; 1"e3e>9../133868T>9"' J# ELECTRI C Cl RCU T BACKGROUND OF THE | NVENTION 5 10
t . Field of th“\ﬂ vention The present invention relates to the art of

el ectri ﬂmwmmm\\ “ Meanwhi | e, the invention belongs to a technical field of
a semc ce having an electric circuit as repr
source-f.ol | essp2*circuit, a differential anplifier circui tﬂﬂﬂm“ ul Mllm

and a

amplifier and an operational anplifier, a signal-line drive Circult

phot oel ectric converter elenent. 2. Description of the Relat ed"At The
integrated circuit (1C), for brqgggy d@ﬂ?(“@l’ly on a cellular phone or
personal digital assistant, is formed with transistors or resistors as nany

as several hundreds of thousands to several mllions on a silicon substrate
in a size of nearly a 5-mmsquare. This plays an inportant role in device
m ni aturization and rel i aBAGYKYROUNIRSHGUHEIMYENN@Nevi ce mass producti on.

I n designi .gn electric. circuit for use on an integrated circuit (1C or
the I|ike, F%‘%%“gg“ﬁg“f‘ﬁ‘&&uem cases to design an anplifier circuit having
a functsion to anpld fi¥séi Rchase rQhtes W (RMr 8f eRcHictiAiE MNbardwhiRMRlel t ude.
The anmplifier circuit is broadly used because of a circuit requisite for

el i m nat i ngvattioai elagsuprercknitd Sdldblfya specatdaceon delvieetlravingeanr electric
Herein, explained is the gonfi guralté)i on and QPerati on ,o{ a source-foll ower
circuit, ddrYHESSERIFHIECDPY Anvrseriotowet eyt anditiergnsipl amplifigh cigetati on
exanpl e of ur, £al | cl j bW be sho hh Eig To.explain an
opor at 1 on St AEPLEEE ' BShn deghitohalalplifEr P Ml Fob' diveicuklh SR &

sour ce- f ol ghovelectiid €dnvertavidlédmdi®. expl ai ned, by using Figs. 5B and SC
Finally, an exanple of source-follower circuit different in configuration
from A0g. ZMesgriptidpeol sheolkelaied AxL gs. GA and 6B, to explain an operation in a

transient state. At.first, a s state operation i s ex ined by using a
sour ce-fol Tover Bie e chegt RaY o5 g REjBearty o aciitficritivagtor
anplifier fransi §lRhl ¥sl, 12 thin@NwitnGRARRRs B} ASistOstds NG P hOkeve it €
that, although the anplifier transistor 11 and bias transistor 12 1n Fig.

~A is of amndredbafiniedusikidap sewsril gilliads emnasHicobhsubstratdn wszealf neadhannel
transistors. |I-ler(:ln, the anplifier transistor 1 1 and the bias .

transi st or-19n §auargs dihfaPlirys fhEMBtAR irple dA gleyice apiniptyrizatiny agf reliability

sinmpl i ficati ke. Lt i. t umed that the current characteristic
of Thd i Sl .%“ﬁléﬁ%ﬁfzv,é? {“ldugs BARBed that, even if the anplifier
transistor 1 i Qg dRdigsing hRBRLScRIrcdi2for sEhpittgtdled ¢ifcuS QU R thOHIY, & N
voltage, there is no change in saturation-region current val ue. Meanwhile,

t he anpl i fis érequenapases toodesigh anampdifidgr arquitrlayingra fvoetectbadiplidy a vpbagerorl i ne 13
and a source region connected to rain regiqn of the bias transistor 12.
The bi as tqugﬁgﬁ%taé,lgﬂf srﬁg{ﬁlﬂgﬂgﬁm@edf,hggmhﬁgbﬂwggg%l&we@ygsgb%gpuqeiqﬁ@ 14. 10
The gate gleghkt Qfrot HEnl tF i heekd stadl 4E as;potenti al
Vb. A pomgér@goﬁr %l%g?eﬁ??ak%% ga%{]%éoc?ggt?al Spo r rVdg?talbéscagg% ig'd onto
the paoer |ine Ieredn leeplaingd dsinbe pohfiratidn ahdwppatientdfad spaeeHdllorzs (= OV)
is applied onto the power line 14, In the source-follower circuit of Fig.
5A, the gisuid| atopedEample plo2mphficr risquity 5 At by copfiguration gpaeplaLfan

i nput terminal that an j.n tential, ;0 can be inputted to the gate
el oot r ode BhpaBalitine R il B nl Bk P & Bl B FEshEn EF. Phe
anplifier Nd&anm (ﬁ{eﬁﬁin&%olrﬁ offBfd@o@ee I | SWtrRittuit ¥illbeakplaided h@tustﬂﬁigﬁt enti al
on the source region of the anplifier transistor 11 provides an output

pot enti al Sb4nd SChefigadtye aelesempledd sofirceHelldw erscitquandiffetent inl Gorifiguegbiohi ed by

a bias voltage. f t he bias. transi r 12 erates i.n 20 a saturation
ool oS o G Fin AR P hayP nFigs SEhant B ooretiRes ohrialio foa TiRtlse t e
amplifier §pansistor 11 and the bias transistor 12 are in a series
connection, the same anmount of current flows through the both transistors.
Namel y, when a cArrfirent sfebdy stavampedation glexphmedibgsisingarssusicdblidRer @ronitr r ent
Ib flows also through the anplifier transistor 11. Herein, determned is an
out put potiBAig-@8A-Vo", in the source-follower circuit. 25 The out put

potential Vo', is lower . in value than the |nput pot.enijal V,n, by an anount
b the gat o-t o- JBkTEEN 4t - UBeh O Er LB PR fep Sipntd PR, 11
time, sphe (kmeidior PN e laltiodhh thO SmBHERUEarRRIE NI AU bYANrandREhr LRGN Fig,
gate-to-source voltage Vss~ have a relationship satisfying the follow ng
Equation (1). Muul = Vin "' Vgsl ... (1)_3UIn the case the anplifier
transistor 11 is operating in the saturation region, in



order to flow a current |Ib through the anplifier transistor 1 1 there is a
necessity that the gate-to-;ounce voltage V~,, of the anpOier tranSl stol
11 is equal to a bias potential V,, (gate-to-source voltage of the bias
transistor 12). It So, the follow ng Equation (2) is held, However,
Equation (2) is held only when the anplifier transistor 1 1 and the bias 5
transi s~or 12 operate in the saturation region. V~~, = V', - Vh ... (2)
Next explained is an operating point of the source-follower circuit by
using Figs,, 5B and 5C show ng a relationship, of between a voltage and a
current of 4 ReCRbITATERT L iner i ten RubEPRAnS P e g gy @

speci fi cal ljyrcire ¥R AR @ HrahSsORULa@NML iR EASRE Natird REUHADISthOs3QUCe

vol tage Vss~ of the anplifier transistor 11 is sanme in valué as the

gat e-t 0- sothuceterslic age sissiorofmplifecabbasalkta ahsgs surdrer A&uniey thist thg ckirgnt 5B
Next explained is a case that the gate-to-source voltage Vsst of the

anpl i fi er SPERETStioO! 1SS dilfdler BATChn v WePPdniihé Vet icoampliriee
vol t age Vss t by as istor =TI A WOy R bi as
{ranol st orp9R o 10a BRI 2 R cn MRS WBongh scr i vEKBRPUGre R 1 BT
5B, the daihhegk inisagirdibonsieeivn carred alluconshi p between a voltage and a current
when the anplifier transistor 11 has a gate-to-source voltage Vssi of Vb.
The solid |ine 29eahdvke, tieraiplificonansistorbldt e e drain yegionepungeiad i apewent when
the bias transjstor 12 has.a gate-to-soyrce volt ssz_of. Vb. nwhi | e,
i Fig SO REaTiot SUECT T ARORGE I8 B etiet e DA RN a1 t e and a
current “hﬁ&s&ﬁ%sﬁﬂﬂb%ﬁk%%o%@e?&ﬁ%ﬁé&ﬁ@&cé&q?ﬁ&w&lﬂéﬁﬂ:t0'Source vol tage
Vsst of Vb. The solid line 22 shows a relationship between a voltage and a
curreni when t heltei gase ¢lectrsie of dre Hids thasistorJdtieappdied by adeéasvoltdnmigbVy/sAz of
Vh'. In Fig. 5B, the gape-to-source vol tage VbSt of the anplifier

transi st orPOVEr-spdrce pelcghinle(high gelgntéadl nedicthYer Wisgplies onedhpipawet ligpdBst or 12
are in the sane val ue nd further.th i, aS,\ ROt ent..al nd the

Gate. to- s ier goed el dol it PR ATV EIVEY LAl B s e
Consequentjqy, the gate-to-source voltage Vsst of the amplifier transistor
11 is i.n the sanme value as the bias potential Vb. Nanely, this results in
Vs~, = Vssz = Vdn ththeownpiolfover circainof Finr5AL thagatetehetibda st theammsplifiar 12

are operating. in_ the saturation region, as shown in Fjg. 5B. At thjs tineg,
the i ﬁﬁut ‘E&g’émfiléI‘S‘V? Bl "E%“‘dﬁ’?‘bﬁﬁo st %I‘n‘t“P‘é\‘lI"’{}iif)"“f‘f ﬂia\%“ %mau“ed to

rel ati onshj,p,l j . . t i . .
gate-to- sgh(?%éetgsgfétrgge {/t, {?’?H%ffmtt%mg%gﬁgl Jlﬂgs&) %?ngrfﬂé:iscﬁlo?é% ar&ﬂlﬁéeri n a

val ue di f freaneisior fin asnmiabie agad eutpot teaninalesovbhittag potediat onahe khace ieginsifst or
12. Furthernore, the gate-to-source voltage V~, ~ ol bias transistor 12 is

~n a sanetb%?@é“€§r¥%§ﬁﬂﬁd§IV@Y@@@§1WHPUW$%ﬂ“ﬁlP%w The pate gloctrageiof Wat t he
gate-to-s %li';gs_ct? g%lc{r?@%{ z}\{)lspiiled Bi 8 E'{ars QSH%P‘L,LR*:/E{MB% fﬁ{ﬁg ir?n?s?{%r;'l;]z épse{iﬁgs_ {he bias

vol tage V,, nmely, sTe s'rn _ ; _ As
shown 2 Fidsatbtior REiAMP LR deAdted by $ Msurhably FloNRe Althigind) bkB@sSafeur ati on
region while the bias transistor 12 is operating in the linear region. At

t hi s ti me,ampfldicr tposistpof &and dhe bag transigoodi? pret inposaiesicahnégion, tdamee bi as

otential Vh' have a rel ati.onshi atisfying the foll owing Equation (3). U
Doucrs Ui toughosustlane Hp g e Bt Bl N bhon hEERTAR TOMs! s

bi as transj ‘] i i I ) te .| iven
Narel . Dy R el GO 1 2R REl R SR e armhiiT ity 2
current |b' decri¢asia, ddibaiiaeddnan blpubpasntpdt\veptihahe Mhircaldiowdeciregises. At
this tinme, the input potential V,n and the output potential Vo~, have a 15
non- | izﬁearTheéJumqt@ﬁ@ﬁBpl. V guftayerp mglue Hendboipgut potential ¥m, by ap pppseief t he
anplitude ,of the qutput poteptial Vo~t jin the source-follower gircuit in a
ot eady st dlie S PoRRbBE o B Tor BF fCbalifer RESBRYIT S A Cl e R | <
because ofpgidiial &) Qe RRFUVDOESAIONS;, ahBethEi daid oL RRERNVbIEagk ML, hige Qut put
potential Vo~, can be increased at a small bias 20 potential %h, as shown

i n Equat i anla(i@)pshipréueisSanoihd foléawiop Hosatidmafl). i n t he case of a great bias
potential Vh value, the bias transistor 12 readily operate in the linear
region at a decf@w§é¥mrﬁﬁ@t-prentiaI V;n. In case the bias transistor 12
operatgs in the (i r.egi . i t i.al -\, ] .t out put

ot ential V-, - Ao Brgi PR FurkBRY| 1AL FARGR in b G e MM

I nci dental |y, because the bias transistor 12 is required in a conduction
state, there is a need to provide a gréater value of bias potential Vh than
a threshold voltage of the bias transistor 12. So far explained was the
operation in a steady state of the source-follower circuit. Subsequently,
expl anation is made on the operation of the source-follower 3U circuit in a
transient state, by using Figs. 6A and 6B. -4 The source-follower circuit

~ A o o - o



transistor 11 has a greater value than the gate-to-source voltage VsSz of
the bias transistor 12. Consequently, a great current flows through the
anplifier transistor 11 to 15 pronptly hold charge on the capacitance

el enent 15. Thereupon, the output potential Vo", increases to decrease the
gate-to-source voltage V~S~ value of the anplifier transistor 11. As tine
el apses (t =tl, t> > 0), the anplifier transistor 11 goes into a steady
state when its gate-to-source voltage VsS~ becones equal to the bias

potential Vb. At.this 20 tjinme, the output potential Vo=, the.input

bot ent i al VA P EuEPydb SEbustt s FrOBN KRR o PR RLHIG S Mg ¢ ne

foregoi ng EQUat-LONcd 2itagsWIBSA (BL BYpHLNE BRANR 111Ns LhRI 6AS Biu@hoMqfial W, V. ~ -

Vb, the gate-to-source voltage Vfis~ of the anplifier transistor 11 is

great er i n(gual-wesonhanvdifage bl &8 pot eatsisadr M). [Asg ohdialigpwing &qgateat (2¢u9 r ent

flows through the anplifier transistor 11, to pronptly hold 25 charge on

t he capaci baficElogicypfehtluatpn (o idisld oy WicrghquppPfierdgpistor hhpng thebigui r ed

for the capacidance, Lzﬁgﬁpﬁlej‘qgu;a@om{;gmﬁqredeterm' ned charge, in other words
g

the tine required 1M witing a signal"to the capacitance el enent 15. Next,
expl anation is ngge=on, tkig opgpption in a transient state of the
source-follower circuit in the case of Vo', > V', - V,,, by using Fig. 6B.

30 In Fig. 6B, whexi exphaiged ishis eperasingopaigiuriciee vourcerd@loyes cirghit ttyeusémgpl i f i er
5 tran jstg}g 1 Isg,;a a, smal | er VFJ ue. t han the ;hre'shcgld vol t age of the
anpl i fic~ FeandBangrSq showing s eolianship of pRIWESHP Yol age ppdAGULtept 05t s in a
non- conduc : : it ~ fl ows
R e e s S R L

t ransi g1 ora dae tidt mad daye-Lsowgeai dapanvgedf thataniphifisr transistordddassee thelue
gate-to-source voltage V52 of the bias transistor 12 is_in_the sane val ue
as the bi a# {hstaat-ioafoutss, velkge Ny enthefhizsniransistorr Budy ysing BigadB: r N6K6 st or

12 is Ib. As.tine.elapses, (it =.tt, tl > e t put .pot ent i.al P

decr eases niReFise G5 B Beais bosebiservalbes ot o HPtlp BRE PR Bor i o1 or
11 i ncr easggferc fvAINEHSRURe ke 3QE 68 VOlaed I8, ¥t Bie tids thBRisRIMbiviedin, _
trapsistor 11 beconmes equal to the bias 1I) potential Vb, a steady state is
ent er ed. Afortkasplej thre bias teansistop U2 ispapteeningah a inenr regibm bynpsing gt 8@t i al V',
and the bias potential Vb have a relationship satisfying the foregqing
Equati bh (2). Nottelighab; ther&’c‘tﬁga}g’?ezidihoé‘isaﬁ @,at{oﬁ%hlwﬁwgnﬁow%f?épg\?ow is
kept at a : L f t a A e

ol orept 150 ER &Hen U Mgl B ERREO LIRSS, B oo e R PR VAT R ST 1
and bi as tgoddsiind 00 shdws kb refatiomBhipZhadgednhe vahaye and @ duient agenothe \Was~ > V~~

- Vh, the time for_ the capacitance elenent 15 to hol d predeterm ned charge,
in other wensistare hes iatgaterforpoure valtagegYat of ¥t Meanvdplee it g ctCdhedettad 15,

relies upop t urrent Ib flow t hr ou t he ,bi as_transist.or_ 12....The
curront 1o PT B0 i fhghiPt balEeb o gt 2 3 B PR W adBiitng .
in ordgy tQarsReSreRE fad REgMLUS-Solircd RoRalE YHOIdreW,. t e WoliliSlidd DB Bbwd i gnal
to 20 the capacitance el enent 15, a necessity is raised to increase the

bi as pot enteiaionslop batwecient adllage @l a emetenbdvish ther bies ttiangisfoor 12 has a

t hreshol d-vol tage variation of a transistor, there is a nethod that

variati on BECHHZRIGRPIREE A eitYput of a circuit a signal has been inputted
and thereafter t . {atl 1S nd ;| i.ng out
a correction (e.fgil‘.eFl 'deﬂ’ én- %%i%%&%%ﬁg%?gqiyfﬁggpl?ﬁlg%{tgg{%% l%g‘égﬁa@nt] H.
Seki ne et @dte-to-4mtd fdlrge Cppemsdidserandbonvlart o tha skiat yalGt, ahl Tuki{gk ¥heni t h an
Integrated Data-Driver", | 97, p. 45-48. The foregoing operation of the
sour ce2¥ ol bignpotertial Muiand the gate-teesogegerviolagoYiss2 erbl@ﬁr%@mﬂgiatmntﬂﬂfesamﬂpl ifier
transistor 11 d the bias transistor 12 have t sane..characteristic.
Howmver . 1 gt Eonssifentty aihs e oudayplstareotials SRPREGHERSRIE NS i 30

vol tage oraabihkivh)icdyend E’iaQ?étQﬁtﬁdl NG, Narhdlp, hRGERAS in WGH @3, ofyvapjat i on
in gate length (L), _p_ gate wwdth (W and gate i nsul atln‘é film

t hi cl <nesSumplifi@niaatiston 11 andthabisktranggipbol ae pperalingindine saausieh wgion, 40 t he
dilierence in fabrication proccas .or SubsUate used. 1=or c; xan&l e% it is
assumed, i fhomngn Eig S5 ithishighce hednpy ppiep gV o fnditheoptipytpoieniial Naw havee
anplifier transist.ar . has. a threshold of 3 V and the bias transistor 12
has a %ﬁt h‘%reeg?qb nghlgfm%%{}edrlsff)rrg'o, in order to flow a current Ib, there is a
need to apply a voltage for the gat e-to;source vol tage Vss~ of the
anplifier transistor 11 lower by 1 V than the gate-to-source voltage V~Sz
of the bias transistor 12. Nanely, V~y, =V~ - 1 results. If so, Vo', = V',
- Vss, =V;~- Vb + 1 results. Nanely, in case variation occurs even by 1 V
in the threshold voltage of the amplifier transistor 11 and bias transistor
12, variation is 10 also caused in the output potential Vo~~. The present

. Y I - I T



The present invention uses an electric circuit configured as in the
followng, in 20 order to solve the foregoing problens. An electric circuit
shown in Fig. 3Ais configured with a reference constant-current source 21
a switching el enent 22 having a switching function (hereinafter, denoted as
SW 22), an n-channel transistor 23 and a capacitance el enent 24. The
transi stor 23 has a source region connected to a power line 25 and a drain
25 regi on connected to the reference constant-current source 21. The

transistor 23 h at e eI rod nnected to one term of the
capaci t ance el e?@hfh g)he"lhhl ﬁ&egtcg?}?ﬁ 31‘@ 1O fe Cpaciot éﬁé’& UPRHEHt 24 is
connect ed }Qikhe 1 PRWRL Jaltﬁ‘ﬁh@écntﬂlﬁn GRAAR. %&%ﬁﬁ‘ce%ﬁ”&“@ 5\2641 m‘?\str srsgl e to

hold a gate-to-source voltage Vss of the transistor 23." Meanwhile, the
power | i nel 225 urdcappk;bd gwiciidrsaurge golgic potenbialtrav§8or 81)s thi sEﬂngSaluBA - 3C,
the transistor 23 is assumably of an n-channel type. This, however, as

not |imtapikkediay vellage duf %Qﬁ“&’thi‘léri‘ ¥ %%ddhé (g grneao B RREEe N epel The
el ectrisc ﬁt‘% z?Hgltlf@ftxiaEEtgtor%f‘m fi bﬂs%lt%% eﬁﬁ&l@lly i r%ﬁﬂtﬁ?n??f at \petyeen the

both elec ance el'e gar ce Vol t age
of a trawgfofyy sueh;hbhatn Mg 3, ttﬂarﬁm[tl?fmmlaﬂs]hat Ve r@ptﬁaﬁng Qihe Gataighohhe

drain of the transistor is equal to 5 a signal current hi,,,;, (referred
al so to agegion efhelcghe biasuiraneintoy 12ds opetating fnl ﬁiwlimydrtlhglonef/elr @irceme, the
constant-current § sw 22 is on this tjnme, the

si gnal cur‘?@ﬁﬁ’oﬁn“gl%m’éleet OLBB/”ttP??eent‘A)f\é‘t"@ﬁ‘ééh c't:s??stt%?ﬂ“at:"v aYf 2 ehitoashipy |
flows i N 64§ tth@fbllb@"i‘l‘?éﬂ ﬁ%f‘on? wer line 25. At this time, the current
| d; ragc%e %

d,(~|s into I to flow. Incidentally, the current |ddcd
10 satipsfies |dV,, =V),~= w,' 1 2.(3)n an instant a current begins to flow from
the reference constant-current source 21, no charge is held on the

capaci t ance el erPéh‘tldghthaUBﬁ%rq% AOMNE YneE OpERHBE 9? e bizg tjagsipof 12 in the

Accor di ngl h dual |
oo 1 up kenrhep 4okt B o LR e ROl BeBrving ¥ e G ORI SafieRt
di fferencerafe 1H§&t%eéauthem Bed durRhhe ) 1QEese. théraﬁ)oﬁaﬁﬂéﬁla%?:@%tlgll $IBRLS 24.

Wien the potential difference at between the both el ectrodes becones a

t hr eshol d dealetsmge Aff thishemer tiesinpitgrot@iial Mq,eartdrthnsxuqttmrpo&ﬁtmm/m,s haeve ko Qi ve
lZ > 0. Because of Id;,~ , =1t +1Z as in the foregoing, the current

remai s f MBRILINGFE YRR P~ gradual |y decreases (point A Figs. 3C and 3D).
20 The potenti alg e & f

capaci tance el ene%itrﬁ%%r%]ow es‘}%aw\gfdekrttg gg%%%e&voﬁé}ﬂqgf of t{l%t%%tpruanm stor
23. Conseguaemtihlyy,cihahgomtordpeyer sirodnini Mstedytsttd, helsqaaaﬁedi angearelsenent 24
until the transistor 23 reaches a voltage (VGS) capable of flow ng a signal
current adhewbidepetertipl Mur rldis is bweﬁﬁlhgﬂtwﬂ&m@ég%orage (poi nt B, Figs.
3C and 3D), the urr rtherm)re

Srana S 5" i ason i BRGE oy nletial i BRI Gee i a L5361 S oy ned

of f ag)shewratift ﬁ, Qs sitfvn B f6n [4)€ THESeddhd tda8bh Isthdchg (hOERIVrAGQper ati on
is held on the capacitance e enent 24, the transistor 23 is on.

Fur t her nobéas mtauial ¥ptvabgutie Higs trimsissirghi?aleadily opemate lin the, Endak oggon br augh t he
drain region of the transistor 23. At this tine, by allow ng the transistor
23 to opergfreased l%puépytegatlu\ﬁatIP&ﬁ%r%PHﬁtrara»%w E2roneplesan e BPCAREGER i n t he
sour ce-t o4 ey of t Lrent t he
transi st orﬂgé’ ﬂlp 3 éBle&ﬁﬂv\e/le E@ﬁt({u C: pﬁ’he(rglh?:l Xt‘"? e &gd? tﬂQrHta éj [%}1 hl?g&é mt he
Cor egoi ng,relhﬂ‘br@hiiif;l‘ to cause a current sane as a 5i ~nal ~urmt set m t he
reterence constant-current source to flow to a paruculac transistor, n
*~m-- 8- sour ce \lnﬂldfagdlm@yc%@ed@tbl@t trapfation Fissiequistd in| . cenduction sttd, on,

setting i 033|bl hol di ng .t he 5 te-t C t age

Crans ot ofhdins 4 el ' Mg e ol AR e bRl ot BRIkl Bt oy
utilizing tds.vehidgs: el d on the capacitance elenent, it is possible to
suppress agal nst the affection of transistor characteristic variation. The
met hod of wutili Sonfgr axplainkdgeashtbt epertian dapatdatiascee ef eénesdurcafoliosert he

met hod shown in the below. The voltage held on a capacitance el enent is

hel d as i ClIFgL fmbmeat%.f‘gﬁanaw {saijadg an ghe gperavdors phihy sqrsre-fjloyvers

i nputt,ed to one elenment. |If doing so, the gate
eIect?gde 6 u@H1§&%%%£?§ #nﬁngﬁp 6%%@83? vol tage that the voltage held
on the capacitance elenent IS added to the signal voltage. As a result, the
gate el ectrode of the transistor is |n%utted by a val ue having the voltage
hel d on the capacitance el enent added to the signal voltage. Nanely, in the
i nvention, 15 even where characteristic variation occurs between
transistors, the transistor a signal voltage is to be inputted is inputted
by a value that a voltage heId on each capaC|tance elenent each tran5|stor

T 1 b I .



electric circuit of the invention; Figs. 4Ato 4H are figures of electronic
apparatus to which the invention is to 10 be applied; Figs. SAto SC are
di agranms expl ai ning the operation of the source follower circuit; Figs. 6A
and 6B are di agrans expl aining the operation of the source follower
circuit; 1S Figs. 7A and 7B are di agrans show ng a source-follower circuit
of the invention; Figs. 8A and 8B are diagrans showi ng a source-foll ower
circuit of the Invention; Fig. 9 is a diagram show ng a source-foll ower
circuit of the ipvention; i - i i agr.am ing a differential
anplifier cir cui?‘Yeo?‘;‘{rﬁé;f".'%’%EF?S‘H?QE‘?”S‘.‘ %1%"&?%'5 6% ﬂ?dgg)yakﬁn‘s Séi\ﬁ]ffl jraion

di fferenti@kigopby hilé@hg aichgddithn®@feléhent i1BVEMei @Riit BT B SA2ARREpd2Br@r €

di agrams show ng an operational anplifier of the invention; Figs. 13A and
13B are didgnaiis Sdhotinigrmamabyanediédivahe sompla egien obfhetahmplifisr irmvséster lon;

Figs. 14A to 14C are di agrams show ng a sem conductor device of the
i nventi on; | lée. OUpET {egmiga '%&F‘éﬁr?ﬁ%ﬁg‘h‘ﬁc‘ mbili’e% %rﬂH”‘BP%lgmé‘ﬁS/CU‘iqtapgfe‘& he
sem conduct R ufleydueee 1i@t 1khe invention; 30 Figs. 16A and 16B are diagrans

expl aining the configuration of the electric - U circnt of the
invenlion: |'y~.THe capmiancestieman i3fhaa a sage abtehiial eliflavrcecit betweeh of bbihe
I nvention; 1-t~~ |I~s as a cHagtatn of the wgnal-line drive circuQO of the

nvi : nUON; §egrotieoasiiic quiput petgRtial Mou SKEIeSPPICEI PO CiighEr Bleraim oplaingd

signal -line drive_ circui f the venyi on;  Fi gs. Aand 2UB. ar.e di agrans
showi ng a lgégee?%ﬁﬁ%tgonclonas%aaq%to-f thP‘rJegt“ Q\c/)‘hr ée“;s"’r&?%‘é. gglﬁ?xg eXiRingd ds ﬂ]_eagr ans
show ng a gREfIANA S cRRTIRNL> VUI-NgNby 8aHE FR. 6Bl 9s. 22A to 22E are di agrans
showi ng a reference constant-current source; Figs. 23A and 23B are di agrans

showi ng a r ef er ehc éirtomsilamtionus reade spuhe ®perhtioh Bhgp tAdsies statdi afgthem
showi ng a source-follgwer .circuit of the, i r%;a tion; |‘:Fi %?At 25A and 25B are
di agr ans ssﬁBWeff@H‘éwgro‘ﬂ'f’cH@-"FHlelct%ﬁa‘? wredioe O OY REEAveR on; Figs. 26A an
268 are di agr ammey, SPRWGAY POHLCR; (Y LAVRS-sGIrE Yolialf VillCoriHe: amblifiggent | On:
15 Fig. 27 is a diagram show ng a source-tollower crrcuit of the iInvention;

Fi gs. 28A iedidis@8Bl lahes di ggaensakibomhingha garubaeuiodl valiage EjJ obithe ®fiast he
..invention; Fig. 29 is a diagramshow ng a source-follower circuit of the

i nvent i on;tramsigtor 38. @n%pq@p@gf,arﬁ@h@mrm flgwaitirpuglethe iagiplifigpiradsiser Wi tocui t  of
the inyention; 2 ig. 31 is a diagram showi.ng differential anplj.fier
ci'r oulle” orpromay Rold ek onhg 2abse AR ERGY B Bictiuony BC gb e PeRplis
anplifier @i reidas@f «f RRcleARECH gélé-t@s&:rc@?i/o_légea vl aggamn sth@u Afpifier
differential” anplifier circuit of the inventi on; Fi g. 34 is a diagram
showi ng a tdinkfserrditial anplifier circuit of the invention; Fig. 35is a

di agram show ng a differential anplifier cirguit of the invention; 25 Fig.
36 is a diagr am%%ﬂmeﬁgapéeﬁj(tﬁ br Bt Phitheppphifisrdransisios Jili2ase IRRR §eafNt i on:

9 37 5 Sue Sheagaiohouhng. st Vet B0l AL i tasSoi M ivOlaL g

i nvention; ( A and ar e~di &gr ans s ng an operational anplifier
of t heoi nuang,ithd butbugpotedBA VaNTthd Yihud petediislgv aakd SHediaNgotamtiad P&r ek anal
amplifier of the 3() invention;, -11 . -
relationship satisfying the foregoing Equation (2).
Summarizing the above, in the case of Vo, < Vi, - Vp, the gate-to-source
voltage Vg of the amplifier transistor 11 is greater in value than the bias potential Vi,
Accordingly, a great current flows through the amplifier transistor 11, to promptly hold
25  charge on the capacitance element 15. Hence, the time may be short that is required for
the capacitance element 15 to hold predetermined charge, in other words the time
required in writing a signal to the capacitance element 15.
Next, explanation is made on the operation in a transient state of the

source-follower circuit in the case of Vo > V,, - Vi, by using Fig. 6B.

