;e3e| F,y66794P9l : 6: TF;, W<  TI M NG GENERATI NG Cl RCU 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 tlnlng generating circuit formed
“transistors havi ng wide variations in their device 10 pro mm @ @B Mm
i nsul ati ng substrate, a display apparatus including this ting
circuit as one peripheral driving circuit, and a portable terﬁﬂhﬁT
i ncluding this display apparatus as.q_display screen comnponent. a
Background Art A timng generating circuit having a counteum”%“mmnmmmm“
structure shown in Fig. 6 is known. Specifically, this kno
generating circuit includes a counter_ circuit in which n stagesggf»shift
registers (S/R) 101-1 to 101-n FFHRIEEPhded. As each CK input to the

clock XoAKILRE pFBbRATaNovnEREyTE, aPESEhne REkARETRLLp b e ORBRR S, Palage

shift register 101-1, the shift $EB§&§5E 101-1 to 101-n perform shift
operations in synchronismwth thé naster cl ock MCK and XMCK t o out put
shifted pul ses as out put A

5 Technical Field
The present invention relates to a timing generating
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 Backgfound Art
A timing generating circuit having a counter circuit

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



- 2 pulses fromeach output termnal thereof. If the above descri bed
timng generating circuit is formed including transistors having w de
,variations in their device properties and a high threshold Vth, for
exanple, 5 thin filmtransistors (TFTs) on an insul ating 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
(l eave no operating margin). If the counter operates with such a high
frequency, 10 the power consunption-inthe timng generating circuit would
increase. Further, a large |layout area is needed since shift registers are
requi red dependi ng on the period of the output pulses and the TFTs have a

| ar'ger r?cess rule conpared with the fase where silicon is used. 15 Fig. 7
shows tHE EF?CEF?ms??EgFﬁPEpBF EREPHR? L KHBSHE? T mi ng generating circuit.

This tim ti i it. hav. h t, i it
structure |t Ul hE AR R AR THIRET | TS A SR T 6 ed to as

TFF) 102-1 02-2 d 102-3 1n, wWhi . s bi . 20 TFF

a1 ghefobied; apar o Bbiansrrar RS e Bdoiafi he it Bibne PN MR L
h L L af | i 02-1, 102-2,
loveVetc TBY.TRLLUDELL g0 SHg o et ovnuaphathors | nek e Joimd07 1, 1072
pre%ﬁntth@ﬁeﬁﬁ%ﬂgﬁgﬁP959¥§gg ?FFTQ]n8n2§n9§H§ﬁ?&tfﬂg¢éﬁ8§t£a@é?h | ow power

consunption an ayout area even when transistors having w de

variati gfgni Bst BehiadgVEGBsPEARET 4 Ofia BPEy 0 F ALGRCOFRCESStRAL En gl used, a
di splay apparatus”including this timng generating circuit as one

peripherghsdyi ¥kraguehtelit inabHe amPotéAbLBoERI MTRAANE XMCKUGEPG this

di spl ay apparatus as a display output conponent. Disclosure of Invention
The presenkel pyeBlems phovhdego@nténi opepetLoat (hgaltd wsoropetabhanvgng cl ock
generating neans forned on an insulating substrate for generating an

oper at i mgrghintk bafedhen coumstreopelratiesi mputh fsuai tsheh it Simsqudrntay,
operating clock having a | ower frequency than the master cl ock frequency;
and. Gi ghhk peweratbngumpahsnf dn geaetiming génendtipfeciranhy woghdl s
having different frequencies based on the operating clock generated by the
cl ock génersepag nBuntheThi 8 Lenbaglarpetadrag tfreaprdedssyBed in a displ ay
apparatus. In the display apparatus, the timng generating circuit is
disposeéhéﬁttﬁ@géaﬁﬁrﬁréﬁ@pé?@H%rPﬁsGFB@Pﬁb“QOOEuBE?rE?Elgg 9fdFRpl ay

section and generates ltiple_timn sigTaIs havi ng different frequencies
requi r @ BFTdPPVFRY BR BhgpF5§sgb€??oﬁ. %ﬁgeﬁigﬁ?gﬁsﬁpﬁgigtus i ncl udi ng

LIS TLARa PR S P 3 SR0Red, 152 p0uc o0l e terminal, ypifTed
15 Fig. 7 shows the circuit structure of another known
timing generating circuit. This timing generating circuit
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 TFF is a higher-bit input 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



*25 phone, as a display screen conponent thereof. - 4 1In the above
described timng generating circuit, the display apparatus including this
,timng generating circuit as one peripheral circuit, or the portable
termnal including this display apparatus disposed therein as the 5 display
screen conponent, firstly, the clock generating neans converts the naster
clock into the operating clock having a | ower frequency than the naster

cl ock frequency, and then the signal generating nmeans generates the
multiple timng signals based on the perating clock having the | ower 10
frequency. This enables a sl ow operating speed, thus allow ng-stable
operation and reduced power consunption. Further, since shift registers are

t ired.d di tin th i 0o i ; . St t
nas o ShAYPohuRBer 5roa: Whsh CrRarefrEs ARGy Vs SER Bt Lo tvea
even whepoirangl 3o’ 8, BRxL-pY ¥V'Qﬁdvgrié‘{gé’n?rb@eéQef%lge%fé%&ﬁ@})eét' es and
a |l arge process rule ar Useéd for formng circuits. Brie Descri ption of

the Drawi pgs. Qagiogra%uissia?m%%gigggsammwt G6nériyphgabisthueture of a

timng generating circurt of an e I ment of e present invention. Fig. 2

is a tiging,ehgbtiHRE-§XPLARGERGNCOFchbe, ChhgULt pOPELIBL L OPephidde ti M Ng
©generating circuit of the enbodinent. 25 Fig. 3 1s a bl ock di agram show ng

