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and Figure 3. Prior to this description, data on page 30 of the cited text
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[err] ofclopeia theepergy qap Gt 3‘1 gaertg a‘S’@fﬁ"E@lﬁEﬂf& PB'?"S ﬂﬁ?fe'tcﬁé"ﬂP t
sem con eof@::ngel 9m\7E‘3 t1 i5 S ?n?a?%; 'gl ma thlr in companson ?f?rf)f?é&(a gure
3, angs itho rhtSs mthqamta & ot B thrish .é&\f ?i?arﬁape’ﬂxd Botors drd by Teibsd 451

eV at the oﬁamegmrﬂvwngy he ch anges of this difference wt
t enper-at Wiees ti@ipdrinodengiiss die 102° EME\r highet) tlﬁ$er&MeVdﬂdrﬂerérﬁ:ﬂ§&omés shbmmaQO K'to

400 K ( [eayal fp thesilipasyen };y gatielsthb1. e\aor@tmrchmanggeevessu@tegrpmtu{eemcpmesﬁbms mzs a_

smal | va‘l"U% Ul‘“c eﬁﬁ\t%ﬂ %l“ec hird in c_;o ar| son. vvrth 2 t my [ er

e o e iy ST b R et e 6 o

| GFET a raaaig a d?a{,a\; usly.
When the;e.r.smagrrl ty den5| t | es are err or I g%er t e Ferm |evel erence

becones reniettiot bﬂibtajmr@qhﬁaloltaw cdrl"ea!cmdlhg ool differshepof g\aper{nElWe]s (Esn - Ef,,)l(E%VE-) and
the c H&I’R}P WQ'Z‘F the difference ofshe threpholdypitagesVulnd tworMQSFETRvith clianpels ofghelgdmehi ch i.s4%m

st | R Z"%‘éﬁé’ e e

ose o e prior art can be attal ne

Pr ef e wbl Béch df higurwmha 0)tiepios EBéphally tﬁas‘ectaﬁa sin@¥urds oPthe hbp}h% Fm AmBDSt 50
pr ef er alslitin atéreplersengart MES inteh tateat:fmuh romam) tFpueBe sake of getyh@Mes tanisiot wikse One

met hod @ﬁteelb@te?ﬂms mydqtrfePWpe thedPtmemi’f’r Uﬁé‘eam#stqr

Fer ni %‘:E/ é’PF‘ of gy Ny ypﬁf"lﬁq“l"{c?'évs*{a be caliedt gﬂ t[“h'\‘@% hol d

VO' tagﬁ 0 "\WEE laﬁﬁéa mg ﬁt I ! ty Bélpe
ANEwsPE Thrd N YdtelMidhalliel ﬁog(,g{; at are tor med on I nsul at'1 ng

f i | s fOI"ﬂli@dlffblﬁﬁlﬁ§ofﬂﬂ&ﬁf;lﬁ%lia@ésbynoﬁd‘lﬁe ﬂesrmrﬁmlm(m) ararsomnoairi‘ﬁgareemhareur face
ar eas ofvalees as showhinabe folioavingaahtedluct or.- -body and t hat are nade of .materials

bei ng of an i-dentical sem conduct or su_bstan-ce- (for exanple, silicon) but
havi ng- di fferent conductivity types: 50 ' Each of Figures 59 and 60" depicts
conceptual I'y the sectional structures of the respective FETs fornmed 50
within a conplementary MOS integrated circuit (CIVDSI C). For the sake_ef
brevity, the. MOS transistorwhose gate el.ectrode i.s nade of a [err] -type
semi conduct or -shal | be called the "[err]- gate.MOS', ‘the MOS transi stor.
whose gate electrode is nade of an [err] -type sem conduct or shal | be
called the "[err] gate MXS", and the MOS transistor whose gate electrode is
made of an |ntr| nsi c or |-type sem conductor shaII be caI I ed the "i gate 55

A~~~ o ~ N o a . ~ 1.
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illustrate sectional views of the priggiepal. st.epsunitOvdidi:ch indi cate that
the P gate MOS and the: [err] .gate MOS can be-fabricated w thout altering
or adding any step of a conventional process for manufacturing a

conpl ementary MOS integrateddcirc®it (@MOS ®C). @& gur®s 65(a) and 65(b) or
Fi gur®s 66(a) and 66(b) icts a iew and a sectional structural %iew
respectively of [err] gg‘te 0 fggal P-channel -MOS transistors to be
actual ly. used. in-circuig,st rbrgg 5. Referring to Figures 65(a) and
65(b) or Figures 66(a) - and - 66(b), T order to-form:a-sel.f-alignnment :
struegure, a 25 P-type Qqipuriay mssajl sed- in both those end parts: Es 1end
[err] of the gate el ectrode ‘G formed of @i-type or intrinsic = -

semi conductor which are®¢lose to a source Sa d %5dralth D, for both the
[err] gate MOS and the {]err] gate. MOS becau(f MOS gansrstor has 't he
P-chaanel- in this exanp .. ln a central Cp. of .he gate el ectrode G a
P-type inpurity i's diffgsed for the [err] gat e N¥, and_an N-type Lmpurtty
is diffusedforthe [err] :30-gate MOS. A'region iin which no |rrpur|ty Is

diffused is provrded bet ween the central ‘region and both .the - 30 end
parts [err and close to the sour and t he draln Thus

dl f f éq. er#/s la%te e l @t %ng l é‘lqs%s( can b %cg (i en ora

whet her t’oi ?or?ﬁpa fgti’drm

P-type aﬁmé;@sr uﬁa syrb;erﬁ diirds 5618 aﬁ@ﬁaus;e Sbl@r‘vr wraeduan .gbtn.eﬁn (a) -and

. 65(b) @éspéotigaiy of 8I* G4ié o)P* gare P-okEnbgl MOSsrassistdretombp acsually wedinsindaitstnatuees1 01, .a-
[errps sd‘isfemrmgsrsﬁu i65(a) ah@ 85(k) o Esm?sﬁdﬁabﬂnﬂﬁﬁﬂd nmde11<1®rlaa abgrmentmrur’:tuﬂem 295, a
t hi ck f"r‘\éﬂedF“M'F\d%‘F ‘Fsﬁ‘i‘ ' fsth&waeem °e'° éff’ﬂ "“,@g n "Ven?;"ar from

Fi gure"ﬁ pipondugt . t@"ﬂfﬁgl Eﬁ/th ﬁ‘ﬂ:’t §t 108 are

el ect I idaghday be"a“se Tt I Moara..a rerysamamg’ sQiffubedYShhoht4, a

pl ur ad ights Mm‘s L Rbion i drvnrcmnd.egmam ditilsdd @ proviie@ldiwden Blelcdhu@ B Tdng doth the€acho
ot her leyd pants E¢¥ne Esmwbe ‘svorck andahe didi@ Thigsidle diffgrbnee bétwiep tiefP* gatt B0Slaadthe odes G/
ar e eI @ opte MQS| lgnmmmeettweglen ofithe cenit rgion wcawtlrema@nmmm;‘eﬁmwnﬂmr 115.

n °§ 'd@Pf 6%%‘% J1 ar'_l ati of effec ive Chan ths of the
ure S
VS i3 e gl Ay e,qr, oy
regi © ana apra (& 6O o big r@w vk S

f or med cmrect& Hcdnbtha wgmm&bnnesrun dyelt194,@ blubity otmrd..afeguo.wns argérscmw,e
( sour ceomiected to eaod bthbrby aih thesrcodiectiondayeeiifaodd plerelitheigate slect(oﬂesaiareelmrcanyn mask

al i nn@mnem@momneﬁﬁ@veﬂmtememseemﬂd%'etﬂé |ons and the dr a| n r |ons are

al t ef“h t' X e’a?'ie "a tﬁfﬁ%"“&' hah "M
and th 'mrﬂ‘g 'Sié; §e Jﬁfﬁ Z%g lLf to the
h an gﬂr r asQEhgﬁﬁreﬁ,t Hbgsouﬁé/l% o E'thE faintélidnk br@glt atdy1€ - MaS sk 45

al i gnméﬂ'ﬁndéﬂ takid the &dews ateQrrhdyRd Sd1Rs BRlieftthal SteheQighthla b5y pdt ito allh@ht war d
shi f 48 rsg)'rmethaMtjpe$pédntbtlﬁdmmblldwectlodnmnﬁblel Thng bves whbn theshifinpof thamiadke = 45

respec @r'weewummect toh@ caWP'a'g'@ﬂe'F ﬁ'e@wrdweﬂqtmmerfﬂm rges thg effective cg el gate

have T &wﬁ%@? @;:; BTy P B?Pécgﬂ;grs"ﬁéﬁ?fpan et an;
il

50 g :t-)‘owh.h Hsgartaues BN ateRdd ardkBhrulEfbyandhst be [ 6]
gat e Mg oaﬁ\&nmasﬁahura&adngmbcédamr wsikconFatbOModue. convent i-onal -manuf act uri.ng
process If Bigura734a) isishown apd-tgpcGNIGH se@iconductby 19linaying 3 ('Q;)stnrlts ofgifzzmrto @Qcrijony pe

s i I | co r\r\'hs*é M*@U‘I‘Rﬂ%‘iﬂd?" fmmomwrpw th t'r"e,kwss ?fab?‘{t 0Q9FA "21 @P Ajin P'baf€9 gfthefilm, on

[err '?f‘%e WW sfﬁ‘:sa@[\‘%ﬁ%”ﬁﬂ‘ foE“ gr:g.? i % Lesallieilie 4 o °

fu5|agnch§mgrmgt ot oet:chi.ng t echni que ron to.serve - as a
P— type ShFigurpraib)tie thérfnal diﬂaﬁdﬁﬁinﬁfm&inﬂrﬂyébnﬂﬂﬁ’lﬁ néumhaﬁ.ara;pnaswrmtoe Isy. [err]
t o [ er fgrmedpkeuy 1| uned 2 gmaand y region 60hik BvicorrédBénding Y the soufst,. daarimhnd gaté bigha N8OS y
di f f 6& d@ndister isypemed By qtehing(Thae @@ate oxide fr"b F%“a'w[' erabqut 99A to 1,599, mkmgmmr cfo

