; 1234e3eazZ[ T] n*"Na6aTazDl SPLAY APPLI ANCE BACKGROUND OF THE | NVENTI ON 5 1.
Field of the Invention The present invention relates to a display device
having an el ectric signal processing circuit including thin film

sem conductor el ements and which drives an output device for outputting

ot her signals than a video signal, and nore specifically to a display
device in which an audio sign%ﬂﬁﬂkﬁEéﬁ?ﬂﬁLﬁ (it for driving a speaker 10
is integrally formed on a substrate. tn this specification, the term
speaker includes a transducer which outputs audio by vibrating nmenbers of a
di spl ay device such as a glass substrate, a plastic substrate, or a touch
panel, and refers to devBfesKGR@ENEr OF THEINGGEVEKDNel ectric signals into
audi o. 15 2. Description of the Related Art The advance of comuni cation

t echnol ogi es has nade cel |l ul ar phones popular in recent years, and now nore
i nformati on comruni cation including transm ssion of notion pictures is

expectsyed. 1. NEarwdti the Inratisanal conputers have becone |ight-weight, pronpting
manuf acture of nobile type products. Also, 20 information termnals called

PDA whi ch ori giTia! Srebénetitdd RIBEs | Qad?éﬁﬁi %e@fe@.lﬁ@i@g% Bl ﬁgh'&led and

gai ni ng popul arity. Mst of such portable i ntormation i ances have fl at

panel di BRIt PrciFNFL BRATI OlmRbRRLAY: GEICAR N WRRE ARl ML T X

type di splay ces, ones use Tow tenperature polysilicon thin film
transi sto reinafter a.thin filmiransistor i.s referred to 25 TFT)
naer ecent TgeCEBTRY Slo @uheiomer siePpls AaF s ida iEndl wiLaBEs dieiiealy " Trrs

make it possible to for.m not, only .a pixel portion.but alsqQ a signal |ine
Gt vi ng 10 spRyifviciBgreh gl Seed pebeishipt it tpr e fatere
periphery. of the, pj xel portiqgn. Therefore, | qow tenperature polysilicon TFTs
are h#l pfﬁlmieswgbﬂlﬁ%mfﬁ 98 ﬁl@)ﬁlraty- d &% this spegiticatinns diesteHy speaksr iipgludesn of

di spl ay devices, and their further propagation is predicted. 5 In_addition
to the i nafanyiuspr whigh prprisrudin he visargg membess pgml,lwéay dadeosunlitasut
function in particular, are requested for portable information appliance.
Wt h audi ® glassegdsditsplaaplastan shlestrate, coref fteuth pananandcebrsitogleyicasria ful |y
appreci ated. Usual audi o output devices output audio by converting electric
si gnal s i gdgnerdlGhatwodneert bleottifsigmiieimmpaadiers or the |ike. Corn speakers take
up a large area inside portable information appliance and therefore present
an obstacle to reduction in size and weight of portable information
appl i ance.

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
-applianccs 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 (hereinafter a thin film transistor is referred to as a

25 TFT) has recently begun to be commercialized. Low temperature polysilicon

TFTs make it possible to form not only a pixel portion but also a signal line driving
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Figs. 2A and 2B are profile diagrans showi ng a display device and its

peri phery in conventional portable infornmation appliance wth an audio

out put 15 function. The display device has a substrate 209 on which a pi xel
portion 204, a source signal line driving circuit 202, and a gate signal
line driving circuit 203 are faornmed integrally. Fig. 2Ais a top view of
the di spl &FcubRiggratlygvith the drpyipg cycpiszplacad in thevpesiphenyeoldhe pixg) perdipnece. A
source signal line driving circuit 202, a gate signal line driving circuit
203 and agfﬁiexeefprepdpw trmpoatugg @obysilicosd TFAS Rirg. hedBut on Rovrsizipg aligtilapl ay.
Attached to the display device are a cone speaker 207, an FPC 205, an
opposi t e sigbkes ané ikG&simnal dafinitiodiof dispianllevices eaditingr firtheniptopagtiemunt ed
on a printed board 206. The cone speaker 207 is unfit for reduction in size
and wei ghtis pfedidbed.port abl e i nformati on appliance due to its large size. For
t hat reason, flat speakers 25 as the one shown in Figs. 3A and 3B are being
devel oped. Fi gsin 24di@ibfl t3Bh@ifagy Bisplay MineH6RANGhE o@pal ARkAYndaW fRGNd 1ts
periphery in portable infornmation appliance 301 with a flat speaker. The
di spl ay deyi ; bsit&; 3 I i L O : ource
si gnal |ig’\ghgl?i@iﬁ%&é??cﬁértwé%'ﬁ,ggngﬁéﬂé%lg?gogi fggurfg’l%hﬁ Ptk fion’ WpliaOM °F -
are fornmedyint.egsal i I Vi .sht devi.c d Fig.
3Bis al i’yiedrﬁa \}(?’e\k/\rl}{ %geFt & l%ﬁscgﬁa@e é@vfc%&g\é&w‘s@oé&ge&‘qg?@h@ylIlgé}ee gu@]i Vi ng
circuit 3%2 K@kggie signal line driving circuit 303 and a pixel portion 304
are omtt Bpl ig. 3B for sinple display. Attached to the display device
are a flat speaker 306, FPCs 305 and 308, an opposite sybstrate 310, and an
audi o si gnal prbg%%‘sﬁ%o bt Aeviserowpahiudo s SonspTtinecdc RS SiEnal miorne
flat sgeaker,i simlar to conventional speakers in that electric signals
10 aré%cod¥ Yk i sprakiard As thedikgut feprnaparkerpiakeivp alargersatngide t hat a
gl ass substrate, a plastic substrate, a touch panel, or the |ike of the

di spl ay d@¢rtakledpfasiatips appliandgraaddberefore pacseof an hlestaadn o redpetios icsiza f 1 at
speaker, the portable information appliance can have a snmaller size and

| i ght er wangdheeightad pertablevisfarinatiah appléartdeat uses a cone speaker. 15 Fig. 17
shows an exanple of a flat speaker. In this exanple, a touch panel 1702, a
| ower substrat eFigg02A and @thass peofiléOfiagaints shdwiagi al dispy:st dbvipanald ty04 are
set in a chassis 1701 and vibrated by a speaker 1703 to out put audio. (See.
Ni kkei El getipldtiyCh, céhlﬂaiﬁﬂ‘oniﬁﬁoﬂm& infornPdion bpeingd WitRtarS ReAKEHRtpat € very

effective nmeans in reducing the size and 20 wei ght of portable information
A Shonm. ey dAS B bl P P I, PRI 28451 o
i spl oy deoce AP SR A e RER DOF Bid FRER ORI Td P SRS B8, T
For reductygic iREIBRY: len 2 T4 49 SBRP 5B Hioel Do Br SprimnaBtis & °"

SUMVARY THE | NVE . The present invention has,been nade sol ve t he
Sbove o oG VAN SLIRSHispl BVS6 A spREEF i i dBine CreH, Ao PR

provide a s -sized, ljght-weight 5 display device having an electric

si gnal pr @@gétl% dévll%ﬂw%ﬁﬂ@ﬁ 3ng 3 phisdpoation 2pmhiare ppited dnikisndB dobr

el enents .and which drives an output device for outputting other signals
than 80vi swepleidispiay. Httﬁcaf:ﬁénthetdqmslabldpéw,ar@ h&ope epeaker LOT.cant BPE ave

t hought of using polysilicon TFTs on a substrate of a display device to
drive a fkaoppputksnbstyates](B, hnd anangdia sigeali precdéssinganitapitt2Tinmootiedronsi gnal s
than a video signal. |10 Polysilicon TFTs have high driving ability unlike
anor phous piiikfed baaed 20&r ef ore can drive a speaker or the |like. Hereinafter,
a structure of the present invention is shown. According to the present

i nvention, therehé woRe Gpesied 207iis Rindl fd€ve8ctAY indiZhidy MdiBht of the

sem conductor el enments on a substrate, including: an electric signal

portable information appliance due to its large size. For that reason, flat speakers
25  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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15 processing circuit for driving an output device which outputs other
signals than a video signal, in which the electric signal processing
circuit conprises thin filmsem conductor elenents. Further, in the
above-nentioned structure, the display device has an audi o signal
processing ckrcuit . including thin filmsem conductor elenents. 20 Further,
in the abg‘?Pé’[hﬁ’é?ﬁ #%g&hﬂﬁlq}%{)%}]@} iH‘? displayrdevicerhas esupsiratp 309 on wliehut
signal of the audip sjgnal processing circuit is used to drive a speaker.
According & leteﬂeofﬁ}ﬂé's » & $RPERR PigRal fine drwingbuteaitnd(, iaod edgalt signal lidevi ce,
the audio signal processing circuit includes a digital signal processing
circuit. FIPiRgcircpl 3Reampbvmedentdgnlbd FigpBayisdevogejew he tiaddisplsy gnal
processing 25 circuit includes a DA converter circuit. Further, in the
above- nentdegirsdantl &igg.a3B devi kgrak hievaofithe slispbay) dprice.easingeasignal ligeli t

i ncl udes an anal og signal processing circuit. Further, in the

above- sentdrosiegl ciicwpBeY, digate signal lige aAMNELifu@BY3 zﬁfd%?ﬁéi P&rtioh 04! dre

i ncl udes an operation anplifier circuit. According to the present

i nvent i on,orhied eini Bigd3® fstesindpleidsiay AQNinea B mévaighaﬁ&ﬁ]&iéei @ a flat

sem conductor elenents on a substrate, characteri zed at the thin film

sem conduGheskes| SERMTCI0S bhl LR, 3R IR0 HbARAL ANOGHI AL Salll, 2

that an oufput signal of the anal 6g si processing’ CIrcul

drive a s @(I:‘é’sﬁné%'il’ﬁghfi%bf] "!“ih“ﬁé;}%‘ggﬁmfe%n&ai{‘??ﬁg structure, the anal og

si gnal prodcessin circul S on-inve anplifier circuit and an
inverting anpli & er,.ci it;. an .output siqgnal ,of the non-invertin
anplifier ci rcu%giflsa?&égzﬂ!etrés a’r“?‘@% t§ opyeRiqual sperkerson %‘%E@&W&?‘g‘éﬂﬂ an
out put,.signal of the inverting anplifier circujt is used to drive a second
terningl e‘f%"eétﬁgéﬁ?&‘{‘ EPP%@‘T’T‘BPW o EBWAI%W Bridat & glast suhsiratean

i nput term n]?jl .of %e 15 non-inverti n? anplifier circuit and an input
termnal &f PYRRRC SRUBRAS.ng tabal panedy ok fthe bike ofr thecdisplaytdayiceanr otheats si gnal
of the non-inverting anplifier circuit is used to drive a first term nal of
a speaker Vitiatedainsigad mitthejcgpel  8Yith mech aviattsprgkeantiiei portable iinfornations used
to drive a second term nal of the speaker. Further, in the above-nentioned
st r uct ur e Apphanset gant haverarsmallersize hed Aightaanweighe thanng comyentibhalromd thati t i s

connected to an input term nal of the inverting
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 Vibrate_d by a speaker 1703 to output audio. (See. Nikkei
Electronics, August 26, 2002, p.—7527)“
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 LSI is mounted on the printed board 311 similarly to conventional

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

welight of portable information appliance.
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anplifier circuit, an output signal of the non-inverting anmplifier circuit
is used to drive a first termnal of a speaker, and an output signal of the
inverting anplifier circuit is used to drive a second term nal of the
speaker. According to the present invention, there is provided a display
device 25 having thin filmsem conductor el enents on a substrate, in which

the thin film sen conduct orS\EMMARYSOFFHE INWENEOMnal og si gnal processi ng
circuit having a first 5 inverting anplifier circuit and a second

inverting anplifier circuit, an output termnal of the first inverting
anplifier circuit is connected to an input termnal of the second inverting

anplifier circuilhe meseattipuntisn dnalbeoh thide fd seitve ity @bddenprodbiash,i rdein
circuit is used to drive a first termnal of a speaker, and an out put

signal of dbjddnefshe @iescnnveventiog igMdrefdrento Groeideta sHalspdd! AgRi-ivkRhd
second term nal of the speaker. Further, in the above-nentioned structure,

the anal ogligiignakyiel ILOHM aﬂeﬁdﬁ@%ignaﬁ?r&egéiﬁ%%mhﬁfw Eh G5 'BH sedof

non-inverting anplifier circuit andan ifnverting anplifier circurt,

out put si gRl fil sédfoRbcBMPleldehnY arfd FRHH ddives! dPHIh G dvTed -
non-inverti nglamS)I [ fioer %iaggﬂgﬁehgsnﬂ g}qhnc\l/ljé\?etsi ajr;:]g&}a{érlgtl (i{efgli?%zr H)Eioﬂ} g%lft{u,lg an

out put si on:,J i ng ifier ci.rcuj,t is used to drive a
Firer tor i Tl Palalpide8 SikalD, ORI, Bls GER bl nofel isforngave
anplifier circuit is used .t.o drive a second term nal of the speaker.