a typi cahcshaYaEUERLs disp1ad apbiagatdscayssxahﬁ%wj{a&uap@ar atus of the
present invention. Fig. 4 is a circuit diagramshowng a typical pixe
struct UgBmpenankl.g. 5 is an external view showi ng the schematic structure
of a PDA o? the present invention. Fig. 6 is a circuit diagram show ng a
known timng generating circuit. Fig. 7 is a circuit diagram of another
known timng 10 generating circuit. Best Mde for Carrying Qut the
| nvent i bhsAhoenbbedoifedhvehttibe present invention will be illustrated with
reference to the draw ngs. ) '
The present invention provides a timing generating
10 circuit having clock generating means formed on an
insulating substrate for generating an operating clock based
on a master clock input from the outside, the operating
clock having a lower frequency than the master clock
frequency; and signal generating means for generating
15 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
20 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 terminal,

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

25 phone, as a display screen component thereof.



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 ment has a cl ock generating section 11, a
_counter section 12, and an output pul se generating section 13. It 20 is
based on the prem se that the timng generating circuit is formed including
transistors, for exanple, TFTs, that have wi de variations in their device
properties and a |l arge process rule on an insulating substrate, such as a
gl ass substrate. 25 The cl ock generati rg section 11 may include four - 6
dividing circuits 111 to 114 and a start pul se generating circuit 115. The
four dividing circuits 111 to 114 are cascaded and divide a master clock
MCK input tqQ the first stage_thereof to gener . r.atLng ock havi ng
a lower 5 fngﬁgﬁcﬁkPﬁgndF%Err’rg?fje?'lWSgkgﬁ/ﬁﬁ%?éﬁgegggf:@%é Eﬁ%rt pul se
generatj.ng .circuit 115 gener.at t.ar t_.pul I peri:qd (His a
hor i zorﬁlaﬁ% lﬁé'r iaé)ﬁarba;tsue% ‘ol nc,lufqg‘ﬁlggxt}r% Tét,l%g r%gr%%}()e%;égtlﬁéé ?cl %‘r%:g r#z ation

si gnal Y. d. st er ack JNCK u ; tion 12 includes m
shift ragi%%e%%%%lﬁfcﬁjoﬂﬁ?l- m hvﬁ%?)co-r?}%rbg%cggeggn 21 q The operating

cl ock rafed, 1,4 : AR A0 Seddl hdreinpy @ the shift
regi st g?@ﬁll?% tﬂglll%%%xg%&each ck ﬁl nput .esgvc\ihen the start pulse ST

gener atetdihyt hee St tediifergenertd g 15 1d rQWdk bEndrsdimeut to the
first stage shift register 121-1, the shift registers 121-1 to 121-m

perf or Rt d tcARRSBEd Ol inth SHENE N IBHIS MNd R Hheertdtig¢leddck to
successively output shifted pul ses fromeach output term nal thereof. The
out put HitiSRy GENRFwdd NBr SAN@N ik naides tesetlctk rfasefudnSiy), flip-flops
(hereinafter referred to as SRFF) 1311 to 131-n. The shifted pul ses out put
fromt hehdshiddn rag sdiefmsa 1l 2erletaot iy -medns tden e rtgeatildipl? ar e
supplied to the SRFFs 131-1 to 131-n in any conbi nation as each set input
and r esemingpuidrielediased Exar expafatigh ol agniiavdtionthe daged ol | ows:
for the r SRFF 131-1, a shifted pulse fromthe shift register 121-1 as a
set 0i npineqmnay shiThied qnaksked romide appratinggisRead 12HSas a reset

input; and for the SRFF 131-2, a shifted pulse fromthe shift register
121- 2 FLPWid i SRl amPer skt RS Rt RMThE TR ster 121-3 as
a reset_input. Ex_ar?I es ,ffr t he, SRFFs 131-3 to 131-n- re om tted here.
For thdFSRAPEZISINCS Y ft SFPPLT RIS rhf R srkﬁ?‘{l’?eééi SRS PThs a set

i nput d ashifted pulse fromthe shift register 121-2 as a reset input
may be%%ﬁ%@u‘?é 19F THES ottt e ssle%rﬁwosh’ e TG éluats paulséneaS'LgLenerati ng

number of stages. Therefore, a small layout area is

15 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
20 Fig. 1 is a block diagram showing a typical structure
of a timing generating circuit of an embodiment of the
present invention.
Fig. 2 is a timing chart for explanationlof the circuit
operation of the timing generating circuit of the embodiment.

25 Fig. 3 is a block diagram'showing a typical structure



~section (signal generating section) 13 constitute signal generating neans
for generating nmultiple timng signals (output pul ses) having different
.frequenci es based on the operating clock generated by the cl ock generating
section 11. 15 The circuit operation of the tim ng generating circuit of
*the enbodi nent having the above described arrangenent will now be descri bed
wth reference to the timng chart shown in Fig. 2. In the clock generating
section 11, the dividing 20 circuits 111 to |14 generate the operating
clock having a | ower (slower) frequengy_than the master clock MK
frequency, specifically, one eighth of the master clock MK frequency, by
dividing the master clock MCK four times. The start pul se generating
circuit 115 generates the_start_ pul se whose 25 pulse width is, for exanple,
five tifmésawldgridharyehat efisplay gprprarfbupasteb®I BERSREK every 1H period
in synchronismw th the horizontal synchronization signal Hsync. Upon input
of the sP¥PPRtpORse to the first stage shift 5 register 121-1, the counter
section 12 performs count operations and successively, outputs shifted

