Dl SPLAY APPLI ANCE BACKGROUND OF THE INVENTION 5 1. Field of the Invention
The present invention relates to a display device having an electric signal
processing circuit including thin film sem conductor el enments and which
drives an output device for outputting other signals than a video signal,
and nore specifically to a display device in which an audi o signa
processing circuit for driving aldpPaleeN AFPILEANGIHEgrally formed on a
substrate. In this specification, the term speaker includes a transducer
whi ch out puts audi o by vibrating nenbers of a display device such as a

gl ass substrate, a plastic substrate, or a touch panel, and refers to
devices in general that capxeKGROENDIGE IHEMANYANT@ Ui 0. 15 2.
Description of the Related Art The advance of conmiunicati on technol ogi es
has nmade cel | ul ar phones popular in recent years, and now nore information
connunication including transm ssion of notion pictures is expected.

Meanwhi | g, ” s have becone |ight-weight, pronpting
manuf act ur e %&ﬂﬁ@fl hgqgg%%ﬁ%roducts Al so, 20 i nfornati on termnals called

PDA whi ch origin f RGLY on| ani are Ss- produced and
gai ni ng popul ari ?i;ﬁe e%gho*nvg P&g% ﬁ nﬁ?vxﬁ% ’%ﬁlqnaﬁlﬁgg‘ch%aa | at
panel di spl ays ow n ta de el.o f dis devi ces. Anpng actjve matrix
type displ ay Oﬁgvl%glrc%'ﬁé P%‘&Enﬁ%f’ V?F"E“é P&F’lﬁr‘?écmﬁ‘b‘ls@fjl‘i"é‘ﬁh driies 2 | m
transi stors éher |nafhﬁy athinfjilmtransistor is referred to as a_ 25
T'T) has ret¥hH ‘Ec‘ﬂ'éi; UEPHENE SR es I Hed. A VisRo samsbradupercpalogsidallyon
TFT's make it possible to formnot only a pixel portion but also a signal
line drivin§ &iisplivtdavitceigryhiop api audia hignak proicatping eicenit fol drdug iarspehleer
peri phery of the pixel portion. Therefore, |ow tenperature polysilicon
TFTs ar¥ heisprigerally omedion agpluitspl. ayin turswpceﬁlcahdm the neas kpgpkar defladust i on

of display devices, and their further propagation
a transducer which outputs audio by vibrating members of a display device such as

a glass substrate, a plastic substrate, or a touch panel, and refers to devices in

general that convert electric signals into audio.

15 2. Description of the Related Art
The advance of communication technologies has made cellular phones
popular in recent years, and now more information communication including
transmission of motion pictures is expected. Meanwhile, personal computers have
become light-weight, prompting manufacture of mobile type products. Also,
20 information terminals called PDA which originate from electronic organizers are
being mass-produced and gaining popularity. Most of such portable information
.appliances have flat panel displays owing to development of display devices.
Among active matrix type display devices, ones that use low temperature
polysilicon thin film transistors (hercinafter a thin film transistor is referred to as a
25 TFT) has recently begun to be commercialized. Low temperature polysilicon
THTs make it possible to form not only a pixel portion but also a signal line driving
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is predicted. 5 In addition to the inmge display function, other output
functions, an audio output function in particular, are requested for
portabl e information appliance. Wth audio, inmage display can be nore
effective and accordingly nore fully appreciated. Usual audi o output

devi ces output audio by converting electric signals into 10 audi o through
cone speakerdrait infgrdlikeith@ae Arispakasust flakal bthe peApaG yateRe bh&l B6rtion.
portabl e informati on appliance and therefore present an oObstacle to
reduction i nTisdrg@re,andh Weingblarett RALLRRLE TRTOLIBY, zrﬁﬂp!d(ﬁﬂﬁs?x:ing'cgif)iagfb‘
and 2B are profile diagrans showing a display device and its periphery in
conventi onal i af t .00 i i L h.an, | .
Funoti on. TR oSy v o8 e aE Rt ARy e Bro T Flch kRt brorkation
204, a sourgg ﬁ&g@g& line driving circuit 202, and a gate signal |ine
driving circut are formed integrally. Fig. 2Ais a top view of the

di splay device and Fi,g..2B is a lateral vyiew of the displ device. A.
sour ce si‘gnal Iing1&FgUFWJOH%Fdﬂpgeégﬁﬁa%¥ﬂﬁv@"’§ﬂ&HéW“WﬁH§XH??W$ﬁﬂ;ﬁi Cui t
203 and a pixel pprtion 204 are omtted in Fig. 2B for 20 sinple disgsplay.
Attached t o VHIHAWSHSY BePpdiculite 2 cofessedeponabic miomptigpyppliagee.
opposite substrate 208, and an audio signal processing circuit 210 nounted
on a print edithodidio20magTbsplan agpbakepreiiecverdnd acesrdingdvonpisn filky
size and weight of the portable information appliance due to its |arge
si ze. For thaprecedebn, flat speakers 25 as the one shown in Figs. 3A and
3B are being devel oped. Figs. 3A and 313 are profile diagrans of a display
devi ce and its pebispHerylio pufpor tabices onfpmt matiicoby c2napphi ahceri30iknatst nt@
flat speaker. The display device has a substrate 309 on which a pixel
porti on1804 audiosbungh gingnpleakdrner tid Nkelg CoricspdakdB82akang adagal e s iigidd
l'i ne
portable information appliance and therefore present an obstacle to reduction in size
and weight of portable information appliance.
Figs. 2A and 2B arc profile diagrams showing a display device and its
periphery in conventional portable information appliance with an audio output
15 function. The display device has a substrate 209 on which a pixel portion 204, a
source signal line driving circuit 202, and a gate signal line driving circuit 203 are
formed integrally. Fig. 2A is a top view of the display device and Fig. 2B is a
lateral view of the display device. A source signal line driving circuit 202, a gate
signal line driving circuit 203 and a pixel portion 204 are omitted in Fig. 2B for
20 simple display. Attached to the display device are a cone speaker 207, an FPC 205,
an opposite substrate 208, and an audio signal processing circuit 210 mounted on a
printed board 206.

The cone speaker 207 is unfit for reduction in size and weight of the

portable information appliance due to its large size.  For that reason, flat speakers

o
L

-as the one shown in Figs. 3A and 3B are being developed.  Figs. 3A and 3B are
profile diagrams of a display device and its periphery in portable information
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driving circuit 303 are forned integrally. Fig. 3Ais a top view of the
display device and Fig. 313 is a lateral view of the display device. A
source signal line 5 driving circuit 302, a gate signal line driving
circuit 303 and a pixel portion 304 are omtted in Fig. 3B for sinple

di splay. Attached to the display device are a flat speaker 306, FPCs 305

and 308, an gppesit 80swhidt 1 dkes;@iler. antheamis@ddideviednalh subseAe3oh e whichui t
307 mounted on a printed board 311. The flat speaker is simlar to

convent i onal a ppedkersonr BOL) h@tso@k@@sggdd@ ligk ANdlifg L%Quﬁrﬁ)ZCQHHexréﬁg siHa@ Tine
vibrations to output audio but is fferent in that a gl ass substrate,

a
pl astic subsdf@he,cigeiosgeh AP@-@@[mC(P';mE Il% k% gf 3hhe ?i(gpflv%{v qifvfh% hgélay

others is vibrated instead of the con uch a speaker

portabl e i nfgrpat i hﬁ?&ﬁ‘ Fi p@ 3' @n??'it&ann \h@& fath%rralsgfay i%w aﬂd | Irgchhg%immght

than a conventional on uses a Cone spea
exanpl e qf th pa . 1702, ower
substrate 1%[3‘1]&%0% q???v‘éf’%(?éé”aﬁ ¢ {‘”% Hcﬁif;@?%”g&afﬂéfﬂ ﬁ‘?‘é‘@'lao’roé g et
in a chassis 1 0 t ed. by a .speak 1703 to output audio. (Se
Ni kkei El ect g‘ﬁ %”zé”“éﬁcfé‘sﬁay gél)dchg:(f foulh dispdey Sexireds %.I’{E‘t
very effective the size and 20 weight of portable
i nf or mati on Bﬁﬁiqu I'gbsd%gggrai“ ety epPesitsr @lb%fat%gl‘i‘]:om(bmn@ldl@ﬁmaém
to be solved: As shown in Figs. 3A and 313, the audio signal processing
circuit 307I¥%ngwgﬁ%¥ﬂ§31Wé“@ﬂé@f§p@akeﬁm$OGMHé§lthe printed board 311
pl aced outside the display device and an LSI is nounted on the printed
board 311 sinil ar Tyetitcpnuentis omilar2® porabibeali sfcakenmtin ahatagipttriandgnalThi s
is still insufficient for reduction in size and weight of portable
i nf or matlPon agppdivanicd.in® SUMMARY taObuPhiEah dVENT N fferent in that a glass substrate,
a plastic substrate, a touch panel, or the like of the display device or others is
vibrated instead of the cone. With such a flat speaker, the portable information
appliance can have a smaller size and lighter weight than a conventional one that
uses a cone speaker.
15 Fig. 17 shows an example of a flat speaker. In this example, a touch panel
1702, a lower substrate 1705, an adhesive 1706, and a liquid crystal panel 1704 are
set in a chassis 1701 and vibrated by a speaker 1703 to output audio. (See. Nikkei
Electronics, August 26, 2002, p. 52)
Although flat speakers are very effective means in reducing the size and
20 weight of portable information appliance as described above, there is the following
problem to be solved:
As shown in Figs, 3A and 3B, the audio signal processing circuit 307 for
driving the flat speaker 306 has the printed board 311 placed outside the display
device and an LSt is mounted on the printed board 311 similarly to conventional

25 portable information appliance.  This is still insufficient for reduction in size and

weight of portable information appliance.



The present invention has been made to solve the above problem and an

obj ect of the present invention is therefore to provide a snmall-sized,

|l i ght-weight 5 display device having an electric signal processing circuit

which is conposed of thin filmsem conductor elenments and which drives an

out put device for outputting other signals than a video signal. To attain

this object, the present invesussiAiay®r tippualt/ pafTeayng pol ysilicon TFTs

on a substrate of a display device to drive a flat Speaker or simlar

out put device for outputting other signals than a video signal. 10

Pol ysilicon TFTs have high driving ability unlike anorphous TT-Is and

therefore can dripg Gre3RRAKGEN RN E&ebééxk&adm{)eéoq@({ HEE at R SUAFENT §n by t NE
gto e presen bn, The I

. . 2 1l
present 1 nvention IS shown. Accordin Inventl ere Is

provi ded a dj Vi i thin fidm sem conductor,. el eqents on.
substrate, ﬁ%ﬁ@% |nggI%%QEV2@?%?%“%Pgwgﬁﬁbf%ﬁbpg§@g%ﬁﬁH"@f?EﬁH?ﬂgﬁY“ﬁﬂg@ing
an out put, deyj ich outputs gther signals than a videq .signal, in which
the el ecisri cd{éspﬁgﬁ\gpvﬁf:o%‘gé r A eg?(f‘ E'ﬁist‘g'%grfﬂpf:?éé“gt RirGiE (Wieh dg spamvact obr

el enent s. Fq Ihf{’ in.the above-nmentioned structure, the display device has
an audi 0 si B‘ﬁ‘a‘ 1) SHRELLAHGIOE LIRS ARG IR GTivES AN OUtRHL skei GEotod watprting

el enents. 20 Further, in the above-nentioned structure, it is characterized
in that an OSMRIpuENAds Y a gideprenildi 40 sitigimihipobisssshagrasent inventars beed t o
drive a speaker. According to the present invention, in the

above- ment i dhewhdiof pismg pdysibieon R8s audi substgnalof prdisgisgidegice toodritte a flat
includes a digital signal processing circuit. Further, in the

above- ment i spedkedios plimyladevifee, deyve fudiwpsitgradthpr opessi thgn 2 Sidzior Sghdl.
includes a D)A converter circuit. Further, in the above-nentioned display
devi ce, 10 he Pabdilocosi §Hdd hprodégls idrging abiity itk udesrpAbuaatiegarsd eradfore
processing circuit. Further, in the above-nentioned di splay device, the
anal og si gnadn drive a speaker or the like.

