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45 [err] S - - : _
- 45 50 where h is Planck's- constant m is the effective mass of .el.ectron,
50 R~is Boltzmann's constant and Tis the lattice tenperature. From
Equations (1), (2). and (3),

80 gﬁzﬂf\[?ﬂ;[e”]ra;” | | | -' (4)33691005403

65 - .
GB 2 10 Fermt level is su e onld yotign, 8 E@ﬁ‘efﬁttpméof

t he bot %S%I%Eg “‘*9"%:"'& C?:%ﬁ%ﬁ;ﬁ%%?ﬁ"}é?g{ term%? Equat i on (5)near to

negligible, "so thatthe follow ng eduation is obtained. [err]

51t ca&n beeseanﬁtnagkubksnéﬁhatlon that, in the case where thesi npuritys
concentration density Nd is gh; "not- 10 only at a l'ow tenperature, but

- .al so at the nornmal tenperature Nc/ Nd approxi mates to one.and 10 [err]
g-gr { ]eq é:‘;” n&catn %e seen from egm tlEn th m thec é1se }v(\‘/hzrg‘ag cF‘;}u;%(pcom:e tration %'T%ag mg I highg noﬁ oi nt
between t ottontEc 0 e con t|on onor 9%evel Ed and Phe
t enper at ur e- dﬁpendence becones - substantlally equal to the tenperature
charact eri stmig=lof Ec. However, i.n-the case where the tenperature has becone
suff|C|entIy gh the eIectron hol e pai rs excited 20 frontthe vaIence band -
are p %do nant , '

ol S e e R S e

|ntr|ns|tgm ,F,ofEhls rea|o |p|s gure 2(b). .
This al smoa@nérmeﬁ.e &éaetvhae haEefhp@aturs H3s betbiRe SELIRBHIHGthObletraRhalh pauagxcﬁéd y an
ac c e po fromMiaiehye, basdsaré breduminant, fhie fflnenca(of the in\eities tdasen badapeFedvhilével Besin thew 29Nnd
t he ac c dsypaseiniepnduitorapdewnchies the level Biotthe mtr‘nsc feaiqenductoy Ehis BaFonship stiltusded- t ype

sem ¢ dl@_y 2p)y s at aasgg tantial l ntertnlelg’l ate os|t|on bet \/vs'%nmtnhe top
EV of ”} ueg I‘E ratu l:%gn{ﬁ ﬁ‘ nga ?Ev:& h the ermi J\?e% inthe _
MPebRpl sbr .s,aauaa os.. the optshat o mm@%"b 25
sem CO”QH@&@EocepTMVBIQmﬂthE pAdacites thelFrmilevd IS\Sﬁ emtrinsit N th
P-type seficadnderct or IS |IIustrated I n Flgure 2(d). 30: " The reIat|ons -
bet ween t‘lﬂretetrmmp@reat!eae@empethdﬁqmee\@fEsalh@e Fesmnﬁenhlwétlwgoriéﬁlp'mwhﬂlgurand t he

npur i t Wd-30 denS|t|es have been ex | ai ned on p sjcal pro ertles “Now, by

tak|n§° h% "gé gte pe’ "'E?'g 'Er!@ Iy3Pn
1es fa snc e n as exa let e ol semi

pract | coamt 8 »5% © iir arrﬁa Eéﬁinn g,

Ef p) amitsfe e.taepaqebatduﬁoer aﬁeem doﬂb@&l@&:&degﬁth té&eenwét atE‘QrWraggs f&eussed -

with refcmédamehé@tmérepmiﬁedpmg@rai of the cited text. The.data are reprinted

i n Fi 8ur dn&nv@@onal processes ion tnpmufiaxturipg ©Siegsiemndfater inteanatddirtuity onhpogonBland - - 35

semi condhespbgrus Prﬂf% esemp'efmr mafprials. Bt?lfy'gbmwnwﬂe'&ﬁﬁsa “? towewer.e used

as i npun'o M 51% 7%%5“ fiidh 5 FRPqde 4 %?'es ghatﬁt?gveb*rve | '

Hovvever & Tﬁ)é een Tys pa@QQEPla are '
mn&w ¢hevat e QU terAPerhtife, me% §eso t i@diﬁ‘b GURRCE ( |

Ef p) o téntteraﬁe&sme bbb 104 oV 0@.88kV iY@ Can§EETIGMI200UCT QU0 KR dlo°C RA3del, yHache -

. sem condaetfohangegis 0.9 EIV-K'( Ts B p smallivalde edpprbxiBe®ly K third inzampérBorseit? th 8 aWKFl, gur e

3, and it'te rt'tss %cmamwthdmm# qft!tey\resoolevo@ee ‘fﬂo’f?'h@F@'rP@F‘Q‘ffmffd Bgrieitagd 1.1

eV at f er nce WI
Zggpﬁﬁ( tg{,,ﬁ, g@?ﬁ% ,?33' c;g ; Ia: }E{#%’%? ‘Hrhu S

" is a snalﬂhuszatruanafmy&ammlmaeé abod 10‘Pdnf‘€|oﬂtibh6|0ﬂﬁﬁhb¢r&0i% debénher%e whictsis "V K1,
~t he r at eslugki tedt isag e hatf tb A third pfregsa bithersioodrt dahbe dttaineds Refechblycthe iagerityt h of an -
|G:ETslamcentetwropwapzac'orr’elp'"s}ot.prevgeoswefetabla ﬂmvw@eastustlm@uswmsewegwra;e 58

When t héeg densities are 10%5 eveI

‘-I er e t d e er Si
e et el Sttt &

thér&lb&a&léfhfﬁ\@éaﬂﬁ'fcbﬁﬂut& rl diffePdntifurfackabbSs oflah idbkiRal séRRitdndlictor body and . B
concent ittt sromededf MatabigstheinhOf SO tial semicghdictor substantp forakamde, siigpeitdeneieg Whi ch
i s redudifdreptsorductvititypesa half to- a th| rd of those of -the.prior art can be
‘at't ai ned Eagphyaifi ‘8‘1' %Y%P'F‘ﬁfﬁ?ﬁ »p i%%%; ”1}. @eéﬁs Efs % W2
hl gheéa gébgg%%i Q a %I c?ke ﬁﬁs h I\/%%tra sistor go

rrﬁlﬁeof P 4 e oRNdT Ng
to the s&frwassagateuta RAER maue dfematras.éé.ﬂ,peseEf.&hauc(oEéHatu bedsuédthe? igde UL | i e

the dif M}Jsenmagmé 60, the lefthateshbws Rt fsal NagaeP-hﬁahndDﬁnOSmsm:EHi&\mdﬂmhﬂh&n nel s of
the s armhows P*, jand N* gate N~channe| MOS translstors .




conduct i vi ty type whi ch have sem conductor gate el ectrodes that “are forned
gate insulating films fornmed 55 under substantially the same conditions
fferent surface areas of an identical semi conductor body and 55 t hat

nde of materials being of an identical .senmiconductor substance (for
exXeps e, Sidax@psaobnit having different conductivity types. Each of Figurgs
59 an S

d—ee—dep%s—eeﬁeepﬂﬂk%he—ee%keﬁa%&&%ﬂ—e&—ewe—eeseeeme
FETs for . . For the
Sake of i ,{ﬁ@ a%&?r;ﬁg%@&%@ér Ao e E GBS E S St of
P+-type sem con uctor shall -be called the "P+ gate MOS", the MOS transistor.
60 whose gate el ectrode is nade of arrANtrEtype .sem conductor (ehiel Joitpe cal | ed
the "M+ gate MOXS';, and the MOS transi'stor ‘whose gate el ectrode is made of
an intrinsic |-ty§!e sem@:onductQar shaP be c@ l'ed tQse "igate MOS'. In

Fi gure 60, the IQe al f. sh(g%s i’ and N+ gate P-charinel- MOS transi stors,
while the right half Sha /anch+gate I\I-c'ﬁanneI'R/DStranS|stors 8
GB 2 {00 540 B q, . : _ _
8 The differences of threshol Itages am)ng ‘the I\/DSFETs (Q) - (Q3) angl
(A - (@) in anure160 t akes val u s shown i# the f—ellowr ng tabl e:. TABLE
(Unit: volt) 5 - ' . ' o

