10

15

20

25

Adi abatic CMOS design This invention relates generally

to adi abatic CMOS design and, nore particularly to a
WEMOE0si48T Ui t design for reduci ng | eakage cur r BOIT/IE2065/053669

power consunption. CMOS (Conpl enentary Metal - Oxi de

Sem conductor ) logic uses a conbination of p-type and

n-type met al - oxi de- seni conductor field effect
Adiﬁﬁﬁféf’l\gbydési FETs) to inplenent |ogic gates and

other digital circuits found in conputers,

t el ecommuni cations and signal processing equi pnent.

The great advantage of CMOS circuits is that they

(ideally) allow no current to flow, and thus no power

to be consuned, except when the inputs to the logic

gates are being switched. CMOS acconplishes this by

conpl enenting every n-type MOSFET with a p-type MOSFET

and Wi r iThY ifvegtiGPiRtdsREérallPtodiabatin CHIOEdBighayd thet

whenever one is conducting, the qQther is not. Over .
partiquizsly tnmERES ciaguat designifor Fatucinelerkage sursantendpaysr consumption.

firstly because snmal |l er MOSFETs (which have shorter

channel s) allow nore current to pass (per area

squared), and secondly because snaller MOSFETs have

smal | er , I : | se
tuo  aconeS RS NG 8e S EERARL TR bl 6
conibimssioh bfjheype pndo-egrl metakpaddsemiCndogor Sdd cfedt iangistors

Y N M RN TN R

telePRfitatlcARE aktERSRl YrocéSiglebihipaiehtN TR §B&tradsardde®T CONOP Sircuits
. or chips with nore conPuting power in the sanme area.
is thafthay (idealehpllow pcuresst togfovh ABd s RY PPWETG L5 Carpumed, except
whél thE HphiS td fhe Igihbated 8L 8L s RcHeMTMORDBEr1ishEY RS blyhat
can bé produced per wafer. Consider the circuit .
complapaindigy eyary orsypeaY@§FER vithg p-type MOSHEARd wirpigthesameyinput to
| DY I ' eries with
hﬁ@%ﬁ% 0 ﬁ%?ﬁﬁgggIm?%ﬁ%??i?ﬁﬁggﬁggﬁﬁ8ﬁggﬁg??ses a first
connect Over tiroe, MOSBBTy ark icominveldly bawk sakdcdowd, firstly because

o PR (R P h el SAERT R o s

squéredy el eodraly Sesusa spalaVMIOSFEISvE shadllandted) and-thisdowel gate

MOXSFET_14 conpected in series therewith, the gates of
capf%féni%ﬁf‘&@m@gt%semg%%%wgﬂfs@@s Haes, e\ﬂﬁﬁ}ﬂ@*ﬂ%@f
pro@sQid fidedts OF 5urR0h Hikl RaRNdohE B4Rl td RAICMOSFETs down

systens, reduction in power consunption has becaone

in sigp isethafrienaler MOSHESs cambviqyslydgapcked yosy denselyyfesultipgiin either
. . . !
smUE LRSS S B PORRRULEH e P vcn, ot of
prodwimyrinsested piranisds pighlyrrelated tatheinnmbbraflchips timbwer be produced per
t andby node, the power dissipation is due to the
Wag?andby | eakage current and, for exanple, US Patent
No. 6, 3Qénsi@f tibasrnit bg®lay illustrated in Fig. 1. As shown, a plurality of

CMOS inverter modules 10 connected in series with each other. Each inverter module 10
comprises a first connection to a supply line V44 and a second connection to ground (V). For
completeness, and referring to Fig. 2 of the drawings, each inverter module comprises a p-
channel MOSFET 12 and an n-channel MOSFET 14 connected in series therewith, the gates
of the two devices being connected together.

With the growing use of portable and wireless electronic systems, reduction in

power consumption has become more and more important in today’s VLSI circuit and system
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CMCS i nput buffer stage with an inverter chain, a

triple-well transistor and respective capacitors to
w@eioeasi4ghar ge stores in case transition of theCTIB2008/d53669

to | ow power standby node is delayed. Dynam c power of

a CMOS circuit is largely due to the charging and

di schargi ng of | oad capacitaﬂces. Wth each data

.andLor .ch [ ' .
oo 3 CARS S B8 SRRy R0 B2 i
compfigs detninipowet dnyl attive ledkage powaef karstandby mvds ther poverd dissipation

. ,Ihe stati eakage we f a j I CUHL 4 .
s dugap Sty b5t S B R d Sl Dol by 396 describes a
CMOB 3l 56 FEr staph et ah dSvebteOcham, B u§eHeR Standievemseedpeatded
di ode junction | eakage current, and, sub-threshol d
capacaaiis gact @p ehasen storpy Bress ansiion f ihegigybio lewipgigT dapgdby mode
is d gW Il be ignored hereinafter. Subthreshold | eakage
current exponentially increases with the reductjon of
t hr eshoDginangik payer, of @CMBS cixchvidis lrgaly, dup snibe chyziggpd y
. volta i en . I ce
aisen YR 1D TR S ool sEObE bl ey Rl
repréehtigge dhtakhrk sigails bévoasihg fudlywbhrgedydis¢hatded siro détdrmainebby the

be scaled_jn to sati sf erfo r.equir . S
choft abee Yappr At vt QgBCte Bl aBrl CLTERER SR AR by
the RRELAch06ht (IR dabl@ilsyor, Which haLld igh kaads: foverktibiased

above-nmenti oned exponentjal increase in |ea

diodsvnainn 1eakeanITER B4 PRl REES Gl DS eiprygekase i
ver;bﬁﬁiil dHa9PiaR ‘i'%rloi% feRsiSHap| Hpth ARSIdIeRaSe dufredt &Eﬂﬁﬁnﬁally
chip sed to d bl e

, can be eal with the | eakage pro m
incrpases with tzerequction potwosild ygkageoRn gngsher hang, Wweaing swpriy voltage
. er foran bi.cati [ : h th line of th
- s TS PGS R TUS 0 Oy bERaI o s o
supjsiyivo e, trimdsistee thrbsholdowlthpe E&hdiodldtalmriwissaledt in cader toisabigly

o0 achi eve the high spee rformance. (when [ .
perlgyinep £oq eeREN SR Re ‘ﬁlﬁﬁ%%ﬁ%“ﬂd%é“’ bl §F°3)§faﬁlan-
Unibfinthdty Wakh sc@ﬂr@eﬁd%&h il 2bgye-hidntidnde exponetittd ircecasdindegkage

especially as device dinensions continue to be scal ed
cur@gBwn, by enabling additional power switches to be

| ocat ed JpgLNBRONLR1REMYS chrafi, Fhithhasibdth b 288 Qo threshold
system These power switches are used to mnimz

