, €3ei dde| g.g.i6diTikr@ LOGC CIRCUT, TIMNG GENERATION CIRCUI T, DI SPLAY
DEVICE 5 AND PORTABLE TERM NAL Techni cal Field The present invention
.f'elates to a logic circuit, a tining generation circuit, a di spl ay devi ce,
and a portable 10 termnal. Mre particularly, the present invention
relates to a logic circuit which is fornmed on an insulatlng substrate by

using transistors having large characteristic variations, ,WWMH@,H
generation circuit using the logic circuit, a display deV'Ce 'm”wmw
timng generation 15 circuit as one Oﬁ.per'pheral i sol B Gout *«”m*

portabl e term nal having incorporated therein the display deV|ce as -

screen di splay section. Background Art 20 A conventional exa " w m
timng generation circuit, which is one type of logic CIrCUIPﬂ,me m mmmu
Fig. 7. The timng generatlon ci MEACGRIFEIONDi ng to this conventlom

exanple is configured to have a level-shift circuit 101, and two |p flops
whi ch are cascade-connected in sequence to 25 the output thereof, that i's,
T-type fli'p-flops (hereinafter - 2 referred to as "TFFs") 102 and 103 in

this exanple. The level-shift circuit 101 level-shifts (level-converts) a
LOGIC CIRCUIT, TIMING GENERATION CIRCUIT, DISPLAY DEVICE,

5 AND PORTABLE TERMINAL

Technical Field
The present invention relates to a logic circuit, a
timing generation circuit, a display device, and a portable
10 terminal. More particularly, thé present 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
~circuit, a display device using the timing generation
15 bircuit as one of peripheral driving circuits, and a
portable terminal having incorporated therein the display

device as a screen display section.

Background Art

20 A conventional example of a timing generation circuit,
which is one type of logic circuit, is shown in Fig. 7. The
timing generation circuit according to this conventional
example ié configured to have a level-shift circuit 101, and
two flip-flops which are cascade-connected in sequence to

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



master clock MCK of a | ow voltage anplitude, which is input externally,
into a master clock Isnctk of a high voltage 5 anplitude. This master cl ock
‘I'snck is supplied via a buffer 104 to a circuit which operates by using the
master clock |snck as a reference. The TFF 102 generates a dot clock DCK by
frequencydi viding the master clock |Isnck. This dot clock DCK is 10 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
frequencydi viding the dot clock DCK._ This horizontal clock HCK is supplied
to a circuit which operates by using the horizontal 15 clock HCK as a
reference. The TFFs 102 and 103 are reset in accordance wth a reset pul se
which is given externally, for exanple, at a 1H (His a horizontal period)
period. Feferred ringad ot TEFahbnd @2 iard thed rioseth pul eeanpl ¢ he THEs 102 and
103 has a 20 wiring capacity, a transistor input capacity, and a cross
capaci t yl&Wehr el ot mievcwi £ hgl Fevelhskifeasthevel cemveurst ion is adopt ed
in mhlch t he dr|V|ng ca ab|I|t for a load capacity is increased by using a
buf f er d‘%‘gb‘?jﬁ%y SHoURht 2 gL dﬁmﬂﬁl%%% letamcmpte‘@ 25 I'n
the ti m%?? %Hperatlon circuit having the above - ment i oned

confi gur Fomat iy a TR Bt eteachl*FF ctitchart @sh¥QhrﬁRﬁ¥®g%S|ng

tran istors hav ng I ﬂ% characte£|st|c v rlatlons f he devi ati on_of

timngs PR SachB D U12 ST SRS LRS ol FROK HoS THAO LR afep 10 PBHEE he
t li kel Wen_the deyi at ft b
| ar ger p*p%b*f 2 et S R A e saT TRt o RS Bt e T at o

mar gi n begones, snal | respect to elenment characteristic variations.
Here, the ci Fcur t op%’ﬁeét[\%%% of the timng generation 10 circuit having the

above- ment | ongd G Gy Yok Mdd PEALIAIR DN Wy eleranss (o the

timng charts 1 n Figs. During the normal “operation,” as shown in

Fi g. 8Ad1t\h?dﬂ}Fd:5tl4@%né‘£@eﬂo§léépeﬁémélbe OBRI AdON Ll odihGidy site being 15

inverted in synchronization with the rise of the Input clock pul se, thereby

genepat il QUtPLE HUbSEr MNOBES PES | D0od Sl M Gen Béh | S Bsed N of the
i nput clock pulse. Furthernore, when a |l ow | evel reset pulse is given, the

out put pidisey beoonkst aclovk | okl afisa areBstic®f bmidgrresedzat. the timng
20 of the fall thereof, and the output pulse shifts to a high |evel at the
rise ti menpwatadien fhosizompal clock HIK Sey aftethéhef reepednged se shifts to
~a high level. Thereafter, the TFFs 102 and 103 continue to generate the
out put ;ﬁﬂl\yeilmg s’f)hﬁ:r#@ihlczb@ftbrﬂfsmt h Tihies impot zanock pldce HiKkeris he 25

period in which the next reset pulse is given.
supplied to a circuit which operates by using the horizontal

15 clock HCK as a reference.
The TFFs 102 and 103 are reset in accordance with a

reset pulse which is given externally, for example, at a 1lH
(H is a horizontal period) period. Here, wiring for
transmitting the reset pulse to the TFFs 102 and 103 has a

20 wiring capacity, a transistor input capacity, and a cross
capacity with the other wiring. For this reason, a
configuration is adopted in which the driving capability for
a load capacity is increased by using a buffer 106 having a
capability enough to drive such load capacities.

25 In the timing generation circuit having the above-



-4 On the other hand, during nmalfunction such as the relative timng

rel ati onship between the input clock pulse and the reset pul se being

-devi ated due to el enent characteristic variations, for exanple, as shown in
Fig. 8B, 5 when the reset pul se which occurs in a period in which the input
clock pulse is at a low |l evel 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 timng of the next input
cl ock 10 pul se. Consequently, a nal f_ugct_i on of the polarity of the output
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 from
the difference in the anount of delay between the 15 circuits which

gener at eerHdsmepulses, idthattiic,, tine d evesle sthdrte egiatcwitrclGt agrdtt he TFFs
102 and 103, and the buffer 107. In a case where these circuits are forned
by usi ngsTHiornEd RyTremigis g sCRRY)s hading [larngs ahanaategi@tdst eristic
vari ations and having a rough process rule 20 (for exanple, 3.5 Vinm, the
anmount R déltdpnss |f31€gé1,evwm‘-,1qm Qartimdpcs Patweed ffatedd®uts likely to
occur. The present invention has been made in view of the above-described

probl em€logk #jled U e PTrissdit? iaffedti @i e FredRtd@ e 3%disc circuit

capabl e .of ensuring 25 a |l .arge eration margin even when it is forned by
Using  LikeTV it e AATG N ER SR IAON iR R Snd havi ng. a

rough process rule, .a timng generation circuit using the logic,circuit, a
i spl ay JFACTe FETR] T 41 MG e et SRR OO G St ek iPier al
driving Ci rcuciit S m%nrgqian %eportabl & L8 m nal..havin Cii_‘nc_t%r[%3 rate therein the

. opera Q comes ma r with . re mentc .
di spl ay devicce as 'y sSplay Ot pust secti on. SCIFoSUT e of  1HVenti on The

logi ¢ cigcuit.+f e Presentddiwention includes a 10 plurality of
flip-flops, Formed on an i nsul ati'ng substrate, for generating a plurality

of pulse sigpalg Whgge fireguenehes2iendbl @hentkimiRgSY¥RARLARIZRLI on with a
clock signal which is input external to the substrate; "and a reset circuit,

forped Qi ARA tSaER iSiP At Afe -ttt i ndd e obix iRfudal didry waf1 if ldep-f 1 ops, for
separately resetting the plurality of flip-flops, which are divided into at
| east t\essySiRses wiath didfereanie tionugs.tiMirexadecofid Wisyd 0@ circuit
includes a timng generation circuit for generating a plurality of timng
si gnal s adtb® .f r equenci es are
During the normal operation, as shown in Fig. 8A, the
TFFs 102 and 103 repeat the operation of their state being
15 inverted in synchronization with the rise of the input clock
pulse, thereby generating an output pulse whose period is
twice as long as that of the input clock pulse. Furthermore,
when a low-level reset pulse is given, the output pulse
becomes a low level as a result of being reset at. the timing
20 of the fall thereof, and the output pulse shifts to a high
level at the rise timing of the first input clock pulse
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

25 period in which the next reset pulse is given.



