E 1 - DESCRYPTICN. TI M NG GENERATI NG CI RCUI T, DI SPLAY APPARATUS, AND
"PORTABLE  TERM NAL 5 Technical Field The present invention relates to a

- timng generating circuit, a display apparatus, and a portable term nal

and, 'particularly, to a timng generating circuit forned ‘
~including.transi stors having wide variations in their device 10 properties
~on an insulating substrate, a display apparatus including this timng
generating circuit as one peripheral. {driving circuit, and a portable
termnal including this display apparatus as a display screen conponent.
15 Background Art A timng generating circuit having a counter circuit
structure shown in Fig. 6 is known. SpeC|f|caIIy this known timng -
generating circuit |ncludes a coGﬁﬁ&RLﬁ A&t in which n stages of shift
regi sters iS/R 101-1to are cascaded. As each CK input to the
STt reqPSlENG GBTETATPNC 1G0T, WALt orat RCRA RS An Y S BTG 6. phase
clock XMCK are provided. Wien a start_pulse ST is input to the first
stage shift register 101-1, the shT¥ %M¥§%¥sters 101-1 . to 101-n perform
shift operations in synchronismwth the 25 master clock MCK and XMCK to
output shifted pulses as output 2 pulses fromeach output term nal

ther§0f ‘Technical Field
The present invention relates to a timing generating
Q:‘ circuit, a display apparatus, and a portable terminal and,

particularly, to a timing generating circuit formed
including transistors having wide variations in their.device
10 properties on an insulating substrate, a display apparatus‘
including this timing generating circuit as one peripheral
driving circuit, and a portable terminal including this

display apparatus as a display screen component.

15 Backg£ound‘Art
A timing generating circuit having a counter circuilt

structure shown in Fig. 6 1is known. Specifically, this
known timing generating circuit includes a counter circuit
.in which nIStages of shift.registers (S/R) 101-1 to 10l1l-n

20 are cascaded. As each CK input to the shift registers 101-1
to 101-n, a master clock MCK and its negative-phase clock
XMCK are provided. When a start pulse ST is input to the
first stage shift register 101-1, the shift registers 101-1
to 101-n perform shift operations in synchronism with the

25 master clock MCK and XMCK to output shifted pulses as output
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1f the above described timng generating circuit is formed i ncl udi ng
transi stors having wide variations in-their device properties and a high
threshold Vth, for exanple, 5-thin filmtransistors (TFTs) on an insulating

“substrate, such as a glass substrate, a matter of concern is that high-

(fast) frequencies in the master clock MCK and XMCK may cause problens in
the counter operation (leave no operating margin). If the counter operates
with such a high frequency, 10 the pegwer consunption in the timng
generating circuit would increase. Further, a large |layout area is needed
since shift registers are required depending on the period of the. output
pul'ses and the TFTs have a Iarger process rule conpared with the case

where sPHe%h FeOsRRE 1B Rt tﬁ?‘i‘deslt §%%uit structure of anot her
known timn er t|ng circyit timn nerati.ng circuit rmay have
an asynchr or%ug%ceo i ASSETiHPS Qt}dg‘tlﬁlfgegieﬁ Ir% g Ctlﬁggét *Pype

flip-fl f d TFF 02-1 -3 i
vvh: Eh ag‘Fﬁ'})\écﬁ]er & % Irg%t{%rg%%%oertsgdq ) Fﬁlv rla %nzsl n%ﬂ'?:ht%g%ano!t Rer

TFF. Th| knowntln}n rat Gl |t ver Ifunctlon due to
1 §“%%

del ay v§r| QT ioneT t%ﬁ }blfq.i rﬁﬁ%hﬁj % 2f n%@% ew of "t he above
mentsl ongg; g PPl i d s 4,0 ¢ 0100 Tad NG IRREI, IdRAILQR Lo provide a
ti mng generating circuit wth ' low power consunption and small - 3
layout ap&a gven sl tLanst SHQr S Da e Wdle dRdAtd QRS that high

{fast) frequencies in the master clock MCK and XMCK may

cause problems in the counter operation (leave no operating

margin). If the counter operates with such a high frequency,
10 the power consumption in the timing generating circuit would

increase. Further, a large layout area is needed since

shift registers are reguired depending on the'périod of the.

outpﬁt pulses and the TFTs have a larger pbrocess rule

compared with the case where silicon is used.

15 Fig. 7 shows the circult structure of énother known

timing generating circuit. This timing generating circuit

E - may have an asynchronous counter circuit structure including

three T-type flip-flops (hereinafter referred to as TFF)
102-1, 102-2, and 102-3 in which a lower-bit output from one
20 TF¥ is a higher-bit inpﬁt to another TFF. This known timing
generating circuit, however, may malfunction due to delay
variations in the TFFs 102-1, 102—2, and 102-3.
In view of the above mentioned'problems, it is an
object of the present invention to provide a timing

'~ 25 generating circuit with low power consumption and small




their device properties and a |arge process rule are used, a display
apparatus including this timng generating circuit as one peripheral
driving circuit, and a portable term nal including this display apparatus
as a display output conmponent. Di s%losure of Invention In a first aspect
of the present invention, there is ~“provided a timng generating circuit
conprising: clock generating neans fornmed on an insul ating substrate for
generating an operating clock based on an input master clock, the

oper atliaypud eckahavengwieeh anweinSiregueneyvi hanwidderdmsitaonel eek frequency;
and signal generating neans for generating multiple timng signals having
di f f ertédwstir Hdeyduenpresebisssl aonl ©héd aoger atongss| ncle gerenatdd by the cl ock
generating neans; wherein the signal generating neans operate in

synchrbf WPﬁa?ﬂéu%pb‘?%]tq%gcl%@élﬁ Géménet genepyt inte cdiresik tgeRer ati ng
means, and the siggal enerating ., neans generates the nultiple timng

si gnal®& REF1RPET2 i FF LY Q%§§%H?heaBEe?aP??EPQﬂ?xﬁérmHQaé second aspect of

t he pr. .inventio ere 1s raovi_ded a.di spla aratus conprising: a
i ool a el BRI S R CE R By P IR RS RifRoB 8P e

i nsul ating substrate; and a timng generating circuit disposed on the
transparent insulating substrate together wth the display section, the

ti m npgeneytian@rCiTheédhtion3a generating nultiple timng signals having
di fferent

In a first aspect of the present invention, there is
provided a timing generating circuit comprising: clock
generating means formed on an insulating substrate for
generating an operating clock based on an input master
clock, the operating clock having a lower freqguency than
the master clock frequency; and signal generating means for
generating multiple timing signals having different
frequencies based on the operating clock generated by the
clock generating means; wherein the signal generating means
operate 1in synchronism with the operating clock generated
by the clock generating means, and the signal generating
‘means generates the multiple timing signals that are
different from the operating clock.

