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respect to the source and Vt is the threshold voltage, of the I GFET. For a
MOSFET, the gain [err] may be approxinmated as [err] = (Z/L) [err] Cox,
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cape (WC) slow' conditions, as foll Condi tion Transi stors
Repi st or® Tenp Fast
15p6 Low 0 DggregesnstdMe ISl ®4.6 70.5 10.4 Slow

15p6 Hi gh 100 Degrees. C Thel m ni num and maxi num val ues, and the
tofal spread expressed aB+a BERA-GIR ed3ad vdlud of 1¢hk 65 three

pay amet efss, are sumred up.i nvBgye |.| 462.7EP7@187 964.81 TABLE | Maxi mum

m pimum and total spre of ratie, dc.gai ngof an op-anp under
woy st case fast and wor ggfcagééﬁvow clon Sﬁé{)nggg CUREQE%IT

RATE GBW SOURCE (v/ us)

) 104 The performance improvement is Mot notit@¥le in thost’ bt afeters wHich have thYBiongest

ead 15 depenflence0hBSrient)but in all cases tHdVGS/R solirte Results in a highe? finimum value @hd®dower
maxing8n RBalud3Pache @Gwjpht as to the relati@e ¢fforts dGtetperature and pfbcess variationsBeah de
gaine i epgtgﬁp varying these inputs while keeping the 1eference currentset at 100 pa. Theresujts
are sh%?ei;’ %gble . gg the §) Band gai:’ a'resfnore%giﬁlygﬁecteffy ggprocess var'TB(?ri:%%n
45 by temperatdre, while t%&&%@ lly effected. : :
6.6 48 RE GAI'N 25
: (dB) M n. VaBLEHH  Spread (%9 30 A Constant
70. 5 Total vatigtiops fin op-aBamgcf@Hpnce due to (1)GB100°C temperature variations, and3@) the

VBE/ R difference betwgené‘éast?’ and '7920\43' transistor pr&c&ss'g\g[yvith thm@ce current held at 1%)ga 9
Lo . . . A . .

69. 6 8.6 40 The perfornmance i nprovenent is nost noticeable in
those paraneters which have t AEIATIOEDUE TO VARIATION DUE TO
PARAMETER  -TEMPERATURE (%) PROCESSING (%)
55 Slew Rate 7.8 15.5
Gain 1.3 13.8
GBW 27.0 28.0

60

Among the other parameters of interest in op-amps and other linear circuits are power supply rejec_tion
ratio (PSRR), common mode rejection ratio (CMRR), and common mode range. Computer simulations
show that the inventive supply is slightly better than the others in both PSRR and CMRR. The common

65 mode range, however, is somewhat worse. This is due to exactly the self-compensating feature that

5



dependence on current, but in all cases the VGS/R source results in a
hi gher m ni nrum val ue and a | ower naxi mum val ue. Sone insight as to the
relative efforts of tenperature and process variations can be gai ned by
i ndependent |y varying these i ERuOs190PB8 Bdepi ng the reference current set
at 100 idprotds tHe1ethér@atahrefersatift stiaMesticoniinohddd8 rdnbe exXidd WhenliRe Gdngitorsakresiaid gai n
ar e noragd theicorent is highfle cthaduitgnt sduecepthare &3 cordestiab baweenttieaatwbSevey when the
temrf Wéasem?; 'q"mh'%gﬁt l%qggar:rl n;gpsrwaea;ém%teﬁ-cpmp%was seuEgei Ref i ons

” _(2)
t h di %ng% 3 s;? %ul e#et'gg‘sr srs‘:girac\;: 1 %q?p#osg tngtlrflg b%gg%% s SO(L%E’%Z r%
refer enceAiI:ofIthiﬁ:l'Ecud%Bh dmﬂ’esdtﬁdﬁ#’ th tiiboiviéiidls AskLifabd tﬂﬂﬁreﬁ@ue of the reference resHﬁRRATI O\I
DUE TO iPARAMNETYVR current sourceTiE viRetRAGEDRET the Bfnsistor process. This |simssu|@ror(% 55
Sl ewnl;-\)ére tors made in the usual manner, %own in FIGS. 6 and 7. In this technique, amepenin hed in'the

d oxide allows the resistor to oping (as by ion implantation) the segx}.co uctor in the
1.3 region thus defined. F r the resrig ?“MIG 6, the total resistance is: 6

