14 NOV 2006 ELECTRIC CIRCU T BACKGROUND OF THE I NVENTION 1. Field of the
I nvention 5 The present invention relates to the art of electric circuits.
Meanwhi |l e, the . invention belongs to a technical field of a sem conduct or
device having an electric circuit as represented by a sourcetf @)l omwsr
circuit, a differential anplifier circuit, a sense anplifier and an
operational anplifier, a signal-line drive circuit and a photoelectric
converter elenent. 10 2. Description of the Related Art The integrated
circuit (1C, for broad use recefitE§YTRIC €IREUIDI ar phone or persona
digital assistant, is fornmed 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- i) SRE}S: B%ﬁTﬂEafNSVI%QTi ortant role in device
m niaturization and reli abl“ﬁ*gy%—nmjmm,—an%@devi ce nass

product i on]. Fisiddgshghivegi@n el ectric circuit for use on an integrated
circuit (1C or the like, it is frequent cases to design an anplifier

ci rcui t3 havi ng aThepestgninventinptlatey ta thobttajelwatric cieuitsntMednvehiki greal

[ litude.. Th | ifi .Cj it is broadl ed beca of a
cirouit roblERteEOHgREIa AsanicapfEkd of b SHRRARYEHE i SRABIE T krHice an

el ectric C}j i IH, 1| | S.: i i ; . ration
of a sour cte:l-rr (?jgil %S()\E\ﬁ)?%lé%tiregc@i ??@E@gﬂ@e&xgﬁ%pg’ %? Hgérrr%# {a? Iaiél?ﬂg??glﬁl @ “At

first, a cembégmplificonaek anpbperafionab auilifickOlal Siwesl-1iier atvé odMdile bl shown in
Fig. SAto explain an operation in a steady state. Next, an operating
poi nt of tPRORYIEetHE cPRYTEhBE™EN cuit will be explained, by using Figs. 513

and 5C, Fi Q_%é%gpﬁr%gnf(ﬁérg{&%%ms[ource-foI lower circuit different in

configuration W11 be shown in Figs. 6A and 6B, to explain

an operation in ah¢ ARSI cir@iaIe), A tbiBhse fecBhBAdY Stal@aOpRIRtdoN is
expl ai ned by using a source-follower circuit in Fi'lg. 5A. In Fig. 5A, 11 is
an n- channpérsemmp|difiiod rassistamts iis faymedhvitie trisistersan msistosnaemaby as sedfal

transi storh rl;gt% %1 E“,l aaI t hou%h he anplifier transistor 11 and bias
transi st or 2YBsre @ sangs {0 g€ mifggS on a silicon subsirate in a size of nearly a
5-mm square. This plays an important role in device miniaturization and reliabﬂity

15  improvement, and device mass production.

In designing an electric circuit for use on an integrated circuit (IC) or the like, it
is frequent cases to design an amplifier circuit having a function to amplify a voltage or
current of a signal small in amplitude. The amplifier circuit is broadly used because of a
circuit requisite for eliminating strain occurrence to stably operate an electric circuit.

20 Herein, explained is the configuration and operation of a source-follower
circuit, as one example of amplifier circuit. At first, a configuration example of
source-follower circuit will be shown in Fig. SA to explain an operation in a steady state.
Next, an operating point of the source-follower circuit will be explained, by using Figs.
5B and 5C. Finally, an example of source-follower circuit different in configuration

25  from Fig. 5A will be shown in Figs. 6A and 6B, to explain an operation in a transient
state.

At first, a steady state operation is explained by using a source-follower circuit
in Fig. SA.

In Fig. 5A, 11 is an n-channel amplifier transistor while 12 is an n-channel bias

30 transistor. Note that, although the amplifier transistor 11 and bias transistor 12 in Fig.
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5A is of an n-channel type, configuration may be by the use of p-channel
transistors. Herein, the anplifier transistor 11 and the bias transistor
12 are assunably the same in characteristic and size, for Siﬂ?hpwﬁﬁﬁiti on
sake. It is further assunmed that the current characteristic emis
ideal. Nanely, it is supposed that, even if the anplifier 5 transistor 11
or bias transistor 12 is changed in its source-to-drain voltage, there is
no change in saturation-region current value. Meanwhile, the anplifier
transi st or 5Alislodisn a-chaanel typgiconfigoatieciag be dyahpoveof plchamel Badidors, sour ce
regi on conﬁect,ed to a.drain region of the bias transistor 12. The bias
transi st or HEER4le amplifierdgansisfr d apg thicbpebansister 13gwe psspmablythe sae ithe gat e

el ectrode - i transi st.or .42 i | ied by, a bias tenti al . A
pover - sour careafister AT BblbEdeh BREC 10K SRR BB B Srer pover
line 13 wbhdrecterigicosthepoiseitichial NahRYy, A0t Bldpdkedd MBI veYSE the afdpkifibs
applied onto the power line 14. In the source-follower circuit of Fig. 5A,

the gat® eléetistouel of binhéransigpt 17 & changed inatesiogtorto-titain yoltagte these ®md nput
term nal so, that an ipgut &potential V;0 can be inputted to the gate
el ect rode SPATERAN SAHSRHPRLE19T GHESE¥HPC11. Al so, the source region of the

anplifier transighQihid tﬁéarﬂﬁﬁlg?r%%}ﬁgtoi)ﬁ P&‘sta 3r§fn%§% .(:31916%&:?&0 %?Swer

potential on the source reglo e anplifier transistor ovi des an
out put pot &nt itAlan¥@lsburkce rdgion gahecekiac tardgi@ refioh be thebiastridsayned BY. OThel2 i S
applied by a bias voltage Vb. Wen the bias transistor 12 operates in 20 a
sat ur at i on b8 FaBHston 1L by eipuretarsios gomyectsd tagpawabline ¥4.oms. At this tine,
because,the anphifier transistor.11 and the, bias.transj.stor 12 e,Jna
sef i es?%onnecti on ° g eisegﬁgge %@ﬁﬁhiﬁs SEOHRIPY @h‘tS @Plbﬁﬂsb%%f?laﬂﬁ?{em%oﬁh
transi st or powbagihdb pWbRhl IheHfordHiial Eo&réﬁ“@dd i{ B a8 rlfRNSd stor
12, a current Ib flows al so through the anplifier transistor 11. Herein,
det er m nedwihsle argroutdgetenpial @ow ipatential, power)iV4 el €pismppliddaintoeposier g t . 25
The out put _potential Vout is |lower in value than the input potential Vi,,,
by an amouhf: of the gate-to-source voltage Vgsl of the anplifier

transistor 11. Ay, E}{é}]s%ugdg{-‘@;lgwﬁciﬁs&%uéf i 0gzggﬁi\?%aievﬁg%%o&aeh&rtglggiﬁl:f)%i;f]ighi ;

potential Vout and e 0-'source vo
sat i sf y5 ngtrahgstbol 1 R\whaag akaml Bipuoterrhihhl soVRattan Tt PotentidI SA, can be(dput@@td n t he

case the anplifier transistor 11 is operating in the saturation region, in
-2 1 4 Noviegpé electrode of the amplifier transistor 11. Also, the source region of the amplifier
transistor 11 is made as an output terminal so that the potential on the source region of
the amplifier transistor 11 provides an output potential V. The gate electrode of the
bias transistor 12 is applied by a bias voltage V,. When the bias transistor 12 operates in
20 asaturation region, a current denoted by Ib assumably flows. At this time, because the
amplifier transistor 11 and the bias transistor 12 are in a series connection, the same
amount of current flows through the both transistors. Namely, when a current Ib flows
through the bias transistor 12, a current Ib flows also through the amplifier transistor 11.
Herein, determined is an output potential V in the source-follower circuit.
25  The output potential Vg« is lower in value than the input potential Vi, by an amount of
the gate-to-source voltage Vg of the amplifier transistor 11. At this time, the input
potential Vj,, the output potential V., and the gate-to-source voltage Vg1 have a
relationship satisfying the following Equation (1).
Vour = Vip - Vg1 ... (1)

30 In the case the amplifier transistor 11 is operating in the saturation region, in
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order to flow a current |Ib through the anplifier transistor 11 there is a
necessity that the gate-to-source voltage Vgsl of the anplifi ?rr@ﬁml st or
11 is equal to a bias potential Vb (gate-to-source voltage of tl' S
transistor 12). If so, the follow ng Equation (2) is held. However,
Equation (2) is held only when the anplifier transistor 11 and the bias 5
transistor 12 operate in the saturation region. V.., =Vin - Vb ... (2)
Next explained is an operating point of the source-follower circuit by
using Fi gordg® dne SOGrnsholh thugh thel aplifles hisind: Dahvweana acotedifyasg (aad a
current of the anplifier trangistor 11 and bias transistor 12. More

speci fi cal IS OOPERAOBEE Vet Aathe amplifior Harsiser lnaeqedléo gdias-notensioLVe e

vol t age Vg f . i.Lier nsi._st.or iS S i.n val as e

gat e-to-soz_é'dctg tc\)/_(%{;‘ﬁg(ge \fltg%eé)%ot?é P%%? |§al§°{ %%)nsli?ﬁ’gﬁlqgf%l?owg@u IQOIIZ{Q.IS 5B.
Next expl acliedibwesier Jafiatibhel) it hadealewhar 5 'dﬁl?;ﬁfix‘!ro&éréﬁﬁor\ﬁ%d%e bie
anplifier transistor 11 is different in value fromthe gate-to-source

vol t age5 Vgdmngstor b2 opéraks in termsiwsatiom k@iowherei n, for exanple, the bias
transistor 12 is  opergti in &Iinear region, by using Fig. 5C. 15 In Fig.
513, the dotted I'%e 2% "shows- )rel ati onshi p between a voltage anhd a
current when the |4, £l . I . at e-1 0- sour.ce.vol t age Vssj
of Vb. The soli i ﬁ%ﬁlglgl%(sitklf{o\;\alg %g&%@lﬁ%ﬁ élgﬂgilth% %él Cﬁéftgﬁovécrv%ﬁuétgt@' ‘é%'gga :;
current =whdigst 158 biASC dhoansd StrelatiddshilR St Be@Rbs ol Q1HQHHAE & elkaderVas2 of 5
Vb. Meanwhile, in Fig. 5C the dotted |line 21 shows a relationship between
a vol t age amplificetipnséser Minad bidsdraasiplor 12.eMoROspeeifinglis eppladationds made on

gat e-tqg-source vol tage sl of Vb. The solid |line 22 shows. a relationship
bet weera VoRTEDE R8s arven e s Ve i geplifyen apgsipr 1h b same invalue

gat e-t 0- SOWE GRe gﬁ’tleit@gguryg,vglt e VES' ](-)f Iél?}bdgfta transistor tlf',eb}gﬂgiﬁ%gq%z t'r g\?ex}[/m tage

V651 of the anplifier transistor e gate-to-'sour age Vgs2 of

the bias teapigirstios a é&eahs thegitheo-sauree valkape vV and thelimpefiert tasiskh 10ijas
pot enti al VIID and the gate-to-source voltage Vgs2 of bias transistor 12 are

g ; . .
in the sanSHIERdn valyR dogudsiale; orsrercg apliageoY soefithebigs irapsgisoNfswhetin he

anplifier qgg or, . js.in. the sanme.val ue.as the bj as .potential Vb.

Nanel y, th}fé r_etgﬁ’;1 ’éhﬁlt?llag\g%nflséor\}gslﬁOgér%l.lg l?ﬁghneﬁ%gﬂ“i usfl_g%hﬁ' or 11 and
the bias transi sUgFidSEIBe ADGEALANIT kRodd& 1Safidship Rwb&Oh WBlta@SandHOWN i n
Fig. 5B. At this time, the input potential V;0 and the output potential V,,

t have 30 currerd] wedroms himplifier fratsivieat] her arpate3o-touwtcNAMdg®DYs; of Vy. The

solid line 22 shows a relationship between a voltage and a current when the bias

transistor 12 has a gate-to-source voltage Ves2 of V. Meanwhile, in Fig. 5C, the dotted

line 21 shows a relationship between a voltage and a current when the amplifier

20 transistor 11 has a gate-to-source voltage Vg1 of Vi, The solid line 22 shows a

relationship between a voltage and a current when the bias transistor 12 has a
gate-10-source voltage Ve of Vi

In Fig. 5B, the gate-to-source voltage V. of the amplifier transistor 11 and the

gate-to-source voltage Vg, of the bias transistor 12 are in the same value, and further the

25  bias potential Vy and the gate-to-source voltage V,; of bias transistor 12 are in the same

value. Consequently, the gate-to-source voltage Vg1 of the amplifier transistor 11 is in

the same value as the bias potential V. Namely, this results in Vgs1 = Vg2 = Vi, The

amplifier transistor 11 and the bias transistor 12 are operating in the saturation region, as

shown in Fig. 5B. At this time, the input potential Vi, and the output potential Vg, have

30  arelationship in a linear form.



On the other hand, in Fig. SC, the gate-to-source voltage Vgsl of the
anplifier transistor 11 is in a value different fromthe gate-to-source

vol tage Vase of bias transistor 12. Furthernore, the gate-to- spyﬂgpgqgg

vol tage Vase of bias transistor 12 is in a sane value as the bias vol'tage
Vb. Meanwhile, it is assunmed that the gate-to-source voltage Vas, of 5 the
anplifier transistor 11 is at the bias voltage V6'. Nanely, this results in
Vase = Vb and Vast = W As shown n Fig. 5C, the anplifier transistor 11 is

operating in theCaahebgict band, heBipd BCMMNEgatet h&oRicBS of @8] 5bOthe hpliSier
operating in the |inear region. At this tine, the input potential V,,,,

t he out put UBBHEAE | lis ingutlug Adlerens fomaibe gaiedasiaice Vitagh Mge o biaelratsignshi p
satisfying,the fol | ow Equation (3). 10 Vout=Vin- Vb' _...(3) Provided
That the cdpr BTG A G-t g Ses B NPl A ¢ he
i near 1 egh@ihcibfastvdli@Re VD' Meklvhife, s bSufiod ke AR ¥ LagyVe £ Vb,
the both val ues of t%&e anlft polténtigai%uv;e,, an ur?besr?{ayﬁegﬁ)‘{%%%\r% gg.
Ther eupdn, thchenifizs trpadieot 11aik aMthe biak seitagdagh @asesy, thls réshitsint Vs Vi bed | nput
potential Vin and the output potential Vout have a 15 non-linear

rel ati onshiVest =Stinm@ SBHYL Fie SEh B amplifichiransistard 1jinepeaidng infike satphiionde of

t he out put i AV in.the,source-fall r circuit in a stea

state, it fesg&) (%% gmel&r: ?ﬂeedblg %Ergrelsé?tgrag 15 ?%eéﬁﬂgalg tﬁ?\gﬁa?ﬂfiwo%.”%msé‘% tg%cause
of the fol ki pgehti Vi CaRMut Fh@nldINS!, ah@ AR BsipdicnA v R eQUbRHbndRgS ent i al
Vou, can berq]}Mng?eased at a ?ma?l bi as ‘30 poter?tp?al Vb,b as eshown Illn%
Equat i on ( 2tisfyihg thedoberdingdapation €)t hat, in the case of a great bias
pO‘tenti(i\I Vb val Q/e the bjas transistor 12 readily operate in the |inear
regi ontdt a decreagelini Nput pé ential V;.. In case the bias transistor 12

operates in the qur?@erd c}ﬁﬁ%l@ﬂirren{ ﬁgwir{%ﬂ#)ton Bgérrgﬂlﬁ%?% af{'lf\:/ Bfﬁé hr?ugsgst JgPZ 1?1[’&169 ut

potential Vout are ready to have a non-TIne

| nci dent al ligearbegion Baakdhelbh s Ibriagivest NamdR, bFhiehuvyedv] thabaRRalWes | on
state, there is a need to provide a greater value of bias potential Vb

than a t hr e5teliepw spicatid \of and gverehi lsdacreans i Broprupon, thebiak aptestip i #lsd was
e 0Lt el R Lol SGEPY, S5l B Ut p ot roner
30 cirgait nbﬁtﬁﬁeatrrr@l@ﬁjn@slgﬁp_st ate, by using Figs. 6A and 6B. -4 1 4 NOV 2006
Summarizing the above, in order to increase the amplitude of the output
potential Vo, in the source-follower circuit in a steady state, it is preferred to decrease
the bias potential Vy,. This is because of the following two reasons.
The first reason is that the output potential V, can be increased at a small bias
20 potential Vy, as shown in Equation (2). The second reason is that, in the case of a great
bias potential Vi, value, the bias transistor 12 readily operate in the linear region at a
decreased input potential Vi,. In case the bias transistor 12 operates in the linear region,
the input potential Vi, and the output potential V,y are ready to have a non-linear
relationship.
25 Incidentally, because the bias transistor 12 is required in a conduction state,
there is a nced to provide a greater value of bias potential Vy, 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, explanation is made on the operation of the source-follower

30 circuit in a transient state, by using Figs. 6A and 6B.
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The source-follower circuit shown in Figs. 6A and 6B has a configuration
desi gned by addi ng a capacitance elenent 15 to the circuit of Fig. 5A The
capaci tance elenent 15 has one term nal connected to the source IZ of
the anplifier transistor 11 and the other term nal connected tlo ﬁg G@Q
line 16. A ground potential Vss is applied 5 onto the power line 16. The
capaci tance elenent 15 has a sane potential difference at between its both
el ectrodes as the output potential V., t of the source-follower circuit.
Her ei n, expl ai nedheissuichdolpesratiicnit showa naligs. A Mnd 6B KasVa ,configMationy

usi ng F|g xt explalned is the eration in a case of Vout >V,,, -
Vb, by usi H&“gﬁ‘ Yotgdinen gapagifangs clegiepy gﬁ]‘é’tth%ﬁmuﬂi ordd® Sén Threca@p@taam on | n

RV eﬂ?@%‘fﬁkﬁ Rls g2 L6kl UR ool %‘éiiﬂwﬁb@aﬁek B Gttt b1 Tage.

Vssr  of than@ﬂwdtfﬁdr@énmﬁdléﬂﬁle%icﬁrto%ﬂmr ﬁntgi@az&%hu‘ﬁﬁ Bentinen,, ﬁsrh% ied
gate-to-source voltage Vgs2 of the bias transistor Conseque P

gr eat c@rr@ﬂlﬂtﬁtpweltlmeolﬁgh the anplifier transistor 11 to 15 prorrptly hoI d

charge on the caﬂgm t ance eI ment ég Ther eupon, the output potential Vout
i ncreases to decrdSS®IHG eé“et“él B 2R egal Ybisrengept Retwgentifsdoth

anplifier cfra0ddsSkhe (;u]t%ut?%te,tn't HPV&.'t @[pcﬁgs\%l.l(r& ﬁ)lltobv'er §1r0ut1t Brerednl ex@%}f{? fier

transi stor 11 goes into ate en 1ts source

Vgst becomisstheqipatativn it Aecatd 6SVRPkEN L ak, b@usn‘}% Fl%'@\" Rexit dxphaindd tHé’t put
potential Vout, the input potential V;,, and t ias potential Vb have a

rel ati onshpﬁe@ﬁ‘t’ﬁ §1ray¢a$30f e PO¥ieg¥b.My USingdtigdiB.(2) . Summari zi ng t he above,
i mthe ;gase of vy ate-to-source voltage Vssé of the

anpl i f1Ler transi $r8tlle’ﬁp£an§'il%rét‘§erm4&ﬁ %bltll?eolfeﬁ%fwnt He 2papsionh Skt o4 thep.

Accor di ngl YourBe G51RRker CHEGER thE LAWSFRAr QUgh _khe, r@jmlglﬁ'e%transistor_ll, to
promptly hold 25 charge on the capacitancé el’ertent nce, the tinme my

be short that isludygi6adwhen t £M thapetd-toanueccebamgat VLD of ahd@ltplifier
predet er mi ned .char q in other words the tine required in witing a signal
to the cap4entisftdlehasnpmrcay valiss thaneflis adtete-sonire valess Yaot Hethsplieat i on

7 @ o Bl g, SOUSERL b BRSPS GBS, o
vol t ages Vg pjor@ftlst held Q:ﬂ’ﬁﬂgb foh@he c@a&xté’tw@@bén?&@@i Thereupon, the output potential
Vout increases to decrease the gate-to-source voltage Vg1 value of the amplifier
transistor 11.
As time elapses (t = ti, t; > 0), the amplifier transistor 11 goes into a steady
state when its gate-to-source voltage Vg becomes equal to the bias potential Vy. At this
20 time, the output potential Vy,, the input potential Vi, and the bias potential V}, have a
relationship satisfying the foregoing Equation (2).
Summarizing the above, in the case of Vou < Vi, - Vi, 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 prompily 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 > Vi - Vy, by using Fig. 6B.

30 In Fig. 6B, when t = 0, the gate-to-source voltage Vg of the amplifier
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transistor 11 has a snaller value than the threshold voltage of the
anplifier transistor 11. Consequently, the anplifier transistor 11 is in a
non- conduction state. The charge stored on the capacitance el ement ﬁ@
flows in a direction toward the ground potential V,, through tIeN b i
transistor 12, finally being discharged. At this tinme, because the 5
gate-to-source voltage Vgs2 of the bias transistor 12 is in the same val ue
as the bias potential Vb, the current flow ng through the bias transistor
12 is |'b. rensisioel ehapsesllet vaiud than the thre@old vdteigo Ut M bmpatieniinlstoy' 11, .

decr eases &i | e thtg%i gat e-to-source vol tage Vsst of the anplifier

transi st or “PISGINERLSS JBE ampfifisr frRpsistgnd b-is on sopnceondedticagwategstheothar gre

lifi i : .1 he, bi ial, Vb, . d
SThie 1o enRradr el BRRPTERFRL b it © BuPuRn: aroBThE Brodg nesud ° °7

potential Vi, thraipdl théBidkitAnsiBRF €0} fidlilyVRikAYS:HrdR! Ad QRSHLE vieldsshyd ng the
foregoing Equation (2). Note that, in the stea state, the output

pot ential wapttoisguicepliage N ¢ ofishahias treatistor 1arid irc ar gencdadse aothefiaw t o
t he capacitance nt 15. Thus, a current |Ib flows through the anplifier

e : . .
t ransi st or p‘f’ltfntéﬂg/bbgg’scufl}ﬁﬁ?g‘?‘@tngrthr??gh@bﬂfﬁfﬁﬁﬁlﬁ@i hgitlhe above, i'n the case
of Vout > Vin - Tt ' tar ¢ pac e..el erent 15 to. hold
pr edet er mi ned ché?gnel%l@i%%b%ﬁ'{gﬁte_r C)[\]/\’/()tl1 %go)f &% (a/rﬁﬁt}%%nrtr%f g u aecr%‘r‘llsa?ﬁglhﬂ? 6h% he
capaci t ancgatelteemice 1%ltagel V%§ dfp@ie hhpliGsH emlistdd 11! Rvidagst hrnpygh thhe bi as®
transistor 12. The current I b relies upon a magnitude of the bias potenti al

Vb.  Accor RGP yOULCh Vordet Vieo dfribe eapbifihiansistereht bedwnamsdequhbria tre bike write
tiye of,a signal, 0 20 the capacjtanc | enent. 15, a necessity js raised to
i ncr eaioe tﬁgggﬁgs\tf“pgts SRty é'ia&\}g .en{ef‘??i]ci"gtetﬁfseﬂm? hequitgut Rl ¥ By B8t i ng

for threshgbdnial VaagdVlkinid gt nsi h J: hat
variation ?s I(;bserved by an o tgﬁéalg&{b gé‘%i?éu%?éngh@i %ﬁfﬂlﬁ%g&e@gﬁ%éputted

and t her eaFyedtiani(@).vidotcahaton thesstéatyustaie theeovdpft @dtehagky f hekefout Lasnkianng  out
a correcti on1 ge. . . see Non-Patent Docunment 1). 25 [ Non-Patent Docunent] H.
Seki ne et ¥pluer %ﬁﬁl?ﬁﬂeépe@ﬂ%@w&tth%ﬂm@t%@emwm - Fig vy agpur Rt It fERyws wi t h

an I ntegra -Driver ll%R(i 97..:p...45-48. . The foregoi ng operation of
t he sourcehﬁgﬁl o&grag :h?llg{ﬁr%nsllss rt()laélgbéaortﬁnélat%a?' on an assunption the

anpl i figr transi su@imatikirdnthet tDvE] as e’ ARSI VL, 12vhave, t IR §R&F%or the
characteristic. However, for the both transistors, variation occurs in the
t hreshol d Stpagistncagtenmmt ibbi hald prafleermmed abhdrge,iimgthef wohis theawtiertine siich as
of variation in atelen%thgﬁ]), -6 1 4 NOY 2006 i X
signal to the capacitance element 15, relies upon the current Ib flowing through the bias
transistor 12. The current Ib relies upon a magnitude of the bias potential Vy.
Accordingly, in order to increase the current Ib and shorten the write time of a signal to
20 the capacitance element 15, a necessity is raised to increase the bias potential V.
Incidentally, as a method of correcting for threshold-voltage variation of a
transistor, there is a method that variation is observed by an output of a circuit a signal
has been inputted and thereafter the variation is inputted and fed back thereby carrying
out a correction (e.g. see Non-Patent Document 1).
25 {Non-Pateat Document] H. Sekine et al, "Amplifier Compensation Method for
a Poly-Si TFT LCLV with an Integrated Data-Driver", IDRC' 97, p. 45-48.
The foregoing operation of the source-follower circuit is to be carried out on an
assumption the amplifier transistor 11 and the bias tramsistor 12 have the same

characteristic. However, for the both transistors, variation occurs in the threshold

