; e3edLH2z6T] r DESCRI PTI ON DATA PROCESSI NG CI RCUI T, DI SPLAY APPARATUS,
AND PORTABLE TERM NAL 5 Technical Field The present invention relates to

«data processing circuits, display apparatuses, and portable
nore particularly, to a data processing circuit for 10 procmm@mﬂmmmml t al
. data signal having a high data rate, a display apparatus which

~» data processing circuit as one of peripheral driving circuits for a dlsplay

section, and a portable term nal on which the display apparag
as an image display section. 15 Background Art In the field m"”"ﬂmmmﬂmm”ﬁ
fl at - panel -type di spl ay appar at uses, typlcal of which are liquid

di spl ay apparatuses and EL (el ectrol um nescence) displ ay apparatuses
so-called 20 driving-circuit-united-type display apparatuses have been
devel oped in order to make the fﬂ%ﬁ%&?ﬂ%T e panel s snall er and make the
panels thinner. In the driving-circuit-unitedtype display apparatuses, a
di splay section in which pixels are arranged in a matri x manner and

peri pher al dE;%Jn% 25 circuits for driving_the display section are nounted
on a ROCESSING CIRCUIT, DISPLAY APPARATUS, AND

PORTABLE TERMINAL

Technical Field

The present invention relates to data processing
circuits, display apparatuses, and portable terminals, and
more particularly, to a data processing circuit for

10 processing a digital data signal having a high data rate, a
display apparatus which uses the data processing circuit as
one of peripheral driving circuits for a display section,
and a portable terminal on which the display apparatus is
mounted as an image display section.

15
Background Art

In the field of flat-panel-type display apparatuses,
typical of which are liquid-crystal display apparatuses and
EL (electroluminescence) display apparatuses, so-called

20 driving-circuit-united-type display apparatuses have been
developed in order to make the frames of the panels smaller
and make the panels thinner. In the driving-circuit-united-
type display apparatuses, a display section in which pixels
are arranged in a matrix manner and peripheral driving

25 circuits for driving the display section are mounted on a



- 2 transparent, insulating substrate as a unit. In |iquidcrystal display
appar atuses and EL di spl ay apparatuses, since thin-filmtransistors (TFT)
~are used as pixel transistors, the peripheral driving circuits are al so
formed 5 by using .TFTs when the peripheral driving circuits are nounted on
a transparent, insulating substrate. The peripheral driving circuits of the
~di spl ay apparatuses include a vertical driving circuit for selecting pixels
in the display section in units of Iines and a 10 horizontal driving
circuit for witing display data into-each pixel in the selected line. In
addition, a data processing circuit for applying various processes to
display data to be sent to the horizontal driving circuit needs to be
included, 1t is assuned here that the data grocessing 15 circuit is formed
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processing circuit 1s forned on an insul at usi ng
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difficult to process at a high speed, data signa avin - 3 high data

rates, suelnesd bgid atrshSPA Avndaten Sl ol sy Kedhewhed the absol ute val ues
of the thresholds Vth are large, if the power-supply voltage of the circuit

is set high anm¢ the idaleragi enahsmy eihandled &S dray @8-«¥ly tude 5 signal s,
it is possible to handle digital data signals having high data rates at a

hi gh spespba Mters ¢ hei polheds uppler viodd Bger OF i idiec tBd @i Pr o6LsséNgeeinguit is
set hi gh, however, the power consunption of the data processing circuit
i ncr easezixelry micthe Thisefay esedtiors 0 wh stdvaht hgeesisandiesn t he di spl ay
apparatus has a drivingcircuit-united-type structure to reduce its power
condlnpthepizontal driving circuit for writing display data into
each pixel in the selected line. 1In addition, a data
processing circuit for applying various processes to display
data to be sent to the horizontal driving circuit needs to
be included. It is assumed here that the data processing
15 circuit is formed by using TFTs on a transparent, insulating
substrate, such as a glass substrate, in a display apparatus.
TFTs have much variance in element characteristics and
the absolute values of their thresﬁolds Vth are large. When
TFTs are formed on an insulating substrate, such as a glass
20 substrate, it is known that their element characteristics
become worse than when TFTs are formed on a silicon
substrate. Therefore, when a data processing circuit is
formed on an insulating substrate by using TFTs, where the

absolute values of the thresholds Vth are large, it is

25 difficult to process at a high speed, data signals having



The present invention has been nmade in consideration of the above issues.
An object of the present invention is to 15 provide a data processing
«circuit capable of processing digital data signals at a high speed with a
| ow power consunption even if the data processing circuit is formed on an
. Insulating substrate by using TFTs, a display apparatus which uses the data
*processing circuit as one of peripheral 20 driving circuits for a display
section, and a portable termnal in which the display apparatus is nounted
as an inmage display section. D sclosure of Invention 25 A data processing
circuit according to the present - 4 invention includes first
"l evel -conversion neans for |evel converting a data signal having a first
vol tage amplitude input in series to a data sjgnal having a second voltage
anplitud%gg ré%?atﬁ% efheSEFRsts vl ghbR! afpiPiavedatarsnalparal | el
conver si on ns féﬁ CQﬂ%ertin t he data signal |evel-converted by the
Bh
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whi ch the data processing circuit 1s nount'ed on the sane transparent,
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using the data processing circuit is nounted as a screen display section on
20 port abbweter i Ok Spby Pt C8bnSImPPi 6 &f etiRDASa { PepsORads thgi t al

assi stants) and portable tel ephones. In the data processing circuit having
t he abovetleseit biedcstasies urery amdilspl ayhappss b Usitising the data processing
circuit as one of peripheral driving circuits for 25 a display section, or
a pabt abdesadvaihpageons wiheh the dispbay disphsytappesatasdi svimgnt ed as a
screen display section, a data signal having a first voltage anplitude

i nput i IC5EPRES IRl tedetyronyertetuby theréduse ievepowesnverting neans to a

data signal having a second voltage anplitude, which is a
consumption.

The present invention has been made in consideration of
the above issues. An object of the present invention is to
15 provide a data processing circuit capable of processing
digital data signals at a high speed with a low power
consumption even if fhe data processing circuit is formed on
an insulating substrate by using TFTs, a display apparatus
which uses the data processing circuit as one of peripheral
20 driving circuits for a display section, and a portable
terminal in which the display apparatus is mounted as an

image display section.

Disclosure of Invention

25 A data processing circuit according to the present



5 data signal having a |arge anplitude. Even if the serial data signal has
a high data rate, since it has a large anplitude, the serial-parallel

. conversi on nmeans can apply high-speed processing, and converts the serial
data signal to parallel data signals at a high speed. Wth this 10

. parallelization processing, the data rate of the data signal is |owered.

» The parallel data signals are |evel-converted by the second

| evel -conversion neans to data signals having a third voltage anplitude,
whi ch are data signals having a smald ganplitude. Since the data signals
have a | ow data 15 rate even through the signals are snall-anplitude
signal s, high-speed processing is allowed even when the power-supply
voltage js low in subsequent, stages. Brief Description of the Drawi ngs 20

Fig. |an‘éerbifjo%rk ’d?%]dnl shioht th %Ylejex%‘?%‘f%r%’t‘?rbdﬁ‘%ﬁ%s ofon Jd%l‘f%ll processi ng

CIrCUIt accordin n enbodl t of the present jnvention, . 21s a
bl ock d.%&ﬁ U g‘? AL SPEHY 1T Vo e aawwefru it

circuit a §§r erl grallel 25 conver |on circu g’ g. 3is a

circuit OIRAYFant show Ry 2° shedi¥d ¢ e ehi e Bt es%(f'oré s‘é?flpfraeq%nd | atch
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drivisng-glyeiids %ﬁ&&@&? S de St Vob e £ B0 ayh@pc?ﬂ@tyf%ﬁgford' ng to
t he present I nvention circ diagr am show n exanpl e

structurge@f achho&ttdd @y di el 2Yr S€Cid ot - EbByefsiSn am&érli§u‘$$ di agram
showi ng an exanple specific 10 circuit of a data sanple-and-latch section,
a SeCCWKbAﬁﬁIibl data signals, and second level-conversion means for
level-converting the parallel data signals to data signals
having a third voltage amplitude smaller than the second
10 voltage amplitude, and the data processing circuit is formed
on an insulating substrate by using thin-film transistors.
This data processing circuit is used as a data processing
circuit for processing a display data signal input in series
from the outside of the substrate and for sending to a
15 plurality of horizontal driving circuits, in a display
apparatus in which the data processing circuit is mounted on
the same transparent, insulating substrate as a display
section is mounted. A display apparatus using the data
processing circuit is mounted as a screen display section on
20 portable terminals typical of which are PDAs (personal
digital assistants) and portable telephones.
In the data processing circuit having the above-
described structure, a display apparatus using the data
processing circuit as one of peripheral driving circuits for

25 a display section, or a portable terminal on which the



section, and a level shifter in a horizontal driver. Fig. 7 is an

appear ance vi ew showi ng an outlined structure of a PDA according to the
«present invention. 15 Best Mdde for Carrying Qut the Invention Enbodi nents
of the present invention will be described belowin detail by referring to
. the drawings. Fig. 1 is a block diagram show ng an exanple structure of a
data processing circuit according to an enbodi nent of 20 the present
invention. As clear fromFig. 1, the data processing circuit according to
the present enbodiment has a level shift_circuit 11 serving as first

| evel -conversion nmeans, a serial-parallel conversion circuit 12, |evel

shift circuits 13A and 13B serving as second | evel -conversion 25 neans, and
output circuits 14A and 14B. It is assuned that V the data processing
circuit $SRARERPRAT BHLF nkTI BRNEE S LdS 1§ St ereauchi srlay gfeetiembstrate, by
usi ng Tﬁ;s, whj ch ve much variance in el enent, characteristics and nmuch
vari ancé 3 v thrEsol BRVARR. 2 5L WERE oY P hFa Rt ede iRy HR1$9%te%ol t age
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converted to a plurality of, in the present enbodi ment, two,
si gnal s {1iyw-fsdead | 8to dlad 91184 IN@h @) corre At S UDSEAUEPL 2 Bt @8€a Of 1 L1

serial -parallel conversion 20 circuit 12, the two | evel-conversion circuits
13A and ti8Bbarallel data signals at a high speed. With this
10 parallelization processing, the data rate of the data signal
is lowered. The parallel data signals are level-converted
by the second level-conversion means to data signals having
a third voltage amplitude, which are data signals having a
small amplitude. Since the data signals have a low data
15 rate even through the signals are small-amplitude sigpals,

high-speed processing is allowed even when the power-supply

voltage is low in subsequent stages.

