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the differ enC@I’h[rﬁff'tJe iRpur ﬁl’irmlo mg“‘ 7?.&-4}'11 Hétsa éﬁlmr%%ddéﬁgrﬂgm%S and
the P-t mewaemsemdembeﬂeassa Ralfto & ﬂ@rd%)fﬁ&s n e ABinGAPrdtalfiE @R | I O
Figure 3, Bmmiritytconntzatdbs: araﬂ@?écmti’mpagladnanehrpstcplmawl\t ﬂle'vbtat&r‘ﬁﬂ@trogaﬂrsutles
[err]l.1 evctfsertervée@anﬁesr errper ature. The changes of this difference with

t enper at ur E[ ag IS'JETE;:]@P ining ﬂ‘f’ ‘991 e‘éP"Gs@Bd'wﬁ “Z’EI\S ftb? FGF'F'UPH G@n-fémi o
400 K (hﬁl’ m I |V|'Jzy pe hﬂ\cﬁ\g ac n &Eﬁﬁ ct? I‘;gat n tlng
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rat es of Ck&lﬂgﬁdwwrhod\ﬁaﬁﬁﬁanhrulh&ﬂe of mdtérialstbd fn@&hﬁudianﬁéﬂl §e%ﬂ®nhﬁd%r3&bstaﬂ e (R
I-GFET and efampleosilisan)dutirasipg difereatpendustivity. typbs. a di ode as stated previously.

30 Wen the gﬂrqff ureeﬁ%?rtq §0depicts cor[ceptr:g"v@resn e!rstruqtnrres mtrerwspreeveFETs

di ffereﬁée “Wﬂﬁo'se‘ffﬂa}?te i ma .Y "t'f‘"t'ﬂ@ Q) (fB 1;
eV, and thg Bkof Whde dse Y §|U'§ % O?E%a I?d
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dre about sen[rmhdr]ctor@halltbleghndthea‘/gaémesatw@n 60) eHedertIeaH nggteduced
to at | &&sehapnehdliOS ttapsistorswhild thefrighthalf ehowfs Pt fiengN T gate u-rcharmelrM(Detratsisarsned 50
Preferably, tITEe diffeyencapefithreshold yaitases arenodheMASRETs. (@) Qsband{Dgtrd@,) indimurenpst
pr ef er abl y, t%éya'%ﬁsés wndn thg fallpwise B ¥ehsi ti es or degenerate densities. One
met hod of obtai-ning:the vol. tage correspondr ng to the difference of the -
Ferm levels - |err], [err] is.to utilize the drfference of the threshold

vol tages Vth of two MOSFETs wi th channel s. of the. 40 .sanme conductivity type
whi ch have ‘sem conductor gate electrodes that are fornmed on gate insulating
40 filnms formed under substantially the same conditions on different .
surface areas of an identical seniconductor body and ‘that are nade of -

materi al s being of an .identical seni conduct or substance (for exanple,
silicon) but having different conductivity types. Each of Figures 59 and 60
depi cts conceptually the sectional structures of the respective FETs 45
formed within a conplenmentary MOS integrated circuit (CMOSIC). For the sake
of brevity, the MOS 45 transi stor whose gate el ectrode is made of a '
[err] type sem conductor shaII be caI I ed the [err] gate MOS™ the MXS ..

o o o, o o, o o " - o o o .



M\ channel NDS'tr,an.sistors', while the right half shows [err], i and [err]
(.4atle N-channel MOS transistors. 50 The differences of threshold voltages

wong the MOSFETs, [err] and [err] in Figure 60, take values as shown in
foIIovvrngtabIe 8 '~ GB 2 081 014 B 8.
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0.55°  -1.-Q - 1|o0. err| O o - 1 -
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with rieeeideve tbe ehasoesirarrslqd ?":? 2B begg 3 orey even when -30 the

shifting Bfursdizs(ams R3(@llugtrateaw the PP gste ¥QScand the "éﬁg %?rsrcm&r'r% ‘Ptfyon

(| €88 \he asedf the cepiventional nserﬁpfpetpwg!)pm%effer?aﬁwe%g%‘ Plecti ve channel | engt hs
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| engt h@cnobn whish b dheral geidasion/fig: bﬁ?ds grown (o) %gﬁt g | ve
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35 In ﬁ;zggrfoanaﬂbabt 1|,sntzm)pm mdamoylpétmfllme@rrﬁsmﬁ"e ng a

r esi st gateé ¢fithed¥OS trpmsistdr St@“@e WF“’UW "C %te ]‘%%:{;hl}?._ VbE, or .%ﬁE%ﬁi 0

gr o#h 1.50Q *‘r'nk@(fﬁew %ffg}:}aé P&?’l emoved) w,ﬂamear a of

the fifafic ﬁ'ﬂ[)ﬁ‘ ®) g sron |s provi t he phot oet chi ng
--technr@]iﬁ‘ea ?ﬁgﬁ W Qrsaresrve as a E’ type inpurity, is ion- |rrpl anted in a -

quantity of approximately [err] to [err] at 40 energy of 50 keV to 200 keV,
. and is thermally diffused for about 8 to 20 hours, to forma [err] well
. region 40 103 which serves as a substate-of an N-channel MOS transistor.
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gate part G of the MX transistor |eft behind. 9 ‘
GB 2081 014 B 9 1In Figure 73(c), a mask oxide film 107 is fornmed by
vapour growth, and its regions under which a P-type. inpurity is to be 5
di ffuseds are renoved. by the photo-etching techni que:” Subsequgstd yg1 lALos,
being the P-Type Tnpurity, 1S difrused at a m gn aensrty or aoour 020" TO

