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One method of obtaining the voltage. correspondmg to the drfference of the Fermi Ievels (E —Eg).
45 (Eg,—E;) is to utilize the difference of the threshold voltages V,, of two MOSFETs with channels of the 45
same conductivity type which have semiconductor gate electrodes that are formed on gate insulating
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structures. ; : _ 20 -
Referring tq Figurdgs 6§(a- L 6B ( DI or |Fi g_urei'DGG_('a) and_66(Jb), in order
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cm on which a thermal oxidation film102 is grown to a thickness of abou
4,000 Ato 16,000 A. In an area of the film a w ndow for selective
di ffusion is provided by the photoetching technique. Boron, to serve as a
P-type gnmpurity, is ion-inplanted in a quantity of approxi #8t%ePy88eBr] & -
10[err] cm2 at energy 10 of 50 keV to 200 keV, and is thermally diffused
for about &ak Q%a 12 RBuiSchahbl leREtR ¥ tHR-FEVETh khelr@@bdiive ddhanns, thd Svevdgs eifecaar ves as
a substr atdhafiiel RAgthtof rRIP @hte MOS dnd #esN"ia@MOS In thd rgspectivd 8¢liohns cohreected &y nal

oxi dat i on dardileh @2the shapgesicarskledoetrygrall andbepeme auhetarmg!lv eoR$taRdt i on fi | s
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“t he P- changesé pdviiBofithaMOB srausistauiedt behindil t aneously to form a ate eI ectr de of
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Then, ph osgﬁg,rog@of WaTe R n c(ype [ rrpurl ty, | s di ffused at a high denS| ty
of about 10[ end figdre7 (@) ﬁ’ﬂi Jhe@sregbing omask oxid&filindi0Missforsed by eappegiravth, biditand a
drai n regi egiodd§idefwhithenN-tbeimpelity o1B5be qhﬁﬁsti mmmoamvghmom @aschmq -form
a~gate eJSetnqnm!wesnbpmarbenptry@btveempe ‘“"‘*’r‘i"qh g;%% ‘é)1h g tt& |° O8T' e 25
film.109 i frpa [ eg%‘ dra esem‘ 111 H"‘f'? % “’?Pés[ it b o 1o 0 . s L T
8,000 A thf°°fﬁ %%FT@??%MQ% é{ ?ff’ Vi Aa,rad.det.n 1Ak .&prr&mww@mm
an el ect roq,eed, ymaﬁrlg%th Snd RIVRYEtlcomssgoRdingdld @h eieétridé REding-out
t echni que. pdrfieH i Akriotéd byahe Bhiotdletchidd temn’nuunmenesﬁee\aamalwedmnuama evap@fateginand 30
el ectrode amélesrodein@oohestigpaottioon 12 Zormed bytharphptépghingitechsfryeoechi
t echni que. | n WFigure é3(ﬁ3(‘¢ 9esultan@ubeetﬁ't eavered yyjtla an oxdda filmybeing, oy tp Wg fhickby

OXI de fl l rﬂlqj}g}" V1th £n c%thze I&IS Erlnslsgoh I’%é \§I¥ Mg& on&fc@d@?cnthe Fee‘ela{r&ﬁhm d .
vol tage g c? %ﬁe HB rQQ".’i(Q)Qo ﬁqm of b PT gite MOS, tﬁ@-&r%rgy 35
el ect ro& dvt\fl gta FlgBR&(d) s\/lﬂatthte"f&lf)ﬁfnglaﬁlﬁtlﬁﬁhdfdsgur es 5(a) to 5(d).

First, in the case of the P+ gate MOS, the energy 35 band di agram of Fi gure
5(a) shows that the fol l owign c'g d.Sq><[=ear\]o+t{¢§,q] [err] [err]
where VG is the potential di f?‘er 3 bet vieen a3, sem conductor substrate and
a gate electrode (P+ seni co_nductﬂ 0.4 X is the electron affinity,
40 Eg is the energy gap, [err] is the®s'face potential of an N-type

sem conduct or substrate, [err] is the Ferm potential of a P-type

sem conductor with reference to the Fermggpotential of an intrinsic

sem conductor, 45 [err] is the Fe’rfn—-—po?e‘rm al of the N-type

sem conductor substrate with refere erm 45 pot enti’ of the
intrinsic sem conductor, q is the unit charge of electron, Vo is the

pot enti al difference appl iled to an |nsul‘5§‘or Ec is the bottom of a

conducti on & sk potenttal 'é\'ffetegcet HaéwdeR B s&fxuc&td\(&h@ﬂﬁ@ra&&lﬁd a gate electrode (P*

50 B ist ,E&,@namr evel of the intrinsic sem conductor. In Equation (7),

t he wor l4of uncty rslﬂwemiectrheafg&w/e el ectrode is denoted as [err] Mp+ and t he vvor4IO

function of ttﬁeissmnsumdﬂmtor |fs Si-m l-ar | enot d as [err]si. Then, G
2 016 801 B ¢s"'s the%gf ) Ebf%(bty‘; mcoTnﬁ torw ﬁff‘éé & ]thtltf‘?eFan]poEH?éTbitJ&e

rel ation of o |cs§'mconduc 5

capaci tai?)c brP § e#d?rﬁf-g;éernﬁal oPhé. NLlWetselﬂfc&ﬂiuctor substrate W|th reference to the Fermi 45

potentlal of the intrinsic semiconductor,
: g is the unit charge of electron, _
V, is the potential difference applied to an msulator
E. is the bottom of a conduction band, - : o : :
50 E is the top of a valence band, S 50
-E, is the Fermi level of the intrinsic semuconductor .
In Equation (7), the work function of the gate electrode i is denoted as ¢M,,+ and the work function

of the semiconductor is similarly denoted as ¢s, Then, -



-5 s are the fixed charges in the insulator,
) B are the fixed charges due to ionization of inpurities in the
i£onductor substrate, Q are carriers formed as a channel. From (10) ah
), [err] [err] 10 The gate voltage VG at theGBizn@16/801 Bhe dRannel
Q’oi s—forred—-s—the—threshotd-—voltage—Thererore, 10 Tetting Vihp+ denote
the threshold voltage of the P+ gate MOg f[err]. [err] [er] [err].
[err] At this time, [err] Sim $gpl+= xin e fgate MOS transistor, only
the work function [err of the gate el ectdode -cﬁffer's, 15.as.show8)in the
follow ng equation: [err] =~ = g (14) Hence, the threshold
vol tage Vt hN+ of the N+ gate V\%Ls( ,_g'i_.ﬂ.en.by'the equation: VthN ‘?}1: [err] MN
rr us

+ - [err]Si - Jerr]srf - [err] wher@Yerr]srf=2 [err] 20" . the
di fference Vt hp+- Vt N+ diherefel. ¢ hr eshol d- yol t ages. of the P+ gate and t he
N+ gate 20 MOS i.s gi venvdy + M &g | on®svrhPst -\t HN = Terr] MP + -

[err]MN + =.[err]FP+ - [err] FN+ which i's equal: to the difference of the.
Fermi potentials of the seffPasiraletion o HyRSHE FigI %R gate el ectrodes. This
can be seen from conparison, of Eigunes.5§a) qandp(c) since.the..gahe vol tage
at the tine 25 when the s'a%éo-?éhapggb_ __6%?;)@?%'53 ablished is equal to the
di f f greeeg, iothe titRciumedoffthaiodulaanperahitelee gate = 25 el ectrodes and the 5

di Bf er emx;garefhetfive dhengps in thevesulgtor\\hi |'e t he above. descri t,92 has been Tade
by 1 aki 1y ateithe fxed pharaes fuavinizatignof Kanyptiesdn ﬁ-seé?!‘é"ﬁgﬁ‘c o Sthe Same applies to
t he cas@s‘??c%'nj?&’m@‘{:??é‘r?ﬁ@"e'l\/os transistor. Fromthe above description, it
is cheml! )t‘?_ﬁ- )'_'vol tage substantially equal to the energy gap E can 30 be
derived fromthe differenge of \ he t hreshqg.d_v, ges of the P+ gate MOS
and the N+ gate MOS. 30 Q’%r(n\;aﬁ ?v"se'f| , t%les"vo- %%ge of the energy gap Eg
can be derived fromthe differencea@ftdedwreshol d vol t.age.of. @2M3S whose

gate electrode is made of an-intrinsic-sem cdnductor  (hereinafter referred ..