Brief Description of the Drawings
20 Fig. 1 is a block diagram showing an example structure
of a data processing circuit according to an embodiment of
the present invention.
Fig. 2 is a block diagram showing an example specific
structure of a level shift circuit and a serial-parallel

25 conversion circuit.



serving as third | evel -conversion neans are provided, for the two digital
data signals. The two | evel-conversion circuits |evel-convert (reduce in
.| evel ) the data signals having the second voltage anplitude to data signals
having a 25 third voltage anplitude (for exanple, 0 Vto 3.3 V) smaller \Y,
. than the second voltage anplitude. The digital data signals having the
third voltage anplitude are output to the outside through the output
circuits 14A and 14B. In the data processing circuit according to the
present 5 10 15 enbodi ment having the gahove structure, the data signal
having the first voltage anplitude, input in series is increased in |evel
to the data signal having the second voltage anplitude by the | evel shift
circuit 11, and sent as a data signal having a large anplitude to the
seri al par al | €I'9corvéfsifofidicidi dlagrag showing sespgciddca cdirgvdlt has a
| arge anplitude even if it has a high data rate, the serial-parall el
conver si TR YC Rk al?%%‘ﬂ@/‘#ﬁ%ﬁéﬂ@éfﬁlpr%e%’%iﬁgr% WiHe ialse
structured by, using TFTs, _tolconvert the serial data signal to a parallel
data si gﬁ’eﬂc%’lorés t#gha e R RS rARY S M Yt St gnal is |owered by
the 20 25 serj.al - par.al |_el_.conver.sion perforned in the serial-parallel
e REagae SEGRARS &0 SHFERLEg S Y Sar al | el

conversion circdit 12 2sncet

dat acsi l.s 4. .bs - it EXE > Glteuit . the data rate of the data
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e

the smal|l anplitude are output to
structure of a pixel in a display section.
Fig. 6 is a circuit diagram showing an example specific
10 circuit of a data sample-and-latch section, a second latch
section, and a level shifter in a horizontal driver.

Fig. 7 is an appearance view showing an outlined

structure of a PDA according to the present invention.

15 Best Mode for Carrying Out the Invention
Embodiments of the present invention will be described
below in detail by referring to the drawings.
Fig. 1 is a block diagram showing an example structure
of a data processing circuit according to an embodiment of
20 the present invention. As clear from Fig. 1, the data
processing circuit according to the present embodiment has a
level shift circuit 11 serving as first level-conversion
means, a serial-parallel conversion circuit 12, level shift
circuits 13A and 13B serving as second level-conversion

25 means, and output circuits 14A and 14B. It is assumed that



- 9 outside through the output circuits 14A and 14B. Since the data
signals have a |l ow data rate even when they have a snmall anplitude, the
soutput circuits 14A and 14B and outside circuits can process themeven if
they have a | ow power s supply voltage and are structured by using TFTs.

. Since just a part of a section, which includes the output stage of the

~level shift circuit 11, the serialparallel conversion circuit 12, and the
| evel shift circuits 13A and 13B, handl es data signals having | arge
anplitudes in 10 the section which, _.as; descri bed above, increases in |eve
a data signal having a small voltage anplitude input in series to a signa
having a | arge voltage anplitude, converts the serial data signal having
the large voltage anplitude to parallel data_ signals, and then, reduces in
| evel totfatdRad RYQYrRs itV heC e ks | Taredg el insfeat 8¥@n when t he
section i@Pa data processing circuit structured by IorningTFTs on an
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signals at_a | ow power consunmptjon. 20 In the data processing circuit
accor di N ¥o T‘ﬁ%\f‘ pYaeEJe?ﬁc%nga?Jr@h‘?n$a%?@a‘f$eer% : RISErTHEY structure,

t he Ieve&agigg ec{gc%%} éﬁoﬁ@g éqﬁ serial-parallel conversion circuit 12
are, for exanple, StrlieT it as’ o single circuit. Mre specifically, when a

datassi gnal iRl ldh SIS %23 GANR &0 419 e AR el dala, bl gnal s,

two sanpl e- and- evel shift circuits 1 are

di sposedf & PakalbEL, 85 $howns i %s ﬁidn@ggi Pl f2 & Daf @ | g, 4 pput to

both of the level shift circuits 11 wo sanpl 1rng pul ses SP1 and

SP2 havi ai & § erent 1 PHASES, S &1 Gk V- t I i I £ CUi 11A and
11B, res%g%ti vel y(,? shch ?ﬁa? the@lllg%/e?@s%?ef tﬁ%ér%?t%%%%%{ilglg%rfor m

sanpl i ng1 @bedi i erentitéwi oo 1 Wedel-hese opes atinhseadde {evedvshy ft
circuits 11A and 11B increase in level the data signal Data, and then,

out put tvive paded | € gl ah&v on@l shd Of Ded @ o Brshdadmp Pi ti@spegpively, which
are separated. Fig. 3 is a circuit diagramshow ng an exanple specific
cirdgit séride sanpleatndsigich hevetlg shiddécand cud1isadd Aarantli ddde Whi ch al so
serve as the serial-parallel conversion circuit 12. As clear fromFig. 3,

t he sanplEcanxdmpld, 16 Vevel 6 shi¥t Targer ttHdA {Hd Bjiascovdltggéo t he
present enbodi nent has a sanpl e-and-|atch section 21 and a data | atch

secti on o bbtkdef whiehsearkal-opaedl bel aponvsts ton ngisabst rb2e by using

TFTs. The level shift circuit has a control termnal 23, a
converts the serial data signal increased in level by the

level shift circuit 11 to, for example, two parallel data
15 signals. Serial-parallel conversion here means processing
in which a digital data signal input in series is converted
to a plurality of, in the present embodiment, two, digital
data signals (two parallel data signals).
At a subsequent stage of the serial-parallel conversion
20 circuit 12, the two level-conversion circuits 13A and 13B
serving as third level-conversion means are provided, for
the two digital data signals. The two level-conversion
circuilts level-convert (reduce in level) the data signals
having the second voltage amplitude to data signals having a

25 third voltage amplitude (for example, 0 V to 3.3 V) smaller



20 data input termnal 24, a negative power-supply termnal 25, two
positive power-supply termnals 26 and 27, and a data output termnal 28. A
vsanpling pulse SPis input to the control terminal 23 fromthe outside of
the substrate. The data signal Data having the first voltage anplitude (0 V
.1t0253.3V) isinput to the data input termnal 24 fromthe - 11
~outside of the substrate. A power-supply voltage VSS (for exanple, the
ground level) is given to the power-supply term nal 25. A power-supply
voltage VCC (3.3 Vin this case) corrgsponding to the anplitude voltage of
the data 5 signal Data is given to the power-supply term nal 26. A
power - supply voltage VDD (6.5 V in this case) hi gher than the power-supply
voltage VCC is given to the power-supp termnal 27. The sanpl e-and-|atch
section P3% stherierrd CMOIRA® Fmwk: ‘ec%/% 21Hherdipital LdaMos ignalts cel |
213, and an |nverter circuit 214. The CMOS inverter 2l1 is connected in
seri es b‘éﬁ‘@\b‘é‘?\ thet }ék%pY%lt%gQ/@‘P}h%u%da%e\/SStmﬁeto afle i aupkdred of a

PMOS tr SISt 19(;% an NMOS tra |stor | 1 of which the gates are

connect e %uq t%uW\letC’i’Sc‘fjeWn *CMOS inverter 211 inverts
the polarity of ata 5| Data .in ut tothe datg input term nal 24
fromthe out s]’?lde Ctj‘s'hee1 é)tfb %’Saﬁjélg e %Wéﬁqjé‘rg %fz% EHTERted i n

b d forned of a PMOS 20
rang: scar G XmiW?r%}%é?%tor el SraT Tt oot the romal

having the first voltage amplitude, input in series is

increased in level to the data signal having the second
voltage amplitude by the level shift circuit 11, and sent as
a data signal having a large amplitude to the serial-
10 parallel conversion circuit 12. Since the serial data
signal has a large amplitude even if it has a high data rate,
the serial-parallel conversion circﬁit 12 can apply high-
speed processing even when it is structured by using TFTs,
to convert the serial data signal to a parallel data signal
15 at a high speed.

The data rate of the data signal is lowered by the
serial-parallel conversion performed in the serial-parallel
conversion circuit 12. Since the data signal is converted
to two parallel data signals in the present example circuit,

20 the data rate of the data signal after the conversion is
half the data rate used before the conversion. The parallel
data signals are reduced in level by the level shift
circuits 13A and 13B to the data signals havinhg the third
voltage amplitude, which is signals having a small amplitude.

25 The signals having the small amplitude are output to the



gates are connected in common. The CMOS inverter 212 inverts the polarity
of the sanpling pulse SP having an anplitude of 0 Vto 6.5 V, input through
- the control termnal 21. 25 The CMOS | atch cell 213 has a first CMOS

i nverter - 12 formed of a PMOS transistor Qol 3 and an NMOS transi stor

. 1 3 which are connected in series and of which the gates are connected in
common, and a second CMOS inverter forned of a PMOS transistor ol 4 and an
NMOS transistor Qnl4 which are 5 connected in series and of which the gates
are connected in comon, and the inputg and output ends of these CMOS
inverters are cross-connected. Mre specifically, the input end of the
first CMOS inverter, that is, the comobn gate connection point of the 10

MOS transistqés %@IS agd Ol 3, is connected to the_ output end of the second
oMOS i nvRP R tHatorEl the colbh eHEFM tonhRR 3 bR nt BEnERetMIS

t i st | 4 and Onl 4, d the i t end of th d CMXS i t
that 1 5,587 TUHOR JIR LS COmISEL T ot i 1% HEARRS T AnSTEtoF s ol 4 an:
15 | 4, i ted.t h t put d of th [ ' { t hat
's, the ETREPE! Foon ht  SREREY o orSt e Mk ThdniScerd G5t S-dnd ani s
A PMOS t [ | 5 ] %% d_bet the VDD |i dth
pomr-su%%?%ﬁg%%;c%) E?Jﬁgéé n&l'?‘%%':v%rglﬁg%?y g’ba\?%eal ¢ a??"é%%i_e.stor Q! 5
i's om whike,ihe,sprpLl ng, pul s &rﬁ%ﬁe&hﬁfu@&x} ergpptrol termnal 21 is

at a low level, and Supplies the power-supply voltage to the CMOS | at ch

cel | 213. Thes M JuaAnd it QF 5 ise@ffomhishe dhe sampld gyl se SP is at
a high level, and interrupts the supply of 25 the power-supply vol tage VDD

to the Qtphatshageldr 2dBe leveldsnW¥thctihigitthe, OMS satghycell 213
functions as a level shift section. I'n the CMXS latch cell 213, an NMOS

transi stgdrdl &l i SogvaneLsé Rdcbetween 2 heahdpthe endvof therfi &stcEMS
inverter 5 and the data input termnal 24, and an NMOS transistor Qnl 6 is

connect etl3hednee3B hehampliés edat Of s L iea 56 Coadi K06 +H& e4hST 1 Bde s hen out put
end of the CMOS inverter 211. The NMOS transistors Qnl5 and Qnl 6 are on

whi L€ t hehaasgpdthgn puih s5eh SRas sdasct tisedi gihoveyelncsanpbe iheldatn si gnal
Data 10 and a signal having its reverse phase, and output to the CMOS | atch
cel | 213 athesignel tkavinyg cui sm@ld habtage i ampl OMBSe | iveut einf senkdsof a
PMOS transistor Qopl 7 and an NMOS transistor Qnl 7 which are connected in
seri es arfd dfsiFRch kaelr@t@slarge 190 boawe caerll | tudemeenvants atBecond CMOS

inverter fornmed_ of a- ,
serial data signal having the large voltage amplitude to

parallel data signals, and then, reduces in level to data

15 signals having a small voltage amplitude, even when the
section is a data processing circuit structured by forming
TFTs on an insulating substrate, high-speed processing can
be applied to digital data signals at a low power
consumption.

