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Very Low Power Anal og Conpensation Circuit The present

invention relates to an anal og conpensation circuit,
wape7neses2 particularly to a very | ow power anabPODEP2007/053968

conpensation circuit for providing conpensation over

process, voltage and tenperatdre (PVT) variations
VeriLbwiFowah Analogdl@hgesaionairduit Qut put buffer circuits

(e.qg., input/output (1/0O circuits), are widely used

to fa cilitate the transfer of data and/or signals

froma conponent to anot her conponent within a given

chip or froma chip to another chip, while being

routed Uhepgstrtikenton ta@nsiv Msinaloglcompsnsatioin cidsuit, and more par-

. ses, rinted circuit board (PCB) traces,. or a X
tlculaﬂﬁéq a XPIYAPWiPORET M%%ﬂmqnéaé% w?cma forsrtrmew@w@g%elmeon over

prock®, LORa YR 1crh AEKGRSPYE) SBARADNOilhiear PESAA! Efkuil

circuits (I1C), these |inks have nowadays as
transn1SS|on Ilnes t he characterlstlc i npedance

o o arst BURETsHsbiR I wabeda TP St i Vidgly a0

cilit@b tRUtandik bedats kA @bk élgnm frbﬁﬁaﬂ&ﬂﬂﬁ&l@ﬁt&o ah&h& &ipohént within a
avoid the undesirabl e reflections and ringi ng which

givepship ar fraim pslinde @nﬁ@?rs‘él_l@ rivhilei heyngarﬁut_eﬂ ufing din§k exppransmission lines
such'ﬁ%vlﬁl\é%’ rlﬁ]teg lé I‘Elﬁ{ bfa'rﬁ glkq?]%) %s,bo? a )?B{ht%g Etl%gtn%ﬁl conduc‘uve similar
8RS Suppl’y vo Hroce

age, 'manuf act'uring
s&u@ﬁﬁstenperature (PVT). For exanple, process varlatlons
resultlng fromIC fabrication can affect the threshold
vol t age! u&ﬁ%ﬁﬁéaveq wstperng sRregiod the, intgssissLirca s ﬁlﬁé*these links be-

havé@&l/e{da é’ oA es -IEH@ SIBu Y AL Bk i Péda‘ﬁr:@ t%qF\Hacl y ranged from 50

unavol e an resu eparture from O
to 71'2) ehrﬁw)rcrfazviueh ofill behB:qburéd Elrcotuhmmusl}&natshldh: ihtpatane¥ df the output

ensatj on t.echni S are ui r.ed over
butf GRS E o B L & et B S e R R i nging which
resuRWdu@MggJﬁﬂtﬁﬁhlﬂyrhnﬁhﬁmﬁgEl@e‘% circuits which
directly depends on the capacitive sw tching

oper at i bloweasr, adhiferagreuiienayriceubisried te saridtioosighsuphky voltage,

nd and supply |ines ed by any fast and. .. .
mnl PP dtsS B Hnr G Ts BV EE For Rl olfes Biptigpy resuting
fronS I BibkieMsonhAv e flee@Rc Ryhs Ridvdiags QRRERS Rhethf VH&'-E doping, carrier

varia tions in a buffer circuit. For exanple, US

mobgtily, andgo aeGHrssaiations aledlus wsneidabl ead asulyin departure from
Ll i
requigpedance of each output buffer circuit within an

out put R/Fofrg(?vrer qd:lé gee}rfomance will be also detracted by the dynamic power con-
sumption in the buffer circuits which directly depends on the capacitive switching operation,
as well as the interferences through the ground and supply lines caused by any fast and
simultaneous switching operation.

Several prior art solutions have been devised to compensate for PVT varia-
tions in a buffer circuit. For example, U.S. Pat. No. 6,087,853 entitled “Controlled Output
Impedance Buffer Using CMOS Technology” describes a way to sense the PVT condition
and match the output impedance of each output buffer circuit within an output buffer driver
to the impedance of a transmission line by switching on or off various output buffer circuits.

The detection of the PVT condition is made by injecting a PVT-independent reference

current through a transistor of a predefined size before converting the resulting drain-source
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to the inpedance of a transm ssion line by swtching
on or off various output buffer circuits. The
waledogarsesn of the PVT condition is made by i nj BCL/EPD0OA053968
PVT-i ndependent reference current through a transistor
of a predefined size before cénverting the resulting
volt@g"eahfo-asdngftﬂewé tHge:ventigs apstogdht tak tl@m@l@.dvmn@/@rcongmhéa lot of
proach has the di sadvantage to consune a | ot  of
eneréﬁ élrrgsxghc e AL N8 VPR 4B SEUTR/E i TS FTEITE CHERE i @anRer thatis
f e current in a manner that is weakly
WE&HSP%%%? e. An ot her exanple can be given by U S. Pat.
No. 2002hGtide480plclcarbt ighvce dy " URSS BateNe.200201 89190A 1 entitled

ourc Havi Trapsistors”, which describes a ma
“ReREPIGF GUTCE SPUOTRPURE DR R BY MG thS® Bora e ploduce a
refe@HEd &Mt b 8ddiAERANGhONcUrRa sV déﬁélrﬁi' dd @B PVT ébnrdﬁib%rlﬁ @ reverse
manner. However, this approach still presents several

manggrs H@wmra@e&appmaw o presentp st vera Idysadvangages flt emengys not only a
hr ou th se ge. SQur ces and a
lot ‘#8??&8 E“ tﬁ‘? HEnt f té%’n‘&?lt?%e [kl tanciﬂg BIEEIg B g verter, but
alsotaR@ tHSRgR Ehel Rt egIéested RSIsSHOrS deféraGRnNBktfeR@cd B@rent.
reference current. Additionally, these integrated
Additgiply.dhese frograted rosigem Aavavirs ofen ¢ dravariionnn thgemodern
pﬂmg%ggrn processes. Fig. 1 illustrates a bl ock diagram
a conpensation circuit 10 for a buffer cir cuit 15
such asFoimibindtiitel awietki diagrivg o nicompatidatiof\cirafiertefoe @ buffer cir-
vol t age generat? 11 enerates from an external powe
cuit 43 ﬁmlsﬁsma‘mn wlquad dr Bisguioy arts Adelelgnre Ko lr%ecgsmréﬁof &l generates
froni & SktBnhe] o%&e? Qﬁﬁﬁ) ?‘{7 tZ Bre e RILOUOR e\éﬁhélﬁh 9eoh e ik %treference
converter eference curre en conpare
curr¢tirtionoggh anolaﬁml-w@utrentchogmrtdr 12 ofneereteeenct 4utrontas then compared
I.S var over PVT vari at.

throGefL A5 Malp -Gl R E o B ST ettt s an GOy T variations

and Y§pHcdvBY a%ﬁrr@ﬁ"é%ﬁéﬁﬁn?ﬁféﬁhsal? ghe hfé@f:%eﬁ Y Er%‘ tgeﬁe?at% @uch a
usé a bandgap yge vol tage reference roviding a

refel@aeﬂj@mmnt sfleuene bandghp bye V@ftagee@&mrwg F@lorkmowdmg atbandgap
ons

referernlct:e \éoﬁgatg% 8}/?&38%51&{1 éﬁ OY ﬂ}%lt bshc016§t%% i oSVIe% n{fg‘xvtagatﬁoqs in addition to an

integreé®t $&storf hig hrovikiod ek RMAE FSistt fhiNdlbwatlg E@Version into current.
However, integrated resistors usually exhibit a |arge

Howgeaer, attpgsaterl fiesphers wwélrvr%bkb&@el@@@svaaﬁteprb@\im mgdgrgipregfesses and

covet Qtel&eof% aéeho% tﬁ H?l'ng 9 é}l e&'@c@{)ﬁ (I(;ﬂ iy éﬁlﬂe@ Ext‘é{namgtors also

externa reS|s sadvan age
pmmﬂﬁ&h@éﬁﬁhpnmgu&hmmmaﬁqabéwxbhcbﬁstherefore preferred

to provide a very | ow power anal og conpensation cir

cuit for providing conpensation over process, voltage

and t enpgg ﬁltewfgreg)ﬁ%%l)r?d’ /& ﬁr@%’d@ Q%GW bR éibv@e? ahem)g gétﬁf)égatlon cir-

circuit and for er circuit 1n ticular:
cuit for providing compensation over process, voltage and temperature (PVT) variations

within an integrated circuit and for a buffer circuit in particular.