=

t ojgas -t Hﬁ.-e'g' hte Uattage VR the aindwidnahd dneeehQ ifoved isthethoihdide!tBge. HrardormOS18r t he

N+ gadeng ‘denetk tthertyredtiohi votiegeof the Phoate MOSshol d vol tage of the i gate MOS,
since the Ferm .level of the.intrinsic 35 semgondagtor is 0 (zero) (as: -
the Ferm |evg) of =_t\121.eki ntrd a@jpcfs.eﬂg,c-emc{-OHi—s—n“&de. the--ref etBhce), the
35 difference of the theeshol

MOS i iven, by,the equation: - : o o
B 2_”31- % N+ gats MO dnkibtol by diefuos femien " bfhe udte elstoRediet ages of
t hg |asgmi,|\4$mmngmaﬁun:gate_wos___| s given by the equation: [err]

[err] 51t is clear that the di ffer'e.ncE_s_ provi de a voltage of half of 'the
energy gap Eg. 5 The ypktage ki€l dystobt ai ned owi ng. .t qidhe

di fference of the threshold voltages ofathe i gate MOS and the P+ gate or
N+ gate MOS is very usef gl kn that Jt s aﬁ)gr'pm nqlloe_l y 0.55 V and suitable
for  dlehesthe dfresheld ¥altageY.ma GEthe () prie MOZ YRS DY &N® °9U3 8 %er ence vol tage source
of high precision is easily obtained, not onlg,, by tdje manufactu ring S
process of the CMOS integrated ¢ir gg_i L.yt akso—by—the.manufadi®ring 10
process of singl e- chaftie| T\/&B"‘ﬁ nt egPat ed ci rdkt bEsause the doping of gate

el ectrodes with an 10 inpurity can be carried out in one step. Figures

67( a)wharehs674 M) to Figures 72(a) and 72(b) depi I pa ] nd -
seg‘t’i onalhusithe difarense Ved origw| ?f%%%‘hﬁ-s_'}g'q ‘-_f‘?.‘"f‘#é °§F3ﬁl ‘b%? @Qrs ﬁg‘? {hgb éﬁtg‘gat @0 |
gat e "éﬂ%‘sﬁﬁ!%%t © 9% nel and ‘N-channel MOS transistors respectively, to
be used in circuit structures. 15, Im_t?e fi g_ug q+ Si m'IarIy(ﬂé)o t he
exanpl es of Fi gurss 55¢ XjbNahd B8P 5) ~ MY quPEE 66( f and 66(b)," P~ . 15 or
N-type regions of a source and a drain are formed by the diffusion of an

I Mpur whigh Byeqesl thydifigere® biths Kesinigdokdntigls &ithd emicande ks mdkingapdiergated al | ow a -
mar gi rleétodes. fws cradk seeh frgmrempariset ofEinres Hie) andSkc) Singe thegatetditoed ap theitifeusi ng a
P- tngé'hPmbaFwsﬁha@e a'ﬁﬁ'N':tz?fﬁE"sh jgipquakto thedlifferpacesss thegeriafiactigpesfira @i 025, t he

same F"ﬁf)‘(w des 3nd the differance,of thefarmilfyplte and drain regi is.diffused in both
end Dagghs W@ﬂi °{§£§‘ﬁ§’%‘:‘ﬁt§iﬁ§ o s AR b LNEC <
drai n D Irfom e Rbdve BestriptdA lifls @4 tiEvolagh dubQanttandalLa MRS endrgy gap E2&n-  Or
ex 30 bederivétfrdth b diffrehceditbe tHieh61a voltahésn the P+ ghte MOS anp éhel NYdtel IS, 1S 30

- di f f usBetnatively.aheomltageaf thp andrgyadap Emngatglfeiyefqmﬁédé@j@cd&p@p&gimuri ty I's

di f f u¥d®os ofa “ﬂ%%g;hﬁ;gﬁ@ elg%gs%t anidfet *g;rlgggatfy o‘ §§g N+ppgeghlpqr§\£mqr fefsedtrasr t he N+
3045 {g:éﬁg y &%’ g\{gs S § 7&%3 f the i gate sifice/ the érmi e\ :.ng-.tt:\aér?rgtrir@icgur es
69&9) se@rnstri 9 I‘S(f i) § 'ﬁi Fméﬁeg f ntrinsic semi'c'ondlflcto'r is made the reference), the 35
difference of the threshold volfages of the / gate MOS and the P*, gate'MOS is given by the equation:

“voltages of theok -g_aPe;_, MOS and the P+, gate -

-



25 and sectional views of P-channel MOS transistors of the P+ gate, i gate .,
and N+ gate, respectively, while 25 Figures 70 (a) and 70(b), Figures 71 ."f
(a)s.and 71(b) and Figures 72(a) and 72(b) represent. N-channel M
transigtors of the N+ gate, igate and P+ gate, respecti Ve ¢ 916,81 Brest?
67(a) and 67(b) to Figures 72(a) and 72(b), in order to reduce the

variation of the effective,channel , ths éranS|stors
the fact that those regi ois r\{)'B'?h th (gndgkg E§ and "ED of ?ﬁe gat e
el ect r odeme Gitfedahdalof ﬁ:re%résuaaeshafgwafha 7§&th os!dng ﬂmntgaﬁmmbs 9 gkt Bfthd he sanme
30 i npurienyatas: t hat of the source and drain reg| ons 'is diffused, shift to
either the left or right ;side. (sou |de side) durlng
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t he quanti ty \Wheri, mphlantcatt it N ‘cgate Ryehamosl MQSrapd therP* ghte PfabammeVIOS, praviensly Fi gur e

70l ustr "qdr% _%fpteq%tw baures & t'tot'rﬁg rqsrefaeﬂptae LF?Fbasé'PPdfaaélﬁfetslTsﬂﬂdgTsttbﬁt
uctor

'tranSIStO a 'ﬁj tﬁ)ga |alll ng:#&ta J%renceofrp ol% & npe o e '

i fidi vi dugl 1%5 the'gatd'd Q hér eﬁﬁt oss1b2$]§ tHES. gfe

i ndj vi dU&'uhéhuSlhhrfe&lﬂﬁil Jaua usentpe .hhent.moﬂsrm RIcAdNnGI altérihg tHERBIDkeLdE

AVt h ‘bei o diped pdté e)f'dmﬁeatéfnshéﬁrig fitnheett IWisisodhth rigdsira applied 2o tletiauohed by

the quant |Ft9yre@t(b)tthedlffmnc|e epsitald volippearsdrreshendingde the dmplantedsqupetities of the igmeedr|

[err] Therefore, [err] V[err] ' (22) By taking the @

ext ent %@‘r‘brﬁ [dyvoliages icorgspendipg aqe?@t'@spétfemew%wvbwt"a thegpteh
onl y sn?é’l w;;g:g altjjéaa e%, RIS PR e kugseee TR aY'e Pouirtbe fiimigeaUbRL 20
i ndi cat e t

e ninedé e S H b Mok os WHLAE cbisoehPd
subj ect ed waa ﬂtehenteaﬁod msﬁenba&imm §aRity 8f im)s |atte'ﬁ§%%ﬁabé é%m(o\fe@gﬂ th: fo?aﬁ er ?r]
[err] Let cumat [Figore]7Qhustratds isBustibe Lottty B endte O chdractdisidsafiJos tiaisisidrebefore

subst r a4% thivmplactatidneof jops ifithgylhavetbmen individuatiedisiersed hnhdmvmtfatc eandtthithethdiche 25
MOS transwgflft"tﬁraremd'&' heshifted by AV, Hee e o P!fﬁﬁﬂ?’l ;rtfgetm'e Vméb@l"_ﬂ he err]

£ e threshold voltages is determ d by the quantity of the ion |
Lerr] Thu§ AOTE Tt

The t emperga, Uhgivh ésmﬁﬁi’é’é’}éi g é’é’atdé" R ot 33 oéi'%b; ol d

vol t agesd IMOSHnEISIOET, YvhidkBs ot subjbctd ewsen Iérﬁatﬁ 'Phtﬁtarma\aute 1€s)un

t enperature changes. Al so advant ageous is that the reference voltage can e
freely set by the quantit on i ant &gson @gd that the device %gn be
easily constructed, -even b h't'h@"@l ngp Ec'hmeTc'Bﬁ)S manuf act’Gfi"hg process.