1021 cm 3 to fqrEﬂ ures7 %%arlggudoeq 19 odr a dl’ our rog/th lts g'er hrch
P-channel BS,igis 2 rrulet.aﬁ’ HRT S el o &"%‘Léﬁf bdfEn o
P-type seni g Q(lpe rmpurlty is diffused at a high density of about 1020 to 102! cm‘a to form a source

In Figure 734 1083ndl adrain @edicn 161G @F thg P-chariie ostfardetd‘rartcmrﬂ,tﬂamoasrfzarfamh @(e
vapour gr &A@hctrqmlndfa B-gype egmioonduaterder whi ch an N- urity is to be 5
di f fused are rehtﬁtﬂé@ )tahé‘t @t%@t"@ﬁl ?’@t?[ﬂﬂ' 'SfUHﬁ bV PRy grewithyand itsej ng

(he v ype ML Egt bm%’ﬁ%“ ém 3 g e 0?.355“‘%6’ e

transi st oo & ltlnnseoﬁél |é(:tr &b faﬁmt?pe @o ubtet. FO type

sem conduct or. in Figure 73(e) the oxide film 109s tefhokréd) At exrcYe?:(he)111 T/thh Bapstexirhaten4,000 Al s

renmoved. An tof0geAfhi¢kis formedbywimouhgrowthagndiits regiva cerrespehnd® @o oh elestredeJe@ling-out

thick is forpﬁéu; h%g mfaféhrth 'ngreqtchmrtephnme easeafiar. 8 etk {gmigs evgperpted, and
e

el ectrode éﬁﬁ[ 8Tt hfe reasﬁl n substé g%an "ﬁfgnaxg f%q eln t eC mmthrck by 156

Thereafter, g, imniu ah'eect

i nt erconnect | onTrreQﬁrtasrrara vbitabd of the MOSTRAsiSY myﬂb%%%ﬁmdﬂ&oﬁﬁﬂhgbﬁyaect%ﬁe

I n Fi gure 734l he debdided @Rhilefetdhice HlUFRmits Blabtol Bid)CRNEELINAkk dabd of tigd P @utetMOS, ithem -
‘being 1 [er rehergpbshd [disgrain of Rigok 5{z) shodvs thatithe énlloging equatiorTelidst hr eshol d vol t age
‘of.the MOS transistor enpl %/l ng the sem.conductor for the gate el ectrode
will be described with refefetce #pp i emsfa@v[,e B(#]), First, in the

case of the [err] gate M35, the i di agram of |gure 5(a) shows
that the foll ow ng equatlon hol ds; %”' -
[ ERR] 20 20 where [err] is 29

the potential difference between a $enico &uct or substrate and a gate

‘el ectrode ([err] seniconduct o'r*)‘”“k S th8 % ectron affinity; 7%5 [err]
|S the energy gap k\ se0secsencencs

25 [err] is the surface potential #gf an. N-type sem conduct or ‘substrate,
[err] is themnkerm potential of a P-type sem conductor With reference to
the Ferm . pot enisthe péteatial différerica béteregrenseaiuaddieton sybsfrae pild & gute dieetrbdr (AT

pot enrt i al o?emih@dN-‘tQ']/pe sem conductor substrate with reference to the Ferm
30 poten%’ al othsH qlagtron #8RIEY. seni conduct or, 28

30 q is fRe uni FEYGeR el %frg el h oohdie ohgubg{pgtgntlal di fference
applied to an I%‘lv'é I Pl r:fp t%ﬁtr ofaa-m][tgf Hirieahde .tﬁtre%?arémth@rhrh%@tnharoran s’
‘the top. of aumelceaﬁaecm err] -is. the Ferm- level .
intrinsic sem ogmdbeFami potentlal of the N-type semlconductor substrat@®ith nfeﬁqmatorthnfetrﬁ) thgo -

wor k fun@Pi opteutfal efitke i IU%C@I"EEWW is denoted as [err] and the work .

’ n

‘}ﬁgfg[g[‘ec’f the] SELTOS ?ﬁ’ﬁenc?a;?sn.&]toaaﬂtr?éuugt%“m ed as [err]. Then, [ERR] 40
40 Fromthe relgﬁﬁ:ﬁf:ttﬁfmacﬂgacomuct'onbﬁ" I gure: 5(b) [ERR] vvhere 45 -_1 [err]
is the cagaci tamrsehecn‘ent.tmeudmwhramrcsprarconuambr area, 35
45 [err] ar GTEduetnﬁ'rl('iOetl:ie ohaifgretion of thelyatel alestrbdetindenoted ag fl,p+ and the work function of the
GB 2 081 Oléefﬂiconductof'Sim"f[flefldP']OtQﬁraé%uﬁée'!| xed charges due to ionization of
impurities in the sem conductor substrate,.[err] are carriers formed 'as a
‘channel . From (10) and (1 1). [ ERR] 46;3 T e+gate voltage [err] at (ghe

ti me when the channel Qs fornmed is the ]frnrqe Rol d vol tage. Therefore, 5
letting [err] denote the threshold voItageEof the [err] gate I\/DS [ ERR]

¢sr—X+__¢F {9,
_ 20
40 Therefore, : SRR = “ s .40
' \Z —_V +¢MP ¢s|“¢sn o . (10)
From the relation of charges in Figure 5(b); S -
_cox v°+ass+o #0,=0 . . - an .
. where : Lo e o L