30 voltage or mobility due to gathering of the factors, such as of variation in gate length (L),
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gate wwdth (W and gate insulating filmthickness or variation in

channel -region crystal state caused due to the difference in fabrication
process or substrate used. For exanple, it is assunmed, in Fig. BANDY GH6
there is variation of 1 V provided that the anplifier transistor 11 has a
threshold of 3 V and the bias transistor 12 has a 5 threshold of 4 V. If
so, in order to flowa current Ib, there is a need to apply a voltage for
the gate-to-source voltage Vssr of the anplifier transistor 11 |lower by 1 V
than the gatevitdd- (%)Landegamhmmg\@sﬂhafknemnbhﬁaidnrlmﬁmﬁiepfe %cr%ﬁgpl Yy,
Vgsj = Vb - 1 results. o) Mot =V;,,, - Vgl =V, ,, ng

resul ts. NSRBI %?usqdrﬂuéé%@%ﬁfﬁﬁf@@dﬁ f@@wilgﬂ PIASESSY sgbsitalermistde t hr es hoI d

voltage of the a t r.ansi. st or variation is
10 al so caused i E‘H{ ‘!Fgalmg’ luft’g t| a lgvg‘g’lt t?t%?‘i‘?és ﬁ?ré%’é’ﬁtOf]iﬁVé’ﬁ?‘”W has
been made itat wieemnsifridr h!ﬁnﬁbt@)/@i mé§b|tl$1@§101d bf bsy nd MW SMLRd PViLE, an
electric circuit suppressing against the affection of transistor

char act®r i SuesholdnfidaY i B, ivorder spoi hicoabitylh, thére issa weep todptym vblmgaor

el ectric cjrcuit having f of current anplification, to provide an
electric chﬁc%ﬂ? QP 8o uﬁa‘p?ﬁﬂﬁgaﬂép@!?f d@@ﬁ‘?@a 1y dpvagby WhV| an the

f t t t ti .
SRRy CPAEE PR B e b R PSR P RISV aE - Shad s ool 7"

confi gur edVas ='W, t g £V owj, mg, rebults. 20nHEH cdse vaRhiid ddoersfQEeH fmgm
problenms. An electric circuit shown in Fig. 3Ais configured w
ref erence thedheshelt velingeaf the smndidicp ransistemi t et higs elapsignt 12,2vdnmtaomgs a

sSwi t chj unct i on her ei naft er. enoted as SW22), an n-channel
transﬁq] lﬁ%c‘%\%adéflﬁ]gﬁ& ufB?fE‘é“aél\prent 24. The transistor 23 has a source

regi on connect edtho %s&ﬁ"iﬁ@enltlbﬂ?lagge% & 1 GLR Amd gl%gvgﬂ)rglﬁg&gmlf g fo the
ref erence constant - current source The transistor
el ectrode pwbieectegrdvidone cteetriv cfiﬁdmtos‘uppi‘besm@@gﬁhﬁtaﬁ@ affeteiient tr&ﬂmst&?"e

other terninal of the capacitance elenent 24 I's connected to the power
line 25. Tﬂkéam(ﬁ%fb%ﬂ@l"@’é?f&‘ é\i’[‘é‘i‘?éﬁwfzflﬁﬂﬁaé lsaa problem, in &hl:ﬂlﬁttlac glafwet-h&ﬂr&cmr ce
vol t age Vs n n s applied
with a groﬁlﬁ1 1%%? gcxﬁ eaq 0 l?lﬁﬁlqn tc]:Prg?§1 e:f‘R e?é% C‘tr‘ﬂ"ét t4P4 'OgrgBPplﬁf’:“glas
assunatd y @dsiren \Vblﬁl?,@m?lﬁle bRRessihBi Suainsy the ﬁff%@énzgp@ranﬁ @f%ﬁﬁmcﬂeﬁsﬁpt

e

limtative, i.e. onflguratlonls possible with a p-chann
Varlatlon

SUMMARY OF THE INVENTION

The present invention uses an electric circuit configured as in the following, in
20 order to solve the foregoing problems.

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 clement 24 has a role to hold a gate-to-source voltage Vi of the transistor

- 23. Meanwhile, the power line 25 is applied with a ground potential Vg,

30 In Figs. 3A - 3C, the transistor 23 is assumably of an n-channel type. This,
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The electric circuit of Fig. 3A sets wth a potential difference at between
the both el ectrodes of the capacitance elenent, i.e. a gate-to-source
voltage of a transistor, such that a current f1 owi ng bet ween thg ?\!QW’Z%
and the drain of the transistor is equal to 5 a signal current é
(referred also to as a reference current) caused to flow by the reference
constant-current source. In Fig. 3A the sw22 is on. At this tine, the
signal current ldata, set by the reference constant-current source 21,
flows in ahcdvaver;mmtltrmwmwd iteh eomfopneitini in @osdible Alth atitiminhélpe.t he current

| data i s branched |nto h and 12 to flow Incidentally, the current |data

10 satisfies |dall elegrig cjrcuif gf Fig. ﬁﬁs&eﬁn‘t‘/lﬂa aggtangnk dibfetsinas at betfveowther om t he

eherenee SOBLaNaSIFTEN g SULERePk 20 SHAT G SN on e cpact tance

resul ts i nsuk tiat @ cﬂﬂ%t'fﬂﬁ%ﬁ%ﬁctbﬁeen #ReBurce hAd aR c@ﬁﬁ@?‘ﬁi@ltﬁﬁnpﬁiolr gssquQI @n the
capaci tance el ement 24, to begin 15 causing a potential difference at
bet weerd t k@smﬁlhaete@ctlcra@desfermd tlhe tec apacicfance cueleatyentsd2®. ey thee

potential di.fference at between the both el ectrodes becones a threshold
vol t age of'® %‘ne‘lctelcﬁﬂﬁ?rgtcﬁfre%soufqere transistor 23 turns on to give'l2 > 0.

Because of |dat h S.e curre

flow ng despite I?I 16 Be%fﬁ%ég?%a?éggfp0| At AlgEﬁ é‘rreré 'éf’h&e% ﬁle20 The
pot ent i al ﬁférérﬁfe%ﬂﬁﬁarﬁtcuhehm&etmeﬂb@& I @hi@@&bﬁ@&%ﬁﬁhé ﬁtﬁw&%ﬁ%t ace

el ement 24 provides a gate-to-source voltage for the transistor 23.
Conseque: nttIh};S tlm‘t; thlzer ¢yerest bolg branshesinta Inaedii:toflowe luagetdllyaticeuakerient 24
unti | 1tohe tr tor ﬁpreaehes a voltage (VGS) capable of flowi ng a
si‘gnal curti %"“a héskred current. Compl eting the charge storage (point

B, Figs. 3C and I%D)n 1&5?!1% GUELRIRE bleglngetésfﬁﬁv R | éNref %ﬁ%@%r@?ﬁ? ’currg

because the transistor 'S on, 12 res U sequen

22 is turmedrefXl, m;clmh@/\ns hekal dnithe capRcitddec elesent Jue Géﬁ&: quéhil¥, ttﬁéltrarmsftche
foregoing gperation is held on the capacitance el ement 24, the transistor

SW

23 is on. Iﬁferf?a‘i?ﬁ)édmékﬁbﬁsrféﬁﬁltséq&a* Owpd {he=di.gnal current ldata flows
t hrough the drai Moy of . 1 nS|stor 23. At this ti | ] owi ng
the transistor 23'%% g?)r aduaﬂ S 30y Off S Gbapiagee flemspb 4 ftgtbﬁ@lne is a

changeisi n daiging oM poemtif diffdrBncéohit B Od thh®old %H:%{réctlé%r of $hel cApdMn2006

23, the drain current of the transistor 23 can flow w thout a change in the

val ue t herdonents 24. When the potential difference at between the both electrodes becomes a
threshold voltage of the transistor 23, the transistor 23 turns omn to give I > 0. Because
Of lgaa = It + I as in the foregoing, the current remains flowing despite I; gradually
decreases (point A, Figs. 3C and 3D).

20 The potential difference at between the both electrodes of the capacitance
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, Iy = 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 Ly, flows through the drain
region of the transistor 23. At 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

-8 -




As in the foregoing, in order to cause a current same as a signal current
set in the reference constant-current source to flowto a particular
transistor, a gate-to-source voltage may be set of that transysgy2006n the
invention, setting is possible by holding the 5 gate-to-source voltage of
the transistor due to a capacitance el enent connected to that transistor.
By utilizing the voltage held on the capacitance elenent, it is possible to
suppress agai nst the affection of transistor characteristic variation. The
met hod of WBi theZiraig cerredlof dgardneistbr @B can fapacitioans €h:lge M iHe vaRIR thseoft he

met hod shown in the bel ow. The voltage held on a capacitance elenent is
held as it is, 7o &dbe @rga;ca%un oosler é{g@u(i@agurrwd@m@ﬁgr&@nak/@meage‘:)t ins
inputted t I ifan | f doing so, the gate
el ectrode gglé){%ﬁeergﬁea@r?ﬂs]?% urfen{eso Nt Pé_t?vb %parsg‘ﬁ?r {GRsiSfRl @ 8 EtQ/B?‘{rﬁﬁe hel d
on the Cap&@[th@ﬂﬁ@yﬁémmhat &a@ﬂ#ﬂ&d Iﬁﬁletlﬁﬁelﬁfoﬁ%tl ?% b@&ﬁ)lcb oldir; é%ﬁﬁ

the gate el ectrode of the transistor is inputted a val ue havin

vol tage® heki-orsouive vodparof tindensbtermdmt toaaldgecitanct binmingoaineviel taget

Nanely, in the inventi ﬁn,. giﬁ n where characteristic variation occurs
bet ween t r dEFEPE Y YHERG f‘%f'r h%ldsqngtha|cap%P@C&géem§ntt B ip@ossipateed i s

i nputted b)é rg&l E@Eaﬁeé’t@% qufnglgtﬁgcﬁ)arac?erfs? 1{1)6%(:' tance elenent each

transi stor con ect iIs a e ‘sigha A48 Accordingly, an

el ectric ci r cui t TeaMmARoPLOUIEAE: h%Itageshei&l‘léﬁfaecsa?ﬁéta%@iel@ﬁfeni Ba @lfigetion
of the characteristic variation between transistors. 20 Note that the

mechani sm it Qﬁﬁhoﬁ@ ia t%bqla@e The Ivditags heldapa cifaaitore elcamen s Hodd asit &, gnal
volta is t be e b e char e conservatl on | aw. The char

conse?\e}\gtl 3ﬁ I a%gpil ng‘@ﬁ?(ggy v 8t51$ri?é OltA%e) JF  ippsd; © %‘EﬁﬁqTW“H‘tlrdﬁrF
positive ehecithhd élé’m@iﬂd ek ekl HEd El'e&h;dé diSné %ﬁ&&&t is 1Hgt5t96drardg

el ectrici ty anount. he I nvention can use a transistor ter

or transi stvohagnriﬁatethsedltdlge helbomthy dﬁpmnwelmﬁaﬁtf@@adﬂd&om@tﬂgﬁhl%ltage
transi stor jin any t%egeaé For exanple, a thin-film transistor (TFT) may be
ZHe

used. The T IELA §1§ﬁﬁr@®rﬁfl§hft mmn%@rea? utp@rrtwébly avalippavipg thanortigous,
pol y-crystal yst al Aﬁ anot he tor the transistor
may be t he%o rﬁ%}%dthg [gd a?[ & e%’menst flﬁ%id o s gt Vg &2‘?{%‘3 SrintPSRYPiYr nmde
on an 38  csebsheat eharBesisdearihtih SdARSHSH O HFRY%idG s BF TBHsRfor %rh%dagan' c
material or carbon nano 30 tube. Furthernore, MOS transistors or Dipolar
transi st or ¥olngs ialte be almslltﬂedaijineuttetﬁbﬂdva\lﬁk/tmﬁﬁ'olt@ lftd DESEEN EaphEincE THE
DRAW NGS
element each transistor is connected is added to the signal voltage. Accordingly, an
clectric circuit can be provided that is suppressed against the affection of the
characteristic variation between transistors.
20 Note that the mechanism for adding a voltage held on a capacitance element to
a signal voltage is to be explained by the charge conservation law. The charge
conservation law represents a fact that the arithmetic sum in amount 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 (IFT) 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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Fig. 1 is a diagramexplaining the operation of a source-follower circuit

of the present invention; 5 Figs. 2A and 2B are diagrans explaining the
operation of the source-follower. circuit of the invention; Figs ﬁﬁ %@BSD
are diagrans explaining the configuration and operation of an e]é M
circuit of the invention; Figs. 4A to 4H are figures of electronic
apparatus to which the invention is to 10 be applied; Figs. 5Ato 5C 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 foll ower

circuit; 15 Figs. 7A an%ﬂgﬁggégﬁggﬁgt showi ng a source-follower circuit
of the invention; Figs. &%@m a source-fol | ower
circuit of the | Lon. -k ' - howi n sour.ce- fal | ower
Girout of the i nibary onregih deniinty e S A RN R AR E iR ebe T o
anplifier erasentiibventiobh;he i nvention; Fig. 11 is a diagramshowi ng a
differential anplifier circuit of the invention; Figs. 12A and 12B are

di agrams showi ngFi- papdZiBoradiagruny ¢xplainiog theheperdtionertheoswurdeHigiiowaB8A and
13B are di ?g‘gap@@ho&\]j ntg an operational amplifier of the 25 invention;
Figs. 14A t0-14C dr 86 aYFams showi ng a seni conduct or device of the

invention; Fig. Ffsi$AdoGDAGE AMeSIVHiifiRidel bASng bhGHi; he
sem conduct or de% ce of the invention; 13(])1BF%%Ssqn%%gﬁggﬁgnqéé&g{réngg%lﬁgrans
expl ai ni ngekehgicooehit gfithatinomtiof; t he el ectric -10 1 4 NOV 2006 circuit of

the invention; Fig. 17 is_a diagramof a signal-line drive circuit of the
i nvention: Figs. 4A to 4H are figlires of electronic apparatus to which the invention is to

3 10 be applied;
| Figs. 5A to 5C are diagrams explaining the operation of the source follower
circuit;

Figs. 6A and 6B are diagrams explaining the operation of the source follower

circuit;
15 Figs. 7A and 7B are diagrams showing a source-follower circuit of the
invention;
Figs. 8A and 8B are diagrams showing a source-follower circuit of the
invention;
Fig. 9 is a diagram showing a source-follower circuit of the invention;
20 Fig. 10 is a diagram showing a differential amplifier circuit of the invention;
Fig. 11 is a diagram showing a differential amplifier circuit of the invention;
Figs. 12A and 12B are diagrams showing an operational amplifier of the
invention;

Figs. 13A and 13B are diagrams showing an operational amplifier of the

25  invention;
Figs. 14A to 14C are diagrams showing a semiconductor device of the
invention;
Fig. 15 is a diagram showing a pixel and bias circuit of the semiconductor
device of the invention;

30 Figs. 16A and 16B are diagrams explaining the configuration of the electric
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Fig. 18 is a diagramof the signal-line drive circuit of the invention;

Fig. 19 is a diagramexplaining the operation of the signal-line drive
circuit of 5 the invention; Figs. 20A and 20B are diagrams shqwiyy &06
reference constant-current source; Figs. 21A to 21F are diagrans show ng a
reference constant-current source; Figs. 22A to 22E are di agrans show ng a
reference constant-current source; Figs. 23A and 23B are di agranms show ng
a reference constant-current source; 10 Fig. 24 is a diagram showi ng a-
sour ce- f ol |¥&RY of theduyantiof; t he i nvention; Figs. 25A and 25B are di agrans

showi ng a sour ce-Pf.oI lawer..circuit of the invention; Figs. 26A an 26B are
di agrams showi ng ‘42-s'duf 8§18 Gha sieaplrling drivsfeincwis of thevevention; 15 Fig. 27 is
a di agram show ng:a 1§quL &y, | r&lreuit.of the i.nvention: Figs. 28A and
28B are di agrans é%owi ﬁg%gdgfg%ro gg-ﬁfsﬁag)\%@? d%‘l’er%lfﬁuﬁ Ogghetlﬂgemioﬂventi on; Fig.

29 is a diagram Sﬁ@\'@riga_aiiesg@am@ﬁpl&ﬁﬂiﬁgnme_ropgﬂaﬁ&%ttth%ighﬁﬁenﬁer%%téh%ﬂﬁ.o'f:i 9. 30
is a diagramshowing a differential anplifier circuit of the invention; 20
Fig. 31°i s B¢ WivaRfiotn showing a differential anplifier circuit of the

i nvention; Fig. hs.a diagramshowing a. differential anplifier circuit

of the inventi on;ﬁéF?g{* agg 2|8 are (agrammS SO B\E 4G TCHeGE CPRIEHCUEENAFRICES | er

circuit of the immgnbiAR L& i i iaqr i x differential
anplifier circuit %P t h2® gagg%t?%%?ﬂﬁ Isfll%g\glhgg r‘?@%%&é“%?‘&ﬁ?‘é%%%ﬂ“%

di fferential anplhigs @2Ac¢o P2Biate difgrhine showRBthiroRien25 cdtistint-36rrt sdudi-a9r am
show ng a di fferjznti f%l amplifier circuit of the invention; Fig. 37 is a
di agr am showi ng & & £$2 281 £ Blaradigeiamsshowingauicferaice thrstintcentntooyroefi gs.

oo iy 505 a0 SR UM gl SR ALl LB S
of the 30 inventHi@n25aldndl 248N d@00%ns Eh@mﬁoa bSiurle-HIRWRA B Rhit B the
signal-line drive circuit of the invention; Frg. 41 1s a diagramof a
si gnal - i né@nio® circuit of the invention; and
Figs. 26A an 26B are diagrams showing a source-follower circuit of the
invention;
15 Fig. 27 is a diagram showing a source-follower circuit of the invention;
Figs. 28A and 28B are diagrams showing a source-follower circuit of the
invention;
Fig. 29 is a diagram showing a source-follower circuit of the invention;
Fig. 30 is a diagram showing a differential amplifier circuit of the invention;
20 Fig. 31 is a diagram showing a differential amplifier circuit of the invention;
Fig. 32 is a diagram showing a differential amplifier circuit of the invention;
Fig. 33 is a diagram showing a differential amplifier circuit of the invention;
Fig. 34 is a diagram showing a differential amplifier circuit of the invention;
Fig. 35 is a diagram showing a differential amplifier circuit of the invention;
25 Fig. 36 is a diagram showing a differential amplifier circuit of the invention;
Fig. 37 is a diagram showing a differential amplifier circuit of the invention;
Figs. 38A and 38B are diagrams showing an operational amplifier of the

invention;

Figs. 39A and 39B are diagrams showing an operational amplifier of the

30  invention:
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Fig. 42 is a diagram explaining the operation of the signal-line drive
circuit of the invention. 5 DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS [ Enbodi nent 1] This enbodi mrent shows a source-follower circuit
as an exanple of an electric circuit of the present invention, 1¢H8V 2006
configuration and operation of which will be 10 explained using Figs. 1,
2A and 2B. First explained is a configuration of the source-follower
circuit of the invention, by using Figs. 1, 2A and 2B. In Figs. 1, 2A and
2B, 111 is an n-Eigatlhisla daphifdfersignabiist siies ciraandf 2nb&t@dn; n- channel bi as
transistor. 113 and 114 are capacitance el ements. Meanwhile, 115 - 118, 15
120, 127, 128 arége‘l‘}eﬁ@rﬁlﬁgfﬁ@\ﬂfﬁ@@w'h@%ﬂ%‘gﬁ¢1mtlétqf&r®si,nvwlﬁochaq§}r eferably use

seni conduct or el , h.as _anal og switches,. configured by transistors.
In this case, t ge g%iac%kr%ﬂ%ltae gpﬁl SV 35:50931?3 OR&f teyia 'HE‘jh VEHFHdHce not

especi al | ythkiimkcngen.i N their polarities. 126 is a reference
constant-current source having a capability to flow a 20 constant current.
The reflerence constant-current source 126 is configured by a seni conductor
el ement of a trapsi ike. In the present specification, a

ref erence const ;?Aiégﬁﬁsﬁﬁﬁlél\liﬂ PREGERBER EMBOIIMENTS

expl ai ned ﬂE?nBJd?meﬁ'l? exanpl e in Enbodi nent 6. This can be nade reference
to conveniently. 1231- 125 are power lines, i.e. the power line 123 is
applied with a pbhigembodifieat shdwspdoariclfalloWedircwhiab 8n EREnROWEhn blch§ic124 1S
w th a ground potential V. The power line 125 is applied with a power
source pot@HUitaPl thedpresephdnyrabien. dsuewdigpotiontdnd| opédadion e pihichdwild Hehe

ower |ine 123 and.t s ce potential VvVdd2 applied to the power
Ipi"ne 125 neé?%ﬂ%e Wéng_gﬁﬁgq\gﬁAcﬁ“ﬁ%rent in value. However, the power source
potential  Vdd2 mRpddpeendds b REnRRNG on! dF AR s%&ée—'fﬁll&?&%&?g% %Ie:?%v?/e @E’%gt a

val ue that the reference 30 constant-current source 1
normal | y dpewstgeFas. B 2doasitZht - current source. -12 1 4 NOV 2006 For

exanpl e, where the_reference constant-current source 126 utilizes a
saturation regi By la2trandsiBstldd is an avhpinglipeplifier tansiseant ambllXis ant her e

I's a need ﬁ-gha%%gl Iﬁ&s t?an\é%kol%.e Iié]al%l 114 are capacitance elements. Meanwhile, 115 -118,

81 oL o\ /A

15 120, 127, 128 are elements having switching functions, which preferably use
semiconductor elements, such as analog switches, configured by transistors. In this case,
the semiconductor devices are merely switches and hence not especially limited in their
polarities.

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

20 constant current. The reference constant-current source 126 is configured by a -
semiconductor element of a transistor or the like. In the present specification, a
reference constant-current source 126 configured by transistor will be explained in its
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 Vgq while the power line 124 is with a ground potential V. The power line
125 is applied with a power source potential Vygp. The power source potential Vgqy
applied to the power line 123 and the power source potential V4, applied to the power
line 125 may be the same or different in valuc. However, the power source potential
Vaaz 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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range the transistor is allowed to operate in the saturation region.

Al t hough this enbodi nent shows the case the anplifier transistor 111 and
bias 5 transistor 112 are of the n-channel type, the i nvent i oh4iNgV 466
limted to this, i.e. the both transistors nay be of a p-channel type.

O herwi se, the both transistors may be different in polarity to configure
a push-pull circuit. It is noted that, where a push-pull circuit is
configured, the both transistors function as anplifier transistors as shown

in Fig. 24For HemeRe, wh&Bahe irBiRknct Tohfatth@rbat huké2nsd %&iﬂtﬁiﬁéa Ll

anplifier transistor 111 has a drain region connected to power M ne 123
t hr ough t heeggwmiaf@hrangFior tnebnéigemuhcenrrang somes drres heded @ dehat aswildechas 117,

118 and to_a rain _region of the transistor 112. The anplifier transistor
111 has a GHELDNS HOFSOEE allogiHde PRYAledn Grsatusiiniasions the capacitance

el ement 113. Thexgqt, LI I tange. e 35S
connected to the soﬁ%l:lethfrggg?lbgﬁﬁ%e?l ft §1‘Logr?sttlr1§§é§?§}eoar1n piﬁ’f?tr%rrl%qéfhﬁ%ﬁ "fiﬁ)éassvm' tch
117. Tre capaidaricaredementchidid] ks, tei®lefibPishol 88 8id Qe SALHES
voltage of the anplifier transistor 111. Note that, hereinafter, the

anpl i fier Wangisders oy be D aipschaden dypsd Qibenwise, thedoti tsansistard thay Doelifiirest
transistor. 11 as_a source regqi .connected to the power line 124 and a
drai n regi lﬁrpoi%ﬂﬁg%f 18 ?H‘éS%éRM? ey itl}? notegghat ghers @ pushrgulljcyguit is

transi st or coh}2uRas 42 bAR 148Gl GELE nect.ed . Nad t he
capaci tancce eII%grreht 114. Tﬁﬁtel git%htggég%?% %gﬂ I&ge? t?jﬂ%&@ésg%gﬁog‘%@él e érgrjé'nt 114
i s connectBedndepsiphd ispuice thepothnraadistole bi as transistor 112. The
capacitance elengnt 114 has a role to hold a gate-to-source voltage of the
bi-as t¥ansi st or Theormpics tppgstor hel kisakaiaregiotheonppeisd torthngbweolinell?3 i s

denoted as rapsi r 112. 25 The switc 15 - 118, 127, 128
are contr oﬁhﬁ(g%hg%%e %‘%1?1‘%51315%% o aa%od‘fceﬁsg.l?&&ﬂ%‘lfépeﬁz% ﬁ’(%ﬁ”%ﬁ?ﬁ ]tilf#ﬁ)%@ﬁéﬂ&l ng
upon an i ngdin Fg@RRE thEQMAYSIor 11D, Fi@SamlificfAran@Se: 481 hhbg %&@Eﬂ%&u&denes or
the like for input signals to the switches 115 - 118, 120, 127, 128 are
om ttedl y ghovweied o ordermiml sf el dapyciexpd alaaknorl3. | Thd bihes aunaed botleower
circuit of Fi %? 1, 2A and 2B, the switch 116 has one 30 term nal serving

as an i nputPPESFARCh Elemetht bligrorstcdipiie oRfRirsmpn obhcitpuisopet birough v; |
(L3, U208 1 kit ol 0 . LORRE AR S g
as an out poft thtesniplifigl trafdistop0t ENNo#d thaf) Heb@nafter, the amplifier transistor 111 is
denoted as the transistor 111.
The bias transistor 112 has a source region connected to the power line 124 and
a drain region connected to the switches 117, 118 and 120. The bias transistor 112 has a
20 - gate electrode Vconnected to one terminal of the capacitance element 114, The other
terminal of the capacitance element 114 is connected to the source region of the bias
transistor 112. The capacitance element 114 has a role to hold a gate-to-source voltage
of the bias transistor 112. Note that, hereinafter, the bias transistor 112 is denoted as the
transistor 112.
25 The switches 115 - 118, 120, 127, 128 are controlled of conduction and
non-conduction (on and off) depending upon an input signal. However, in Figs. 1, 2A
and 2B, the signal lines or the like for input signals to the switches 115 - 118, 120, 127,
128 are omittedly shown in order to simplify explanation.
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 Vi,
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source region of the transistor 111 provides an output potential Vout.

