20 Novenber 2006 - 1 DESCRIPTION DATA PROCESSI NG Cl RCU T, DI SPLAY
APPARATUS, AND PORTABLE TERM NAL 5 Technical Field The2pNewamher280nt i on
relates to data processing circuits, display apparatuses, and portable
term-nals, and nore particularly, to a data processing circuit for 10
processing a digital data signal having a high data rate, a display
appar atus which uses the data processing circuit as one of peripheral
driving circuits for a display sectiof,. and a portable term nal on which
the display apparatus is nounted as an i nage display section. 15
Background Art In the field of flat-panel-type display apparatuses,

typi cal of which are liquid-crystal dis Ia% appar atuses and EL

(el ectrol uni nescence) display apP %F%BB%@%O so-cal l ed 20
driving-circuit-united-type display apparatuses have been devel oped in
order to make the frames of the panels snmaller "~ and nake t he panels

G splay sectPoR sy eicobh WrotthE MR SIIE T 1

peri phepgkodRi ¥ RErPN&LICUits for driving the dlsplay sectlon are nounted
on a

5
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 displav apparatuses,
typical of which are liquid-crystal display apparatuses and .
EL (electroluminescence) display apparatuses, so~Called.

-_20 driving—circuitmunited—type display apparatuses have been
déveloped in order to make the frames of the paﬁels smaller
and make the panels thinner. In thé 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




20 Novenber 2006 2 transparent, insulating substrate as . a unit. In

|l iquid- crystal display apparatuses and EL displ ay appé%%yﬁﬁﬁ¥$efzgﬁhce
thin-filmtransistors (TFT) are used as pixel transistors, the peripheral
driviing circuits are also forned 5 by using TFTs when the peripheral
driving circuits are nounted on a transparent, insulating substrate. The
peripheral driving circuits of the display apparatuses include a vertical
driving circuit for selecting pixels,in the display section in units of
lines 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

hori zonthfngPEyERE. clrewiatimedsubdtrabei asladoditlt Tis hbguied here that
the data processing 15 circuit is fornmed by using TFTs on a transparent,

i nsul at FRYStahpdirRiay anpArakiseylawd Bubdisptay auparatiepeay appar at us.
TFTs have nuch variance in el enent characteristics and the absol ute val ues
of thel?1?ﬁ?e5%b?d§1kﬁrF%ﬁ%?%%ﬁ%ﬁ? Weh arTsuspd Fomdetebn an insul ating
substrate, such as Iass ,20 substrate, it is known that their el enent
char act BF#RFF EEOFRcd et Ve hY R sC s B Ghl 3P sFeFRRsh

sl acthg? %ﬂ%éﬁ%fse’wm a P PR AR B T L s of ¢ he
threShQn&Gh%@&'5HE%|€¥é§%p£§ent, insulating substrate.

The peripheral driving circuits of the display
apparatuses include a vertical driving circuit for selecting
pixels in the display section in units of lines and a

10 horizontal driving circuit for writing display data into
each pixel in the selected line. In.addition, a data
processing circuit fof 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. Thefefore, when a data brocessing 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




25 difficult to process at a high speed, data signals having 20 Novenber
2006 3 high data rates, such as digital display data ¥ Yagmber 20¥n when
t he absol ute values of the thresholds Vth are large, if the power-supply
voltage of the circuit is set high and the data signals are handl ed as
| arge-anplitude signals, it is possible to handle digital data signals
havi ng high data rates at a high speed. Wen the power- supply voltage of
the data processing circuit is set high, however, the power consunption of
t he dategpr deegsrages cigwi tasi ndgéagesdvarhavrndeita Fhenelsre, it is
di sadvant ageous when the di splay apparatus has a driving-
circuit-uni Eegnt ypenstheicdhae tte rveduee of stipovairestwisisnpthosire The present
i nventi on has been made in consideration of the above issues. An object of
t he préasent,i Afenheopowsrtsuppl pwaktagdaid fire0caEsIUigG dist Geitt capabl e of
processing digital data signals at a high speed with a | ow power
consunptiighn aedenhé fddte giajra 1pr agesEaNgL &d ritarige-bapnedu@d an insul ating
substrate by using TFTs, a display apparatus which uses the data
processiig@adsl Ciltt iaspeseinie pesiphedad qidyitdiNGialad Guignsiksor a di spl ay
section, and a portable termnal in which the display apparatus is nounted
as an hakagg Highl ayrseshts. a bl SGPLHURD L .| MENTIHEAN power-

supply voltage of the data processing circuit is set high,

however, the power consumption of the data processing

circult increases very much. Therefore, it is

disadvantageous when the display apparatus has a driving-

circuit-united-type structure to reduce its power

consumption.

The present invention has been made in consideration of

the above issues. An object of the present inventicn is to

provide a data processing circuit capable of processing

digital data signals at a high speed with a low power

consumption 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

‘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




20 Novenber 2006 4 |In accordance with a first aspect of the present
invention, there is provided a data processing circuit AFRRELPWd by
conprising: first l|evel-conversion neans for |evel-converting a data
signal having a first voltage anplitude input in series to a data signal
having a second voltage anplitude |arger than the first voltage anplitude,
serial -parallel conversion neans for converting the data signal

| evel -converted by the first |evel-conversion neans to parallel data
signal s, andnseconddievel wcbhvar i ont nessct fof tlevalresemterting the

parall el data signals to data 'signals having a third voltage anplitude
smal | eintvekanithe tbetondsvpltajdednplddtaeyreres ey adtreriized in that the
data processing circuit is formed on an insulating substrate by using

t hi n- f icherbcansigedr by dbinsr datmg priocessi hgraltainidersimy, beaunsed as a data
processing circuit for processing a display data signal input in series
from t feroutskedecofiveheingubsdaied esiagth T drawiaigliangE itra ta viellealkl ty of
horizontal driving circuits, in a display apparatus in which the data
procesampgicudeuihpihs MRUSELTONd e &l dT@ansPaltiing al Bskbati ng
substrate as a display section is nounted. A display apparatus using the
data precesgengmglicudé Maygde cHEnied @iS-a seeeydi=gphayusegti on on
portable termnals typical of which are PDAs (personal digital assistants)

and peetabhepheh€pBONESnversion means for converting the data

signal level-converted by the first level-cconversion means
to parallel data signals, and second level-gonversion 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 formed on an insulating substrate by
using thin-film transistors. This data processing circuit
may be 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 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 may be
.mounted as a screen display section én portable terminals
typical of which are PDAs (personal digital assistants) and

ﬁportable telephones.




20 Novenber 2006 - 4a In the data processing circuit having the above-
described structure, a di splay apparatus using the data?0 NPueessef® circuit
as one of peripheral driving circuits for a display section, or a portable
term-nal on which the 20 Novenber 2006 5 display apparatus nay be nounted
as a screen display section, a datg_signal having a first voltage
anplitude input in series is | evel “Bonvert ed by the first |evel :
converting means to a data signal having a second voltage anplitude, which
i s a data siignahehawitagpactasgenanpirtude. haEwen tide tdevzeri al data si gnal
has a high data rate, since it has a |large anplitude, the serial-parallel
conver siegrerivednstmaygtappl ya hi gde spe egopa ocess i v nanthem@ t@onvert t he
serial data signal to parallel data signals at a high speed. Wth this

par al | elriczatisangpracessings the datperhblecofl theividat aisiggrials may be

| owered. The parallel data signals nay be |evel-converted by the second

| evel - eomepsb@nsaRaNSn] Oodak apo st Hhbd St dwawimygl aort hitridhvaelheage anpl it ude,
which are data signals having a small anplitude. Since the data signals
have a | ow data rate even through the signals are small- anplitude signals,
hi gh- speed processing nmay be all owed even when the power-supply voltage is
| ow i n subsequent stages. In accordance with a second aspect of the present




invention, there is provided a display apparatus characterized b

conprising: a display section formed of pixels disposé%TNﬁW%m%ﬁ?&ﬁk 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 digﬁlay data 20 Novenber 2006 5a into
the pixels in the display section;  ahd a data processing circuit nounted

on the transparent, insulating substrate together with the display

sect i omlisipdrypropessing maydbsphaynded aasignadrdwavidigrd i rst vol t age

anplitude input in series fromthe outside of the substrate and for

sendi ngedtdonheaptuatal siynal hevizent afi okt Walg oje Glwitls, tuaked :

characterized in that the data processing circuit is fornmed of thin-film

transi shens, iandethesdatal protesshigr Céd Gy tthe RS tS A Wdlr St

| evel -conversi on nmeans for |evel-converting the display data signal having

the firshwektiagenanpki tude dioaastisdl ayadiala Sighandhavilrgga second
voltage anplitude l|arger than the first voltage anplitude; serial-parallel

conver sin@ ikeaas WREcEODYEst HAgat HEgch B A At 19 gRalampiaveld=converted by
the first |evel-conversion neans to parallel display data signals; and

second eh@welifCOR¥eEsk0a1 ARBASs{§hal avel -L£onMpl tda: the pHakakl-el di splay
data signals to display data signals having a third voltage anplitude
smal | ertt haR Bhea2ge0RMpYOLE408 &Pl 4dtde 4Nd-£10re 15HRE sion
means may apply high-~speed processing, and may convert the
serial data signal to parallel data signals at a high speed.
With this parallelization processing, the data rate of the
data signal may be lowered. The parallel data signals may be
‘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 rate even through the signals are small-
amplitude signals, high-speed processing may be allowed even
when the power-supply voltage is low in subsequent stages.
In accordance with a second aspect of the present
invention, there is provided a display apparatus
characterized by 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