Hereinafter, a structure of the present invention is shown.
According to the present invention, there is provided a display device
having thin film semiconductor clements on a substrate, including: an electric signal
15 processing circuit for driving an output device which outputs other signals than a
video signal, in which the electric signal processing circuit comprises thin film
semiconductor elements.
Further, in the above-mentioned structurc; the display device has an audio
signal processing circuit including thin film semiconductor elements.
20 Further, in the above-mentioned structure, it is characterized in that an
output signal of the audio signal processing circuit is used to drive a speaker.
According to the present invention, in the above-mentioned display device,
the audio signal processing circuit includes a digital signal processing circuit.
Further, in the above-mentioned display device, the audio signal processing
25 cireuit includes a D/A converter circuit.
Further, in the above-mentioned display device, the audio signat processing
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processing circuit includes an operation anplifier circuit. According to
the present invention, there is provided a display device 5 having thin
filmsem conductor elenents on a substrate, characterized in that the thin
filmsem conductor elenents constitute an anal og signal processing circuit,
and that an output signal of the analog signal processing circuit is used
to drive a C@EQHKE¢MG@MmthEngMgnﬂhgoabmuggmﬁnnuoned structure, the anal og
signal processing 10 circuit has a non-inverting anplifier circuit and an
inverting anplifi &ortber citi t theambooutrpetitigicgnalisp0iy tb@lé@n'th(ﬂVQﬁileg signal

anplifier circuit is used to drive a first termnal of a speaker; and an
out put si gnproaksinpeircn eidlifg APdrad@! ablifib} &irdiy used to drive a second
term nal of the speaker. Further, in the above-nentioned structure,

input terminal of AttBerdidd té‘qme'ﬁ‘é%ﬂt' R ATPL THeRE i§1 ib¥ide and@Iglu%/ n&wxce

termnal of the inverting anplifier <circuit are co necte

signal of t H§v1¥\ nthhp‘fﬁ"ﬁat %EQCQMLIJ):' ?fen{:e'n'is Fihoaf %lflﬁ'tjr%?en chtl{acﬂerdiz\é i 'ﬁ‘?éﬁ“e

term nal of eaker, an out pu

[ [ Furt her, . h
above. rent %*‘3’23”“%%@{%?‘8%‘%@%‘5?5 ol abfoeRBRa Bratsrina arbingd

anplifier c uj t onne d,to a ut termnal of the inverting
anplifier C|lh g OU%H?OS{& tc’ef Thﬁnélllaq% 5Jt?%‘éa L RYRCTSSIEr EiTRig dirpisedli ter dRYe dui t

is used to drive a first termnal of a speaker, and an output signal of
t he invertiﬂﬁmkﬁblifier circuit is used to drive a second termnal of the
speaker. According to the esent i nvention, there is provided a display
devi ce 25 havi ng tiHich fi II shevesnenitmee snetert s!h@rﬂnal@lsgmhtmpcqsmrl@Inl ch
the thin film _sem conductor elenents constitute an anal og signa
processithg €r¢iduhes pavamugvartrigr smplisici wirenitiang ampivekiing aciplifuirt ciemd; an
second inverting anplifier circuit, an output

output signal of the non- mvertmg amplifier circuit is used to drive a first terminal of

a speaker; and an output signal of the inverting amplifier circuit is used to drive a
second terminal of the speaker.
Further, in the above-mentioned structure, an imput terminal of the
15 non-inverting amplifier circuit and an input terminal of the inverting amplificr
circuit are connected, an output signal of the non-inverting amplifier circuit is used
to drive a first terminal of a speaker, and an output signal of the inverting amplifier
circuit is used to drive a second terminal of the speaker.
Further, in the above-mentioned structure, an output terminal of the
20 non-inverting amplifier circuit is connected to an input terminal of the inverting
amplifier circuit, an output signal of the non-inverting amplifier circuit is used to
drive a first terminal of a speaker, and an outpuf signal of the inverting amplifier
circuit is used to drive a second terminal of the speaker.
According to the present invention, there is provided a display device
25 having thin film semiconductor clements on a substrate, in which the thin film
semiconductor elements constitute an analog signal processing circuit having a first
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termnal of the first inverting anplifier circuit is connected to an input
termnal of the second inverting anplifier circuit, an output signal of
the first inverting anplifier circuit is used to drive a first term nal of
a speaker, and an output signal of 5 the second inverting anplifier circuit
is used to drive a second termnal of the speaker. Further, in the

above- nent | onedting ramepliie, crhet amall egscs:rogrialnvprtoqpsimmglerccnrmm t amasitput
pre-anplifier circuit, a non-inverting anplifier circuit and an inverting
anplifier clarounal, ofahe dutpmvegingnahpibifiet biecyit & esmpletfedad G input terhnal of
inputted to the 10 non-inverting anplifier circuit and the inverting
anplifier cihecyédondamnautiputasplghad cirefiit! ha BEiput NNEKAT 8O BaPfikst | nﬁrze;@rngcw t
is used to drive a first termnal of a speaker and an out put signal

the inverti ﬁ‘rﬁﬁﬂﬁ@} txfrd:rﬂf isGisEQ ' Uril & aUs@Oich @0 | 'oY% e AREONMA ad SEPLIGEn A ft he
speaker. Furt in the above-nentioned displ ay evice, it Is

characteyi zggd ra&om%w&a plIAg; c{}Eﬁﬁ m&eg gir}éﬂr ]%dcro?ng t%zp%fnarl NG ihe

inverting anplifier crrcu Pi'Ves speaker roug circurt.
Further, ingfhe.above- nentloned di splay device, it is characterized in that
t he analog slgnaf processing circuit is driven at a pomer supply vol tage
llower than 30 V.2 Furth in thetd|s5 ‘g devi ce, IS cha{acterlzed in
that the speaker §Mgn e aBadeanenienpl rdtuctyif, i Bl SHBAL PoRIGaHing

di spl ay devi.ce, jt is charFfterlzed in that the flat speaker uses the

di spl ay deviiEdl ise Presemal pe g e YUY VeREDRRIPHECE 6T e e 2pd a8 dnyerting

i nventi on, there i s, provided a display device 25 having thin film
transi st or STRNICISEHSHE otk Oufp hgeH: of the PRI-aplifiay iR it Bipgttcddaghet ut e

an anal og signal processing circuit; the analog signal processing circuit
6 10" non-inverting amplificr circuit and the inverting amplifier circuit, an output signal

of the non-inverting amplifier circuit is used to drive a first terminal of a speaker,
and an output signal of the inverting amplifier circuit is used to drive a second
terminal of the speaker.

Further, in the above-mentioned display device, it is characterized in that

15 the non-inverting amplifier circuit or the inverting amplifier circuit drives the
speaker through a buffer circuit.

Further, in the above-mentioned display device, it is characterized in that
the analog signal processing circuit is driven at a power supply voltage lower than
30V.

20 Further, in the display device, it is characterized in that the speaker is a flat
speaker.

Further, in the above-mentioned display device, it is characterized in that
the flat speaker uses the display device itself as a resonance body.

According to the present invention, there is provided a display device

[
7

having thin film transistors on a subsirate, in which: the thin film transistors
constitute an analtog signal processing circuit; the analog signal processing circuit
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has a differential circuit, a current mrror circuit, a constant current
supply, a source ground anplifier, and a source follower; the constant
current supply is electrically connected to a source electrode of a thin
filmtransistor, out of the transistors of the analog signal processing
circuit, that constitutes the differential circuit; a first output 5

term nal of lehe dffefartiehtiralit,ci et misroelcéctitj £abhyamanneat egile AmneHt put
terminal of the current mrror circuit and to an input term nal of the

sour ce grourgoanphinfpiidicr, md secand foubwet; thelcBhitaht afrrdieugpif Rreaddiakily
circuit is electrically connected to an input termnal of the source

fol | ower; a@dnﬂé’ct@cﬁlhph!tsoﬁﬂkfﬂlé’tﬁiod@foftahﬂﬁHHﬁQ?fmsB'ldrOWtr of the 1BIR8&IdL %@ltﬂé/
connected to an out put terminal of the anal og signal processing ci rcuit

Furt her, aCCaﬁﬁl@'ﬁ%gd:@ pr@sARE SRt :'ﬂ&@‘&idsﬂ ted DRI ErE& RS mﬁé’nhﬂf%’ aan ﬁﬂhé‘%’l o

devi ce having thin filmtransistors on substrate, 1 n

ranay o< OTSAC MO S| POk G f Kty PPS%“‘?%:’?’?‘@HE‘%

si gnal processing circuit FERTT a

t t th d )
T oot o eufedSERRS AHLACH AT Bbuf kihdrat e Souer eroonErbalbEL Y <
electricall to. a,s elect ode .of ?thlnfllmtranmstor out
of  the trate®d "3%% etRisahAbis Pkl Groubsalvrner e gameciadde an inpat

constitutes the rential  circuit; a first output termnal of the

di f f er ent i af®"EYRs u‘? thessqure £o et yind g eeipal terarinalnof Hsusoures fphawenis t he
first current mrror circuit; a second output termnal of the differential
circuit is éﬁeéﬁt@?lﬁﬁppw%%ﬁb@t eefptibteaminah ol the araddmsignafprobesss@conmi0
current mrror circuit; an output termnal of the first current mrror
circuitils el ectFurtir peewdirec tedht praenblutputtianerthemals pfovided andisphpy
signal processing circuit and to an output termnal of the third current
m rror circdiwice hadingrthoufipotraheiswirnah a obstrive, sesbid: chy Entiln GLGistors
circuit is electrically connected to an input termnal of the third
current mrearstioite cani dnal@d shmabpeioegsih® cidgitPriRsailod RUSAL pAsbestigErcuft

provi ded a display device having thin filmtransistors on a substrate, in
which the thdsm ditfoReiilaREc8104 Sirst current mirror circuit, a second current mirror circuit,
a third current mirror circuit, and a constant current supply; the constant current
15 supply is electrically connected to a source electrode of a thin film transistor, out of
the transistors of the analog signal processing circuit, that constitutes the differential
circuit; a first output terminal of the differential circuit is electrically connected to
an input terminal of the first current mirror circuit; a second output terminal of the
differential circuit is electrically connected to an input terminal of the second
20  current mirror circuit; an output terminal of the first current mirror circuit is
electrically connected to an output terminal of the analog signal processing circuit
and to an output terminal of the third current mirror circuit; and an output terminal
of the second current mirror circuit is electrically connected to an input terminal of
the third current mirror circuit.
25 According to the present invention, there is provided a display device

having thin film transistors on a substrate, in which the thin film transistors
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7 constitute an anal og signal processing circuit having a differenti al
circuit; and the differential circuit includes thin filmtransistors
having a nulti-gate structure. Further, in the above-nentioned structure,
of the thin filmtransistors, those in the differential circuit are
connected in parallel to one another. 5 Further, in the above-nentioned
structure, ifPRSHE!E aDf BrdeR Pighalkprasessing cireuit plavpay a thfiferefifidlneiteudn singt the s
are arranged so as to forma shape of a letter X Further, in the

above- ment i ohélgrantiadciranie indiindestthinrfilin Irangistanshstiog s nedristaid sthectu@n anal og
signal processing circuit, and of the thin filmtransistors of the anal og
si gnal processi ng lairtteni in, the hbovd-tdemibhah siredi0fcs of ORS thih Yl iNGa k@4l Heke
means include to plural sem conductor thin films. Further, in the

above- nent i analle difsgtayaldenunarce sokhctlclnagpalaneednd Beothe ur al

sem conductor thin filns is |longer than a | onger side of each of the

sem condyct or t hi FykikeRBin ﬁ‘féc%éijdjﬂlehﬁoﬂé}?fsﬁpgtﬁﬁ@tini MeeBit B idi NGF&id Sh

provi ded a display device 15 having thin mtransistors on a substrate,

[ i oh gl DA 5 ARRYSLOL S GARRL) L46AR 231 08 Al br ocessing

circuit; of the thin filmtransistor anal og essing

circuit, a thin fig i.stor constituting an output.nmeans. of the . anal og
si gnal processi ngIﬂ(l:llwrh{é{]iq?ﬁlles'?r[bf%(%3 h@%ntfoﬂtgﬁmsémg%ﬁ?’ tﬁﬁ(ﬁﬁ@tfgf“ PRSP SRS HaKE
has plural channel fornation r.egions, on ource.region, and one drain
region. 20 Flrt'Here ngrﬁlgrlﬁ’éocgﬁﬁ{}g-%rtﬁti 8h d)sfo‘lﬂgﬁﬁﬁy?‘g@v‘i@@}s‘%’sd‘?fﬁh&n@@log
between the .plural channel fornatjon regions of the sem conductor thin
filmis larg af RERPoSSI NGO B AUR GANSHRr SIS HRIINER e PBh nrcags drdude
Further, in the, structure, it i.s characterized in that, of the thin film
transi stBr s PO 2t $EgARIEEOsghEImBr ocessing circuit, a thin filmtransistor

constituting 25 an output neans of the anal og signal processing circuit
i ncl udes a pl ural Festhesg in the above-mentioned display device, a distance between the

plural semiconductor thin films is longer than a longer side of each of the
semiconductor thin films.
According to the present invention, there is provided a display device

15 having thin film transistors on a substrate, in which the thin film transistors
constitute an analog signal processing circuit; of the thin film transistors of the
analog signal processing circuit, a thin film transistor constituting an output means
of the analog signal processing circuit is formed from a semiconductor thin film that
has plural channel formation regions, one source region, and one drain region.

20 Further, in the above-mentioned display device, a distance between the
plural channel formation regions of the semiconductor thin film is larger than a
width of cach of the channel formation regions.