28.0 60 Anmong the other parameters of 'interest I n op-anps and ot her |inear
circuits are povver supply rej ectrom rmtrwwr (PSRR), common node rej ect(ﬁ)on
ratio (‘@\/R f’l cormon node ran ur er. si mul attr ons show that th
el el S e rgrz“ e e e e e

exactly theotwwby mmamnsa’emﬂ@ |§sa&bMih€EIGSm5nd5 in thistlse, fid PolysBi6én (Bdly)ileverioves
t he ot hvesedi eadrn@thsrﬁsid OTldetositfmelt@sfeatcremﬁherMelmrea ie opegfghesmest exftical land

“trandf gg:ﬁfes ;;;g ? F@% se'f@sm 'corrqrtedfqh@elo yhs ealysilieas pvee s
there isgolof re&ﬂr"e o g "13}?&:7;'% éﬁfmﬁﬂ“ ol %Wif" Siave a
aS'SUfT'pttigBIBr ig |t ariell kHaf I8h eﬂe‘fm he fidld dx¥delIQt uPSss atdfe actual goly Iﬁ\etsTie

- ccliffeerfean thegosdnal size. by lao ambire DOpA posftive DE chelravader iphily aind @ slawérsprodassa
wor sés d?%"éwﬁﬂsmﬁf's BORWIPoky Bnd &P proges de shown inFiQ 1 the restster wisith is W5—Ble 8¢ gned
to grv % particularly | arge common node range, and the | oss woul d be
proportionally less on op- anps Wil (a/Qef) Z/ L ratios on the inputg
transistors. Al of the discussion and results up to this point has assuned
t hat 3¢ he #$apsitive BE (slawcprocedskrauses the regisiosto increRe, 4nd theinegatiyp i ifastpepcesghopesas it sour ce

e e :
o) o e MBS j%rr{ﬁfe brg E@ﬁa.s%ﬁgﬁ g
i d

t echni Gependan ooraeemr mhereehe Jaﬁsés f ox thrGUYSN OB hat e sanor to
be f er relighed gatel elpétrage r(nalsndwe gmeirarqdr\amtabr met)l slhbiee) mme omahﬁafmthe lrusmh-e

I’ egl on W;gf&%q %@ng?or three di ?esnt I'Seglgtll;l’ vr?rcr!]ths is shown in F% 1 F%v}ah% r@ﬁ%tg s‘% Iﬁ zt ? Ege

| transistor M4§ in FIG, 3 and ditions. Th
heet. Aot rapiegr B Bova A7 I tha irrerd i hebriv o uhBHta! boyeimb 8EGT h and

wi dt by ahd & icrons due@mc@las cotfpensetidn BaEMWAINGhe rénrserasmbtaﬁscﬁuged awes. (e.g., a

gl ass), i '§het "@hew beqﬂ impplementeaddn 7 tgri¢at 3. HmicropiTwin-Tub ﬁMQ(StPrqnﬁaQM\/s t hen
et Ched rf?%se mma 1C| Iﬂ'tébwgéEFqle ?l:heyér&e%gpérfgzteo ge\:SQB%dqﬂﬂeq‘zl % 8
and 9. o%rﬂfarér» i Nlorel g Je%%? olriolioh bR et he

fie g G&tﬂ@lot cph. afcb aarewrfﬁremeaﬁm A tfe MGdsMrell bUMRNIF 707 b Sndhédesih nt e
nost crvekue 06100 aua tor 2 r\mildal pmmﬂsrcal watal with raamaasnee@l.r#rotm em%g:aem calenidted n

se alf 4G 13 lval em e T fey
e o R R e ?fé S e e

Eberm Efromh S25°C5L iOls 1 9@- ﬁoth t eOharlotd! #ndl \ﬁi@@%w fadl hnitapt OF
defi nederbperithevhrayi&isdfhﬂtr ca}ﬁa‘nt nes the gate el ectrode can have a tighter