40 Figures 8 and 9 show exanples of circuits in which an Nt-gate FET
T1 and a qu AQ, ipficpterthe Rgipma oaweeﬁgaeﬁmt F@seﬁeteduwlt ejppimplagatip, the o -
case of Fiyeed V@t"’&? Ve the (MY trapsigtop Lsybiestpp o HipdorHipplagiptiotdeamesi .t od i n t he
M3S di ode formand is connected in series with the FET T2, to obtain the
difference of . GB 2 016 @801 B _, , 18 48 t heBrhreShol d voltage
supposed that the FET T1 hd& a "M ehBFd vaox age ofhl., whil'e the FET T2 has
a~t hreshol d voltage Vth2. Under the condition that the resistance Rl is
sufficiently large V\heﬁ'h!:sonpared Wi th the inpedance of T and that the
resistance R2 is sufficiently |arge AMgn conpared with the |rrpedance of T2,
5 - Vini = Vitna = o> [err] o eeeeeeeee (25) 5
[err] Therefore, [err] Figure 1.1 (a) shows a devi ce in Wmch voltages _
_cor r espsnTheriperatuevatilition shthlsdhffecelnba@aSgecbfeMn tie-thrgahiblel vbkagedid eareehely shial gadse
MOS T2 ar decay Qaetialmestmy@ﬂ'ﬁbteemmrMI@rmredwo acitorr C, connected to the MOS
transi stors ﬁb“daafv 'ﬁ% haitheyreferengavalts ?etreq'sssebmthmeat'egﬂan di f f erence

vol t age. '°Tf" RHice eePespRly sons RYen ¥ theginglerepanoelMOS, \y T are-
ac url 0 SS.

turned 00n gtﬁ’es smau/ §x‘%m§)ﬁeg Et] c?rcunfs@n &rﬁlé\t Q,ENJ J}?e FET T, and a P*-gate FET T, having 40

unequal threshold voltages as in the case of Figures 6(a) and 6(b), are used andthe FETT, is
connected in the MOS diode form and is connected in series with the FET T,, to obtain the dlfferenc':e of




i fif erence vol tage of the threshol d voltages Vthl and Vth2 of the MOS
Y and T2 in a capacitor C, . 10 After turni ng the MOS FETs T5 and T6
/by the pulse [err]1l, a MOS FET T3 is turned "on" by a clock [err] so
0 ground‘a node [err] of the capacrtor Cl. Since, gat2 tohessdi Be, tige -
di 88 erence voHage—of—the—threshotd—votrtages—Ts—Stored—mthe CapaC|t0r C1,

the diff potenti al t f th
'unghaﬁl‘? gﬁ{sﬁﬂﬁ selﬁgesi'g§'é3m°3ﬁ%§§3§%f%y%?? T Oy
descr’ I@ iﬂhggcbz&%% tﬂa@ thePEHistdNEs Rlis Qs cﬁenﬂy lgﬁg athr%Jn]paﬁh with s rhbem?m&an be

enpl 0yq0ariiha theTbdiaHas R, 8L mayra‘rgemms SledmparsdRAthhdimbeRnSTIN 1.5 a more
general. form however, ’transm ssion gates T6 and T7 are turned "on" by a

clogk [err]3 within a period of - t\,lrnavdur\yPg which the hi.gh.l.eve®s)si gnal of
the clock [err]2 is applied, the potential is stored across a capacitor C2
connected to the non-inverting input.W+)%gf an operationai--anpl?ier 5, and
the potential is received by the voltage follower in which 100% of an
output is negatively fedh®8®® to the inverting.input 20 (-) of the
operating anplifier 5. 'Then, the output of the voltage follower, the

di fference of the threshold 20 weld ages af. T1 and T2,..|_s..obtaza)1ed as a
reference voltage when the internal inpedance is sufficiently low Figure 1
O(a) iS Righleratsh thotlk 3@EIRISWAIA Vllages camdspatiding i the threshalyt nataibes df yipks*-

di f f egaMIOS ToArldaRe-gate \OS T Gire applidd twhotb hermmels of m@pehltpt ‘ércem?eteefo theéie
thresMOBdramtqra eeawﬁtamcmss @PaRF% ) N- channel
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owg the operatmg nd T %%t 55 %ﬁﬂ QL jyg FETS1 QL @
| an imnac
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t hr es p%% ﬁl%egcte ﬁl}th tion 3 %6 u?@t-q of ﬁaﬁ?a?ndn |ert5 ﬁ\th okehtialGdl; (2,
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s mgbl e_r) of thaabetahrag arﬁﬁlrheI’ES'héilt tha oaputef the he!tabb Wes' 6 diff@@nce lofiths theésheld ci 4% ui t
ar r angmtagastof T,asd $he\nhtarnnd aap rofe @neﬁtwh jevehen therinteralimg Mﬁmsﬂs sof 'QI'BF'@/ lqw.o
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M SFEthe ghite arld\éraifl| ,rifnrararemetné@?ﬁeaegee amppnam Bétwednahs thresfold withgwesethef: t he
f or egMISFETL@,; Qi stored & mmmam |dﬁ'@ outpuaf\ Pa:hpmietMl&FET@s \{rhgq:h'q; Figure
12 shdnivenby 2 chtmelnce-swbm @d a¥e atstﬁoeree mhetwstﬁﬂ Q; vz't!'ss'*&ﬂer

‘t(/ogeé_ q:ET

fo i mrii‘éﬁ e 35;‘ sr?‘“az&tg*r Wi o

%vEIht% @Rt ren \dle% tlﬁ drain nOde [err]
eo&m( h@é&ﬂdt agbsviiat) dasotatHaMSFe[Ten ., by)rdvhled trtsm ewhiadicoftied MBEET Vt hl  of
ot hes MOSortkeTterRiinal afitbe ¢apacitoot entotedftom the mFanmddedlffwerm]a viisgenwsutisovier t3an
t hat . tvfth@slqeftlre&ees{oea plcubgnspmmecmvesmm 548 p pefepdt 'mﬁtdnz pf the MOS FET T2,

Hence, \ Pfta and Vt h2
R o PR e B
ecofed low thrﬂhit

L utage SRivoREGOE, brftr.m STEMT, 4h thirote@N 40 he

f ebrdvite DBbion@e | rmhrethb Gﬁhﬁhéibﬁ piht ageRold SolpBOV|), o theatos FEFTROde [err].