20 different, in synchronization with a master clock which is input
external to the substrate. This timng generation circuit is used as an
‘applicable timng generation circuit in a display device in which the
timng generation circuit for generating a plurality of timng signals
whose 25 frequencies are different, which are required to drive the - 6
di splay section is nounted on the sane transparent insulating substrate as
that of the display section. The display device using the timng generation
circuit is incorporated as a screen_display section thereof in a 5 portable
termnal typified by a PDA (Personal Digital Assistant) and a cellular
phone. In the logic circuit having the above-nentioned configuration, the
timng generation circuit using the logic circuit, the display device using
the timng gemetla¢i obhdd kbandui duasng@neabfupetiqhesath dad vty circuits, or
the portable term nal having incorporated therein the display device as a
screen dedptayestimiog, reilatéoasbopnf bguweenonheninpitchcibip- plibps, whi ch
are divided into at least two systens, are reset at different timngs, is
adopt edand ther sseeti nylepebainondeunabedpdrkotnedldnehtrent |y between a
fIip-rog which needs to be reset at an earlier tinming and a flip-flop
whi ch neBasacEepesiteSevVagiazionfi- noRheEpmpsedepgyetiovnoimt Fégab8Be. As a
result, since the optimumreset timng can be set with respect to the
respect FO82f PG 26Sfltopylss FRiGE 8FEPAFI éR AaPEFrhCEaknbBRéRBuEBE even when
each circui i? fﬁrneg by ,using t ans'stohs haying | arge variations in
el emrent *BRYFabt 8Fi*sPPc§€and ﬁ&v?ngoﬂ GYGH ProeBYsthEl Borsalp, | ef
Descri ption_of the_Draw.ngs Fig. 1 is a circuit.diagra Bomﬁng an
exanp!eOBFr?ﬁéogoﬁﬁpggpggrpﬁA6foﬁgPFﬁiﬁ@ GeﬁgféPPoﬁncWEéﬁﬂl% Ecording to an
enbOd'n?ﬂﬁu%fcﬁggkpﬁﬁiggti%nX%ngl Egh level, the reset operation is
continued also after the rise timing of the next input clock
10 pulse. Consequently, a'malfunction of the poclarity of the
output pulse after the reset occurs.
The deviation of tﬁe relative timing relationship
between the input clock pulée and the reset pulse occurs
from the difference in the amount of delay between the
15 circuits which generate these pulses, that is, the level-
shift circuit 101 and the TFFs 102 and 103, and the buffer
107. In a case where these circuits are formed by using
Thin-Film Transistors (TFTs) having large element
characteristic variations and having a rough process rule
20 (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

25 a large operation margin even when it is formed by using



Fig. 2is atimng chart illustrating the circuit 5 operation of the timng
generation circuit according to this enbodinent. Fig. 3 is a timng chart
'showi ng in an enlarged manner the main portion of Fig. 2. Fig. 4 is a block
di agram showi ng an exanple of the 10 configuration of a |iquid-crystal
di spl ay device according to the present invention. Fig. 5is a circuit
di agram showi ng an exanple of the structure of a pixel. Fig. 6 is an
exterior view showi ng the overview of the 15 configuration of a PDA
according to the present invention._ RKig. 7 is a circuit diagramshow ng an
exanpl e of the configuration of a ti&%ng generation circuit according to a
conventional exanple. Figs. 8A and 8B are timng charts illustrating the 20
circuit operation of a timng generation circuit according to a
convent toankiekanpl bavBegt vabiations Canr ghinp Ceer i siel ¢hvanrd i lvav BErbodi nent s
of the present invention will now be 25 described belowin detail with
r ef er engerooghhprdeagdénggle, a timing generation circuit using the

logic circuit, a display device using the timing generation

circuit as one of peripheral driving circuits, and a

5 portable terminal having incorporated therein the display

device as a display output section.

Disclosure of Invention
The logic circuit of the present invention includes a

10 plurality of flip-flops, formed on an insulating substrate,
for generating a plurality of pulse signals whose
frequencies are different, in synchrohization with a clock
signal which is input external.to the substrate; and a reset
circuit, formed on the same substrate as that of the

15 plurality of flip-flops, for separately resetting the
plurality of flip-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 timing signals whose frequencies are

20 differeént, in synchronization with a master clock which is
input external to the substrate. This timing generation
circuit is used as an applicable timing generation circuit
in a display device in which the timing generation circuit
for generating a plurality of timing signals whose

25 frequencies are different, which are required to drive the



g _ Fig. 1 is a block diagram show ng an exanple of the configuration of
alogic circuit, for exanple, a timng generation circuit, according to an
-embodi rent of the present invention. As is clear fromFig. 1, the timng 5
generation circuit according to this enbodi nent includes, for exanple, a

| evel -shift circuit 11, two flip-flops (here, TFFs) 12 and 13, a

| evel -shift circuit 14, and a pul se generation circuit 15. It is
presupposed that the timng generation circuit is forned on an insulating
substrate such 10 as a gl ass substrate by using transistors, for exanple,
TFTs, having | arge el enent characteri &ic variations and havi ng a rough
process rule. The level-shift circuit 11 level-shifts (level converts) a
master clock MK of a | ow voltage anplitude (for 15 exanple, 0 to 3.3 V),
whi ch i sdisyldy exéetiad | s madroted astiette dawk 4samdpafergt hi gh vol t age
anplitude (for exanple, Oto 6.5 V). The master clock Isnck is supplied to
t he TFF i2sabeat irdnes s oma gernes athon «f riche tdildpl ayndse st suppl Bk via a
buffer 16 to a circuit which operates by using the nmaster 20 clock |Isntk as
a ref er ethcsplahedFse 12s oyl 118 ar bnivas ceetes woninet tedr¢ui seigrience to the
out put of the level-shift circuit 11. The TFF 12 generates a dot clock DCK
by frequehegreb¥aeehps e meeeenr diswley syektiorhi shekroftlotke DCK i s
supplied via a buffer 17 25 to a circuit_ which operates by using the dot

cl ocR Darcakakle ferniiek chvelf gl hye PPAetReriesah Negit®dht al cl ock HCK
by further frequency-dividing the dot clock DCK. This horizontal clock HCK
is suppl?eHitrntlidndid SRt LM FpPRA®: by using the horizontal cl ock HCK

as a reference. re,, in.order that the tim ng of the externally input

si gnal has agﬂbdgﬁ% 4G Sedemit & Faving QW?:EQﬁ§BWW%ﬁ¢H9ﬂ?q nput tinming is
not determ pned as_one tgﬁe, but it is nage to have latitude, the resetting
oper at | SO SF e TEREE 19Nt SPY SRR T iyt TR ot S Do %4rd t he
hori zont ock f i, the period of the external

ho 200t al o apkc 4 NI 5 PEL T PLITR ik e ot 06 o ext
Synglr o ZALLLD 24 00AL JEYNGsphdialy | grs S dfk e Diordzogtal period. - The
present invention features a specific configuration of a reset circuit for

resetti ngotfgpild dEReid ity o S A ath OFe W | {nday 51 Lescri bed

bel ow.
device as a screen display section, since a configuration in

which flip-flops, which are divided into at least two
systems, are reset at different timings, is adopted, a

15 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 respective flip-

20 flops, a large operation margin can be ensured even when
each circuit is formed by using transistors having large
variations in element characteristics and having a rough

process rule.