design t olﬂeerfaneenu basishewrethatdn the ec#smtepmqure r"eltejnmtue coeffisient pf cyrreotiean be hat

t he actz&’él %‘Y ﬂsﬁ%‘”g‘i’ 2’€°'cﬁffP give g glig anount DL A
posi t | \(,ﬁtthy_‘ |ca 'e"%f%e rg]eéﬁ“ge ongtlélﬁeg gﬁntz can aireacplé amed
1

nar r OW(ﬂD Ae eﬂ d?rﬂﬁﬁbs\‘ialueASreSJQQV\ﬂoier} lmbtarﬂlﬂd oJe 8 typial eréMldt his-
- DL terlspileréiti:lratl'angRof:ErOFiiSO° to/70%C. Thie kurrent source automatically compensates for varlatrons m th 6) 30

A poSi tfapgistpy pn @?S@w %@ de%sgéyc%%myg%lonqﬁé:m P’sdtao"rs':’l"' orwwe‘a @9*'
negat | ﬁ I?E‘C esf#%‘“‘%?%’f i by *% e ‘I, ﬁmﬁhmdﬁ

Thi's s.dé 5 GBS Bl dar,.ees el 8ot Since
proces&rahﬂdue &w%&elﬁadv Wadsistol%qws; blE$Hemkﬁﬁierbyht¢u -ﬁrgmrdrﬁarsarnnge in
R The qttekwt-rwreatvrallsae of these two quantities depends on the resistor's

|__wHetvever. peg adypntageof Wapre Ique ittt § foes alloyd MPedR)  at
IR b s A b ey Ut s o

that other self- 35 aligned gate electrode naterials (e.g., a refractory
metal or netal silicide) can be used6éto define the resistor,




tjo achieve this effect. The current' | = VGS/R for three different resistor
W dths is shown in FIG 11. It was cal cul ated using the 40/10 N-channel
tfransistor MA5 in FIG 3 and nom nal process conditions. The case of
ifnfinite resistor width correspoRBsOt9TA6ScBIe di scussed above. At 7

i Crons t bRanfiellde@Bd, Nof tHi Mek YoltedeledtE RSl B Qtelih Rforshed & thé Bourdddi.dltvek.
crons t Bahaprensns shode MEle rREedt iramsistdds a6 ttigadaliy of A€ infsBRE Fate AIGFET) ayper iof @hists ed
above Th %"QﬁFFT:ﬂ#fF 8'5¢mmler TheiFys&is aﬁvahaisedye bevaisep kealienthachel qurrmtbgtpheatfpl@"ﬁ
miccy on FwioRERd p\rbs Ransigtar @ gmr evice ggregispey Th'rs;ﬁtgr nih
o6} B g e e %gzégte o St P AT, 5 ch

a nom nal cuveiit incrodse Tlﬁ'ﬂt BIV@%is ge e@M"tl’feQ!ﬂ' ct|¥|$off5rﬁ5mgfa ﬁ@reﬁ%t\/e%%rr f/Hehédl €€
di f f er ent thegfosesdissipationthab 8¢ labsvath. enﬁéwerﬁdneebddmskshammmefenhheed?elnt ehofid fiesd on,

was neag) uF ?"S!E@fE%fP e%mt*v ayela@wonhe lrmmatﬂmrcwatsws feler process htieps thm depigkiprs

account s B CHfdan etien 69’%"';1%‘?5\)(/@% é a8y pRSERtiea i fg::éf ;ﬁ?
[err] and tﬂahﬁl ansdot cHibing the?! a:rr 'Qul[rgf gﬂd:‘r GAJ] &:[ﬁl‘f ﬁ:ﬁ[’ ion g cline !
Wi th a neadudreidnhdbrBy Proddecef ME Bdsiréd Hre&tidh aﬁaare .emcErLt tMﬁﬁloS
f the rnoﬁffn@hmml ofcbiasing @ cuiment meﬁ@ds-amdewnaratmseem bf pladirey anmsrstnain theFor
waf er 5""'3"@; ?@t r;H" teazz' # "enttheu © [Asistobepuses Brchange ipGS D3be
oni nal , antyhe ﬁ?%éﬁ‘r%@ ﬁiﬁr!}%’ '@;ﬁj n?@ {}! §c.rtu.rn Rl 52Eo L5 Ha"
oly, th em@@tmmmr Forbkdepledin cerdid @ aa{" i¢'kRo 5'Qurrem
OC- [ er r] savaee far thé(serlse empiiels; b2B{praved spped arléenditivity) rtiba,rthQUéeaﬂd cWhtdﬂeq)O y
ad si nf®l %r"et‘é?ﬁ e iptknewn fopyse aith élulsa' bﬁlcplmnstocqs!we@hip-to -GHigepeirio cn\n jations In