Fur ther . HoUeE ok b RV iSnbaFas of S5Taborecel & FiSplay davieoin v adal n ¢ hat
15 the non-inverti n](?:;l‘arrpl ifier circuit or the inverti ngﬁlarrpl ifier circuit
drives t héPEXELIESIHAL QYtPuL dsvice dpr GutRUiting otherisignals fhan pideo signal.
above- rreng)i g)gsgd di spl aﬁﬁ device, it is characterized in that the anal og

si gnallpr Jeosdlicag Ef T dieve ihdghydriving hility galike amopphopsvBF Faged itsefore han 30
V 20 Further, in the display device, it is characterized in that the
speaker i $amdfiven sppeaker thedika her, in the above-nentioned display device,
it is characterized in that the flat speaker uses the display device itself
as a resonance Hetymaifrcostdiatgretod théprepemsandntionieshdvom, there is provi ded
a display device 25 having thin filmtransistors on a substrate, in which:

the thin filmtAsosidstions thensticnutiavanicaNahe@ & prAliddd ac@mpialddeccuit
t he anal og signal processing circuit 6
having thin film semiconductor elements 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 structure; 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 circuit includes a D/A converter circuit.

Further, in the above-mentioned display device, the audio signal processing
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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 anal og signal processing
circuit, tk}gt. cons(#i tutes the differential circuit; a first output 5
termnal SFEVHICHYE aPARglog STENa) PIACESSIAL EXrglit-ri cal [y connected to an out put
termnal of the_current njrror circuit and to an input term nal of the
source ground alpitheti e rHAe sakoramsntipnad (displrnadedte.t ae dpraleg epignal
circuit is electrically connected to an input termnal of the source

f ol | ower ; PEIf§S®RE lielinclusierinp apewtion hopdifigr ccdidl | ower is electrical ly
connected to an output term nal of the analog signal processing circuit. 10
Further, accor diagprdmgt e thy esesent iimvenionpnhert hisr proividedr avdiggldy adediicepl ay
device having thin filmtransistors on a substrate, in which: the thin film
transi 3t ohsviogrbin filth scaricaniacny dégemt @ 96aBSig Haffkizedt Methan #e0g
signal processing circuit has a differential circuit, a first current

mrror ci thinifilm fnsecaiudiorwldmeits BbhdtRiteGn' Midy signdl Pré@sGHE cGehitMnd OF
circuit, and a constant current supply; the constant current i5 supply is

elect 1 caltay HODIRA! BfkraP of HOURRELERAT Bfoflin® ildhi} ! §eBu! foBARLS 0T OUt
of the transistors of the anal og sign processihg circuit, that
constitutgsakhe differential circuit; a first output termnal of the
differential circuit is electrically connected to an input term nal of the

first current m el reuit: second. output termnal of the differential
circuit is el eﬁérlhé&é’l de t@%ﬁﬁﬁg‘é o nt%8n%(?1 S:tjrrlfgﬁ’['e’t ﬁﬂﬁr’ri"??j?g o8 PIOETSHE 20
curre L.LLQ ircuit, an.output.termnal of the first current nirror

cir cu?@ in]':slrce l{ecl:lg ¥ Pc%ﬂﬁ'i?vsﬁm%%‘ﬁsﬁf‘?foméﬂ"baP Gt NEETRNE AMBRIGTHEITGIG |38y
signal processi.ng circuit and to an qutput termnal of the third current
mrror ci ?%@Pf?lggﬂd)fé © BeR-peTERg Wﬁﬁﬁeb‘fﬂf‘%‘lﬂ\@sélé%%dfé‘{ﬂ@@ﬁfﬂ tempipakofci r cui t
is electrically connected to an input termnal of the third current mrror
circuit. 25PeaKes Hidwp pBipuhsigprbebihe infosing anplifitarivuitsis pisod telddiva adi spl ay
device having thin filmtransistors on a substrate, in which the thin film
t r ansi st ofesond terggpaltafithe gpeakeranal og si gnal processing circuit having a
differential circuit; and the differential circuit includes thin film
transi stors havfurthea nul the- ghves-stentiohed estrueturehemn, ingutt kendhavef mhrt i oned
structure, of the thin filmtransistors, those in the differential circuit

are cbhnendreihviertinganaipligier toircaiteah @hBiput SerMhiINGf thé Mnddifing ANSIfENT | oned
structure, in the differential circuit, the plural thin filmtransistors

are arr angeshisgreamnhectt®r A GutphieienAlofand ﬁBE‘?ﬁve)x(tiné:Eﬁ@'ﬁﬁ%r clrBuit R€used

above-nentioned structure, the thin filmtransisto onstitute an anal og
signal prCASRI NGr&ithSiinhd | Jhefudt! |ShOESing .anal og
si gnal processi ng_rci rcuit Dﬁlg%&;(ﬁ %ﬁ?:ag_ndgltgsdfgr nta(izgﬁ?le‘l ‘%’gﬁﬁ‘r‘% aan&gftlj put
means | ncliids A0std b @S LUGRRMGERD difthdsddak P Further, 1n the

gll spl ay device, a d K58

above- nent i one I'stance Ween the pl ural sem conduct or
thin films is | a, onger side of each of the sem conductqr thin
films. Accordi r?gﬂﬁl §£t ?{qu? e%bé)ﬁ'tcgff’ﬁ’?}é%e oRLTUSTHES AT} SO%P‘Hvit%fQHn& (ﬂ’& sg‘Fay
devi ce, 15 hayvi ng.thi n II m fransi stors on a substrate, in which the thin
filmTransyFEEATP ‘bﬁ'ﬁ SIGHL 3 SPBRECEG Y Ha R gpBRleiesmmpl fr g inverdingt he
thin filmtransistors of the anal og signal processing circuit, a thin film
transi st quglbt{x:grt FIEQHE 35 ARPYHutigRal A J100fInyeding rehpiefieri ginadit sruscdgei ng
circuit is fornmed froma sem conductor thin filmthat has plural channel

f or mat i orfltivega diist, teoninad olircwpeakeyi ond aanuitputesignaliaf the ghoerting Gnkplifidier , i n
the above-nentioned display device, a distance between the plural channel

f or mat i orcircegiionsedto drhve ssrbnd rdmiiaof thd spebkdrm is | arger than a width of
each of the channel formation regions. Further, in the structure, it is

characterized iAvcbfiihg t0f thehgreketitninvehiidd, " dBE 34 Préviabd thAiPIA) @vREgnal
processing circuit, a thin filmtransistor constituting

25  having thin film semiconductor elements on a substrate, in which the thin film

semiconductor elements constitute an analog signal processing circuit having a first
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25 an output nmeans of the anal og signal processing circuit includes a
plurality of sem conductor thin filnms and a conductive filmis interposed
between the plural S sem conductor thin films. According to the present
invention, there is provided a portable information appliance using a

di spl ay dey iched..abov { t .aboue- nenti.oned. st.ruct ur

downsi zi ngﬂ\{}(gjgt ﬁ%d g%ﬁ%ﬁ%? %ﬁ‘g‘?‘s%f‘%\é%rs%r"g iz@xﬁcr}é? & " %l o rocg?lblﬁiafm p(?'“g@gssi ng
circuit i - dirspl devi ce .are achieved and snmal |l -sjzed, |ight-weight
portabl e Peﬁ’?' (’)I?ar]ra i%‘% ﬁé%p‘fl?%{ﬂ@g a&'&ﬁ bqreCI"cS:PﬁdﬁtcBﬁ‘Eetcit Lo Pt erBngin%ed. I'n
t he conveptional portabl e information appliance having an audi o out put
function, 1§ SERRds PSS AMpldic: IRt crp QUIPUL signdl iofj thg iRt WyeHIegr are
difficult to .0 downsjze and accordingly hinder mniaturization of the
portabl e PRPHHERETGH! pised induve ThEstieuaiant of nspsakeroand ppoipus signal of

smal | -vol ume display device with an audi o output function by using a flat
speaker atg $sgpondtiayertingyamplifi¢rngirenitiis weed ¢ rdriviet a fsocordr terimmgplt dfethspeaker
fromthin fil msem conductor el enents, specifically, TFTs on a 15

subst r at espehker. present invention nakes it possible to reduce the size and

wei ght of portable information appliance having an audi o out put function.

BRI EF DESCRI PTIKahitiek, FHEhdOBBUV NS ntionéd @traemedIPHBYamtdod rsioMal YsrocedGingl 9s. | A
and iB are profile diagrans of a display device of the present invention;

Figs. 2A anchilBaspd 9:@5@1;)1&1@; Srast aonQfnvarm@ MR R cufl 2R AYindeNing e
Figs. 3A and 3B are protile diagrans of the conventional display device;

Fig. 4 1 Sa@plifiedckdhi€Nhn %F{ﬁﬂk&fx%ﬂla&f i ﬁfeéagﬂyl\ﬁjﬂgﬁgéﬁéﬂ{‘ isari@édt%hetr filr cuit

of 25 the present inventio ~is a nt circul I a&r am of an
SPet 7 pOTBNRL ot bl B 0O REGTEBoa B Pt B o
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,.ir'l 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
25 having thin film transistors on a substrate, in which: the thin film transistors

constitute an analog signal processing circuit; the analog signal processing circuit

6



invention; Figs. 7A and 7B are di agrans showi ng how an anal og si gnal
processing 5 circuit and a speaker are connected in the present invention;
Figs. 8A and 8B are di agrans showi ng how t he anal og si gnhal processing
circuit and the speaker are connected in the present invention; Fig. 9 is a
di agram s ' how,.t.he anal og signal pr.ocessing circuit and the speaker
are conne@'g %Maqﬁ%ferteﬂtelglp?&lgtnf’ 9 H\%ﬁ@i‘% ;C'i‘ﬁmliiagj:pﬂﬁ'ﬁmi QIIEnl SUPRI %A SWESH ng an
enbodi ment_of {he al og,si gnal Pr cessing circuit of the present

i nventi on,g“?-‘ffb}‘ts?mfﬁ efaﬁgd fl‘%’“é?ee %looagﬂrfa% st guEentaupaiYgsdertrietlyy
differential circuit; Figs, 12A and 12B are di agrans show ng the

ar r angenmefPRRHCIEh 0 y5eures slecirade e6a dhindifm tragsigjor, pat pEthe toansistermot i ng
output T FTs of the operation anplifier circuit; Fig. 14 is a diagram

showi ng o@npaee sTBTRd pefcesdieg ewerihthawoastphilekitee differouial rir€iig.a fist owtpat

di agram show ng output TF Ts of the operation anplifier circuit; Fig. 16 is
a di aghamterhunilngf e tdifferelifidlscinfuit e lanpcadlyi comnaoget ith iaarouweputaeiniinalef Fi g.
17 is a diagram showi ng an exanple of a flat speaker; Figs. 18A to 18G are
di agrans sieovemnentaniarglcbuifand|ie ahriapucieanitlal 8NfR doldde psaAd hipliticsR ay
device of the present invention; Fig. 19 is a diagram show ng a result of

neasur | N secorllAnApitatintinaLofthe AWEEATRIiAIdiRhit 18 BRkcARafly GonRud PiolyBer am
showi ng the result of measuring the characteristic of the anplifief. tO