45 Cox is the capacitance of the insulatorperunit area, D S

Qg are the fixed charges in the insulator,



his time, [err] Sinilarly, inthe [err] gate MOS transistor, only the
k function [err] of the gate el ectrode differs, 10 as shown in the '
| owi ng equation: 10

| E]ﬂ?] Hence,. the threshol d voltage [err] of the [err] @t2e0m1hsegr veg by

t he—equar T o {ERR- Where— {erri— 15 oS —the—drferemce—tert—of—t hey
t hreshol d. volta s of the err] gate MOS and the [err] gate 15 MS is

gi ven by & ﬁ@t% j{ i E?qug“%ﬂﬂ%ﬂ'“f'ﬁs?'ﬁ'émlﬂ‘ftP'e‘i“Eﬂ@éa of the Fermi
pot ent i al'8#§f? o8 %@ﬁ‘f S '(':'te rs making up the gate electrodes. Thi's can be
seen HommMoeRpari.son of Figures 5(a) -and 5(c) -since the gate voltage at the
20 ‘ti me when the same charge proflle i s established is equal -to-the

di fference. of the vvork f-Gsbdt-Vmpoﬂ*srt-MeH%w%ageﬂel ectrodes ard#Rlt he

dif Wi | h ad
| fger engg ﬁe;e E,‘trf‘zg fﬁ‘%li‘% Wikl s BRENS: HEGELAO el TR RS

by ta]grttp,g bPH g4 g 4asS an & Sane appli es
he casé& t he N-channe ransr stor Fromthe above ‘description, it

|s cI ear that a-vol tage substanti aIIy equ;gL todhe energy gap. [err] can 25
be deri ved from'the" dwh,t*ewam,m—gtsh@s,t-hreehel-d—vel tages of thg)[err] gate
MOS and the [err] gate MOS. 25 Al ternatiGsel y,Cdhe vol tage of - the ener gy
gap [err] .can. be derived. fromthe difference of the threshold voltage of a
I\/DS V\m)@bt &nﬁ?éctrode is made of ‘an intrinsic sem conductor ﬁherel naft er
r e §ig "%5% 'Foﬂ"é %ﬁé\& TRDS"?"QH'M"'I"H@"WP‘E@M#E of e gag elettode filerser 44
°B’Pt'h ']'9§ OR1s. Letting [err].denote the threshol d vol tage
of the i gate MOS, since the Ferm Ilevel of -tthe intrinsic.30 sen conduct or

is 0 (zero) (as the Ferm Iev%,,*eéx-rt-h&ﬁﬂrrtrr nsi c sem conductor(14s nade the
reference), the . 30 difference of t3% threshold voltages of the i gate MOS

e | Riverot BT e o BT Bt MR BRI e T S5 v by

~the: equation: [ERR] It is clear that th dlff ences provide a vol tage of

hal-f of the energy gap Ey, Fhg v IR wilch_i® obtaifgd owing to the

d| ffer ence of the t hreshol ¥ vﬁﬁ"t%é?gof ¢Re iCgate Né)S and the [err] gate
IVDS is very useful in that 1t is approximately 0.55 V and

S u h ta a e TE dlf@wnéﬁi,,erem,e ofhb thPghRols Gslfages,of Bt * sl DS dndiefergatce e t age

sour cmosfisd‘hvegrbypreequaioon is easily obtained, not 40 only by the .

manuf act uri ng process of- the CMS: i nt egr.at gl cijrcuit, -but: als y the

manuf acturing 40 processvof é’rhn@f"‘e anrrérv‘ltﬁse i nt egrat ed. cir E it. because

t he. dRRicRE eflal RAhE difbeeifde oPME Ferth t&erararsbrmugant.yonaeaorbaagag il #idgatst in one

St ep. electrodids. This can be seen from comparison of Figures 5(a) and 5(c) since the gate voltage at the
GB28 f8d whdnithBsame charge piofifeiiguastablish6d (sayluahmdhﬁdiﬁéléncb of tF¢ gurke@cﬂﬂ(saj thand2®@2( b)
depi cnatpelamropeaa:ndrthﬁsdlféﬂmcseﬁm Eanal le‘@tsr uct ures al onﬁél ines A-A'in the plan

patterns W'B'F:‘t ecabpye &‘i’@t"’e’lch E'Eﬂ ?ém‘ hf"“& %E?“sﬁ'f?ﬂa?\?-"c hannel MOS

”ansf’g‘f’@"s desc b é@ . géiﬁstweﬁé bibi i {1 gures.
eeo?ﬂe érﬂ\&rv%ﬁa ' m%r 80 end
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sel ect i vé-IeV'"lr’fhrfdG £ eah’FﬁhP e't g
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regions i s o §f Fuse ectrode G-
adj oi ning the sourc S anq, dar. 5) %get f)%cgerr] gat and the [err]—
gate MOS. In, for Marrphﬂe?‘al el rl ‘bb’r'dn" |ch is the P-type
inpurity, is diffused. InacentraI part of the 10 gate el ectrode, a =
P- t ypé&ha diffarerice of the thiishdld, validadsef theigats MOS]and;the &l @8 MOSHie gisen B-the/pe | mpurity
is di PI49E¥H for the [err] gate MOS. Figures 67(a) and 67(b),. Figures 68(a)
and 68(b) and Figureg 69(a) ang b),. repr esent plan views -and secti onal

vi @8s of P-channel MPScky an&ing E gmf th@ I['e ( %at'e,"t"gat‘é 8hnd- [err3s
gate, 15 respectivel whi | & Fi hurtes '70(a) and 70(b), Figures 71 (a) and 71
- (b). and:oElagtuﬁt&Be&‘&e(ra)ceaﬂdvu?e?a(%)tage]&hﬁlﬁdmmf&atgybb;qinannel MXS transistors of
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A ,. butli esarre O inpurity
as that ottythe source and draln reglons i s diffused, 'shift to either the :
left or right side (source. 20 side or drain side) during manufacture