30 In Fig. 6B, when t = 0, the gate-to-source vollage Vg, of the amplifier

-5-



| -y~. -111 ns n clt~t~oam oU a synnl -1 nme dnw cacuit of thc: invcntton; |
y~. ~( i, a diayamof a synal-ltnc: clrtvc circuO of the tnvenWtn; and Ip.
-12 ma clia ~ram vxpl aimg the opcralon of the synal-Inp clrivc cm uU of

t he tnventton. DETAILED DESCRI PTI ON OF THE PREFERRED EMDO71 MENTS

(Enbodi ment 1] This enbodi mrent shows a source-follower circuit as an
exanple of an electric circuit of the present invention, the configuration
and operation of which will be 10 explained using Figs. 1, 2A and 2B. First
expl ai ned i, qnf i guration of th iree-follower circuit of the

rvent | on, By RE TG RN VBl A SRR RLRR nSHh G s HE o

n- channel @mbiddngy, tHeadspisi@randRbr UL2isi % ARon-cbaducubn GhannalhcRidse
transistor. 113 and 114 are capacitance el enents. Meanwhile, 115 - 118, 15
120, 127, <1@8d anehetamentsc kimang 1 §wiomshinnglifagnet ionsgl twhgohngpefeceriabl y use
sem conductor, el enents, such as _anal sw tches, configured by transistors.
In this ca%e,‘hrf’}‘l%hmé@rﬁl%qo‘i‘iﬂﬁbsf%rl%%F@ggeﬁgé“ﬁ?&"&:@ g\}\d“%él‘fg?' gﬁﬁ‘“h‘ém’?e not
especi al | Yoold- . 4fefd fhlBE TV, PO AEIHidCandsft 15isan! GE GERBCALLIRSHARg.CUT T ent
source having a capability To flow a 20 constant current. The reference
const ant - qitereiat Vg ahe cardh? Bloivdngciirdugy uliebiabyamsisenixionsluct or el enent of a

transistor or the like. In the present specification, a reference
const ant - cur r entAs BEecdappes(icohi hguPbdhepuipphpatiestiad rV o Jocrageesexbilaihsed in

its one exanple in Embodi t 6. .Jhis can he nade reference t

conveni entgag“}.2 !Q'sfé"c-e 12 a%‘fr;%ﬁp%}hq iaﬁlé)il,%_cf Hrea_n gl?ﬁ% {)lovl\%clf ?E}SF%e %ni gl_eappl i ed
W th a povgfe-Bous@ ¥olt ptent bthe \araptifih i th@sikRe IRMRbmES BEu 28 theé bst h a
ground potential VSS. The power line 125 is applied with a power source

pot entlival pétintiakVy, heegulyvstate soamtered.pAt €ng tise, tie onjput apiehiiddv L0 thehepywower
line 123 and the_power source potential V~~, 2 applied to the power |ine 125
may be t hePoseial ym #nd ther Rigs pp%n 3l Yo happ gereetionsip spiipne<a fewepiveent i al
V~, ~, Z apph] t i i i e t hat
the 7 of or ariiat 2 ARuPRIC I bt BEadtalk ik BRI Rerk By B, §pfh Bl

oper at e asyapucsnbétARic di¢k heMfiows aithe @apacttance elentdnt @3 aThhpk @urredtdb Elotvze
reference con,tant-~urr~n~ ,orircc 12~~ utilrics a saturation region of a W
rn, rstor ttbroughthiegumplifichéransistoehl andbjastrensistonlde ra a need to w at a val ue

in ar<rnge the ansW.or is <rllowed to o te i\n t ~at urat yu~n_.region.
Al thodgh this e RS SR s e Bl éﬁﬁﬁﬁfl”efr?‘}’a{ﬁ%ﬁgr_feo o1 " and
bias i tr ] I t o } t i ot
it ed 1 aap e e D g b s o I S e e
Qt her wi se,sigrabtdbt bafacitas iekingans 15aylidsaipdh i fecouerht Ibflqrahgrlirbyglt the bossf i gur e

a push-pull circuit. It is noted that, where a push-pull circuit is
conf i gur edransigr bk h heapurent dpsrefigh dpporm sweaipds of dhe iasnBrErte sVas shown

in Fig. 24, He igpal, i ' , b3 '
a1 71 or AERITEYof I o LR I8 el 8 Bt e e oF ESRER e 12

througly t hRe 8xdatidhcd dlbmeands,a NSRS iy @Be@ b ToRASCHE Bids PotdgalsW.t ches 117.
118 and to a drain region of the transistor 112. The anplifier transistor

111 has a gat e dheidentaltis as ommasibadeef qopreeting foe thivhald-voltagh ¢adatpiciafanee

el ement 113. The other ter rridg[ﬁl of . hhe. - Eapaci{ancg el enent. 113 i's
connect ed TAISEIE 1BHGE & metidhatorariaHan {sohseived By 21 PYPRPLR GRCU S pigRals vi t ch
117. The it @ wlaB

vol tage. of ot Be mpr s FuRrFPEateIng PR Iiph ) Bl Rt oo deledy vaHTRE

anmpl i fier dut arsirsdtion (&.31sdeNaePatedasntehelt ransi stor 111. The bi as

transi stor 112 has a source region _connected to the power |ine 124 and a

drai n 25egi on corlhatkagent PocymerthH: Sekdae qtaf, *Amplifigr ampsnsation Ngthed for
i 2 inal of th
transistor, 4 11 al‘%{[alﬁlgv %thanef[nﬁegz{t?cﬁﬁa&gﬂﬂg&t‘ AHRE 99?)12’. 4sefgn nal of the

capaci t ance S 0 erm nal of’ the capacitance elenent | 14
i's connected to TiRFoRRUIMEDPERUDABE BE sbilt€e-BilRWer EROSL 8t®be ddrded dJli®n an

capaci tance elenent 114 has a role to hold a gate-to-source voltage of the
bi as tr ansisstmopticnl he hlopbficth smapsister dil narfd dre, btal etragisistort tanwivetthe sam2 | s
denoted as, the transistor 11£2. ﬁS The swi.tches 115 - 118,.120, 12 5 128 are
cont r ol | edhBraCtesiita c tHUME VSRR dRS LSHGUTRITVS( SH4L0G Y He nl&feﬁé ldoon an
i nput -$ji gnal o i : , W] 1 e like
For i nout el rER Sy R CieRpide ofifh AR Rt BR3P b R 0P el
shown in order to sinplify explanati on,_In t he source-follower circuit of
Figs. I, 2A and 2B, the switch 1 | O has one 3() termnal serving as an
input termnal. Through the input termnal, an input potential V',



- 13 (vignal voltage) as inputted to one termnal of tl~c capacitance

el enment 1 13. Meanwhac, the swtc:h | 1 ~ hav one 1C1171111al vcrvi n~~ as
an output termnal. The potential on the source rc:g~on of the transistor
11 | provolcv an output potential V~"n. Explanation is now made on the cyci

anion of the source-tollower circuit of Figs. I, 2A and 2B. In Fig. 1, the
switches 115, | 17, | 20 and 128 arc turned on. The other swi tches than the
above are off. In this state, a signal current I~t~~set in the reference

const ant - curren é&g ﬁ 126 f’ aws ,iov\grld t he power e 124 through the
capaci t ancd el Eieht' A &le iy atng Lif gkncg P h‘c““éio%u}‘f e Hé§H°H§r‘t‘6"flow
from the r@a‘wemm AEARSh AR FHEL SNERSMIRGdERs oNRGRAE d&ed S Deing held on
t he capacitance el enents , . Consequently, the transistors 111, 112
are of f. The curtoenkarhplows id ass@mchd,riedid. on, tiomcihs vaeheseoCe V provided
constant-current source 126 toward the power line 124 through the sw tches
128, 115, that thap@pfilipt Femistairduh %‘ﬁéﬁqgﬂ?\lﬂt%ﬁ Y20d thebigh agesiar é2 dandual | y
built up CI n S, 1 ausi_n tenti al
g Qhre%h td §?£@' {ﬁ)éf:nb ?%]rqg‘ﬁ%% (;U:l’x%nt I:[) f}le €18 Q%Qé(ﬂo% [rl)::lée v%itégfp%

di fference a ween el ectrodes of the cap acrta 1a. wen
the pot enth@batdibisein68Itade Fq WEeRe hipliRat faklsast nociﬁ;serqa‘y 1t heugap@ei t ance
el emrent 113 reaches a threshold voltage V,h, of the transistor 111, the

t r ansi st orgateitd-sourcesobiage ‘G;smﬂthfr bigs tramwmonlﬁe NaotedntMgal= Wi f F et df s,

bet ween th ectyod t he aci tance, el enent | 14 reaches a

t hr eshol d eil“tggemslrﬁ Viof bh+e fets‘élﬁ%QIgi“Bglg’llffasetYi’é‘af'P%ﬂg‘f”ﬁ %‘f‘enﬂzla}’d? ns on.
Then, s oatfeuskAbROG 5. 6P o AHEE AP 1930 HAARGRER AT 0hiddd g0, L hat
the gate-to-source voltage of the transistor can 1owa eterm ned
si gnalmcura[s@mauéefddnd;ed\\_itpla,pocdnanwou;stor age is continued onto the

capaci tance el enent 114 so that the 25 gate-to-source voltage of the
transistor 112 ddw présen mvertidchashepmawmdsiigigw efuthe ahove pbEmsasit éhawn i n

Fig. 2A, wh the ca C|ta elenents 113, 11 0
Gl Sctr - SREh GuEPRgE anvevas sPRRNyharasos WS CHR SHEubT B8 rapgivor 150 or e
turned frQH!nQE‘tePlQld)JafrlaYi&'x|l@[o§‘é¥%e@ﬁﬁ'ﬂ§l‘( %%S?Mnﬁrlﬁame%@cﬂ@ﬁilt hivihde state
of Fig. 1. At this tine, the signal curren .,11,, Sea by the reference
const ant - ¢urotientof sotreweanifBicationwy to Iprawidhart blect8Icirduiaicapabte sfosupplyinggi on of
the transistor 111 and further the drain to source region of the - 14
t r ansllat odesinegl voliageqwhilyspppressing agaas (he ffterden pﬁéraﬁéﬁ&ﬁw@ra%ﬁrwl@r ence
is V,, at bﬁ%t‘ﬁﬁfn the both el ectrodes of the capacitance clenent | |.s
while the potential ditlerence is V~ at between the both el ectrodes of the
capacUancc cl enent 114. Subsequently, the switches 1 1 G 1 18, 127 are
turned on, as shown in Fig. 2B. The other switches than the above are all
turned off. At this tine, WH&INVENHOMS |nputted fromthe
i nput term nal ne term nal t hr ough t he
o tch 116 By e PEREMEVRRL o A e R et B Db (iR e
transhgt otrdel 1o §siv@mRltb@gotY pobidhsie (V~ + V., n) that the input potenti al
V,n is added to the gate-to- source voltage Vd of the transistor 111.

An electric circuit shown in Fig. 3A is configured with a reference

constant-current source 21, a switching element 22 having a switching function
(hereinafter, denoted as SW 22), an n-channel transistor 23 and a capacitance element
24. The transistor 23 has a source region connected to a power line 25 and a drain

25  region connected to the reference constant-current source 21. The transistor 23 has a
gate electrode connected to one terminal of the capacitance element 24. The other
terminal of the capacitance element 24 is connected to the power line 25. The
capacitance element 24 has a role to hold a gate-to-source voltage Vs of the transistor
23. Meanwhile, the power line 25 is applied with a ground potential V.

30 In Figs. 3A - 3C, the transistor 23 is assumably of an n-channel type. This,
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10 The output potential V~", is at a potential on the source region of the
transistor 111. Nanely, this corresponds to a value that the gate-to-source
voltage Vas (= Vd) is subtracted fromthe gate potential (V,n + V;,) of the
transistor 111. Incidentally, after the switch 128 is turned off and the
switch 127 turned on, the i_. signal current |I~d,;, also ~ flows through
the transistor 111. This is because that the 15 gate-to-source voltage Vas
(= V~) of the transistor 112 is added with a voltage required to flow the
signal current 1~",a .  Accordingly, the gat e-,ﬁo- source vol tage Vas of the
transi st ofO¥§4cH & n9f Upiahyedc "’t“%‘gé\“‘\‘/‘BT‘ AP iPguith 8-48n1 50t he si gnal
current |ddtd. . -'I[_‘}ﬂ@ S A &?&Ilitv(ﬁl Fig9%A '9§lstv\nﬁ1 yg&%ﬁ&ﬁ cﬁﬁ&gfcecdat%ét yéjc'n IPC
Consequently, it can be seen that the gate-to-source voltage Vas of the

t ransi st obothldedi@sict beihs aapacviahdteel@genV; i.c. aJAMmEdoaidrGol 28 bheufieidiow ng
Equation (4) is held. Vont = (Vin ~ V~) - un = um... (4) As shown in
Equat i on ¢4gh thatecugienp Hewpus et ¢l thesgireq andithedwghel the trgagisier isgqedéo i nput
potential V.n, and not dependent upon the.transist characteristic.
Conseqtient] YR RBLFH knal Betan 41t & Oal TSETBE SLRUD chenas (e b 111
and transigtRhcdddastant-ce&@éhtR6urés. suppressed from having an effect upon the
out put potential Von,. Although the electric circuit of Figs. 1, 2A and 2B
is a source-fol oW 3, rtbaisty,22t heme Asthiotimepthesigmal ofrrem Linpses byahed nal
for inputting a bias Potenti al. This is because, at between the

gat e- t 0- s SUPEBCHFONSHBL-EYIEFY SQYIee 2h, fowsipagliteglion ioaarethgmgwer ingP-eAdly hel d
on the capagj.tan e nt . : i I r set by
the. rof or SN B0E SFew il huckBa N o B AR, WBHERGTY e parrry 152

i nventyonsgamieS URPLgss 1acai nst the al fccUon of characteristic variation of
the tranaiatow 1 I | and 1 12, there na no nei;d to dcpn the transistorv |
11 and | 12 wi fih abhigstasine cuaknebegingmt dowciigm| the (refeergndcogstant-eusiantt h (W
j. Themis no problemif wvariation occurs. In this specifijcation, the

oper aton PR 1 picaHEe at IR eRAP G aaRs cement dhaCPRHLEn ) DireRpsiFr
referred : a (1O 1, L IS, empodi nent, the operation in
Figs. 1 atrzlg 1%%&.(39??%@%%%2&? g%gltggltltz i nrbgér@plzdf":?il?bn. Al so, the operation to
i nput an i nput patgnéHasde Madusidbhibdseupoh tae capdoibicepelb@pht 24, dd~begin S
referred to as an output operation. In this enbodi nent, the operation of
Fig. 2B cersigpenerieninl fiffergnpriat botwisar diei bth qlertfodentod| thy canpeittagh t he

electric cjrcujt, of Fi 1 A 2B h a conhection in,the order of the
pover |1 nelemals 24 oWhed Teapua i Alfeadtie AP B IR Shokluch d8eABETH o
128, the kpvgRld Qliags omtet]lgdnmstoe%,tmewahﬁstomtuea@adﬁodoegivé he gopsaikt on -

i',. may be in the order of the power line 125, the swtch 128 and the

r ef er enceofl ke enls ttahtasdorthe ftregwng, dbe teGeld yemeains flowing tespitedi grasinakdy
constant-current source ,12%% 3Eyge switch 128. Meanwhile, the reference
const ant - SEFTFaSEE (RORI G189 “arranged as shown in Fig. 7A or 7B.

A
element 24 provides a gate-to-source voltage for the transistor 23. Consequently,
charge storage is continued to the capacitance element 24 until the transistor 23 reaches
a voltage (VGS) capable of flowing a signal current as a desired current. Completing
the charge storage (point B, Figs. 3C and 3D), the current I, ceases to flow. Furthermore,
25  because the transistor 23 is on, Iqu. = I results.

Subsequently, the sw 22 is turned off as shown in Fig. 3B. Because the VGS
written in the foregoing operation is held on the capacitance element 24, the transistor
23 is on. Furthermore, a current equal to the signal current Iy, flows through the drain

region of the transistor 23. Al this time, by allowing the transistor 23 to operate in a

30  saturation region, even if there is a change in the source-to-drain voltage of the transistor
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20 el enments as those of the electric circuit of Figs. 1, 2A and 2B,
excepting that the power line 125 is not provided. The power line 123 is
applied with a power-source potential V~d while the power line 124 is with
a ground potential V,~. The operation of the source-follower circuit of

Fig. 7A or 7Bis simlar to the operation of the source-follower circuit of
Figs. 1, 2A and 2B, and hence omttedly explained in this 25 enbodi nent. In
Fig. 7A, the switch 127 is arranged between the drain region of the
transistor,112 and the power |ine 124 The switch 128 is arranged, parallel
wioh the s Teniag A gl GeBh eaSeral st bgr S hoiines B 46F Teifang ¢ he
pover line |24. KinalieYordbRg! Bf GUENE R GRNSHARLT GiET &N GiSRUIGE ¢ h28 1 115
arranged between the drain region of the 3U transistor 112 and the switch
128 or bettheertctdnec soustaai-cd281tandrct hellpeower phitneld 24nsikog.a gd6lo-silbechows a
case oC the: arrangenent at between the dramregion of the transistor 1 12
and the swdl@ge 1py depspt ghfhatnsisioy Hylee Hyenioy sghag isapl Hotndgshiect ed

to the 9r O%d@éjloo%qu | ‘ of TQJ‘I‘PM%YS%@UE DS‘\ a'cgﬁﬁﬂgh&nel&ﬁelnoéonLé&%& qu'lh%o t hW:
These nay De connecte 6 “Ai 15 er ent power Lines I n a nmanner Suc %at, in
Fig. 1, theawdrChBililikisgGRN0siedgetheldoth iR QPWEITEOUIGRNAAL @Npds8iblVio ~~ and -
the swwtch Wd is to the power-source potential Va~2. For exanple, the
swi t ch 127suppiespegatan Hwoaftegtiomof Wiansiptay charapigtistivt Vaaiativh~ as in Fig. 7A while

or ound pot ent i al TYSSHRG THUIGRBNED 56t SREL o+ vty BE0GH Phesele val ve
or differ erﬂEthbHsH@\L?’?rﬁthc 'b@loﬁ}.grhe7x%lta%é1§elé%%@ﬁg&cﬁtﬁnééel%&ﬁﬂ%glfd%%ri]eﬁ,t ween

the source region of the transistor 111 and th raln region o

t r ansi st orantil? sighak veligdecte.d. 2ddé sighslandege) s ppoatd @b onktibrmiihel siviiech 127.
Finally, the reference constant-current source 126 is |i'. arranged between
t he sour cecapagjiagge siemenb Hrdping §9.dhe gate clgsiodmhal digitianpistopds gipubed W¥en 15

th itch 8 t he . dr aj i f.th i st 12. Fi 7 h
case of - anAPs BE e b oBIhE PardlicsF e REE G e e Bedr 1%,
and the swA{§ g ReshiBthe AhichMeddde bNthEit@nsidtBr istiMsut@Wbl My alilebhayin LBB Q@ﬁﬁﬁ to

e

the source region of the transistor 111 and to thé drain region of

t r ansi st orheld @n ther @pghtanbeclsmentchldd@ W, the hignalwodtage.oNamslynat theiimvenednt o
this. The switch 11 8 nay .be connected tg the drai.n regi on of 20 the

t r ansi St orVER 2VNe CRPaGTHIASICOYAT@HOR QEFUSH DBV CER SrapsisiRES glieof,rarmsiort h5808h the

SWi tch 127, HOWRV@Me ihbutted iDEGHuRED 89 atART thtS MabE Rerh ' daSh cOMRAGIRT tO
fl and to t

the source region of the transistor rain region of the

t ransi st orelérenttdach u@hsistoe isssdrinedted Z7addEits thessifed awvdiagd. haiccordinglf)jeancase
the switch 118 is connected to the drain region of the transistor 112 and
to the soutledrie egicgii edn Eepiovidedi dalods BEPPressed rpainshahe gffecHon f thef 25

there is ap . on:re iS&?QC%t}\L%% Q &q§5§mjtch 127, it has an effect upon the
out put pot BREACKISUs Y arquen SSWEF LS80 ut  potential V~,u,. Meanwhile, Fig.

8A shoyys a sour Coik Qhdt Ehedtahit for AdtRlg a UAltdeB BRI RCd Edpacifdnks Bietnedf toFi 9s.
|, 2A and 2B, a swtch 119 is arranged %etmeen the drain region of the

transi st ora tighalamditddeeispones ckplametl 2y vhiet Bouge aonsangiting lawt r dihsi diagge 112,
capaci tance elenent 114 3U and switch 120. The operation of the .
sour ce- | ol JOBNEY24QYy By trerjEsepfsya fagt that dhqrprimetis sugy in pamount of positive

electricity and negative electricity is constant in total electricity amount.
The invention can use a transistor using any material or transistor processed by
25  any means or manufacture method or transistor in any type. For example, a thin-film
transistor (TFT) may be used. The TFT may use a semiconductor layer formed of any
of amorphous, poly-crystal and single crystal ones. As another transistor, the transistor
may be the one fabricated on a single-crystal substrate or transistor made on an SOI
substrate. Besides, the transistor may be formed of an organic material or carbon nano

30  tube. Furthermore, MOS transistors or bipolar transistors are also applicable.
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i ~or ~gui ng cyuralon of hy~. 1, ~ A and 2B excepting that the switch 1 [Ois
on during a setting opcraoon and oCl during an output operatuon. hence
omttecily explained in this enbodinent. In Fig. 8rl, the switches |27, 128
and the current source 126 are connected to S the power-source potenti al

V~, i, simlarly to Fig. 1. However, the switches 127, 128 and the current
source 126 may be connec,t~u to another el enent, such as the ground
potential VS~, as shown in Figs. 7A and 7B. Fig. 25A shows, as an exanpl e,
a case that the switches 127, 128 and the current source 126 are connected
to the ground potential Vss. 10 Herein, Fig. 25A shows a source-foll ower
circuit in a case not ppayiAedaitiPrihe or #ngi SkAwINGs However, the
transistor 112, inits nature, IS a circuit to be operated as a current
source for provildgngisa di@am sxptdeng dur@erdfiohlodwsbuetnelii e Aeanndimngl y,
the current source 126 in Fig. 25A may be operated as a current source to
provi de a MBEw! inyeatiqns. . pl ace of the transistor 112. Nanmely, the current
source 126 may used current 15 source to set t transistor 111
ur ng a sett] ng Bberat oA afiLgles SpRRle B Peafhn bl sh e BhGker 1 ne
sour ce- f ol d;@WRbf BeligidrtiodUr i Ng an out put operation, instead of being used
during a setting operation but not used during an output operation. In this
case, there is rfogndédiof dp amwilingrhing gxpliainey tve enngtrabiorgarahepeoariqouit an
operations, thus elimnpating.the necessity of the switches 127, 128. The
circuit di%ﬁ?%‘fﬁ“‘f”ﬁt qfﬁﬁ%mc‘,’ﬁ @0 s shown in Fig. 20 26A. Meanwhile, there is

h , 1n Fig. A ' ' ' . 0 : > - Ft 0. 26A i
ealized by o t pas Lt Y s, RAR ATk AR R ER G IR Plopio 2% ¢

the swot chesppli&d; 117 are turned on. The other sw tches than the above are
turned off. In this state, the signal current I,,;,,,, set in the

transi stor 112 fHigwoA 1 26 age diagwstsi oplavnatls eprsatpavwed the isperce ZFallawgrough

t he capaci tan(%_e el enent 113. The magni tude of the signal current Id,,,;, iIs
det er mi nedY'"a bias voltage Vb applied to the gate of the transistor 112
and a charact er'fﬁgé.%AOIndt(fEaEercﬁb'%hﬁk @kpldthtng e oREMIIPYLY iheisbulcB b Bowdioul d be
a plurality of circuits of Fig. 27, there is a possibility of variation in.
t he char actrenitsti ¢ of the transistor 112 in the plurality of circuits. In
such a case, even if_the 30 sane voltage Vb is applied to the %ate of each
transilStor 112, Hige Hagidt (Bererdiagigmaishoyme acspurgntollpwer circuit ofgthes er ent
bet ween t he e%i[ig)g_ui ts. At the instant of Mowing current loin the: transistor

1 12, no éﬂ‘érge Is stored on the capacitance clenent 1 13. Consequcntl v,

the U anststor Irids. 18A sandf 8B drbedigaramenshoMais aMdurél-fofohicprtilcoiagdiiche
power line 24 tramthe transistor 112 through the switches 115, 117.
Charge isigreadigal |y built up tin the capacitance elenent 113, and a
potential di ffe#gnq)e. b:eﬁi ns tg occur at bfehween.thg Egﬁth el ectrodes of the
capaci tance el erfdfit” 113 8MBA Y KB SFOUT T HEVB N GV I Reen t he

el ectgdes of ”I‘?g.clilﬂélﬁ'dtiafg%ﬁ RO @tdifjféénﬁ?eﬁ%gi“ﬁ%%e@cifr&ﬁteéfhﬁ’é thvRlidpge V, hl
of the transistor 111, the transistor 111 turns on. 10 Then, charge storage
i s continued to Rifd ldapaltigranskoveing meiiffertdidal amphifiehatcuithe th@aineettivrgour ce
vol tage of the transistor 111 becgomes a vol tage capable of flowing a

predet er mi ned sifgeall2uppedeB) arediggrams shRWIE pm APEGIODY AmplHis ethihe

capaci tanclgve%lti(éﬁr,ent 113 is conpleted of _ 1;.. charge storage into a steady
state, the switches 115, 117 are turned fromon to off while 1~ the other
swi tches than tiRge BreakenNBB fret digg@ndtMoRingh.-operhtioM] dhpisiidri Gfihet he
signal current Id;,,d flowed fromthe transistor 112 flows fromthe drain

t o sodbce meggition; of the transistor 111. Incidentally, it is assunmed that

the potential dif.feregnc etween the both el ectrodes of the capacitance
PR T R Sl N ey S L P R S R Y i
there is gppgsighbi ity that the 20 transistors 111, 112 have characteristic

vari ati on between the circuits. In this case, the magnitude of the signal

current Id;,,~ digfEr & 4 dougram shewingtopxelr end bdias Sinquil &f Ity sdérhieopditosot i al

difference V;, at between the both el ectrodes of the capacitance el enent

113 is al SEVHEEOf Brednyeidinci rcuit to circuit. Subsequently, as shown in Fig.