hown t hafg P s hecH F'§§%‘erﬁs§’6 'e‘hfg H%E M‘F ?c'?ig,l?% nt
0 r | see “Del
an be zeB@miiniet M./afma‘%ﬁﬁﬁa tig 3"% o a%z )
Qr a zer mvérmﬁpea“natiwmgs&e bn‘dp%me orCtHééaﬂi%'fchnb ﬂqu&S &roaﬁgaan

ur r ent?s c ganctipn. readr |y maintained 55 within 5 percent, and typ| caI ly wi t hi n
per cent, dfince Eﬁa Fa? s"o\?etoaélctf@r*pev atsupeswa wafenHppresent

techmque

If d F
00C, Or E¥Gilo rith :ym ’Sf &3&%%&%@* 2} téit, 3% e
ypi cal co,amema .aawe Gkl dsdd GtfzdiBid. The LRrOHA Ldriahe fIoRIIT Ce
ut orratsf c tilelpresero specesart issusédid pmandeaumsemvartdgaes by rﬁﬁﬁngﬁit%u@fﬂsﬁﬁ& havihd 1 a
1fast" r%’%%‘é‘ f@‘PW Bﬂ?ﬁéﬁgommﬂm a:aﬂ%t;;d% sdrabiriatiom be.ca CA%?faei’nvre légrtc The
current . Ao eé’ ojtege flaguiatongy.,

Jo
e e e e R
esi stes design. l e the above exanpl e een or an enhancenent node
MOSFET, sim|ar consr derations appl y i\BIrENmeI etion node devices, including
unction fJ gﬁe ;’ cu" °‘t’f°8 ?WS’"' 3 ?’g {Ezg Gs'é?%e@tﬂ;“hmugh R1,
[ ransi st Ot;vﬁserfﬁ tarit %Im?bg F gg Ll Q%dWS ﬁ;{e og;ﬂ?dm -V

rat eri ab SshoHGWENé "2- is WOCHLR ft Yia( bk val evﬁteﬁ bil gbrmn
al | ow t heofUd4gieds: enhancenent node 65 , ose avr ng a threshol d

vol tage, WVt, that is >0 for an n- channel deV|ce and Vt <0 for a p- 6

FP 0 197 965 81 channel devi ce. Not e, pat hee voltages are neasured at the
pate ips;reference to the source; i.e Enhancenent node field ef fl&t
.t r\amrsi st onewesee typically of the |nsulated gate (1 GFET) type, of which
MOSFET' s are an exanple. Their use is advantageous because a smaller
channel current can thengtyp ly b t4 # e g ef erence tran

than if a depletion- nDdeIBev¥§§§mer £ é? l?g eﬁéuSe in the 5 ?gient
technrque the reference current is drrected through e reference resistor
in the di Swstitininy (1Aaikto (ZN) awbredrfimgifggivedel current in the reference
transistor to flow (or to increase its flow), as the reference current
increases. That is, VGS |§ g rat, S/Ehe dir iilO of forward bias by

t he reference currenlp ﬁl@-‘é i.e (! b |on-ca!n Hd | ess with(3A
enhancement node FETs Furtherm)re nhancenent mode RY el d ef f ect

transi st OfRiciis Quathatilin ,g@gn&@%hﬁ_on an integrated circuit using fewer

br ocess st eps than dep et1on 10 node devices require. A depletion node

devi ce®hmy be used, however, by operating it in the enhancenent node; i.e.,
Where the channel current is greater in nagnitude than the channel current
or VGS = 0. Note that the neans for causing the channel current and the
reference current to be proportional (e.g., a current mrror) inherently

br oducés the desired direction of reference current flow This is in
contrast with the prior art technique of biasing a current source FET using
legenerative feedback by placing a resizstor in the 15 source path. In that
base, an increase in the current through the resistor causes a change in
GS in the direction that tends to decrease the channel current of the FET.
Yile the present invention nay be used in analog integrated circuits, it

