 168y ce

conprising a pixel unit having pi S arraye na m X on a board,
board .as . uni.t. and. adapt ed

driving neans prqvided.on the : he pi xel .

for..° Fﬁ}?‘hﬁpf’ﬁgs%ﬁw% Py ettﬁgtr%‘?%?é’i‘eslﬁﬁtf‘fe @W@éaﬁwwﬂt@dﬂ% Mg circuit
for performing level : conversion of a timng pulse of a first voltage

* anpl iRehs ohprimage signgl.diosl the fing valtgecampliaids dodhd seobtidgeltagpl i t ude -
and supplying the |l evel-converted timng pulse to the driving neans, the

-~ | evelaneplitudetaid ci rcuit conprising: 5 July.2006 45 .a first circuit that is
constantly in an operating state and perforns |evel conversion of a first

s PusReS R REAAER A i S AR AR g7
ggﬂ bﬁﬁ%gl@%dﬁgiﬁgeoﬁgs} gi{rrﬁi%gi[}ulstehaaﬁeri tﬁe:i!é]ve?%og eerrs%tnllpygthset -11:[SF cﬂglrlft ngan .
- -+ and performs ‘level conversion of a second timing:pulse from-the first-voltage:  * - .ol
amplitude to the second voltage amplitude.
8. The display device as claimed in claim 7, wherein the level converter circuit
crcfurther CompEISes - i - - e e e SRR S e
vt e atimingcontrokeircuit for generating a-controlpulse thatbecomesactive:during: ... &
the active period of the first timing pulse-on the basis of the first and second timing
~pulses:after-the:level: conversion by:the first-and secendcircuitsgand . vox i
e e athirdeireait that 1s.in an operating state during an aetiv-eper»if)dr.ef-:the-:coﬁtm‘l-":se-faff:z.
pulse using the control pulse and performs fevel conversion of a third timing pulse
- fromethe first voliage amplitude to the second voltage amplitude o< oo w0 o
- .9. . The display device as claimed in claim 8, wherein the third citcuit includes .. .
© .. plural circuit parts corresponding to plural said third timing pulses.- - -
10.  The display device as claimed in claim 8, wherein the timing control circuit . -

generates first and second control pulses that become active at different timing during

the active period of the first timing pulse, and




timng pulse using the first timng pulse after the | evel conversion by the
first circuit and perforns |evel conversion of a second timng: pulse front
the first voltage. anplitude to the second voltage anplitugé.I ZOGThe
display device as claimed in claim7, wherein the |evel convdP¥&¥%cir cuit
further, conprises a timng control circuit for generating a control pulse
t hat becones active during the acti v period of the first tining-pulse -on
the basis of the first and second tim ng pul ses after the | evel conversion
by the fir she gl srcwinds @i saenplirg Bch-apeHevel shifteruitiat ihad ai Sori-opetadper at i ng
state during an active period of the control pulse using the control pulse
and p # : i kel 4t 3 f.l

ol t ag G Al ing B O P E LA M Kb s e BT puisel B i Berekhal,
as clainmed jnp claimg@§, rein the third circuit, includes . | ura

o0 ¥ oot g e sBk Rl sHHiT A6 ol Ghered apck i 8 1Py 4R RPN DS Tben The

di splay device as clained in claim8, wherein the timng control circuit
gener agegomtmlsmlma insstivadhen tatelds the tomwol tpuite, bed tatehea ¢bd latchet] ddid drer ent
timng during the active period of the first timng pulse, and 5 July 2006

46t hesubBéduénEithgdisynchorRuSRWith itk daoN phPendt§Y Bénettel IfEr. that is in a

non-operating state during an active period of one of the first and second
control pulses that is generated first and then takes the third timng
pul se therein, and that is in an operating state when

11.  The display device as claimed in claim 9, wherein one of the third timing pulses is

a pulse that is active during one horizontal scanning period in one field period.

12.  The display device as claimed in claim 11, wherein the level converter circuit
further comprises a fourth circuit that is in an operating state during an active periods of
the third timing pulse using the third timing pulse after the level conversion by the third
circuit and performs level conversion of a fourth timing pulse from the first voltage

-amplitude to the second voltage amplitude.

13.  The display device as claimed in claim 12, wherein the fourth circuit includes

plural circuit parts corresponding to plural said fourth timing pulses.