T e SO PR B B T 0 PR s S et o ™

film 104, Figurb 2417 RP&4Ye filhn {oersrf‘lmre@b\?va[,arra.]m\am itSrel ﬁ gdlmaemh.chbhsypﬁl I'm

COr I 85 APty 1gtolbe ditfild 810 tnfoRed titd phold&tchiibdhnigiie. Subee (Hordn| iRihg el Or | 85
renoved by etching. Then, a gate oxide ‘fil m 105 which is about 300[err] to
1,500 [err] thick is forrred 60 On the resultant substrate,

poI ycrystal I | ne Si 106 being of i -type, or intrinsic sem conductor i S

v o " o Y I PN NN N . ~ NN . B LI -
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GB 2 081 458 B 9 P-type inpurity, is diffused ata high density of

about [err]  to [err] cnferr] to forma source region 108 and a drain region
113 of the P-channel MOS transistor and sinultaneously to forma gate 7
el ectrdde of a P-type semiconductor. In Figure 73(d), as inGBR@81458@yoi ngo

a ek oxide film 109 1s formed by vapour growtn, and itS regions 5 UNJer

whi ch an MNypeimeurityisaiffused dt 8 higioddasitydF dbbut16 to0? crih Edreanla fbyirck Rgiop o aAgh chi ng

t echni quedraiff NGnn 113%f ]bh&sltﬂuhﬂm trat!m'tmr gnctslrreullahttoydemiforptarghte ¥iectioselofaPuyped at a

hi gh densﬁe out %err to form a source region 110 and
a drain re L in ? Efv H"S 'Gﬁl'g'l'sy to
pun use arerem 5
uki i ofl&

forma hgs i gdl dj: ,fortn he

oxi defi | ngod@ rebrSn 1’1@'39&/ aln 109)(1 hﬁ&stér%n@@rﬁﬁl%ém f&magate .
4, 00q er rdlectradedf 4H00fypé deicbRduciar. C K r s for rred by vapour grow h, an it

regi on corinEgpreidekthe tadediim $19éremodd. Plneadeiitg-wlmhlancisztppmmmatelw;bﬁohammmﬁ by

t he phd® dbiekimtorpediby ¥eney @”'hfPh'ét‘se@E'?W"eswma‘Pa n(etectesie faading-out gortierdip or at edo
and an elré'gmr;gfhl*m %@:ﬂn y t Lol fteb E‘A|“§"'?‘6'P’I'F€dawt°tdr?é'dﬁﬁﬂ?°€e€%hr ng
techni que’ o oibt 3?55%%%95 SO SR

oxi de fi Idn‘.hgr ng ? fe SUb vapour gro

threshaesd mlﬂtr@egerdo&rtat;hﬁﬂmsttraaaab&hmoymmheemuagdt&wf@&abaeasbﬁsamm bor the
gat e el ecdesarided withiréferomce to Fidured®tito bldb Birshint the cagef af the R gatd IMOS; ittpena@gy mpa) t O
5(d). Fi rdizeram of Figwe Setebewsthatihedolowing paygtioncholss,  t he - ener gy . band di agr-am of

Fi gure 5(a) shows t hat the foll owm ng equati-on- hol ds: 20 Terr] -~

20 25 [ert)iv. v na o B8 tome eV wme (7) 25
V. E

30 whefe VG is Fﬁw MY e9%ce between a sem conduct or substrat &

and a gate el ect rode "("'P+ 30 semiconductor), X i's the electron affinity,
[err] is the energy gap, [err] is the surface potential of an N-type

semi conductor substaje, 35 [err] is the Ferm potential of a P-type

seni coRRtuct or Wt fh*+BEFeRBnce to the Ferni potential of an i-ntrinic 3%
sem conduct or, [Emagmhe Ferm potential of the N-type sem conduct or
substrate vmth reference to the Fernmi potentral of the'intrinsic:

sem conductor, q is the unit charge of electron, 40 [err] is t he

pot ent Bmlwtdre%whﬂmpeneqt pifferente between aiserpiadrailiger substrate and a gate electrode (P* 30
41 err] s‘I‘*@"’t’’P‘i’e"ttafottom of a conduction band, [err] is the top of a val ence
band, [eréi E eleqtopafigiyn | evel of the intrinsic sem conductor. In Equation

(7)), the r[ggatf‘gﬁ{ge ol FJ;IIq‘“ Emiebifdh6std & denoted as [err] and the
wor k f théppich@Eerﬁthﬁoté}Ié]al%&p v hfﬁg‘EHumbﬁlvlﬁt' ré¥k %ltd&hg%ﬁﬂitpggn@ofkﬁfn{n]nsw The&b
45 [err] semiconductor, L

50 [ err ] @g is the Fermi potential of the N-type semiconductor substrate wrth reference to the Ferml p((t&)laﬁﬁthe

55 Ther efitfigsic spraicpnductor, . D (10) 10
GB2081458 sfh: nit charge of electron,

10 Fr Oi‘“ﬁ i hf’g:sstt potential differe Qﬁ%?phg%o aﬂ'"ﬁ“'ﬁ?ft e 5( b) [ er r] ) 40

(11) 5 wh e;;,%t[eas,;jfar,ag,]agb&,apacr tance of the. insul ator per unit area, [err]

are the figtheCbraii ges ofithe ibtHesid samicbrafitor, [err] are the fixed charges due to
i oni zat i orin Bduationdtirthe werk funetion hishexmatei eleotile istdemoteiab it e the Work fnetion of the &
carri efs spBcpRdycterds similaHy gnated as gs:. Then,

10 From (10) and (11) [err] sooouv.e. (12) 15

at the time when the channel [err] is forgyed is the

15 The gate F pal the tine wien the channel jerrj 1S 1¢
threshold vo tage ZTherefore, letting. [err] denote the threshold vol t age
of thesqerr] gate NCG 20 B e ... ... 80
¢st X+?gd ¢F ST S e L . -',-.'- -_.-_-_(9),,-, .
Therefore, . - .- . g T o o _ . -

-V°=-—VG+_¢MP'+—-¢Si—¢srf' - B . _:,‘: . o . Cew ._’-... . ‘10) .



(13) 25 '

this time, [err] Simlarly, inthe [err] gate MOS transistor, only
ork function [err] of the gate el ectrode differs, as shown in the
Owi ng equation: 30

orr] GB2081488B (14) 3510
ance—“rhe—mresmm—m#rage—rerﬂﬁﬁ—rhefrerﬂ—garrmﬁsmen—tm '
equat | Ofrom the relation of charges inFiglre6b) " B R (115) 40

40 where [err] - Thus, ‘the drfference [err] - [err] “of - the threshold vol t ages
of the [err] gate NDS and the [err] gate NDS is given by the equation. 45
45 [err] ~Cox-Vo+Qss+Q;+0Qs=0 © (16) 50 whi-ch-ks&dbal to the
di ff 8&rence of the Ferni- potentlal s of .the sem conductors neking up.the Sgate
el ectr foc, é%e@ia%m%@é‘of% g@rgep pegrrparrson .of_Fi gures 5(a) and 5(c)
since 14 bk DenaReSi of,| ME len’ the sane charge profile-is :

est abl i gf@élthb fixeddhbdges e tb tw.zdiohsﬂmﬁmnﬁs if thelséiticomdtdtorbubstite,ons of -t he .gate
el eclor o0 camidrsffdrmedasfaicbar@eice of “t he Ferm | evel-s. Wil e the above - 19
descri pEpoifiohend (Yken nmade by taking the P-channel” MOS transistor as an
exanpl e, the 55 sarre appl | es to the case of the N-¢hannel MOS transi'stor.
55 Fromth escr Lear that a vol tage su antl ally
equal to tﬁz né"r gWPga 0)].Fas?tn dbzages)?ved from:the .di ffer@%oe of th%

- threshol d voltages of - the ferr] .gate. MOXS and the:[err] gate MOS..

Al t er naThegeteyoitaghes at tletiag haf thé dhenre@ isgormgdils tHeatireshold awitabe Thhuforuaettufq om t he
di f f er\emteenofe thettyeshhldealtagt of thedl"watlgM0§f a MOS whose gate el ectrode i's made
of an intrinsic sem conductor (hereinafter referred to as the "igate 60
Veoshd and \t he_ t,hlresh(ymvgl ge@a‘s tOse [err] gate MOS or the [err] gat®
MOS. %0 Let@xndokerr] denote the threshdBH vol tage of
the igate MOS, since the Ferm level of the intrinsic sem conductor is O
(zero) (as the Ferm |level of the intrinsic sem:.conductor is nade the

ref @ence), the difference of the threshold vol f ages of the i -gat e MO®Band

tthis
tggg 0 [8& é%ﬂ Y, in thml-?'h| > l\ﬁs\égnslsqyr onPVQh vgorl?ltuncg'on Bant ofrltlgie gate electrode differs, as

t efollowmg

(7) 5 ference” the t hreshol d voItages ofthe |gate I\/DS and the
[errdo gatel\/mrigrven by- t he - equati on: [err] - E 30 -
(18) 10 @mn‘=x+zl+en™ ... (14) : .