€ .
trankistaksige sowgle @y, combauseR éo flesyathdhe lgkage peoblems pestigalarly inlow
volt\l'i\?ge]fc ﬁ)(Vr \ A rg rgf’ ’ nd%i@&e&#&ﬁaﬂc@ﬁ%@%ﬁtiwﬁ. TPlisRnrdshbidltBmsistors

ure str schemati cal ly,
canwhpprbsstlongubitheshodd jsakagp eusersswhik the koav thoasheld prensistpis gregused to

P transistor 18 an n N transi stor 20. The PMOS
aCh{eygﬁg’i@@b?pei‘gpqr@n@%:zwg%u%/}%é’n eep n-type wel | 22,
and a stapsaltndwh wPenpiehdnt ZMOS cindiii hsihp eigpe vyl EMOS
source and drain regions 2(?, 28 are_ .provided. 'Thﬁe\,ﬁlmld
technolagyiin prier Pgequse SO SFRSHIBAS 45ACq REnHIS OB ART '
dox%? gy/ Eg&ebgiﬂg §cﬁﬂ{rﬁ?p@\)fﬂtﬁ slfit@hdd tb 8OIRABA Bewedfhaheive logic circuit
[ .

a
Triple well CMOS technol ogy.
and ground system. These power switches are used to mintinize leakage current when the

logic circuit is inactive. Referring to Fig. 3 of the drawings, a typical triple well CMOS
structure is illustrated schematically, which comprises a p-type substrate 16 for supporting a
PMOS transistor 18 and an NMOS transistor 20. The PMOS transistor 18 is comprised of a
deep n-type well 22, and a standard n-type well 24 in which the p-type source and drain
regions 26, 28 are provided. The NMOS transistor 20 is comprised of a p-type well 30 in
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is well known in the art and wll not be discussed in

any greater detail herein. In the circuit of Fig. 1,
wokioslsmetl d typically be realized using triplBETEB2005/053669

technol ogy, high-V t (threshold voltage) series

transi stors are present in the upper (supply) line

connection and in the | owner (3ground) connecti on

e
whlcgh t%? ﬁct% hlyce%%%geﬁ}xleg%ﬁ{ %23 34'3&2;5%@31% LM gﬂk?{)@%‘ﬁg tg%hnology
is wtlh kndmnntthe A lnd will not bk ﬂagsseﬁnn eny gfeater detal hetrhlay are

either full S ef,0

Shoun, Iebispite S, inbisf wonlFieA e SEEEL A Mo el
tech@bTo8{IHigh-Vo(taestok e l1ayes rseﬁdmiahﬁﬁtoisram’\pneﬁmhﬂhaﬁpber (supply)

faster switching tipes, have encountered

line §PATEF RN #1008 DB eRLEERBOOTIFFERE FSpth e bR itdpygyter module

immeWatd pﬁ& th % ifveM@thodul, @RPArkE edliab stvitclgb Gunctional cell
capaci tance, FET gate capacitances have decreased

VOlt@gf« ke of d.ertheyt araeithen Byllyaneor palisneff.nd priberaioee Baf shawer
Capac' t ﬁg%?erb%?%ﬁ é'hoéu%&}t Meél%hte tﬁﬂg&? Q&enﬁ@%ﬁﬂcﬁé@@%r smaller

res r e neta t con I nputs to
tranmsﬁ)ﬁ;uinﬂ fastbreswiitohieg Gmes)devte cmcomerﬁdl othhedlﬂiquliws tFopfxdmigje,

1 have. re ect t
whefa B PO SeorsEee DR ooy Beoriand (f BSR b RdeL NiOsreT
gatesdépiﬂltﬁn@@ Qﬁaﬁf @tRsAsddan ke, exiit thbt thepaeibtiag @emmmedmuy other

st andard CMOS design, charged when the p
cap3CylaRFE e ao'&P]é’dﬁ‘S’iC@’étt?CWBgF“Fﬂ%@S 1?VB%lltl\§E%iX—E‘? W@dﬁéﬁﬁ that
conhdt BiphiR85 oGRER: the opposite type MISFET is in its
non-conductive node. Wthin demgﬁ"s from 50nm CMOS

onwar ds The fitercennestovirag |1Fnﬁlelcﬁt3‘é¥ gelchave spseqtive geracitances Cl-

~ Cl%a%%%:@a?gq vr\]litg %&s?&?ﬁ&@ tg% ond RM4he QaNECHIIR BEERe Qlflepptl}hgnd ground

m Cron pProcesses,
raild, mthéchopasiancesiard, h]gstamdpxdcﬁM@S chSIgmrvhmge‘bwéﬁn Bowimpe MASFET

total, J.oad c Ci resut o
is b i hietT RRGH ff Brisie MOSERTiE S B il o b gogptte e
MOSPBEfis ﬁﬂmwﬁpiohm[ulvé filotleh aVitteis desigmarfroan SOah UM(D$ snhade this

been npde to establish i abati.c |J 91 fth
o R ST G IS ERR 8 Garenape o SEFrien gf the

gaté'é,aﬂl%étt WHE sEHIRCAR protefes; Wd iBREcohecd Virinpciagiditdsece can be over
el emrent; and b) transferring charge throughout th

80%iaf the feieldoad ewnsilipes Whishserofiuin uwyatissaciagily Pighdase ot 6&{%@8 and
¥ i both cases, the design topol ogy of

thu%lﬁgh@?@b%@o‘%& and nodul es has to be changed _

si gni f i datitel pﬁ$‘£ varidus hitenptshave deen hadpste sstablish gdiabatig) GMOS

stil.l too n f the present
s otk B (s Pain k' BdrOEE ot o Fha vos
a) | nt egr atcRshging @paditivahage ino r:mkmr ef momdnctwe ekuept, foh
b) and ene rtr%%séer?fné%ﬁérgg Hltl‘jougllglﬁ tltleodarta path ?rom input to output by using
transfer gate logic.

However, in both cases, the design topology of the CMOS blocks and modules

has to be changed significantly, and the resultant losses are generally still too high.

It is an object of the present invention to reduce the loss of charge in a CMOS
integrated circuit so as to reduce power consumption and energy losses, and also to reduce

leakage currents.
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| eakage currents.ln accordance with the present

invention, there is provided a CMOS nodul e connect ed
whedvwosnsa first reference or supply |ine and BCHER065H53669

reference line, a first transistor being present

bet ween said nodul e and said first reference |line and

a second transistor being present between said nodul e

and sai gn s&ptfcé R HRNES& At iRR®Nti¥YRNEREE B Frb¥i8dd a CMOS module

capacitive neans is provided in paralle with said
compried betyvegnsy Hisbiclapnse sesupaly lingsae pspapad mefareses lipe, a first
tralﬁfs%f ibegg pkégelﬁ%ﬁ&égﬁ f%alwlrﬂolauﬁ %h&l saif ﬁ%@' gefél%ﬁ&si retaRl 2 S4G0d