4 HenceRbé differentg volagéofdpathahel Breshalld Yolteges N, | arld Vigaisrapplied actosB2heconsti tute a  #
d| ffepmﬂprtaatefa bpgquentlythe MQﬁtFETBnﬁt“"FEQ OfﬁE?Vdrﬁ!‘dT*]ﬁJV"a%EETgTrséﬁttemattq"ve | bads
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eé?nc fé et ﬁstto} p jproy uci’% "%I K n& cur nt *
i tute a/ m T 56
CI I‘ %UI f esng ?f%léi%}i%get H}ﬁ?& phf' Rﬂghs‘ﬁs&@ﬁ' f 5 Mt %}EA E { evel
TS s & el €11 oG4 bGtor LIRAN w*thet e
{ r anS b&ts&ht-&.lrém St oAt bransi rrp,f ﬂtheﬂglﬁhemmunebf adiicangengetienbbesed 0N
C- MOSoh 6—S\@s/s stiowntidtde figuel tre cirtireat bfrcours¢ beonstokted of sinaie-dhenrebME8r uct ed - of

I e- ch'a#h@qpema' '@@)"ﬁel’ the. dlﬁemﬂmaepatrp@nwweﬂiadndét'hiol'mlf!q the dlffehetladll ffer®hti al

' FF‘% QPB'F T’fPV' 83 P""hSGa FﬂefFP‘@i" circuit
L e 2 i Ly e g
t h§5 dlnfaﬁ@i%@ﬁﬁf@re@tfal irﬁﬂlﬂﬁrhli ESE\G :Q;:Jhrﬁli thagaes @rﬁrﬂsr T‘ Lan Tzrﬁde Wqu' trdshagl
reference voltage. This is a new application of an operat I onal ampl i f i er

Figure 14 shows schenatically an ordinary operational anplifier, show ng
only the features that 55 nmmke it a differentjal anplifier. It is here
assurred—t—hat_-NDS traprsrl—s%ors Tl and T2 haA/-e unequal thr.esho'l d 55 19
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output 'Qut'. In this exanple, in order to operate the operational ;
anplifier, the transi stor T2 needs to be a depletion node MOS FET. For ' Q)
exam e, if a P+ gate MXS is used forT, and an N+-gate MOS is used for 15°

T2, theg may be nade the depl etion type by subjecting the GBhantd 888 | on!;q

of both the MOSFETs to the 15 ion inplantation under the sane condi ti ons.
Figure 15 agﬁe@va AV Cnees%‘ﬁ@ el aﬁﬁra%&&rmﬁataﬁeeﬁts Aol &R EhaiRhrcadite DY
t

the use ofequdlesigh@Lidhibna eerhputg.d&@rm%em,e Mg afLHoaUivetting frpaksback  t o
t he i nver tredgpgctivelput (-) t rough vol tage divider nmeans R5 and R6. Thus,
“letting rdenotetinglq demsits argepud valiags ofthertzansisto G ARG\V-RG inpuhveltage g5 the t't?ﬂ?'%t‘é{d'e Vo-
20 becones:

20 V Vth- Mth........... (30) r Th¥: onﬂr*agé’*d‘ Virder nmeans R5 and R6 shoulﬁj
pr ef erabﬁy be linear resistances, but any resistances may be adopted. ,
provi ded that their characteri sttt are sufficientl y uni form The ci rcuits
of Figures 14 and 15 assune t he use, of \;he depl gtion type NOS,. but, (e

circuits in 25 Figures 16 and 17 op\é‘rate’ V\nfhh enfancenent type MOS. O
cour se, t Hehedepleibvebehatges witvBe ingu viitage coan!JOfuaﬁéblebOSF‘i'ﬁﬂr arI , to the exa

T e lifer ispr
IO];WZ:. ? :J:]S q14 h? %’dv?'?m@ﬁ'g? eﬁ’ ?eé\qg VTG %ﬁ\%{éﬁggw r%:o vertmg mg%l ( rs an
n
b econes, &Q&vho%?;: evol 'f e offset voltage. Alternativel whent pL;iQsc ﬁehtea heqg
circui t&° nal P-) t@éon tRAE4 voRBge followen@rotit dridahexitintiertpg input :
transi st ortsmnmde .steanba: d8howrTh Pigira @4 dBpditéreren ofthelthjestuid vﬂltamme@m"teatae@e an
i ncrease |asumdné)ur:IUntlm’exerhplmo.rﬂaGQ oneratejthe pegrationg) amplifie é’b@s!
can obt ai ndetphéomt"feé\ﬁ‘é%ﬂ%" ERBP’E # P{-pate MOSdsured for {And 4 'gb §ht Egidtﬁ;
ref erend® Totheya d€?1't"i'°a‘l ype ﬁ‘tPé‘t"E’éﬂ bl L R A f’ S0 3

igured
16 and 17 'P?'é"%aéf' %ﬁ&% ot Lo GRRAR s rbB@RcelvaIdYe bpEhebd Giied | s not

the earth gata@ional ahplrf'HQN\ﬁyﬁé14tAhQ>u£b0ﬂdfeHIb6¢ktofhelirhertm@iaprat(+h@ou@d&altm‘e the -
FET is notdividg omen R 3R cThus e tting rolematewhe aéitape dididopratiel Ryt R thedutputialtadpV of he
f eat ur e200espriesh nost inportance is attached. Sinmilarly to the exanple of 20
Figure 15, the exanple of Figure 17 feegs anvout put back to an 40 inverting
i nput - (-) through voltage di vi der neqns—fﬁ?—a-nH—RS The out put--becone8® .

40 [err] [err] [rr] Figure 18 shows a voItage"
detector Cfl{teUl'the hﬂ.dté\hh&hs A Jn@i’te&ﬁﬂlg%re‘fé?éﬂlﬁﬂ?néﬂ?r&fsﬁﬂ%e@ YUy rentRcesPhdyadge
generati ngadéﬁtéﬂﬁr%w dﬁanﬁ&&ﬁsﬂé&hﬁedﬁffcfeaﬂ;anﬁfemof the threshol d vol tages .

Vth, is appli erdectnmuntsrueFugmsztM)ﬁ15aesnmaehﬁusenf1hedwlettl peMAfduatheciroyBsiand a -
vol tage25’[fmtme§o1é5 ét!téﬂéet’%etewhap‘ph#wntwpq Mes.ff ﬁ@f’s%@e deRbetion ‘Wﬂé"%é?i?{h’ﬁ of 25

t he vol t ageset-g- he- det ct ed VD Lo the ef erence. v

nence:be' ga, S BirEiaiGetat bbb AP SRR e i
detector cireul ere efPerence v from°a reference voI tage
generating device RVG vvh| ch utilizés =tMBDd1 {Yar en\(x&)of t hreshold- v-ol(?ﬁges

Vth, corresp ondrn to the Ferm. Ievel drfference of ate el ectrodes S

appl i ed3OQW5"n fofctfguaso ap %@ g Etﬁ 'Zc[st %‘g %t’itned
h some

by i vi di Eo AP ‘yf“gs‘?é cgtié Rt 48 Ao oert TR Refotbhce to

016 801 Btheearthpo A I's app Ted to the ot er input Letti ng r

~denote the vo cbageemwmh@amuﬁdmgurvseéanaranahereferuacm&reercumrm@ge band

Vsense b eotaiheids nod thel eantiepaterittalcHowever, the condition of the operating mode of th T lignot  Thegg

det ecti on impesed. Vsense can be arbjtrarily set by controlli the vol tage
di*vi si on-rat i 6“?“'“"5‘ form wh's'hrﬁnwpf%?g“aﬁeé&a#ﬁrbéfhe foptyrp tﬁ]’l"@c'ﬁﬁ‘g% RRASFPage

detector cPERL, . fige b guPPRY, el rPoRiNlisdddE bn Wit JEbLJR‘%onfset -

CorrESpqa%&wz 3Gh e)%ﬁ %&ﬁs@%ﬁi tn&%nst 73%%&(&@9 Rlut B@Bmesyt N as” descri bed
th reference to Figure 13 uses the of f set vol tage as a reference P

voI tage as expl ai ned previ ousl y 'R11 and R1ai.ndivgat e vol t age divider. neans

simlarly to the exanple of Fi gure\dn9=VI|:bt-he—vel—t—age t 0- be-det.ect.ed(@D i s

a battery supply voltage, in the exanple of Fi. gure 18, 19 or 20, 10 the

vol tage det eCtQf  £id Sl a HBgPGrbbiR GrdR iPwiidd BlonGVBRERIV, irBmd raxét&m whi ch