In a second aspect of the present invention, there is
provided a display apparatus comprising: a display section
having a matrix of pixels arranged on a transparent
insulating substrate; and a timing generating circuit
disposed on the transparent insulating substrate together

with the display section, the timing generating circuit




frequencies required for driving the display section in synchronismwth a
master clock externally input to the substrate, wherein the timng
generating circuit includes: clock generating neans for generating an
operating clock based on the master clock, the operating clock having a

| ower frequency than the master EI%%K’frequency; and signal generating
nmeans for generating the multiple timng signals based on the operating

si gnal by the. clock enerating neans; erein th i gna
generé%%ﬁ%géggﬁ op%?gﬁép Fn s§g@ﬁpgnisﬁgﬂpf 5t he Sﬁépgtinéﬁgﬁggf ener at ed
by t hefredoeke generaddndra@ansor andrihengi aitd gENg Aty NG:dmainsn  dener at es
the multiple timng signals that are different from the operating clock.
In a tTWPhE_pesR ofltthe dpr BSSAEY nFéAEKonexthERRLILE  PREVT dekP a t abl e

term naly, COPPEL Si ”gm%rféigp'aé{e aEg%%“;;er?éraaciq{quéi‘i‘cﬁ%e%ccﬂiﬁég’lem1 the

di spl ay apparatus 1ncluding: a displfay section having a matrix of pixels

arr angelboh adrarsparenineamsul &brnggsnbshtahe; amd dpdiaiingy gdnreriat i ng
substrate together with the

circuit disposed on the transparent insulating
di spl akiﬁ%%‘it?%n%‘? HE2 ¥+ n‘tjfoggneFB?i RPSERFETPt C4eRSr BT IMA tiPISF ti i ng

si gnal srd@vdmgy dihigrephef r gguensl esrequi redefiosndyl vi ng 4t heidispl ay
section in synchronismw th a master clock externally input to‘the
subst rggsratherei neahe thor ngegenst g nghei mouittiplienctimésg cigokels

Penet By rmans LAL IBRELALiRD AL Jhe SAOSK "BY' "¥nd ! ARk
‘ generating means; wherein the signal generating means operate
in synchronism with the operating clock generated by the
clock generating means, and the signal generating means
generates the multiple timing signals that are different from

the operating clock.

In a third aspect of the present invention, there is
provided a portable terminal comprising a display apparatus
as a display screen component, the display apparatus
including: a display section having a matrix of pixels
arranged on a transparent insulating substrate; and a timing
generating circuit disposed on the transparent insulating
substrate together with the display section, the timing

generating circuit generating multiple timing signals having

different frequencies required for driving the display

section in synchronism with a master clock externally input

to the substrate, wherein the timing generating circuit

includes: clock generating means for generating an operating

cleck having a lower fregquency than the master clock

frequency based on the master clock; and signal generating

means for generating the multiple timing signals based on the

'operating signal generated by the clock generating means;
wherein the signal generating means operate in synchronism

with the




frequency based on the master clock; and signal generating mneans for
generating the nultiple timng signals based on the operating signal
generated by the clock generating neans; wherein the signal generating
means operate in synchronism wth the - 3b operating clock generated by
t he cl ock generating neans, and fh%bsTgnaI generating nmeans generates the
multiple timng signals that are different fromthe operating clock.

Exampl e_enbodi nent s ma rovide.,a tjimn eneratin circuit having, clock
GonePREFRY dang4<dt natnBRERRC ol HOF ne 1 REHo T eR o0 gBRaPar | i thn
oper ahkngschnek bgsedrohiagmastslis Chotkrd et fKOMbe: Misi denithe
operating_cl ock haV|n%.a | oner frequency than the master clock frequency;
and §igRalsgéhatadirfgdifdgrsenitof rgehdhat iorgrailinpleladhd ng signal s havi ng
different frequencies based on the operating clock generated by the clock
generating neafwsampliy Snbiodli fgngenes Atp Mgy icid Quittinisgu§etetdit ng di spl ay
apparatus. In the display apparatus, the timng generating circuit is
di sposetron it hewage cloghspanendtingswdats fpragbistonate assalaispl ay section
and generates nultiple timng. signals having different frequencies
requi r&dPFerRtE fPrngeneret Hi% pirayrssation. cIvrek diagstchyragpaeates i ncl udi ng
this %%gin%éleneratin% circuit .is ﬂ{sposed i.n a portabl e termnal
typi fi DY %b’é:r £6R% TBPgPEEPLIRsi St MPSBDAN 9ard C5 knbBY HR9 HHSHEL as a
d'Splagféaﬂéﬁ%} %RgBogﬁthgg éﬁxgloé% frequency; and signal generating

means for generating multiple timing signals having different

frequencies based on the operating clock generated by the clock

generating means. This timing generating circuit is used in a

display apparatus. In the display apparatus, the timing

generating circuit is disposed on the same transparent

insulating substrate as a display section and generates multiple

timing signals having different frequencies required for driving

the display section. The display apparatus including this

timing generating circuit is disposed in a portable terminél,

typified by a personal digital assistant (PDA) and a mobile

phone, as-a display screen component thereof.




In the above described timng generating circuit in exanple enbodi nents,
the display apparatus including this timng generating circuit as one
peripheral circuit, or the portable termi nal including this display
apparatus di sposed therein as the display screen conponent, firstly, the
cl ock generating neans converts tfe nmaster clock into the operating clock
having a | ower frequency than the master clock frequency, and then the
signal generating nmeans generates the multiple timng signals based on the
operating clopk trayiatgpvet Hesbowesd ff QRN Genelaitsngnablesit@ i1 ow operati ng
speed, thus allow ng stable operation and reduced power consunption.

Fur t heexasphe eegidimeanggi, stbesdasel aptapmopd tned idepeddhggtiohs t he period of
the timng signals, the structure has a small nunber of stages. Therefore,
a smal Flnapduienrial ing sdRicevédas enernponisharadnsilecois, havi Fee wi de

vari ations iﬂ%thein devi.ce roperties and a | arge gﬁocess rule are used

for 1oPRFREPLE el BRFRdERE AR IBIPTdevt REPBFARRRGS R |5 a bl ock
0 20t aabent T Bl o LUELURCcoblo Rl 8. STT g phscult of an
eAD! rAOPOlnd N 14 StkerSRSLAL! 0L AL M0 ORRCERLLABRLT U L o

clock having a lower fregquency than the master clock

frequency, and then the signal generating means generates the

multiple timing signals based on ‘the operating clock having

the lower frequency. This enables a slow operating speed,

thus allowing stable operation and reduced power consumption.

Further, since shift registers are not reguired depending on

the period of the timing signals, the structure has a small

number of stages. Therefore, a small layout area is achieved,

even when transistors having wide variations in their device

properties and a large process rule are used for forming

circuits.

Brief Description of the Drawings

Fig. 1 is a block diagram showing a typicai structure
of a timing generating circuit of an embodiment of the present
invention.

Fig. 2 is a timing chart for explanation of the circuit
operation of the timing generating circuit of the embodiment.

Fig. 3 is a block diagram showing a typical structure




of a liquid crystal display apparatus of the present invention. Fig. 4 is
a circuit diagramshow ng a typical pixel structure. 5 Fig. 5is an
external view.showi ng the schematic structure of a PDA of the present
invention. Fig. 6 is a circuit diagramshow ng a known timng generating"
circuit. Fig. 7 is a circuit diagramof another known timng 10 generating
circuit. Best Mdde for Carrying Qut the Invention An enbodi nent of the
present invention will be illustrated with reference to the draw ngs. 15
Fig. 1 is a block diagramof the timng generating circuit of the '
.enbodi nent of the present invention. As is apparent fromFig. 1, the
timng generating circuit of this enbodi nent has a clock generating
. section 9fl a g iUt erryssedt iGsriRY anbagetom it thel Paegendr at i ng section
213. It 20 is based on the prem se that the tlnlng generating circuit is
forned|%ﬂﬂQRﬁ#&?tranS|stors for exanple TFTs, that have wi de variations
in their device properties and a |larg process rule on an insulating
substrate, stdH-aé &SgPa§§rc§&55§#§9éam2§h?ﬁénal6CEY8éﬁ@FaPFﬁ§lsectlon 11
may include four 6 dividing circuits 111 to 114 and a start pul se
gener at iHgructure.

5 . Fig. 5 is an external view showing the schematic
structure of a PDA of the present invention.

'Fig. 6 is a circuit diagram showing a known timing

SN

generating circuit.
Fig. 7 is a circuit diagram of another known timing

10 'generating circuit.

Best Mode for Carrying Qut the.Inventionl
An embodiment of the preéent invention will be

illustrated with reference to the drawings.