Further, in the structure, it is characterized in that, of the thin film
transistors of the analog signal processing circuit, a thin film transistor constituting

25 an ouiput means of the analog signal processing circuit includes a plurality of
semiconductor thin films and a conductive film is interposed between the plural
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sem conductor thin filnms and a conductive filmis interposed between the
plural S sem conductor thin filnms. According to the present invention,
there is provided a portable information appliance using a display device
descri bed above. Wth the above-nentioned structure, downsizing of a
speaker and 5 incorporation of an audio signal processing circuit in a

di spl ay devi ganiapediagdi irefiimand smal | - si zed, |ight-weight portable

i nformation appliance capable of outputting audio is obtained. In the

conventional port abt@rdinkab MR peBe @Rl ERRGe tha¥iifgrAhdabsheresleAHiormation
function, a cone speaker and a driver circuit for driving the speaker are

di fficult toppl@ndowsshzeiiangd asaes diQgikaibpger mniaturization of the
portable information appliance. The present I nvention provides a

smal | -vol une di splywyLdeyd C8,qet 0 Audi put  function by usi a_flat
speaker and by integrally fé?ﬁfﬂga%ngﬁiJ%?mgﬁétJ%Pvf%%"gdpfvfnﬁp?ﬂ%”sﬁggker

fromthin fi; Wetolgecile el mts, specifically, ,TETs on.a 15 )
substrate. 'Ilhgargrgemstfez%t [ n{/glgﬁllggrigmﬁéﬁé%ceis '“%&é‘&‘ﬁﬂa a Ysplay seyiqenie achisvadg
wei ght of ortabl.e infornation | i ance_ having an audi o output function.
BRI EF DESCRI |%{%l&‘?ﬁé‘%ﬁ@‘ﬁ&gggf‘ﬁ&?H&f‘%{%&?ﬁﬁﬂﬂhﬁg%Féwbr%%@f OPEPULtipg
1A and I B are profile g&agrams of a display device of the present
i nvention: FUg® SPRIUAEC 2B are profile diagrams of a conventional display
device; Figs. 3A and 3B are profile diagranms of the conventional display
device: Fig. 4 i%&nabe eofieptpestpaiabdeiinfosnademapplianne lopenann amdimplipit er
circuit of 25 the present invention,
function, a cone speaker and a driver circuit for driving the speaker are difficult to
10 downsize and accordingly hinder miniaturization of the portable information
appliance.
The present invention provides a small-volume display device with an audio
output function by using a flat speaker and by integrally forming a driver circuit for
driving the speaker from thin film semiconductor elements, specifically, TFTs on a

15 substrate. The present invention makes it possible to reduce the size and weight of

portable information appliance having an audio output function.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
20 Figs. 1A and 1B are profile diagrams of a display device of the present
invention;
Figs. 2A and 2B are profile diagrams of a conventional display dcs‘/icc;
Figs. 3A and 3B arc profile diagrams of the conventional display device;
Fig. 4 is an cquivalent circuit diagram of an operation amplifier circuit of
25 the present invention;
Fig. 5 is an equivalent circuit diagram of an operation amplificr circuit of

9



Fig. 5is an equivalent circuit diagramof an operation anplifier circuit
of 9 the present invention; Fig. 6 is a block diagram of an audi o signal
processing circuit of the present invention; Figs. 7A and 7B are di agrans
showi ng how an anal og signal processing 5 circuit and a speaker are
connected in the present invention; Figs. 8A and 8B are di agrans show ng
how t he analtbg ps¢esgnalnvprgeessing circuit and the speaker are connected in
the present invention; Fig. 9 is a diagram showi ng how t he anal og si gnal

processing circui tFianglis 4 BRCRRIBAKEM & & SANPELEHIdke] € BF (! jyon;
10 Fig. 10 is a di é%r a;% ShO\(I:Vi ng(%an 1errbodi rreﬁt%pégﬁﬂpihdgegén?g%’ gg&??gﬁéqé%%%dt

processing Gp{&Hidn;0f the present invention; Figs. 11A and 11B are diagrams
showi ng an arrangenent of a differential «circuit; Figs. 12A and 12B are

6 2g1are show 10 b, 78 TR ol BB LLALFIE g 005 L d

is a diagram show ng out put
Fio 15 fs S aTLanan RaCH B buriteent GraRRLRbebati on anpl i 1ior
ol er i Pout t P ARG S i R gt Ao W Hgtha ek BEe P ragesing
speaker; Fi gs. &SA t}(lj 18%5 arre di ggrarrs_}shovm’ ng exanpl es of el ect _ron! C
appl i ance CHSPH Gaddhe speakeisie sonaested &n die prsenpinseation nvention: Fig. 19
is a diagram showing a result of nmeasuring a characteristic of an
anplifier; and  Fig 9 is a diagram showing how the analog signal processing circuit and
the speaker are connected in the present invention; |
10 Fig. 10 is a diagram showing an embodiment of the analog signal
processing circuit of the present invention;
Figs. 11A and 11B are diagrams showing an arrangement of a differential
circuit;
Figs. 12A and 12B are diagrams showing the arrangement of the differential
15 circuit;
Fig. 13 is a diagram showing output TFTs of the operation amplifier circuit;
Fig. 14 is a diagram showing output TFTs of the operation amplifier circuit;
Fig. 15 is a diagram showing output TFT5 of the operation amplifier circuit;
Fig. 16 is a diagram showing output TFTs of the operation amplifier circuit;
20 Fig. 17 is a diagram showing an example of a flat speaker;
Figs. 18A to 18G are diagrams showing examples of electronic appliance
that uses the display device of the present il-lV(iHIEOIl;
Fig. 19 is a diagram showing a result of measuring a characteristic of an
amplifier; and
25 Fig. 20 is a diagram showing the result of measuring the characteristic of

the amplifier.
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25 Fig. 20 is a diagram showi ng the result of neasuring the characteristic
of the anplifier. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Figs. 1A and 1B are profile diagrans of a display device of the present
invention. As shown in Figs. A and 1B, a display device 101 of the present
i nvention has a bstrate 109 on which a pixel portion 104, a source signal
line 5 driving cfﬁ‘é@&%@ﬁwﬂgﬁé@ymgim&zﬁﬁRm@mmmﬂIMﬂms and an
audi o signal processing circuit 105 are integrally built from TFTs, and
are topped with akigsoggosnd dibabsprafile didrants of aldispByaddfe VEQU: Gredehe

di splay device 101 and Fig. iB is a lateral view of the display device.
The source sigmaion| i de drawrn ng Rigs.clit akD2B, thaispeat 8csicdN@1 bi 6 Srd¥hng
circuit 103, the pixel portion 104, and the audi o signal 10 processing

circuit 105 imventionifased sitstfat 109 B Qhid AR pSRIAY 104 { LBk SPERKEM ;106
is also nmounted to the substrate 1009. TheqﬁlL at Epeaker IO%Sggcl)recg Sﬁglsﬁalll%ays

nave o o mideviudticly 105l balbuighSRRdIINE VAR S0t e Uit e and, he
54 LA, 6 AR L
106. The substrate used here 1§ a' g sgpsvlﬁ%"glorfélfee,‘salayﬂe_éfﬁei]@]_S:U‘tiis BalB, a
SHal oo Skl AL BBl e Rt ot s g 32, the

nt e%]rral.gry@f ormed fromthin film sem conduct or

processing gircuit, ,thus.i X i hin !
ol ements 266 G N THVIRG) bGP o s Bixal HOstion | ids exilatior sydiandgadi n

filn1c% acitgrsﬁon a dLsHtgy devi ce, . rgductipn in size and weight, which
has not" bedH St Higndtrubly Lorreetipitishan Figot Bdbl eirapit alisplty.oh fapppédredp6can
be achieved ip a portable information appliance having an audi o out put
function orS éﬂ%‘? Bewred guthsuubsiapietiOdn (Hetflitspodteri Id6ges not always have to
make audio by itself but instead may vibrate the substrate and the like to output
audio.  The flat speaker 106 is electrically connected to the audio signal processing
circuit 105 through an FPC 108. External audio signals are inputted through an
15 FPC 107 to the audio signal processing circuit 105, and then outputted through the
FPC 108 to the flat speaker 106. The substrate used here is a glass substrate, a
plastic substrate, a stainless steel substrate, a silicon substrate, or the like.
With an electric signal processing circuit, in particular, an audio signal
processing circuit, thus integrally formed from thin film semiconductor elements
20 such as thin film transistors, thin film resistors, and thin film capacitors on a display
device, reduction in size and weight, which has not been aftained by conventional
portable information appliance, can be achieved in a portable information appliance

having an audio output function or any other output function that is not image

digplay function.
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di splay function. 25 tt Enbodinent 1 Fig. 6 is a block diagramof an audio
signal processing circuit. The audio signal processing circuit shown in
Fig. 6 is conposed of three blocks. A digital signal inputted to a digital
signal input termnal 601 is conmputed by a digital signal 5 processing
circuit 603. The processing by the circuit 603 includes decoding of a
conpr essed dEgibodimeitgnal , and ot her conputing such as filtering may be
added. As the processing is finished, the digital signal is inputted to a

D/ A converter cirdupt6i60bldck diageonvenheddintignanabadsag sranal - THh&idio
anal og signal obtained by the conversion, or an anal og signal inputted

directly frosipadieprestsimpatirdt gﬁbmahqggl@_i.@iceH@bséanPmutegft% ) %giggéu
anplified by an anal og signal processing circuit 605. The anplifie I gnal

i's outputt edifiThgitcoRbl bl ggﬂ@ll inB06 12 A 2087 ‘9%%23’55’{‘0?‘%*5?%&%@{?:*&“% a

speaker. The anal og signal proceSsing circuit uses opel _ _
CIISHILS o RORSLilRe A0T LTHE LIS AR W S04 il RYSEbLR o
Gigi tal procoruabeBRlit TR W e Bedib B Sty beedieik e 4 o
chi ps whereggs, the anal og.si.gnal prqcessing circuit is formed fromthin
Fi1m sem contuBta anenstnigh: ficdenloteells Dpuitad daimbhh comsraesichiibed
above, many al og signal processing circuits use operation anplifier
circuits to@%‘p'l(}l g% C&’%ﬁ% AWGi & singlogl sisnm. g The pralas dgudlvebiemed diy ¢l t
diagramin which an operation anplifier circuit is built fromthin film
sem conduct GPMETEREN0S anspeadpg iségnal yinpmiers dirteily fopertati oncranpld hivemalog
i ncludes: a . ) )
10 signal input terminal 602 is amplified by an analog signal processing circuit 605,
The amplified signal is outputted from an output terminal 606 and then outputted as
audio by a speaker. The analog signal processing circuit uses operation amplifier
circuits to constitute a non-inverting amplificr circult, an inverting amplifier circuit,
and others. Instead of operation amplifier circuits, other circuits may be
15 employed.
In an alternative structure, the digital processing circuit 603 and the D/A

converter circuit 604 are LSI chips whereas the analog signal processing circuit is

formed from thin film semiconductor elements on the substrate.

20  Embodiment 2
As described above, many analog signal processing circuits use operatinn
amplifier circuits to amplify analog audio signals. Fig. 4 is an equivalent circuit
diagram in which an operation amplifier circuit is built from thin film
semiconductor elements, specifically, TFTs.  This operation amplifier includes: a
25 differential circuit including a TFT 401 and a TFT 402; a current mirror circuit
including 2 TFT 403 and a TFT 404: a constant current supply including a TFT 403

12



25 differential circuit including a TFT 401 and a TFl' 402; a current
mrror circuit including a TFT 403 and a TFlI' 404; a constant current
supply including a TFT 405 12 and a 'IFF 409; a source ground circuit
including a TFT 406; an idling circuit including a ITT 407 and a TFT 408;
a source follower circuit including a TFT" 410 and a TFT 411; and a phase
conpensat i nquehpdbFt ot0% 12 soilie mpenditdieaitofcliign©RETR Hm;a8plidfikE Circuit
circuit of Fig. 4 is described below 5 Wien a plus signal is inputted to

a non-i nver tinolpdimpa T TIRL0T REd 2 THRA408:8d BoGlE TEMEwES cirdieinERLiA01 Hecangs
| arger than the drain current of the TFT 402 since the constant current

suppl y i ncl ugidngrtirey 1 TR 9Bhi &ﬁﬁ}ﬂﬁl%l%ﬁjgd&gzatcngr@?ﬂrces of the TFTs that
ral

constitute the differential circuit. The n current of the TFT 403

becones equal to tihe (ﬁ)‘é?ﬁitﬂ)ﬂ%tﬁ@%&)c&ﬁiohQ?néo-ll-l:f-i%r.“'cg)rzcu?ihogcfﬁg;frgsr%cgggg(g(gpg]\gght he

TFT 10 403 constitute'the current " mrror Circuit

the drai 1he TET d the drain t qf the TFT 401
causes a chanae PRI TEURE e BB B Pl R L sl faimeur caver

The TFT 406, i i -channel TFT, is  turned ON and the drain current
of the TFT 'B%%ngidr@r @%ﬁg&a“ﬁa g e gy thee dgp rerend ele g i loA 0 hanarthe06

is lowered. Therefore, the gate electric potential of the 15 TFT 410 is

rai sed and &88@?% ﬂﬁF‘iﬂttSﬁEPg’ow&l&hEﬂ; db¢ ik AB? éntcpanc@ed theherpquigep of tiat
is, the elegtric potential of an output termnal, is increased. Wen a

mi nus si gnalllils thahGPhretuicothendiffraentiadvairauiing Thepdtain erumienslof thiee TFEr 40
current of the TFT 401 becones snaller than the drain current of the TFT
402.  Si ncebetuney eauil dethedtaintutrhet aithe 0BT U 2adual the TR He0dnadnhe TRt
of the TFT 402, 20 the difference between the drain current of the TFT 403
and t hel®r aff3 consténte e ciuhrent ThHiFoABitcausEse diftdrangebéthatn thé 9860 cgegat e
electric -c,!ential of the TFT 406. The TFT 406, which is a p-channel TFT,

i s changed obtiselET 62 nnt ohCOFRistateis @nie THTRAGT duRes Hichele Bt [R&dHE 406
is decreased as the gate electric potential of the
gate electric potential of the TFT 406. The TFT 406, which is a p-channel TFT, is
turned ON and the drain current of the TFT 406 is increased as the gate electric
potential of the TFT 406 is lowered. Therefore, the gate electric potential of the
16 TFT 410 is raised and accordingly the source electric potential of the TFT 410, that
is, the electric potential of an output terminal, is increased.
When a minus signal is inputted to the non-inverting input terminal, the
drain current of the TFT 401 becomes smaller than the drain current of the TFT 402.
Since the drain current of the TFT 403 is equal to the drain current of the TFT 402,
20 the differcnce between the drain current of the TFT 403 and the drain current of the
TFT 401 causes a change that raises the gate electric ~~tential of the TFT 406.
The TFT 406, which is a p-channel TFT, is changed to be closer to OFF status and
the drain current of the TFT 406 is decreased as the gate clectric potential of the
TFT 406 is increased. Therefore, the gate clectric potential of the TFT 410 is
25 N_lowered and accordingly the source electric potential of the TFT 410, that is, the

clectric potential of the output terminal, is reduced. In this way, a signal of the
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TFT 406 is increased. Therefore, the gate electric potential of the TFT 410
is 25 lowered and accordingly the source electric potential of the TFT 410,
that is, the electric potential of the output termnal, is reduced. In
this way, a signal of the 13 sane phase as the phase of a signal inputted
to the non-inverting input terminal is outputted fromthe output termnal.
When a plus shgngihass as mpupbed dfoa tiaal M ﬁnbd'jmﬁtixd,ﬂﬂbjh-ih@érﬁhg%puttt@ﬁng{a‘?iisn
current of the TFT 401 becones snaller than the drain current of the TFT
402. 5 Sinceutpugtcdriaim tieustpit teghidane TFT 403 is equal to the drain
current of the TFT 402, the difference between the drain current of the TFT