because an error ‘in the mask alignment, the columms of the:



source regions and the drain regions are-alternately arranged, and the ) "
colums are arranged so that the left half and the right half nay be put :,k}
into a line symetry with respect to the channel direction as a whole. ,
Thus, gqyen when the shifting of the mask alignment with respacdst @iahe 11
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orfect v ol el o R e e
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“anpl i f1 ethelpbiatibrial ansihler Is gHVideavith@h inputkiBétaBRésRomINig i theldfREAceolthdee
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the depleti dn pe by subj ecting the channel ‘portions of both the 5 I\/DSFETS
to the ig q i npl antati on under the sane %@p¥niions.

5 Figure 15 shows ‘a-device which caNearprtrarily set’ a reference vdF’?’age bBP
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wit it he ceft 17the referen t he difference.
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t o- be-detected [err] by voltage di vi dey_, 48-d%ans [err] and [err] I S (33)
applred to the other input. Letting r crenote t he - voltage division ratio,
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circuit has a negdi vetg#a nb 18 he conduct ant® *of**th ?ran5| stor [err] is
made greater than the conduct e 0 the transr stor QlL,‘conver ser to the
above, and hence t uareI gﬂe ...... gfﬁ I rrproved ;
45 In the bal anced s?ate he fol1 ng. V_La.u.ons ‘h d bet ween” the current
[err] of the' constVgpt~ &ggr'eﬁtth oulge,) add the ¢ gvol tages [err] and
[err], mitual conductances [err] an%&[err] arfd - é‘ne 4ages [err] -and
[err] of the respective transistors [err] and. [err](37[ERR] -21 3
GB 2 081 014 B 21 In Equation (37); when and whe :
[ERR] 5 Therefore, the tenperature gradient of the second term of Equat i on
(37) can becone éither positive or 5 negati ve.




bei ng anot her enbodi nent whi ch can reduce the tenperature dependence on the:.
basi s of the concept described above. 10 In Figure 24, MOS FETs [err]. @
and [ergq]. whose threshold voltages Vth are unequal:- owi ng tGB 2he81 004 B 21
difference oftne Ferm Tevels ol gate electrodes are operated as source
foll owers. The pbalance state. corresponds to the tinme when the differential
Jinput volt “?}P"é%'o‘ﬂ'_ ®dge corpatator circuit or operational anplifier :
circuit [err] is zero. In the bal anced statie, the follow ng relations hold
between the threshold vol tages [errA,>gne-terkP, nmutual conductances, [err]
“and [err] gate voltages [err] and [err]B: surce 15 vdltages 'V, and V2 and
drain currents [err] and [err] of the respective MOS FETs [err] and [err]:

1 5 [ERR] BRWR®™ [ERR] (42) Thus, assuming that [err], the tenperature
dependency of [err] can be nade zero by 1appropriately setting [err] and
[err] to conformwith the tenperatuh&Bgdeperdefce of | and the tenperature

25 dependence of [err] sinmilarly: to theBcade of the differential circuit.

25 Furth in thi | . the, Cj j i e
Za) u.l‘becgir e!r% F\Ilﬂ? teﬁrﬁggg eg ?rg(],;mné oﬁtﬁg {3,9%8&8 them &%ﬁ%ﬁlggs éﬁtbeio%{er cithérPUsHiJe@r 5

a v en the cdrren and 12 are set at
unequal val U%SFighﬁ'JlQ4taﬁH§§EWpﬁliﬂaﬁ&ﬂﬂdﬁﬁ@v@_tﬁgéd&ﬁ)pdiafofﬁaéfnmdaaom}r can be
simlarly omeedih6eitavhicB@an reduce tie tgnipezatde dejendancea on therbail afthetconseptdescribed
const ant - cabevent circuit. \Wien the conductances of FETs 30 [err] and
[err] are® madeinFigure,24aMOS FETsQ, afid Gywhrnge thresbeld voltabes VizETe ineavdl owing tdyde nude 10
| relative dgfrtgr:acq:quhe\eﬁqgirni|lewl|sr§i“aad _IQcFrﬁl, %rf qqms:dg;‘f%geéc W;r'érTr ,..b-a',gﬂ:ce state
I s ey A S LA R ik T
changi ng ”?Ige e jisw a ,,‘?:uﬁ&“ dhidtarick¥, ,eal?\b ¢ lghte Yottages 7y , and Vg, sotrEé!l €
27 shows DU BNV arkdicrdin bS8 HAE 1 hameecamgérm@,endoyut baSed on 15
the 35 differential Circuit of Figuré 22. Transistors [err] and [err]
enclosed with dotted lines in Figure 27 forma gonstant-current circuit
simlar to that in Figurel2e 5whj @ rafgjst ¥~ [err] and [err] forma
differential circuit simlar to that in Figure-22. The transistor [err] is
a [err]-gate N-channel MOp gl Svas - upd, £hgdtransi storagp [err] is an
[err]-gate N-channel MOS t% an i_s#or_.85 &CL h% _ (38

40 Arrow synbol s of gatesyrepgesent the [err]-gate and.tK@9jerr]-gate

di scriminatingly. 22 1 2 : .
GB 081 014°B - 2Pemse MOS transistors [err] and [err] have.their *
t hreshol d vol tages shifted by equal va’I{/g.B_.b;L nmeans of ion inplantation or-