Expl anation is now made on the operation of the source-follower circuit of
Figs. 51, 2A and 2B. In Fig. 1, the switches 115, 117, 120 andj 488V 2lle
turned on. The other switches than the above are off. In this state, a
signal current Idata set in the reference constant-current source 126
flows toward the power |ine 124 through the capacitance elenents 113, 114.
10 In an instant a current begins to flow fromthe reference

const ant - c(sigeivoltpe)isdepit2s to 6&: hamgeofithe @PhAGnbeLidmen ke M@ﬁ%@h&ance
el enents 113, 114. Consequently, the transistors 111, 112 are off. The

current fl BiksSWikkhal i hascanegarntinglnserting as efi entmt eermomdt dht -potntiantn sieur ce
126 tovvardS qu 1peov%ero\lkglnte 124 thiou%ﬁh the switches 128, 115, 117 and
further thiOUGhEIE Ui TSRy 111 Prefidssm ovinut gpigatid oy bui It up on t he
capaci tance el enelisalidis bbb ALk BperGAHS] tentl,al i f L epence at
bet ween the both el ec?troéges of the cap eél tandcfgl%l §&%1t§ﬂ8w Céﬁcuftﬁg{:%tenti al
di fferencelatAbad @Ben the both el ectrodes of the capacitance el enent 113

reaches a threshold voltage Vthl of the transistor 111, the transistor 111
turns on. Sim | B Libtetvitdhes bt dT.i130 and 1 2%ere traedion. bBiamsber swtiehbot h

el ectrodes he .20 capacitance.el enment 114 reaches a threshol d vol tage
WVt h2 of thteh(21 rttgﬁs? St 8rar€1(§,k' fﬁeﬁ“ﬁ F%‘ﬁ%iastsiﬁ“a]lﬁm?%rﬁ’sa 85t oTen refeaceye
storage i sceRbint-oEechaBhRe D6 ARABWLANGE Blve o fat
gate-to-source voltage of the transistor fll ggﬁé %%%va\}rg‘%hr@gé:taé%ﬁnmﬁ%ed

si gnal cur elemenisddBali4. Al so, charge storage is continued onto the

ca})aciLO[ance el enment 114 so that the 25 gate-to-source voltage of the
transi 8tor 112 cdh?f 'BWY dFedattheginseld 8oy dam dbe refatenpel gonstantAurshown i n

Fig. 2A, 4 e esC ! c I 113, 114 ¢ lete th

el ectric-char ge st6b?r§)3?h%%?o%a%§?‘g§%ﬁspgt the P?chgéaafcﬁ%ﬁnef%S,u%’l?l,Mizo are
turned froGomequénlyofte thbik@rd hid, 01hae oBWTHE RESeRKRWIRH RURLARH fidnkie State
of Fig. 1. At this tine, the signal current 'data set by the reference

const ant - pmf@réme Gostapecurrgt fouoe 1Hr bughd theepo3@r tinail P4 floosgutheswitheon of
(e e’ Phena L) ARLEL AR SR b8, Source Teoion of (he “1e 4
A e R
causing a potential difference at between the both electrodes of the capacitance 113, 114.
When the potential difference at between the both electrodes of the capacitance element
113 reaches a threshold voltage Vg, of the transistor 111, the transistor 111 turns on.
Similarly, when the potential difference at between the both electrodes of the
20 capacitance element 114 reaches a threshold voltage Vg of the transistor 112, the
transistor 112 turns on.
Then, charge storage is continued onto the capacitance element 113 so that the
gate-to-source voltage of the transistor 111 can flow a predetermined signal current Iyy,.
Also, charge storage is continued onto the capacitance element 114 so that the
25 gate-to-source voltage of the transistor 112 can flow a predetermined signal current Igyp.
As shown in Fig. 2A, when the capacitance elements 113, 114 complete the
electric-charge storage into a steady state, the switches 115, 117, 120 are turned from on
to off while the other switches are maintained in the state of Fig. 1. At this time, the
signal current Ly, set by the reference constant-current source 126 flow through the

30 drain to source region of the transistor 111 and further the drain to source region of the
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bet ween the both el ectrodes of the capacitance el enent 114. Subsequently,
the switches 116, 118, 127 are turned on, as shown in Fig. 2B. %,T¢ Wher
swi tches than the above are all turned off. At this time, an input

potential Vin is inputted fromthe input termnal to one term nal of the
capaci tance el enent 113 through the swtch 116. By the charge conservation
| aw, the gate electrode of the transistor 111 is applied by a value (V, +
Vin) that the input potential Vin is added to the gate-to-source voltage

V. of the tmasistosttl. htienhOy 06 @uirid (hBOLE PbicAtial VRrohS 188, 3 Bkegt i al on
the source region of the transistor 111. Nanely, this corresponds to a

val ue t hat thefotiysleeredss obthesepacithncampéenvas 1{3wid} thepotentibitdiBetenct it Mo t he
gate potent.i al i..+ V) of t transi stor 111. Incidentally, after the
switch 12B%Ftéycteﬁymeelﬁm%f”f&gﬂ%sﬂeges%?i“éﬁnﬁeﬁe@&‘?tﬂéé' on, the signal current
| dat, also flowsgif RS nidll~ This |8 because that e 15
gat e-t o-source vol t%eggg[l\}/ldﬁ,’ “%:M\}ﬁz)ﬂ%o?io?&%ét I;Izgnasr?g rg?é(il}fgisso‘glab{églg\végh a

vol t ages r eqhk oddr twitthes thdnhe sh@rake guffeRtott. dat @is tAEE Ak Fhgid bitentidi ey,
gate-to-source voltage Vss of the transistor 111 is also added with a

vol t age reduitpatied from g inpet irgingl te wne dprming afathe Thapaciteecuelementy 13 age i s
the voltag ot.ed_by .V sequently, it can pe seen that the

gate-t o- soﬁ]rrg]géhvg?et %“él)éd\/ysﬁ'%t ﬁlg &%sﬁeﬁwati%lgl"l’aéhet Rae EprFrogacfidhas va.
Summari zi NgansigBr { MeishapbliQiby v Esual i 09, ihS i}l &5 s - Ve
=Vin ... (4 As ShOl\M’Ellﬁiljl’ll Eqsﬂgri on@({4) , 1"§ ﬁ‘)ét gﬁtl it g%tg%{%t\i/"hﬂs%ét}ittoitggt he
sane i n vakae-tasotlve voitageuV, gidhentiasddtoitl, and not dependent upon the

t ransi (Elor char aﬁ,iueri stic. Consequently, should characteristic variation
occur i the trardf SEERL RAEnGH ¥ op iy Rtieitial amp thejspursa regien ofthe tapgistes sed

from havi ngy AnNEHcRE 1 RORLREIOHL Pl PRLPALI Al ML ALl Boueh LG el ect i ¢

- circuit of Figs. I'S a source-

provi si on efbigdteda theea®d pabntf0(V], VY ok AR tAnbk@s 1pptential . This is
because, at between the gate-to-source of the transistor 112,

predet ermi ned chéridentalyapiierdysvhitsthd 28 gntutivd ofmelche ewitceh 187 ewmed od, 14e t 0

flow the signal current |ldata set by the reference 30 constant-current
SRR Ny B0 EO Bhiaib B SarHIBHAT bn T o ARER Sohghs nst

source 126.
e £ A0SR VELL YA ASAISSBL R AT\l 12
to flow the signal current Iy, Accordingly, the gate-to-source voltage Vi of the
transistor 111 is also added with a voltage required to flow the signal current lyu,. The
required voltage is the voltage denoted by V,. Consequently, it can be seen that the
gate-to-source voltage V, of the transistor 111 has the same value as V,. Summarizing,
20  the following Equation (4) is held.

Vou=(Vin + V) - Vo= Vig ... (4)

As shown in Equation (4), the output potential V, is the same in value as the
input potential Vi,, and not dependent upon the transistor characteristic. Consequently,
should characteristic variation occur in the transistor 111 and transistor 112, it can be

25 suppressed from having an effect upon the output potential Vg

Although the electric circuit of Figs. 1, 2A and 2B is a source-follower circuit,
there is no provision of an input terminal for inputting a bias potential. This is because,
at between the gate-to-source of the transistor 112, predetermined charge is already held
on the capacitance element 114 to flow the signal current I, set by the reference

30  constant-current source 126.
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and 112 with the sane value of gate length (L) and gate width (W. There is
no problem if variation occurs. 5 In this specification, the opqregiwiii o
hol d predeternm ned charge on a capacitance elenent is referred to as a
setting operation. In this enbodinment, the operation in Figs. 1 and 2A
corresponds to a setting operation. Al so, the operation to input an input
potential V;,, and take out an output potential Vo" t is referred to as an
out put operation. In this enbodi nent, the operation of Fig. 2B corresponds

to an output 10Bepeisatthenhaventioh dant@phitss abdibauab 4rheish eftdhhScfelitgui t of
Figs. 1, 2A and 2B has a connection in the order of the power |iIne 125,

t he ref er eNedatiosrftthe transistpsnt] 1smdride, 42 isanceetheo dodigre thet2Bsistore111
invention is limted to thi.s. For exanple, the connectigon nay be in
the order 8P4 ?ﬁewgh\%ersameﬁé‘h‘fé’gfb’atFE%lgéh/\ﬁS@Hd g8 wighh (Whe Theseds ehpeblem
const ant - crySRtiosOLHGE 126 by reversing the reference constant-current
source 126 and the swtch 128. Meanwhile, the reference constant-current

source 126 nay bén ahisangeiticason,s iewoptratiéi o HoAd OpredBernfingd ahatdeobn W | | be
made on the electric circuit configurations shown in Figs. 7A and 7B. The
el ectric cFaRagitpncstelepgnt B Aefredgomssa telbing sperativn.c uint th0embedimets ths t hose
of the ele ' ireuit. of Fihgs. 1 A and 2B, excepting that the power
line 125 | gb %11]8 Oﬁ}nof}’ig%e%?“drg}é%ﬁ&%%”rmﬁf H)eif‘ 1% ki gpeé?)tbcf)q. e%‘g‘\%l g ogexﬁgg\gltq sour ce
~potential i aWBihp® JORGURPVE! arldi e % §ut}%t}:ﬁ_gbt@ntﬂ[ QUNds PALED s ¥y o - The
operation of the source-fol l'ower circuit o g. /Aor /Bis simlar to

t he oper at Potpubbperdteon. Jothisembalinene thewiperativh 0OFigF2B sorrdspods tand odfput and

hence (l)gittedléoexpl ained in this 25 enbodinment. In Fig. 7A, the switch
127 i s—arr 8Rgébet ween the drain region of the transistor 112 and the

o o oo oy JURIE ) Sy Mool S S0P BYAS 0,127
Finally, tbennecabeimafeerdeposthapbwetineIls, 8RYERRntLEordstinakhadiedubeiygen the
drain region of the 30 transistor 112 and the switch 128 or between the
swi t ch 1282adéhe yvdiqholads the ingertiw is moylimited 6o this) ROVe20Qfe, thAcemnton case
?L et 2\?“ ? Lrhan gggr}}l t%% gr%%}’"% nthE h;?O\J\gel}afiI?e rﬁg,' ?h% (s)\]?cvitéhhelZ%r z?rPdS It}?et ?erfelgé:llige and
15 constant-current source 126 by reversing the reference constant-current source 126 and
the switch 128.
Meanwhile, the reference constant-current source 126 may be arranged as
shown in Fig. 7A or 7B. Explanation will be made on the electric circuit configurations
shown in Figs. 7A and 7B. The electric circuit of Fig. 7A or 7B has the same circuit
20 | elements 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 poweruéource potential
A\ while the power line 124 is with a ground potential V. The operation of the
source-follower circuit of Fig. 7A or 7B is similar to the operation of the
source-follower circuit of Figs. 1, 2A and 2B, and hence omittedly explained in this
25  embodiment.
In Fig. 7A, the switch 127 is arranged between the drain region of the transistor
112 and the power line 124. The switch 128 is arranged, parallel with the switch 127,
between the drain region of the transistor 112 and the power line 124. Finally, the

reference constant-current source 126 is arranged between the drain region of the

30 tramsistor 112 and the switch 128 or between the switch 128 and the power line 124. Fig.
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In Fig. 7A, the switches 127 and 128 are both connected to the ground
potential V. However, the inventionis not limted to this. Thesg ¥ ﬁﬁ
connected to different 5 power lines. in a manner such that, ﬁgﬁ ﬂ
the switch 127 is connected to the power-source potential Vdd, and the
switch 128 is to the power-source potential Vdd2 For exanple, the switch
127 may be connected to the ground potential Vss as in Fig. 7A while the
switch 128 be connected to a new y-arranged ground potential V552. The

ground pot &t shalws.casenaf thdaragipernast apbétavtd Bk IMIDRITOIRR Binsishe 13898 val ue
or different 10 values. In Fig. 7B, the switch 157 is arranged at between

the source ]Pf‘e‘ﬁleéﬁJil]@fg the transistor 111 and the drain region of the

t tor 112. Th llel with th tch
127 Finally, i ri dpefs i g EERFnbo "S%%teﬁ%%tﬁ%growé%%%“@lc

bet ween t ha/ soMswE et 8HE GRVeRfiod 1 %OE ﬁlﬂﬂ@ﬂl & @ls, %“%éseafﬂ b E Eboﬁilﬁ%fgg

between 15 the switch 128 and t drain regi on of the transrs

7B show& apowse lioks am a mﬁnmmnhnhatahn trég. e ethe tshetcB OMI7CR ¢R@E@Bd @6 thde
transistor 111 and the swi.tch 128. Althoug in Fig. 7B, the switch 118 is
connect ed P8YFh éo‘g%i;‘%téntﬂaé&f soransk the switeh 438 isstoghe mweramrqeopqttmw Maizn

regi on of h th ch 12 t he |nvent IS not
linited totP!taE etﬁé%ltt&%ﬁlﬂﬁgﬁggc%@ec Sﬁﬁe%f’ PP bpfntia), eff??lt“eﬁdg (%A of 20
the transi sik th&%w@tﬂﬁi 128 Heh&)n%@été&?o b §ine aﬁh%ﬁ%ﬂmrﬁf‘ﬁbt@ﬁtﬂl WLl &phLough
the switch 127. However, it is preferred t Swtch 118 i s connected
to the sourgﬂélnﬂé@t&mﬁab‘f’ss andhehetgrausl piotiall U, magbt o thbeands @iloe oegitferenof t he
tran5| %or llfé through the switch 127. This is because that, in the case
the switch'#¥8%i s connected to the drain regl on of the tranS|stor 112 and

to the source regi :Ng o AT T, r%ﬂ‘%ed g_bfgzgeen %gél\ﬁl‘gtﬁ%ggl%ééf hf 25

there is an on-res ancde through™t he ?)on t he

out put  potmentistat 1MDand the @rehm“@riort SEthe thidtoPPIZe MHeahwitdA Y 28 is MBARWAIA €.
Fig. 8A shows _a source-follower circuit that, in the electric circuit of -

Figs. 1, 2RaaHel wBh the switch h121719F1ngﬂar tharr @d‘srbetome:émttdueredir source 496 as of
t hg t 1 th 122 th t t
e transi e _power e W rangj a transistor
e tran) Shehecabih 0! 05 00NEL Le 2L 1PN, BEangl N 8 Lrane)
sour ce$ ol UneFitdh muinid 18 dRliglredidh bSuRifindior 1920 B 7BLhoks 4 HQVoPOPS
foregoi ng operation of Figs. 1, 2A and 2B exceptl ng fhat T sWwtc 19 is
on during arrawmanngt @p&cmthemlﬁnﬂre@fdﬂ afulid Mghsinordutl pud tepev¥iathi 108, hence
omttedly expl ai QS% &1
though, in F1g 7B, the switch 118 is connected to the source region of the
transistor 111 and to the drain region of the transistor 112 through the switch 127, the
invention is not limited to this. The switch 118 may be connected to the drain region of
20 the transistor 112 and to the source region of the transistor 111 through the switch 127.
However, it is preferred that the switch 118 is connected to the source region of
the transistor 111 and to the drain region of the transistor 112 through the switch 127.
This is because 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 V, 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-follower circuit of Fig. 8A is similar to the
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enbodinment. In Fig. 8A, the switches 127, 128 and the current source 126
are connected to 5 the power-source potential Vdd, simlarly to Fig. 1.
However, the switches 127, 128 and the current source 126 may $§@pgﬁpted
to anot her element, such as the ground potential V, as shown in Figs

and 7B. Fig. 25A shows, as an exanple, a case that the switches 127, 128
and the current source 126 are connected to the ground potenti al VSs. 10
Herein, Fig. 25A shows a source-follower circuit in a case not provided

with the tomgsingtoptralidof Fpwer @A atd BB tk@pshs it th]als%mchrlwtlssoﬁa&ﬁﬁ is a
circuit to be operated as a current source for providing a bras i he

sour ce- f ol ISB\WEE opfradion and o doring agloytput hperatium, hemte csuittedle cxghaided 1Etkgs 25A
may be operﬁ)%g as a current source to provide a bias in place of the
transi stor Iy, the current source 126 may be used as a current 15

source to set they tF‘Ig,ﬁ“S% Mefwitchds fa4 iy EQ afld ﬁl%tcrui'rfggtl ﬁ%ﬁ?(.realtfti%le &l negtur 99 an

current source to supp y a bias In e source- Clrcul

out put dpertit pover-sonst eagniil e smgﬂarlll_ySQCF;g,Lnr IH@veves ehd dWigcheP €2 AtDYARMHUL NOt
used duri nglean out put operation. In this case, there is no need for

swit chi ng &1° FBTTHRUESt tHhFagns @nra@g&eddpear@theoméemmuml asntheagiongd t he
necessity s. 12 8. t diagram in this case, is
shown in F%]:)tetnlf1 GEIE%H m%zﬁllg?éﬁ\?rf'ldfﬁ ? zﬁ%\ﬁ}ﬁ‘m’? %S?‘ilﬁxa“?p/{e 2,case thafi ¢
di agr amthalﬁ dieched! 2 END8 SR8 iikcurRht $udee B tor.
Next, the o eer ation will be shO\}\lng tInulgéfe'g 2%‘15%0 e@tlgem%(?%h?sf '%iqgé(ﬁﬁware
turned on. VEhe other switches than the above are turned off. In this

stat e, 1@he si gnal_ current g.tgata set in the transistor 112 flows in 25 a
di-r ect 9n t owar d HHEEN G Re >4 SHRVSL 2 40urRe-&rl lgnver ﬁ@c‘éhﬁh%wsﬁﬁ@ép@véiﬁémlﬂlm

The magni t 't‘l‘iieetrélﬁlsttcﬂqﬁ' mevﬁlu 'il§eet%ns ﬂ)[atﬁZ 293 I rrén 1% ﬁ g}rg%q &,li)es(?éseg\{tgc%t age

Vb applied to t gate of t ransi's t he

transi st or addzZurréecoide N providinglaltBiein 1BOQk&-BRoRePbiu! IA¢Rfindl g ts of
Fig. 27, there is a possi bI|It1§ of variation in the characteristic of the

transi stor CWIQUHSﬁUftCﬁéZ@ FuFig) 234 nusfy bsi apettedsas d oursutivuacedageovidyebiasfin t he 30

| t | f h t t 112, th
magni t ude ot B PR 2 e 08 stmetirnae BRaray PeuEiiier Gmbet veen
the cifgui ts§urcé\tt0 téiant Bahaftbr 911 thAKE Scie" GRlatbh QTu RS, LLARSSLRQL (J12, no

charge is stored on
supply a bias in the source-follower circuit during an output operation, instead of being

used during a setting operation but not used during an output operation. In this case,
there is no need for switching at between setting and output operations, thus eliminating
the necessity of the switches 127, 128. The circuit diagram, in this case, is shown in Fig.
20 26A.
Meanwhile, there is shown, in Fig. 27, a circuit diagram that the current source
of Fig. 26A is realized by a transistor. Next, the operation will be shown.
In Fig. 27, the switches 115, 117 are turned on. The other switches than the
above are turned off. In this state, the signal current Iy, set in the transistor 112 flows in
25  a direction toward the power line 124 through the capacitance element 113. The
magnitude of the signal current Ig., 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 -




t he capacitance el enent 113. Consequently, the transistor 111 is off. The
current flows in a direction toward the power line 124 fromthe transistor
112 through the switches 5 115, 117. Charge is gradually built up on the
capacitance el enent 113, and a potential difference begins td4didulilbat

bet ween the both el ectrodes of the capacitance elenent 113. Wen the
potential difference at between the el ectrodes of the capacitance el enent
113 becones a threshold voltage Vthl of the transistor 111, the transistor

111 turns eorredtdy,[heditfeedi@botfvesh HeaGRuit$ Continued to the capacitance
el ement 113 such that the gate-to-source voltage of the transistor 111

becones a vol tagé\tdbmmlbﬂaet foﬂdw'mgvcmgermfropr thel ehrsistonEl®, /b gidge S4tdrédbn | dat a.
As shown |:[11%1 8A, when apaci tance el enent 113 is conpl eted of

charge st orXgEPRHERCGclehen equeney, 4 tramistor 11k is offi 7Ther @irgent fieds f r om
on to off ‘M‘bld%ectlgh F&ﬁrﬁ%ﬁ%ﬁéo@e‘i“lﬁ{é hes ¢ %%&;{r]aglsé*% 03\/@8 l?ﬁ&g%; {ﬂ}?t it iﬁat e of

Fig. 27. At this tine nal curren $i stor
112 fl odws flriﬁmlt,‘?he drain to source region of the transistor 111.
Incidentally, it is assuned that the potential difference at between the
bot h el ectrodes 63113{8%15(%?}5@@1117 Anidleue be tiencapidiBines eMaent 113, had @i patesitial of
Fig. 27 sh%l,{ld exi, st ossibility that the 20

transistors iqinceff§lnﬁé(\’/‘gccb‘ﬁ%1t b&&‘%{@ﬂt ‘W(Eh%%ﬁ?%‘%‘ Bf"lthﬁé?%é?flqeﬁ@ﬂéﬁﬂﬁélﬁ ts. In
this case. wikh thepefthindRiroknldif bR nCUEARIES AL Byl fRL Sy g pi T cul t

to circuit. Simlarly, the potentia erence Ween oth

el ect r odes befomésea tdneqshchdmﬂta@ ©l,pofethé trdds3stins111atearabibloen $1 fr@gi rcuit to
ciycui t Subsequently, as shown in Fig. 28B, the switches 116, 118 are
turned®n. The ZHemidharecsiriasisontingnd ttm@leézbwetalme@l@mdntﬂw ﬁne:dh th#tfthe At

this tine, i al ttedfromthe ermnal

t hr ough thgg@v&b{g QE{CER%E‘[? gé gﬁéhet er Sﬁ%hgf FHEes 6‘a‘ﬁ’ét€g?8 ¥ing133. By
t he chargepesa@&emmﬁlsggﬁal @M’rengﬁﬁ gate el ectrode of the tran5| stor 111 is

applied by a value (Va + V;a) at the input potential Via is added to the
gat e-to-sour ce vdistdgenvi. Fig0 28Ae when pbe cqqmtbmdeadleﬁmﬂtlmasabn@laad enti al

on the sourﬁe regi on.of the transistor - NOV 2006 111. Nanely, the

out put pot ERTTESFIOUASE iptodgiiady ﬁ@??dgletsb"’@h%]r]ée 11?@1@ tgrped gaﬂleﬂnc le-ofbyhide
vol t aggs Vg @he( GthylagWIIt&le§ W' Acdte LEQTh RS 9R G HRieNt Al ¥ titrie] the st ar?al of the

tr an5| st or
Current Lyata flowed from the transistor 112 flows from the drain to source region of the

transistor 111, Incidentally, it is assumed that the potential difference at between the
both electrodes of the capacitance element 113 is V,.
If the circuit of Fig. 27 should exist in plurality, there is a possibility that the
20 transistors 111, 112 have characteristic variation between the circuits. In this case, the
magnitude of the signal current lg,, differs from circuit to circuit. Similarly, the
potential difference V, at between the both electrodes of the capacitance element 113 is
also differs from circuit to circuit.
Subsequently, as shown in Fig. 28B, the switches 116, 118 are turned on. The
25  other switches than the above are all turned off. At this time, an input potential V;, is
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, + Vin) that the input potential V;;, is added to the

gate-to-source voltage V,.