403 and the drain wifchentpl®f stofgl isTinplid@LoCauses Aieh Lhat .rajses Lhe

gate electric potenti al t(gf t hgeg T T 466, %ﬁeﬁ#ﬁ%ﬁgg&’ \?\ﬁ?@ﬁ%'?"ﬁtgiu&h%ﬁﬂ]el

| TT, is changg@ediooPeheClresesipt nd .,the drain curpent th

TET 406 is decreased as the ga? S%F%%%@%E"&pgtaé‘ni*‘.‘fa a5t Cf’Hﬁmlﬁf T@Tﬂ%@“pg-
ial, of the TFT 410 is

increasedy T f : te el i ot en
| oner ed and gglggrt%l’r ﬁgﬁlégﬁﬁgﬁs@uﬁgﬁ 3@% ?’i Caysd i g diaippurrerd of e AHY 40Rat
is, the elegtri.g.potential of the output rmnal, is reduced. When a
m nus si gnal ﬁl}eél‘ﬁﬁgﬁéggah‘fe&“t‘h@df%{i}é‘fPfI‘PﬁbO‘it utF T @PRiand) the drdn gnaient of the
current of t’PETT{OT 401 becones I%cra?er, than the drain current of the TFT
402. 15 Since tHe §PEEN o GhagRt AT raises theTsdolperiequettntia eththedTRITNA06.
current of Lﬁﬁ ¥E¥”ﬁ§2’ the difference between the drain current of the TFT
403 and t he d¥&i' A cth® erticlyfs & pechanpel TFEOS changes taabe bbngeid OFF Jisenadt he
gate electric potential of the TFT 406. The TFT 406, which is a p-channel
TFT, is turﬁgﬁdﬁN"ﬁﬁﬁéﬂ%ﬁﬂlhhéTﬁFéDﬁisdﬁmeanbﬁstmhgawﬁﬂééﬁe;kﬁmhnﬂﬁﬁaﬁed
as the gate electric potential of the TFT 406 is decreased. 20 Therefore,
the gat €%l Gt i496pist watdaatd. of ThirefoFETthe1gate seleatrisegoandalasc ardimral w16 he
source electric potential of the TFT 410, that is, the electric potential
of the out pleweredrmidatcordinghaiigesburtd eldetsc Podential oF IRAITFA! 41HeQPROSHE €
phase as the phase of a ’ ’
clectric potential of the output terminal, is reduced.

When a minus signal is inputted to the mverting input terminal, the drain

current of the TFT 401 becomes larger than the drain current of the TEFT 402,

15 Since the drain current of the TFT 403 is equal to the drain current of the TFT 402,

the difference between the drain current of the TFT 403 and the drain current of the

TFT 401 causes a change that lowers the gate electric potential of the TFT 406.

The TFT 406, which is a p-channel TFT, is turned ON more and the drain currént of

the TFT 406 is increased as the gate electric potential of the TFT 406 is decreased.

20 Therefore, the gate electric potential of the TFT 410 is raised and accordingly the

source electric potential of the TFT 410, that is, the electric potential of the output

terminal, is raised. In this way, a signal of the opposite phase as the phase of a
signal inputted to the inverting input terminal is outputted {rom the output terminal.

The differential circuit is built from n-channel TFTs and the current mirror

25 circuit is built from p-channe! TFTs in this example.  However, the present

invention is not limited thereto and p-channel TETS may be used for the differential
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signal inputted to the inverting input termnal is outputted fromthe
output termnal. The differential circuit is built fromn-channel TFTs and
the current mrror 25 circuit is built fromp-channel TFTs in this
exanpl e. However, the present invention is not |limted thereto and
p-channel "1 VT's may he used for the differential 14 circuit whereas
n-channel TEIsuareherps ayddnhelr TFe aglem@idyedi fiok Qhe Cufrékt MirrdPeirc@l.r Chd
connecti on shown here may be replaced by any circuit configuration as |ong
as it fully di@uitiesnettion éewiLRek Ay ok r@fﬁla@&ﬁ[)%%h?@_ir@ﬁﬁlcbl;l_figﬁrgﬁgrl‘%ggén
. 0

Thi s enbodi nent can be conbi ned with the above Enbodi nent I ment
3 Fig. 5 shaust amyexai®] sutithe IMHEBN 2T JARPERI AN BPRd  dighCireuit is
structured di ffergnt ly fromFig. 4.n Tﬁeg%%eré)ti on arlrprldluf%;{”et'r circuit in this

exanpl e has as it§;COIRONEREPcafhdl t cl eyl te incl.udi a TFT 501
and a TFT 502; a lolfi rst curr%antbmt%lg{n%@i*@hlﬂie alrbr(l)(k‘jlﬁ?d??logdlgm?{gg 503 and a
TFT 504; .a second current mrror circuit including a TFT 505 and a TFT

506; a t?li rd current mirror circuit including a TFT 507 and a TFT 508; a
constant cugrent.supply including a TFI' 509; and a phase conpensation
e

capacitor 5 ration of this operation anplifier circuit is
descri bed bel ow. Mhen 5 a plus signal is inputted to a non-inverting.
i nput terminal, th& d®aiW urPertample i Wich sp10peetiresamalifjer disar ihe
drain current of the TFT 502 since the constant current supply constituted
of the TFT Soeripicdediissvitvdiion Fige 4eonffsropsoatiorawplifibecirdiif fretlantikanple
circuit. The drain of the TFT 501 is connected to the first current mrror
circui t andhihes B epEpoRentTRT diffiercndaletivast mcbudingntTHT 61 tandta TETI $02; a
proportion 20 to the current flow of the TFT 501. This neans that the drain
current 1of fikk CIFEENt BOidror ssicni riealsdthgip SFFRG0BedeasSE T 50dr aisecentd cefitniof
the TFT 501. The drain of
mirror circuit including a TFT 505 and a TFT 506; a third current mirror circuit
including a TFT 507 and a TFT 508; a constant current supply including a TFT 509;
and a phase compensation capacitor 510.
The operation of this operation amplifier circuit is described below. When
15 a plus signal is inputted to a non-inverting input terminal, the drain current of the
TFT 501 becomes larger than the drain current of the TFT 502 since the constant
current supply constituted of the TFT 509 is connected to the common source of the
differential circuit. The drain of the TF‘I; 501 is connected to the first current
mirror circuit and therefore the TFT 504 receives a current flow that is in proportion
20 to the current flow of the TFT 501. This means that the drain current of the TFT
504 is increased upon an increase in drain current of the TFT 501. The drain of
the TFT 502 is connected to the second current mirror circuit, and therefore, when
the current of the TFT 502 deciecases, the drain current of the TFT 506 is also

reduced. A drop in drain current of the TFT 506 lowers the drain current of the

TTY 508 since the drain of the TFT 506 is connceted to the third current mirror

o
o

cireuit.  The electric potential of an output terminal is thus raised.
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the TFT 502 is connected to the second current mrror circuit, and
therefore, when the current of the TFT 502 decreases, the drain current of
the TFT 506 is also reduced. A drop in drain current of the TI,I" 506

| owers the drain current of the 25 TFT 508 since the drain of the "TFT 506
is connected to the third current mrror <circuit. The electric potenti al
of an output term maen 8 plhsisignail sednpﬂlt&d/\hemnaumcum@umltctrﬁnianpﬂh'izt@ﬁni0
an inverting input termnal, the drain current of the '"ITT 501 becones

smal | er thanctfenidedile dlify 50t botombe sTENe50Ran tHherdn aufreaf of hBe T 5981
is connected to the first current mrror circuit and therefore the TFT 504

receives a clliicedir lafwiht MEKTI S01 ris IAROEElon TR ThA_GHERNRiRo! |AMAT, d£dhe
TFT 501. This neans that the drain current of the TFT 504 is decrease

upon a decr edmecfore teaTFTCSUS eticifs 4 hﬁrrIEtTﬂéQ«lthaF@ d%?‘w& {; 40 TFIm:?
is connected to the second current mrror circult ore,

current of thewlGf th C S t re f the TET also
i ncreased. A }NI se l| %)21(;];1;' %ﬁgufr?@r%t Hl%}gﬁi:{ ﬁTP% gzghralirgeég ?%éhcdrsfg'ﬁ% Si)tdﬂ Fent
of the TIT 50&:8iR88pdY 4 t{!}?cr&fs@'lﬂ Bhigt pel'{(;érlE of EGmaﬁ(?]guta&ﬁ 9{ he t hl rd

current mrror circuit. el ectTic

thus | oweredsgd ngt af.out put s nal of the sanme phase as the phase
of a signal i nputctB le@c% hﬁo??cgﬂgecr”trﬁﬁ% PHARM C’c’%‘ﬁ‘ﬁlaﬁ‘gl thegretre putheadtheo
t he out put t rm nal .an outp gnal of the opposite phase to the
phase of a si grﬁeértllt of ths; n\?ﬁﬁﬁéd"i@a?% crf\?/‘éi‘t?qucmr%dbet i (als alsp imgtqaatd. ed
to the outpétermna An ad anta%% this exanple is that the out put
si gnal anpl i‘¢dH& IEé‘ﬁ“H@“F%Pb@ then AR T4t rassees thredragp enaentorf thalFF 588 since

circuit %e f‘l bcgd in Embodi ment 2. The polarities of the TFTS may be
reversed’ THI'S EBodf Mt Fdaalbds combdiaied i the thiel abowe Eibodicirenit. 1The 20

electric potential of an output terminal is thus lowered.

In this way, an output signal of the same phase as the phase of a signal
inputted to the non-inverting input terminal is outputted to the output terminal
whereas an output signal of the opposite phase to the phase of a signal inputted to

15 the inverting input terminal is outputted to the output terminal. An advantage of
this example is that the output signal amplitude can be larger than that of the
operation amplificr circuit described in Embodiment 2. The polarities of the TFTs
may be reversed.

This embodiment can be combined with the above Embodiment 1.

20

Embodiment 4

Fig. 7A and 7B each illustrate a metﬁbd of driving a speaker with an analog
signal processing circuit. In many conventional methods to drive a speaker, one of
two terminals of a flat speaker 703 is connected to a non-inverting amplifier circuit

25 702 while the other terminal is grounded as shown in Fig. 7A.  Such driving
methods are an option when a conventional cone speaker 1s used to output audio,
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Enbodi ment 4 Fig. 7A and 7B each illustrate a nethod of driving a speaker
with an anal og signal processing circuit. In many conventional nethods to
drive a speaker, one of two termnals of a flat speaker 703 is connected
to a non-inverting anplifier circuit 25 702 while the other terminal is
grounded as shown in Fig. 7A. Such drivin met hods are an option when a
conventionaﬂ”%éﬁé“@ﬁéékg?tﬂ§m§§%ﬁ‘FBPBW?égﬁcaﬁﬁnﬂ?mﬂﬂ@ﬁbﬁﬁkﬁ@W“&hﬁﬁch3ﬂ1at
speaker is enployed because piezoelectric elenments which are often used in
flat speakerodtegi Bscer in hlag|spawers stiffac tiurdemhednsicortercs fwak aosc aspgakersquid e
hi gh voltage. To be specific, a flat speaker needs a voltage anplitude of
about 10 Vr meqwihehighsvatagone Topmakmcifiam firovpadécansalsnd vphess amplinekessar y
for 5 portable information appliance at an anplitude of 1 Vrns. An anal og

si gnal procebsinl) &rmeuilicrd@2a thet spaiker baLHLVAdPAWOLNnS PRsre Natage fof 30
V or higher in the driving nmethod of Fig. 7A. However, driving the circuit

at such hi ghhowabledgRritialibn apglidneerat dfVihfRithAcudvpgsa pol ysilicon TFT
presents a serious problem when the drain voltage is set high, a

pol ysi 1 con TFT, i ARIBALIIAEN A cestciRIANTBE QOIS heon o %we&%g%ce)

severely degraded in characteristic, “particularly gin (nutual con

I the T negts £050% 4u5: hanbPh BRIAHARS oA LPYE, SIA UCHILAL oAV £t OnS

in TFTs hav made ITn &n attenp o-solve t prob gt st

v LT U, BTl S SRR D LA BT,

LDD structureis oyea an out :

LDD) structure is enployed. Because of this problem if the driving_ nethod
shoun i n 71 oS aTBRBY EPIGRGRIGE i Bofiekas S biehnh gRER N BT Peq

to make polysiljcon TFTs unavail able in_caonstructing an anal og signal,
processfthg P ﬂWBGFt?“AbE%@H? Fofysikigpn Jitds disevasg ﬂ%ﬁ§l vB CRYagRISEE

driving a flat. sPeaker by ) . . )
particularly gm (Mmutual conductance) in the linear region due to hot carriers.

