24 Novenber 2006 - 1 DESCRIPTION LOG C CIRCUT, T|M2|$ GENEEeAT
CIRCU T, DI SPLAY DEVICE, AND PORTABLE TERM NAL Techni c&f NeVem er’l’épggpresent

invention relates to a logic circuit, a timng generation circuit, a

di splay device, and a portable ternminal. Mre particularly, the present
invention relates to a logic circuit which is fornmed on an insulating
substrate by using transistors having |arge characteristic variations, a
timng generation circuit using the lqgic .circuit, a display device using
the timng generation circuit as one of peripheral driving circuits, and a
portable term nal having incorporated therein the display device as a
screen di splay section. Background Art A conventional exanple of a timng :
generation-circuit, - .which is oBESCRPHETOON| ogic circuit, “is show in Fig:-
7. The timng generation circuit according to this conventional exanple i
is configured to have a level-shift circuit 101, and two flip-flops which
are cascade-connected in sequence to the output thereof, that is, T-type
flip-flops (hereinafter 24 Novenber 2006 2 referred to as "TFFs") 102 and

103 in is e le. The ‘
) | 1ﬂ8é%c é%%%UIT, TIMING GENERATION CIRCUIT, DISPLAY DEVICE,

AND PORTABLE TERMINAL

Techniéal Field
The present invention relates to a logic circuit, a

timing generation circuit, a display device, and a portable
terminal. More partigularly, thé p;eseﬁt invention relates
to a logic circuit which is formed on an insulating |
substrate by using transistors having large characteristic
variations, a timing generation circuit using the logic
'ci;cuit,_a display device using the timing generation
.circuit as one of peripheral driving circuits, and a
portable terminal having incorporated therein the display

device as a screen display section.

Background Art
| A conventional example of a timing generatién circuit,
1.whi¢h is one type of logic circuit, is shown in Fig. 7. The
.timing generation circuit according to this_convéntional
, example'is configu;ed to have a level-shift circuit 101, and
two flip-flops which are cascade—coﬁhected in sequence to

. the output thereof, that is, T-type flip-flops (hereinafter




| evel -shift circuit 101 |evel-shifts (level-converts) a ster ¢ k MCK
of a | ow vol tage anplitude, which is input externalIy,2ﬁﬁﬁﬁmﬁgﬂﬁéﬁﬁr cl ock
| sntk of a high voltage anplitude. This master clock Isnctk is supplied via
‘a buffer 104 to a circuit which operates by using the master clock [|sntk
as a reference. The TFF 102 generates a dot clock DCK by frequency-
dividing the master clock |Isnck. This dot clock DCK is supplied via a
buffer 105 to a circuit which operates by using the dot clock DCK as a
reference. The TFF 103 generates a hérizontal clock HCK by further
frequency- dividing the dot clock DCK. This horizontal clock HCK is
supplied to a circuit which operates by using the horizontal «clock HCK as

a ref er ensferrdte th-kes 2GZ@nd 1P ane nesetin AhaeCakdapge W fhea. reset
pul se which is given externally, for exanple, at a 1H (His a horizonta
peri od) Jperdlochhider einwiuitng Flon evielarsiiftsi N et/be-cesebrpy) s§ to the TFFs
102 and 103 has a wring capacity, a transistor input capacity, and a
cross oEgEwE yhaictkh MORe odt erloni molgagEoamphisutieasenich i§onp@tration is
adopted in which the driving capability for a |oad capacity is increased

by usi ng@xtdnufefldy 106 toawvi mgsdercapabkl Lemcknotigh hogHr ruktsgeh | oad
capacities. In the timng generation circuit having the above 24 Novenber
2006 3amplitude. This master clock lsmck is supplied via a buffer

104 tq a circuit which operates by using the master clock
lsmck as a reference.

The TFF 102 generates a dot clock DCK by frequency-
dividing the master clock lsmck. This dot clock DCK is
supplied via a buffer 105 to a circuit which operates by
using the dot clock DCK as a reference. The TFF 103
generates a horizontal clock HCK by further frequency-
dividing the dot clock DCK. This horizontal clock HCK is

.supplied to a circuit which operates by‘using the horizontal
'clock HCK as a reference.
The TFFs 102 and 103 are reset in accordaﬁce with a .
rgset pulse Which is given externally, for example, at a 1H
':(H‘is a horizqntal period) periqd. Heré, wiring for
transmitting the reset pulse to the TFFs 102 and 103 has a
wiring capacity, a transistor input capacity, aﬁd a cfoss_
icapacity'with the other wiring. For this reason, a
configuration is -adopted in which the driving Cabability for
‘_é load capacity is increased by using a buffer 106 having a
capability enough to drive such load capacities.

In the timing generation circuit having the above-




mentioned configuration, in a case where each circuit part 1is forned by
using transistors having | arge characteristic variatiof4Nove@bgeddQ%ion of
ti mngs between each input clock pulse of the TFFs 102 and 103 and the
reset pulse is |likely to occur. Wien the deviation of timngs becones

| arger, problens arise in that a malfunction occurs, and the operation
margi n beconmes smaller with respect to elenent characteristic variations.
Here, the circuit operation of the timng generation circuit having the
above- nentioned configuration will be3 described with reference to the
timng charts in Figs. 8A and 8B. During the normal operation, as shown in
Fig. 8A, the TFFs 102 and 103 repeat the operation of their state being

i nver t eghddt iISHANRAIFARLIrQR 1Whnt hihhe Ehse RhebBechBPUEIELOTK pott SE,
t her eby generating an output pul se whose period is twice as |long as that

of the iiRPUHoralcaChyPulssag kiahBesrsre, havhey akge-teyedctespitiml se is
given, the output pulse becones a |lowlevel as a result of being reset at

t he ti mwiagiaaficnke fall debereobn admdtihéngst patweeh seashi fdpsut o a high

| evel at the rise timng of the first input clock pulse after the reset

pul se shilfoic& palachioghtheve@FFsThéLeahtiel)3 &hé TkéEsrdfRt andid®d3isonti nue to
generate the output pulse in synchronization with the input clock pul se
over théikedyi ¢d ocwhmi.chWhhe hbgtdeesetipul € tiEmipgerbeamdpvenber 2006

larger, problems arise in that a malfunction occurs, aﬁd the
operation margin becomes smaller with respect to element
characteristic variations.
Here, the circuit operation of the timing generation -

circuit having the above—menﬁioned configuration will be
‘described with- reference to the timing charts in Figs. 8A
and 8B.

| During the normal operation, as shown in Fig. SA, the
TFFs 102 and 103 repeat the operation of their state being
inverted in synchronization with the rise of the input clock
pulse, thereby generating an output pulse whosé periocd is
twice és long as that of the inpﬁt clock pulsé. Furthermore,
wheéen a low—level reset pulse is given,rthe output pulse
becomes a low level as a result of being reset at.the timing
of the fall thereof, and the output pulse shifté'to a high
level at the rise timing‘of'the first input clock pﬁlse -

" after the reset pulse shifts to a high level. Thereafter,
the TFFs 102 and 103 continue to generate the output pulse 
in synchronization with the input clock pulse over the

‘period in which the next reset pulse is given.




4 On the other hand, during malfunction such as the r ] I
rel ati onship between the input clock pulse and the regéfhg%%@%§%@pﬁg

devi ated due to elenent characteristic variations, for exanple, as shown
in Fig. 8B, when the reset pulse which occurs in a period in which the
input clock pulse is at a low level during the normal operation tap (Fig.
8A) occurs in a period in which the input clock pulse is at a high |evel,
the reset operation is continued also after the rise timng of the next

i nput clock pulse. Consequently, a rfalfunction of the polarity of the

out put pul se after the reset occurs. The deviation of the relative timng
rel ati onship between the input clock pulse and the reset pul se occurs

fromthe di féereneetnes Marowi-iely dehiavunkelwaedytheasCihgui ts which
generate these pulses, that is, the'level- shift circuit 101 and the TFFs

102 andré03tiesdtimendputéBitidibhip erhase mwheriggresd otk euillse are fornmed
by using Thin-Film Transistors (TFTs) having |l arge el enent characteristic

vari atiand ahd havétgpal @ Ugh my alesisatad elud frer c@xarplce, 3.5 nm), the
anount of delay is large, and, in particular, the difference is likely to
occur. dherpceseidtinventionidres bwen eredelien wisewhofnt he FdhovéBdescri bed
probl enms. An object of the present inventionis to provide a logic circuit
capabl evipn ehkgr Fegpt oulaeerthmdr atdair vdirgian pevérdwhenwhi chs ther med by
using
input clock pulse is at a low level during the normal
operation tap (Fig. 8A) occurs in a period in which the
input clock pulse is at a high level, the reset operation is
continued also after the rise timing of the next input clock
:,pulse. Consequently, a malfunction of the polarity of the
output pﬁlsé after the reset occurs.
The deviation of the relative timing relationship
between the input clock pulée and the reset pulse occurs
from the difference in the amount of delay between the
.~ circuits which generate these pulses, that is, the level-
-shift circuit 101 and the TFFs 102 and 103, and the buffer
107. 1In a case where these circuits are formed by using
Thin-Film Transistors (TFTs) having large element
characteristic variations and having a rough proceés rule
(for example, 3.5 pm) , the amount of delay is large, and, in
- particular, the difference is likely to occur.
The present invention has been made in view of the
- above-described problems. An object of the present