30 The output potential Vo, is at a potential on the source region of the transistor
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The signal current lIdata continues to flow through the transistor 111. This
is because the gate voltage Vb of the transistor 112 remains at the sane
value. 5 Accordingly, the gate-to-source voltage V., of the tijr[}a@%i@ or 111
is also being applied by a voltage required for the transistor "1 fl ow
the signal current Ida,a. The required voltage is a voltage denoted by V,.
Accordingly, it can be seen that the gate-to-source voltage Vga of the
transistor 111 is in the same value as Va. Summari zi ng the above, Equation

(4) is al sdlhelNhmieey,ahdouth pstemhOW), iBrEsalE RN (Ahe tﬁa@?h@éﬁt@-‘tﬂ—%ﬂﬂ&eent I al
e

Vo,t is in the sane value as the input potential V;,,, and not pendent
upon t he t ¥8HagesYef= dhhisaobterciest frem tiGogme potendal Vi, + ¥.) oh eearansistor 111.
characteristic vatiati OQ on ttfe transistors 111 and 112, it is possible to
suppr ess agai nst 4 SEPREEITSF liem SPHHISs i flpw thiough thokansiser 1He Bais put

et 2, Bt Sl o R O Sl 11

is a possibility that t characteri's r ans Sr 111

varies bet vieeordidudy,che gar-tssoukee Wikabe W, @ASR: trdnbigtor TRORIlaR IR applidNG)
current lIdata _and the el ectrode-to-el ectrode potential difference V.” on

capaci t ancé Yollagerrauired fogrthe gppsigipehtl wellowedhe sipeel currensi kis. Howeyeired as
shown in i-0n he tput potential. Vou, is in the sane val ue as
t he i nput grg‘? etllg)glvg@%g,? éen H’g%)’% fg@ﬁé‘ﬁﬁf@ﬁt It GHLPE 2958 that 4 2alerdo-grures gnal
current Nakgir@Rdvi e 18l esisi@sieritiox t eng| I : V. on
t he capaci tan%ge& e% errént 1153. Na%r%glsgﬁ%\%h%?%e\{a%% %ﬁ%u?%ﬁ%ﬁgkéégﬁg%%%

exi sts in plgustan @yis asoeield hertine characteristic of the transistor 112 or

111 varjes between the circujts, the affection thereof can be rel axed.
Becaus&’ t he i nveAtiSBAWE dhEquasionddl therutpitinstantialV of is di thesemenialitei a the

variation 11 QNS 1 there iis np need_.to design the
transi st or g{pf tlﬁl)g'tglﬁ%gr1 i‘}l]? aﬁ\ﬁﬁ %tsdeééﬁeﬁgg%oéﬁée g%?sﬁséoro@abaﬁfé Sfi% n(é?l??e@‘ll_e)lltlgnd gat e
width (V. ifTthereeis shadgetdisoib! wiatibn \var thalti@BistoRE § ¥t Sind NaX! a'tf fSOE&ﬁfb'!é%" i's

t he

made between a case to supply a current froman outside o
sour ce- f ol PERREPSS @Erissfian cdsckdaharacieriFiigyarintiandpen tasetfu po@ntial Vst al so a

setting operati by. usi ng.a 2 rrent source to the source-follower
circuit as shown™i . y i : ing a
“rouit as shownth e irgal 0P 35 Rogld et eloalin, ks DovebicsEder i ng at
first eircuhdraG@Mc iRt dRABistdr A2 Bf fﬁrkgﬂ?fggpétwgén le UieyiftOAhn A9, 288 5.
simpl er and hence advantageous. Particularly, Tn the case of “arf 3rig| hg a
pl ural ity magnitude of signal current I, and the electrode-to-electrode potential difference V,
on capacitance element 113 are different between the circuits. However, as shown in
Equation (4), the output potential V is in the same value as the input potential Vi, and
not dependent upon the magnitude of signal current Igu, and the electrode-to-electrode
20 potential difference V, on the capacitance element 113. Namely, where the circuit of
Fig. 27 is exists in plurality, even if the characteristic of the transistor 112 or 111 varies
between the circuits, the affection thereof can be relaxed.
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 26B.
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of source-follower circuits, it is nore advantageous. However, the
arrangenent of Figs. 26A and 26B where there are a plurality of 4 N0V 2005
source-follower circuits, the current flowing 5 through each circuit
possibly differs in value due to the variation in the current source or
the like. As a result, the input voltage and out put voltage, when a steady
~state is reached, are equal on every source-follower circuit. However,
there possibly occurs a case that transient characteristic is different

bet ween t he sourCendiddringverfiret ¢ictuitt Snfighratibe 19t RRhn QNG of 'Flésh§6ﬁaa§ﬁi of
- Fig. 1, cirecuit configuration is nore 10 conplicated because of the

necessity £@P ESGHBP]W andchpmeendvantagenuan Paticslat, iothe dase ofsoungmgfaqlirokisr

ui t where.a ura rce-follower circuits are
glr : gnged ﬁ ohrcert?flo%er %ﬁuitﬁ6915[?‘106?134"%%8?5?“5' OPGY T SHAPEIREAPREESI n t he
case that 248andP6B WhercsAbicGR: R0k dy ?fnél:bl P&Htlzl%ll.l?:ﬁlt?%ca&lgl%glt ﬁg\ﬁ and the

source-follower circuit is arrange ura

carry dut télmughwgclogmuatpoenblysilﬁﬁmrls ime}tomvhﬁa@bﬂ m&h@aﬁrﬂiﬁ[ eméd ower
circuits. fgoiﬁ ntIy operation timng is conplicated. Qherwi se, in the
case that Eu F @{EsU 0‘&?&:@“&2@‘%‘3 apg gutpyt odlage, sihica e dteady sthis iseoehednumber

h I 6 d bly. h
var ati oncorcrRum By el el A B TG R RS PR pCBh Bl ouer

circuits, s f:haré’@eﬁs’ﬂi@ 15 Qitfefnt bokulcONale s%hfc@lfblti(ﬁﬁé}%\fﬁuffsa“ ations in
characterlstlc there occurs no variation in the value of the current

flow ng through ©Pheths outhere héml, liowde cise aifi Fig. Thickicirs dvatigusdon he moter r ent
the,.current source 126 provi ded outside the

val ue s det er,m d b
sour ce* Of ol §9 %?Ca@ rl?:‘i%ilse ¥h e PERESSIR Hb PWPRAh Cotitf @l ST9 ammpitaideosf the
transi ent S(ﬁp&r@%%f &E&ﬁv gﬁﬁ%‘ﬁ?‘?ﬁ@ﬁ%ﬁgﬁfﬁﬁtﬁ O%qupgtf&r‘%“sr%l cfcgsgtﬁvgeen t he

source-follower circult the T nven

there is aamimge@,(ihek:irsmt confﬁgruirzaioinqnere@ici@lfﬁﬂhd?&o lis@ed 14 #RSdaSd Babthet he
transi stor, to be inEutted by a S|gnal vol tage of an input potential V;,,

or the li k(élrrqﬂésqqﬁ% el Figi f tibeuld dx cepraamneapddhy sdures-fdilmtwer lizcuit is

gate-to-soyrce v of. t he trqﬂm stor is added with the signal voltage.
Accor di ngl Y, 2Pt mg gag‘é%ﬂb 1SemPESHr oW %ryawtéf"é’&grOPEIaEP‘?SC%F‘P“é‘EF’;S’}HFIéé%’ed

0%, L, LSS e AL T ARl 5,
and 2B shoWdrwise, inahé icgser ki the current source 126 of Fig. 1 is 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 inpuited by a signal voltage of an
input potential Vi, 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 affection of characteristic

30  wvariation between transistors.
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with the n-channel anplifier transistor 111 and the n-channel bias
transistor 112. Next, 5 this enbodi nent shows, in Fig. 9, a
source-fol | ower circuit configured with a p- channel anpllfqu%mﬂm%lt 132
and a p-channel bias transistor 131, the configuration of whic be
expl ai ned. Note that the operation of the source-follower circuit of Fig. 9
is simlarly to the operation of the source-follower circuit of Figs. 1,
2A and 2B explained in Enbodinment 1 and hence omittedly explained in this
enbodinment. 10 In Fig. 9, 131 is a p-channel bias transistor while 132 is a
p-channel anplifier transistor. 133 and 134 are capacitance el enents.
Meanwhi | e, [E@bodipgmt 2138 - 142 are elenents havi ng sw tching functions,
whi ch preferablygﬁé senlc nduct.or . nts, such as anal og swtches,

[

configured by tr SpIsT sfo g Gieuy qf & dndéd wendh éh‘?w%l’fheé%ﬁ)@ﬁg@@fd@@
havi ng a capapihk ntchah®i fa!’n% Y¥rier trélnéls ngYy @g& h%q{—éhecl?l}lel ble%r orr(?[g?
6 E) eﬁswt’ such

constant -current source IS COI’] I gure sem COI’]

as a transitlsis embodimenhghawseRerip, Qspecm*cexf@ldm ,c1r&1h€cdr§fg@f&1ﬂﬁ@n a p-channel
constant-current source 146 configured by a transistor will be explained in

its one eXgwhilsr ?IFFuEﬂ%dpﬁﬁﬁtChennefhla@; trgatistpe] Hathe coefigretioreotvabich will

conveni entI ower.. s The l.Line 143 is applied wth
a pomer-sou%g)é&é%d p%]??et at(? QP(?&?U *H@eggﬁ%‘?’erlqlrrﬁ’élti’ﬁﬁl&él%ﬁ%‘? 2@y with
a ground pes e bpdradlen Hhen Wfdﬂ% Meuik Sr ec AM rece
potential Vvdd2. ﬁgi%éntafﬁy, t he 8omér g03r?g£%gtg%%ﬁhﬁz%%g ﬁm ﬁ%d to
the power Emwdimentdrahdititecpamiedyoupteneddh tidgemyodenappl i ed to the power
I'i pe 1 na be the, sane_or different in value. However, the power source
pot ent Vdd2 aé‘bIFi?eg {3 Brer-pleanse! bips wansiptpr vehileelpd; i is @ p-ghanhel a@ﬁlllfm a

val ue 25 tha e nt-current .sour 4

normal |y ope%%%tggaj;ﬁaﬂdc%%s rgg%bsa%mnrcgr? IS cI\Z g? l(%‘rﬂ?’gaﬂﬁn\é\f@ Hhe
reference ehnshanhavind ERNELIALO Wikeiohd Bwhibh ipkdfZ@blydussaletiaiddqRof ecg:'n%ts()f a
transistor to configure the current source, there is a need to set a
val ue thatSB¢E@&%@%@§$§W@hﬁtSOEﬂwmw¢hymxnwﬂm&sate in the saturation reglon

Al t hough this enﬁggl rrent hows the case the anplifier transistor 132 and
bias 30 transis li:?lr FERGT COMRIA-BHEMEIUTESy paving e cppabdify i onflpy Aot

limtedst Océﬁ'ﬁt??nt éurfent.t NERDQ ﬂarencg?coﬁstént'\é%e Surct rl%{gs S_Sr%(?ﬁfﬁ%u”@&/ Hoe

different in polarity to conélgure a push- ﬁPQCIrCUI 35" t¥afisi st or
131 has a sewicoeducegidemenehied tﬂaﬁs1§thﬁ m%@ﬁrelsbﬁl% ddBcatioR! SldGbrckdi@e SWi t ch

136 and a drain region connected to the sw tches 13 138, 142. The
constant-current source 146 configured by a transistor will be explamcd in its one
example in Embodiment 6. This can be made reference to conveniently.

143 - 145 are power lines. The power line 143 is applied with a power-source
20 | potential Vyq; while the power line 144 is applied with a ground potential V. The
power line 145 is applied with a power source potential Vyg. Incidentally, the power
source potential Vaq; applied to the power line 143 and the power source voltage Vg
applied to the power line 145 may be the same or different in value. However, the
power source potential Vg, applied to the power line 145 is required to be set at a value
~ 25 that the reference constant-current source 146 is allowed to normally operate as a
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 at 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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bias transistor 131 has a gate el ectrode connected to one term nal of the
capacitance 5 el ement 133. The other termnal of the capacitance el ement
133 is connected to the power |line 143 through the switch 1136 N0 VriH8o

capaci tance elenment 133 has a role to hold a gate-to-source voltage of the
bias transistor 131. The anplifier transistor 132 has a drain region
connected to the power line 144 and a source region connected to switches
138, 142. The anplifier transistor 132 has a 10 gate el ectrode connected
to one ter mamddtosimiyie: dpast ManLiteemtisulStpushiRiQiRE, tern nal of the
capaci tance el enent 134 is connected to the source region of the anplifier
transistor 132 tAPobigs tansisonildt had 43outheegiapacicardao ehepentr 1341dms a

i £ ches 1980 BB GP TSR R L ATF smstibgC B sullekesanoaiy. 148 The -~ |0
non- conduchiz@ Mrab§iodnd1 q’x% h %%&CQE&?H?IQ dofn@ied PN t%frgl?lglt of th {%V\Eéa?(:ru{a%%n Fig.

9, the signal Ilines or the inputting signa fes 135,

136, 138 - clen2nai83.ofhe oddk Yernsaw the capadigdnct @lesidiPliBS ¥s exlcaRatih @ |0
the source-follower circuit of Fig. 9, the switch 141 has one term na
serving aEO‘éi?F linepkdd t%”é’t“&h GEY SWlchrléﬁg Whe bepacitgngt eteereni h33 hasarrolertplibld

potenti al 4g%ll% ‘%ﬂﬁ%?@%ga?ﬂﬁpf tted to one termnal of the

capaC|tance areRen tch 138 has one terminal serving
as an output ter %@@IID 1%(&}& ROERRY BRhaoNirhilG ek ' lifier
transi stor 132 prOV|deé anroutput po%enfla e%ﬁﬂ eE@Sk thgg%£§<}ggp
circuit shawha sonred ggionkongétahio s3fchss B85 042 CBhd ﬁhﬂ)lﬁmltranmtbﬁ U3l hasthere is
no]pro§LS|on ohﬁ?n in t termnal for inputting a bias potential. This is
25 becalse8YF & ‘@ﬂﬁf C@Hépg@ﬁt@manﬂ— dﬁeﬁ@kﬁﬁﬁﬁﬁﬁﬁ@nﬁﬁﬂéélfﬁﬁt@h@ienent
114 10 11 oinlifn Srapa cagwaﬁ O ofeflRh@ 137" IR O BEO00 e COnRL Rt s T et

source 126 t rough t source o

i nvention gapliS¢pmnes®r agaiie OthtH@s»aﬂ‘témz Gthe @k aféh%c%ie“rﬁén%%&hasvaa{o!@“ on
of the bias transistor 131 and anplifier tran51stor 132, there Is no need
to 30 destogipld h@a@rtwoumrmltsgemf th@amalmﬁneramntlstbr é32tran5| stor 132 with the

| f 4 00 | th (L d t dth Th
5o pr obl em |t TUarAEh BeouFE: R holh he BBRAER Hoordenpy. 3 i < 1
the orger gén- E&ﬁiu@ﬁ&? onldnA®# f}ﬁé@orcﬁlﬂg o :{rpifn?ut%fgiﬁl Cﬁ%é@eﬁ“m%’t’gr ek sl €€ 146

and the switch 139, the invention IS not
lines or the like for inputting signals to the switches 135, 136, 138 - 142 are omittedly

shown in order to simplify explanation.
In the source-follower circuit of Fig. 9, the switch 141 has one terminal serving
as an input terminal. Through the input terminal, an input potential Vi, (signal voltage)
20 is inputted to one terminal of the capacitance element 134, Meanwhile, the switch 138
has one terminal serving as an output terminal. The potential on the source region of the
amplifier transistor 132 provides an output potential V.
Although the electric circuit shown in Figs. 1, 2A and 2B is a source-follower
circuit, there is no provision of an input terminal for inputting a bias potential. This is
25  because predetermined charge is already held on the capacitance element 114 to flow
the signal current Iy, set by the reference constant-current source 126 through 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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this. The connection nmay be in the order of the power |ine 145, the sw tch
139 and the 5 reference constant-current source 146 by reversing the

ref erence constant-current source 146 and the switch 139. MeaniiNOd, 20y
referring to the foregoing Embodinent 1 and Figs. 7A and 7B, the reference
constant-current source 146 may be arranged at between the switch 140 and
the power line 144. Furthernore, the reference constant-current source 146
may be 10 arranged at between the switch 138 and the switch 142. Fig. 8B
shows a solangth flolahdwete wailthc(W). TheraiseegRoblon ipvALiidsdcmit.h t he bias
transistor 131, the capacitance el ement 133 and the switch 135. The
operation of theAlbgugt e eompesiion igifig? is mfthFiogierésﬁBthfspmlfmlirm(rjléthSotlnd”ue

f oregoi n i igs. 1. 2A an 2B in i.ment. 1, and hence

om t vedly Logebe Qs fhin sl ieiRe mg8idh BOgTeamenimeissh MERCASE, ( he
swi t ch 139119 dThdeorGeEl@ Yaa B it e AR B fie PORRRARE £k, " Mgcgﬁ%p%a T oF
potential Vdd, simlarly to Fig. 1. However, the swtc 136, "the switch
139 and’ t heefeignece wongaurcosei4 ouray 186 monaecting the raahbe lcopauRicukiche  or

el ement, such as. the %round otential V, as in Figs. 7A or 7B. Fig. 25B
shows, as ﬁwrc%i%\éﬂdet,eéwg% 3%hat the switch 136, the switch 139 and the

1 . ] th d ent Lal in,
Flg. 88 showe.t nareattile 3 BREARERSH: hedolf PORUTRGBE B Pl ot paf BB, 151
i's not protedettrertdowesint-dui@ni s B4d0hay Bd arrhfpeldta® bRRSLE She %]\iitéh figeult

to be operated as a current source for providing a bias in the _
sour ce- f ol Pesée pewetling 144adtuihdinmekythe rdferencumonemtt-comenteuictti dondi g 8B

may b t ed current .s e r providing a bias in 25 place of the
?ﬁ%ns?%@gregr%%lﬁeﬁed%g@m??n [hr‘?eqwdi‘fgﬂégtanégﬁrsé"étcﬁiézﬂay be used as a current

rce to set thejdn ' . ' : i+t i and. as .a
curront source {58 ST sobie-HbLREGTAACh Ot BEERAMAN I iR g an

out put opetratsisor, 13Ipsheenpacitanoe iclvgnenti $83 atlitengrikh 965! iTHe PRAEBHIPIDUL not
used during an output operation. In such a case, there is no need for
swi t chi ng BEtGisERloyes sireyiiRy Fop SBis pigrilas tthe foregnipgiopasasismatt Fegs, 142 usd30

Thi e case, 2Pe EndRaERgl aRbih® By oty maBBemtRdiseg 20 i 5 chown'a |
cir cu 15 di agr am L, @E5and Batich N186.CHETGinSOW &8I Guplenfdirce 30821
realized by a transistor. The operation of the source OP ower circuit of
Fig. 29 isconnected to the power-source potential Vyq, similarly to Fig. 1. However, the switch
136, the switch 139 and the current source 146 may be connected to another power line
or clement, such as the ground potential Vi, as in Figs. 7A or 7B. Fig. 25B shows, as an
example, a case that the switch 136, the switch 139 and the current source 146 are
20 connected to the ground potential V.
Herein, Fig. 8B shows the source-follower circuit in the case the transistor 131
is not provided. However, the transistor 131, in its nature, is a circuit to be operated as a
current source for providing a bias in the source-follower circuit. Accordingly, the
current source 146 in Fig. 8B may be operated as a current source for providing a bias in
25 place of the transistor 131. Namely, the current source 146 may be used as a current
source to set the transistor 132 during a setting operation and as a current source to
supply a bias in the source-follower circuit during an output operation, instead of being
used during a setting operation but not used during an output operation. In such a case,

there is no need for switching between a setting operation and an output operation, thus

30 eliminating the necessity of the switches 136, 139. The circuit diagram, in this case, is
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simlar to the foregoing operation of Fig. 27 or 28 in Enbodi nent 1, and
hence 5 omttedly explained in this enbodi mnent. This enbodi nent can be
desirably conbined with Enbodi nent 1. [Enbodiment 3] The foreqqiw&,nm
Enbodi nents 1, 2A and 2B expl ained the source-follower 10 circuits %o
which the invention is applied. However, the invention is applicable to
various circuits, including a differential anplifier circuit, a sense
anplifier and an operation anplifier. This enbodi nent explains an
operating shovauintFiglmB.nvention is applied, by using Figs. 10 to 13. First
explained is a differential anplifier circuit the invention is applied, by
15 using Fig. 10nHg.g9isthoporadspiditgramn i casthasthe anged swirch146 sffigr ence
constant-cgéé%ﬂ%m.sg§rc% 268 beibdes the native circuit simlarly to Fig.

1. The dif f&r &nti &M THPalerT ¢he RFFIWLH theesouisgrioBow eisaicaitiob RigoRY &

di ff er encegihgiane j [ 9 . I nput tential Vin2,
to output an outgs?@gg¥;ﬁ%%éﬂ%%gg%.a1ﬁl'ﬁg %??géﬁg%Pbgﬁnlﬂg?i??%ﬁm3$%cuit
of Fi g.5 100m2%2]y @fBaim¢ckinphshaodimen20 transi stors while 274, 275 and 286
are n-channel transistors. 276, 277 and 278 are capacitance el enents.
Meanwhi | e, swi t chBl cpepedingee carptrgdesgably ze@bired vitnidmbogmenel. el enent s
havi ng swi tching functions, which preferably use sem conductor el enents,
such as transistors. The sem conductor elenments are not especially limted
in poFarityEmB&afimest 7 reference constant-current source having a capability
to flowa 25 constant current. The reference constant-current source 268
is configured byThe ferpdicgridubedimentselTEIA ,and UZIh expladiclr @B oG follbWet he
prpsenﬁ}speciticatiqn$ the reference constant-current source 268

confi gttt ed“BGMY 1P PHHER LhovEntion Kearplistaiieweven the Snvméion dx applieblento

Enbodi nent .§; i8Sy d nce Lo convenient!ly. 267 271 and 291
are plovver |2?h°§§m“1%-hg§§6‘pm§9@i %éﬁ@éﬁﬁtﬁé ap?tpl)';%ielé&lrg 1plha écrﬁg\ﬁé‘?p%f@é W Hce

potential ptddtiodhirhplifidte Piawembotidgen? 3dplhis Whtdperutb Qiedit RRS §eh@bn ¥ - The
power -25 1 4 NOV 2006 Iline 267 is applied with a power source potenti al

Vdd2. The ekied, BoisieeFigsthivildl vddr  applied to the power |ine 271 and
(ne pover, sour couRgL ol YASZmBRlL o0, 0, e RRUEY LS, 2L TEY 20 1
?gﬂalr g%céouéiﬁ@F%Q‘l\@.r Flg. 16 c88spbRdd ® WalEsriRePRihG reftorde VL WS AL LE NE
source 268 besides the native circuit similarly to Fig. 1. The differential amplifier
circuit carries out an operation on a difference between an input potential Vi, and an
input potential Viy, to output an output potential V.
In the differential amplifier circuit of Fig. 10, 272, 273 arc p-channel
20 transistors while 274, 275 and 286 are n-channel transistors. 276, 277 and 278 are
capacitance elements. Meanwhile, switches 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 Vg while the power line 291 is with a ground potential V. The power
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5 constant-current source 268 is allowed to nornmally operate as a
constant-current source. For exanple, where the reference constant-current
source 268 utilizes a saturation region of a transistor to coq|f4imyrmﬁt he
current source, there is a need to set at a value that the transistor is
allowed to bperate in the saturation region. In the differential anplifier
circuit of Fig. 10, the switch 281 has one termnal 10 serving as an input
termnal. An input potential V;,,1 is inputted to one term nal of the

capaci t ancéineR6TesdppAZEwitbaowet beurcd fienitl VGh, 284pHas BOReHBILIRAY, ser Vi ng
as an input termnal. An i n%ut potential V;,,2 is inputted to one term nal

of the capdbplisshedhe prwerdine 27t and Mespnwdriseurce ansitstl Of . 24plibd S the gpoaden
regi on nade._a n_out put term so . that the potential on the drain

regi on of ?’ﬁ%itﬁ?%asvr%ﬁ?@? S35 °|5:ﬁgtjxg?ra%tsmé’ﬁﬁ’&utPE‘DYe"ﬁbtﬂé%P?‘éiFr sopece\RAlgntifhe
transi st or ied Fo WeAhdlw EraH ) t o i/ nd a
source regi\%%zz?:ﬂci)%nect ed to ar glregbrzc irg(ra}g‘?lg%e%g[? tit%hsfaeptg tr g%ﬁﬁgttgg}ﬂg?iﬁ% ]ﬁr%gfﬁgh t he
swi t ch 502 consHrg-curranssostoe 268 Tshllasdao domatally opgriasaeonasitadirdeat ddageponer

line 271 and a source region connected to a drain region of the transistor
275 t hr ough'oF [F&ampjer despie mfeeny eppsEneresnt geerce f268heilizcanssatimaion72 and

the date el eg . NSi skar 273 are onnect ed .t oget her..

| nci dent al Ir%,%lﬁ gg?eg%ashsgﬁzo %@%@e TP rﬁ&%&%ﬁ‘fe’ﬁﬁ%ﬁés b eeﬁﬁ%sﬁﬁéﬁgiﬂg? gres 272
and 273. ThiSudiBiskRGauSRved 1B Jpb@tdinfhesRNbIG] el i fier circuit as in Fig.
10, 272, 273 are parts called active | oads to be operated as resistances.
Consequent | y, t hén prrdifershtialactplifier tioadsofi g Fily theldvith 28 ehas oné tegutiratl by
usual rigsi stance elenments as in Fig. 30. 25 The transjistor 274 has a drain

r egi on 1ConABEVIIERS S 1PRY (HENBR |4 EPaYROERA Yan 1 Rted o tspinalyf the

t ransi st or : e i (o n ermnal _of the
capact t ance iaRAbignaR res MERhI AT bR 8e WERIM R e i s &
gate el ect hgue teratineAethplOpbbeiDtNSris igfulieddd o tehReat 3P AR LpRGRInEL ement

276. The capacitance elenment 276 g)l ays a role to hold a gate-to-source
vol t age of ctHEDt Pahs\Epothe 2raasishe’’S BS cdminyiegign atrdeas setonipuy tepmgradso on.