28B, t,he switch 116, . e_twrned on.,. ~ other swt s than the
4 PoradSar 1 B S0RFRs Hhalaify e SfBheRlh IRP L0

above "are all tur e I (o]
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inputted fromthe input termnal through the switch 11C to one term nal of
the capacitance el enent 113. By the charge conservation |aw, the gate

el ectrode of the transistor 111 is applied by a value (V;, + V,~) that the
i nput potential V;~ is added to the gate-to-source voltage V~. 3t) The

out put potential V,",, is at a potential on the source region of the

t ransi st or ~ C~ | 1 1. Nanely. the output potential V',n cot responds
to a val ue that the gale to-source voltage V;,) (=V,,) is subtracted from
the ~, ~m: potent]j (Vi, +V,,) of the transistor 1 I 1. The signal
current |, cicuitolt “th‘t‘Htté’s to f low through the tranSmtor | | 1. Thmis
because the gat emvwrsa%ﬂlbrt.m Al b e haas Stlptuut;l@ht f9Bl %, at the same
val ue. 5 Accordingly, ate-to-30Urce vo V~~ of the transistor | 11
i s al so being appli E‘dr\brydragmm(ﬂ&@f&l&lﬁﬂlﬂlirtt@ldlvﬁOi’rulrhtel ausicstiof; 11 1 to flow
the signal current |,t;,c,,. The required voltage is a voltage denoted by
Vvd. Accordingly, Figt |¢an degrseerkpldyang tlrre)ngattrentogllmgr@élmoritlagelrsxssofof t he
transi stor 111 |§ in the sane value as V~. Sunmari zing the above, Equation
(4) isal SEEHBIG H¥r ein. 1U As shown in Equation (4), the output potential
V~~, is in the sgge Z()Néﬂ%lmareﬁng@MS%Wrﬁg‘M@ére}{@e con@t@ﬁit OgtentgRaIENt
upon the transistor characteristic. Consequently, if there is
characteristic vigs.atliAol O drhétagraamss‘hSWOTgsa itletermadodst@yt-dutrentssopossi bl e to
suppress agai nst_an effect of char act elrr stic variation upon the output
potential Vo",. Figsi3é ©is2kiare dpgramsy Owgsﬁh@éﬁraneﬁogtmrtr%reat%rurctey there

I's a poss I bili ty 1%9353&&% ZBBSarglagaré?ﬁﬁ@srﬂo%fégc Ff{gerIeH@e énoln?tggt'-a}r?ernt g*alu%c Qr 111

vari es between t circults a cas

currenfy | ~~, ~ angig! heisel Bedriadaowiingal «e@tdeqdﬂoh@ftafctma;lf tigH xtlt/artﬁ)ﬂce V on
capaci tance el errent 113 are different between the circuits. However, as
shown in Equati oig.435A tahé 258 pugt dipgramst shatvingoa soiigseifpllower elgvit ofathee as
the input potential V',, and not dependent upon the nagnitude of signal

current |r'8YMU%nd the el ectrode-to-el ectrode 20 potential difference V;,

on the capacitanggs epEarept Iﬁa%e 1 0 g
exists in plur arl?l ieven %Qétdhe %rg%ts}éwlg |%:@§¥rat: f(g}q&reané.slrmjsﬁ%to‘?f %%2 or
111 vari eSmettWaen the circuits, the affection thereof can be rel axed.
Because the invention can suppress the affection of characterjstic

vari ati%on of theFlgr%ﬁt1§|d§’t'%ﬁfr§m§h9WH‘rﬂcP spyrce-folewer Giscul of Hedgvendiogesi gn t he
transistors 111 l§’i A b%égz t(he rsarrehv\z;avl ue of at lv%]rgtlh t% ﬁ'ﬁd gate
width (W. There 25 Pg niict “OBPTR S 8n’Q¥c%uc’Pg c%fﬁ?

made bet wegPedionase to supply a current froman outsi de of the

source-fol lower circuit as shown in Fig. 1 and a case to carry out also a
setting operati dﬁgb%ﬂ ¥ i diggramishawingur soere- fsbwctemtoolttohdlesrouﬂrm@nf ol | ower

circuit as sho s,. 3U 26A and 26B. 2U_ . Cow cl.~r~ng.at f first
circuit conli g\GVPF ‘S?‘rf@aﬂﬁr&ﬁg Wgrﬁ‘F%Fref—*Fégmpi’é&r Stlﬁ‘d“ ngné’e%‘i‘%l er and
hence pdvant ageo(q? 31f te%ro‘}&%!nﬁrshé{m fefeffif A 1ﬂ{ef BRCliNGF tRe Elv%@éd ty of
sour ce-fol | oner rcuits I's nop vant ageo However e arrangenent
of Figs. 2(A andrigQ2 mrheh@rtuhehmmrget cﬁffedeunﬂlarntghfmf cﬁ@ﬂr@fehé Oive ooivar;
circuits, the current flowing ~ through each circuit possibly differs in
val ue due to thdigatd iwidenm Sbh‘ém«gwrf? 1Hpengd mnbifisF cirgrdt <Pf|tkemvpethsn resul t,

the input volta (1[ ut v | t age, en St at s.reached, are
equal on every g@ﬁrc‘@“ $ eV ur‘tly}ln t/lv%verp(?z% elrrceult %stér venb%‘(iurs a

case that tfanS'ﬁgt%fr@%&ﬂ&ér%'sﬁéwmglﬁdrﬂbiehﬁiil@tﬁ&plﬁfé? BR&t éfhﬁe mﬁ@&rf ol | ower
circuits. On the other hand, in the case of Fig. 1, circuit confrguratron
is nmor®d 10 conplFigaited abb@amehownlgrvedlffemeeisham}pltf@r smtppilqu the tnyentéort; from an

tsid f th ) | Par.t I it f
Sour ce-f ol | ower ”riﬂsta gt shosge i Tprea i uiter Kot Gfe fBA Eher eﬁf Ui's
further conpli Caiil 3§AU dhg%fi%aﬁr% Hﬂgﬁn#shﬁonﬁ gﬂt Pit'lroﬁﬁ gtg@rﬂ’ér (l):f' Hte

shoul d be arrange ‘one and the sour curt I's arranged In
plurality,inbéntion; i npossible to carry out settlng operations simltaneously
on 15 all the source-follower circuits. Consequently, operation timng is
conpl i cated. Ot hdew ¥4 apd 1Mk arsadiegtanit shomeng un rapsrationdlr eeplide of theig. 1
IS provrded in.the sanme nunber as the source-follower circuits, the current
source¥ 128VYE9Mr ably have no variations. However, in the case there are a
plurality of source-follower circuits, even if 20 the source-follower
circuits have variations in characterrétrc, there occurs no variation in
the value of the current flow ng through the source-follower circuit. This
i s because the current value is determ ned by the current source 126

provi ded outside the source-follower circuit. Therefore, there encounters
no variation in transient characterrstrc besrdes steady state

I T T L I - .:_ll_. o D = -



30 variation between transistors. -21 [ Wnbodi mrent 2~ Tl ~e
source-lollowr circuit of Figv. |I. 2A and 2B .showed the configuration nth
the n-channel anplifier transistu~1 1 1 and the n-channel bias |ransisto~
112. Next, 5 this enbodi nent shows, in Fig. y, a source-follower circuit
configured wtth a p-channel anplifier circuit 1=Wand a p-channel bias
transistor 131, the configuration of which will be explained. Note that the
operation of the source-follower circuit of Fig. 9 is simlarly to the
operation of the squrce-follower C|r uit of Fi } 2A and 2B explained in
Ehbodi ment 1 andthatlce’ BHEEOBM 4> EBIEr fedt RCROSTE 5B Hont . 10 1n Fig.
9, 13_1 is a p-channel, bUﬁﬁl dnf @1“§ll§r§ ki€ 1341 S R Frlh(?rprlﬁl anplifier
transi stor. 133 and 134 are capacitance el ements. Meanwhile, 135, 136, |38
- 142 are el enents +hava dgesw tghainggfionodrans, olwh ahnprieterabley cus el
sem conductor el enents, such as anal og switches, configured by transistors.
i . 146lksn¥NneRer ence constant -current source having a capability to
flom1a315 constant current. The reference constant-current source 146 is
configured by a sem conductor elenment, such as a transistor. In the present
speci fi cati on, pHTR\ 11 8DEDERCRIEDICHN & TIgE PREHERIGYD €81:140 1 m@NTgured by a
transistor will be explained in its one exanple in Enbodi nent 6. This can
be made r gfmbedivent b conveniently. 143 - 145 are power |lines. The power

line 143 is a th a Wer - sour ¢ otential vd~I ile the power
i ne 144 15 apPrhEdmiotind BRaT A SR PP Sd drfhs ofamale (hanéideire: Do

appl i ed V“c\/&lﬁop‘?ﬁ\@bré rfﬁ%e %e'%ﬂé %BTfY%rilon' R gﬁ%}h%ﬂ Y%t Wiklen RAEe Sour ce

potenti al to t power 143 an e power source voltage
V~, d21@ppbxmdmt®uﬁthQQMnﬁbiandel45 may be the sane or different in val ue.

Fbmever t he power source potential V~1~,~ applied to the power |ine 145 is
requi red to be Etiéiﬁ emlalacd,@a@@nfzgurgmoﬁth@sqweeﬁoélﬁwér SEHWEOA HRC-IBVOTHIOAt sour ce
146 is al | owed perate as a constant-current source. For
exanmpl e, Wh&'88 H@ %%ﬂ constant-current source 146 utilizes a

saturation regi HPF%E ﬁ 2t/5[ ) 18Y §1 1%%n91061'fah9é1ra%1ﬁ11+1“1%r Frh'x'is‘iﬁ&t aB@WIER arf heTE IS
a need to set at a val'ue that the transistor is allowed. to operate in the

sat ur at i on-chegiebbias AhidiogH 18 and 1B¢medapmnancshmerntsh Meashilehd SariBj f i er

tranS|stor | 32_and _bias 30 transistor 131 are of the R channel type t he
i nvent? on1?2Q& A&t 1P «tr@delf«@sleth%. havipg switchimep dingtionsy whichpprsfesplynise ne

dilf
131" s RSl Yo Qs Wy Sifonge Mg g G Rl LA B5T P1g'

switch | g@fe s@ﬁhﬁto@dﬁ’étoﬁddvhce@aietma}ci witches dndlHehtd adt ebpedidlg limieedWEhdIES 1 S>.
1:v5. | 4? -hhc bias transistor 131 has a gate el ectrode connected to one

t cr mmal Omobhé&tapaC|tance S elenent 133. The other termnal of the
capaci tance eIeT%gt 133 .i s _conne % totther(po&el zng 1ﬁ§“ Q h t he
switch 136, Thelthphdi FAHERCF P3RS PO o P 5 g e tao sour ce
vol tage Ofodshft Rivgent I AR %éfeﬁenée?%onsTm bl fdeée tmaryslcs(;n@i@uﬁe%Zbﬁaas a
drain region connected to the power |line 144 and a source reégi on connected
to sw t chesmikc@&juciof 2eleitie afihvpl trdnsistor taramhs i lgteor Il 3R peserd spBcidibtgorplect r ode
connected to one termnal of the capacjitance el enment 134. The ot her
reference constant-current source 126 configured by transistor will be explained in ils
one example in Embodiment 6. This can be made reference to conveniently.
123 - 125 are power lines, i.e. the power line 123 is applied with a power source
25  potential Vyq; while the power line 124 is with a ground potential V. The power line
125 is applied with a power source potential Vg2, The power source potential Vg
applied to the power line 123 and the power source potential Vg, applied to the power
line 125 may be the same or different in value. However, the power source potential

Va2 applied to the power line 125 is required to be set at a value that the reference

30  constant-current source 126 is allowed to normally operate as a constant-current source.
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term nal of the capacitance elenent 134 is connected to the source region
of the anplifier transistor 132 through the swtch 142. The capacitance

el enent 134 has a role to hold a gate-to-source voltage of the anplifier
transistor |32. The switches 135, 136, 138 - 142 are controlled of
conducti on and 15 non-conduction (on and off) according to an input signal.
However, in Fig. 9, the signal lines or the like for inputting signals to
the switches 135, 136, 138 - 142 are omittedly shown in order to sinplify
expl anation. In the source-follower circuit of Fig. 9, the switch 141 has
one term A&r Ls«ewitng\tagc alr My@ﬂcq €9 hi warunqmr@ugﬁ tHeuithyputa depritinal | an

i nput potenti utted to one termnal of the

in
capaci t ancé’ “’t‘é ‘l“fm\gﬁlg“’l\?gm rfﬁgwtrﬁel W e lﬁ“ié% "Rl Gng! t‘érm”ﬁé?'servi ng
as an out pufecti8E dlior iITRBOREE BNGFcalic ANt RAUSAHA @&Luﬁrﬁgl on of the anplifier
transi stor 132 provi des an output potential V~~,. ‘Although the electric
circuit shown i mthoggh tHiis elﬁbodimdanBoms tla csrwtrhcemfpbllbmvemqmrrldmmnd btdhere is
no provision of an_ input termnal for utting a bias @)otentral This is

25 becéusé’dﬁrlé@étlé"r r‘r‘rer%dlh"c‘hér gae %P%I‘P‘*ebt G HB ‘d“%‘n‘”f“r‘r‘é‘ dpict AR ement
114 to fl S , )/ & ce. ¢ current
sour ce 128 TS SiGhA Re oL chMinel fpe. DuRFhispnl DN RRBLERS, F BRTHANL " e
i nventi on ig polasiuppredstigagal psh-puheirahit.entid aited@haghafeact ﬁﬁdhsrbulpcn/@ﬁﬂ igtion of
the bias transistor 131 and anplifier transistor |32, ere is no need to
3() desi greonfigurpd.abe bptngansisiers Tanctign ds anplifies taranwermsaswownllaflgu 3 the
sanme val ue, of ate L) and tinme wwith (W. Thnt iwc, -~rohl~
i | vam/\bn?t%‘ﬁ% WB{iE‘ﬁ 9 H@%@hﬂ%@%sﬁfﬁ mFig. 9is mthe ordmof tl~e povvm
line }pl~, the ﬁ%fe%&fiyﬂ%%rﬁ%%ft&rltn%l{é&&‘in egre,rrf‘cemté edqa%et;tb%ver\rrnmib:fl S-).
the nvent~con i~ not 'Ii1med to th nnecti1on may be mthe order of
t he power throngh &éls.wltt:he2ﬁvdnﬂ(alsESuerBBemldcdnlnectEd roaheseinces ¢ dnstidrihdcalnr ent
source 14G by reversing the reference constant-current source 14G and the
swi t ch 139rain Negianef (ke trarsister EF2-i hhe amptier Fariyyi hd Rsbantaehctredand
Figs. 7A and 7 t he refer stant -current S0 e, .l4 rranged
at bet weeh’ %gvﬁotonﬁ tF%n gfettl %9 agm%nrceﬁenrrée ZH§ l‘I:—ttrﬂl(rétht(Iaerrﬁte)rrmel}éalt(ﬁfti;ll
reference cQ@J&ﬁEﬁ&tdé‘{HéI{tQﬂB @&%@@edlbehmr@@reéQmarmmﬁﬂts@ér hetM@apht he
switch 138 and the switch 142, Fig. 8B shows a source-follower circuit in a
case ndt pireovrithhad 1 flhe chpacbares elanzams it 3 bas o 181k, to hhkd a:mm samcevalageent | 33
B

and the swiitch 135. The operati of , the source-foll r circuit of, Fig. 8
is simlaPfthf t‘ﬂ@“?‘?ﬂ‘éﬂﬁfsﬁﬁ @6eﬁ§?tiedhato erginguer, ghe aZ%Pl t%gtswréﬂ‘gdﬁr ment
1, and he { el hfi ned in this errbodr ment. 15 In Fig. 8B, the
svvi tch 13%8§0tﬁ%s% (? ‘;1%)368 and the current source 146 are connected to the

power - sour ce potebialra¥sistor SlZThdsal’sberE@e@r@ponﬁectﬁ)&b&k@powérhﬁteSMMTaﬁﬁl 136,
the switch 139 and the current source 146 1}{ be connected to anot her power

line or eldniinregianeqnngsted Huthgpyiiches dot-elfianf L1 sThefyas trarsisgy 112 Rapp 7B,
Fi B sh t t h tch 139
| g. Q C%I«;t%\’\ﬁl?ct%%e%%n ieg) !0 one, gtﬁﬁg%gl (t)th@% cfE]PdCltfiﬁée gl@m%r‘q?‘t 114, %h% Wl ?

and t grrent source are connec ground poten VSS.
Herein, Fi@miSf otheeagabRarke lcaent 0l 4 @\&snnettE€ W thels@utchee%aﬁefmt@bms

transi stor 13l is not provided. However, the transistor inits nature,
i's a circtrapsistor bE2. oBtsrfaatpedtaase alemant birdthas ouele o hold agagnricdiovgeeavaliage i n t he

source-foll L circuit ord rent sour 146 in Fig. 8B may
be oper at 88%3% ias (ARSI 120 Pt?él“ftgtrg{ﬁPbtj\qﬁrcfﬁﬁb‘aétrﬁ?séséoﬁ ﬁ&zg f)‘?%?fjea“dﬁethe
transi stog., 134, ly, the current source 14G may be used as a current
source to set tfte tfransistor 132 during a setting operation and as a
currens source (heSdwiphys d1bi-as18,nl20ha230u2g ard obhtmied «fi canduttichumhdg an
out put operation, instead of being used during a settr ng operation_ but not
used duri mgn@nnwlpm(om@ct aff) dgpen lngslnexmdlalrrpasegmt héloavever, iy Figselh 34r

switching b nas ng.operation th h 30
elimnati ﬁﬁ‘?%ﬁet { Ogtth‘tph e (s){/\intpgﬁ dT%[&QH?L%' Chfgﬂ%r r%r bdlrL%{gram in
this case,28gre %rtted@"@t%n'nﬁ'oﬁiegto AabRtyl dkphngtiorg9 s shaven a circua
diagramtn a c:as~ that the c:unent source 14(i of Frg.

In the source- follower circuit of Figs. 1, 2A and 2B, the switch 116 has one

30  terminal serving as an input terminal. Through the input terminal, an input potential V,,

- 13-



20B is real ved by a a ansistor. The op~~ mno of the source-f of |ower
circuit of Fig. 2c) is simlar to the foregoing operation of F i ~. 27 or
28 in Enbodinment 1. and hence 5 omttedly explained in this enbodi nent.
Thi s enbodi ment can be desirably conbined with Enbodi nent 1. [Enbodi nent 3]
The foregoi ng Enbodi nents |, 2A and 2B expl ai ned the source-follower 10
circuits to which the invention is applied. However, the invention is
applicable to various circuits, including a differential anplifier circuit,
a sense anpllfler and an operation amplifier. This enbodi nent expl ains an
operati ng CFP&'Vﬂ“ﬁh@*ﬂﬁWéH%FUH“‘@“Hbﬁﬁﬂ@&CABVJU§VHQ“FF@§IQIGAWW“TBL First
expl ai ned ,i,s f.fer I ifier, e invention i i ed, by
15 using th @ﬁ%hl&@tﬁ@&%@é%ﬁgggsgﬁ?g % ‘HMBEEQQPPEK gh“ﬁfcﬂﬁdﬁﬂg} B ence
const ant - WElr&ﬁLglsﬁ)quﬁlﬁﬁ&%b}@Sﬂdﬁﬁnﬁ(h@ inatlﬂp\ﬁel)tﬂblﬁlﬁw|\'tm,1S| mlarly to Fig. 1.
The differential anplifier circuit carries out an operation on a difference
bet ween an i nputExpneymr iahow madegndhamci npap! gotsewci-dbllowerZrcuiv obliigput  an
out put _pote tlalﬁﬁ% . In the differential anmplifier circuit of Fig. 10,
272, 273 ar Ab“%’ nel 20 transistors while 274, 275 and 286 are n-channel
transistors. 27 7 r [ w t ches
2G5, 266, 278- 22‘2,Fg%a%sﬁh@g‘o@”?r [zgeﬁgllgogﬁg?g" ‘Ié'ﬁgfr:r%n“?‘é&%@g ‘Eﬁa"?”%sﬁgm%

functi ons,thahiteh apoef arablty UusehBeshepnadsighar cigtedEnt, Ssct SidCthea@ference

transi stors. The sem conductor elenments are not especially limted in

pol arity. CPe¥anisCurenpfArehEE Bows temard dhg pemer lsrwulriﬁethmgihrtge sappspasiel ity to
flow a 25 ?qgéhg?£3qqrrent The reference constant-current source 268 is
configuref seﬁlconductor el enent, such as a transistor. In the present
speci flpcat i O_n tlheanr afsaheRcarkan skant 't&tﬂorv\e%rrﬁw FBerdfS EORdngUnRERDY a
transistor will be explained in its one exanple in Enbodinent 6. This can
be made rebercend26,t aocomreniienbdiyg R6Y, o2 the anpad@ibcar deponter 113,nés4. The
power line 271 is ap lie g (1 source potentlal V~, ~tt while
the power $9Tieduradyyt emﬁlﬁt%rsg#idrﬁ a&’o?f nf hegurignL o in gdigstion Sepm thej n -

20T e 2PRkfeRclicblufhuRNEl: SANCOERN ffThe Yobs! e THETGENTRL sIRMLE

ponrnti <cl ower ['ine cr "source
pothnuaI1y8nfuapmtaﬂjﬁgukhguggyﬂhebwm@1Z@ 7 may be the sane or ddferent tn
val ue, Howw~~, | he pow-ct source potential V~~i~ applied to the power line

26 7 d5r equi r ed Q@rgﬁea@@ra@tﬂ“& budl vp on iz capreitange eleareats bl dadtabegiour r ent

source 268 is al e nt-curren rce. For
oxanple. AENEE ¢ RECTL dEReRTE ke R R P e Pof R daRbpstlner 1 141" T
sat ur at i onyh&gine 'bo&:fnu@l dlff@i@ﬁbesatt%mtéén %’Hdtl%lé&rddé@oFHH%%@?&{mtﬁﬁ’ééréI@rncrhher e1s
a need to set at a value that the transistor is allowed to operate in the
saturati orl1Begiaies althrestivdd dpktdgerént ofathe arapdistdr €11, che candistof 1Hi gunsléy. the
switch 28l has one termnal 10 s&rV|ng as an input termnal. An input

pot enti al Ssmﬂar ¥s WRPUPE eBOERIB @ TeENRT Al beéWe?‘héhf‘cd’@éFblql%ﬁr@ée%loén@ﬁt 276.
Mean | e, e AY rminal . An
mput ot Sabigpa E5Rear f1ETRAA% st voRRECVIS o e NablBlt AE AR e
277. Al so,trankigtol N 8P &irkd O, 275 has a drain region made as an output term na
so that the potential on the drain region of the transistor 275 provi des an
out put pot enti alThes, GhaFgC Storhge is canigiust ontoaRe camsitancd ekinrent @43 emthebtbaect ed
to the pover, | ine 271 %g source I |onﬂconne9%§d to a.dr |n region of
the transi&tP PPHC Vr?P&%Fg The Eansyy (frcl 58%TOYRETE éﬁﬁg‘il%etd(fr‘g“f YIRS M- gr aj n
region cones! Bheko slbfucPMBbniuBE drld (AOLaBatAHEC BIChRAL A 4CAINERT 6E 1O 2
drain region of the transistor 275 through the switch 503. The 20 gate

el ect 26de gafe-tolsoutacaniiagt aith@iréhsinat 11 R eadBv e agprattarmdedsigiaheurtanahygi. st or
273 are connected together. Incidentally, .resistances may be arranged in
place of the trdMsThoreria Bigo2Anyheythe Crblanee ﬁé@é’&@é”n b ﬁ@nahefer fenti al

anmpl i fier egéc[r?cq&ﬁarges}tgﬁgg {0 ?:%‘Qadeyzcgﬁﬁtlﬁg s%v t?t%\%s f’g t1%7 &?tu%?et gads to

be operated as res parts o |ve dS% n Fig.
10 may be 6 onf wolk 8@ d@h’eer&hesfﬁ’élrﬁélﬁtBﬁ)@d% ﬂfé&mts ofFid. 1. FAgsms’SQmeZﬁaeThe
transi stor 274 has a drain region connected to the power line 271 through
the swi t chigg@Rcement tinarssi By e @¥@encinepnstaslocursat ﬁ@gpforh%é}medtr@l@gh deone

termnal of the ca aC|tan e, el enent 6 thro the. switch 28

tr ansit ol 8745 EECS P ISkt o A Rnd i s Sis BoRERe Feon Aiieof ¢ he
capaci tance elenment 27(i. The capacitance el enent 276 plays a role to hold
a gal e-to-source voltage of the transistor 274 when 30 carrying out a
setting operation. -26