pul ses S/ Ri olfﬂfg'S?R’Q%u?,C?F??lélm%’f?me%lﬁ%wjd?gv%o@@y:pciﬁlﬁsemﬁ%fh is the
sanme as that of the operating clock, in synchronismwth the operating

cl ock g8h&RSLEEShy the clock generating section 11. In the output pul se

generating -sectiop 13, the SRFF 10 15 2 -1 1SS . th: the shifted

pul ?’re S/ R ouliel‘?ro %ﬁea%hﬂ‘fe%agufs‘{lerw1%’143%%%{1?% g‘se}%gevf‘é‘t‘\;\% h the shifted
pul se S/ rom. he i f i I 1, by generating an out put
pul se Sﬁggﬁg&P?e |c% F?aaf%akﬁ%gﬁgggsé% %g?eﬁﬁggguration between the rise
time of the shiftgd;pulses SLR pul; 89fahhakoRinghe ibhh edimuhge S/ Rmout.
The SRFF 131§gbis§ség éﬁ?h t he s%%%?e% pulgelé R2out fron1thé§shift

regi stegehdla2iapdciscigeet with the shifted pulse S/R3out fromthe shift
regi ster 121-3, thereby generating an output pulse SRFF2out, which is at a

high level fpigthe dyratiopchetvweeagthe sEsenbther oknédie shiningd pul se
S/ R2out and that of the shifted pul se S/R3out. The expl anation of the SRFFs

131t @ t gehdkaftihg ircuit.

Best Mode for Carrying Out the Invention
An embodiment of the present invention will be
illustrated with reference to the drawings.

15 Fig. 1 is a block diagram of the timing generating
circuit of the embodiment of the present invention. As is
apparent from Fig. 1, the timing generating circuit of this
embodiment has a clock generating section 11, a counter
section 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 device properties and a large
process rule on an insulating substrate, such as a glass
substrate.

25 The clock generating section 11 may include four



25 omtted. The SRFF 131-n is set wwth the shifted pulse S/R out fromthe
shift register 121-1 and is reset with the shifted pul se S/R2out fromthe
.shift register 121-2, thereby r g _ generating an output pul se
SRFFnout, which is at a high level for the duration between the rise tine
"of the shifted pulse S/R out and that of the shifted pulse S/ R2out. As
di scussed above, the timng generating circuit, 5 which is forned on the
i nsul ati ng substrate and generates the multiple output pul ses SRFFlout to
SRFFnout having different frequenciLeg based on the master clock MK,
firstly generates the operating clock having the | ower frequency than the
mast er cl ock MCK frequency, and then generates the 10 output pul ses
SRFFl out to SRFFnout based on the generated operaéing clockthaving t he
| over fdietjusmey cimieivg tendBiledoa 14140 @ Gpér &PAG BPeEF PRERE "¢8Gnt er secti on
12, thus allowi ng a wi de operating margin in thi ilc\)/%nt I s%(]::tei on 12, stable
oper at i cudrtd 150 ey Eed W s Gsidis 13 IMPedvér 25 thi s
enbodi nent, since the start pulse ST.is. g ated  evyer H i,od, the
out put GRfcaskech A ¢ A sy éndrstEs tqlTﬁcr}l‘g?'@K lﬁ‘gu&e\hlté)r é:thééd fg\q/:reSFy 1H peri od.
Since shift registers are not required dependi R Rer 94y t he
out put PRI LNRIRE I FthiIsSEHS %W ffer{a?gutnﬁe Cg%c%nrmtal r?%ent?er of stages.
Therefore, a small |ayqut area is .ac '%Mgpfg% a Thls that-thave w de
var rat i Y& TheiP v © 8957 oeprerctlf}’es and a Igﬁge rocess rule are used for
formng circuits on the i.nsulati }L{ﬁ}%ﬁ__‘t £ aTha Reratiddg ot ock is
genera’?% By WA thelrn%lsltaée.rlﬁ C Iﬁfour 25 ti r?glts in this embodi nent
SO thaie$g¥§‘fﬁmié¥¥§ﬁ GPNSUMPY AN zontal 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
generated in the clock generating section 11 is input to the
shift regiSters 121-1 to 121-m as each ck input. When the
start pulse ST generated in the start pulse generating
15 circuit 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 operating clock to successively
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 to 131-n in any combination as

each set input and reset input thereof.

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



-- 10 and the layout area are reduced to about a quarter, respectively, as
conpared with the case where there is no dividing. This enbodi nent is
_described with such a structure in 5 which the operating clock is generated
by dividing the master clock MK four tines, but it is not limted to
*division by four. Generating 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 synch[pgi§n1mjth t he hori zontal

synchroni zation signal Hsync in this ‘enbodi nent, but the start pul se ST may
be generated every 1V period (V is a vertical period) in synchronismwth
15 a vertical synchronization signal Vsync. In this case, the output pul ses
havi ng SRYF gehe+rhf ed $hihfved qanl e Gemertdtee dshever ywebd sgwrri dd 1-Thegt i mi ng
generating circuit according to the above enbodinent is suitable for use as
a timng gebeimpot amdéta 2¢h gEnet atweis ey affausthd mhidf Sinpwilsterddied for
driving a display section based on a master clock MCK externally input to
the substaate oésetoinexanpied foxrihe rARER rlclii+t4 ntae grivitfdee Himpl 8/
apparatus, which peripheral driving circuits are integrally forned on the
sane trirepateatsRELt nsedhstey Libs? rat @ &t RN AR sedtififhaving a
mat ri x - 11  of pixels, Appljcatioq%kFig. 3 is a block diagram showi ng a
typiccalPetsecfren bhet sl ff sPPaySpat Bt 1,2 &t SE/pIEPYE 1 i quid crystal 5