25 Brief Description of the Drawings



The | evel -shift circuit 14 level-shifts a horizontal synchronization signa
Hsync of a |l ow voltage anplitude (for exanple, 0 to 3.3 V), which is input
-externally, into a high 20 voltage anplitude (for exanple, 0 to 6.5 V), and
supplies it to the pul se generation circuit 15. The pul se generation
circuit 15 detects the edge portion of the horizontal synchronization
signal Hsync after the |evel-shift, generates a horizontal synchronization
pul se hd in the edge 25 portion in accordance with the nmaster clock |sntk,
and - 10 further generates a plugagigy of reset pulses, that is, two
reset pulses drst and hrst correspondi'ng to the two TFFs 12 and 13 in this
exanpl e. The reset pulse drst is used to reset the TFF 12. The reset pul se
hrst is used to reset the 5 TFF 13. Fig. 2 shows timng relationshi ps anong
the master cFagk MCKsamdctimeuhar diegtain shnwhngnamatkempiegnél theync, which
are input externally, and the master clock |snctk, the reset pulse drst, the
dot cl oclenBaKiunaid omooifz enttdmirng gememaghionatdiceuid] sededdinige toesat pul se
hrst, the horizontal clock HCK, which are generated within this tinng
gener at iegwosiimenitt ofaghes pylesen Y awviemtdomi.-mi ng chart of Fig. 2, the reset
pul se drst, the horizontal synchronization pulse hd, and the reset pulse
hrst, which BE8-généfafelimingi chrptt hlsusthpthgngehBratisauétrcuit 15, are
generated in gccordance with the master clock | sntk by using the fall edge
as a r eP®EERE N of FoYS FdMHR AR LA oMo Gizenid aSFRARESS X4t ithd Ssi gnal
Hsync isag} | ow level. In the timng generation circuit having the
above20 SRS M5EE -confi guration, the wiring for the reset pul ses drst and

hrst has a witing,capaci .a transistor input _capaci and_a_cross
capacity mjrklghe3o% ef’ &%Pﬁﬁa.c SFttﬁﬁgw?Bgsbﬂ,a Sﬁﬁgggege@8ﬁﬁgrnecessary
whi ch h%ieaggﬁhy'%Qéﬁ%%a@é iy, enough to drive such |oad capacities. As a

u

25 result, e to the presence of the buffer, a delay occurs in - 11 the
reset pul sespdpst jand Qrgh dihgakhetotand. 28! 8Qambiet B ter clock
| sntk, the dotgclock DCK, gﬁ t%esﬁorizoﬁtapgc?océ ﬁ%&,ea SeF§§ occurs

becpyise dh Rast i0W Gk thend ievel it Rigauht gkl iard Jhe rifiky 12 and
13. 5 Here, the nunber of circuits through which the nmaster
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
15 configuration of a PDA according to the present invention.
Fig. 7 is a circuit diagram showing an example of the
configuration of a timing generation circuit according to a
conventional example.
Figs. 8A and 8B are timing charts illustrating the

20 circuilt 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

25 described below in detail with reference to the drawings.



clock | sntk passes is small, and the master clock |snck has the small est
anount of delay. As shown in the flowhart of Fig. 3 (the enlarged view of
‘the main portion of Fig. 2), when it is assuned that, as a result of
passi ng through the 10 level-shift circuit 11, an anount of delay Da occurs
at the master clock Isnck 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 MCK 15 beconmes Da, + Db. Furthernore, if an anmount of
del ay Dc occurs at the horizontal clock HCK as a result of passing through
the TFF 13, the anopunt of delay of the horizontal clock HCK with respect to
the master clock MCK becomes Da + Db + Dc. 20 In the manner descri bed
above, sinceéithe hnoura foclel diagifan hawist@erar| ook kerckf ithe he smal | est,
it is necessary to reduce the amount of delay as nuch as possible also with
regard €enfhgureseenpofse dpgicfeireesbitfay exnenmEs, 12 GARERT
frequency-divides the master clock |Isntk. In 25 view of the above, in the
timng gBRGFAFiBR €iFeuit. accepdingchbpdpRgetBeehPenEndbdFhent, the reset
pul se drst is made to, be separate fromthe reset pulse hrst, The

arr angeRERTEBF tRESPLEPRrn BF %ﬁec#?ﬁrlﬁrﬂﬁtﬁlgesgeth?Ot%%én%ulse

gener ation cigcuit 15 is set to_ be near?ﬁ. As resul%,.it 5.iS possible to
reduce PRBEFBLUCRaBAEFTYtofCGPFRARYT B ésr%@é?dbﬂFQ 4PEHU9SRd a buffer
havi || drivi LLity,i j b f drivi th
100 BoBIBLLRE 8 Y0, 85RERLELLX LR, oMy ol 808 BUEL oL R8T ving the
t he buf b : i f t i ol hart of
F'o. 3. TERSTr b2enBurde i 10 LobRueRop B TT A LA BB BT The et er

cl ock | sgpkr kR 8nPELESM: Ly whi chet e bociagntakasynelr epbzethefqsi gna

Hsync iS5 at a low | eve I n response the master Clock |sntk,

an anougkn8tadebaycbachdral st RerRHlSEn9gNeEALL0RLERECYLbsEPaRECHASRI N the
reset pulse drst. The reset pulse hrst is generated at a timng

reliat i oashapgiliseh supstehayedyl Wstihey dRanAR@YsBiRlY ddlrpla clmeks of the
master clock Isnck fromthe reset pulse drst. Wile not being limted to
the tinhagingl akrgashlpm@htbehueantthestnst earchatknksanll hadihdeareset
pul se drst, also with respect to the timng relationship between the dot
cl ock DEughdptrhbeesesetlpul se hrst, since the reset pulse hrst is a pul se
separate fromthe reset pulse drst, it is possible to adjust the anmounts of
del ays by adtheglevdlfikifpsclfcnieekbakgvel-shifts (level-
converts) a master clock MCK of a low voltage amplitude (for
15 example, 0 to 3.3 V), which is input externally, into a
master clock lsmck of a high voltage amplitude (for example,
0 to 6.5 V). The master clock lsmck is supplied to the TFF
12 and the pulse generation circuit 15, and is supplied via
a buffer 16 to a circuit which operates by using the master
20 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 the master