, I'h use, sal I rst second transistors

trarcspmréwlelg aseséitbstwean dalé ewdnld and spé sqconereferencerline, wherein first
cap?u? ti\r/ec %%%nﬁ ﬁ}gr%ycded n gpaé l%gc ?gaﬁ@ glrsé %ﬁn astcgr(a:p lés?cr(])gg hlpé’l&]%[léla means
is providdden pa’pﬂﬂl\m&ﬂsa&Bsebbmi traakistoesich Wiadt cntube) shifl iR hh®Second

h the su a Thi s. charge recovery concept
tra“aﬁf&ﬂr? aReTqte, a%?WSY%%ﬁP&I}V&CP’E SQUIEPSHm st andar d
cel I's t qysavick hllRhaRe paf dir A itdkeh Kogf thd GRSrcbiiesBFkin@ Bsbacitance
on-chi p_and of f - chi'p nmenory structures when using

canghej (- lecoflestpd indthe panapiinees, thaaseequiyaleatly itiseriee with the suprdy
e vV
me%l{asb'?iﬁg gltldlr 1%@5\%%?%0&'9[%;2["?%1?& t(ﬁélp@mﬁdg%glggn%gﬁg}t% %rom standard
cellstoi-dliip gndaom ipferfacas (buses) and opshipane offerbimmempnygtructures
it .between a first reference or supply
wh nausqngg%%a‘ggg%éﬁr%ﬂorgeﬁser ence |line via respective
transi Stﬁdﬁcslntmwrgarmé exdihdBgpresens@réidn)dhete 1§pﬂo@hd§:¢ﬂ k &dethod of

and. sec e ce | jnes, and provi.din
fabpicating @3@8 t %41%46 foPriFng RTAjine ?mfb circuit on a
subbti 26 ToftcRfin@feld EBATE) &r@m@ﬁweteh Y EirAR¥BenédoR@pEIY 1iBE and a second
with said second transi stor, such that, in use, said

refqrencg fing Mig reRES G transifieTsdemPrOdaddp seties viflysaid fpipnd second
referéifc® 'i\igesr gxgpgxn‘ét/fd‘ﬁ‘%hﬁw JaEﬂtm%%aﬁ?ﬁl paﬁllel lVHZfl Wik I@i%t thafistor and

accor dan sent 1 nventi on, ere
secpirdppepitdveanedns uregar@lleé withispid geond @nmistsn, sierhahas) lurua¢ isiyt first

andosfeco LtE)lcSl{) e é&%ﬁ&%& gecoHd Ise é Le l‘l’el'lllt SR%s Ot her,
r et G

being connec ween a first
r ef eren <Sallcfurt1$an fixp hqcofdan@ wirtidths presed 1mﬁmne ticee is |pma/,1dea an

gl iy Efpapt e £ Pk b KPR Py B e D each

othéchi@CHETDEIebulith wﬁg Sbﬂfect@@b&@e@f@ﬂisﬁﬁ@er&ﬁk%% 8 line and
| east one of said CMOS circuits and said sec

secpnekigieganee ling, 3 é‘lrswwé'i%bﬁfm& Revidehbivesn 1??é"sm’§ of gaid CMOS

cirdtOMOGR firSt RAk&ck Bhe Wd J‘se@@idqrafnklﬁt%lf b@lﬁg‘gﬁﬂvﬁfeg rbeﬁfégn at least
second caEaC|t|ve nmeans is provided in par

onegdiseid MO direvitsranil s2id second refererae ling rwhesein fmucapafcxtws tneans is
pro%gd ﬁlg)cépa'ﬂg& ViR Qaﬁh k9 3n 9& a%&g c%ﬁcti eg)%@ %93 e s {:)I[‘O%{}lted n
sSour ces. SO 1IN Ei F]

accor
parzitlla:\]/wi‘th isoid sedohé ItIﬁnSISOlpSﬂlOththd’l I&emid‘tﬁndt a’n‘d sfeahfdl teadtibtog operate
integrated circuit, the nmethod conprising formng a

as rﬁqpﬁ?tgje gelgfsoe]%fs circuits

Also in accordance with the present invention, there is provided a method of
fabricating an integrated circuit, the method comprising forming a plurality of CMOS circuits
in a substrate, connecting said CMOS circuits in series with each other and connecting each
circuit between a first reference or supply line and a second reference line, providing a first
transistor between at least one of said circuits and said first reference line and providing a

second transistor between at least one of said circuits and said second reference line, and
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in a substrate, connecting said CMOS circuits in
series wth each other and connecting each circuit
whedvwosnsa first reference or supply |ine and BCHER065H53669
reference line, providing a first transistor between
at least one of said circuits_and said first reference
line and providing a second t?an3|stor bet ween at
prolRIag! firoiRpahtiveahhng inf saddlteS wih daid Frdl tr%ﬁéiﬁ&%nﬁ%fr&ﬁﬁﬁ% €econd
l'i ne, andproviding first capacitive neans in paral
capgpifie HEgng o peraliel idhpaidseennddrsasippovich theg i Becoprid first and second
trarfsRRRAE bpdr e a@ﬁ@f‘ﬁld' s@cd?lﬁ redpb&veutr J%?L'u'gess econd

transistor such in use, sal st and second
transi stﬁmasrew@féh%prases;ﬁ bhrikingria cglebmmt@brr\eslpﬁxctqonﬁguration of

esu e cess ri nkin
tho RS AR, SRS nie (Rl Eten G ol B e it
dorhinegnivecthe inphiecapaditanas pf detlowiapaltich molded the zite chptcltances of
Iy S o | y) becomes dom nant over the input
ﬂw&%ﬁéé?ﬁ’i@%s of the | oads, which includes the gate
capaci t amegsst@hd §d&6n@Ma§c1ﬂG&ﬁhEﬁ§ ma&f&nfph&estfo@éaﬁn@%cgm,lmp

capaci tive neans may conprise, for exanple of f-chip

gate gxide %P?a@r%:%t;Sl%'cqqswfsadétmpﬂe‘aoe@@ttpaé? buipreipsefatably comprise
r I
reo R O RSBl le PR N, da SRIE AR GRARK gfffple-wel
CMQA degicat Adreath @PRLitor & afapacifop beiltviatola tEMIGetdesi lg‘w theA
serff SR AB8RIS, dhe alrBuBERER Ths Seplat S il e B e
easil§ fdrimed add/the axeh of thp@apdciior ctaﬁ bte hﬂpanﬂéd Gafhalp Bargdilca%dcitﬁicy values
asiJy forned and the ea o apaci tor_ca e

candfp il PO RERFeabE B Pl B Bp AP EoRA efapacior. The
trertf ki@ Rihlceddah be Uinbe died @i mentt 1he camfnQhprHh Systéh 8 metal 1, and

required to formthe capacitor. The trench

lesss QheNeR MargisoxidE Aaseunling capAsHangs o ehembe tsguiscshivbieh will have a
postHRRinYact¥s i@ i n metal 1, and less, or even no, gate
OXIde decolpl i ng capacitance woul d then be required,
whi ch wiFlor priaghical rgagsws,i hoth/eerichsapacitanses/ire preferfloly referred towards
t C
sub%?ﬂ(? gedr 'cgsg{) ﬁ%er St 883?%[\/“\//& GRS %%?ﬁ@f%ﬁﬁ&e?irstﬁ%ansﬁmn a ad
proyde Sftcomhmamtlvwmezmsam parialiel pathahd: sdcond transistve. As thstcommon