The ttanarstor 27~ ha, a dramregion connected to the power |ine 272
through the snitch ~(la and transistor 27s, and a source rcgmm connected to
one term nal of the capacitance el enent 277 through the watch 2~ ;. -hhe
transi stor ?7~ has a gate el ectrode connected to the other termnal of the
capaci tance el enent 277. The capacitance 5 elenent 277 plays a role to hold
a gate-to-source voltage of the transistor 275 when carrying out a setting
operation. The transistor 286 has a drain region connected to the source

regi on of the transi stor 274 and to the source region of the transistor
275. The t'Fanst <§tld Spdepidlya lidp greed Syt iy lﬁw@g@l&f&rwc b“n\é @lé}em'm of
the capaciy atg, L 5 SIS 28G i s
connect od 1505 ReTAFREN qidcupd MR PPt BT AR BB S R0E 5

capaci t anaetetenmantbo?&ledlodysoant Ql;ﬁdﬁﬂmh@ledw@l gaf.e-to-source vol tage of
the transistor 286. Predeterm ned charge is held onto the capacitance

el ements 276, 27ubsehepdy, lbﬂy%héleﬁééﬁoﬂ& heé7 pesflerned e, costovanin-KarBnt

source _26 de ermned 1 n be hel d, 0 time,
onto ¢ e e HreahE s RLARE S Bhitte 1 459, ARANS e e ofencin@lon, M
I's carrieds QH;Sut{-é@dt?('SmCtﬁQtlﬁﬁJt t@r‘t‘ﬁhalt l%a(gneoﬁﬁmf?\u bhencsSW é)ta&hzﬁl%e 2femdfd %66 I S
turned on. For exanple, when the swtch 265 is turne t he SMAtCh 266 is
t urned ofﬂhmmgbnhepwadbﬂeBnlmﬁdncuangﬁcmsehmhdnmmﬂo&mhgﬁnamemm&ﬁ@mﬂw

el ements 277, 287. Simlarl the switch 2G5 is turned off and the sw tch
266 i s turFEgISKS lﬁrh%apphz@bbﬁé{a@pé‘r’w fed tlaqﬁ&?egepmtswltréuﬂal ¥ntipaddgd to the
capaC|tanceK§!enents %mé%\2§gﬂmk%%&g%95 t he expl anation of the

O-sourcC
oper ati on durI'ng ho pfedeterm ned C arge on the capacitance el enents

276, 247 and 2871Hyo ("j]bﬁtetnhﬁl V&Il@%@@ﬁ@teﬁtﬁm%h@lﬁﬁ sduvde’ @ Rlon P WicCandfshor S
simlar to that of Enbodinent 1, and hence omttedly explained in this
enmbodi ment11125Naxhelgs thisoraptespdndg lQ healvoltitit e gfﬂe tr-edecevoiaged c fraiVgkison t he
capaci tance elequ ZG an |n otﬁgtigé is.inputted to one
termnal otbyRe ?&ﬂEQO@P of ‘%6““5W¥éﬂlconpletlng t he hol di ng
of predeterm ne tonP@kenti al
Vit s nputfed” @9@@%@ ?2?%%“%@%%%2“%%@%?%%@g‘éf oh T WgBY ol RESR,
out an outsﬁgﬂal epeedt Jyenalsd THvapir@ighothe i tianklios 1daseThis i8Wesausk|thdt the t hat
of Enbodi nent 1 and hence omttedly explained in this enbodi nent. -27
Next, 1éxplsaialoowures velldee ¥e (& o) lof dredransisior dapliy added “ﬁﬁxqultagm¢weﬁs
applled a cuit that 0 Celr

d i a G iibe S8 el dues hiropl e B8 fus i Ptas Ve ot ey
70 and ~%;rRYistdM 1 RMisPhddelivilth algolHl%@?jeq%n@H'H A5k t@yagﬁdl%dm&qff? qyer ent
during a setting operation, tromthe S current source 268. In Fig. 31, a

. Setting oparisddQoliage nathe Voytages dng)tetd]by M. ari&ins¢quent2BAt carhbe secantbatsthor 286
operates as a current souyce, which-deter nltqge of current
dependi ng &0 RUECAL!GE Vadl horraapsior 441 5% tﬁwr@fawguwe o OUMIRRHZINE,
descrijped hr&t, as shown in Fig. 32, the swi tches 504,
279, 2 éb%ﬁgﬁﬁﬁggﬁgﬁhhﬁqﬁéfﬁﬁ§ ot her swi tches than those are turned off.
Thereupon, a 1( A& ept V) ows=twyar d4f he transistor 274, thus allowi ng a
setting operation for the transistor 274. Next, as shown in Fig. 33, the
swit ches 505, 28%;sheea iadsueiomed, e oviph! gotetiil Utohe&thsmm@negalumwhphose

are turned off) Thereup current f ) 1] st or

2 owi ng dgebrRShTerapmsRospitiunes BiTrbfBr Setiaii & Sohitbedly: ne

setting 0@ﬁéaaldaamc@ﬂgﬁ@qubhbccmnsn@mmoﬂ19 andhrarksRorsvbt 488 be02,

503, 281, 15 284 are turned on while the other swtches are turned off.

Then, 24 ncsupWessmpérom hamngsn efficat upohn thatoutpun potdetidl Moy, it is possible to

omt the switch 504 b urning on the swt 5 uring a_.setting operation

of the transistdhl! hopgh oy thaeedeihHE Fiscuit Hdigm Lt iéém? %Bb%aé%F?BH%rPH%‘“gate of

the transi b i n and a
tﬁc’Erl fis (go%}’on 5 4 a@ﬂ %?%%Qf}?lﬁ&ﬁ%"ﬁﬁﬁs ﬁoéﬁﬁél. Fﬁﬂlsglgﬁg

usual opera ut put” oper ansi st or ’t he
transi st orat Betveeh erRRYI0CRIAES of HRMANEIERE | V2, hkictaitnedkBanpt iirehl pHélag
current in the differential anplifier circuit. Accordingly, in the case of
carryi ng owtthy cspecifange elsarcat il éh o e thet tigmyg copentakioset ity fheartarensey done
under the condition r OX te to that of a usual operation (output
operatlonfm“$ﬂ?tm%¥ﬁb$ L 25 hi gher accuracy. Accordingly, by adjusting
the voltage to be applled to the gate of the transistor 286, it is
preferred to flow a current in a half-&wmunt of that of a usual operation
(output operation) during a setting operation. Consequently, Fig. 35 SNOAS
d diagramin a case that a transistor 506 is arranged parallel with the
transi stor 28(i as another method for obtaining the simlar 30 effect. The
transistor 506 is desirably in a size nmade the sanme as the tran5|stor 286.

~



During a wial oprWion. tlo: gate of the tranwtoi ~()t~ is applccd by a
vol tage sane as shat of the transistor 2<5~~. Dur ng a scaun ~ opei aOOn, a
cue rent mnot allowed to flow through the transiato~ >(>0 Fig. 36 shows a
circuit diagramma case the; magnitude of a current is changed 5 upon
bet ween a usual operation and a setting operation by the switch 5U7, as a
circuit simlar to that of Fig. 3~ During a setting operation, the switch
~U7 is turned off thereby reducing the amount of current to a half. During
a usual operation, the switch 507 is turned on. This can carry out a
setting operatiﬁﬂ*ﬁﬁ”a”%tQF@“HHpF%&?Wﬁ?@“r@dg“%ﬁ&té'%Fmﬁd”aﬁmﬁ%¥c%%@ration
thus enh@%‘rnﬂﬁoﬁ Bplh%flfu%.gitslo?j 1 $ELA N QR&EL at ﬁ&nccdllg d%k‘;l&ﬁ ﬁRéJr%‘ﬂis'is){ rs 111
expl anation is made on a case that tRe transistor constituting t'he
di fferenti.ad 1appliihfthesanad vaui 6t gafe [Ehgh (LQunkaatcand spyos i THercnd pedtlstht y
type, by using Fig. 11. In the differential anplifier of Fig. 11, reference
numer al s 2fpariapipg ogewsn- channel transistors while reference nurmerals 274,
275 and 286 arelg-&panneL 1 sistors. Th ag, .one termna

n

rannglindaioh! s 2oty | solsdmpt!c:lg 121%16 h n_ g
as an input termnal tB G RBUC an | npat Pt Ent'Pal PUeE PR Ene ¥ &t BPndl  of

the capacidipng@n& eRBRht &7/RferfdS® ad BescBWt GlerdRM. has upembelimdial has an
input termnal to input an input potentlaﬁ V,~2 to one termnal of the
capaci t ancwesttiomemFig877 andT & @otegparidalio asctting oponarice Adwy, the aferdtiva to

transi stor, 275 provides a?épuhp t Eotential Vo', . . Qvlnpidentally, t he

di f f er ent i'APULARHPPHG RACHLY Sy # ‘{:Jﬁak oyt an puiput pPIERYAl Vauns IBiGFIEG EP 2 #Bn and
operation i: i 1 | Ic e Fi C i that a
pover sour P OFsaio Tk boRER hineEiofid el an ep ReepbJa St R

sour cgopotopetatiah. Vd~2 is applied to the power line 267 and a ground
potential VSS is applied to thgtgomer line 271, and hence omttedly

expl ai ned. 25 | de¢identally, | 3ithouple the faleqtidptairgpit afpFigdi dr 24 rapdi 2B oliasFag. 10

cource. 268omeon i ReRER of L¥bstver TRF 28 dieieisedier Fom i FARGr g Uichaze
ref erence ,aQngt &l W, SR irﬁeh&ﬁ&ﬁis%fﬁﬁ lilHHFe_drlQQM%r &9y bRariat @E ¥ohfiRiibR! | owi ng

condition. It was nentioned in the foregoing that hol ding predeterm ned
char ge on nidye b80inc dpacidearutethel poveert En@ 1G5, 207 swABY 128 wsd nhe trbferoneé er ence
constant-current source 268 2c~ i ~ under control of the SwOch~S 26>
and 213( ~ CRERIEUTTRAERUEsEl 20y I YIATIES the) teteEshice somtHbicHy e sedee d20 @dhed chat
ge under ?&?%Lﬁﬁyﬁ% the vwicltcs 2l o and ?hb, there is a need not to tl~w a
current to e capacitance clenment 277 and transistor 27~. Srmlarly, when
the capacrtance Né@miE, thélrefbile QAR &lrfinh8durebangemay berfringed afeed not
to 5 flow a current to the capacitance el enent 276 and transi stor 274.

Narmel y, t kbewnisFig. hed7Bo Eapgaaigm whleberradderasribe clgeinis cirntit eenfigamtiogsur ce
26t 1 and the sw tches, 265.. 266, in order fof _the two aci tance. el ements
396, 577 AR o Elera 2ataut  §hnia T eatut 8F Fisda s BB hasaae fele s a
necessity didhAddlisihanarhie ALEABORCANGLANES B8 I, bRLpidulRPHRI AL NO 1 he
above, the arrangenent position of the reference constant-current source
268 and swintdB@&ss 2@mrodbés.i Thapdweri liviet 23 it appliee widi aposbosauréenpdtegial 10 or

11. For exanple, in Fig. 11, the switch 265 nay be arranged between the
pover | i néa@Philgnidie aowes sk cldris gyigh a grounslepeteiiad i\t ol ho TPettipn ftthe swi t ch

26 be be | o] Ji /1,@and t ource region of the t Si stor
273. AIso%gﬁﬁgﬂ?&ﬁ?%h%ﬁéngégeﬁé§ %% g?fﬁﬁg%dggg‘ﬂeﬁnt% énﬁ?%PH ?égg%n of
t he transissiiné-faldvatirchit®f Pigd AN 2A7shd B | hdt hacs whiitdl 2 6%plbmed el aEN the

drain region of the transistor 273 and the switch 280. Next, Fig. 37 shows
a cas@5t hgmbpHienant.ansi stor configuring the differential anplifier circuit

of Fig. 31 has an_oppgesjte conductivity type. This is also.similar in 20
configuration aiﬂFﬁgz a??éwuf%ggﬁ@a&??%%V%ﬁY?ﬁﬁh%ﬁﬁFVFg@POEﬁFé@PPSG¥ Fig.
31, and h ' : ai : b : ' t Al e r epds val ue
0t he curtony S RE e P RS RER To8 s ARERCE BBy b B ST by
provi di ng barweeh rtAn dedik négios ot Mhe-irgnsistér DI2 &l thl fovaudinet Ids Eibiogitrent
showed the electric circuit of Fiq. |Uor 11 as a 25 differential anplifier
circuit, teerensy SARSIYR-quErepotourgalzeds wyrangadsbetyeen shepdedi pegion 9lube it as

th L i it,. lLLEI b h i
the val't agancsone Ttk bGP TRt Bt ar o e R RS Stent o -
V', ~. Next, an operational anplifier the invention is applied is explained,

by using Figs. 12A, 12 B, 13A and 13B:!fFig. 12A shows circuit synbols
concerni ng an



30 operational anplifier while Fig. 12B shows a circuit configuration of

t he operational -30 anplifier Ii ua noUecf that there ne variow
opcratteonal -anpltftet cttcutt configurations. C~onaequentlv. In t-"t:;~.

| ?7A anti 1213. clever tlicci ma cave that a dtfterential anmplif ier
circuit is conbined with a source-follower ctrcutt, as the sinplest case.
Hence, the 5 operational-anplifier circuit configurationis not limted to
Figs. 12A and 12B. The operational anplifier is defined- inits

characteri t|c by a rel tlonshl bet ween an | nput potential V,~1 and input
potenti al shovg U‘“éh"bﬂfﬁﬂt‘“%‘ cBhilibglwagar “"R)Brfég‘g'b%‘cﬁhFi‘ré%‘tltt9rltzrréld
operatlonqhtqul%ttgr has a function to nultiply an anplification degree A
on a difference between an input potential V,~, and an input potential V,
~Z, to 10 out putlndiig.Out,piutsvaahent17alndV@s arc doth tdidcapetoaht givaind aogrhiihl er
shown in Fig. 12B, a switch 281 has one termnal as an input termnal to

i nput an i YpuHopstenticapvoption it Itplét*iéwﬁé@ Hthal heog may b5 saeiackdde deffepint 276

A switch 284 has one termnal i nput .ternn i.nput _a

pot ent icsal Wweﬁal '5°one” eI nar¢ t Q lgafggm tar?cgev‘”g(fhetrlr%nt‘S Q%neC[%ﬁe{g’Bgt enti al
On a sour cRywkr-sbe@k PBtcdfialVif aRS iifet QFitch9Z dRE QY tHefowaselP BhieBRAIEN]b.al
Vo~,. In the circuit of Fig. 12B, the region surrounded by the dotted |line
shown at 305 champlehthesanteh ddnfriagbe abimatedso theegrolifdf prantial ¥, aanpFigf 7.Ar

circuit of Fig. 10. Furthernore, the region surrounded by the dotted l'ine
shown at 30815 they HichalS Bs COMECHIP oD aowaECE erus wolsmtipd Ys2. Lhe2A and

2B. He f
Fro. 126 | W0RR PRbRl Yo AR B40A) pthel VGOt Rk TR %tﬁr :
comonlyy us@esby the di ffer ential anplifier circuit 305 and the

source-follower circuit 30G Accordingly, Figs. 38A and 38B show an
oper ati onal anpllnfKigr 7Bnthg syeited tats arrpagedal baiwsen ﬂ@mw tegionhel det t ed

| i ne shown at. 30 sane co uration fferential

il 1o RS | EREHy St R oF e Sl £o ol oS BEnERRed 1 i ne
shown at 3AGIIEeRuF . SAE FoNT HGMIRL IRNrAGcAdCoctothtBurkbh lsettl%t 1@ gui tof
Fi.g. 27. an l'e, Figs. 13A and 13B show an operati onal fier in a
case the td’rﬂlﬁgdbcslb@Weé}QQchSSUIac ﬁegtdnmsmaé trhnisdgaan 1t aihd tidesvEtoh, lmmrbeﬁcﬂehes ponds
to a case using a push-pull circuit. Fig. 13Bis the sane in configuration
as t hdSopdhaswieh d#pppd therdrain rFrglgn 0@@’61@43“@%861[591 e -t hshoavscaprseiof aRce

el enrent 300, at_one rmn connected to.the, drai 3l ion of the
tlan;ist olarfér"?g‘erp?lggﬁhg[wee? ﬁg Sogrce { &hm ¢ Ott ?‘F tr.anSISt01;711d1 Eﬂld%errfw“c}tjttggg mhocdntnt

omAt. dl y: xpl al nspjeghouighainl [Gig! 78,00€ kGUHERY Iis dohBscteBRANSBEUIEE IekiNoMhan
cycr~ltlonU anpfltler in o case that the |egion surrounded by the dolled

1111e showmnaistod(1l mnéitgthei®eia rgstes of He tmﬁétocdhi ityanglt therswaish 4 27 hidie
differenti.al

3913, t
Sour ce. f ol MEADPRE feateap it s Mhenatna e sstfee P o Sroistionte
bi as cyrr ept (3G D8R tH e s%)ﬁtc%tre%lgpﬂﬁﬁlglﬂﬁ%lg%r 1H1ﬁ1r nROLwREL fyLurrent

source of the differential anplif circuit 1s util as a current for
use in a setti ngim;pes,rea,ttt@lpraférretdthatsbmvmehfkilblmmmeaed ttuht: squrostegionl df
circuit). Nanely, the transistor 286 is connectable to the push-pull

circuit. 1be trmﬁlﬁ@ht Hl ang tothe dragmisginnmirhe Fapsiger Hlé?slihf%’lgh;ﬁh%‘ﬁmhqé%ﬁ with

Enbodi mantTh]t‘s Pﬁrbe%ausc that, in the case the switch 118 is connected to the drain region of the

transistor 112 and to the source region of the transistor 111 through the switch 127, if

25  there is an on-resistance through the switch 127, it has an effect upon the output
potential Vg, to lower the output potential V.

Meanwhile, Fig. 8A shows a source-follower circuit that, in the electric circuit

of Figs. 1, 2A and 2B, a switch 119 is arranged between the drain region of the transistor

111 and the power line 124 without arranging a transistor 112, capacitance element 114

30 and switch 120. The operation of the source-{ollower circuit of Fig. 8A is similar to the

-17 -



[ Enbodi nent 4] This enbodi nent expl ains the configuration and operation of
a sem conductor 15 device having a photoelectric elenent to which the
invention is applied, by using Figs. 14A-14C and 15. The sem conduct or
device shown in Fig. 14A has a pixel region 702 having a plurality of

pi xel s arranged in a matrix formon a substrate 701. Around the pixel

region 702, there are provided a signal-line drive circuit 703 and first to
fourth scanning-line 20 drive circuits 704 - 707. Al though the

sem conductor device of Fig 4A ha ﬁL&g naI-Ilne drive circuit 703 and
the first ?%H¥WUfWHJ§EHHHHH§‘ i ne “f FP‘Hﬁ@é‘@@ﬁw”d7é¢“%9ﬂaWﬁvéhtlon

I's not lim ‘it‘?& (‘3]& thn dn(l'qlPdurtnh’ednsd)ngpg‘;ﬂlrAJ llnl%l] dlqdn\égoﬁilltlé%f‘ljy %ﬂg‘ ﬂa%netrhls

scanni ng- |ine drive circuits are ar arrang
dependi ng spbedigcpi. xel configuration. Al so, S|gnals are externally supplied
to the signal-line drive circuit 703 25 and first to fourth scanning-Iline
drive CIrCUItS 7oabig. @@Whthwdu@ﬁléﬁ FRcurgBe cHowe verrce f Re ajenpanestehld s not
Limted to but rc r tha the on nmay
e use an PEPEBR TR b LG it THPeva et iighe €, 129
confi gur atﬂherbuqs[fent bsurké 1Sk &g 'B)@'d&néu&?t@ﬁhc\/tﬁemchl%ﬁl‘éhi s0K /nde S86ARA
scanning-line drive circuit 705, by using Fig. 14Q The third scanning-1line
drive 3(1 potemial V.7 @6shama inHags @Ardlnh 78 dngi 23gx $home, ahramaampﬂe;mdase?lﬁit
conformto the di a anlof Fi g. 14B, _and hence omttedl v shown. T he
Urw vc: annihR§witeees Igrs b8 errﬁi?}wr(fﬁmfow&glé axsi opneciefl A9 the graved pREENEab Ut t er
71 (1. ~lI-pe second scann~n~-lnme drme c:~rcuO 7(1> hma .Shcit register 71
| and a boifer 712. Bnetly explain the operation, the shill regnstcc 7()~l,
711 acguennal | v Hb'ﬁeﬁufﬁ'g% SBAPIHORG ANBuSRSIOBEWEN Eliddet ih@ ds€ hecCkosided alith
(G CLK), start pulse ( ) and cl ock inversion signal (G CLKb). Thereafter,
t he pul se thmplangisted 1 by Howevarf tﬂlertrams}or Y22 in #s hatpret isericitanitgo damipargtdd nes
and made in a selective state,.row b W. In0|% ntaIH¥ cRnfi tion may
Yike

be made st TN SPUrERBF PEI¢iRG? bla ”h shyset g?ﬂrg‘t“g YelfiSst er
709 and the Qi {fkce’l 5 1ﬂrF1$%5‘ﬁ@ﬁQ bOBp& el tis b 8GHr&di 8burbd Lo gl%qml:oa Bikeinbuf fer

.712. The arrangenent_ of evel % % Circuit can incre vol t age

anpl i t ude. piexsf ttﬁxpdaasxmedllls Namemmﬁd gureant s@col2d haydiegrad ab ararrdind ve

circuit 703, by using Fig, 14C._ -. The signal-line drive circuit 703 has a

si gnal LSout §outes] torfst dici yansistorciile duripg, a gething §Bﬁfb‘ll<§1 sl @ aicuEgNYt SOME tog b as

Clppult TakoBRch @0 AR W EL rlovEY bhoul o U6 R R oBLafbl b oty Pal

with an anﬁPP ier ¥ FansPet'or of eac I Xe Surces

circuit. ThedwaiRka Ll g cﬁjefaftii‘éhtbu? hét &s@a darihg Bg bugat b@erh@(ﬁFPOIrﬁﬂ)hsl dasgtore a
signal, make an anal og-di gital conversion and reduce noise. The

si gnal - outtpete-i$ nmaeatrfovgvitchingdttbe®@icsn selting and griput qpatapans ﬂlm:@ﬂlrrunattrxg

sequenti al out put t enpar d Si The ,anplif.ier rCU|t
719 has. a b peteOes GRS K7 T ba Sl Btk AT Hse s ai
circuij, 71% and signal - output-llne drive circuit 715. Incidentally, the
anplifier circuit 717 may not be arranged where no signal anplification is
requi red. Expl antehomhiles theeglie showi,lie Fop Q7 gtircattidggran thao peraieatscatcea
circuit of a pixel 713 arranged at i-th colum and j-th rowin the pixel
regi on 7020tdfig %{)Abﬁatgal&eﬁ@M.attrarilatoat Nox, awmﬁ@tlpwﬂl be ghewr-urm, by using
Fig. 1= First elxl% P2Yd Swh sﬁ??filgf‘]drgttlrgg(% ﬁf the oﬁ]err%\%'utcltueos‘;ﬁhﬁ} pi xel

713 arranged at -t col UV ang h" row an € bias circul ar ound

the i-th cloyghre timl@d@fwﬂ. tt@stﬁeqméﬁ nd)@rrért 134 sdt th hetahéisSE RIS Ini nes
G(j) - &(j), a signal line S(l) and a power [T ne V(i), and also an

n- charddel ¢ dapdicst mwa?dShe pophoiinell@dtthiasgBOhe vapasithese elemenrnd 125 7Thend

switches 250 - 254. - 33 . ) .
mdgmtu%e of the s%gnal current lg., is determined by a bias voltage Vb applied to the

gate of the transistor 112 and a characteristic of the transistor 112. Accordingly, if there
should be a plurality of circuits of Fig. 27, there is a possibility of variation in the
characteristic of the transistor 112 in the plurality of circuits. In such a case, even if the

30 same voltage Vb is applied to the gate of each transistor 112, the magnitude of signal

-18 -



, I 1tU~ugl~ the trnriwor ?~~ was | h~ n-channel tvpc: tn thas enmhooiintnt,
the nmvennon na not Umted to thw, ~.~. O nmay b~ a p-c:halllll~l type.
Howcv~r, ic:aus~ the t<<<nsi.sto~ 25> anti tl transntor 2U) |orm
mourc~-lollower circuit, the I~c~lh tranwlorS are preterably in the sane
polar Uy. 5 The switches 250 - 254 are sem conductor el enents having
switching functions, which preferably use transistors. The switches 251 and
252 are on-off controlled according to a signal inputted through the first
scanning line Ga(j)..The switch 250 is on-off controlled according to a

si gnal i npth i@l lehp iigHcrHE s @EdRECE¢dni ng |ine Go(j). The switch 253 is
on-of f controlle r.di ): & S| I, Apyt. hr ough t.he third
scanning line Gb%}@gqgﬁgh23?%@Hﬁééhgﬁghgkﬂgﬁ%&ggﬁ%géﬁfg)q%%%d?spﬁg(yb a

si gnal i nput teshciumugiindine | §.006is8g S E@RNIOG ahdifier Qd(ik ber. The chfrénFiosdsor 255
has source and drain regions one of which is connected to a power |ine V(i)
and t he otierdiresliopnemvsenddbc power kieghd [rpinrbe 8gngistoht Bludinoughethe wivitches250.
~. . Thg tr@@§i§zor 255 has a gate el ectrode connected to one term nal of a
capaci tanc 1576l enent 256. The other terminal of the capaci tance el enent
256 i s connected . €t i na: rJ r t 257

t hrough the smﬁﬁ%%ggggig%ﬁ%ﬁ%pﬁ%¥gPéﬁéﬁggﬁggkﬁgﬁéﬁ%ﬁ%?gg é%g{?gbggﬁ@erter

el ement 25diffesncobupiest o dctur aab@eaar the bot ela&oddkh tiposapacitanoeel2m8nt 15 3appl i ed
with a ground potential VSS. The capacitance el enent 256 has a role to hold
a gat e- t o- Whan ¢he Rasgntighdifisrence at hetwieas te glectrariss @f therrgpacitensd elemenit113 20
setting operation, The bi ckrcukt, 714 has transi st or a_capaci tance
ol enent oOEeamss A Bl e Vi Bt e firisE ) P b RN Igd s Bagy o
connecfged to a pPEVAI cllargtestd@ge AGnanEldab e &gh&ﬂng&agﬂéﬁﬁﬁﬂs@pﬁ iRt flegnal
line S(i). The power line 264 is applied with a ground potential VSS. The

t ransi st orga26®-svasceavjtage oflthe trrnsigioc bhin betoabstaovategetaapablaalf fR&ving at he
capaci tance el enent, 261. The other term nal of the capacitance el enent 2Gl
i s connectRgda'gmipe! PR FuIrtHdupba. The capacitance el ement 261 has a rol e
to hold a gate-tQ; §1‘Pd{£r?§1 \égg t39€ Aent AE &é@éﬁ%h&t QEmef01 fHfd E&nﬁ@{?ﬁydfng out
a setting operation. 247 is a refergnce constant-current source having a
capabi | i t ychafpefstarugeineonstatitsineltheswitchtnel s, 4fl 2 aanased Aromh 8 to 6ff WHeElat
source 247 is configured by a 30 sem conductor elenment such as a

t r ansil$t orthe prher Rwitphasban theproererkeptin) tha statthel Figf 87.e Aé dhis 3ine, the signal
constant-current source. ~-1? ~c>nfi ~ | by n transistor wall he. explained
M ts one SRERCpHEpBIR ERE O e Hoh EFFR ASiet renar B
CO”Ve”'e”HhMmmﬁhﬁhT.hﬁ&&&ﬁaﬂﬁ@ﬁmy%&%uﬂ%hﬂﬁﬂ@%GESHMWﬁhka&:99&?&e&{ﬂﬁ 245
through a swtch 248, and wi'th the reference constant-current source 247

t hr ough a tonh tletir@is pf thEheppmwece dlément243 is ¥..appl i ed wi th a power-source

potential V~i,,i il.e the po line 246 is appljed with a power-source
potential V~,, ~ ! ¥ifecipsoitet @%Wg%lob@t%%iﬂapluvﬁv --tharﬁm;?é’aswe}ﬁf}h_ Ahthter 1 ine
245 2 NERANES 1 PRYTS haPOLERI i Ta iR EL O ohllfisPINGis biBCR46 Y
be the sane or différent I n val ue. wever, the power source potehtiral Vdaa
appl i ed t anidigtupowErthé isighal4brre® I Ladireadrb biecuseto aircdt. v dimdallyiaghet he
reference constant-current 10 source 247 is allowed to nornally operate as
a const antpatentiabdiffesange Ve at rweataappd, clegrodes afibe eapheitange element 113 is
constant-c rrg@; Sour ce 247 utilizes a saturation region of a transistor to
confi gur e TIWTEGHENR U O PHere is a need to set at a value that the

transistor is aldsghchty AREAAFir Hisl i SRL HHRHEONIG, Q9B A uiied oF The

ref erence constant-current source 247 may be integrally formed wth a 15

si gnal25l i neharswuehes thenklte above asusturden (. CAhtuwise, arainpongdtemtal My isent nay
be inputted as ) . . .
inputted from the input terminal through the switch 116 to one terminal of the
capacitance element 113. By the charge conservation law, the gate electrode of the
transistor 111 is applied by a value (V, + V,;) that the input potential Vi, is added to the
gate-to-source voltage V..