15 Fig. 1 is a block diagram of the timing generétipg

| circuit of the embodiment of the present invention. As is
apparent from Fig. 1, the timing generatingrcircuit of this
embodiment has a clock generating section 11, a counter
éection 12, and an output pulse generating section 13. It

20 is based on the premise that the timing generating.circuit-
is formed including transistors, for example, TFTs, that
have wide variations in their devicé properties and a large
process rule on an insulating substrate, such as a glass
substrate.

25 The clock generating section 11 may include four
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~circuit 115. The four dividing circuits 111 to 114 are cascaded and di vi de

a master clock MCK input to the first stage thereof to generate an L

operating clock having a | ower 5 frequency than the master clock MX .
“frequency. The start pulse generating circuit 115 generates a start pul se
ST every 1H period (His a horizontal period).based on, for exanple, a
hori zontal synchroni zation signal Hsync and the master clock MCK 10 The
counter section 12 includes mshift éegisters (SR} 121-1 to 121-m which

are cascaded. The operating clock generated in the clock generating -
section 11 is input to the shift registers 121-1 to 121-m as each. ck
i nput. When the start pulse ST generated in the start pul se generating 15
circui diviSing icipenite flAé for $f4sandeashiértrpylseegengratlingt he shift
registers 121-1 to 121-mperform shift operations in synchronismwth the ..
oper at icig caligc R 160 sGb@e§9hveﬁ?vid@npu@iSﬁP#tédlb&I§651Xﬁoﬁ¥§ach output
“term nal thereof. The output pul se generating section 13 includes n set 20
reset E8Reateidpandogs viker &i master Fépekr¥EKt dnRYtSREFFhe31ir8tio 131-n.
The shifted pul ses output fromthe shift registers 12]1-1 to.121-min the
count e teeet thsrepfate JSBEFRILEd2PoOPREASRRESCSER1PEBIRG 120 PR ANY

conbination as each set input and reset input thereofT 25 Exagples of such
a combitFgANSRCAr £ha8 fHR BRSteFoFLPRE YCKSRERIYSRCY - 2 BRI PF&E pul se from

the Sth s%e %%%%gt%%%_%i%%uit 115 generates a start pulse ST

(:ﬁ every 1H period (H is a horizontal period) based on, for
example, a horizontal synchronization signal Hsync and the
master clock MCK.

10 " The counter section 12 includes m shift registers (S/R)
121-1 to 121-m, which are cascaded. The operating clock
-Qenerated in the clock generating section 11 ié input to the
shift regiéters 121-1 to 121-m as each ck input. ' When the
sﬁart pulse ST generated in the start pulse ge?erating

15 ¢&ircuit 115 is input to the first stage shift register 121-1,
the shift registers 121-1 to 121-m perform shift operations
in synchronism with the ope;ating clock to successiveiy
output shifted pulses from each output terminal thereof.

The output pulse generating section 13 includes n set

20 reset (SR} flip;flops (hereinafter referred to as SRFF) 131-

1 to 131-n. The shifted pulses output from the shift
registers 121-1 to 121-m in the counter section 12 are
supplied to the SRFFs 131-1 t07131—n in any combination as
each set input and reset input thereof.

25 Examples of such a combination are as follows: for the




‘a set input. and a shifted pulse fromthe shift register 121- mas a reset
~input; and for the SRFF 131-2, a shifted pulse fromthe shift register
121-2 as a set input and a shifted 5 pulse fromthe shift register 121-3 as
a reset input. Exanples for the SRFFs 131-3 to 131-n-1 are omtted here.
For the SRFF 131-n, a shifted pulse fromthe shift register 121-1 as a set
input and a shifted pulse fromthe shift register 121-2 as a reset input
may be provided. 10 The counter secgign 12 and the output pul se generating
section (signal generating section) 13 constitute signal generating neans
for generating nultiple timng signals (output pulses) having different
frequenci es based on the operating clock generated by the clock generating
secti on SREF I3TFle @ rsduifitedpeudseoirof the shhifhgrgehetati hgleilreait of
t he enbodi nent having the above described arrangenent w |l now be
descri bed sfitt Hnpeftercgvic @ tsbitfliedt puilng €mamt thehewafitnrgyster LAlthe cl ock
generating section 11, the dividing 20 circuits 111 to 114 generate the-
oper at i iy a8 @bkﬂ¥%ﬁﬁrﬁ}pﬁt:l@W@rfeglﬁhérﬁRFFeéﬁénéy ehahifhednaydee cl ock
MCK frequency, specifically, one eighth of the master clock MZK frequency,
by di vi diRf tHe whsifér regdefcemok2iodr 26i resetTherytarpdpal 8B1gERGrating
circuit 115 generates the start pul se whose 25 pulse width is, for
exanpl e P¥iSFe fomed Nt F8A fEn4RIEREET 0218 28nB RBSEEr 1BPBEK MK every 1H

period IE?:a%&%gr %Irst Vén tS?{FEF'sel3l -3 to 131-n-1 are omitted here.

6&5 | For the SRFF 131-n, a shifted pulse from the Shlft register
121-1 as a set input and a shifted pulse from the shift
register 121-2 as a reset iﬁput may be provided.

10 _ The counter section 12 and the oufput pulse geﬁerating
section (signal generating section) 13 constitute signal
generating means for generating multiple timing signals’
(output_pulses) hav;ng different frequéncies based on the
operating'élock generatea by the clock generating section 11.

15 The circuit operation of the timing generating circuit
of the embodiment having the above described arrangement
will now be described with reférence to the timing chart
shown in Fig. 2.

In the clock generating section 11, the dividing

20 circuits 111 to 1i4 generate the operating clock having a

lower'(slower)rfrequency than the master clock MCK frequency,
' specifically; one eighth of the master clock'MCK frequency,

by dividing the master clock MCK four times. The start
"pulse generating circuit 115 generates the start pulse whose

25 pulse width is, for example, five times wider than that of




hori zontal synchronization signal Hsync. Upon input of the start pulse to
the first stage shift register 121-1, the counter section 12 perforns
count 5 operations and successively outputs shifted pul ses S/ R out,
'S/ RRout, ..., S/Rrout, each of whose pulse width is the sane as that of
t he operating clock, in synchronismw th the operating clock generated by
the cl ock generating section 11. In the output pul se generating section 13,
the SRFF 10 131-1 is set with the §h%fLed pul se S/IRlout fromthe shift
register 121-1 and is reset with the shifted pulse SSRmut fromthe shift
regi ster 121-m thereby generating an output pulse SRFFlout, which is at a
“high I'evel for the duration between the rise tine of the shifted pul se
S/ Rl out tdred masdier] B lgickt MEKs lsivierrad 1plulpee 18ARABUSYnThao8REM ¥3th2the set -
with the shifted pul se S/R2out fromthe shift register 121-2 -and is reset
wi th t h&cdhizmdg lpsiveshgprrigatipnomignalsHisvnc.regi ster 121-3, thereby
generating an output pul se SRFF2out, which is at _a high level for the
duration bet {EeR tRBUE| Q€ Pbet fharbfPuhecsheftld phrse SE&@duthiahl that of
~the shifted pulse_ S/ R3out. The expl anation_of the SRFFS 131-3 to 131-n-1
is  oni tE8FSTRe 18RFE s 158en cPEndEr FieCh1PRe 1€nPREEATPEI §8YPE/ R out from t he

hi f ister, 121-1 and i ith the 25 .shifted I [ R2out f
The &ni FESFEGISS, 21510 OoBRETS6) Yoo GBHEFaP A B BULBE BURLE SRFFnot .