Various structural modifications in TFTs have been made in an attempt to solve this

problem, but still the drive voltage at which a TFT is not degraded much is about 15

V when the LDD structure is employed and about 25 V when the GOLD (gate

15 overlapped LDD) structure is employed. Because of this problem, if the driving

method shown in Fig. 7A is chosen, a drive voltage of 30 V or higher is required to

make polysilicon TETs unavailable in constructing an analog signal processing
circuit,

Accordingly, the present inventors have thought of driving a flat speaker by

20 BTL (Bridged Transformer Less) driving as shown in Fig. 7B.  According to the

BTL driving shown in Fig. 7B, an analog signal processing circuit includes two

CIFCUits, a noﬁ-inverting amplificr circuit 705 and an inverting amplifier circuit 706,

and one terminal of a flat speaker 707 is connected to the output of the

non-inverting amplifier circuit 705 whereas the other terminal of the speaker is

25 connected to the output of the inverting amplifier circuit 706.  This substantially

doubles the amplitude and therefore the flat speaker can be driven at an amplitude
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20 BTL (Bridged Transformer Less) driving as shown in Fig. 7B. According to
the BTL driving shown in Fig. 7B, an anal og signal processing circuit
includes two circuits, a non-inverting anplifier circuit 705 and an
inverting anplifier circuit 706, and one termnal of a flat speaker 707 is

connected to, u t. of the non-inverting anplifier circuit 705 whereas
t he ot her tgﬁﬁrg%.ségq¥ﬁ§”3peaker is 25 :connected to the output of the
inverting anplifi cjrcuit 706 IS stantially oubles the a i tude
and therefore t heﬁ’? éitnvé%éﬂ?él?o‘{:ga ‘He ﬁﬂﬂ@ﬁp%g G AR 1% RUYE S"leoi%)ga% ns
per circuit. §QQ6drivh5g.nethpd of, Fig. 7B thus does not need a power
supply vol t 88V brnddhe st eipbe idrivgn at 28 Beadeygero4Ee malring 1t Posg{ksr
vol tage, maeking_ it possible to build the anal og signal processing circuit
from pol ysi ¢ b theranaleg stEpal paersgingemcuddropeodysiiareBt Wi-t h t he above
Enbodi nents 1 through 3. Enbodinent 5 In Fig. 8A, a non-inverting
anplified circuitTBeZzmalisgni parebt combarmdl withehe abt@vaeEmboidim&os laherughed
for BTL driving but connected differently from Enbodi nent 4. |nstead of

i nputting sidgnals to the non-inverting anplifier circuit 802 and the
inverting anplifier circuit 803 both, the non-inverting anplifier circuit
802 alone receives input signals. The input of the inverting anplifier
circuit 803 is connected to the output of the non-inverting anplifier

circuit 802rmbHdgi&ntn-inverting anplifier circuit 802 drives a first
term nal of a speaker 804 and the input of the inverting anplifier circuit

803. The output of, Fi%?Shn\éer{éﬂmﬁlQEﬁg@ égiébﬁﬁer Siir&HP%SIB?h gﬂg ﬁgrw&%ng ARG

term nal of the speaKer 804. | , an | nver l'tTfirer“circuit 806

oot LG SO @IR deel o BITCHL G bhi RbfindAEH ol RreRTY 130] EhBaen 4.
Instead of inputting signals to the non-inverting amplifier circuit 802 and the
inverting amplifier circuit 803 both, the non-inverting amplifier circuit 802 alone
receives input signals. The input of the inverting amplifier circuit 803 is
connected to the output of the non-inverting amplifier circuit 802. The

15  non-inverting amplifier circuit 802 drives a first terminal of a speaker 804 and the
input of the inverting amplifier circuit 803. The output of the inverting amplifier
circuit 803 drives a sccond terminal of the speaker 804.

In Fig. 8B, an inverting amplifier circuit 806 and an inverting amplifier
circuit 807 are used for BTL driving and connected differently from Figs. 7B and

20 8A. An input signal is inputted to the inverting amplifier circuit 806 and the input
of the inverting amplifier circuit 807 is connected to the output of the inverting
amplifier circuit 806. The output of the inverting amplifier circuit 806 drives a
first terminal of a speaker 808 and the input of the inverting amplifier circuit 807.
The mverting amplifier circuit 807 drives a second terminal of the speaker 808.

25 This embodiment can be combined with the above Embodiments 1 through



20 8A. An input signal is inputted to the inverting anplifier circuit 806
and the input of the inverting anplifier circuit 807 is connected to the
output of the inverting anplifier circuit 806. The output of the inverting
anplifier circuit 806 drives a first term nal of a speaker 808 and the
input of the inverting anplifier circuit 807. The inverting anplifier
circuit 8071 dPPW@§"@tgecond term nal of the speaker 808. 25 This enbodi nent
can be conmbined with the above Enbodi nents 1 through 3. t8 Enbodinment 6 In
Fig. 9, buffer cideuFigs 90butind Gomitar 84| acedidownstpleanh dbwastream of a
non-inverting anplifier circuit 902 and an inverting anplifier circuit 903,
respectivel yjonsiovetiang taepldidrpuircolt 62 bud f ot miveaing SAdlitded wweup fOiOst
termnal of a 5 speaker 906 and the output of the buffer circuit 905 drives

a second t erespralivef), sdehat speakeint 906he PeffbNcitdliis 00X AR a (Arsb REAKS! JrBy be
driven through a buffer circuit. Fig. 9 is obtained by addlng buf f er

Ci rcui tsst o spbskeeX80RING tﬁé"@Wﬂ)dl '&)fh_’hfgbuf?gr c1rc‘§‘h$ %fﬂh'\fgﬁh%ecmf fefhirkh b id S

may be added to the circuits shown in clrcults shown in

Fig. 813. 1Qpdhic 9@rfb09&srrﬁremscea;amgﬁ%mmﬂ%mb d&.;e,@ngmvxgp%mf@ Tk, L

through 3 nmbodi nment Fig an exa og s

Rod o Mo SR T bl e L,
by a pre-a t 10 na out utte from

or e anpt 11 eptegdibih bfg%imgu&snw{%s&%ﬁ B e rog Wit 14 osfo the
circuit 1002. an n_in anplifier circuit 1003 to be anplified 10
times each. “A°¥pHE Wévr"’fg% gg connect ed between output term nals of the

10 This embodiment can be combined with the above Embodiments 1 through

Embodiment 7
Fig. 10 shows an example of an analog signal processing circuit. The
15 voltage amplification of this circuit is set to 100 times. A signal of about 100
mVrms is inputted and amplified 5 times by a pre-amplifier circuit 1001. The
signal outputted from the pre-amplifier circuit 1001 is inputted to a non-inverting
amplifier circuit 1002 and an inverting amplifier circuit 1003 to be amplified 10
times each. A speaker 1004 is connected between output terminals of the
20 non-inverting amplifier circuit 1002 and the inverting amplifier circuit 1003.
A signal amplified 50 times is generated at each end of the speaker 1004.
The signal on one end of the speaker and the signal on the other end have opposite
phases and therefore the final voltage amplification is 100 times. By thus using a
two-stage amplifier circuit, stable amplification is obtained. Each amplifier circuit
25 here is the operation amplifier circuit described in Embodiment 2. However, the
present invention is not limited thereto and other amplifier circuit structure may be
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20 non-inverting anplifier circuit 1002 and the inverting anmplifier circuit
1003. A signal anplified 50 tines is generated at each end of the speaker
1004. The signal on one end of the speaker and the signal on the other end
have opposite phases and therefore the final voltage anplification is 100
tinmes. By thus using two-stage anplifier circuit, stable anplification

i s obt ai ned. “BRICKC rrpﬁ“? B8Pl andslpwation 9 ft the opwelifatition @apllic alesred
circuit des%ribed i n Enbodi nent 2. However, the present invention is not
limted ther'&® B¢ BYsiei WembpFeer circuit structure may be 19 enpl oyed.
The anplification and allocation of the anplification nmay be altered from
those given in thénabgpst signalouftthutpreagmaificotcirchia iptgruaaplid thehominediitg | S
inputted to the non-inverting anplifier circuit and the inverting
anplifier ciamplificriawrcufearekarphecofgFigplidé: ciréuit b ﬂfboé)hﬂﬁpi@)‘(ffmlg.ed()?nln
out put signal of a pre-anplifier circuit is inputted to a non-inverting
anplifieb cianothet exampdelt pHt ogtbgNakg $he PPé?ahl{[}Yi?i%F 'd?Q:uEt”ﬁH lifh§led GbroUit
is inputted to an inverting anplifier circuit, and a speaker is connected
bet ween an euhfntertigs Mmalifi ithgp- |} t |fier el et and.an
out put term nal of %he ?ndg{f%ﬂgnhﬁgl?®¥g£bggggﬁg?hkﬁggﬁﬁﬁgéﬁﬁﬁ %HBﬂHE?
exanpl e, ancgutiPut gl f,.a; = [ hier circuit is inputted to a
first inverting g%ﬁﬁ?%ﬁg{t@f?%ﬁﬁ%%“ggghh?gﬁr %Péﬂglm A EARTT & PRV ng
anplifier ci ob A4S A tted. t econd. i nverting anplifier circuit, and
a speaker Rgﬁ%%g‘%ﬁRhg@#ééﬁﬂg?gé@ﬁEQH“HﬁFBﬁF"E%FHﬁ% Epd?“¥ﬁeaW1@§t°“¢m*
inverting a it circuit and.an autput term nal of the second inverting
anplifier cﬂg@ﬁ%¥%%f§'*ﬁF§"$hﬁﬁﬁi’rﬁ"%%h be combined with the enbodi ments
descri bg above.I F%%?” 1? and 20 show results of neasured characteristics
of a test productPo™ AN9IRGT e¥amike aanBriput esigdaglireard-amalifion-diruer tsi ng
anplifier capabu?tof anplifying 50 tines.

inputted to a first mverfing amplifier circuit, an output signal of the first inverting
amplifier circuit is inputted to a second inverting amplifier circuit, and a speaker
may be connected between an output terminal of the first inverting amplifier circuit
and an output terminal of the second inverting amplifier circuit.
15 This embodiment can be combined with the embodiments described above.
Figs. 19 and 20 show results of measured characteristics of a test production
amplifier.  The amplifier measured is a non-inverting amplifier capable of
amplifying 50 times.
Fig. 19 shows a relation between an input voltage and output voltage of the
20 amplifier and a distortion rate. Here, the distortion rate is described as THD (Total
Harmonic Distortion) in Fig. 19. A slope of a voltage characteristic curve of the
input voltage and the output voltage represents a gain (amplification) of the
amplifier measured, and when the input voltage-output voltage relation deviates
from a straight line, the output is distorted. The distortion rate here rises as the
25 __ij_,nput voltage is increased. The distortion rate reaches 1% when the input voltage

is 0.07 Vrms and the output voltage is approximately 3.5 Vrms, that is, 10 Vpp.

20



Fig. 19 shows a rel ation between an input voltage and output voltage of the
20 anplifier and a distortion rate. Here, the distortion rate is descri bed
as THD (Total Harmonic Distortion) in Fie. 19. A slope of a voltage
characteristic curve of the input voltage and the output voltage
represents a.gain (anplificatjon) of the anplifier neasured, and when the
i nput vol tag'dgbd% Pn@bﬁ*t%@églle}lﬁ?hlwﬁcdévb%mgécﬂqa?dﬁq NgPEat gt $HCAEST ihe
out put is di ?to_rt d. The distortion rate here rises as the 25 input voltage
i s increased’'¥Aeddi stortion rate reaches 1% when the input voltage is
0.07 Vrnu and the output voltage is approximately 3.5 Vrns, that is, 10
Vpp. 20 This neahgt4tathosrioughatampbitede andnpet fseqonice ahdian artpwii vgtagef | at
speaker is obtained. Fig. 20 shows a relation between an input frequency
and an out pUthevais ayerdindlh endacites ofator (gangtod thoditpat esltarertatthoinpyaioltage
the output voltage to the input voltage 5 of the anplifier. Here, the
gains aré abduke 3dptiBer.i rtHaththe padidac abbet 3B fi ekt eordss tlDamphBsatidnn a
frequency range where no distortion takes place while the output voltage

is lovered iinsa tin@guencitegangs rRRE! whordhl didbeendialkss KiHge wile Met Akput
voltage is lowered by 30% This is sufficient as the frequency band of an

audi o si gnagbitadisHEbRE BN 3l raﬁ%@‘g%dl()lﬁﬁlzar @\r%!uﬂﬁ'q_SVKﬁ‘ﬁ’,stl&fouEths

that constitute a differential ~ circul f an anal og signal processi
circuit usiggnpah QPRHALLAD LI f gl & g rhdA S a :

arr angenent o%%e f§Jirffr£érgxt| al ci[?lgsuﬁt{“?ﬂt#ﬂtraélzi%li%ﬁ@lggﬁﬁgﬂuﬁggdge
pl aced next 1{158‘ faach ot her, and a comon source el ectrode 1107, drain

el ect rodes 1105 and 1106, and gate el ectrodes 1103 and 1104 are led out. A

bal ancelget ween TFTs that constitute a differential circuit is inmportant in

Embodiment 8

Figs. 11A and 11B are plane views of TFTs that constitute a differential
circuit of an analog signal processing circuit using an operation amplifier circuit.
Fig. 11A shows a usual arrangement of the differential circuit. A TFT 1101 and a

15 TFT 1102 are placed next to each other, and a common source electrode 1107, drain
electrodes 1105 and 1106, and gate clectrodes 1103 and 1104 are led out.