- uses a bat {§ifage GenemtingldbviRORRG, wHith RS the s REBI the thresNiM votagea®, Vo biphéteto one

det ect or -~ Cinpatbf& corvertiogal veltage contpasgVCald & GoltabeV Dabb detyctadie aﬁwed toftheanther

el ect r odic inputirihp iheigle: of the stitras to-bre-detagteddy,, Eﬂatlvamhwfereneevouwdtn|cye'¢hnpfnb€d et afbp

| ater. Fi gdisgrininatedaows anot her empodi nent ‘of . an o i onal agié"f’ '
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N- channel d% :8‘15@ ﬁgmm ﬁi&?ﬁ"%ﬁ%{} Ed :f

t he: basrsg rae,aa@e ta.h %0-8 deattw\se w%rrdadeﬁ.demns 50
FETs &3 and & operate as | oad FETs of the differential pair of MOS
FETs QL and @, and a MOS FET B operates as a constant- current source of

t he dlfferentlal pair of MOS FETs QL and 2. Figure 22 shows a differenti al
anplifier circuit which has as its.offset voltage, the difference of the



Areshol d voltages Vth of MOS transistors QL and @ according to the

sgnt invention. 20 Fi gure 23 shows the drain current-versus-gate.
age characteristics of -the MOS transistors QL 20 and Q2 in FigurexJ
%0 | n this enbodi ment, the nutual conductances of t 58 M & Bahd st 2% QL
and Z constrtuting the differential pair are designed so as to becone

equal t I QR&IE Plisnbidthiacs Uillisidn rSts. @f db fferenti al
Ci ruﬁ@ﬁ?@&%@@%@%ﬁ@g E'@ajzﬁ.amg lfgrern tt helt?g%pm ntsr of Wnt%&{ggt ion with
t he VGS—[err] 25 characteristic of. the transistor QL vary to be points 1, 1

and 1." respectively, and their pointg.of 25 intersection with the
VGS-[err] characteristics of thé/sensaﬁs-l—s?t—er Q@ vary to be poirnt 8P, 2' and
2" respectively. Initially, voltages VGI and V& are applied to t he gates
of t Ige detszRGCIbIeVe,, | /AR bé Srbitrasly &gt bpcuhtrQliing the 0slrge ditisioomatiog t he di fferenti al
ci 15cui t Showo, as heexaaiplnio Eiguret2@tisa voltegecietectov eirsuitivbich tl#?@titswperemnabf the 5
constaantiﬁet:\uttfr@ﬂ?ﬁssbwfe@o@‘mﬁshﬂtﬂ% EI°W‘%) B‘r'ﬁ’ °’tﬁ %/G'Javges@? in
in =) sgtvarl ot (|1exam}g F}ﬁxplg e l?ug VGl and
VG? W"HQ? B%T &?Je "LC% a ik i beive el bstansi Al dngo, 30
Bltag r@tfn?d%ﬁ Be M& B@Q@ati’ h@&k@ﬁn téi“ Whie @agﬁbe(ttéhhis‘aw h2) 1ef the
r eg pHRL. Ag@mpRiin which the w&gsaaécsor@bcmmdﬁ@&e 2tirnpplied tdke batvper at ur e
char aﬁHcEB’rloSinleIBcﬂénld:ﬂmemhcéfsehmle Fig\et$4, aridivadl) begfesdrihed | mldefeshvlrd voI tages of

t he t r arfiduss 2rsho a'mtmf ansa"t?H%'H%ﬂ'?@'éﬂ‘pél E'I"f‘e'"
mnﬁagesn ths § o @, 5 n
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consimaking ttewalmofﬁlem'@ectmcet wéheltrarnﬁetoaﬂuaat’ chf'}e has a ne

gr adi entsupt’?fe mR pRytent offi%an t he
o e T A e O

U e{poey " is made smaller than the conductance of 45
S5 | '?netthﬁsuaaﬂ@,ﬂ?eﬂ@le &fe%hﬁ,voltégeoftﬁé {rwsﬂ:gog @ldai thebdarked datbedrisean the current
[ er r jndahtet BE3, GLaTEI38 M depemdensiondim temperataredardiiee temperstom! dépendbncagtitbe it h1 and
Vit h2 differenesedf trmnuuettms:@she[teqnpfftgars&aanc{ @'rap basad an ti;-atdéfe Oggfetqiq%s VGl and V@ =
of _ 1 ifenduetapres pftherangistaes E gfs ﬁ%ﬁ"ty% 'adc'len T et can 21 531
Eisi i %'F”td ‘[férfercf"%“é?af'?est EEﬂl MPBR ISP RAB Gaf] be'made 23 &P PasHEER ef 8P,
the t e ﬁ {h%g:hge%vhgl:eqné {gnlbelgﬂ(uret&ﬁen%@ﬁda%dthh %@aﬂf—ctﬁ@%hr@@oﬂt@dlﬁé}aﬂlabecOmE‘
ei t NeicuR Rad 4 AeyBtive gradient) g Jbridvtance of the transistor Q,’ is made greater than the
5 Fi gbridactamé ofthe tradsistdh Gy comptsble &t theaboge, laudjh!d.nse e tampetatiyedeperdsasvrenr s each
beb dpe iommyoredy . errbodl ment: vvh| ch can reduce the t errper ature de endence®8n t he

basi s of'“ﬁ'??é’a@ '15‘ g fplatigps hold hepvaen eithd Q@
V\hosé"'{”{ﬁ'é ‘éﬁ\é ? ﬂh‘g%ﬁ?"dﬁﬁﬁs@c?"?ﬁba" @atet‘:ﬁg r\%hce of the
Fer m®"f ex2éf s °5 ectrdaes re operated as source followers. The

bal anced state 10 corresponds to the tinme when the differential input
vol tage of a voltage conparator circuit.or operational amplifier circuit
CMPL is zero. In the bal anced state, the fO||OMAng rel ati ons hol d between
the threshold voltages Vthl and Vth2, nmutual cpnductances [err]1l and
[err]2, gate voltages V@ and V@&, source voltpages V, and V2 and drain
currents 1l and 12 of the respective MOS FETs QL and @: [err]



[err] 15 . [err]
........... (39) .15 Hence, [err] [err] [err] ........... (42) Thus, _
assugiyng that [err], the tenperature dependency of (VGL-VQ&X) can be rrade

zero byagppropriately setting [err], and [err]2 to conforn®fi% R161RO1 B8 21

t enperature dependence of | and the tenperature dependence of (Vthl-Wth2)
simlarly to the case of th differential circuit. Further, in this exanple
of the circuit, assum nde %h-g-t— (N@r ] vtﬁqbat-r—erlvhé}a Vheones: 20.-.ceeens (34)
ferr] .20 Therefore, even when
‘the currents 11 and 12 t- at al val ues, the tenperature. o
dependence of the di ffes)’é%ce LEYei) Wcan be simlarly made Zero. 3a)-ure
26 shows an enbodiment of a constant-current circuit. Wen the conductances
of FETs Q2 and B are I’f&dﬁinhpﬁ-& B7 ent flowi ng through the. . EET..Q8scan
be made n.| relative to a current | 25f|ovvr throug FETs QL and @

Accordingly, I, and 12 iy Equgt Qv 43V R Hy—-achl eved. hy. c(@gngl ng
the ratio n |n t he above 25 constant-current C|r t. VR4 gure 27 shows an
enbodi nent ?J‘/f e{éce vol t age generating ci rcurt based on the
dlfferentla augtion Fi gure 22. 22