5 [err [err] 18 — —err] —

[ err]%04 - _ - .
15 [err] [err] QE) o T T o _
20 As will be dg§cr| hed in detail Later, 1E| gure@5573(a) t-
sectional. views of -the-principal steps- whi ch’ indicatée that t
and t2ee N+ gate MOS can-be fabricated without altering or. adding _
'of a conﬂewl!'i’em:bgﬁ @f&@é'ﬂ%ﬁ%ﬁn@l@@ﬂﬁﬂ" Ivgtrate seghipnplaigwpotibe printlssl stersegr at ed

e e R S T hq’%%%@ ?P%éﬁé‘fof v

gate fsr ctﬂ@l of LJeWéSﬁL rstObe- .chﬁ& ctufésCl I CUI
structur aaemn o Figare£6514) BRY asrmb‘ﬂFgureessrﬁsﬁwesrba.nﬁbr&s(df),mwse%whests%ﬁa; aand
66(b), Ptypeirmgerity isaliffusadin lsotisthbde-end payin Feamt Es ofithewiaterelectragie B fdrnpeofianptyps dry | S
di f f us e'd""r'ﬂc mqqmttmsehlelm!e %ﬁeﬁosa %srca%awdemrm D, faqyboth the " e#tetélpﬁ e@tth@ﬁ or ned

of . a Sﬁthf"/r%%'e" re' eample 'fm ‘E?Q‘é"' Pet a)
dr ai n30[fe on /E%;’E n Vi d gt:mp
transi 83rra ba clos red dt uﬁa.m eedrffe J;tcaoeaﬁéa Bﬁé oqte t he

gate 3ONEJ.MOQGemﬁmhahd?trteymnlomeasntrm régfonGha ga‘.tersom@p semiRhduclyS, and
an Nt ygd-typgeemiconducter. di f f used forthe N+ 30 gate MOS. A:region i. in which
no i.ndsur St'gwm-squrrastéee@dﬁﬂb Bwrm(abetd\ﬁétehlsmh@‘ el@nost&tstrqte L.@f* sewicenot h 36 he
end par'[eg'°EL°8 "ED" 'E?'B%b"a acsatené'd%ﬂﬁ'ﬂ ff FPS "FHGE"""&" pddefilmf er ence

bet Ween " (a) A %0
the_ ;E\]:féctedtoﬁe n S’Eﬁn |Q nn ng r‘?'l aé'ndgpl ﬁ@ raip re longﬁ?'%:qlﬁgﬂlc%gl\l-type |

sem C4N&bd otkt? WY lanl iftercbrRhedtios 1apd? or Fi gures 66( a
66(b), | Bto@dbrﬁd r&iubé tﬂemmiﬂbsbfmaéf&ctwi:hanﬁel Bﬁgtﬁﬂﬂlmmos}&nfags,mne tb@z&faonﬂat dr ain

regi on théBiypaimpatity diffusedieedidns abod3he end barisEkinddh df thndatieletirddes G0 Mmed fadthanot her
oxf de f?etfrﬂ'mnt %ﬂ%m@r@ahﬂw&ﬁw @ss' r a"tﬁ'demr:ggnm%a e ebeepu&mjr ality

IOItt gr%:ssa"a" ﬂ}aﬂ @trtoﬂg a;;aétje so%%: @En%\b fma Sbeﬁ'uu' ﬁxear by agg

electrig é’nt%ﬁ‘féﬁ‘&%ﬁ the @ha%ﬁé? d@ﬂnghmaﬂfsﬁﬁﬁnﬁﬁ‘dﬁ ﬂg@ﬂh' é\%@tﬁve%ﬂa%neland a

055 - 1.4 10
~Len:l 15 .

-plurali rbr,gﬂcsfofgaFHsei tBErespRctRs cdinistth€dve s éffdetivk Yhaibi RAGIHT the € e MOS amd1 Ot her

by an itheNt mM@Stmtlm'reépagtge caluhiins connected in paraliel have the changes cancelied out overafi@nd n
or der5% 'apcweeme@artttqtyovaqtqnat i n of; t he ef f ect i'ye channel’ I engths of ‘the M
transi stthe {patoy73filly %MP??V"B’PW‘%@H“’!"@@??&S at

both the %’rﬂﬁ‘iﬂoé??‘ So 4""‘“"3%%?530.,’ e cg}éire sieastnw eoRbi@mbhe o~
sel f -al marmnérma tditiontnﬁn f2iypdwrl eEsd?EbJut fb%oéﬁ%:ﬁ'?ea%hﬂ@frm

dr ai ns5Sa Wiadowlidr delegtiveaifudicras Mbﬂdéﬁ&?&id%ﬂot@étch&i@ temr.are Bdaomskwaésla@nmnt t lsg
col ummsingfrityenosdmiplarged in g in@ntity afwplokimawlyad'hitor1ef crofiat energy aiba kel neaoekey, 45

ar r angeahd 'ﬁhﬂmﬁl!vé'f&'&djmmaﬁ o @h?%gefamsaf‘t‘w&tegtqﬂéoﬁ wifigh spra¢sfas aﬁ@ﬂﬂh@fr i ght

gﬂfe"gzwa %g iy"féﬁ'“ﬁﬁﬁﬂ:?ﬂi% hmﬁﬁt at@tf{w oo

_ changesot iﬂ@re@tflfaﬁl%hbé(@teﬁﬂ&ﬁr&@ﬁblhn Se1ugbbing ﬁt-tybéler ikiASic deiicbht ctbeelaamnlw@ .
col unnsthnckdtescﬂmagmoéidmr&meuimg,mesrednevegtrdttbthabatehat@hftlgancmtmstaﬂéhthe
N+ gat ebabf®& i n the respective col ums connected:-i-n parallel - have-the :
chang®s Indjauen 78ishia mask ogdefin 107 is fegmesthbyparoyrasowthiad tsregionsiupdes whish afrtype - 65

- 50 Figures 73(a) to 73(f) illustrate how the P+.gate MOS and the N gate MOS
are construct ed by the use of the conventronal rranuf actur| ng process for-a

o, R AN 1 o N o o o



which a thermal oxidation film 102-is grown to a thickness of about 4,000 A
to 16,000 A In an area of the film 55 a wi ndow for selective dlffu5|on iS.
prov“l’ded by the photoetching. technique. Boron, to serve as a P-type 55 :
inpurity, is non-inplanted in a-quantity of appr oxi mately 10[err] to

10[errd cnR at energy of 50 keV to 200 keV, and is thernall. }53%&{&3@ for
about 81t0 .20 hours - to forma P- well region 103 which serves as

substrate of an N-channel I\/DS transi stor. In Fl ure73(b) the thermal
&r’?e'ﬂﬂ'ﬁl 104 i's

oxi dati d pF'i'tYﬁtm,t by %‘Eftﬁg "
60 for mﬂa.ﬁﬁgﬁt tqﬁo:’a:ggga ’gga g:p ga% s poni ng
to the Faln an ateo anS|s .S rem)v

etching ﬂ;hense7e(dgaé.eme¥drétemmahmsmemeds.dfsmﬁb ap&QQro&ut Qndlts%%né\ thl ck
i s f or nathderwhichlae NagR irhjhufiftis 1o bbSitfasat Sre rgdrivydty\tisd phblobtetengIechiigfe. Iiinng  Of
i-type, mhosphatusibaing the deviedmputity sdiffusadst highulensity obabbudtile?Rwde crof?, tafbomta 2, 000
Ato 6, ocmume Byloet@hnﬁgdramegiog1i@frﬁwycphmre'rtﬂ@?ﬂeangatp@nsamult@e@}fslvﬁmrmwm

du o
ransigy o 4{@ % ’L’ﬁF f%,?isg e %gtde o éﬁato%é\
hephotoetch

GB 2 100 il hoeand .f s étras‘ors Verddge

~ phot oet Cihfeftgnretiivh labmuem SrERARE pdtoetd ﬂih@t%ch eNg the P-type Lnpurity, is
di ffused itFigarelTB(f) thelendtattpultratalsooveredi Bita an ¢ide filbDpedrigrumaor? @n thickbpvapodr sour ce
regi on151sl]8Mand a drain region 113 of the P-channel I\/m transi stor and 15
simul tan s"'PlS"’P'EﬁgﬁPfé“ PRtr ?"B}W ’\21‘“9!35'!‘&?%“%‘@ teclegirode will bey

Fi gure 75?%9 ol f@f owsvﬁ 5‘%:0‘”' TR IR mn B &FBUr gr owt h,
and its TEoRs 'H—fl Orltylsto be diffused are
removeg bythe phot oetchl ng technl gue.- Then phosphorus, beingthe N-type.gq
impurity, is diffused at a high density. ofabout 10[err] ‘to 10[err] cm3 to
forma sourcelvﬁeglmthand&qyroammsrr egi on 116 of the N-channel - -
MOSt r ansi st or andsi-rtanesousgl ytof orm a gate el ectrode of- an N-type

sem copductor. .10 In“’FI”‘gure 73(e), the oxide film109 is renbved... An oxj de
film IT1 which is approxi mately 4,000 Ato 8,000 A 10 thick is f or med b§5
vapour growth, -ggg+igfs -Igfi on correspondl ng to an el ectrode |.eaging- out
poftion is renmoved_ by the photoetching t echni que. Thereafter, a netal:.