) al so be used in digital integrated circuits. For exanple, in certain
Mm\m “to use a current source for the

o o L r - ) o e




the past, the current source associated with the logic gates has been ?
controlled using a reference clock and conparator circuitry; see "Del ay
Regul ation - A Circuit Solution to the Power/Performance Tradeoff", E.
Berndl mai er et al, |IBM Jdournal of Research and Devel opnent, Vol. 25, pp.
135-141 (1981). The present ERvO9D0868aBladvant ageously be inpl emented on
the sanme chip or wafer as the logic gates to performthis 25 function.

Si nce processing condH}iR hé2are binj | @(R-dlalll 1@@rcuits on a given

sem conduct or waf er, presem@Rtechni cie ldnds itself to wafer scale

i ntegration uses. If desired, a single biaggycircuit (e.g., FIG 3)4A&an
provi de control ofeq pluraljjt e Qk—durréfn& outpul‘ i/&nsistors (FIGS. 4, 5)

| ocated at vari ouS Dl dc& acmp or waf 81. The term"i ntegrated circuit”
as used herein includes both utilizations. The controlled current from 30

t hg, pgqgmtanﬁp&prgggip Qe used to produce a controlled voltage, as by
passing 1t through & Tesi stor havi ng a given tenperature coefficient, or
through a resistor-diode conbipation; i.e., a band-gap reference, etc. The
characteristigs of ¥¢bandgxgap feference ay %Rl ibed i f "New Devel opnent's
in,lC Voltage Reful gFors= 3R ). Wdl pr, IEEE_ﬁn.urnaI off Solid St

Gircuits, Vol. SC-6, pp.Rd°# (1971). A so, @@ Mevice receiving the
controlled current may be formed on a different substrate fromthe current .
sour ce. A8BanAje[sddlh NARereearé-tng reapsailtions; howevat, the gelutive with themegativesigh inthe def i ne
a_r,ef Xppidba eiassrol selufase for VES2 it ot gerP evrrent iFayaty NS REesq splstionseot eoRAPr ent

t hFoug T 1\Z£_ﬁl;' ane biorSBM6fuciqbl age VGS3, and [err] as the current
thequgh W ere Kg‘i he feeé%ack constant determ ned by the relative

- siZes of ML M2, M4, and Mb. The vaise&/Bf K 40 shown in FIG 2 is Mo, but

:jf, éfrrﬁyo I'“ﬁlr%f gn?'ilggeerﬂg91ggsalti§ettgrrrlgerx\tnu}ercl:o§ lc?'ealt.lFl)rt F}QBI(IéHQQLrE%uattgg (59\')‘%5&2& ?o: at the
[err] However: Substituting (1A) LitR1fR¥g and rearranging gives: [err]
which is quadratic in [err] Solving gives: 60 65 7 EP 0197 965 Bi [err]
10 Squbieh has amigherentrpoaitive te _pgiaWeescoe cient] Eyen theughJAR18 bamngaativesanperatyer car e
t wd® r R ol “B'Yﬁégaeﬁﬁ % el gqgﬁg{% ion with the negative sign in the
bracket "j°8" 8’53 PREeWgthal fja 287G, RIS D= < Vt, or zero current through MB.