-26 1 4 06 The.transistor 275 has a drain_regigon connected to the
power | i r’\llg){l?% ‘-’t%?t%fﬂt% OPﬁlée din egiog s t %HaQSF%W#étRS vigesan giguipAleniiad e
regionjgonnegted to one terminal of the capacitance element 277 through

the switch 283. The transistor 275 has a gate electrode connected to the
ot her term nal oflhthencispalliZ aace dedieregion 2dnhecitheo CRPPEIEAIEE271 and a

source region connected to a drain region of the transistor 274 through the switch 502.
‘The transistor 273 has a drain region connected to the power line 271 and a source
region connected to a drain region of the transistor 275 through the switch 503. The

20 gate electrode of the transistor 272 and the date electrode of the transistor 273 are
‘connected together. Incidentally, resistances may be arranged in place of the transistors
272 and 273. This is because, in the differential amplifier circuit as in Fig. 10, 272, 273
are parts called active loads to be operated as resistances. Consequently, the parts of
active loads in Fig. 10 may be configured by usual resistance elements as in Fig. 30.

25 The transistor 274 has a drain region connected to the power line 271 through
the switch 502 and transistor 272, and a source region connected to one terminal of the
capacitance element 276 through the switch 282. The transistor 274 has a gate electrode
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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5 elenment 277 plays a role to hold a gate-to-source voltage of the
transi stor 275 when carrying out a setting operation. The tragﬁiﬁ@aﬁ 286
has a drain region connected to the source region of the tran 4 0674
and to the source region of the transistor 275. The transistor 286 has a
source region connected to one term nal of the capacitance el ement 287. The
gate 10 electrode of the transistor 286 is connected to the other term nal
of the capacitance elenent 287. The capacitance el enent 287 plays a role

to hold a gate-tThs cunisigonDitizge drgih ré16n b6aREIE 1@ hedRer RLEDSS ﬁﬁ&&%}ﬁ‘d
charge is g}egl d .onto the capacitance elenents 276, 277 and 287 by the use

of the ref BrsHaEholA end krngsior 27 arbaseBce@gionHonesaed opmedatenatiofd: 15
charge canpgt. he held e tinme, an he, t hree capacitance el enents
276, 277 an ol Blepft T REush i oithdstalis Gibue: Madet - EohelsroBuch

that one ofodddgicdWht Ghesh26@raRd o288 & For, expiml e, uhen the
switch 265 is turned on, ther SW tgh ZGG%EEM%%‘S%%%H& .7' T)rf;g?],ca arctlat Bt%r ni ned

charge s bleingnoATbpllie a cajpaoi Hold e eart-@menice Rlidge 8Bihe tradsRidrarisywhdhe
switch 265 is turned off and the switch 266 is turned on. Then, 20
pr edet er m FEH 1 H AV GSHERACHUSAt 0 t he capacitance el enents 276, 287.

I ncidentally, th i of the operation during hol di ng.predeterm ned
charge on tKe cagg‘%??lésﬁégg} %?Cgrf%%sn & ’-’%é‘?glﬁ%?‘)%&t g9 tﬁ?/ Sﬁ‘éricﬁégﬁlﬁ?ﬁ%ogé[feerence

constant - Ctauisifibr S0 ABS shficStdBdAdT the thhaltoPs79mpRd i IR, 65‘1?:(1‘:1 ence
omttedly explained in this err‘noegil ment. 25 Af(t)er corrpﬁfiertl ngOt%Se olgd]i ng of

pr edet er ni #fadc tegiqrecomettid i apademandeof tht enpatita@®belemoni YUt TRotsars i al V;
.1 is dnputted to. tgne termnal of the capacitance elenent 276. Also,

after Conpretiofy PihRe Hemamioy 28p iy caprectsdnoribe oflieargeingl aftée cepgrilenceance

el ement 27 ' atlal 1\ ES 1 nputt to one termnal, of the
capaci tanc%lerglégtn%ggg qglsggi%a%ﬁ%g%rey{%%r{t %%B%‘ﬁ g&%‘e g"g‘é‘%@?i%ﬁ%? tO-FRATCS YRIA8S on i n
this case ofsth8@rasdistot 286.t 0 t hat of Enbodi nent 1 and hence omttedly
explained in this enbodinent. -27 1 4 NOV 2006 Next, explanation is nmade
on a differentialredepiminpé ehage sield emo e cipa¢imnappleinedts®76) 2EUartd 28vat  a
setting opg i rrent source possessed by

the native %?I%eic ﬁ?@t iogg?e??lerfiﬁ%g%eog%P%lﬁgél!ééfiﬁzgﬁggﬁg?qcﬁ; Hogreven prefeiermiredised a
currents sugkgSehnndSbEhH! St€die tHHE, 1M heSRlck 'AFaAREEAUE Qs D78 %d
287. For this reason, it is carried out under control such that one of the switches 265 and
266 is turned on. For example, when tﬁe switch 265 is turned on, the switch 266 is
turned off. Then, predetermined charge is held onto the capacitance elements 277, 287.
Similarly, the switch 265 is tumed off and the switch 266 is turned on. Then,

20 predetermined charge is held onto the capacitance elements 276, 287,

Incidentally, the explanation of the operation during holding predetermined
charge on the capacitance clements 276, 277 and 287 by using the reference
constant-current source 268 is similar to that of Embodiment 1, and hence omittedly
explained in this embodiment.

25 After completing the holding of predetermined charge on the capacitance
element 276, an input potential Vi, is inputied to one terminal of the capacitance
element 276. Also, after completing the holding of predetermined charge on the
capacitance element 277, an input potential Vi is inputted to one terminal of the
capacitance element 277 to carry out an output operation. The operation in this case is

30 similar fo that of Embodiment 1 and hence omittedly explained in this embodiment.
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5 current source 268. In Fig. 31, a setting operation is made by using the
transistor 286. The transistor 286 operates as a current sources NaniZelh
determ nes a magnitude of current dependi ng upon a bias voltage Vb applied
to the gate thereof. Next described is the operation. First, as shown in
Fig. 32, the switches 504, 279, 282 are turned on while the other sw tches
than those are turned off. Thereupon, a 10 current flows toward the

transi stor 274, thus allowing a setting operation for the transistor 274.

Next, as shown i iNefigxp@BaticnHemauk behaFtEOhial 280lH23Zc@E & WHEARD, ?H ile
the other switches than those are turned off. Thereupon, a currerﬁ) ¥ ows
toward t he? SEFaih §ias p s¢tting gperatiisis spiripdiongbausliting nguropesatrcoposiascd by
transi stor 4275.. Thi S . l.et e th etting _operation. Consequently, as
shown in Fiﬂge.@X}_Qkﬁé&gﬁlﬁ%?%%% ?SI%@,@' ﬁ'v 284 are turned on while

the other swtchegss anesddy &ﬁf&n@%tfgplig&!?@a c@rrﬂg IaHH‘Jl% %%?%&;%3&140% fl’gnalrtflfic‘)Ed

out. Incidentally, it is possib to omt t SW utnirng on the
swi t ch 502 curtentisngrea 268t i . Sper sdrtignomirationes iadn sy stiap R/ dansMeamdai | e,
the voltagg,to be applied to the gate of the transistor 286 may be 20
changed upg‘rt}e HEADRSEY 2005 @R iAY) 25 PefEId Fowee, Which udstermpensat inmgnitadet phit

oper ati on) . transj stor 274 and the transi stor 275, in many
cases, havgurrgéeﬁtél%bé%/dﬁleé%goﬁleablg%%h ealfz" aPP@?/ﬂdtﬂdp%%ﬂt‘? g‘r‘?fw n the differenti al
anplifier circui Nexfa&efiBkdBltie opdadiie LiRSErs Abwh 3 F%g. gg, B EwAREdaNY T
operation, the setting operation is preferably done under the condifion
appr oxi mat 879Gt tupfiedeonushidd the péreatwischet ohinphibscapetuatddan). . THéwpoRp! #Vi des
f or 251 i gher e}ctﬁurac(}/. Ac&lordi ngly, by adjusting the voltage to be applied
to the gat EMSFI HEYS (PRHE; Qe dramsBr TH4 jthusg plbgweing ey setiing |aparatio ufor éhe i n a

hal f anmount,Qd; . r-at | QU eration) during. a
setting operra atl?tgﬂ.?mcgﬁ]esxg’c?gg%vﬁgggﬁ’ g’%rg‘svéutgﬁ\;\%s%gg i g%%trﬁrF H?rﬂc %%gltkﬁat a
transi st or tfe0@hesswistheanigacdthpsy @il t@ewidrl) Theetpns aheht 888 asvanehder
net hod for obt ai ni_gsg the simlar 30 effect. The transistor 506 is

desi rabl y PANEStS) 28, Wasellomang a pesting opdration fon dhestamsisRB675. The condpldEr/ 2006
During a u operation, the gate of the trapsistor 506 is_applied by a

vol t age _saﬁn%éaéggnpgt%é:’ atiop. t(iguoéis?‘gla?H@Y’sﬂS& oyB4n fﬁjﬁlg’p'g‘eéwétéh‘?si - ePérdtli on, a
currents i s280treabiRwes wild theWhek %ﬁ&gﬁg a%%‘&éﬁerdad}ﬁ' P! 2 gﬁg%lgiggratfgﬁ jshows a

circuit diagramin a case the nagnitude current Is
carried out,

Incidentally, it is possible to omit the switch 504 by turning on the switch 502
during a setting operation of the transistor 274,
Meanwhile, the voltage to be applied to the gate of the transistor 286 may be
20 changed upon between a setting operation and a usual operation (output operation).
Usually, the transistor 274 and the transistor 275, in many cases, have nearly the same
amount of flowing current in the differential amplifier circuit. Accordingly, in the case
of carrying out a setting operation, the setting operation is preferably done under the |
condition approximate to that of a usual operation (output operation). This provides for
25 higher accuracy. Accordingly, 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 seiting operation.
Consequently, Fig. 35 shows a diagram in a case that a transistor 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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5 upon between a usual operation and a setting operation by the switch 507,
as a circuit simlar to that of Fig. 35. During a setting opei%thlogr? [lﬁt he
switch 507 is turned off thereby reducing the anmount of current g hal f .
During a usual operation, the switch 507 is turned on. This can carry out
a setting operation in a state approxinmate to a state of an actual
operation, thus enhancing the effect of setting operation. 10 Subsequently,
explanation is made on a case that the transistor constituting the

di fferenti eDurmgpd mSﬁlalempecatmutﬁe gafe Hithe rifbidass0Bs opiRaidyer €ARGHeihy bl Y

type, by usin |n the differential anplifier of Fig. 11,
ref erence ﬁlE?rrrg)if éli‘estr&z“‘ﬁ@tor% drwingn soitinmepcrationn s icarertss whi AlkoweetfterfEmc e

nunmeral s 27 ouégﬁle%ﬁs@t% gfe p-channel 15 transistors. The swtch 281 has
one termna an 1 nput £eFminal to i nput an input potential V;,,1 to one
terminal of the EaR36ishANERcRLBIERraRB 2 ASRe m%@ﬁtlﬁié‘otf%*&ur’r% g@lﬁlng&pe
termnal as an input ternminal to input an input potential V,,,

terninab ofippmbetwsapacistalmperadbraedt sfifig opatipobe titd amawﬁmhes selicge

region of the.tra rovi des an output potential Vo" t. 20
| nci dent al Iswﬂatrﬁ%&ﬂ éFO # é%t i%édr n&ﬁﬁFﬁﬂPEQPeféil?I&d}qS%ﬂCh[59618 tymef offgherebar in

configurati r.ati e, f I|f1er circu
10 except i E%Hh{: hat hegﬁggl\t/lvﬂe(%ncs%%%{eb pg%IE U%% 3P§1 eLai0; g Sf’vétcbﬁéﬁﬁ%mer
line 291, aupedwen. SThisrcae cpof oitd @hting\usd2ation lﬁﬁma'tce&bpﬁ'&uﬁnlﬂ?e BARdic bi A 267
and a ground potentjial V,, is applied to the power |ine 271, and hence
omttedly éQtHFIa‘PH“PéWDHQ‘@W ﬂ%hf’@éwgalllq gffect hbsetlifefapestional anpl i fier circuit of
Fig. 1Qgor 11 is d é‘efer @ r]ama@os'tlon arrang:%lg t he reference

const ant - cur r ent “SOUAEE D& PlATLOR IS BATS e £ theItFalW‘F"é’ac?’?ﬁ“B{ﬁigtth%n
arrangi ng direre@f-0@RE8c "

satisfy the foll ow ng coﬁ%ﬁﬁftﬂ%ﬁ??bv}\ggaﬁé%sone e{y? gml}%ﬁtghat

hol di ng prddet erni ned charge on the 30 capaci tance eI enents 276, 277, 287
by using the ref re ce constant-current_source 268 -29 1 4 NOV 2006 is

under control of Sifftepad epitics poBig. 1I1IaﬁfEfP§¢HCWﬂémet&#‘é 233pach tamce
el enent S arge un o roI he switches 265
and 266, égrh gﬂ+é§ trmsgsgﬁé%@@%gfe’f%lnowqg%eﬁar (,2§ attt BiroE &t ement

277 andstr ansdisbal PHSswikHDEBhhY one Wi RE af eiﬁ)ﬁ’tﬁ'tﬁl%ﬂﬁﬁ &l BF8Nin fpfe hol ds
predeterm ned charge, there is a need not to
potential Vi, to one terminal of the capacitance element 276. Also, the switch 284 has
one terminal as an input terminal to input an input potential Vj,; to one terminal of the
capacitance element 277. The potential on the source region of the transistor 275
provides an output potential V..

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
Vuaz is applied to the power line 267 and a ground potential Vi, 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,

It was mentioned in the foregoing that holding predetermined charge on the

30 capacitance elements 276, 277, 287 by using the reference constant-current source 268
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5 flow a current to the capacitance elenent 276 and transistor 274. Nanely,
there is a need to arrange the reference constant-current source 268 and
the switches 265, 266, in order for the two capacitance el emantﬁ 5?01,62[]05277
not to simultaneously hold predeterm ned charge. Al so, there i's a
necessity to additionally arrange switches as required. 10 Considering the
above, the arrangenent position of the reference constant-current source
268 and switches 265, 266 is not limted to the point showmn in 7 Fig. 10

or 11. For &XaRrp ' f . ' b r.range et ween the
power i ne1271 a%ﬁlt{dﬁgféﬁ%ﬁ‘%@ F%%ﬁ%ﬁﬂ?é(fﬂgégag@%% glreacflfgcl%ﬂlgei ge‘?ﬁ]&t swi tch

266 be betWebnlds pecdotinetlichergd GhdanebntibEoSBY LGRch&TBMnAf26kNBetd ANSI st or
273. Also, the switch 15 265 rmay be arranged between the drain region of

t he transi 8¢55yn0 foflay@ urendpithetppadignonelcment Ry 7smil trehsisto62 e Sistiaden t he

a case that eRans PRALTEREF el 70 PG rlstE T e Fhsrer ahereangineey 8P 1 ouit
of Fig.5 31b@% @RrcaPRORE bAbaeRRI Sldibnl ¥7¢ ¥RErantiiics o$, @l so similar in 20
configuration and operation to the differential anplifier circuit of Fig.

31, and hence oNatkbdlhereipd acaiew dmemee the fefictrde nbadthntcutdgt @ukdeerds val ue
in the curéllg‘af{]t-sourge gart, in Fig. 37, can be simlarly controlled by
provi di ng ter SIHisBeL 490, £66; I pgy. foptheopwaagpagitanse algmentsi 276e ABG @bkt
showed t he; | Gi.Cil i f Fig .10 or,11 as a 25 different..al
anplifier ?:llﬁ{ruglgl{l%qug]ryﬁ%&? E’\l}éedﬁf‘airrghnﬁgs(:hﬁ{%e' Ijis‘lﬁ? 1@8“%18 A Treessity ?0 iagélblflgaslbbl eto
use it as a@m(gemaﬁtcﬁmﬁe@m@dgi rcuit, such as a sense anplifier, by
proper |y changi ng the voltage to be inputted as an input potential V1,1 1
and i nput pot ent Canpsitering, tRextboem der atdngrakntanpisitoneroft hbe | mferhéon i s
applied is_explained, by usi Fi gs. A _12 B, 13A and 13B, Fig. 12A
shows ci rcﬁ?ftSP@;?'ﬁﬁ%‘F‘E S8§ﬁﬁépggﬂ%5‘5ﬁ§he§é%6’p@6dﬁ P.BH&PH%GTW e paft SREWRI g.
128 shovs igchDGHirl, a9 @MbRI iPPieT1 e sRREK 365 A3lbe arflade £ 2006
anplifier. I't is noted that there~ar€ vari ols operationa -aonlfler circuit

conf i gur at power. lindCOTE andieid $otred feglingst the 2Angie@: 2B, wilrsGr iske’hi Heabcase
that a differential anplifier <circuit is conbined with a source-foll ower

circuit, aBetvgen diepevsE ting dEleandppmgaarce hgion of the transistor 273. Also, the switch
15 265 may be arranged between the drain region of fhc transistor 272 and the switch 279
while the switch 266 be between the drain region of the transistor 273 and the switch
280.
Next, Fig. 37 shows a case that the tramsistor configuring the differential
amplifier circuit of Fig. 31 has an opposite conductivity type. This is also similar in
20 configuration and operatrion 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 Vi, 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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5 operational -anplifier circuit configuration is not limted to Figs. 12A
and 12B. The operational anplifier is defined in its characteristic by a
rel ati onship between an input potential Viol and input potenti az’l \6; é
an output potential Vo" t. More specifically, the operational Tarﬁ!)q i {6
has a function to nultiply an anplification degree A on a difference
bet ween an input potential V;,,, and an input potential V;,,2, to 10
out put an out put potential Vo",. In the operational anplifier shown in Fig.
12B, a sw taedpliZ@d has one termnal as an input termnal to input an input
potential V;,,1 to one termnal of a capacitance elenent 276. A switch 284
has one term nal lak mted tputheteenrnivagibug epdratjiuhl-anplifigWircup Qbgfkiraliond, 12 t o
one termnagl of a capaci.t ar el enent 277. The potential on a source 15
regi on of W%ﬂ%}@%ﬁp%@% %?‘oﬂl}}dd%%B’djr?S@meﬁﬁ argeethal aldiffrential jamplifier
circuit of Ehg ; : 201 ] : y t dott.ed |ine show) at 305
has the saﬁgk%éﬁ%%?lgg? (gﬁ&aésggﬁgygélﬁwégggﬁf ?%IEI asgtﬁﬁlsfrwlgg @t c bt g
10. Fur §hempemtonaltaneplifiegtiecuisonfigunded isno: liksed o FRE, 1308 F1pwn at 306 is
the sane as the source-follower circuit of Figs. 1,7 2A and 2B. Hence, the
detail ed confi guldei@srasionghampliéeraisi dofimed irOtsadipiradiéristic iy Eiglatibidip s
omttedly é%eaei naedl.Il Itn Elr? }ZZB, éhe current §ource 268 is commonly used
by the diff&rantial TPHRNTTIRE Y japd (RRUE eEnLalY phand gy pERUE BeteRiRrYwi r cui t
306. Accor disng! ik S - : : at . lifier j.n a case
that the regi ggccslﬁ‘?g%htrl\%e e%ggttlaggﬁl&%?i ? }é‘%&lﬂc} %g&g o'{(/\)n%lglbp % aﬁns%hslc? h%nsarre
conf i gur at idegreas\ ¢ihe difRFemicfobare@ntanahpiamptenfiblev,, Ciodci ibp@fpofingal 87, Wi | e
the region surrounded by the dotted |ine shown at 306 uses the sane

conf i gdP at PHPUARN PHBUSRIsH R Mot ower circuit of Fig. 27. Meanwhile, Figs.