A balance between TFTs that constitute a differential circuit is important in
an analog signal processing circuit using an operation amplifier circuit. Reaching
the balance is particularly important for polysilicon TFIs because fluctuation

20 among polysilicon TFTs is greater than that of single crystal transistors. In Fig.
11B, TFTs constituting a differential circuit are in parallel to each other as a
countermeasure for TFT fluctuation.  Channel formation regions 1111 and 1118 in
Fig. 11B are placed next to each other to use the TFTS as one TFT.  Also, channel

formation regions 1112 and 1119 are placed next to cach other to use the TFTs as

o
[

one TFT.  The channel formation regions 1111 and 1118 share a source clectrode,
the channel formation regions 1112 and 1119 share a source electrode, and the

21



an anal og signal processing circuit using an operation anplifier circuit.
Reaching the balance is particularly inportant for polysilicon TFTs
because fluctuation 20 anong polysilicon TFTs is greater than that of
single crystal transistors. In Fig. 11B, TFTs constituting a differenti al
circuit are in parallel to each other as a counterneasure for TFT

1 uct uat | on. SERERRRCUPHTSTAL B FEGPGhSITIOn &Neca 11873 nA frag clepgode d 115
pl aced next to each other to use the TFTs as one TFT. Al so, channel
formation redjiohgatraloctzody 1hitologthe phamwd foanatiaoragaors biHeand bl ifsarctlhd
TF Is as 25 one "ITT. The channel formation regions 1.111 and 1118 share a
source el ect?WdeA dite cldvarodel 11fl6ramdtd gater dgitonde 11149 fanidhe Ihbanshtor mation
source el ectrode, and the 21 source electrodes are |led out as a conmon
source 1117.regicasal il 2ehmdtindBenrd 128 ovand By gaiptoydhgahisog@aidil 3irfi@urd, NEFT
channel formation regions 1111 and 1118 are led out. A drain electrode

1116 andsa gdhtaeactdrétics acteavkldgbdfoi thb gluehanioglis fQueedi on regions 1112 and
1119 are led out. By enploying this parallel structure, TFT 5

characteristics ang mye1a8edodd daReTHYGELREEPT ic@msﬁﬁﬁ’ﬂd?z?ﬁiif%r@nﬁ%gcéf%u%

doubl e gate TFTs are used to constitute a differential circuit.

el ectrodes 32Q5 and:5406 120§ AdSPHLEE 'ae&%.lfrgg%ﬁcigé%ﬁfezogrﬁ gl?eu%v?blggéa?% at

TFTs are identical with the el ectrodes of erence |

gate electr S, L2083 ve twp. channel.formation regions.
Wth such 10 ou%%e%ggﬁggTéag?h%ﬁp%{@F gcqf\ggfgspﬁré}% ar ¢ _g{[/@rré&%%,‘s ?‘H‘g & %i n
o aran vort S s 490 il L TR LB Bt T erEOh ety BuTh ptaced
by triple gate, TFTs ‘ .-gate TFTs having nore than three gate,

el ectr odgs %PHbllgi %“?te(ll@g?% Cﬁ%‘r‘i‘%ici”tgﬂ?si AL &Vgﬁai%?‘ér bardiain ¥pHags applicd to

ir;spgﬁd soﬁg&lm%‘%},&ﬁ%r&a sh%ger [?tf a Iettetr X. According to this letter
genefife Frgd cugont gNENARE 19 Gr FARNESNIY dEtB e tERY Taa ke
1219 are placed crossw se to each other and
reduced.  The double gate TFTs here may be replaced by triple gate TFTs or
multi-gate TFTs having more than three gate clectrodes.
In Fig. 12B, TFTs constituting a differential circuit are arranged so as to
15 form a shape of a letter X.  According to this letter X arrangement, as shown in Fig.
12, channel formation regions 1211 and 1219 are placed crosswise to each other and
connected to each other through a gate wire 1214, a source wire 1217, and a drain
wire 1215, The TFTs are thus used as one TFT. Channel formation regions 1212
and 1218 are also placed crosswise to each other and connected to each other
20  through a gate wirc 1213, the source wire 1217, and a drain wire 1216, thercby
using the TFTs as one TFT. The straight line connecting the channel formation
region 1211 and the channel formation region 1219 to cach other intersects the
straight linc connecting the channel formation region 1212 and the channel
formation region 1218 to cach other. This arrangement can reduce fluctuation
25 Au_,caused by positional differences such as the impurity doping gradient and the
varying degree of laser crystallization. It is also possible to use these



connected to each other through a gate wire 1214, a source wre 1217, and a
drain wre 1215. The TFTs are thus used as one TFT. Channel formation
regions 1212 and 1218 are al so placed crosswi se to each other and
connected to each other 20 through a gate wire 1213, the source wire 1217,
and a drain wire 1216, thereby wusing the TFTs as one TFF. The strai ght

| i ne connectiongtarmeastian fglflifcbraveniiomombagatom. 1211 and t he channel
formation region 1219 to each other intersects the straight |ine
connecting t he chdinetmbodimatit om begombirkAl2itanke Ehdodimannedesdr emabibon
region 1.218 to each other. This arrangenent can reduce fluctuation 25
caused by positional differences such as the inpurity doping gradient and
the varying degree of laser crystallization. It is also possible to use

t hese 77 couhbsdigaavpes for fluctuation in conbination. This enbodi nent
can be conbined with the Enbodi nents descri bed above. Enbodinment 9 5 Fig.

13 showsszan exanplpg, of3 §Ho%szh§é>%mg?ﬁ@%Iainkég{dré'%oﬁﬂnwﬂoggwé ﬁgﬁlﬁ{iip‘aﬂi% of

anal og signal processing circuit uses an opera ier circuit.

h i > Qond] Br g&ildli A LTI O IE: Ly At |
The gate Waﬁél{(}g@% N PrB& gle LdbiPiha b ch%m* B@\%\ftg{ Ioﬁ ?IH)A%{)]U;) b%ila}:)gﬁ&cog?t% en

anplifier ci ecause a arge current
a speaker or, l.gad is .driven. In .a sem conductor integrated circuit
" Gener al . A i iR e RlhuisRuaSh i To Petien e e sa e
transi stors; as shomnﬂin‘FiaE 13, source regions 1301 and 1303 or drain
regi ons 13077&RGUTSBATIAYE TG QURHRPTHEN PR SRIKCE LI heE ladkdS diivansi 5t or .
In this way, the soyrce regions or the drain regions can be reduced
al t hough a §at@M\PrEEASD3NEHEsh CitgHin ih gisger gfate gvigith rientnceesned dit | y
flows in an apalog signal processing circuit 15 unlike a digital signa
processitg Edustng thiraes of the traasistors: cissshontty initeg 18, sbyral regidnsek3(dr and
falls. Accordingly, the tenperature of a TFT is raised by its own heat.
1303 or drain regions 1302 and 1304 are overlapped to reduce the size of the
transistor. In this way, the source regions or the drain regions can be reduced
although a gate wire 130S remains unchanged.
However, a current constantly flows in an analog signal processing circuit
15 unlike a digital signal processing circuit where a current flows only when a signal
rises or falls. Accordingly, the temperature of a TFT is raised by its own heat.
The temperature rise is serious particularly in a TFT formed on a glass substrate or
other substrate that is small in heat conductivity, and the reliability is decreased.
Therefore, some heat releasing measure has to be taken.
20 Fig. 15 shows an example in which the temperature of TFTs that constitute
an output portion of an analog signal processing circuit is prevented from rising
temperature by dividing the TFTs into semiconductor thin films 1504, 1505, 1506,
and 1507 that are small in gate width and by distancing the semiconductor thin
films from one another. Four TFTs each sized to the island 1504 are arranged
25 keeping enough distance from one another. A gate clectrode 1502, a source

electrode 1501, and a drain electrode 1503 connect the semiconductor thin films to
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The tenperature rise is serious particularly in a TFT fornmed on a gl ass
substrate or other substrate that is small in heat conductivity, and the
reliability is decreased. Therefore, sone heat rel easing neasure has to be
taken. 20 Fig. 15 shows an exanple in which the tenperature of TFTs that
constitute an outFut portion of an anal og signal processing circuit is
prevented froms nsileg Feelperntbateeby ticviainiegndieoTHia finho isafistepgusdior
thin filns 1504, 1505, 1506, and 1507 that are small in gate wi dth and by
di st anci ng tlagseissomddotgar sidi of cid¢H sanfoatuane tiandtne kincEQnis Wi segagh
sized to the island 1504 are arranged 25 keepi ng enough di stance from one

anot her. A gelmsed svir effecd®@?, B BQUIGea gﬁl!peﬂitzgﬁl@%g#@l’lam%@h%E’gé}i[Han a
el ectrode 1503 connect the sem conductor thin filns to 23 one anot her.

Each gap betlongniddwe(se) 60pdnGeRicdiividd thiBriirs, desirably set longer than
t he | onger side of each sem conductor thin filmsince this way heat is

rel eased smore ef f qﬁtFig.eM,bz; |cg?xﬁieg -fﬁﬁﬁatic?n 9%0% if?'%%ﬁﬁ%%?ﬂ%%%%rﬁﬁﬁhfibgr}gz,r

than a long side a (a > each sem corfduct or

e, TS AR, RSB LB Ty

smal | pieces. Four TFTs e Sized to'a's e
arranged keepi i stance fromone another, A gate el ectrode 1402, a
source el ec%r%ggagg%g,gpea[ﬁ# 8“%@ (Hsgq lg‘égfodﬂlé)n?ﬁﬁg{l‘(?ﬁnn galg KEECHORE ddHdutt or
thin filns éomonfﬁ anot hfmmi | e ,each, sem conductor thin film has divided
channel 10 PoFi&tS SH 9%yl BHls 2ndfededn clestiodyi BN hnanesletherasiticoedjicr dire
provided in qach sem co&guctor thin film Breaking a channel formation
regi on whi A 19 ABGEANOUGSE, Whilst erchi eumisoaduetpr shinsfilmdtasedivideyl tlgannel
prevent the tenperature rise. Here, a distance d between adjacent channel
formati Of r EMGHION EegieRs, ORS| SPUres ermion rad ene wirdt hrelioof amapfovaded fre each
segnental i zed channel formation regions (for exanple, 15 1405) since this
way heat cafcBEopdietas dbinnGitre. eBieddingel yhannel formation region which is a heat
source into pieces as this is another way to prevent the temperature rise. Here, a
distance d between adjacent channel formation regions Is desirably larger than a
width W of each of the segmentalized channel formation regions (for example,
15 1405) since this way heat can be released more effectively.
Fig. 16 shows a modification example of Fig. 14 and a conductive film
1604 which is formed from a gate eclectrode 1602 is placed between the
semiconductor thin films. The conductive film 1604 releases heat generated in
channels of the semiconductor thin films. The gate clectrode and the conductive
20 film may not be formed from the same material. Instead, the conductive film 1604
may be formed of a source electrode material, a drain electrode material, or others,
The shape of the conductive film 1604 is not limited to the one shown in Fig. 16.

By thus changing the form of output stage TETs appropriately, the heat

relcasing effect can be enhanced and a circuit that is farge in current consumption

o
]

can be built from TFTs on a display device.
This embodiment can be combined with the embodiments described above.
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Fig. 16 shows a nodification exanple of Fig. 14 and a conductive film 1604
which is fornmed froma gate el ectrode 1602 is placed between the

sem conductor thin films. The conductive film 1604 rel eases heat generated
in channels of the sem conductor thin filns. The gate el ectrode and the

conductive 20 filmmay not be fornmed fromthe sane material. |Instead, the
conducti ve fiiphodigoat Iy be forned of a source electrode material, a drain
el ectrode material, or o!'" --s. The shape of the conductive film 1.604 is

not limited to the aRGLShAWR.d ;ﬁaﬁhﬁmuﬁ@d pPHnd QH&&Q&Q%PF@ Adfod %%m)gﬁﬂanced

out put stage TETs approprlate ea5|n ect can

and a circui n co s t I on 5 can bui |t fr

TFTs on a dﬂ@dt t]?g&)diey\s/Pl“a”( fé’dgﬁ%‘%g}“ﬁ%n? 88“: et vvl?lte‘:l’:l‘”fl er, such
enbodi nent s crtbe ' ment 10 A display device
nanufacture&ﬂ% OPHéa@@&V@CHé%é%FBEgRﬁéfﬁﬂdyéﬁﬁ“ﬁeﬁﬁﬁéﬁmxﬁﬁﬂéﬁﬁ?%ﬁ%ﬁ%’mC
portion of various types of electronic appliance. Hereinafter, such

el ectronPc QﬁﬁFPhHW§%“?%“Mﬂﬁ6ﬁ0Fﬁ@dé$§§h@#ﬂ@@vﬂma1m@nhﬁanbwied according to
the 5 present invention is incorporated as a display medium are described.
Such el ectronic appth altctsniarappdisnted howss folloten videerascradj digial cemseEas,
head nount ed di spl ays (goggl e type displays), gane nachi nes, car naV|gat|on

appl i ance, perdonatntednfisiiieys (sv@ilenspe BRPLSY), exdrhé AnAELHEN) éﬁrm‘f!é{h%n
(rmobil e conputers, cellular phones or el ectroni ¢ books etc. )

Practical exgtpines, ﬁéﬂ;Ohﬂ%@&bUﬁ:&@ SRS 01F L9R- i g@ﬁl tR)nl%&'Illll‘ﬂllg' n%(%ﬁf

digital canera which includes a main body’ 101 a di splay portlon

i mge recei ct 1 ra y 0 n.ext conne tlng
por 3108, SRy RRE AR BRn &p 8 PhcCRoR BodR bl En. SR Meal SRARER

h?é??tlﬂﬁ Cﬁ@n&ﬁaH?ﬁﬂnhpl ﬁ%sﬁhiRkoXsEfrt'O” 3102 of the canera to obtain a

Fig. 18A is a digital camera which includes a main body 3101, a display
portion 3102, an image receiving section.3103, operation keys 3104, an external
connecting port 3105, a shutter 3106 and the like. A display device of the present
invention can be used in the display portion 3102 of the camera to obtain a digital

15  camera having a speaker that is smaller than a conventional camera.

Fig. 18B is a laptop personal computer which includes a main body 3201, a
casing 3202, a display portion 3203, a keyboard 3204, an external connecting port
3205, a pointing mouse 3206 and the like. A display device of the present
invention can be used in the display portion 3203 to obtain a laptop personal

20 computer that is smaller and more portable than a conventional laptop personal
computer.