GB 2 016 801 B 22 Transistors QL, @, B and P enclosed with dotted
lines in Figure 27 f,0f pp-a—constaaD; urwients, &i potit sirtbd& to that in
Figure 26, while transrstﬁors B, B, B, andﬁ@S fdema differential

circuit simlar to that in ure 22. The tr a

N- channe Kk%ef?’?éhesﬁeg‘f’%'?t“reaﬁﬁ e 195 %R §?r5‘r°§%'/" a§%n( ’%%ﬂbeco{" 8 el\pegﬁ%sﬁ'r‘{g
transistdr o 5p Frgureséﬁ LAY S IR SlicRfon GRS of BRIRTEMbark DR e%h‘d&ﬁrb@n&ﬁl&l t he
P+-gate d' §|ﬁ56d‘ﬁlé?ﬁ%i&ghéh reduce the tenfpefdi@e B@BSndd‘naé’\:ﬁ'itEé s of Yhe asrdefDdeseeided t hei r
t hreshol d mmve.ages shifted by equal val ues means of ion inplantation or
a simlar pr odeErgureaﬁdﬂ@%gmmwpﬁtbﬂeﬂ@f/W@%SMeﬂ'leet‘?‘lﬂﬁ'q’omt? M&nsi st or |
Arr out pdP Hé@@dcﬂﬂf therFamrleyelePfssa leamﬁee_ee jogerpfg éﬁﬁ%’é? “‘P"éﬁis langpdstate gat18

of the tr af8esped E‘V&S ‘Eﬂf"t\? tagq Q ﬁ f %:"m e
tio cu is zer t ced state t owing 1 e n
Lo stor 3 ,em ger s e i Sl e v ke
denote the kh]b pts o rr&&“ ahdI, bﬁh 55 ir\@ﬁ\/l(f2 sQ, andQ

10 [err] [err [err] Terr] In this case, (Vthl1-vth2) is the difference

bet ween the threshold vol tages of thq P+- \ggte N-channel MOS transistor and

t he N+-gate N-channel MOS transi s!xor cofen sulfst ant i al | y equal to the

band gap voltage of 1 .1 V. The out put voI tage Vo is forned by adding the .

correction voltage of the second §erm o \J.5 1Re b_and :gap vQlt.age... (38)

15 Letting the nutual conductance “of 2t zansr"gt or QL be [err], and
supposi n% the drain voltage of the. transr stor @ to be substantl al | equa_l15
to the t'Rreshol d voltage Vthn [erVy=[¥rr] [err] I'n additiomn, {erri %)rr_] ‘

where 20 [err] and [err] denotgthe nutual conductances per unit area of

the N-MOS and P-MOS transistors, 20 respectively. Hence, the output voltage-

is given by the equation [err] [erv =[G+ v, szprentlatl ng. Equat(m)n (46)
.as to the tenperature T, [err] [err [err] [ er err]
: Va: = Vina + Va +,fL_/Bz ........... (41)

Va, = V@, = (Vith, — Vith,) = (V2 1 7B, — V2 .7B)

........... (42)

Thus assuming that 1,=1,=I, the temperature dependency of (VG1 —Vg,) can be made zero by
appropriately setting j, and ,Bz to conform with the temperature dependence of | and the temperature -
dependence of (V,,,—V,,.) similarly to the case of the differential circuit.

= _ Further, in this example of the cnrcurt assummg that B,=p,=p, Equation (42) becomes:

20 Ve - Ve = Vthz' — Vih, + VB (VT - N ) ........ . (43) 20

Therefore, even when the currents |, and I, are set at unequal values the temperature dependence of
the difference (Vq,—Vg,) can be srmllarly made zero,

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

25 flowung through FETs Q, and Q,,.

Accordingly, |, and lLin Equatlon (43) can be readily achieved by changing the ratio n in the above
constant-current clrcurt

Figure 27 shows an embodiment of a reference voltage generatlng circuit based on the differential
circuit of Figure 22. -

25

NG



GB 2 016 801 B 23 (WL)6 and (WL)7 can be set so that the
ion [err] [err] nmay be achieved. Figure 28 shows an enbodi ment of a
erence vol tage generating circuit which is based on the 5 constructiog
Flgure_24 Acircuit within dotted lines in Figures28ohersmm ghe 22

. . . =~ = and

tyt t h
Sfaﬁg[‘gtr' e ﬁ;g éﬁéf%” .thcaotte ﬁ ﬁj&gyfam c%mt ti%ﬁ‘f.’:g??os othe

c:rchl ar QZ tﬁ@ﬂﬁs&t&b&s@ﬁ*-@‘ﬂﬁ I\@la tel MQSQ@ESld’t& a’:h'iilthéﬁrahﬁlstbhe
Condd%é\m’egaﬁéNlchamnblrmtratsafor@. 10 " In-this exanple the transistors 3
and aArrew ayrhbolsgd b @tes\eprasanntbk NN@SetantamsP%m digriinipatingly. at e 10 N- cHannel

MOS t r aifb¢ MOS transistqra 84 and&), have sheint al a BUPPARE o oI tage Vo
Lo R T G B ool
t he Voéuf\ﬁgéon ?3&‘3&9& el bb§se S BTt S nei st or

ﬂ?ﬁ‘-. y{nﬁp QQ@@ ERLIBtiRd .ntE @tigm pt vol tage can be made zerqp by
male ng the conduct ances 15 of the transistors @ and @ or the conductances

of the transistors 04 and, Q§ unegu Lisgecokgancegyisth 15 Equation (42) or
(43), or by conbini ng botlf’f se rrgigsuret@Ff Suppose BV:‘or exanpl e that the
conduct ances of the @B[angi atgd,s- 83 et (6 are equal at [err], that the

current to flow t hrough the transi st\é—ﬂ%g [e{r and .t_ha_t,,t.he(mtl o of
n

t he conductances of ¥h& YthmiisT Jtrof & :n, while the ratio of

the conductances of the transistors 2 a (@3] |s 1:n'. 20 Then, the output
vol t R 9Kis éége W Q-[VE S¥i is the dlfference between the threshold voltages of the P"-gate N-channel MOS 20

[ er r {ransistor and taﬁﬂf .;at ¢ RichdnnBYM@Sliraisisionghdideconviadubgantiafly dualantie bandidap

t enpaitageof é.1d6 Pensiene witafe Vmefomﬁdrbutadd:m thecmarektipnvaltage of thre sksorr tissm tent | al | y
z 4P othe pandgap voltegs- t arran errent V\hl ch g nerates a reference v

ol t age attl
whi ch ﬁqg[ O BB AT VaSPoR 1A% of
vo: fgﬂélsmfa%toifflgﬁia{maéyf tg et reghown 3 %2'5 Fi gu?e o8 rTZ.y be usedeorer ence o

circuit arrangenents descrl be vi_oysl rcuit is operated with,

t he 25 sources of tran5| sto‘rg&%l Vg‘ &Vog;rthi”c? Fi gure 29 shows an u
enbodi ment of a circuit having 4 Qnst_alot arrent whi ch,.is..det ef48) ned by
the difference of the.threshol dzvol IPt.iges 8? MOS FETs T1 and T2. The MOS
FETs T1 and T2 have equal nutual conductances [err], and their threshold
vol t ages have 30 val uesn¥dntionand Vt h2 -di fferent from each other due to the
di fference between the Ferm |evels of gate 30 electrodes in accordance
with the present inventionB: FfB@p (W&i)kt ance R20 is sufficiently high, when
conpared with the inpedance of T1, the drain voltage (=gate voltage) Vi of

T1 becones substantially eéualﬁd;@(\wlhlu VhenBBR (WLl the saturation
reglo the current 12 flowng through T2 is: 35 [err] Shown in Figure 30