(Alum nium is evaposated, and an el ectrode interconnection port| on 112 IS
f or med®y t he phot oet ching techni que. In Fi ure 7@& the resu| tant 30
subst rat‘éhel’%v %W%?‘éﬂ‘"%dtfﬁ’eaff b&mea'éa feMisendysto ﬁ‘b’l"af ngﬁt%e'?"[’@r‘r] t hi ck by
vapour 1§§ ron affinity,

15 The thgeﬂngg rd;,gE,; age of the MOS tranS| stor enpl oying the seni conduct or
for thes gai,&tﬁéseﬁicéﬁdemwdfbnMpd%ﬁdoh&&fbr!\db&ﬁté ef erence- to Figures 5(a) .49
5(d). Fi r edjsthaFetniigotemtimbof @ P-tyiph senffeongater wikDSferdnbecto e Eergy pdientiol oblarcingrissia of

Fi gure 5¥emjcondwgtes t hat the fol |l owi ng equation holds; 20

20 -qV[er %:tpe rm:g?tqpﬂql O‘Eb7 N-type ﬁf"ﬂc‘mef‘c%s“ps‘ff“[‘@wr'ffe'ﬁ%‘ielt‘] thg@rml potentnal ofthe

intri ctor,
25 [er ] arge of ele

30 V\here ihgpg alRfHeEA cir ablicdid dnfisGlkE bet ween ‘a semi conduct or substrat &
and a gatEc|ﬁh€Sdttbma£oRdueG&{Ba60ndUCtOI’) X-is' the-electron affinity, E9 is
t he ener gg igthptop8ta valeadebhnd, s -t he sur f ace potentl aI of - ‘an- N-type " '

sem condu&t&jhe@Um#tvp'af@e'ntﬂns'csem'conductof 35 [err] ‘is the Ferm:
pot ent¥Ba| In&a ? %F‘f ﬁé ?e'ﬁﬁt’f’?ﬁ't“éﬂ"é‘%?ﬁ?@"’fﬂ‘ kthpovqricfungtionefithent | afis
of an i ntPRAEeLEAMIHlY St as”f ?"} is the Ferm potential of the N-type

seni conduct.or substrate-with reference.to the Ferm. potenti. al ..of the.
sintrinsic samtggdtggﬁo,rmﬂo .q i s the unit--charge of el ectron, (8)

40 Vo'gos the potentl al dlfference applied to an insulator, Ec is the bot 66om
of a conductdsork HERE -8 is the top of a valence band, Ei is-+h@ Ferm
~level of the intrinsic sem conduct or . - 45" | n. Equation (7), the work

functi onThgrefotrpe gate el ectrode is denot.ed - as [err] and.the - work funct| on of

the 4 sem cdnductor is. simlarl y denot ed as [err]. Then; [errr] - - 55
[err] 50 - - v _
50 [err] Vo=~V + OBmp* —Bsi— Bsr - o - e (10) (9)
Ther ef or e, | _ e _
60 Frqm the_relatio_rt of charges in_Figure S(b)_, R B _ S ._ 60

—Cox.Vg + st + 01 +0g=0 l ) . _ . renas (11)



] '_ -[err] 60  Fromthe

55
rel n of charges in Figure 5(b) _ At
60 )] O [err] 10 @B 2
100 ‘540 B GB 2100540 B _ _ S ; 10

10 wh : _ _ : : : _
the fi x‘evg rg@a &ﬁécat%@t@ottné. il tté?- erugt%a e the fixed charges due to
arg

i oni zatlws m-conddct or -substrate, Q" are carrlers
formed ag,gre@edn dué anﬁibﬁdn tﬂﬁﬁbuﬁﬂeﬁn the semlconductor substrate,

5 [err] DParecarriersformed as a chasrel. | - _ - (12)
10 Thes Gatd10)aid{Hye VG at .the :tine vvhen t he channel O is formed is the &
threshol d vol tage.. Therefore, Iett| ng Vit hp + denote t he threshol d voItage
of the P+ gate '

15 [err] 20 %\%S“’“f ne”s'[%sf"}]— 2 [err] ' ' AR

20 Sipgglarly, "in thg Ngaje MS transistor, only the vvork.__f._uagtl on [€rrgy
of the gate el ectrode dlffers as shown in the fol | owm ng equatlon 25 ..
Jerr] - 25 Hence,
the thr e§'hmade wb#qealgettmtmﬂwm ﬂtemaﬂhhl atoem@mh? %"egil%\rplt!gﬂ Theesfaseyieitingon: 30
30 [ er r Veajiiflepete tha thrgshold yoltagg qf theB5 gataM0S: . t he di ff erence Vthp+ - Vt hN+ of
the tMeshold voItages of . the P+ gate I\/m and the N+ gate M is 35

gi ven by thg e err o

40 which is é’qu to th ffes'rfer?(siseco(’)(f tbhchFerm potent| als of( t)he o

sem conduct ors maki ng- up the gate el ectrodes. This can be seen from

conpagd authis tine, B2 & 5(a% and 5(c) since the gate voltage at the tine wen
t he sarre Similarlyén the Nt gateMO treetstabptﬂmeu'orkéurewawutdtneweteeteﬁfoéﬁeﬁe& agf t he
wor k f uftomndge fg "Y'?Raqu?}Pé el ectrodes and the 45 d| fference of the Fermi
levels. - 45 Wil e
the abpgpve dmuggtmmh;p been rrade by tak| ng the P—channe_l__,_l\(i,}; transi Stagr
as an exanple, the sane applies to the case of the N+-channel  MOS _

~ transistor. Fromthe above descri pt| on, it is clear that a voltage '
- subst anHpngp.tie thrgeheld volipoe Men-eeidtedy/ ggfap"@gsw\embb@eaerat'%d fromthe di fference/'
of thﬁ%t hr eshol d voItages of the P+ gate MOS and the N+ gate MOS. 50 30

Al terhativ the.vol t he 2rgy gap Eg can be deriv fromthe
- di fferencee{(/)'q he™ hrésho \73/{:? ag‘gy(gf( 50 a MOS whose gat’é”éﬁgsgtrode i's
made of an intrinsic sem conductor (hereinafter referred to as the "igate

MOS") awmdlert g <t23weeshol d vol tage of the P+ gate MOS or the N+ gate MOS.

Letti @ Vhes, thediffereeceMing’ + Yimd oTthe thropksiiq valiegep ot the il gpte iASandtheN" gatnMESishe 35

Ferni | @ygnbydheeautionnt ri nsi ¢ seni-conductor i s~O (zero) (as the Fermi. | evel

~of the intrinsic semconductor is made the reference); the 55 difference of
t het hr esholql MOl ageg ,gf_tgtme‘kg%e_lmand the: P+ gate MOSi sgi \(d).. byt he
equat gon: 55 | ol 40
60 The dlfference of the threshold vol tages of. the i gate MOS and t he N+
gate thchls%qqpmq tuyytuﬁemcagxqmafgrmpot ntipls &f the serpitonductors making up the gate electrodes.