13A and 13B sh t i anal Lifier i t i stor 299 i
2 p- channel © 1 andh e RhE ot P ST olBo Fat Bl og b rinal ' °

push-pul | ek &gUhput thinginalldBnt dnhi@peEsRedial &ONTdh GHE @é&n‘ﬁ?‘al%‘f* al &ggg&%é‘t i on

anplifier of Fig. 30 12B excepting that a capacitance el enent at one

term nal, iekmohaéet edl swich R84 dmsione terBinal ad aNQupR0SHninklew @PuOhin et

transi stor 275t k&ou%h the switches 302, 278. Hence, this enbodi nent

onmittedy BRPEFNGn ORI e el Of arepifigRsoHemmtgy 7. DA patratizben a kowcan

oper at ijonal, Lifi -d t reqi. surrounded by the dotted
R 8 SPSEP N 8

i ne shown at 305 1| me conti"guration as
In the circuit of Fig. 12B, the region surrounded by the dotted line shown at 305

and

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 306.
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 306 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 same 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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5 the differential anplifier circuit of Fig. 31. In Figs. 39A and 39B, the
source-follower circuit part is nmade as a push-pull circuit and hence a

bi as current source does not-exist. Consequently, the current! N0 IlGirr ent
source of the differential anplifier circuit is wutilized as a current for
use in a setting operation of the source-follower circuit (push-pul
circuit). Nanely, the transistor 286 is connectable to the push-pul
circuit. 10 Incidentally, this enbodi nent can be desirably conbined with

Enbodi mentregionost Be t][aﬁﬁfbt@ﬂb@ﬂﬁoﬁﬂh m@'s%lﬁﬁgoﬁbﬂ%ﬁé %_l:@;itﬂﬁ én!l}%diment

configuration and operation of a Sem conductor 15 device having a

phot oel ectemiicd|yeaupiaing odsthilesconfiguiativient i on is applied, by using Figs.
14A- 14C and 15. The sem c guctor device shown in Fig. 14A has a pi xel
regi on 702 havi nti&& %&Pg& Byshow i eeerationa) spplifier W a catet thak theolemoan a

substrate t ks ' 7 ere are provided a

signal-liﬁ%gﬁ?P@%pgfggdgﬁﬁgggggﬁﬁﬁgégg?I?g%$&égfﬁﬁgigﬁﬂﬁﬁﬁgw5%%mgﬁEﬁrive
Ci rcui tss 7hé diffeterttial Atripligiegbirduliteof Feiri 30 NH UG B9 Ml 30BOthe kbrce kdifvdrds t he
signal-line drive circuit 703 and the first to fourth scanning-line drive

circuits 7@wuit pagis maghas & pysbpuillovirdu andhedderi timdutent sousce docenotteist.
signal-ling drive circuit and scanningéline drive circuits are arbjitrarily

arranged i OTREUTRIYDE GUEEh A RgCHFah Saurps p&the disisrondiah ampBfier Arei issi gnal s
are exter suppl d ' =1 Ve Gl [ =apd.first
Fo fourth uisarant it for I8 | 80hadd, BRereidsy G fhe SHuke-olithe S
However, (pheh-pul eirtiion Nasnointthd iratistsest 286 i Ednedibblc th@icusiebill eirglif.cui t's
other than the pixel region may be use an I C to externally supply signals.
First ¥xpl ai ned Ingidgniadsis thiguamhadgnensfcan he desirably eoodrimidrgith Embodrmang 1ci r cui t
704 and sgcpnd scanning-line drive circuit 705, by using Fig. 14B. The
third scannifig-line drive 30 circuit 706 and the fourth scanning-1ine
drive circuit 707 conformto the diagramof Fig. 32 1 4 NOV 2006 14B, and
hence om ttedly shown. The first scanning-line drive circuit 704 has a
shift regildiarodn@enialld a buffer 710. The second scanning-line drive

circuit 705 has g shift register 711 and a buffer 712. Briefly explain the
operation, the shiifembagingnbexpeins the conl@yaion 3ng| apgrasign phie sesichpluctey 5

ngllz ?:%Sgﬁccg%{vﬁj&r}ﬁivg& z?‘pﬁ:dt&ﬁgctﬁj: gf%ﬁ'!cm( t%v%clﬁ theSh&ntioR lilsl s?peplifsfiFQy l?sri]rgg ﬁig(s).c K
gna
14A-14C and 15.
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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(G CLKb). Thereafter, the pulse anplified by the buffer 710, 712 is
inputted to scanning lines and made in a selective state row by row

I ncidentally, configuration nay be nade such that a | evel shifter is
arranged between the shift register 709 and the buffer 710 or16&Weél t he
shift register 711 and 10 the buffer 712. The arrangenent of a |evel
shifter circuit can increase voltage anplitude. Next explained is the
configuration of the signal-line drive circuit 703, by using Fig. 14C. The

si gnal - |'i ne4dr indenehid 6MittediPshod@s a signal -output-line drive circuit 715, a

15 sanple hold circuit 716, a bias circuit 714 and an anplifier circuit

717. The bi as ci Hbeifirst seamying-tinadgeé cirouit T04amesangiift fre@stet TGN S Oaffef each

pi xel , forg%g source-follower circuit. The sanple hold circuit 716 has a
‘e

function t 51 Sranyigg-ding deygprguit 705ibes ashittaeeisten?1diggladuifeofier si on

and reduce ' i = =l I ne dri ircuit .715 has a signal

out put f un(]:Bt?1 ?Qﬁ%{‘ Bﬂ;@?élgé’%?%‘?ﬁ;&g%%&? £l tgh%%grfgllgIs‘flquscfl{ﬂ?lgyd‘)‘gij@ﬁé?rgf.’h“%e

anpl i fier B0Ised 4eUidingtha Hask gl (GUILKS, QuaARildef(BPRarki QA ms?&t;iBHfsiggﬁgi from
the sanple hold circuit 716 and signal-output-line drive circuit 715.

| nci dent al (§;CLIRe). arfbeichfter thé polst tanfdifieddyy thet bufhe AT, dfiged nheitel ro
signal anplification iqs: rgqui re(il. Expl anation is made on the configuration
and oper at PGP e et ppdpage gra splestive ptatea9y byyodhged at i-th colum and j-th

row in the pixel \{&g 7 i i [ 4 .around the i-th
col um, by using ﬁ%gbe@gfg%ﬁ%@%ng§gbgfﬁgh£@§S@ﬁg&%%%%?ﬁﬁggﬁF%ﬁ5%?ﬂ%%%
circuit of bttheepithesdhifl idhiaer 2090ad BE buffert NOCR!BeRecante khifthesioer andadde bi as
citcuit 714 at around the i-th colum. The pixel of Fig. 15 has first to

f our t h1&caHKi hytien Ab3 Ghitg prrangesgns ofaa devphashiffer narcul(¢an &eebase poltege | i ne
V(i), and %&SBt%n n- channel transistor 255, a photoelectric 30 converter
el enent 257 &nd Switches 250 - 254. -33 1 4 NOV 2006 Al though the

transistor 255 whxt Beplfnela iRl cdtiarakion ol i SIERGALAPRive LhGHL DYEMEY On IS
e. it I "t ype.

not limted to this, i. it my be a p-channe wever, because the
transi st or ugig Fagnd4€Che transi stor 260 forma source-follower circuit, the

both transistors, are preferably in the sane polarity. 5 The switches 250 -
254 are seni condd8f sienal-rredne HEsaing shastasigrg-output-line drive circuit 715, a

15 sample hold circuit 716, a bias circuit 714 and an amplifier circuit 717. The bias circuit
714, in a pair with an amplifier transistor of each pixel, forms a source-follower circuit.
The sample hold circuit 716 has a function to temporarily store a signal, make an
analog-digital conversion and reduce noise. The signal-output-line drive circuit 715 has
a signal output function to sequentially output temporarily stored signals. The amplifier
20 circuit 717 has a circuit to amplify a signal outputted from the sample hold circuit 716
and signal-output-line drive circuit 715. Incidentally, the amplifier circuit 717 may not
be arranged where no signal amplification is required.
Explanatioh is made on the configuration and operation of a circuit of a pixel
713 arranged at i-th column and j-th row in the pixel region 702 and a bias circuit 714 at
25  around the i-th column, by using Fig. 15.
First explained is the configuration 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.
The pixel of Fig. 15 has first to fourth scanning lines Ga(j) - Gd(j), a signal line
S(i) and a power line V(i), and also an n-channel transistor 255, a photoelectric

30  converter element 257 and switches 250 - 254,
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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 aCCOL?i@ﬁZ@@ a
signal inputted through the second scanning |line Gb(j). The s ﬁ 31is
on-of f controlled according to a signal inputted 10 through the third
scanning line Gc(j). The switch 254 is on-off controlled according to a
signal inputted through the fourth scanning Iine Gd(j). The transistor 255

h d dpai | | @B A '
as source and dpdhBugieHeobhsRRE B5 W G rf—éhlaﬁf?émgf%g?u %h%s?%rgb%cﬁﬁh\éﬁr thd ne

V(i) and the other is connected to a signal line g e’switch

250. The imvaniérsisorot 2ifBtedds this,gat & edeled 1 pdhamainget dbwaeonRcige thaal of
a capacitance . 15 el ement 256. The other term nal of the capacitance el enent
256 is conHERIEAr £ PKdhe transistantolsormy aﬁﬁwépwwricgce@ﬁh@E@@ﬂra@s@mt 257

t hrough th | h term nal of the photoelectric converter
%re%%fefajﬂ)}?égﬁgal{lﬁe g(glglg{ ar

el emrent 257 i*'s con line 258. The power line 258 is

appliedsw th a graengviRgeentsoal 354 The scARBBUIAAC Rl R BhyifR Oswi i role
to hold a gate-to-source voltage of the transistor 255 during carryihg out

a 20 sett fungtiops rehicl prefTrablybiises rengigonst  THed sWwinchea 25lamsi 85D rar 66;0ff
nt 261 and a. swtch 259. The transi stor 260 has a source

capaci tance el r _ :

regi on conﬁ%rgf@ggta&c%r BEWEr 2 Pignal Bt thrapehgthgifhst «gnens duafédedTho t he
signal |inRe,S T o T i | I Wi oun otential V.
Thg transi g‘%@éﬂ )2288 1E§)Sn pa ggfl !éble e(g:(?:?jtr)dgg g@%néelgg%dmé&c}te?ngg‘%u lll1mglr‘?g cv of the

capaci t ancecaahiiggiiie Qf{). THeewdiches3 iesitbiabn@dlldihecsanaabhanss] RlpgENt 261
i'sy connected to the power line 264. The capacitance el enent 261 has a role

t o hol & a thyareh thethigifcemnipglinarge(bTheswitch 3hkisonet cgorotlad Aengrdiag tojd ng out
a setting operatiqn.., 247 J reference co nt-current source having a
capabi | i tyg’%galflfl%@ﬁ?gt ’E?Bﬁ'é?%?ﬁff’“ﬁ'&?‘iaélﬁ% I}Pﬁ?@f erence constant-current
source 247 i's confi GuRGHoPYsPhas30uE T AR i

transistor. In the pr ese(r)n speagi flilcati on, %ggglse@éfgﬁgfémﬁ%ﬁb@é%w 2006
const ant - cpowenlines¥(ij) ewd B¢ Htivons caueeadd bya sighildire t)ahroough thebeviech@sal ned i n

its one exanple in Enbodinment 6. This can be nmade reference to
conveni ent 1Y€ UPRESOEeP has e gdfe 9jedtiede samssteddonpienteihisah givdr cappeiangeg 5

nrougl 2 SUGlagd BN ok 1 SRR, SBIBAPRNe LASRLLITEISE 21T,
potential ¥aglinaMaf lagpHobiRlReNeECTIVENE ddBert57 through the switch 253, The other
terminal of the photoelectric converter element 257 is connected to a power line 258.
The power line 258 is applied with a ground potential V. The capacitance element 256
has a role to hold a gate-to-source voltage of the transistor 255 during carrying out a
20  setting operation.
The bias circuit 714 has a transistor 260, a capacitance element 261 and a
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 ¢lectrode 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 configured by a

30  semiconductor element such as a transistor. In the present specification, the reference
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applied with a power-source potential Vdd2. The power source potential Vddl
applied to .the power line 245 and the power source potential Vdd2 applied
to the power line 246 may be the same or different in val ue. deHWéﬁ& t he
power source potential Vdd2 applied to the power line 246 is required to
be set at a value that the reference constant-current 10 source 247 is
allowed to normally operate as a constant-current source. For exanple,
where the reference constant-current source 247 utilizes a saturation

region of @ondiiARSHELOLUEQ SONTHSY i Sl Ci peed to
set at a val 111Je thatI theOu transi s%ﬁ?iggﬂcg\%%ﬂtro ggggae{ngﬁl%edt'ﬁeﬁssg Bration

regi on. Thexamplerie Badodonst 8nThsuranéRtm&RUERaN24 % dRyclendynt egral |y fornmed
with a 15 signal-line drive circuit on a substrate. Otherw se, a constant
current maybe i npglfPeYCHEe ¥} iscennsted witlrthe pewending 244 thrpugf a swisch4i8st r at e

by using a elg | i ke. The arrangenen iti.on of swi t ches 248,
249 and re? Iéérl gﬁ%ethg E%ﬁrse{' ShPOSHye _Q%BPI&St%zgﬁﬁﬂgg%ﬁwwﬁﬁ?%ﬂ% PPWET poi nt
shown i5 Filige 245. is bppliedwiihea phRELEAIOIpERAI VENRild the goéﬂ@ﬁ flne 246 is
consideration, arrangement may be in the different 20 position, e.g. may
be i ncor porppled With & hewpi-saircerdBentiah Vg, g Thd powtrveurce potmtisluv fpappdied tby t he

dotted line shown at 719 and region surrounded by the dotted Iine shown at
714 corresp¥nVEding %‘@&ﬂgég? BPVERROUICE Ptenttal Vagaipliediol e mewrephne2t§ i s

t he operati f | Il ixel 7 rranged at j.-,t.h col and
j-th row an tb%eth g|21§1'secdcr id?fgéur%?tqgﬁ}ngt ﬁgwg‘ﬁeﬁﬁégﬂ(gwmﬁ ﬁrcggp%eﬁ#} \é’?aﬁpﬂg@] rst,

the sw t chestid4dwer b2 206 istdaguibidelbe 6éBatandlitchBatgé tbreR@ e RbtahD&IrRIndS
ciycuit 714 are turned into an on-state. The other switches than those are

t ur ned 18f f sourge dféispglowedHe normmldy opsrnte @nta dodster-ausresesouirce. t Far exemplegnce
const ant - cur,r rce 247 ows in a di éﬁ tlh’gn toward the power |ine 264
t

fl
through thé’ hggﬁnﬁll:eig “2HY, Comssant-cRLrenl, soureq, . 1282t AUrABON JREOR lﬁft"her t he
sWi tch 259 ra38sthP 4 l%_@xéﬂééﬁé M cArGHTRERE, BRA [Sa %lg%cf 'tcgééltﬁ%oﬁglﬁé Qﬁ"at'tﬁga/ hel d

on the capacitance - 1 4 NOV 2006 ‘el enents sequently, the
t ransi st or sra@§&tpr BGlloakre tobperald hethe safudat®d regogr adual |y built up on the
capaci tance el enments 256, 261 to cause a potential difference at between
the both el ect rodd§ rsferange cenpaiugReesawrendht mapse, inegallyipened wath a

SRASEN T (TS T I R
t he a reference current externally of the substrate by using an IC or the like.

The arrangement position of the swilches 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 Iy, 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 239.

30 In the instant a current begins to flow, no charge is held on the capacitance
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transi stors 255, 260 turn on. Then, charge storage is continued on the
capaci tance el enent 256 such that the gate-to-source voltage of the
transi stor 255 becones a voltage capable of flowing a predetqrArﬂglvelq[]fsi gnal
current ldata. Al so, charge storage is continued on the capacitance 10

el ement 261 such that the gate-to-source voltage of the transistor 260
becones a voltage capable of flowi ng a predeterm ned signal current |data.
After the capacitance el enments 256, 261 conplete the charge storage into a
st eady st atebsmdnie2 5026 ChesnRglentRothe t2RGsRF2IUPARLQkf . The switches 249,
250 are kept on. The other switches than the above are all off. At this
time, the signal T&¢Ry drereq agradupdly ugitmp aththereparienceclcorstsalfis; C6T tent

source 247 f]ows_t.hr.o the draip to source region of the transistor 255
and furt herca{“i%uea %‘?tsl?tha[ft%gtf%tglﬂﬁﬁcaé%P B r’iﬁeofﬁlmﬁ I‘?@c{rg%sqfélf‘%FaPZG’@@nce element
Subsequent 126, 261t hinheht BCpot iy SHLENES 1248y 250 53 jxel 713
are turned on \_/\/ni | e the ot h%or sw t ches thgn t§ oes%g t&?%t%reﬁ%dg%g%%]%f%e
Ther eupdn, capritgatecl@hen 256026 latadhos a thrasisldstaiag? b5thi $ransipot L3 280, the Si gnal

from 20 the photoelectric converter elenent 257 through the capacitance
el ement 256"ANABIOFYY, LOQHIMPRe gate el ectrode of the transistor 255 is

i nputted by a val ving the signal ,of fromthe otoelectric. caopverter
el enent 257 adde o%‘t%%%?_esg)r%ﬁlf 3812“%3118“8?? R ltéﬁﬁgg?mgﬁgggé?%ﬁ&tg?%.
Narmely, theagignalirdeodd@gé BPH 8&hsdi@orl 1 baBERS & ﬁﬁtta%g@%%a%ie BPED{VEY%FE! stor
255 is a signal to be inputted to the gate of the sa transi st in
addi ti on t eredeermledsipmaheirtend b.d. halso agmcdet senage islcambmied 206he Gpasiegdent |y,
Ftyis ssi bl e tg fgfcgr ess agai nst the affection of transistor
char act®ri S1G7en, 49 dhpt thergalsto-sqyaceroiiags oldhe Bansisir 268 heeemesayidiggef t he
transi stor Ut . i.al " t. The output potential Vout
C ié@ﬁﬁmﬁg{brg&ﬂ&ﬂﬁnﬁ%ﬁﬁﬁ Eélgraen\’gcva. the

is outputted, as a sig avl ng phot oel ectric converter

el ement 257, ont @ftdiehs cgnltaldengenrty 266 B 0dif1&e M tED ge 3Br@reOnto 36 1 4
NOV 2006 Next, the switch 254 is turned on while the other swi'tches than

those are ®ipfedfaist the spatche 251aRP2E50hes whododl. sBier svatahen 4%, 1260 asd lepent
257. More specifigally., .,the charqge hel he. phot gel ectric converter
el enent 25?81 ghgpﬁ]gﬁ%%ﬂ‘f%s ﬁTHB\R}?e_t "g?%? amtaﬁ'é)l%éo‘é\féﬁis Uma, Ehognal eHFS: e 1he
sWi t ch1254 pguedietdiicelBRsIRRALEREhAlouRR 27 RwSRABN thte%l'i‘ﬂ]l Aol r%%ﬁn%f

phot oel ectric converter elenent 257 becones equalf to the potenti on the
power | i nethe 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
tarned 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 Vi, 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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258. From then on, the above operation is repeated. The sem conduct or

devi ce having the above configuration can suppress against the affection
of transistor-characteristic variation. The invention can bel d&§V bl y
conbi ned with Enbodinents 1 - 3. 10 [Enbodi ment 5] This enbodi nment

expl ains an exanple, different from Enbodi nents 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 configur alckQheandicARSE &liffRd oh WHIE 1RAHAGSwhEhdsQ L U fnedl0 1S
simlar to that of Figs. 1, 2A and 2B, énd om'ttgdtl yse%tgﬁér?ea yéu%net i's

enbodi nent offTiweingpérathcahoafleachie @ouetecfatdnoET. Blorcipietifiddily, itse dHardee
roughl y di xlg d with settjng and out put o?e,rati ons, as nentioned before.
| nci dent al P§* etéyeﬁ%ipﬁatoa SHigt Fwente ehgmeny gar 4% aldp edotorféna tpvard dhe pewvered
charge on 1 S i [ nds. to.20 the ogperation in
Figs. 1 an “‘gi’@%ﬁﬁ%ﬁeg ou'? Eﬁts M%)Hptgggﬁ ?Bét%ﬁ@ﬁgﬁ agﬁlé?hgflp%ﬁerpg&ﬁr?gt[ € an

i nput  pPt ephotatledric cohlericdkintt 267 bestnRiteqPALE A AdioMPl oh, thBb®E line
corresponds to the operation in Fig. 2B. I'n the source-follower circuit
310, a ter Avhalom denpasihorbeve epetdtioniinptated.er mi nal while a terminal -b

corresponds to t output termnal, The swjtches 127, 116, 25 118 are
control | ed accor gﬁﬁ@eW%O%d%fcﬁﬁﬁch? hiping @a%%&aeﬁg&a&l@rffﬁnﬁapp@ss apR@Sst

swi tches 15 afelon d20. AR CHILALLEI ARG N0 TO a signal inputt ed

t hrough a term na e sw I's controlled according to a signal
i nput t ed t hr oughTac ieminatantbe deBirgldg c@Rbingd dheEddimentsil-aui t having a
source-follower circuit 310, it is preferred to arrange at |east two
sourcelf ol l ower circuits 315, 316 as shown in Fig. 16B. 30 One of the

sour ce-f ol .circuits 315, 316 is preferably to carry out a setting
operation t@r‘ﬁ@&%%gnﬁ%\/ 2006 while the other is to carry out an out put

operati on. BeCaUqﬁistéﬁillﬁjdﬁﬁéht(‘e%bfaﬁ;s%texﬁﬂﬁlc, ARE: AL iFRRS EfboliSert@dand Ll,ma’
there is no usel essness in operation without requiring useless tine..

Thus, el ectf arcelectric girtuib pewhich o icaemntiva ieéjdet dd; windiigh 1$pead. I n the case
of an arrangenent of anly one source-follower circuit, output 5 operation

is not effected HufithdOSetty Ay hspensterioHowmneiscuiteafifies §. laand@Bur Flence of

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 Vi, to take out an output potential V., 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 eclectric 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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useless tine. Incidentally, setting and out put operations are not effected
at the sane tine in the source-follower circuits 315, 316. Accordiq%Iy,
there is no need to arrange one current source 126 in each oft 4tNd 10
source-follower circuits 315, 316. Nanely, one 10 current source 126 can be
commonly used by the source-follower circuits 315, 316. For exanple, in a
design using a source-follower circuit to a signal-line drive circuit, at

| east two source-follower circuits are preferably arranged on each signa
line. In aiiRSHEMIMS NG RaSPYLCET bRULLOWEL Sl CHELauEO 1 %gr?nnrlrng_g e drive
circuit, at least two source-follower circuits are preféra ?yy Préﬁbed on

each scanniopgratibneat the andetingnthtle Sha@sdessiss GR-dpelaiBNailiul Gidirian t he
pi xel , at Ieaist two source-follower circuits are preferably arranged on
each pi xel US¢lfssgime- T, elgatyic cirgaigopgrationdan bh efectotharhighepesdi t ches 311, 312

are on, the swt s 313,314 are off. en the swt s 311,312 are off,
the switches 313,1192%1 Cgéreeog’%]ﬁ ATTAREEL %ﬂl}%r‘)?e éP“&Cﬁ'g&? IsPHHEe ORI ower
circuits 3bperaBdl.is QBCcHEEBYSEnd StGRE berdBoPUThR, S8 {ﬁgarpggéu?fe:n{?é; OW,?' e

the other is caused to carry out an output operation. nci dent a he
two sour ceub@bdsdimes. circuits 315, 316 may be controlled by controlling the
swi tches 116, 11%“?@33 ssed by the source-follower circuit 310 wi thout
arrangi ng the swi4 lyg geiting andjoutppiapstaghns 3@ npheffecserhasdhareamee timpén r egi on

surrounded gy b, AL bR 541629300 ua5 @esursd conresponding to the

source-follower circuit, e 1 nvéntro t he
di fferenti @hrrampddutdec126Cid etk of Q@%O@Ede%ﬁbwmﬂlﬁﬂsejﬁo@lg.heNJlningl , Oﬁ‘ﬂown in
s the

7

Fi.gs. 10 - 13 or the |like may be applied. This enbodi nent expl al

conf i gd? at icBAcRirsguspdPACimbe efmmoslygsed by imsoure ifvldovedrraineiits hitdy 3 at | east
two source-follower circuits arranged based on each signal . 30 _|ines, by
using Figs. 17 t 0&5’@“@% IR AR WHEE SoEF- o ovetgiitdo & signal-lipe daveir i ve

circuit. T 1 sl ' ' e ' ier first
Tateh o rogrean e OB ecli e B il R Glel el s T 54
and a si gnab aglopign Ubiap aGouryifbl|@2&. cidcoit idl @ Béahlng linddiRecigageattibat tddhe
first latch circuit 322 or second latch circuit 5 323 is a circuit capable
of stori ngSaHar-&flaer Lircpiie ary petaie rriengedi o gich @auning lingnyln a design

15  using a sourpe--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.c. 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  limes, by using Figs. 17 to 19.
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cases is to be omtted. In the case that the data to be outputted onto the
signal line is binary, i.e. digital anount, the D/ A converter circuit 324
in many cases is to be omtted. Meanwhile, the I15/A converter1gm@gqmm 324,
in a certain case, incorporates therein a gamma-correction circuit. In
this manner, the signal-line drive circuit is not limted to 10 the
configuration of Fig. 17. Briefly explaining the operation, the shift
register 321 is configured using a plurality of colums of flip-flop

circuits (FFs) oFid e shivkea sigﬁhliﬁﬁal&ivaeir&d}pUﬁheﬁk%%%i_ﬁlcifél(%i‘fé circuft G- Qg @

start pulse (S-SP) and a cl ock inversion signa Sanmpl 1 ng pul ses

are to be seriemiZlad Fiyst buchpeitaugd?2ce seodnad pidhocitdoi 328 nd DA ebnitdmes eir@iignal s.
15 The sa i n ul se outputted fromthe shift register 321 is inputted to
the first HB#‘E?I(EJ%Q%P &’i“ttli%???“%@%rst latch circuit 322 is inputted with

id i I, : t ' j h m_according t.o the
Cnput i ng of | RATELE e XS R 10 BRED SRR PRE TR e
vi deo- s§ gnak3 fxod dirdidt ¢apabiersglseirig dndlophitd, agtD/A ebiidher Srdvid $11 RULSSK 1S

inputted to the second latch circuit 323 during a horizontal 20 bl anking
peri od. ThEases ishi@ b greistedi dmdiescahelat the dateetof o ettputatiainie ihectigital 882 isar e

transferre at.one tine, to.t second latch_circuit 323.. Thereafter, the

vi deo si gngingry, hi&1 Egg%ﬂ afunt g’&r:]ﬁ@ ?%VETHGI&HFE%?%' Homany @sesip i pegmitted.