whi ch i%/%&o%thiQh., S/Rmout,; each of whose pulse width is the same
Ci% ‘as that of the operating clock, in‘synchronism with the
operating clock generated by the clock generating section 11.
In the output pulse generating section 13, the SRFF
10 131-1 is set with the shifted pulse S/Rlout from the shift
register 121-1 and is reset with the shifted pulse-S/Rmout"
from the‘shifﬁ'regiéter 121-m, thereby generating an oﬁtput
pﬁlse SRFFlout, which is at a high level for the duration
between the rise time of tﬁé shifted pulse S/Rlout and that
15 of the shifted pulse S/Rmout. The SRFF 131-2 is set with
the shifted pulée S/R2out from the shift register 121-2 and
is reset with the shifted pulse S/R3out from the shift
register 121-3, thereby generatiﬁg an output pulse SRFFZout,
which is at a high level for the duration between the rise
20 time of the sﬁifted pulse S/RZout and that of the shifted
| pulse S/R3out.
The explanation of the SRFFs 131-3 to 131-n-1 is
omitted. The SRFF 131-n is set with the shifted pulse
S/Rlout from the shift register 121-1 and is reset with the

25  shifted pulse S/R2out from the shift register 121-2, thereby
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l-evel for the duration between the rise time of the shifted pulse S/ R out
and that of the shifted pul se S/R2out. As discussed above, the timng
generating circuit, 5 which is forned on the insulating substrate and
generates  the nmultiple output pul ses SRFFlout to SRFFnout havi ng

different frequencies based on the master clock MCK, firstly generates the
operating clock having the | ower frequency than the master clock MK
frequency, and then generates the 10 guLput'puIses SRFFI out to SRFFnout
based -on the generated operating cloCk having the | ower frequency. This
enables a slow operating speed in the counter section 12, thus allow ng a
wide operating margin in the counter section 12, stable operation, and

al so redifrer oM agoresiiptt anl sEs SREFacvdr,, whachhils éfbedideht | since the
start pulse ST is generated every 1H period, the output pul ses having any
gener at E¥enifRy ddie whugdHcratalversy heHrgse ddmesiofc &hehshi ftedi st ers
are not required depending on the period of the output pul ses, the counter
secti on PR IRSAHOUD @ haty pfdheophdLiges PutRer §7828 ta smal | | ayout
area is achieved even when TFTs that haye wide variations ip their device
properties ahd SiPSH§ECHr 6LEYE r fhe LrBIBgeHCRrBFatBInFhEC i Feuits on the

et o1 CTUAP WK odie LS (Hhgs P LA BB TRt s "EhaE65EIChe.pover
consumption 10 . a0d. T 48 ik 1L h2I45 Rk AR haB AT LT
different frequencies based.on the master clock MCK, firstly
generates the operating cioék having‘the lower freguency
-than the master clock MCK freéuency, and then generatés the
10 output pulses SRFFiout to SRFFnout based on the generated
operating clock having the lower frequency. This enables a
s;ow operating speea in the counter section 12, thus
allowing a wide operating margin in the counter section 12, .
sfable opefation, and also reduced pbwer consumptibn.

15 Moreover, in this embodiment, since the start pulse ST is

generated every 1H period, the output pulses having ahy

AT

generated timing can be generated every 1H period.
Since shift registers are not required depending on the
period of the output pulses, the counter section 12 has the

20 small number of stages. Therefore, a small layout -area is

achieved even when TFTs that have wide variations in their

device properties and a large process rule are used for
forming circuits on the insulating substrate. The operating
clock is generated by dividing the master clock MCK four

25 times in this embodiment so that both the power consumption




=3 . .
respectively, as conpared with the case where there is no dividing. This
enbodi ment is described with such a structure in 5 which the operating
clock is generated by dividing the naster clock MK four tines, but it is
hot limted to division by four. CGenerating an operating clock. having a
further |ower frequency by increasing the nunber of divisions .achieves

| arger reductions in the power 10 consunption and the |ayout area. The
start pulse ST is generated every 1H. period in synchronismwth the

hori zontal synchronization signal Hsync in this enbodi ment, but the start
pul se ST may be generated every 1V period (Vis a vertical period) in
synchronismwi th 15 a vertical synchronization signal Vsync. In this case,

the outgul e sksydavi sgeanyrgeanehateat] to gptcan demgenerated every 1V
period. The timng generating circuit according to the above enbodinent is
" sui t abl erdspecisivaby A 4% ntorgpayerkrattdr thmtca20 Wenrer dthegrevdrsi o@s tinm ng
signals required for driving a display section based on a nmaster clock MK
externaldividipuws. to the substrate of,. for exanple, a driving-circuit-
integrated di splay apparatus, which perlpheral driving circuits are
integral |y f&iviesd epmacHaesdimg ot dEssFabent wakh asghati & RETSGEYEFate as the

dlsplay section having a matrix - 11 - of pixels.
, which the operatlng clock is generated by dividing the

‘master clock MCK four times, but it is not limited to
G:i. division by four. Generating an operating clock having a
further lower frequency by increasing the number of
divisions achieves larger reductions in the power
10 consumption and the layout area.

- The start puise ST is generated every 1H period in
synchronism with the hbrizontal synchronization signai Hsync
in this embodiment, but the start pulse ST may be §enerated
every 1V period (V is a vertical period) in synchronism ﬁith

15 a vertical synchronizatioh signal Vsync. In this case, the
output pulses having any generated timing can be generated
every 1V period.

The timing generating clrcuit according to the above

embodiment is suitable for use as a timing generator that

20 generates various timing signals required foi drivipg a
display section based on a master clock MCK externally input
to the subétrate of, for example, é driving—-circuit-
integrated display apparatus, which peripheral driving

circults are'integrally formed on the same transparent

25 insulating substrate as the display section having a matrix




[Application] Fig. 3 is a block diagramshowing a typical structure of
the di splay apparatus, for exanple, a liquid crystal 5 display apparatus,
~of the present invention. Referring to Fig. 3, a display section (pixel
'section) 32 having a matrix =~ of pixels is formed on a transparent
insulating substrate, for exanple, a glass substrate 31.. The gl ass-
substrate 31 faces another glass substrate at a predetern ned spacing. 10
These substrates contain a liquid crygtal naterial 't her ebet ween,  t her eby
-constituting a display panel (LCD panel). Fig. 4 is a circuit diagran1,
showi ng a typical structure of each pixel of the display section 32.- A
pi xel 50 of the 15 matrix of pixels includes a thin filmtransistor (TFT)
51, which psxalpi xel transistor, a liquid crystal cell 52, whose pixe
el ectrode is connected to a drain electrode of the TFT 51, and a storage
capaci t or 53[Ammeladitdctrlode t hereof -being connected to the drain el ectrode
of the TFT 51. The liquid 20 crystal cell 52 functi,on qyld crystal

3 Eradsss

- capaci t ance Figenet dtsed Bratomdes ltaiﬁ?é‘aﬁl ﬁ@lo“@lné’clar SaOL5A opposi te
el ectrode. In this pixel structure, el ect oqgug ];hq:TFT 51 is
connect @ t%ﬁad§%E%6Y|%RP§¥ﬁ%Hﬁnrﬁf?l i PR DL e el ectrode of

tergé;rrFTC@;gsl%;LasY ﬁ%g?g%*ggs} % aé ap]!”elesneentlzln entg:{]o% ! Iﬁ@e%n&_hﬁ) OppOSI te.

-Fig. 3, a display section (pixel section) 32 having a matrix
of pixels is formed on a transparent insulating substrate,
for example, a glass substrate 31. The glass substrate 31
faces another glass substrate at a predetermined spacing.

10 These substrates céntain a liquid crystal material
therebetween, therebj constituting a display panel (LCD
panel} .

Fig. 4 is -a circuit diagram showing a typical structure
of each pixel of the display section 32. A pixel 50 of the

15 matrix of pixelé includes a thin film transistor (TFT) 51,

which is a pixel tranéistor, a ligquid crystal cell 52, whose

e

'pixel electréde is connected to a drain electrode of the TFT
51; ana a storage capacitor 53, one electrode thereof being
connected to the drain electrode of the TFT_51. The liquid
20 érystal cell 52 functions as a liguid crystal capacitance

géneratedrbetwéen the pixel electrode and the opposite
electrode.