Fig. 18C is a portable information terminal which includes a main body

3301, a display portion 3302, a switch 3303, operation keys 3304, an infrared port

3305 and the like. A display device of the present invention can be used in the

25 display portion 3302 to obtain a more portable information terminal that is smaller

[§%3
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15 canera having a speaker that is smaller than a conventional canera. Fig.
18B is a | aptop personal conputer which includes a nmain body 3201, a

casing 3202, a display portion 3203, a keyboard 3204, an external
connecting port 3205, a pointing nouse 3206 and the |ike. A display device
of the present invention can be used in the display portion 3203 to obtain

a | aptop pert%gnés'co%@emm&'#gﬁhaﬁztz%fdr&aﬁﬁﬁgugr%&@”d more portable than a

conventional laptop personal conputer. 8C is a portable information
termnal which i nQTig.dQSDaisﬂEhni_nh%@repﬁ’é”@&oin@ ag;gﬁﬂh&ypﬂwmé@%%%?m Jrdipbt ch
3303, operation keys 3304, an infrared port 05 and the like. A displ

. | 304, a | | di’spl ay
device of thge@nas %ﬂieclf}fﬁéﬂ&} 'IWDC%r&ﬁidﬁ%ﬁﬁg{?mﬁ(ﬂztvg@cg' Pl %Ogréhf ﬁgﬁg‘ 22

to obtain a nore portable information ter is smaller
conventi onal3par t.abl gL MAjre) i QL rm nal . AFhgas 18D,1 S, an_ 1| nage
r epr oduci ng appfiancen%r6§?ded(ﬁgﬁhﬁdﬁﬁgggr i%goingdPSJf(s%@épgi@a?f%ﬁ tHvp
r epr oduci.ng L . Whi.ch inpl%ggs in 3401, a casjng 3402, a
di spl ay por tr?gcﬁjdk@;ﬁggfu\?g (gicglpafba@ rt ?’?ggBa ?Zg§¥ readginy %SPB?:%{& nBeFiahen
(such as a X or DVD) read-in section 3405 eration  keys 3406
and the i kg%yﬁ'ﬁgog’l apf :‘éfep@?i oﬁﬂfA @%ﬁyrﬂ?fﬁpv 81 éﬁﬁgygai%géspfays image
information, and the di ﬁla_ portion B_3404 mainly displays character
i nf or mat i on.!MOAMGHER %{vfs S\ igidapiortien By 3d¥hmaiy ehitnleys crmager wdeanatipnt he
display portion A 3403 and in the display portion B 3404 of the inmage
r epr oduci ng ‘appPlande iemof thy rresent gnveadiondiandenisdid imthodobtagi portiomge 3403
reproduci ng appliance that is smaller and nore portable than conventional
i mge reprodidiinghaphiplanpesiorNbt 34@saf ICDimrepradudicigg applinacc kaviggitke
machines and the like are included in the inmage reproducing appliance
provi dedowi réroadimgooedivngtorebiaimimkgg repk88udisg apphhsicngapy srablle didssploay
appl i ance which includes a main body
portable than conventional jimage reproducing appliances. Note that CD
reproducing appliance, game machines and the like are included in the image
reproducing appliance provided with a recording medium,
Fig. 18E is a folding portable display appliance which includes a main body
15 3501, a display portion 3502 and the like. A display device of the present
invention is used in the display portion 3502 to obtain a folding portable display
device that is smaller and more portable than a conventional folding display device.
Fig. I18F is a watch which includes a belt 3601, a display portion 3602, an
operation switch 3603 and the like. A display device of the present invention is
20 used in the display portion 3602 to obtain a watch that has an audio output function.
Fig. 18G is a cellular phone which includes a main body 3701, a casing
3702, a display portion 3703, an audio input section 3704, an antenna 3705,
operation keys 3706, an cxternal connecting port 3707 and the like. A display
device of the present invention is used in the display portion 3703 to obtain a
25 cellular phone that is smaller and more portable than a conventional cellular phone.

As described above, the applicable range of the present invention is so wide

20



15 3501, a display portion 3502 and the |ike. A display device of the
present invention is used in the display portion 3502 to obtain a folding
portable display device that is smaller and nore portable than a
conventional folding display device. Fig. 18F is a watch which includes a
belt 3601, adﬁisqlay portion 3602, an operation switch 3603 and the I|ike.
A di spl ay devhalethsfinvimtiqpr esebt dppyieatih Wedifoni@Qp i | golay
portion 3602 to obtain a watch tﬁ?t has an audio‘gﬁfgﬁfﬂ}gﬁg?ﬁoﬁgdgigmoféG
is a cellul athghtbnelodicic WpeliiHee S o 194 bePaGR81 N0, 3702, a

di splay portion 3703, an auplo in%h?hgg%?Fgﬁqg?gigaéﬁ %%ﬁéﬁﬁab%?ég?h¥§3“Y
operation ke%@nﬁ?ﬂﬁion&ﬁsﬁ*ﬁ%ﬁ{r&aﬂn @IBB{)]&%CIHI&Q] PO t 3707 and the like. A

di splay device of the present invention 1s uséd in the display portion
3703 to obtain a 25 cellular phone that is smaller and nore portable than a
conventional cellular phone. As described above, the applicable range of
the present invention is so wde 26 that the invention can he applied to

el ectroni c appliance of various fields. Note that the electronic appliance
of this enbodi ment can be achieved by utilizing any conbination of
structures in Enbodinments 1 to 9. 27 WHAT IS CLAIMED IS: 1. A display device
having thin fil msem conductor elenents on a substrate, conprising: an

el ectric signal processing circuit for driving an output device which 5
out puts other signals than a video signal, wherein the electric signal
processing circuit is conposed of the thin film sem conductor elenents,
and wherein the thin film sem conductor el enents conprise polysilicon TFTs.
10 2. A display device having thin filmsem conductor el enents on a
substrat e,

27



conprising: an audio signal processing circuit, wherein the audi o signal
processing circuit is conposed of the thin film sem conductor el enents,
and 15 wherein the thin filmsem conductor conprise polysilicon TFTs. 3. A
di spl ay devi c&MacEds diagMitd €4:ai m 2, wherein an output signal of the audio
signal processing circuit is used to drive a speaker. 20 4. A display

devi ce accordi ng tRAGIM deve idwitd@hLE M LORicaRR) S GRals B 9GESSINY
circuit includes a digital signal Tprocessing circuit. 25 5. A display

devi ce accor (i H%ritsﬁ’xﬁlc' aim2 or 3, wherein the audi o signal processing
circuit includes a BIA converter circuit. 28 6. A di spl ay device according
to claim2 or ssing circuit, inc

3, \/{\heglqi‘tr} t he @udi 0_si gnal igr, cg 3 I dels an
anal og signal prd@e%SiHG EFFCAT eS8 SRYGI Sh*By et CUPHE JSYISE YEED ¢l ai m
6, wherein the anal og signal processing circuit is conposed of an operation
anpl i fier Sci OIS Otg@f penals Ypspridpog@irbe conprising: thin film
sem conduct or elenents on a substrate; and a speaker; wherein the thin
fil msen conduct orvligk@andght sleclonstigralipecassizmalogt sigmalesed of the thin {ilm
semiconductor elements, and

wherein the thin film semiconductor elements comprise polysilicon TFTs.

10 2.A display device having thin film semiconductor elements on a substrate,
comprising:
an audio signal processing circuit,
wherein the audio signal processing circuit is composed of the thin film
semiconductor elements, and

15 wherein the thin film semiconductor comprise polysilicon TFTs.

3.A display device according to claim 2,
wherein an output signal of the audio signal processing circuit is used to

drive a speaker.

20
4.A display device according to claim 2 or 3,
wherein the audio signal processing circuit includes a digital signal
processing circuit.
25 5. A display device according to claim 2 or 3,

wherein the audio signal processing circuit includes a D/A converter circuit.
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processing circuit, 15 wherein an output signal of the anal og signal
processing circuit is used to drive the speaker, and wherein the thin film
sem conductor el enments conprise polysilicon TFTs. 9. A display device
having thin filmsem conductor elenents over a 20 substrate, wherein the
thin filmsem conductor elenments constitute an anal og signal processing

circuit, wherein the @gahpgeséarabrdpiOeesamoci,rcuit has a non-inverting
anplifier circuit and an inverting anplifier circuit, wherein an output

signal of the nonv&%}’&ﬁv\}%@gat@m)lsl naf3 &c'ésqh'% ci cﬁzi?ﬁx@% S anéla%gg\é?%l% first

term nal of a speaker ereln a ot 8| 0 I nverti |f| er

circuit is usgeocéegsti)l1 r!\{l“?t a 29 second termnal of the speaker, and wherein
the thin fil M Sem CoRduct or el ement s conprise polysilicon TFl's. 10. A

di spl ay device having thin filmsem conductor elements over a 5 substrate,
wherein the thin filmseni conductor el enents constitute an anal og signal
processing circuit, wherein the anal og signal processing circuit has a
non-inverting arrpV| Aidgplascdaviasiaccadiheda clawpdn ting anplifier circuit, 10
wherein an input termnal of the non-inverting anplifier circuit and an

i nput term nal of whhein theestal opgsiangdl prb¢e@singidieuit tis aspowdndciredperadiar ei n an
out put signal of the non-inverting anplifier circuit is used to drive a
first term na,lnpgﬁclams;ggaker wherein an output signal of the inverting
anplifier circuit is used to drive a

10 8. A display device comprising:
thin film semiconductor elements on a substrate; and
a speaker;
wherein the thin film semiconductor elements constitute an analog signal
processing circuit,
15 wherein an output signal of the analog signal processing circuit is used to

drive the speaker, and

wherein the thin film semiconductor elements comprise polysilicon TFTs.

9. A display device having thin film semiconductor elements over a
20  substrate, wherein the thin film semiconductor clements constitute an analog signal
processing circuit,
wherein the analog signal processing circuit has a non-inverting amplifier
circuit and an inverting amplifier circuit,
wherein an output signal of the non-inverting amplifier circuit ts used to
25  dnive a first terminal of a speaker,

wherein an output signal of the inverting amplifier circuit is used to drive a
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15 second termnal of the speaker, and wherein the thin filmsem conduct or
el ements conprise polysilicon TFTs. 11. A display device having thin film
sem conductor el ements over a substrate, 20 wherein the thin film

seniconducto%e&%ﬁqgghﬁmqﬁqﬁ;g%th Ay anal og signal processing circuit,
wherei n the anal og signal processing circuit has a non-inverting anplifier

circuit and an inverti.n lifier circuit, wherein an ou t. term nal of
t he non-inverting }%?‘ilgileem}céilf%ﬁ%ww?‘ (ﬁlc% BRSSP S Pé{h%ﬁh%’%}f‘ 1{E‘es'r ni nal

of the inverting anplifier circuit, wherein an output signal of the
non-inverting anplifier circuit is used to 30 drive a first termnal of a
speaker, wherein an output signal of the inverting amplifier circuit is
used to drive a dSécdndispleynilavate barvinaethepdiiesemignadudiar eiementeordi A fil m
sem conductor elenments conprise polysilicon TFTs. 5 12. A display device
havi ng then fsubdirasem conductor el enents over a substrate, wherein the thin
fil msem conductor elenents constitute an anal og signal processing

circuit, 10 whereiyghddig RN8IiQTFIS kol SKnRGiSL tokuidte Ra%naldy digial
inverting anplifier <circuit and a second inverting anplifier circuit,

wher ei n an OH}&&%dﬁ Lpdgaal of the first inverting anplifier circuit is
connected to an |nH§t tefm nal of the second inverting anplifier circuit,

}[/\/I;er ein an output v\ﬁlle hs ltheozmatlohgesi];ginzgls;groé:e%\s/i%rgtciirrclzgit?ﬁ?lai r];(jngirnvgxitirhgl%iingpliﬂserused
circuit and an inverting amplifier circuit,
10 wherein an input terminal of the non-inverting amplifier circuit and an
input terminal of the inverting amplifier circuit are connected,
wherein an output signal of the non-inverting amplifier circuit is used to
drive a first terminal of a speaker,
wherein an output signal of the inverting amplifier circuit is used to drive a

16 second terminal of the speaker, and

wherein the thin film semiconductor elements comprise polysilicon TFTs.

11. A display device having thin film semiconductor elements over a
substrate,
20 wherein the thin film semiconductor elements constitute an analog signal
processing circui,
wherein the analog signal processing circuit has a non-inverting amplifier
circuit and an inverting amplifier circuit,
wherein an output terminal of the non-inverting amplifier circuit is
25  connected to an input ferminal of the inverting amplifier circuit,

wherein an output signal of the non-inverting amplifier circuit is used fo
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15 drive a first termnal of a speaker, wherein an output signal of the
second inverting anplifier circuit is used to drive a second term nal of
t he speaker, and wherein the thin filmsem conductor el enments conprise
pol ysilicon Trlsa firdQeihdnalAfdisppli@y, device having thin film sem conductor
el ements on a substrate, wherein the thin film sem conductor el enents

constitute an analaggh A3l PLAGASHIRDIGLAFN dnpIMELRLA 1NR.aRAIEE, #i onal

processing circuit has a pre anplifier circurt, a non-inverting
anplifier cir &%}5 ﬁﬂﬁimﬁl f h@vg}gctlkergn%rrpl ifier CI r cui t wher ei n an out put
si gnal of the ﬁ rrcuit is inputted to the non- 31 inverting

anplifier circuit an rtin I|f| circuit out put
signal of the non“ﬁﬁV%W?Wﬁb‘dﬁﬁ 5 8@ FWEGEF“P?‘E@B&”F@Ogﬁﬁ B%anlrst
term nal of a speaker, wherein an output signal of the inverting anplifier
circuit i% used to drive a 5 second termnal of the speaker, and wherein
the thin filmsem conductor elenents conprise polysilicon TFTs. 14. A

di spl ay devi ce havinyg dikplay fddvines bariggriblnc fibn sdnenemtistonclamestsbstarat e, 10
wherein the thin filmsem conductor el enents constitute an anal og signa
processi ng ckdithfe, wWherein the anal og signal processing circuit has a
pre-anplifier circuit, a non-inverting anplifier circuit and an inverting

anplifier circui twh\é‘{%ﬁ{ Blen B ﬁﬂHts@HﬁcéMQa@% ef&ineﬁq&ec&{sﬁtmh'ahhl% SGfafui t s
inputted to the non- 15 inverting anplifier circu

processing circuit,
10 wherein the analog signal processing circuit has a first inverting amplifier
circuit and a second invertitig amplifier circuit,
wherein an output terminal of the first inverting amplifier circuit is
connected to an input terminal of the second inverting amplifier circuit,
wherein an output signal of the first inverting amptlifier circuit is used to
15 drive a first terminal of a speaker,
wherein an output signal of the second inverting amplifier circuit is used to
drive a second terminal of the speaker, and

wherein the thin film semiconductor elements comprise polysilicon TETs.