the display data signals to the plurality of horizontal driving circuits.
In accordance with a third aspect of the present inventdJpvemhse2@0q s

provi ded a portable term nal characterized by having nounted thereon a

di spllay apparatus as a screen display section, the display apparatus
conprising: a display section fornmed_of pixels disposed in a 20 Novenber
2006 5b nmatrix manner on a transp fent, i nsul ati ng substrate; a

plurality of horizontal driving circuits nounted on the transparent,

i nsul atiinrigp Shles riaked st agether diwsphay heedis@h ayandectdaory for witing

di splay data into the pixels in the display section; and a data processing
Ci r cui terowstséthgorirthe tt manspadeotd , tha st ab s pgr substiratd Atdget her with the
di splay section, for processing a display data signal having a first

vol t agesuvdmlriattede oigephitri riskrtRs fif Pl dhesodtt Sdtle Faf dreesghisigr at e and
for sending to the plurality of horizontal driving circuits, wherein the
dat a proeespilag dekkcsliiynks havikd &f rihén-Fdltadd angiSteids iapatt he data
processing circuit conprises first |evel-conversion neans for

| evel - genvertierg rrba dhspbaysdatacsi Gl sinewi Mk d eha fidStsev@lihage
anplitude to a display data signal having a second voltage anplitude

| ar ger tihanet Beukbnstyvelkt RELi z8APh1 tadey i s@rd bl I#lg conversion neans
for converting the display data signal |evel-converted by the first |evel-

characterized in that the data processing circuit is formed

of thin-film transistors, and 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 tﬁe plurality of horizontal
~driving circuits.

In accordance with a third aspect of the present

_invention, there is provided a portaBle terminal

cﬁaracterized by having mounted thereon a display apparatus

és a screen display section, the display apparaﬁus |

comprising: a display section formed of pixels disposed in a




conversion nmeans to parallel display data signals; and _second
| evel - conversion neans for |evel-converting the paral %) Neyegieag0at a
signal to display data signals having a third voltage anplitude smaller
than the second voltage anplitude and for sending the display data signals
to the plurality of horizontal d[ig%ng circuits. BRI EF DESCRI PTI ON OF THE
DRAW NGS 20 Novenber 2006 Sc FIG is a block diagram show ng an exanpl e
structure of a data processing circuit according to an enbodi nent of the
pr esentmaitpyeEntiaonerFPG a 2t ranspdt ok, diragrlet showiubg tantexampl e specific
structure of a level shift circuit and a serial-parallel conversion
ci rcui pluzelpoyentieho2086nt &l Rl v3g scirwiirtcuintowitagr @am shewi ng a specific
circuit exanple of a sanple-and-latch level shift circuit which al so
functi emsnapaaeser i ahspasalhel swomviertss crogd e withi gheddispaalgl ock
di agram showi ng an exanple structure 5 of a driving-circuit-united-type
| i qui dsecysbal dbosphaytimppdi st sy atcor ding tihe R q@rnesent thavention. Fig.
Sis acircuit diagramshow ng an exanple structure of a pixel in a
di spl agisettivoBeckign; 6and & ddttL W todk agiramahewing manneanphe specific
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 circuits, wherein the data processing
circuit is formed of thin-film transistors, and 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 signal 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.

BRIEF DESCRIPTION OF THE DRAWINGS




10 circuit of a data sanple-and-latch section, a second_ latch_ section, and
a level shifter in a horizontal driver. Fig. 7 is an a pygiRher
showi ng an outlined structure of a PDA according to the present invention.
15 Best Mode for Carrying Qut the Invention Enbodi ments of the present
invention will be described belowin detail by referring to the draw ngs.
Fig. 1 is a block diagranlshomﬁng_aﬁceianple structure of a data
~ processing circuit according to an enbodi rent of 20 the present invention.
As cl ear fradmGei §. 1%, at héodht dipygoersshogi g raouidxagelsy ditngudtmrtehe present
enbodi nent has a level shift circuit 11 serving as first |evel-conversion
neans, of sedadla- parakkeingoaversivnactsodling 12y drevealbghinfent eifr cuits 13A
and 13B serving as second | evel -conversion 25 nmeans, and output circuits
14A andh¥4Brekkntsiassnkdnt hat ------ - - ---- ---- -- --- 20 Novenber
2006 7 the data processing circuit is fornmed on an insulating substrate,
such as a glrass gsuhst kabeochydusyAgn THIGw indi 40 exbame dNe dddriicance in
el enent characteristics and much variance in thresholds Vth. 5 A digital
dat a sisgralcthawi 8g a Levsl ¥eltfage: sapli tade a (fariOxHla8.10 V to 3.3 V)
is input in series to the data processing circuit according to the present
enbodi geftrerfhen kevehishift circuit 11 |evel-converts (increases in |level)




the data signal having the first voltage anplitude input in 10 series to a
data signal having a second voltage anplitude (for exa%{lp?ﬂ%\[errg)e(/%@% 6.5 V)

| arger than the first voltage anplitude. The serial-parallel conversion
circuit 12 converts the serial data signal increased in |level by the

| evel shift circuit 11 to, for exanple, two parallel data 15 signals.

Serial -parallel conversion here neans processing in which a digital data
signal input in series is converted o a plurality of, in the present
enbodi nent, two, digital data signalS (two parallel data signals). At a
subsequent stage of the serial-parallel conversion 20 circuit 12, the two
| evel -conversion circuits 13A and 13B ,serving as third | evel -conversion
means are prBigded, isoa ciheuitwdtagriml siatingi gnspsciThe ¢imcuit

| evel -conversion circuits |level-convert (reduce in level) the data signals
havi ng ekempdeond wobeagécampli-tadeht dbedal asbifhatsrbawitnghacR5albord

vol tage anplitude (for exanple, 0 Vto 3.3 V) snaller 20 Novenber 2006 8

t han t hdusetdpasyapt agecaaplirradall¥hecdnyeraiodachrsighal s having the
third voltage, anplitude are output to the outside through the output
circuits 14AF%d 4485 3 b1k ddi 20 cese P Gt (RF AR oY | URE WS t he
present 5 enbodi nment having the above structure, the_ data signal having
the ¥ir8f Foffayd dnprreude vphpad-Frreetigdidscrynbrbade®Piay| evel to the

dat a signal hgving t he second , .
pparatus according to the present invention.

Fig. 5 is a circuit diagram showing an example
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 qccording 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 ciréuits 14A and 14B. It is assumed that




vol tage anplitude by the level shift circuit 11, and sent._as .a data signal
having a large anplitude to the serial 10 parallel conAANomber i+ 12.

- Since the serial data signal has a large anplitude even if it has a high

data rate, the serial-parallel conversion circuit 12 can apply high- speed
processi ng 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 circuft™12. Since the data signal is
converted to two parallel data signals in the present exanple circuit, 20
the data rate of the data signal after the conversion is half the data
rate usetieb@baneptrbeeeotiugr aioouiihespabahkbal ondahaissgnatsngre reduced in

| evel by the level shift «circuits 13A and 13B to the data signals having
t he t hi sdbstoktagesanpl asudeglabschubstehgaal byhaying arssul ¥haopl i tude. 25
The signals having the small anplitude are output to the 20 Novenber 2006
9 out shdwet inghgiarhanogt put etemenit shiaddchadiddBes Simdemtible data signal s
have a | ow data rate even when they have a small anplitude, the output
ci rcui t ¥axaangadin4phapghoeldsi¥eh. circuits can process themeven if they
have a | ow power 5 supply vqlta%? and are structured by using TFTs. Since
just® a part Bfdkkrh i%ﬁa WHIER | dda g & Helrst voltage amplitude
A (for example, 0 V to 3.3 V) is input in series to the data
processing circuit according to the present embodiment. The
level shift circuit 11 level-converts (increases in level)
the data signal having the first voltage amplitude input in
10 series to a data signal having a second voltage amplitude
(for example, 0 V to 675 V) larger than the first voltage
amplitpde. The serial-parallel conversion circuit 12
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’
circuits 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




out put stage of the level shift circuit 11, the serial-_ parallel conversion
circuit 12, and the level shift circuits 13A and 13B, AyaEbendPd si gnal s
having | arge anplitudes in 10 the section which, as described above,
increases in level a data signal having a small voltage anplitude input in
series to a signal having a |l arge voltage anplitude, converts the serial
data signal. having the large voltage anplitude to parallel data signals,
and then, reduces in level to data 15 _signals having a snall voltage
anpl i tude, even when the sectionis § data processing circuit structured
by formng TFTs on an insulating substrate, high-speed processing can be
applied to digital data signals at a | ow power consunption. 20 In the data
pr ocessithgncitheuisecandordil.iggtoampé ipudsent Thendbgineht dhawi adgghhes
above-described structure, the level shift circuit 11 and the

seri al - pavangeitheotrérdi ynlthgeubinpli2udeearkoputrahpte, tberavtaidd as a
single circuit. Mre specifically, when a data signal input in series is
25 convéhreddho thgoopapyll eirguit issildhapsd L4B- sanpl e- and-1 atch 20 Novemnber
2006 - 10 Jevel shift circuits 11A and 11B are di sposed in parallel as
shown in Fi gIn2thadptaprroert sl Bat et reui hpgcawl st Hofthheresand shift
circuits 11A and 11B. ,Two sanpling pul ses SP1 and SP2 having different
phasks SBPGHEMGREeRaVINEnENE eGRPVENPEFUEERER t BRY 190 BRI S 1T R L