transition and.pro cond capacitive ans
sopfy s e Sl 8 1 AT L pereR  TpHER L nfgRossible 0
hav8 theyorndRapiteRe nﬂﬁn@ﬁﬁﬁkdﬂl@f ©dhd @cHRI insisPWoLIPayAleEdtthe
series, i npedance IS possible to have the second
secquglfiN PIaR TR e Sﬁc errelereape king tp gebsiraleayith the seremap sypply
medds ih §erig@r al l el to the second transistor referred to
the second reference line to substrate with the common
suppl y riBamedil beeaficiadly comprisasdishargh ewap iferi ditecjng charge stored
o i ' g tored in
B R O T
resui’edrthis fenule, phiceC IO dopigni care by madcasubét‘antaﬂlyaﬂmbﬁtm) fw1ﬂh hheslosses
?stan |.al

thergla)] g%ri‘:c&uceiﬂq\ﬁn {ohtge F%gg]é%gal%ss%se omg teral%lils

The supply means beneficially comprises an equivalent decoupling capacitive means in series

ors and the cLXrge pump.

therewith through which said charge is directed by said charge pump. The equivalent
decoupling capacitive means may comprise one or more relatively large trench capacitors (to
obtain a large charge buffer) and (optionally) one or more relatively small gate oxide
capacitive means in paréllel therewith, although the decoupling capacitor may, alternatively,

be provided entirely off-chip.
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t herein being reduced down to the switching | osses of

the transistors and the charge punp. The supply neans
wheeNsasal | y conprises an equi val ent decoupl i PQI/IB2005/053669

capacitive neans in series therewith through which

said charge is directed by sajd charge punp. The

equi val ent decoupling capacitive nmeans may conprise

one or MWl BedppiociaRldyhdt MR edehENCERARAE b @ed wWith@MOS

obt aj n | arge charge buffer) and (op tlonally) one or

desr%lﬁeffcrle ighinp@ey todilte lowgpaveet émlaéﬂ@apfaéﬁww sr@ghand; hattery-
reldd& iddue@ IFubiBEHRY, 1 in@lntiBR Bahbd R4 %ﬁ@ﬁﬁhdrﬂ] @%\ff@ﬁ aal &e%f gns as

may, alternativély, be provided entirely of
welhig lnt%ﬁlcebﬁpfebqtm@dn@@éﬁts (Iheloghsg gmhgven rwtemt manowanellzbe
gg\?\g " Wlagl& %{a{a@l o%%i Lls%gg'ts 0{" {hg i e@ér? 1nxpeg euallptpglr%nt £ and
elugditedwith edfaena tb ﬂmmﬂnodﬁnmﬂt ﬁe’sk:ﬂ’ﬁdfchherélhle | nvent ion can
be used with standard CMOS cell designs as well as
i nterface buses between nodules (IP blocks) and even
within menory cells. These and ot her aspects of the

present invention will be apparent from and el uci dated
Wi t h r efPeIr Enkdipent pﬁ@e @ﬁ%@&.lﬂf@ﬁtw%ﬂbm%%d%w@d&y vy of

I
descrl ed %gﬂﬁge%ﬁtggg%cdﬁggﬁgg%ﬁ% er ence to

t he accdhpadriypadheortioringst didgramiof 8 EMDY 1nVQrt¢rsdeagn according to
tic circuit diagramof a CMOS inverter design

theggglg%gl ng to the prior art; Fig. 2 is a schematic

circuit Hgags amlxeﬁaaﬁeﬁhtﬁﬁdmgrmbea ON[Id&E:ﬁzerté}lrgoduBe Is a

schemat i r.oss-sectional vj.ew, il tratin

e ol o oF SRR Ak P o o vt Birlmel EMOS
tecldhofegfyam i | | ust rating the concept of nultiple-threshold

CMCS desi.gn;. %65|saschermt|c circuit diagram of

a CMOS .Fh&/ &rit & sChematindiggrasy ilpsigting thesorseahpf nawlgple-threshold
cvopadiggent of the present invention; Fig. 6 is a

schematic cross-sectional view of a CMOS cell .

accor di Adg-B5ds apcheenptiznut diagivand ofie AMQ@S invhrterghaig eptording to an

' (e d-To) Il and having integrated
% }eaﬁgﬁﬂlgghﬁ%%@t ancéJ r&e'ﬂ-tlrlh% %Hﬁnd 8 are schematic

ci rcui t Fig. &gs an@emlatm&bsse&ecmglat hiewfdf @ CMOS (chlaacg:erdmgm an

exe%%‘é@%&ﬁﬁe&%%?érn nttlg?éeiaalglpg Iggeida n%‘qge w&ﬂ @%F%Véng integrated

trendh aipabigences;he known concept of variable threshol d CMOS
S illu%tra ed, whereby the supply volta% t he
circuit Sl P G5B IE Bty lus ling the flow of charge in a

CMOS module according to an exemplary embodiment of the present invention.

Referring to Fig. 4 of the drawings, the known concept of variable threshold
CMOS is illustrated, whereby the supply voltage to the circuit is variable between an active
mode, in which the active logic circuitry is connected to Vdd’ and Vss’ rails, and a standby
mode, in which the circuit is connected to the Vdd and Vss rails. High threshold-voltage
(High-Vt) transistors (not shown) are provided (at A and B) in series between the respective
supply rails and the CMOS module in order to switch between the two modes and turn the
functional cell voltage on or off, and it is an object of this type of arrangement to try an

minimize the functional cell voltage in order to minimize the power dissipation, which is
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node, in which the active logic circuitry is connected
to vVdd' and Vss' rails, and a standby nobde, in which
W b@eosuelit is connected to the Vdd and Vss rBGCT/BB2005/053669
Hi gh t hreshol d-vol tage (H gh- \ﬁ) transi stors (not
shown) are provided (at A and in series between the
respective supply rails and t%e CMOS nodul e i n order
achieQed Wy Bféﬁ‘nshﬁ{tﬂhes%ﬁﬁ Rsiss é’épgleasreﬁgﬁjvetrﬁédb HB®ever, power
functional cell |tage on or off, and it is an object
dissyfation |1%a1§(3,@ﬁlngtpormf @n:pnqugap[tlpp ofthe Fimeitignal self,;gad as stated
I I
oot 61 D e MOl & fffoc BalfE M MG Plca
cirduit &0 8% Etmdm:egnetve]r consumsinsini esergy theses Houdelsorto rqioowicakage
diﬁsipation is also a function of the charge