Figures 24 and 25 show application circui ts of vol tage conparators each @

a siml ajq Process, and t hg MOSstransi st ”1[/9{” is a..depl@f)on MOS 20

transi stor. An output basef. on ans'sfog_r_sg_l_e_[r] and [err] is negatively

fed back to the gate of the tr@ansigsor, 6z /Aor an outut waptage, the

of f set voltage of the traP@? st%"r"’é fe?r] arfd ferr] can be used as a

reference 5 voltage. Letting [err enot e, t he out 70! 1 O A0yl letting in

Equati on (37) Vo1 "5% thh t '*ﬂ?cag Cer "P'(SJ ¥hé& difference

between the threshold voltages of the P+-gate N channel I\@g?lo transi stor
ubs

“and the [err]-gate N-channel MOS transistor and becOh¥ s antially equal

to the band gaphus, abblinMfd thad &1 2fl, te tdmeratht@iefendinel of9] L RGEcdn® injadé Zerd BF Med

by addi ng tdpprophutélessittings, wral A, &g@niokm Witk tieaeroplatie dapandericéief | baditie tenperature .
vol t age. 28 atepéndgnceloblVgnit\ual siritarid teahesaseofdhe diffesentiakairsyit t or ierr] be [err], 25
_and supposi ng Fuitheringhip expgplef the ircuitassyming ptdt o Papgtiond+3) Becomset ant i al | y
equal to the 'threshold voltagg, [wrh} [ER ddjtsi on, [ ERR] wheggy 20
[err] and [err] denote the nut te}lél' \E"bn\hﬂct&'&nces_ %’g}d L}??Iit ar ea. of _t_he@?l)-lvos
and P- MOS tThamfore bhsvhen e curesmpa carid\ cdry set Miamequal tahues, shet tpmperatotetdagemdense gf ven
by the equathp difersycet{Va—¥elcanibe gin ace zero.

Di fferen i ngigp_f 28sheyrs a(‘fwel)rbo%"[ie?m FRnstanfseHsy %rﬂpt When {h%@mdzugtances of FETs 30
25 [ ERR] aaz and Q, gre made 1:n,a curren gllgwmg througtha%w 5 can be rhade n. | relative to a current |
flowing through FETs Q, and Q,. ' : -
. Accordingly, 1, and 1, in Equation {(43) can be readily achieved by changing the ratio n in the
- above constant-current circuit. _ S e
35 Figure 27 shows an embodiment of a reférence voltage generating circuit based on the . 35
differential circuit of Figure 22, o I .
Transistors Q,, Q,, Q, and Qg  enclosed with dotted lines in Figure 27 form a constant-current
circuit similar to that in Figure 26, while transistors Q,, Q;, Q;, Q, and Q, form a differential circuit
. similar to that in Figure 22. The transistor Q, is a P*-gate N-channel MOS transistor, and the transistor
40 Q,is an N*-gate N-channel MOS transistor. 40
Arrow symbols of gates represent the N*-gate and the P*-gate discriminatingly.



014 B 23 [err] and [err] can be set so that the condition [ERR]

C e achieved. Figure 28 shows an enbodi ment of a reference voltage
ge&gerating circuit-which i's based on the 5 constructi G8 pfoshi gus @ 24.22A
CITTUT WTNT dotted TTNes I1n Frgure 28 Torns tne conparator crrcurt jerrjs

5 shown iI'l'?e I\ﬁ? Hrl%is%oélré QTrn%QEJ!lS\} Slrthr 'hegﬁla%n%i&e%rbr]e t?a?pa?i}ei'ku;[ng nasof
GO b b kg bocest f{ g g ég; 59&%3&@@%@5@%& 1871 and
[err]" CaRn Butbt bRsodBR HandHIGHS BRbndY, idFblsh Vel FibabIcth kiSgatd of iHAGraR @SRS! ances of
t-he tropfBoPUR VGtabE ttiid oftetdoltade lof the tridskta$10, dnd 0 tarvi ubed dslhadefe@ictuct ance of
t heg tvobagei [stting Vdenotd)the outputivnitdgaiasd leitiagin Eguative (3Mansi stors [err] and [®rr]
are an [err]-gate chanpel ¢ MOS g.ransi stor ang a 1P [grr]-gate N channel
MOS transistor r esgl_ve@ti \r}‘g’l'y‘.’GZAs (?'naﬁ’rlevivgb%'la'eg%l ]e@,hp'{t'a’he out put "vol t age
[err] is negat; wei yadced b-apk7,t ehdnie gate of the transistor B so as to
construct the voltage follower, .the earth potential is applied to the
‘transistor [err]. Theatenpgraiur g dependepcelof. the gufpug.yol tage can be
made zero by ‘making ¥ he 98 confRtafce o JEhe ?{a—nsl stors [err].and [err]
or the conductances of ‘the transistors ['_e'rr”]a.jan' ._-zer'g ‘unequal i n 15 '
accor o shigaesaiMuh - Y ritheliffarenss begweensthy threshold yoltageast Hiefo-o8ts Yiehapeal MOSe s ir es.
el R UOS ek el bscorie Spgiaryal. et aPandgae i o