Sooli g Rhales dBar Cthe PR L A MR H D T R i e o & AP
t t o i bst { f | . bst t 1. Th
] e PahGaL phe bRk 18, SHOSL B P c QoS KA PR Tk AL LS The
i 0. Th trat t ai.n. | i i | terd
TP bt ikch o5 rer SEDLARE iR o i Al b eI B AL
ircuit di howi i i xel of the displ
oct | onkagPLEGE AR PROILEDa A LYBL CRILSL THEY WS Mo PRRND Xe! Ol i nor il ot &
trapsi stor (phfelcintdWiLdbd o 1 X8la raNYutte phildddYeheratstd) cel | 52,

whose pi xel electrode is connected to a drain'electrode of the TFT 51, and

a StOragéc‘@ﬁ@ﬁwi(é@%néﬁ,g@ﬂ@rﬁ{:ﬁﬁérw@ti@ﬂ’em bei g eormesigshlio the drain
el ectrode of the TFT 51. The liquid 20 crystal cell 52 functions as a

i qui d geystaticapasihancer ggere pieihdpehneeipidetpiey sig@edrode and the
opposi te el ectrode.
(output pulses) having different frequencies based on the
operating clock generated 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 reference 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) frequency 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



-In this pixel structure, a gate electrode of the TFT 51 is connected to a
gate line (scanning line) 54, while a 25 source el ectrode of the TFT 51 is
.connected to a data |line - 12 (signal line) 55. The opposite el ectrode
of the liquid crystal cell 52 is connected to a VCOM | i ne 56, which is
’common to each pixel. Through the VCOMIine 56, a comon voltage VCOM ( VCOM
electric potential) is supplied to the 5 opposite electrode of the liquid
crystal cell 52. This supply is conmon to each pixel. The other el ectrode
(the termnal of the opposite el ectrgfe) of the storage capacitor 53 is
connected to a CS line 57, which is comon to each pixel. 10 When IH (H is
a horizontal period) inversion driving or 1F (Fis a field period)
inversion driving is perforned, a displa ignal witten in each pixel is
inverteHh?eWéFFﬁg EootheMVERY 8T Bt i e %?én ?a?Yn%@£9P¥RﬁmW+ﬁ@eF£?on
driving, which inverts the, polarity, of #h VCOM el ectric potential 15 every
1H or 1ROT}ZORLRY PYNEBRBIhAEFLARWFiEne e§?¥P?nversion or the 1F inversion,

th larit f a CS electri tenti al lied t.o the CS line 57 i
e oL gl o GRSl BT s P LR L A S R Y

tal _di t i to, th invent i i t limted
crvstal goSBLEy, SUReL < URaSEERIALPBI, 0 PRCREPlgLpIoBiLmE 1o not imie
(1P’ b B3eaSebTHIB-APREE Lok IR Fhgnattia el ghenarighicge o v

| s di spagrdobber eon, sPrhBRc) eLhcRl ok EndSe dhaphayysachi o BRe Lakierizontal
se - 13 on't

driver 36 may be di $po he gl ass substrate 31 above the

di3p|aYa§eEBEQno§2thé_MﬁéEEE§h dei ¥ek  37n MBynBRr&h $HRSRPRNLhBe gl ass
substrate 31 to the right of t%e di splay section 32. A CS driver 38 and a

VCOM dr bperaddngay1bekdigepesadecanbiyhengl a9sckUbgineatae i3 Sdedion tihe,

di spl ay section 32. These peripheral driving circuits are nmade with

| owt enper at i et P! yuSpht OONl H¢ FoONd+Ntious GF@Et b QF, stHé IRFR oget her with
the pixel transistors of the display section 32. In the liquid crystal

di sigl aylappar asuseaswdebcthbedhiftabiopelsa sARlentciook MK, shifhdri zont al
synchroni zati on pul se Hsync, a vertical synchronization pul se Vsync, and

di spl ayrdgtatBat 22df 1pandl fiel reaput with tRe, shiéeed(@plsand/Bhewt(B), all
of which have a | owvoltage anplitude (e. g. 3.3 V anplitude), are input to
t he gl adsoBubber ahéfs| regdates LR But Shaecby ¢gRresybshgad® PREBUHh a
flexible cable (substrate) 40 and their |evels_are shjfted éconverted) to a
hi gh- voPR&§& ﬁﬁ%FFPHHe rBich. ig. 8t\& PhobneeYRtef PECENE| FREFFLSB. The

| evel - shiiled mater cloek hOS DAL 3R05RLA%0,PYACLTRIGERTLEY BHbee Ve

15 of the shifted pulse S/Rmout. The SRFF 131-2 is set with
the shifted pulse S/R2out from the shift register 121-2 and
is reset with the shifted pulse S/R3out from the shift
register 121-3, thereby generating an output pulse SRFFZ2out,
which is at a high level for the duration between the rise

20 time of the shifted pulse S/R2out 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



pul se Vsync are supplied to the timng generator 34. The tim ng generator
34 generates various timng 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 MK, the
hori zont al - 14 synchroni zation pul se Hsync, and the verti cal
synchroni zati on pul se Vsync. The | evel-shifted display data Data is reduced
to a lowvoltage anplitude of 0 Vto 3.3 Vand is supplied to the

hori zontal driver 36. 5 The horizonta _driver 36 may include a horizontal
shift register 361, a data-sanpling latch circuit 362, and a

digital -to-analog (DA) conversion circuit (DAC) 363. The horizontal shift
regi ster 361 perfornms a shift operation in response to a Hﬁ:izontal start
pul se HEMerpblineET rGhRe HWOL1§ iR Her AADICBAZRE forfttH es sanpl i ng

pul ses, each of which is successively transferred in on horiifnhgl peri od,
in syncheoRt skRwi Eihe 20WeR | XMt RE THE T K s AR R gt i ERF £ T ti mi ng