30 The output potential V, is at a potential on the source region of the transistor
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a reference current externally of the substrate by using an IC or the |ike.
The arrangenent position of the switches 248, 249 and reference
constant-current source 247 is not limted to the point showm in Fig. 15.
Taki ng the foregoing Enbodinents 1 - 3 into consideration, arrangenent may
be in the different 20 position, e.g. nmay be incorporated in the pixel 7I3.
In Fig. 15, the region surrounded by the dotted |ine showmn at 719 and
regi on surrounded by the dotted |line shown at 714 corresponds to a

sour ce- follomer circuit. Next explained briefly is the operation of the
circuit of 't‘heNﬂi“f(léi Urp 101 4t mah«géal Yt ﬂv(”t%l"c’}bl“dw i hak the esig-1arf@utase bi as
circuit 714 at gr tlshs%bhd%tu]ll? rm“altuﬁm mlal rVSt-F ur(?l Lﬁ%ﬂ%}ﬁ&tﬁrg - .252

of the ixe m?i he SW |as circ ned into
an on-st ate. Theﬂ@h@ﬁdl%\’l&rbﬂhﬁ% &hﬁl’iu&sh@ﬂﬁn@ﬂﬁ’o&gﬂt’h@dm@txﬁlm Ther ethpony, the
signal current h,;,,;, as set in the reference constant-current source 247
flows in dxdawecﬂwogdtowdhﬁethe(poﬁerHhmm@0Q642tmnmuththb,smnmchﬂse249
252, 25l %g (ﬂ q wi tch 250 Uég er the sgﬁth 259. 30 In the

i nstan UPHERE >’b‘é}§£ﬁ‘§ ‘?GO‘I‘YIC%\)\P““}%B A BB rpRSIN i | dhalbhke paprrlicf B ce

c: |l ement ATy ~ l ar I n,
ehaye n1~raéﬁmgfQépnéﬂwﬁgggqgﬁg?hghg%%aC|tu@%qg%grgﬁ%ggéwm?%éguggfggo cau~~
a hc~l ~nualolidgd islacvattagedenolédlef We.eActdreingdt fr cah éeaeanihat O ghteaoGoufaVance
el ement 250, 201. Wen the pommtial dillecencc m between the both

el ect r odesrodpge Nes f thapapsistand bl il lerthe samegalup ey Vie SemaRarizingthe shovel
vol t age of thgO é nsmgtﬁ d§55 26U, the transistors 255, 260 turn an. Then,
char ge st&?ﬁﬁ 7 ﬂ 65% ‘t he. capacitance el ement 256 such that the
gat e- tj9- sour ce VA $1RUR lﬁfaqwﬁoﬁmnﬁe @L@m l?o‘iénmwmssmahe/%@aﬁuéémél e of
flowing a predeterm ned signal cuarrent | ~~,d. charge storage 1s

cont i nued inputtpoEntalp¥e. andmoedd@ndd e mpornt tf@@tansmtohchdnmterudme glamsasqmentgour ce
vol t age of _t he traES|sth 260 becones a vol tage capabl e of flow.n

predet er mlﬁéfepr%.l%gﬁ fragigipticyariabon on heArinsiseel 1d i [arikds @PERiANS 256,
205 conP, SubpklesBNAL APeREAAE B R8 BHARNupSh Houh NGatMbE VTS, 25T, 252

259 are tur swtc are ke t1 e Other

swi tches than thﬁtf&h@ﬁé&lt@f@l@ﬂ?ﬁ shbiild eAtstﬁmpﬁuatutyraherten@a@bmhtmamet | dd, d
set 15 by the reference constant-current source 247 flows through the drain

t o soubce chegicensd ofithetrapsigier W 125 8arigsdetwaen ey cirduis.dingiuph 8 oass;otd,m ce

regi on of the.transi.st 260.  Subsequent | n th| state, %H@ hes
232 %550 e PhYEND SRR Lamiie Sl alone it SoRRBU TR Ve ches
t han thos%naéagééd%@aegle&feﬁt 1@&%%&%@&% Heﬂee&%gcﬁkﬁ&t r96\Ge R, atsfk‘ﬁoévfxa}ﬂs' stor

255 is inputt by a signal from 20 the photoelectric converter elenent 257
t hr ough tHkmaa@aemnhmoepelmnanmlYﬁ@m1mummhmsvaMHns&mhqng@benaMéaLmnde of

the transistqor 255 is inputted by a value having the signal of fromthe
phot oel ect¥f EERBAGEMPER thy @?@Htudggﬁ S'&Bde%l‘”@ﬁ‘t bt 30 o pledgRdentordectiode ne

CaRAC L ANGESHETBN A0y, NATEL YanabincElefilns 93 DRBBHAIES: 1R i 99 ©

el ectrode ‘o e transi stor 1S a sSi to be 1 n tte ate of

the sane I§gta7apskistsii plualagiivih eMhé alatukt@ervs@lbbagﬁ th@kidopn12 bm Clapaiekt ance
el enent 256 Consequently, 1t is possible to s(Ppress agai nst the affection

of transi debyeephibe elrcuats] e afecimnithereefcan be relaxe

Because the invention can suppress the affection of characteristic variation of

the transistors 111 and 112, there is no need to design the transistors 111 and 112 with

25  the same value of gate length (L) and gate width (W). There is no problem if variation
occurs.

Next, comparison is made between a case to supply a current from an outside

of the source-follower circuit as shown in Fig. 1 and a case to carry out also a setting

operation by using a bias current source to the source-follower circuit as shown in Figs.

30  26A and 206B.



Then, the potential on the source region of the transistor 255 becones an

out put potential V'",. The output potential V'", is outputted, as a signal
havi ng been read by the photoel ectric converter elenent 257, onto the
signal line S(i) through the switch 30 25U. - 3 (~ Ncxl, the awitcl~ 254
is turned on while the other switches than (hose are turned ol~l, to

initialize the photoelectric conveCc~ clenent 257. More specifically, the
charge held by the photoelectric converter elenment 2~7 is allowed to fl ow
toward the power line V(i) through the switch 254 sliCh that the potenti al
on an n-channel G@riiHAE Abfird KECEL SHBEBETNEWE thcasaryerner! Blzendm apgd7

becones equal. t. he ential on the,p r.line 258. Fppngthen on,, . the
above operggﬂbﬂgﬁiuﬁﬁpgéFéd@‘f‘@EQEHﬁﬁgﬁMﬁ%%%Pl@86?&@‘H3#ﬁﬁagfﬂg“386ve

confi gur aty gbureAILIRNRPERSS 120 & NSk dHbg i AfcbeEORRE, the arrangement of Figs.

transi stor-characteristic variation. The invention can be desirably

conbi ned WONNERSBY meatisrdare aPlurdity[oEmrodi-tBwes Lirdhissthe rboditrferingxpl ai ns
an exanple, diffe Qnﬁ.fronlﬁnggpinentf 3 and 4, of an electric circuit to
whi ch t he BIRUhEACH &I BSIATRITICRYn yalug JUuifafie vargitiog 1n Gie CfeRtisQUICE§A 310
I's the source:d old.ongn id GHldvo E%é: AfiSutpht %/élﬁg%n\ghgﬁd SJJH% s%‘ag%_%'r%é:cwe&,

configuration and operation of t sour ce- ower cilrcurt s si'm |l ar
to that ofardéqual od eve2Asaunde-2Blovandironi.t Heatkyeretplegiodsitlyi dectiRiscaeendi ment .
The operation of the source-follower circuit 310 is to be roughly divided
with sett tagsigH¢hapeiststiosslifercarbstwess thesauremiodloper efalits) nci dent al |y,
setting operati i,S. an _operation to hol redet.er m ned. charge.on a

capaci tance elegghFP ﬁﬂF&ﬁmg_TPéé%%ﬁﬁ? 9§F§@_ﬂhg“%wgfgﬁﬁ%ﬁﬁﬁﬁ B §¥*1 and
2A. MeanWobhBlicAbt BéaulPtatht ORkcksitiNo CRBPBL & QrkRt FORUEN adidPbF ROt enti a
V', to take out an output potential Vo",, which corresponds to the

oper at i on sourcé-fa}lovdB.circnit.t Rertgolarlyewhelel aopleralici oftsautce3fblipwar tiecuiisrat - a

corresponds to the input termnal while a termnal-b caorresponds to the
out put t ePFrRERd; therdreyiticorHgyratory thenepl 1s histhen gomplicatedn lp dhe gasedbaidheli ng t o

i | i : ] s | . 17, ..120.
cont ror | cfoadlt offek 2B g Hellde ofnel Bpd W BOSBpd i ot €L o

128 is coathdddad paneditAginsbsdibRi @ Rakry oPittimtogehitong BintulagEslisidbn €. | n
designing an electric circuit having a source-follower circuit 310, it is
pr ef eid edall othar scaresefodpwer aticuitsao Sonsequenfly) bpeetiotitingiogtis GmylicdEE. as

shown in Ejg. 16B. ) One of the source-fqll r circuits 315 316 is
ot of or abl 1B it L4558 (b FTapAPUET dad 33 1 18 provided In the Same
number as the source-follower circuits, the current sources 126 desirably have no

variations.

However, in the case there are a plurality of source-follower circuits, even if
20  the source-follower circuits have variations in characteristic, there occurs no variation in
the value of the current flowing through the source-follower circuit. This is because the
current value is determined by the current source 126 provided outside the
source-follower circuit.  Therefore, there encounters no variation in transient
characteristic, besides steady state characteristic, between the source-follower circuits.
25 In this manner, in the invention, even if there is a characteristic variation
occurring between transistors, the transistor, to be inputted by a signal voltage of an
input potential V,, or the like, is inputted, without exception, by a value that the
gate-to-source voltage of the transistor is added with the signal voltage. Accordingly, it
is possible to provide an electric circuit suppressed against the atfection of characteristic

30  variation between transistors.
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while the other is to carry out an output operation. 13c cave this can corm
omtwo opc:cations al the sane Ome, there is no usel essness in operation

nt hout requiring useless tinme. -thus, electric circuit operation can he
effected at high speed. In the case of an arrangenent of only one
source-follower circuit, output operation is not effected during setting
operation. This results in an occurrence of useless tinme. Incidentally,
setting and out put operations are not effected at the sane tinme in the
source-follower circuits 315, 316. Accordingly, there is no need to arrange
one current source 126 in each of the source-follower circuits 315, 316.
Nanel y, = R0 GHIEE nﬁ source 126 can be comonly used by the

sour ce- foI omer circuits 315, 316. For exanple, in a design using a
source-fol | ower @it cuilc @@y &i@ral i irme. dr bxendi 7re Yhdwed@thel @A EutaWon
source-follower circuits are preferably arranged on each signal line. In a
desi gn usrMgmahSOﬂhmemi@MPbMeﬂhmﬁhbuﬂﬂlﬂml@b@d&mnmﬂ@khnnemdmnveZCNamurt at
| east two i,..'.. ol lo circuit r ef.er ahl nged on each
soanni ry 1 e bAREGERe g 4 Thak hytuesTubbe: PaftibRedselcllt S 5knemeT o xei
at least t 4 fer

pi xel. In EQSEQ%%{%UI[Q L?M@dﬁccgélgms%\nﬁ? ?dlgqé%r\%?gnﬁtp %ﬁ“@%‘v{ i.tﬁjes 31?[}?@@?2 are
on, the swbt etEsindd.3NoB1H4at aliccopefdtion \Bher sbineec Soidvedhrescdldf FiglQisaimilady, the
swi t ches 313, 314 are on. In this manner, of the two source-follower
circuits 3r<5thesqr@ratme0f shec%m@@ fofowar WCLQDOBEtha 1@t pivhy 2Bpestmdainesh imhi | e

t he ot her | use 0. n.o tion. Incidentally, the two
sour ce- f ol 8$€r“ne Pg e% In@f@yﬁﬁggrggcon a?odn% tcontrollrng t he

switchas 11G 118, p@S@Gﬁﬁﬁ@ aqycﬂahﬁelﬂﬂéért%sifs% lw‘h‘i‘t’ér139'1§ QHléhag'r;eQ aWplilept
arranging the switches 311 - . Although, in this enbodi nent, the regi on

sur r oundedtrimsidtéve ldidtaméd3I4|armc@m5i;an26e13&ﬁnma$flmmhde,dl360ﬂ3(eslr38ndr4ﬁg1r¢ o t he

source-follower circuit,. the invention.is not limted to this, i.
di f f er ent i HEM&RLS| having switghing funchpps, ahigh arelesaRiyjuse érmeﬁontirréorrlr@eegﬁom in

Figs. 10 - 1R Q% HEIBgswh?ﬁes”P%ff&ﬁre%%g %gsroﬂ"' s enbodi ment expl ai ns the

configuration an |ne drive circuit having at |east

two source-fol | ows igiar Edﬂ¢rte§ceabéremeduxbeﬁesd>uwa RAGHy Si gpabilisP thi &S, a by
using Figs. 17 to 19. _3~ Fig. 17 shows a signal-line drive circuit. The

signal 13 i neoruranr/e:ucfpmcurThehspieraneq f:@nstaslgeatrerrt gwice 446iis sqonlflguwld by rauU
322, a ~ec~nci tch &lrcu it 32 nverter circuit d a signa

anpl i ticr %‘“1"?‘8%‘? uctps el rerr&.sa%?%r rg%ﬂSlrt?rt RaNccbrggent ﬁ%ﬁmffcﬁ@o? thgfe'}rrareh

circuit 3280:@&;1?6&19&9 0Bt &N 4 EGitighred §>2§ thahsBidt! Wb eSMRARL S s éﬁé’“ ng
anal og data, the D/A converter circuit 324 in many i:, cases is to be

onm tted. |exanipe caBmbodiatent heTtiatcan bomlade aufi¢rpodet tedoovinderttlye signal tine is

bi nary, i.e. drgrta unt, the DLA converter crrcurt 324 in many cases isS
to be omitted. mh‘fﬁ)re Pewe oA doRvererinci43dapepl eﬂwrﬁpaweerq%% case,

i ncor e ﬂ%ﬁ@: I ect 40

signan{ @ﬁgﬁpge r@%?t \%gﬂhﬁi%¥r§é$kga€ghhZLE%%Héioura |oﬁ rp%ﬁ

17. Bri ef | yoweorplmi msng anleedeen atpooRrr sédiee phtitlal MG srheﬂenaarly,ltﬁe P@wét gur ed
using a plurality of colums of flip-flop circuits (FFs) or the [ike, to

i nput an i spuaee pitodial é,’mgr@rﬂl@csmb?(powar Hrat43 g be p@sessvz)uremuol@bcl\bmk
i nversi on sr ﬁ Q? KQ) Sﬂgg |nq) @Ises are 0 Qe se en aII outputted
accordi ng R F do¢igPRYCIHEN 8 Yndf $4MigT mE%ﬂBPf §@V tted
fromthe S]Ethtlér sB@&'e%Bf%ﬁtrg’lz‘vlddl &ﬂlr@@% the O\tv@r 1‘1&&6«‘14“5'1{ %qulr@(i R)hoecéef QIUJ \tdll?tzz The
first latch circuit 322 is inputted w a video signal, to hold the video
si gnal 25%n hac khec ciferamceacarstashi-agrrem <1obe:e| Houts ctliomedgtoomortdmﬁysamﬂte ng gul se.

constant-current source. For example, where the reference constant-current source 146

utilizes a saturation region of a transistor to configure the current source, there is a need

to set al a value that the transistor is allowed to operate in the saturation region.

Although this embodiment shows the case the amplifier transistor 132 and bias

30  transistor 131 are of the p-channel type, the invention is not limited to this, i.e. the both
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In the first latch circuit 322, when video-signal holding is conpleted to
the last colum, a latch pulse is inputted to the second latch circuit 323
during a horizontal 20 bl anking period. Thus, the video signals held on the
first latch circuit 322 are transferred, at one tine, to the second | atch
circuit 323. Thereafter, the video signals held on the second latch circuit
323 are inputted, sinultaneously in an anount of one row, to the DA
converter circuit 324. The signal to be inputted fromthe D/ A converter
circuit 324 is inputted to the signal anplifier circuit 325. 25 Wiile the
vi deo si gr‘i‘a‘l“'h‘é’l“d“dhh*t H\é%‘éﬁé‘ha"lf‘%&‘dﬁ cephyl ¢ PIIBPiCheitng i nputted to the
D) A converter cigc h I ster n ., Qut put npl i ng
oul se. Fron1theAm q; ﬁ%{““& gyl@h Igu@&,u (Md%%é&QQﬁk.WLdmRLI%nLdgqon t he
confi gur atien l@fhetsh@lcﬁllgﬂaﬂui aophi feloRi &mn&w(tms}a&\atghaxr owndig-th gpkum to
(1 +2)-th co% or three, 5|gnal lines, by using Fig. 18. 30 The signal
anplifier b@dﬂrtmn%tgtigzlélﬁa@ at gase shatrede e@inkgneiio ohe cumesi 15he gpBcamce 3¢~
each ¢ t he, source- I((})A ow~-er .circ

Cor m & Semet G, mnktnd e Ral O et iRt Sorediibe To an
i nput ter g;'o@%l 119414#1&&%%9&»@%4 %rTh%'Jdthhn&Jelemerﬁ]@%%%J ?(f f Rehold

term nal - correspon s to an Output term of the source follower circuit
31~, 316. aMaanwhiouase violtegsul the bess thdsistol 136, 118 are controlled ~ according
to a signal inputted through the termnal-c while the switches 115, 117

120 are control [Tég 2Bpbbeir#ngistes 1é2§1a§ﬁéxam Kepintceaneaiddadhe pavecrliae dfhal -

Furthernore, the switch 128 | con coy di 0 .a Si in utted.
D onoh e RE 0o et oo ered (LRGP L6 A0 TR uihBulie: A lsMERaa i’ o
18, a1hOgighteQNEIRIIR ‘cohSectdd ﬁ)n&%dtehﬁfn\ﬁpﬁﬂtfkk&pﬁd’x\@néé elRkend I RESThE ofher@
setting signal line 326 and a threshold signal |ine 327, 10 and the

sour ce- f oltdroweal i ﬂlcmapaﬂthﬁpe 3llc6nen32194| 5 (a]nnccrn&cbrtm ¢he s@BOe irsgiam oANDe 331
and 332 are inverters, is an AND. putted, to the termnal-c to

t er ni nal - émpﬂlglebﬁrawﬁoraﬂg.t'aﬁagh @@tsmftﬂﬁ e leEfrﬁaPPfé‘a%@c trmgnisidghar arelee 327
or a signgl h&gta%ﬁé@h OUF&'OO?@éé’ymghmgﬁh@? Pdsi cﬁr {zhe | ogic operator. i’

Next expl al ne e Si ut putt romthe two lines, i.e.

setting 1~ signdhel mﬁctﬁammdlmew@resm gres comadlledi 88 cdaductand ahle
signals to be inputted to the switches through the termnal-c to termnal -
of t hé5soupesordictionéen andrafDliaccadmg t@aminpyysigail nHomieyer, mdigibthe signsd t he

Furned on et G RS BRUbEREnH R Rt B hek R B SobRlTS 20 ' °
i nputted. Sﬂ'gwnﬁi(gﬂg,llgsefﬁ pByRUBlahiidn. - 19 are inputted through the t wo

signal Lines, i.e. the settl ng signal line 326 and the threshold signal
line 328. Furthés dmrseurca—fslilcgvmlcxroumt pﬁFlgeQi thfrmﬁtdhrﬂéldms onaigrsinghskvihg ne 326
is inputted, as it i the term nal - t he source-foll ower circuit

315. A si §hah gyt 'ﬁUPt“éH ?hraﬂg*awed%ﬂ%&rw rﬁ“riﬁP“‘cPPtet“Hél Y5 ignsd voltagey
I nput bed ‘isomy?t“r‘e& I Rt Rt ﬁagaaLQQé‘éle{aHﬁ Pﬁ!s%t EM%J Ragﬁ'ﬂeame%‘itl?#ﬂﬁﬁer m nal

of the inver I'S Inputte e termna

sour ce- f olhhm»&rteﬁmm@ltsbtvxﬁglﬁs anut e taMidal OThegbtémral amme(seercefregs@t &fithg and
out putting oPer ations. Also, a signal outputted froman output term nal of
t he i nver 881 19812”4@1%1;)‘@&%1@@ anHuaitpus pafentsl-Youof the source-fol | ower

circuit 316. A nal ted froman.o nal of the AN D 333
s Tnputted to tHEope ek G RO R barpm CER T oot
~Ctll1g gjranalndrk 'fkeno b[%(lxsxdnsof‘ APHDEREmiAR fof inpBrtinkQ BiRe 6t§r‘it[§l Nahisgs By
doing so, the source-follower circuit 316 can be control ﬁ) for any one of
settiaf abdcansd paﬂeuengmoqbeha'ge @nalreakp diclileort thiel oppaditandd QSmeﬂlGIAMamdloMSB t he

current source 12G is arranged in each 5 source-follower circuit.
Consequenthgsignal cugend dai seiPYiiBe refereper coasigai-¢utianhspuree 124 theough the,gate

to source of the transistor 131.
Because the invention can suppress against the affection of characteristic
variation of the bias transistor 131 and amplifier transistor 132, there is no need to

30  design the bias transistor 131 and amplifier transistor 132 with the same value of gate
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current flowng fromthe plurality of current sources 126 arranged in the
signal-line drive circuit. For this reason, it is possible not to cause
variation in current value by carrying out a setting operation to each
current source 126. This technique is described in the inventions of
Japanese Patent Application Nos. 2002-287997, 2002-288104, 10 2002-28043,
2002- 287921, 2002-287948 and so on. Accordingly, by applying this technique
to the present application, it is possible to correct for the
characteristic variation in between the plurality of current sources 12G
arranged ilAngthél-sigheic pide (Wi Vacki s eaptoblpederi ptobpces so far nmade, in

Figs. 16A, 16B, € (using 15 the source- ower circuit
arranged with t h/;ﬁh&grﬁe[ﬁ% Lglg&c lgn ”S:%I‘a(fd“ ' Qm st”dut hl i e ]'é] rl(?LGI '%s in

Fig. 1. Na&tcxatt@won.«uanamn@xawplc@ 148 agd qas,auuﬁlmqla ﬁnurtmntﬂbd IPWRED @ FCui t
as in Fig. 27 or 29. There is shown, in Fig. 40, a diagram corresponding to
Fig. 16A Wsdilagrametionespydrdiie erdeRbighe pewerdighigwnthicnwiicly.1394nd ki | e a
dlagrantcor{ %ﬁgnding to Fig. 19\2?(]3 shown.in Flﬁ/ 42. The operation or
the |iRe i/6leL§mee| SinSBBl-tHESE QYeal* DY VB A FEHER o FSaM Curkgnt

conpar ed A i@y 1G 18 and 19, the current -source 126 is
arranged ﬁ%hgléggfggfﬁﬂg?gﬁs it is not arranged in Fig. 40. As a result,
circuit arrangendsinwisleeBs yeferinlitd thepofgbhigEmiodiatnyl QdtFibayauind TB,a
narrow area. Meanwhile, as already nentioned, Fig. 16A desirably has
further arthafbrenemeonsiant-euirentisauise ddp Ryt bet yrapged aukewoer thatswotehi 140cur r ent
val ue betme n the curr ources 126. S _not uired in
Ve ci rournadye gy g 19, FREGERre T eBint AR ShirehRonce A€o ieki no
possi hhe tQrafgdd % H&Hﬁeén%b(@hkbtt&ﬂl@ mrm@%ﬁaﬁm In addition, drive timng is
easier to provide. Incidentally, the signal-line drive circuit, in many
cases, has a pl uiigl 8B phaws 3(sy)urpe>felllcsmrrmImthEd ca$e mdn@re‘nded)fmtaabh bsisgnal
line thereof. The glxel in many cases, hange its slate

dependi ng {ABSHOA 13 t@sgéptqatﬁmet%anﬁtfrléég%dtth%swejhw Wh%mer@%prgoi}ﬁry be an
LCD I h
LD 0T o0y Pk Bl By PHEPRL 5 R0 Ky OPBERLI Bl ARSI, © v