?P FPRdiJIRAL o méuti QB tcegl,stt.ﬁntarse SiGhH N— Y B PLUNDS EInSEBRC
Vol 't S c&vs Sienkd, méﬂe\mm b? lhedQlMtiat €s a reference voltage V
(=t hI' -Vt h2) det'erm ned by the difference voltage of the threshold voltages

of MOS FETs corresponding to the%erence between the Ferm- | evel s of the

-y

gate el ectrodes, and_an ordinary at |\/o.na.l_arrpl ifier VC. In the

const ant - current 0 mnrcul‘ftbp*a‘“ ongeVédWBp:[-err] based on a current |
-flowi ng through a MOS 22 conpared with a 40 reference voltage
VREF, and the gate vol(Wdgk oVW8 is controlled so that both may be equal at

all tines. _From[errm-}—— ........ (50) [err] «
In this case, the re ér ence vof"t age nay . be obt ai ned by provi d| ng t he

oper ational anmpl i {@pp VC qff. tvand: ear i ng.the..na#w)i nverting
i nput (+) of the operatl onarf é?l ?.n'é"r V@ aséllgn tﬂ"g previous - 45 exanple in=

Fi gubiﬁsrea{at,aghﬁ,u;ﬁm(Es)gg{oqhgémgngwse-;an enbodi nrent of a constant-current
circuit wherein the so-called current m T circuit in which MOS
transistors T31 &g T338ha?/\e the E Z eristics. Figure 32 shows an
exanpl e. of an appgH catign hthpvhi—c hthey ? nce vol tage VREF which is 24
GB 2 016 801 B 24 det er m ned by the d| fgt‘e)é'rence vol tage of the threshold
vol tages of I\/%RE(WLqpr R/@W oY) GH n’ngtc»sthe S S

\/(W/L)‘s (W/L)

X -aT [(VDD = Vthn) (VDD = Vthp) T3 (VDD V"hp) 1




used for a stabilized power supply circuit. A reference voltage generating
device RVG is constructed by any of the above-stated several met hodg A2

di vi deg vol t age of a stabilized output due to vol tage di $BdeO'Re8HsBR13 ind
R14 and a 5 reference voltage are conpared, and the gate vol tage of 'a
control i %’L,T‘%Qbégetg@{p,t,{tgj,&ﬁ,gmg,o as to- .5 bring theminto o

agr eenent, t?) stabilize the output voltage Vout. Any operational anplifier
may be used provided that its characd®gristics are suitable. In an - .

embodi ment shown in Figure 33, the M &Qansistor used for T20 in the

exanpl e of F| gure 32 is replaced witHTa bi polar transistor TR .- 10 The .
enbodi nment Fi gure 34 uses the operational amplifier VC as shown in
the exanpl & Ql :\E 8sh&b§ra‘ﬂ%mjo§d|§1@rq oi-élvefépé?\bgJ?bltgé’esgehaetuﬁfcfrWWNﬂi i§ baged batwed on
the di f fesRBARHOHUFFRGR 25 A &iRait WHKIB 8breldtinasoh Figure 28 Tdrhs hié com@FETTIreuittMhos e 5
non-i nverdhowd in Aiged 24.+) i s earthed. T21 may be a MXS tranS| stor a bi pol ar -
transi st Oé@gff raa;gtun@t |t%rna;fa2e3dcoertfteep ctﬂsﬁlﬁki"gtebf“t’:rc 'ggo@ "é’{'%l cf a

vol tage r as |ze power 15
supply , 'Wa"spis 9;@;@%1@ 3% c%d eh“ﬁ%% nﬁi}rﬁa Mo’sﬁ?rdnﬂt&taﬁ@a BBgRY 902
re |ve :

char act r \Shdrh of tage regul ator. The circuit

arrangenment | s Ei ;ﬁlw'cﬁs (rid)es, tBESUSTE Valabe, iasegatielyfigtivackiy theodat @erc@gewtat or
It differa@,dora m @nsinovibatolagsioliovet, taaugele@mﬂpmttaltldns apnhetdﬁethefmqes'ﬁt

charact eri st Wbstembelawr pnsienagiehthe guiput voltage "V(?"d'l%ﬁfg 'ﬁbY/B‘F'E%Qé‘t@e 8%%?%5@ ’
are asyﬁh%ftﬂi‘q rt eé’PPHb“ﬁ%F%‘*SBfn::gﬂsﬁf;}jﬁf?rﬁ PP w5 ol e 3
2Q invert chlgthnr[ tor g’thﬁrﬁh%t}agijs%gfhe GRTERAEE.nd BOSS o\ athAhance when
the vol tag\gctjr éﬁ) Io@ tﬁ@ﬂ?ansrsto it \VARH tHaBe kB 6F thé tondacishcehieF thenver t i ng

i nput  (-) tr@isBtorLa dOprsQﬁaC Whi theratio &ruke db&i!t&fme%dnmemmqmmdgﬂwmsrled -hi gh

| nput 20! Tregethé outpdtheitagbypbagoeesyal ue) is applied on the inverting i nput 20
(7). Hence, in this voltage conparator, the input levels of the" :

no nverting input {+) and the ipverti RY , (- ave an. off.setsgp t'h
resr,krfect to the bal ance Morrttth" ’25‘9‘19 A 31 tl‘}\'/"—el y,l/—lt)]n a conventlgng’: ,

vol tage regul ati ng where the input voltage Vin is high, the output 25

vol t age \Byddjdtmgcheleluesofr’ andletltyrtmtwekiemgéenw effthera) FI%'FER"EQF Yorcéi‘d’?'ﬁ

difference of the Ferm levels of the gate el ectrodes of the MXS. FETs is C

r ef er encesupetentisfezereAap B!tCGF aM?@eme'!iM@' BeneEA ?sfaéFféﬁE 2908 "an nj S ﬁ!‘

| ar ge, Z\g:hﬁ' Prﬁ"?ﬂ%‘egﬁgrétm bl em?f%t 0 ["ﬁp fe' ﬁ"o‘%ﬁ ec" -4 at:ﬁ ,‘(:Lepe%s
sol el y wh %‘E}é iy i e YS e The changl ng
poi nt P bet W‘F re e’r’rib‘éz&ﬁ\eht&)f5&Pcuﬁ-ha@tg@lioﬁ&arﬁf:urkéﬁﬁ)/ﬂtc%ﬂhemmmthet 0o

t he i nput de@Hebcagmth‘JItMeshMﬂlth’hdesIﬂNms REfeT,38d Towest operating vol tage of a
regul at or | odtle MPS FETs T, and T, have equal mutualconductancw f thﬂghryzgﬁoﬂ @i?
LllbBtd

constr é?%e; F{thmﬂdé’ft’{da er%vmhgﬁ ;tﬁaﬁ'g;th %\f torga Fiieﬁi ﬁm e
| owest op i@l tage
V. whi ch gﬁ’égﬁtan'g' Sqange fecrtl\gst roper At gaq ég ovver ttﬁgﬁ the

i nput V0| gQNMn |s<'rl-rtﬂe£tﬁmn rédiéh, @.ewendl ﬂ&mn@ﬂmmghrgsreduced whi | e

mai nt ai ni ng swta | e operation. When the |nput voltage Vinis low, the |aqad
L is cggtrolled by the output. vpltagq Wwhich s subst antial |y, .equalsef 0 the

i nput voltage Vin or somewhat sfr)@\ﬂl er2 m&n |t"h= and hence, a voltage near

t he | owest operatlng voltage V1 -of the load L for .the input voltage Vinis
suppl i ed. SI ve' H‘J'QS‘ aw‘t%%:?"\ﬁetmnséanfé 'ct"be p'{;ﬁ&t%{ farenc voltape;

olt d
t he | oad nce % e{hr sﬁold vo %ng ﬁhggp\é ptgat ﬁ"rz pgtw rthe
provi de t st diectr g ﬁoglféog eﬂogg'laﬁ'g Fvé P the gﬁt rrehppUt
vol t agag irdfbn Itage dropli|LR,, b£8d wﬁcdﬁe I fIV@in s'#hﬁ‘gﬁio ped Witha 40
ref er ence rdt@reidaQolgiga L), @hd the Gate GoldGd &)T, tayor&mmesroltmaoth by bobqual dt Bibtimes.
prior-artfrwaltage conparing regul at or haV|ng no offset.” In the figure, the
axis of the abscissa represents the |Rnputv voI tage Vin, while the axis of-
the ordinate represents the output O%UR/ aRBt he reference vol t age Vref
Straight line al indicates Vout, 2BEFvn, hence, a virtual.curge) in the
case where the load L is operated d| rectFiy by the input voltage Vin w thout
45 enploylng the vol t ag e enera