~invention is to provide a logic circuit capable of ensuring

~a large operation margin even when it is formed by using -




|

24 Novenber 2006 - 5 transistors having variations in gh racterjstics and
having a rough process rule, a timng generation circuf PRECE4C | ogi ¢
circuit, a display device using the tinmng generation <circuit as one of
peri pheral driving circuits, and a portable term nal having incorporated
therein the display device as a display output section. Disclosure of

I nvention In accordance with a first aspect of the present invention,
there is provided a display device conprising: a display section having
pixels arranged in a matrix on a Transparent insulating substrate; and a
timng generation circuit, nmounted on said transparent insulating
substrate together with said display section, for generating a plurality,
of ti mpsiignalrs hWhoseg fragiencines iar ehdrédeseindti csmandhhatengequired to
drive said display section, in synchronization with a master clock which
is inpwd Uy palcesd rhkesubdtimdng, geheret torsaiidauiiti ngigenenati on circuit
conprises:, a plurality of flip-flops for generating said plurality of

ti m ng KYFaIEICHIE cdr{eSpAWIGTT IFENHERNT afieE 414 NROGERBERTDPD6 - 5a

reset circui.t for separately resettjng.said.pluralit f flip-flops, which
ar Z_ di v‘%Jnrecgll:'itn_tag Sfl_elo% sﬁ’el_f%//%“es‘?g't &fﬁ'bl,g’lﬁg CHF‘F‘FJeJ?%'ntgntqprﬁ ngs; Iov\,her gi n said
t"“'“)éH?%%HT@ %grﬁﬁﬁgf'ﬁaﬁfhg incorporated therein the display

device as a display output section.

Disclesure of Invention

In accordance with a first aspect of the present
invention, there .is provided'a display device comprising: a
display section having pixels arranged in a matrix on a
transparent insulating.substrate; and a timing generation
;irduit, mounted on said transparent insulating substrate
together with said display section, for generating a
plurality, of timihg_signals whose frequencies are different,
which are required to drive said display séction, in

- synchronization with a master clock which is input external
to the substrate, wherein saild timing géneration circuit
comprises: a plurality of flip-flops for generating. said

- plurality of timing_signals_in a corresponding manner; and a




formed on said transparent insulating substrate by using,low te rature
polysilicon or continuous-grain-boundary crystal silicgﬁhgﬁﬂabﬁggﬁﬁﬁth t he
pi xel s of said display section. In accordance with a second aspect of the
present invention, there is provided a portable term nal having

i ncorporated therein a display device as a screen display section, said

di spl ay device conprising: a display section having pixels arranged in a
matrix on a transparent insulating substrate; and a tim ng generation
circuit, mounted on said transparent insulating substrate together with
said display section, for generating a plurality of timng signals whose
frequencies are different, which are ggquired to drive said display
section, in synchronization with a master clock which is input external to
the substrate, wherein said timng generation circuit conprises: a
plurality of flip-flops for generating said plurality of timng signals in
~a correspordintgifafner sepanhtelvesesetiteuitaifbprlyespaiayedy 24 Novenber
2006 - 5b resetting said plurality of flip-flops, which are divided into

at | easlip-wWaoppst @RBch alrdidifreseat idddratgseavberal s sdkedls, tafi ng generation
circuit is formed on said transparent insulating substrate by using

lowt e@pj_efeq{eﬁ%e%ﬁgilré%kIe}ﬂgg%?irprsagqfaittisigﬁggs%%%%%- %UQQQEMiEri@t al silicon

t oget her w sal

formed on said transparent insulating substrate by using low-
temperature polysilicon or continuous—-grain-boundary
crystal silicon together with the pixels of said display

section.

In..accbrdance with a .secbnd .aspedt of-”the present
invention, there is provided a portable terminal having
incorporated therein a display device as a screen display
section, said display device comprising: a display section
having pixels arranged in a matrix on a transparent
inSulating substrgte; and a timing generation circﬁit, mounted
-on said.transparent.inéulating substrate together with éaid
display section, for generating a pluraliﬁy of timing signals
‘'whose freguencies are different, which are required to drive
said display section, in synchronization'with a master clock
which is input exterﬁal to the substrate, whérein said timing
generation circuit .comprises: a plurality of flip-flops for
generating said plurality of timing signals in a

corresponding manner; and a reset circuit for separately




Al so disclosed is a logic circuit including a plurality flip-flaps,
formed on an insulating substrate, for generating a pI8?§LW?Wbé%2q9§Ise
signal s whose frequencies are different, in synchronization with a cl ock
signal which is input external to the substrate; and a reset circuit,
fornmed on the same substrate as that of the plurality of flip-flops, for
separately resetting the plurality of flip- flops, which are divided into
at least two systens, at different timngs. An exanple of this |logic
circuit includes a timng generation circuit for generating a plurality
of timng signals whose frequencies ar® different, in synchronization with
a master clock which is input external to the substrate. This timng

gener af FOMF N9 ufid i Blusetites ah dppii-&apre. t ey gerer &ivdAedircuit in a
~display device in which the timng generation circuit for generating a

pl ur al +8§° o1t t1eATy WIyridisFiesetf féflerriitesimapes o fHasednt saddi ch are
required to drive the 24 Novenber 2006 6 display section is nounted on

t he sahFitanggaceation nstiltsviing sebsiommes! agnt hagidf tkespesphay section.
The display device using the timng generation circuit is incorporated as
a screepsiapiray sekstonte hoveofsing alopotembd s tterani palysypitoed by a PDA
(Personal Digital Assistant) and a cellular phone. In the logic circuit

t he tior ngogehenatipogreiinebibindary crystal silicon together with

the pixels of said displ_ay section.

Also disclosed is a logic circuit including a plurality
of flip-flops, formed on an insulating substrate, for
generating a plurality of pulse signals whose frequencies
‘are different, in synchronization with a clock Signal which
is input external to the substrate; and a reset circuit,
formed on the same substrate as that of the plurality of
flip-flops, for separately resetting the plurality of fiip—
flops, which are divided into at least two systems, at
different timings. An example of this logic circuit
includes a timing generation circuit for generating a
plurality of timiﬁg.signals whose frequencies are different,
:in synchronizétion with a master clock which is inpu£
external to the'substrate. This timing geﬁeration circuit

:is used as an applicable timing geneiation circuit in a
display device ih which the timing generétion circuit for
generating. a plurality of timing signals whose frequencies

are different,‘which are required to drive the




using the logic circuit, the display device using the tijn en ion
circuit as one of peripheral driving circuits, or the &?ﬁ‘t‘%ﬁf‘g’%éﬁ&ﬁ nal
havi ng i ncorporated therein the display device as a screen display section,
since a configuration in which flip-flops, which are divided into at

| east two systens, are reset at different timngs, is adopted, a resetting
operation can be perforned differently between a flip-flop which needs to
be reset at an earlier timng and a flip-flop which needs to be reset at a
timing which is delayed fromthe abfove. As a result, since the optinum
reset timng can be set with respect to the respective flip-flops, a large
operation margin can be ensured even when each circuit is fornmed by using
transi sdis diaverg ibar ge Mahhodd Qs thHe el-gReRtkansparasct eri stics and having
a rough process rule. Brief Description of the Drawi ngs 24 Novenber 2006 7
. Fig. Indud adicior substdhagraamtibowoAgtha ékspiplye sek-ttibe. ctmdi gurati on of a
tining(gﬁyeration_circuit according to an enbodiment of the present

i nvent iGHPlRYgdeyirs asingnithe dHavngi benerabidmgeitmiidi reuit operation of
the timin eneration circuit according to this enbodinent. Fig. 3 is a

tinmng OLRGEFANGS | ¢ SFrsmt &i§edamanfer 1oR neeraaf périon of Fig. 2.
portable terminal typified by a PDA (Personal Digital

Assistant) and a cellular phone.

In the logic circuit the timing generation circuit
using the logic circuit, the display device using the timing
generation circuit as one of peripheral driving Circuits, or
the portable terminal having incorporated therein the

”display device és.a screen display section, sincé a |
configuration in which flip-flops, which are divided into at
least two systems, are reset at.different timings, is
adopted, a resetting operation can be performed differently
betWeen a flip-flop which needs to be reset at an earlier
timing‘and a flip-flop which needs to be reset at a timing
which is delayed from the above. As a result, since_the

"optimum reset timing can be set with respect to the
fespéctive-flip—flops, a large operation margin can be

"ensured even when each circuit is formed by using
transistors having large variations iﬁ element

~ characteristics and having a rough process rule.