sunption of the functional cell, and as stated
above, iThid a;;amlscbbhleﬁdd ﬁlfact:dilﬁalm’eeﬁﬂ’lr’the invegivh] BNditidng the
reduce charge loss in CMOS integrated circuit so as

abowgy megtped Sﬁ%@%tfané‘é'i%ﬁ}ﬂﬁtdﬂféeﬁe%ﬁ&n@?re? thag theg act aggeppective

curéhﬁ&uk‘és (RRVARH ERYAGR sEiHs & Mtmce) Y FroPiRingCh dcﬁors in parallel
achi eved, in accordance with the |nvent|on % driving

thexemétha Besvmaimadvansage atess flomsthe fagh dias the rsgnahntarcanchtaiaa@mltances
to tﬂg‘&ﬂﬁ Me. m%t@hélﬂ%gﬁg e Ig@ﬁferc%ﬁnéc? %gg&ﬁé Vfondintnk t}Be ylnput

sour ces ent Sseries reslstance
cappcitmeatiofgheclapdsci tors in parallel therewith. The main

advant a st.e fact that,th | .
ot o oS e A E e Blest Al s R sssring o g
exchipldrp emBodigchindf Qh&}&ﬁ?ﬁﬁiﬁverfﬂﬁﬁ gﬁiﬁ?rlﬂi@ mpll’lﬁﬁllty oY eEMODverter
put capaci fances of the |oads. Re to Fi
mogyléy lrfbcqamsw%&ﬂ%w%qae@ pihere gacy me{ﬁ% {% g mnﬁacq?dobeéween a
supBHAIR| al Yor R OR IR, %e@éﬁlnﬁhﬁ%ﬁw add&HAL irfRistors are provided
CMOS i nverter nodul es 10

] it
in s el of OEMAS Upels 26ASTdbhdOlh Ak SoDi and abe ground
s1d% g\%hg(?let?ﬁ]ﬁg{%% eﬁg u&%ta ﬁpec‘fﬁvg‘ UIBPAIX s rEE% I@q? Igfhgfjﬁllgm aPSvitches or

wever, S case, tional transistors
resiatoes, by pravathog capacs@rs @, (1é 11$pﬁpplllql tlm?ewuie ugMDBiphd wglll( process -
anhd.. nodul e he su t the
pOSg!]Bglél’eS.aB iOECf?f {O %‘lﬁlél’ies 6 Se Cg acﬁgn 8 é)?g‘lse l}alteeléCOIell’é CQWII'}JH J(r%maelﬁ
dorBiaanitCie & Behefidial,to Eﬁibé‘tEmNotlhlﬁlfs m{), 200 biblhesconneot Bawsémuhs gxternal -

or BRI APRY M4 Bring 1B A b 5 ol B sl Bt p resplbahe yotage

acr&¥s WRdse b&pabitsty Eh Eehﬁimttaﬂl%d ﬁﬁ@ﬁﬁéd 1820, ﬁhSr even less. In addition,
I nterconnect W ring remains domi nant, it is beneficial

this bycle hise yoKags 1eval earess hcrapaniorsdi2s, fe isdsimmined hythedaest stable
vol{a @ 1% SeRidh cRirof %H%mﬁiﬁﬂpér%lc%ﬂé c%ﬁl‘égﬁjy EQM@CMOé}jﬂocesses

s, as shown in Fig. a result, the voltage
curamtly) sensideesle Itaawalé kmayrrsthafemclb biasing of transéstbrs with aflqwx dueshold
n di.t
vollBE e Bisatk it ARG B e ubath bl e e Gl by e
cirdl@tigelfithe éktﬂ)(:abzitﬁalh&m §dr1e§ tnadh | tiee M)W—V'aﬂﬁcﬂuﬁmhchronﬂ &vilt @present

such A Seds gt veltier Ty PO SRradie TP ¥pSrapIonio P AR
capRé@ifahci @S, 096.0he bdcRBa1cs bOMS ttdhdidlod ubQWn itk €SI Klocks and
modules are pre-biased such that their leakage becomes significantly less.

As shown, the standard CMOS blocks and modules 10 are in a defined
floating configuration between the externally supplied voltage rails. The capacitors C25, C26

together with the current sources I1 and I2 are set to establish equilibrium of voltages across
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vol t age reduces | eakage currents substantially and

when the back-biasing is generated by the circuit
w0 e@el$1483 he extra capacitance in series wth PE¢EIB2005/053669

| ow-Vt functional circuit will represent such a

back-bi as voltage. In other mgrds, due to the DC

vol tage across the (triple-welfl) capacitances C25,

%wteh erﬂ%’c}@éist&@tlésanefmt Dk hABSIHIPESDEIRL thé‘cﬁréﬁﬁ to enable

| ocks and nodul es are pre-biased such t their

mwkéaka@@nb%©@h@@mépQﬁpﬁﬁﬁﬁﬁﬂIy | ess. As shown, the

st andar ol '

floatlng‘con Fﬁgﬁ? %tmeeﬁﬁgﬂﬁgng?g?%g¢%hge&%gﬁﬁgﬁﬁ
prefesdtiyaprevidad bs—phliﬁhm theafplam pf toansh CRBCitD2 G ﬁ)@g@mﬂeluecumb they are

current s are set to..es sh .

rel el P P DR et bR eSS oV i B orcasing
the f@Sdr aitearcdstRRBefanthg R FRY. 6 of theldutheitless tesd iy illetrhied Biteatitidly the

cjrcuit to enable anal ogue ciycuit sinmulations to be

topplapy o speaiabafioalleyith Winle el prdrRnss s tansonacqgifiingdo an

exe,ﬁ{p@a\q,1 Gﬁgocﬁﬁltenmlﬂﬁb prBdht AVEHIR! s HoRhehRRbMpRuRYafeHverter
on-c in the formof trench capaC|tances to gr ound,

tranisistani & tHaeyrealized using tripkepll éaebyology emmdicaed § Beslmﬂarly, the
serfegl{rgl%fs%f SQM 5t4hwf1*<l,§ VJlﬁ ?CQTQH tﬁ& Qlrpent gl#&g ll'f aﬁ@ﬂ%k%lrrad t061n 6?spect

I'ncreast ng the warer area cost. erring to
of Fipes, dredmnn@sqn dither @dé of thé bmmlem¢mdy§\¢®&ﬁﬁ’fsi b%;llnyt thkesspective

t opol o c.ce
extprranei s SRR B0 e b s BT ped Blfeen the
@Tﬁﬁ&itﬁ@MOSFET BearpegSftndirépediive Qﬁnsm‘%ﬁrs SIZ 05%) and the capa01tances
are &g{gﬁég g}%ﬂ %}%ré% Va%trs %{ﬁlﬁ %t|r6§g§;l dgtwcr)lré)%a& éQ Hl gﬁ to theea(ile pad 501is
alschHB\anaBleneaﬁsr@f tBEAbWESbdldan &ie&ﬁ@f)ﬁi SAichIé conMBitedtovhé back-side

formthe current sources | 12 referred to in
of the gtﬁ@@@temontapfg to the t@n@b macn@as, tm seiigseyistiyiity §1. @ flosgqgevithin the
14 at the respective :
ﬁﬂ%gggzﬁ y réEF and Vss. Trench capaC|tances