- voltage of 1.1; ou IE tage V. is orme:ﬁiya_ |$€F-e' 'rﬁ?' :if f second term:
are ef ba'gg{&, ohdae T ET Phee 2UrTent’ to Y1'OW thr oug e transistor. [err]
i S [erT] | A6k £ Autdalnbdtidnde SHthd PsiSRNA LR FHE BupBbsirigfe dreiNGitayb of the [ €1 I
and [ dnkiktor @, td be Bubstakitidli@ eguaktonied theasiadid doitegenqnduct ances ' of the“trahsistors -
[err] and [err] is 1:n Thf ~th 2(3<out Ut~ yoltage [err] becones: =
20 [ERR| By ad] usting’ fee” $aten oF ot Yomd™Venphe tenper at ure . dependence of
t hd%out put” vol t age - [ er r].canlbeynadey supbpantial |y zero. As -a: circuitis
arrangenent which generates & rePRrer®® vol tage and, whigclaspn make zero or
i nprove the tenperature dependency of the reference voltage, the circuit
~arrangenent” é’h?r)%hmﬂs in Figure 25 may be used or circuit arrangements
descri bed previousl y."'ﬁii-s ag'k,r(wi.ll is operated with the 25 sources of
“transistors [err] and [érr] "earthed.. Figuré 29 shows an enbodi nent of a
circuit having a constgnt.gurgmny whi ¢ L daisgy i ned by the difference of
the threshold voltag-e'-se'yéf %N%E@E}r% [ef”% Zﬂa‘-“[’e?é“]. The  MOS FETs [err] and
[err]whawe- -equal mutual conductances [err]; and their threshold voltages ~
hage 30 gl and,,denotp tiermltia corjductaiceepas ynit arenehteali YOSt and P-YQR trersisiqik - 20
di f f ereenectivelyelignse ihe qutputuqiizpe S@iyen Ry the eqyatied ' 30 el ectrodes. If a |
resistance [ eny] tﬂes:;?gg{g,pi ently highf~WwrTen -conpared with the inpedance o
[err], the drain voltage (= gate voltg) [ erg ‘err] becones '
substantial ly equal Y o=[whrt. -W@IB-E-‘E% B | n.._t’h@/_lé turation region, the

current 12 flowing through T2 is:" R 35 ~ Shown in Figure 30 is an
enbodi ment of a constant-gutrent grycuit enploying a reference voltage 35
gener ati ng device RVG \/\hi,/gﬂﬂc?e'n'édgfgs a reference voltage [err] determ ned
by the difference voltages ke—tfreshol d vol t ages of MOS FETs

correspondi'ng to the dif dF8nge- tfé'(’mben the Ferm levels of the gate
el ectrodes -and .an, or di n; opefat iopal. agpliJfiex YC. In,thed,. . - :
const ant - cur.r-ént " Ci r:cu?‘ta[,r(x'an vol tt eaﬁdmo'b%m)r-ﬁaggmEmwt?hphfgc]ur rent .| .
flowi ng through a MOS FET T22'is conpared ‘wi t-h a 40 reference voltage VREF,:
and the gate voltage of ferr] is-controlled so that" b%amay be equal at
all times. -~ 40 From[ERR] =~ .~ teeteees Teeeet ' : '
(5Q S . X renc tage nmay be obtained by providing,kthe' -
opé%atb?-fg;r?gtailggrgﬁ%f'?%r.?%qém&‘fh?%@gﬁlagﬁ‘:f set :and earthing .t_he-.---non-'-i'irn\/erg?" ng .
input (+). of the operational anplifier:VC'as in tife pr.evious -45-exanple in
Fi gures. 13 ‘and” 14. “Figur® %l shows _'n‘;enboq,i'r're' t ‘pffoa constantiturrent’
circuit wherein the ''so"Gatl ed” CBET gﬁmﬁi TrenpCi TEB L | 1 which NOS
transistors [err].and. - hg he sape—eharacteristics. Figure 32 shows
- an exanpl e of ‘an appl j egyon j WAy ch=~ 3 (FBdgr ence vol t age . VREFE. whi.ch is 50
detierm ned by ‘the-differente vVoiage of-The Threshol-d voltages of MOS: FETs
corresponding to the 50 . GBJAwAd} 0d/4)3 24 di fference ofthevFerm o
| evel s of the, gate el ectgodes of :tthe MIXS FETs iys, used fop astéabilized power =
suppl y .citcuit. AT efergnce ¥ Nee’§¥meYaip? ng 206¥ncBaiVE i s. constructed by
any, of the above-stated several methods. A.divided voltage of.a stabilized
out put due to volitage di-vider means -[err] -and [err]. and e )é_f_,er.,enCe vol tage
are conpared, and the gate voltage of a controlling MXSF [err] is
controlled so as :




5 to bring theminto agreenment, to stabilize the“output voltage [err]. Any d
operational anplifier may be 5 used provided that its characteristics arel /p
suitable. In an enbodi ment shown in Figure 33, the MOS transistor used for '
[err] izg the exanple of Figure 32 is replaced with: a. bipolas-2o8msost 8 23
[ ekw] . TTAE enbodi nent .shown 1N _Flgure 34 USES LNe Operatitonal anpliiier VvC
as shown i le 10 of Fiqures.13 and 14, which has the_ offset

“vol tage ba@@@ nga‘i"ﬁeesftsﬁé%at\%glcfn g';t'eonof ‘the threshol d 10 vol tages Vit h

of MOSFETs and whose non-inverting input 3Ya+) is earthed. [err] may be a MOS
transistor, a bipolar transistor or a ]u1'rctr—‘=§n fi.el d-ef f ect transistor.