These sol utions correspond to 20 |oss of regulation in the source. For
RLB/ (K- 1) >>1, Equation (5A) *fedudes tgq: [er[] 25 . Wii ch has grrsimher ent
nedative tenperature coeffi §gent.| F@s Ele'(é(— 1) <<1, Egquation (5A) reduces
to: [err] which has an inherent positive tenperature coefficient. Even

t NOUGAG et fdat BRSVAIR IR RARIR-1] SIHRELIBkY With 3 yior, it is outweighed by
[err] \?\Aﬂlvﬂl “]:ém prs ﬁ%%ﬁtﬁe @@d@%@@ﬁ&%ﬁﬁﬁ of tabistof M8 landfEvalldtide t hen
[ ere |feaibackichodtankt R iflueiiceitise chadridbcurknt[tirbugh thié refedehcs translsyor,\ek irdickreape1al.ure. |t

will be noted that the value of the reference resistor R, the size of
transf®¥™8, N3, and the val ue of the 40 feedback constant K influence the

chaninel ;CAH ihteBlatel RIrQHIDmbitihg aSufrErR Boutce duaited 18 pRivide @ SorlsAfl LAbARY AU 16 &P -
d 'g NBasi.one fbvick) iv@Fedi £l dirremtblirc€ CUMfTis&s! 9 Ygferontd icldCdéHect IRHEIREr (M3PREVG at O
pr ovi specifieddiasioltvoltaner & s;:md;ifi1 d|galDud atgazeae!ecwegmqum@ sderge des:,tromcfrebfn said:
m r i r » d rcausi r ur i '
N A R SR L
Speciy dn of, otr in r%é % t'cErbiq ’pro% i | c g‘lt.
COBd EshbRAbtediZad th thAUhE MagHitBed 6fAREcHa Bfifent)) fIBWAD I $3id réfefeREF MBS 5 B8dhST OF
( R1) , theraanpprokimatelVzerolvémpdrdiyre fcosfficienti Biohpinad for baid eamem@ntcutrerant t o f | ow
2. An integrated circuit as claimed in claim 1 wherein said reference field effect transistor is an
enhancement mode transistor.
3. An integrated circuit as claimed in claim 1 or 2 comprising at least one field effect transistor of a first
55 channel conductivity type, and at least one transistor having a channel conductivity type opposite said first
type.
4, An integrated circuit as claimed in claim 3 and formed in a semiconductor substrate comprising at
least one first region of said first conductivity type having a plurality of field effect transistors formed
therein, and a second region of said opposite conductivity type wherein said reference field effect transistor
so0 is formed, said second region being isolated by a p-n junction from said first region.
5. An integrated circuit as claimed in claim 4 wherein the source of said reference field effect transistor
is electrically connected to the isolated region. )
6. An integrated circuit as claimed in any preceding claim wherein said reference field effect transistor

has its back-gate electrode connected to a reference voltage.
65 7. An integrated circuit as claimed in any preceding claim wherein said reference resistor is formed by




t hrough said-reference resistor in proportion to the current that flows i
t hrough the channel of said refeerence transistor, and neans (MO0) for i
causing said constant current to be proportional to said reference current,
50 characterized-i'n that "t he gniiqg#d f.Lhe channel current (1) flow ng
in said reference transistor FE @ gﬁgt n approxinately zero tenperature
coefficient is obtained for said constant current. 2. An integrated circuit
as claimed in claimil ypejd/d saill ref&l&zdd 11 i &% effect transistor is an
enhsncement node transisRor. 3. 2B ihtegrfatedicircuit as clained i n claim1l
or 2sconprising at |east one f|eId ef fect tw\nm tO} of a first 5548hannel
conductivity type, ahd ht 191j diel rar‘yws‘l' E a channel

conductivity type opPos tRT salid fiBrst t pe.Rh. Ah integrated circuit as
claimed in claim3 and fornmed in a sem conductor substrate conprising at

| easto Qﬁ\ﬁnfm? b redrRBlbiRg\gitds: sai d first conductivity type having a plurality

of field effect transistors fornmed therein, and a second region of said
opposi te conducti vi té,type vvheril n salr ref er ence fii ¢lyd Tffect transi stor

60 is formed, spid sceord (kegjop beingl isdl ZVa®'By |a p-nlj unction $%om sai d
firsgs region. 5. R & ﬁeghq i rcuit| as CL{WI” clail 4 wher 8@ t he :
source of said reference el’d effect transi is electrically connected ;
to the isolated region. 6. An integrated circuit as clainmed in any
precedin s;qaamemer(@imhesaarawwoe%wewees. hoveaver, the solution withy si‘%s@wswag‘;m s
bac kzog%[ kb s as E‘e‘::g’g?fﬁé‘t‘tvgéz 07T PP B EALERroyY) Yz Jhose gglutions coprespgpd to

i ntegrate ,ﬁ g,@(w) >fi§q&{,g,{ BRAedldestByY Preceding clai mwherein said reference
resi stor is forned EP 0197965 Bl [err] 10 Squaring and rearrangl ng