GB 2 10@hisean bgseen from comparison of Figures 5(a and 5(c) sincp heg@tevgltagfg av(hexftﬁ same
diffe ggtgggmw? ermas;;e;gaffaawtﬂtwﬁamtce&ftht o S et fPage 4
Whi ch St Adioh Ras'oBh ,ﬁadttwﬁﬁg.ﬁ A crbhiel rhé@ﬁi?@isﬂréé% tme ht the
igate '\/Eﬁne?da lids h&tga?&f&\ewchbhna&wcm bs very useful ‘in that

appr oxi nerkd the Sbobbdeveriphich, B isicleaiihat a fdtbgesubmantislyfequatiocie evaby GupE, Ghﬁlbé c e and

" hence, derived korathe differohdeaifbe thepshaidvaithgen pighe fioeteiMOS@nd the Néa!w M@Sobt ai ned, not
only B&Attﬂeatselwﬂmyp'aass aith ¥ grnds sande derjyed eﬂﬁfrggge heis*r%\f*’ttagehﬁt 50
ash b i g e

circuit tfq 3 D in gl e M .tthagfcan be

carried samtonuﬁw% 5ok [as thls IFEHFH; R¥el &?ﬁeamm eﬁ%zmcttns .Eamms:erz&feﬂiheand 72( b)
~depi cbs ﬂiffaﬁn@atmefhthsmad%usgbebitmahtemsuaa e esgamd a0g)is bwmme equation: :

IVthi—VthP+l=|°—¢|=P+|3?:'1/25_9 ' K ) B '- (.1,7)- '
o0 - S o e

The difference of the threshold voitages of the / gate MOS and the N* gate MOS is given by the equation:

Vi — V™| = |9 — 0] = 112 E, . - S T



A - Ain the plan patterns, of P+ gate, i gate and N+ gate P-channel and
N-channel MOS transistors 10 respectlvely to be used in circuit

st ruet ures. -. - 10 In the figures, =«
sinmilarly to the exanples of Figures 65(a) and 65(b) or ‘Figures 66(a) and -;'/}
66(b) 44.P- or N-type regions of a source and a drain are foré‘éefimpmtge 1

di ffu ln

order to aI I ow a r |ns1l‘9%[v thsqlmask aI| ment between the mask for

selectl
nedo sho I?

Source yRomHAr ag i e 3; Wfﬁgﬁaﬂa.ﬁi@% B s
drai N 1 GeikagBsoukcs, b dé&% b 1 rcp inlgh plesisiBh od G
adj 0i Nk Mghnbfa&urkig WFdeess OF tRECMOS idteBra dc.aoﬁ.t,lbntaluyabhth& hRanlfacnding sroM;&fan

gate MOSinglesahanhel IMQSﬁm@kted cifctiichebauedithe tapling /v fate dixatrades wiﬂharﬂllhplhrﬂv dahbe Brrteyl p e
] rrpurlt;nutmsneétebf used.. In a central part of the gate el ectrode; a:P-ty

i mpuri ty ﬁ'%'rqsis?(ﬁhrgéwir)éﬂﬁ'wsw ﬁéﬂwwma'ﬁwpaatﬂmﬁpn &g@ ega'ioss'meﬁ used
f or tg(z eygﬁ@em (jraate. igate and I gates Anpynel an Bis et 568(b) and
Fi gur ?ﬁ&% i3 otw&ra et Rl Abest Slusll ﬁé&i@mw&mo@

P- channgég atsbﬁrk?&én% Qfain eGﬁ' $ion of B étg‘éoly&fs?énﬁl@ ifb’ﬁ' Yy,
whi | e Fla@wslem orde2{d am{ar)ma@mdor?&( k alighrgéhit Bweeh (ti)masidr sblettivply difrd

72(a) ardpuf@y/dypan N-eype tereirity ah thi sourse land\iBSn tegians ihe saneimodrity dsghalot tiyesbarce argat e
and P15 gl mb%:%P &"f‘ nedgsiiffuspd/ip pot herrdrpam n@&cﬁvgaselmad@mmwhﬂ m%sndm<la9 and
72(b), 8 'ngt hs of
the I\/DSI‘}ig? ggo tyg;ggg 'ag??* fMg ear rtﬁ’ﬁl'%ﬁ@a?%%gf'ﬂg

parts Es oYtk ahdlegft) FopfeRdnt san.a&same;

sel f - a¢ lsedﬁmmne PJclﬁhn t&asme:mgm I7bate &3 N*Igaie, rébpedtitiély, whitdFigumd! C o
and - dr ai7ofaraag Wlmsﬁgtﬁesdﬂ(ﬁ)faus mﬂb) asdHidures72(aland Fai) rdphederit Biichanbel MOS3Hehsistore of ..
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35 The tenperature vari ation of this d| fference vol t age bet ween t he
“threshol d vol tyages y s extrenely smal |- because ‘[err] is al most gAvariable
~under ggt enperature cﬁ’anges 40 Al so advantageous is that. t he’ re]lerence 55
'voltage can be freely set by the quantity of ion'inplantation and 40

t hat t hEhegifore.ce can be easily constructed, even by the si ngl e- channel ~MOS
manufacturing process. Figures 8 and 9 show exanpl es of circuits in which
an N+-gate 1 and a P+-gate FET T2-having unequal thr ol d
voltaﬁ’gs \g |h\}t’:T‘he3t‘,’ﬁse of Figures 6(a) and 6(b), are used;™ ?"z the FEF1
is connected .in the MOS diode formand is connected in series with the
FETT2, t eigodet Ha)shdwaa devidefiewhittowitaes édiespoRdingt eHethréshold Obitagep@san N*tgatesMOS
suppos et andal*-gatecMGET, afelaphiied tabott teraviduislofia capaditarfis cnpeatdd to thia MIOS tremtdﬁET T2
has 265t #daypitaoe/aayese thag@pacutgsls P@plp?d as a difference voltage. Figure 11(b) shows the operatmg ‘65’
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Under the condition that the resistance Rl is sufficiently | arge when
mared with the inpedance-of Tl and that the resistance R2 is . -

ciently | arge when conpared W|th t he |npedance of T2, 50 _ ~

grr | _ _ ' S (26)
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circui tthreJthGv&ﬁb&b&Iﬂ@M Rlapitie®ords Kddqudhey, ihamscreﬂne@tha and
t hey 3g"eff typnaeteEtMODFET This Asned o' rbysu pmdnythe mncavmmf the srdleshald vaitagesss (381,
R2) . Amﬂa@mﬂhﬁm@@s si t uat ed betvveen the gat e and dra| n term nal s, and

the dlff%ﬁf%f bgét;ﬂ%'é pl ‘%m\? Al 9 gaegEys o1,
| S {f saﬁwarm1 rg:tsls 5an T1 3 J;Fa gﬁ%ﬂ w E@E br@lr\}nel
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the gattﬁef@m& 1HOSHcEEeaR bf otk ctedof\smau ciaihe t reshol d vol t.age. The

respect i i ooadtadna&hﬁmmm&ejmtentnh @aiftranbibtos T@lﬂ@fprrﬁl‘?@kh@diﬁérhﬁnal ‘aiplifier

resi st e asfpravived witiBFequa(iBraskoldiniieges Uifand Vierenithe basisdf theFerraiave! differeticgaf -

r esi st dbReate elsptradegasigpssripepprevjpust edlﬁ?’%ﬁ%ﬁ‘“&‘%‘f"‘ ‘E!i%lY‘t'taW:r ahgerizpdor as shown
LS,

efer i l| ti n na

in af® 6HE Pﬁ?ﬁiﬁo&@“’;é;m' fﬂ‘ag T ggt%fp#%f 4B ma%tge s
has 3 tdrenidl ampion. f 106 %sq SHcya (ﬁu Siide oo (V2
- V1) DREWESGnbdaGon indktidt i thagaﬁa Ol baafaril aucs‘.gnbol)hn
25 M SKEkppéating égthé napupéuaa/slgtlﬁdthhmmuhdh'nddbrainmrmfg ingos, MpSEEIyQZ or the
t er msmal Letting Viviencta prioput ueitags of dretraesistor Jrand NeanVhiOFORaggdf th trensigtor Terence 50.
vol tage output similarto those of t he foregoi ng circuits is obtained by
sanpling itat a pulse tinme 0. Fi gure 12 shows. a reference voltage
' generati ngygeyjce wii-of,utlizes an N+-gate MOS T1, a P+- gate MOS T2 30 and
a caggcitance C2 in a simlar-way. A MOS FET Ts is turned "on" by a cl ogk
01. At this tine,, a MOSFET T9 30 is in the "off state due to the output
of a cltpt 02. The potential of a node (6) becones |lower than that of a-
node (5) by the threshold Voltage Vthl of the MOS FET T1l, and the potenti al
of a _pode (7)becopes |ower than that of the node (5) by the phbfeshold
~ vol tdge Vth2 o? t he"MOS®FET T2. Hence, the di fference voltage of bot h t‘f“?e
~threshol d voltages Vthl and Vth2 is applied across the capacitance C2.