Brief Description of the Drawings




Fig. 4 is a block diagram showi ng an exanple of the configuration of a

| i qui d-crystal display device according to the present24 Noegrber2008ig. 5
is a circuit diagram show ng an exanple of the structure of a pixel. Fig.
6 is an exterior view show ng the overview of the configuration of a PDA
according to the present invention. Fig. 7 is a circuit diagramshow ng an
exanpl e of the configuration of a timng generation circuit according to a
conventional exanple. Figs. 8A and 8B are timng charts illustrating the
‘circuit operation of a timng generatfon circuit according to a
conventional exanple. Best Mdde for Carrying Qut the Invention Enbodi nents
of the present invention will now be described below.in detail wth

reference tortige draw 2061 r2di Doy Lsdesm 2&%}1&1 drl Bxahpie dbheek di agram
showi ng an exanple of the <configuration of alogic circuit, for exanple, a

timng cgerfdigatraeionl bEUkt tiRcagr geAgrioien €IMDOEH teidcofaihe traasent
invention. As is clear fromFig. 1, the timng generation circuit
accor di egbicglitiens effbotdenpresenc| tidesntiéwr exanple, a level-shift circuit
11, two flip-flops (here, TFFs) 12 and 13, a level-shift circuit 14, and a
pul se generBigonZ cis caii tinlbng |¢hast prldsugipesechg ke tcieciind ng
operation of the timing generation circuit according to this
embodiment.

Fig. 3 is a timing chart showing in an enlarged manner
the main portion of Fig. 2.

Fig. 4 is a block diagram showing an example of the
configuration of a liguid-crystal display device accofding
to the present invention,.

Fig. 5 is a circuit diagram showing an example of the
structure of a pixel.

Fig. 6 is an exterior view showing the overview of the
configuration of a PDA according to the present invention.

Fig. 7 is a circuit diagram showing an eXémple of the
configﬁration_of a timing generation circuit according to a
conventional exampleée.

Figs. 8A and 8B are timing charts illustrating the

circuit operation of a timing generation circuit according

to a conventional example.

‘Best Mode for Carrying Out the Invention
~Embodiments of the present invention will now be

described below ‘in detail with reference to the drawings.



generation circuit is fornmed on an insulating substrate such as a glass
substrate by using transistors, for exanple, TFTs, havi2gAdlavamger 2006nent
characteristic variations and having a rough process rule. The | evel-shift
circuit 11 level-shifts (level- converts) a master clock MCK of a | ow

vol tage anplitude (for exanmple, 0 to 3.3 V), which is input externally,
into a master clock Isnck of a high voltage anplitude (for exanple, Oto
6.5 V). The master clock |Isntk is sugﬁlied to the TFF 12 and the pul se’
generation circuit 15, and is supplied-via a buffer 16 to a circuit which
operates by using the master <clock Isnck as a reference. The TFFs. 12 and
13 are cascade-connected in sequence to the output of the. |evel-shift
circuit 11. fhe TFRsL2 Wenar ey randehowhiagk aRChxbypl eegaedry- di vi di ng the
master clock |Isnctk. This dot clock DCK is supplied via a buffer 17 to a
ci Fcui t cohEchuopeiat esf by Usgng ¢iheediod, doaclexa@iflas a Z4milagenber 2006 9
reference. The TFF 13 generates a horizontal clock HCK by further
frequenggndratidomgelihenidol adomkd PEK. tolkurs eradizenttalo feltbek HCK i s
supplied to a circuit which operates by using the horizontal clock HCK as
a ref erenesenteimveniniar derAs hisd ¢l ifrrong Fafg .t He déXteertdalihg i nput  si gnal
has a degree of freedom that is, in order that the input timng is not
deternjgggeggt%pngq%qggiﬁnﬁcqqrqiﬁgnﬂﬁgthis embodiment includes,

for example, a level-shift circuit 11, two flip-flops (here,
TEFEs) i2 and 13,'a leﬁel—shift circuit 14, and a pulse
generation circuit 15. It is presupposed that the timing
generation circuit is formed on an insulating substrate- such
~as a'glass substrate by using transistors, for example, TFTs,
having large element characteristic variations and having a
rough process rule.
The level-shift circuit 11 level-shifts (level-
converts) a master clock MCK of a low voltage amplitude (for
- example, 0 to 3.3 V), which is input externally, into a
master clock lsmck of a high voltage amplitude'(for examp;e,
Cﬁto 6.5 V). Thé master clock lsmck is supplied to the TFF
12 and the puise generation circuit 15, and is supplied via
a buffer 16 to a ciréuit which operates by using the master
clock lsmck as a reference.
The TFFs 12 and 13 are cascade-connected in sequence to
the output of the level-shift circuit 11. ‘The TFF 12
. generates a dot clock DCK by frequency-dividing thermaster
clock 1smck. This dot clock DCK is supplied via a buffer 17

to a circuit which operates by using the dot clock DCK as a




to have | atitude, the'resetting operation of the TFFs 12 and 13 for
generating the dot clock DCK and the horizontal clock #oNoyamher806
performed in the period of the external reference signal (in this exanple,

the period of the horizontal synchronization signal Hsync), that is, once

in one horizontal period. The present invention features a specific
configuration of a reset circuit for resetting the TFFs 12 and 13. The
configuration will now be described below The level-shift circuit 14

| evel -shifts a horizontal synchronizatton signal Hsync of a | ow voltage
anplitude (for exanple, 0 to 3.3 V), which is input externally, into a
hi gh voltage anplitude (for exanple, 0 to 6.5 V), and supplies it to the

pul se geneTaatdneR .Ci el rrE513THEnBYL 665 I8NBEAL LORNtaLid @bl Héx dgtects the
edge portion of the horizontal synchronization signal Hsync after the

| evel - sHifrtthexgenrenakasyadhoLiingt 8Bhe sypehevpeRabéon prise hd in the edge
portion in accordance with the nmaster clock |snctk, and 24 Novenber 2006 10

furt her hgeriepatesd alpkir gLkt ysofupebeéd pub seseithait ivhidiWmpdreseals pul ses
drst and hrst corresponding to the two TFFs 12 and 13 in this exanple. The
reset. pulysesdngt the beedzbotaleskock ECHFhs 12. rdfweramaset pul se hrst is used
to reset the TFF 13. Fig. 2 shows timng rel ationshi ps anong the master
Here, in order that the timing of the externally input
signal has a degree of freedom, that is, in order that the
input timing is ﬁOt determined as one type, but it is made
to have latitude, the resetting operation of the TFFs 12 and
13 for generating the dot clock DCK and the horizontal clock
HCK must be performed in the periéd of the external ‘
reference signal (in this example, the period of the
horizontal synchronization signal Hsync), that is, once in
one horizontal period. The present invention features a
specific.configuration df a reset circuit for resetting the
TFFs 12 and 13..‘The configuratioﬁ will now be described
“below. |
The level—shift circuit 14 level-shifts a horizontal
‘.synchronizatiqn‘signal Hsync of a low Voltage amplitude (for
example, 0 to 3.3 V), which is input externally, into a high
voltage amplitude (for example,IO to 6.5 V), and supplies it
to the pulse generation circuit 15. The pulse generation '
circuit 15 detects the edge portion of the horizontal
- synchronizatiop signal ﬁsync after the level-shift,

generates a hQrizontal-synchronization pulse hd in the edge.

‘portion in accordance with the master clock lsmck, and




clock MCK and the horizontal synchronization signal Hsync, which are input
externally, and the master clock |sntk, the reset pul s@4dyoyembeng0Gfot

cl ock DCK, the horizontal synchronization pulse hd, the reset pulse hrst,
the horizontal clock HCK, which are generated within this timng
generation circuit. As is clear fromthe timng chart of Fig. 2, the reset
pul se drst, the horizontal synchronization pulse hd, and the reset pul se
hrst, which are generated wthin this timng generation circuit 15, are
generated in accordance with the madfer clock | snck by using the fal

edge as a reference in a period in which the horizontal synchronization
signal Hsync is at a lowlevel. In the timng generation circuit having the

above- deseheRedeperbivadr at hAral DeyWoEi BEsEOrphhged esalaulsestwglr st and
hrst has a wiring capacity, a transistor input capacity, and a cross
capaci t yewketthpiihe eet Bt tWahtinBrsEOtort b Sofi@as®nio aciuifivey ToracoNEs
necessary which has a driving capability enough to drive such | oad
capaci t nesl. 1Asia theésukkamgbe.t oThderpsesepabsofdide huffsrd o del ay occurs
in 24 Novenber 2006 - 11 the reset pulses drst and hrst. On the other
hand, aksegti mhet BEFNA&8t er Théocksédsnokl s¢ hiersloti<lwodd BEK remrd tHie

hori zontal clock HCK, a delay occurs because they pass through the

| evel - sBFFt1@ircuit 11 and the TFFs 12 and 13. Here, the nunmber of circuits

t hrough which the master
Fig. 2 shows timing relationships among the master

clock MCK and the horizontal synchronizafion signal Hsync,
which are input externally, aﬁd the master clock lsmck, the
reset pulse drst, the dot clock DCK, the herizontal
_synch;onization_pulse hd, the reset pulse hrst, the -
horizontal clock HCK, which are generated within this timing
generation circuit. As is clear from the timing chart of
Fig. 2, the réset pulse drst, the horizontal synchronization
pulse hd, and the reset pulse hrst, which are génerated
'_within this timing generation circuit 15, are generated in
accordance with the master clock lsmck by usingrthe fall
edge as a reference in a period in ‘which the horizontal
synchronization signal Hsync is at a low level. "
In the timing_generation,circuit having the above-
'_described configuration, the wiring-for the reset pulses
drst and hrst has a wiring capacity, a transistor input
. capacity, and a cross capacity with the other wifing. VFor
- this reason, a.buffer becomes necessary which has a driving
© . capability enough to drive such load capacitiés. As a