DETAY [ED REREIFH B Sdarde ol foRFr SRR O FORORY M1 B AR sbtBMBudBeie

profile diagrans of a display deVice of the present inventli

Figs. |A @%gg@%ly%ggi&é% ﬂ]e(?{v.\t it l%gi]nngf 8%4&% AP %?tnalpéoﬁg%gil?gnﬁgg@

substrate a pl xe ortlon a sogr t'Sri Vi ng
[ Lt 102, i Ly | i Vi [ it 103, .and di [ I
pr 0cedli ng-ci r chiiieroacEtding RE SR T P Brrd i PAAGES & OB wi ¢ b
ite . trate. 110. Fig. | A i t i of the displ devi 10l
and Pl o, HBVRE Maving Bincfiny aarisers P Sanbpfls, Botrice: trerbinB ESSrgal |1 ne

driving circujt 102, the gate signal line driving circuit 103, the pixel
portion 169DSIURE dmanalegistenal grneessieg sHeeibsteranakng signal prosessing @rgvit ed i n
Fig. 1B for sinmple display. A flat speaker 106 is also nmounted to the
subst r at eha9? d%ﬁéﬂfﬂﬂlﬁmgﬁe’aﬁl@ﬂf cugenigugsommicui} aagcondanercnbmmgéreciawd, o by
itself but instead may vibrate the substrate and the |ike to output audio.
The flat spbulesuricds niisroglcxeuit] ead laycanstume cuednt supple thiedimsgingRatrent
processing circuit 105 through an FPC 108. External audio signals are

i nput t&d sppyghelentrichllFRGnddTed © 4 frredidicotrsdgobh thin Fl@SIPimetéel beust 105,
and then outputted through the FPC 108 to the flat speaker 106. The

subst r at ethesteshsises of sheargilas SighalisibeabRg drdalidfiat SorsviRfts MeQifférential Nl ess
steel substrate, a silicon substrate, or the like. Wth an electric signal

pr0Cessi NGirgdit;Clkikst dulptabinhisil 6f helieRHAA Shallpls ALORRYY Mnfddidldl . thus

integrally fornmed fromthin filmsem conductor el enents 20 such as thin

filmtrang %C%{tstcmrlimlnof ilﬂe!ﬁr@@é&r?én?%@iﬂvo\g{&grﬁpm %%ﬁ;ﬁ‘h@gﬁ’ Ctic}rﬁlrn%l 3 {lfcl:

di spl ay devi reduction in size a ( not” beenattai ned
portal o PERAARLIAR & CRCRIATL RRERY.BURE aBETievERice! OFF PRy ot her
out pu&o f U&(J:rtnianqnmtirr}g} c%r%:u{t];o tani (I;rllai St ?ér?rﬂrllz?ly& utgf(:: ttilrgtn 'cugrgntl}nirror circuit s

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 ouvtput 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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Enbodinent 1 Fig. 6 is a block diagram of an audi o signal processing
circuit. The audi o signal processing circuit showmn in Fig. 6 is conposed of
three blocks. A digital signal inputted to a digital signal input termna
601 is conputed by a digital signal 5 processing circuit 603. The
processin i [ It ' s..decodi ng of..a conpressed digjtal

si gnal , ag:é)lﬂ gttntrl]lgbre aﬁgﬁ%{(} isﬁ%pa :sftgjgﬁgéasgﬂ gi l%@ﬁ%&d] 1’%@ %@erﬁﬂ{c@dc.“%t’ [aﬂg%e
processi nQy:i L.y . Qi tal signal |s .inputted to a DA converter
G rearc oaitersnd! SRRGupbRGer s bl Sisibie biyheR Mg gna
obt ai ned by thegpo$vension or an anal,og signal_ inputted directly fromthe
external to an ANEPGY M PCipyarmennned stugiung ofghe ths flmoiransisershihosm
anal og signal processing circuit 605. The anplified signal is outputted
from an oanW?8?%?WFH%F”@GSm§ﬁ@“Pﬁ€W3ébpﬁﬁﬂﬂéﬂOagaa@@tb by a speaker. The
anal og signal processing circuit uses operation anplifier circuits to
consti fute a noKufth¢krinithg abepeim¢msionedrstuictyreain they diffdremtia ngitduit, ek
circuit, and others. Instead of operation anplifier circuits, other
circuits plyrabthin Silertpinsistus aterereamgat] seap et form silrape lladettdrhie di gital
processing circuit 603 and the DA converter circuit 604 are L.SI chips

wher eas the anaFaghsi, gntle aboocessitiofged kfraetike, the thitd iR rhhg5olNddhstilutdD
sem conductor elenents on the substrate. 20 Enbodi nent 2 As descri bed

above, nany ARIOFigRLDPAICRINE RESHIRIafd bE id %iH%ﬁnPBQﬁﬁétbféﬂoiany hday .
circuits to anplify analog audio signals. Fig. 4 is as equivalent citcuit
di agr am i Righal procabsifP @fddit AR R tdntlsidb chilttutite Bbbiout | (Budd 1 M
sem conduc}tgg{ra gl emerités), rsple’ci 11‘i fggﬁltg%n%ﬁg C%tgu%%?]gtolhgﬁlftanf{%% Pl:léglrl&e

incl udes: pRirdPsethibbBERNS fn Sigcuit including a TFT 401 and a TFT 402; a
current nyrrorsci%cuiﬁaﬁrujqﬁ¥n%§ a TFT 403 and a TFT 404; a constant

current supply {4 Is FT 405 12 nd a TFT 409;. a soyrce ground
circuit includiEgﬁgggﬁﬁqﬂgéﬁogﬁq?ﬂvFW6ddﬁﬁgﬁYﬁkfﬁﬁr&dﬂﬁ&mﬁc%ﬁWW%%VﬂEhd a
TFT 408; h;gy@ge.golloyertciﬁﬁuit.i cludigg a TFT 410 and_a TFT 411; and a
phase congeﬁ L EPRgCondastor 1 filis 4, dongaz, hipop lopesmaidspef fechnofams i fi er
circuit of Fig. ,4 is.described below 5 Wwen a plus signal is inputted to a
non-inver??ﬁﬁ%PﬂHHPrpﬁ?%&ﬁél the drain current of the TFT 401 becomes

| arger than the drain current of the TFT 402 since the constant current
suppl y i ncl udi ncEefding-to 4be preseaprineettion, ttherchis powideds aodisplag devTe t hat
constitute the differential circuit. The drain current of the TFT 403
becomd® eh@engt thin Helny rtzdngistars remta efibstiate, TIRT wiich shaakint HémTEIngO4rsand t he
TFT 10 403 constitute the current mrror circuit. The difference between

t he drai ncenstitetntamanslog sigihl 408casmgt becudr; aifnthe Ui filmOfrakiQorEFdf AR

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

TFT 406, witilof sighabppocelsingeircdit Ta this s fadisdy andiiiifgHtbipentait of
the TFT 406 is increased as the gate electric potential ~of thg‘TFT 406 is

| ovier ed. Fheeaiald sigha pﬂ@éee?iﬁg Rerkhiit G RIMEA R ?%t&ﬁié&ﬁgi'fétg}{@?n ?i}]xgltthﬁ rai sed

and accordingly the source electric potential o e I's, the

e B A AP ES R %

is inputted to the non-inverting I éent of the
TFT 4 become I ain,current, of the, TFT 402. Singe the
dr ai nQ(%:ur rent (Sjg tﬁé’ ?‘L#‘ﬁg@o‘?‘l’gﬁ‘é’gﬁi‘“{ (ﬁstpll@' deuicr 8 fistanee g‘F“’f?‘Fé‘ T 402,

20 the di ence ween the drai urrent of the TFT._403 and the drain
current O$IL§ %e&?ﬁ?gﬁkﬂm}?gﬂge@g'émé tpg.n@’@ FeRHEondyctas thit dilgaiselagges thag @
r~tential of.the TFT 406, The TFT 406, which is a p-channel TFT; is changed
to be cIo@&LhPEe@ﬁFﬁgéﬁﬁﬁ§m5§é°¥ﬁﬂmﬂﬂ§gwﬂéurrent of the TFT 406 is
decreased as the gate electric potential of the TFT 406 is increased.
Therefore, the %H%fselubdb? i gruysstrentlt ds JfaracheiZEBTim[thati sof2%hd okvar édimand
accordingly the source electric potential of the TFT 410, that is, the

el ectric ipysesieisalf the anhlog signalipracessingalreuit,sa e it@dradsistéhichsayinga
signal of the 13 sanme phase as the phase of a signal inputted to the

non- i ¥veran ogtiut putatseofrittraknileg osigpalt prdedstrpmeirbet Guélngés heplatnay .ofWen a
plus signal is inputted to the inverting input termnal, the drain current
of the TREmMOGbndecambsn Simk @K 4 RBAALAR IFiBh Ns GHEFRRED Penb s HEToRAA- 5
Since the drain current of the TFT 403 is equal to the drain cur?ent of the
TFT 402, the difference between the drgin current of the TFT 403 and the
drain current of the TFT 401 causes a change that raises the gate electric
potential 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 electric potential of the 10 TFT 406 is increased.
Therefore, the gate electric potential of the TFT 410 is | owered and

o o o o . - ——— — A A N N o




el ectric potential of the output termnal, is reduced. When a m nus signal
is inputted to the inverting input termnal, the drain current of the TFT
401 becones |larger than the drain current of the TFT 402. 15 Since the
drain current of the TFT 403 is equal to the drain current of the TFT 402,
the differ n -t drain current of the TFT 403 and the drain
current ofS%Fﬁgo’#@%@%nggﬁ'ges a change that lowers the gate electric
potential of the TFT,.406. .The TFT_ 406,  which is a p-channel TFT, is turned
ON nor e and. t he AFFAIAING [ fheritessnt inventien thos s 9rovidsdagerable infosmgtior

el ectric pot Bnti al ,of the TFT 406 is decreased. 20 Therefore, the gate

el ectric poPEARGEAISIRS 2 displaypdevicegleseribeg aboycand accordingly the source
electric potential ofthe TFT 410, that is, the electric potential of the
out put terninal With Hgi gbgvementioned watyyctaresi dowhsiingt v apppsikice pidise as
the phase of a signal inputted to the inverting input termnal is outputted
from t ke doepporationmifraal auditheigdal precessingatiraiir mua tisplhybdeviide 4re aehiavedhannel
TFTs and the current mrror 25 circuit is built from p-channel TFTs in this
exanpl e. ladener}-sizbd; lglesedight poretilé difoimatied appliincs Eabitae OF Quediftin

p- channel TFTs may be ?%sed f%r the differenti al ﬂ)]bl4 ci?cuit V\,hg?gtasg

n- channel ahHiksisabeigd®! oyed for the current mrror circuit. The circuit
connecti on shown here may be replaced by any circuit configuration as |ong

nect i on shown aced by any cirol | guration as |
Thi s enbodt mont by oo ehenal bR PR B EN AR o RN e 5
Fig. 5 sh le.l LHGh td anpl i fi [ [T o

struct ured B TTer ent Ty PP omiiic: oo RSl Sar drivHle sl T IFBER 19 1 i s

exanpl.e h - .t 0, nents: ,a differential circuit including a TFT 501
and a]ﬁFT%%B‘gl;%lzlg ?B&fﬁg ﬁ%@?’r de%ﬁi WIB?t“EliZ?%é‘EH tOf] d%ﬂ“ﬁbféa’ 3 and a
TFT 504; a sgcond current mrror circuit including a TFT 505 and a TFT 506;
athird cﬁppﬁ?ﬂcem’ rror circuit including a TFT 507 and a TFT 508; a

const ant curren# supply .including a TFT 509; and a phase conpensation
capacitor 510. THEPHFERLDYEH G POKidss 8 sard yolumardisnlay devies wathian dudio
descri bed bel ow. Wien 15 a plus signal is inputted to a non-inverting input
terni nal , OuHEt dngtiondyr wdng adlat speakermdby infeguiiyJorminger diiverrcitcnd far ai n
current of the TFT 502 since the constant current supply constituted of the
TFT 509 i drizbindetspdakes frate thionfflon ssoiccaduabr thectits, speafitalhy, THIsonid . The
drain of the TFT 501 is connected to the first current mrror circuit and

t her eflor e subpstrale-T Bitepresantiivesitionanakes it pdssible thaiduts thersify aRPWEIgANoL0 t o
the current flow of the TFT 501. This neans that the drain current of the