14.  The display device as claimed in claim 7, wherein display elements of the pixels

are liquid crystal cells.




the control pulse is inactive, then |atches the control pulse, and |atches
the | atched data on a subsequent stage synchronously with the control
pul se that is generated later. 11. The display device as chhmeg i.n claim
9, wherein one of the third timing pulses is a pul se that i< 3%¢fP% during
one horizontal scanning period in one field period. 12. The display device
as clainmed in claim1l, wherein the lggvel converter circuit further
conprises a fourth circuit that is in an operating state during an active
peri od9. oh pamtable Heleghenaridavicp uksdeg,usd rg owfput kiispday minitg apdisplayafiedcet he

| evel conversion by the third circuit and perforns | evel conversion of a

fourt Borapitsing it fiORbViRE pikelStaryBlctamea mapii byGebbardl RIEVERC adny o0l t age
anplitude. 13. The display device as clainmed in claim12, wherein the

fourt I if | . ClLirCuit nad Lesp in 0 ural .said
Four t Aol e ale U5h P oy AN g Bb a0 SRERRIAC PRel o pBRS &
di splay. el enents_of the pixels are liquid crystal cells. 5 July 2006 47
15. AU%r%ﬁ evied cepyaie cireyitder peithgningdesel ouvpisiondpEptisging mUXS,e of @i spl ay
device conprising a pixel unit having pixels arrayed in a matrix on a

boar dfird voltagmampHnsle ippuitddiedmarutsibie tixab@art 0andeasnd heltqpexehplitnidé andd
adapted for driving the pixels of the pixel wunit, and a | evel converter

C1 I ¢ UbipplfAhg PR Q6L kY Bmifi@ BYRE3H B Bivifle diy80 pulse of a first

vol tage anplitude 1 nputted fr out si to a second vol tage

anplitude and, s | ying .the | evel -converted timng pulse to the driving
neans, the %\?gPP‘%&Yé’éP'?@FCU&‘i RS S npr i si ng:

a first circuit that is constantly in an operating state and performs level conversion
of a first timing pulse that becomes active during horizontal blanking period of an image
signal, from the first voltage amplitude to the second voltage amplitude; and

a second circuit that is in an operating state during an active period of the first
timing pulse using the first timing pulse after the level conversion by the first circuit
and performs level conversion of a second timing pulse from the first voltage
amplitude to the second voltage amplitude,

wherein the level converter circuit is provided on the same board as the pixel unit .

16.  The portable telephone devic_e as claimed in claim 15, wherein the level converter
| circuit further comprises:
a timing control circuit for generating a control pulse that becomes active during
the active period of the first timing pulse on the basis of the first and second timing
pulses after the level conversion by the first and second circuits; and

a third circuit that is in an operating state during an active period of the control




a first circuit that is constantly in an operating state and perforns |evel
conversion of a first timng pul se that becones active during horizonta

bl anki ng period of an imge signal, fromthe first voltagesgggh&%ude to

t he second voltage anplitude; and a second circuit that is i perating
state during an active period of the first timng pulse using the first
timng pulse after the | evel conversiggn by the first circuit and perforns
| evel conversion of a second timng pulse fromthe first voltage anplitude
t o t hepudsecusing vl canie] prpsei anddeerfosmsrlevel coneetsionedf @ thindetiméng pllse diom i s
provi ded on the sane board as the pixel unit. 16. The portabl e tel ephone
devi cahasirsthailtapé amplilditotidsecWhe i Bithod MMpligde] converter circuit further
conprises: a timng control circuit for generating a control pul se that
becones active during the active period of the first timng pulse on the
basis of the first and second timng pulses after the |evel conversion by
the first and second circuits; and a third circuit that is in an operating
stat e duri ngdhenpestable, telephong dlegicet aseclamrd i1 clgim 16y wisogn 4be $hird sirgwit ng t he
control pulse and perfornms |evel conversion of a third timng pul se from

t he fiincudewoplusg eirani pattsl derrtspohiibgaegindl sad tagbtimingd pilsee. 17. The
portabl e tel ephone device as clainmed in claim 16, wherein the third circuit
i ncludes plural circuit parts corresponding to plural said third timng

pul ses. 18. The portable tel ephone device as clained in claim16, wherein

the tiging gontrol cireuil geperates first, and secgpd gontrol, pulses that
control circuit generates first and second control pulses that become active at different
timing during the active period of the first timing pulse, and
the third circuit is a sampling latch-type level shifter that is in a non-operating
state during an active period of one of the first and second control pulses that is
generated first and then takes the third timing pulse herein, and that is in an operating
statc when the control pulse is inactive, then latches the control pulse, and latches the

latched data on a subsequent stage synchronously with the control pulse that is

generated later.