56, 58 a&eéerpng)tq Kigsl 7patl Bed ninetdmviogmall @lﬁﬁmlaﬂegcom‘p'acﬂancés

o AR RO R LR By Al B

diséHargeA fidahe s stipplz: rhit ointhésisipleovdlhepatiinga C26@nd QZ&I Inother .
ns, .of the down bond to th

WOng %@ﬁﬁ%’i’togewftﬁhlf%éh%lgwogp?fé C%HﬂClEEH]geSS ‘gt(fé{)%ﬁll dump tﬁelr

chab@NhRUR dn@ A3 theRGAPIE IRAChPpRittncel AR BRYHRE large in
resistivity (i.e. losses within the trench

corppapiser With dhedntercanngskcapagitaness, #lbehasgedexchuhing the ghprgethat will be
disdi} %ﬂéd dub 1308 s%v&tgfugg %?gQrI@&W\H%ﬁ‘gu%énsﬁtoré Q/ghfn%ée@ms&ules
C Csis

acl tances pr esent ed y capacl tors
can(he r@cdvered:Zthm wilFayse thy vokage ragmssb@ZQ;dtmir@@dtoamdease the voltage

acr%glap ngrx% dqo;ié(élgn %&é)rﬁ%og%%u gg@}éc{caanlcle sléd? Worr%ASuce aolsae level where
the R:BSM{stbeﬁrfméiﬂoil}éli‘litg\fdag By tifagsférfihg ﬂﬁ:Q:lhﬁl@e tfroga@paditoanCBSand C25 to

[ Csis wll du eir char to C26 a
st R AR R P S el dstefre mabgeoivity of
the %ﬁﬁﬁﬁﬁén%ﬁfbré"ﬂdrﬁlgttﬁ%sﬁlﬂﬁ %&%ﬁ&ﬁctﬁéRﬂ&hérﬂé&ﬂﬁctw@'s{ate) i.e. the

charge, excluding the charge that w
(otherwise lost charge is provided from the outer supply nodes to the inner supply nodes by

the current sources I1 and I2.
With the exemplary practical implementation of the invention shown in Fig. 6,
the charge intended to be present in the capacitance Cssdd is found as the voltage difference

between C25 and C26 respectively. The three capacitance (Css)dd, C25 and C26) option
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di ssi pated due to the switching of the | ow Vt output
transistors within the CMOS nodul es, can be recovered.
wabios/osi4B3 cause the voltage across C26 and CZBCT/B2005/053669

i ncrease, the voltage across an internal node or
supply decoupling capacitance,Cssdd will reduce to a
| evel where the circuits becofe i noperative. By

glvteﬁ ﬁirﬁése Fah89 chli‘ Be fé&@é&eb e %ﬁ'}%ﬁéﬁc@ &25%f1 @Y ofh 4sQiven
d, the charge bal ance is restored (apart ffom any

in Fgmaﬁ Itherftbs@@ssﬂtmu@ dags wrga (he0%plior Sreioapaojtausies raquiresioput
lmlhgrﬁgﬁétﬁ)guct | %ggeggm{, nalgﬁl tion froma conductive to a

non- con tate .e. the (otherw se) | ost
charge ils amreffw@minﬁqdumm‘ hechatge gunmplippded tmpruieﬁletchafgh ® the

SR e R E TS P EH ol CHE SiRlengs Mg oo lres

endull &5 dlicdna ﬁhgﬁ\mﬁnd dSbnEﬂa@t fobthe tchla&gﬁ Mb@fy pﬂ;ﬁ@s@ o)1) dh@rgb @ransfer
present in.t capaC|tance S | S oun as
capgeifanggyesed W‘f“fl‘éﬁ%ﬂ@égedél%@ﬂt %%Eynahalgcébwvlé?p%@i licggpiyred to the

equTJ;h@entt B8y @e%@%ﬁin%%ﬁﬁa%ﬁﬁr@%sl@ il 62 BprREGHtELRAt 188 HIWRR the
in Figs. an can be reduced to the two capacitance
intqreRBedidrimR eApaeipnromdabe gihorespply bufgtingcapatitorsing to be large so
as {o%ﬁéﬂré i ggtfhle Qoﬂt %laﬁatﬁ)% (:ros? 915‘) u;%;ﬁ{é bﬁﬁ& %Qﬁa%ﬁtar?c@g ﬁsiow such
quire I DI enent at 1 on I nvent
that the dlrpﬂhefdesroﬂtegh efithosthmiant CM@SCMB gsenop unxplly sffecsaddi. ct mnduly

moBlalng 5 e Bt HP BT Pt BBl Pp BB G R Gppanta
caﬂaata@ee emu,g:hlstp@rtahla@mpacﬂtaat@may bereststtishddetiita apdllel biecuitry of

char ge reco process harge transfer
tre@éﬁam%tawe% oalna lres chast Eaf% i s lienetc StdnrRpagitors that

w1lFé19;ure§he Wcallch@x%e dclo%k’)r@%l@feecg Qe AEwaOBH MRWARS a person skilled
decoupl ing capacitance. [t will be appreciated

in thh 515, t%/eﬁeh sapesinpeeandsrachineed a4 S PRSHEC Wgreas gate oxide
cap%(giga%;&% Eeﬁl%%r@a% & QelOﬁF/tﬁﬁﬁz ild@i@lo){alﬁ);%gtg 'Z)kfa 91@5&1'0& RisSan

l'arge so as to ensure age
equiealéndidvoseriag reostntdy evhsteppirgnch l;l:ﬁ}ﬁa@rtam:g hea:p a&Slaaimib'siaIigsr

?g%{éﬁ treréllas an : Q eacttirtl%aﬁls hloclicg:F g\gorkogs sucﬁ t%t i@proguct of each
can'Bechibwtht nglﬁeh:eltﬂ eﬁkagler cur r ent However , aI t hough this.

i npl enmentatjon r anti al capaC|t
this parti E‘{?FEPrreg Ei‘f @“ Uhrechatee RHPPEH fﬁe BS’C/:“S@%@ applied -

extPRBRY diGhe Eost &Mdﬁft]\énﬂf polveLHiad toCRe 86k bRIRE $lokwePerO e dkdhosed
| arge charge buffer) and smal | er gate oxi de capacitors

topplegy ca#it bq usedh eprekiptipieeach and evernblgek ¢RI FesEing a larger amount
of ﬁﬁ(eﬁll (ﬁlaltg‘e Ipﬁ%ﬁf)k efhe’giﬁt MWidel bOR SN bloRk@aRGhSRiles gl te&ilre level

tren capacl tance can be achieved
shlﬁelr@ mwwlmptﬁsatmfme ddtesengert ie thoreshodd vaeipaes dfdimclewedirirdpsistors (which

w11?é%§ltec? d%t th rl()i]e~we Volta\g%qi tionally, _gat e OX! de

an equl ent | ow series resi st ance,
wher eas Ad eme}lnp @awaanﬁlmgere(nhmloan)shhﬁ\tsamtadixahba/whar@ﬂs or

equi val ent series resis actin
bloRS SR Fhe< ST T ion SRR PR TR e e Eifpnpgources n
parilé WGHhtihd ried Bfa¥itdnBesedbeQlsB®fiwo-fold. When ramping the supply voltage
up, the charge from the top supply Vdd will be fed slowly into the capacitances (C25, C26