Phe. f SBFhye b Bt AR EaE M (VR TRG M Eee Y TTE 35 | n synehr ont sm
Sver'y hor | 2O S SRR AP GRS TR B S AT R Bata, This
choun) Th-ah nb i S5Hat B anee nb ek Tt T SRS B PR o one
363, THE DATCbRAY &) BhUEF calt e e ARa e AP o e D0

sel ect Sy pr FEL ek ENFPAOL 0ES COLIEIPONTLRG hosibe ehoskantr] datgefyom

reference voltages corresponding to the - nunber of gradations
suppl i egefLP éQetﬁéf@;rsléﬁgé‘if{e' £ 886x i a v Bh g 3Bh@ntowelt ppESqhbecgel ect ed
referente voltage as the anal og di splay signals. The anal og di splay signals

Sig forepag thoema¥bishcasex oMtRUEréGaanENe & coneer géparstesuthe5 363,
are output to n data lines 55-1 to 55-n, corresponding to the nunber n of

" honigzonsatpet xeh5s6f $REFUbapl 8y SREFhout 3Basdfieovethecaéndraved 37

includes a vertical shift register and a gate buffer. In this vertical
driver 3Bp@eréhindOcVeckibalrisbi therbgvetefrpenénevs aThhsfenabéfatfon in
response to a vertical start pulse VST supplied fromthe timng generator
34 and getoerapesatitagnéngegulisethecgehnberwheehiPs SdecEBY¥Pvely transferred
in one vertical period, in synchronismwth a vertical clock pul se VCK
suppl i edlipwimgsat véde aPAgagener BEBFLIB4INTRRE cCHBRER KL 8HCELS n?%g pul ses

are successively output to mgate lines 54-1 to 54-m c?nresponding to the
nunber ftebleoepPrEaripnxefBdofleferBFUGRIyPORET| GAREI™PHAPBugh the gate

e SHPTSPESEa. Koy PR SPUBRETEAr - saAnnEng o LREL Di1sboshNEs®0 ot
generated every 1lH period, the output pulses having any
generated timing can be generated every 1H period.

Since shift registers are not required depending on the
period éf 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



-vertical driver 37, the pixels of the display section 32 are selected |ine
by Iine in sequence. The anal og display signals Sig for one |line output
.fromthe DA conversion circuit 363 are sequentially witten in the sel ected
pi xel s 25 for one line through the data lines 55-1 to 55-n. Such a - 16
"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 |ine 57 shown in Fig. §._This provi sion is common to each

pi xel . Assum ng that the display sig% | s have an anplitude of 0 Vto 3.3,
the CS electric potential repeats an alternating-current inversion between
a lowlevel of 0V (ground level) and a 10 high level of 3.3 V when the
VCOM i ngedstba Hayevuhgarsa aglopt eedudbée MCCMbont verg@3rgener ates t he VCOM
el ectric potential described above. The VCOM el ectric potential fromthe
VCOM dr keepe@Bivelput pait compahed out th dehefcase yhese tBesebssrate 31
through the flexible cable 40 and is then transferred to a VCOM adj ust nent
circui tddtid¥hgs VCOM el ectric potential is sent back to the gl ass
substrate 31 through the flexible cable 40 and is then supplied to the
opposi te el eEtivrmRAdIMRNY jbfuidecFyied weth SCh i ctigi S HEES0M™VCOM | i ne
56 shown in Fig. 4. This supply is common to each pixel. The VCOM el ectric
pot ent | Yhifk EﬁeaPP%FﬂE%PﬂgC£6F]Eab% generated by dividing the

master clock MCK four times, but it is not limited to
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 pulse ST is generated every 1H period in
synchronism with the horizontal synchronization signal Hsync
in this embodiment, but the start pulse ST may be generated
every 1V period (V is a vertical period) in synchronism with

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

The timing generating circuit according to the above
embodiment is sﬁitable for use as a timing generator that

20 generates various timing signals required for driving a
display section based on a master clock MCK externally input
to the substrate of, for example, a driving-circuit-
integrated display apparatus, which peripheral driving
circuits are integrally formed on the same transparent

25 insulating substrate as the display section having a matrix



-that has substantially the sane anplitude as the CS electric potential. In
practice, however, since a voltage drop 25 occurs in the TFT 51 resulting
.froma parasitic capacitance - 17 or the like while signals are witten
in the pixel electrode of the liquid crystal cell 52 fromthe data |line 54

"t hrough 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 el ectric potential is carried out in the
VCOM adj ustment circuit 41. The VCOM.adjustnment circuit 41 includes a
capacitor C, a variable resistance . which is connected between an 10
output termnal of the capacitor C and an external power supply VCC, and a
resi stance R, which is connected between the output term nal of the

capaci tefr Gk ground. The VCOM adjustnent circuit 41 adjusts a DC | eve

of the VCOM el ectric potential supplied to the opposite electrode of the 15
i quid crysti@ppdélcati2nlin ot her words, the VCOM adj ustnent circuit 41
applies a DC offset to the VCOM el ectric potential. In the |iquid crystal

di spl ay appé@rigt.us$ deser bbedkabdaegrapephphepdl actvpdras, S§GERTHESt he
interface circuit 33, the 20 timng generator 34, the reference voltage
driver &5, theeliGIRY \aapaas: tusnd fdfe o¥ecomld i verl 114 FL¥Fdiak on to the

hori zontal driver 36 and the vertical driver 37, are _integrally disposed on
t heSsarfbl gralie!  qROAEE Ghuss Suidie fresePt QYR pl %F%ﬁ%% % so that a
di spl ay_panel 25 integrating all drjiving circuits s achieved. .Such a -
18 di Spt%y parel SRR HET r @150t F&C SRt ?3;[ },avdﬂlq it éngartirtlég

the ovea iR o dHETatEt iy Care s i el R ot ot ot o
LUt 1YLl S0P FOBR S P 411 DS A R sl e
vari ouse i 0 ngh SLANA! &1 1O Al fkd et d S0 ble SEGHRIN Spadhigy 1M NG
generator 34 conprised by the timng
10 These substrates contain a liquid crystal material
therebetween, thereby 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 transistor, a liquid crystal cell 52, whose
pixel electrode is connected to a drain electrode of the TFT
51, and a storage capacitor 53, one electrode thereof being
connected to the drain electrode of the TFT 51. The liquid
20 crystal cell 52 functions as a liquid crystal capacitance
generated between 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