TFT 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 dc‘-/ice;
Figs. 3A and 3B are profile diagrams of the conventional display device;
Fig. 4 1s an equivalent circuit diagram of an operation amplifier circuit of
25  the present invention;
Fig. 5 is an equivalent circuit diagram of an operation amplifier circuit of

9



S04 is increased upon _an increase in drain current of the TFT 501. The
drain of the TFT 502 is connected to the second current mrror circuit, and
t herefore, 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 TFT 506 | owers
t he drai ntﬁurrent .of the 25 TFT 508 since the drain of the TFT 506 is
connect ed ‘POPIRE AT ®rrent mirror circuit. The electric potential of an
out put term nal Fj.s hus raised. 15 When a plus signal is inputted to an

i nverting i nput H&s Rdock diggmm of ap gpdwrsign proesSrg cBouit b derprssesiral | er
than the drain current of the TFT 502. The drain of the TFT 501 is

connect ed "BYCII9B; fjrst current mirror circuit and therefore the TF T 504
receives a current flowthat is in proportion to the current 5 flow of the
TFT 501. This migss 7haed tHik adr diagrams skowingf hdwheanTial&94ignal grakedsed upon
a decrease in drain current of the TF T 501. The drain of the TF T 502 is
connecbed cirguithad seposictr aty c@miecred it Gic ek iiiveatidn; t heref ore, when the
current of the TFT 502 increases, the drain current of the TFT 506 is al so

increased. A ri Fegsi BAJGRd BBCae! @abradls §H&vi§$ﬁo§0%é Qﬁﬁﬁ% s C%}.gl Bf@e%ggr rent

of the TFT 508 since 10 the drain of the T 506 i s conne dtot third

current Mo afll ikddgeakdinBe BbRSIAdCinRRL Eni‘ltsi:ﬁtl in@dnifp; out put termnal is
a

thus lowered. In this way, an output sig of the sane phase as the phase

of 3,500 oug it e s LGRS BILARE L2,

the output term whereas an out put "si gna t

phase of i i ed to 15 the j.nverting input termnal is outputted
to the Ou%%%&{ﬂg%ﬁ:ﬁ%ﬁﬁﬁe ge&al Jé%?éeg%“‘olf“”i‘ﬁi‘oé" exanple is that the output
si gnal,anpl i tuﬂE. can., be | arger th%t.hat of the operatjon anplifier circuit

descriBed in Enbidi hent 3. IREEAMPIgWIngcan smpodimept 1of Hhe asalogesinaby.
Thi s enbodi nent. can be fchr(}bl ned with the above Enbodi nent 1. 20 Enbodi nent
4 Fig. 7APHMESTRE EHEW! of ggtpsant iyeRtPhod of driving a speaker with an
anal og signal processing circuit. In many conventional nethods to drive a
speaker, one of FigRolidrandnbiB apt diagrams shpeiagem F0sgdesmend ofiacdifidrantiah
non-inverting anplifier circuit 25 702 while the other termnal is grounded
as shown FHCHLg. 7A. Such driving nethods are an option when a conventi onal
cone speaker is used to output audio, 16
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 TFTs 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 iﬁvention;
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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but not when a flat speaker is enployed because piezoelectric elenents
which are often used in flat speakers differ in elenent structure from cone
speakers and require high voltage. To be specific, a flat speaker needs a
vol tage anplitude of about 10 Vrnms whereas a cone speaker can provide a
sound pressur HREABSERTYESCRIPTRAY PR PR LEFBE appliance at an
anpl i tude of Vris. Al anal 0g gna—proce Rer—€ : herefore
needs a power SFII-%Q e aof 30.V.or hi he driving nethod of

| yaV h
Fig. 7A. However: ‘d?%v%r%?gh%rccﬁrpglﬁ fjlaﬁtra“gg@ﬁ %Fi{jﬂlta\yo‘i’qvé‘"gfeoﬁ\ngh% PECSERt ver
device ingludi.-ng a,palysilicon TET presents a serious problem when the
drain vol f’%&l‘?@ s‘é? Sﬂ%gﬂ ma% K5t 6 Iap‘go]rBaT*F'ﬁ,lSHIW fovisarkOlcof &hke prasent
n- channel i’qul silicon TFT, is sever el K degraded in characteristic,
particul a V;‘i“é?ﬁ BABRuSHPSEBIS RS ancelichrm phe! Iportécr 1040k snuduesigml Hoke
carriers. Various structural nodifications in TFTs have been nade in an
attenpt t8u¥@Rvereni 403 angatensignal lind divinigeciledivd 08pkhdgm atdiohighaia TFT
is not degraded nuch is about 15 V when the LDD structure is enployed and
about 25 WORRING lecBOLID( gut éntégratlyebuitipfrech OBk, ahd Uat Woppéd waplaAyed.
Because of this problem if the driving nethod showmn in Fig. 7A is chosen,

a drive voppage sobst: Mbr Figgharis hsop eigwi 6Bdle UBpIBKERR Yl bicrl, TBTS
unavai l abl e in constructing an anal og signal processing circult.

Accordin latelel iewSEMlie 19 h Vi B %2y ! eaker

by 20 IBT%IS%‘:LBEl i dge‘g Tr ans‘?c olr igrrlglrg} tdl%{e(?se) @gff’%ﬁgg sagﬁ%ﬂ%ﬂ‘:ﬁhg%gﬁt%@i [i{gcor di ng

t o t he BTgatérsiatianqingh b Nei Feby Gk , . . Si I cessi.ng .circuit
fat€lrsidlal Qineh@Mink Neifdu@ 105, thgnpa:%pgfkﬁ&oi e 5 ‘{ﬂ’fogu%ﬂgs‘%??l

includes two circuits, a non-invertin I'er Circul

i nverfg n idel = j . ermnal ,of a flat speaker 707 is
connect eg'n?gwtsgi ‘gﬂﬁugﬂu{%g?’reﬁ%’gﬁﬁ%ﬁ@%ﬁ%ﬁ? ik?{gﬂg‘ﬁ%l display. %i ﬁ%ﬁpgﬁ‘fﬁgﬂ%er eas
t he ot her; ] K I S25 nnect e t he output of the

i nverti nglstgfrsrglrg]?\?ﬂenre&g? {r}%ﬁslu? g)@%@fallb’cllhi ;[%5 ﬁ?@ﬁ?ﬁ‘?h?@égmté’iwﬂwaéﬁﬁﬁ t ude
and t her el flat eaker can be driven at an anplitude 17 of 5 Vrns
per cir C‘jiﬁ?l%e ﬁée}%dw @F%E %Hgtlﬁ%i‘domaﬁfi‘@. rajg then subsirates aneh then kel te, ogewer
supply volta eﬂ%‘l ﬁo V ﬂqu tOBe circuit can be driven at 20 V or a |ower

vol t age, TG ng' 74 HfopsakardOpds slerirically connegtestosthg patliopvigna psoaegsiog r cui t
frompolysilicon TFTs. 5 This enbodi nent can be conbined with the above
Enbodi merft&ui thy Bugreisan fliodMbenExsmal dtidip s@aalsaaradnputiadettirongh aapl i fi er
circuit 802 and an inverting anplifier 10 circuit 803 are used for BTL
drivildg HHRC d8h e theands siganbptdopssing nir&iib 005 el thén cugaiteddhafughnaet ti ng
signals to the non-inverting anplifier circuit 802 and the inverting

anpl i fi eFBT A68ito tBOIabopénket HO6NOMhe NvubstraiB disadietd (s oFdsk GMbbirR02, al one
recei ves input signals. The input of the inverting anplifier circuit 803 is
connect eglastictshbstousé, pustaiafess Secnmbsiraty e §ilitdn pBkdafd BF el fieui t 802. The 15
non-inverting anplifier circuit 802 drives a-first termnal of a speaker

804 and the i nwith ah élé@trib“ﬁ%ﬁéliﬁ%ﬁmg}iréﬁitcy ?Hlitfcu?aQBanTaq]t%ﬁg%i%ngm t he

inverting anplifier circuit 803 drives secon erm nal ~of e er
804. In brébesd {tNMRLL i ' it..806 and an invertin

anpl i fi e?rcierscﬁlgt&%bd% gﬁlres i!tl}s éﬁ%lrfbﬁlfﬁ{fﬁo\ﬁ/?}ﬂa fifay S%‘BFﬁ?B@P‘é‘Bf &Fq‘"f‘@‘%nt ly
fro i g Ad e : [ .. signal is jnputted to.the inverting
arrplrrib{‘):i e?u%]?%c@??flﬁgéﬁﬁﬁﬁ@%éﬂﬁl N reng??rﬁea’}dn\!lgT H’H@aﬁ?ﬁ“@if?r pa displai t 807
i s conne to.the output of the inverting anplifier circuit 806. The

out put oﬁgf‘%%’ ‘i%ﬂ%%‘%‘i H‘ggé?rﬁf‘ﬁf"i’eégh‘e i“f\i’d%h kla%eetng@qw%al@pd by sonventieinabl of a
speaker 808 nd-the i.nput of the inverting anplifier circuit 807. The

i nvertin§® ﬁ@?ilr{l opmagen appliange.cagyhe achicyedde arppriablavinfaimaiont dppliapeak er

808. 25 This enbodinment can be conbined with the above Enbodi nments 1
t hr ough havipg an audio output function or any other output function that is not image

display function.