In this pixel structure, a gate electrode of the TFT 51
is connected to a gate line (scanning line) 54, while a

25 source electrode of the TFT 51 is connected to a data line




ecrystal cell 52 is connected to a VCOM line 56,.which is conmmon to each

pi xel . Through the VCOM |Iine 56, a commpn voltage VCOM (VCOM el ectric
potential) is"supplied to the 5 opposite electrode of the liquid crystal
tell 52. This supply is conmon to each pixel. The other electrode (the
termnal of the opposite electrode) of the storage capacitor 53 is - f
connected to a CS line 57, which is common to each pixel. 10 When 1H (His
a horizontal period) inversion drivi or IF (Fis afield period)
inversion driving is performed, a display signal witten in each pixel is
inverted relative to the VCOM el ectric potential. Wen VCOMinversion
driving, which inverts the polarity of the VCOM el ectric potential 15
‘every 1HsigraR, liselséd.i n Thenippatsiice wilektrhdel HEi fher Sianidor the IF
inversion; the polarity of a CS electric potential supplied to the CS I|ine
57 is i meysted igeldydéhrisnicomngicttied ttiee aVEOWeléper D&, pyhéahi &F. The 1iquid
crystal display apparatus according to the present invention is not °
limited cOman tive egCbVPAvEdsi ofhdoughnheRICEMr LAgebadk EoCPMYOR3; an
interface (IF) circuit 33, a timng generator (TG 34, and a reference

vol t age Wlitaste VEOMHYOPY Gilssdsdéd BRTEREIgLasdSsaBRPPLarE 32, thRich the

- display section 32 is disposed_thereon, to the Ief& 0% t he ES di spl ay

sect Pon OEPOSA Yo Gleshraded oty &f1e3d Ly dh TP Bds €113 °%0n £RESgl ass

substrEﬂ;%ﬁ%ﬁya%%V%o%%%ndE%pg%%hs%%%ERQ 3%herther electrode (the

C}; . terminal of the opposite electrode) of the storage capacitor
- 53 is connected to a CS line 57, which is common to each
pixel.

10 - When IH (H is a horizontal period) inversion driving or
1F (F is a field period) inversion driving is performgd, a
display signal written in each pixel is inverted relative.to
‘the VCOM electric potential. When VCOM inversion driving,
which inverts the polarity of thé VCOM electric potential

15 every 1H or 1F, is used in combination with the IH inversion
"or the 1F inversion, the pqlarity of a CS electric potential
suﬁplied to fhe CS line 57 .is inverted in synchronism with
the VCOM electric potentiai. The liquid crystal display
apparatus.according to the present invention is ndt limited .

20 to the VCOM inversion driving.

Referring back to Fig. 3, an interface (IF) circuit 33,
a timing generator (TG) 34, and a reference voltage‘driver
35 may be disposed on the glass substrate 31, which the
display section 32 is disposed thereon, to the left of the

25 display section 32. A horizontal driver 36 may be disposed.




vertical driver 37 may be disposed on the glass substrate 31- to the right
of the display section 32. A CS driver 38 and a VCOM driver 39 nay be

di sposed on the glass substrate 31 5 bel ow the display section 32. These
peripheral driving circuits are nade with | owtenperature poly-silicon or
continuous grain (CG silicon together with the pixel transistors of the

di splay section 32. In the liquid crystal display apparatus as descri bed

10 above, a master clock MCK, a hori tal synchronization pulse Hsync, a
vertical synchronization pul se Vsync, and display data Data of parall el
input red (R, green (G, and blue (B), all of which have a | ow voltage
anplitude (e.g.. 3.3 V anplitude), are input to the glass substrate31l from -
15 t he - et Sihde gdfassheubsitstartat &1t lbowgh thef Iddeibley caloité on( Sdbst Pate) 40 -
and their levels are shifted (converted) to a high-voltage anplitude
(e..g. &eFticaln driaemi3dr fade bei Kdédgposesd onTRelg eilaisssiFiPeddakgstér clock
MCK, horizontal 20 synchronization pul se Hsync, and vertical
synchr orficz gicoriohl € Wwhendisrd ayussaté®n S2-he & iIGH AFig&kersdt 67934, The
timng generator 34 generates various timng_ pul ses rgg ired f%r driving
the ref é& dFEY F8Iivade 38 Maer P55 dispesker Prorte @SSy %:%,rattﬁe ertical
driver 37, the CS driver 38, and tt}e 25 VCOM dri,ver 3% %ased on the naster
CIOC% Nﬁﬁ}oﬁhéhﬁoprQﬁPXISécfioﬁ 32. These periphera riving _

circuits are made with low-temperature poly-silicon or

continuous grain (CG) silicon together with the pixel

A

transistors of the dispiay section 32.
In the liguid crystal display apparatus as described
10 above, a masfer clock MCK, a horizontal synchronization
pulse Héync; a vertical synchronization pulse Vsync, and
éisplay'data Data of parallel input red (R), green (G), and
blue (B), all of which have a low-voltage amplitude (e.g.
3.3 V amplitude), are input to the“glass substrate-3l:from
15 the outside of the substrate through a flexible cable
{substrate) 40 and their levels are'shifted (converted) to a
high-voltage amplitude (e_g. 6.5 V) in the interface circuit
33.
The level-shifted master clock MCK, horizontal

20 synchronization pulse Hsync, and vertical synchronization

pulse Vsync are supplied to the timing generator 34. The

timing generatoxr 34 generates various timing pulses required
for driving the reference voltage driver 35, the horizontal
driver 36, the vertical driver 37, the CS driver 38, and the

25  VCOM driver 39 based on the master clock MCK, the horizontal




synchroni zation pul se Hsync, and the vertical synchronization pulse Vsync.
The level -shifted display data Data is reduced to a | ow voltage anplitude
of O0Vto 3.3V andis supplied to the horizontal driver 36. 5 The *

hori zontal driver 36 may include -a horizontal shift register 361, a
data-sanmpling latch circuit 362, and a digital-to-anal og (DA) conversion
circuit (DAC) 363. The horizontal shift register 361 perforns a shift
operation in response to a horizontgl, start pulse HST supplied fromthe 10
timng generator 34 and generates sanéiing pul ses, each of which is ,
successively transferred in one horizontal period, in synchronismwth a-
hori zontal clock pulse HCK supplied fromthe timng generator 34. The
dat a- samyhnichgonarehiiohr puilse382ysdeceansi tekPyveEtagapl es the display data
Data supplied fromthe interface circuit 33 in synchronismwth the
sanpl i ngypghsesiganépat edlsenVeKechor Faentarednepi fiegi dieplapidatary A
hori zontal period_ and |atches the_sanpled display data Data, This latched -
di gi t al D@d@aiporesrecH e pslrirvRetagena™PoizuAeneintndr §°28- ¢nbt shown)
in a horizontal blanking period. Then, Ehis, digital data for one line is
converté&dt6$aﬁHP8618958Pa§hespaﬁéF§nFﬁ t AE1BRTcdfversion circuit 363. The

DA conversion circujt 363 . have_such a, structur that it. selects a
‘reference vo %g%oﬁb??%E%%ﬂ§¥ﬁbe¥o3€H%a%5l%? ?ﬁ%lag%ﬁ%ﬁ%?% a%qu%@%ce

vol tages 295, 83P9RY! N L9+hN8adR1ing 1ateh circuit 362, and a

Cif digital-to-analog (DA) gonversion'circuit (DAC) 363. The
- horizontal shift register 361 performs a shift operation in
reéponse to a horizontal.start pulse HST supplied from the
10 timing generator 34 and generates sampling pulses, each of
which is successively transferred in one horizontal period,
in sYnchronism with a horizontal clock pulse HCK supplied
frém the timing generator 34.
The.datafsampling latch circuit 362 successively
.15 samples‘the display data Data supplied from the interface
circuit 33 in'synchronism with the sampling pulses generated
in the horizontal shift register 361 every.horizontal period
and iatghes the sampled display data Data. This latched
digital data for one line is further sent to a line memory
20 (not shown) in a horizontal blanking period. Then, this
"digital data for one line is converted to analog display
signals in the DA conversion circuit 363.
The DA conversion circuit 363 may have such a structure
that it selects a reference voltage corresponding to the

25 digital data from reference voltages corresponding to the




. | PRSI PR . ) . : .