-10 generating circuit generates various timng pul ses, such as horizontal
start pul ses HST and horizontal clock pulses HCK for driving the horizontal
.driver 36, vertical start pulses VST and vertical clock pul ses VCK for
driving the vertical driver 37, or pulses necessary for the CS driver 38 or
'the 15 VCOM driver 39. The timng generating circuit of the enbodi nent
descri bed above is used as the timng generator 34 so that the timng
generating circuit has a wide operating nmargin even when transi stors having
wi de variations in their device 20 praoperties and a | arge process rule are
used for form ng each circuit on tﬁe1§IESS substrate. Therefore, the liquid
crystal display apparatus, which TFTs are used for form ng the peripheral
driving circuits integrally formed on the transparent insulating substrate
with thesdgaphayisest 68N 32ne2dppasideVelecopenat bAgtABr giguidddi tional ly,
the timng - 19 generating circuit enables a reduction in power
consunptirgptandcalinmabl ikayouheared wbea vbeMTEIset hai hAvehaikarge process
rule are used, thus contributing to the | ow power consunption and the small
si ze of cohmohi gui dachyptakldi sphagughappar HCOE. 1ThiesSapphi catmon i S
described with an illustration applied to a liquid crystal display
appar at uslthge USEOM l(VGOMdetegystrak pekkstaslili $pl aypeléegnts, that the
present invention is not limted to this application. The present 10

i nvent i onppsisppkileabredeoocdi speayiappdr arvssslhaelhgSa. | eVeisshift circuit
di sposed on the same substrate as a display section, such as

el ect r oFURPAEsEBNECERPR #Psphray Bppatat usks ashay eleerendnt $tAS the

di splay el enments. The di splay apparatus typified by the |liquid crystal
P yterminal of the ongSXtepglectroderof the gtorage gapacitgr

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 performed, a
display signal written in each pixel is inverted relative.to
the VCOM electric potential. When VCOM inversion driving,
which inverts the polarity of the VCOM electric potential

15 every 1H or 1F, is used in combination with the IH inversion
or the 1F inversion, the polarity of a CS electric potential
supplied to the CS line 57 is inverted in synchronism with
the VCOM electric potentiai. The liquid crystal display
apparatus.according to the present invention is not 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.



-15 di spl ay apparatus of the application described above is suitable for a
di spl ay screen conponent of conpact and |ightwei ght portable term nals such
.as nobil e phones or personal digital assistants (PDAs). Fig. 5 is an
external view showi ng the schematic 20 structure of the portable termna

‘of the present invention, for exanple, a PDA. The PDA of the present

i nvention may have a folding structure in which an openable |id conponent
62 is attached to a nain body 61. The top face of the main body 61 has an
25 operating section 63 consisting_pﬁ vari ous keys of a - 20 keyboard or
the like. The lIid conponent 62 has a “di splay screen conponent 64. The

di spl ay screen conponent 64 is a liquid crystal display apparatus that has
the timng generating circuit of the enbodi nent descri bed above, 5 di sposed
on t he samthsubibsat substirbeéedBidpbhpveetheodispdayheetitibng3genehat or. The
use of the timng generating circuit of the enbodi nent as the timng

gener at yergficehediriiyeird 3¢r yevabedidd pbagedppar ahas gdbbewsubherbitguBd cryst al
di splay 10 apparatus to have a structure in which driving circuits are

i nt egr atedthg wilgbtopér ahengismigivnserswopowdr cénSnprivar dfdasdnpact
design. This liquid crystal display apparatus is used as the disglay screen
conponeft VE2M gaiieEt PgmaYsPrpPispedcsd:t puctiiceglasai abbfFit¥atrodl and cost
reduction_of 15 the PDA. Additionally, this also gernits | ow power

consunpPréRYofthendigrdprayestiasn3donpdhest B2rirPE&uPLi A§LVA™Encr eased
duration.for_%ontinuous use by baEteré-gomered o&erat&on. The application
to the BBACHLtHe@LFi Badenyilly 1oF 36MBRAABIES BALYrRe1pFEBeAT invention is
not limted.to this_appli ion..The Liquid crystal display.apparatus of
The procehtiPhobf: BaRRRs (68} FlandPh coBfElpfevioR sBRoPAR Ionpact and
IightmekgghsggEggglggh%hgiH@E giycgeéﬁigRbEE? phones. 25 As descri bed

o the

above, accordi ng prese nventr1on,
In the liquid crystal display apparatus as described

10 above, a master clock MCK, a horizontal synchronization
pulse Hsync, a vertical synchronization pulse Vsync, and
display 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 31'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 generator 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