20 In the data processing circuit according to the present
embodiment having the above-described structure, the level
shift circuit 11 and the serial-parallel conversion circuit
12 are, for example, structured as a single circuit. More
specifically, when a data signal input in series is

25 converted to two parallel data signals, two sample-and-latch



PMCOS transistor Qol 8 and an NMOS transistor Onl 8 which are connected in
series and of which the gates are connected in comon, and is in an

; operation state when the power-supply voltage VDD is supplied through the
PMOS transistor Qpl5. 20 In this inverter circuit 214, the input ends of

. the first and second CMOS inverters, that is, the commobn gate connection
points of the MOS transistors Ql7 and 0l 7, and Qol B and Onl 8, are
connected to the output ends of the first and second CMOS inverters of the
CMOS | atch cells 213, 25 respectively;yThe output ends of the first and
second CMOS - 14 inverters, that is, the common drain connection points
of the MOS transistors ol 7 and vl 7, and @l 8 and Ol 8, are connected to
the drains of NMOS transistors Onl 9 and On20, respectively. The NMOS
transi stisfeigi hFiapsts 0 iivh BR s shingfepuis@sm i lslklashi f t ed
by the E%%gﬁinyerter 212 is_in a high-level state, and the data signal Data

| at ched Thel ToNeS | & cRRBINEE datadiftta ot HaRiE &89 R *etidh 22 in
t he next, stage.. .The data |atch sectjon 22 is fornmed of a CMOS latch 221 10
and a OM® §nvEr %ﬁﬁﬁuﬁﬁ%]gﬁb§q t'ctP 221 has a first CMOS inverter

formed of a PMOS transistor 21 d a transi st. 21 which are
connect ed in%¥8rF88pgéPﬂé8H (] 9%% PF%eggﬁghﬁﬁén98§qﬁﬁ%?%%%jQﬁasﬁﬁich t he
gateg are ¢ t i,n._common, and..a second i nvert formed of a 15
Pl\/mgt r éaﬁrsel @orecnéj%? t}nedolaeﬁ’eﬁl\/cﬁ”?frtan%]i% uolrtsg:@‘ vﬁﬁ‘ghllgé’e connected in
series hetuecen the Ihe.gnd R ide i {.he gat are
connected I'n colmmr?%/’Da%r}JcF}?ﬁte | np%{tbealneg%olutgp}ﬁlt@ggc gg%msﬁglsleﬁd@ ﬁe\?erters

are CroSsGoeetSthp 2hdie gpesifigal Lynihhe i ppyh %@@shfe ok}%%attiiro%ts_,m

inverter, that is, the comopn gate connection point of t transistors

Q21 andHNZlevdls fimecdedntiod e PRyt Bnd M rd e saeondd, OVG,d nverter,

that is, the comon drain connection point of the MOS transistors Q22 and

22, anght2b dihdInmHtentd dHeh seaoishiOM® ipwesiesy dded dsgndhe - 15
comon gate connection point of the MOS transistors @22 and Qn22, is
conhéct bt I kenduwgnd Endafpddiei faIyl wWiME iawmerd@sardted. i s, the conmon

drai n connection point of the MOS transistors Q21 and n2l. The input ends
of the firstFig. 3 is a circuit diagram showing an example specific
circuit of the sample-and-latch level shift circuits 112 and
11B which also serve as the serial-parallel conversion
circuit 12. As clear from Fig. 3, the sample-and-latch
15 level shift circuit 11A (11B) according to the present
embodiment has a sample-and-latch section 21 and a data
latch section 22 both of which are formed on an insulating
substrate by using TFTs.
' The level shift circuit has a control terminal 23, a
20 data input terminal 24, a negative power-supply terminal 25,
two positive power-supply terminals 26 and 27, and a data
output terminal 28. A sampling pulse SP is input to the
control terminal 23 from the outside of the substrate. The

data signal Data having the first voltage amplitude (0 V to

25 3.3 V) is input to the data input terminal 24 from the



5 and second CMOS inverters are connected to the sources of the NMOS
transistors Qnl 9 and Q120 of the sanple-and-1atch section 21. The CMOS
-inverter 222 is fornmed of a PMOS transi stor 23 and an NMOS transi stor
23 which are connected in 10 series between the VDD line and the VSS line
. and of which the gates are connected in comon. The input end of the CMOS
-inverter 222, that is, the conmopn gate connection point of the MOS
transi stors Q23 and n23, is connected to the output end of the first CMOS
inverter of the CMOS latch 221, 15 ang,the output end of the CM3S inverter
222, that is, the commopn drain connection point of the MOS transistors (23
and On23, is connected to the data output term nal 28. The sanpl e-and-I|atch
| evel shift circuits having the above-described structure are di sposed in
par al | elo@S ot 2818 sulgErate The iRPAT P IDatve e gapifts i E@omon to
these level shift circuits 11A and 11B, and the two sanpling pul ses SP1 and
SP2 haviSHtAH¥9 erldit Pt e lyi vieh Fvamdq &g raet-uRRW ts 11A and
11B, respectively,_ to make the Ievel shift circuits 11A and 11B sanple and
latch t REETRELFE St db UL UIHhF OWATE (4G, (Ll iTorversi on (1 evel

up) - 16 and serial-parallel conversion are effectively applied to the
data si griai S Datd I HERRETHIS 1 1 AP LT © 498 c#llte}%%'elcp%ﬁ ft circuit

sho i n.Fi forns | evel cgnversion at the nonent the sanpling 5
s S%:ll.qrgal ‘?bapt.eg 1.4 :gl\}? ﬁo t%e rﬁoyweirnissupr%l nt[e_rlr\:lhnal

pul se ses, and curten owWs 0 erefore, | ow power

consunpt. L Se b YD t I ddi td qp,: since. this sanpl.e- -]l.atch | eve
shi Tt e U, Rl gl R it R R A

serialp I SANMES i i it '3 . i S duced,

whi ch i?&2%IggcantagéﬁAfﬁnfﬂgﬁgiacégdgigﬁﬂgggqgﬂggﬁ? nt,ft% éfse i n which

the thirdkMpidageanplitude to which the level shift circuits 13A and 13B
reduce the signal level is set to the snmall voltage anplitude (0 Vto 3.3 V

in the enboditintghn®fl elanidha aitkPUls dRtidnsizanals Fasregen rdesryd bed as an
exanple. The third voltage anplitude is not limted to this voltage

anplLdt udenvethissrd e 1 hindl 210 | agecvopllid e dslised13 0 &y arol t age anpl it ude
smal l er than the second vol tage anplitude, the effect of reducing power
consunptimrertsenbtiaianed: 2Men The CMOS inverter 211 is connected in
series between, for example, a VCC line and a VSS line, and
is formed of a PMOS transistor Qpll and an NMOS transistor
Onll of which the gates are connected to the data input
15 terminal 24. The CMOS inverter 211 inverts the polarity of
the data signal Data inbut to the data input terminal 24
from the outside of the substrate.
| | The CMOS inverter 212 is connected in series between, a
VDD line and the VSS line, and is formed of a PMOS
20 transistor Qpl2 and an NMOS transistor Qnl2 of which the
gates are connected in common. The CMOS inverter 212
inverts the polarity of the sampling pulse SP having an
amplitude of 0 V to 6.5 V, input through the control

terminal 21.

25 The CMOS latch cell 213 has a first CMOS inverter



20 the third voltage anplitude is set to the small voltage anplitude of the
i nput data signal, however, another power supply is not required, which is
- an advantage. In the above-described enbodi nent, the data signal input in
series is separated into two data signals, that is, 25 is converted to two
. parallel data signals, in the serial - 17 parallel conversion circuit

12. The input data signal nmay be converted to three or nore parallel data
signals to further reduce the data rate of the data signals. Mire
specifically, the circuit shown in Eigyg 2 needs to be 5 configured such
that n (n >_ 3) level shift circuits are disposed in parallel, and n
sanpling pulses SP1 to SPn having different phases are sent to these n

| evel shift circuits, respectively. The usage of the data processin
circuit %%?%i‘h% 3 FPMOS t HeA T Bkt %H%oﬁrférﬁr} I‘H&%r‘?%ﬁﬁlaﬂ%ﬁﬁe,%]sgnot
o cui ¢ TR P S o St foh A S APTASHy-de GAYRIAEY o Spl oy
oot t ST bl oy Se R bar st o SR e SRR | TR A5G dsef ul
hen 1 BDSRLLSS Loe LRSS g R Slre L G onen
ccord: g Tt i pPley ! i of Tl e S LU T B AR BT oy

appar at Usomhdh Fi ghd 4h@ Hhspl ¥ $EGH AR (HXE!oSeGld AN cags I N whi ch pi xel s

are disposed in a matrix manner 1s forned on a transparent, insulating

subst r at fhvStiedr 9153 1P I BSSs Sibstddt &3 31. The gl ass substrate 31 is di sposed
opposite 25 another gl ass substrate with a predeterm ned gap arranged -

18 therebet wea spatiFildaQuiyd- anestidlputeid dr ithesealad Refoseen the
substrates to forma display panel (Léb panel). Fig. 5 shows an exanpl e

struct urimwdrteach fhaelid n the shrmpdygsestdoinaZ:idmabo oit tde pixel s 50
di sposed in a
10 MOS transistors Qpl3 and Qnl3, is connected to the output
end of the second CMOS inverter, that is, the common drain
connection point of the MOS transistors Qpl4 and QOnl4, and
the input end of the second CMOS inverter, that is, the
common gate connection point of the MOS transistors Qpl4 and
15 0Onl4, is connected to the output end of the first CMOS
inverter, that is, the common drain connection point of the
MOS transistors Qpl3 and Qnil3.
A PMOS transistor Qpl5 is connected between the VDD
line and the power-supply side of the CMOS latch cell 213.
20 The PMOS transistor Qpl5 is on while the sampling pulse SP
input through the control terminal 21 is at a low level, and
supplies the power-supply voltage VDD to the CMOS latch cell
213. The PMOS transistor Qpl5 is off while the sampling

pulse SP is at a high level, and interrupts the supply of

25 the power-supply voltage VDD to the CMOS latch cell 213.