25
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Enbodinment 6 In Fig. 9, buffer circuits 904 and 905 are placed downstream
of a non-inverting anplifier circuit 902 and an inverting anplifier circuit
903, respectively, so that the output of the buffer circuit 904 drives a
first termnal of a 5 speaker 906 and the output of the buffer circuit 905
drives a i nal of the speaker 906. As in this exanple, a speaker
may be dr?%gﬁ&ﬁﬁkﬁhgh a buffer circuit. Fig. 9 is obtained by addi ng buffer

circuits to theFexgggle @Eggp in FHQ' 7B, Alternatively, buffer circuits
may be added to thd 54 plock diagiamrofian adio sgaabprocessingecigguit uitthe amemn i n
Fig. 8B. 10 This enbodi nent can be conbined with the above Enbodi nents 1
through 35807 PEPGREHNE Titeny . shownsitoliie. fnisescamsised of thive dladksg @i divalal
processing circuit. The 15 voltage anplification of this circuit is set to
| 00 ti nes.Signadigmuicdde agbgiial sigmal invputgeinsinanfilt isasngnuechbyphidigied sipnbl mes by
a pre-anplifier circuit 1001. The signal outputted fromthe pre-anplifier
ci rcui ® 1@@ecdssingnpuentitedDX o Bhenprocessygy by nlge airplit 608 indludduddcod®@2ofand an
inverting anplifier circuit 1003 to be anplified 10 tinmes each. speaker
1004 is caongressdd digitasignal) apd btHee Compalifg SbcH é&efil%}iﬂgorﬂaj{ BYQAddd1d As
anplifier circuit 1002 and the inverting anplifier circuit 1003. A signal
ampl i {1 ed O prddeBsing Ss Gianmcal o dbitePGBnANd iRbuilddeicSPERKCEMAd: ciJlf ST onal

on one end of the speaker end the signal on e ot her end have opposi

phases andouhey B Cofviil iiBon YRLILEAGEAITP! Thi SALIAN sleRar BtaleBsy Y € hUS

using a two-stage anplifier circuilt np arfion’ s o ed. Each

g . : . g i . g bed i
Ebodi ment o3 o 6o, PRIOE stdt TG BRBP ot i FFfal'e G, dtptang
th l i . 6 Cj i: t .nay .be 19 I d. Th lificati
and ar'Pocsieaingit a0y 7 ArPURR Ay e taplog sl pierHs EUBHHORS: n  he
above. An.output..signal .of the Qé -anplifier circuyit is inputted to the
non-i nver {I?'ﬁgap ftiafgsll%‘?alé? Priput ™ A Opipyk Farmyigal 06 andithen egtpaiied as n t he

exanple of Fig. 10. In 5 another exanple, an output signal of a

pre-anpl i RPEIORY Asprakers Theanaleg signak Prssssing srenisgsemeparatior awplified t , an
out put sigpal,  of the non-inverting anplifier circuit is inputted to an

i nverti ng CHAPIS 10 eonsiiuie anon-invertiag spadifier cirsuit.onnmisveehgbetpldeer carcuut put
termnal of the non-inverting anplifier circuit and an output term nal of
the inver anshgothers. i f lnsteadi ofubperafion | amplifiet cirveitherotiexaepbeits anauseput
signal of a pre-anplifier circuit is inputted to a first inverting

anpl i s er emiplayeidt , an out put signal of the first inverting anplifier
circuit is inputted to a second inverting anplifier circuit, and a speaker

may be connect eth betalvesntiad sautm, tmerdr%imlpraéeskﬁ@ EdiSE 6ODURA hOD/A
anplifier circuit and an output term nal of the second inverting anplifier

circuit. @Ebnviies cEORRG ?R%g j i 4 cribed
above. Figs. 19 and ZSKEﬁggﬁgggﬁl sgg ne?gt?%ﬂ&%ﬁgﬁggPﬁ??%?ﬁgéﬁ% F% t est
productio | 6§ 1 8 G| N | -inverting anplifier
capabl e o?lg{r?glﬂiré??ﬁla @g{a %%Erﬁgéf.léqf?%r.Jl%'gé@%g\%lvsthéamﬁ}esﬂgpﬁ'on bet ween an i nput
vol tage and out put voltage of the 20 anplifier and a distortion rate. Here,
the distortion rate is described as THD (Total Harnonic Distortion) in FIG
19. | o f..a val tage characteristic curve of the input voltage and the
outpﬁ%évoﬁﬁg§gnP@H esents a gain (anplification) of the anplifier neasured,
and when the input, voltage-output voltage relation deviates froma straight
line, the outp idgsﬁi@a@i’%a. maRy aaplogoTigna rprpegssingericcuitsiss apsrativa 25
input voltage,.is increased. The distortion rate reaches 1 % when the input
vol t age | 4mplifior Girenitsalocemplifyoanateg avdiotsigenls.s BigproisiamatcplivaléntSeinduits, t hat
is, 10 Vpp. 20 This neans that enough anplitude to be practical in
driving adipem speakbichi snohliperatma. amgific20 cilooins iw Beliatficon HghwWedR an

i nput frequency and an output voltage. The axis of ordinate indicates a
rati o (gajemicofidudhe eeiputs, spddifigdlyy TRIBE MRRUbparalibRatmphirRf ikdigdarpl i fier.
Here, the gains are about 34 dB, in other words, the anplification is 50

ti mesgs i ndiffefeneiglieneyit iaclgdingh e EFNA0di S{d0K tTTON 408K 8Sc AT Gt ! &‘rgﬁxhe
output voltage is lowered in a frequency range past 10 KHz. Around 15 KHz,
t he out puinch@idag e PRI £, % I,S¢ ) .11 Gl t reguency
band of an audﬁ% sfgﬁg%. 1d§Enb6g?gég?I§hﬁﬁg§#§§fkbgﬁgﬂ§fgﬁgﬁ% Eﬁéﬁg Vi ews
of TFTs that constitute a differential circuit of an anal og signal
processing circuit using an operation %nplifier circuit. Fig. 11A shows a
usual arrangenent of the differential circuit. A TFT 1101 and a 15 TFT 1102
are placed next to each other, and a comon source el ectrode 1107, drain

el ectrodes 1105 and 11 06, and gate el ectrodes 1103 and 1104 are | ed out.



A bal ance between TFTs that constitute a differential circuit is inportant
in 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 crystdal Q’I%:g;stor S. In Fig. 11B, TFTs constituting a differenti al
circuit ar®%% areP YW e8P EChercs Incledingte Akdadloean odling-Tircuit
fluctuatian. ann%kgf ormation regions 1111 and 1118 in Fig. 11B are placed
next to edBHUEIE W eandp TFE P8, 9 soneceTiofiowar siocuit inphrdihg & diERE1®N
regions 1112 and 1119 are placed next to each other to use the TFTs as 25
one TFT. Tnd achiihAdl; anskmphdso sompgheatinglcapdciamd 12l 18 share a source

- el ectrode, the channel formation regions 1112 and | 119 share a source

el ectrode, and flhe opératiosmiitieopdretion acekifiar eirdBtofOFil. 435 dcseAPFDPeloAUr Ce
111 7. A drain electrode 1115 and a gate el ectrode 1113 for the channel

f or mat 5on Whep amdud sigdalanthpltdd 1@ @ohsdvauhg idpt@nfingl afel drafitcdikchfopnd a
gate el ectrode 1114 for the channel formation regions [ 112 and 1119 are |ed

t. B o ' R §
ou y enfé ENGNhbscoddssalr@dr fhiahUhkUdQin -EE?;SE %ng,‘l@‘glglﬁ';@bl ﬁﬁc@q.@:rs ar e

averaged and the fluctuation is reduced. In | e gate

d i j i | f J 1205 1206
used o conpubhi bl SRLIAl o 0 DEARELGE e IRIS R 1200,
| trod i,0. T, i 2 t hat 1 | t 0 d
o ot ook, GBcohc T, BASARSTal R B e BT,
TFTs, TFT i i ; i I liedt h
TETS T SRR SR YRR PSSt 1o SRR B,

reduced. doubl ate TFTs . here mm repl aced by triple gate TFTs or
ot £ 35 205 F8%h 5 Frfhr et St oS iegnce dwissecn therirgn cuzmnt TFTS
ConStitUti?%@t i ff reat'al circuit are arranged so as to 15 20 25 forma
shape of &7 495 and thyg drapy cursentaf she TFT A0 causesanganee that deweidhan i n
Fig. 12, channel formation regions 1211 and 1219 are placed crossw se to
each ot heBalgfdedtsn petonsial @%thégﬂﬁf 806er Thi AdU#0G vgucleisn pehiiel TR, $our ce
wre 1217, and a drain wire 1215. The TFTs are thus used as one TFT.
Channel f &iried iQN andgihe rdsab2diBrean obfl tAE STEF @06l is dngrkaszechscihesgié sictrir each
ot her and connected to each other through a gate wire 1213, the source wire
1217, andpatedtial of thier EFT 206, istlbeeshly ([Eichgoid)ehd bie @éctﬁ@?o?éﬂi-al bhehe
straight line connecting the channel formation region |211 and the channel

f or matls on TIRAYA kinis k2ised Ad @@&hdlzh% thel si&)h?desééétﬁcga?elﬁitaf 8f GRITHT Bg0.CHA e t 't ng

t he channel formation region | and the chann formation region

each ot hefs, thEIsctAE PBRIGHESE arf SMiphERHARal il Gldiakt@n caused by positional
di fferences such as the inpurity doping dgradient and the varying degree of

I |1 ' I - j hese. 22 .
count er mbasur es rn 1 Pk |, W SR A0t et SRrIgB tminalathene
mbi ned Wit i d i.bed. ab ... EMbodi t 1 g.,13 sh
o oxanpl oy <pREN RS YT R D e AR B bt Tpor vt B TR

si gnal _pr ing _circuit that n operation anplifier circuit. The
cate vi dr Riahd Sraih eiitens ardReaHCRTE SRRl fumecranivugser of e BRAD2 | o
Ci rcu%‘é9 bﬁ%gﬁ&e a | r&% current flows in the output portion when a speaker
or ot fer f prenge peRyeen the draip gpmremqifdhe T FInd@yard de drhincavirtent of Yener al |
~the gate width is increased by 1o reducing the area of the transistors: as
shown i n EF§. 403 causss acehanggi thaks raigs1thargitd 30 trie pdteaitinl pfgho AFT 302 and
| 304 are overlaofed to reduce the size of the transistor. In this way, the
source re§hoREIo#06, wehidhk & m pragnoelSTERNS khangduodst dbidhao OFRs@aisendi I e
1305 remai ns unchanged. However, a current constantly flows in an anal og

si gnal priheedsinnguresnt afithe TFTUADH Ke dacda@idt & thei gn@lelRiREBSRIAGY &f fHRUI t
where a current flows only when a signal rises or falls. Accordingly, the

t enper at UTBTof06isTritréaSed.ai SRekefite) e OME di&dtic pmﬁtfa?fm%étw 41058 'S
serious particularly in a TFT formed on a gl ass "substrate or ot her
substgmt elobradd hsd in t V] - 2 el jabil ity §s

0 a0&binglly MRALGONANELAY bbinufig HICTEPIARPIAL Y fg .

decreased. Therefore, heat rel easi ng" measure has

15 shows é@ctﬁéa;m?élﬁiail R WhE %ﬂtﬂu@qe}rﬁiggﬁ a trtlajcfueceg.f irnFTl%s t\xr/]aa)}, acsolggzgli cttiu tth%
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an output portion of an anal og signal processing circuit is prevented from
rising tenperature by dividing the TFTs into sem conductor thin filnms 1504,
1505, 1506, and 1507 that are small in gate width and by distancing the
sem conductor thin filnms fromone another. Four TFTs each sized to the

i sl and 150 r d.25 keeplng,enough di stance from one another. A
gate el ect?ao'ﬁée%%za,%ntgg£5‘ﬁ?% Fglsé%& mtggdp,tﬁ%ﬁananmram g depigal 18503
connect the sen gndu tor thin film to 23 one anot her. Each gap between
the sem coﬂ'&lﬁB{P%‘f TOR e OV t5T8upRlsi r abl y set | onger than the |onger side
of each sem conq&%t or thin filmsince this way heat is rel eased nore
effectively. In Wgt 21Blussigngd Ix iapetted tonpheyinvedingpdiput degeinal, the draihong
side a (a > b) of each sem conductor thin film 5 In Fig. 14, a channel
formati on FWESPfi the cBich 498 ibasonus cinealler Hham thd drdis cdirehdef] th 0TS a8 |

pi eces. Four TFTs each sized to a sem conductor thin film 1404 are arranged

keepi nd endingh tlti dremaerdnt eftha@FandBherqudl ©ahe delig ehfomtieofiiO TFRagRUr ce
el ectrode 1401, and a drain el ectrode 1403 connect the sem conductor thin

filns to othe diffatches betWoih eheedabh 5@ieM VTIECTRT 403 dhd thb W hATuslcli S8
channel |10 formation regions, one source region and one drain reglion are