In a first aspect, the invention provides a compensation circuit for providing
compensation for at least one of process, voltage and temperature (PVT) variations within an
integrated circuit, said compensation circuit comprising at least:

a) a reference circuit for generating a reference current (Irer) that is constant
over PVT variations, said reference circuit being configured to directly generate said
reference current (Ier) from a first voltage supply (Vpp), which is internal to said integrated

circuit and configured to provide a low voltage supply;
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In a first aspect, the invention provides a
conpensation circuit for providing conpensation for at
wo eastizssee of process, voltage and tenperat ur ep¢PERI007/053968
variations within an integrated circuit, said
conpensation circuit conprisidg at least: a) a
r ef er enbpa sdnsingicirchigrwigeinesmapiiseg af otpheranoeal @)rahe Rthich is con-
(lref) that is constant over PVT variations

ﬁgu?ﬁéft% P{z%@ ispid puEPUb ETmENat g giseian correntibe Ehayls Varlable over PVT
V&I‘l&%@ rah%o §éﬁs? Sél?fWTe%ﬁtI% hﬁ&}gh(shfde(fe}ecﬁf)ﬁ’ Pulerdt i, I(

vol t'age supply I's Internal to sa

i nt egr afled cmnpﬁmamorm@uacanéqrgmge«ﬂtltedirptraspeaﬂ ef rhel mvenuon com-

. vol tage su enS|n Ci.rcui fch co es .

Prisch 5 RIS CIRBH IO A CP D) ERERR IR § D S e GUP. ¥Bie s an on-
ch1ppfoQ&)/V(Q?a @tsuﬁﬁﬂf % R R ch@EMiRRls {chbtaft SRE G @Miations. Thereby, a

current hat is variable over PVT variations, and
bandgep ¢ees@ tggﬁr @f@mce\béqukdi)r gwr&tmmﬁdw rgfedesce v ltm as well as

o R s TSSO A s GEERAAP e votge
into @& RFRABE Burkdnlt, Gt hotfREddd, Waedhl shaBIes &Y Alé Bkrky, Mcdn fatdaSdn the

vol t age supply, whi ch is an onchip | ow vol tage supply,
chipgnd&pelr ence current that is constant over PVT

vari ati he COI;]; Slrs??éﬁ c1%uE[ g&aﬁg ﬁ/rg atsﬁgc% Eﬁfeqﬁs%?l‘ﬁgn further

bl ock for genera rence vol

compi$ds agsnding ClﬁthgbﬁtﬁdmgrP\l‘ﬂ“ gzihembﬁs: tlﬁd)ugh aed@tcfﬂtlbﬁlcurrent generated
resistor for converting gap reference voltage

by thin e R IR SRR PY dr n‘taﬂaa?l@ B cHedEd, which

enabl eS £ st & a§PeEL %qn%n'ﬂbﬁ?%\%e%% Jﬁ&h&@ﬁ)r?ﬁ(é&?ilﬁgg?mpensa-

cost. e conpensa ation circu according to
tion e d:etas‘ocfnet deproaqeye N’D]ta:ge aind rtetrhmratnm@f\/i Besriati@svaihmgan integrated
' ' sensi.n %gtiﬁns t hrough a detection

) . {
cireiih sf ety e Bty 19 GRS PRG i reui . Ther eby.

a) gEN¥Tatidral Rlck QRS cG@éht SEef)d&’ﬁl@l@ tsed%nsthﬁ‘t RePPVINABSHRC kaid reference
the invention provides a nethod for providing

Currmirfbe)rmg gﬁmefamd drectlp dom o fiest Uf)ltétge(wﬂﬂs (Vv whigd isfmernal to

var | tlons hin an integrated
said ént?gra{e c1r§1é1t %n (% Breg r0V1 e a %\?/ VP@%G suP?e,'l steps of:
a) genebpdcnbiglg @ma&faaeﬁ@th%ugh@ruete(ctlb@fn)lrram i(Chwh#h is variable
constant over PVT variations, said reference current

over(RYBmﬂ%@nﬁ,gGa@ed?é@C&% quaeébd bging prowidedfbyrsaid sppiinggiecuit.
supply t@g)fo Hov\gmg Ce!ﬁv%lﬁ?%&hg E%Ldlhl%nﬁ%lﬂ HeQ{eg&[b%H e\ghlch arc also

circuit ure provide a low vol
defirsadpipltys ddpendein slairgs. AUE cxndbdididnengn the rcommed W:lEH @ch iodrr, unless
current (1.z) which is variable over PVT variations,
explicifilyystgied ersisecur rent (1 2) bei ng provided by said

sensi Ng g} d Gl Itefer%ﬂ&egﬁgmf fl)lla&/ Qanﬂse AdVANL gﬂ)?gfiﬁ)nal -to-absolute-

enbodi nents wi | escrib are
temperature (PTAT) circuit having a first diode element and a series arrangement of a second

diode element and a second resistor, which are configured in such a manner that a voltage
difference across said second resistor between a voltage across said first diode element and a
voltage across said series arrangement exists. Thereby, a positive temperature coefficient
(PTC) current can be generated through said first and second diode elements.

Moreover, said first and second diode elements may alternatively be diode-
connected transistors, and said second diode element may additionally be replaced by a set of
several parallel-connected diode elements for enabling a distribution of the second current

that flows through said second diode element.
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defined in the dependent clains. The enbodi nents can

be conbined with each other, unless explicitly stated
wobdende8e. Thus, the reference circuit nmay coPQI/EBB0OA053968

| east a proportional -to-absol utetenperature (PTAT)

circuit having a first diode él ement and a series

ar r angemeatefatn@ deanmartithr pegerabgrentpraoginvt aricird resistive ele-

resistor, which are configured in such a manner that,

> ( a
men{p MG PIT BUEITCB SHEt DRt dder crigBperibre s igen (NTCO)
curréht ¥@h Bé‘g&le@é‘té@ﬁéo@%' id fifsSnddh R FosihiSTRRImcAR 2

vol t age~acr oss sal seri es arrangenent exists.
Ther eby In anqgties ietnibedintcanplks aferceccadetiit ifotentofipficy a current mir-

current .can be nerated through.said first and second. .
ror Rt PN 9@%%?%@?@%%%&@%5%% Tegifh s roge mimoring
a fife GARAL BalBYoRldR LR PVEN ¥ iR nd iR 8 GRMNEEHEH that is constant over

transi stors, and said second di ode el ement may o
PVTavtiatipenathish ibén ruepmacergd hgr thersby goferaimgesal reference circuit.