- si mul t aneoN&daywhile, u . : : c L. Glrouit 324.
The si gnal tg \ge ?npﬁ%deér}‘%%efﬁigcu& %ﬁyt:’ol%\?aerr:gt}grnplcée? %u[&:é?ﬂ 0%%58 ?ljéerigﬁpaut ted

to the si gpahmangpkicttier cigiuitc Uh thi8 #Enn&5théhkidmal-tifke dnvdaeusi ignal lilatdion the

second_ | atch circuit 323 is being inputted to the DA converter circuit
324, the shierenfiggpienet Bgilhgain outputs a sanpling pul se. Fromthen on,

the operation isgl: .Expl anati.on |.s e on t confl.quration of the
signal anplifier B@?’ﬁﬁ%}@qw g}e opae{aéﬁﬁdh}e_sﬂﬁg&e&%#ﬁom (qont#g‘ffat“ﬁméoﬁ um,
or three, ghgnay of th8ns bYfIpsHGcikuts (B8) o3the TE, ©igARanaRticldcRsighhf Cui t
325 has twg sou%,ce-fol I O\Aer}pzidrstgui tsS:ng,)()BlE{S3 on’ -lg%lﬁf%% 20081 each
col umm. EathCoiK)t hetag pulse €556 kohe clock iwiion Sgm) (STAKS Shinpking eulenal s,
i.e. termnal-a to terﬂw}jrnal-e. The term nal-a carresponds to an i nput

termnal of *{'REC SeAleREally Htpuidracesriingite thpitining pg these pignalhe ter i nal - b
Cornesponce 9 2 ouRing 3 ekl Py SO S S TBIHY T 010
si gnal i nplatdiedrauiir3a0gThe Hstiekhichahit S2WRithgutiehayigg {ilbeSighdD to Adid the 20
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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.are controlled according to a signal inputted through the term nal-d.
Furthernore, the switch 128 is controlled according to a signal inputted
through the termnal-e. In the signal anplifier circuit 325 shown in Pig.
18, a logic operator is arranged between the two signal |ines,]4N#. 208
setting signal line 326 and a threshold signal [ine 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 termnal-c to

t er mi nal - e gadhsc@imherEach csﬂtgeabu@blifawwﬁ@(tnfchﬁmweal%eﬁats't”ﬂa &r@ighs, lilne 327
or a signal outputted froman output term nal of | 'ogi ¢ oper at or Next

expl ai ned @indhs tQqymanad-ct Jhbéer@unqjmqowspmnqu :hemp\mtetmmesof the soureet ti ng
15 | 3 | d | 327, dth ls to b
Foout ted ¢ SRS SBahl B eI et Rorsteons b reneurarringbthe
sour ce- f ol ket rtlowetbitcudts, 316 MQ%HW}EE Hﬁsﬁhtghe[s]i% Mot 618 hateo ngefdé‘" teh

the signal is to be inputted throug ter mnar

turned bn wrendiag K ghigaalgnpittddsthionph thedrming - Fhilvieswitdsew $5,anal 126 20
inputted. The S|gnals as_shown in Fig. 19 are inputted through the two

si gnal | i n&& contrglled pqearding tq wgmlgnmtteﬁuth@uglzswammmled t Aurtsdroiods, $hgnal

i ne 328. i utputt d fromthe settin ignal line 326
is inputt eg‘k’fd&ﬂ.'iﬁigqg Sntr@le% z%COrdmr‘c’"r'n0 fAare’d ]&P“tttﬁrﬁjghr@gbrﬂ&eetefrﬁﬁlﬁg circuit
315. A signal outipit bidlalldn@imeRR cRUEPIS sheh Tl A 4t

inputted to the ter m%gl gﬂ:\;/\ﬂhl I g a15| gnsal out putteéh?é %Qnt%g%t%ut h?er m nal
of the inbelmeer tleawoisignilinestieda satindegabiing 26 arela Byshiold Signsdinet3ng,

source;follo circ 315 be controlled for any one of setting and
ot put 1 ng Gh e aprBRdo o Gerircaiongnars o%&‘ﬂpagtapéaveﬁeara A5 0P, S8kl of

th nert e n of. the sour.ce-foll.
ci (raclw ;/ 31%32 %%grll ‘geﬁtgf gﬁ%%?‘ts eagg\l\sr'%n%n ﬁ[t‘g%jtguhte(%ergﬁn?lecr%%?{gqmﬁfe {5 f\’f\ID 333

i s i nput t ed signalt hepitedfionkhdkenttig foiml ﬁth@d’ opyszeﬂ;lﬂo%@bd‘uree%%b@n outﬁﬁt 14
NOV 2006 setting signal line 326 is inputted, as it i's, to the tefrmnal -

By doing sirmingof e @DP@MO@V\BI’ circuit 316 can be controlled for any one

of setting and o utt eratlos Incidentally, in Figs. 16A and 16B,
the current sour@tg aIl eda?rgé%%‘ﬁn Hiube puipBitedtioRdbe 579 bifes 1) seding |

Consequent Lignalilinel 260831 h€ thrBBbld QeLAYSE AT LAL 0 @1g!ngls\{glbgqn19uttehh8 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 1nputted.

The signals as shown in Fig. 19 are inpuited 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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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 operationjfq)eagp
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

char act er i sting sigani dhe @261 B DELNEE st s PloUHR! tekMinaf-c.CUBY EinS QYT GRS 126
arranged in the signal-line drive circuit. Description was so far_nade, in
Fi gs. 16A, Soregs:-follgWan girggt 38h camdecensirolied fiay anysonchef satiime end obipatiing
circuit ar&?e@ﬂﬁ&sm th the current sources in addition to the native

circuit asin Frg. 1. Next shown is an exanple in a case using a

source- fol | over RicidetHally, BFib 15h%ngA RO thedrrod hfe! 126501 @hgeli By Elgy (40. 2
di agram corresponding to Fig. 16A. A diagram corresponding to Fig. 18 is

shown i Fiqgrceatbllowler tiecudt. dicmgequenttyiitie d@aedinogotcoustivgriatih in28Mve®f gown in
Fig. 42. The op ation or the like s simlar to those so far described and
‘hence omi t PEEENE AOWaBHHAFE Hhevilirlifhel eyt spumreyt26 amanged imtee signaltline
current Ssogk : i r d 1. .9, 16A whereas. .t is not arranged in
Fig. 40. A%rl ‘gee(rng% u't#&(}?{scrg%t%’ 1(51r1§r1gé)rjségjrlreeﬂ?ﬁpsca'ésﬁsv,mm?%&rb%'é§ ?@Fg’ to

carry out ot odth @tthardpewtioh @ReackRaMMAIshEIce 186, 2hik 8RN TEMN dL885%ka Fi 9.

16A desiraply has further an additional circuit in order not to 25 cause
vari at i on iontheuinwetions gif Uspyesedatent WeptivaticanNos 02008287998 2001238 10dwever ,

. B R bEBE aPh LA 25 15 el i) el ar
L1001 o, Ak 103 BRI chIELSFTIRL Pl

connect ed wdriatibe iietdweén haphurslitgofturtdndour 8120 hrranke@ iPih% Slgnal-nd @A) cases,
isto -41 1 4 NUV 1006 change its state dependi ng upon a voltage inputted

t hr ough t Heé'@ltlgnal line. This may be an LCD or organic EL, for exanple.
e e e, CEUREEI SN SuRRSPAR, %t e, YAb i . ST Sl S
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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[ Enbodi nent 6] The foregoing electric circuit or sem conductor device of
the invention is arranged with a reference constant-current source having
a capability to flow a constant current, to carry out a setting16§8Vém*on
by the use of the reference constant-current 10 source. The reference
constant-current source is configured by a sem conductor elenent, such as
a transistor. Accordingly, this enbodi mrent explains the configuration of
the reference constant-current source in the case of configured by a
L ransi st or chngeats stapdgichangapoh @WBltge Yl RGuEH B8 sighl ine? Fnifihksbe
expl ained is the scheme of a reference constant-current source, yfusing
15 Figs. 20AL4ddopoganic BLrfogcxpople. Besidésghescr@herationés mosibtcanith ¢ vdricent
source. Th%fdﬁgéﬁfnce constant-current source 401 has a termnal -A a
terminal -B and & terminal -C. The terminal-Ais inputted by a setting
signal. The term | [ . : .current feed |Iine
405. Through the TP}Zflrﬁ%ﬁ@%ﬁ%&h?ﬁ?ﬁ%@%%ﬁ%@éﬁtﬁgﬂ rEe gralé’%éélés B0,
constanb-current source 401 is supplied to the external. Nanely, the
reference 20 constant-current source 401, under control of a set signal
i nputt ed t oEPREIIEEPhal - A is supplied with a current at the térmnal B,
to supply a current. through the termnal-C. In Fig. 20B, 404 is a .
ref erence constaﬁE@J%F:Oﬁgg%%ﬁf%é?“*ﬁénr¥?89¥WE@°E L8 - tBe IR EREoR doir ce
404 has a pkdhgdd With OtetbRh&Y @h@ﬁnﬁ&ﬂ%n@%u‘r&%ﬂarvﬂ%ta Lsag%iﬁ to flow & SonsPigl €1 N
assuned that there are provided two reference constant-current sources 402,
403. 25 Therrerl ¢ emcye ogoastibing -oparatientbystheinee of G2, ref@endta®nt@AMENRANS A -
i gnal. The termnal-Bis

D.m The herninal-AELs hgputted by a setting si ) )
suppl i éd wWiPHCE chPt SRETTTrs RopHantqTeRh fouFR dY configuad®y Thyesugmdupier

term nal - C, r r ef. constant-current source 401 is
suppl i ed tglt(gﬁé§§£%%§ﬁ%m$%%{P§¥ﬁ§%§$§5ﬁ§§ Héﬂ??%&m%?nﬁﬂgﬁﬁ?ggwﬁg?ﬁnaI
out putted fof cite @fezamtieldhsthitrRird@6sou @ tie cdsBOf COIRNSALEy & HRL@RE afdy r ent
source 402, 30 403 is under control of a setting signal Tnputted at the

t er m nal - ACAPR$itanceoneneit, &y eeg Figs420 1234 NOV 2006 inputted at the
termnal -D, and %ngli dwth a ?%g{ggt af the termnal-B to thereby
supply a current "AF" PHRAPEE i thapehemegh gre S CHRATSUITRYE SOBISE BURERE on of

e el SaRg, SORcLAn L KR S0 0L (0l Sy oo, T, o,
cor r espondseiemntheonstant-current source 401 has a terminal-A, a terminal-B and a terminal-C.
‘The terminal-A is inpuited 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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reference constant-current source 401. In Figs. 21A and 21B, the electric
circuit, having switches 54 - 56, an n-channel transistor 52 ?2® 2
capaci tance elenment 53 for holding a gate-to-source voltage o & 2006
transi stor 52 during setting operation, corresponds to the reference 10
constant-current source 401. The electric circuits of Figs. 21A and 21B
have the sane <circuit elenents but are different in connection

rel ati onship of between the circuit elenents. In Fig. 21C, the electric

circuit, hanpungdswnithe heSinddD, 4ad sapsnanReh o &Rsi st Ok ifal-
capaci tance el enment 73 for hol di nsgplg1 gat e- tao-lfs?i%gr ce&\?ifrtnglég %?O?ﬁ%eg)ﬁ

transi st or Sypplyarcupgntséthe tagpippleCat i on, corresponds to the reference

const ant - current sour(ie. 401. In Figs. 21D - 21F, the electric circuit,
havi ng switches O¥X!plained psiseqontigyratien of SresrebBencg goastantzcusrppheturance
el ement 6745@&@%_%@% - ) k of the transistor 65, 66
during setting operati ﬁ?gg%glﬁé'%lgﬁggﬁg%y?%%%ggference 20 constant-current

source 401. The @&aelctofithe Gldctid eic@ifs Fhden iR s, ANDNAVEHEHRNIRRE (h&i rcuit
el ements but are different in connection relationship of between the

circuit eldpBREsCOISHEEYIRM SPYrce éXbl anation is briefly made on the
operation of the. .ref.erence 0 ant-current source 401 of Figs. 21A and
21B and the refe}%%%s'%taﬁﬁti—@jr‘?‘ﬁréie“% CHEi-clravarE SWftdFﬁSgé‘.? 2% an 21F.
The oper at inikaffel tpfists®l S22 BGE CORSLARAL: SEYSRIAD L Qe k) s 2dC 1S
simlar to the oeper'atS isorli of Fi SS%ZEII%JB g%%%e‘é?%gn%yﬁ%gdén cz)lnggft?é% c;’/urce

expl ai ned ivnltagei of érbodisient 52 Fursp explpabnedions coltespopes ab itk rébrehbe
reference constant-current source 401 of Figs. 21A and 21B. In the
el'ect ritd cPPRARC-cYfrentsgurce A Tha eleetic qipitsof Fighed Asand B3 have thearher ned

on accor di : I_on i np ed through.the termnal-A At this tinme, the
switch -4%9?[ﬁ1?1 e%&?“%o@% érgéﬂ fféreg% f1 CHECHOM, S gh‘é’r ?feﬁfftwlegné GIFEH from
t he currentichead. | i ne 405 through the termnal-B, whereby predeterm ned
charge is held on the capacitance el ement 53. Then, the switches 54, 55 are
turned of f. At t M &ig 2h€, thoetatsecipradbiengbwitches FBAT §ar-tlsmbel ehmeBtdrie
capacitancc; ehgme t 53, the transistqor 52 has a capability to flowa 5
current in’'#& U fapatances plgsht ddr for doldipg aqgate-to-sourcé 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 teference

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 briefly 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. 21A 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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Then, the switches 54, 55 are kept in off state and the switch 56 is turned
on. Thereupon, a predetermned current flows at the term nal %: S@R’ ,Ztﬂﬁhl S
time, because the gate-to-source voltage of the transistor 52 il*

mai ntai ned at a predeterm ned gate-to-source voltage, a drain current
commensurate with the signal current Idatra flows 10 through the drain
region of the transistor 52. Incidentally, in the case of the circuit of
Figs. 21A and 21B, it is inpossible to sinultaneously carry out an

operation t5 ihoffd Preedpper nturenit champghed frotrhie capani ftange: 4@ GF&Rh B3 and
an operati on t.o f%o a predeternm ned current. Consequently, controlled are
the tining "GHRYr i‘wbefﬂ%elaé TR chares iy Beld wndhe ¢rpacitypae elearwoeS®| enent 53

and the 15 tim f i term rrent, by the use of the
St chos 54 - 5o Gt EPAHRD 28, B ETELELAT I N B preflstPerdRmpicd

const ant - cuhigats I5d6E GheAQdac¥ancdilgEent 33D tr%ﬁigistof 5 e &haglify & ol gui t of

Figs. 21D - 21F, the switches 68, 70 are turne on accordingto a signal
i nput t ed t ISPBEEHN EeagnErdG ol signal Theemdipen, a current is supplied fromthe

current feed lin 405t throgigeh thg termnal-B, to store predeterm ned 20
charge on the ca§§8?1 B WIS pént 8. Kent iy off statej and, the swHels 86 & ussdmect i on

bet ween { hencabn, ol FEAdaHRne! ek EADS] 3490185, 270u1 P, gat e el setpode of

the transistor tthe gate-to-source voltages o 18Y% 8% and

66 are hel gafoytotsherceapalcigeant ethel ea@fistor 60 iNexhintdifQ S & CHR8eBBnindd are
turned off. At this tinme, because of holding 25 predeterm ned charge on
t he capaci £afide-sepEvatiagya digipcirrenh spmmesnsB8e w6 thasigaal coapatbiilii flyws o f 1 ow

a‘t:urr%lt itlﬂoagmﬁilgrairzgihjg%figr{%tzt%??rgﬁsggﬁg{ nt |data. Nanely, because the

gat e-t 0- sour ceé”vol tage 66 is held at a predeterm ned

gate-to-source VRlida@RiyDwh hbeaLanas éiﬁ!ﬁﬁggﬁ%%@ﬁA aﬁg 218 ¢ fsaﬂn’bggﬁﬂlé%“

commensurate with the signal current Ida ows through the~“drarn tegion

of the trasBhdtapeoBly cB dutah deettibn o hdld ptddeteanmed eharghen ¢id &phtit@be Fi 0S.
21D - 21F, jt is_possible to -44 1 4 NOV 2006 sinmultaneously carry out an
oper ati on CEHEI o predetrsFaionda flewa edeprmiped euafsat Censequendy eermtrollsd and

airourt of B Beu MR PhoYEE BlRLAATEa SR R G bpeclomebign oy
i mpor t aficetining bhtownge fridtérians &iRht 69 tingeldtend SARSESEPL 566 are 5 in
the sane size, there is a current flowng through the termnal-Cin the
sanme val ue as Next explained is the operation of the reference constant-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 4 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

-44 -




the current to be supplied fromthe 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 different4NdyZHe
value of W(gate width)/L (gate length), there is a difference between the
value of a current supplied fromthe current feed |line 405 and the 10 val ue
of a current flow ng through the termnal-C The difference relies upon the
WL values of the respective transistors. Incidentally, in the electric

circuit of shhgltan2dusly c@fFoutanaiperaeivh i BoltllpeyeRemfiee Bharzh 8n &S FlpRGtmE: t ovar d
a ground potential V. Fig. 22 shows a circuit configuration in a case that

the transi $tgnat §7 angsgn opgatien/® ovpa predatsehinegparroft. pol arity wherein a
current is 15 flhowng.fromthe ternm nal-Ct rd round potential V.

I ncidental ly, t hé\ﬁ%alnr“g'é]tei Sh Ut Cal?ﬁrqugrtff" qﬁcﬂ\hq?\sﬁﬁ%tﬁl[?m%lgd thosigh T dpg ect i on
of from thentistl 6klss s saWRLHatde ide8 65V ien, Fi gs.
LA DI anoRatiSor GRl66 s SOMRLHalde 1R ?%ctﬂ‘g?f%ﬁ*‘?ﬁ“ﬁﬁ?ﬁtﬁﬁ%_éﬁ%ﬁe has a

ground pot eémthcalani¢ssizeathetdis a quareer Asoip ceropgt v téralindd irpind shdE VRaE af he
transistors 52, 65, 66, 72 of the p-channel 20 type, a current flows in a
direction d&F FHER ihee porEsd Femihe cpsnt fedddinei@d. Qn thiether band, whkreChe
Meanwhi | e, (1N ri Lreyit of..Fig. 22, .in_case the.ground potenti al
Voo 15 at RNSEZHRELE S Pl bie Bl inae s vRE e hanvrarel @BRs 52

65, 66 ar e tahsibloe 66nue Ramaeh: HYRE vaicCH Weldhte { RMS/L Radte WT000 iRR &f 2 f rom
t he power-source potential Vdd to the ter{r%taﬁal ?Ié@/zggN%xt expl ai?en%dai s the

reference colfigrergebotwieandhe valoupizecdG| suppBedfromitis @Bl fecbiintisdhandihgs. 23A
and 23 In,the case of the circuiit of Fig. 21A or 21B, it was nentioned

in t hel%Por Jabie sy qrEeniiloming Ahreuek thsyemirildns Thy differanss sliss appe tieeWAL
hol di ng p_re,qge%mh@qgstpg quangﬁmt[ e capacitance el enent and flowi ng a

predeterm ned current. Accordingly, a plurality of reference .
const ant - cur r ent Iscid¢malsy, ai eepleter afhit B@iani Angag, @@ur%&@%é\giél 'éfﬂ)m 20B

wher eby one reference constant-current source is -45 1 4
oper at ed t dhtisringl-edewaidy gredndprienal ¥at dig.RE sbapae crancenégersot imhi |

the other reference constant-cuyrrent source,i s operated to flow a .
predet er mi T8¢ tgﬁtﬁﬁ%ﬁﬁ?a ﬁ%?yt?f%{iﬁlg\’fr@?"gﬁgﬁl@gyggﬁ RARLY THFERE C¥BERIdes 402,

303 of 151 9.103085 RO @k AbhinTCcafy Epfdilfh pofrialV 8. 21A or 21B. 5 In Fig.
23A, the circuit, having the switches 84 - , h-Channel transistor 82

Incidentally, the direction of current flow is not limited to the direction of from
the terminal-C toward the ground potential Vi as shown in Figs. 21A-21F and 22A-22E.
In case the electric circuits of Figs. 21A-21F has a ground potential Vi at the
power-source potential Vyg 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 Vgq to the
terminal-C. Meanwhile, in the electric circuit of Fig. 22, in case the ground potential Vi
is at the power-source potential Vg 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 Vgq 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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and capaci tance el enent 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 fi 0 %@@ is
the circuit of Fig. 21A or 21B. In Fig. 23B, the circuit, hav h% ¥he
switches 94 - 97, transistors 92, 98 and 10 capacitance el enent 93 for

hol ding a gate-to-source voltage of the transistor 92 during setting
operation, corresponds to the reference constant-current source 402 or 403.

The el ect bpwated i hiold pfedétegnind@Bhire 0A® Glel@piditaide Eb@entddfile HRChHgNt al Iy,
t he operation of the electric circuit of Figs. 23A or 23Bis simlar to

t he oper at Fedefense qopatapl-@tont sougee is operawfl t-flgw atexletarmdidd, cuaneolt. Memosdy,

omttedly plained 15 in this enbodi ..IThi s _enbodi nent can, be
desirably gﬁé ti%ﬁeé]&e \%ﬁ)r{sﬁa"ﬁﬁﬂ%ﬁqtﬁgﬁﬁwﬁg@?ﬁ& Oﬁ%ﬁbﬁm PRSHEAbRY useiBe sirgtit ¢loni ¢
appar atus gl pgatderglectric circuit of the invention includes a 20 video
canera, a digital canera, a goggle-type display (head-nmount display), a

navi gatd on syst el Fian2addite depitoivingithe appahat 315- 6 ai-ciamaionaiistor @udi o
conponents, _etc.), a notebook gersonal conputer, a gane apparatus, a
personal difl SaRACIEASES sleasnt 8 fop bpldingbggsertesoureatdlaant thhonpsistpodaraig e gane

machi ne or . i ok d.an .inmage reproducing a at ving a
recordi ng %ﬁ%ﬁ%ﬁé#@g@t? rirecséf)ﬁld;iﬂo élbeprgjf:eé?%g C?Ibﬁé)”ﬁ'gwfrgﬁrggwg gﬁ%(’ hj&bc ing
medi um sucleasicirBhigbf By, YoA $athk kecl} skFicDMA opd3 having a display to

di splay an inmage thereof). Figs. 4A-4H show detaill ed exanpl es of these

el ectroni ¢ appar bt big. 2BBgihedoirdug, hatinglite ewitdhts B¢ -apipamasisters 9 198dindg a
housi ng, 3001, a support gg 002, a display part 3003, a speaker part

3004 aht aCSPREESICE Gistrent %?gfrl&?diséeaateﬁﬁesou@e vplegseaftthe Hoesittoro?? dwingbe used
in an el ectrt: i .t i rj t di spl art 3003. ,.-46,14 21106
Ao Che’ filfs Slerfithd SRR B diFafll PRS0 R e 402 B TheY

i nventi on. clBeciaiegeuit BEFgl ObB ieht tirbigoAmpaF@t.us i s of a spontaneous
em ssion type, a backlight is } not required. Thus, the display part can
be made snal | er Ingidenialxnids opetation phide leleguicd:icny of Blgsd2Fpba33B Isrimidant al |y,

the light-gmtting.a at.us .includes a display unjt for 5 displaying all
the pi e_ces%o eP%?j%ﬁ“Hﬁ?Q‘ffﬁ elF%tFICBE?@b?Fgﬁlg'ggr%ﬁtzéﬁs?ndﬁ?nﬁ? omitedbt expladssk i on,
di spl a5 noimdieiiioaaEt and so on.

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, andio cdrnponents,
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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Fig. 4Bis a digital still canera, including a main body 3101, a display
part 3102, an inage receiving part 3103, an operation key 3104, an
external -connection port 3105 and a shutter 3106. The inventiogd: fﬁ%
used in an electric circuit configuring the 10 display part 3102 so, the
digital still camera of Fig. 4B is to be conpleted by the invention. Fig.
4C i s a notebook personal conputer, including a main body 3201, a housing
3202, a display part 3203, a keyboard 3204, an external -connection port
3205 and a\lpai eilightwoutieg 39P6ratifhel Fipvent icam beatbniifetvs s iHe MmReidCtric
circuit co igurhﬁg_15 the. display part 3203. Also, the light emtting

devi ce of FSGAUsEENT Ushiemilling spparitusds 19§ 2 sparianaope amission tFPgy.a Wklightds nobi | e
conputer, i [ i di spl ay .part 3302, ,a sw.tch 3303,
an operati5%?kg@hg%03hgﬁdﬂ%g B%?i%géﬁnigﬁn%%r 2%@b§1ﬂW%@a$H9@ﬁ§Fdﬁﬁﬁén be
used in an ceysedltdidptarCi LRitichtallN et Rehil | t he
nobi | e Zocginputé?Bgf Fig. 4% i's g%%plefggaggégﬁgy?ﬁggﬁf?%%ghﬁﬁgiqﬁé is a
portabl & i Wigplayirgaibidia pienes elfpplarmotion foapémenahcomymoerd] T broediasieception,
(specificalg[g%1 DVD(@pFroducin% apparatus), including a main body 3401, a
housi ng 340PAYPEAWSIEGMERLIL0 9403, a display part-B 3404, a ~

recor di ng- medi umy r E ading. part 3405 oper.ation key
3406 and a speakelqglé'):)ﬂa%r1?.-g %H%’?a : #Hgg%nllésrg’l glﬁm%gjp %P’talnig%%ogiblls % SP&?YSB?féy,
mai iy, i m8de2,anfiokgetdcoitingaries 10D eantpe Rty kE?B1O€a§%rda§—céxﬂlecgbl§ﬁ$@y1

mai nly, character information. The invention can be used in an electric
circuit coRf? gt shutiendlOfi dednveption eanearsed B B4ADB|riARAIt chniigwtentthe | v,

the i er Qduci appar at us .havi.ng a recaqr.di .medi umincl udes a

nome- uee gdi Aol s RRRL B Grlt BB Retrddie: A8 a e et Db 4 i s

to be conpligtgdoly the invention. 30 Fig. 4F is a goggle-type display
(head- mount display), including a main body -47 1 4 NOV 2006 3501, a

di spl ay part 350Fi@mmil an aancwlpekt pe3&dal cdiputtnvsddiap «anibdeodsadoinaan

el ectric irQuiéaSonnguring t he displ ay Eart 3502. Also, the goggle-type
di spl ay of IRPYRE 4803 & digplyepEbifie &6yhmard B4, av entemshrcomiogtion poit 3265 vi deo

canera, in i ; i Q displ a art 3602, a .5 haqusi,ng 3603,
an exter na%acizlolﬁﬁglg?l F (%?1& “8%% 831% ,Agnﬁg%‘fi‘rgbec&o@ﬁ& Pt 3808’8? Tyt PRieuEBds  an
i mage neceith digplpaphrt 3608, AgoPalkliRhY eBAfily ddi&MNdg] P PRI LnPRI& bRN

operation key )
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. 4F is to be completed by the invention.