provi ded ITFEai1 6AREQNEHIGEOthithiabchi the ol ERKIRIpBCARANGL Ind SEFRAION
region which is a heat sourCe into pieces as this PEanot her way 't o prevent
t he tenperphdTETr4(8e va Aocfll j.acen el formation
regions is desi ral?lgilwhg!?{ggra hcghﬁlté&w t’gs e&%%gg%%%o Osteﬁio gg%nngﬂtﬂlﬁlaf@ed
channel f e | aple, 15,140 since this way heat can be
rel eased %fg?dg PC eugfe%gpili.lé&?g.gq@rlrsgﬁ%%asgdr?ﬁcf?‘%i@éﬁ Flopinepgipatal ff theg. 14
and a ;gondpgti i 0 ich.is formed froma gate el ectrode 1602 is

pl acedl%bet weerfmt% h{é? ﬂ§](E3r}rﬁj‘€‘?:%Cﬁd eG?fOf%i'&fefgrgl?‘?Tﬁiecﬁ’I‘Fe pebadat of vhe {31803

rel eases t’lsat e%e?r}ﬁ{ ated.in C&aﬁnnel s of the sem conductor thin films. The
gate el ectPaE anl fHETURlUE Spurepelertns prigntinltofide I FrddOf thainis, Hbe same
material . lnstead, t&e cgnducti ve film 1604 may be formed of a source

el ect r ode HEHEE Palential of ihe quipubtarmingd, isweducedl . or other The shape of the
conductive film_1604 is not limted to the one shown in Fig. 16. By thus
changi ng t he foMYRe¥a sinps signahifeinpEted 4ppho prvcatieg wnputt hernfiaall thedeasi ng
effect can be enhanced and a circuit that is large in current consunption
25 can be yrient of thenTHAIT 408 rbexodies damer dbati ¢lee dfdih Scerdae GfrBBt TERMY(RE

conbi ned with the enbodi nents descri bed above. 24 Enbodi nent 10 A displ ay

devi cd5mafinicecthardeainoyrieheofthoVEF D@03 id Bl 16 iHOdkaGP Rt b3 §5b *FPTaét]Gii spl ay
portion of various types of electronic appliance. Hereinafter, such ~

el ect r oni ¢hagiffaranedstweenhe thai@r@hsof Ay TeY 468 Jpa gllc‘itixpﬁlﬁqerﬁg)cf(?ﬁéj! ng to

the 5 present invention is incorporated as a display nedium are déscri bed.

Such el ectTRIN4G1 aRRddsaNERsM r@naé‘?ov@eglk L_tIHO 'ags Vélggtgiﬁgﬁﬂngﬁtﬂﬁ’ofdghgi'ffi'f@gmr e

head mount ed di spl ays (goggdl e type chines, ¢ i gation
appl i ance ThREISPAGS. FIRERY S CHES ; rt information termnals
(nobi | e conputers, cell u?gaff)gjfl]lg}rﬁl\@ég or & g’gﬁ%ﬁ#fm%%ﬂd@? .rﬁ‘mé’(uér.enf??%cti cal
exanpl es 30 tPer&Rf in Figs. 18Ato0.1 Fi Ais a digital
canera which i n(@gdgﬁcge%?\rggﬁh%?gﬁ%gwmﬁpa%?ﬂf’g% B‘Gr&gg‘}%éﬁ)ﬁ?aﬁ?ﬁe mage
recei ying Lon,.310 ration ke 3104. an external connecting port
3108, 20 s%ﬁ‘?‘%@é’esi}ﬁegai%&?#ﬁ ¢ PP&?&!‘glAngE@pTlﬁy 4405 gaised andh@cenrdingly the
i nvention_can bE’ used in.the dis Iayﬂgorti_on 3102 of the canera to obtain a
di gital 15°WShErCIHaReRRIE ofgharddr] #Htthptsissthel ¢lectrit ipatendiat ofi enoitpnal
camera. Fig. 18B is a |aptop personal conputer which includes a main body
3201, a ck3mipplaponised. dilms phiayvporat signmal 3F0Be apposiybphas 70w, plare @fter nal
connecting port ) )
signal inputted to the inverting input terminal is outputted from the output terminal.
The differential circuit is built from n-channel TFTs and the current mirror
25  circuit is built from p-channel TFTs in this example. However, the present

invention is not limited thereto and p-channel TFTs may be used for the differential
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320S, a pointing nmouse 3206 and the |ike. A display device of the present
invention can be used in the display portion 3203 to obtain a | aptop
personal 20 conputer that is smaller and nore portable than a conventi onal

| apt op personal conputer. Fig. 18Cis a portable information term nal which
i ncludes a.nmain body 3301, ? di splay portion 3302, a switch 3303, operation
keys 3304 SHGHH VG elb*cgmlic 3305 apgnimeyad fos. tha cyrrept myrroegirest. of Thehe
present inyention can be used in the 25 display portion 330Z to obtain a
nore port &HCBI CARRGHgRisBawRdcit maly hehigplaced bpminl eirc2B confipemtion esfonent i onal
portable information termnal. Fig. 18D is an image reproducing appliance
provi ded b itHfully cegs duhtherfadetion ¢Guecpdratial dmplifdMiraitc oduci ng appl i ance)
whi ch includes a nmain body 3401, a casing 3402, a display portion A 3403, a
di spl ay porti onTBis34ihbdimet daaderdntdnabaihnhd shtsl Babedibent & LD or a DVD)
read-in section 340S, operation keys 3406 and the |like. The display portion
A 34035mai nly di splays imge information, and the display portion B 3404
mai nly di splays character information. A display device of the present

i nvent i on Faibddemsed i n the display portion A 3403 and in the display
portion B 3404 of the image reproduci ng appliance having the 10 recording
medi um t o obt ai i, produgci pl.i e t .S smal l.er and re
portabl e t han cglr%l\'/re?%?lgﬁgl Eulqn%%dg&ggg@o%}ggﬁganapg%:faé%éle%{np@ e Ctui?g{{DED

r epr oduci | 4i hjnes, and the |ike.are.included in the inmge
reproduciggwggpdfgﬁggmg ggﬁag§§M#Thig?PBQBlapﬁﬂ“ﬁgﬁ?ﬁHFuﬁﬂﬁ.ligﬁmpgga

fol ding portable display appldance. which.includes iin body 15 3S01, a
display phrt Folts sesp0aslsthieRgial rgrd indjoiaga TET L e piEdorfl a
inven;'on.is used in the.displﬁy portion 3S02 to obtain a folding portable
di spl Q/ d BTt TERh mper Syt dpelydinend TEThel3 and @ THERS: eovegend carent

fol ding di splay, device. Fig. 18F is a watch which includes a belt 3601, a
di spl ay p8HEEPHRIrSwdInciydingm dhdr 305 end diT FEH (86 6atharddcurent | miteor diraditspl ay
device of the present invention is used in the display portion 3602 to
obtain a Wluding AFFTh2Y7 and a &SRy rponsthunatrien supply ind8dGng a BET 569;1 ul ar
phone which includes a main body 3701, a casing 25 3702; a display portion
3703, an aundia phisspwmpeasitiooncapatdor 0. ant enna 370S, operation keys 3706, an
external connecting port 3707 and the |like. A display device of the present

invention is usHk operitien of S eyerpest a@pliBeOSrdidt BRIgribed Kedd.ul Wnecphone
that is smaller and nore portable than a conventional cellular phone. As

descr ibeda phavegndlhie idpRlddc@bl Qoh INES1RE IfIR BHEREN TN BYzﬁﬁ'tciuH@nf of &2 w de

26 that the invention can be applied To el ectronic appliance of various

fields. Neve diiabedolfsShiet iR thealiBln Afteg ¥ hONTIesBedidiEhe CRRRE

achi eved by utilizing any conbi nation of structurés I men

217 current supply constituted of the TFT 509 is connected to the common source of the

differential circuit. The drain of the TFT 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, wl'le.n
the current of the TFT 502 decreases, 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
256  TFT 508 since the drain of the TFT 506 is connected to the third current mirror

circuit.  The electric potential of an output terminal is thus raised.

15



VWHAT IS CLAIMED I S: 1. A display device having thin filmsem conduct or

el ements on a substrate, conprising: an electric signal processing circuit
for driving an output device which 5 outputs other signals than a video
signal, wherein the electric signal processing circuit is conposed of the
thin filn1sen100@%gctor el ements.. 2. A display device having thin film
seni conduct or el anshts PBR 28qfp: inpiked |t 40 yerting inpuk dermiab the girain

processi ng circui ein the audio signal processing circuit is conposed
of the thi AfFY rﬂé@ﬁ%ﬁd@gt brcomes rumalicr than she drain wingpt aévhe dHIAFIg t hi n
filn1senic?gductpr el ements on a substrate, conprising: an audio signal
processi ngl 8¢ rdiging of wperldih S0 eisagennsctsdgitalth fusteswirery mireuiictrcuis andnposed
of the thin film sem conductor el enents, and 20 wherei n an output signal of
the audi o $icgiare YiecEBE Sldgreceiveuntcursnuslod tet ds iiv @raposiiemkethe durrént

di spl ay device according to claim2 or 3, wherein the audi o signal

processi ngfiewr ofiithe iFRT Bds A'hds ghdams SiagnRé @BinPEOEERSHNEGhE TS 8 5.
A di spl ay device according to claim2 or 3, wherein the audi o signal

pr ocessi ngdadireased uponal dedesmsa iDHAIS QEMERL & the I TR K1, SThAJHS BE @Y FEYI Ce
according to claim2 or 3, 5 wherein the audio signal processing circuit

I ncl udes as0RRAlconEHAN® tRE QeBSRI RErEAl Girbr cfrcuft M Hkl@ﬁéf&gvh&%na@%m di ng
to claim®6, wherein the anal og signal processing circuit 1s conposed of an

operation dfreafBF tfd PETShEGHEL seS: thf dhis Qluﬁ'%npgﬁ/ frl]lg %{Fﬁ?%ﬂ)¢ I%| zﬂ%‘%ﬁnﬁ}e@ggﬁj uct or

sem conductor elenents on a substrate, wherein

el ements cQNRLIh W SinPArRRLPHSTERRbs raises the drain current of the TFT 508 since

10 the drain of the TFT 506 is connected to the third current mirror circuit. The
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
inpuited 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 amplifier 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 me£h;)d 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 is used to output audio,
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processing circuit, and 15 wherein an output signal of the anal og signal
processing circuit is used to drive a speaker. 9. A display device having
thin filmsem conductor elenents on a substrate, wherein the thin film
sem conductor elenents constitute an anal og signal 20 processing circuit,

wherein t lBgt T ﬁ'fgﬂaslpeﬂq?ﬁg ?—:gﬁrp"l]%e% 15e%%§cmﬁf§§%§ie&8@'éla”r%’%&% iwsrlqu%lﬂg lifier