Subseqtmabdtgqt leivél ehalviis with hisTifput woltbaarcoditic®s thebéuhdisy. 01 and .the MOS FET T9 is
t ur ned "Twopdsstiopal pmplifieniyprqvidedyith@h inputiofiset eorrpsniondipgtodie difigeeneaypitagnafthe :
vol t &g daresheld vaitagps. Thereise) when gither thejaerting jnputdskasthepppyinyestingiinpyt (&) i garthed or. g5
differential pair Tl and T2 constitute a differential anplifier circuit,
and T12 and T13 de5| gnate actlve Ioads of the d|fferent|al arrpllfler A
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differential anplifier. It is here assumed that” MOS transistors T1 and T2
havée unequal threshol d voltages Vthl and Wth2 respectively and that the
ot heY'characteri stics such as nutual conductances are equal. Signs (-) and_y
(+) appearing on the input side signify the inverting and non-inverting - :
i nputs, respectively. 50 - Letting V1 denote an input vol tage of the
transi®or T1 and V2 an i nput voltage of the transi-stor T2, GB530q%pH 5519
55 that i's, 60 [err] The output level changes-wth this | nput voltage
condi t'f oveneester & drefaredcerpptentidhef appe ¢ratmmma¢ananp¢eraft¢@savdta @uipdratdrwhasa an

i nput off@lﬂﬂ" FW@ piyoltage. EAVEE’"QHVF'VM"EMZE°VB‘M G?F P@'%ﬁﬂﬂg@afhol d
vol tage IT'H@I] &f ? %rﬁl 'i'gett_!;]'sﬂ Plrliﬂegqél thgt :Im 'g u-tt in‘this example, in
non- '”‘658 o gﬂﬁ &E:@%‘JHMEE nsi r T, neeti¥'to be a d pI n mode MOS FET. For - .

GB 21 le aP*’ gate :&&@E‘fé? 1 rﬂ\l*agalie%z&@ 8 £de 9], fh :'n be' ad@thQQéMfJuon
suppl Y, tybe 5yR0oj@BnPREERRRMpcSons oftRIhtROIROSFETNE BRI impRaRN URderthe iR VOl t age
i s the odohagigdiisvol t age.. Al-ternatively, when the output is-connected to the
i nverti ngFlnwpﬁﬁshpwmlquW("cl)catlerbtt@rt'stsqtacetfer@cmlwqumﬂe@bﬁ dtheoperatiopali t- and

t he not9 amgjierin Figyre Wfeg Rpck Oége inwertinginoy ) theoughyoltpoeidivider fgﬁﬂneﬂsmd t he
di f f er.ente’ "<5'F' re éeg'Pﬁ)‘PBag\?&I"tsﬁ’ o ReReg - HieRURULYPa0R Yo REEITRTE In
this exanple, in 5 order to operate the operational anplifier, the S
transi stor T2 needs to .be a.depletion node MOS FET. For 5 exanple, .if.a
P+-gatg h/OSVSdJS\!m._tV;ﬂE Tl and an N+-gate MOS is used for T2..tdpy may bgg
nmade the depl eticon fype by subjecting the: channel portlons of both t-he - ‘
MOSFETs to the®ion inplantati on under the same condi ti ons.. Fi gure 15 -shows

adeV|ce WhICh can’ arbltrarll set areference vol t age by t he use of the
oper atyg e% Z .sa fc?;@gunfﬁ'gawref eBREREEARRTHYer i
nput - a9k i Mﬁ? lae,c. t.'Fegregf@
the vol taﬂe7 evatéwmnﬁatcéree ﬁbé uFHé Itk dep dylbe BRQOMES: [ er

[err] 15 similarlyl, ®thidexample of Figure 14, theexampleofFlgure 16d|rectlyfeedsanoutputbacktoan .15 The
vol t age idveriirgdnputied hattingd/oadehof’d seipivyottagp tief autratilopedpeneb:i near  resi st ances,
but andp resistances may -be 20 adopted provi ded that their characteristicgs
are suffici sgt Ly ‘}Jnl f rm, +20. The circuits (?:{ Fi gures 14
and 15 assun® t.he ops &V Verrle depl eti on type MOS, but the cir€Ui in
Fi g\u’res 16-and ..17.operate wi.th enhancenment type MOS. O course, the .
depl et 300With B EirclksDF FBUFed R abkS T lat leBit Bhd o EeYiffefetil beir tNSIRE Reed to bb Gl into thel,  Bdre
. exarrpl e dedpleforguede, llGchthiecessitidtes ah inerdigse irthenuimbert of hamiactuingistepsimsemiecasgs. i nput

- Let Hq:vegeirxm celevmlethad@erpmeyoltﬁeta Qfafgéhreshhle vetrsevmw'f*eﬁe]en@éwmh 25 -
25 [ | potentia éf i J]
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necessi ti ginfiarhAb the Bkdnfsc? Fibite 18) the BXUFDRIof i§ uréTWT dﬁ@ﬂdﬂﬂuﬂ&cﬁb@@ﬁv&ﬁg’iﬂ&m '
cases. I—bmmv:e-ghvdlda@yumﬁnmehtsmndmhafhebuiﬁuemms vol tage of -the threshold

voltage Vth with reference to the earth potential. Conversely, with-the .
circui®®s of Figures 16 and 17 the reference of the difference voltage t 0%be
obt ai ned is 35 nq; tN&eMzth potential. However t he condltlon(é} the
operating node of thé FET 1 s. not imposed. .35 The circuit fofmwhich.is
adopted may be deci ded- by. the : feature to. whi ch nost i nportance is at tached.
Simlasly to the exanpl e of "Figure 15, the exanple of Figure 17 feeds an4s

O ut put ba.g: ur:g. cI;]wsI anv\cl) gctor CPGUIt |n(wt)' cha refferer%g véllt(z)al é\?ql%mdal r\e/ ergscre vglgag S R7 an d :
Th e 9 g
S’e‘d ci‘WEﬁmhlc ses the difference of the threshold voltages (‘.’;’aﬁ, %ed to one input of a
~40 ] conventnonal voltage comparator VC and a voitage Vp to be detected is app) ther input, the height

45 Fl CHAr 6F the® emoea:e 4 Pela taﬁ&eferéaw\eus.g‘evmnmcebeascﬁafnefeence vol 't age
VR from aShcmanas eme@mple int Figye: 19 &sRabiaigh ddectte vircoiewhdvéh aefetdncarobtagetVhtordaf f er ence
of the thfe@emoﬂaa?eﬁmea@eedewhwﬁ ‘shletpplll#eet!'eti'(b‘erem0fth'p€h°|0b@'t4§e%‘6lnvent i onal
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ot her ln | ap lie %:t?t%&t:gﬂi in ‘? ngg:e olt |s|on 10, ﬁgolte%yqlh‘ée e WRPO Lhe
refere C#‘ou‘é&j aue X S AnE . Ded fPatt 5? 53 firergdrelrerai®ml €% n
Figure 19 is a voltage detector circuit wherel n a reference voltage VR from
a reference vol- tageﬁ;generatl ng device RVG which utilizes the difference of
threshol d vokdages . corresponding to the Ferm [|evel diffef®8hce of gate
el ectrG@des IS a [rl ed to one input of a voIta e conpar at or VC and a

oane s fm i sﬁ""ﬁ ML é%ﬁ%ﬁ%“m LA A Al ther
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60 The det ectlon Ievel Vsense-can be arbitrarily set by control i ng the
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shQWn, as an exanple, in Figure 20 is a voltage detector circuit which uses
he operatlonal anplifier-with the offset corresponding to the difference
pfgdhe threshold voltages Vth as described with reference to Figure 13 ahd
% the of fsetveoltage as a reference voltage as expl ai ned previously. RI11
and” R12 i ndi cate voI tage 65 divider nmeans simlarlyto the exanple of Flz%ure
19. 20 GB2 65 20 GB 2 100 540 B
20 If the voItage t o-be-detected VD is a battery supply voltage, 1n the
exanpl elfdie vbitagetochediBtectddVds a Rilterysinpivwoltdgagethd etaepteof Figire tAuidore@thebe used as
a bat t waltggerdetegtRegircyitvap basysed asp bajtdry ¢heckein a gystepwhighysesg bagt Powerswinly. An
exarrplé“? XAmple inwhighi EF‘F‘E‘EP to
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30 ThereeRsrietrarsiites QepdRdence of the difference vol tage of the gate