- 21 in the timng generating circuit formed on the insulating substrate
and generating the nultiple timng signals having different frequencies
.based on the input master 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

cl ock having the | ower frequency. This achieves a | ower operating speed,

| eading to stable operation and reduced power consunption. Further, the
counter section is forned 10 with a iqall nunber of steps so that a snal

| ayout area is achi eved even when the®circuits are forned including

transi stors having wide variations in their device properties and a | arge
process rule on the insulating substrate. - 22 CLAIMS 1. Atining

gener at $ymgcr st t Compph B OIgHs ghOrckag@nehat vagtheans forned on an
insulating 5 substrate for generating an operating clock based on an input
mast er syockromheaopen apuhge cVogke having aetveleshifegdedtyplidmndabe naster
cl ock frequency; and signal generating nmeans for generating nultiple timng
si gnal sDabyi hy dedfiee@ntofa efprercd bsapaserpbhtutie ope? a¥i hg 103 cVock
generated by the clock generating neans. 2. The timng generating circuit
accor di agdt s cseppd 1edhee ethhe t her szgnbal géhévari #f- neans i ncl udes a counter
section in which nultiple shift registers are cascaded, the counter section
per foor m ng dBinthwparattiohdsivesy nthmay skpclude a horizontal shift

register 361, a data-sampling latch circuit 362, and a
digital-to-analog (DA) conversion circuit (DAC) 363. The
horizontal shift register 361 performs a shift operation in
response 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
from the timing generator 34.
The data-sampling 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 latches 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



-15 with the operating clock generated by the clock generating neans; and a
signal generating section that generates the nultiple timng signals
,according to conbi nations of shifted pul ses output fromthe nultiple shift
registers. 3. The timng generating circuit according to claim2 20 wherein
‘the counter section perfornms the count operations in response to start

pul ses generated in a predeterm ned period. 4. A display apparatus
conprising: a display section having a matrix of pixels arranged on a
transparent insulating substrate; and 25 a timng generating circuit

di sposed on the transparent V - 2313 msulating substrate together with
the display section, the timng generating circuit generating nultiple
timng signals having different frequencies required for driving the

di spl ay nge6ki-0Bfi BrauaehbARi sTpphiRgarMBA! heCkaekrangt GENRLLY I npUt to
the substrate, whérein the timng generating circuit 1ncludes? clock

gener at yrgverans LAy gaegﬁegi@aeaae@ee&eai@gfekeﬁﬁeba§§@a§e hbecnmster
cl ock, the operating clock having a | ower frequency than fhe master clock

frequenayalagddl@psiagnalggener at tRg HRaNsgf aispeaer atgAglkheigukbipl e
timng signals based on the operating signal generated by the cl ock
gener at bng tears. whichherdi spkpytappamatie Bacebvdiragsioncktarbudtwherein the
signal generating neans includes a counter section in which 15 nmultiple

shi f& r&§Bst ers anépuvastadeddatheldoant 66-3etdbi 6A-per ornmengonding
operations in synchronismw th the operating clock generated by the cl ock
gener at itagthreansmbandnaosi gnalk zgenelapinglsecfi thet Hasplsmesatesonhe
multiple timng signals according to conbi nations of shifted pul ses 20
output BRemthe nultiple shift registers. 6. The display apparatus
.according to claim5 wherein the counter section perfornms the count
operations ihhe cépohkert Axivet Hll seelydeeraterrtical psledEt er ni ned peri od.

register and a gate buffer. In this vertical driver 37, the

10 vertical shift register performs a shift operation in
response to a vertical start pulse VST 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 supplied from

15 the timing generator 34, These generated scanning pulses
are successively output to m gate lines 54-1 to 54-m,
corresponding to the number m of vertical pixels of the
display section 32, through the gate buffer.

When the scanning pulses are successively output to the

20 gate lines 54-1 to 54-m by this vertical scanning of the
vertical driver 37, the 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



-7. The display apparatus according to claim4 wherein the 25 timng
generating circuit is fornmed on the transparent - 24 insulating
_Ssubstrate using |l owtenperature poly-silicon or continuous grain silicon.
8. A portable term nal conprising a display apparatus as a display screen
-conponent, the display apparatus including: 5 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
nul tiple timng signals 10 having different frequencies required for
driving the display section in synchronismw th a nmaster clock externally
input to the substrate, wherein the timng generating circuit includes:

cl ock gﬁf\@tﬁﬁ@ngﬁae@%oﬁmsg@@gégﬁ_é@gf@ﬁ OpeFrati Nge 15rsdwrkid@viig a | over
frequency than the master clock frequency based on the master clock; and

signal geserayi pgrnBRASséPEegenerating the multiple timng signals based on
t he operating signal generated by the clock generating neans.
AL AN AL Afe AHIAAI N BN, geridN:-806s ANe ARY. ARAINLAIDerAdad A2. A
S.A5,.AlY. Ay. A E Al . Al >GY; y/ dO8{}
' described above and provides it to the other electrode of
5 the storage capacitor 53 through the CS line 57 shown in Fig.
4. This provision is common to each pixel. Assuming that
the display signals have an amplitude of 0 V to 3.3 V, the
CS electric potential repeats an alternating-current
inversion between a low level of 0 V (ground level) and a
'10_ high level of 3.3 V when the VCOM inversion driving 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 through the flexible cable 40 and is then
| transferred to a VCOM adjustment circuit 41. This VCOM
electric potehtial is sent back to the glass substrate 31
through the flexible cable 40 and is then supplied to the
opposite electrode of the liquid crystal cell 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 substantially the same amplitude as the CS electric