‘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 uéing 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 ciréuit,

20 the data rate of the data signal after the convérsion is
half the data rate used before the qonversion. The parallel
.data signals.are reduced in level by the level shift
circults 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




respectively, such that the level shift circuits 11A a aQrm
sanpling at different timng. Wth these operati ons, Qﬂé}‘@wéﬁ'dﬂ
circuits 11A and 11B increase in level the data signal Data, and then,
“output two parallel data signals 10 Data 1 and Data 2, respectively, which
are separated. Fig. 3 is a circuit diagramshow ng an exanple specific
circuit of the sanple-and-latch level shift circuits 11A and 11B which

al so serve as the serial-parallel conyersion circuit 12. As clear from
Fig. 3, the sanple-and-latch 15 level shift circuit 11A (11B) according to
the present enbodi nent has a sanple-and-latch section 21 and a data |atch
section 22 both of which are formed on an insulating substrate by using
TFTs. Thatside| thpppghctheupetpiat alroni el 1édrandal 43, Simae ddra i nput

ternlnal 24, a nggatlve power -supply termnal 25, two positive

power - s§ppR yS1@R ﬁab@vgaaakwﬁet%nl@aeda¥an waepuEheBiATRIZ 28, A
sanplin%Pgﬁise S input to the control termnal 23 fromthe outside of
the sub é‘waat at8P PR Hat & haw Y the 389 shAR ARh R AT t ude (0
Vito i's nﬁ to the data i nput termn nal 4v8{0n1the 20 Novenber
2006 ‘”ficmo tsFaR BFOTRESs %‘?r%‘f%n pbleY - a1 3 R RTSS (for

exa%ple aro evel) ruc 2 q%%pomer- termnal 25. A
POWET - supEIfJEFervo(f)%I (%r% Lﬁ hs slésjl%% spondl ng to the
anpl i tude V@ﬂﬂ%ﬁafHSGQF;%ﬁ&?of a section, which includes the
output stage of the level shift circuit 11, the serial-
parallel conversion circuit 12; and the level shift circuits
i3A and 13B, handles data signals having large amplitudes in
10 the section which, as described above, increases in level a
data signal having a small voltage amplitude input in series
to a signal having a large voltage amplitude, converts the
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




5 signal Data is given to the power-supply term na

voltage VDD (6.5 V in this case) higher than the pomermﬁgﬁﬁmﬁﬁﬁaﬁﬁgge VCC
is given to the power-supply termnal 27. The sanpl e-and-latch section 21
is formed of CMOS 10 inverters 211 and 212, a CMOS latch cell 213, and an
inverter circuit 214. The CMOS inverter 211 is connected in series between,
for exanple, a VCCline and a VSS line, and is forned of a PMOS transistor
Q11 and an NMOS transistor Onll of jphich the gates are connected to the
data input 15 terminal 24. The CMOS inverter 211 inverts the polarity of

t he data si-gnal Data input to the data input termnal 24 fromthe outside
of the substrate. The CMOS inverter 212 is connected in series between, a
VDD | i né®¥Rd fshéfvSs=erPHétSaﬂaaA| anflol kBdase dipppssdoinrpasakied @12 and
an NMOS transi stor Qnl2 of which the gates are_ connected in compn.

CMOS |n§€??8r1§1§lg|n@er?gdth@pbBlgﬁF?yDBFathé $BRPFi kY B%F%eoéPt%%V|ng an

anplitude o 6.5V h the control termnal 21. 25 The
CMOS | a SHeieFPlf%scﬁﬁguétF| %Rgffﬁﬁverter 20 Novenber 2006 12 formed

of a PMOS tr nS|stor istor 13 _which are connected
in series and’ of° V{P\?JCQ??h%ﬁg;a? C%d%z ATEIH L R Second

OMOG T nYeLtgE bR PBILRL Revel shift circuits 11A and 11B,
respectively, such that the level shift circuits 11A and 11B
perform sampling at different timing. With these operations,
the level shift circuits 11A and 11B incfease in level the
data signal Data, and then, output two parallel data signals

10 Data 1 and Data 2, respectively, which are separated.
Fig. 3 is a circuit diagram showing an example specific
.circuit of the sample-and-latch level shift circuits 11A and
- 11B which alsco serve as the serial—-parallel conversion
circuit 12. As clear from Fig. 3, the sample-and-latch
15 1level shift circuit 11A (11B) according to the present
embodiment has a sample-and-latch secticon 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 dinput 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




PMOS transi stor (pl4 and an NMOS transistor Qnl4 “hiCh:ﬂQﬁ é?ﬁpnaﬁ%ted in
series and of which the gates are connected in comon,“and W fiput and
out put ends of these CMOS inverters are cross-connected. Mre
specifically, the input end of the first CMOS inverter, that is, the
common gate connection point of the 10 MOS transistors Ql3 and nl3, is
connected to the output end of the second CMOS inverter, that is, the
comon drain connection point of theMX transistors 14 and Onl4, and
the input end of the second CMOS inverter, that is, the comopn gate
connection point of the MOS transistors Q14 and 15 Qnl4, is connected to
the output end of the first CMOS inverter, that is, the conmmon drain
connect P94 SpEen P foftheh & ubmbsatitans Ps POFHE T Q5 ¥BPANd VEA E3geAVPRISEPE ansi st or
Q15 is connected, between the VDD Iine and the power-supply_side of the
CMOS | afERTREEr 208 IToynthd eBRdd tPaRdVEPotOQbEs POYEA®HPPEYt he sanpl i ng
pul se SP i nput . through the control termnal 21 is_at a |l ow]evel, and
suppliegefﬂgn68m2$:su P?W$5FF8€8lVDﬁog%agﬁeveﬁCéBPét8hlBeFF15213. The PMOS
transi st Qr 15 is off while the sanplin pul SP i a hjgh level, and
i nterrup sefﬁgggﬁsﬁp?HQ%HQS%Phggﬁoangh%EgﬂFyV9EE?§§eO%DEL?Od?h CMOS | at ch
cel 12213y 221" Fata- s n oo 120 NO r_200 3. Wt is,,the CMOS
ot ch osiPeal PRk Ao EE boy SpETYEMBE oEB80y HrmihbT 260 % a
power—-supply voltage VDD (6.5 V in this case) higher than

the power-supply voltage VCC is given to the power-supply
terminal 27. |
The sample-and—-latch section 21 is formed of CMOS

10 inverters 211 and 212, a CMOS latch cell 213, and an
inverter circuit 214. 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 befween, a
VDD line and the VSS line, and is formed of a PMOS |
20 transistor Qpl2 and an NMOS transistor Onl2 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




shift section. In the CMOS latch cell 213, an NMOS traqﬁgﬁtortépégtis
connected between the input end of the first CVOS i nvertetovEiehdlhe data
i nput termnal 24, and an NMOS transistor nl6é is connected between the

i nput- end of the second CMOS inverter and the output end of the CMOS
inverter 211. The NMOS transistors Qnl5 and Qnl6 are on while the sanpling
pulse SP is at the high level, sanple the data signal Data 10 and a si gnal
having its reverse phase, and output qt0 the CM3S latch cell 213. The
inverter circuit 214 has a first inverter formed of a PMOS transi stor
Q17 and an NMOS transistor Qnl7 which are connected in series and of
which the gates are_15 connected in common, and a second CMOS inverter
forned éPrRedppBsat FYRSI $rensdsigrafnlananiosnt NMAS| srapstatervBRth are
connected,in series and of which the gates are connected in comon, and is
in an oP&r&ti BResFAPBeGEER tReSBEWER- 80BpPY WhbrhagkevoRtes a3tpl i ed

t hrough the transi stor 5. 20 In this inverter circuit 214, the

input’eﬁHEHSEFF e*"f FPEPCRnd8EcBnECERRE FHORr tBYSIteRafOrBSd thE Lommon
sate  COIBECLan DML oRlaL I\ Ao, 2Lene BLToang Ui, ang, 18 and
e bR YRR e 0ut R EEL XELeoThEC AP s o
common, and the input and output ends of these CMOS
~inverters are cross-—connected.
More specifically, the input end of the first CMOS
inverter, that is, the common gate connection point of the
10 MOS transistors Qpl3 and Onl3, is connected to the output
end of the second CMOS inverter, that is, the common drain
connection point of the MOS transistors Qpl4 and Onl4, and
the input end of the second CMOS inverter, that is, the
common gate éonnection point of the MOS transistors Qpl4 and
15 Onl4, is connected to the output end of the first CMOS
inverter, that is, the common drain connéction point of the
- MOS transistors Qpl3 and Qnl3.
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 tfansistor 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,




inverters, that is, the common drain connection points of th

transi stors Q17 and Qnl 7, and Q318 and Qnl 8, are conﬁggﬁ@ﬁmﬁﬁpgﬁ@ drains
of NMOS transistors 19 and On20, respectively. The NMOS transistors l9
and @20 is on when 5 the sanpling pulse SP | evel-shifted by the CMOS
inverter 212 is in a high-level state, and the data signal Data | atched

by the CMOS latch cell 213 is sent to the data |latch section 22 in the
next stage. The data latch section 22 is forned of a CMOS latch 221 10 and
a CMOS inverter 222. The CMOS latch 221 has a first CMOS inverter formed
of a PMOS transistor Q21 and an NMOS transistor Qn2l1 which are connected
in series between the VDD line and the VSS |ine and of which the gates are
connect @d thntbdapohheadioa $ecohdcEMDS2iBvenhetibonsned af 1lavdb PMOS

transi stor @22 and an NMOS transistor Qn22 which are connected in series
bet weenshhétvVBBckinr. and the VSS line and of which the gates are connected
in comon, and the input and output ends of these CMOS inverters are
cross- connekrethe 2010 rleatspeciditally, arhaeMafputraaral ofort KNKS rist CMOS
inverter, that is, the conmon gate connection point of the MOS transistors
Q21 an@Ctrgttedsbebreert Biet snpne eudpef tledbfst HEMARchrdeOMIS i nverter,
that is, the common drain connection point of the MOS transistors Qp22 and
22, afBd2shendatdpirPiehdterminel sedomdvos TS Eansiker i@nlq he 20