result, due to the presence of the'buffer, a delay occurs in




clock | sntk passes is small, and the master clock |Isnck has the snall est
amount of delay. As shown in the flowhart of Fig. 3 (#hbowinkerg886vi ew of
the main portion of Fig. 2), when it is assuned that, as a result of
passing through the level-shift circuit 11, an anount of delay Da occurs
at the master clock Isntk with respect to the master clock MK, if an
anount of delay Db occurs at the dot clock DCK as a result of passing

t hrough the TFF 12, the amount of delay of the dot clock DCK with respect
to the master clock MK becores Da +.Db. Furthernore, if an anmount of
delay Dc occurs at the horizontal clock HCK as a result of passing

t hrough the TFF 13, the anmount of delay of the horizontal clock HCK with

respect the kbeetbghBsiecs! @kt MAC heeones di the BinerDhankn theonaaner
descri bed above, since the amount of delay of the master clock Isntk is

t he smaktheshastéri 8logkeckssek y #ie rdiicel ddie RuURhdofthédel ay as nmuch as
possible also with regard to the reset pulse drst for resetting the TFF
12 whi chofiequeatyetovk déGK t he duistyeroatwock Hesrmmise ftheyvipewsof the above,
in the timng generation circuit -24 Novenber 2006 12 according to this
enbodi nehroughetheskevelt stel tr stidauinadd amgl Bdes@pfsailé BndmlBhe reset
pul se hrst. The arrangenent of the pattern of the TFF 12 with respect to
the pul se dtar®atlifen reinbeyi rf15irsudés thrbudhedhbyh PReamaesert, it

clock lsmck passes is small, and the master clock lsmck has
the sméllest‘amount of delay. As shown in the flowchart of
Fig. 3 (the enlarged view of the main portion of Fig. 2),
‘when it is assumed that, as a result of passing through the
1evel—shift circuit 11, an amoﬁnt of deléy Da occurs at the
master clock lsmck with respect to the master clock MCK, if
- an amount of delay Db occurs at the dot clock DCK as a
result of passing through the TFF 12, the amount of delay of
'the dot clock DCK with respect to the master clock MCK
becomes Da + Db. Furthermore, if an amount of delay Dc
occurs at the hqrizontal clock HCK as a result of passing
through the TFF'13, the amount of delay of the horizontal
clock HCK with respect to the master clock MCK becomes Da +
" Db + Dc.

In the manner described above;rsince the amount of
delay of the master clock lsmck is the smallest, it is
 necessary to reduce the amount of delay as much as péssible
aiso with rega#d fo the reset pulse drst for resetting the
TFF 12 which frequency-divides the master clock 1lsmck. In.

view of the above, in the timing generation circuit



is possible to reduce the | oad. capacity of wiring for the reset pul se
drst, and a buffer having a smaller driving capabilityZ2f#dNovembereiPbas a
buffer for driving the |oad capacity. Therefore, the anmount of delay of
the reset pulse drst in the buffer can be reduced. Here, as is clear from
the timng chart of Fig. 3, the reset pulse drst is generated at the fal
timng of the master clock Isntk in a period in which the horizontal
synchroni zation signal Hsync is at a low level. In response to the fall of
the master clock |sntk, an anount of ldelray Da at the pul se generation
circuit 15 occurs in the reset pulse drst. The reset pulse hrst is
generated at a timng relationship which is delayed further by

appr oxi red@dsa iy fro anglsoekRfaikatmasher rekockphssEkafsom 4 hisdeeset pul se
drst. Wiile not being limted to the timng relationship between the

mast er clode |sRicaard fidhe k@selrepekSpulsst hrsal soTMé t irraspesdnt o t he
“timng relationship between the dot clock DCK and the reset pul se hrst,

since thef rdsetpautlesed olfr $hel TFT pal setsepaspiet ftomhdepukset pul se drst,
it is possible to adjust the anbunts of delays by adding a buffer if
necessargencdb tonerbecu2@®@085 islSetl nothe bearimg. geheratresulici r cidi t
according to this enbodinent, as is clear fromthe timng charts of Figs.
2 and 35 tesstBlel 2ogsrdrateshehéoddt capacktPCKE asimingsidy Wdfe

reset pulse drst, and a buffer having a smaller driving
capabiiity is required as a buffer for driving the load
capacity. Therefore, the amount of delay of the reset pulse
drst in the buffer can be reduced.

Here, as is clear from the timing chart of Fig, 3, the
reset pulse drst is generated at the fall timing of the
master clock lsmck in a period in which the horizontal
synchronization signal Hsync is aﬁ a low level, 1In fesponse_
to_the fall of the master clock lsmck, an amount of delay Do
at the pulse generation circuit 15 occurs in the reset pulse
drst. The reset pulse hrst is generated at a £iming
.relat;onship.whichﬂis delayed further by approximately half
.a clock of the master clock lsmck from the reset pulse drst.
| While not being limited to the timing relationship
between the master clock lsmck and the reset puise drst,
alsc with respect to the_timing relationship between the dot
plockIDCK and the reset pulse hrst, since the reset pulse
hrst is a pulSe separate from the reset pulse drst, it is

.possible to adjust the amounts of delays by adding a buffer

if necessary.




its state being inverted in response to the fall timng of the nmaster
clock I'sntk. Similarly, the TFF 13 generates the hori z&hbaverehes@ROBiCK as a
result of its state being inverted in response to the fall timng of the
dot clock DCK. In the manner described above, in the timng generation
circuit, which is forned on an insulating substrate and which has two
cascade-connected TFFs 12 and 13, for generating a plurality of timng
signal s whose frequencies are different, that is, the dot clock DCK and
the horizontal clock HCK in this exddpte, in synchronization with the
master clock MK which is input external to the substrate, separate reset
pul ses drst and hrst are generated with respect to the two TFFs 12 and 13.
Thus, a resefhi pge 99@5:@@(%&&@&% Rerf Qe d dfdanentloy thekvween a
flip-flop which needs t0 be reset at an earlier timng and a flip-flop
whi ch neg@ediache,r 8setsati1dalki Phod vhé Chimsngelimed fdomidhe sabove. As a
result, since the optimumreset timng can be set with respect to each of
- the TFFan#233n@hé37FR Lar geneppeeat tiod d@t O IoSamdie Shined ke when each
circuit is formed by using transistors having |arge el enent
char act értisstita teabeahg ohsvanted ain nge spdmoig b Pridoe st rultenidprofexanpl e,
TFTs. 24 Novenber 2006 14 Here, as is clear fromthe timng charts of
Fi gs. 2thedma8tewhehothelsethy ofimhbaztiyn nghaofTRhE I eseteyaiese tdest

horizontal clock HCK as a result of its state being inverted

in response to the fall timing of the dot clock DCK.

In the manner described above, in the timing generation
circuit, which is formed on an insulating substrate and
which has two cascade-connected TFFs 12 and 13, for
generating a plurality of timing signals whose frequencies

. .are different, that is, the dot clock DCK and the horizontal
rclock HCK in this example, in synchronization with the
master clock MCK which is input external to the substrate,

" separate feset pulses drst and hrst are generated with
respéct to the two TFFs 12 and 13. Thus, a recetting
operation can be performed differently between a flip-fiop
 which needs to be reset at anfeérlier fiming and a flip-flop
which needs to be reset at a timing which is delayed from

._the above. As a‘result, since the optimum resef timing ‘can
be.set with respect to each of the TFFs 12 and 13, a large -

- operation margin can be ensured even when each circuit is
~formed by usihg transistors having large.element

: characteristic variations and having a rough process rule,

for example, TFTs.



beconmes larger, and the reset pulse drst rises in a period in which the
master clock Isntk is at a low level, the dot clock DG ¥avenkerf2086h a | ow
|l evel to a high level at the fall timng of the next master clock |sntk,
and therefore, the polarity of the-dot clock DCK after the resetting
operation in accordance with the reset pulse drst is inverted. In the
above-descri bed enbodi nent, the logic circuit has been described by using
the timng generation circuit as an exanple. The present invention is not
limited to the application to the tifing generation circuit, and can be
applied to logic circuits in general for generating a plurality of pulse
signal s whose frequencies are different in synchronization wwth a single

cl ock signalndye Usdgi c1da alrdny tofe flimnbl epsreli 68 8igs. 2 and
cascade-connected. A circuit configuration in which flip-flops are

cascade3¢onhent eHeaflelawp of ages tiasi P USRI @S ean peRarpldest appllcatlons
are simlarly possible to a circuit configuration in which flip-flops are
cascadebeonmest kargér, tdmeetlos maveet ghdges ety ilsesgemerapertibtdee or nore
pul se signals whose frequencies are different. Also, in this case,
flip-fldopswatchhtlee mzsher eckicyesmay e adi v ded iletvelat theedst: two
systens, and may be reset separately at nutually 24 Novenber 2006 15
differeﬁlo@kn$@@55hlfts from a low level to a high level at the
| fall timing of the next master clock lsmck, and therefore,
‘the polarity of the dot clock DCK after the resetting
operation in accordance with the reset pulse dxst is
inverted.
In the above-described embodiment, the logic circuit
has been described by using the timing generation ci;cuit as
- an example. Theé present invention is not limited to the
- application to the timing generation circuit, and can be
applied to loglc circuits in general for generating a
‘ plurality‘of nulse signals whose frequencies ére different
in synchronization with a single clock signal by using a
plurality of flipmflops which are cascade-connected.
A circuit configuration in which flipmflopssare
cascade-connected at two stages has been used as an example;
n_applicétions are similarly possible to a circuiﬁ
COnfiguration in which flip-filops are cascade-connected at
three or more stages s0 as to generate three or more pulse
Signals whose'frequencies are different. Also, in this caée,