10 It is clear that the differences provide a voltage of half ‘of the energy

gap Eg. The voItage whi ch is obtained owing to the difference of ‘the

t hr e;}mo ate or [err] gate

IS \E}%pﬁg“gese éﬁﬂét«ﬁé?é N+|°gtg§%p? oxl rrgitggwy%t%egem\;/;ngﬁd suitable for.a. I%/v?

reference 15 vol t age sour cg, aétd hence, a reference voltage source: of high

preci si on \Ama+e=mmy¢ﬁbt¢&rﬂ§§ -(;Fot only by the 15 manuf act H%i ng process

of the CMOS integrated circuit, but also bythe manuf act Uring process of

si ndPe- gha neI NDS integrated circuit because the 'dopi ng of gate el ect®odes

wi th af I dfercdl, e VERE érioedhBitbiabbls B thb PPoatd IO i el b MiJRTs 67(b) to

Fi gureﬁvezg(,aﬂae@gdoﬂz"('u epr ct plan pat erns and sectl onal . structures al ong

lines 20 A - A'inn: the pI an patterns,:of [err] gate, i - gate and [err] gate

P- clmannel and N-channel MOS transistors 20 respectrvely, to be used (48

circuit stwact ¥mesT wrn—Pme’ T Pglr e’ sinmilarly to the exanpte86bf Figures

65(a) and 65(b) or Figures 66(a) and 66(b), P-or N-type regions of a source

and a drain are formed by the diffusion of an inpurity by enpl oying

POl Yeor whitta dduiito b diffétenca of tREHErmilpBteMiai®F thé SrriidohUbtons rEXIng Lptht Gite éI&terodmS ko

al i gnninid calbiad seerefront dvenpanisdh off igures Blaland b(visinge the Jdtesditayg atthdrinbemen e samgur i t y

or an Na profile fas erplrltslgetliaﬁﬂgual Mhee@rwqmwmmwegﬁmteer«@@am therpurity
levelsng. 25 n both end parts

[ersz Ip ?ibgt;g escpiaihas ﬂeg a 9thy ,orrﬁ"naﬂt%é'agﬁﬂresea"g%e Hea D in

bot PP R Pe ) s o b3taialf Bual tothe rdfay G3ATBADe 1 hE

P-c arwhe:bedl‘fmth éaamaﬁmeaheéhsrdt/hag JFB B+ gAIEMOS dnd the N gdlleMossed. | n a

cent r akitepatitelyothe vdiegegrthe edrgyiap Byben bedeRvedyrpm theriferdnte,of ihe thokéshéldeadgd dr  t he

[err] §WN@93taﬂa=tra¢p INm ani qs@y"cp'!f’uapt(hﬂ@eﬂtetfeﬁe"!ﬂea{tb? fipatgat e MOS.
30 3° ﬁr tr eP'g "E %E,{\E% ' et d Fi qures 69(:9? and
69(b) L, %{ﬁ ‘E:e s o Eﬂ%@ﬂ k.]e

transr‘g é?én%e thetst ﬁv ag fheid |veﬁ§5t Y,

Figures 70 (a) and , Figures 71 a an Frgures 72(a) and
72(b) represent N-channel MOS transrstors of the [err] gate, i gate and

[err] gate, respectively. In Figures 67(a) and 67(b) to Figures 72(a) and
72(b), in order to reduce the variation of the effective



35 channel lengths of the MOS transistors due to the fact that those ,
regions at both the end parts Es and ED of 35 the gate el ectrodes G which
are formed forthe self-alignnent and in which the same inpurity as that of . 73
the source and drain regions is diffused, shift to either the left or right
side (ddurce side or drain side) during naenufacture becauseGszomserHor in

t heMrask al Tgnment, the coturmms of —the source Teyrons and the drarmregrons
are al ternat w‘y_agh;*qngedg,,@gdﬁzlg colums are arranged so_ thattfip | eft half

and the right. half: put_into-a |ine symretry with respect to the
channel direction as a whole. Thus, even when the shifting of the 40 nask

al i gnment_ wi_th f'espect to the channel direction (leftward or-rightward:

shi f t i n§)The fEiprgace otthetheepholdoftanes of thed aate MOB s thaN' gate QS iggiven bi”ﬂ“’t"ﬂ@‘““ .5

respective colums, the average effective channel- Iengths of ‘the [err] gate
MOS, i gate Wﬁ§—@ﬂ9*Ph%J*+dWI%2€‘the respective col ums’ conneclgd in
paral | el have t he changes cancel Fed out overall and becone substantially
constano. 45 Figures 74(a) .to 74(d) illustrate how the [err] gate MOS apd
the [err] ate MOS-.ar e constructed by the use of 45 conventional sili-con

gate CIVDE%t thaféttﬂ' rPEPc‘,’E’§§"°' an N-type silicon
Seni condyg Sy 5 ,O;mt e t@.ﬁtf“éﬁ{%& ol
OX' dat '19%# nhﬁer%g erIarQ:e@o h&l @&%ug reét Je@n only 000 ¢
Lerr]. |ﬂna3:0faé‘tﬁﬂ1% prfcedsbfiné ¢ osmeg.\Ateaetewt Q¥als’ BY thGInhMﬂa hd prodeddbfl S pr ovi d&
by the plsbigbehaineiMpSisedrateditieuit iBcsuserhé doping mﬁgatmcm@s wmma irbLritycEnIbe daktietl S

I on-i npl m'edﬂqua uantity of approximately [err] - [err] [err] at. energy

f 50 keV 7(b) 'wﬁeﬂél ¢h73() de 'nrerrq#ann dapetipait tyctisp alangdings 8 i
20 hou"@" 5@& % ﬁgg we't'wate ﬁawe'feéﬁ‘ztﬂtﬁ"eﬂ N
substrat e .t;@aﬁg&.t%m A 658 Euré4¥ehy) andleBiB), b-RERARE

oxi dat i or}e&.d»dsmauaércé aﬁ,delatahfdaé f¥rnied BPINE diffustfon VB iMPiirtby employmb pétrystaliine Sifst 1 S
f'or med alzowdsk. In drder tolallévoa Dargidiferthe naaskialignmeng bedwees thetniuisiciof selectivelp diffesipaPdypeg t 0
t he so@p depurty eriamN4ayped iropurity apd the mww ‘Bﬂn tegigngs ths same lmeurmeamw tltyyo-wtﬂhd ngs

Ther eaf t ‘__gram §g| l.%d@'g gbcptp Igﬂ Gﬁ Wﬁ’ fthe sourge Wd
h
et Rt e st e AP Y
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40 The té pgﬁglg%] ‘14 |ff re .-ﬁ:@ Ita egef éhﬁ(t:heres\l}l%lfi {’O'ta%es[')s ee reme ry strrﬁfl

t hr eshol dalg J@&@@orjs&s extturee eyce$ esme{bewe]quanaw%# .amrprahau&ranabl e
under jsetipfeteViterah bodagiRTonshliced, MHMEWM#EIM hetufiefescessce vol t age

can be f r Eighrgs Samtl 9lsyovt dxampjesaitifctits imihichan Ni* raple aﬁthamm"mat# FEBT thindrg unbaual
devi ce cHireshgid ‘@!I@SP-F s ndhesesegtiigues 6&9@/@\# 5 {hY; areyaedggng gl éE'Eﬁ m@e""ﬁftﬁthe MOS

manuf act §peed e"tedz!Bs“lﬂFWJ e R o ﬁé&? Shpif xalipges- ity

|I hr th :
e e g Rl
-thresh ghd\ Ihaeeétan&ﬁ,rsa, tEIBREw ncErngarémthﬁﬁa%a&dn by, are used, an
the FET [err] is connected |n the MOS diode formand is connected in series

‘wir'th the FET [err], to-obtain the difference of the threshold voltages. It
i's supposed Valrak =tMve  FET [err] has a threshold voltage [err}; - @B 1e the FET
[err] s a threshold voltage [err]. 50 Undert hecondi ti on thatthe 85
resi stance [err] \}s.vsufflmently | ar gewhen conpared with the | ppedane of

[err] 50 and that the resistance [err] is suffrcrently'l'érge when
conpared with the |rrpedance of [err] [err]

...... 60 TH2&for&5 ' - 60 -
55 [err] V2= Vini Vins : (27) 60 Therefore - (28) '

60 [err] s (28) Figure 11
() Shows rddeHE)Shouls dlé‘ﬁée‘?:hu#&”o ESccBlbAHRAD s Bibshdla tdMSyek BN QoS
vol t aggsT,Q d@ﬁ*ﬁi) ‘isﬁ% ﬁp%t&%ﬁ?&ﬁf&lsgfﬂa&c{t&ﬂ ng@ketﬁ’m @frén%lsﬁl’s? 65
applied to both term nals a capacitor [err] connected to the MOS

transi stors, 65 8 GB 2081458 B
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and a voltage across the capacitor is obfained as a difference voltage.