“Aunber - of gradations supplied fromthe reference voltage driver 35 and

out puts the selected reference voltage as the "anal og display signals. The
~.anal og display signals Sig for one line, which are output fromthe DA
conversion circuit 5 363, are output-to n data lines 55-1 to 55-n,
corresponding to the nunber n of horizontal pixels of, the display section
32. The vertical driver 37 includes a vertical shift register and a gate
buffer. Inthis vertical driver 37, the 10 vertical shift register
performs a shift operation in response®t® a vertical start pulse VST
supplied fromthe timng generator 34 and generates scanning pul ses, each
-of ~which is successi vely transferred.in one vertical period, in

synchr onisiBer td¥ ayaiddicits Guaii fud Serovick rsdl i fiee@rideORol % atiee ti m ng ,
. generator 34. These generated scanning pul ses are successively output to m
“gate |inEsivEt BY et -ontpudy respendiaig dd ddfe rundee vobtabeveast ithal  pi xel s
of the display section 32, through the gate buffer. \Wen the scanning

pul ses amalisuccEszilal wiopigi. t THhan2®gatisdliayes igbal st 6154£orby this
vertical scanning of the vertical driver 37, the pixels of the display
~section 3@ drge selhdothedidd martput ifren rtisediencayetsd oanalioguditspl ay
signals Sig for one line output fromthe DA conversion circuit 363 are
sequent 3813y ame udPttn tthe seltectidaes Xdl-sl 2® 5érroneokrirrerrhddngh t he

data lines 55-1 to 55-n. Such a 16
: to the number n of horizontal plxels of the dlsplay section

-Qif 32.
| The vertical driver 37 includes a vertical shift
register and a gate buffer. In this vertical driver 37, the
10 wvertical shift register performs a shift operation in
. response to é vertical start pulse V8T supplied from the
timing generator 34 and generates scanning pulses, each of
which is successively transferred in one vertical period, in
synchronism with a vertical clock pulse VCK éupplied from
15 the timing generator 34. These generated scanning pulses

‘are successively output tc m gate lines 54-1 to 54-m,

AT

corresponding to the number m-of vertical pixels of the
display section 32, through the gate buffef.
When the scanning puises are successively output to the

20 gate lines 54-1 to 54-m by this vertical scanning of the

vertical driver 37,lthe pixels of the display section 32 are

selected line by line in sequence. The analog display

signals Sig for one line output from the DA conversion -

circuit 363 are sequentially-written in the selected pixels

25 for one line through the data lines 55-1 to 55-n. Such a




writing operation is repeated for every line, resulting in display for one
screen. The CS driver 38 generates the CS electric potential described :
above and provides it to the other electrode of 5 the storage capacitor 53
through the CS Iine 57 shown in Fig. 4. This provision.is conmon 'to each
pi xel . Assuming that the display signals have an anplitude of 0 Vto 3.3
V, the CS electric potential repeats an alternating-current inversion
between a low | evel of 0 V (ground_jggg[) and a 10 high level of 3.3 V
when the VCOM inversion driving is opted. The VCOM driver -39 generates
the VCOM el ectric potential described above. The VCOM el ectric potenti al
from the VCOMiriver 39 is output to the outside of the glass 15 substrate
31 t hroughtthe boexbhiencabl eepasrd iFsrt berryt Lansf eresdlting €OV

adj ustment circuit 41.- This VCOM electric potential is sent back to the

gl ass sdlspiiale £3t ohkr sugkenhe fl exi ble cable 40 and is then-supplied to
the opposite electrode of the liquid crystal cell 52 through the 20 VCOM
line 56 showdhénCEi grider ThS susupphves sthonfdnelecerih pyiseiial The VCOM
electric potential is an alternating voltage that has substantially the
same anﬁEB?@dbeésabh§ecsnélPépvﬂdespéﬁeﬁpi%h@ PRhBEaeipEBTOABWRYer, since a

vol tage drop 25 occurs in the TFT 51 resultin fnon1a7parasith capaci tance .
the storage capacitor 53 through the line 57 shown in Filg.

4. This provision is common to each pixel. Assuming that.
Q;e the dispiay signals'hgve an amplitude of 0 V to 3.3 V, the
i CS electric potential repeats an alternating-current
inversion between a low level of 0 V (ground level) and é
10 high level of 3.3 V when the VCOM inversion driviné is
adopted.
_The VCOM driver 39 generates the VCOM electric
potential described above. The VCOM electric potential from
the VCOM driver 39 is output to the outside of the glass

15 substrate 31 thrbugh.the,flexible cable 40 and is then

transferred to a VCOM adjustment circuit 41. This VCOM

N

electric potehtial ié sent back to the glass substrate 31
through the flexible cable 40 and is then supplied to the
opposite electrode of the liquid crystal céll 52 through the
20 VCOM line 56 shown in Fig. 4. This supply is common to each
pixel.
 The VCOM electric potential is an alternating voltage
that has substantialiy the same amplitude as the CS electric
- potential. In practice, however, sincé a voltage drop

25 occurs in the TFT 51 resulting from a parasitic capacitance




or the like while signals are witten in the pixel electrode of the liquid
crystal cell 52 fromthe data line 54 through the TFT 51, the VCOM

el ectric potential nust be an alternating voltage that is DC shifted
corresponding to the 5 voltage drop, as shown in Fig. 4. This DC shift of
~the VCOM electric potential is carried out in the VCOM adj ustnment circuit
41. The VCOM adjustnent circuit 41 includes a capacitor C, a variable
resistance VR which is connected betyween an 10 output terminal of the
capacitor C and an external power supply VCC,  and a resistance R, which is
connect ed between the output termnal of the capacitor C and ground. The
VCOM adjustnment circuit 41 adjusts a DC | evel of the VCOM electric

pot ent i alr stipplliisc twhilke Oppedid el ectirtads dh tthe bPixkiqeldcerpsieal cel |
52; in other words, the VCOM adjustnment circuit 41 applies a DC offset to
t he VCOvelEo: rlicquipbteantatadl deilt 52 |firgmm dhey yisttal 1dneplSdy thappghat us
descri bed above, peripheral circuits, such as the interface circuit 33,
the .20Chd MERY Jendrlat GICEAY e levd misf greemed ed] rage Yei wer 35, the CS
driver 38, and the VCOM driver 39, in addition to the horizontal driver 36
and t he addraunediingr ivedrtea@e, tdyad lisntlégrediiftedi sposedrondihe sanmshganel (t he
gl ass substrate 31) as the display section 32 so that a di Sﬁ| a¥] 8ane|

i nt e@rat"lq;g‘—aﬁq AR FF SN 1 FdacH evé"élllssﬂi’@h shifg of t C :

electric potential is carried out in the VCOM adjustment
(;; circuit 41.
The VCOM adjustment circuit 41 includes a'capacitor C,
a variable resistance VR, which is connected between an
10 oufput terminal of thé capacitor C and an external power
supply VCC, and a resistance R, which is connectéd between
the output terminal of the capabitor C and ground. The VCOM
adjustment circuit 41 adjusts a DC level of the VCOM
electric potentia; supplied to the oppoéite electrode of the
15 1liguid crystal cell 52; in other words, the VCOM adﬁustment'
circuit 41 applies a DC offset to the VCOM electric
potential. -
In the liguid crystal display apparatus described above;
peripheral circuits, such as the interface circuit 33, the
: 20 timing generator 34, the reference voltage driver 35, the CS8
_driﬁer 38, and the VCOM driver 39, in addition to the
‘horizontal driver 36 and the vertical dfiver 37, are
integrally disposed on the same panel (the glass substrate
31) as the display.section 32 so that a display panel