(and Cssdd, when used)) and this provides the inner supply voltage Vdd’ to these cells. When
ramping down, the charge pumps can unload the charge for as long as possible to retrieve the
charge from the series capacitances C25, C26. In other words, with the described topology,

the power on and off modes of the blocks and modules can be easily achieved as all the
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In order to reduce the conplexity of the charge punps,

these coul d be applied externally at the cost of
w@dwsvsasnl power pins to the core bl ocks. HOWRBUETB2003153669

proposed topol ogy can be used on-chip for each and

every bl ock or nodul e, reqU|rypg a | arger anmount of

smal | charge punps. The interfaces between such bl ocks

chﬁg@céﬁqﬂu}aﬁﬁeﬁwﬁ&ﬁ%ﬂe Iel t6 \Aﬁéthe%%ﬁ thSu HOLRAR ARE aliRle time,
di fferences in threshold voltages of the |ow Wt

thl% ﬁi@ﬂ stsbeligngduyith thevixternab supply esteadhywillhave ¢ ptep eecopdry time of
Sm%ghg ayAN On- chi p power manager (not shown) knows
[ hce when cells or blocks of cells have to
becone dﬁtsummary'[ﬂt%@ of J:'l&r@hﬁ@@@ apfiicafions@an béiet least sigmiticantly
ources jn parall el h the series_capacita
rectjged g HRIOTaE ERYORHIRBNDY SEREYFGE PHAE ORGRILO GBTLRSI - PR 0IEchip
caﬂabﬁan@@ ay EEtHeru@érbf letv%ll t‘éélﬁ)l@ é)%g\f@gethﬂrkﬂ'ltht& & czﬁJa@Nﬂn?ée e.g. by

into the capaC|tances and Cssdd

usipg grgnch camﬁarme% ashange a%@vw a1 bm@hlegabwhvhmus%bswéown to
thelsYitchi 6r)os tﬁéﬁ?i@tofsaa[m 'tﬁkgclﬁqgégumgh?hlg t@%@gu@ém used with
t e C ng a to

can un arge for as possi '
all CMO$ emeeasesewlmﬂnatrg:ée eld techipdo gyencicars amhpamt teaimeted t€C2Gmm CMOS

el S S PP oG Bt RGO BERAER BB RE e i
ad\bﬁtagéISﬂeiny ﬁaﬁhhe Yedthasthalkignal hﬁteﬂaamgaet @anwiveg) capncifaacd ©dhe
romone | evel to,.another an alt(gwgh this can t

ake
bulk, 1.9 syply pdsurroppding nfqrepnpett Yoeomes dpRHppROYH ‘ilﬁhlélput Capamtances
of &R SHurth ek, 118/ SlpReation ddubesl the leakpe %uﬁ&rﬁ @uﬁs%ﬂ)ﬂ%r d/ue to the

time of several ns oss of cha
bagknbiayirssma ke Waer%élmga?&beebla%ks|aé<é§t0d§1|e§; BT lrecfaHY F«;ntrolled
wh‘ic%%&%gs it NBsdsh (RE ﬁﬁé“‘rﬂél vbfﬂé@%@&éc@f&m%‘/ recovering

such charge 1 nto another on- "or off-chip capacitance.
Wth theAdwestagés:tri ple well technol ogy, together with

_on-chip fh%g,?&ﬂotggﬁﬁﬁdosec&mt@é! ol 0%'}1%11& cﬁl@g e.power, dis V\H)atlﬁ)n

capaci t ances arge reco can be ac
subsmduﬂgeddmsm de ldoaof bea:oh:h@ dwdette hdialgatic oEcsrmampleI taith regard to

o PR S B W i S0 v

obtaB@ibnthd Q@e fRE&bhe] idrscot restricted to 20nm CMOS
technolg§§ but can be_used beyond in 90

-t echnol ol PaPRPSEARTHEMOSHEUREPROLZN 4R tr%@glée ke@lagg of thgplocks
sublsP8tifiRdue ik b'éé]@g@tb gﬁ%ﬁlg bPe @@ﬁaﬁﬁg ﬁar(sﬁstcﬁs W ring)

capaci‘tance to t . €. su g d surroundi ng
- inter corﬁf@@tandvéci@mtmmgﬁﬁleéﬁé@ bh@k?r anglunodules can be
oA CAER A e 88 AR P HERERIP e SlBonioten by
hxhummmsamhsamma&xbea&eagngnd t he supply- enabllng of the
bl ocks

- Feduces B 58 S5 TR AR ToRtei R e pe agiantof the process can
be B16EIAAIHIEH dhabIBel RN B &HargERRmipE. O EralMss of tHe Gitt it is

detenrggédol?yylo\slgels 1n tilg gllijt%n?t ttralzlglst%?smeﬁlzl clqallrzg Iplﬁ)rglt)s! on

- When using isolated trench capacitors with internal charge storage, the stray
capacitance to substrate is obtained additionally (for free). In paraliel to these trench
capacitances, gate oxide capacitors can be used to deliver the cycle-to-cycle charge required.
As the trench capacitances act as RC-ladder networks the capacitance used in the contacting
area may already be enough to replace the gate-oxide capacitances without degrading the

time-constant required for its operation.
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substantially down to the |level of becom ng close to
adi abatic. For exanple, with regard to the inverter
W@ b@ions5i4B3 ust rat ed, the current can be reducedrPET/IBR005/053669
50M to |l ess than 2mA, whil e obtaining the sane
functional performance. The p#oposed new CMOS circuit
t opol ogy can reduce | eakage ofl the bl ocks
su .bSt a.ntllt Q{olu}/d &%téﬁhith%%@g-h%g{i&g@ ﬁl%b&l%eg{s il Erate rather than
switching transistors. e standar ge5|gn topol ogy o
limitrthe @VISBiop) oxlkbat dimge sotled msheah wilkbaeapalla iofided gmivigl oimy

i s not the case .hen. using.transfer e.l ogi.c or
ooy gl d AR Ut AR SR oo P h BRUGLY dfined b me

apr@néddldims ehd QaibRparysefetinct sipgeplsded inpReihg3asstall mdt be

the ti constant of the process. can be reduced whic
' COIE*HHT}{ agfg}anelﬁgg alg§51 s.dfhgy P Lqmsmgﬁ%ndg\;gmap?esﬁagé%l&e, does

nott dXBludé thePrdsertc® o BleBichiks B StePYoth@ IBRThbs8 16138 1PMyPMim or the
transi stors and charge punps. \Wen using isol ated

specHisalien asapeiale. dihe sipgular Tefrrenca &f ar pleme doesoprad gecludebe plural