5 matrix manner has a TFT (thin filmtransistor) 51 serving as a pi xel
transistor, a liquid-crystal cell 52 of which a pixel electrode is
.connected to the drain electrode of the TFT 51, and a hol di ng capacitor 53
of which one electrode is connected to the drain electrode of the TFT 51.
. The liquid 10 crystal cell 52 here neans a |iquid-crystal capacitor
-gener at ed between the pixel electrode and an opposing el ectrode forned
opposite the pixel electrode. In this pixel structure, the gate el ectrode
of the TFT 51 is connected to a gate hgne (scanning line) 54, and the 15
source el ectrode thereof is connected to a data line (signal line) 55. The
opposi ng el ectrode of the liquid-crystal cell 52 is connected to a VCOM
line 56 in every pixel. A comon voltage VCOM (VCOM potential) is given to
the oppdsity EHett ridte BIC% N teyur Erast afur@rion® ahraukavehe VCOM 20
i ne 56 iqgfverg' i xel . The other electrode (term nal at the opposing
el ect r od& 5 eI B 3 he hol di ng capacitor 53 is connected to a CS line 57 in

every pixel. Wen 1 - .hari zont.al riod) .j.pversion . drivi r . 1F (F:
field period) s g"‘g}? &ﬁ%\ﬁhnﬁlg 53%0&%&!%5 Firggisdy o rse%%&%allst o be
witten j c ixel is.gnverted in.polarity.. - ifh the VCOM

pot ent i a‘%%rgee%?ea&s] kgét)fs'g %ij e%}%:%.lwlé% %n }éef s‘?%ﬁs%m?é::ngl?‘ﬁe%?%h t he

Pl a8l ekl e T ARADLCAnd fad WY {8 2 Afhidit LU IBlo S04fG |t B vl

is used toge nversion drivin i NVErsion ving, the

pol arity; of . &, 3 Q04 %’ggv@éergie@g% %%&Q%%ﬁ L n@é?#goﬂ S ternately

inverted i n synchronization wt e potenti a An alternating vol tage

havi ng aimpsitdhesdmnaligideds dhecks aeeMdilrise used aspfhe VOOM
potential. Since a 10 voltage drop occurs at the TFT 51 due to a parasitic

capaci t oMo efran $i gt s ign MW i € atdeopiwel 1€l eed r Pind he
| iquid-crystal cell 52 fromthe data line 54 through the TFT 51, the

al t er natpulsev 3@ age obteiaadidly etk ng $dep Vel tlegeddtOpsignal Mmsta t he sane
anplitude as the CS 15 potential is actually used as the VCOM potenti al .
BackOt o d#d).a 45igrel Heaglrassi subsérat e Idhader earidieowispt ayo seed i on 32 i s
di sposed, as peripheral driving circuits, for exanple, a data processing
circuit @S slateintesll lat2the | eft-hand side of the display section 32, 20
horizontal (H) drivers (horizontal driving circuits) 34A and 34B are
mount ed at tAdeupgpeierded lcdweuidi dddt dfast e iyl &MOSedmvmrtd2, and a
vertical _(V) driver (vertical driving circuit) 35 is nmounted at the
ri ght - haFRg YL ofa tFOKi Tanst s i&hlézanmly NMORr Eras bEke pHer Bl
driving cifcuits is 25 shown in the figure. The peripheral driving circuits
are which are connected in series and of which the gates are
15 connected in common, and a second CMOS inverter formed of a
PMOS transistor Qpl8 and an NMOS transistor Qnl8 which are
connected in series and of which the gates are connected in
common, and is in an operation state when the power-supply
voltage VDD is supplied through the PMOS transistor Qpl5.
20 In this inverter circuit 214, the input ends of the
first and second CMOS inverters, that is, the common gate
connection points of the MOS transistors Qpl7 and Qnl7, and
Qpl8 and QOnl8, are connected to the output ends of the first
and second CMOS inverters of the CMOS latch cells 213,

25 respectively. The output ends of the first and second CMOS



- 20 not limted to those shown in the figure. The horizontal drivers 34A
and 34B may be disposed at either side, the upper or |ower side, of the

- di splay section 32. These peripheral driving circuits are manufactured by
using low s tenperature poly-silicon or CG (continuous. grain) silicon

. together with the pixel transistors of the display section 32. In the

| i qui d-crystal display apparatus having the above-described structure, R
(red), G (green), and B (blue) 10 parallel-input display data having a
smal | voltage anplitude (for exanple, jgn_anplitude of 0 Vto 3.3 V) is
input to the glass substrate 31 through an input pad (PAD) section 36 from
the outside of the substrate. The input digital display data is separated
into a plurality of data itens, in 15 this case, into two data itens, one
wri tten TRYQT BRES nuUHBRE ebiS pi Ke® sCommemed TR ¥l egnrection Boinke efie ot her
witten into even-nunbered pixels. The two separated digital data itens are
sent to -'{'}h% ”ﬂ%l?ﬁ?ﬂ?%sﬁ?ﬁlegglﬁﬁll%n%n%ﬁB IR Ry RRd Puk8ti#es 37A and
37B. 20 The horl ont aj ré er 34A_has a d ital driver structure in which,
for exanPt & Ca #orF2ontal dsai?e PEMNPRt riSl%t‘Ei%?a —_LApted d9? at ch

(i tar T ey B Pon B IOE, ety D 00 (0640 oy o s

h

nori Sont 81° a1 Yer B b UAEe P Lol o PREE oY B LR Uife i e
display datg | 0to; geldrfviibes ed- ot xahs Ll t4e %'%J\E/’ 1 SEELL O B2 ednd the

hori zontal driver 34B wites display data i - hunbet ed” pirxers in the

di spl ay 15y seed i @321 aThe borizopsal sshift £5«‘ e(ﬁ%$411§£ tée@t%%f_t

operation in response to a horizontal stfart p sent roma timng

generati®n O rend tndpotssdgan), and generates sanpllng pul ses to be
sequentially sent in one horizontal 10 period in synchronization with

hori zontal clork dudss as tdEK seiti dd @ tihe Ad M GeneraldPn Hidicuidr The
data sanpl eand-1latch section 342 sequentially sanples and | atches in one

hor lfontatd perciols theeteyr daz2a. Datke sembs f 1ok he2 dathas ps ogesstng circuit
33 in synchronization with the sanpling
CMOS inverter formed of a PMOS transistor Qp2l and an NMOS
transistor QOn2l1 which are connected in series between the
VDD line and the VSS.line and of which the gates are
connected in common, and a second CMOS inverter formed of a
15 PMOS transistor Qp22 and an NMOS transistor Qn22 which are
connected in series between the VDD line and the VS8S line
and of which the gates are connected in common, and the
input and output ends of these CMOS inverters are cross-
connected.
20 More specifically, the input end of the first CMGS
inverter, that is, the common gate connection point of the
MOS transistors Qp2l and Qn2l, is connected to the output
end of the second CMOS inverter, that is, the common drain

connection point of the MOS transistors Qp22 and Qn22, and

25 the input end of the second CMOS inverter, that is, the



15 pul ses generated by the horizontal shift register 341. One-line |atched

digital

data is collectively sent to the second latch section 343 in a

~horizontal blanking period. The second |l atch section 343 collectively
outputs the one line digital data. The output one-line digital data is 20
increased in level by the level shifter 344, sent to the DA conversion
-circuit 345, and converted into an anal og display signal. The one-line
anal og di splay signal is output fromthe DA conversion circuit 345 to data
lines 55-1 to 55-n arranged correspongingly to the nunber of pixels in the
25 horizontal direction in the display section 32. - 22 The vertical

driver

35 is fornmed of a vertical shift register and a gate buffer. In the

vertical driver 35, the vertical shift register starts a shift operation in

r esponseHIY V@3 £F CHPRRGFIOH RS VI St NeDrveans s Fr gt atamh 5

circuit

enerates scanni ng_pul ses to be sequentially sent

n é shown), and
in one V cats p& Pﬁrb%c?‘?fgs%ém%rﬁ‘k%ﬁ‘?%ner\ﬁt%f Viehe i Earstl pul ses VCK

sent fromdthe tiniqtgat enera%ion circuit. The generated scanniqg pul ses are
h

sequent i &Y §* BTk put

rotght M h e YRP B3 E TR 1% RIS %4-91% 0 54-m

arrangeg,«, r%]?ésrps?f%{onlgsl %%gé)l tapr?d n&n@fr thé)l J>.(I'161|)\§t Iennésheo ef[lrtlel CPirg: rection

in the
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25

I splay section

and second CMOS inverters are connected to the sources of
the NMOS transistors Onl9 and QOn20 of the sample-and-latch
section 21.

.The CMOS inverter 222 is formed of a PMOS transistor
Qp23 and an NMOS transistor Qn23 which are connected in
series between the VDD line and the VSS line and of which
the gates are connected in common. The input end of the
CMOS inverter 222, that is, the common gate connection point
of the MOS transistors Qp23 and Qn23, is connected to the
output end of the first CMOS inverter of the CMOS latch 221,
and the output end of the CMOS inverter 222, that is, the
common drain connection point of the MOS transistors Qp23
and Qn23, is connected to the data output terminal 28.

The sample—-and-latch level shift circuits having the
above-described structure are disposed in parallel as shown
in Fig. 2. The input data Data is input in common to these
level shift circuits 11A and 11B, and the two sampling
pulses SP1 and SP2 having different phases are given to the
level shift circuits 11A and 11B, respectively, to make the
level shift circuits 11A and 11B sample and latch the data

at different timing. With this, Level conversion (level up)



When the scanni ng pul ses are sequentially output to the gate lines 54-1 to

54-m by vertical scanning performed by the vertical driver 35, pixels are
sequentially selected in 15 units of rows (lines) in the display section
32. A one-line analog display signal output fromthe DA conversion circuit
345 is collectively witten into selected one-line pixels through the data
lines 55-1 to 55-n. This line witing operation is repeated to display a
one-screen inmage. 20 In the liquid-crystal display apparatus having the
above-described structure, on the pangl (glass substrate 31) where the

di splay section 32 is disposed, periphéral driving circuits, such as the
data processing circuit 33, the horizontal drivers 34A and 34B, and the
vertical driver 35 25 are integratedly nounted. Therefore, an all-driving
- 23 ciadi Ul Rpybedi aptusr peorelate stfectivrely applickt tion, since
there is no need fo provide externally another substrate, an IC, or a
transi st’dhe d3tritionak RaEd rRYGt M TR e nade conpact at a reduced
cost. 5 1In th derEﬁg%CerUIt uni_t ed- type | i qui d-crystal display

appar at us, i YR FEdrtdicg 6 U BEFRbId Fet-
describ bef re |s us as the data e55| CIrCUIt 33. In thls case,
when it sp%% ?ﬁﬁ cﬁ?ﬁY%ﬁs%ﬁ%pTgyt PSP 1S SBP LD ts, six

10 bits nd B ut fron1the out5|de of the

subs ratge ?%r exarrp C%rh A rb? o%f; oy r%l‘tﬁst WAH-in Fig. 1is

prOV|de bj t he_ 18- bi t |taI d ta S separated
nto two e i T Wt e e Sy iR Rt Lo the

nor | zont 2l 45 g Vﬂéc%%fé‘%@%he O L6 €34 s 4 ne L3l and 378

each haV|ng 18 W ring Iines a processing CIFCUI according to

the embodidniodests ihech belorfed Usetkas g, dals RIRFesnd b dLuit 33
inthis way, even if the data processing circuit 20 is forned on an
i nsul at i pgr SUDST @48y &ys Ush Nehi &St ™ SPHRY required space is

10 reduced, which is an advantage.