. . €
clrcult and an I nverting*anp rcult, n an ou of the

non-inverting anplifjer circuit. s used to drive a first termpal of, a
Cpeaker . SHER BT ot bR, oSG piftetoigRimcSt SimméSind it oo chpRER e cui ¢
is used to drive a second termnal of the speaker. 29 10. A displa

devi ce ha\li‘?‘}\'éret}ﬁgﬁ “Fﬁ‘l"”%‘?-se dgripgeifisy adial mertker aigeds §d¢9§tﬁgfétaé1pl\ﬁ*f§r‘é€/n t he
thin filmsem conductor el enments constitute an anal og signal processing
circuit, 3bowekeVims pdicsssidoerns peakerrapquesidag sundireSsHESTIECERY fRvert i ng
anplifier circuit and an inverting anplifier circuit, wherein an input

t er mi nal pbrighle informanemrcapplingcanpdn dmplitudeof diVimand an i nput terminal of
the inverting anplifier circuit are connected, wherein an output signal of
the non-invertiAg amplg kiganl processihg icircu €2 chetefott neadsaa fpovedr dupply nal  of
a speaker, and wherein an output signal of the inverting anplifier circuit

is used tQolige/ef 30 Yesokightemnihd Arividg Meehosipeakigr 7A1 1 Howdlies phrddinglend ce
having thin film sem conductor elenents on a 15 substrate, wherein the thin

film sem eppehvGi OJucR! BIBR MW SIt£RNS4tht 4t &1l @éﬁé@%aﬁﬁ&ﬂ@' a Hfoq’fﬁﬁéjlﬁg“}?qi reuit,
wherein the anal og signal processing circuit has a non-inverting anplifier

circuit aﬁfgsemsiarg,\e%ag R%)b?éﬂ?! b theCdrafit¥ ditag? Qs mqggﬂt.,ga gtg]lyaﬁwmem nal

of the non-inverting anmplifier circuit is connecte i nput "t efm nal of |
the ipyer bhﬂﬁuf’a‘i{phﬁ Tl Efanklel (f)léi)}silicon [FT, is severely degraded in characteristic,

particularly gm (mutnal conductance} i 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 TFTs 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

circuits, a néﬂ—inverting amplifier 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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wherein an out put signal of the non-inverting anplifier circuit is used to
drive a first termnal of a speaker, and wherein an output signal of the
inverting anplifier circuit is used to drive a 25 second term nal of the
speaker. 30 12. A display device having thin filmsem conductor el enents
on a subsbf atemsyhecgewtt he thin filmsem conductor elenents constitute an
anal og signal processing circuit, 5 wherein the analog S|gnal processing

circuit has a fTrSHrilmgehbihod (ﬁ@h"?BQBu§HB€§Jh5t fd Vol eng
anplifier circuit, wherein an output termnal of the |rst |R erti

anplifier,ehfp Qphﬁd R 8%”[8&}1% &yt 20PY rtael]rpWeE@l) tﬁge Hﬁ%\%ﬁ%@%lb@vert ing

anplifier CIrCUIt wherei n an out put signa

[ifi f k d
oot el n ikt g 3{%38%%%8%% HolrH ??‘Pﬁj ls%ﬁﬁ‘) L TPk A
to d t | f th d hav t hi
e 2 s By O RS A bt e ks ERoliacats I thrqugn o M "

sem condugtor el enents constitute an analog signal processing circuit,
wherein tHe anal og signal processing circuit has a pre-anplifier circuit, a
non-inverting anplifier circuit and an inverting anplifier circuit, 20
wherein an output signal of the pre-anplifier circuit is inputted to the
non-inverting anplifier circuit and the inverting anplifier circuit,
wher ei n aBmbgdpoentsi gnal of the non-inverting anplifier circuit is used to
drive a first termnal of a speaker, and wherein an output signal of the
inverting anpl ilni g 8Ar auich-inseningchndifitricneuit B aecondiveeing aaplifidr t he
speaker. 31 14. A display device having thin film sem conductor el enents
on a 10 circuit 803 are used for BTL driving but connected differently from Embodiment 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 fo 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 second 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 inverting amplifier circuit 807 drives a second terminal of the speaker 808.

25 This embodiment can be combined with the above Embodiments 1 through
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substrate, wherein the thin filmsem conductor elenents constitute an
anal og signal processing circuit, 5 wherein the anal og signal processing
circuit has a pre-anplifier circuit, a non-inverting anplifier circuit and
an inverting anplifier circuit, wherein an output signal of the

pre-anpli k‘f er circuit is inputted to the non-inverting anplifier circuit,
wherein a £ gnal of the non-inverting anplifier circuit is inputted
to 10 the inverting anplifier circuit, wherein an output signal of the
non-inverting alpliigi & eufferurircyits $9ddand MT e aplhcads dowastrearal obfa a
speaker, and wherein an output signal of the inverting anplifier circuit is
used to dmpuanvertiegoathpliicm ciafuitof92hendpaak énverlibg 1ampWfiel syicay 969j ce
having thin filmsem conductor el enents on a substrate, wherein the thin

filmsem cespdoiitady, sol thaetifesowtputsdfi thetbaiften chiaalt S@4sdrirsla ffsoeRBHAAIbIG rcui t,
20 wherein the analog signal processing circuit has a pre-anplifier

circuib, 8pédkesb0s auethd BGpandf iel tRIffeF icieHitio03NH s 28eend icE‘Mﬁ{atl ofghe
anplifier circuit, wherein an output signal of the pre-anplifier circuit is

nput ted. LAcdPORET ShsTRVES LiFpRIBLALIEE iy tekibyenRREHD agfé}%&% si gnal

of the first inverting anplif CII‘ urt Is |nputte e second

Inverting ? %'cﬁﬁalﬁé&%#%ddﬁ’n‘@%&f éiﬂ:éxgt'étt%“h SEANANe MnobliCid Hig t

|nvert|ng ler Circ I sTuse I rst term

lrautt igﬂ%§“%We§ T Qwévﬁﬁﬁliﬁgsg&@”%'ﬂiﬁ pl ay

devi ce accordltn ‘ry éﬁ of clains 9 through 15, wherein one of the
non- i nver F1FAY Y “fnf]i“ 18ct¥cuit and the inverting anplifier circuit drives

t he speaker thr buf f er CI rcuit. 17. A display _device accordi n% to any
one oflcl ai ns Fq% gt CRdrcasqmbined with the above Embodiments 1 throug

3.

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
mVims 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 1s 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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10 the anal og signal processing circuit is driven at a power supply voltage
| omwer than 30 V 18. A display device according to any one of clains 3 '

through 17, wherein the speaker is a flat speaker. 15 19. A display device

according to claim 18, wherein the flat speaker uses the display device

itself as I nance body.. 20. A display device haying thin film

transi st oreglpé(‘r?fe%‘ sub$t ?IBP%?C%WWPEE@‘?&?’E%E thhihg Fmplifialignanay desaliestrst it ut e
an anal og.signal processjng circuit, wherein the anal og signal processing
circuit hé%ongﬂms?\gb‘?eé'df‘idé? Yeuit, a current nirror circuit, a constant
current supply, .a source ground anplifier, and a source follower, 25
wherein the conSPAWPEHgh et digpreyemplifidredrcnitoalinputicd o dlot roh-irvveatimpur ce
el ectrode of a thin filmtransistor, out of the transistors of the anal og
si gnal 33 2mphifige eisuihgndithe inverting amplifies cirtuit és thehexahnplit exfelipl 0. cla cui t,
wherein a first output termnal of the differential circuit is electrically
connec® ed anethen example, arerovtmal sighalt b€ € Wreantplifier r €fcutt f€ Uhputdidd 14 @ an
input termnal of the source ground anplifier, 5 wherein a second out put
term nal abnifreerting fansifidratiraiit, Cati toutsuteigRalr b ahé YoRIANESH daﬁlgliﬁ& i nput
termnal of the current mrror circuit, whérein an output termnal of the

source gr oliogit dephpidtteRr td %neﬂnaﬁlttfnigcgilnh}ifi@loQf}@ﬁl{t,egmf Q ?ﬂbtak&p'i'st Cﬁﬁﬁefyf%fl’i: 0\(/)\/];r

the source follower, and wherein an output termnal o e source
i s el ectrbg@tdey £0 ; erm.nate of -t he anal og_ si gnal
processi ng ci recui t Bﬂg)%tt %%ngﬁgﬁ)%?ﬁhdg\%gg&?ggénrgd]q@hflle% (fll}‘iur?ﬁ ??‘gﬁlgi WBPS on a

substrat eterm%ﬂ%ifﬂléi?ge{,l\ﬁig%éé}%ﬂff%tcﬁr%ﬂﬁi stors constitute an anal og signal

processing circuit, € anal og signhal processing circuit has a

0 AT 21, STREU ool ST SRt Sl 50 e SRR, 0
supply, wherein.the.constant current supply is electrically connected to a
source  mpu ed t6 A First mverting amp{x 1e1 c1rcu18 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  input 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.
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el ectrode of a thin filmtransistor, out of the transistors of the anal og
signal 20 processing circuit, that constitutes the differential circuit,
wherein a first output termnal of the differential circuit is electrically
connected to an input termnal of the first current mirror circuit, wherein
a second %?%eatngrmap%hoﬁéh %P:ﬁﬂﬁd.{ﬁfq% ey gﬂ%ﬁ&lr &“h{ivln gl gat £§e%ﬁln‘[ ¥s
connected to an I nput terntnal ‘o e second current merror cifrcurt, 25
wher ei n arg)lbi)%(pdﬂ termnal of the first current mrror circuit is

. a . . .
el ectrically corinected to an output term nal of the anal og signal

processing circuyit .and to an, 34 output term_nal of the third current
mrror circuit, g%&%vﬁq?@?”éiarfe%lo&ﬁ%\‘j?& &t Fﬁ%lﬁe&lf‘er{%eafgéﬂbﬁ‘éfpﬁhY&%- mrror
circuit i s@\egl ectrj cal_li(:_connected to an_ i n{)ut termnal of the third current
mrror cirlidgiaxis ef ordindie wdigafena I@EQ(sanhal ihspuipt yoltagamio the srpus veHageon a
substrate, wherein the thin filmtransistors constitute an anal og signal

pr oces8i n@fdhe emplifipmyitryesthdighing remabeut 3¢i dB,unwothearvebrdihghe amplifigation
differential circuit is conposed of the thin filmtransistors having a

mul ti - gat @s §0rtinses e a2 fro@Bcy Aergieswhary miedistatibmvakey pilddenwhilé the oatpai st or s
on a substrate, wherein the thin filmtransistors constitute an anal og

si gnal pr ookagd sglosieralint a Fayiaigyaated pat dOtKHE. cAreuid 15 &Ik, Wheoeipns  of
the plural thin filmtransistors, those in the differential circuit 15 are

connect ed violtag@isaldvdred ®y03R, anThizes subflciet 44 B! fR3udBdy e8nd'@¥iafthdly n film
transistors on a substrate, wherein the thin filmtransistors constitute an

anal og si g{g@,lal_processi ng circuit having a differential circuit, and 20
wherein, inthe differential circuit, the plural thin filmtransistors are
arranggd so as to forma shape of a letter X 25. A display device having
thin filmtransistors on a substrate, wherein the thin filmtransistors
constitut% cﬁﬁl@h g signal processing 25 circuit, wherein, of the thin
filmtransistors of the anal og signal processing circuit, 35

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 electrodes 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 TFTs because fluctuation

20 among polysilicon TFTs is greater than that of single crystal transistors. In Fig.
11B, TFIs 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 each other to use the TFTs as

25 one TFT. The channel formation regions 1111 and 1118 share a source electrode,
the channel formation regions 1112 and 1119 share a source electrode, and the
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output thin filmtransistors are forned from plural sem conductor thin
films. 26. A display device according to claim25, wherein a distance
bet ween the plural sem conductor thin films is longer than a | ong side of
each of the 5 sem conductor thin films. 27. A display device having thin

filmtrangj r e rein th Ln~fil,mtransistor
constitut gbgﬁgae?]%(ﬁ%béﬁ %?‘3%2%5 géto%se%%%g? P 8'3%%?11?6' mﬁegr "h ,e %8?'0&%31{% P I
filmtrangjsto h i gnal processing circujt, o t thi il m
transi ot oRRodr B Siorcr Ah S0 Baned Aty ﬁe@wﬁlhaqu‘n‘éﬁ%pqraﬂai )
channel formation regjons e source region, and qne drain region. )

di spl ay dé\?‘f'ceAa‘grE‘B’r F’ﬁ'@oqeo?ﬁlﬁa?‘?# Q-,g,atq,\ﬁ%t:gpﬁc altt ?ra%élﬁéf‘%ktgﬁnﬁh@ i 5
plural channel formation regions of the seniconductor thin filmis |arger
than a w dE&HOBS ld&émngs 11ifeaten ldnent. f Byremplayingghisnparaliel stsuetizep | BRY devi ce
having thin filmtransistors on a substrate, wherein the thin film _
transi 8t ochaastesisiiesare aypraged hnd thei fiucihatppmoisesdiaed. 20 circuit, and wherein,
of the thin filmtransistors of the analog signal processing circuit, those
that constitut elm¥igu2gytdabkggate/ TH Feaenaedgo Jiogstititeps diffashnig dicuaiit are
formed froma plurality of sem conductor thin filnms and a conductive film

i s interpdweih betwedss 1265 phdirlaDo s £ aodtiet ectidien1107 65 th2dodle ga80. A
portabl e informati on appliance conprising a display device of any one of

claims 1 {IARUEL id8ntichl wifh MRS CRRIBAENDOTMRL I PA. aRRL i BAERNAC GOt NEhd O
claim 30, wherein the 5 portable information appliance is selected fromthe

group congiekolss @002 ali91208! e AMRAR: tvib LRRLRP tRSHARR e o FEPYUNRER sfch
|a§ce, a Oll,lg

personal digital assistant, an Image reproduci ng app I ng

portalhe dbibledyat@PRt2NGSs cﬁar‘é@%ﬁ&i&nﬁireaa‘%%éeﬁl, e Bg%?%'olt%ge %Eplied to

each TFT is lowered, and current shift due to a change in drain voltage can be

reduced. The double gate TFTs here may be replaced by triple gate TFTs or
multi-gate TFTs having more than three gate electrodes.