" voltages.can be nullified by making the values of the conductances of the
trangg stors QL and Q unequal . Suppose, .for exarrpl e, that .the terrperattg,be
dependence, ok -ﬁhe(vg,om@)ane-éﬂrw@mvﬂwur ce CS of the d| fferent@ml circuit
has a positivezgr adi ent ;- whi®l e the di fference (VMthl = Vth2) of the - :

t hreshol d vol tages of - the 35- transistors- QL and 2" exhibits a terrp'erature
dependence with a ntbaéﬁ.t__ve gradi ent. As indi cat ed at 01 and 535 02" i5

Fi guP® 23, V‘t1he YohY&Hhce of the transistor ‘@" is .mdé sm';tl(?er t han tRe
conduct ance of the transistor ‘QL, hence, the gate vol tage of the tranS| stor
02 underthembal ced[y@mte varies as indicated at 3, 3' ang.3zsin
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GB 2 100 540 B 21 In-Equation (37), when [err], and when [err] 5
Therefore, the tenperature gradient of the second term of Equation (37) capmn. g}
becone either positive or 5 negative. Figures 24 and 25 show application

ci rcui £f of voltage conparators each being another enbodi ment which can - -
reduce_the tenperature dependence on the basis of the conce -268%@Pi%ed 21
above. In Figure 24, MOS FfTs Ol and Q2 whose ‘threshol d vol tages Vth are
unequal "'b\ﬁquﬂgionwxhbenm*ﬁzeq—'eﬁc ﬁOaBM@B%ﬁ%-— I'-e§el->30-of -gat e ‘el ect rodes

are operated as source folTowers. The bal ance Staté’corresponds to the time

10 when the differential input voltage of a voltage conparator circuit. or

oper at i i.fi TG 1 r )t : | state, the
PEr oot B i ey b 1 el S B RG be ipd
put ual  corFgureh 244n0 35 HBvlappliBAdn birtiid of valRbétomphrb@BREch Yelhg aidtheVémbodibn Wilch -
vol t ages cafredubeithdf2mperdtuckrdapemdende orethé Basis bf thex@ndet dekeribbdebbaspect | ve MOS FETs

QL and Q2inFigre 24, MOS FETs Q; and Q, whose threshold voltages Vy;, are unequal owing to the difference ofthe
15 [ er 'l"] Ferpni levels of 9&1;? $l7ctrodes are operated as source followers. The balance state corresponds to the time ( 38
L= .

20 [ err ] when the differential input voltage of a voltage comparator circuit or operational amplifier circuit CMI:£ §92| 25

25 Henc ezer . é\ltrjcb%med state, the following relations hold between the threshold voltages Vi1 and Vig, _

' taricesB; and B, gate voltages Vg, and Vg, source voltages V4 and V. and drain currentsiyand I of
30 [e”]zggéspective 66 fETs QqandQ,: - . S o35
Thus, sssuming that [err], t he t enper ature dependency of (VGL - V&) can qge
made zero by appjopriately-setting [err}l-and [err] to conformw th the
t enper at ur e 'depeplehoe Voh ~VAnd the tenperature 40 dependence of (Vthl -
Vt h2) simlarlyto the case of the differential circuit. : 40
Furtheg, int hj__s_égﬁaer;m\gmgfvz,t he circuit, assumng that [err], Fggyation (4¢)
becones: [err] 4% _ L L _
45 Therefore, even when the currents 11 and |2 are set at unequal val ues,
t he t enper atVur & dapendence of the difference (VGL - V&) can-bd33imlarly
made zero. Figure 26 shows an enbodi nent of a constant-current circuit.
When t#e conductances of FETs @ and @B 50 are nade 1: n, a current flowhg
through'f'?‘u"é’e’FET 03 can be nade n.| relative to a current 1 flow ng through
50'£ETS QL and Q. Accordingly, 11 and 12 in Equation (43) can be readily
achieved by vhargvig+ vhevizalg,on in the above constant-current..qagicuit.
Fi gure3®7 shows an enbodi nent of a reference voltage generating circuit .3
based on the differential, circuit 55 of Figure 22.
55 Transi st ofes o1 VerpY2t¥2kfd Q@ enclosed with dotted |ines in®gure 27
forma constant-current-circuit simlar to that in Figure 26, while =
transigors -5, B, —ahy B ({rermravdfgerential circuit simgar:to.that
in Fi gﬁe ZZQQT%ztra(rYg?sttgz? Qs(i s a P+-gat2): N- channel MOS t'ranmg)stor, aﬁg '
the transistor 07 is an N+-gate N-channel MOS transistor. 60 Arr ow
synbol s offhuygagseumingthathselnt | thedemperatie depenvdnay BV &+ \palican htimade raie byat i ngl y.
60 Th e@!\/%&?’ g;%?ﬁ‘%g@ﬂ?%%%zEﬁg‘iﬁ&ﬂ%ﬁ%ﬁ?ﬁ?ﬂ?ﬁ%ﬁ%@dﬁ \POf tha lpawesiirg ¢ ed b%/bs
equal a : g{%" i Eﬁ b ;%;no ss, and the
t ransi sto?g%p'lnst a g‘B é’I'Foir?’“ ® r% e o E§ L%)Pg@%g' 100 540 B
22 An output based on transistors B and @ is negatively fed:back to the
gate of the Vg aNgisVar—VB+ V2B B -oulput voltage, the of fset.vddage of the
transi4stors Qe and 07 can be used as a reference voltage. Letting VO dengse
g_ge out pﬁ\:fere 8*'e,%\?e%%vh%g t(;\e lct.lenteE'\tls Egné Igére sEeq gtaﬂtnleq%ra]l vgal:ée?s), thL teegnrr.\lera;[ug%bengerlcee cr:tr tl.le [err]

ifference (Vg1 —

10 In thi Fighid 26 sho Y o rane o Sodminttbi B BAE AnBeth NG R BuckdhGos b eSSBS0,

vol t aggSare e PacugrehtBoNing thidigRihe MI®; can be made .1 relative to a current 1 flowing through 50
FETs Qq and Q. - . :
= Accordingly, |; and I in Equation (43) can be readily achieved by changing the ratio n in the above

constant-current circuit. _ . .
Figure 27 shows an embodiment of a reference voltage generating circuit based on the differential circuit
55 of Figure 22. : : : ’ 55
Transistors Q4, Qz, Q3 and Qg enclosed with dotted lines in Figure 27 form a constant-current circuit similar
to that in Figure 26, while transistors Qq4, Qs, Qg, Q7 and Q3 form a differential circuit similar to that in Figure
22. The transistor Qs is a P*-gate N-channel MOS transistor, and the transistor Q; is an N*-gate N-channel
MOS transistor. _ .
60 ' Arrow symbols of gates represent the N*-gate and the P*-gate discriminatingly. 60
The MOS transistors Qg and Q; have their threshold voltages shifted by equal values by means of ion
implantation or a similar process, and the MOS transistor Q; is a depletion MOS transistor.