clock lsmck. This dot clock DCK is supplied via a buffer 17

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



- 13 In the timng generation circuit according to this enbodinent, as is
clear fromthe timng charts of Figs. 2 and 3, the TFF 12 generates the dot
‘clock DCK as a result of its state being inverted in response to the fal
timng of 5 the master clock Isnck. Simlarly, the TFF 13 generates the
horizontal clock HCK 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
10 which has two cascade-connected TFEs 12 and 13, for generating a
plurality of timng signals whose fredquencies are different, that is, the
dot clock DCK and the horizontal clock HCK in this exanple, in
synchroni zation with the master clock MCK which is input external to the
subst r atms felfergwpar daihe rERtl Hgeseradrest aario tirzsintarle cgerdr ECEdbyi t h
respect to the two TFFs 12 and 13. Thus, a resetting operation can be
per f or nefoh ntitfefre rigreduensst-whiehi BLfd ithef |dsk Hiastkk Bé&ds Thilse reset at- an
earlier timng and a flip-flop which needs to be reset at a timng which is
del ayed Hawardalhe lasdy diCKAsL 5 supnliied dince alvevdpt mdigly @peratiesi ng can
be set with respect to each of. the TFFs 12 and 13, a | arge operation margin
can be dsHEHAEVEE WoH 2 ntrkidiank HE et fed SheT@FiSRy transi stors havi ng
| ar ge elenent characteristic_variations and having a roug&hgrocess rule, 25

for exanpl e, HfEPs, 1n orger ghal the F%m&PQanfFBﬁ1?ﬁEeFP chBPEs of

Figs. 2 and when the del a ng aof the reset | se . drst becones
| ar ger, sdrﬁfﬁ%hé"arsesaet epﬂﬁesee %frs{reﬁ :Tt]r{‘ + peti ot iOF AR %ﬁ’atsch st er

cl ock | sntk I%P?t a l.ow | étppe~d 5 cIoc% hlft% .rom.a | | ow | evel
to a hi th 4% eve e hJ‘es facf rrfblno Text r?as’t er cI Tock ¥ SFCK, and

ther ef or ance | thtair dde Oftﬁé‘er ttg,lrngl%p%qg@ drflo cft f{% f %%‘%‘st '1@9 -qger ati on

I n accor e r'eset pul s I's 1 nverte

above- desgridiedssnhodiiRptend heod %&wlﬂﬁvlén&ﬂ%ebmlci%ct@lb%qo@m usi ng

the timng generation citcuit as an exanp e. The present invention I's not

limiped Hox tiifs @R igetiOind® frhard i Gensy atiedex@idrgiitt, and can be
applied to logic circuits in general for generating a 15 plurality of pulse

si gnal s s ddeqiefitdes(al ecrdid farmipld N gy ali aheni th a single
cl ock signal by using a plurality of fIip-rops whi ch are
cascade-tconneatted. siyroihoen iz coindn guirgatd orHdynadhi cdheafd 13-, f loops dme
cascade-connected at two stages has been used as an exanple; 20

appl i catarenerie@ital @dyigbssiMPie nueserndt riguigntion features a

specific configuration of a reset circuit for resetting the
15 TFFs 12 and 13. The configuratioﬁ will now be described
below.

The level-shift circuit 14 level-shifts a horizontal
synchronization signal Hsync of a low voltage amplitude (for
example, 0 to 3.3 V), which is input externally, into a high

20 voltage amplitude (for example, 0 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
synchronization signal Hsync after the level-shift,
generates a horizontal synchronization pulse hd in the edge

25 portion in accordance with the master clock lsmck, and



configuration in which flip-flops are cascade-connected at three or nore
stages so as to generate three or nore pul se signals whose frequencies are
different. Also, in this case, flip-flops at three or nore stages nay be
divided into at 25 |l east two systens, and nmay be reset separately at

mut ual |'y - 15 different timngs. Furthernore, in a case where a cl ock
having |l arge variations in the anmount of delay is put in the flip-flop,
when the reset pulse is nade to be a pulse having a 5 relatively small
variation in the anmount of del ay mnthléespect to the input clock, the
operation speed can be increased. The timng generation circuit according
to the abovedescri bed enbodi nent is suitably used as, for exanple, a 10
timng generator for generating various timng signals which are required
to driveutdel sygrgraeet inmpliuraddyr ddhoesstt pulsesmadthert dlsocKWRCK whi ch
is input external to the substrate, in a driving-circuit-integrated display
devi ce SURSPY Rulry Py aandjrhnﬁrmg:q:nrrecﬁnqrsilatge Yonttdygr dvoy TEdsned 15 on

t he sane transparent i nsul ating substrate as that of the display section
havi ng pinells3 arh aHyet FRich | Fhe masat PYL&SpId %St iicn %] Fig. 4is
a bl ock dlagrantshomnn an exa Ie of the configuration of di_ spl.ay

devi ce 1St e alg% QUi F <GSt 6 g’tﬁ %tfe\}‘tst,et,g J‘??ccr(?rscﬁtnd:hteo t he
pres %ép'n%lon In Fig. 4, on a transparent i nsul ating substrate, for
exa dt Ss substrate 31, a display section (pixel section) 32 having
pi xel s arranged t refn in.a.matri SS_su strate 31 is

opEosedIy ar aﬁge Sati%”BPé&sﬁéF&Pﬁéhlgﬁaéﬁﬁag tﬁﬁ gﬁ& fér gl ass
trat i
Substra CaK andljtq'b q’l(?]’.pl r},'toaaj{]marr(sch‘b% eé)ortss a@q{ Csea Ing a

I|qU|dcry§t mat et al - bet ween nple 't he

structur‘,pn of, each i&{ﬁﬂ?& @,ttég}ealepl O} %laﬁp%d& Fi\g;e 5. Each
pi xel arrange a matrix I's con |gure to have a TFT ( Thin- Fllm
reset pulse drst, the dot clock DCK, the horizontal
10 synchronization pulse hd, the reset pulse hrst, the
horizontal clock HCK, which are generated within this timing
.generation circuit. As 1is clear from the timing chart of
Fig. 2, the reset pulse drst, the horizontal synchronization
pulse hd, and the reset pulse hrst, which are generated
15 within this timing generation circuit 15, are generated in
accordance with the master clock lsmck by using the 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-
20 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 wiring. For
this reason, a buffer becomes necessary which has a driving

capability enough to drive such load capacities. As a

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



Transistor) 51, which is a pixel transistor; a liquidcrystal cell 52 whose
pi xel 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
10 el ectrode of the TFT 51. Here, the liquid-crystal cell 52 nmeans a

|'i qui d-crystal capacitance generated between the pixel electrode and the
opposi ng el ectrode forned so as to oppose the pixel electrode. In this

pi xel structure, the gate electrode of the TFT 15 51 is connected to a gate
line (scanning line) 54, and the saourge el ectrode thereof is connected to a
data line (scanning line) 55. The opposing el ectrode of the Iiquidcrystal
cell 52 is connected to a VCOMIine 56 in such a manner as to be common for
each pixel. Then, a common 20 vol tage VCOM ( \(Imﬂgotentlal) is supplied to
t he opp&@ﬁngeéﬁécpﬁééésoﬂrﬁﬁeahdqhﬁéicry@ﬂaﬁh@ept 82 banrfwnkysPoer 1Bach

pi xel via the VCOM line 56. The other electrode (the term nal on the

opposi nghél Beeitede cdgk) 167 ckhe thel dritgceapicPE8r 88di §heonnected to a CS
line 57 _in such a manner 25 as to_be comon for each pixel. - 17 Here,

in a ca§@rWH@PéaiHcéﬂcksH§Khoa|éaﬁﬁa|osépﬁad?eFﬁVéPté edrP@Fﬁg or 1F (F is

field f ol f

G spl oy BEGHET E5obaaNPLr FEhEEnEa EHSR PcBnt EPrIEFEoR2uPP tHe VOOU 5
tential f wh VCOM