Fi e 11(b) shows the operating timngs. MOS FETs [err] and [err] are

t d "on" by a clock pulse [err], to charge the difference voltage of the

-t hol d voltages [err] and [err] of the MOS FET [err] and [err] in a '
capagi t ogphesrdss pAfter turni ng the MOS FETs [err] and [err] "off" by tibe v

. pul

grounQn@aJ&E%g Fir‘éésul ixil?‘f«‘s Al frekenbd voltage! Fibufe 110) hBivSt Lb .%h

i f1 b il Ko SRS capaci tor

Cl, t lnResHbll f,&fa@é%w., SHAVEDGTHRIMOETES A/ dd 3 in Acapeuiter |f .t he capacu t or [err] .
unc hangd@r tuining tHeMASFEEs TilandiG&off Uy thee pulsé ﬁ,aajuosiEETe'ek mmndr' anfiby b dodkes, stessCr i bed

| at e% téﬁteé rvé Garernd e nedesd Ofﬁﬁ;‘fﬂacmgﬁs {nee: g th'aitmtt ﬂ!eélfftﬂlems Velme ﬁéh@ I'@ glt“’(gss 'a 5
refer : or

oy e,e%tz&ﬁ* i ﬁff R
[err] dc |thuﬂ b6 rrt hlélblgsm lo t e 10

cl oq&(c éw; ab;ﬂieé’;lﬂ{e pbe antsbtereae&r@dak clioﬁcz%&ﬁfe& tﬁﬂfeﬂ&ﬁm@erﬁtfﬁ?ﬁﬁit (mpafaheﬁa]
conneopestiohal ainpifiers) Bnd tha/mitdntisl & récaivet by(the)voltdge followek th variuhriod % ofanloutpagd i f i er 5,
and t hegapicyded hagk to the inverting inpwt (1) pf théveperating arepiifigr] Themthe oitputgiithe Moltt 0 % of an »
out utf°"P‘s'°'rféﬁ%lﬁ9f%’t9F t'l'%tl’feﬂﬁ!ﬂé‘ﬂﬁgﬁﬁé"‘twer?’ ts|°h'§'“?"rﬂ§t§t’ef‘f'§’)"° Wiltagggheg ther at i ng

_arrpllt"lt p ¥R of Lhevol ¢ i fshence of the a
thrd fga:xﬁt P wt el bR gtm‘g}i wol tige
V\,hen NIRarindtned: | rrpe ance 1.s suff ICI ently ow 15 F| gure 10(a) i.sa.

circui tlndlhagmmtﬁdf‘giws aigy BEInETNO dllsmmtmfQzaredytmﬁnerttgtpeﬂltﬁef/ereemued tbage
out pubias ddwecsupply —Vid thohgheasigesisines (Bi, Rl dycaprsitor Gfis sitbated letweeimthe gatyanidideairess of an
[er?q Iegfag'e's N“‘éﬁaﬁ'ﬁ‘;@'ﬁ"%’wlgé t’etﬂtfﬁl' t'éFtF'Ps !i’t"e'talﬂe-t‘ﬁﬁﬁmmm iezt‘f’ed_'ﬂn 20i s
C R
ci rCuIincbr Rara? eéeén %ﬂtfttzqn sourceg)ffthif‘ ISF swith § T?‘txého volPJ ere pecti
i nt er N s z&ttfﬂ har PRI, P Loy |t " ough.
dn€ rers

| oad %ﬁﬁllé{h%tﬁe Eﬁi’ftl@aMls#kTSQpag infs0éh aGurt:u‘it aﬁbﬂddr%&nﬁ shm he gat €
andztdbasratmaolatemrﬁﬂdmatamofaga}etdlm which the cloEipalse Hhgs devetivkl. a lomi ek to tirh ehet hr eskal d

vol tagg‘EmﬂstdnétmdSﬁEme (6 r\qdb e § 4lrsms¢lt99@dthteﬂwmottnesWa\bnmﬂbptbltheso as to

prov u@qﬁﬂ’°"'9§dlf'96’ﬁ%ﬁﬂﬁ%'l' of .g)e [f[[; 'E’h°“ ’%"J’%’P ock
puI set M'? II;‘%TP?t‘%‘T’%;ﬁ? ¥a'tage Qytautiaier o he Torg "égtfﬁ‘f"été'sff?ta‘f‘ YM SFET [err]
w% .@evatat@gtﬁeratmeemweﬁtt%eat ghed A6 5 Mbstisy -
MS T8d 4 @bdchtanch €Jik 3 simid R A MOBFET O15 tufried Fot’ BREocR .. AfiRs dthar MOSIFET Tl u
rrade il fhie CofE Blate\ustoatie oatputd 8 clbdk®,. Thapotenta b&tnam@mdofnei ibwertlabltlaiara] er r ] '
[er r ] node® butbétheeskwild ypitade Vai of T etsitmmntlalnfaand%b eneaipwwghanavef or m
d| a ?ffhe &y the thrashold ygifage Vi ef"i'ﬁl%‘&':% tpeaf hagihe o

h v‘ th e k!
o e el e R RO
voltag ml:h ol VRGeS (& I he BTI

provi deﬂfefrl’ngfﬁ Ftidiﬁ ﬂl’aalﬂéreﬁlial pdiver, MdSEEohstide Qﬂlﬁérbﬁlataﬁfplﬂldﬁal'cuﬁ%nd heanaagam t or C
r enot dedignateattivelobdsSFhd diffaemtial am‘ﬁlﬁ@rnhtfahestme,eomelatagtanmtrpumrcsn with ar to

 thod® afsistarT 2wy oTrmgrs@rsrTwnwsfoyn alsvﬂ#*nfewt tancurTent e 49 | e
1] o8 %?Fd P e e %;@s B PG VOB ARSI o
utliz e AR hmihg SRRARIoh G oukiEy 1 1 0 2
Si M | @foulberd ﬁﬁrafhoﬁgotaéaf\g, ol oﬁome Eocfe ﬁﬁs&ﬁﬁeenﬁ CitRtentd s ti ME,

a Mg telglte Bﬁétfo}iedas desﬁnﬁebﬁrewﬁlisiy th@ ifferendd bEthé Wrebtindd voltigesi¢an b utiizetloock [ eus ] .
The pobtained asl refdrerge yaitelge. Thigis 3 ndgapnlmnlomertammatﬂpbﬁerof a node [err] by
t he thrF@SWdFE!‘%F‘tha'g@'cf'b'raﬁ}"dtS'F"YPh@atNEBaPElﬁ ng oahéhetfm" é'taém'teatla of . a

tab@&y t tr Si T havy q .
n0|de Tl 'f racte |s't|§'f ::I:ﬂrgg r1nu u re equal ¥?ns )IYED? d s
vo E«g fv s;@nve

the ranaaetgr 1e hd V> ah ﬁ.pétpa tI%QFaﬂrﬁﬁortTDe capaci ance

[err]. Subsequently the I\/DS FET [err] is turned 35 "off" by [err] and the
MOS FET [ @it Ymi=sVst-Meaed "on" by [err]. Then, the difference voltage of the g
t hresthstig vol t'ges is provided at the node [err] Referring to Figure 13 a
di fF%rent{,aI |r_[\err] and [err] constitute a differenti al (29)

anplitiercl rc’u " a8 [err] and [err] designate active 1'cads of the

di ffel‘rﬁél&dtﬁ.lueaermtahéelse’&hthé.ﬁphaia&ag%tcwd.tiaesgti\etfooﬁdssy a constant-current circuit
Wi t h 40rhb bsendgibfidl SrhSifibrad provided ehith & ingut offsetroaespbraling té e differevicd vdlage dftheor m a

| eved tiztshditl vaapesiilheteiord, whengithes thetinveitiogiapw bri ot thewondupertioa inputd -t issadhesior | 6md is -
the tlcem'sﬁstttePf Q‘E?"F? P°‘W‘t'ﬁb§’r¥etﬁ‘t@'ﬂ ép‘tSTte%Fs@P’?'E? ?W"&F’ ‘gh‘ﬁ’em based

- sepeitage fiieatively e 'B’e'PS RSt r uct ed
Of SI anvga ﬁ \&%h e follower circuit an enoé\gtr:t %?Htﬁu ter | dB Strg_|c [e)all‘

tput
t ragg 'oﬁe%%p rﬁ

&5&' fifi p{hmrm.stohgn s cﬁueeatmatonamm . mrcw bgare
provid unequal threshold voltages [err] and [err] on t he basis of

t he Ferm IeveI di fference of 45 the gate el ectrodes as descri bed

_ preV| ously the dlfference of the threshol d voltages can be ut| I ized or 45 . _



termnal (-) to construct a voltage follower circuit and the non-inverting

I nput termnal (+) is earthed as shown in Figure 14, the difference of the
threshold voltages is obtained at the output "Qut'. In this exanple, in 65
order to operate the operational anplifier, the transistor [err] needs to <Z/I
be a dggl eti on node MOS FET. For 65 19 3201458 19
GB?OS—l——ArSB—B——]rg—e*a-n@—e—r—f——a_[_eL]_ga.t_e |\m s used : PFFF and an

[err]- gage fg gl [‘e 1i. e de Ietlon t
subj ect garbarhaatosl Bt oilggt f:{f;rt e indep e L e on
under t hgonamigis, condi tions. gure ovvs 2 devi ce can araol trarily

set a ref Eigaredpshvak b agee hl)hcli m atbRRripketh ?@er&ﬁ@ﬁoﬁhééb?me u5e &fﬁébbérbtﬁ:hal' n Figure
14. An .’oamgtﬁt:r in Bigdre 1. Bagkput 5 fadbackitonheinvertirgy inpoplt) thfough ¥ditageidiitieraédnaBiand - 5

di vi der Freditvs: lgttingrdenptrthe voltageldivision ratip|Rs(Bs+ R, thetoitpyt volthae Wi hecanies: vol t age -
division ratio [err]; the output voltage [err] becones: 10 [err]
(30) v, M1Fhla.zvoltage di vider nmeans [err] and [err] should

prefergply b€ |inear resistances, but any resistances My .he .adwpt ed 10
provi ded that .their characteristics are suffjciently uniform 15 The
Gircuits of Figures 14 and: .15 assune the use of the:depleti-on type MJS, but
the ci rcCﬂ‘Q‘@"ﬁ'Q‘F diwj UF'@S'S Rs@nd Reshouidhpteférably pelinadreesistances botang esistaiices yigepeMOS:  Of

course,I mso ; yg s‘fF& emﬁwﬁu‘mfgﬂm | ar | to t he exanpl e of
E1 gur o'51 g The e e h (%qa;ﬁoreegfy' et

i nverting SuﬂiﬂH% th exa ﬁfekfmr ﬁrth ex rgare gﬁ’?’ﬂx put;Zﬂ:PtoOUt put:
[err] beaversg mﬁ@( ). Lettlng VDD denoteasupplyvoltage, the output V., beoomes :

20 [err] : : (31) Wththe
circui,s of F| es 14 and 15 at Ieast one of the dlfferentlal pair - 20

transi stors YPe"e ‘t%mbe waut i nto the 25 depl etion node, whi-gh- Kiﬂtessr tates
an increase in the nunber of manufacturing steps In sonme cases.