Novenber 2006 ,
is connected between the input end of the second CMOS

inverter and the output end bf the CMOS inverter 211. The
NMOS transistors Onl5 and Qnlé are on while the sampling
pulse SP is at the high level, sample the data signal Data

10 and a signal having its reverse phase, and output to the
CMOS latch cell 213.

The inverter circuit 214 has a first CMOS inverter
formed of a PMOS transistor Qpl7 and an NMOS transistor Qnl7
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 Onl8 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 Qpl5s.

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 QOnl7, 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




15 common gate connection point of the MOS transistors IS

22,
connected to the output end of the first OMOS inverter® ?%Rnf%2m§?
comon drain connection point of the MOS transistors 21 and Qn2l1. The
i nput ends of the first 5 and second CMOS inverters are connected to the
sources of the NMOS transistors Q19 and 20 of the sanpl e-and-Iatch
section 21. The CMOS inverter 222 is formed of a PMOS transistor (@23 and
an NMOS transistor n23 which are connected in 10 series between the VDD
line and the VSS line and of which tHé gates are connected in conmon. The
i nput end of the CMOS inverter 222, that is, the commbn gate connection
point of the MOS transistors Q23 and 23, is connected to the output
end of timwefitest, CMBStI heer tée ebmihbe EWESn| abshe22ionlpoandst b€ out put end
of the CMOS inverter 222, that is, the comon drain connection point of
t he NCStheaM§Est®aes@pZGrSaQQlQhaﬁd PelZonaedt @dlB8oateQdaBa auéput
termnal 28. The sanple-and-latch I evel shift circuits having the
above- desenepéddsteuchar dradesdpfptded tnapaiatbes @si8hamd 0280in Fig. 2.
The input data Data is input in common to these |level shift circuits 11A
and 11BTegREctheciveo sihpl NHGS pursesspIs Ml SPandaQnig d8feeremen phases
arelglven to the, level shift circuits 11A and 11B, respectively, to make

the 51 e¥BF §ﬁfﬂP%l%grEH:1§§ ﬁAlﬁHﬁlIi]Blg‘éﬂ%I}éYaWﬂel%M@ﬁ thEeHEeR 21 at

dlfferent tlnlng h this, Level conversion (|level up
1gh evel state, and the data signal Data latched

by the CMOS latch cell 213 is sent to the data latch section
22 in the next stage. |
The data latch section 22 is formed of a CMOS latch 221
10 and a CMOS inverter 222. The CMOS latch 221 has a first
CMOS inverter formed of a PMOS transistor Qp2l and an NMOS
transistor OnZ2l 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 ftransistor On22 which are
connected in series between the VDD 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.
20 More specifically, the input end of the fifst 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 tran51stors Op22 and Qn22 and

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




20 Novenber 2006 - 16 and serial-parallel conversion effectively
applied to the data signal Data input in series. The s P@Wgﬁﬁ§b§§ch

| evel shift circuit shown in Fig. 3 perforns |evel conversion at the
nonent when the sanpling 5 pulse SP rises, and current flows only this
monent. Therefore, a | ow power consunption is inplenmented. In addition,
since this sanple-and-latch level shift circuit functions as both the

| evel shift circuit 11 and the serial-_parallel conversion circuit 12, the
requi red space is 10 reduced, whi ch i’ an advantage. I n the above-descri bed
enbodi nent, the case in which the third voltage anplitude to which the

| evel shift circuits 13A and 13B reduce the signal level is set to the
smal | veobtiage gapkei todeet@ivnt po3nd V¥fi mheh®osnmhedhseatpref op32t hedi nput
data signal has been described as an exanple. The third voltage anplitude
i s not RhAetedst gonhestedl tagtheappitputdendWhénthhefihstdCMOBt age anplitude
is set to any voltage anplitude smaller than the second voltage anplitude,
t he ef f é8VesteredtiBpfigiponweheconsuapt dopinscobrashion Mhent20£ft hket hird
voltage anplitude is set to the small voltage anplitude of the input data
si gnal , YASwEvers1aheERePPpdbverd Suapty FBendepvbgemd@dof wahehfisshn
advantage.. I n the above-descri bed enbodi nent, the data signal input in
series ggdséﬁﬁPﬁﬁeﬁM?ﬁtbnYﬁﬁtﬁéﬁaagﬁgﬁapg?cFﬁ%tt?s?he sources of

the NMOS transistors Qnl9% and Qn20 of the sample—and-latch
section 21.
VThe CMOS inverter 222 is formed of a PMOS transistor
OpZ23 and an NMOS transistor Qn23 which are connected in
10 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,
15 and the output end of the CMOS inverter 222, that is, the
‘common drain connection point of the.MOS transistors Qp23
and On23, 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
- 20 in Fig. 2. The input data Data is input in common to these
level shift circuits 11A and 11B, and the two sampling
pulses SPl and SP2 having different phases are given to the
level shift circuits 11A and 11B, respectively, té make the
level shift circuits 11A and 11B sample and latch the data

- 25 at different timing. With this, Level Conversion (level up)




25 is converted to two parallel data signals, in the sg&j@J 2 hﬁégpber
2006 17 parallel conversion circuit 12. The input dat PﬁW&Fr be
converted to three or nore parallel data signals to further reduce the
data rate of the data signals. Mre specifically, the circuit shown in
Fig. 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

di fferent phases are sent to these n vel shift circuits, respectively.
The usage of the data processing cir t according to 10 the present

enbodi nent, described above, is not specifically limted. It is suited,

for exanple, to a peripheral driving circuit for driving a display section
in a driandngeciirdupbralibifedodiveplsdaynappar afisctThelpr epeltiedn¥enti on is
not limtedly applied to driving circuits for display 15 apparatuses. The
pr esent thevdatirodigsadl Betaséhphtwien setriess applied to a single data
processing circuit forned on an insulating substrate by using TFTs. Fig. 4
is a block dfagrsemlovindbatelkahprel sshift wircwit sshown in Fig.
driving-circuit-united-type display apparatus according 20 to the present

i nvent i 6nPeEhermaslavel qePHVeEysoal adi speayompphrenes. tha Frgplinga di spl ay
section Rixel section) 32 in which pixels_ are disposed in a matri x manner
is fornBYL8R SH FrafgpatRAt CUFRelFallRYSsaBLY rets meBAnhs a gl ass

Therefore, a low power consumption is implemented. In
addition, since this sample-and-latch level shift circuit
functions as both the level shift circuit 11 and the serial-
parallel conversion circuit 12, the required space is

10 reduced, which is an advantage.

In the abové—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-




-substrate 31. The glass substrate 31 is di sposed opposi 25 gno gl ass
substrate with a predeterm ned gap arranged 20 hbvenberiéiﬁﬂ?nﬁfﬁ555g

t her ebetween, and a liquid-crystal material is sealed -between the
substrates to forma display panel (LCD panel). Fig. 5 shows an exanple
structure of each pixel in the display section 32. Each of the pixels 50
disposed in a 5 matrix manner has a TFT (thin filmtransistor) 51 serV|ng
as a pixel transistor, a liquid-crystal cell 52 of which a pixel

el ectrode 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 el ectrode of
the TFT 51. The liquid 10 crystal cell 52 here neans a |liquid-crystal

capaci t paragérdr abatehbstwaenitrbaipi 1el. elrpet nagatandtansogpasi ngy el ectrode
formed opposite the pixel electrode. In this pixel structure, the gate

el ectrotbe obntvieetEHTto5thrsecomnaotredph@aalgat dakhneigsaasntag |ine) 54,
and the 15 source electrode thereof is connected to a data |line (signal
line) 55urtheropgdvicagtbbedetedeatt dlfietheqdatacsyghalscel Hors2 is
connected to a VCOM |line 56 in every pixel. A conmmon voltage VCOM (VCOM
pot ent i BPECiLEigpvdH . t§h?h@légpé§|ﬁgoweleotF@de 3fnedds| tqubd-crystal cel