G stri ol f BRAGF SFRS@UCA SRR e Pl ERRt @ Renyperadonst

ampSifibtw B 606kt thive dempleai¥aiaty et Bh@ERNRICEIid €dtifigured to drive said
further preferably conprises first and third resistive

currgi)tanigeh thsoughtthe Hrivg wpebeffthe tipesistens thal dernasadpegnt prager. Due to
. ti te I re. ffici .
higtlyBERRt 4Pk UFRE Al SRR gDy SR G20 thercby
mairethi@sed bt Ssanlevodiage petentearbodi ment, the reference circuit
further conprises a current mrror being supplied by
sai d reMarenee Wotnsige CHAY ARy CAGIPHES ¢ eHENL £ppvEHOr, sich as a first

gendri@ISdR iRl &n@%r”ﬁeﬂi@ 1@ el frdibhifeHchBictdd8Kaili First voltage

t
constant over PVT variations into a sixth current that
suppily ocomytablt retevarce PYTageaandad diods-condeiced tragsistor tarmacted between

mrrored for thereb enerating said yreferenc
the IgpydTEinal g} SYORE RGO MERgE AT i Re<onY Keli9esrupigRue (o the well-
knowh baiédt chiWdyBEEo IR SHiBRpAPAIaticRRat (IRlalS Wl be virtually
with at |east two conplenentary input termnals, which
shorted feothup genrcsatinga ldwi wedtagailidifesance eerpssvard ongle drodaghanndeécd
drive input of the ansi stors that m sai d cursrent. .
trangffiby Fpl WtHhe B hitSed (SRRt Afenl I SRR G Simcionty
low inerdeoidlot ABdat ta by réshidettd tighgrianetiss MtdnkeenttdTes ey diode-
mai nt ai ned at a sane voltage potential. Mreover, the

connggtedjtyagsistiorss Wihesenyiabipnigs of diequp¢esnparappigesy@resholicypltage,

e 3 SIS EHAD VSTl LN B

parasiepps, wupply &oBagel adl ®mpefaarre coniadrtdigesaidsidgk diode-connected
di ode- connect ed transistgr connect ed beiﬁegn t he i nput
tranggpiyitheao Vet CeBSUENRGR & stid cHimePaRV RV ! BeEuRirallyrediged

supply. Ty _@oﬂlﬁeﬂsgﬁo V\Sh:luﬁ 'PtH&; 09y QMQB%{to-digit_all (i‘onverter

. n
configuration, said 1nput dand reference termnal s w
for thes sampauial lsgid reference and said detection currents between each other and

converting the result into a multi-bit compensation code.
This compensation code may then be used by a buffer circuit for allowing it to

adapt its driving strength.

The present invention will be now described based on preferred embodiments
with reference to the accompanying drawings in which:
Fig. 1 shows a block diagram of a compensation circuit for a buffer circuit

according to the prior art;
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shorted for thus generating a | ow voltage difference
across said single diode-connected transistor that
wowdo7/1kssst hen passed through by a | ow current . pdhEB2007/053968
current will be sufficiently owin order to not need
to be restricted using a seri@s arrangenent of severa
di odeconfpeet eshdwsarnsdo&d dingramdias@®nyhsadioh @ircliafga Wiffer circuit
the process paraneters %thresho]d vol tage, carrier
accopgiBe 9 ¢ prefeated ombodimegt b the iBYGéionFyr t her nore, since
the inf ce t > EF: r ek
voltagekﬂggd ?gﬁgégg?ﬁﬁg%ﬁgﬁggﬁitoreg%%yegg?§h§ngfgwhasu“ﬁ
in thdicothpecaruddotiedcireansiBg.¢;, the power consunption of
sai d current @fnve of will be dr%sticall .reqycgg. The
conpensAts 6n TIPS ChRge Yrghrroldntping g“‘aﬂt ased on a current
cony 8t Qh b uiddh i c&%ﬁ"&ﬁ%&@ﬁuf?&%i&ﬁ%f Fgnhparing said
réference and said detection currents Detween each
ot her and converting the result into a multi-bit

conpensatign cpde, This c ensati.on cod t be. .
ised by i Bt 8% oy SP P BRSSP e f Sireuit 500
accoldihy k@ pRférRiiGintbodiiént T @RERVentidd ERtrERRNYE Ehrrdd 1,}0Which is by
descri bed based on preferred enbodi nents with
defipigipp p gHEenticongtiy oxeicRPaayatingis dis st etiseanarajgsd oha lomy power
Laqr ' T cui (TP
refergn P A AR S TR S VBl by R digial
coreSodiage upplyo €ie edhimglcawhizh iapeesy ensadry dite giatedwircuilt @rithaa constant
buffer circuit according to a preferred enbodi nent of
valug ganging AR H0 Vridydetaction ggren! lgcmbéﬁ%tSi %C%WeabYaé%%@rOVér PVT
£t RS/ S BERr A bERkeRHUY GRuRUBD, @ AtPntdTSvhich is based
v A b P S GRnR B, @ cURGba Tich s pased on a
currsrt rematyoc 3 th, dgmamiof valtapenspply (¥hscuVbp)maseshooding to a voltage
.~CUrre conveyor. such, . used in t conpensat ed .
TR elV B VERE b e ohieh YO Rt SuBply S et oBE RS A apHtutput
(/ORvEIAZE %ﬁﬁﬁ% f@exGinp UhhgiddBeth@En & 8DIEAED 5OV Nmdithe RBRRr voltage
according to a preferred enbodi nent of the invention.
supply VebeBeth@salogcnaents ldf arosubssiquens lybspnetesddrit tahp fime through a
rrent constant..over PVIT variatiaons, .is direct
phurlof B Mg Shuren it BledSSupd B RPGbtpo thar
mayfHeQiPadallct hell@neRdigaul soakéegesush Rph YiaMDEdnvek&ttoRsxahtpte, and
digital core voltage supply, for exanple, which is
outpyisesiptaliprofeigifa) bith fasgoattdeing ¢ RYTtcoipersagion spdst Jugh a code can
| i NeL: : i Lz . :
s 450 ST b o BB LT Bt 0
ordeg enedrito doibyx atnpde paipngingpadendetand@O sletsh@teconf i gur ati on
of which. ig based op & . 4
Fig. 3 depicts a schematic diagram of a reference current source 200 such as
used in the compensation circuit 100 according to the preferred embodiment of the invention.
Such a reference current source 200 includes at least a current mirror circuit 220 made up of
first, second, third, and fourth transistors M1, M2, M3, and M4 having identical polarity and
wherein the first, second, and third transistors M1-M3 have an aspect ratio (W/L, W and L
representing the channel width (W) and length (L) respectively) that is identical to each other
but different with respect to the fourth transistor M4, a proportional-to-absolute-temperature
(PTAT) circuit 230 consisting of a first diode D1 and a second resistor R2 in series with and
a second diode D2, each of these diodes being differently sized with a ratio of the area of

diode D2 to the area of diode D1 equal to N, first and third resistors R1 and R3, and an
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current conveyor 310, froma |ow vol tage supply (VDDE