However, \Mthfh\éc%ﬂs&b‘h@f’e@14tah@1§j$tiéa§ ﬁé‘&‘ﬁtevim AGHT pait tra i ages
Vth wi ishdépl&reﬂi ROedeewhich febiisiRites Blhn&ﬁﬂs@iﬂttﬂeathmb W%fuﬁ@ltmor&mg% rE@c m% tﬁ

Fi gur es Héweyerithéylcah hlaame-éeiﬂenamvatagéJsfmmednrtaéherdeaages\w,lvtnagaer&rﬁe% hral ne I S
not the Belential potenti-al . However, the condition of the operating node of
the FET j °'i'Y6Fe'V r%ﬁ 'r°"§t>°f FrpH@Stﬁarnetﬁtbe 'Ptsremfwhthe n-ffersmau«upgerd bmanm is

deci de:g B "ﬁ °g"rg, g'gtg et S Tasdnempzselda |
Sk | arl YS tlﬁ)émleeofﬁ ur M nmvertm an ot ar?o
out put . b&Ok\rdt@h&fnagdWﬁdéthﬂtsRth he oulg sVO tag Vi g err]

and [err]. -The out put becones: : [err] :

35 ....(32) Fi %rev;],ﬁ_ett;tpws a voItage detector circuit-in which a ref erence
vol tag@ VR f‘f°o 8 reference voltage 40 generating device RVG aggprding t35 -

t he present |nvent|on ‘which uses the difference of the threshold 40
voltages [err], is applied to one input.of a conventional voltage

conpar at ongME:madndwea voRbdeagectofidirivit uhﬁnal.etra&ta&dvdlﬁgé\&%rnadef&@nde baiagd her .

| nput ,40t deseratingghticediVGiatrordinglts thgprefent ibh@ntibnl witdhades|tite differdhed dithe teshaldt he 49

r ef er encyoltgask Va%lﬂ’vﬁd toane eviota donvertianelvioltdon aerendrat NG wird 20oltagn Vete hrpiktectddn

Fi gure 1'c§af‘men:eéb Pth&g%‘“gl drebeibfor e yalageto-fhestested Vareletyads bnteterenst Yoliege VoR from

a 45 ref CEilinGs Yobamblt iR 3] 06ks £l UG DA el gl el 1 210
of t hrgsigfatedcewa Jgagﬂgrayh evicdRVEMiCHRBIREEE fflerbrize r%le’t}glﬁ%l 'E ?f er er)tge
of gate @h&fpbﬁdi@&theF&nﬁlBﬂildﬁdeﬂo@o@ﬁﬁ eleitiddés, ﬁﬁppﬁed&@bﬁeaﬁkﬁltmmﬁb@-t or VC and
a vol t agenpber Yeahdyoitioe eliaineg badividing agrdtagete-bedaied Vebl Viitage vivided riaafeRr,di Vi der
means [ e froepeppliaskte fhe other innyp Leténg rtenoteities voltdge divisiap tatio, Visestetatemye refegimprt e ¢ he
vol tagg "d’ft e§1“b‘h°"f°a'tei"6te°t[°éfer"f' denote the reference voltage and [err] t he
detectlon | evel. 50

S50 [err] W = Y= (33) 55
- The detection level T{err] can be arbi trar| ly set by controH1n@3’t he vol t age
}dr vrsron ratro r. 55 Shown as an exanp in Figure 20 is a vol tage
det ect88r™ ?t?,"ﬁlP‘t'eW]Yse- rhitragily g rsrtnrfe'heatha vqeriiveron\mﬂph the offset 55
correqup g cféesﬁ g 'Ji%ﬁg'%a" el r‘i's“"f' scr%g?é‘: ef;&@'fﬁfgg@rl bed
1zl

th 1 ef8hAIESs thoflsbiIbliage Fi&%x 3 e%"%t o %&
voI t'age disdempdns kistyids @Y bakhple)st Fidupd 19 err dr ca e vo ta e divi der
means 68i nif thavditggeto-bé-Hetecend ¥y Bladatasy dEplgWoﬂladbgn ttﬁ@xarﬂp‘iedfh@uruw ts&gm the '
t 0- be- defpttaspéetedt@clroy-teanb:avteelra §a latteny cyeckeninia aypeem whichtubes adaitanpise polerBumplyr e
18,19 o "?bamlt' Wh'e'othm'ta ‘t'tﬂf F'elrrre %‘Ur tppwnotbebmeaha@rafqoaleﬁany

checker 4 i '" ‘Efé‘f' An exarrpl ein

o al am I |rcu1twh|ct’1I :
whi ch 6b h:@mgé nhatgﬁleg\‘ ﬁta%m?'N-cﬁaHn Ilggrs IJE'I' ,a d a in ng.Ea\%Ffrr % pgt t e%¥
~ checker of an electronic tinepiece Is shown in Figure

described in detail later. Figure 21 shows anot her enbodi nent of an
: operatlonal anpllfler crrcurt whi ch |s constructed by 65 connectlng, in the

r r o " R AN [ e———



GB 2 081 458 B
the basis of the difference of the Ferm |evels of gate el ectrodes,
ETs [err] and [err] operate as |oad FETs of the differential pair of
ETs [err] and [err],and a MOS FET [err] operates as a constant-current
5 ofGBtm1gg8f§erentia! pair of MOS FETs [err] and [err]. Figure 22

s—as-its nff&et_uol_t_a,ge_t

dlffer%c%agfﬁ&he thres f@%ﬁtmd‘ls Iaé %}S S|stors rr]
err] 4 r ar n

5
[ he ren atrof%i daMOSFETQ pea gl%céﬁ tﬁ@ mn Erc(gi
Cur r enfeine it ﬁa,p arac ‘eristics ransi s ors [err]
and [erg uréﬂz shbWe dffefehtial an.ptfmarcemedtHzeshtnsoﬁéaemmgteuaéd.mmble&mces of the
MOS  tsr tarstiokd volapes & 6 MG Ehngigtors D @03 bdcbrding roghd dresextiidvbraioant i al - pair are s
desi gnetigge23showsthbdraio nwrent] verbus - gate td'teee@mftwmisﬁcebftoe M@%tsangistorsy prcQytin sour ce

GS of *tsree%?o drfferentral ccrrcut c {t ltor é‘z "is l%and [err
their §€ ] ne soOa pTecemee 3 ih ih an? gcoéh?slg t-cﬁ? ftfjl‘o the
tra ntlzlgfm %E s t Qel spig lo Etélr |or{ With charaét E\‘fitl
poi NT Sy raan PO SA EH'boVH'ts& 17 BAET” reBpek cﬁvetyféﬁﬂ&irrﬁ&lﬁ’t& aﬁfﬁt&@é r veith tRd

_transi s{yTpsdhéé ;rlsﬂﬁlbythéﬁarbﬁtopmvﬁtﬁo bk poitts mdn&*reemqnewtrnruawwohmival ly,
vol t ages Ve dppliaddo thegatds ofthe resgmotivegrdnsistors Grand @4 ie grdexfto bring ttreeb‘peaotlal vigeuit:

t r ansi istogiredalanged jtatgiiengeceve wtrwttwernteﬁhemon "F‘H “WP? %T?FF'&PQ Btk t into

the Wal n e e ’e o1 9 é’ Apcedh ¢ etft
é‘*" ?ﬁ‘:t% e etzrtr: e o e

tertper%gt erdeas‘a@e i B@RSQ] aebéa}staadnteeragtheuhe@tteML ance
é el velta@eé to Bb a;ﬁ;lré’dtblth'e gaésaaftmetrahsewhm, and Q,ch brder@aus thaseltransidi@rs

di ffzar-etaclebalehdeagetereflects the difference ([err [err]) of the threxmhol d
vol t ageWhetthe Piegateand & eefeP@h reP' OS{rpgsistess p "b dhedtapgigiors

char ac?‘e*]"FQt'ieipeET}"e't’t?é’°'Eﬁ (f A %@E&T]zéﬂt’ :":sEat %a ?ﬂ:’:w 81";1;:%0I t ages
_ of t he at‘?%xﬁ LR ors Pereyerana Y a?rs unc an e KA

([e I‘{s] Tlfeﬁérh e\’atﬂ’g déﬂ@ﬁde\‘éﬂ Jfﬁ\g eﬁferﬁﬁbeb&ta@@&hhe@dteh&tab@lﬁ:argﬁirﬁﬂlf‘ &f bytnhﬁmg the:: 25
t r ansi lues 6f thexbliductaintds dfetietiandistordQ Lk Qb anepudl. . t hese t.r ansi stors .20 i nt 0 t he
bal ance8uppbse fer example, that the temperature dependence of the constant-current source CS of the