: fgferencea\‘/ %sé‘agzgt % ?fg'méemng '?st?\%tgvgd%ﬁast g n@, g&%ge'ﬁg? ng'f::fvt’ﬁ‘

form of tﬁ S8y aroE o SRR EoneRbARGHR-CGRINCERLik Wheréih Eie\db ol cirednt RGBT
uses par ala’ﬁ&uar‘rSwmf:h MOSeRtET,QandiR)avethe sarsdichagcteligics.hr eshol'd vol t age Vth
of a MOSFET, HRigues 3aihaws arcmumbtoamp@atlortlhwhicbpm‘rrehcvmltaagtéasvmel‘r'sbackward
Zener voltage Vz of a PN-junction, and 50 the current gain hfe of a bipolar
transi stor. Therefore, the ref erence vol tage Vrefl depends upon the 50
supply voltage Vin according to the voltage dependence of the paraneter
[ Vref 1=f (Vi n)] In the case V\here such a reference voltage VrefJ |s used as

Y b1 I o o,




.25, GB
2] 1B 25 conmparison voltage (Vref2+[err]Voff) at an input
vol e V3 in the normal operation may beconme equal to the virtual W
refZ ence voltage Vrefl, so that it may agree with a dd@sRrets eépersti nzy
point S. Wth such a construction, the voltage conparator VC Torned into

the valetsagited i thomRsrereakiages: tme&thﬁésaﬂweéFE‘q‘eHérre\s/ﬁo%%g*{oethé ] VOf f

Si nce diffepatice viahéd BegaRevdisiof thagats bisttided dTehe MOSIFITS isGQ& bl d R4bilBdEpodel Y 5
Vi n[ ersupily eifcdiv[Agefeieliefvbltage generating device RVG is constructed by any of the above-stated

51n csa!,eéa'\m&wes t"\ ided peltage of atstatydizedi autputdugriavditage dividen mestise, 22hp @ rahef f ) ,

t he "ol °e\)'8I‘T f'e%z ag;bth e&ts Neltage ol coptrolling MOSFET T is cottedlled doaswo| t Bge
conpar, Rg‘;; if ﬁ:g:é’ pi §”‘E"HEV°8€ﬂepYnm Ay qpa@@"?bi!‘ﬂp"f'qf iay be veedback
contro %@N&fdmdn?s obvm helMIGs PAHsiIG uééQler@%?n HO LA %%f h&lﬁ'gg? equal
to theg réﬂlﬂidﬂ withh biagertmnglstorl Accordingly, wth the inflexion point P
at M n=Vrae 8mpatiménvetidwn it Fleureaﬂpsﬁthscdpéuag:mahmmaferzvcraedmdn tha OxafripieBft @g) t O
Vr ef 2$[9@!Ie$ ]Q/QJTdﬂ wbpweasme)ofhﬁefnltqghéaqeﬁ putheiffetenepvolibge of thetfiregheld t han t he
infle primyertiag gyt iy %ﬂ"Ih - & 8y be MOSEransiperR 2 vol t age

whoge
Vin (glaf)q:rt %i; m&:s v%[':ta‘e %ﬁ\ ﬁ?/ﬁ%@ﬂ ﬁneljl ov e?r?orpt(gI Q’ctabuhzlef Lhe 1 nflexion

poi 43t smeFy%wJuh@ullMd@fﬁFl res § cﬂﬂ'gét h@tgaé{' ;ﬂggsm Sgas)

( poi ntoltede reifidtor €SpPECt T 0 the I'nput -~ .vol tage (on the axis o
the fore betn uif FEangeeant: béwm&%&cowuctedasamvma'ﬁrzgvpemamlatqnétdxfme bl has
!;‘t ?ﬂ"@F§ é‘EﬁaP%?P“\‘/BaWP’ '%IP ﬁ a"f‘i“?‘i °&ff ‘E_{llf?e{"’6° abp 2'@?{}“4‘3 In the
e e R U e T e
in @dréin ﬁptﬁ(l-)laf%lelaﬁal eabﬁ‘&tﬁérslﬁﬁ

I i ne. a&de@&minad h.be.nﬁwvweagdxm SHe@bsclute @ildebis bpplisd 6idthe mé]—h@/‘ﬁ&ht A mehewh a MOS
FETTGhisivolkdgg verepaiérathe fnpaidévielsoftha soraing@atingsaput 6) bodwbe jnverting ispwa (-@plect | ON
nmode Nofigﬂanﬂ?ew;pmwthsbahmalpo’lm makets \é@ut =\Vi n tosl5| b{le when [err]and that
: WV, H re a er Vi e
T T T e ot o

i

enhangBBIH bokiRE cdsbslis bet abd paiftof V8-V, With Pé%p&@-ﬁﬁhé/‘fﬂﬁfteolfaegvi m‘d.cxeé #ege is

| arsgelowbstopfhtihgvoise ba re@natarlaaan_) ous - probl em and where the adoption ofga .
depl et i oin thedtagdrégutstoncoastiugted inghipwey eden the indufvoltagelVi,, is Highet thesthease, curve
a2 \ﬁewpsiwmtmmwme Memﬂwwontﬁ fl byyihe uitputwsttqga asWWBIu'Fh beltmﬂnme

previ ne rrihél est ﬂ)&éifn vola @V ol EeVeB ace
P-ch aéuaﬂled%therbui it FoaGOR, id sIﬁEItémawtauofmwn ipe sour ce
eart hm&agan,dtmmnégesegutaiorbﬁri"'prmdlne\tlme IdasmmtEIdwmswer@ussupaﬁoo Iamiaaide&abdﬂer t he

gr cef inpgtyoitegeg Var t he source foll ower “is adopted as the controlling FET
not TB§fgs rwm:aeea rllsslMallmﬂhdaférﬁmeemtbeQFaPIIHd\ﬁesM@r%Ih)hv edwepagsese ofo t he
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2. A reference voltage generating 'device according to Claim 15, wherein said connection means =
mcludes first connection rmeans for connecting the drain-source. path of said first msulated gate fi f‘eld—
effect transistor to the drain-source path of said second insulated gate field-effect transistor in series;
40 and second.connection means for connecting the gate electrodes of said first and second insulated gate - 40
" field-effect transistors to the drain of said first insulated gate field-effect transistor commonly and
wherein said current applying means includes a current: limiting element which is connected in series
with the series connection of said first and second insulated gate field-effect tran5|stors whereby the
" reference voltage corresponding to the- dlfference of said threshold voltages of said fi rst and second .
45 insulated gate field-effect transistors is derived from. the junctlon of the series connection of sald first 45
- and second insulated gate field-effect transistors. -~ - - - .
' 23. A reference voltage generatmg device according to any one of the precedlng claims, whereln .
said first-and second- msulated gate ﬁeld-effect tranS|stors are formed by the use of a CMOS '
manufacturing process. .
50 24, A reference. voltage generatlng dewce constructed substantlally as herembefore descnbed B0
with reference to and as illustrated in Figures 8, 9, 10a, 11a and 12 of the accompanying drawmgs
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