- VDD) corresponding to a voltage difference DV
whedonaesssa ref erence hi gh vol tage supply VDDE, PELYEP208%053968

a high input/output (I/0 voltage supply for exanple

rangi ng between 1.8 V and 2.56V, and the | ower vol tage
operatigl ymyDier Botthatana) Bga CMOS Binplificrehamédly akdgned using CMOS

subsequent|ly conpared at any time through a plurality
tranﬁto@o‘f%ﬁﬁgtt@ MENIHET BRVE C@G?‘F’élﬁtonnode anal og-to-digital

convert §f, Gﬁ%’l‘i oan[%pgmgpﬁér mywﬁﬁhfi's R ﬁ%e%l bgf the fourth transistor

anal og-to-d verter, such as a converter
M4, fdoiveetharpirent rainchr ourtypt2 ) tarqrmlgh f@loutppt @imdiagOLA! thbi i soupled to

the B G 150 B G0 By Ao sKES BT Vi TBRPgHpa TSR R0 s o
combl’éﬁienﬁa@l‘?@gtr RimAAls! hdh QY EIBh-if drGdd fnpRO@rhiRaloMEiest al R itage

contr ol exanpi out put i npe ance and/ or slew
potentaleV mﬁagd ag my@pmgt 1Qp1gt teroheddNi at zdy@lguga poiehtia Vin.. The first resistor
ence current urce sed
1. ISR TeEe LT Pt 66 AR dfioiy b8R8 teflafripal gonneeted to
the RAIANEADBE terBiindl M+ iafY 8 REJ0AN terifd]) canicefcdlt6 B @8give HBRer supply
source 200 includes at least a current mrror circuit

termprpd, Wigigle may befat Visy. dthe fise clindg, Dt hasrit, anggeltorsinat ponnected to the
non-g%\%gt?ﬂ{gtstteﬁﬁﬁal'\ﬁ\ﬂg 1{\£Qcat IX?% %Iﬂir i/?orﬂl%}fﬂea % Vd e F"ﬁ}% ?ﬁélorng resistor R2,

ereln second,
whidhr ia s s3ico athivhe Mdohdd@daim DQaszﬁﬁﬂmﬂaémﬁnz(l\Af)hnec\éﬁaﬁ thelinverting

representing the channel w dth and | en
npuyf éeg‘ﬁg@f )2 g lqraTinad epnce i \e trecimesk 6k W peayii diode D2. The
cathgﬂief &e[[lg Qéco\g’ii Hﬂ)d@ ?ﬁoﬁ %Bnﬁegtehl'ﬂg Vf 9 Yl Bhi d ?e@ﬁ%o? Raris M%nne@ted in

proportional -to-absol ute-tenperature (PTAT) circu
parafl8acomn ﬁies‘ttramjp (®2, 927 iLlesbetercodibe DhirdatetmmakaclovissS. The source S of

R2 th d di od , each .
cnchithi Bk aranies MU honfesfaiom RTS8 doiet ey kel which
mayqfe di RRoAd SR r&fereqeeoréeel%chgs the. @ﬁ@@raﬁlf ofcih@ﬁﬁst %ns‘i‘é%@{/ll is

N, first and third resistors R3,
conrm@ﬁéo &tel r@manvqttpg infpugterampl Hﬁbtwh’mﬁ;ﬂs blee @rammwle second transistor

M2 g?%g?e eéi t&tﬂeaﬂﬁ?f%%mg gl’\?%l peggh rtl]% T ITgN%?KF%%ﬁ %1%? gov(JsS ‘%l,crl?ugh the first
tran€i6ut Mi1i i€ kplA ko aduin@ht I Stheigh 1 &sedioby Dl hed fa@ufeh 11b through
transjistor M4, drives the current mrror circuit 220

the finst seigter Rl s Thrieystrnt Hdihati fhoays txgmeh Hesrsependogmsistod M istsphit into a
te I f
curr3d I%aa{“%{‘gilé F‘l% Sgl‘l% Emé rt%f B?; a@@lﬁjéegﬁ P ghrrmg{gﬁ%e tlﬂlﬁreﬁwtor R3.

ope |er ary
Ductte th duadest, mnmlrrymgemm withueankistogs M pM Haemglthmd;aniel\écspect ratio
a voltagekﬁpt ntial Vin+ and anp%nvertln
r

t
(W i sty SPBICE dResaptst Bunap!t prrents L ey irrored to
the @3k GLioR3 Dlmmqﬂat (B GARARELER 1 PisRaGRLAISh 18610SS | he

first diode has a t term nal connected to
non-i nvéhe pngc1pler0ﬁhth1atef¢rhhceaamdreat waowridOtles on tlad generation of a

connected to a negative S t er m nal ich .
refefiiEF gregt ioaod ARBf Y Sef gl ohat bl Pttt B ving o
positi®& fhipRlateeRBEFRAt {Fr)RAd another current Iy, I, having a negative
temperature coefficient (NTC) in order to compensate temperature change.

The current I¢ that flows through a forward-biased diode can be given by the

well-known Shockley ideal diode equation, according to as follows:

I, =1S[eV; —1] (D



non-inverting termnal and its cathode term na

connected to Vss- The second resistor R2, which is in
waesrazset t h the second di ode D2, has a third per/mPal/ 053968

connected to the inverting input termnal IN and a

fourth term nal connected to t’/he anode of the second

di ode Dﬁ/hefEflelstaﬂétD%ur@ﬁoﬁ beraecaridihdivotlegddréss the forward-

connected to Vss- e third resistor R3 is connected

biaspdydigde winiedy haéém@g@we ﬁ%tnbrrawmeﬁ'zme%ﬁ)\f TC). aad Yyeip fliseifermal
VOl‘[éé}%\llﬁlbﬁ E;gnfn?sr &?tllveat@ﬁjl TC E&@ﬁ&@ﬁ‘[r(?@g)sa@&efﬁl%ﬁ IBPI%G following

our tran stors - I S connec to a positive
dqudw&mr@up@mymmemnknquHMMth may be at a constant
reference level, such as VDD- The drain of the first
5 transistor M is connectedytofﬂhe non- inverting input (2)
terminal | N+, whereas the draig of the second
transistor M2 is connected to the invegrting input
t er ni naWhpIgq lsrlrr‘eelemrslrtémcharget(hém f<|18wst Hr 16 dgHzppen s constant
| bar r r
(13407 B0 PRE Y Ry M doSoliyebpl B fe & BUBIEBinclibfof a iode.
the firductetcdtanhdlVT cabhsuglly bemigldctddhaith fdspaus to the voltage Vi,
t hrough the second transistor M is split into a
cquadigp anrfzﬁhqrﬁre&@@wxrﬂaée%@. es branch (R2, D2) and a
current |2b through the t IJ resistor R3. Due to the
current mrror arrangement mifth {ransi stors M- M4
10 havi ng t he sane aspeg #2 fo (mﬂﬁégﬁﬂe transistors )
ML- M2 source the sane anmpunt /Jof currents 11, 12 which
s mrrored Lonhe LhGd. 41anslstor,lB psuch that the
out put curren e 'SV dent P cat %ﬁ]’ And 12. The
principle of this reference current source 200 lies on
the generation of a referderck lourrent Iref that is 4)
bot h the sum (I la + lib, I2a + k2t>) of a current

Il a, havi ve Le ture coeffi C|en
(Pr) - ath® SR PR S om SRR b R G S SER e
tamaaunecoﬁfunemh“q@ﬂywmﬂertocmmamﬂe (5)
tenperature change. The current If that flows through
15 a forwapgh @ﬁ&%@h ko R RS! agﬁp’lﬁﬁar bYo thee R thvokdd@WMiementary
Shockl ey idéal diode equation, according to as
inpuf teiringwés; IN+ 4ndIN-¢o ¢ sam¢ v lleygmp@te@tla]gmﬂge geddyethte, which yields:

saturation current, |s\} Agoltage across the 6)
f or war dbi ased di ode mhlch "megative tenperature
coefficient CD and |s.the her mal vo

exhi bi técaors 1 0 SPH PHELFSARLRIET B1BHE a@p%ef Hatsibers,

the [d&EbRET Byd RD %wfl 8k |aI%Wsé‘t%qﬁ§l% RAGNGBer, Sh@lthan Wi th the
tenperature T: JrT (2) where q’'is the elenmentary

20 charge (1.602 x 10~ 19 O, RlIFsRBoltzmann ' s constant (7

Under these conditions, we obtain:

Lip = Iop (8)

Reporting equation (8) into equation (5), it results that:

Ila = 123 (9)
25 As illustrated in Fig. 3 and using equation (4), we get:
Vin- = V1n+ Vfl (10)
1
AV, V Vi ln[N Ila ] In(N)
La=I= L =L 2 - ZE VT N (11)