.flip—flops at three or more stages may be divided into at

least two systems, and may be reset separately at mutually'




Furthernore, in a case where a clock having large variations in the anount
of delay is put in the flip-flop, when the reset pul se?tdoyepeet?908e a
pul se having a relatively small variation in the anount of delay with
respect to the input clock, the operation speed can be increased. The
timng generation circuit according to the above- described enbodi nent is
suitably used as, for exanple, a timng generator for generating various
timng signals which are required to drive the display section in
accordance with the master clock M3 which is input external to the
substrate, in a driving-circuit-integrated display device such that
peripheral driving circuits are integrally forned on the sane transparent
i nsul at§ NgrSEbst radg that of the display section having pixels arranged

thereon in a matrix. Application Exanple] Fig. 4 is a bl ock diagram
-showi ng an exaMNamird hen eobkkguintienaotlachi BRY g devige, for exanpl e,
a liquid- crystal display device, according to the present invention. In

- Fig. 4,vomaismhspangaid dmsidatdimdesulsticapat fiar thexamppeflapgl ass
substrate 31, a display section (pixel section) 32 having pixels arranged
-t her eonvhién athmtrdset ulfser ned mabee tgl des asphdseahevdtgi 8 opposedl y A

arranged with a predeterm ned spacing with another glass substrate, and a

24 Noverdlerti206y smalldl variation in the amount of delay with

respect to the input clock, the operation speed can be
increased.

- The timing generation circuit according to the above-
described embodiment is suitably used as, for example, a
timing generator for generating various timing signals which
are required to drive the display section in accordance with
the master clock MCK which is input external to the
substrate, in a driving-circuit-integrated display de#ice
such that peripheral driving circuits are integrally formed

. on the same transparent insulating substrate és that of the
display section having pixels arranged thereon.in a matrix.
{Appliéation_Example] | |
Fig. 4 is a block diagram showing an example of the
configuration of a display device, for example, a liguid-
crystal display device, according to the presenf invention.
~In Fig. 4, on a transparent insulating substrate, for
example, a glass substrate 31, a display section-(pixel
. section) 32 héving pixels arranged thereon in a matrix is

formed. The glass substrate 31 is opposedly arranged with a

predetermined spacing with another glass substrate, and a




di spl ay panel (LCD panel) is fornmed by sealing a liquid- crystal materi al
bet ween the two substrates. An exanpl e of the structure2dNoemberA08| at
the display section 32 is shown in Fig. 5. Each pixel 50 arranged in a
matrix is configured to have a TFT (Thin-Film Transistor) 51, which is a
pi xel transistor; a liquid- crystal cell 52 whose pixel electrode is
connected to the drain electrode of the TFT 51; and a hol di ng capacitor

53, one of electrodes of which is connected to the drain electrode of the
TFT 51. Here, the liquid-crystal cel #1652 neans a |iquid-crystal

capaci tance generated between the pixel electrode and the opposing

el ectrode forned so as to oppose the pixel electrode. In this pixe

struct uggsptie paheielgebrpdgedf iderdinled Vy iseL0ned edidicd gate line
(scanning [ine) 54, and the source electrode thereof is connected to a

data |i greycsaannbb@rhianepebbeed henOppasi fgpelecidpde of the liquid- crystal
cell 52 is connected to a VCOM|line 56 in such a nanner as to be comon

for each pi x®h.esdmgsle a0 ot® s tielthage oFCAMchVEMepotentthal ) i s supplied
to the opposing electrode of the liquid-crystal cell 52 commonly for each
pi xel vdaspheyCehttioe 38B.iThehathern éfiert rionde Hadie piteydmatal on t he
opposi ng el ectrode side) of the holding capacitor 53 is connected to a CS
| i ne 57armasged & nanmmetriasis ocdref cpmmgh forhawck AR (TIRn-Hddenber 2006
'Transistbr) 51, which is a pixel transistor; a liguid-
crystal cell 52 whose pixel electrode is connécted to the
drain electrode of the TFT 51; and a holding capacitor 53,
one of electrodes of which is connected to the drain
electrode of the TFT 51. Here, the liquid—-crystal cell 52
means a liguid-crystal capacitance generated between the
‘pixel electrode and the opposing electrode formed so as to
oppose the pixel_electrode.
In this pixel structure, the gate electrode of the TFT
51 is connected to a gate line ({scanning line) 54, and the
source electrode thereof is connected to a daté line
(scanning line) 55. The oppoéing electrode of the liguid-
crystal cell 52 is éonnecfed to a VCOM line 56 in such a
manner as to be common for each pizxel. Then, a common
voltage VCOM (VCOM potential) is supplied to thé opposing
electrode of the liquid—crystal cell 52 commonly for eadﬁ.
- pixel via the VCOM line 56. The other electrode‘(the
, terminal on the opposing electrode side) of‘the holding

- capacitor 53 is connected to a CS line 57 in such a manner

as to be common for each pixel.



- 17 Here, in a case where 1H (His a horizontal period) inverted driving
or 1IF (Fis a field period) inverted driving is to be p&MNoyemeer2008e
polarity of a display signal to be witten into each pixel is inverted
with the VCOM potential being used as a reference. Furthernore, in a case
where VCOM inverted driving in which the polarity of the VCOM potential is
inverted in a 1H period or a 1F period is wused together with 1H inverted
driving or 1F inverted driving, the polarity of the CS potential given to
the CS line 57 is also inverted in $ynchronization with the VCOM
potential. However, the liquid-crystal display device according to this
enbodi nent is not limted to VCOMinverted driving. Referring back to Fig.

4, on the sangrg) ass Subsdd alter3hms(H hat s0horieoditsp! ayrseayi on 32, for
exanple, an interface (IF) circuit 33, a timng generator (TG 34, and a

ref erengaveektagaridvingrod5iBr € i he ok poididethdi ddle defdrtafd the di spl ay
section 32; a horizontal driver 36 is incorporated in the upper portion of
t he di sgkdyisgctibone3Re perverméedal tids ipwera:SAy of rcatiparlatyeds itomatthe ri ght
of the display section 32; and a CS driver 38 and a VCOM driver 39 are
i ncor potat bd wnithen| bwer @och ipikef iheirdiesplead wigdt itdre VDM These
peripheral driving circuits are manufactured by using | owtenperature
pol ysi | Pebanbia bR ¢tont U PRGBS ¢ af fi-etrnArdar JF erisralor &si liinc &n ceSGet her
math thﬁhggée%COM inverted driving in which the polarity of the
VCOM p;tential is inverted in a 1H period or a 1F period is
used together with 1H inverted driving or 1F inverted |
driving, the polarity of the CS potential given to the cs
line 57 .is also inverted in synchrénization with the VCOM
‘potential. However, the quuid—crystal display device
 according to this embodiment is not limited to VCOM inverted
driving.
Referring back to Fig. 4, on the same glass substrate
31 as that of the display section 32, for example, an
interface (IF) circuit 33, a timing generator (TG) 34, and a
lreference voltaée driver 35 are incorporated to the left of
the display section 32; a horizontal driver 36 is
incorporated in the upper portion of the display'section 32;.
a vertica1 driver 37 is incorporated to the right of the
display section 32; and a CS driver 38 and a VCOM driver 39
.-are incorporated in the lower portion of the display section
32. These peripheral driving circuits are manufactured by

using low-temperature polysilicon or CG {continuous—-grain-—

“boundary crystal) silicon together with the pixel




24 Novenber 2006 - 18 transistors of the display section 32. I'n_the

l'i quid-crystal display device having the above- descri beéd NQYRMPELZE on, a
master clock MCK of a |ow voltage anplitude (for exanple, 3.3 V), a

hori zontal synchronization pulse Hsync, a vertical synchronization pul se
Vsync, and display data Data of parallel input of R (red), G (green), and
B (blue) are input via a flexible cable (substrate) 40 to the glass
substrate 31 fromoutside the substrate, and the display data Data is

| evel -shifted (|l evel -converted) to- &8htgh voltage anplitude (for exanple,
6.5 V) at the IF circuit 33. The level-shifted master clock MK,

hori zontal synchronization pul se Hsync, and vertical synchronization

pul se K%%gﬁ%ﬁ%§%§ypg£i?g té%ééﬁ%ifggé%légﬂggfuc" 34. Based on the naster

cl ock orizonta ni zation pul se Hsync, and the vertica

synchr oni zatjpn Ul S&Ms sthie d&isghggea%%rc@t AL v3AgIEAET abegevari ous

timng pulses required to drive the'r rence voltagé driver 35, the

hori zong@kc by c3fridieavidd ] G@Inadtec 1ok & ©F & e vol8agand the
VCOM driver 39. The level-shifted display data Data is supplied to a