20 V\herlrfftrﬁea' ertr hatﬁaoeﬂwi
t

mmeer s'm' esopiheyi o |
descr.gaéra cxbibiisple @r-:gg’&g t,gr qaadiant g], % o
igure-23, the condu €. {ransistor et
O't S0 Riceaaﬁt%we i VA= ST i it tataapa h%n@ O
I n edéb@rﬁﬁn n tha tdhtheAttd, bhdiRétempéThtG@A6EA aéi\Ee oftﬁaumedhéefoemememu@e&arge has a

te rrpe I thb tareisBEYIR BAEMC &S basddon the giffadh@of thefondi@taides pthe tansitbrs OT rel QuBmpar at ur e
'dependensitiee arédient By eliitable canriiranaitod ey euv&fiofﬁhveowfenomﬂtemse"@aﬂt% nul l'ified
by rigkeem *PFG“"*’ES“*\?'&HZE%’ 96!“ s of ans storEéqfhgrsr]3 nd -
forr] yneﬁrté‘f o g’%ﬁu %ﬁgf} Frer Lmﬁ’ﬁ%%g & of the
const aﬂénsr Wt&ﬁ?\e é?ﬂ&rte ;ﬁhéeﬁweﬁ §|pl%v&05| tive

gr adi entn,thé/tmah@dtstlaﬂ tdéfﬁ:ﬁ@#@tﬁlem(n[s RéId I]tetw e EHelcyrredf |, 61l chhvtmsmnt sutd, ages of -
t he 4or andashestireshdldvaitages \iah end Vak.mutuabeohdustahees By anépaped edtertroeagéeparaderweftm t40 a
negatrtpeiegtrvadareﬁtorsﬂ%-antﬂr@z cated at [err] and 30 [érr]" i-n Figure 23,

t heconduct ance of “the transi stor [err]™ i's made snal I'ert-han t'’he conduct ance
of the trqnsrtst é{% Leﬁzr(* n)ce the gate voltage of t he transr §§4or

[ errjg undet The Bal Afcedz sIBie Waries as indicated at 3,3 and 3N a5
dependence on the tenperature, and the tenperature dependence:of the .
difference of the gate voltages of the transi'stors [err] and [err]"

based on the di‘ffer ence of-the conductances of ‘the transistors [err]"” and
[err] has Si ALe_gradr ent. By suitably conbining the magnitude f the
condurct anc@éEQ/ 2 'efBral t enperature 35 dependence can be made z’eros‘%s?

| east, can be |nproved 35 In the case
where the tenperature: dependence of the constant-current source of the
differential circuit has a negative gradient, the conductance of the

transs storVekth]+V%lo/ﬁmde greater than the conductance of - -t he “t-r-ansi@ 0% 01,
conversel'y to the above, and hence the tenperature dependency can be"

i nproved. In.the bal anced state, the follow ng. rel ations: hol d betvveen ‘the
current [err] of the constant-currentsource, 40 and the t-hreshol d- volt ages
[ errdo. and (LLNk,= WI“%Z)‘FMf:a(f% »Lerr} and-[err}] and gate .ual. tagesso
[err] and [err}-of. the.  40.r ?je ve tranS|stors [err] and [err]: [err]

. (34) 45 =~ .owis 45 50 [err] R (35) 50 55 [err]

(36) 55 60 [err] L L _ . (37) 60
GBZ 081 458 B 21 C In’Equation'(37), when [err] 5

.5 and when 10 [err]

10 Therefore the tenperature gr adi ent of the second term of Equatron (37) -

e . . ~ - o ”~ A



In Figure 24, MOS FETs [err] and [err] whose threshold voltages [err] are
unequal owing to the difference of the Ferm .levels of gate electrodes in - .‘
accordance with the present invention are operated as source followers. The

bal ance state corresponds to the tinme when the differential input voltage @
of _.\;avaﬂage conparator 20 circuit or operational anplifierggbpgiist g-€rr by

is ‘sero ol o d—state 6 S\A—R-E al-3 on hol g D—he

the threshoddanopidzp@fisn [err] and [err], mutual conductances [err] and
[err]. gate voltages [err] and [err], source voltages [err] and [err] and
drain currents 1.11a-nd|_12..of the respective MOS FETs [err] .and [err]: 25

..... Ih o -

[err] B1> B2 F—E<o, 25 30 [err]

...... §38)-30-35 "' Plerr] .. o e i
----- (3935 Hence, 40« [err] | o

o Ve (40) 4045 [err] - - L -

...... (41) 45 [err] L o .......(42) 50. .

50 -Thugp asspjripagithdtsperr] = [err] =1, the tenperature dependency .of

([err] - [err]) cbn e nade zero: by appropriately setting [err] and [er r_.]o
o conformw th the tenperature dependence of |- and the tenperature .
dependenthersire. thedpmperaturp gragient ofthe seposd feym ptFapstion (32ksen becoméwithelipbsitiveant i al -
Ci reui fo nqgr;tl:v Y tnﬁ‘fisho\jvg ihiSn &% 6}%&%%@ fo comSarGuet Stk being o Godinal, wher T, =
E-er r] = La‘ln-l r&:ﬁce tl‘l%wrﬁ ér&ﬂre‘ﬁ) dg?lgﬁi’?l .asis%?fﬁféﬂ%?gzt described above. ’ ’ ®

( 43) 6 In Figure 24, MOS FETs Q, and Q; whose threshold voltages Vi, are unequal owing to the difference of the

60 Ther efernidevel vEgatedietiode$ia acdrdams With thé pREWHt iﬁ%nﬁd’rﬁreﬁfb&raﬁg adHaadsRlioned. Ues,

t he t enpEhedelance sidtegermspondetodiie tivleavhein thé differaraial ifjuevaithge-of § wiltade)compatatbre

si m | a20 §rewkRyeperatioal aPPglgF@'mﬂ'U:"@“an-émthemmmthafollaﬂiwﬁbﬁmholdur-r ent20°

[ it. iN ﬁlge 8|H epdndYpma I “cg_ﬂha te ypitagepgrand Ve n
Cur o PR ARURY, G e e PRI P G et o a cur ont

| flow ng thr-.o!IJgh_ 65 FETs [err]. and [err]. .
65 B2 B RO, -458-8.) : L S S e o
22 Accordingly, [err] ‘and-[err] in Equati.on (43) can be readily achieved by
changing the ratio n in the above constant-current circuit. Figure 27 shows
an enbodi nent of a reference voltage generating circuit based on the

di ffergntial, ci itwof _Eigure 22. 5 Transistors 1, 02,03 and Q encgl.psed
whih d%tted 4 i#ezgvﬁzn‘pfgg?)e 27 forma constant-current circuit "$imifl EJPP 3§
to that in-Figure 26, while transistors [err], [err], [err], [err] and
[err] forma differential circuit simlar to that in Figure 22. The -
transistor [err] is a [err]-gate N-channel MOS transistor, and the :
transi®t or [éf‘r‘)]‘ is an [err]-gate N-channel MOS transistor. Arrow- syl
of gates represent the [err]-gate and the [err]-gate discrimnatingly. 10
The MOS héned)si stors [err] and [err] havetheirthreshol dvol tages shifted by
equal values by neans of ton id inplantation or a simlar process, and the
MOS t rd@nsi stVer=Vwer¥: V82 Whdepl eti on MOS transi stor. An output based. ¢m) 4o0-
transistors [err]- and [err] is negatively fed back to the gate of the
transi stor Q6. For an output voltage, the offset voltage of the transistors
[err] and [err] can be used as a reference vol tadge; Letting VO denote the

out putasvol t agg=wpd-Veh@ Qg i n Equation (37) 15 (1) 45
15 [err], then: 20 [err] . : . (44) 20 In this
case, ([err] - [err]) is the difference between the threshold voltages of

the [err]-gate N chagnnel I\% _2575tr istor and the [err]-gate N channel MOS
transiggt or afid %‘%é’g?f@ sd‘B)s"_t i "8 71Y2&8elal to the band gap 25 vott ag¥?bof:
1.1 V. The output voltage [err] is.fornmed by .adding the correction voltage

of the seTmsdssumingiriadl, & e nREWMpRRUNAbieAdRcy dt Bl L 0Q) dah Be Mbtelatb b ONduct ance
of the tappmpriatyrettihep:ahd faco dosforn witistheltesip@rpto®idageniidnee I ahidithe\t@hgetdgfe Of t he
transi st‘BPe"Eﬁl‘_’? f (Yug 1Memalsimilgtivin the gase pf theriffdrentia) cirduis. t hr eshol d vol t age Vthn 30
30 [e 5P ] Further, in this example of the circuit, assuming that Br=B2=8, E%ja@}\ (43kbecomes: 55
35 In addition, [err] 40 [err]

40 where [ ewg]- wpd VoL i), Agame T, he/Mut ual- conductances per unit areggof

the NNMOS and P-MOS transistors,-

60 - 60
Therefore, even when the currents |, and |, are set at unequal values, the temperature dependence of the
difference (Vg1 — Vg2) can be similarly made zero.

Figure 26 shows an embodiment of a constant-current circuit. When the conductances of FETs O, and Q3
are made 1 : n, a current flowing through the FET Q3 can be made n.l relative to a current | flowing through

65 FETs Q; and Q5. . 65



respectively. Hence, the output voltage is given by the equation 45
45 rr] 50 :

50 r] [err] 55 .