R, R, R, R,
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(1.3807 x 10 23 J/K), and T is the absolute
tenperature of the P-N junction of a diode. Due to the

wo amv/1tdsar VT can usual ly be negl ected w th r eBOPEP200D053968
the voltage Vf, equation (1) can further be
approxi mated as: from which w8 can derive the voltage
Vf given by: Vf = VT \n - (4) The gu ity between the
currents Ii and h can be e re§édd‘?% Duri ng
operation, the oper@Eanal Zanplifi 10 forces its (12)
two conpl enentary |nput errjnals RN+ and IN- to a
sane voltage potential in the stea&y state, which
yi el ds: WM%I%-FV IS\GIQVOIET%E a@icolgg h%lfgquzaftra) bﬁ%@&/ 8%& ?ﬂa’v sthe voltage
practice and & € nunbers;

dro;raescbsstﬂw B)I'\erdaj’iﬁheERald&e|D2 laed &l is thesatio eﬂﬂlalardamfemi& D2 to the
ot her, such (7) Under, these conditi

areawé dgige & n 1t ip .alﬁo mieétsh@(t él}e GedoPeiny RegeRipFshby BYet Pﬁ%\fd)araﬂel-
conrf‘egféﬁtéh%s 2 ha\hfl% frfesY %%12% hathe doﬁdé ]bh us%tEl'i ﬁ{a?gac'hrb éjy_dlodes D2;

usi ng equation , Wwe get
is pasddl) thidugh bga ctun(eﬂ.tle)qm/alleb dza iveitlt ]Nebemg etnagtegamt drslst dqfnel to two.
f orwar d-_bi ased di s the voltage dro Cr oss

D, Vi
e R cnional G Gl Pt (S irBE 1ret e 4 Sfprovided

by tiR BPAPlcirdhipde) BhibiPa E:)Bﬁ‘u@er f%ﬁlp@ifatlﬁk ‘ég&ﬁaen‘[ ('PtT d) SWlﬁﬂe?o‘émg a
noted that the diode may be replaced by a set of

funcpign af thel dtidernecst &M, diso d@lkdtmltag%tmongrtmh@l teahwolefic z%nmature
di ode Dl ach di.odes D2
(Veryas B RIB AT hitsa o BRET NGt o IS R fon to the
therM@l Vigta@@ VirNt eger at | east equal to tmo Fron1equat|on
( 11), it can be seen that the currents Ila or
t hat ar Erqsm equagied (b3), it lgen berseen dhat hy qurresty Iemlnuafe @functlon of

the 1{89\%&1 I &ed ?Bp%a\t’dq P‘?&t gﬁl%lfté a%{%%ﬁ 1V§ g glcaeraa]\f\(;x}% a‘gefjﬁ eﬂgg\ﬁl' C) while

unction o erence C
havipg @poohigenad déweabgol it mcteﬁﬁmg Iteﬁﬁpﬁ‘rzﬁu(eVPTAT) : bet ween
t he for rd- blased vol t age V, whichis
pr opor t il Bkalthe bl ¢ HEAVﬁ@%Cﬁ%IF%ﬂl@%@élt\m VolRgsnY g srRRRsated,

such th@)the #éfet‘éﬁ& &fre ?ﬁ&ﬁr&é@o &u%t&ér’fe‘hﬁi&eﬁuﬂe c%nff)renéa?ed]mference

are a function o
current lrer (= L1y + L1y = Lz + Iop) from its output terminal REF.

Moreover, such a reference current source 200 shows a sensitivity with respect
to changes in process parameters that is quite low.

Additionally, the positive power supply that provides a constant reference
voltage VDD will be preferably an internal low voltage supply, such as the digital core
voltage supply, for example, which is present on-chip, namely on every integrated circuit,
with a constant value ranging usually around 1.0 V.

Finally, the reference current source 200 can be considered as a low voltage
bandgap current reference circuit outputting a reference current I, that is independent of the
PVT variations.

It should be noted that the term “diode” is being used herein to denote any de-
vice that behaves like a forward-biased semiconductor P-N junction device. A typical
example of such a device would be a diode-connected dynamic threshold channel-P metal
oxide semiconductor field effect transistor (P-MOSFET) with the n-well connected to the
gate, short-circuiting the gate, n-well, and drain to ground and the source of said P-MOSFET

being the anode, or the collector and the base of a bipolar junction transistor (BJT).
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the forward-bi ased voltage V that exhibits a negative
tenperature coefficient (NTC) while having its voltage
w2aearssasi ng Wi th increasing tenperature. ThuBCT/EP®07/053968
PTC of DVf and NTC of the built-in voltage Vf are
conpensat ed, such that the rePerence current source

200 out phsuld atiginpeslat bﬂlﬁ}tabmiaeﬂﬂ@hgldtﬂe&faﬁmem@eMl -M4 shown in
current lref (=Ila + |ib = h n+|2té/1@from|ts out put
Fig. seraphigpe Rl@lﬁnell% et oK ide serirogdyerd PR tEansisiit, channcl-N metal

0x1d§g%&%n&%0rs(m)fés trafsikd rts 'c&!tlﬂﬁls\‘ﬁ”b% %cﬁ?\/ﬁﬁ&f az%l%ﬂ%hﬂ? fftection of

I'n process paraneters t I's quit ddi t
currerhélopomdtpolmtp ovdre rsmpmldyr afhh¢ c1mm>tv20@es a const ant

referen t e VDD wi | | ef er abl i nt er nal

ow el Tspeda i el Gahgghaget Bl D Y Fie. 3 wil
be pRUBRbLY tran@ktofX@RnEd fdﬁ"]b@ﬂoﬂtﬁg@&&?ﬁﬂﬁl R4 'ei?hlbﬁﬁﬁ@%d/uced

on evéry integrated circuit, Wwth a constant val ué

threshahdyvoltpges gedh éys rative ransistors Yor Famgld y, t he r ef erence
current -so i der.ed _as_a .

bandgap” B i ARer SRl PRENET § e Hinditta 00 AR usea n

the doRARNGINGA cabiiit €00 adcofing Rahe bfefdrfdeneitdanént f tHeligvdavibn. Such a
variations. It should be noted that the term "di ode"

low pewpreiengng siserihiileis Rated aerariEnbeppvaxonAleesuchas a first generation

currjptﬁ %@t{\?e ﬁ% .{%@l) @vhe&{&#(\?’[eqlo% 589 fﬁﬁt{@ 1&%?&91%5 ﬂBdeP \3&@{\1/ 2 é:lérrent Iy

cal exa
flowivlineb €Tt rahide dréts&a@ﬁﬂ@tﬁd&d aqjmlam potvhr eppBl tdrmaihainmigith Ray be at
met al oxi de sem conductor field effg(ft transi st or

a copssanyraieterye [gvelsurhas Nondlr cxgghlte Ctder enppeg iisistor M10, which
has B8 gﬁﬂlﬁ gbfaﬁ ) 4519 foﬁ@ cgﬁ{e%tedrira\l’ﬁgtlgr ngcpt'fﬁ'sﬁt ‘M@ r1§)H(§}glected

rceo said P- ei ng the anode,
betw6he tlwmoddde X ard @rothet pesibespovodr sapy pahamal jauNebi, cwhlch will be