"verted dr.%}?ﬁa”sﬁgwwﬁbéﬁeeéﬁﬁﬁwgé CER e R ok RS r T nverted i n
1H F d H

nverted §?.k3.rﬁ§‘& RS sERarr SHBR tenaRes he: Retst 5K SRR S0 e

57 15 alsg ipuented bRcavRchropkaali onal Lhckhe; NORNLPet eithal Hewever,

the |iqui crysta di splay device ccor ing to { Iment is not

limtedptg VGOWhavent 8dqdhl YiBg oRehBEr mAgnbRaekti8nFbg- r4g.0n)t he same
gl ass substrate 15 31 as that of the display Section 32, for exanple an

interfag@enl bk Gisr adishimdd, tRall, MaBYa0eB8LAL0L ( p@hs3tg @ﬂéo@ghekﬁ@ence
voltage driver 35 are |ncorporated to the left of the display section 32; a

horigzontakedrsueft3cirguifCconporat atountt b€ dppar par bcearef athehdi spl ay
section 32; 20 a vertical driver 37 is incorporated to the right of the
di spl aymsetkironldzk asdca G@3tdr reepedd® andtheV@ebitdri veépcBOMaKe if
incorporated in the |ower portion. of the display section 32. These

peri pheral agouvitngfcdedait dbarecmurubdctthredolty cdschgDLBwasenper at ur e

polysilicon_or CG (continuous-grain 25 boundar% crystal) silicon together
Wi th th&egintél of pagging through the TFF 12 e amount of delay of

the dot clock DCK with respect to the master clock MCK

15 becomes Da + Db. Furthermore, if an amount of delay Dc
occurs at the horizontal 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.

20 In the manner described above, since the amount of
delay of the master clock lsmck is the smallest, it is
necessary to reduce the amount of delay as much as possible
also with regard to the reset pulse drst for resetting the
TFF 12 which frequency-divides the master clock lsmck. 1In

25 view of the above, in the timing generation circuit



transistors of the display section 32. In the liquid-crystal display device
havi ng the abovedescri bed configuration, a master clock MCK of a | ow

‘'vol tage anplitude (for exanple, 3.3 V), a horizontal synchronization 5
pul se Hsync, a vertical synchronization pulse Vsync, and display data Data
of parallel input of R (red), G (green), and B (blue) are input via a

flexi ble cable (substrate) 40 to the glass substrate 31 from outside the
substrate, and the display data Data is |evel-shifted (|l evel-converted) to
10 a high voltage anplitude (for exanpbe, 6.5 V) at the IF circuit 33. The
| evel -shifted master clock MCK, horizontal synchronization pul se Hsync, and
vertical synchroni zation pulse Vsync are supplied to the tim ng generator
34. Based 15 on the master clock MCK, the horizontal synchronization pul se
Hsync, aaecer@ingrté cthisyembodinenti orhputesret/gyncse tdest iim mpdgener at or
34 generates various timng pulses required to drive the reference voltage
driver 3% Reestmpiayontironrilerrgeet iielserhishl Fhear3moensntCs dri ver
20 38, and the VCOM driver 39. The |evel -shifted display data Data is

suppl i ecP¥ othe sRatEern rhHathe | BIF (1 PyidorRRsReOh %9 rdis trulsat the next
stage. The serial-to-parallel conversion circuit 42 |owers the frequency of
t he di spTSRPTRAEECPEH T61 4/ bisS v el iRy BRENE dilhlayr ikt Datta into
two hits, for ea bit in - 19 s ﬁéyronizaiion ith a dot clqock DCK (to
b dascriDEPTSIRS SUpHTIUEE 1 10RP (SAR- Gorkr AU'crLigh o &R spl ay dat

wh f s | d t ial-to- | | el ISl [ it 42
ST ower St 10 5o Sy PNt agy bl DA SV1 L b S A AT S uppl | 60 1 0
t he hori ' 6. :The. hori ' i 0 4 fi dtoh ,
for oxargle b G EbrSE S it 09 A B S0 o R A BT 2 o crr et

362, anG. g, R (! Ol il L ps. 001 00 LAONRL U PEILPWE (G 03 il

hori zont al regi ster 361 starts a shift ‘operation in response to a

hori zontglsstaf tepuiliser #H7 suppbd eddyorpthe timng generator 34, and
generates a sanpling pulse which is transferred in sequence during one.

horiigontal perdred iy SWELRH ZalonPRne tthmd niordhaeit @lf ¢igek 3HCKnehi ch s
simlarly supplied fromthe timng generator 34. 15 The data sanpling latch
circuit Sfkisanulsd idtdty Sampbesraned |t chies fdiel di Splmy dmtehdat a supplied
fromthe interface circuit 33 via a serial-to-parallel conversion circuit
43 duri mepsoreer horedontshclpein cd per Sydhcin orhizat | e vikddi 4dvetaslanpl | ng pul se
generated at the horizontal shift 20 register 361. This |atched digital
dat a forswmhigmezdatsion signal Hsync is at a low level. In response
to the fall of the master clock lsmck, an amount of delay Da
15 at the pulse generation circuit 15 occurs in the reset pulse
drst. The reset pulse hrst is generated at a timing
relationship which is 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
20 between the master clock lsmck and the reset pulse drst,
also with respect to the timing relationship between the dot
clock DCK 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

25 if necessary.



further transferred to a line nenory (not shown) during a horizontal

bl anki ng period. Then, the digital data for one line is converted into an
-anal og display signal at the DA conversion circuit 363. 25 The DA
conversion circuit 363 is configured as a - 20

ref erence-vol t age-sel ection-type DA conversion circuit for selecting a

ref erence voltage corresponding to digital data from anong the reference
vol tages for the nunber of gradations provided fromthe reference voltage
driver 35 and 5 for outputting the_rgﬂ;npnce vol tage as an anal og di spl ay
signal. The anal og display signals Si'g for one line, which are output 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 nunmber of horizontal

pi xel s n of fhethe dimphgygesverathoB2ciThuviveatteallingi vertBisis forned of
a vertical shift register and a gate buffer. At this vertical driver 37,

"t he ver tambgdimsmit,t asedisstodreagt fmom dhshitimigge cheirds iof Fédgsonde to a
vertical start pulse VST supplied fromthe timng 15 generator 34, and
gener at 8% 3sc M g Fpdis @ansiretass theagote clegki RC¥eggeAc&eduditngfone
vertical, period in synchronization with a vertical clock pulse VCK, which

is sinm S PIEESHPSERF AHHES i A SPORSCattor 188 fPHd §Femengt &F scanni ng
I t put i th t 20 t e buff t t i 54-1

o o0 muie O She \§hesk (emkon S HirAd vas W 4T ddpGRa=Ea etfe Shinber of
tical_ pi.xel ft i.Spl ti < When th i, I

out put T e D THEAPE 1 RESURE Ph o 54 Sheke Ko RRur T Vor toarti cal

scanning DYoEpds & Whillead ity ALY AloknBcll sPlay section 32

- i S sélectéd i n sequence’inunits of Tows i nes). eén, the anal og

display si 9”%5tﬁiengﬁBeQ”Se's};QEbe}ﬁhEBBvér € QUERUL tlflMHgngan\?g%xer si on

circuit 363, are sinultaneously witten rito the select pI X or one

line vigithdat §n3 di lrl%s Rned Qo3 -irf%%l%tri%ﬁmshb%‘}ﬂakﬁies ad ting

operation in units of lines being repeated, an i'mage display for one screen
i's tMedewnke® G sdrhWweicad? SRIVGMRS e Talrava2namid aned rf68 potential, and

provides it comonly to the pixels with 10 respect to the other el ectrode
of the hendiragiegpacileiraiity of timing signals whose frequencies
are different, that is, the dot clock DCK and the horizontal
clock HCK in this example, in synchronization with the
master clock MCK which is input external to the substrate,
15 separate reset pulses drst and hrst are generated with
respect to the two TFFs 12 and 13. Thus, a reéetting
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
20 the above. As a result, since the optimum reset 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 using transistors having large element

characteristic variations and having a rough process rule,

25 for example, TFTs.