55 ry-- . (46) 23

GB2 2981 @25051458 B 23 Differentiati ng Equation (46) as to the terrperatzurb
T, [€]1-5

.5 [er
h
10 15 oLA or Lr:‘grL\;r:: ;r:gullzt in Equation (43) cﬁt%xe rgﬁjllyfchlewid bzchan ggtsg atlgr())mttlhea{)ot he con dl tion

20 [ €r I'hig 7 shows an embodiment of a reference voltage generating circuit based on the differential circuit

25 maywfhguraghi eved. Figure 28 shows  an enbodi nent of a:reference voltage
genes at Trargiswrs QL Qasnil Obeniclosadaith dotter] lindsén Figure7 farmiaiconstapfcuFfen gircuit SithilarA 5

ci r cuite thatimFigure|26, while t'lat'%'ﬁé‘!a's Q49040 Gy and g form p ifferepfial %’6‘1’1}?&? @r‘h"’éi"r': wufet [ err]
shown %2 w&[ﬁts@' Sefs a Bpgaterff-ciizanel MO ransiptor.§ad thehiansisigr G sareNsthanng! -

ConSt rr OéFh% ae§ ltesengﬂéﬁe aer Wl Ghe bidbridingiy.ansi stors [err] 30
and ,£5 @ { ﬁtgsﬂfgi@ ig hoia lt@&s m&‘edrb@ﬁﬁlﬁaﬁv&aﬂﬁsﬁy*ﬁamwdﬁ ancgs of
t he trlﬁﬂﬁht&hﬁ'bﬁas{uﬁildi’ roaé'éﬁia{uﬂhéﬂ/lOdtrﬁrfsEfer-Ilsidﬁp&hbr\m0$ﬁaﬁsﬁlar conduct ance of '
t he tr afsousduobaspdxmitiansistors Odrnd Ogis aegatieivtfrtbatirtathe naie ofitle tfapsistdr uiTdrdrer r ] are
an [emu}wg@r@eNhemmYetagwatraatheP@?ndéhepné?e Peed pg a rgfgrepcayoliaggiiawing XOs: :
tran5|d§t‘%?thFé'§B‘étf?'[39%T'V"’“S‘3'“'ﬂé'atl"ﬁ ‘Bt evi ous exanpl es, the.output. vol tage
[er™? is negatively fed’ back to the gate of the transistor: [err] so. as 35
to constrygi-{he., mgg,t | IV QU+, g[wlgf hé&p.ea8, ldbnpot ential iis applied to
the transistor [err] he t-enper at ure dependence of..t he .out-put -vol tage can
be nmade zero by. naki ng the cpnduct ances of :the transistors [err] and [err]
or the coNdath-a'nté!sp*of\/tiﬂ'e( zltﬁns s [err] and [err]-+unequal-+i-n- (44) 20
accordance w th Equation; (42) or; by conbi ni’ ng ‘bot h .t hese measur es.
40 Suppose, for exanple that the conduct ances of the transistors [err] and
[err] 1RG5 L[@L t.,z{ iSthb Hifferbhta betvBéh the thieSidld voRaged§t tHelP@yath RicRaHAR Md¥E

tr aQﬁ't&hQ§t0|{aﬁﬂfh NF-Gatk RlchdnneldUS ttdAsidtortaR@bdcarhé substntialieiqGa fudbiciaatgdps Of tzbe

t r ansiwhagesf 1.V The omnnit Joltage]V, isgorthed by, addihg the cdrieetion geltage ofthetserond terraitedteances of

t he t rtandgaptvoltage.| err and [err] is 1l: n . Then, the outvput vol t age Lerr
becone Lett the mutl$ uctanceo the transistor Q; be $4, and supposmeﬁrg)iram oltageofth%t? f/t

adj ust zﬁfgbetsrr%mv"

whi ch gene;:aﬁ,gsma-v;.e)i\%emg—v-qv.;bagehpand whi ch can nmake zero or..50.i{4sprove
‘the tenperature. dependency of? the reference vol tage, the circuit
arrangenment shown in Figure 25 50 may be used or circuit arrangenents -
des@Prlqu) revr ously. This circuit is operated with the sources of 5
transi of d|’§"[err] and [err] earthed. Fi gure 29 shows an enbodi ment of a
circuit hay;p(g,(\ml_gonstant current -which is determ ned by the difference of
the threshol d voltages of MOS FETs [err] and [err]. 55 The MOS FETs [err]
and 4per r | hapeWiyludy =fonWals conduct ances [err], and their threshotd 40
vol t ages have values [err] 55 and [err] different fromeach other due to

e
the di*f &e det%% en theondFu amcesI eer\{J%threao fftl’%%{]lﬁ?ﬁan%ngt?a%ﬁstoIs a resistance
[err] e&H age edance of [err], the
draisg vol tge (. gate vo t age err] o [err] becorres substantially equgal
to [err]. \Wen [err] i's the saturation region, the current 12f|ovm'ng
t hrough [ & FVuh 8 —Vap+ + ﬂon
60 [err} YT L. (49) Shown in Figure 30 i s an enbodi ment

of a_constant-current circuit enploying a reference voltage 65 gener atdyng
devi®e RVG which generates a reference voltage [err] ([err]- [err])

determ newmhqm—f'ference 65_ .24 . . GB2001458B 24. - - '
VWD (W/_L)-, S T i

" X {{Vpp = Vine) (Vop — Vthp)——'(Von vthp)] T R -

'Ué’% abﬁ‘"“ﬁ‘“’%tt&""’°""’?%‘é""t enperature dependence-.of the ouypput -~
vol tage [err] can be nade substantr ally zero.. As a circuit arrangenent o

b d
i)



vol tage of the threshold voltages of MOS FETs corresponding to the

difference between the Ferm |evels of the gate el ectrodes and an ordinary ,
operational anplifier VC. In the constant-current circuit, a voltage drop (e :
[err] based on a current | fl.owing through a MOS FET [err] is conpared wtK

a refemence voltage [err] and the gate voltage of [err] isggoBsy4eklged sQs3

that/

) - Difkep ence vol. tage rray be obtai ned by
pr ovi d| né t 'a‘l"g é%%'?%‘%gggt%*helttgﬁpm? ‘wi'th an of f set 15 and earthi'ng the
non-inverti g ut. (+). of .t perational anplifi'er VC as inthe previous
exanple in 5 M,.&S-\L,%Jfa "_. Fi gure 31 shows. an-enbodi ment of -a

const aht - current circuit whed8™h the so-called current mrror circuit i'Nns
which MOS transistors [err] and [err] have the sane characteristics. Figure
32 shows an exanple of an application in which a reference voltage [err]
whi ch is detgin t,m,—,_a;e difference voltage of the threshold vol tages
of MOgyFETs corr'em—ng—ro—t he difference of the Ferm levels = 20 of,
the gate el ectrodes ¢WILR@VAELS FETs is used for a stabilized power supply
gircuit. A reference voltage generating device RVGis constructed by any of
the above-stated several methods. A divided voltage of a stabilized output
due togvol tage divider means [err] and [err] and a'reference voltage ar eé
corrpar d, apd \V a ' controllrng MOSFET [err] i's contpall'gd
50 as to br??@h"ﬁ‘éﬂ?"ﬁ" 9“‘" fr‘r’t'ﬁz]to stabilize the 25 output’ volta{qz)
[err]. Any operational arrplrfrer may . be used provided that its - .
characteristics are suitable. 25 In an:enbodi nent : shown i n Fi gure 33 the
MOS t aut¥iLisped (Widesan beset fodhat the panditie. exanpl e of - Fi gure 32 is repl aced weeh,
a bipolar transistor [err]. The embodinent shown in Figure“34 uses the -
oper ati onal 5\§an'p ifier VC as shown in the exanpl e of  Figures 13 and' | 14,

whi ch has tBE offset voltage based on the di fference vol t age of the . ...

t hreshsl d voItages Vth of 30. MOSFETs and whose non-inverting input. (+)isg
ear t hed mdybe achiemmy be a. MOS transistor, a bipolar trainsistor or 30 a
junct i on Hque sefrv\rseeemt’qdamns?fgm?rencewlfgsn@nes ng pircy i whish iabased enghe reg ul at or
whi ch i ?Eff’ﬁ?'zf’h%fr': 'WW}?F‘MHEW““BHWW&"&"%?W?? fms HiRe m%"tﬁﬁ?ﬂ‘“ﬁ" F'r"'Etﬁ pyn
i UST3 a?ﬁgﬁsisﬂrsl'ah 2 &%nt@ggcor’fs’tﬁtt@a‘ﬂ nt- @:ﬂ.@nt': Ir&h&%nﬁé@w.ﬁgﬁmﬁ t%ﬁér&&réé{l ? is

diagr amaﬁti odt8n M) ded@i@e ﬂ&g&glﬂirﬁikmgT Fatfok 51k chndittaAtd P& e tandisto
const r ucifletntrelative GXiP@hdutgnself thatiensisgal. ator . It differs from a. 35

convent i dnthalexmlqtagmanslmp@éat@sareranNhaatethmewmsi(amaemmﬂ*atatecs of an
oper at i (N'P&P“"& aneﬁtovesnseivrf a ' 35 vol ta e compar ator are asymetric at

t he I ﬁ%ltlo co %Fctt‘#lacf ge oIlower the eﬁ feﬂga}“ﬁ %Zgégge( ﬁgat%_ tqeﬁqutqrﬁgsq %DU?S
p§ra e&gmﬁio%{pg{vo L gué(a?\lcés%gtﬁ ! evel S

0 t e %@ﬁkidtd?é/@srahﬂ O%orkHaRbRdubtd ce@d?ihert widr&yﬁuha b{lﬂle&tﬂnh‘ rd nc&lvith !!iﬂvtn

each ot la2for (43))br dyabrabisiegbotinbeseanepsuedet er m ned. hi gh i nput vol t age (| n the

absol & e Spapase foriexampinshat the canductimges afithe transistprs Mpod Qs(argequatigtpcibat thegutdnit® 40 -
vol tageg\gI thg transfstas Q4ig loj ang thet thesgtig of thg pondpgangesof thnwrsmorr% A “and
the i nv&Pting™ '%?Iﬁft“t’“‘ﬁ““ﬁ%f@%“ UgRYLast Qafnd e ip Ligp Thap. theputpytvo marcaﬁese
point. Alternatively,.in a conventional voltage regul. ator. where the input
vol t age. [ ery]- (vtﬁ,Mg,h,g +Relaytpet ypl tage [err] depends. .upon g ef erences -
Vol tage [err] ‘generated frdm the.reference voltage generator - and the
di fference of [err] - [err] is made | arge, whereas in the case vvhere t he
i nput v &Y edigpting the y "erf"f QW!/" t["etre efefepé%sdemgeofﬁtepwbyvelpeﬂqcem lre]m%tlﬁd the
di ffe%‘:ﬁﬁ:&??vetat: te?nf;q. s:::: Ja he reference esa‘ch"cmmi? er%s&: 2'.1 Fq.'
bOt h I? dOl‘cI It I‘£€ rﬁgi I’ﬁgd [ﬁi cuit| Ist) g t[l r%ﬁ%lgf O €
i nput Vv ahAsRERs 0,204 £ Rddl | |ca es t | owest opera -ng vo age of a -
r egul at orFiguteced slows alh étnlidﬂ&neﬁﬁﬂfh afait hahgh &in@llént@ﬁhﬁiﬁ Whici i€dbtdriinbdibyne\ay Wh en
the in dtffemmeto th[‘%hql_ljvq'tagehp@flﬂﬁ'FEﬂ'h‘arandhe Iowest oper ating voltage [err],
the | 8dT Eﬁ ue'rretl;‘ &I tsaseﬂsavgw &Vt hBh
the 1o & : %ﬁ #ﬂeﬁ Erié"@ri Tjﬁﬁ% éi f heldin s R IHIEE il age
L T tidG s uce it ai$i°ng )
sur tabI evmraerrzaihmsat \Vatiéh redién, thaautenﬂgiobvag%r{n@hlﬂ.sl s | ow the load L is- .
contred l-ed- by the out put vol t age- whi-ch i s. substantr all'y equal to the ingut
vol t age [er1°]’T7)I Veon¥waiat simel.ler than it, ‘and hence, a vol-t-ad® near the
| onest operating voltage [err] of the Ioad L for the input voltage [err] IS