In the above-described embodiment, the case in which
the third voltage amplitude to which the level shift
circuits 13A and 13B reduce the signal level is set to the
small voltage amplitude (0 V to 3.3 V in the embodiment) of

15 the input data signal has been described as an example. The
third voltage amplitude is not limited to this voltage
amplitude. When the third voltage amplitude is set to any
voltage amplitude smaller than the second voltage amplitude,
the effect of reducing power consumption is obtained. When

20 the third voltage amplitude is set to the small voltage
amplitude of the input data signal, however, another power
supply is not required, which is an advantage.

In the above-described embodiment, the data signal

input in series is separated into two data signals, that is,

25 is converted to two parallel data signals, in the serial-



dat a hi gh-speed processing is allowed by reducing the data rate of the

di splay data, and a | ower power can be consuned by performn ng signal

. processing with signals having small voltage anplitudes in circuits where
signals having large 25 voltage anplitudes are not required. Therefore, a
- driving - 24 circuit-united-type liquid-crystal display apparatus can be
i npl emented by using TFTs, which was conventionally considered difficult,
and RGB parallel-input digital display data can be processed at a high
speed at a | ow power 5 consunption._Wen_a driving-circuit-united-type

| i quid-crystal display apparatus is structured, since the position of the
data processing circuit 33 is limted on the substrate, the data bus |ines
37A and 37B through which digital display 10 data is sent fromthe data
processiPRF i foBE IV eMS Herivontal P P By Alarl SUBaledtdY o have
long wiring lines. Therefore, parasitic capacitors attached to the wring
lines hRe THYRF tehHats tHMeRe Andiere H"?)%ﬁtﬂl tdret @ apkdia ot st9 s heavy. In

addi tion, _since th(f ach have 18 wiring lines to handl e

dat‘ai bus |ines 15

digital HHSPIE) RIERIANFAL bidte F L 1Ltk of RIOXS and B, the
| oad of e itors becone very heavy._.The data processing circuit 33
needs toégc]eﬁ::%/fel(?%flgyv&@e heavy 1 oad OF cH a%ﬁbrg.neﬁ(%' e*i‘%'rs%ej the data

pr ocessi i i yery el.ectric power. \Wen the data
pr ocgssi%%%%%C?%aﬁc%}g?tﬁ%?gﬁfh"eege)rrblor%l%rllensthl etsccrji ed before is used as

the dat a3 PLOCEssi N9 SdrLeida ?%néi@cgﬁﬁﬁiﬁﬁgéﬁa% ! vidyg, the large

vol tage anplitude are reduced 1n |eve circuits 13A and

13B to they dad a2brsiai@l shdvwd nord heesield Moldage anply tydesdn Fig. 1,

- 25 processing at the output circuits 14A andg 14B and subsequent stages
need jusdigchitd ) erdedt spfspnption. This neans that the data processing
circuit according to the enbodi nent described before is very suited for

sendi ng di gi tle datagyed dfhrbrghiaitie Jrare sdalngy RUS dditesctthdang 368. In the
present exanple application, a case in which digital display data is

sepapPat eché moedewt datlzod inssrst , | deodhitsedvadisisve di 59l myt dgfeci 11y series
is converted to two parallel display data itens in the processing of the
limited. It is suited, for example, to a peripheral driving
circuit for driving a display section in a driving-circuit-
united display apparatus. The present invention is not
limitedly applied to driving circuits for display
15 apparatuses. The present invention is also useful when it
is applied to a single data processing circuit formed on an
insulating substrate by using TFTs.
Fig. 4 is a block diagram showing an example structure
of a driving-circuit-united-type display apparatus according
20 to the present invention, such as a liquid crystal display
apparatus. In Fig. 4, a display section (pixel section) 32
in which pixels are disposed in a matrix manner is formed on
a transparent, insulating substrate, such as a glass

substrate 31. The glass substrate 31 is disposed opposite

25 another glass substrate with a predetermined gap arranged



¥

10 data processing circuit 33 is taken as an exanple. It is also possible

that display data input in series is converted to three or nore parall el

~display data itens to further reduce the data rate of the input display

data. In this case, the nunber of horizontal drivers corresponding to the
15 nunber of parallel data itens need to be disposed. Fig. 6 is a circuit
di agram showi ng specific exanple circuits of the data sanpl e-and-| atch
section 342, the second latch section 343, and the level shifter 344 in the
horizontal driver 34A (34B). 20 As clegr_fromFig. 6, the circuit according
to this case has a sanple-and-latch section 40 and a data | atch section 41
both of which are formed on an insulating substrate by using TFTs. The data
| atch section 41 also functions as a level shifter. In other words, in
referring BRSSP 4204 e Lhmpt &-GRs tat drekekia bnigose@te@sponds to -
26 the data sanpl e-and-] atch section 342, and the data |atch section 41
correspo%%gw?%ngﬁées% 3B eER T DR JABSRIRY tPRNG by £CRPIRRE) 344, The
circuit accorEgé‘i ng fo.the present case has a first Sﬁgnt,rol term nal 42,

two negative ‘pélier> SHPS FerSHiah e £+ UG UL TS asiRizA pdwemSsuppl v
t i nal g, d. 46, . i t ot i nal , 47 d trol t i nal
15, "and S AT AT R S B ERe Bof SRR AT R At

| i . i f he d
brocoae kit diiAde a0 2 B LS PRSP R PSEL BBt it AT 4F R

input toyt t @4 Lt rm n A7, Al e-4P ed by a timng
gener at %n%?%uﬁé ( nottés]ﬁb\r/?h)P%%u}%pﬁ%y%g?h(gg%%n?%o?gﬁgﬁ%?é}a 42. A

sanpl i ngp ik B e BB GENEE af 0 S¥nd e d i 16 n@hé%ﬂ@f&?r@ié%ﬁ{ié %"ftt}'a i nput to

the control term nal 48. Between the power-supply termnal 44 and the

power suppEy $Ey ramdla 4% 1dheg adabad Lesr Vol t agesof clli Sk ay1 dat Aoddpyt to the
data input termnal 47 is given. Mire specifically, in the present case, 0

V (the granmectevetq tise 20 giv el &St FoPOVES - SPPT YT VOL | agendy/SHiqand-3. 3 V
is given as a power-supply voltage VCC. A power-supply voltage VL | ower

t hai 0t hecyposter: supbl Y5 dhd agendéBs 4 ariexadpteyst8l 3cdpadést@iven to the
power -supply term nal 43. A power-supply voltage VDD hi gher than the

power - suggnsraiotd doptwd) floe Phxekamiretr&dd ahdisn ghpeosingt he
power - supply term nal 46. - 27 The sanple-and-latch section 40 is forned
of an i rpkRCEeRds ofP0d CPIBMOS ¢ atled kel 4@Pecianedan out put section 403.
The input section 401, the CMOS latch cell 213, has a CMOS inverter forned
of a PMOS tr disitdticr POFRL &fduatuades B s stlectaste Wi dherF Tonnect ed

in seri e§ bet ween t he ] .
1 is connected to a gate line (scanning line) 54, and the

15 source electrode thereof is connected to a data line (signal
line) 55. The opposing electrode of the liquid-crystal cell
52 is connected to a VCOM line 56 in every pixel. A common
voltage VCOM (VCOM potential) is given to the opposing
electrode of the liquid-crystal cell 52 through the VCOM

20 line 56 in every pixel. The other electrode (terminal at
the opposing electrode side) of the holding capacitor 53 is
connected to a CS line 57 in every pixel.

When 1H (H: horizontal period) inversion driving or 1F

(F: field period) inversion driving is performed, a display

25 signal to be written into each pixel is inverted in polarity



VCC line and the VSS |line and of which the gates are connected in common to
the data input termnal 47; and sanpling NMOS transistors Q32 and 33 of

-which the gates are connected to the input and output ends of the CMOS 10

'

inverter, respectively, that is, the commbon gate connection point and the
common drain connection point of the PMOS transistor Q31 and the NMOS
transistor n3l. The gates of the NMOS transistors Qn32 and Qn33 are
connected in comon to the control termnal 48. 15 The CMOS | atch cell 402
has a first CMOS i nverter forned of_algwgs transi stor Q@34 and an NMOS
transi stor n34 which are connected in series between the VCC |ine and the
VSS line and of which the gates are connected in comon, and a second CMOS
inverter formed of a PMOS transistor Q35 and 20 an NMOS transi stor n35
whi ch arélEbnhket¥aOtnpetenbiabenpednashe vefereéneeandihée VSM| i ne and of
whi ch the gates are connected in common, and the input and output ends of

t hese CMBFhYEPR efE1%ERI cEBsEbEBRNERE cBOI MBEEY SPECERECHEDY, the input end
of the first CMOS 25 inverter, that is, the common gate connection point of
the - Bgte trafstRYBFEeepal %ﬁdlﬁh33FeF§aéoﬂﬁegFeHnF%rYﬁb d8t put end

f th d i that is, th n drain, connection point of
Che. Mos FanarSPBraeBrSht Bk chabet &han (RELTABEt oBnaF oF S YRBS S8R ond” VIS

i { i t i i nt of MOS., .

rand st ar B i B et L Re PR s cROPEREMAT BTKEE BAatEF thelivrst avos
i t t hat .4 dr aj t] oint of.the ansi stors
R e et SR AR S SRS S = A

connect eglcd® pHeespYsres of 10 the sanpling NMOS transistors On32 and n33,
respectively.” The out put section 403 has a first CMOS inverter fornmed of a