Fi gure 35(a) shows a vol tage regul at.or wiich-is a further . |rrprovement on -

t he st abi | .inkgde pevewed. supply circuits illustrated in Figures 32, 33 and 34

and Fi gure 35(Higure 28 showh an erocdlimesit pf@ referaagecnitase gerrveat-nscftceftrv& b isibe EW

15 The ci% @enstruew'ﬂ L - Ajctioyit vjthneeysd sl"sF'%'E?r?satfP’t',Tl,st“eeo"°H§’ 318 ¢ )

vol tage reGURBIE R 0 Uh! heLd oMby SRS gl o) t&%ﬁg@%m&amn .
that t hei npyt, 2L 6ChRIg %era‘rs% HeTmaab uAlAGSI B akiAd the Fatos Stk co LdaGf dhe VOl tage
compar at or t@ﬁﬁst%mmtfume%ht& RfePtHe chbiublantalobtheftradsistanQ,i nverting i nput .

(+) and ®n i nviattis éigmplemettraﬁs@torsﬁgum Qgadné an NiegdralehanaMOSrasiswogs! anot 10
bal ance wh@-getedi-shahneh YOS tansister regpegtively.non- 20 |nvert| n |nput -) -and t-he
inverting inp u‘bs'ép v'arSeex g5, the Qu aﬁﬁ'tﬂel’{ fs negay gﬁ‘)‘*% gpsistor

t
i o fr[ttv:rrém s b
i nverting 'cgrp&fr tahces of t Hehbnd %P&bo@{hglimnstrg&ﬁs bl4dia, ﬁ‘éﬁﬁlﬂ%\ of1g

the non- i nyetdrdafes withtdua oﬁ5r425rrad’(4ts sruyr&uﬁbrhhelothmya méashreBlave’ an | offset W th
respect 't o t hesdppbsenfocexpmpie that Nelciduetances bijthe fransiatorsd)) wed10 aveedualad Bithay ehe
regul at or whesnetd flogs thropght the ranisistpe Qf ie iy gnditkat Hiegitio of the cmﬂup@tﬁceiﬁf thetrargigters
[err] deperfignd@dnia. W'@'Pé‘?eeﬁ%@ffh?l@%fb'éta[‘@ﬁP]tth?fEfsﬁ’ffe%Izaf‘f‘SmstWeTF%f Heence
vel t age Zéenewamttambge’"&ﬁd the difference of [err] is made |arge,: V\herea?so
in the case .where the input vol ta; Jgrr 1s low, [err] depends solely upon

+) 4+
0

‘on the

[err] and the. drfferenc.e,?? S rrade(s I L./ayhe clrapgi ng point P
bet ween both the caseés NBét- o1 T/ . Of [err] ‘W th respect to the input
vol t age [ emByhdj($ting tHe viloes ot at & nt thetempeRtilre aqaerr@hcterwméahipagert@‘e \Q cérftglthiie O

| oad L) .. .3Bubstantiallyzerbfe acbtuiteyengesput WhicT geoentss a tefdrede voltagdarel wikch,caminele the
i nput vaol t defeof 'erprq'e thg t¢1p vre9mndqnn\eofﬂmetemwolta%9ethaﬁ'rqq t anyasiger

shawry
the,\:_;oa&’l? iIrsFiguse, I fﬁgﬁf@%@dﬁg@dﬂ’é@ Wi hig Firqul syt "“L"HHH’ 25
t he T ovest ot g b ‘ﬁ{‘& #aﬁ'tl%lﬁ h‘f@éet:&ﬂ r1,
O 3 a r C
R e L
oper at i on. WhETheMES FETE T  and 7, rtaeseqt[aerhﬁtlnaucSndumcet;b&nhﬂ&dtﬂxeshsrd@awgéatalved by
t he out (86t veloésti\agendWj,cifferent fsort sdch othieadueyto the ditlerence tieesen th Fermiddvelaggafeer r |30
or somewhatelegrodssrifia ree'stqrtqaﬁmrlqsuff gieotivrhighcwhencompared, wish ﬂeanpqdh@e loblvethe drain
operati ng \‘/6'[3195 q}‘%\"?‘ 99}V, pfife bpcgmes substaptiafipeaualiB M- . 35 ol tage [err]
supplied. Sinc¥ sdRithp SRtuRFHen ragjen. f’@r"f‘]'e'itbﬂf’\é‘tﬂﬂé']éﬂ‘gf‘az ig" vol t age suited to
the load L for the high inputvoltage [err];, this. voltage regul ator can o
provide the l.oad L with a.low- power d|t§§r1=pqvt|ho.rw Qnd a wde range ofigg)nput
vol tages [err].. This fieature will be descrid bed in-detail with reference to
t he graph of Fr gure 35(b) by conparison 40 with the prior-art voltage -
corrparr yva,mlfwe ISﬁ pepkqdine nt ofa constant—cUrrent clrcuit employmgaze@rer\qe yqr]'r@ge 35

figure, t h t'§9 s he Whi
(e o o aﬁf**‘mteé #ifgg el ??t &f%: &[" P
vol t age [eEi'?durt oulrﬁlebé%ed bt btﬁﬁ 8 FlowiRb tHroug

virtual 4Quretererce vblh:@e Vs endithe gate VdiRige bR R cbntrdae&aﬁha yrbeet. ayatlau utnbe 40
i Aput vol tage Frenr], w thout enpl oyi-ng the: vol tage: generator +© Curve

c indicates a reference voItage [ecr] lgdheNVaised from-any of - the ref erence
vol t age generating 45 device.in variousf rms -.Dependi ng" on the formof the
devi ce, the reference vol tage generqtr ng . & rcuit device . RVG uses A ')
parameters of .:seni conduct or devices %lch RS t he threshol d vol tage [err] of '
a MOSFET, the mutual cenductance [err], tRe forward vol tage [err]. ar. .
backwar d zenerinw éag %e[rererehc@fortagel?ﬁ&ij OBtainedby FroMidiid e 6pbratRA4l a@piifier W6 with