via the CS line 57 of Fig. 5. Here, if the anplitude of the display signal
is assuned to be, for exanple, 0 to 3.3 V, when VCOMinverted driving is
-adopted, the CS potential repeats AC i nversion between a | ow |l evel of 0 V
(ground 15 level) and a high level of 3.3 V. The VCOM driver 39 generates

t he above- nenti oned VCOM potential. The VCOM potential output fromthe VCOM
driver 39 is tenporarily output outside the glass substrate 31 via a
flexible cable 40. After this VCOM potential which is 20 output outside the
substrate i s passed through a VCOM adjustment circuit 41, it is input again
into the glass substrate 31 via the fl'exible cable 40, and is supplied
comonly to the pixels with respect to the opposing el ectrode of the

|l iquid-crystal cell 52 via the VCOM line 56 25 of Fig. 5. - 22 Here, as
t he VCOM pot Bareal asahs ACLeart fiyem hilvé ngiming | ghathies safreF beip! i 2 lrlkd as t hat
of the CS potential is used. However, in practice, in Fig. 5 when a signal
i s writBenwheno thige dsileyl of| éber sdminy PhRethpquf@cErpyiaP €8FL 5 52 through
the TFT 51 fromthe data line 54, a voltage drop occurs at the TFT 51 due
to par a¥iecoresapacdesncendettiie reeethPyleBadsAt adseReivCRVPEELEAL I al, an
AC vol tage which is DC-shifted by_an ampunt corresponding to that voltage
drop neéds ¥i'g e theedastsits cHECkhil FICET LEha tvEOW Bot ERELal TRE  #8Tbur dened

by the V dj ust t ci it 41. The YCOM ad] t ci if 41 is f d
of & CafetoPCE SHAdHS 1salt Ve pOveNt (Al o BLOM 1ABPS PEStefor VR vl ch
[ d_ bet, th t put f th |t t I

pover - SAARy SRR A FOleRoP SRLGRI EROFY 18MEbInER e HEPRER ho. out put
end of A $ANAGLLY’ o IAL Berayadi pRR YEEM-APhUSLABRLGhEoult 41 ad] usts

the DC Iéve potential supplie e opposi ng~el ectrode of

the || AW GhiShalinCeldcodtantlyih (ABPLESSaBuBLObEsg! 50 the VOO
potential. 20 In tﬁé I|qU|3ﬁcrystaI I splay device having the above
descri bedeerfiggurati on, on the sanme panel (the glass substrate 31) as that

of the display section 32, in addition to the horizontal driver 36 and the
vertgcal driygrtB<4, apeibPhesakiBeliVeMbo8inétt| Stheuthgas Ehecunterface

circuit 25 33, the timng generator 34, the reference voltage driver 35,
has been described by using the timing generation circuit as
an example. The present invention is not limited to the
application to the timing generation circuit, and can be
applied to logic circuits in general for generating a

15 plurality of pulse signals whose frequencies are different
in synchronization with a single clock signal by using a
plurality of flip-flops which are cascade-connected.
A circuit configuration in which flip-flops are
cascade-connected at two stages has been used as an example;
20 applications are similarly possible to a circuit
configuration in which flip-flops are cascade-connected at
three or more stages so as to generate three or more pulse
signals whose frequencies are different. Also, in this case,

flip-flops at three or more stages may be divided into at

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



- 23 the CS driver 38, and the VCOM driver 39, are integrally nounted,
thereby formng a total-driving-circuit-integrated display panel. Thus,
‘since other substrates, I1Cs, transistor circuits need not to be provided
outside, the 5 entire 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 timng signals for
driving the display section 32, 10 the tim ng generation circuit according
to the above descri bed enbodi nent is,used. In the timng generation circuit
shown in Fig. 1, the level-shift circuits 11 and 14 correspond to the
interface circuit 33, and the TFFs 12 and 13, the pul se generation circuit
15, and the buffers 16 and 15 17 correspond to the tim ng generator 34.
Then, t@effesertr timekgssnck which is level-shifted at the |evel-shift
circuit 11 is supplied to a circuit which operates by using the nmaster

cl ock | sntk Bsrthemiaiendd! .2 mase s ic 49k thiy iyt d &l i ng | atch
circuit 362 of 20 the horizontal driver 36. Furthernpre, the dot clock DCK
gener at BT hRtLpBS TEE the| ameuphl Pecdetry £F rRYFt 1hnER® Bhiraf P by usi ng

the dot clock DCK as a reference, nore specifically, the serial-to-parallel
conver sTRARcFREUFESA%. PHhaehof | BoRt alC dPock Yehd¥at@d®at the TFF 13 is

lied 25 t ' [t _which, t b ' h i | clock -
2 O SLT 5LV TS, BRELL FOFLoLhaRi 1 caRty mORRE ROl | SONTKI VSRt 1 regi st er
361 of the hori | dri 6.1 h ' , b [
the i ntREPEGReFar FOR LFPRGI PLEker B RG T BFT RECAbBVCacEari Rba 5 crbodi nent

as the ihg}ggsggnerator 34, in the timng generation circuit, even when
each circurt 1S fornmed on an insulating substrate by using transistors

havi ng 1 argengl epEpi, Shatact &4 1 & Mald @td Qisr @ch ey it g @ugh process

rule, a large operation nmargin can be ensured. As a result, 10 it is

possi bl geLor1BAHSf 8abYAEmaAnti 9y uctysi@l ude8Phay €6¥i 6RakipyéNdaa |arge
operation margin, which is formed in such a manner that peripheral driving

ci naui t simi gf geABdatbrarbragepareding Nesk abusgt sMbsyr aignabseghathy with
the gl ass substrate 31 by using TFTs. 15 In this application exanple, a
case of agappreqatredastbodaivequhd-diyslal despiay deviaceordehuodi nagth
| i qui d-crystal
the master clock MCK which is input external to the
substrate, in a driving-circuit-integrated display device
such that peripheral driving circuits are integrally formed
15 on the same transparent insulating substrate as that of the
display section having pixels arranged thereon in a matrix.
[Application Example]
Fig. 4 is a block diagram showing an example of the
configuration of a display device, for example, a liquid-
20 crystal display device, according to the present invention.
In Fig. 4, on a transparent insulating substrate, for
example, a glass substrate 31, a display section (pixel
section) 32 having pixels arranged thereon in a matrix is

formed. The glass substrate 31 is opposedly arranged with a

25 predetermined spacing with another glass substrate, and a



cells as liquid-crystal elenents has been described as an exanple. Wile
not being limted to this application exanple, applications are possible to
‘di spl ay devices in 20 general having nounted a |l evel-shift circuit on the
sanme substrate as that of the display section, such as an EL display device
including EL (El ectrolum nescent) elenents as display el enments. The display
device typified by the liquid-crystal 25 display device according to the
above-descri bed application - 25 exanple is suitably used as a screen