PMOS transi st {36-and 4 NS dd Al SiPra @i \é@%%ﬁ§tﬁt§5&;§%&§g in

series between the VCC Iline and the VSS |1 ne and es are

connect egls i #h& 0HDPe t&RE1 A1 105 SE68M0x VIS | W@Mtﬁétéf?{!@ﬂ. of s%ag’é@ .
transi stor Q37 and an NMOS transistor Qn37 which are connected In series

bet W@en ¢hetAGE dite aocutdealVSthéiperand @heWnbch pheagates are connected
in common. The input end of the first CMOS inverter is connected to the
conmon deapac toomech émna polgna P0i of wi het MOSi i tanshéet pige P8Se8v8o&835 in
the CMOS latch cell 402. The input end of the second CMOS inverter is
connect e@if t the hblqohdorrgsital comhkch? ofirpoi the oflathel MOS $4 ansitstghs Q35
and Qn35 in the CMOS latch cell 402. The data |atch section 41 is formed of
an i nputtBecTibn5bp g, akbtemost i ay chobedde 4Rt a tmed aby coadlgimgseéi on 413.
The
voltage drop to almost the same amplitude as the CS
15 potential is actually used as the VCOM potential.
Back to Fig. 4, on the glass substrate 31 where the
display section 32 is disposed, as peripheral driving
circuits, for example, a data processing circuit 33 is
mounted at the left-hand side of the display section 32,
20 horizontal (H) drivers (horizontal driving circuits) 34A and
34B are mounted at the upper and lower sides of the display
section 32, and a vertical (V) driver (vertical driving
circuit) 35 is mounted at the right-hand side of the display

section 32. Only a part of peripheral driving circuits is

25 shown in the figure. The peripheral driving circuits are



- 29 input section 41l has latch NMOS transistors Qn4l and Qn42. The drain
of the NMOS transistor Qnd4l is connected to the common drain connection
“.poi nt of the MOS transistors @36 and Qn36 of the output section 403 of the
sanpl e-and-1atch 5 section 40. The drain of the NMOS transistor Q42 is
connected to the common drain connection point of the MOS transistors Q37
-and Qn37 of the output section 403. The gates of the NMOS transistors (Qn4l
and Qn42 are connected in common to the control termnal 42. 10 The CMOS
latch cell 412 has a first CMOS invertgr _formed of a PMOS transistor (p43
and an NMOS transistor Qn43 which are connected in series between a VH |ine
and the VL |ine and of which the gates are connected in comon, and a
second CMOS inverter fornmed of a PMOS transistor Q44 and an 15 NMOS

transi st BP T QhaR1 AT cho akRog@npleevRdi R nther f bgupet weBhe theriaphtak and t he
VL |ine and of mﬁich the_gates are connected in comon, and the input and
out put eRbsVeFSt é%ea@ﬂ(%§$n@%Yt%?sdb?EO%?%s%tc%hﬁ@%?e@%d%brbh%pecificaIIy,
the input_end of the firiéSCNCS 20 inverter, that is, the conmon gate
connect i BAPHHi Af DPYEReS KD t P AnEhet B SPEFA3SAREL 432 - | sTkePRected to the
out put engrgfhthe sgcond CMOS i nverter, that is, the common drain

connect i BRT PRI RFEbf IF ST ROSCTT AR TSt DFS TPRAL AR EPA ALY ardii RBel PHput end of

th ' L that js, t 5 t ' int of
the Nos PrupSrEriPd ho e ol Tiboh Sap O] oot IR O Fa Rl oS Eh S0l pur end
f the fj LMES,, | . that. | ' { ] int of
The VoS Framsi e or L e R pek ot o e £ R e P L s econ

CMOS invggters are connected to the sources of 5 the latch NMOS transistors
@41 and n42, respectively. The output section 413 has a first CMOS

inverter fornmed wfe a RMIBLIANS S 1 PR, 3ph AL NOF LS AN SO Q45 whi ch

are connected in series between the VH li'ne and the VL |1 ne and of which

the gat esbave-6080LLhed &PreOFEPY, RNIraaSsecONfyAla/OVMOS, j AVET (BIuEpr med of
a PMOS transi stor Q46 and an NMOS transi stor 46 whi ch are connected in

seril®s besnebhelhenMrt | dneppayd ddtea Vhatimg @ansgh&f1 Wb Lhadbeadgt esuase

connected in comon, and the CMOS inverters are connected in cascade. The
i nput entifof ¢kemplestartMitplhveds esfi G conmert Bdv) 0ié henddt otd pheend of
the CMOS latch cell 412. In the circuit having the above-descri bed
structur@laspasubstrabte 31 rchroudiavamginiet fpmdt (BAB) ofedhionasé
sanpl e-and-latch section 342, the second |atch section 343, and the |evel
shifter B29miEhe heukdide onf athelrswestBape (34B)e input digital
display data is separated into a plurality of data items, in
15 this case, into two data items, one written into odd-
numbered pixels in the display section 32 and the other
written into even-numbered pixels. The two separated
digital data items are sent to the horizontal drivers 34A
and 34B through data bus lines 37A and 37B.
20 The horizontal driver 34A has a digital driver
structure in which, for example, a horizontal shift register
341, a data sample-—and-latch section 342, a second latch
section 343, a level shifter 344, and a DA (digital-to-

analog) conversion circuit (DAC) 344 are provided. The

25 horizontal driver 34B has exactly the same structure as the



20 until data is sent to the data |latch section 41 corresponding to the
second | atch section 343, in other words, in the sanple-and-latch section

. 40, processing is performed at a power-supply voltage of 0 Vto 3.3 V which
corresponds to the voltage anplitude (0 Vto 3.3 V) of 25 display data sent
- fromthe data processing circuit 33. As a - 31 result, power consunption
- I's suppressed. The power-supply voltages VH and VL are switched on after
data transm ssion to the data |latch section 41 is conpleted, and the data
latch section 41 performs processing $;at the power-supply voltages VH and
VL, display data is shifted in level In the data |latch section 41, that is,
a small voltage anplitude (VSS to VCC) is increased in level to a large

vol tage anplitude (VL to VH). Since the data | atch section 41,

cor r espdih PR 4 HE SERDNHA at b ATt HHIRLE 3431 diasi Faral ohslver t he

| evel shifter 344 in this way, the circuit structure is sinplified and the
requi r ed® ¥patiet &S rERRAY 33 He e S S U 1 eAtR ot e sidy iB® above, a

case in r.esen%inve tion.is applied to a |iguid-crystal 15

ich the
di spl ay aéfLﬁsecg%}r% quARE FRAE T FAET @ h AR ST AARIWHERS i s taken
as an ex | .e. lications are nqt limted to this ex | e application.
The prescgigpliar%gég{)ﬁ%nlrtta% eo‘éerh—prblf“iﬂéedr?cg]%]e’hee]rsallrhi@b? aff/‘l fatuses in
vvhic?a el ssing circuit is mounted to the sane substrate as 20 a
di splfay section 1S nounted to, such as EL di splay apparatuses using EL

(el ect rol um ngsceRce). (gherenhs As Jsnlay oameiLs. Disphay appar af uses

typical of which are liquid-crystal “di splay apparatuses according to the

above- desd i hedh £ X3P & Fon APPLd Ca”‘tﬂ&ﬁd?cfr?% i 4 g%eg@fsé HS&AS screen

di spl ay - 32 sections 1 n conpact an portable termnals

typi cal ©fomvi oy REAaRL €146l ephanes awhk RS persanale di gt

assistants). Fig. 7 1s an appearance view show ng an outlined 5 structure

of a PDAamli tly iguBdeexadbe dqeedord Bb) esdef Mhalnaotsyrdidiedo the
present invention. The PDA according to this case has, for exanple, a

fol ddng psdrried uire §yhoWrt et Ba €03 rw Bzh i 150 P i €ked d1sclan e atgrs body 61
so as to be nmade open or closed freely. 10 On the upper surface of the
appar at iserbodixr@d, thee toperred igémeration circuit. The data sample-
and-latch section 342 sequentially samples and latches in
one horizontal period, display data Data sent from the data
processing circuit 33 in synchronization with the sampling
15 pulses generated by the horizontal shift register 341.
One—-line latched digital data is collectively sent to
the second latch section 343 in a horizontal blanking period.
The second latch section 343 collectively outputs the one-
line digital data. The output one-line digital data is
20 increased in level by the level shifter 344, sent to the DA
conversion circuit 345, and converted into an analog display
signal. The one-line analog display signal is output from
the DA conversion circuit 345 to data lines 55-1 to 55-n

arranged correspondingly to the number of pixels in the

25 horizontal direction in the display section 32.



section 63 in which various types of keys, such as those in a keyboard, are
arranged is provided. The cover 62 is provided with a screen displ ay
.section 64. As the screen display section 64, a liquid-crystal display
apparatus in 15 which the data processing circuit according to the

enbodi nent descri bed above is nmounted on the sane substrate as a display
-section is mounted is used. As described before, a liquid-crystal display
apparatus to which the data processing circuit according to the 20

enbodi ment is nounted can easily inplggent a driving circuit-united-type

di spl ay apparatus using TFTs, and in addition, digital display data can be
processed at a high speed with a | ow power consunption. Therefore, when the
l i quid-crystal display apparatus is nounted as the screen 25 display
section 64, tHe stericicle G viede Sontlisr SR F 1Fe vertizal hifiti fi ed.

Furt her, since the power consun$tion of the screen display section 64 is

| over ed, FEHES Ot FHUUSIUE0PEE §$ e of tHRe PIRU WL tHel (R DY atMattery
b | eq Tt gatia S Dottt TR T B b ee Tt | CRRROIRS of ¢ he
Pl ut - crst oo S Pen i€ b iy TEW 4 SRRAE ettt ion s

T ghtwer g Bt SS sRE e BRGNS | AR PR A s T

descri begd. AhOye; a LSO L 00; § O D6, Preser Javentian, o Jo- 48 2, 81 gnal

havi ng a small voltiage anplitude I nput 1 n'sertres 1S. 1ncreased in level to

a data spgnalvdayi i acldElrenyodd asecnbli { Uel,m thge st_e:{rt:[ﬁlé? data si gnal

havi ng the large voltage anplitude Is converted to para data signal s,

and t hengeddien Pesrdl detcdlpd a ShghajsnaF £rdedesthify | Syeled cadata 20 signals
having a small voltage anplitude. Since just a part of a circuit section

handl es geqgerst BBl $ hambig tir QegrRMphéd tawles  beresr Wengdhe saeddon is a

data processing circuit structured formed on an insul ating substrate by
usi 19 THI%;1 highs $4e el pingeas st difr EGPo e 8PPy | 86l tioe dhghbed 26 data signal s

at a | ow power consunption. - 34 CLA M
pixels in the vertical direction in the display section 32.
When the scanning pulses are sequentially output to the
gate lines 54-1 to 54-m by vertical scanning performed by
the vertical driver 35, pixels are sequentially selected in

15 units of rows (lines) in the display section 32. A one-line
analog display signal output from the DA conversioh circult
345 is collectively written into selected one-line pixels
through the data lines 55-1 to 55-n. This line writing
operation is repeated to display a one-screen image.