a bi pol 245 tn.affiet sidsarthii@ithe abeneertitdieput ¢£)ef tie opermitinblageiifiee VClas batxeneldous pon 45
.the 50 supgkampleinFiggees 13and 14. accordr ng to the voltage dependence of the :
par anet er &nerr igure 3 s"'é?!)’s 9'!‘!’%’"6%[% ‘E"tscﬂﬁ?ﬂta"‘f“éfv‘é‘ﬁ@h‘é ﬁPo‘fa!'%fb‘é'"fférr] i s

used as th %}f?%%\; owsan e)g@n =rofrgna rcat?gnaaoqflc ar ﬁ%qé% :or éngF Lvhl\é |sand

wher e. t i QERRA nm&a.#&arrc votagh of théliBhdl bt beBBAdIE0 the )

_previously stated, the output voltage V econes equa he reference
voltage [err] and agrees with the curve c. Since the reference vol t age
[err] does not become higher than the input voltage [err] t he 55 out put
voltage [err] becones Iomer than the |nput voltage [err] |n any range.. As a

I o, R



081 014 B . 25 Duetothe of f set voItage[err] of the-
ati onal anpllfler VC, a reference voltage [err] (curve d) which is

pd| er than the virtual reference voltage [err] and g8 ghodiagi4 gi m yAar
characteristic 1s errpl oyed as an actual reference v0|tage [errj —1ne val uess/

0 Lol B bl S e G Gt Sawer 3¢ L ©1 1]
o v .i‘§; s Eggﬁifatf i g e

e
virtu &ﬁ&@cﬁdlv o?E b|||z°ego dub O\FWt)fg m‘%ﬁskh aa
Oper aj teRigerie® vdHagSare c&nwé i thégate GAMAGS 6FdhohtRNing MUSFEDT, G4 Bd’éﬁ'a%t or VC
f or Bes bring thetnligto ugrbéroane, t6 sthbilinache Bepua aage VQHany mmtortal mrnpltﬁter thayte] . Si Bce
i nputua¢épt°a'ge<!‘,thﬁ1etsrc ars@efiswsﬁ %@He bal ance condition are only.[err]. In
case - the IQS gm%r'sqdﬁ%tﬁ 2o IR e pxamplReof Figltsut

voI ta %’g’ B ﬂarﬁée n‘al i er than ! hat threm\{ol txa e
res - ﬁag olta np ?{E ﬁeren vo?tsa e he ttitrleg =
OSFE’I%VéﬁH %ose n%n—ntvglltl g a 1 % ]a has
becompaﬂuahs.tta&bmnbm%m tagﬁs. terrr Accor tngly, e ln Texion
poi nt P . &gufecabid) stidws a@ultqyetreguntdrag&thumer mﬁm&dm(dnltm sttaﬂt)zed gowerl '], :
_ (cur veipple cirdujts vmmetdhleFlgutgnﬂZ 93 bnchdfeariddigute 35¢b)fis aytheractstisio dlabem qﬁtHeeX| on
poil thﬂagea"ﬁGP"?t?f | s .15 mad e substantlatl -equal ~t o the input .vol tar%

(curv er|t§1 nftﬁg: dﬁfpéwmm mlﬁgeregul r, jtdi
o e M R e T
vol t agge ;ﬂﬁ)t—f) tMNd”tageec%%%toﬁ-eon St tialiHP-hG wh GoRxi S Of
aboi maﬁr)gmﬁdaa-)faaamgmmgn npE (-Gmahﬁlalaveadﬁ%er'Ebt&ldnSes adse the cuege -
[ er r ] priadetertnined high inpiit viofteger(maie: dbsoluteivalhe) isepplisdroaitipibvertingdnputl-). Hedeedn t 0
[err]th'S|vn'tqme°@aa5et°tm§ﬂruwt lﬁ\eel éteatonwwattmampvt(frt@dtbmeemmvnma‘véheme offset '

S g :;zgtt’; A %@tﬁ e

is a vlemes&ﬂdeaolsmakﬁan‘l\t arwhmmﬂ&reﬁﬂn |a§ made smheme [:learnau g pélaen bl e when
[ er r ] betwemsh bottethe ceses is batetapdint: of/\é.l,=t=\b.géthveslpe¢tatsthamput \@kaue \Hﬂvlpednca‘t#u the appl i es
vvh B 'pwgstuonmtngwett@gagéa eevlﬁtP"PSd 'émall Th| s however - -does not reven the

oo e R T T e fy AR

Qﬁta lng ta%?erdpgl'dﬁorpm
ep eédn&aseawmelaﬁ tbut FOREdeAGHiEH ik BbstahQME 8Gual © tlsa. ;iutw{atgevl Br sollehase, curve
[ eBs | swdtiectharde bad dnbe 8 vbltage heap utepmhesvoﬂetaage gol{fage.v] of(trbebacdw fotthe inb&ngi N
p0| nt voltpga Ny ie buppliged Binep moommwalsagby 4 @reducegito a voltage suiteddd the logd biesthebl-e t o
oduligh ippi v ﬁgé?!tn tb'ﬁ V‘P\}?@e tgIptar cap pravidg ahe leadtyy W%Tsa 'wawgtﬁqs?a%"t"é‘f‘éﬂ 30

in h‘@"‘t ?ﬁ@} gght%‘t%?stﬁag 4 bl BeRRed B bl 30 BT |

th]4 volt ource ‘ear b t he
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