- serial - 4apPae@dd ef £d:S/ RafPIW ersiPw)Ci fC Hdr 4dalalt RgnRexboniskagen The

serial-to-parallel conversion circuit 42 lowers the frequency of the
di spl ayptipéa atrec | aa Weryeglonvweridiiigization pulse Vsync, and

display data Data of parallel input of R (red), G (green),
and B {(blue) are ihput via a flexible cable {(substrate) 40
to the glass substrate 31 from outside the substrate, and
the display data Data is level-shifted - (level-converted) to
.a high voltage amplitude (for example, 6.5 V) at the IF
circuit 33.
The level-shifted master c¢lock MCK, horizontal
- synchronization pulse Hsync, and vertical synchronizafion
pulse Vsync are SUpplied to the timing generator 34. Based
“on the mgsfer clock MCK, the horizontal sYnchronization
.bulse Hsync,Aand_the vertical synchronization pﬁlse Vsync,
- the timing generator 34 generates various timing pulses
required to drive the reference voltagerdrivef-35, the
" horizontal driver 36, the wvertical driver 37, the CS driver
38, and the VCOM driver 39, |
The level-shifted display data Data is supplied to a |
'serial—toéparallel {S/P) conversion circuit 42'a£ the next
- stage. The sérial—fo—parallel conversion circuit 42 lowers
~the frequency of the display data Data to 1/2 by converting

the display data Data into two bits for each bit in




the display data Data into two bits for each bit in 24 Novenber 2006 19
synchroni zation with a dot clock DCK (to be described |4tbpyemRerz90fed from
the timng generator 34. The display data whose frequency is |owered at
the serial-to-parallel conversion circuit 42 is lowered to a | ow voltage
anplitude of 0 to 3.3V, and is supplied to the horizontal driver 36. The
hori zontal driver 36 is configured to have, for exanple, a horizontal

shift register 361, a data sanpling latch circuit 362, and a DA

(digital -to-anal og) conversion circlbt—-(DAC) 363. The horizontal shift

regi ster 361 starts a shift operation in response to ahorizontal start
pul se HST supplied fromthe timng generator 34, and generates a sanpling

ul se i St r i u i n ' {.zQnt al ihod in
Cynohr oy 2arroR RFRCd feeh, B asf ERadk ity (Y A o0t e
fromth L, r r : in te i i 62

sequent i‘e’g??ghega?}g%s@gﬁdt a%%%rget ea?tdol%gp %’3.;/ grak%eg %&I:gﬂiyﬁ?&%lagd fromthe

interfaggoghl eHbbuddcyi s a1 SREFEA -40-HAL ald 8l 2 1CoNY_ISIAN e1Cci reui t 43 during
one horizontal périod in synchronization wth the sanpling pul se generated

at the henvéeBiah &hiébitregisd elowrdbled Y % lBLERRN Wyl talpidataef or one
line is further transferred to a |line nenory (not shown) éhring a

hori zonbal obtanki agv pesnddi s Thep1 e 1w didalhddatorfen endvdrd B36.i s
converted into an anal og display signal at the DA

: The horizontal driver 36 is configured to have, for
example, a horizontal shift register 361, a data sampling
latch circuit 362, and a DA (digital-to—analog) conversion
circuit (DAC) 363. The horizontal shift register 361 starts

...a.shift operation in response to a horizontal start pulse
HST supplied from the timing generator 34, and generates a
sampling pulse which is transferred in sequence during one
horizontal period in synchronization_with a horizontel clock .
HCK which‘is.similarly supplied from the timing generator 34.

The data sampling latch circuit 362 sequentially.

samples and latches the dieplay data Data suppiied from the
interface circuit 33 via a serial-to-parallel conversion
circuit 43 during one horizontal periodlin synchronization
with the sampling pulse generated at the horizontal shift
register 361. This latched digital'data'for Qﬁe line is
further transferred to a line memory (not shown) during a
horizontal blanking period. Then, the digital.deta for one

~.line is convefted into an analog display signal at the DA
conversion circuit 363.

- The DA conversion'circuit 363 is configured as a



conversion circuit 363. The DA conversion circuit 363 is configured as a 24
Novenber 2006 - 20 reference-voltage-sel ection-type DA4NoHeEbeiZ¥6circuit
for selecting a reference voltage corresponding to digital data from
anong the reference voltages for the nunber of gradations provided fromthe
reference voltage driver 35 and for outputting the reference voltage as an
anal og display signal. The anal og display signals Sig for one line, which
are output fromthe DA conversion circuit 363, are output to data |ines
55-1 to 55-n which are wired in such28 manner as to correspond to the
nunber of horizontal pixels n of the display section 32. The vertical
driver 37 is fornmed of a vertical shift register and a gate buffer. At

this verbireRbndely6l tide-ddifecVfiditRbe SR ddn V& P ciHA S Shi Tt
operation in response "to a vertical start pulse VST supplied fromthe

timng sgeBetahQr a 3feréfchdeNRIBLLF oSS 32 Wil 1S addzansferred
i n sequence during one vertical period in ‘synchronization with a verti cal

~clock petsr MengWhehréSer&ida |l dagappiddHd aintiee i ng generator 34.
The generated scanning pul ses are output in sequence through the gate

buf f er gpagateohs nesowiddd tfrdd-the Wi fdraic: Wdlathden driwedr @5Samder as to
correspond to the nunber of vertical pixels mof the display section 32.

for outputting the reference voltage as an analog display

signal. The analog display signals Sig for one line; which

are oﬁtput from the DA conversion circuit 363, are output to

data lines 55-1 to 55-n which are wired in such a manner as

to correspond to the number of horizontal pixels n of the -

display section 32,

The vertical driver 37 is formed of a vertical shift
fegister and'a_gate buffer. At this wvertical driver 37, the
vertical. shift register starts a shift operation in fesponse_
tbla vertical start pulse VST supplied from the timing

' generator.34, and generates a scanning pulse which is
transferred in sequence during one vertical pefiod in
éynchronization with a vertical clock pulse VCK, which is
similarly supp;ied from the timing genefator 34. The
generated scanning pulses afe dutput in sequence through the
gate buffer to gate lines 54-1 to 54-m which aré wired in
such a manner as to correspond to the number of vertical
pixels m of the display section 32.

When the écanning pulses are output in sequence to the

gate lines 54-1 to 54-m as a result of vertical scanning by

the vertical driver 37, each pixel of the display section 32




When the scanning pul ses are output in sequence to the ate lines 54-1 to
54-mas a result of vertical scanning by the vertical %$N9€?“@#7m@§ch

pi xel of the display section 32 24 Novenber 2006 - 21 is selected in
sequence in units of rows (lines). Then, the analog display signals Sig
for one line, which are output fromthe DA conversion circuit 363, are
sinmultaneously witten into the selected pixels for one line via the data
lines 55-1 to 55-n. As a result of this witing operation in units of

| i nes being repeated, an image display for one screen is made. The CS
driver 38 generates the above-nmentioned CS potential, and provides it
comonly to. the pixels with respect to the other el ectrode of the hol ding

capaci t 1edtEathe Cbife 5% Afn i g 0B rdi e1ided)he ameld,t wde of the
di spl aygél g‘%a chs assugégi to benfoI}l exaorrplre 0 t013 3V, when VCOM

i nvertedndipyi @Qsl%/fafdgﬂﬁﬁglst G PNt ale, nAPRAT 2 rACdutpeitsi on bet ween
a low | evel of (‘ground level) and a high Tevel of 3.3 V. The VCOM

driver 39cHenes abgScdhve AODYE- dEFid ONeTh 3/CAMe paireiittiaaleouBly VCOM pot ent i al
output fromthe VCOM driver 39 is tenporarily output outside the glass

- substrafeidleri Bnt@ thexsdl ectoab|w 4l s AlderortdiisindCONlapdthentdedla which i s
out put - outside the substrate is passed through a VCOM adjustnent circuit
41, it isneéspii-BHgad S5m0 tAe glmsmlt of this writing operation

in units of lines being repeated, an image display for omne

screen 1is made. |

The CS driver 38 generates the above-mentioned CS
potential, and provides it commonly to.thg pixels with
respect to the other electrode of the holding capacitor 33
via the CS line 57 of Fig. 5. Here, if the amplitude of the
display signal is assumed to be, for exémple, 0 to 3.3 V,
when VCOM inverted driving is adopted, the CS potential

" repeats AC inversion between a low level of 0 V (ground
level) and a high level of 3.3 V.