Enbodi ment2B th EmBedimehEnhadihegatorbiltedif@xpRIRIM s @Jn&%lﬁtleﬁt circuit or
sem conductor device of the invention is arranged with a reference

const dat - cur r entinddgr 88, Heviwitrhal apghbswitely 189 ani dbe qumemssoarse Afrarent, to
carry out a settjng, operation by the e of. the reference con tant- urrent
o cour e S PIneREuEL It Vars P e T chf Pl tenpiish

sem conducgr ihelsG iRy 39 §h’d3fhe%§rr@mtst>@f%§ 135 Hay U%%Bf?ﬁéitéa%)ﬁnothg'ﬂ p%v@‘é?t?ﬁ’tg' ment

expl ai ns the’ configuration of the reference constant current source in the
case of cantlegpenedutdyasaht panad pbt@nttair\ds,asma'f)y:ﬂnamdﬁ thngéBts,hotay, adahng
Figs. 20 - 23. First explained is a referenc

const ant - CRMBIG 2557 &t thy Stié?fhé3(15thrzﬁwch éé% aaﬁdh%grentnﬁomcg l4$ome 401 s

a ref %[)en %nﬁec'tqesdttﬁrthg %g:&&eﬁ&ﬁr\%e The reference constant - c_urrent $OUF ce

401 hds a termn m na and a termnal-C. The termnal-Ais
inputted by a seidrbingFisi SB8hows ihe sb@CO S RwdB cirbuibnRE ERE thVraskigrrent from
a current feed line 405. Through the termnal-C, a current set by the

r ef er ence isetpravited dﬂm\emeer@mwmmlﬁlslnstjplpmr@ds 1 orquiitdo &g bperaied as Nanel vy,

the reference 20 const ant urre t source 401 nder . cont rol t signal
nput teq COTEHESLER I A HATES Dl tRISoH A ORT R ARGt el B

to supply @rem sofRE 14B5PHENSE AE iHRIIPEARd 25a cherﬁ'sgurcg@(% r$dinkS Hag'iff erence

constant -current source. e reference constant-current sourc 404 has a

pl ur al2st y pbdcercdftre annwstooidt. aNbmelyr rlendunsousanes. 146t mag bbekel i asswered t hat

there are provided two reference constant-current sources 402, 403. 25 The

r ef er ence SEWIFEAREL b riFapaIIos JGPBIring 2 Se PRESaLas, 4RAS & CYrent [SOUTpRo

term nal - t: n I Iled W th
Apbi R ek e RBRM:P et G o WGk PORAR: Bl SaSBRlL

a current e curre I he Ecurrent
set by thfttsé@tiaﬁ@gﬂ@ea@o%@;seamonmm h6Nisc8 aufisLarfidbitphiSopstifiph] afsich dtd:tee
external. The term nal is inputted by a contror signal outputted from a
control | ithee 408 ndddrtet witching batwesrensptlingorpstaion-agd rn entpusepargendis 30 403
IS under cont.r ol o a setti at the termnal - A and a
contral si @Hava“%z Registi e pHches n oS hpCirgHEEaRET iR i 4
current at the icrmmal-13 to thcrchv supply a current at the termnal -C
Next explained is the con(igurution of 2¢he rcletcncc constant-current
source 401 of Fig. 20A, by using Figs. 21A-21 F and 22A-22E. 5 Each of the
el ectric circuits shown in Figs. 21A-21 F corresponds to the reference

constant-current source 401. In Figs. 21A and 21B, the electric circuit,
haV|ng smntches 54 - 56 an n- channel tran5|stor 52 and a capaC|tance _

P Y o, v o I Y -,



In Figs. 21D - 21F, the electric circuit, having switches 68, 70, n-channel
transistors 65, 66 and a capacitance el enent 67 for holding a
gate-to-source voltage of the transistor 65, 66 during setting operation,
corresponds to the reference 20 constant-current source 401. The electric
circuits of Figs. 21D - 21F have the sane circuit elenents but are
different in connection relationship of between the circuit el enents.
Subsequently, explanation is brietly made on the operation of the reference
constant-current source 401 of Figs. 21A and 21B and the reference

const ant - chpwent F'2526Bur ce 401 of Fi gs. 21D - 21 F. The operation of the

ref erence const nﬁ CM»YG t source 401 of %1 E q simlar to the
operati on of F|§é’221A% ﬁ“?iB”“ﬂhﬂ‘ﬁéﬁHB“b LPA s LE%ﬁ|éWHéd4ph”{H$s

enbodi rrent?()BFUfmtll/&%(lp\l 5"\1@1?@&1!)15 Ttm%ggﬂﬁrw@B @p s(QfoC& hﬁlorw%fl ‘?:rrg\]np(?t Fio. 29 15

constant-current source 401 of I'n the electrfc circuit
of Figs. 2iAiland Bﬂ,BLoxtgueng;vmémhe;s 0b4&ig 557 ar 9283(11 Eihthodeteron , aaelohéiceg to a
signal _inputted through the termnnal- A At this time, the switch - 43 56
is ol f? TH@P@&HM@XP@”@Qﬁ?éhiem§m§W5ﬂl|ed fronl(hc current teal line 41)>

through the t et wynal.; By ST GRAORSARE CLINIES: GlIREIR R R0 on the

capaci t ance elenen € SW are urned otl. At thin
ume. because prcdctcrmrtd charge is held on the capacitance el enment 53, the
transistor ~2 has a capability to slowa 5 current in a nmagnitude of a

si gnal curlEewodimdnt 3], . Then, the switches 54, 55 are kept in off state and

th itch 56 d t f t th
orm nal G ALt ORERUIE BERRILETIRG: o BT ODs BUREBS) ohe sgecfolner
transigt ol 32 & WAL Atk ond ARFARL CEAIRGH. 97 Rkl gl age.

drain current comrensur at e mnt gnal curtent 'I',,,,,r,

t hr ough th@ndﬂﬁtﬂmﬂaghmﬂmﬁﬁghhﬁﬂhﬁaﬁﬂlahﬂﬂkﬁchhhphdﬁﬂ&ﬁhmphﬁ¢MamhenCase of
the circuit of Figs. 21A and 21B, it is inpossible to sinultaneously carry
out an opéparalien amplifier.d Thiseersbedimpmex plting e opsratingcisapatictiavensioal isment 53

and an oper to fl eterm ned current. Consequently, controlled
are the t|H$%%P§¥“W855%ﬁb?%E ggternined charge onto the capacitance el enent
53 and the 15 twsngxmmé&macff@ernraﬁqﬁbﬁﬂé? ARKtCHE TRRhtioRYs hpicdSeyof the
switches 54 - 56. Next explained is the operation of the reference

const aht - msmlgdhg Koig. e104@>]:res;borias gsa c&t Prrangtiifvith ardftrened @oktanccorantui t  of
Figs. 21D - the. switches 68; 70 are turned on according to a S|gnal

i nputt ed ﬁﬁ%ﬁ&ﬁ&h@@d@wbﬁ Aalive cirepHemilpbh o Kige dr r SR dilfersniihl amplifies om t he
current f%frgm LNgieé8 tJ.J‘I%&lﬂg &f g&&%)&[@lbe&'eeb ﬁh&g oPJn?QFR/e Thagd 20

charge on The cCapacitanc aus of"' connecti on

bet ween th@ng@bQHQMG¢hrQd@uphzhhﬁqﬁmgﬁ@hﬁﬂq&m65 and the gate el ectrode of
the transistor 66, the gate-to-source voltages of the transistors 65 and 66

are held by theh@dbecﬁ“ffaﬁ@éalela@ﬂbﬁﬁr GircuiNexkt Figt HE, St @ﬂésal@@ channel e
e g 7, 7 SRR S b BB T A on e
capacitance elements. Meanwhile, swnches 265, 266, 278-284, 288, 502 and 503 are
elements having switching functions, which preferably use semiconductor elements,
such as transistors. The semiconductor elements are not especially limited in polarity.
268 is a reference constant-current source having a capability to flow a
25 constant current. The reference constant-current source 268 is configured by a
semiconductor element, such as a transistor. In the present specification, the reference
constant-current source 268 configured by a transistor will be explained in its one
example in Embodiment 6. This can be made reference to conveniently.
267, 271 and 291 are power lines. The power line 271 is applied with a power

30 source potential Vyq; while the power line 291 is with a ground potential V.. The power
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capability to flow a current in a magnitude of signal current I,,~".

Nanel y, because the gate-to-source voltage of the transistor 66 is held at
a predeterm ned gate-to-source voltage by the capacitance el enent 67, a
drain current conmensurate with the signal current 1,,;";, flows through
the drain region of the transistor 66. 3() Incidentally, in the case of the
circuit of Figs. 21 D- 21 F, it is possible to -44 wrul t aneously carry
out an operation to hoId predctci mi ned charge on the eapucUancc el enent 67
and an operation to flow a p~cclet~rmini;cl current. Meanwhile, in the case
oC the ci rlbif 2070t applgs! wiph u powerppupee Pt’hé‘“éll\ze .ol he e ep @R Pecard 66, 66 i s
of | rrporta pi)?led l(ﬂlhc %\/\%?ﬁﬁc Ehp u«.[ ﬁ)()\%tuox()un [%rl]gr}_ll;[l é}wr@‘f)‘lsu?m anpc)w?'lrc 51in

t he same si is a curren nal inthe

sane val uepas2¢heuns e nRntah©obe | SHPP i edUL remxtba awrgent Jbeed poide.d05. On
t he other hand, where the transistor 65 and the transistor 66 are different
in size, |Vevdmhbm1Kh@eumawsmgt@ﬁ/GSI@wdudMebthan@usvdmuGﬁﬂaWeudcﬁﬁ@rent in
t he val ue of VV(8$ w d /&. H g hﬂ di fference between
the vallue GISYNE ‘Ft‘é’hf("gh“p ‘ad ‘P‘P‘Eﬂﬂot‘}ﬁ’ m u%?%%f‘“f‘ééa"fr“%%ﬁ%“‘ YAE Che 10
val ue of 3pGuEkGilie | baukNe [BfAUOD RSl ShkRlafee 2he dikien %@ﬁﬁatﬁﬂ i es
upon the VV es of the respective transistors. Incidentally, in the

el ectric Cllegﬁmldf aofanfisgr te2bAfiguizlhe clarenusauedy, these iklaowkd@ det mm tdbee that
termnal -C toward a ground potential VSS. Fig. 22 shows a circuit
conflgurat¢é#ﬁpﬁﬁafﬁé@@“@ﬁ&%OWﬁ@CP?ﬁﬁ§?@ﬁ6@§r9§0n65 66 have a p-channe

type of polarity urr 5.tlo t er m nal t owar d
a ground potentllé.l}q’/ﬁ @eﬂvﬁgf f@?ﬁ??U% 5% WQWgF ?5gﬁP?%ﬁ1eﬁﬁqﬁ% S not

Lim teg t osehdifg db b Grlpu® Rer@iinal.r mlhg\ﬁ Kb&rnﬁhmm, & lﬁlsnmado bhe 1 Ghesnds pet ent i al
Vss as shown in Figs. 21A-21F and -22E. In case the electric circuits of

Fi gs. 21A-@pkcitrase alegreauado. pMeanwth thiSSvach L&k hpowesr Lesmurdteerpatgemtanal vdd
and further the transistors 52, 66,. 72 of the p-ch h 20 ty a
current fl@RAt fieﬁn@abl f\edwlﬁw%@fnﬂfﬂr Xm {SHaPRRAEP- %d?ré@ngoqfé F.cau)dcvwet o the

t I h
ar ound por ST R e bRIRCTE g B sloBvae o ool GFERARET 1

transi st orgabde pa@nn@l&name d@din réBom oL ihanngbisoy PRS paovedss autft @okentifl a
direction of fromthe power-source potential Vd~ to the termnal-C 25 Next

expl aided Vst he reference constant-current source 402, 403 of Fig. 20B, by
usi ng Figs. 23A nd 23B. t he c e of.the circyit  of g 2 21B, it

was nentioned in qﬂ§9&ﬁ%&é¥%ﬁf%@l ”%FﬁﬁWﬂﬁﬁg%ﬁ§P5b@F5PF82§"8#@1FHBG%SlbIe

bet wveen holflidGepioR ¢8hRIEINE A &Jﬂarrggo@efthfaeera%@%m@nﬁsugl BERRcARE2f | owi ng
a predeterm ned current. Accordingly, a plurality of reference

const ant - cTiter ratsisSou? Febasaz drain efgomlbodnyne8@ddo rthcngewerahnes Adlvand a deiugce 20B
wher eby one reference constant current source i operated to hold

pr edet er mi FEWPNARRPECDIN H i regé‘é‘p%%‘l‘}srﬁ'é‘BSlé‘Pé?r%h(th”gthISéV‘?(CHeSOéUhW
referepce ga,\g% ?{}Baet gf '[h%”#m&%‘ﬂ&%i En(fﬂl% AL %Fectr{x&"e be Y ﬁ‘ar& greﬁ’r‘s i% ”edof

cup ~ ent. erence constant-current sourecs -~

Fig. 2013 wnaéaecatUguhesthraemany ciemcttmfes friag be aﬂravf%earm BlucBof BeluAnfibigrs 23A,
the circuit, hammg the switches 84 - n- chann transi stor ~2 and

capaci t anc¥ 2eindidat T8 is bq:cansﬂ &h tfhgdstfegented ropEberasui ob inlge. B, 27Re273

transi stor durin tt|n era i on rre nds to, the reference

const ant - cHif Pt uBEALO SRS IS b SPersfid S FERTMeGs o Pobife e S HEEE0L 1 5 (e
circuit of,divgi0a@dth Ply, 23 Bray!b@ cbhGeurdBBy umer&isra%é Elenieawd@gnt:tgezﬁwtches
94 - 97, transistors 5? 98" and 10 capaci tance el enent 93 for holding a

gat e-t2% sour ce Vble tagsxsu‘fr 27héhas n dnsn sdgion Gshndeted fgths @owviengnop el airough,
corresponds to the reference constant-current source 402 or 4Q3. The

el ectric ciheswniteh o2 ppcylransion &2, #d SHquEeH regIon cppRecioshie,onp i Athey
operation of wa%cee%l%ﬁl%ﬁd fm‘ih{oﬁgﬁ Ehe% :ﬁh%z Zﬁnie%r& Lﬁo%%v %é%g;hk AechPad he

a
operation oF ectric circ nce onluedl
expl ai ned connected to the other terminal of the capacitance element 276. The capacitance

element 276 plays a role to hold a gate-to-source voltage of the transistor 274 when

30  carrying out a setting operation.
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15 in this enbodi ment. This enbodi nent can be desirably conbined with
Enbodinent 1 - 5. [Enbodi nent 7] The el ectroni c apparatus using the
electric circuit of the invention includes a 20 video canera, a digital
canera, a goggle-type display (head-nount display), a navigation system an
audi o reproduci ng apparatus (car audio unit, audio conmponents, etc.), a

not ebook personal conputer, a gane apparatus, a personal digital assistant
(rmobi | e conmputer, cellular phone, portable game machine or electronic
book), and an inmage reproduci ng apparatus having a recordi ng nmedi um
(specifically, dparatiger£esd s ﬂ@mwau‘wiqﬁ)gn%\c@tg@dhwmycrrﬂwmtbw@has a

Digital Versatil.e. sk (DVD) and having a display to display an i e
thereof):qéiagﬁjﬁxgkmﬁéﬂgmfﬁﬁfZ%ﬁgg‘Efgﬁﬁf@%?@fm¥ﬁg%8%%Pé%F%gHVéogﬁgaratus.
Fig. 4A i supudihRtci@ntdibinehrapRanatwsci ned udicnGnds@eos A8 381 c@rodppor t

base 3002, a display part 3003, a speaker part 3004 and a video-i nput

term nal 300&cteTh® 80 pihes ammiiah\enhi gapasanndeclysedt PA7.anltel eqtacitancei r cui t
configuring the _display rt )03. -46 Also, the |t<, ?hl-enitting

opar atus s g7 SRR o Bl ke Byt St AR bbRE T HEE Ab & e

| i ght - cnt t4 00, aRRe% &lilSe bseQfio @ @pont aneoua ~mst ~n- type, a backlight is
not rc:clﬁiﬁggg Thus} t%eaa%gb ay pan can he nmade smaller In L111Cli<| | CSS
thal 7 the |iqui dheryskidlor @igsHaaw. draficiegdimt @nhycted e tHel @hitceerigioni ¢fothe
apparatus includes a display unt for 5 displayin% all the pieces of

i nf or mat i ¢rnsisior gét guthin thesapise eegion P/thsriemdistest27p e ddgtiranpistodi28phay rng
advertisenent and so on. Fig. 4B is.a digital still camer i ngl udi ng a

mai 1 body “3464 "eGOnCepResiFL G eresterBinaL At Me ipariange glemPm 387 Shhyaeady

oper atyOn cfeRiodd 8 thedaRXh! I8 1SCRAMABGED &N 1R06the SLARIAN It oheSBipat Bincd106.

The invention can be used In an electric circurt configuring the 10 display
part 3102 eleAlei028T. HEhedtapadtitancs tlemkentc2Teriaysafrokeitg hokiB: gse-tw@sheccwiket ed by
the invention. Fig. 4C is a notebook personal conputer, including a main
body 320! Of ther{insisiyg 28602, a display part 3203, a keyboard 3204, an

ext er nal - connectyi rt .3 ~ L0t . Layention
can be used in tgﬁeoqeafcg@ﬁeidc(%g! eéfjP?lac%gtﬁ)ﬁhgg%&ﬁg&%ﬁ%ﬁﬁ&lﬁg&@g;;%gg?%203. ..
Al so, thebki@btusensftthi Nefetdict C@n&hntRugrend Sodrée 0O bEHEVERI EpRAeBINInEE
invention. Fig. 4D is a nobile conputer, including a main body 3301, a

di spl &y paharggzamot e hald, ehoB308ie, amto dhethatd capakieapc BBmeatsd2 Hn 27 hfandr ed r ay
port 3305. . The ipvention can be used in an electric cprcuit configuring the
di spl ay p&ﬁg- Baigois r9qs0p, t SRETHRORI WASHCQiRh BB NP OEP t.heﬁﬁ“F'éesrééFr%P%t ed by
the invenbipns ufthé oft EH E! RRLEHe"BIRN RBIOHIGL N Yn 2RRALAHSARAY NY 2
recordi ng neg?bﬁ1(s%%cfkfggrﬁ§f DVD rgproghégﬁd appara?h@), including a

mai n body nd4ed offa Then pirsuigte3khid chagi sphay opanhe dap3dddce aledicapl2ay, 8t.t - B
34(14, a recordin -nediunu%DVD or the Iike% readi ng part 3405, an operation
key 3406 2filarlypBsKyitchates sy durnedriofl gng thegwitsh ;?gnﬁt isptumpg3ons e spl ay,
mai nl [ i J,QF ' t IS : 404- 1 s to display,
nainlé? C arag¥@pgpgﬁékggi%%%bS?ﬁggfﬂ@§%¥?gﬁﬁgghmgg%uggh in an electric
circuit confi gurhdigenidg, dhe Btpidnadiontof the apetafor3408ng BR4éng prRabERAinal| y, the
i mage reproduci ng apparatus having a recording medi umincludes a home-use
ganme apparchargs. onAlto,caphmatabiuD etepamtsd 20N G 7A pat Bilsbyfuskigy thedEefesence be
conpleted by the invention, 3(I_Fig. 4F is oggl e-type displ a

( head- muﬁ?X%?'gﬁP§9§t, SOUFRE| 4 ‘gélﬂllﬁaﬁoﬁﬁﬂoqﬁmg"fﬁ%egk%’) SP"Id, hcélc‘glogﬁ‘it%wy par (
3>()2 and, aﬁé@q“ﬁﬁgémﬁﬁﬁﬁﬁQ* | h~ nventtc>n um he u~eci in an electric
circuit conl tgut tng the display part 3>()?. :llao, tlo; goggle-type

di spl ay of Ftg. Adfericontpieting theniplléihg dbfbyretdierniinad oharge.onFthg. capecitaca vi deo
canmera, including a main body 36Ul, a display part 3602, a housing 36U3, an
ext er nal - ESAIFAE 2 Gnath Hrrut PoLAtiaky Vine i irpugieh tp one reeaingl olgthsasapagmse - an

i mage recejvin rt Ug. a batter 6 . {.hput_ .p 3 L. an
operat oncleralE, ' ARG agsh e SBlBRY 4nE phoif SE el R abBbach the on

el ectric ghgdethdceCQRhEAUITNUN MBudpSBABN VAT Is i3FEed & 6 tdrhndligtage camer a
of Fig. 4Gis to be conpleted by the invention. 10 Fig. 4His a cellular
phone, i nchpditagrealeveém 260ty cB7OAYL aa dutus bperadd0 2Theaoperation in this case is

30  similar to that of Embodiment 1 and hence omittedly explained in this embodiment.
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di splay part 3703, a sound input part 3704, a sound output part 3705, an
operation key 3706, an external -connection port 3707 and an antenna 3708.
The invention can be used in an electric circuit configuring the display
part 37U3. Incidentally, the display part - i',. 3703 can suppress the

cel lul ar phone from consum ng current by displaying white 15 characters on
a bl ack background. Also, the cellular phone of Fig. 4His to be conpleted
by the invention. Incidentally, if light-emtting material wll increase

i ght-em ssion brightness in the future, the Iight containing output inmage
i nformati on can Wk%ﬁﬁﬁ@dmdbw1hﬂ@hﬁﬁ?rﬁb“dﬁdwﬁwﬁrgetiﬂgﬂbyﬂahhlnsdemuﬂhe

| i ke, on a fro tl q 1%Cﬁll g&%oprﬂol 1 (Poul h\ ul 'lvE g i goncerni n%l he ahove
electronlé“éﬁﬁaréfdses]EFW e aré”ﬁn%reasrnd'éggééuibld”gﬁfévwfﬁ ¢

i nformatiqne dhdlddiRYned it Prougham2hest hemic 3gommuni cation Iine, such as
the Internet or CATV (cabl e tel evision). Partlcularly, there are increased
occasions to d|dﬁgauhnbdungncmagmﬂwdhdnnmhmdmhnﬁgeauSmubpghnemnnﬁmdmg
material has a very hlgh response speed, the light-emtting device is

pr ef er Ped PHEN i WHICAA ndnr%&mgdéetm&aaeguowedﬁm YelSIng ‘thldBeléfiof e80f or the

gt em LLng. 0405 9ud a0iaR! &Y, ILLORTRLIGN SHP oL DAk R, Ll Sk B L4 1O

area is reduced to a ess extent bécause t I'ng area
CONsSunes REWeft de@eﬁ@hgupgﬁ X bids Wolthe: Casspliod tdlﬁlbiggte&hérb@ht enmtting device
in a display part, mainly for character information, of a personal digital
assi stant 30 sudﬁ*ﬁxasiewtbpd wlharqpyraaoceﬂrm a¥ sholvania Rig. %m@Wlé{bﬁed%l ng
appar at us, desir car. rivin t character
PP or mat r 191 2t e o whe gisotbe ity i (b R CHBHS v APEIEPOd ¢
provi dgd %%n%mbﬁswtewafh tf FafliGac ol ~Fils ABUeg LNRUBLESERAIN YEHCON,
havi ng an extrenely broad scope of applicatron, c an used on an

el ectroni QraaplpfblfaV‘uSNmteals&IhywhmF@ 3Atsoswitdhes mSeQm Q88 arcGuappanathile of the
enbodi ment may use_any configuration of the electric circuits and -

seni condudh®pthgeswiekesshanthase apnyserdnefiit sThereupen, 3 Wrw&omdowatds@ea

particul art&afg%?? I%?g thr $ Ce)lmwmé a se&mrgro%g}allga?% fe trgnmstgr s, Sl &6 fg‘ta in the

ref erence urce, gat e- {0-Sour Ce Vo tage na Set of
that tr an&h@&&ﬁn%bﬁerﬁm | QYRR L&y, 5emdwadnl 5 P35 S tdh¥s Bod obo?,gzshe
gate-t o-source vol t age of the fransi stor due to a capacitance el ement
connedted 284 arhatrngd emwhgt thre, otByr swtiichészarpdurnérkoffollfhager thndl operatien is
capacitance elenent, it is possible to suppress against the affection of
transi st o34t eri stic variation. The nethod of utilizing a voltage held
on a capacitanc i The
vol t age hel d onqdaE§g§P$€§§@”H§ gﬁgﬁ?nfgeﬁg%%hggiﬁhﬂwﬂné?%hgﬁﬁgghg¥%nal
vol t age (em@ngwmdemg$mgnabnmﬁﬂka@amsmsZVmputted to one termnal of the
capacitance elenent. |If doin he ate el ectrode of the transistor is
‘{q%@g%a b

inputted by a vdYieangenilente ea@@ 1ﬁ6|“d”’6rgdf0n‘ef tbeﬂa&slwah%%é BrREMeNt s

added o the s naI a, .63 t he te elec

or e 20 et BEAPE sole bk BT Bhne DSy BF bR B L IR ordud®).
capacit anq%u%h@rmmmaddeﬂzwaﬁme $1'a9€1§t|0r Y9, idgfRiny MATE| Bave inBard Pehei sAM@Nt i on,
20 even where characteristic variation occurs be?meen transi stors, the

t ransi st orameusi ghddwinglcuaget inshe diffoeniinlpuplder cscuinpieaoedngly, m thabase t hat a
vol tage hel d on, each capacitance el enent each tranS|stogbdﬁ1con ected i's

added to tHEEYEREAUFOIA HigeOPRLOGr Heniine Qerasicact predcrablyclang Yodrr B
provi ded d3fkitioR aSHRRIERE RHNAAR A \Rbal'dperaAbh RSB ABpOibME 1HABBEHRE ti! | ©

vari ation between an5|s or
25  higher accuracy. Accordmgly, by adjusting the voltage to be applied to the gate of the

transistor 286, it is preferred to flow a current in a half amount of that of a usual
operation (output operation) during a setting operation.

Consequently, Fig. 35 shows a diagram in a case that a tiansistor 506 is
arranged parallel with the transistor 286 as another method for obtaining the similar

30 effect. The transistor 506 is desirably in a size made the same as the transistor 286.