.t I st Lt shoul d t b ed th
nighg} fpgn (e T1 ShiF STOE S nar sh BTRY DRl 3Py Gt for
exarhYBEENANNER VParliEL . O 48 t1ReNHEANEN I Abrah FIMR) formed by the

transi stors, channel -N nmetal oxi de seni conduct or
trans(lmmylitMé nsil MOhavinpiik damt gepebleratie 69/ hirlde tewerss polagty with

respt?aﬁ%ﬂliggcﬁ (gorrlltnggte%&r [ esr‘g(%r l\fgh)@\’yh(? ?19 gll atgxﬁ u rv?s{,%%oﬁ%? éhebtéanswtors
MI10)MEMS,hAE chrfat 1) s Stsahfoul 1A r&RBWs MB, MY and thef dekection
be preferably transistors designed for |owvoltage

currgidy Get Bovys thaerehyhekmshiteri MY arcdllidentiqehaad Hys greardless of the
VO lt%/'g%l ;fo?%??tr %eﬁlgé gbé)ql%dﬁ ({éeY t"fé}{%ncﬁbd;e eét&ﬁ trgﬁ(sm Mg ﬂﬁhtgits passed

lagram ol a Ssensi ng circu
throdgl0bysthe Baas cuisad ak rthet thmss@IPE sabcOiizeCik IidH:mtal,l@Dl then guarantee
that ﬁ%\(;vg{l]tg!g%% tsgﬁj%(%(se per s%furegera(rel geeltrét?[gr?llnrrlrzﬁg Es tge same for both transistors M8,
M7, which share the same gate terminal G and thus form a current mirror. Since the source
terminal S of the diode-connected transistor M8 is also connected to the node Y, it results
that the node X will be at the same voltage potential as the node Y, namely that the nodes X
and Y will be as virtually short-circuited. It should be noted that the virtual voltage potential
appearing at node X will not be affected by the value of the current Iy, such that the first
generation current conveyor (CCI) has a zero input impedance. Finally, a low voltage
difference AV between both positive power supplies at Vppg and Vpp is applied across the
single diode-connected transistor M10, such that it is passed through by a low level of current

Ik and it is hence not necessary to have a series arrangement of several diode-connected

transistors for reasonably reducing this current Iy. The influence of the process parameters
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| ow power sensing circuit 300 is based on a current
conveyor 310, such as a first generation current
w@oowaysess2 (CCl) wherein the node Y is a finitePCI/EP2007/053968
i npedance node with a current Iy flowng into it. The
node Y is connected to a posit@ve power supply
(thrdsks Idiviothgapoareibr ﬂiﬁblhbﬁ ay, sapsloRsltanry anefectipert@e lieweh monitored
such as. VDD for exanple. A diode-connected transistor
by thg @glg\ﬁ}%‘lﬁ CHggeqqqlér@élﬁpr p%lpléFh[af g}leé)é)wieh gonsumption of said current

con\%ggld@llpﬂ’@&%&ﬁc%ﬁy RS, e rlovV%uf’i‘%q ikr §1’1 R QM frohBthe node X at

nnect ed between the node X an ano er positive
a lowompedascpleivyl, tsehen ralicadd MRDERe defecicdn eurteint hewhich lisedependent on

han VDD (, 1.0 | e bei r for an
PV Ve QAR PRIy e GRS P9 RRS Sifiodt 7 ghinpeganpe leve
toﬂﬁqgngm§m366)gg@4km,the current mrror arrangenent
formed by the transistors Mo, Mo and MD havi ng the

same as b@boulddue ingted\Whatylthpekhathe Evsé gmippditansistprsadiy hM8, M10

ct, to e-connect ed transi st or t he
sho PSR4 1SpteiSs P PETESRRED 4R e sRPRPly B Englsdfs . Mo, o
is oﬂlﬁpe NMOS Hafisedibrs! inpl&aénthth QVE sbet RugistdMBolpsaas akb®k $arried out
Mb, and the detection current |z that flows

withahicyerghpe raty: raHe inveemenbe direction |of waentifloal andedarityiod the
rmn&ﬁgﬁc%hﬁ¥ﬁmﬁ, ge vol tage potential being applied at

e-connected transistor M3, that is
pass ed Fhﬁhmghrdoyt shbeldbanmeteduhatehd prsert reehti@nisingt himited to any

whose size is identical, wll then uarantee t hat .
part{CHl@r Duileraas ity @@éﬂ\f@ﬁ@% BUPes g&ﬁ%ra@w@ licablgitpamyscircuit

arraﬁ%:en{elﬁﬁmsﬁﬁrl%h £Q8 d&‘?ﬂaﬁlettB ﬁﬁf‘lcgat S\’@' colflpen bk RecRRRE for

e sane gatetermna orma current
accumitely@ompSnsatieg fivert dastr mecdse rvoitagd a8 tofperaire variations in the circuit.

di ode- connect ed transi stor i s onnected to the
node v g § PR St o G g R s gver

proc?f’sléﬁgl e Fﬁﬁ@l @éi‘ﬁ}ﬁe@!ttu@S(PVh? Vﬁ@ﬁﬁ)ﬂgwﬂ?ﬂ{@ﬂ Meddratd Eﬂﬁnﬂﬁt‘é‘ ®een

( as virtually short-circuited.
descslhmhllém&a hx.w @dtagh atferchee qirranysoureenltate q@atp@maitlan circuit 100
ect e

geneg?tg% %éecglg/r rr%%an on-gﬁl%gﬂergﬁcaetlosfvhvg?tgger sg;(ppgze?éq gtreference Qurrent |

that &doheaht GRAPETOfarialibas) wha®ada d€@EQidnnakeni INBREaneeiable over PVT
Finally, a |l ow voltage difference DV between both

varig g i gﬂ@e@éﬁﬂeby %W@@mg ggcw 3Qbprighig bessd qnsa eysrsing equveyor 310,
oLy S sShREL e 0RO SRSl ey

Ml(hﬂftﬁ}rdsporldmgﬁtem:\e)ltﬂgé dnﬁ&ms actyveto thawderancedbwved ltage supphes Both
arranﬁznen of seve di ode-conn ctegﬁtr%ﬂgu@tors

curreids b SRR ‘tnﬁ‘idg a cyrERifRoqeanatpgaordigifal sopverist {400 that

outp'ilﬂea ;ﬁﬁl%ﬁ%}séf cﬂ@’fa@ RE. elrh%gé i ﬁﬁ@ﬂs day % EL%@ ue‘ﬁﬂ? S&F to compensate

, supply voltage, and era ure is
for R%Enannaimnsmadl/ﬁwmfﬂeecmun‘gﬂ(@ di ode- connect ed

transis , .such th t he power. consunpti on .of .said

current “ASAVEGERe I he BESEH AStrdPT 919 BateBt et ARy Fpres-
sion§ b’t[dh@l@t"cd rigohi "illibhh(fe”s'%o@ﬁgaife" odbhthR" NePeand ‘Have 4rO¥% be

i npedance ?eve is then replicated into the detection

consgiyed &ma nQ)rz-equmema@e@j,gmens@ned to allow for other items or compo-

nents, which are not explicitly defined, also to be present. Reference to the singular is also to
be construed to be a reference to the plural and vice versa.