30 Fig. 4F is a goggle-type display (head-mount display), including a main body
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3609, and eyepi ece 3610. The invention can be used in an electric circuit
configuring the display part 3602. "Also, the video canera of Fi%. 4G | s
to be conpleted by the invention. 10 Fig. 4His a cellular phoné4 N0V 2006
including a main body 3701, a housing 3702, a display part 3703, a sound
i nput part 3704, a sound output part 3705, an operation key 3706, an

ext ernal -connection port 3707 and an antenna 3708. The invention can be
used in an electric circuit configuring the display part 3703.

| nci dent al PYQL, aldésplivattay0pand an &H0Brc303s Thphesstidrhendehked @nRheng from
consum ng current b ,diaplaying white 15 characters on a bl ack background.
Al'so, the EZfYiLsontishrngdieshspiaypariyidtls Alen. e saustelvee display of . et i on.

| nci dent al by cohibicleq@ht LT s material wll increase |ight-em ssion
bri ght ness F% %ﬁéhfufggg$%§%gglight cont ai ni ng out put imge information

can be used, by H@neﬂym@i@o&aﬂleﬂ{mmiﬁgrﬂgnﬂm Bodyelt®104 dfsgﬁglgiaﬁ%ﬁ) n a

front or rear type projector. 20 Meanwhile, concérning th ove el’ectronic
appar atus eBousing3e3ane cxtnmebasingliorcpee 3644 adimpleayntblerctsit e matti B0S,
di stributed through.an eleggégnic conmmupi cation line, such as the Internet

or CATV (cabIR&Cdredyag By AOREEAY 100y 2 yoyad épat Bt 3605 a8 eperaeiast ons t o
di spl SN 1 nf b jght.-em tt] .material h
i splay nmoysirg ah@@ﬁﬁ;&d@ﬁﬁgﬁg'h?%\he?_ﬁg%ﬂ%fbé [ #0t5 GLL rlncg(f;g:?lét?:rlplaﬁgqrgfgs a

very high response” spee _ I'ng device s

di spl ayi ngtinodisplay pab 360BgRds0, Meanidb lc@meial ofi Bigd86i it @8 bf @bndpi8ed by the
light-emtting. device to display information such that a light-emtting
area is reHlYé®¥#Pho a possible | ess extent because the light-enitting area
consu power . cogdi ngl in.the case of usi a light-emttin devi ce
in a gﬁipl ay par ffg %&?‘ﬁIayc%%l}arW&P%c‘?‘gilg’i‘lﬁfddpw&%ﬁ,37(92= 3 hgusiag 34024 gi t al
assi stant gRpayehrt350Par ddubl ki Ya 3664 lWoahd di : ) ng
appar at us, ilt) ?? desired tuo I%S@L 4 NO\E} 50068&@%&3{%@5’%&@%&%@ h t hat

char act er BY{itonmettemal-conntaionggbrid70q ahi ghtstemiat 27089 Thaklvemvidican®es&IM t ti ng
part provided as a background. As descri bed above, the Hresent i nvention,

havi ng an B Bfigfy Hraagosdgpmedhe digphi vt 368, logidewallnstbe daplayrpart

The. embodi ant Chay RaeT Y Selub Bt SR° s RUR AT wrPelPBe B

sem corfductlofradavices HhgwbadkprduraodiniNitBe ketul 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 phone or audio reproducing apparatus, it is desired to
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In order to cause a particular transistor to flow a current sane as a
signal current set in the reference constant-current source, a1 0V 2006
gate-to-source voltage nay be set of that transistor. In the invérﬂi OZH
setting i s possible by holding the gate-to-source 10 voltage of the

transi stor due to a capacitance el enment connected to that transistor. By
utilizing the voltage held on the capacitance elenent, it is possible to
suppress against the affection of transistor characteristic variation. The
nmet hod of @ay putidityig stoh tlzg ehdredter ioformatapREbingstics EligheptitmapatSd he

met hod shown in.the bel ow, The voltage held on a capacitance elenent is

hel d as it MPREMUHBERar PEOVIdGdpsa bagkeroure (e. g. video signal voltage) is

inputted to one ram. nal hg capaci.tance elenent. |f doi.n o, the gate
el gctrode of thegqt%rdggndglﬁ}segg]&o‘}eéﬁller%tf’??téaveﬁﬁfogﬁ”\y&gtaé‘geéh??ﬁyblf%léjs 6Pt 9be hel d
on the capagplicancs, @ah®aeeid b aReReEodiOaphieatsd SNdleryQLHAEso, 1 eléctfo?l%cﬁl t,

e

the gate electrode of the transistor is inputted by a value having t
vol t age® haéPRM#HS Lhéha apbedittent magluseeny cadtipdation bhehesélgndt crobitsags

Nanmely, in_the inventjon, 20 eve ere characteristic variation occurs
bet ween traﬂgﬁcg?é;chqr H@W%ﬂp’g}lg&dﬁ%@l@?gﬁér 6.voltage is to be inputted is
inputted by a vakjgdhat 2,360} | apacitagnce el enent each
transistor is conneéteegéi su addkglglﬁgﬁfﬁlgng%}aﬁgqcﬁsgﬁ ?%‘dlér?n AEESH G %51%9?1 an

el ectric ciumaitsetdamhdeipeavicdadadtairehtsosipps gaSeslsadal Mitagh heryafefsect i on
of the characteristic variation between transistors. -49 14 2006
What is cl 8 Hl tagsister. Ay the weention, s¢thingiit péssibloby hotding theagatota-ganree

pot ent i al t terminal on the basis of an ipput potenti al
Pputt 51 ofoU e Hondiordit o i Goes Fementwanreed fotrERag st By
capaci t ancetig}igFe vdl@ke GORVEY the REhRitaHE e er?,qulsﬂoggf)fe.rtg %gpr&%rh%taﬂ}@{
current source into a voltage; a transistor for supplying a curren

dependent thsafeatigooftestsestbrobhtaaigasticavatiatist. swit ch connect ed between a

first el ectrode i{" t he capacitance el ement and a source el ectrode of the
transistor: and ae&EHRS hitizpngdNplkgedsldher neapacitaageaslpmenteeanrusgd éheof t he

Second of eBrndaaF e ERE THCEuble beB 7 Ebaofhet e Biroe 2GR 5. 1
el ectroile afd bheghdl anstagd @€.g. video signal voltage) is inputted to one terminal of the
capacitance element. If doing so, the gate clectrode of the transistor is inputted by a
voltage that the voltage held on the capacitance element is added to the signal voltage.
- As aresult, 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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wherein the first electrode of the capacitor elenent is connected to the
input termnal, and wherein the output termnal is connected to the source
el ectrode of the transistor. 2. An electric circuit according toqglyayrmug.
wherein the input voltage is a potential of a signal supplied froma

phot oel ectric converter elenment. 3. An electric circuit according to claim
1, wheBhatis¢laimmdist of a current flowing at between the source and the

drain of the transistor. i he sape as an anmount. of a current .tq bhe

Suppli od fram SRarsBieri ton oy BTl Sl PO aCit el Gt I it 8 or i ng
to cl aibasid of MRHSE potédiRl Blp8&Ed atGnGhig WrinihA, 166 Bfeb@idicaduintdtiprigng sel ect ed
froma source-follower circuit, a differential anplifier, an operati onal

anplifier afépaitapeaslementforeonyeiting aurrant sippliedfrem @jcoagiint chgeENtFAUISAt t i ng
an out @&Fa%ﬁtg .ial at an output terminal on the basis of an input
potential inputted at an input terminal, the electric circuit conprising:

first and seaensisodf@cuppinmg adverBnddpehdont apsvecdnvegedveltage:ent suppl i ed
froma constfgrn% current source into _a voltage; first and second
P

transi st ors 3 et Sitch sanageted betweant 2 fshelstipde ably capeeianes ¢lementadt dge and
CO””EC%SQK:EQleét%dee&;théﬁgns]stér-l&@’ 2006 a first switch connected between a
e fi

first electrode of t rst capaci tance el ement and a source el ectrode of
the first taaswsost ovitichacemeded betwickr la drainndeatede bé theeteansatatraail na sé@atir ode

of the H[Isa é\ﬁrrsnsi stﬁr e?nd a second el ectrode of the capacitance el enent;
and a RN P8 ARSI EBE et ween a drain el ectrode of the second

transi stor agferdinf theSdecotl SRbROHEoPT tlfeh&pﬁﬁ’f&ﬁﬁé CRAfAt & ehmREledWoeS ghl the

second el ectrode of the first capacitance element is connected to a gate
el ect r ¢tpstrode effbe fransiston,r ansi stor; wherein the first el ectrode of the

second capagj,t an e nt, 1 nnected to a gate electrode of. the second
Pt aP AR T STB R d R R EEnSr e Spn Gt B e sl o
is conn@dted to the source electrode of the second transistor, wherein the

first electrode of the first capacitor _elenent is connected to the input
wherein the output terminal is connected to the source electrode of the transistor.

2. An electric circuit according to claim 1, wherein the input voltage is a potential of a

signal supplied from a photoelectric 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 a current fo 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.

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 second capacitance elements for converting a current supplied from a
constant current source into a voltage;

first and second transistors for supplying a current dependent upon a converted

voltage and connected in series;
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termnal, and wherein the output termnal is connected to the source

el ectrode of the first transistor. 6. An electric circuit according to
claimb5, wherein the input voltage is a potential of a signal suppi(gdils
froma photoelectric converter elenent. 7. An electric circuit according to
claim5, wherein an anount of a current flowing at between the source and
t he drain ofa filseswitghstongerted betwmeh a fastsilestiods of thetfhret copanitanee elememtoadt  of
a current e, s fed from.the constant current source. 8. An electric
ci rcui tasch:l%:c re&c%h'f@%t@aif%tr@m%%r ein the first and second transistors are
of a sanme cogdued ewittly REandRtedPetRbErt 4 d€aif iele@ttbde Of @R His0@rahdstet ahdnad,
wherein the electric circuit is configured with one selected froma

sour ce-SeeAndglgstrode pEtlie capagitanderelgraentialld anplifier, an operational anplifier
and an anplifi I i . lecisi I HCUkf . f 41 ut put
ot ent i alat® eSS Eblncolt befWeel ik GoctoE Bt e Blor il Ay Fed

i nput t efecabdaot the papaciteogichamhentt he el ectric circuit conprising: first and
second transistars, arran e]d@ &&Pmegg@f' rst and second Epwer Iindes and
connect ed i nViEEsip dhe secgnd glecitpsie o st eapaeitangs clemenk ernnegied fomeatet i ng

into a yhbagsr detidthiBRAListopaused by inputting a bias potential to a gate
el ectrode of the second transistor, flow ng at between the first and

second powerwhdreipghe érdtictestrodavof te swoombcipacitanet weernhisf ¢onstcted s igaite of

the capacit nCﬁtheI erreat an source el ectrode of the first transistor; and
a secorft 051\????8 ESHHEE tRES I8 ween a drain el ectrode of the first transistor

and a seconRghetiRhé 86Bn@TeldchBdS 8P BR JeBbndtHaBitince Wiglcat s dhfc&es aNthe
el ectrode of the capacitance elenent is connected to a gate el ectrode of

the fi rsqbrcercloatpds ofrthe sprenéiransister,f i rst el ectrode of the capacitor el enent
| s connect egvvlﬁeﬁeiy}ﬁe Iﬂ?&“él?étle()lag] oggtlh% fﬁr\émga{pgzziportel’femgnlftig%tonﬁ&%e@ %ah'leli Put.

connected t € source electro Irst transistor, and wherein a
curr entteftinaisarat bet ween a source and a drain of the first transistor, in

an anount dependent upon a charge held between both el ectrodes of the
capaci t ance “8lggAe output terminal 1s Connected to the source electrode of the first transistor.

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

signal supplied from a photoelectric converter element.

7. An electric circuit according to claim 5, wherein an amount of a current 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.

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.

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;
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11. An electric circuit according to claim 10, wherein the input voltage is
a potential of a signal supplied froma photoel ectric converter, el @E
12. An electric circuit according to claim 10, wherein the fi rst‘I g#ﬁv‘é ond
transistors are of a sanme conductor type. 13. An electric circuit
according to claim 10, wherein the electric circuit is configured with one
sel ect ed fr oheapasitamee elehwint fwerongertiogiinto savoliagt aremtent |cassep [biyf inputfingra

ti Li fi Lifi i it, 14. A.displ [
oper 2t URGPoRR e AR SR b P ottt v e 68,
out put sceddd podder fied; he basis of an input potential inputted at an input

termnal; a capacitance el enent for converti ng‘ha current_supplied froma
constant curd 8f ss6igh cennegied befwesh taafjest electrpdm of she eagagitansgprlemen pngd

C“rre”tsogl’b?%fb@?%é@??g?}%%%?é{ﬁh}’%ﬂdm' tage; a first switch connected

bet ween irs € Capaci tance el enent and a source

el ectrode ofa tdvend sevitsh Sbamcctanbetwdéh 3 daildQlectRA6 ofahs deanchsistdred a
connect ed betlweer(] a 'g{eai n el ectrode of the transistor and a second
el ect r c§eonskeleqiode ghtheicapaciter ef@SRt, wherein the second el ectrode of the

capaci t ance GhegRhe! ScGRINRELSHE bP i Wb itafleeibhafiei Lokl BP0 .

wherein the first electrode of the capacitor elenent I's connecte

i nput tedeatiodabf thedmst tvaneister,n t he out put terminal is connected to the source
el ectrode of the trapsistor., 15 . A display devjce accarding to claim 14,
wher i n ¢ ho RGN AoTELgESTale 2T s oREsIY Slpmegt sgpgptatecdo B et Frofe
phot oel ect r i whGOR\EE b@puttbRIBALis cdfhecddb MR ANrddQdHBIA6E B HGrdnSisfok 2l M
14, wherein an amount of a current flowing at between the source and the

drain omdthe transistor is the same as an anount of a current to be
supplied fr t con nt _source. 17. A.displ evice accordi ng
L oP Pl bt 14 WA LCOPRRA o€ B BBkl R 0 and 3 it BBt FalsBon 3 i o
sel ect emhdunodependaiingenf othaye held bavietn batltklédteenss the caipitirice @lement)
operational anplifier and an anplifier circuit.

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 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.

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 source
into a voltage;

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

a first switch connected between a first electrode of the capacitance element and a

source electrode of the transistor; and
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18. A display device according to claim 14 wherein the display device is
incorporated into an electronic apparatus selected fromthe grou 0V 2006
consisting of a video canera, a digital canera, a goggle-type di EHQ

navi gation system an audio reproducing apparatus, a notebook personal
conputer, a gane apparatus, a personal digital assistant and an inmage
repr oduci ng aawpam@mﬁch Q@meﬁtedhbsﬁWQy addraince etmdp rof $hangansistatrandi ageeindcui t
for out ct| ﬁ?‘n out 1otentlal at an output termnal on the basis of
an inp e%‘é’flg f thsicapag Blf? H%h an input terminal; first and second

capaci t ance wheRnhs Jeddnd eiRéR6dd BY the gﬁdcﬂﬂﬁcesél%lehteﬁ te@RERd t60nghent
current source into a voltage; first and second transistors for supplying a
current® %ﬁéﬁﬂﬁ@@%ﬁﬁiﬁﬁoa converted voltage and connect ed in series; a
first switc N3 [ i tance
el ement and%@&@ggﬁ%g&ﬁﬁ&%& e o% I}sﬁl&t& §8rbér§§§%c§1lng§ t!h iﬁpf?iW’ZOOG
a secormdswi tch connected between a drain el ectrode of the first transistor
and a second el ectrode of the capacitance elenent; and a third switch
connect ed betHEeR the eHpyticanpalis sennesied thihesewsn gleptradeaf sherangistora i r st
el ectrode of the capacitance el enent; wherein the second el ectrode of the
first capacitance elenment is connected to a gate electrode of the first

t ransi sttSor A\dﬁ@ié@i devﬁdweacbbndMg ® deim ddewbéreinhthe Smpuondliegpacd patantial @f @ment

i S connect | ectr.ode of the second transi stor, wherein the
second ¥ égné"g ﬁg‘?g% Wéhfg%“ﬁ%%ce%&tﬁ FBgNtel ement i s connected to the
source el ectrode of the second transistor, wherein the first el ectrode of
the first capacitor elenment is connected to the input termnal, and

wher ei nl& heAclitpiast dedeqrperarding te shiact4e dvhearein e amumt of al aurent dewissg gthe

first t evi c ording to clai.m in the
npat ST Egahe SourcEia fe PR e Vi Gore B8 P B of Pl st
convertsﬁpp@é&&@ﬁ&hea)hstaﬁtdhﬁmﬁmr&evi ce according to claim19, wherein an
anount of a current flow ng at

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.

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.

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
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 a first clectrode of the first capacitance element and

a source electrode of the first transistor;
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bet ween the source and the drain of the first and second transistors is the
sane as an anount of a current to be supplied fromthe constant current
source. 22. A display device according to claim19, wherein the fit&N0haAulb
second transistors are of a same conductor type. 23. A display device
according to claim19, wherein the driving circuit is configured with one
sel ect ed fr dnsegord§iteh feontesisk befweemiat dram dlie¢tradecelt thel fighpngister and g
operati I isf I . | i fier; circuit. 24. A display device
accor disgg d(f?%ﬁjgplfnbﬁ@? c@#a%p%?cg%%én&a@;& ay device is incorporated into an
el ectroni ¢ aphidatvitsh sehreted befwaid ditingiletpde ontestidid tRinsidtoy ngéa feaner a,
a digital canera, a g{oggl e-type display, a navigation system an audio

r epr od f&cHgdaphihe saRpsTtance ofgr@book personal conputer, a gane apparatus, a
personal di g;bdﬁe?éipﬁﬁé Lo e1RREaADr IHEB@St cdpaRtRdl GlehnPRPAALYS] o ?gaﬂa“ NOvV
2006 25. A display device conprising: a drrvi ng circuit for outputting an
out put epextredt¢ obthe dirstaranscistoput term nal on the basis of an input potential

inputted at an i.nput termnal; first and second tyansistors arranged
beteen 11 r StUcEsiB e S50 EloBRES Of rh@esgcawfﬁcapéem%ete e isseppgded Ip 8 gate
capaci tpa8debeiieRiconirap@fyerting into a voltage a current, caused by
inputting a bias potential to a gate electrode of the second transistor,
flowi ng at behengiarihe kesohd rlctradelof thecssnond capacitdnce elsmeat fs ecgnestod tathe
connect ed be{ V\ﬁﬁgl afrt@i rst ﬁl ectrode of the capacitance el enent and source
el ect r SGBEFEHRIG L EE SEPEAEARYYPS and a second switch connected between a
drain el ect nageeififthé HRst! dledfoder b St capasitct el&B&RNE cBhegtddodethefinfe
capacitor el enent, wherein the second el ectrode of the capacitance el ement
i s conrfeniay, gl o gate electrode of the first transistor, wherein the
first electr . Gl i t |

term nal - vieraf g ApGIRRTHAITE cSHoROBR o 13 ERISBELR @ Al PRleer, o, o
of the first transistor, and wherein a current flows at between a source

and a drain of the first transjistor, in an ) )
d20. A d];spiay device accord?ng to claim 19, Wﬁerein the input 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 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 according to claim 19, wherein the first and second transistors are of a

same conductor type.

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.

24. A display device according to claim 19, 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.
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anount dependent upon a charge hel d between both el ectrodes of the

capaci tance el ement. 26. A display device according to claim25, wherein
the input voltage is a potential of a signal supplied froma plpqthgellmﬁtrl C
converter elenent. 27. A display device according to claim 25, wherein the
first and second transistors are of a same conductor type. 28. A display
devi ce %ccﬁrd@ﬁp&eg'de@mclcamnm%g wherein the driving circuit is configured

with one sel cted .f ce-fo circ |fferent

el 1 or - e it BT dRIHRE ah Pl el i quely KSR hpsis o
di spl amdﬂyut@ateﬁﬁﬂ%ﬁjﬁw at 8n fipat rRmakher ei n the display device is
incorporated, into an electronic apparatus sel ected fromthe group

consi sting dirstaand geepndatipisistory aramged betwenrefisst andgisgond poyise laespindy | a
navi gatj,on. sySh ke audi o reproducing apparatus, a notebook personal
conpu ter a gane appar atus, a personal digital assi stant and an inage -55
1 4 NOV 2006 cape@tandﬂeleﬂ@naftﬂé‘d’oﬁfmiﬁng 3hto #Woleige Gt dunent ichwsdd hyciapwting iang:
an output termnpal; an input termnal; a capacitance el enent |ncI udi ng: a

first oVacheteniel & asafs elsvtr%ﬂecqfntheéﬁwdﬂéaqsﬁ@n Hepwnsyal bsfween; the dest adsecond

el ectr Qde;nd Owe@ﬁﬁésst or including: a gate electrode electrically connected
to the second el ectfode; a drain electrode electrically connected to the
second el ecta e swiiteh aohhecsed betwietie la; fiesh atlemtrodel of ¢heekgetitode démattrandal | y

connect ed to tCr uéﬁuk %rm nal $d to the first electrode via a second
swi t ch;SOHEE Clech Bt PtiRe fEy FRRSIFOS 8l ce el ectrical |y connected to any one of
the source ¢ @éébﬁ@@wamomsé&aeddlsawee@hetﬁalh%i@ctmaé of Afle §r&CidnststoR | dn@Uial
according to claim 30, wherein a signal froma photoelectric converter

el ementsefandslgntiodeaf the cepasitpheamenter mi nal . 32, An electric circuit
accor di ng tc{vl?er&hn&lg e:cc‘;"’ﬁle Fectrod% of %uré%pa%gtm?cece rerrn%rrﬁt 1sf l:c?nne@tgd atE) a gate

electrode of the first transistor,
wherein the first electrode of the capacitor element is connected to the input terminal,
wherein the output terminal is connected to the source electrode of the first transistor,
and
wherein 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 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.

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 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 reproducing apparatus, a

notebook personal computer, a game apparatus, a personal digital assistant and an image
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bet ween the source and the drain of the transistor is the sane as an anount
of a current to be supplied fromthe constant current source. 33. An

el ectric circuit according to claim30, wherein the electric CierNﬁvmﬁﬁ
configured with one selected froma source-follower circuit, a
differential amplifier, an operational anplifier and an anplifier circuit.
34. A deppHesinglepfacausonprising a driving circuit conprising: an output
termnal; an input termnal; a capacitance elenent including: a first

el ectrode electrically connected to the input termnal; and a second

el ect r auie; An Bl6ctiic 4irdNVcafsing transi stor including: a gate electrode
electrically connected to the second el ectrode; a drain el ectrode

el ectrical | ycoinbéaradnalo t he second el ectrode via a first switch; and a
source el ectﬁqgﬁut%&%gli cally connected to the output termnal and to the
first electrodé via a Second switch; and a constant current source

el ectri cal | ya epaciatedementdnyluding: of the source el ectrode and the drain

el ectrode. 35. A dj SP| ay device according to claim 34, wherein a signal
from a phot oel ectd §igt egHindeelactrically sennecied te thednpw derminalyagdi nput t er ni nal .
36. A display devd&goﬁpgggnq)idgg to claim34, wherein an anount of a current
flowing at between the source and the drain of the transistor is the sane
as an anounta todnsestarumeledihg:t o be supplied fromthe constant current source.

37. A display devic ccor di to,.claim3 erein the driving circuit
according is corﬁgagﬁglgﬁr#ﬁrf&m@%&’%‘ﬁ?ﬁt? ! eﬁo@cﬁ!ﬁc(tfé’d?’ol | ower circuit,
a differential amplidin Rlectréfle cRBGICAIY WAhechMPld (HeClecHMH cRBr&AWP Vial b SHrst
circuit. 38. A display device according to claim34 wherein the display

device is irgdichpast ed into an el ectronic apparatus selected fromthe
group consisting of a video .canera, ,a.digital .canera, a. |, e-
di spl ay, a navi gaat ?oélﬁcesfi}%(i e %}e e{aéﬁ&’é:a%y 80?%%@&%81%031?%@5%‘?‘”‘3%5‘1 go %h)éqﬁm
electrode via a second switch; and
a constant current source electrically connected to any one of the source electrode and

the drain electrode.

31. An electric circuit according to claim 30, wherein a signal from a photoelectric converter

element is supplied to the input terminal.

32. An electric circuit according to claim 30, 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.

33. An electric circuit according to claim 30, wherein the electric circuit is configured with
one selected from a source-follower circuit, a differential amplifier, an operational amplifier

and an amplifier circuit.

34. A display device comprising a driving circuit comprising:
an output terminal;
an input terminal,
a capacitance element including:
a first electrode electrically connected to the input terminal; and

a second electrode;
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not ebook personal conputer, a gane apparatus, a personal digital assistant
and an i mage reproducing apparatus. -57
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a transistor including:

a gate electrode electrically connected to the second electrode;

a drain clectrode electrically connected to the second electrode via a first
switch; and

a source electrode electrically connected to the output terminal and to the first
clectrode via a second switch; and

a constant current source electrically connected to any one of the source electrode and

the drain electrode.

35. A display device according to claim 34, wherein a signal from a photoelectric converter

element is supplied to the input terminal.

36. A display device according to claim 34, 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.

37. A display device according to claim 34 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.

38. A display device according to claim 34 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.
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