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 1{2‘14, 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 wire 1213, the source wire 1217, and a drain wire 1216, thereby

using the TFTs as one TFT. The straight line connecting the channel formation

region 1211 and the channel formation region 1219 to each other intersects the

straight line connecting the channel formation region 1212 and the channel

formation region 1218 to each other. This arrangement can reduce fluctuation

25  caused by positional differences such as the impurity doping gradient and the

varying degree of laser crystallization. It is also possible to use these
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' 109 ()- f10%& ()-cadEMB7 10d 1% ! 10%& () - ="#10%3& ()- M 10%& () - =<
DIOYGE ()- Y 10%3& ()- &10%G& ()-ay VaBMB7 10d 1CLO%E& ()-

I Ly/ 10%&' () - =s- #109%6G& () - PAWLOUG&' ()- < 1)' 10%3& ()- & 10%:& ()-E dYNC 10d
10G 10G 10G i <s109%:&' () 9010%3& ()-<7109%&' () - 0(533010%3& ()-=3}10%& () -=E
A dEYNC 10d M %& ( 109& ()- < 109& <109&

109%&' ( E\CPJI 8&‘ E‘me ﬂ@dswcye«(mt@) thipj {i ﬁ@%ﬂ (desiraby 0%’ () - =

l(: %Oo/;{&( § 2 _éﬁgc%m& }tl; o 1o;/giﬁéz)qf)e]aﬁt;;%%E;rl\l?hég%m'sm):e this way heat is
D10%&' () - #D$SSEWWRMEYNC 10d 5CLO%& () - =310%&’ () -
cli! 10%&: (¥leaggd mooveffeotively:100@ig) 1 ar@iONRin() 2 EURNEMEARCRIGAD Ghan a
long side a (a > b) of each semiconductor thin film.
5 In Fig. 14, a channel formation region in each semiconductor thin film is
divided into small pieces. Four TFTs each sized to a semiconductor thin film 1404
are arranged keeping enough distance from one another. A gate electrode 1402, a
source electrode 1401, and a drain electrode 1403 connect the semiconductor thin
films to one another. While each semiconductor thin film has divided channel
10 formation regions, one source region and one drain region are provided in each
semiconductor thin film. Breaking a channel formation region which is a heat
source into pieces as this is another way to prevent the temperature rise. Here, a
distaﬁce 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 electrode 1602 is placed between the
semiconductor thin films. The conductive film 1604 releases heat generated in
channels of the semiconductor thin films. The gate electrode 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 TFTs appropriately, the heat
releasing effect can be enhanced and a circuit that is large in current consumption
25 can be built from TFTs on a display device.

This embodiment can be combined with the embodiments described above.
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Such electronic appliances are as follows: video cameras, digital cameras,
head mounted displays (goggle type displays), game machines, car navigation
appliance, personal computers, watches, portable information terminals (mobile
computers, cellular phones or elcétronic books etc.) etc. Practical examples

10 thereof are shown in Figs. 18A to 18G. |

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 pertion 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 inforﬁlation 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
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medium (specifically, DVD reproducing appliance) which includes a main body
3401, a casing 3402, a display portion A 3403, a display portion B 3404, a
5 recording medium (such as a CD, a LD or a DVD) read-in section 3405, operation
keys 3406 and the like. The display portion A 3403 mainly displays image
information, and the display portion B 3404 mainly displays character information.
A display device of the present invention can be used in the display portion A 3403
and m the display portion B 3404 of the image reproducing appliance having the
10 recording medium to obtain image reproducing appliance that is smaller and more
portable than conventional image 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. 18F 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  wsed in the display portion 3602 fo 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 external 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
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2. A display device having thin film semiconductor elements on a substrate,
10  comprising:

an audio signal processing circuit,

wherein the audio signal processing circuit is composed of the thin film

semiconductor elements.

15 3. 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
20 wherein an output signal of the audio signal processing circuit is used to

drive a speaker.

4. A display device according to claim 2 or 3,

wherein the audio signal processing circuit includes a digital signal

25  processing circuit.



10d! ! 10%&' () - 10%& ()-, #10%l& ()- yplO%& ()-VM 10%l& () -

P&10%& ()- E*~dEdY: 10d!!y&10%l& ()-ws$M 10%& () - P"#10%& () -

M 10%1&' () - Pp#10%& ()- &10%l& ()- ROJEdY: 10d!!3j!10%l& ()-0j!10%& () -
. 10%1& () -Z, #10%I&' ()- *M 10%I& ()-  (&10%l& () - >ADEFGTxnbC

10d! 1 109638 () - isogb 0d 10d,; 10%& ()-"91Q%l& () - <7#10%l& ()- 5GLO%I& () -
T:z[ 9nbC 10d!! #1 ay Ylevigp gegordyigite chyimibogde () - #! #3p#10% | & () - #

| #10%G& ()-3! 51 #10% " & ()-3"hz[ PE: 10d!! 10G 10G 10G L<10%& ()-!G
#109&' ()-7! G5 Aisggn the qudig sepgkprocesping cisadvigeiuey s DEAX@RECTtdGikcuit.
SH109& ()-#! ySHI0UR ()-# #109& ()-!8#109%& ()-! 1#109%&' ()-!1#10%& ()-&zodY7
101 1 ff"109%& ()-s 10 10 100<109%&' ()-!G c@#10%& ()-! Nc@ #10%&' ()-!|

SH109& ()-#~\:dY7 10!1!11U S#10%&' ()-!U5 SHI0%& () -

\ S#109&' () - CL10%GCA dijpl3Q dEGiUEaCCordidle thiclaldue683,() - s1z[ PE: 10!! 10G 10G
10G ; 10%3&' () -!' N #/ #109%&' () -y! U#/ #109%& ()-y SHI0YES ()-! G5

109%&'5( ) - S>dEPRhetdlh! theO@dibl 644! (rodeksi ' indthd QY6 fn ignal
LoV (5§ ) o (e)@:%ftl\/l tires (F-m %%Séég%ﬁf&%gé%%&&% Sdgtog signal, ()-

| *10%%" ()pracdstiifedichir- S ! 10%& () - Op#10%& ()- jdE/

7. A display device according to claim 6,

wherein the analog signal processing circuit is composed of an operation

10 amplifier circuit.

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

drive a speaker.

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

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

second terminal of the speaker.

11. A display device having thin film semiconductor elements on a
15  substrate,
wherein the thin film semiconductor elements constitute an analog signal
- processing circuit,
wherein the analog signal processing circuit has a non-inverting amplifier
circuit and an inverting amplifier circuit,
20 wherein an output terminal of the non-inverting amplifier circuit is
connected to an input terminal of the inverting amplifier circuit,
wherein an output signal of the non-inverting amplifier circuit is used to
drive a first terminal of a speaker, and
wherein an output signal of the inverting amplifier circuit is used to drive a

25  second terminal of the speaker.
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wherein the thin film semiconductor elements constitute an analog signal
processing circuit,

wherein the analog signal processing circuit has a first inverting amplifier
circuit and a second inverting 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 amplifier circuit is used to
drive a first terminal of a speaker, and

wherein an output signal of the second inverting amplifier circuit is used to

drive a second terminal of the speaker.

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
non-inverting amplifier circuit and an inverting amplifier circuit,

wherein an output signal of the pre-amplifier circuit is inputted to the
non-inverting amplifier circuit and the inverting amplifier circuit,

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

wherein an output signal of the inverting amplifier circuit is used to drive a

second terminal of the speaker.
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wherein the thin film semiconductor elements constitute an analog signal
processing circuit,
5 wherein the analog 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-inverting amplifier circuit,
wherein an output signal of the non-inverting amplifier circuit is inputted to
10 the inverting amplifier circuit,
wherein an output signal of the non-inverting amplifier circuit is used to
drive a first terminal of a speaker, and

wherein an output signal of the inverting amplifier circuit is used to drive a

second terminal of the speaker.

15
15. A display device having thin film semiconductor elements on a
substrate,
wherein the thin film semiconductor elements constitut;: an analog signal
processing circuit,
20 wherein the analog signal processing circuit has a pre-amplifier circuit, a

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

5 16. A display device according to any one of claims 9 through 15, wherein
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
10 the analog signal processing circuit is driven at a power supply voltage lower than

30V.

18. A display device according to any one of claims 3 through 17, wherein
the speaker is a flat speaker.
15
19. A display device according to claim 18, wherein the flat speaker uses

the display device itself as a resonance body.

20. A display device having thin film transistors on a substrate,
20 wherein the thin film transistors constitute an analog signal processing
circuit,
wherein the analog signal processing circuit has a differential circuit, a
current mirror circuit, a constant current supply, a source ground amplifier, and a
source follower,
25 wherein the constant current supply is electrically connected to a source
electrode of a thin film transistor, out of the transistors of the analog signal
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5 wherein a second output terminal of the differential circuit is electrically
connected to an input terminal of the current mirror circuit,
wherein an output terminal of the source ground amplifier is electricaily
connected to an input terminal of the source follower, and
wherein an output terminal of the source follower is clectrically connected

10 to an output terminal of the analog signal processing circuit.

21. A display device having thin film transistors on a substrate,
wherein the thin film transistors constitute an analog signal processing
circuit,

15 wherein the analog signal processing circuit has a differential circuit, a first
current mirror circuit, a second current mirror circuit, a third current mirror circuit,
and a constant current supply,

wherein the constant current supply is electrically connected to a source
electrode of a thin film transistor, out of the transistors of the analog signal

20  processing circuit, that constitutes the differential circuit,

wherein a first output terminal of the differential circuit is electrically
connected to an input terminal of t-he first current mirror circuit,

wherein a second output terminal of the differential circuit is electrically
connected to an input terminal of the second current mirror circuit,

25 wherein an output terminal of the first current mirror circuit is electrically
connected to an output terminal of the analog signal processing circunit and to an
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5 22. A display 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 the differential circuit is composed of the thin film transistors
having a multi-gate structure.
10
23. A display 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 transistdrs, those in the differential circuit

156  are connected in parallel to one another.

24. A display device having thin film transistors on a substrate,
wherein the thin film transistors constitute an analog signal processing
circuit having a differential circuit, and
20 wherein, in the differential circuit, the plural thin film transistors are

arranged so as to form a shape of a letter X.

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

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

wherein, of the thin film transistors of the analog signal processing circuit,
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plural semiconductor thin films is longer than a long side of each of the

5  semiconductor thin films.

27. A display device having thin film transistors on a substrate,
wherein the thin film transistors constitute an analog signal processing
circuit,
10 wherein, of the thin film transistors of the analog signal processing circuit,
output thin film fransistors 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
15 plural channel formation regions of the semiconductor thin film is larger than a

width of each of the channel formation regions.

29. A display device having thin film transistors on a substrate,
wherein the thin film transistors constitute an analog signal processing
20  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 tﬁin films.
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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

5 portable information apphance 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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