20 13. A display device having thin film semiconductor elements on a
substrate,
wherein the thin film semiconductor elements constitute an analog signal
processing circuit,
wherein the analog signal processing circuit has a pre-amplifier circuit, a
25  non-inverting amplifier circuit and an inverting amplifier circuit,

wherein an output signal of the pre-amplifier circuit is inputted to the non-
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wherein an output signal of the non-inverting anplifier circuit is inputted
to the inverting anplifier circuit, wherein an output signal of the
non-inverting anplifier circuit is used to drive a first termnal of a

speaker, 20 m\afr@hgwalamnwtcmanah@n@Iinoén111@@;1{}2011@(1&@[19, anplifier circuit is
used to drive a second term nal of the speaker, wherein the thin film

sem conductor el enpptg, %ﬁrﬂ?{thﬁ%i ol Xﬁ‘itth& %8{?41%':%1%@ axil;é%iﬁ@r di- SRl RYusdgvs ce

having thin filmsem conductor efenments on a substrate, wherein the
thin fiIn1seq@ﬁogquagggﬁeH%g%Qtgi%gnstitute an anal og signal 32 processing
circuit, wheréinthe ahap%g srgﬁgi’processing circuit has a pre-anplifier
circuit, a first inverting anplifier circuit and.a second inyerti.n
anplifier circuit VR &p e %tlfa'uqfr 85 @warur@faneﬁé*%fsa@am HPHE TR ¢ i s
inputted to the first 5 inverting anplifier circuit, wherein an out put

si gnal of 5t heegandderminplef therfgedlsgsl 86l er circuit is inputted to the second
inverting anplifier circuit, wherein an output signal of the first
inverting anplifi evhedim duwithini Snusedctiaiucdnrickenats ¢omgirise okpisdalon aft Ta.
speaker, 10 wherein an output signal of the second inverting anplifier
circuit is used to drive a second term nal of the speaker, and wherein the
thin filmsem conductor el enments conprise polysilicon TFTs. 16. A display

device according tig AnyispRG 8lvied Al difll AN RcolthRI® Blambfisong of the

non-inverting amplifier It an e inverting anplitier circuit drives
t he speaker %Q&ﬁg&h a buffer circuit.

10 wherein the thin film semiconductor elements constitute an analog signal
processing circuit,
wherein the énalog signal processing circuit has a pre-amplifier circuit, a
non-inverting amplifier circuit and an inverting amplifier circuit,
wherein an output signal of the pre-amplifier circuit is inputted to the non-
15 inverting amplifier circuit,
wherein an output signal of the non-inverting amplifier circuit is inputted (o
the inverting amplifier circuit,
wherein an output signal of the non-inverting amplifier circuit is used to
drive a first terminal of a speaker,
20 wherein an output signal of the inverting amplifier circuit is used to drive a
second terminal of the speaker,

wherein the thin film semiconductor elements comprise polysilicon TFTs.

15. A display device having thin film semiconductor elements on a
25  substrate,

wherein the thin film semiconductor elements constitute an analog signal
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17. A di splay device according to any one of clains 6 through 16, wherein
the anal og signal processing circuit is driven at a power supply voltage

| ower than 20 30V. 18. A display device according to any one of clains 3

t hrough 17, %ﬂﬁf speaker is a flat speaker. 25 19. A display device
according to §§ﬁ1 %ﬁaﬁkerein t he fIat speaker uses the display device
Itself as a resong %e II]? gdn&% YA‘ C CIEC ’L (l:es ha\{/‘ % llihei (,HCI.li
transistors on a substta PR P%@ Hﬁni¥” Hf%raﬁ STEYRIS consii%ute an
anal og signal. processin ircuit wherein the anal slgnal processi ng
circuit has ugl?W%?%%Wgﬁ F@“?%HﬂﬁngaquUﬁﬁ%ﬁ¥“%ﬁ?WB?P%ﬁW€Hﬂt a const ant
current supply, a source ground anplifier, and a source follomer wher ei n
t he constant curr évieraiypploytiug S?eglnglg@frﬁleaw -gmpbfipreditadl isdnputicd e dke first
electrode of a thin filmtransistor, out of the transistors of the anal og
signal 19 pieess agpldiareuictif, t hat constitutes the differential circuit,
wherein a first output termnal of the differential circuit is electrically

connected to an owhRidin hebiipaadicRdl of iie: I@Mfﬁa@éﬂﬂn@‘dﬁfy@lﬂk?bﬂr&m1Tsu&}ﬁﬁtoﬂ@o an
input termnal of the source ground anplifier, wherein a second out put

term nal of Hﬁ%eghﬂﬁﬁﬁéﬂhkﬁh GlECUEdid S eIectrlcaIIy 15 connected to an
input termnal of the cu mrror circuit, wherein an output term nal of

h d Lifi I . I
of 1 he. Sour oo T of MOVRHN abttilafish eﬁ EE n SRERE oy Dbl o

follower is IectrlcaII o nect to an output term nal of the anal og
signal proceSdyyTist F"é{]ﬁ“ﬂa aSpea
10 wherein an output signal of the second inverting amplifter circuit is used to

drive a second terminal of the speaker, and

wherein the thin {ilm semiconductor elements comprise polysilicon TFTs.

16. A display device according to any one of claims 9 through 15, wherein
15 one of the non-inverting amplifier circuit and the inverting amplifier circuit drives

the speaker through a buffer circuit.

17. A display device according to any one of claims 6 through 16, wherein
the analog signal processing circuit is driven at a power supply voltage lower than

20 30V.

18. A display device according to any one of claims 3 through 17, wherein

the speaker is a flat speaker.

25 19. A display device according to claim 18, wherein the flat speaker uses

the display device itself as a resonance body.

33



20 21. A display device having thin filmtransistors on a substrate,
wherein the thin filmtransistors constitute an anal og signal processing
circuit, wherein the anal og signal processing circuit has a differenti al
circuit, a first 25 current mrror circuit, a second current mrror
circuit, athird current mrror circuit, and a constant current supply, 34

sherei n the const st GHLNENG.SUADLIN] duehRPLILSALI N CONSERET to a source

el ectrode of a thi ansi s ansistors of the analog
signal processing cir.cu constltutes the differential circu

wherein a first outtiit %?HPH%EIBf”Tﬁ@“H?ﬁ?@%&HFlﬁfaB?P%d?$l §”3F§3P$lcally

5 connected to an input termnal of the first current mrror circuit,
wherein a se€8fdbout put terminal of the differential circuit is
electrically connected to an input term nal of the second current mrror
circuit, fherein arheourpght angogi mgial ghodeheng icirstit cus reediffarentabreircit,cauit i s
electrically connected to an output term nal of the anal og signal

processi ng cictgeittmand chrovidne cdi@tadutpaénttsappiynalsoafce toheuddhingslifoy £reind
mrror circuit, and wherein an output termnal of the second current mrror
circuit is §$@§éﬁﬂ@@kiy connected to an input termnal of the third
current mrror circuit. 22. A display device having thin filmtransistors

on a substrate, 1@&%@§£?ﬁ{ %Qﬁnﬁﬁhﬂcﬁ %&tgfﬁﬁéfﬁﬁﬁéﬁy88@ﬁ£gﬁ§£ aygnal og

signal processing CiTcui avin Cl recul wherern the

differential dfththfl.t t h
mul - gat e SEFEETr B 58733 ACa P by et B HAGTHGPY A FRAIOE PIAEr st or s

on a substrate,
10 processing circuit, that constitutes the differential circuit,

wherein a first output terminal of the differential circuit is electrically
conneclted to an output terminal of the current mirror circuil and to an input
terminal of the source ground amplifier,
wherein a second output terminal of the differential circuit is electrically
15 connected to an input terminal of the current mirror circuit,
wherein an outpul terminal of the source ground amplifier is electrically
connected to an input terminal of the source follower, and
wherein an output terminal of the source follower is electrically connected
to an output terminal of the analog signal processing circuit.
20
21. A display device having thin film transistors on a substrate,
wherein the thin film transistors constitute an analog signal processing
circuit,
wherein the analog signal processing circuit has a differential circuit, a first
25  current mirror circuil, a second current mirror circuit, a third current mirror circuit,

and a constant current supply,



wherein the thin filmtransistors constitute an anal og signal processing
circuit having a differential circuit, and wherein, of the plural thin film
transistors, those in the differential circuit are connected in parall el

to one another. Z%I%ﬁixxéhcdhémuﬁﬁ( c@ﬁ%htc ;ﬁ@"lsnglc&th'cﬁ‘lﬁ L&m&ﬁaﬂé'zﬂ&h& on a
substrate, 35 wherein the th Imtransistors constitute an anal og

si gnal ‘procegpl. c1¥de %'frc‘th fhlﬂ¥ '1{39&31]09 %ﬁteéﬁnl{x' 2 nsﬁéi{)ﬁuw mca&‘:%i?ﬁ\é‘% Sl 1N

the differential ¢ircdit, the ransi'stors are anged SO
as to forma shag)e of, aI tter X fff dfl devi ce haV|ngth|nf|Im
transi stors BIPE SIS that gipshiiey Prdi %‘frﬁ‘ PG r ansi stors constitute an
anal og signal processing CI rcuit, wherein, of the thin filmtransistors of
the anal og signal “hesdedsfiy Qpwuterminal of ghe plitlcreniia §irquih tsr aletistldr s ar e
formed from plural sem conductor thin filnms. 26. A display device according
to cl ai m25, covrecieidto an dipst gnoeabet thednsitduerenphuralcirseti conduct or thin
films is longer than a | ong side of each of the sem conductor thin fil ns.

15 27. A display devicseahavidiQodthinielmlial bf ans HFfpasiabBirauis ubslbtatally
wherein the thin filmtransistors constitute an anal og signal processing

circuit, whergifcie@io Ethﬁlphmeﬂnfddl 8? ttlll':‘f%‘éb%'natcgfr'ént%uPoh‘?:u@ﬁl@l og si gnal
prOCGSSl ng ci rCUlt out pUt th Imtransistors are formed from a

sem conductor thi O.rht,lelir{’r}—n]i g%ub%%mmal of the first current mirror circuit is electrically

connected {0 an output terminal of the analog signal processing circuit and to an
10 output terminal of the third current mirror circuit, and
wherein an output terminal of the second current mirror circuit is

electrically connected to an input terminal of the third current mirror circuit.

22. A display device having thin film transistors on a substrate,
15 wherein the thin f{ilm transistors constitute an analog signal processing
circuit having a differential circuit, and
wherein the differential circuit is composed of the thin film transistors

having a multi-gate structure.

20 23.A dfsplay device having thin film transistors on a substrate,
wherein the thin film transistors constitute an analog signal processing
circuit having a differential circuit, and
wherein, of the plural thin film transistors, those in the differential circuit
arc connected in parallel to one another.
25

24. A display device having thin film transistors on a substrate,

35



pl ural channel formation regions, one source region, and one drain region.
28. A display device according to claim27, wherein a distance between the
plural channel formation regions of the sem conductor thin filmis |arger

than a 25 width qf,.each,ofhhh e, hanaslhd Qb IBkbOh IS 2P pafbesdndi spl ay
device having thin filmtransistors on a substrate, wherein the thin film

transi stors C(!)nlﬁE flli;[vli'lltl pd gi?fe?‘erh%la?a{‘gi{ggl%l processing clircult, and wherein,

of the thin FITm tHaHsT SY6re™s lie’analog signal processing circuit, 5

those that constituyte, an output stage of fhe anal og signal processin
cireuit are  for meRiBnitaty g 1'?‘ttkf‘?d‘1‘*"°§l§mﬂt“‘oﬁ?§l¥%[t gt Uil FIPRETR R
conductive filmis interposed between the plural sem conductor thin fil ns.
30. A port abhwangefisp aatd Eamapdrpasicelettemdri sing a display device of any 10
one of clainms 1 through 29. 31. A portable information appliance according
to claim30, wherein the portable information appliance is selected from
the group consisting of a digital canmera, a | aptop personal conputer, a
personal digital assiaispnly.dedidte havi@e (4id Menreduairngn appbdtance, a fol ding

portabl e display appliance, a watch and a cellular phone. 37
wherein the thin film transistors constitute an analog signal processing
circuit,
wherein, of the thin film transistors of the analog signal processing circuit,

10 output thin film transistors are formed from plural semiconductor thin films.

26. A display device according to claim 25, wherein a distance between the
plural semiconductor thin films is longer than a long side of each of the
sermiconductor thin films.

15

27. A display device having thin film transistors on a substrate,

wherein the thin film transistors constitute an analog signal processing
circuit,

wherein, of the thin film transistors of the analog signal processing circuit,

20  output thin film transistors are formed from a semiconductor thin film that has

plural channel formation regions, one source region, and one drain region.
28. A display device according to claim 27, wherein a distance between the

plural channel formation regions of the semiconductor thin film is larger than a

25  width of each of the channel formation regions.
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29. A display device having thin film transistors on a substrate,

wherein the thin film transistors constitute an analog signal processing
circuit, and

wherein, of the thin film transistors of the analog signal processing circuit,
those that constitute an output stage of the analog signal processing circuit are
formed from a plurality of semiconductor thin films and a conductive film is

interposed between the plural semiconductor thin films.

30. A portable information appliance comprising a display device of any

one of claims 1 through 29.

31. A portable information appliance according to claim 30, wherein the
portable information appliance is selected from the group consisting of a digital
camera, a laptop personal computer, a personal digital assistant, an image
reproducing appliance, a folding portable display appliance, a watch and a cellular

phone.
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