52 through the VCOM 20 |line 56 in every pixel. The other el ectrode

(t eri n§PREEIuFRE EBﬁBth@tePeéFr%d%)sfﬁﬁ?lo$h%ﬁb hibtelihigs capracitor 53 i s

connected to line 57 in ever i xel
-Sl posedCEn parallel, and n X Qampling pulses SP1 to SPn

having different phases are sent to these n level shift
circults, respectively.
The usage of the data processing circuit according to
10 the present embodiment, described above, ié not specifically
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 uséful 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 fransparent, insulating substrate, such as a glass
substrate 31. The glass substrate 31 is disposed opposite

25 another glass substrate with a predetermined gap arranged




When 1H (H horizontal period) inversion driving or iF _(F: fiel riod)
inversion driving is perforned, a display 25 signal t(?Qk@Vwm¥¥gwﬁfnto
each pixel is inverted in polarity 20 Novenber 2006 19 with the VCOM
potential used as a reference. Wien VCOM inversion driving in which the
polarity of the VCOM potential is inverted at an 1H interval or 1F
interval is used together with 1H inversion driving or 1F inversion 5
driving, the polarity of a CS potent%g# given to the CSline 57 is also
alternately inverted in synchronizati with the VCOM potential. An
alternating vol tage having al nost the same anplitude as the CS potenti al
is used as the VCOM potential. Since a 10 voltage drop occurs at the TFT
51 due tbezepartasien,cacdpaciignidhenyatsailgnalkersalrist saalatio t he pi xel

el ectrode of the liquid-crystal cell 52 fromthe data |line 54 through the
TFT 51, befiweaght ghratsivhgtveleageoobvamneddbypadsi pgnehe (LYDI pageldtop to

al nost the sane anplitude as the CS 15 potential is actually used as the
VCOM pot ent | BL9 - Backhe®s Ry examphe t fiergthgse substactt eoi3de Whior ethée

di splay section 32 is disposed, as peripheral driving circuits, for
exanpl edi§Pdaraspréeessrdg chrehi ef38hpsprikplat 88 disppeedein-Aand side of

t he disglag_section 32, 20 horizontal (H) drivers (horizontal driving
ci rcui t9Rt3AA BAa"C54B28r2 Folnf{ERint fike GppReisker) ohkrSRFAERI oFSt he

displaya pixel transistor, a liquid-crystal cell 52 of which a
pixel electrode is connected to the drain electrode of the
TFT 51, and a holding capacitor 53 of which one electrode is
7 connected to the drain electrode of the TFT 51. The liquid-

10 crystal cell 52 here means a liquid-crystal capacitor
generated between the pixel electrode and an opposing
electrode formed opposite the pixel electrode.

In this pixel structure, the gate electrode of the TFT
51 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 dispiay

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




section 32, and a vertical (V) driver (vertical drivin irc it% 5is
nmounted at the right-hand side of the display section No ¥§” 0%art of
peripheral driving circuits is 25 shown in the figure. The peri pheral
driving circuits are 20 Novenber 2006 - 20 not limted to those shown in
the figure. The horizontal drivers 34A and 34B may be di sposed at either
side, the upper or |lower side, of the display section 32. These :
peri pheral driving circuits are manufactured by using low 5 tenperature
poly-silicon or CG (continuous. graiﬁ?fsilicon together with the pixel
transistors of the display section 32. In the liquid-crystal display
‘apparatus having the above-described structure, R (red), G (green), and B
(bl ue) vEGhdha VEOM mefendiigd apedais Raviedgranseal | Weht F§6Manpl i t ude
(for exanple, an anplitude of O Vto 3.3 V) is input to the glass

subst r af@ VST SRl GFH VARG APpuihigd (thaDpodestitynof6 thier ¥kPMhe outsi de of the
substrate. The input digital display data is _separated into_a plurality of
data it EWECHRA15 iEhAavERdEed Bt 0t WY dBt&rvEén®T dHelfitPrven ifto odd-
nunber ed %bx | s ig the,disg@gy section 32 and the other witten into

even- nuf5& e dOFREErE. WHEL 1O¥FEPAPBI 4V §PPaP T dafalPVEREL9Pe sent to the

o By b Rad g, o SurBy Rl gebiete U0 31, 20 The
57 is also alternately inverted in synchronization with the
VCOM potential.
An alternating voltage having almost the same amplitude
as the CS potential is used as the VCOM potential. Since a

10 voltage drop occurs at the TFT 51 due to a parasitic
capacitor when a signal is written into the pixel electrode
of the liquid-crystal cell 52 from the data line 54 through
the TFT 51, the altermnating voltage obtained by adding 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 sﬁbstrate 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




structure in which, for exanple, a horizontal shift regjisier 34é dat a
sanpl e-and-l atch section 342, a second latch section 3%3,05“W§W p0€hifter
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 Novenber 2006 - 21 horizontal driver 34A. As an exanple, the
hori zontal driver 34A wites display data into odd-nunbered pixels in the
di splay section 32, and the horizonﬁa% driver 34B wites display data into
even- nunbered pixels in the display 5 Uection 32. The horizontal shift '
regi ster 341 starts a shift operation in response to a horizontal start
pul se HST sent froma timng generation circuit (not shown), and generates
sanpl i ngogullses tegl B ddgsentshaliny isenthd 1fignechor iThenhalrizénpeani od in
synchroni zation with horizontal clock pulses HCK sent fromthe timng
gener at i9H VEirec FidA  anide 3d&t noyalwel eispodadatadh edebeironid4? shguential |y
sanpl es and latches in one horizontal period, display data Data sent from
t he dat dPPSFof&s oG rcisilsi-t o33 the sispheuniseatiion Wth Theseanpling 15
pul ses genegrated by the horizontal shift register 341. One-line |atched
di gi t al PEAERIES adordyinge ) rE¥ATESt ret Ranydashyrrdt B 98&RD0hOB43 in a
hori zont al bl anki ng pgriod . The second | atch section 343 collectively
out put s "FHBRSEREVTF RE dr§ALAFORaPA. CFhd CoBIpBROBRCIFRAB) dFyligPndata i s
together with the pixel transistors of the display section
32.
In the liquid-crystal display apparatus having the
above—described structure, R (red), G (green), and B (blue)
10 parallel-input display data having a small voltage amplitude
(for example, an amplitude of 0 V to 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 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 proﬁided. The

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




20 increased in level by the level shifter 344, sent to e D ersion
circuit 345, and converted into an. anal og di spl ay sigﬁ%ﬂ?v qﬁ“éﬁ@gline
anal og display signal is output from the DA conversion circuit 345 to data
lines 55-1 to 55-n arranged correspondingly to the nunber of pixels in the
25 horizontal direction in the display section 32. 20 Novenber 2006 22

The vertical driver 35 is forned of a vertical shift register and a gate
buffer. In the vertical driver 35, thg vertical shift register starts a
shift operation in response to a vertical start pulse VST sent froma
timng generation 5 circuit (not shown), and generates scanning pulses to.
be sequentially sent in one vertical period in synchronization wth

verti cahogigertpdl dedvork34ant RAsoant Rsampiiengthgeheratoohati doiver The
generated_scanni ng pul ses are sequentially output through the gate buffer
to gat e3fPnEEitgs5dispiaysdahfairhngeddeapnbspeddbhybyst ont Heenunber of
pixels in the vertical direction in the display section 32. Wen the
scanni ng* PPt &¥sS§FE1SBgoent #Af| Yheuhpaizeptehedphyer| BARswEHtast 0 54- m by
verti cal . scanni erformed by the vertical driver 35, pixels are

sequent S4fP ageagﬁgeﬁnFﬂ eYgnRrRebed, BhgeL £ i Hosthe rdi sl spl ay section
32.5A ogg-#ige §galog di splay signal output fromthe DA conversion circuit
3457 s 2orreltiv fy witten into selected one-line pixels through the data

lines 55'1'tfhéﬂ%é}iégﬂgafiéﬁi#¥iég&¥%ter 341 starts a shift
operation in response to a horizontal start pulse HST sent
from a timing generation circuit (not shown), and generates
sampling pulses to be sequentially sent in one horizontal
10 period in synchronization with horizontal clock pulses HCK
sent from the timing generation circuit. The data sample-
and-latch section 342 seguentially 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 displéy signal is output from
the DA conversion circuit 345 to data lines 55-1 to 55-n
arranged correspondingly to the ﬁumber of pixels in the

25 horizontal direction in the display section 32.




operation is repeated to display a one-screen inage. 20 th
| i quid-crystal display apparatus having the above-desc%dékﬁ?ngF?GQQQHeL on

t he panel (glass substrate 31) where the display section 32 is disposed,
peripheral driving circuits, such as the data processing circuit 33, the
hori zontal drivers 34A and 34B, and the vertical driver 35 25 are
integratedly nounted. Therefore, an all-driving 20 Novenber 2006 23
circuit-united-type display panel is f%ryctured. In addition, since there
is no need to provide externally anot’her substrate, an IC, or a transistor
circuit, the entire systemcan be nmade conpact at a reduced cost. 5 In the
driving-circuit-united-type liquid-crystal display apparatus, the data
processi ng cTfheuverséceldidngves 3bhésefibodedent desertbedl bsfiofe is used as
the data processing circuit 33. In this case, when it is assunmed that

di gi t al T$O4FItey @&Ch eh&diteg bafiferal n tBebiviestisied H@ibkers3bor tbach of R
G and B, is input fromthe outside of the substrate, for exanple, the
dat a pr 9&&$dCRd Shedli £eodwd®y siarit§. a1shd f§r ovededibor inachsbppseAnd, the
18-bit  digital display data iis separated into two data itens. The two
digital i gpwﬁﬁt&&ﬁ Sters RPdsseNPTt §ehke TROM 2o/EBANYSIBRFVRESOBAA and
_34Bighrou h th data bus lLines 37A and 37B each having 18 wiring |lines.
Vher® t h&1d5Ha prl88Es SR eirr 8Tt I5REbRUPRgSFB PABY PulSes to be

sequeﬁtially sent in one vertical period in synchronization
with vertical clock pulses VCK sent from the timing
generation circuit. The generated scanning pulses are
sequentially output through the gate buffer to gate lines

10 54-1 to 54-m arranged correspondingly to the number of
pixels in the vertical direction in the display section 32.