~
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_4c~ _ Wiat iv ciaincd 1~ 1. ~~n electric circuit tot outputting an
out put potential at an output term nal on the basis ol' an input potential
inputted al alll Input tel-Illlllal, the electric circuit conprising: 5 a
capaci tance el enment for converting a current supplied froma constant
current source into a voltage; a transistor for supplying a current
dependent upon a converted voltage; a first swtch connected between the
input termnal and a gate el ectrode of the transistor; and 10 a second
switch connected between a source el ectrode of the transistor and the

out put t erli'mgg 4 uméﬁéwﬂtﬂhéhww& thene~eoenghts 'iW“%fbhhédf’Bélg'\b“e*lﬂWeién a
gate and alh%t ('Sjlrl%g tra mElh Zg(r aﬂ)u 1%%9&@111110 o’puail§n 7 uLlIan?l ec(;[trd%lowc(lj IECH w
accordi ng T t'h 'tage i's a Feot '8 si gha
suppl i ed fmgﬂ%ﬁtmh@mﬁeMQchms converter elenent 3. An electrlc circuit
according to claim1, wherein an anount of a current flow ng at between the
source and the dﬁalﬁ3ﬁm“bWeHMﬂaﬁsu§U®ﬁ14@h@H@r@&WEUQSOHnaawmunmhmhxﬁo a
current_ to be su glled Ion1the constant current s An el ectric

Circui © actERARECTA LAt ARCTatiopnEdet $ R on Yt %EFW@B?§(7§“GUHFW&ured
wi th one Ss‘?nlnﬂﬁrt tgg%{tioff}éa3§oﬂﬂﬁ‘?§ { Qi x{é}’%ﬁfera‘?lof]cﬂé Lwitdh QJQE (}fﬂhe lifier,

an oper atl ona and a I'er circuit. ectri

circuit fokdedhpuietimginanf ouirgittio pdtdﬁntn)lahngax usual opkrptidn, ttleer svined s@nist he
basis of an input potential inputted at an input termnal, the electric
circuit cdﬁﬂﬁﬂ§mnéplﬁﬁmgﬁﬂanﬂuﬁéﬁﬁﬁﬂoéﬁﬂw@lméﬁﬁ@eéPEﬁEH@%6ﬂbgﬂé@ﬁﬁ@mt|ng a

e SRR 0 B TR AR SRR L 0 ! 207

Che. I maat 1ol 11T m f"ﬁgﬂF&S‘aéi‘t“*e‘“‘é?‘????235%??*’5‘5*"‘6 e o

aecond swidiffhreatalremepl fibr betwicenFig. Hbhasca oppedteravdduadivity gpef, by ssingFgsi st or

and the othut t erm nal
In the differential amplifier of Fig. 11, reference numerals 272, 273 are
n-channel transistors while reference numerals 274, 275 and 286 are p-channel

15  transistors. The switch 281 has one terminal as an input terminal to input an input
potential Vg to _one terminal of the capacitance element 276. Also, the switch 284 has
one terminal as an input terminal to input an input potential V ;; to one terminal of the
capacitance element 277. The potential on the source region of the transistor 275
provides an output potential Voy.

20 Incidentally, the differential amplifier circuit of Fig. 11 is similar in
configuration and operation to the differential amplifier circuit of Fig. 10 excepting that
a power source potential Vg, is applied to the power line 291, a power source potential
Va2 Is applied to the power line 267 and a ground potential Vs is applied to the power
line 271, and hence omittedly explained.

25 Incidentally, the differential amplifier circuit of Fig. 10 or 11 is different in
position arranging the reference constant-current source 268. The invention is not
limited in position arranging the reference constant-current source 268 but requires to
satisfy the following condition.

[t was mentioned in the foregoing that holding predetermined charge on the

30  capacitance elements 2706, 277, 287 by using the reference constant-current source 268

229 .



whereby the first capacitance elenent is connected between a gate and a
source of the first transistor and second capacitance el enent is connected
between a gate and a source of the second transistor. 10 6. An electric
circuit according to claim5, wherein the input voltage is a potential of a
signal supplied froma photoelectric converter elenent. 7. An electric
circuit according to claim5, wherein an anount of a current 1~ flow ng at
bet ween the source and the drain of the first and second transistors is the
sanme as an anount of a current to be supplled fromthe constant current
sour ce. 81<Ah<helcéaft1@h<éléwwmwa@édﬁau ﬁg N el aivhies, thv\/nerleltwutchéwﬁu;mst and
ric circuit

second tr | same ¢ 9

according%§§ PENHFgﬂmﬂk%?E|%“ mKB 80T 981h¥ VUﬁ%““ h%dw* dur d°W £h one
sel ected feohé & kCealfl Rk QBE c@[la"cmr’d& clén@it bFenentdidlaamki Kiffiaran
operational anplifier and an anplifier circuit. 25 10. An electric CIrCUIt

for out puttlienghakaputiputc gotenti7dlhoats prdoutrputd ¢hergy dale on el asbs of an

i nput potentlal i nputted at anqaﬁggt termnal, the electric circuit
conpr|§|néOW?Fgfmﬁﬁﬂ”§éé&m§%‘ %Fd?éd&ﬂF§Mﬁ¥§%ﬁﬁmeen first and second

power lines and 1\&%‘&??%&‘3 ik REY 'tc?§rra@guse déi‘@%ﬁé %QEHF%@@]PRP]:I%F 268 .

converting into a ‘tage a current,

poCcnt | al aho tike switdis @bec266 e oftfer thrahs ﬁﬁ@lﬁﬁbicft@rﬁﬁlcﬂérﬁéms Q% owvgmtto bet ween
the first and second power lines; a first swtch connected het ween t he

i nput t er simlangews] i hglst rredqtersninestiehasge. t Also, fhierasis 4 neasssityt loradditinmally a
second swi tch connected between a source el ectrode of the first transistor
and the odffB0EC TEYGHCHAT "W eteby a current flows at between a source and a

draingf the. f'(fo%hd%ﬁ@é‘ﬂ}&t Ofbove,N (BE SR nAEPEOGSSH YPom.2 Shadge hel d
bet ween both el ectrodes of the capacitance el ement. 10 11. An electric

circuit acomstghtrogricot ©aicr@6BoindwhenckesrRaSh2o6 ispot limitdet! &g ehel (wint qhotvenhl al of

a signal supplied froma photoelectrlc converter elenment. i .
electric dig ckﬁh Qr bi'ccB‘?fd‘?’ﬁ‘i‘g‘Rl% i [Fig. rhlathe SRREP0A Maebs qu%qgeaﬁ&t\s@@dh@ 15

transi ?t or Wer m((%)fQJil r[Ee %8{1}?9?%;? E)YHl trzilh%lstéa‘riﬁl @Hltl &wtc%uﬁ(%() ggcor di ng

to claim P8 &ré&i'n A e elec el et
between the power line 271 and the source region of the transistor 273. Also, the sthch

15 265 may be arranged between the drain region of the transistor 272 and the switch 279
while the svv-itch 266 be between the drain region of the transistor 273 and the switch
280.
Next, Fig. 37 shows a case that the transistor configuring the differential
amplifier circuit of Fig. 31 has an opposite conductivity type. This is also similar in
20  configuration and operation to the differential amplifier circuit of Fig. 31, and hence
omittedly explained herein.
Incidentally, the current value in the current-source part, in Fig. 37, can be
similarly controlled by providing an arrangement as in Fig. 35 or 36.
Although this embodiment showed the electric circuit of Fig. 10 or 11 as a
25  differential amplifier circuit, the invention is not limited to this. It is possible to use it as
another operating circuit, such as a sense amplifier, by properly changing the voltage to
be inputted as an input potential Viy; and input potential V.
Next, an operational amplifier the invention is applied is explained, by using
Figs. 12A, 12 B, 13A and 13B. Fig. 12A shows circuit symbols concerning an

30  operational amplifier while Fig. 12B shows a circuit configuration of the operational
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configured wwth one selected froma source-follower circuit, a differential
anplifier, an operational anplifier and an anplifier circuit. 2U 14. A

di spl ay device conprising: a driving circuit for outputting an output
potential at an output term nal on the basis of an input potential inputted
at an input termnal; a capacitance elenent for converting a current
supplied froma constant current 25 source into a voltage; a transistor for
supplying a current dependent upon a converted voltage; a first switch
connected between the input termnal and a gate el ectrode of the
transi st ordMEH#!'a second switch connected between a source; el ectrode of
the: transistor l?rllsdn'glh(?ll%( llh‘%'ltn%ut'mt()%E m)“}"al'{l(’)l LH-—S? |1 V\(hgnpv fhe capacUancc
clement iv conndtted botieeh 2" Gat e And a Lot Eamif ot HEY'y aHLREFRIONS | = A
di spl ay devieq@aeaor i pg.t o/ chad miBddcwhsiein ERe ARl ¥RIntagEmpISi@ S
potential of a sighal supplied froma photoelectric converter elenent. 1 C
A di spl ay devitde cambordiwigh b soutcailpldwcr everteintiensiapbuntasef lercar thent
flowi ng at between the source aqd t he draiq.of th?rtr istor is the same
as an anodiperagonal-aypliien CIreyt ganigyrtion dyngt! wpiedie &ﬁhiggﬁﬂdéaprent sour ce.
10 17. A displ aydeyhaeiAararsing: Loaaldimilds WRLEERING, dF [l Rgsfipr cui t
according is configured wth one sel ecte roma source-foll ower Qi cuit, a
di f f er ent ikRtwediipdn fuiper potdMixdPer adndanpbt powgHial Vek aad dnasut@rpotdntigl VGj.r cui t .
_1;. 15 18. A display device according to claim 14 wherein the display
devi ce i s Magoppeifistlby thappsraional aseplifivnihes appetion tsmyBipbeaegmpliieatione gr oup
consi sting, of a, videp.canera, a digital canera, a goggle-t . display, a
mavi gat | oeBse i HafirG R e friiter R lBREl Lo b PR Rafad B Veb o
conmput@r, i SARR oipRapSbisal V8, Personal digital assistant and an inmage
reproduci ng apparatus. 20 19. A display device conprising: a driving
circuit for out dutthd oygprationebdpplifigpehewnt imFigal 2B ovitqhul8 1t leasna adrnomalt he

basis of an input potential inputted at an _input termnal; first and second
capaci t ancdé a8| lBRgnEENinak locigRYledtt InpYt BOERHH Sher QUS| tEERINEl fnd §2PASItHKASt ant

current oy Ge, iAK0 R ol k388 LI g8t ANty SRCand T ASHSE A TulPhn SYRR! ¥ N0 a

current deepeerﬂ upona converted voltage and connecte series; a first
swi tch comjesiiadvieto\@RNetoNiflall stkdaph@iaftd sl 77, IBteEp Rl bRAGoR et he

first transistor; and
15  region of a transistor 292 provides an output potential V.
in the circuit of Fig. 12B, the region surrounded by the dotted line shown at 305
has the same configuration as the differential amplifier circuit of Fig. 10. Furthermore,
the region surrounded by the dotted line shown at 306 is the same as the source-follower
circuit of Figs. 1, 2A and 2B. Hence, the detailed configuration of the operational
20  amplifier of Fig. 12B is omittedly explained.
In Fig. 12B, the current source 268 is commonly used by the differential
amplifier circuit 305 and the source-follower circuit 300.
Accordingly, Figs. 38A and 38B show an operational amplifier in a case that
the region surrounded by the dotted line shown at 305 uses the same configuration as the
25  differential amplifier circuit of Fig. 31 while the region surrounded by the dotted line
shown at 300 uses the same configuration as the source-follower circuit of Fig. 27.
Meanwhile, Figs. 13A and 13B show an operational amplifier in a case the
transistor 299 is a p-channel transistor. Namely, this corresponds to a case using a
push-pull circuit. Fig. 13B is the samc in configuration as the operation amplifier of Fig.

30 12B excepting that a capacitance element 300, at one terminal, is connected to the drain
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30 a second switch connected between a source el ectrode of the first

transi stor and the output term nal. whereby the final capacitance el enent
us connected between a gale and a source of the firSl transi.~to~ and
~~cond capaci tance el ement ua connected between a gate and a source of the
second transistor. 20. A display device according to claim19, wherein the
i nput voltage is a potential of a signal supplied froma photoelectric
converter elenment. 21. A display device according to claim19, wherein an
amount of a current 10 flowing at between the squrce and the drain of the
first and $EeHAH i asistior® MEothd hsamdcs Hh- afbuitener s aiitidhicrio be
supplied f , t ant, rrent source. 22. A display device according
to clain1f@ﬁnaﬁg?éﬁﬁngﬁém??ggfgﬁﬁ%wég#bnd transistors are of a same
conduct or type. [l&. 28A MAddBsplsaywdevigeianaondpngert@ €kaicmhdOheWbgbgi n t he
driving circuit is configured with one selected froma source-follower
circuit, audpdrideddntthatosdlineshewn sad0pperigt | dhatesahpbanid eanlignohtign as

amplifier cirecuit.. 20 24. A.di y device. ac di g.claim wher ei n
the. ai Spi 45 ST En i eehEPLEY Aro SRy B Pl dpp Pt oaiEet e
fromthe QWP p &P ASh&dd 439 ;ﬂ:fqh%u){'cﬁ&?ﬁt ERIRNRe a BidicOirERlsoGRIBE& nd exist.

goggl e-type display, a navigation system an audi o reproduci ng apparatus, a
not ebook @@nsapahtlgapuiaent of ganreeapparat ofSithcaliffercatradmifiirt@tcuasisi st ant
and an i mage reproduci ng apparatus. 25 25. A display device conprising: a
driving ciupbiged as gr CIRIPUIOL i Us§ 1BN? Seitipatonsetiont Platheasousee-fOliopigt diteriti nal on
t he basi s of ,an.i nput tential . tt t_an input term.nal, .first and
second t r Sy} o DREEAN, B sl PR skt pERERitdiedling 30

connegped in sernh@dentallyd 1S BAGLAIBRAE c4nl RRRLralf P omBMEE MifNBmb&dithet YOI t age
a current. caused by inputting a hiaa potenUal to a gale electrode: of Ihc

second trangi stor, Mowing at betv~cen the Brat ant second power lines; a
lirst switch connected between the input terminal and a gate el ectrode of
the 5 first transistor; and a second switch connected between a source
electrode[g%bggﬁm%ia t transistor and the output term nal, whereby a
current flrows at between a source and a drain of the first transistor, in

an anmount depend@nienbpdimantGiRplgs thetshfipeianes and opdiatdrestd eegsomiuctione
capaci tance 10 el enent. 26. A display device according to claim25, wherein
t he i Aput dovice hgeng § photpslestici cdgmaertt tawaighrihe inyaptiin s @pphicshrby upinethes. ect ri c
converter .ele is 27. A display device according to claim 25,

wher ei n tH§A7P§2%m%E%i§écond

The semiconductor device shown in Fig. 14A has a pixel region 702 having a
plurality of pixels arranged in a matrix form on a substrate 701. Around the pixel region
702, there are provided a signal-line drive circuit 703 and first to fourth scanning-line
20  drive circuits 704 - 707. Although the semiconductor device of Fig. 14A has the
signal-line drive circuit 703 and the first to fourth scanning-line drive circuits 704 - 707,
the invention is not limited to this, i.e. the signal-line drive circuit and scanning-line
drive circuits are arbitrarily arranged in the number depending upon a pixel
configuration. Also, signals are externally supplied to the signal-line drive circuit 703
25  and first to fourth scanning-line drive circuits 704 - 707 through an FPC 708. However,
the invention is not limited to this but the electric circuits other than the pixel region

may be use an IC to externally supply signals.
First explained is a configuration of the first scanning-line drive circuit 704 and
second scanning-line drive circuit 705, by using Fig. 14B. The third scanning-line drive

30  circuit 706 and the fourth scanning-line drive circuit 707 conform to the diagram of Fig.
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transistors are of a same conductor type. 28. A display device according to
claim25, wherein the driving circuit is configured with one selected from
a source-follower circuit, a differential anplifier, an 20 operati onal
anplifier and an anplifier circuit. 29. A display device according to claim
25 wherein the display device is incorporated into an el ectronic apparatus
sel ected fromthe group consisting of a video canera, a digital canera, a
goggl e-type display, a navigation system an audio 25 reproducing
apparatus, a notebook personal conputer, a ganme apparatus, a personal
di gi t al aslé‘lBstla‘MWaﬁdmaHC‘ﬂlr*rab‘é“*Fepr oduci ng appar at us 5> A Aa. AL;

. Afa. AN. A; . A Au..AN. NAN

A AL A A A A R ﬂ“ha% T ek i A gn SRyt U—Aé“id%”ﬂa’ W 1%a. Asu. A

- Aa. A AN AN, G3NQoniscdnning-line drive cireuit 705 has a skt register 711 and a buffer 712,
d5| wr mthb] WJ] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] Ca] Biadtbadplah cla] @]&‘]1 aaine fie]shd] cEat@AOTVW 1 sequentially outputs sampling
#YR&EM ' ((g( ()} xsnid ZU] ca] ca] ca ajJ cal ca a] cal] ca] ca] ca] caU] ca] ca] ca
] c~a] cd] cd]'¢HT ¢eIrdiaEial @hqctsaig@a] Q?a]f 5]4%5} ey ])c‘a¢ Y]Q)?]f PRI UGRLD | - | -- 0

Al 1

o>>?@ Xsni c’\%;ca?ca]her]dq@a] %‘S] pu‘ e d ! ll]]led ]’&aﬂ“cé]”“e ca ca] y ‘%ﬁ““&fca] cal ca]
\3@1/\;&] ca] %@hﬁﬁﬂx@ﬂﬁ&%@@ﬂ\é&]lﬁ@k@l@h@@]#ﬁ& g @ RRDF- HI | K>IVNPSV\U Ut Uy UWUUI VW
XAXYYYzupkfal\ W ]Igaipgra]akl;}a]qgapg@r]angx} or)yda] ma]ecsal]:b dhat @) lewd! chiftea]ic dmdngriic M a] ca)

oo e aheehAk saheakRe] PALhealinbial 4 SreRttel BhUbPiiac Tia5ag 0P

a] ca] g cq],@ #} Cﬂlzcahquadmlggamabfcal reallcallﬁ@r] cadlic s ahGaleal spleal cal ¢

a] ca] ca] caj ca] ca! neef of

h\ hhj oj W tak§glimdgpBssssPt j t vttt FuTuuNvav| w mhc”Y] ] c] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cw] ca] ca] ca] cal ca] ca] ca ca]bca] cal ca
| avvvSw) xyyyCz M{ew!ame}*glﬁ}t hoconlggtionseh e vigna-dagdive circuit 703

a] ca] ca] ci] H‘&lfc ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
ajcaJcalc ;b0 | -MN pb hj}xrmhc”Y]]c]ca]ca]ca]calcalc a]c

a] ca] ca] ca] ca] caﬂrféashgal%]: faaﬂve%lr@al o83 aad &algeal sapaalfealfrl Galaalisakcal cal c
a] ca! &0~&z( 0?@HBQU3| wr mh ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cayc
a] ca] _da] cas]am@]eda]lata]r@at] %lﬂ, aa]asa]rcu] cH mai]anai]rrqai]fma]lca]lt:”aw The bias circuit

gi gg; cg]oca_ﬁq?g\é] aéx% \é{qtﬂn ]ar(l: g her t]ré:n%Jsgo?]o aJc%%)]i)?e?] f(c:)?rll our(]: g}lﬁ)%;e(r:g]rgu%! cajcajc
ajcalcalc %]]gjq] : cajcalc
a] ca] ca] c?ﬂ ca cg?? ?ch]ﬂcaféca %g]_fgg )63;] ca {ng?}dx\ﬂ %ng]%%lfﬁ]fl fglé] c!a] c!a]

c i’i] ca] ca! Ghalop(digitd ochwrsitie And elid@alisa] Tad ag]mla;]uqa]tca]: daleakaa] T@| 8] cal] c
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switch 259. The transistor 260 has a source region connected to a power line 264 and a

drain region connected to the signal line S(i). The power line 264 is applied with a

ground potential V. The transistor 260 has a gate electrode connected to one terminal

25  of the capacitance element 261. The other terminal of the capacitance element 261 is

connected to the power line 264. The capacitance element 261 has a role to hold a
gate-to-source voltage of the transistor 260) during carrying out a setting operation.

247 is a reference constant-current source having a capability to flow a

constant current. The reference constant-current source 247 is conligured by a

30 semiconductor element such as a transistor. In the present specification, the reference
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U& ()-F! Dtggf@lwtl gy ghgfgf%znt source, there is a need to set at a value that the

transistor is allowed to operate in the saturation region.

The reference constant-current source 247 may be intégrally formed with a

15  signal-line drive circuit on a substrate. Otherwise, a constant current may be inputted as
a reference current externally of the substrate by using an IC or the like.

The arrangement position of the switches 248, 249 and reference
constant-current source 247 is not limited to the point shown in Fig. 15. Taking the
foregoing Embodiments 1 - 3 into consideration, arrangement may be in the different

20  position, e.g. may be incorporated in the pixel 713.

In Fig. 15, the region surrounded by the dotted line shown at 719 and region
surrounded by the dotted line shown at 714 corresponds to a source-follower circuit.

Next explained briefly is the operation of the circuit of the pixel 713 arranged
at i-th column and j-th row and the bias circuit 714 at around the i-th column.

25 At first, the switches 249 - 252 of the pixel 713 and the switch 259 of the bias
circuit 714 are turned into an on-state. The other switches than those are turned off.
Thereupon, the signal current 14, as set in the reference constant-current source 247
flows in a direction toward the power line 264 through the switches 249, 252, 251 and
then the switch 250 and further the switch 259.

30 In the instant a current begins to flow, no charge is held on the capacitance
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cause o potental diflerence at between the both electrodes ol the capacttance element
256, 261. When the potential dilference at between the both electrodes of the

5 capacitance clement 256, 201 reaches a threshold voltage of the transistor 255, 260, the
transistors 255, 260 turn on.

Then, charge storage is continued on the capacitance element 256 such that the
gate-to-source voltage of the transistor 255 becomes a voltage capable of flowing a
predetermined signal current ly,,. Also, charge storage is continued on the capacitance

10 element 261 such that the gate-to-source voltage of the transistor 260 becomes a voltage
capable of flowing a predetermined signal current Ly,,.

After the capacitance elements 256, 261 complete the charge storage into a

steady state, the switches 251, 252, 259 are turned off. The switches 249, 250 are kept

on. The other switches than the above are all off. At this tlme the signal current lg,, set

—
wn

by the reference constant-current source 247 flows through the drain to source region of
the transistor 255 and further the drain to source region of the transistor 260.
Subsequently, in this state, the switches 248, 250 and 253 in the pixel 713 are
turned on while the other switches than those are turned off.
Thereupon, the gate electrode of the transistor 255 is inputted by a signal from
20  the photoelectric converter element 257 through the capacitance element 256.

At this time, the gate electrode of the transistor 255 is inputted by a value
having the signal of from the photoelectric converter element 257 added onto the
voltage held on the capacitance element 256. Namely, the signal to be inputted to the
gate electrode of the transistor 255 is a signal to be inputted to the gate of the same

25  transistor in addition to the voltage held on the capacitance element 256. Consequently,
it is possible to suppress against the affection of transistor characteristic variation.
Then, the potential on the source region of the transistor 255 becomes an
output potential V. The output potential V., is outputted, as a signal having been read
by the photoelectric converter element 257, onto the signal line S(i) through the switch

30 250.
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off, to initialize the photoelectric converter clement 257. More specifically, the charge

held by the photoelectric converter element 257 is allowed to flow toward the power

ling V(i) through the switch 254 such that the potential on an n-channel terminal of the

5  photoelectric converter element 257 becomes equal to the potential on the power line

258. From then on, the above operation is repeated.

The semiconductor device having the above configuration can suppress against
the affection of transistor-characteristic variation.

The invention can be desirably combined with Embodiments 1 - 3.

10
[Embodiment 5]

This embodiment explains an example, different from Embodiments 3 and 4,
of an electric circuit to which the invention is applied, by using Figs. 16 to 19.

In Fig. 16A, 310 is the source-follower circuit of Figs. 1, 2A and 2B. The

15  circuit configuration and operation of the source-follower circuit 310 is similar to that of
Figs. 1, 2A and 2B, and omittedly explained in this embodiment.

The operation of the source-follower circuit 310 is to be roughly divided with
setting and output operations, as mentioned before. Incidentally, setting operation is an
operation to hold predetermined charge on a capacitance element, which corresponds to

20  the operation in Figs. 1 and 2A. Meanwhile, output operation is an operation to input an
input potential V,, to take out an output potential Vg, which corresponds to the
operation in Fig. 2B.

In the source-follower circuit 310, a terminal-a corresponds to the input
terminal while a terminal-b corresponds to the output terminal. The switches 127, 116,

25 118 are controlled according to a signal inputted through a terminal-c. The switches 115,
117, 120 are controlled according to a signal inputted through a terminal-d. The switch

128 is controlled according to a signal inputted through a terminal-e.
In designing an electric circuit having a source-follower circuit 310, it is

preferred to arrange at least two source-follower circuits 315, 316 as shown in Fig. 16B.

30  One of the source-follower circuits 315, 316 is preferably to carry out a setting operation
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Incidentally, setting and output operations are not effected at the same time in
the source-follower circuits 315, 316. Accordingly, there is no need to arrange one
current source 126 in each of the source-follower circuits 315, 316. Namely, one

10  current source 126 can be commonly used by the source-follower circuits 315, 316.

For example, in a design using a source-follower circuit to a signal-line drive
circuit, at feast two source-follower circuits are preferably arranged on each signal line.
In a design using a source-follower circuit to a scanning-line drive circuit, at least two
source-follower circuits are preferably arranged on each scanning line. In a design

15  using a source-follower circuit on the pixel, at least two source-follower circuits are
preferably arranged on each pixel.

In Fig. 16B, 311 - 314 are switches. When the switches 311, 312 are on, the
switches 313, 314 are off. When the switches 311, 312 are off, the switches 313, 314 are
on. In this manner, of the two source-follower circuits 315, 316, one is cause to carry

20  out a setting operation while the other is caused to carry out an output operation.
Incidentally, the two source-follower circuits 315, 316 may be controlled by controlling
the switches 116, 118 possessed by the source-follower circuit 310 without arranging
the switches 311 - 314.

Although, in this embodiment, the region surrounded by the dotted line 315,

25 316 was assumed corresponding to the source-follower circuit, the invention is not
limited to this, i.e. the differential amplifier circuit, operational amplifier or the like
shown in Figs. 10 - 13 or the like may be applied.

This embodiment explains the configuration and operation of a signal-line

drive circuit having at least two source-follower circuits arranged based on each signal

30  lines, by using Figs. 17 to 19.
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" 10%4| §L ()3_2§;is(‘jgl>:lg'cuit capable of storing analog data, the D/A converter circuit 324 in many
cases is to be omitted. In the case that the data to be outputted onto the signal line is
binary, i.e. digital amount, the D/A converter circuit 324 in many cases is to be omitted.
Meanwhile, the D/A converter circuit 324, in a certain case, incorporates therein a
gamma-correction circuit. In this manner, the signal-line drive circuit is not limited to

10 the configuration of Fig. 17.

Briefly explaining the operation, the shift register 321 is configured using a
plurality of columns of flip-flop circuits (FFs) or the like, to input an input clock signal
(S-CLK), a start pulse (S-SP) and a clock inversion signal (S-CLKb). Sampling pulses
are to be sequentially outputted according to the timing of these signals.

15 The sampling pulse outputted from the shift register 321 is inputted to the first
latch circuit 322. The first latch circuit 322 is inputted with a video signal, to hold the-
video signal on each column according to the input timing of the sampling pulse.