-tr sistor and the N+-gate N-channel MOS-transistor and becone

antially equal to the band gap voltage of 1.1 V. The output vol tage\))
r Nor med by addi ng the correctlon vol t age of the second termto the 15
bam™d /gap vol t age. '
ettin he mut ual  conduct ance of the transistor QL be [err], and
suppaosi ng_ 108p49% % vol t age of the transi stor QR to be substantl ally eqaal

to the threshol d vol tage Vthn 20
2 0 [ e r r fm SWpyt hasa@j@n trgngjptors Qg and Qs is negatively fed back to the gate of the transistor Qg. For an :
ltage, the E oltage of the transrstors Q¢ and Q; can be used as a reference voltage. Letting V,

30 V\he‘? tp'é ‘é“a{"éfém I uctances per unit area of
t he réi'hSI &t or'§"+ 13 ébgé%?ct%?wy Hence,  the out put vol %age

is grven by the equation’ '-_- - 35 [err] 40

40 [err] [err] 45.. -

45 [err] Nofﬁem.m-tra/thbﬂgEU%F(}n \g,%(i) as to the terrperature (41) 50

50 [err] [err] "55: :

55 [Wr] - [err] 60 - 10

&
60 [er r.l se. éf t.,ﬁr;%ebﬁreretce%nvegﬁmﬁ ﬁtesﬁad tJr@test,hﬁe P%LE’J ,u-hqnnet ﬂb&l may be
aCh' slstoran eN*-gate N-channel MOS transistor and become substantially equal to the bandgap .. :
GB2 10ndd oB1.1 V. The output i@ e &, isdBrnfeld By \Eddag tREbRéttiormiditagd ?oflﬁe£ Rérnamastvol t age
,genergamanagamnayart whi ch is based on the construction of Figure. . 24. A 15
Ci r Cui t Letfirghthermitonl mdmttame@thmramagg%bﬂs - nd pyppogifashadsaip vaitagenf theitrpesistar  CVPL
shown faio 3 yhetentially equaffoshaipephoidyoliage Vep, 04 and Q6 constitute a
constant-current circuit. Currents flow ng through transistors @@ 5 and b
~can gl so be made unequal by nmeking the ratios of the conductances of t
transi stong Apang, KN mn)&nglt.t,fhgr_é-wmr.a)“@tzli ve to the conduct anagsjof the
transi stor .02. In this exanple t?he transistors QB and b are an N+-gat e

- N-channel MOS“transistor and a P+-gate N-channel MOS transistor _
respectr vely. As in preevious exanples, the out put voltage Vo is negatively
fed BAPRIYS™Y he gate of the transistor 03 so as 10 to construct the vol®age
follower, and the earth potential is applied to the transistor 6. .10 The. .
terrperaturte de?gndﬁ_ry,ce of the output voltage can be made zero by rrakl ng: tb
conduct.ances of the transistors @B and @& or the conductances of the -
transd storfs €4 PaniVIQG Binetufak Whlsaccor dance with Equation (42) or (43),300r
by conbi ni ng both these nmeasures. Suppose, forexanple that the conductances . .
of the transistors @@ and @& are equal at. , that the current to 1 5 flow
t hr ougHg¥ ey 51 AbsherhOhutd chlhesiArbl i of NN e Phaoligndiigluct ances of
the ig abskdk gr%n ,thag p@qoﬂage g.vghbt,iihe\mh t@nthe ratio of the conduct anceg of
the transistors 1: n'. Then, the output vol tage Vo becones: 20
20 [err] 25 By adj ustl ng the values of n' and n,the terrperature dependence
-of .the output vottagle /pl be pmde 257 subst ant i ally. zero. As a ci rcurt
ar rangenmente vihien* gefret AtVegoa f“é’f"énce voltage and whi¢h can nmake zerg o
i nprove the terrperature dependency of the reference voltage, the ci rcur?
arrangement shown in Figure 25 may be used or circuit arrangenents
descri bed prevr@_—ﬁx-3@s circuit is operated with the sources of -
transi stors QIWL_)QZ—"Tthed 30 Figure 29 shows an enbodi ment of a
circéit having a constant current which is determ ned by the 30 di f f erd&nce
of the thresholﬂ%wt’ag%oofVmN/Ds(tquTstﬁl and - T2. The MOS FEFS%t1 and T2
have equal nutual. conductances [err], and their threshol d voltages have. _
val ues gyt lia g&qyg&%(Q?Jst%ggt"pg,gmgﬁach ot her due to the dr fference. s
bet wsen the Ferm .| eve of gate el ectrodes. If a- S : . : 50 ,

(4

O"

6V° = (Vthn+ vlhp+)+ V= ﬁop

55 ) .' . .' ' . Tl 55

o :';\/'_(WI-_-}E— V' W/L)a R
- VW, VW, |
Xz [{Voo—Viin) Voo =Vinp) _E(VDD_VI_hp) ] o : _ S e (87)

g5 (Willgand (W/L)7 can be set so that the condmon 5 V

5T = 0 may be achreved _ 85



resistance R20 is sufficiently high, when conpared with the tnpedance of
T1, .the drain voltage (= gate 35 voltage) V1 of T1 -becones substantially .
equa\f"to Vt hi . _ - 35 Wen T2|S|nthe
saturation region, the current 12 flowng through T2 is: [err] 40 L
40 Shasn in Fr gure 30 i's an enbodr ment of a constant current;aqrmmbtg 23‘

enpl oy+ne v A\, .
referenceg g,g%éf VRggbgdlm;/ét & E ETZ‘,))' gteenrém'ned by htlcrﬂe d| fference voI t age
of the téah f|5i' ré dre w ?fﬁé@ Q!DL Jgﬂf&\ﬁlﬁgﬁcﬂm

bet ween i AgurEg4. M. -T-evel's: of he gate ectro es and an or I nary _ :
oper at i oNbransged @.f ©.£0Mnd O} EbnEthﬁe & URStaRRLTEIETCEN CurténtsGiowving thiougR trirdBtordls,op

45 IClJBF@deasauomaeomuarwnhknﬁdtbwati@oﬂhecnmghmacédmhl?ﬁhmrﬂmamnmar ed s

with a rteffeeqﬂew@everﬁ@tht* aepduceeof thetyngister Qgat e vol't age of° T1 is controlled so
that bot pin xgg or%l(annd PgAtean N\;’@ate N-channel M Stransrstor andaP“-gate

sustor respectivel EE
50 Fr OmTEﬂ'a rgvidus examples o ut yg&g&lp negatrvelyfed backtothegateofthetransrstoroa soas -
55 [er O]tocon 'the voltage fol % -'i'ﬁ potential is ap Iredtothetransrstor05

24 Int |ﬂ1e3ﬁﬁ%ratﬁr@6bp6ﬂfeﬁée%ﬂﬁeout AtV ei@Ge daR Ye -Esuee bb By ngedaﬁMaﬂdeQGftﬁé”'e
oper at | arunsistensh arldiCR br thé tontidckanées ofthd tesmbistaus @, arads Dheygal infsecandaned with@Eyatiog

i nput  ( #¥2) o (43) ve byxeibimingdpthitheagpéaséresr VC as in the previ ous exanple in-

Fi gur e1[s5 fl%"é r?ﬁf fS;IE'ZF"a'E?' %ﬁ:ﬂ'é':‘?%"f"%‘ﬁ%ﬁgs afrﬁl';%*ffgﬁﬂi’fgﬁr:!“d& f‘t’t';'aet'a,*{zlﬁsjt@ ahﬁm%%l'ggqﬁg -
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5 Figure 32 shows an exarrpl e of .an application in V\/m ch a reference- voI tage
VREF which is determined by the difference voltage of the:threshold- .
vol t ag@s of - MOSEETs , ¢ sgﬂd‘r‘n to the difference of the Ferm IeveIs o
the gate el ¥etF dos* wgt (WETsVAls used for a stabilized-pifer supply
circuit. A reference vol tage generating device RVGis constructed by any of
t he above-stated several methods. A divided voltage of a 10 stabilized
OUt PUt5AHRidfubling Hel@& ofth Ghals ineiBiaRnIRd dbpaitiinddbineSlibivdiBhe, BAHIE nkab age gy e
conpar eubstdhilallyl6ro. As a ticufl dfrahgbférit ABich gbherdteS didfefentd violige EdOmbie zero or
cont r ol limgrog@the®miperatore dagentiérenvfiting refe@oueacirga the crauitstragement ehdwindn Figure 25
out: put vcﬂ'qv esedemlrcwm nw@mvmmﬂ P@M'ptlél'vf Mc-mysmrwwhmeewrmaf t hat
cha acté 1%{1"@2§ In an_enbodi ment sh v|y1n ) ng