20 In the liquid-crystal display apparatus having the
above-described structure, on the panel (glass substrate 31)
where the display section 32 is disposed, peripheral driving
circuits, such as the data processing circuit 33, the

horizontal drivers 34A and 34B, and the vertical driver 35

25 are integratedly mounted. Therefore, an all-driving-



1. A data processing circuit characterized by conprising: first

| evel - conversion neans for |evel-converting a 5 data signal having a first
“voltage anplitude input in series to a data signal having a second voltage
anplitude larger than the first voltage anplitude; serial-parallel
conversion nmeans for converting the data signal |evel-converted by the
-first level-conversion 10 neans to parallel data signals; and second

| evel -conversion nmeans for |evel-converting the parallel data signals to
data signals having a third voltage_agplitude smaller than the second

vol tage anplitude, and characterized in that the data processing circuit is
15 fornmed on an insulating substrate by using thin-filmtransistors. 2. A
data processing circuit according to Claim1l, characterized in that 20 the

first e‘i/’eqc%tn\}br}]sfr% Rh IR BhP TR ats p%ﬁf%ﬂcﬁém‘r%nve?rsl on neans

conpri se IuraI| anpl eand- 1 at ch Ievel conver si on CIrCUItS to which
t he dat ;f‘cg‘i‘ ﬁb g rst oIt TRV | Xl Jin comon, and

conver s Bif %}feg[ﬁoqbgefg?;fge;r%w%;g R TS g t, g
entire system can be made compact at a reduced cost.

5 In the driving-circuit-united-type liquid-crystal
display apparatus, the data processing circuit according to
the embodiment described before is used as the data
processing circuit 33. 1In this case, when it is assumed
that digital display data having a total of 18 bits, six

10 bits for each of R, G, and B, is input from the outside of
the substrate, for example, the data processing circuit
shown in Fig. 1 is provided for each bit. And, the 18-bit
digital display data is separated into two data items. The
two digital display data items are sent to the horizontal

15 drivers 34A and 34B through the data bus lines 37A and 37B
each having 18 wiring lines.

When the data processing circuit according to the
embodiment described before is used as the data processing
circuit 33 in this way, even if the data processing circuit

20 is formed on an insulating substrate by using TFTs, display-
data high-speed processing is allowed by reducing the data
rate of the display data, and a lower power can be consumed
by performing signal processing with signals having small
voltage amplitudes in circuits where signals having large

25 voltage amplitudes are not required. Therefore, a driving-



having different timng. 3. A display apparatus characterized by
conprising: a display section fornmed of pixels disposed in a matrix 5
~manner on a transparent, insulating substrate; a plurality of horizontal
driving circuits mounted on the transparent, insulating substrate together
with the display section, for witing display data into the pixels in the
-di splay section; and 10 a data processing circuit nounted on the
transparent, insulating substrate together with the display section, for
processing a display data signal havigg a first voltage anplitude input in
series fromthe outside of the substrate and for sending to the plurality
of horizontal driving 15 circuits, and characterized in that the data
processing circuit is forned of t hi n- filmtransistors, and the data

pr oceSS|‘Wgr‘”dﬁ’%tﬁrtl%‘?ﬁfpwls%sllzﬂl¥¢7%lfyﬂ@ﬂeldmwhsa$nﬁmlQ‘—Q}r be I ;
| evel - conv i the di spl ay data signal having the first voltage anplitude
to a di Qéﬁ@ﬁﬁ] £ @@éﬁﬂjWRﬂt%ﬁﬁy%ﬂﬁHQQ efe? | arger than the

the 25 dTRT a0 o | 5ﬂsﬁd§n%wsleré%d°§%€év5%reaﬁl°ﬁ%le{ﬁ% efaealsplay "
data can be processed at a high speed at a low power
5 consumption.

When a driving-circuit-united-type liquid-crystal
display apparatus is structured, since the position of the
data processing circuit 33 is limited on the substrate, the
data bus lines 37A and 37B through which digital display

10 data is sent from the data processing circuit 33 to the
horizontal drivers 34A and 34B need to have long wiring
lines. Therefore, parasitic capacitors attached to the
wiring lines have large capacitance, and the load of the
capacitors is heavy. In addition, since the data bus lines

15 each have 18 wiring lines to handle digital display data
having 18 bits, six bits for each of R, G, and B, the load
of their capacitors become very heavy.

The data processing circuit 33 needs to drive this very
heavy load of capacitors. Therefore, the data processing

20 circuit 33 consumes very much electric power. When the data
processing circuit according to the embodiment described
before is used as the data processing circuit 33, since the
data signals having the large voltage amplitude are reduced
in level by the level shift circuits 13A and 13B to the data

25 signals having the small voltage amplitude in Fig. 1,



- 36 conversion neans to parallel display data signals; and second

| evel -conversion neans for |evel-converting the parallel display data
.signals to display data signals having a third voltage anplitude snaller
than the second voltage 5 anplitude and for sending the display data
signals to the plurality of horizontal driving circuits. 4. A display
-apparatus according to Claim3, characterized in that 10 the plurality of
horizontal driving circuits is operated at the third voltage of a power
supply, and conprises a data latch ciseuit group for latching the display
data signals sent fromthe data processing circuit. 15 5. A display
apparatus according to Caim4, characterized in that the plurality of
hori zontal driving circuits is operated at the third voltage of a power
suppl y, RIFRFLDINT sl Bhe vt stigrrwl v ui42 grisup 4orandhtsalsguintpl ay 20
data signals collectively sent fromthe data latch circuit group, and a

| evel shi%39%F reefd Hivup? f ot e NS WP R iIRR di SPHey RRATS si gnal s

| at ched the second latch cjrcuit group to djsplay data signals having a
fourth VAITag S 11 RIS TERTEIY (TP Ho ATRAENE (Hyd MmTasdgens

described before is very suited for sending digital data
5 through the long data bus lines 37A and 37B.

In the present example application, a case in which
digital display data is separated into two data items, in
other words, display data input in series is converted to
two parallel display data items in the processing of the

10 data processing circuit 33 is taken as an example. It is
also possible that display data input in series is converted
to three or more parallel display data items to further
reduce the data rate of the input display data. In this
case, the number of horizontal drivers corresponding to the

15 number of parallel data items need to be disposed.

Fig. 6 is a circuit diagram showing specific example
circuits of the data sample—and-latch section 342, the
second latch section 343, and the level shifter 344 in the
horizontal driver 34A (34B).

20 As clear from Fig. 6, the circuit according to this
case has a sample-and-latch section 40 and a data latch
section 41 both of which are formed on an insulating
substrate by using TFTs. Thé data latch section 41 also
functions as a level shifter. 1In other words, in referring

25 to Fig. 4, the sample-and-latch section 40 corresponds to



1l - 37 6. Adisplay apparatus according to Caim5, characterized in that
the fourth voltage anplitude is set to a voltage anplitude required for

processing in a DA conversion circuit 5 group for converting the display
data signals output fromthe |level shift circuit group, to anal og display
signals. 7. A portable termnal characterized by having nounted thereon a
-di spl ay apparatus as a screen display section, the 10 display apparatus
conprising: a display section formed of pixels disposed in a matri x manner
on a transparent, insulating substratgg a plurality of horizontal driving
circuits mounted on the transparent, i1nsulating substrate together with the
15 display section, for witing display data into the pixels in the display
section; and a data processing circuit nmounted on the transparent,

i nsul at i T Gt rsa W tSgatdickd Wit eeHel b shtay antthilh, dater Iatedessing a

i I gnal having a first voltage
di'spl ay §§§€H§%‘ﬂﬁ corresé%nds to the seé%nd latch section 343 and

the level shifter 344,
The circuit according to the present case has a first
5 control terminal 42, two negative power-supply terminals 43
and 44, two positive power-supply terminals 45 and 46, a
data input terminal 47, a second control terminal 48, and a
data output terminal 49. The display data having the small
voltage amplitude (0 V to 3.3 V in the present case) sent
10 from the data processing circuit 33 through the data bus
lines 37A and 37B in Fig. 4 is input to the data input
terminal 47. A latch pulse LP generated by a timing
generation circuit (not shown) is input to the control
terminal 42. A sampling pulse SP generated by the timing
15 generation circuit is input to the control terminal 48.
Between the power-supply terminal 44 and the power-
supply terminal 45, the amplitude voltage of display data
input to the data input terminal 47 is given. More
specifically, in the present case, 0 V (the ground level) is
20 given as a power-supply voltage VSS, and 3.3 V is given as a
power-supply voltage VCC. A power-supply voltage VL lower
than the power-supply voltage VSS, for example, -3.3 V, is
given to the power-supply terminal 43. A power-supply
voltage VDD higher than the power-supply Voltage vCC, for

25 example, 6.5 V, is given to the power-supply terminal 46.



20 anplitude input in series fromthe outside of the substrate and for
sending to the plurality of horizontal driving circuits, wherein the data
.processing circuit is formed of thin-film25 transistors, and r 7 - 38
the data processing circuit conprises first |evel-conversion neans for

| evel -converting the display data signal having the first voltage anplitude
to a display data signal having a second voltage anplitude |arger 5 than
the first voltage anplitude; serial-parallel conversion neans for
converting the display data signal Leyel-converted by the first |evel
conversion nmeans to parallel display data signals; and second

| evel - conversion neans for |evel-converting the 10 parallel display data
signals to display data signals having a third voltage anplitude snmaller

than the secdi§ vomPdge adidiliatade sardydy Lerdi dermes difs@Emyinmtta signal s

h
to the section 401, a CMOS latch cell 402, and an output section

403. The input section 401, the CMOS latch cell 213, has a
CMOS inverter formed of a PMOS transistor Qp3l and an NMOS

5 transistor Qn3l which are connected in series between the
VCC line and the VSS line and of which the gates are
connected in common to the data input terminal 47; and
sampling NMOS transistors Qn32 and Qn33 of which the gates
are connected to the input and output ends of the CMOS

10 inverter, respectively, that is, the common gate connection
point and the common drain connection point of the PMOS
transistor Qp31 and the NMOS transistor QOn3l. The gates of
the NMOS transistors Qn32 and Qn33 are.connected in common
to the control terminal 48.

15 The CMOS latch cell 402 has a first CMOS inverter
formed of a PMOS transistor Qp34 and an NMOS transistor Qn34
which are connected in series between the VCC line and the
VSS line and of which the gates are connected in common, and
a second CMOS inverter formed of a PMOS transistor Qp35 and

20 an NMOS transistor Qn35 which are connected in series
between the VCC line and the VSS line and of which the gates
are connected in common, and the input and output ends of
these CMOS inverters are cross-connected.

More specifically, the input end of the first CMOS

25 inverter, that is, the common gate connection point of the



plurality of horizontal driving circuits.
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#10%&'()the#égd@i£gef&9d@£ﬂ% Véngine and of which the gates are

connected in common. The input end of the first CMOS
inverter is connected to the common drain connection point
20 of the MOS transistors Qp35 and Qn35 in the CMOS latch cell
402. The input end of the second CMOS inverter is connected
to the common gate connection point of the MOS transistors
Qp35 and Qn35 in the CMOS latch cell 402.
The data latch section 41 is formed of an input section

25 411, a CMOS latch cell 412, and an output section 413. The
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and On36 of the output section 403 of the sample-and-latch

5 section 40. The drain of the NMOS transistor Qn42 is
connected to the common drain connection point of the MOS
transistors Qp37 and Qn37 of the output section 403. The
gates of the NMOS transistors QOn4l and Qn42 are connected in
common to the control terminal 42.