\-e’s: [err] As can be seen in (5A)Ig~tVI9ife1r eare two real solutions; @®bwever,
the qut ative s r utions
for Gcso WhGh Rhesp npasal g Fr TR B ot FRrEiher Fq"gﬁ%"a‘%é’r'?%‘g%ﬁﬁd to 20
| oss of regul ation in the source.|, Earmrarg ]/ (K- 1) >>1, Equation (5A)
reduces to: [err] (6A) 25

ch Meishhaes jan litheeent P??é etqmrat\%ﬁa@m Evep doquph diRaTkas neggtive temperature

Rl[e?or]bf'(?z("’aﬁh)';fgit,e Eo&v'gfg‘ﬁ ﬁ"g \: o: [err] which has an inherent

positive te erarare coar a1 en ough [err] has negative
tenperature 30 behavior, it is outweighed by [err] which goes as [err] It
can al so be shown that if at §%err]| then [err] and that IR at th{®8anl ue of
[err]® varies slowy vmth temﬁ“at re2sl ¢ vml(f be noted that the val ue of
the reference resistor , the size of transistor M3, and the value of the
40 f eedhfmls 1S XA Hlle L HOLHRE sibWE with dAelatfdlr rent through the reference
transi st oEwillds ndtt@d?ﬂ&aﬁ ¥ tZ&qéirenggrad.ﬁ%%m%&e bitiaRgdter Ml aridithevaluk of the

conpfa saenlgacaoanauantel‘tihﬂtaocertbecrammmdnmhromham cferencectaansistan bs iodicateitly ({A). Cut )
to at ﬁg‘ | east one device, wherein said current source conprises a
refereff@@%ield effect transistor (M3) having a specified threshold
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une 6l ectrode de source de ce transistor par-|'internmidiaire d une
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renan@jau noi'ns un transistor A
ef fet de chanp S5 d'un premer type de conduct|V|te de canal, et au npins
un transi stor ayant un typé de conductivite de canal oppose au prem er
type. 4. Un circuit intégre selon |la revendication 3, et forn6 sur un
substrat sem conducteur conprenant au noins une prem bre r6gion du prem ef
type de conductivit6 dans | aquelle sont fornes un .ensenble de transistors|a
effet de chanp, et une seconde r6gion du type de conductivite oppose dans
| aquel l e est fornb 60 I|e transistor A effet de chanp de r6ference, cette
seconde r6gion 6tant isol6e de |la prem bre region par une jonction p-n. 5
Ungcircuit integre selon la revendication 4, dans |equel |a source du
transistor a effet de chanp de r6ference est connectee electriquenent a lfa
rangn isol6e. 6. Un circuit intégr6 selon |'une quel conque des
revendi cations precedentes, dans lequel |'lectrode de 65 grille arribre du
trgnsistora effet de chanp de ref6rence est connect6e a une tension de |
refé6rence. 9 | 111111111111212111111112221111 = EP 0197965 B1 7. Un circuit

i nt 6gre selon | une quel conque des revendi cati ons pr6cedentes, dans |equel:

| a resistance de r6ference est fornb par inplantation d un dopant a travers
ung ouverture dans une couche de matibre ui forme |'6lectrode de grille,
grace a quoi la taille de |la resistance de reference varie confornenent a
des -Variations de processus de fabrication qui affectent egal enment |a
taille de |'"electrode de grille. 5 8. Un circuit integre selon |la
revendi cation 7, dans lequel la matiere precit6e consiste en silicium
pdiycrlstallln 9. Un circuit intégre selon |'une quel conque des
revendi cati ons pr6cedentes, dans |equel |es noyens destinés A faire
circuler un courant de r6ference proportionnel au courant de canal
cggprennent un circuit mroir de courant. 70 i5 20 25 30 35 40 45 50 55 60
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