transi®t (9 gtﬁ ‘élf’%)ﬁg?,ﬁt?j\ﬁ?‘grew cg'sr fsrune V\’\'let h a
bi pol ar “ﬁ?erﬁ(b EQET Lﬁ,%nmm”h:@srﬁld%ﬁa%e%vé%ﬁﬁsv
oper at i Oghalv,,S2difdrérit fréh eéZQoﬂhSr (ﬁrbﬂMﬁb d.ﬁhrénbebeemmvbe«ara.i leVels@ififftselectbdes.3f sdN
14, whi chrefistanct Rg isaiffidetly Wigh, tigecdomared wisintht ingpediink¢ of e the drainooltadg &= gite t he -
t hr estasl bltags) V126 begomes subaBiaiyequalteMmhose non-inverting input (+) is 35
eart hed. WhenTyisjn thesatyratiomragion,the ayrrent - figwipg theaugh T2i% ansi st or or a junction
field-effect transistor. Figure 35(a) shows a .vol tage regul at or - accor di ng
to the presegpt Lndgntiqnhich is a further improvenent 20 on.
st abi l4dozed power §upp|y cr rcuits illustrated in Figures 32,33 and 34 anﬂ)
Figure 35(b) is a characteristic 20 diagramof the voltage regulator. The ~

its
MOS
3 -

circuit aShowndnefigure |I9ran|5mgemleer8§f(aa:)mat®t cumgsticirewitiemgloving aare&mwa'pltang vol t age
regul at géﬂ;qﬁtﬂé&ﬁ\rqe@ Wr:g%% ora ewcervétrs%rrta “c t egvrherdﬁ&t Ngehe
|nput ght ga €l & E r E 5
conpar Bt Ao sZé§ mr QE; HALS .th%"érsﬁ ti&.%ﬁ‘r ’Iﬂmu*
(+) and |BgdtéVbhdelofs; .uamftt oth §eeq mnsan age co ara es -not
bal ance when the voltage Ieve s of 't he” non- |nvert| ng |nput (H) - 25 and

4 he inverti ng input (-) are equal to.each other, but bal ances when a .
predet58rm ned hi gh i nput. vol tage (in ‘the absol ute val ue) i's applied on t ¥e
inverti rr(j°"i‘ nput (-). Hence, in this voltage conmparator, the input |evels of
4 he non-inverging iyaput- (-+) ‘and the inverti na. i nput. (- ) hhave an offset with
respect- to tHe”'bal ance poi'nt. Alternatively, in.a conventional vol tage
regul asor where the input voltage Vin-is high;, "the output voltage 30 [ essr|]
depends upoibwa =r.eE?fﬂence vol tage Vrf ‘génerated fromthe referefflle voltage
generator RVC and *he 30 difference of [err] - [err] is made large,
whereas in the case where the input.voltage Vi nis low [err] depends

sol el y upon V1, :and the di.fference of [err] is made- smal | . The changi ng

poi nt P between both the cases.-is set-at a point of Vin =Vl with respect
to the input voltage Vin (VI indicates the |owest operating voltage of a
regulator load L). 35 1In the voltage regulator constructed in this way,
when the input voltage Vin is higher than the | owest 35 operating voltage
V1, the load L is controlled by the output voltage [err] which is higher
than the | owest operating voltage V1 but |ower than the input voltage Vin,
and hence, the pover d| ssr patr on [ S reduced V\hr I e rrar nt a| n| ng sur tabI e

I



regul ator can provide the load L with a | ow power dissipation and a w de
nge of input voltages [err] This feature will be described in detail with
_ eyence to .the graph of Figure 35(b) by conparison with the ~
pr &\ - ar t vol t ageconpari ngregul ator having no offset. 45 |In the Figure, the
5 Jof the abscissa represents the input voltage Vin, while the axis of
e—0#di nalGB 2 10G540epr esent s t he output [err] and the reference vol tage 24
Vref .~ Straight TTne a, 1ndlcates Vout, equal to VI., hence, a virtual curve
in the crRefsdabone didihch aﬁdgeLmAys,eemh@tue,@rdshdmmeloyerb:,bnmhmpnﬁepwwmcuntouga V1n
Wi t houtane agathingitizgobtneerting inmuy &+ ) gEthesptational danlifier VC as in thepedvioss examplb 8 ence

v.ol tagd‘@W&;Mg@'ﬂé—r at ed from any of .the reference voltage generati-ng. devices
50 in vaf'WS%u%‘sf‘ °6‘ﬁa Wtﬁ"ﬁ'mheﬁﬂéh?ﬁﬁgécurwvref%ﬁﬁe

vol t age" racte.%’:s %rva high % o8 °
s f ana w icl renc d the
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s ngg ﬁ. @f ohest® oesrsyanguﬂpuﬁé VBl oo UM GO
[err] bneemwm the et \RItiR bS8 Bt e Hilbrbtd Golagd df theitebhaid vERGe W éfh t he

curve QMOSPETCsvd i Gse hoh-Rve tiri@npuol-+) agmh[een;1]madeesmostra:bmrm;,blagm;.stbmn t he
i nput \addrctadieMieffect trir@isnt put vol tage [err] becones Iovver t han t he |nput
voI tg e quﬁe $56p) s f ¥iigee reguiater apcordipjgito the prasen %g{\gnﬂw ']npmvewé 50
when 2t ,ﬁu{em wgfgm irousp Wpstetep Mfiins B tand 3¢-6n Fies Sl e ctierreetong

uit

vol tage &@qwss(aﬁ;anﬁm;s NBrmbRis YoRage refifator. It &ers from a z?B 2

100 54Qok¥entional voltage comparator in that the input characteristics of an operational amplifier VC being a
Hence, voltgye daraakatoratiagyinrodtrid 4t fhd inpubrinkgBDf Afon-iddrtivy iBpe Ot fahdan ibke@ting pak L.
suf f @ d—hThusghis vfitage cpmpératgedasongs balence whasrtheooltase thivel tth9 nofi-werling ihput brider 2% o
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- 1i m t ecteprbEents the eutputVakidndyit refargace Valtage ViaStigightdineadngicates Yoo. qalie 19 \frphﬁm‘i/el t age
Vi n. Aowatwwgfryhewetwtveteﬁ@e 'pwr ioppigted gistcHy byshejppuby qitage Wywitpous em'amq Hhe

out put L ol ertt QhbomiaBy Sfthe refothide vbitads Jinedddng dAfiGH L he
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| ower td&ﬁdhciah& gk.ﬂﬁé fGMaaﬂroﬂiyeIVE or batkwartdZeridn @oltagif V@K RN’-uuqmﬁom 'and:!he tslrrblh‘teals ane as
or hi gheJof & bipatartrdassistaFbereforptbe refdrenge volthdeVge d&Peanr' the swgalv\x/p*me V-es pect 20
to the dceqieg to devaltpge dapande B?'F °f ﬁepﬁwgefé‘freﬂafb%p) S as | 0SS,
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e ere su spd as efgre vlgt or
,t) ﬁ ea?:(g{'@(?‘ cﬁ?l‘@ }eg °Bé ﬂ Fi\.‘?or | |tf ﬁ pg‘ndﬁg?wn@ %ﬂ%@n{i e%tzm % ?Eh
reee Cce e
ampli fi ereqvoltage %"é’éé?m;t Ecofk higRdr thaR tHe %ﬁt\;oﬁig’é n AR ﬁfoﬁadew KocbrResN O
poi nt Qf:wérliﬂaﬁﬂﬁ&}fbhh@ﬁagéﬂvﬁ,kha‘nhﬁngém 1g&uilt, thé input aditagesVy anthtahmewmmee aitpusuch an
" ef f ed0 voRagedr,, Beedrhe\equhl toZtie lovidst dpetatiing waitddeS, ¢FERE loRd (roint Rlibgeames $BVa)Vq% unct $dbns
as a source follower, it is a depletion node N-channel 25 FET, so that it
makes VOut= VI, ,. possi ble when VI,, [err] Vr2+ AVoff and that its t hreshol d
voltage Vth has no loss. Hence, this applies when the input voltage Vin is
smal |l . This, however, does not prevent the use of a source follower FET of
t he enhancenent type. The. enhancenent type FET is effective in the case
where the input voltage is Iarge the Vth | oss is not a serlous 30 probl em
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fol | ower, when the operatlon of the voI tage corrparl son needs to be o
cycli cal I y sanpled (for exanple, when- 40 -the conparator i-s subJ ected to the'_._.
clock drive in order to render the power dissipation low), this FET is. 40_ n
convenient as it functions as a.voltage follower. This is because the .
out put_voltage is-determ ned by the gate voltage if the nutual conduct ance -
gm of -#he FET is sufficiently high. It is also possible to GR;2108 58 Bol ar 26
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