Furthermore, the invention may also be embodied with less components than
provided in the embodiments described here, wherein one component carries out multiple

functions. Just as well may the invention be embodied using more elements than depicted in



PVT variations and supplied by the transistor Md from
the node Z at a high inpedance |level to the current
wonae/ 12468 400. It shoul d be noted that althoughCt/BB2007/053968
first group of transistors M7/, MB, MO shown in Fig. 4
is of type PMOS transistors, bhd the second group of
the Egan&s Ivelico¢is fiMutioMbearNBd bt hyforie)daﬁlpm i thersit®dnat provided are
npl ement ati.on of such transistor groups can al so be
dw“@%??*@@r8&4“@@??ﬁ¥PW%W%rse polarity, while inverting

the dir g fl1eQYER Bt §1 QL a4tk tnht Pdrid ters dis-
r enai nde?ﬂ%@t Ee egi rcuit %a@y eélrdrfi\ra{bér3 e, |9trl s“ﬁ Taém ers dis
clostxkinrtbe debctlpad)n tnhe bp nesléintd and\mattwannus smbaiméntsidiseldsddoand/or
tlcu buffer circuit e.invention

clairi&d By 8¢ GAHBRSH 1) habtpfhpe%*&gér%t%wom ol nvaniieh
arr an9eﬂ%‘Euﬁdi‘at%‘th‘éhthbtrefe&n@'@ﬁgﬁsalmtﬁe 19k RV ASimit the scope of
i mproved conpensati on techni que or accurately

the damsegard mgrefoinserted tegghange g‘@elsglbllwa thgelaams
tenperature variations in the circuit. In sumary, a
conpensation circuit 100 for providing conpensation
over process, voltage and tenperature (PVT) variations
within an integrated circuit has been described. Using
a |l ow voltage reference current source 200, the
conpensation circuit 100 generates directly, from an
on-chip reference | ow voltage supply VDD, a reference
current Iref that is constant over PVT variations,
whereas a detection current Iz that is variable over
PVT variations is generated by a sensing circuit 300,
whi ch is based on a current conveyor 310, froma | ow
vol tage supply (VDDE-VDD) applied across a single
di ode-connected transistor MO corresponding to a
vol tage difference between two reference | ow vol tage
supplies. Both currents Iref, | are then conpared
inside a current node anal og-to-digital converter 400
that outputs a plurality of digital bits. These
digital bits can be subsequently used to conpensate
for PVT variations in an 1/O buffer circuit 500. Wen
interpreting the present description and its
associ ated cl ai ns, expres sions such as "conprise",
“include", "incorporate", "contain", "is", and "have"
are to be construed in a non-exclusive manner, nanely
construed to allow for other itens or conponents,
whi ch are not explicitly defined, also to be present.
Reference to the singular is also to be construed to
be a reference to the plural and vice versa.
Furthernore, the invention may al so be enbodied with
| ess conponents than
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provi ded in the enbodi nents described here, wherein

one conponent carries out nmultiple functions. Just as
wowdo7/1zss$2 t he i nventi on be enbodi ed usi ng nor epel/EBPBNT/653968

t han depicted inthe Figures, wherein functions carried

out by one conponent in the ehbodi ment provided are
CLAMVS:ri buted over nultiple conponents. A person skilled

inthe art will readily appreciate that various

paranmeters dis closed in the description may be

nodi fied and that various enbodi nents di scl osed and/ or

cl ai med may be conbi ned w thout departing fromthe

scope of the invention. It is stipulated that the

reference signs in the clains do not limt the scope

of the ¢l ains,

| egi bi | | ty of %E&&%ﬁl 1%(%%5&?{“}%{}%?5&1 %JO gﬁ%gltgﬁg%ltﬁ%m one
of picess v dltaize ang temypieehiting (BUTp emsaionowithor arﬁlhtdgméﬁ ciané, efid

process, voIt e and, tenperature (PVT) variations

Comﬁi?ftsﬁﬁl?fl %ﬂFF“lltrﬁl ‘-‘é’[‘lé’als@lgraéfﬁ 3! sai d conpensation

circuit af 100) a?%ﬁééélﬂﬂﬁ%ﬁOd)qglséeneﬁlmg 2Tk RIMED %ent (Iref) that is

circuit (200) for generating'a reference current
congtdnt efgr R\ihwvanigionesidanference cirBWT(208) being omyigusal td directly

i t d
Eendy e PP eriate 8 PaO R PR AN o 9 gemal 1o
said Vb $ra@a cie@Phid Eoffidhred LS B 1dW BRI supflysai d
integrated circuit and configured to provide a | ow

vol t agebsuppl § serb)nga:lrs;eﬁ $3H0, whicls @pmpiBOEY ouigit tehminal (Z) and
Wthcilo rsrf.%gnffﬁeu%gﬁ {6 (%gxtrng\e/ atds té]l?tl %r(m %ng? a}ﬁgtre%lon (furr(e% (IQ that is

Varudﬂé eedriPMT cartationt, aqd 2o sdnb@ialdl BVTaririabib® tarsieh BMA detection current
variations, and to sense said PVT variations through
(I)-saj d detection current 2. A conpensation circuit
according to claim1, wherein said reference circuit
(200) conprises at least: - a
proportRonal - Aa:oa’qs:ostamibﬁ cireuparcatdingeto( dPliAT), vdierginkdid reference
rises a first diode elenent (D) and

whi ch co
C“C‘ﬁtégb %%m%ﬁsfeéﬁbl@ nt (D2, R2) of a second di ode

el ement _( D2) é‘?f‘i)p%rtﬁﬁlﬁpﬂ?)daﬂsgﬁl'téfeﬁfpefaﬁ?r} (Pﬁ@‘f}jc&du‘its(éw) which
di ode element (D) and said series arrangement (D2

compijes hdirsigliedmndlementd B 1) andad bayies sarhuzeRAT(102, R iof a(s%m)i diode
e coeffi c

clontelt [F5T)1aRl i sBe PG PF R R A0S O frebCirBiTand iiTherics

arraSRENE (B R being ((BRYighed WeARvAsN@PTAT il WH )(2509 rt@ Shibit a positive
said first diode elenent (D) and a vol tage (Vf

tempesptpeescosficiens 67T @sthequghngolesr difforncedyy - Mo g@m@m%ud second
res1sttor (E{%:E) ?ﬁ Sltggle%l\v?lyagrogs%laid I%?é) dioﬁ"ej Iel%&eﬁtr(%)l) and a voltage (V12)

across sald series arrangement (D2, R2);

- first and third resistive elements (R1, R3), which are respectively
connected in parallel with said first diode element (D1) and said series arrangement (D2, R2),
said first and third resistive elements (R1, R3) being respectively passed through by a first
current (I;) and a third current (I) both exhibiting a negative temperature coefficient (NTC)
by being proportional to said voltage (V) across said first diode element (D1);

- a current mirror (220), which comprises a drive input (G) and at least
first, second, and third current sources being supplied by said first voltage supply (Vpp) and

having first, second, and third transistors (M1, M2, M3) respectively, said current mirror
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connected in parallel with said first diode el ement
(D) and said series arrangenent (D2, R2), said first
w@nah7iiksesz resi stive elenents (R, R3) being PCI/EP2007/053968
respectively passed through by a first current (lib)
and a third current (I b) both3exhibiting a negative
(220.) ®oing rcatﬂt‘ugl,&ed: nekpliitentifth Nifntlfy) dai p@s@;thnmrghismﬁalrstttmnsmtor
aid vol e@; iﬁhacross said first diode. el enent
(Mlé m aSla‘th:ﬂ%fF {2 ?trR?ﬁse@ﬂZFG)‘g 30 tasoedHpps S M) gndysgid sixth
currérﬁQHB it &haid Pé:fel%h%é &ﬁ‘r%'ht ? thg? E&s@&dthgﬁgﬂ shifitki trans1stor (M3),
current sources bel ng supp y sai Irst vo
said SifippduyreaMDD)and Isdtlrhau‘ramg (It) estg camstaninaler VA \talrmatldns

t t M id t
M Tror (220) b BRPTRE 0GRl 4D BPHS R et a non-
1nve%3tﬁf Bt tétlnh)lalt(m-fr) Qﬁ%ﬂﬁv&ﬁﬁ@ﬁ@h‘[ t%ﬁ'hﬁllalf (IKSY sdid @ﬁ@rhﬁ&r&[