suppl i ed.shSifa®iglRS RYL Bifod¥it AYEonkGhtlchrinfoifof QreferdifRh e SUi ted to
the | g Gorerdkig deylERVE Whict gbttos Eoford b voIBIgS Voes (L A .naﬁo,‘,’ztg&mm 6N
provide the load L with a | ow power dissipation and a wi de range of [err]

55 This feature of the present invention will be described in detail wth
reference to the graph of Fi gure 35(b) by corrparrson vvrth the prror art

R o . o o a Y



2081 458 B 25 conductance [err], the forward voltage VF or backward
Zeper voltage [err] of a PN-junction, and the current gain [err] of a

Ppolar transistor. Therefore, the reference voltage [err] depends upon the.
Suppby voééagﬁ¢¢@§r] accordlng to the voItage dependence of the parang.;erwa
[erri- - A 3
referenq

Al 5 E%E%Lz r%w?’” o SE;; ol '"rré,ﬁfgv{f‘égr istacea.

conpar

t he 5@;,%% [oF) edw Etﬁ&ﬁt Su‘nﬁ th %n

and agfhegaeWutaﬁbafinﬁse‘ddfruedeomﬁrbame\at,beeduaaearmnee vo -tage [err oes not
becoreFhingher than the input voltage [err], the’ out put voltage [err] 5

beconmes | ower than the input voltage [err], in any range. As a result, the
I nput voltg&é T ], at the tine when the output voltage [err] becones
equal to the | owest operating voltage [err] of the load (point R) becones
[errdo ([err] 2 [err]). 10 Hence, the usable range of - |nput voItages [ewg].
as vi ewed lf,.;;er‘.ﬁ‘ihe load L suffers a loss of a voltage cqmaoneswy j O

correspondi ng fa [err]. In order to nake this l'oss small, in the voltage ¢
regul at or of F| ure 35( a t he. operat | onaI a ifi erVC nakl ng up the vol t age
conpar af’U 's aefarens ¥of a?h ay he\phtaing "?Vg’ FeE Ve withanofisstan t he
non- T-”n ?@ ISTEVETEN POYLLE obthe ererat '6‘1'? © fée"'%ﬁ‘at“t} the of f ¥t y
~vol tag e F &n éﬁ%&uﬁkh&@é‘éon&gﬂ%brién?& rcMtheﬂeurf tﬁé ercemeurvat &uﬁ‘ﬂ?cuhﬁf ih]
(cur vewkigh MbSﬁh\sisﬁvrsTsﬂaﬁd ve telsdhad chbrd@eristiést Ual reference voltage [err] and
whi ch h fiigura 3z$hows arr exarple ofah eprlisdtipginiwhick ATefepsneeivoltage Ve dbichia Hetrafied epte
vol t 20iffefen Imgwfeherﬁmaﬂre@ vum sof M Séﬁ’relcqrremo d'mﬂrsetfereroe ?fﬁtft':e’a“%t anzd al
corrpar?fé'l?rga‘ifel Mﬂ%n': et‘ﬁeg Heq irg e nor mal
oper at i;ﬁ)ﬁhze t ue cﬁ%‘q ivi ermfI Qﬁ ?T the SO t hat
ﬁf PRt :’OMs ﬁn nto dbilize the

C 0 n Siﬂ blﬁ&dt Gd]tagé M‘Q lobétaton SIGRPRHeRhSY be e pGHvﬂﬁ thhtﬂlfs Gla'i‘d%ﬁnétﬁi iragmatial |
baI anc e B an aaibodimédstoon th Aigucr83ahe QS tra}nsnstof wsed for To ip ﬂtele}:an&lm Eugmrapzjs voI t ages
err @dPGGQWhngPQ'WéfaEﬁ!ﬁtﬁﬁBe condl tionare only [érr] [err]. “1n‘ca

wher e {Jﬁ%‘"ﬂ?f{#f" r BFi E{ h% Ht'%'?a”t vog°’§’£ ""'-1' IE'&‘?% pple ¢ g “E?fl IOut
VO' tﬁ)gﬁoagéﬁ' nd%at% :ﬁﬁ %mﬁ Pea nsf ar t or "‘-
f Ungjuh@Bshididetfettitafsiddre out put vol. ta e contro
hovvever Figurs 3%(a) shdved vtﬂhieé]rebiﬂ&oﬂmﬁqhurta fumiet ag»ew{;mem ]m hasaﬂn&wmleﬁwﬂ{, to t he
i nput Wmv'!sa gtrategkin. l]"gure% 3Ael',<t§14chnn b e3§(Mtwhefhféeﬂsmdrasm"miﬂp@olme fegatsto: er r] =
" [er r E%;i'\) 'ta" 'I'Pé"'ﬁﬂft' at]t%a@ aF ?@"Péﬁl?d’é’élﬂge FGBH‘PtPeH 'fft"efff"eﬁ_r]
te mma s

[ er r raﬁ?fo Erlca ?Irr!\r:ll: lg‘a’m nmv |

|s . ba$at yqlt% aﬂals Fm}gﬁl tage
err +QbH’d\tﬁb .a«%)tmm&([-ﬂrrééqumso Aaavraﬁertbharauah wh p%eaeenmmr
i nf | exvoitageiibithetabdoluitevatuars spplical oamemfveiﬁhginmt(-t)hancetinmé\mmt:orﬁmatm&rg '
vol t@g'em[téwlf of(dporpnrtnveymgmrm(ﬂ ersb&mvesmgimit(h&avmmfsemm ragzectﬂteme] ‘(omot-he
axis o aa&ﬁ%‘??i"%sas Ut he fore or n | oss can ‘be ‘avoi ded. O This'is

Al
becausg i rs%g;rzﬁ yaionn gr;' E;gg%gte i %:r:,,miwrr %*tre%:r::g pgfggggt line
have45t ktﬂermpﬁseﬁ"ﬁmﬂ' ﬁ?&g&c&eﬂv,l ang ns%&;@néll é&ah@ng’&uﬁpbéﬂveéh b°o"ih RbRECt 450N
Wi t h t iseetatapaingsfVi, = Vi @ith espekt taghe inputivbieage Vir; (Weindicatestig loveast apbfatifvoitaye DO

achi ev@duiatmllewdu h a MOS FET TG | n. Figure 35(a) functlons as a source

foll oweF‘ther"f’" THgted t .n- nthe(Iovyﬂgkes [eir] = .
[el‘ r&o %ihtm PE) %ﬁ- ant m gﬁﬁ%ﬂ‘ g‘? i: hhe a“%% no - i
5ntkﬁﬁ\§§urta5l9b§era%99 tﬁﬁth V.QQ!UW M oE@-Qig b#ﬁle Su

hovrevero;tagioaﬁ:h manwnearleeaiuatthmeu&&t\m&agav.s orsbmewkads rham&hanFtE&'ndn nct:

e nhancweitegetnesryhpdowesinperstiipvattame ¥ indf theygad L fethe inputobitage Vi rseunpﬂedtmmeclase where
the i “‘\’RFP eag e [ssedugadiqa vojtage swjter tq thelead Lforth high input yolieae Vprthibyaltageand “her e
t he %d&?;‘t"?tﬁrr?a'b‘f’ ‘ﬁdeé%"ﬂ? "B'H WWPE"F Wﬁ‘fﬂﬂfa‘&‘l‘ﬁ'ﬁ nggemfue‘égetapevm fficul®®: In

t hi s re e n e r
(et v el Al L S Al Bl AERARLT, |

is sim inali f;guﬁaﬁsax{ﬂoethé 8bsfissa tepeeeritdtfe input eatag@rn,, Whir tiskie Uithaddihage Vout as
pr ewootgadesensttlwtoetbut Vloia aricthie riferpucearoltdgh ¥, \Staalghtiine b, indichtes Vg, d0@al te\fp), Bemedla Wi goh a
P- chanyigyal ¢opvp in th?l"th\IV'se"tta%'ead lt'ﬁ@eFm@HH?FﬁEPV tFE'FDlF veliegd \ﬁrrmthwttehplph@ theur ce
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response to a potential difference between said battery voltage and said

i nput offset of said differential anplifier is derived from said out put
termnal of said differential anplifier. 2. A battery checker according to
Claiml, wherein said second |nsulated gate fleld effect transistor is of a
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5 3. A battery checker according to Claim1l or 2, wherein said differential
aaptifier includes a third insulated gate field-effect transistor which is
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field-effect transistor being driven by a timng signal. 10 4. A battery
checker according to Caim3, further including a fourth insulated gate
field-effect transistor 10 whose drai n-source path is connected between
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