The VCOM d;iver 39 generates the above—meﬁtioned VCOM
potential. The VCOM potential output from the VCOM driver
39 is temporarily output outside the glasé substrate 31 via
a flexible cable 40. After this VCOM potential which is
output outside the substrate is passed through a VCOM
Iadjustment circuit 41, it is input again into the glass
:substrate 31 via the flexible cable 40, and is éupplied
commonly to the pixels with respect to the opposing

- electrode of the liguid-crystal cell 52 wvia the VCOM line 56

~of Fig. 5.




substrate 31 via the flexible cable 40, and is supplied .comonly to the

pi xel s with respect to the opposing electrode of the |idfuNeyeaybgsea6 cel |
52 via the VCOMIline 56 of Fig. 5. 24 Novenber 2006 - 22 Here, as the
VCOM potential, an AC voltage having nearly the sanme anplitude as that of
the CS potential is wused. However, in practice, in Fig. 5 when a signal
is witten into the pixel electrode of the liquid-crystal cell 52 through
the TFT 51 fromthe data line 54, a voltage drop occurs at the TFT 51 due
to parasitic capacitance, etc. For- 24i-s reason, as the VCOM potential, an
AC voltage which is DC-shifted by an anobunt corresponding to that voltage
drop needs to be used. This DC shift of the VCOM potential is burdened by

the VOOM adi3tvenl, cheCybbutlorthes YOMAdhUsLoRabaE! hgbldq 41 TS for med of

nme
a capacitor whi'ch “1'np potenfial; a variable resistor VR which

s Com}?&éffyy g%_vves%@net heAutdide ed @fhtt b ¢aRaeist potenandl aa exter nal
suppl ., and

power - a resistor Rwhich is connected between the output

end of &J@d.camewr,cﬁngaﬁctgfdy,nqﬂ Fheg . VEOWadjuat Beghati fsuit 41
adjusts the DC | evel of the VCOM potential supplied to the opposing

el ectr qge ofen tihe-d el Grisistcale a@lddeb3 s that liignidppliyesaanc&Xlof fset to
the VCOM potential. In the liquid-crystal display device having the above-
52 through the TFT 51 from the data line 54, a voltage drop
occurs at the TFT 51 due to parasitic capacitance, etc. For
this reason, as the VCOM potential, an AC voltage whiéh is
DC-shifted by an amount corresponding to that voitage drop
needs to be used. This DC shift of the VCOM potential is
_burdened by the VCOM adjustment circuit 41.
The VCOM adjustment circuit 41 is formed of a capacitor
C which inputs VCOM potential; a variable resistor VR which
is connected between the output end of the capacitor C and
an external power-supply VCC; and a resistor R which is
'éonnected between the oufput end of the capacitor C and a
ground. The.VCOM adjustment circuit 41 a&justs‘the DC level
of the VCOM potential.supplied to the opposing electrode of
-the'liquiducrystal cell 52,'thét is, applies an DC offset to
the VCOM potential.
in the liquid—crystal display device having the above-

described.configuration, on the same panel (the glass
substrate-31) as that of the display section 32,-in addition
to fhe horizonﬁal driver 36 and the vertical drivexr 37,
peripheral driving circuits, such as the interface circuit

33, the timing generator 34, the reference voltage driver 35,




descri bed configuration, on the sane panel (the glass substrate 31) as
that of the display section 32, in addition to the hor#4bavembeniopgr 36
and the vertical driver 37, peripheral driving circuits, such as the
interface circuit 33, the timng generator 34, the reference voltage
driver 35, 24 Novenber 2006 23 the CS driver 38, and the VCOM driver 39,
are integrally nounted, thereby formng a total-driving-circuit-integrated
di spl ay panel. Thus, since other substrates, ICs, transistor circuits need
not to be provided outside, the emti?3 systemcan be reduced in size, and
the cost thereof can be reduced. In this driving-circuit-integrated

| iquid-crystal display device, as a timng generator 34 for generating

various thiemcBgagh ¢B2l 381 Ohndr tMENgchReqdi $8) ayo segtd OthBdyrathe tim ng
generation circuit according to the above- described enbodi nent is used. In

the tinmogngener ahke8byCEbeMl hgSAOWOLhN-&i Svidg-dhech ey ntdiddrLdrcuits 11
and 14 correspond to the interface circuit .33, and the TFFs 12 and 13,

t he pul sespeaerphhed.ci Thusl dbncandchbe bubhierstd$, argk, 17 correspond to
the timng generator 34. Then, the master clock |snctk which is
| evel - shirbhedsabr thechevel nshifhoti teubé ddovisdesdippitisidid 0 #heci rcuit which
operates by using the nmaster clock |Isntk as a reference, nore
‘speci fi eakriye shetemtaasanpl reduted chn céizeij tarBb2rhef cost thereof
| can be reduced.

In this driving-circuit-integrated ligquid-crystal
display device, as a timing generator 34 for generating
various timing signals for driving the display section 32,

_the timing generation circult according to the above-
described embodiment is used. In the timing generation
circuit shown in Fig. 1, the level-shift circuits 11 and 14

..cbrrespond to the interface circuit 33, and the TFFS‘12 and
13, the pulse géneration circuit 15, and the buffers 16 and
17 correspond to the timing generator 34.

Then, the master clock lsmck which is levél—shifted_at
the level—shiff’circuit 11 is supplied to a circuit which
.operates by using the master clock lsmck as a reference, -
more specifically, the data sampling latch circuit 362 of
the horizontal driver 36. Furthermore, thé dot clock DCK
generated at the TFF 12 is supplied to a circuit which
operates by using the dot clock DCK as a feferenbe, more
épecifically,fthe serial-to—-parallel conversion circuit 42.:

The horizontal clock HCK generated at the TFF 13 is supplied

to a circuit which operates by using the horizontal clock




the horizontal driver 36. Furthernore, the dot clock DCK generated at the
TFF 12 is supplied to a circuit which operates by usi ng4fNexember 2006ck DCK
as a reference, nore specifically, the serial-to-parallel conversion
circuit 42. The horizontal clock HCK generated at the TFF 13 is supplied
to a circuit which operates by using the horizontal clock 24 Novenber 2006
- 24 HCK as a reference, nore specifically, the horizontal shift register
361 of the horizontal driver 36. In the nmanner described above, by using
the timng generation circuit accor@dng to the above-described enbodi nent
as the timng generator 34, in the timng generation circuit, even when
each circuit is fornmed on an insulating substrate by using transistors

having 4@ 0fs £ FIBNLe Al AL Isd D 4y AR HaYhRE 1 ashoeh process

rul e, rge operation nargin can be ensured. As a result, it is possible
Lo manufagt s e adi Qo dafd Al i8Rl ki vdavisge having a | arge operati on

mar gi n, ichis formed in such a manner that peripheral driving circuits

~are forned an, thd MARSRY GRkcribebakbBgesubst GaiRgi Bhegtahiygwi th the gl ass
substrate 31 by using TFTs. In this application exanple, a case of

appl i cajdisaton ad b d-dassid@ingitspltae deviveedeseltidedag | i qui d-crystal
cells as liquid-crystal elenents has been described as an exanple. Wile
not beidipddimdret 40 #Hd Liafplg eatneamtor 34, in the timing
generation circuit, even when each circuit is formed on an
insulating substrate by using transistors having large
element characteristic variations and having a rough process
rule, a large operation margin can be ensured. As a result,
it .is possible to manufacture a liguid~-crystal display
device having a large operation margin, which is formed in
such a ﬁanner that peripheral driving circuits are formed on
| a transparent insulating substrate integrally with the glass
substrate 31 by using TFTs.
In this application eﬁample, a case of applications to
a liquid—crystal display device including liquid—crystal,
cells as liquid—crystél elements has been_described as an
- example. While not'ﬁeing limited to this application
example, applications are possible to display devices in
general having mounted a level-shift circuit on the same
substrate as that of the display section, such as an EL
dispiay device includihg EL (Electroluminescent)relements as
display elemehts.
The display device typified by the liguid-crystal

display device according to the above-described application



exanpl e, appllcatlons are possible to display devices in general having
nmounted a |l evel-shift circuit on the sane substrate a324tlﬂ%\{en5$er?ﬂ@6 di spl ay
section, such as an EL display device including EL (El ectrol um nescent)
elements as display elenents. The display device typified by the

| i quid-crystal display device according to the above-described application
24 Novenber 2006 25 exanple is suitably used as a screen display section
of a small and |ightweight portable termnal typified by a cellular phone
and a PDA (Personal Digital . Assistan2j.-Fig. 6 is an exterior view show ng
the overview of the configuration of a portable termnal, for exanple, a
PDA, according to the present invention. The PDA according to this exanple

has a falding GOUIQUIAN QLdd AN o fah, BATRLS. Bckidn63¢i g provided so

as to be openable an e wWith respec mai n unit 1 of the

devi ce. o i0n § N R GHHLIAHh OfpdienT Lelifihnal b cile dgvice, an operation

section 63 on which vari ous keys of keyboard~are arranged is placed. On

the ot hes1 hangd dHend hed 14 B @sE8en @Il%ﬁlta}i 28ch lscaan@fl is arranged. As

this screen display section 64, a liquid-crystal display devi ce in which
- the timng geper gt kgnagi bl 13¢COLENGhbRinghenhabsverdeserdbeghenbodi ment

is mounted as a timng generator on the sane substrate as that of the
di spl ajponfiguration of a portable terminal, for example, a PDA,
according to the present invention.