19. The portable telephone device as claimed in claim 17, wherein one of the third
timing pulses is a pulse that is active during one horizontal scanning period in one field

period.

20. The portable telephone device as claimed in claim 19, wherein the level

converter circuit further comprises a fourth circuit that is in an operating state during




timng during the active period of the first timng pulse, and the third
circuit is a sanpling latch-type level shifter that is in a non-operating
state during an active period of one of the first and secong o%&%ol pul ses .
that is generated first and then takes the third timng puP€® Aérein, and
that is in an operating state when the control pulse is inactive, then
| at ches the control pulse, and |latchgg the |atched data on a subsequent
stage synchronously with the control pulse that is generated later. 19.
The pamt adiive paiebhb ke thiwd tieniag milss nsidgithe dhiad rfiming pilse eiftar b loykel t he
third timng pulses is a pulse that is active during one horizontal

scannicagvesionOly it SR tirhifl an@§ierRems A8vel TdoRveRImABF @ foshRANANE pleyd ce as
claimed in claim19, wherein the level converter circuit further conprises

act vt et ol a@ st RReRASEAId Ok A RN 17, 5 {1 g pul <6 after

the Il evel conversion by the third circuit and perforns | evel conversion of
a fourth timng pulse fromthe first voltage anplitude to the second

- vol tagg anpld tude. ., The rt.abl e 1el ephonge.deyi ce as clai.ned in claim

20, | witdr oi nThHEOT BRI epRsRERTiRn of clalioeBit P Al sthePSipdbt S8 Fiefbnal ng
to plural said fourth timng pulses. 22. The portable tel ephone device as
cl ai neaclpdesarlarakcirsuit pps eonrespradiagdp phyral sied faveth iming pulsesd cryst al

di splay device using liquid crystal cells as display elenents of the
pi xel s.

22, The portable telephone device as claimed in claim 15, wherein the display
device is a liquid crystal display device using liquid crystal cells as display elements

of the pixels.




ABSTRACT This invention realizes reduction in consunption of DC current in
.a level converter circuit by setting level shifters in an operating state
only when necessary in accordance with hierarchical control_ | gg\gni ch an
out put pul se of a level shifter {311) that is constantly insd”'ﬁg - ON
state is used to set a level shifter (321) of the next hierarchical |evel
in the operating state, then out put; pul ses of the level shifter (311) and
the level shifter (321) are used t0 generate control pulses LT1 and LT2,
‘which are wused to set |evel s%ﬁ 41 to 346) of the next hierarchical
| evel in the operating state a g;lfeiig‘fg‘ﬁ{t'l]a:iut pul se of one of the |evel '
shifters is used to set level shifters (351), (352) and (353) of the next

-~ hierarchical level in the operating state. Thus a |evel converter circuit

in which the consunption of DC current is reduced and which enables,
-+ educti onThis iiswetior seainrsticductadn iheonhahptidevifcBC audeapiny Wevice Lo
equi pped with this | evel converter circuit, and a portable tel ephone device

~UST NGofviater GireRit BY seRifigIBvAShferS ¥ BY bpliatilodYatk Ynly GABnAECEQAS fcted.
accordance with hierarchical control, in which an output pulse-of a level shifter (31L) .

-« that'is constantly in:a-power-ON state is used to set a:level shifter _(32]3‘0f~the' next: < -

~-hierarchical level in the operating state, then output:pulses of the level shifter (31:1) = =
and the level shifter (321) are used to generate control pulses I.T1 and LT2, which are

used to set level shifters (341 to 346) of the next hierarchical level in the operating

L ostatesandan-output:pulse:of one-of the:level shifters-isuseddo.setlevel shifters: (351)y -z it i

o (352)-and. (353). of the: next: hierarchical level in-thé.bperat-ing:sstatef.it--.THuS*; alevel: s oo
converter circuit in which the consumption of DC current is reduced and which -~
.+ cnables-reduction : in -power consumption-of -the whole-deviee,: a: display: :device i o 2i
equipped with this level converter circuit, and a portable telephoné device using the i 1+

display device as an output display unit can be constructed.