Into a sixth current t hat passes t hr oug
amp§ i 24 @link caranelicd taosaid wment anldors(éaa) gideahl BUAT eiveuif (230)

suck) TRy TE T Pl i b st o FvgPRTE F B e
voltddel (V@ Rekosd lidfifsul ﬂfoa%le(ﬂenb ﬁmglaﬁ@ 40 Mstcaite AP tefmMial (IN-) has a
variations; - an operational anplifier (210), which

same ypedes! BYin) soldal of SACTiowHTANSgMERIN. Ra}. #ndapniigured to drive

I N-), said
Sald%ﬂ%?rgﬁulcr)%gfﬁg%pﬂﬁwggérﬁ?ﬁ%é)‘qnglgtl(n "connected to said
current mirror (220) and said PTAT circuit (230) such

that said non-inverting input termnal (IN+) has
same voPt age ﬁé@@}pewilﬁnflra@t %%Pzﬂl%ﬁq%@gl { %2 )Wl%fé%é@d sens-

ing aﬁguﬂ (%g(f)%%i*%ﬁ?&e element (D) and said inverting input

term has a same voltage |evel (Vln-) as that
of said-series cwrerarcgmnt (SGDJ)ZforRﬁl)\geymgoh aoreht ﬁumemh ihput termi-

ive said cur 2 hr ou d |ve
nal (S{M%‘f’ar gyaid §“ Lézgt ?ag(ﬁ “d%ﬁfi ﬁﬁ’l%Veg%rc@?@) i’r pomprising a
refefeh@d @nkin@l (Y3, WM&ﬁn@e@hn%@tb&i t %Géfeké’ﬂﬁe %ﬁa”gwsh 1{1,?»00)
conprises: - a current conveyor (310) for conveying a

current-from adlqdnﬁgnnetcéadrtranﬁator (M)101 waerisatyw alow positive volt-
term C ar (310
see PifpTRS) ST P e P e STl R R St regpoena
secoB@NORELBAPHIY (¥ phfademaenpohdragal sMppl y; a
di ode-connected transistor (MO for generating a | ow
positive volt age drop (DV) across it, said

di ode- cgnnect gd, H%F{a‘uﬁh%ﬁc& c(c?)) ({?}%D@)%lﬁﬁfgf?ﬁ{e nsald Voltage
bet ween a second VO age supply ]E sal
dro;i (@r\m inadual X) a véliagh dcﬁﬁam&iesbatw&n seidrsecond vattegs @hppgz (t\@DE) and
|m3 erein said voltage drop (DV) is equal to a

Sald‘vr(? etr%ﬂj.?@VG #3%18A¥e bet ween said second vol tage supply
(VDDE) and said reference voltage supply.

5. A compensation circuit according to claim 3 or 4, wherein said com-
pensation circuit (100) further comprises:

- an analog-to-digital converter (400), which is configured to provide at
its output a plurality of digital bits based on a comparison between said reference current (Irer)

and said detection current ().

6. A compensation circuit according to claim 5, wherein said compensa-

tion circuit (100) further comprises:
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5. A conpensation circuit according to claim3 or 4,
wherein said compensation circuit (100) further
W@oopneses: an anal og-to-digital converter (4000T/ERWTO53968
is configured to provide at its output a plurality of
digital bits based on a conpal4son between said
reference cur & enffer(dircaft  S@N dwhiah & ctatigated am reetive @nits input said
A conpensation circuit according to claimb5,
Ph“%ﬁé@éﬁ%“%@@ﬁ conmpensa tion circuit (100) further
conpr | S§s. a bAf Jo‘ﬁ{peﬁéahgﬁ'cfrc &59(?))1@ foChail 1%{&é119'§£18%rst volt-
to receive at its I nput sal urality o dlm
age Rippdy (Vibop) A a:dlgpmlrwmvcdmgesmpphyt according to claiml1,
wherein said first volt age supply (VDD) is a digital
core voltage supply. 8. A conpensation circuit
accordi gg 10 Al @nPeflsatidh @lr8hiNa®Btding %f&zhﬁm: Q}Vﬁé@élﬁ 3418 reference
supply is said first voltage supply (VDD).
voltagsrrpppls as sadeh ficst velidge sapplp(Mbmyg to cl ai m 2, vvher ein
said second diode elenent (D2) is a set of N
paral | el -connected di ode elements (0 2 , wherein Nis

an integer graajoipchd@ion 'éﬁ*bﬁlVacclmegAto(&zﬂﬁleZ‘ Siekr @ said second di-
circuit accordlngbéo claim2 or wherein said fifth

ode glgmerfD2) i 3 sqt of arallqlﬁ@@e@@ﬁdilqdereéqmwSr (IR} W(hlefeﬂi) N is an

urrent (I la) that flows through said
mtege'i]%‘%t%lo Jﬁ ement (D), and said sixth current (I )

is split |nto said third current (12 1,) and a second

current (12a) that flows through said series
arrangemnt (DHECTRENsalioh CirallibdrpEkRAL GHMe? Pl vtherein said fifth

currglﬁgﬂ g feélcsg t ﬁlgo Qé@hm Eurréeﬂgr *?'DF?‘ eg%mggﬁge% (1584t Fib%S through said

e el enent
first diiaidelaamt €01 pdnd sad siktdt @rrenld,) idsganme ssidtthioh corent () and a

seecg ot AP Prrtlefrghiueh el e EOh Byt D 10, A

met hod for providing conpensation for at |east one of
process, voltage and tenperature (PVT) variations
within ah int égxoatmdsa@pn@mpmt acsaidgngret i L ovhsrdis caghgone of

s of ; ner a ref erence
said BB e iR P BRTIE RUT MebR FFNSt o
said reference current (lref) being generated dlrectly

froma flrst vol tage supply (VDD)
12. A compensation circuit according to claim 3, wherein said current

conveyor (310) is a first generation current conveyor.

13. A method for providing compensation for at least one of process,
voltage and temperature (PVT) variations within an integrated circuit, said method compris-
ing at least the steps of:

a) generating a reference current (Iref) which is constant over PVT varia-
tions, said reference current (I.f) being generated directly from a first voltage supply (Vpp),

which is internal to said integrated circuit and configured to provide a low voltage supply;

b) sensing PVT variations through a detection current (I,) which is vari-
able over PVT variations, said detection current (I,) being provided by said sensing circuit

(300).
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which is internal to said integrated circuit and

configured to provide a | ow voltage supply; b) sensing
w@h7u2868At | ons t hrough a detection current (1edT/MP2001053968

is var i able over PVT variations, said detection

current (1z) being provided by said sensing circuit

(300) . 144. A mathedodeeordnd @ dlainc] Biwheidn sl edethiod Hithek com-

met hod further cornprises the steps of: conparing said
prisgsdheplepicd: current (I ref) and sai d detection current

(1z); outputt [ [

buffer circui %&%%%16‘% ? {d%fetr Cgolrlrlgéergs(fa%): a(glﬁ shi &e@%%ﬁﬁ'%uﬁ‘ent (@2);

met hod accor dowiguttiog alpéuramtjza)f «irgnhhbnsr\ﬂoe/ra&ism sdifed circuit (500) for
p Tsensr n step conprises the steps of: conveying a
VI mREAEaORom an i nput terminal (X) at |ow i nmpedance

llevel towar dsaafetsd Bitordifs fUJlﬁhl {For B, Whettin L0 SHRRG tep

| evel, said input termnal_ (X) being at a voltage
Compeseelthﬁeﬁ@mlofto that of a refer ence voI t age supply;

generating a | ow gosr tive

o odeconnact et PARE R Rty Tt B B IRRdpBgancs
levet foWﬁﬁds%qutﬁM@hm%%ED}}atQ%]ﬂﬁﬁieﬁﬂld@%M eRiddns@a&ndnal (X) being at
vol t age suppl V| said input termnal (X).
a voltage level equal to that of a reference voltage supply;
- generating a low positive voltage drop (AV) across a diode-
connected transistor (M10), said diode-connected transistor (M10) being connected between

a second voltage supply (Vppr) and said input terminal (X).