When the scanning pulses are sequentially output to the
gate lines 54—i 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 circuit
345 is colliectively Written'into selected one-~line pixels

~ through the data lines 55-1 to 55-n. This line writing
operétion is repeated to display a one-screen image.

20 .. In the 1iquid—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-




enbodi nent descri bed before is used as the data procesg%gg circgb%%SS in
this way, even if the data processing circuit 20 is for N lﬁﬁ ul ati ng
substrate by using TFTs, display- data high-speed processing is allowed by
reduci ng the data rate of the display data, and a | ower power can be
consuned by perform ng signal processing with signals having snal
vol tage anplitudes in circuits where signals having | arge 25 voltage
anplitudes are not required. Thereforge a driving 20 Novenber 2006 24
circuit-united-type liquid-crystal display apparatus can be inplenmented by
usi ng TFTs, which was conventionally considered difficult, and RGB
paral l el -input digital display data can be processed at a high speed at a
| ow power rSudtnsniieidortypgheli spldyi panglciliscgittrugniutred-t ye | i qui d-crysta
di splay apparatus is structured, since the position of the data processing
ci rcui t aggijtdon nisiageorthere dabser aced theprdatdebesterne3l87A and 37B
through which digital display 10 data is sent fromthe data processing
ci.rcui t 233thErt REPsAEAtLontal 16ri 08r 8 34ANaAEtR4BCASEYite Bh®e | ong wiring
lines. Therefore, parasitic capacitors attached to the wring |ines have
| ar ge cSPaeFPaf¥EreEnFarnbe BateororRactcapadi redyced featy. In addition,
since the da}a us |Lipnes 15 each, have 18 wiring:lines to handle digital
disﬁfay dat & ® hERE ndr 1B BP TSI r it Bkt edrtwae h Hu - Ystial B, the | oad
display apparatus, the data processing circuit according to
the embodiment described before is used as the data
processing circuit 33. In 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-




of their capacitors becone very heavy. The data processj Ci r.cuj 3 needs
to drive this very heavy |oad of capacitors. Thereforé#ﬂgﬂ nﬁﬁ?%ﬁmé
processing 20 circuit 33 consunes very nuch electric power. Wen the data
processing circuit according to the enbodi nent described before is used as
the data processing circuit 33, since the data signals having the |arge
vol tage anplitude are reduced in level by the level shift circuits 13A and
13B to the data 25 signals having the small voltage anplitude in Fig. 1,
20 Novenber 2006 25 processing af"t‘%"butput circuits 14A and 14B and
subsequent stages need just a little power consunption. This nmeans that
the data processing circuit according to the enbodi nent described before
'is verycducvét-fioitedntvpg digutid-cdasaad thsplgh &hpakengsdata Ibeis |ines
37A and 37B. In the present exanple application, a case in which digital

di spl ay 1ant ampstedphyanedngnT8Tewovwbdach waensonvantooheillwords, display
data input in series is converted to two parallel display data itens in

t he pro€essifdgret €hEfigudhy aaploBEBsPagatietulnpds igiskéndasphay exanpl e.
It is also possjible that display data input in series is converted to

t hree oFafBr €3paPal PEPCBFEpagtdat BigherBeed #branhkpv P@UBEe the data rate
of the input disglay data. In this case, the nunber of horizontal drivers
cor spSHEFH@pr The 15 nunmber of parallel data itens need to be di sposed.

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 locad
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 sighals 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,




Fig. 6 is a circuit diagramshow ng specific exanple «cjrcuits of fhe data
sanpl e-and-1l atch section 342, the second latch sectionkéﬁgwﬁgﬁﬁzph@ | eve
shifter 344 in the horizontal driver 34A (34B). 20 As clear fromFig. 6,
the circuit according to this case has a sanple-and-latch section-40 and a
data latch section 41 both of which are formed on an insulating substrate
by using TFTs. The data latch section 41 also functions as a |evel

shifter. In other words, in referri_pq2 5 to Fig. 4, the sanple-and-I|atch
section 40 corresponds to 20 Novenber® 2006 26 the data sanple-and-Ilatch
section 342, and the data latch section 41 corresponds to the second |atch
section 343 and the level shifter 344. The circuit according to the

pr esent PERSESKasda afti the oBtpwht cdlraudrsi AdR 424 OWB medatiubeepawar- supply
termnals 43 and 44, two positive power-supply termnals 45 and 46, a

dat a i nFre9CEr MeREl J¥3L a ddddAe pemerolconsumpabndg, Thnd meadat a out put
termnal _49. The display data having the small voltage anplitude (0 V to
3.3 V i rhphe thEcdahe PEREFSSARD COTLHdM pREcydiagdptocessi aybeilivant 33

t hrough the d tg gu% |ines 37A and 37B in Fig. 4 is input to the data
input  CEPMTAARIaRetaTPal EnVEEY sEULPedefieF abeBIBPIadipitad dgEAerati on

S i L ehRboRNON) 1 hagl ARUL £2.' REREENYER! anfe Al 42 A sampling pul se

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. The 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




15 generation circuit is input to the control term nal %8 Betmg t he
power - supply termnal 44 and the power- supply terninal G Fovember ﬁ@?itude
voltage of display data input to the data input termnal 47 is given. Mre
specifically, in the present case, 0 V (the ground level) is 20 given as a
power - supply voltage VSS, and 3.3 Vis given as a power-supply voltage
VCC. A power-supply voltage VL |ower than the power-supply vol tage VSS,
for exanple, -3.3 V, is given to thupqyer-supply termnal 43. A
power - supply vol tage VDD hi gher thanhthe power-supply voltage VCC, for 25
exanple, 6.5V, is given to the power-supply term nal 46. 20 Novenber 2006
- 27 The sanpl e-and-latch section 40 is forned of an input section 401, a
CMOS | atbfh detp agmplandndnlatthusestivnod42408nd Thieei dptié datchon 401, the
CMCS latch cell 213, has a CMOS inverter formed of a PMOS transistor (p3l
and an RREGLSNt AAnSPEFresPTRAs Whi theasecendnietel sectiohe34beameen the
VCC line and the VSS |ine and of which the gates are connected in common
to the BABalfFplt SkefhePRab447; and sanpling NMOS transistors Qn32 and Qn33
of whi ch thgr ates are connected to the input and output ends of the CMOS
10 i nvert er, THespectiifelaFcatiing sto e o gaes < difed i Stoi nt and
t he connnntdrgig conne t%gn oint of {he PMOS transistor Q31 and the NMOS
“transi sSTOPEERS1IECTRL Ght B ofC tHRIRMEES t PAVST STHRLONSY RN kh3s’ ar e
ConneCtgﬁhlE4FOQ#5rbositive 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 VS8S, 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 ﬁoltage VCC, for

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




to the control termnal 48. 15 The CMOS | atch cell 402 ﬂfg,a fir?ngwcs
inverter formed of a PMOS transistor Q34 and an NMOS R¥§rahes 34 :
whi ch are connected in series between the VCC line and the VSS |ine and of
whi ch the gates are connected in comon, and a second CMOS inverter forned
of a PMOS transistor 35 and 20 an NMOS transi stor Qn35 which are
connected in series between the VCC line and the VSS |ine and of which the
gates are connected in common, and the input and output ends of these
CMOS inverters are cross-connect ed. re specifically, the input end of the
first CMOS 25 inverter, that is, the conmon gate connection point of the 20
Novenber 2006 28 MOS transistors Q34 and Qn34, is connected to the

out put end Yfe tdenmleromi-OMOS h reesrttiern 4thaits | 3yroidie cdmmnimhe n
connection point of the MOS transistors 35 and 135, and the input end
of the SeebrenCARE, i averPerlatpatcedl 402, Samdnemnoggbet commetdn on poi nt of
the MOS transistors QP35 and n35, is connected to the output end of the
first ChEB- iThRerivputipactiaon 44k, coheofMes alatenerekl i h3 poitas @©f t he
MOS transistors Qﬁ34 and Qn34., The input ends of the first and second CMOS
i nver t eF¥O% EOEBNTREL ErRet the 3 otMREstrnsis toie Qribldng MVOBIAS ansi stor s
32 and 3 The output section 403 has a first CMOS