25 integrating all driving circuits is achieved. Such a




di spl ay panel does not require another substrate, an integrated circuit,

or another transistor circuit, on the outside, thus mniaturizing the
~overall systemand reducing costs. 5 In this driving-circuit-integrated
“liquid crystal display apparatus, the timng generating circuit of the
enbodi nent described above is used as the timng generator 34 generating
~various timng signals for driving the display section 32. The timng
generator 34 conprised by the timng;d0_generating circuit generates ..
various timng pulses, such as horizontal start pulses HST and horizontal -
clock pul ses HCK for driving the horizontal driver 36, vertical start

pul ses. VST and vertical clock pulses VCK for driving the vertical driver

37, or qudmley mevesksatoes ogrott eedts ot ianertisg gluksferat™s W8oM dri ver 39. The
timng generating circuit of the enbodi ment. descrjibed above is used as the .
C timi ng igevrgrRtrd M EBIhator FROEMeH g aRTietal i G dui ©hdd% wi de :
operating margin even when transistors having wide variations.n their
devi ce ROEHrdperthes B AU E G Drifte T ufle agr%gjiﬁ'b(chgrrng’rcrﬁ% each
circuit on the glass substrate. Therefore, the liquid crystal display

appar atafStshi ch TFTs are used for forming the peripheral driving circuits

integrally formed on the . transparent .i nsul at. substr ith the display
secPi on 32, 135 thd$ Aivd@Iofer 'HﬁjH%%%%ﬂ?ﬁeﬂdggﬁFéﬁang%%Fﬁg timng -----

display apparatus, the timing generating circuit of the
embodiment described above is used as the timing generator
34 generating various timing signals for driving the display
section 32. The timing generator 34 éomprised by the timing
10 generating circuit generates various timing pulses, such as
horizontal start pulses HST and horizontal clock pulses HCK
for driving the'horizontal driver 36, vertical start pulses
VST and vertical clock pulses VCR for driving the vertical.
driver 37,.or bﬁises necessary for the CS driver 38 Qr:the
15 VCOM driver 39.

The timiﬁg generating circuit of the embodiment
described above is used as the timing generator 34 so that
the timing generating circuit has a wide operating margin
even when transistors having wide wvariations in their device

20 properties and a large process rule are used for forming

each circuit on the glass substrate. Therefore,. the liquid

crystal display apparatus, which TFTs are used for forming
the peripheral driving circuits integrally formed on the
transparent insulating substrate with the display section 32,

25 has a wide operating margin. Additionally, the timing




f;'igﬂ generating circuit enables a reduction in power consunption and a
small |ayout area when the TFTs that have a | arge process rule are used,
thus contributing to the | ow power. consunption and the small size of the
liquid crystal display 5 apparatus. This application is described with an
illustration applied to a liquid crystal display apparatus that uses
liquid crystal cells as display elenents; but the present invention is not
limted to this application. The preiﬁpt 10 invention is applicable to
‘di spl ay apparatuses having a |level stift circuit disposed on the sane
substrate as a display. section, such as electrolum nescent (EL) display
appar at uses using EL el enents as the display elenents. The display-
appar at geneypitingd chycthe bnqbuéscayséahctiSnduﬁppayeﬁppanatmptbénthe .
~.application described above is suitable for a display screen conponent of
conpact aadda bmghﬂm&agbhtperbabwhenethenaFTssuhatahanebaIbapgenes or
personal digital assistants (PDAs). Fig. 5 is an external view show ng the
schemat peoc2@sstruldet are obetihetpost abhérikutingl tof thhelpweseweri nventi on,
-for exanple, a PDA.. The PDA of the present invention may have a folding
st ruct ucenshprRhPohaad thenaphéll Fdzeonponbat 16quid aryatabddisplay main
body 61. The top face of the main body 61 has an 25 operatlng section 63
con§istﬁﬁ§a6ﬁt95rlous keys of a

This application is described with an i1llustration -
C } app;ied to a ligquid éfystal display apparatus that uses
. liguid arystal cells as display elements, but the present
invention is not limited to this application. The present
10 invention is applicable to display apparatuses having a
level shift circuit dlsposed on the same substrate as a
dlsplay'sectlon, such as electrolumlnescent (EL) dlsplay
apparatuses using EL elements as the display elements.
The displaf apparatus typified by the liguid crystal
15 display apparatus of the application described above is
suitable for a display screen component of compact and
lightweight portable terminals such as mobile phones or
parsonal digital-aasistanta (PDAs) .
Fig. 5 is an axternal view showing the schematic
-20 structure of the portable terminal of the presen£ invention,
for example, a PDA.
The PDA of the present inventian may have a folding
structure in which an openable 1id component 62 is attached
to a main body 61. The top face of the main body 61 has an

25 operating section 63 consisting of wvarious keys of a




.20 keyboard or the like. The Iid conponent 62 has a display screen
conponent 64. The display screen conponent 64 is a liquid crystal display
_apparatus that has the timng generating circuit of the enbodi nent

‘descri bed above, 5 disposed on the sane substrate as the display section,

as the timng generator. The use of the tim ng generating circuit of the
~enbodi ment as the timing generator of the liquid crystal display apparatus
allows the liquid crystal display 10 %gparatUS to have a structure in which
~driving circuits are integrated, a € operating margin, |ow power
consunption, and conpact design. This liquid crystal display apparatus is
used as the display screen conponent 64, permtting a sinplified :

St ruct un@ybBaticatdy itkatl 110ike andreosti d edugldnemtof62l hatshe BRAplAgdi tional | Yy,
this also permits | ow power consunption of the display screen conponent

64, reswydietm idompomreased dunsd idsdley cantdcnuedsnpesenity 6Batisery- power ed
operation. The application to the PDA is described by way of 20 exanple, .
but t he lhresiehtcriymwerlt idispisaynapdamitiued thiag hliss thapilimdati on. The I|qU|d
crystal display apparatus of the present invention is particularly
sui t abl ereheragemer alircdnpact t@ed dribglidiweinghdeponrtidside abervmi-nal s such as
~nobil e phones. 25 As described above, according to the present invention,
5 disposed on the same substrate as the display section, as
the timing generator,
Co | The use of the timing generating circuit of the
embodiment as the timing generatbr of the ligquid crystal
- display apparatus allows the liquid crystal display
i0 apparatus to have a structure in which driving circuits are
integrated, a wide operating margin, low power consumption,
and compact design. This liquid crystal display apparatus
is used as the display screen component 64, permitting a
simplified structure, miniaturization, and cost reduction of
15 the PDA. Additionally, this also permits low power
consumption of the display screen component 64, resulting in
increased duration for continuous use by battery-powered
operation.

The application to the ‘PDA is described by way of

| 20 example, but the present invention is not limited to this.

application. The liquid crystal display apparatus of the
present invention is particularly suitable for general
compact and lightweight portable terminals such as mobile

phones.