potential. 1In practice, however, since a voltage drop

25 occurs in the TFT 51 resulting from a parasitic capacitance
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109 ()- L@O0% & ()-3 10%t& ()-1 MO ()-n¥;yi K- 109%& ()-
109 ()vRHFIo9R 4500 1084 ghounokn (Figf iow&ﬂq:)s @@M*{ Yo dicdeg-VCOM
109&' &+: $109%&' () -! &+: $1098O& () - *109%& ( %O‘V&@g
109 ()el'q@‘o@q)pmry*z{a}bpaqoofay{m@%u &l%)t )y c'\lqwsqru%zﬂ() m 10 10
10&99: $10%& ( % 1& 10%&' ()-W }[<bA 10L #10%& ()-!L
#109% * &¥5<uHo2 ) - L$109& () -1 L$10%?& () -! L$10%&' ()- zodY:
/R’ -
|- 10%: () lﬂﬁp %COM adjustment circuit 41 includes a capacitor C,
a variable resistance VR, which is connected between an
10 output terminal of the capacitor C and an external power
supply VCC, and a resistance R, which is connectéd between
the output terminal of the capacitor C and ground. The VCOM
adjustment circuit 41 adjusts a DC level of the VCOM
electric potential supplied to the opposite electrode of the
15 liguid crystal cell 52; in other words, the VCOM adjustment
circuit 41 applies a DC offset to the VCOM electric

potential.
In the liquid crystal display apparatus described above,

peripheral circuits, such as the interface circuit 33, the
20 timing generator 34, the reference voltage driver 35, the CS

driﬁer 38, and the VCOM driver 39, in addition to the

horizontal driver 36 and the vertical driver 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



'}0L(:$10%&f()?!L(:$1099@9@&3()-!|L(:$10%&f()-!L(:$10%&f()- 2WY: dY:
\&$10%&T()-!( &P10%&' ()- t &P10U&R ()-! fy#109MVE ()- ! fy#10% () -
109 () -#$UR }rg\= YMIO%& ()-Y 10@ 10@
_10@$F1$109@Ef()-!SF1$10%&'()-"9$10%&f()-!~"9$10@&2&f()-'-EliP}A<g\:
!S&$}O@ﬁ*&f()-9$10%&f()-y!t$10%&f()-yyZ"10%&f()-!yZ"lO%&f()-10%&f()-P01239X
JAN "f10%& ()- 10 10 10! @ $109%& ()- !'|-$10%/ & () - '
-$10% / & ()- ) ! xs&$109B3& () -99yawm3\ N/ ! ~s
M10%8S& ()-!11110%& ()-! '10% (& ()rd 110%,& ()-! !1109%##& ()-!~ 110%41& (
)-O0f NEyz}[ <1/ 10ss1#10%& ()-!s1#10%1& ()-s (#10%&' ()-'!s (#10%1& ()-s
zl%g%&i()-!s ?;10%1I1I&f()-z{|}ijgF/ 10s t&& %40% & () - 3! #10%
() -y #1009 () -yf10%& ()-1: 109 ()-M 10s_10scr zodY: 10s % () -
100 10@ispdey p;éel doég not reqégre another substrate, an Y, MLO% () - M
integrated circuit, or another transistor circuit, on the
outside, thus miniaturizing the overall system and reducing
costs.
5 In this driving-circuit-integrated liquid crystal
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 comprised 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 VCK for driving the vertical
driver 37, or pulses necessary for the CS driver 38 or the
15 VCOM driver 39.
The timing 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 variations 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
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5 apparatus.

This application is described with an illustration
applied to a liquid crystal display apparatus that uses
liquid crystal cells as display elements, but the present
invention is not limited to this application. The present

10 inventlion is applicable to display apparatuses having a
level shift circuit disposed on the same substrate as a
display section, such as electroluminescent (EL) display
apparatuses using EL elements as the display elements.

The display apparatus typified by the liquid 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
personal digital assistanté (PDAs) .

Fig. 5 is an éxternal view showing the schematic

20 structure of the portable terminal of the present invention,
for example, a PDA.

The PDA of the present invention may have a folding
structure in which an openable lid 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 various keys of a
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generating circuit of the embodiment described above,
5 disposed on the same substrate as the display section, as
the timing generator.

The use of the timing generating circuit of the
embodiment as the timing generator of the liquid crystal
display apparatus allows the liquid crystal display

10 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,
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in the timing geénerating circuit formed on the insulating
substrate and generating the multiple timing signals having
different frequencies based on the input master clock, the
operating clock having a lower frequency than the master

5 clock frequency is generated and then the multiple timing
signals are generated based on this generated operating
clock having the lower frequency. 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 area is

achieved even when the circuits are formed including
transistors having wide variations in their device

properties and a large process rule on the insulating

substrate.

10"
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clock generating means formed on an insulating
5 substrate for generating an operating clock based on an
input master clock, the operating clock having a lower
frequency than the master clock frequency; and
signal generating means for generating multiple timing
signals having different frequencies based on the operating
10 clock generated by the clock generating means.

2. The timing'generating circuit according 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

15 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

20 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

25 a timing generating circuit disposed on the transparent
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aving requencies requ ivin
display section in synchronism with a master clock
5 externally input to the substrate,
wherein the timing generating circuit includes:
clock generating means for generating an operating
clock based on the master clock, the operating clock having
a lower frequency than the master clock frequency; and
10 signal generating means for generating the multiple
timing signals based on the operating signal generated by
the clock generating means.

5. The display apparatus according to claim 4 wherein the
signal generating means includes a counter section in which

15 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 sighals according to combinations of shifted pulses

20 output from the multiple shift registers.

6. The display apparatus according to claim 5 wherein the
counter section performs the count operations in response to
start pulses generated in a predetermined period.

7. The display apparatus according to claim 4 wherein the

25 timing generating circuit is formed on the transparent
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insulating substrate using low-temperature poly-silicon or
continuous grain silicon.
8. A portable terminal comprising a display apparatus as
a display screen component, the display apparatus including:
5 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
10 havingldifferent 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
15 élock 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.