3,.respectively. :
inv rt eFFFoThe rocﬁ)nagfljﬁﬁsy rATS i STHCHIE Hhd W NS TreaRsi dor n36
whi ch 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 transistqr On31. The gates of
the NMOS transistors 0On32 and 0On33 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 On34
which are connected in series between the VCC line and the
VSS line and of which thé gates are connected in common, and
a seconq 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




are connected in series between the VCC line and the VSS _I|ine ans f which
the gates are connected in common, and a 15 second CMOSEY NOWRSE 2080 ned of
a PMOS transistor Q37 and an NMOS transi stor Qn37 which are connected in
series between the VCC line and the VSS |ine and of which the gates are
connected in comon. The input end of the first CMOS inverter is connected
to the comon drain connection point 20 of the MOS transistors 35 and
35 in the CMXS latch cell 402. The,input end of the second CMOS inverter
is connected to the common gate connection point of the MOS transistors
Q35 and 35 in the CMOS | atch cell 402. The data | atch section 41 is
formed of an input section 25 411, a CMXS latch cell 412, and an out put
sect i on MPE3 trigs i3OGy PG a2gD@N3Z0  disnmenneedicdork o4 thehasitpatch NMOS
transistors On4l and n42. The drain of the NMOS transistor Qn4l is
connect &% @1t de caawes QS ievieTde orffhgdi As oftheheomment daadinst ors Q36
and On36 of the output section 403 of the sanple-and-latch 5 section 40.
The dr aiSPPEEAHONIRSS Ot &fsitito MO 47 ans 1 s¢orise OPSg £8d RB3SenABA drai n
connectign point of the (I\F/% transj stors Q37 and n37 qof the output
secti ontg’&.m?ﬁlé: gk &8 HPe K& ORMEs MOy esteTandiadndSanddeare connect ed
in common to th% c%rg)trol t.%rn‘i nal 42.f %gl Thg) CMOS | atch cell %12 Qas a
first cRBAvErTér PEFTEdC8f PRBYO8 Tt Fafs MEPo - TepE3 SERESaRPRROBD
tranSISEB%5§h§§ connected to the output end of the first CMOS
inverter, that is, the common drain connection point of the
MOS transistors QOp34 and QOn34. The input ends of the first
and second CMOS inverters are connected to the sources of
10 the sampling NMOS transistors On32 and Qn33, respectively.
The output section 403 has a first CMOS inverter formed
of a PMOS transistor Qp36 and an NMOS transistor (On36 which
are connected in series between the VCC line and the VSS
line and of which the gates are connected in common, and a
.15 . second CMOS inverter formed of a PMOS transistor Qp37 and an
NMOS transistor Qn37 which are connected in series between
~ the VCC line and the VSS line 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 On35 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
Op35 and On35 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




whi ch are connected in series between a VHIline and the VL line &%? of

whi ch the gates are connected in common, and a second VIRRFE 2 f or med
of a PMOS transistor 44 and an 15 NMOS transi stor Qn44 which are
connected in series between the VHIline and the VL line and of which the
gates are connected in comon, and the input and output ends of these

CMOS inverters are cross-connected. Mre specifically, the input end of the
first CMOS 20 inverter, that is, the pnmon gate connection point of the
MOS transistors Q43 and Qn43, is confiected to the output end of the
second CMOS inverter, that is, the common drain connection point of the
MOS transistors 44 and Qn44, and the input end of the second CMOS

i nvert eAnppfaseicy ionhd125hgampiichatitdOSommensionopsi 4 df ahHeONDS.

transi stors Q44 and 20 Novenber 2006 30 44, is connected to the output
end of The Airpdn elothe; NV@Bt sranshatoirs Onheisomamnedtaidntoohect i on poi nt
of the MOS transistors 43 and Qnd43. The input ends of the first and
‘second ERMPBOPNGERLBr SOBRRECELAREPEB Lt 6t KhesHUfcEsantistehe PRBEL NMOS
transi stors On4l and 42, respectively. The output section 413 has a first
CMOS i n#BFt BR3PoPhelne oPUtP MBS EL ARG 4P OfplBe afrmRte NVES L AEABI st or Q45

which are conng ted jn series between the VHIline and the VL line and of
whi ch t i8§4PEs gre Ehﬂn@ﬁ?%ﬁ ? Eﬁ%ﬁﬁﬁ?saﬁﬁa%S%%E%ﬁdQﬁﬁzChES i nverter

formed géngeg%gg %Eagﬁéségmm§§4grggg ggn%%@%&on point of the MOS
transistors QOp37 and Qn37 of the output section 403. The
gates of the NMCS transistors Qn4l and QOn42 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 0On43
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 QOn44 which are connected in series between
the VH line and the VL line and of which the gates are
uconnected in common, and the input and output ends of these
CMOS inverters are cross—connected.

More specifically, the input end of the firsﬁ 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 Op44 and QOn44, and
the input end of the second CMOS inverter, that is, the

25 common gate connection point of the MOS transistors Qp44 and




transi stor Qn46 which are connected in series between t VH |in nd the
VL line and of which the gates are connected in connDn 5@8“? gﬂ%ﬁ
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
havi ng the functions of the data sanple-and-|latch section 342, the second
| atch section 343, and the |evel shi(§ej 344 in the horizontal driver 34A
(34B), 20 until data is sent to the data |latch section 41 corresponding to
t he second | atch section 343, in other words, in the sanple-and-Iatch
section 4%% processing is perfornmed at a pomer-supply voltage of 0 Vto

3.3 V whP ¢8r FEEPGRESTt SOt kBevertays amsl icfudbe( 6ivstoCBO8 V) of 25
di splay,data, sent from,t he data processing circuit 33. As a 20 Novenber
2006 3iPVPLERFr, © S\Rerlscoﬁgﬁnﬁf’i“@ﬁnl dradppresseativRerpaner oSupbey
voltageﬁ ¥H %Qd yL are é 3after data transm ssion to the data
| atch sBcri Gho4E F§orgo§8ﬁ t 88° Qﬂé t heT8&t d7PHEcANdBcef ohha 1 pEFtor ns
process ? h wWer - su vol t ages VH nd VL, display data is
shlftedéﬂg %gé EM laa?aggﬁgcﬁrgeﬁgPﬁﬁcﬁf Fﬁth?sso%rc #aPf vol t age
anph;tug (y%g BONM' ) g pnle eé 0 a Iar o] t age anplitude
(VL1 Vﬁﬁ ince the 5%§EEE§E§%% %c ané4 n4%0rf%§%% Yo the second
Iatch SeCli Ofhe output section 413 has a first CMOS inverter formed
of a PMOS transistor Qp45 and an NMOS transistor On45 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 Op46 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 péwer—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-




10 343, also functions as the level shifter 344 in this the circuit
structure is sinplified and the required space is redut® OV@Hb?ﬁ@Oﬁxanple
application described above, a case in which the present invention is
applied to a liquid-crystal 15 display apparatus using |iquid-crystal
cells as display elenments is taken as an exanple. Applications are not
limted to this exanple application. The present invention can be applied
to general display apparatuses in whi ﬂ a data processing circuit is
nounted to the same substrate as 20 a display section is nounted to, such
as EL display apparatuses using EL (el ectrol um nescence) el enents as

di splay el enments. Display apparatuses typical of which are Iiquid-crystal

di spl ay rappaitat poesraceoysdingd ivn tilse salppvestesicri bed exanple 25
application are suitable for the use as screen display 20 Novenber 2006 32
sections i n €hapreveandubpdiit wel agepoViabhd Ver armabsitelpdcan of which
are portable tel ephones and PDAs (personal digital assistants). Fig. 7 is
an appeéft&fge dgitewaReammigsdrrobel thed dataslafehusecgioa BDALswhi ch is an
exanple of a portable term nal accordln% to the present invention. The PDA
'accordlﬁﬁmpéeFﬁﬂs é&getﬁﬁsdaFérlé%SHpﬁé &Onf&ﬂd@ﬁ§f§ﬁmﬁcPﬁP§eFﬁlﬂﬁlch a

covgg 62 |% grOV|ded for _an
at 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 1s simplified and the required space
is reduced.
In the example application described above, a case in
which the present invention 1s applied to a liquid-crystal
15° -display apparatus using liquid-crystal cells as display
élements 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 liguid-crystal
display apparatuses according to the above-described examble

25 - applicatiocn are_suitable'for the use as screen display




apparatus body 61 so as to be made open or closed freely. .10 e upper
surface of the apparatus body 61, an operation sectioﬁ%%QOV%égﬁ%Q vari ous
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

di splay section 64, a liquid-crystal display apparatus in 15 which the data
processing circuit according to the enbodinent descri bed above is nounted
on the same substrate as a display ction is mounted is used. As

descri bed before, a liquid-crystal dr$play apparatus to which the data
processing circuit according to the 20 enbodi nent is nounted can easily
inplement a driving- circuit-united-type display apparatus using TFTs, and
in addddoimngi g t@ampheplayd datghioanidlet processesd wrrmidilgh  speed with a

| ow power consunption. Therefore, when the |iquid-crystal display
appar attgpicahuitwdics dte morogn @S all apiaye s eotd dPY, (ndsatdluct ure of
the entire PDA can be ---------- - 20 Novenber 2006 33 sinplified.