© 25 © As described above, according to the present invention,




1

1'51‘ in the timng generating circuit formed on the insulating Substfaﬂe"
and generating the nmultiple timng signals having different frequencies

‘based on the input naster clock, the operating clock having a | ower.

frequency than the master 5 clock frequency is generated and then .the

multiple timng signals are generated based on this generated operating
clock having the lower frequency. This achieves a | ower operating speed,

| eading to stabl e operation and reduced power consunption. Further, the
counter section is formed 10 with & gdafl nunber of steps so that a snall

| ayout area is achieved even when the circuits are forned including

transi stors having wide variations in their device properties and a |large-
processihUkBeofifnhfgl BeHkabingy suUBELEAt Eorted oB2th&ELHMMIadindg\ ti M ng
generating circuit conprising: clock generating neans formed on an _

i nsul at bngssubstr aha@ behergenpgath8gmaldt OPREatingng! oCknHBSEaGIN@N 1 Nput ‘
master clock, the operating clock having a | ower frequency than the naster
clock #iiéfaenny; fandushghak pesedabnnghaeansut ohageaeralooy, mhdiple '
timng signals having different frequencies based on the operating clock
gener at edebytihg clock bhewméngtanfoweansrequency than the master’

5 'clock freguency is generated and then the multiple timing

signals are generated based on this generated operating

‘(?J_ clock having the lower freguency. This achieves a lower

operating speed, leading to stable operation and reduced
power consumption. Further, the counter'section‘is formed
10 with a small number of steps so that a small layout aréa is
achieved even when the circuits are formed inclﬁding
transistors haﬁing wide variations in“their device
ﬁroperties and a large.process,rule on the insulating

- substrate.




wherein the signal generating neans operate in synchronism wth the
operating clock generated by the clock generating neans, and the signal
generating means generates the multiple timng signals that are different
fromthe operating clock. 2. The timng generating circuit according to
claiml1l wherein the signal generatingzggans i ncludes a counter section in
which nmultiple shift registers are caScaded, the counter section
perform ng count operations in synchronismw th the operating clock
generated by the clock generating neans; and a signal generating section
that generates the nultiple timng signals according to conbinations of
shifted pul ses output fromthe nult{pPEM8hift registers. 3. The tinmng
generating circuit according to claim2 wherein the counter section
perforns the count operations in response to, start pulses generated in a
pr edet er i'ned Ap&APbRY LN TG4 B aFL BHdr &OUBTEBHPYI si ng: a di spl ay section
having a matricioek géxetsidly akgRd Sdrned WnARSPAMEALat NEHRAblsRgaBebEEF at e;
and a timng generating circuit disposed on the transparent -23- insulating
substr at §P5Get Y IR P IRELRIsHIATF LSEDRT BRel Y iAF tGEnEratkngtRe r cui t
gener at i Rgpeidt Lhd! 816&81 AGvERGNAl SowbAViERGqEEAE LT €Rin f LREURASESS FeguI T ed
for drivin% the display section in synchronismw th a master clock

ext er nal IFeARRREY 1 #°% he substrate, wherein the tining generating circuit

i ncl udes: signal generating means for generating multiple timing

signals having different frequencies based on the operating clock
generated by the clock generating means;

wherein the signal generating means operéte in synchronism
with the operating clock generated by the clock generating means,
and the signal generating means generates the multiple timing

signals that are different from the operating clock.

2. The timing generating circuit accerding to claim 1 wherein
the signal generating means includes a counter section in which
multiple shift registers are cascaded, the counter section
performing count. operations in synchronism with the operating
clock generated by the clock generating means; and a signal
generating section that generates the multiple timing signals
:according to combinations of shifted pulses output from the

multiple shift registers.

3. The timing generating circuit according to claim 2 wherein

' the counter section performs the count operations in response to

start pulses generated in a predetermined period

4. A display apparatus comprising:
a display section having a matrix of pixels arranged on a
transparent insulating substrate; and

a timing generating circuit disposed on the transparent




cl ock generating neans for generating an operating clock based on the
mast er cl ock, the operating clock having a |ower frequency than the naster
cl ock frequency; and signal generating nmeans for generating the multiple
timng signals based on the operating signal generated by the clock
generating nmeans; wherein the signal ggggrating means operate in
synchronism wth the operating clock génerated by the cl ock generating
means, and the signal generating nmeans generates the multiple timng
signals that are different fromthe operating clock. 5. The display
apparatus according to claim4 wherein the signal generating nmeans

i ncl udes 1@5C6ARERT  BESLEATENn WHSERTUVLFDI 16hi ALSPRY sticS1gPe cHitaded,

the count8kisgCt &tk rat@hbor 81 AG:iGOUGLNOPEE Bld OR 1 Rp Sy NGHiI@MGS MsWhdn 4 he
operatin ¢l ock_generated by the clock generating neans; and a signal
generati%@véﬁgti fergpt gdireraersithe TRAPEF T e FOFNidg vdRgnate dédbtai ng to

conbi nat isersigh shi fshadnpohsas PUEPUE hheReihelcsrl bkptenshif tid@e sters.
6. The di splay apparatus according to claim5 wherein the counter section
per f or ns ®PReSEBYMt2Serati ons in response to start pulses generated in a

predet erm nedwheré 0. the tiRendi @&L@é@ﬂﬁawwﬁi@%@rﬂheg:to claim4 wherein
the timng generating circuit Is formed on the transparent -24- insulating

substrate usi AGPFBWICBRBRFRUr BepBP y L67| | TP P o neRYS g ncE9F5 con.

based on the master clock, the operating clock having a lower
frequency than the master clock frequency; and

signal generating means for generating the multiple timing
signals based on the operating signal generated by the clock
generating means;

wherein the signal generating means operate in synchronism
with the operating clock generated by the clock generating means,
and the signal generating means generates the multiple timing

signals that are different from the operating clock.

5. The display apparatus accorxrding to c¢laim 4 wherein the
signal generating means includes a counter section in which
multiple shift registers are cascaded, the counter section
performing count operations in synchronism with the operating
clock generated by the clock generating means; and a signal
generating section that generates the multiple timing signals
according to combinations of shifted pulses output from the

multiple shift registers.

5. The display apparatus acceording to claim 5 wherein the
counter section performs the count operations 1in response to

start pulses generated in a predetermined period.

7. The display apparatus according to claim 4 wherein the

timing generating circuit is formed on the transparent




8. A portable termnal conprising a display apparatus as a display screen
conponent, the display apparatus including: a display section having a
matri x of pixels arranged on a transparent insulating substrate; and a
timng generating circuit disposed on the transparent insulating substrate
together with the display section, the_timng generating circuit
generating nultiple timng signals héﬁﬁﬁg different frequencies required
for driving the display section in synchronismw th a master cl ock
externally input to the substrate, wherein the timng generating circuit

i ncludes: clock generating nmeans for generating an operating clock having
a | ower freydénéfdt hanPehea st BF1RY oc koY T ERItRSTEF B8 s e®@Cdh ~SEhECTRst ©F

cl ock; angrgiignals 9gneratiing-srans for generating the miltiple tinmng
signal s based on the operating signal generated by the clock generating
means; wherein the signal generating nmeans operate in synchronism wth the

operating.cl ogk gepesatedebyniha cLogk-aener al i RYsPRAPS appakdthie 3 gha
generating nmeans generates the nultiple timng signals tﬁét are different
fromthe é@éyiﬁ@r%gquggmponent, the display apparatus including:

a display section having a matrix of pixels arranged on a
transparent insulating substrate; and

a timing generating circuit disposed on the transparent
insulating substrate together with the display section, the
timing generating circuit generating multiple timing signals
having different frequencies required for driving the display
section in synchronism with a master clock externally input to
the substrate,

wherein the timing generating circuit includes:

clock generating means for generating an operating clock
having a lower frequency than the master clock frequency based on
the master clock; and

signal generating means for generating the multiple timing
signals based on the operating signal generated by the clock
generating means;

wherein the signal generating means operate in synchronism
with the operating clock generated by the clock generating means,
and the signal generating means generates the multiple timing

signals that are different from the operating clock.