The PDA according to this example has a folding
configuration in which, for example, a 1lid 62 is provided so
as to be openable and closable with respect to the main unit
.61 of the device. On the top surface of the main unit 61 of
the devicé, an operation section 63 on which various keys of
a keyboard are arranged is placed. On the other hand, in
the 1id 62, a screen displéy sectidn 64 is arranged. As
this screen display sectibn 64, a liquiducrystal display

device inlwhich the timing generation circuit according to
the above—described embodiment is mounted as a'timing
generator on the same substrate as thaf of the.display
section is used.  |

.By using the timing generation circuit according to the

above-described embodiment as a fiming generator of the

: iiquid—drystal display device, a driving-circuit-integrated
liquid-crystal display device having a large opéiation

: mérgin can be‘formed. As a result, by incorporating the

- liquid-crystal display device as the screen display section

64, the configuration of the entire PDA can be simplified,




section is used. By using the timng generation circuit _according to the
above- descri bed enbodi ment as a timng generator of the24 NP¥gIMRRr&081 al

di splay device, a driving-circuit-integrated 1liquid-crystal display device
having a | arge operation margin can be fornmed. As a result, by
incorporating the Iliquid-crystal display device as the screen display

section 64, the configuration of the entire PDA can be sinplified, 24
Novenber 2006 26 nmking it possible to contribute to a reduction in size
and a reduction in cost. Here, alth8@gh a description has been given by
using a case in which the present invention is applied to a PDA as an
exanpl e, the present invention is not limted to this application exanple.

The i qui.d=GLYy i y.deyi : ri : s ANV@Rt i on s
Ui tabl o B o B e e Aot o tor i nal s

in gengrabg,sy¢hnasncelkkyl ar phones. Industrial Applicability As has thus
been described, according to the present invention, in the timng

generation ci&dli ta Wbedh is ddmbtinamdNPHeal igigrenubst Gatiagaad whi ch
has a plurality of flip-flops, for generating a plurality of timng

si gnal scawhos fregHeBkesrasenti fdeaenion nisyaeadirioni 2al iz0PDA s a ¢l ock
signal which is input external to the substrate, the
an example, the present invention is not limited to this
application example. The liguid-crystal display device
.according to the present invention is suitably used for, in

particular, small and lightweight portable terminals in

general, such as cellular phones,.

Industrial Applicability
As has thus been described, according to the.present
invention, in the timing generation circuit, which ié formed
on an insulating substrate and which has a plurality of
' flipmflopé, for generating a plurality of timing signals
whose frequencigs are different in synchronizaﬁion with a
-clock éignal_which is.input external to the substrate, the
plurality of flip-flops are divided into at least two
- systems and are reset separately at different timings. Thus,
é resetting operation can be performed differently between a
fiinflop which needs to be reset at an earlier timing and a
flip—flop which needs to be reset at a timing which is
delayed from the above. As a result, since the optimum
‘reset timing can be set with.respect to the respective flip-

flops, a large operation margin can be ensured even when




plurality of flip-flops are divided into at |east two systens and are reset
separately at different timings. Thus, a resetting operR4tNayEMEENH2(IS
performed differently between a fIip-rop whi ch needs to be reset at an
earlier timng and a flip-flop which needs to be reset at a tim ng which
is delayed fromthe above. As a result, since the optimum reset timng can
be set with respect to the respective flip- flops, a |large operation margin
can be ensured even when 24 Novenber 2006 27 each circuit is formed by
using transistors having |l arge el en@it -characteristic variations and
havi ng a rough process rule. 24 Novenber 2006 - 28 CLAIMS 1. A display
device conprising: a display section having pixels arranged in a matrix on

t | _ e ity
mount o0 B S a8 tidnepar SRt REurrdo e ipeL ke %%é{fﬁ%t‘l"a’ki sai d
d'Sp'aYeiéﬁEh@”chEQ&ctE%EEE%E'OQrfaPi&ﬁé'éﬁd %&viﬁ 1 §§P§h§¥%ﬂ£§e

frequencies are ferent, which are require spl ay
~sectionguhB. synchronlzatlon with a master clock which is input external to
- the substrate, wherein said timng generation circuit conprises:




a plurality of flip-flops for generating said plurality of timng signals
in a corresponding manner; and a reset circuit for sepé?%@%*%“?%éﬁ?@ing
said plurality of flip-flops, which are divided into at |east two systens,
-at different timngs; wherein said timng generation circuit is forned on
said transparent insulating substrate by using | owtenperature
polysilicon or continuous-grain-boundary crystal silicon together with the
pi xel s of said display section. 2. Azportable term nal having incorporated
therein a display device as a screen display section, said display device
24 Novenber 2006 - 29 conprising: a display section having pixels
arranged in a matrix on a tranqugﬁgﬁgk?sulating substrate; and a timng
generation circuit, nmounted on sai sparent insulating substrate
‘together with said display section, for generating a plurality of timng
si gnal st-whode difpdgiereyese spanrdiifsfiegent, which are required to drive said
di splay section, in synchronization with a nmaster clock which is input

ext ernal to & kb splbyt saceionhbreingspigels nangageneriat i OmLiriclidn a
conprises: a plurality of flip-flops for generating said plurality of

ti m ng tagizalaseinm an@@m@ﬁrpfruijmmebhdand . areset circuit for

separately resetting said plurality

a timing generation circuit, mounted on said transparent
insulating substrate together with said display section, for
generating a plurality of timing signals whose frequencies are
different, which are required to drive said display section, in
synchronization with a master clock which is input external to
the sﬁbstrate,

wherein said timing generation circuit cémprises:

a plurality of flip-flops for generating said plu?ality of
timing signals in a corresponding manner; and

a reset circuit for separately resetting said pluraiity of
'flip~flops; which are divided into at leést two systems,
ét_different timings;
| wherein séid timing generation circuit is formed on said
transparént insulating substrate by using | iow~temperature
polysilicon or continuous—-grain-boundary crystal silicon
together with the pixels of said display section. |
2. A portablé‘terminal having incorporated therein a display

~device as a screen display section, said display device



of flip-flops, which are divided into at |east two systens, at different
timngs; wherein said timing generation circuit is formétNoKerahgr006
transparent insulating substrate by using |lowtenperature polysilicon or
conti nuous-grai n-boundary crystal silicon together with the pixels of said
di spl ay section. ABSTRACT Wen a buffer is forned by using transistors
having |arge elenent characteristic variations, the deviation of the
timng between the input clock pulsezand the reset pulse is likely to
occur. Wien the deviation of the timng becones larger, a malfunction is
caused to occur, and an operation margin becones snmaller with respect to

the varigllins,Qf the el ement characteristics. In atimng generation
circuit, r%#lch%lgg formed on an insulating substrate and which has two TFFs

(12, 13), foar C%Len rati ng a dgt cl ock, and a horizontal clock HCK whose
frequenci es % arerdidt F&htn §§/’ﬁ8ﬂr8ﬁ¥‘iﬁ?i6ﬁr%q at e t BF 0 ek MEK
which is input external to the substrate, separate reset pulses drst and
hrst ar'eFYERFENEd 1asuhaplingd eSyetieraftaiomndeircuit 15 with respect to the
two TFFs (12, 13), and a resetting operation is perfornmed at separate
timngs. Thus timangaggeevperet ioravtgi mooaheiecensaided even when each
~circuit is formed- by using TFTs having |arge el enent characteristic
vari at itoresgrdeatr obghultaeess subberate together with said display
section, for generating a plurality of timing signals whose
frequencies are different, which are required to drive said
display Section, in synchronization with a master clock which
is input external to the substrate,
wherein said timing generation circuit comprises:
a plurality of flip-flops for generating said plurality of
timing signals in a corresponding manner; and
a reset circuit for separately resetting said plurality
of flipuflops, which are divided into at least two systems, at
different timings;
wherein said timing generation circuit is formed on said
transparent inéulating substrate by using low-temperature

polysilicon or continuocus-grain-boundary cryStal silicon

together with the pixels of said display section.
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ABSTRACT

When a buffer is formed by using transistors having
large element characteristic variations, the deviation of
the timing between the input clock pulse and the reset pulse
is likely to occur. Wheﬁ the deviation of the timing
becomes largexr, a malfunction is caused to occur, and an
operation margin becomes smaller wifh respect to the
variations of the element characteristics. 1In a timing
. generation circuit, which is formed cn an inéulating
substrate and which has two TFFs (12, 13), for generating a
dot clock DCK and a horizontal clock HCK whose frequencies
are different in synchronization with a master clock.MCK
which is input external to the substrate, separate reset
- pulses drét and hrst are generated at a pulse generation
circuit 15 with_respect to the two TFFs (12, 13), and a
resetting operation ié performed at separate timings. Thus,
a large operation mérgin can be'ensured.even when each

circuit is formed by using TFTs having large element

characteristic variations and a rough process rule.