In the first latch circuit 322, when video-signal holding is completed to the last
column, a latch pulse is inputted to the second latch circuit 323 during a horizontal

20  blanking period. Thus, the video signals held on the first latch circuit 322 are
transferred, at one time, to the second latch circuit 323. Thereafter, the video signals
held on the second latch circuit 323 are inputted, simultaneously in an amount of one
row, to the D/A converter circuit 324. The signal to be inputted from the D/A converter
circuit 324 is inputted to the signal amplifier circuit 325.

25 While the video signal held on the second latch circuit 323 is being inputted to
the D/A converter circuit 324, the shift register 321 again outputs a sampling pulse.
From then on, the operation is repeated.

Explanation is made on the configuration of the signal amplifier circuit 325 at

around i-th column to (i + 2)-th column, or three, signal lines, by using Fig. 18.

30 The signal amplifier circuit 325 has two source-follower circuits 315, 316 on
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In the signal amplifier circuit 325 shown in Fig. 18, a logic operator is arranged
between the two signal lines, i.e. a setting signal line 326 and a threshold signal line 327,
10  and the source-follower circuit 315, 316. 329 is an inverter, 330 is an AND, 331 and
332 are inverters, and 333 is an AND. Inputted, to the terminal-c to terminal-e, is either
a signal outputted from the setting signal line 327 or a signal outputted from an output
terminal of the logic operator.
Next explained are the signals to be outputted from the two lines, i.e. setting
15  signal line 326 and the threshold signal line 327, and the signals to be inputted to the
switches through the terminal-c to terminal-e of the source-follower circuit 315, 316,-by
using Fig. 19.
Note that the switch the signal is to be inputted through the terminal-c to
terminal-e is turned on when a High signal is inputted and off when a Low signal is
20 inputted.
The signals as shown in Fig. 19 are inputted through the two signal lines, i.e.
the setting signal line 326 and the threshold signal line 328. Furthermore, a signal
outputted from the setting signal line 326 is inputted, as it is, to the terminal-c of the
source-follower circuit 315. A signal outputted from an output terminal of the AND 330
25  is inputted to the terminal-d while a signal outputted from an output terminal of the
inverter 331 is inputted to the terminal-e. By doing so, the source-follower circuit 315
can be controlled for any one of setting and outputting operations.
Also, a signal outputted from an output terminal of the inverter 332 is inputted

to the terminal-c of the source-follower circuit 316. A signal outputted from an output

30 terminal of the AND 333 is inputted to the terminal-d while a signal outputted from the
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10%& ()-1- #100/%5‘;15@)11;‘1\11[;? iYn7Figs. 16A and 16B, the current source 1206 is arranged in each
5 source-follower circuit. Consequently, it is desired not to cause variation in value of the
current flowing from the plurality of current sources 126 arranged in the signal-line
drive circuit. For this reason, it is possible not to cause variation in current value by
carrying out a setting operation to each current source 126. This technique is described
in the inventions of Japanese Patent Application Nos. 2002-287997, 2002-288104,
10 2002-28043, 2002-287921, 2002-287948 and so on. Accordingly, by applying this
technique to the present application, it is possible to correct for the characteristic
variation in between the plurality of current sources 126 arranged in the signal-line drive
circuit.
Description was so far made, in Figs. 16A, 16B, 18 and 19, on the case using
15  the source-follower circuit arranged with the current sources in addition to the native
circuit as in Fig. 1. Next shown is an example in a case using a source-follower- circuit
as in Fig. 27 or 29.
There is shown, in Fig. 40, a diagram corresponding to Fig. 16A. A diagram
corresponding to Fig. 18 is shown in Fig. 41, while a diagram corresponding to Fig. 19
20 is shown in Fig. 42. The operation or the like is similar to those so far described and
hence omitted. As compared with the case of Figs. 16, 18 and 19, the current source 126
is arranged in Fig. 16A whereas it is not arranged in Fig. 40. As a result, circuit
arrangement is easy, making possible to carry out layout in a narrow area. Meanwhile,
as already mentioned, Fig. 16A desirably has further an additional circuit in order not to
25  cause variation in current value between the current sources 126. This, however, is not
required in the circuit of Fig. 40. As a result, circuit arrangement is easy, making
possible to carry out layout in a narrow area. In addition, drive timing is easier to
provide.
Incidentally, the signal-line drive circuit, in many cases, has a plurality of

30 pixels connected at the end of each signal line thereof. The pixel, in many cases, is to
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[Embodiment 6]

The foregoing electric circuit or semiconductor device of the invention is
arranged with a reference constant-current source having a capability to flow a constant
current, to carry out a setting operation by the use of the reference constant-current

10 source. The reference constant-current source is configured by a semiconductor
element, such as a transistor. Accordingly, this embodiment explains the configuration
of the reference constant-current source in the case of configured by a transistor and a
capacitance element, by using Figs. 20 - 23.
First explained is the scheme of a reference constant-current source, by using
15  Figs. 20A and 20B. In Fig. 20A, 401 is a reference constant-current source. The
reference constant-current source 401 has a terminal-A, a terminal-B and'a terminal-C,
The terminal-A is inputted by a setting signal. The terminal-B is supplied by a current
from a current feed line 405. Through the terminal-C, a current set by the reference
constant-current source 401 is supplied to the external. Namely, the reference
20 constant-current source 401, under control of a set signal inputted to the terminal-A, is
supplied with a current at the terminal B, to supply a current through the terminal-C.

In Fig. 20B, 404 is a reference constant-current source. The reference
constant-current source 404 has a plurality of reference constant-current sources. It is
herein assumed that there are provided two reference constant-current sources 402, 403.

25  The reference constant-current source 402, 403 has terminals A - D. The terminal-A is
inputted by a setting signal. The terminal-B is supplied with a current from the current
feed line 405. Through the terminal-C, a current set by the reference constant-current
source 401 is supplied to the external. The terminal D is inputted by a control signal
outputted from a control line 406. Namely, the reference constant-current source 402,

30 403 is under control of a setting signal inputted at the terminal-A and a control signal
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Next explained is the conliguration of the relerence constant-current source
401 of Fig. 20A, by using Figs. 21A-21F and 22A-22E.
5 Each of the electric circuits shown in Figs. 21A-21F corresponds to the

reference constant-current source 401.

In Figs. 21A and 21B, the electric circuit, having switches 54 - 56, an
n-channel transistor 52 and a capacitance element 53 for holding a gate-to-source
voltage of the transistor 52 during setting operation, corresponds to the reference

10  constant-current source 401. The electric circuits of Figs. 21A and 21B have the same
circuit elements but are different in connection relationship of between the circuit
elements.

In Fig. 21C, the electric circuit, having switches 74, 75, n-channel transistors
72, 76 and a capacitance element 73 for holding a gate-to-source voltage of the

15 transistor 72 during setting operation, corresponds to the reference constant-current
source 401.

In Figs. 21D - 21F, the electric circuit, having switches 68, 70, n-channel
transistors 65, 66 and a capacitance element 67 for holding a gate-to-source voltage of
the transistor 65, 66 during setting operation, corresponds to the reference

20  constant-current source 401. The electric circuits of Figs. 21D - 21F have the same
circuit elements but are different in connection relationship of between the circuit
elements.

Subsequently, explanation is brietfly made on the operation of the reference
constant-current source 401 of Figs. 21A and 21B and the reference constant-current

25  source 401 of Figs. 21D - 21F. The operation of the reference constant-current source
401 of Fig. 21C is similar to the operation of Figs. 21A and 21B, and hence omittedly
explained in this embodiment.

First explained is the operation of the reference constant-current source 401 of
Figs. 21A and 21B. In the electric circuit of Figs. 21 A and 21B, the switches 54, 55 are

30  turned on according to a signal inputted through the terminal-A. At this time, the switch
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56 is off. Thereupon, a current is supplied {rom the current feed line 405 through the
terminal-B, whereby predetermined charge 1s held on the capacitance element 33,

Then, the switches 54, 55 are wrned off. At this time. because predetermined

charge 1s held on the capacitance element 53, the transistor 52 has a capability to tlow a
5 current in a magnitude of a signal current [jyy,.

Then, the switches 54, 55 are kept in off state and the switch 56 is turned on.
Thereupon, a predetermined current flows at the terminal-C. At this time, because the
gate-to-source voltage of the transistor 52 is maintained at a predetermined
gate-to-source voltage, a drain current commensurate with the signal current Ly, flows

10 through the drain region of the transistor 52.

Incidentally, in the case of the circuit of Figs. 21A and 21B, it is impossible to
simultaneously carry out an operation to hold predetermined charge on the capacitance
element 53 and an operation to flow a predetermined current. Consequently, controlled
are the timing of holding predetermined charge onto the capacitance element 53 and the

15  timing of flowing a predetermined current, by the use of the switches 54 - 56.

Next explained is the operation of the reference const;ml-current source 401 of
Figs. 21D - 21F. In the electric circuit of Figs. 21D - 21F, the switches 68, 70 are turned
on according to a signal inputted through the terminal-A. Thereupon, a current is
supplied from the current feed line 405 through the terminal-B, to store predetermined

20  charge on the capacitance element 67. At this time, because of connection between the
gate electrode of the transistor 65 and the gate electrode of the transistor 66, the
gate-to-source voltages of the transistors 65 and 66 are held by the capacitance element
67.

Next, the switches 68, 70 are turned off. At this time, because of holding

25  predetermined charge on the capacitance element 67, the transistor 65, 66 has a
capability to flow a current in a magnitude of signal current Ig... Namely, because the
gate-to-source voltage of the transistor 66 is held at a predetermined gate-to-source
voltage by the capacitance element 67, a drain current commensurate with the signal

current Ly, flows through the drain region of the transistor 66.

30 Incidentally, in the case of the circuit of Figs. 21D - 21F, it is possible to
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transistors 65, 66 is of importance. In the case the transistor 65 and the transistor 66 arc
5  in the same size, there is a current flowing through the terminal-C in the same value as
the current to be supplied from the current feed line 405. On the other hand, where the
transistor 65 and the transistor 66 are different in size, i.e. when the transistor 65 and the
transistor 66 are different in the value of W (gate width)/L (gate length), there is a
difference between the value of a current supplied from the current feed line 405 and the

10 value of a current flowing through the terminal-C. The difference relies upon the W/L
values of the respective transistors.

Incidentally, in the electric circuit of Fig. 21A - 21F, a current is flowing from
the terminal-C toward a ground potential V. Fig. 22 shows a circuit configuration in a
case that the transistors 52, 65, 66 have a p-channel type of polarity wherein a current is

15  flowing from the terminal-C toward a ground potential V.

Incidentally, the direction of current flow is not lim-ited to the direction of from
the terminal-C toward the ground potential Vs as shown in Figs. 21A-21F and 22A-22E.
In case the electric circuits of Figs. 21A-21F has a ground potential Vg at the
power-source potential Vyq and further the transistors 52, 65, 66, 72 of the p-channel

20  type, a current flows in a direction of from the power-source potential Vg to the
terminal-C. Meanwhile, in the electric circuit of Fig. 22, in case the ground potential Vg
is at the power-source potential Vyq and further the transistors 52, 65, 66 are of the
n-channel type, a current flows in a direction of from the power-source potential Vyq to
the terminal-C.

25 Next explained is the reference constant-current source 402, 403 of Fig. 20B,
by using Figs. 23A and 23B. In the case of the circuit of Fig. 21A or 21B, it was
mentioned in the foregoing that simultaneous operations are impossible between
holding predetermined charge on the capacitance element and flowing a predetermined
current. Accordingly, a plurality of reference constant-current sources are preferably

30  arranged as shown in Fig. 20B whereby one reference constant-current source is
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refercnceconstant-current source is optratéd 10 Tlow a predetérmined cutrent. Namely.
the reference constant-currcnt sources 402, 403 ot Fig. 20B preferably use the circuit of
Fig. 21A or 21B.

5 In Fig. 23A, the circuit, having the swiitches 84 - 89, n-channel transistor 82
and capacitance element 83 for holding a gate-to-source voltage of the transistor during
setting operation, corresponds to the reference constant-current source 402 or 403. The
electric circuit of Fig. 23A is the circuit of Fig. 21A or 21B.

In Fig. 23B, the circuit, having the switches 94 - 97, transistors 92, 98 and
10  capacitance element 93 for holding a gate-to-source voltage of the transistor 92 during
setting operation, corresponds to the reference constant-current source 402 or 403. The
electric circuit of Fig. 23B is the circuit of Fig. 21C.
Incidentally, the operation of the electric circuit of Figs. 23A or 23B is similar
to the operation of the electric circuit of Fig. 21A or 21B, and hence omittedly explained
15 in this embodiment.

This embodiment can be desirably combined with Embodiment 1 - 5.

[Embodiment 7]
The electronic apparatus using the electric circuit of the invention includes a
20 video camera, a digital camera, a goggle-type display (head-mount display), a
navigation system, an audio reproducing apparatus (car audio unit, audio components,
etc.), a notebook personal computer, a game apparatus, a personal digital assistant
(mobile computer, cellular phone, portable game machine or electronic book), and an
image reproducing apparatus having a recording medium (specifically, apparatus for
25  reproducing a recording medium such as a Digital Versatile Disk (DVD) and having a
display to display an image thereof). Figs. 4A-4H show detailed examples of these
electronic apparatus.
Fig. 4A is a light-emitting apparatus including a housing 3001, a support base
3002, a display part 3003, a speaker part 3004 and a video-input terminal 3005. The

30  present invention can be used in an electric circuit configuring the display part 3003.
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crystal display. Incidentally, the light-emitting apparatus includes a display umt tor
5  displaying all the pieces of information for personal computers, TV broadcast reception,
“displaying advertisement and so on.
Fig. 4B is a digital still camera, including a main body 3101, a display part
3102, an image receiving part 3103, an operation key 3104, an external-connection port
3105 and a shutter 3106. The invention can be used in an electric circuit configuring the
10 display part 3102. Also, the digital still camera of Fig. 4B is to be completed by the
invention.
Fig. 4C is a notebook personal computer, including a main body 3201, a
housmg 3202, a display part 3203 a keyboard 3204, an external connection port 3205
and a pomtmg mouse 3206. The 1nvent10n can be used in an electrlc circuit configuring
15 the display part 3203. Also, the light emitting device of Fig. 4C is to be completed by
the invention.
Fig. 4D is a mobile computer, including a main body 3301, a display part 3302,
a switch 3303, an operation key 3304 and an infrared ray port 3305. The invention can
be used in an electric circuit configuring the display part 3302. Also, the mobile
20  computer of Fig. 4D is completed by the invention.
Fig. 4E is a portable image reproducing apparatus having a recording medium
(specifically, DVD reproducing apparatus), including a main body 3401, a housing
3402, a display part-A 3403, a display part-B 3404, a recording-medium (DVD or the
like) reading part 3405, an operation key 3406 and a speaker part 3407. The display
25  part-A 3403 is to display, mainly, image information while the display part-B 3404 is to
display, mainly, character information. The invention can be used in an electric circuit
configuring the display parts A and B 3403, 3404. Incidentally, the image reproducing
apparatus having a recording medium includes a home-use game apparatus. Also, the
DVD reproducing apparatus of Fig. 4E is to be complcted by the invention.

30 Fig. 4F is a goggle-type display (head-mount display), including a main body

.47 -



10mY gl09%& ()- 104| 104| 104| <10%| & ()-3:10% & ()- y8 10%| & ()-6

1094 & ()- GG HHHI | | dEmbC  10nF z109%& ()- S109& ()-"109& ()- 109 ()-9

109& ()- 109 ()-111111=JJdEMbC  10m@10% ()- 3

y109%&' ()-&10%& ()-910%& ()-3 | 10%&' ()- 10%& ()-JJ; K{KK$LzLAEMbC  10m "

109& ()-% 109 ()-3 $yL109& ()- Y'MLOY ()- #10%& ()-

f109%& ()-zLL) MMWENDEDC 10Nt #10%: ()-/ 10% ()-3 3.y10% ()-, 10%: ()-
109& () -)#10%& () - =NNN) OOO0OQIE: / 10 101 L<109& ()- : #10%& ()-f8 109%& ()-F

6f 109& () 5109& ()-L3 1Q%& ()- OO>PPP* V7/  103f 10908 ()- ! f" 109008 () -
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109 () (,JHQOG oh Plglﬁ?f 1]20?/@%‘1*) ay pldltl%Q(ﬂ/@& 90 Lm]g%@% l( P)C display of Fig. 4F is 1o

be completed by the invention.
Fig. 4G is a video camera, including a main body 3601, a display part 3602, a
5 housing 3603, an external-connection port 3604, a remote-control receiving part 3605,
- an image receiving part 3600, a battery 3607, a sound input part 3608, an operation key
3609, and eyepiece 3010. The invention can be used in an electric circuit configuring
the display part 3602. Also, the video camera of Fig. 4G is to be completed by the

invention.

10 Fig. 4H is a cellular phone, including a main body 3701, a housing 3702, a
display part 3703, a sound input part 3704, a sound output part 3705, an operation key
3706, an external-connection port 3707 and an antenna 3708. The invention can be used

in an electric circuit configuring the display part 3703. InCIdentally, the display part

N

370’3 can suppress the cellular phone from consuming current by displaying white

15 characters on a black background. Also, the cellular phone of Fig. 4H is to be
completed by the invention.

Incidentally, if light-emitting material will increase light-emission brightness
in the future, the light containing output image information can be used, by magnifying
and projecting by a lens or the like, on a front or rear type projector.

20 Meanwhile, concerning the above electronic apparatuses, there are increasing
cases to display the information distributed through an electronic communication line,
such as the Internet or CATV (cable television). Particularly, there are increased
occasions to display moving-image information. Because light-emitting material has a
very high response speed, the light-emitting device is preferred for displaying moving

25  images.

Meanwhile, it is desired for the light-emitting device to display information
such that a light-emitting area is reduced to a possible less extent because the
light-emitting area consumes power. Accordingly, in the case of using a light-emitting
device in a display part, mainly for character information, of a personal digital assistant

30  such as particularly a cellular phonc or audio reproducing apparatus, it is desired to
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5 apparatus of the embodiment may us¢ any configuration of the electric circuits and
semiconductor devices shown in Embodiments 1 - 0.
In order to cause a particular transistor to flow a current same as a signal
current set in the reference constant-current source, a gate-to-source voltage may be set
of that transistor. In the invention, setting is possible by holding the gate-to-source
10 voltage of the transistor due to a capacitance element connected to that transistor. By
utilizing the voltage held on the capacitance element, it is possible to suppress against

the affection of transistor characteristic variation.

The method of utilizing a voltage held on a capacitance element can use the

.- i

method shown in the below. The voltage held on a capacitance element is held as it is,
and a signal voltage (e.g. video signal voltage) is inputted to one terminal of the
capacitance element. If doing so, the gate electrode of the transistor is inputted by a
voltage that the voltage held on the capacitance element is added to the signal voltage.
As a result, the gate electrode of the transistor is inputted by a value having the voltage
held on the capacitance element added to the signal voltage. Namely, in the invention,
20 even where characteristic variation occurs between transistors, the transistor a signal

voltage is to be inputted is inputted by a value that a voltage held on each capacitance

element each transistor is connected is added to the signal voltage. Accordingly, an

electric circuit can be provided that is suppressed against the affection of the

characteristic variation between transistors.
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source into a voltage;
a transistor for supplying a current dependent upon a converted voltage;
a first switch connected between the input terminal and a gate electrode of the
transistor; and
10 a second switch connected between a source electrode of the transistor and the
output terminal,
whereby the capacitance element is connected between a gate and a source of

the transistor.

15 2. An electric circuit according to claim I, wherein the input voltage is a

potential of a signal supplied from a photoelectiic converter element.

3. An electric circuit according to claim 1, wherein an amount of a current
flowing at between the source and the drain of the transistor is the same as an amount of

20  acurrent to be supplied from the constant current source.

4. An electric circuit according to claim 1, wherein the electric circuit is
configured with one selected from a source-follower circuit, a differential amplifier, an
operational amplifier and an amplifier circuit.

25

5. An electric circuit for outputting an output potential at an output terminal on
the basis of an input potential inputted at an input terminal, the electric circuit
comprising:

first and sccond capacitance elements (o1 converting a current supplied {rom a

30 constant current source into a voltage;

-50 -



1'Ns!'3 10% h& ()-3 10% h& ()- 10% h& ()- f10% h& ()-SF10% h& ()-3 10%
h& ()-:=dEbC 1! Ns! 10% h& ()- 10%h& ()- S 10% h& ()- 10% h& ()- y10%
h& ()-910% h& ()-; =dEbC 1INs! * 10% h& ()-@,#10% h& ()- ' 10% h& ()- %
10% h& ()-3&% 10% h& ()- 1"10% h& ()-:+dEbC 1! Ns!3:,#10% h& ()- "3 10%
h& ()-1,#10% h& ()- 010% h& ()- Y. 10% h& ()- , 10% h& ()-+0123gqbC 1! Ns!3
10%| & ()- "yl0%t| & ()-3 10%t| & ()-3 10%| & ()- 10 h 10 h 10 h <10%

h& ()-q4_dEbC 1INs! f 10%}| & ()- yl1l0%t| & ()- 3 10%t| & ()-L, #10%4| & () -
yo%a0%4& ()-S"10%t| & ()-_MKAEbC 1! Ns!' 10%t| & ()- % 10%4 & () -

&$! 1094 & ()- " )/].'Ob/@fi&e‘(‘)ml lglj_]@%)llsgg-n(),L_pplwgg%qu&,r(t)Jqp@[nggﬂ/upom@4pnvuled

104| s<109 & 3 1094 & () - 1- #109%4| &
0%.4|S&' ()*@f‘ %‘16‘% é}% S ‘@‘/’S 104 3| 10f(ye)&' () - 10%&'| ()()

109& () - f #109& () firs &Q/ﬁ@eh(&mmé&&@n(l)«rccnl%liéév\dEel{nnle(Hl 3 ddeQ?/@%u%lic ol & () -3
f109& ()-109%& ()- 109 ()-9-#109%& ()-\k\dE:/ 104|3 9&10%&
10%&' () - @It@HRIs(ors and
S a second switch connected between a source electrode of the first transistor and
the output terminal,
whereby the [{irst capacitance element is connected between a gate and a source
of the first transistor and second capacitance element is connected between a gate and a
source of the second transistor.
10

6. An electric circuit according to claim 5, wherein the input voltage is a

potential of a signal supplied from a photoelectric converter element.

A Sl

7. An electric circuit according to claim 5, wherein an amount of a current
15 flowing at between the source and the drain of the first and second transistors is the

same as an amount of a current to be supplied from the constant current source.

8. An electric circuit according to claim 5, wherein the first and second
transistors are of a same conductor type.
20
9. An electric circuit according to claim 5, wherein the electric circuit is
configured with one selected from a source-follower circuit, a differential amplifier, an

operational amplifier and an amplifier circuit.

25 10. An electric circuit for outputting an output potential at an output terminal
on the basis of an input potential inputted at an input terminal, the electric circuit
comprising;:

first and second transistors arranged between first and second power lines and

connected in series;

30 a capacitance eclement for converting into a voltage a current, caused by
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11. An electric circuit according to claim 10, wherein the input voltage is a
potential of a signal supplied from a photoelectric converter element.
“ ) .
12. An electric circuit according to claim 10, wherein the first and second

15  transistors are of a same conductor type.

13. An electric circuit according to claim 10, wherein the electric circuit is
configured with one selected from a source-follower circuit, a differential amplifier, an
operational amplifier and an amplifier circuit.

20

14. A display device comprising:

a driving circuit for outputting an output potential at an output terminal on the
basis of an input potential inputted at an input terminal;

a capacitance element for converting a current supplied from a constant current

25  source into a voltage;

a transistor for supplying a current dependent upon a converted voltage;

a first switch connected between the input terminal and a gate electrode of the
transistor; and

a second switch connected between a source electrode of the transistor and the

30 output terminal,
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16. A display device according to claim 14, wherein an amount of a current
flowing at between the source and the drain of the transistor is the same as an amount of
a current to be supplied from the constant current source.
10
17. A display device according to claim 14 wherein the driving circuit
according is configured with one selected from a source-follower circuit, a differential

amplifier, an operational amplifier and an amplifier circuit.

M.

15 18. A display device according to claim 14 wherein the display device is
incorporated into an electronic apparatus selected from the group consisting of a video
camera, a digital camera, a goggle-type display, a navigation system, an audio
reproducing apparatus, a notebook personal computer, a game apparatus, a personal
digital assistant and an image reproducing apparatus.

20

19. A display device comprising:

a driving circuit for outputting an output potential at an output terminal on the
basis of an input potential inputted at an input terminal;

first and second capacitance elements for converting a current supplied from a

25  constant current source into a voltage;

first and second transistors for supplying a current dependent upon a converted
voltage and connected in series;

a first switch connected between the input terminal and a gate electrode of the
first transistor; and

30 a second switch connected between a source electrode of the first transistor and
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hw 0sTuSwCzJ| }) ] 9()"%1%/ M chc@lé% claim 19, wherein the inpul voltage is a

potential of a signal supplied from a photoelectric converter element.

21. A display device according to claim 19, wherein an amount of a current
10  flowing at between the source and the drain of the first and second transistors is the
same as an amount of a current to be supplied from the constant current source.
22. A display device accordmg to claim 19, wherein the first and second
trans1stors are of a same conductor type.
15
23. A display device according to claim 19, wherein the driving circuit is
configured with one selected from a source-follower circuit, a differential amplifier, an

operational amplifier and an amplifier circuit.

20 24. A display device according to claim 19, wherein the display device is
incorporated into an electronic apparatus selecled from the group consisting of a video
camera, a digital camera, a goggle-type display, a navigation system, an audio
reproducing apparatus, a notebook personal computer, a game apparatus, a personal
digital assistant and an image reproducing apparatus.

25

25. A display device comprising:

a driving circuit for outputting an output potential at an output terminal on the
basis of an input potential inputted at an input terminal;

first and second transistors arranged between first and second power lines and

30  connected in series;
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a capacitance clement for converting into a voltage a current. caused by
mputting a bias potential to a gate electrode of the second t1ansistor, flowing at between
the first and second power lines;

a lirst switch connected between the input terminal and a gate electrode of the

5 first transistor; and

a second switch connected between a source electrode of the first transistor and
the output terminal,

whereby a current flows at between a source and a drain of the first transistor,
in an amount dependent upon a charge held between both electrodes of the capacitance

10 element.

26. A display device according to claim 25, wherein the input voltage is a

potential of a signal supplied from a photoelectric converter element.

.

15 27. A display device according to claim 25, wherein the first and second

transistors are of a same conductor type.

28. A display device according to claim 25, wherein the driving circuit is
configured with one selected from a source-follower circuit, a differential amplifier, an

20  operational amplifier and an amplifier circuit.

29. A display device according to claim 25 wherein the display device is
incorporated into an electronic apparatus selected from the group consisting of a video
camera, a digital camera, a goggle-type display, a navigation system, an audio

25  reproducing apparatus, a notebook personal computer, a game apparatus, a personal

digital assistant and an image reproducing apparatus.