Furt herdigitce adwlpoawtsiconsunption of the screen display section 64 is
| owered, the continuous usable tinme of the PDA with the use of a battery
pover suppl Fiigs T7extseride @PPSaKa@gse Vite wvshe ittge 3pr e¥dALneAvention i s
appl5i eds1&1(*11catuJ‘:F)eDAoJ‘:t’| aa? EpDeZS,n v?heiscclr{ iibsedanaSexaamr}npe]i(»&zan(‘)pfI eai p-I;hreta%plpel I cations of
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 wvarious 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 liguid-crystal display apparatus
‘to which the data processing circuit according to the
20 embodiment is mounted can easily implement a driving-
,éircuit-united—type display apparatus using TFTs, and in
éddition, digital display data can be processed at a high
speed with a low power consumptiqn. Therefore, when the
liquid-crystal display apparatus is mounted as the screen

25 display section 64, the structure of the entire PDA can be




the present invention are not limted to this exanple application. A
l'i quid-crystal display apparatus according to the pres%ﬁ oysmbsEE0n i s
suited especially for general 10 portable term nals which are conpact and

| i ghtwei ght, such as portable tel ephones. Industrial Applicability As
descri bed above, according to the present invention, 15 a data signal
having a small voltage anplitude input in series is. increased in level to
a data signal having a |arge voltage anplitude, the serial data signa
having the |arge voltage anplitudé‘ﬁ@ converted to parallel data signals,
and then, the parallel data signals are reduced in level to data 20
signals having a snmall voltage anplitude. Since just a part of a circuit
secti onshapdli€scdat ararghalrs Bavicegthar geweanpbnkudgsioaven when the
section is a data processing circuit structured formed on an insulating
substr akerkyn dskpla¥Fiecthbghédpaeedlpreecedsi ngecannhenappsi esdabbdedi gital
25 data signals at a | ow power consunption. 20 Novenber 2006 34 CLAIM

1. A datampr ofesbengDai wittht tbhanaet efi aedabyecgnppivsrngupplyrss

| evel -conversion nmeans for |evel-converting a 5 data signal having a first
vol t ageeafphidedde i nput in series to a data signal having a second voltage

anplitude larger than the first voltage anplitude;
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 exampie
application. A liguid-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 circuif sectionlhandles data signals having large
amplitudes, evén when the section is a data processing
circuit structured formed on an insulating substrate by
using TFTs, high-speed proéessing_can be applied td digital

25 data signals at a low power consumption.




serial -parallel conversion neans for converting the data signal

| evel -converted by the first |evel-conversion 10 means?®¥oyanlar 2896 dat a
signals; and second | evel -conversion neans for |evel-converting the
parall el data signals to data signals having a third voltage anplitude
smal l er than the second voltage anplitude, and characterized in that the
data processing circuit is 15 formed on an insulating substrate by using
thin-film transistors. 2. A data pjgﬁﬁssing circuit according to daiml,

characterized in that 20 the first |ével-conversion neans and the serial -
paral |l el conversion neans conprise a plurality of sanple- and-latch |evel
conversion circuits to which the data signal having the first voltage
anplitude is input in common, and &IPS ng is perfornmed in the plurality
of sanpl e-and-latch 25 | evel conversion circuits by a plurality of sanpling
signals 20 Novenber 2006 35 having different timng. 3. A display _
apparatus characterized by conprising: a display section formed of pixels
di sposed-i nPadfher PROCSSfaRAefFlBAVALt FRASPaEeRL ZednkY| aPREL8idSirate; a
plurality of horizontal driving circuits nounted on the transparent,
i nsul ating stbetl S oeRHEST W 2h RPRPS i DI BV L RIBIRTHA i i ti ng
i L ixels_in
dlS%laydgggasigggltﬂgvghg 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




the display section; and 10 a data processing circuit nmpunted on the
transparent, insulating substrate together with the dingavm@éﬁngﬁ, for
processing a display data signal having 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 fornmed of thin-film transistors, and the data
processing circuit conprises 20 figsg | evel - conversion neans for

| evel -converting the display data sianal having the first voltage”
anplitude to a display data signal having a second vol tage anplitude

| arger than the first voltage anplitude; serial-parallel conversion neans
for convavinggdiferaBt didplmy. data signal |evel -converted by the first

| evel 20 Novenber 2006 - 36 conversion nmeans to parallel display data
signals; and second |evel-conversion neans for |evel-converting the
paral l el display data signals to display data signals having a third

vol t age3 anph i iRkl A PRE ra Has ¢hreraeeontz sd| hageemramingdude and for
sending the display data signals to the plurality of harizontal driving
circuits. 4.2 AigPdFrayesfiaratitdmede fdiigls digpnsed diaraddiiXed

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—-converslon 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-




in that 10 the plurality of horizontal driving circuits_is operated at the
third voltage of a power supply, and conprises a data TANerribede group
~for latching the display data signals sent fromthe data processing
circuit. 15 5. A display apparatus according to Claim4, characterized in
that the plurality of horizontal driving circuits is operated at the third
vol tage of a power supply, and conprises a second latch circuit group for
l'atching display 20 data signals callgctively sent fromthe data |atch
circuit- group, and a level shift circuit group for |evel-converting the
di splay data signals | atched by the second latch circuit group to display
data signals having a fourth voltage anplitude larger than the third

vol t ageCanrprreduae. meapso2tioNgpeabérloddeplay3date. sAguRS Bl agndppar at us
according to daim5, characterized in that the fourth voltage anplitude
is set to a YRFIAYel CERPr FORRL $ BRI RS of opr b’k T eRR Y Bl BA Elefiver si on
circuit 5?9roup for_converting the display data signals output fromthe

| evel sRRFRILPICHEFPIPBUPRtRoSAHERSE HPsPLEYL&¥gAalFs. Signahs pBrvaBre

termnal characterized b Eavi nount ed hereon a di spl ay. apparatus as a
screen aigﬁ}a ggi?ﬁgﬁ,a%ﬁ 1tugg smafier than the seconB vgltgge
5 amplitude and for sending the display data signals to the

plurality of horizontal driving circults.

4. A display apparatus 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 5f 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 disﬁlay
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




10 displ ay apparatus conprising: a display section forngd of pixels

di sposed in a matri x mnanner on a transparent, insulatiﬁbNQU%@WF§9@§ a
plurality of horizontal driving circuits nounted on the transparent,

i nsul-ating substrate together with the 15 display section, for witing

di splay data into the pixels in the display section; and a data processing
circuit nounted on the transparent, insulating substrate together with the
di splay section, for processing ahgﬂprgy data signal having a first

vol tage 20 anplitude input in series Tromthe outside of the substrate and
for sending to the plurality of horizontal driving circuits, wherein the
data processing circuit is fornmed of thin-film 25 transistors, and 20
Novenbef .2086di8Blavheprdaratpsoseseirdgngi touClacwnpri sbarhcktsrized

| evel -conversion nmeans for |evel-converting the display data signal having
the firsp #bktage anplitude to a display data signal having a second

vol tage anplitude larger @5 than the first voltage anplitude;

seri al - par al ¢ EOmVEr sTONGRRARTE b tedmvis 199y thed Wi data signal

| evel -converted by the first level - conversion neans to parallel display
dat a si@ﬁaiépugﬁdrequlred for processing in a DA conversion circuit

5 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
10 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 tramnsparent, insulating substrate together with the |
15 . 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
20 . amplitude input in series from the outside of the substrate
and for sending to the plurality of‘horizontal driving
clrcuits,
wherein
the data processing circuit is formed of thin-film

25 transistors, and




second | evel -conversion neans for |evel-converting the _10 parallel display
data signals to display data signals having a third voftNgemhssPl¥ede
snmal | er than the second voltage anplitude and for sending the display data
signals to the plurality of horizontal driving circuits. 20 Novenber 2006
39 ABSTRACT Wen a data processing circuit is formed on an insulating
substrate by using TFTs, it is difficult to 5 process a data signal having
a high data rate, such as digital display data, at a high speed. In a data
processing circuit forned on an i nsuP ting substrate by using TFTs, a data
signal having a small voltage anplitude input in series is increased in
|l evel to a 10 data signal having a |l arge voltage anplitude by a |evel
- shift circuithg Hyta thwseydialg daitacsiigradmpwidery the | arge  vol t age
anplitude is converted to parallel data signals by a serial-parallel
conver si on diineti tlgvE)-cankendiem ndmgdrat | lsdvaatarsiggriailgy dihee reduced in
| evel to data signals 15 having a small voltage anplitude by |evel shift
Ci rcui tdispligA danth 13BynaThexeiny ethéi Hhrspeedl proe evap hijtwde be a appl i ed
to digital data signals at a | ow power consunftion.

display data signal having a second voltage amplitude larger

j5 “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
10+ 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.
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ABSTRACT

When a data processing circuit is formed on an
insulating substrate by using TFTs, it is difficult to

process a data signal having a high data rate, such as

- digital display data, at a high speed.

In a data processing circuit formed on an insulating
substrate by using TFTs, a data signal having a small
voltage amplitude input in series is increased in level to a
data signal having a large voltage amplitude by a level

shift circuit (11), the serial data signal having the large

voltage amplitude is converted to parallel data signals by a

serial-parallel conversion circuit (12), and then, the
parallel data signals are.reduced in level to data signals
having a small voltage amplitude by level shift circuilts
(13A and 13B). Therefore, high-speed processing can be

applied to digital data signals at a low power consumption.