10 The CMOS latch cell 412 has a first CMOS inverter
formed of a PMOS transistor Qp43 and an NMOS transistor Qn43
which are connected in series between a VH line and the VL
line and of which the gates are connected in common, and a
second CMOS inverter formed of a PMOS transistor Qp44 and an

15 NMOS transistor Qn44 which are connected in series between
the VH line and the VL line and of which the gates are
connected in common, and the input and output ends of these
CMOS inverters are cross-connected.

More specifically, the input end of the first CMOS

20 inverter, that is, the common gate connection point of the
MOS transistors Qp43 and Qn43, is connected to the output
end of the second CMOS inverter, that is, the common drain
connection point of the MOS transistors Qp44 and Qn44, and
the input end of the second CMOS inverter, that is, the

25 common gate connection point of the MOS transistors Qp44 and
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&(%)-fl\/ﬂ_@%)égl%BQS%%Eégg Q f3loa/rd18c% Ql'$23. Th'\gB input egrzds of the (girst °
and second CMOS inverters are connected to the sources of
5 the latch NMOS transistors Qn4l and Qn42, respectively.
The output section 413 has a first CMOS inverter formed
of a PMOS transistor Qp45 and an NMOS transistor Qn45 which
are connected in series between the VH line and the VL line
and of which the gates are connected in common, and a second
10 CMOS inverter formed of a PMOS transistor Qp46 and an NMOS
transistor Qn46 which are connected in series between the VH
line and the VL line and of which the gates are connected in
common, and the CMOS inverters are connected in cascade.
The input end of the first CMOS inverter is connected to the
15 output end of the CMOS latch cell 412.
In the circuit having the above-described structure,
that is, the circuit having the functions of the data
sample-and-latch section 342, the second latch section 343,
and the level shifter 344 in the horizontal driver 34A (34B),
20 until data is sent to the data latch section 41
corresponding to the second latch section 343, in other
words, in the sample-and-latch section 40, processing is
performed at a power-supply voltage of 0 V to 3.3 V which
corresponds to the voltage amplitude (0 V to 3.3 V) of

25 display data sent from the data processing circuit 33. As a
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result, power consumption 1s suppressed.

The power-supply voltages VH and VL are switched on
after data transmission to the data latch section 41 is
completed, and the data latch section 41 performs processing

5 at the power-supply voltages VH and VL, display data is
shifted in level in the data latch section 41, that is, a
small voltage amplitude (VSS to VCC) is increased in level
to a large voltage amplitude (VL to VH). Since the data
latch section 41, corresponding to the second latch section

10 343, also functions as the level shifter 344 in this way,
the circuit structure is simplified and the required space
is reduced.

In the example application described above, a case 1in
which the present invention is applied to a liquid-crystal

15 display apparatus using liquid-crystal cells as display
elements is taken as an example. Applications are not
limited to this example application. The present invention
can be applied to general display apparatuses in which a
data processing circuit is mounted to the same substrate as

20 a display section is mounted to, such as EL display
apparatuses using EL (electroluminescence) elements as
display elements.

Display apparatuses typical of which are liquid-crystal
display apparatuses according to the above-described example

25 application are suitable for the use as screen display
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sections in compact and lightweight portable terminals
typical of which are portable telephones and PDAs (personal
digital assistants).

Fig. 7 is an appearance view showing an outlined

5 structure of a PDA, which is an example of a portable
terminal according to the present invention.

The PDA according to this case has, for example, a
folding structure in which a cover 62 is provided for an
apparatus body 61 so as to be made open or closed freely.

10 On the upper surface of the apparatus body 61, an operation
section 63 in which various types of keys, such as those in
a keyboard, are arranged is provided. The cover 62 is
provided with a screen display section 64. As the screen
display section 64, a liquid-crystal display apparatus in

15 which the data processing circuit according to the
embodiment described above is mounted on the same substrate
as a display section is mounted is used.

As described before, a liquid-crystal display apparatus
to which the data processing circuit according to the

20 embodiment is mounted can easily implement a driving-
circuit-united-type display apparatus using TFTs, and in
addition, digital display data can be processed at a high
speed with a low power consumption. Therefore, when the

ligquid-crystal display apparatus is mounted as the screen

25 display section 64, the structure of the entire PDA can be
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5 A case in which the present invention is applied to a
PDA has been described as an example. The applications of
the present invention are not limited to this example
application. A liquid-crystal display apparatus according
to the present invention is suited especially for general

10 portable terminals which are compact and lightweight, such

as portable telephones.

Industrial Applicability
As described above, according to the present invention,
15 a data signal having a small voltage amplitude input in
series is increased in level to a data signal having a large
voltage amplitude, the serial data signal having the large
voltage amplitude is converted to parallel data signals, and
then, the parallel data signals are reduced in level to data
20 signals having a small voltage amplitude. Since just a part
of a circuit section handles data signals having large
amplitudes, even when the section is a data processing
circuit structured formed on an insulating substrate by
using TFTs, high-speed processing can be applied td digital

25 data signals at a low power consumption.



10 10 10sL9y 109%& ()-1!109%& ()-Vzz7{u{{\||"<_@' ~$10%& ()-!

“$10%ee& ()-109%& ()-#109%& ()-!t#10%me& ()- 9&! 109%@& ()-| }}~~~~~~ }ro\ =t sf
. 10% ()- 10z 10z 10z1#10%& ()-!~1#10%& ()- " $10%& ()-!
“$10%&' () - ~b{ Y7g\ =! | MB1OY%& ()-! MBLOYEH#& ()-: $10%&' ()-!~ : $10%ss& () -

L $109%& ()-! ~: $10%& ()-bK9: ; <}ASHE!I! 10 10
103" $100& ()- 153" $10%eHe& () - 110%& () - MBLOYE () - | MBLOY& () - <C.]>zc{\ : SHE!
13109 ()-s' $10%gh& ()-!"' $10%c& () -
' $109& ()-1' $10%& () - yL10%g& () - c]t}5 \=I11°S 10% ()- 10gZ 10gZ
109Z: $10%Z& ()-s't: $109%& ()-s!: $10%& ()-s: $10%& () - SGMIBG\ =OMB10%&’ () - s!'}
OMBLO%& ()-s! OMBL0Y66& ()-S! OMBL0%& ()-S! #10%& ()- ! 10%608 () - 6789@b~\ =
 #109& ()-S! , #109%&' ()- Sf: 10%' ()- 10 10
10s1@10%' ()-2z! s1@10%&' ()-zb@ ~} "GLAEMB1 100&' ()- #109%& ()-j!
#1098 () -] 109 ()- 9#10%& ()-!9#10% }& ()-ol | zodY: SMLO%g& ()- 10 10
10s*s$109%& () -*! 65*S$10%& ()-*! s*s$L0U& ()-*! s*S$10%&’ () - *?)Z[QdY ! o.
(s$109%& () - 9|v$ 0%& () - ! INBLOY! 109 ( F#lO%g&' y! F#109U8&'
ystuv}hr]P /0 ’%31 B () s%’ét%%’zy&‘i 23R Sy BOJHN S RPgoe () - !
S$10%& ( P 1 10%&'
ﬁ/$10%&' ()-0! fdﬂ?%% W@yﬁ(‘)ﬁ)lol“ @f@% ‘(%)O(f) Level-ePadsssing. Symowe s () -

109 5 data signal having a first voltage amplitude input in series

to a data signal having a second voltage amplitude larger
than the first voltage amplitude;
serial-parallel conversion means for converting the
data signal level-converted by the first level-conversion
10 means to parallel data signals; and
second level-conversion means for level-converting the
parallel data signals to data signals having a third voltage
amplitude smaller than the second voltage amplitude, and
characterized in that the data processing circuit is
15 formed on an insulating substrate by using thin-film

transistors.

2. A data processing circuit according to Claim 1,
characterized in that

20 the first level-conversion means and the serial-
parallel conversion means comprise a plurality of sample-—
and-latch level conversion circuits to which the data signal
having the first voltage amplitude is input in common, and
sampling is performed in the plurality of sample-and-latch

25 level conversion circuits by a plurality of sampling signals
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ispl ay apparatus characterized by comprising:
a display section formed of pixels disposed in a matrix
5 manner on a transparent, insulating substrate;
a plurality of horizontal driving circuits mounted on
the transparent, insulating substrate together with the
display section, for writing display data into the pixels in
the display section; and
10 a data processing circuit mounted on the transparent,
insulating substrate together with the display section, for
processing a display data signal having a first voltage
amplitude input in series from the outside of the substrate
and for sending to the plurality of horizontal driving
15 circuits, and
characterized in that
the data processing circuit is formed of thin-film
transistors, and
the data processing circuit comprises
20 first level-conversion means for level-converting the
display data signal having the first voltage amplitude to a
display data signal having a second voltage amplitude larger
than the first voltage amplitude;

serial-parallel conversion means for converting the

25 display data signal level-converted by the first level-
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conversion means to parallel display data signals; and
second level-conversion means for level-converting the
parallel display data signals to display data signals having
a third voltage amplitude smaller than the second voltage
5 amplitude and for sending the display data signals to the

plurality of horizontal driving circuits.

4. A display appératus according to Claim 3, characterized
in that

10 the plurality of horizontal driving circuits is
operated at the third voltage of a power supply, and
comprises a data latch circuit group for latching the

display data signals sent from the data processing circuit.

15 5. A display apparatus according to Claim 4, characterized

in that
the plurality of horizontal driving circuits is

operated at the third voltage of a power supply, and
comprises a second latch circuit group for latching display

20 data signals collectively sent from the data latch circuit
group, and a level shift circuit group for level-converting
the display data signals latched by the second latch circuit
group to display data signals having a fourth voltage
amplitude larger than the third voltage amplitude.

25
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the four voltage amplitude 1s set to a volt
amplitude required for processing in a DA conversion circuit
group for converting the display data signals output from

the level shift circuit group, to analog display signals.

7. A portable terminal characterized by having mounted
thereon a display apparatus as a screen display section, the
display apparatus comprising:

a display section formed of pixels disposed in a matrix
manner on a transparent, insulating substrate;

a plurality of horizontal driving circuits mounted on
the transparent, insulating substrate together with the
display section, for writing display data into the pixels in
the display section; and

a data processing circuit mounted on the transparent,
insuléting substrate together with the display section, for
processing a display data signal having a first voltage
amplitude input in series from the outside of the substrate
and for sending to the plurality of horizontal driving
circuits,

wherein

the data processing circuit is formed of thin-film

transistors, and



a2y

10

- 38 -

the data processing circuit comprises

first level-conversion means for level-converting the
display data signal having the first voltage amplitude to a
display data signal having a second voltage amplitude larger
than the first voltage amplitude;

serial-parallel conversion means for converting the
display data signal level-converted by the first level-
conversion means to parallel display data signals; and

second level-conversion means for level-converting the
parallel display data signals to display data signals having
a third voltage amplitude smaller than the second voltage
amplitude and for sending the display data signals to the

plurality of horizontal driving circuits.