di splay section of a small and Iigh;mF%gbt portable termnal typified by a
cel lul ar phone and a PDA (Personal Digital Assistant). Fig. 6 is an
exterior view show ng the overview of the 5 configuration of a portable
termnal, for exanple, a PDA, according to the present invention. The PDA
accor di rih-2Rd avhiransedantdiG mesied i olsdifiegmesh oy weatliiony ian Midwid- f or

exanple, a lid 62 is provided so as to be openable and closable wth
respect AW ated MEtPWIHY PREWEEOfthendwgeiulstr@atashe top surface of the
main unit 61 of the device, an operation section 63 on which various keys
of a keyboar AMaf&2BPLENGEd the SlratedurencfheashnBi*Randt ithethe |id 62, a

screen djs Hg{ section 64 is arranged. As this screen_dispI%Y section 64, a
li qui d-cdrly*g% Y deGHR 5% devishenh Whifd t e t iIBRTYy Reiter &t on circuit

accogdi%%ég%ged in a matrix is configured to have a TFT (Thin-Film
Transistor) 51, which is a pixel transistor; a liquid-
crystal cell 52 whose pixel electrode is connected to the
drain electrode of the TFT 51; and a holding capacitor 53,
one of electrodes of which is connected to the drain
10 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
15 51 is connected to a gate line (scanning line) 54, and the
source electrode thereof is connected to a data line
(scanning line) 55. The opposing electrode of the liquid-
crystal cell 52 is connected to a VCOM line 56 in such a
manner as to be common for each pixel. Then, a common
20 voltage VCOM (VCOM potential) is supplied to the opposing
electrode of the liquid-crystal cell 52 commonly for eacﬁ
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

25 as to be common for each pixel.



t he above-described enbodi ment is nounted as a timng generator on the sane
substrate as that of the display section is used. By using the timng
‘generation circuit according to the 20 above-descri bed enbodi nent as a
timng generator of the liquid-crystal display device, a
driving-circuit-integrated |iquid-crystal display device having a | arge
operation margin can be forned. As a result, by incorporating the
| i qui d-crystal display device as the screen display section 25 64, the
configuration of the entire PDA can_pp7sjnplified, - 26 making it
possible to contribute to a reduction in size and a reduction in cost.
Here, although a description has been given by using a case in which the
present invention is applied to a PDA as 5 an exanple, the present
invention i sHABE,| iRi eedase vheseapPl (Batsoa brampbetaThpelkiqd) d-cryst al
di spl ay ,devi ce according to the present invention is suitably used for, in
parti cuFAVerdes Ardndng it Wi git isort SBled dt @eriieal)s iinvegdesr al , such as
cel lular, phones., 10 Industrial Applicability As has thus been descri bed,
accor di A§137Ché Spit@sEft PeAFeRTIEsn, the PRé ailfivng fyenevismilen silgamailt, which
is formed on an.insulating substrate and which has a plurality of 15
fIip-fF%Bs,engl§§ﬁ8réPFﬁge§c | BrECit y Sof-WiSHTRG SiidhaltheanV68¥ fr equenci es
are Qiffg&gg%.iq %énchroni ation with a clock_signal which is input
{H8*s(53PPatES% RE B GRAFFERCE: f FUF WSSO Ere 18i W G88S nto at

externaP to | €~
oot YRR 0GRy SRSL BN A LS LS s TS, 20 2
12205 LR, 38Rk 203l 1Y 300,83, K0P P GG RETs (o D
Opt i MUMyEg8ek olehBE G3RnDERSEhvWirkhar 89RGThyt Ot Y hERRGG Ve f11p
driving, the polarity of the CS potential given to the cs
10 line 57 is also inverted in synchronization with the VCOM
potential. However, the liquid—crystal display device
according to this embodiment is not limited to VCOM inverted
driving.
Referring back to Fig. 4, on the same glass substrate
15 31 as that of the display section 32, for example, an
interface (IF) circuit 33, a timing generator (TG) 34, and a
reference voltage 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;
20 a vertical 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-

25 Dboundary crystal) silicon together with the pixel



25 flops, a large operation margin can be ensured even when - 27 each
circuit is fornmed by using transistors having | arge el enent characteristic
‘variations and having a rough process rule. - 28 CLAIMS 1. Alogic
circuit conprising: a plurality of flip-flops, forned on an insulating 5
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 sane
substrate as that of said plurality qf flip-flops, for separately resetting
10 said plurality of flip-flops, mhicﬁ are divided into at |east two
systens, at different timngs. 2. Atimng generation circuit conprising:
transistors of the display section 32.

In the liquid-crystal display device having the above-
described configuration, a master clock MCK of a low voltage
amplitude (for example, 3.3 V), a horizontal synchronization

5 pulse Hsync, a vertical synchronization pulse 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 from outside the substrate, and
the display data Data is level-shifted (level-converted) to

10 a high voltage amplitude (for example, 6.5 V) at the IF
circuit 33.

The level-shifted master clock MCK, horizontal
synchronization pulse Hsync, and vertical synchronization
pulse Vsync are éupplied to the timing generator 34. Based

15 on the master clock MCK, the horizontal synchronization
pulse Hsync, and the vertical synchronization pulse Vsync,
the timing generator 34 generates various timing pulses
required to drive the reference voltage driver 35, the
horizontal driver 36, the vertical driver 37, the CS driver

20 38, and the VCOM driver 39,

The level-shifted display data Data is supplied to a
serial-to-parallel (S/P) conversion circuit 42 at the next
stage. The serial-to-parallel conversion circuit 42 lowers

the frequency of the display data Data to 1/2 by converting

25 the display data Data into two bits for each bit in



a plurality of flip-flops, fornmed on an insulating substrate, for
generating a plurality of pulse signals whose 15 frequencies are different,
‘in synchronization with a master clock which is input external to the
substrate; and a reset circuit, formed on the sane substrate as that of
said plurality of flip-flops, for separately resetting said plurality of
flip-flops, which are divided into at 20 | east tw systens, at different
timngs. 3. A display device conprising: a display section having pixels
arranged in a matri x on a transpargpté nsul ating substrate; and a tim ng
generation circuit, nmounted on said transparent insulating substrate
together with said display - 29 section, for generating a plurality of
timng signals whose frequencies are different, which are required to drive
sai d di spirhrsedtdadion wisynehdorti zabican DEIKE M ta s tders clideld Maitelr)i s | nput
external to the substrate, 5 wherein said timng generation circuit
conpr i seprd igidurfalon \thef timipof beperbtorgéder atlhey ddaipd gyl wedlai ty of
timng signals in a corresponding manner; and a reset circuit for
separ at WP e faaqueRc¥ail@ glowealedt ¢ totthe| isgriiladpd.owheired ledle di vi ded into
at least two systens, 10 at different timngs. 4. A display device
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36.
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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

10 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 horizontal clock
HCK which is similarly supplied from the timing generator 34,

15 The data sampling latch circuit 362 sequentially.
samples and latches the display data Data supplied from the
interface circuit 33 via a serial-to-parallel conversion
circuit 43 during one horizontal period in synchronization
with the sampling pulse generated at the horizontal shift

20 register 361. This latched digital data for one line is
further transferred to a line memory (not shown) during a
horizontal blanking period. Then, the digital data for one
line is converted into an analog display signal at the DA
conversion circuit 363.

25 The DA conversion circuit 363 is configured as a



15 5. A portable terminal having incorporated therein a display device as a
screen di splay section, said display device conprising: a display section
"having pixels arranged in a matri x on a transparent insulating substrate;
and 20 a timng generation circuit, nounted on said transparent insulating
substrate together wth said display section, for generating a plurality of
timng signals whose frequencies are different, which are required to drive
said display section, in synchronization with a master clock 25 which is
input external to the substrate, - ;30 _wherein said timng generation
circuit conprises: a plurality of flip-flops for generating said plurality
of timng signals in a correspondi ng manner; and a reset circuit for
separately resetting said plurality 5 of fllp-flops whi ch are divided into
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The vertical driver 37 is formed of a vertical shift
fegister and a gate buffer. At this vertical driver 37, the
vertical. shift register starts a shift operation in response
to a vertical start pulse VST supplied from the timing
15 generator 34, and generates a scanning pulse which is
transferred in sequence during one vertical period in
synchronization with a vertical clock pulse VCK, which is
similarly supplied from the timing generator 34. The
generated scanning pulses are output in sequence through the
20 gate buffer to gate lines 54-1 to 54-m which are wired in
such a manner as to correspond to the number of vertical
pixels m of the display section 32.
When the scanning pulses are output in sequence to the

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

25 the vertical driver 37, each pixel of the display section 32
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.11 al bif@op] pre DA conversion circuit 363, are simultaneously
written into the selected pixels for one line via the data
5 lines 55-1 to 55-n. As a result of this writing operation
in units of lines being repeated, an image display for one
screen is made.
The CS driver 38 generates the above-mentioned CS
potential, and provides it commonly to the pixels with
10 respect to the other electrode of the holding capacitor 53
via the CS line 57 of Fig. 5. Here, 1f the amplitude of the
display signal is assumed to be, for example, 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
15 level) and a high level of 3.3 V.
The VCOM driver 39 generates the above-mentioned VCOM
potential. The VCOM potential output from the VCOM driver
39 is temporarily output outside the glass substrate 31 via
a flexible cable 40. After this VCOM potential which is
20 output outside the substrate is passed through a VCOM
adjustment circuit 41, it is input again into the glass
substrate 31 via the flexible cable 40, and is supplied
commonly to the pixels with respect to the opposing

electrode of the liquid-crystal cell 52 via the VCOM line 56

25 of Fig. 5.
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Here, as the VCOM potential, an AC voltage having

nearly the same amplitude as that of the CS potential is

used. However, in practice, in Fig. 5, when a signal 1is

written into the pixel electrode of the liquid-crystal cell

5 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 which is

DC-shifted by an amount corresponding to that voltage drop

needs to be used. This DC shift of the VCOM potential is

10 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

15 connected between the output end of the capacitor C and a
ground. The VCOM adjustment circuit 41 adjusts the DC level
of the VCOM potential supplied to the opposing electrode of
the liquid-crystal cell 52, thét is, applies an DC offset to
the VCOM potential.

20 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 the horizontal driver 36 and the vertical driver 37,

peripheral driving circuits, such as the interface circuit

25 33, the timing generator 34, the reference voltage driver 35,
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the CS driver 38, and the VCOM driver 39, are integrally
mounted, thereby forming a total-driving-circuit-integrated
display panel. Thus, since other substrates, ICs,
transistor circuits need not to be piovided outside, the
5 entire system can be reduced in size, and the cost thereof
can be reduced.
In this driving-circuit-integrated liquid-crystal
display device, as a timing generator 34 for generating
various timing signals for driving the display section 32,
10 the timing generation circuit according to the above-
described embodiment is used. In the timing generation
circuit shown in Fig. 1, the level-shift circuits 11 and 14
correspond to the interface circuit 33, and the TFFs 12 and
13, the pulse generation circuit 15, and the buffers 16 and
15 17 correspond to the timing generator 34.
Then, the master clock lsmck which is level-shifted at
the level-shift 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
20 the horizontal driver 36. Furthermore, the dot clock DCK
generated at the TFF 12 is supplied to a circuit which
operates by using the dot clock DCK as a feference, more
specifically, the serial-to-parallel conversion circuit 42.

The horizontal clock HCK generated at the TFF 13 is supplied

25 to a circuit which operates by using the horizontal clock
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HCK as a reference, more specifically, the horizontal shift
register 361 of the horizontal driver 36.

In the manner described above, by using the timing
generation circuit according to the above-described

5 embodiment as the timing generator 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,

10 it is possible to manufacture a liguid-crystal display
device having a large operation margin, which is formed in
such a manner that peripheral driving circuits are formed on
a transparent insulating substrate integrally with the glass
substrate 31 by using TFTs.

15 In this application ekample, a case of applications to
a liquid-crystal display device including liquid-crystal
cells as liquid-crystal elements has been described as an
example. While not being limited to this application
example, applications are possible to display devices in

20 general having mounted a level-shift circuit on the same
substrate as that of the display section, such as an EL
display device including EL (Electroluminescent) elements as
display elements.

The display device typified by the liquid-crystal

25 display device according to the above-described application
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Fig. 6 is an exterior view showing the overview of the
5 configuration 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 lid 62 is provided so
as to be openable and closable with respect to the main unit

iO 61 of the device. On the top surface of the main unit 61 of
the device, an operation section 63 on which various keys of
a keyboard are arranged is placed. On the other hand, in
the 1lid 62, a screen display section 64 is arranged. As
this screen display section 64, a liquid~crystal display

15 device in which the timing generation circuit according to
the above-described embodiment is mounted as a timing
generator on the same substrate as that of the display
section is used.

By using the timing generation circuit according to the

20 above-described embodiment as a timing generator of the
liquid-crystal display device, a driving-circuit-integrated
liquid-crystal display device having a large operation
margin can be formed. As a result, by incorporating the

liquid-crystal display device as the screen display section

25 64, the configuration of the entire PDA can be simplified,
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a reduction in cost.

Here, although a description has been given by using a
case in which the present invention is applied to a PDA as
an example, the present invention is not limited to this
application example. The liquid-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 is formed
on an insulating substrate and which has a plurality of
flip-flops, for generating a plurality of timing signals
whose frequencies are different in synchronization with a
clock signal 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
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 respective flip-

flops, a large operation margin can be ensured even when
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each circuit is formed by using transistors having large
element characteristic variations and having a rough process

rule.
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1. A logic circuit comprising:

OXdEMN/ y

a plurality of flip-flops, formed on an insulating

5 substrate, for generating a plurality of pulse signals whose

frequencies are different, in synchronization with a

signal which is input external to the substrate; and

clock

a reset circuit, formed on the same substrate as that

of said plurality of flip-flops, for separately resetting

10 said plurality of flip-flops, which are divided into
least two systems, at different timings.

2. A timing generation circuit comprising:

at

a plurality of flip-flops, formed on an insulating

substrate, for generating a plurality of pulse signals whose

15 frequencies are different, in synchronization with a

clock which is input external to the substrate; and

master

a reset circuit, formed on the same substrate as that

of said plurality of flip-flops, for separately resetting

said plurality of flip-flops, which are divided into
20 least two systems, at different timings.

3. A display device comprising:

at

a display section having pixels arranged in a matrix on

a transparent insulating substrate; and

a timing generation circuit, mounted on said

25 transparent insulating substrate together with said display

1
$
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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,
5 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 flip-flops, which are divided into at least two systems,

10 at different timings.

4. A display device according to Claim 3, wherein said
timing generation circuit is formed on said transparent
insulating substrate by using low-temperature polysilicon or
continuous-grain-boundary crystal silicon.

15 5. 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 substrate; and

20 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

25 which is input external to the substrate,
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wherein said timing gene;ation 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 flip-flops, which are divided into at least two systems,

at different timings.