¥ . c . e i
SR SR RS 1R B Sty oo o
hardwpzaomprisies sevgal distndt deneapaaidibyrseananf banitablyprogrammed

del i h | e-t O- | h ' As th
corfisty o A Y S Eab Rt Bl lnc F Ml ek By ve

embediathyt eecaad tiseesdmie itetohef Haailvade The gneds et thEt\ceAAin @Rdyurbeare

e RD B A B o BN ATBSE AN e

me@RESshh bé LisedloHdwinRge not ed that the above-mentioned
enmbodi nents illustrate rather than Iimt the
invention, and that those skilled in the art wll be
capabl e of designing many alternative enbodi nents
W t hout departing fromthe scope of the invention as
defined by the appended clainms. In the clains, any
reference signs placed in parentheses shall not be
construed as limting the clains. The word
"conprising" and "conprises", and the |ike, does not
excl ude the presence of elenents or steps other than
those listed in any claimor the specification as a
whol e. The singul ar reference of an el ement does not
exclude the plural reference of such elenents and
vi ce-versa. The invention may be inplenmented by neans
of hardware conprising several distinct elenents, and
by neans of a suitably progranmed conputer. In a
devi ce cl ai menunerating several neans, several of
t hese neans nmay be enbodi ed by one and the sanme item
of hardware. The nmere fact that certain neasures are
recited in nutually different dependent clains does
not indicate that a conbination of these nmeasures
cannot be used to advantage. CLAIMS: 1. A CMOS nodul e
connected between a first reference or supply line
(vdd) and
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a second reference line (Vss), a first transistor (54)
bei ng present between said nodule and said first
wo edoenends®e | i ne (Vdd) and a second transi stor PGR)B2005/053669
bei ng present between said nodul e and said second
reference line (Vss), wherein_first capacitive neans
(C26) is provided in paralleﬂzmﬁth said first
CLAﬁ@§SiSt°r (54) and second capacitive neans (C25) is
provided in parallel with said second transistor (52)
such that, in use, said first and second transistors
(52, 54) operate as first and second respective
current sources (I, 12). 2. A CMOS nodul e accordi ng
to claim1, wherein said first and second capacitive
means (C26, C25) conprise respective.-trench capacitors
(56, 58), ~dx | ' :
L wherein Asgllél(? %n%@%gnﬁggé%{%%g%%g%%eﬁg%&hggn§) 1J](y(%IZHSG , (Vad) and
a seCitfi) refopanpe line (VabY, o dinst pracsigac(St pbang preseAt BV madiuhedule and

.according t.o Lm co I Si har ge for .
saiiisgetaige iRyl bt sonhiman it B pge Bl e seid modue
and GRHE A6 dnkd EferbBed ene((VRH, whetbih fir&t capitpielnyeai®EIRS) isproAded in

CMOS nodul e according tq cIa|n14,.mhere|n(§ﬁld cha&%ﬁ1n
parglghiith saig firsh rgavhteatndse i sapactivainaatt (CRASFEOY
paraifd] Fith YRRLYC IR 8R%idd (5B Sl thad tn AddsReERNhICRBRA than¥iStors (52,

means (C25, C26). 6. A’nmethod of fabricating a CMOS
54) wpetateas firdi endreachisbiresneniprd @iriegt goneees dilnlg)-a CMOS ci rcui t

on a substrate, connecting said CMOS circuit between a

first reference or supply line (Vvdd) and a second
2. ref er eneeCMOEmpMEs hccviding ©bemt Ii, wheteinasasi HBistoand s¢&d

54). bein vi.ded in. series. with.said.fir d

copgatiriertirEr oo mlis? o et b AR BhS bRy 1 st
capacitive neans (26) in parallel with said first
transi stor_(54) and secgnd capacitive. ne (C25
3. paral | elA : Qs ’_é‘léihtle Aol Tlorciad@i %W&‘Fre(%sé)aé{,qg@{gq S)F?Péla
capb&i%ea£%§5,f02%§éorg5}ﬁe SEClcdph@fbed stors (52, 54)
operate as first” and second respective current sources

(I, 12).7. An integrated circuit conprising a

pluralit VRS i ( =1 i j
4. Wi th eaé%cg/{%er ) s} g %‘%%@%}E%toc%ér}%lulﬁ ? glﬂ 1‘%@%g@ﬁ%eﬁwfor
directing et gdstdred wesaid firstfand second fepaeiive nans(@3p] §24)ita e supply

Vdd) and second reference line (Vss), a first

ansi stor (54) being provided between at | east one of
said CMOS circuits (10) and said first reference line

(vdd) and a second transistor .(52)  being.provided .
>- bet ween A M3 mpedyR aceF _IE%TOOCIMW@F?&%{(&%E@WW& arranged
and3Bh o8 W WlreoBiaF e Hos $aid SuppNSiBidans W@k ®fiRt dndseéond capacitive
capacitive neans (C26) is provided in parallel wth
meangi(@25.i¢29. transi stor (54) and second capacitive neans
(C25) is provided in parallel with said second

transistor (52) such that, in use, said first and o
6. second tA awethiod bbfabri¢BRg a3AYOSpredie the method comprising providing a

CMOS circuit on a substrate, connecting said CMOS circuit between a first reference or

supply line (Vdd) and a second reference line (Vss) via respective transistors (52, 54) being
provided in series with said first and second reference lines (Vss, Vdd), and providing first

capacitive means (26) in parallel with said first transistor (54) and second capacitive means
(C25) in parallel with said second transistor (52), such that, in use, said first and second

transistors (52,54) operate as first and second respective current sources (I1, 12).
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as respective current sources (I, 12). 8. An
integrated circuit according to claim?7, conprising a
waapply4eeans (Vs) and a charge punp for direcPCHB2005/053669
charge stored in said first and second capacitive
means (C25, C26) to said supply means. 9. An
integrated circuit according o cl ai m 8, conprising an
equi val ent decoupling capacitive neans (Cssdd, or its
equi val ence formed by the serial circuit of C25 and
7. C26) i n Aeinitapsated ¢itcuttabHiplsisjmg)dt pluradigynef @MQﬂxgnuinml@hconnected

har e s di saj char u
in ROy PR Suleh id CHOR g To e e M Rayatp @ ptorence
or S@pliy\ink QVﬂcli)Ct&lﬂQbkﬁinﬂ m@e@ﬂ@ambt(Vﬁ@, ABRNSaRBP ($4 ©sing peovided
or nore relatlv e . trenc capacitao
betiyaenal deask one s, rswgﬁ\(lﬁg cepits {10 gpd pad higgt .r%faﬁe{we]lmﬁééd@ and a

schEd BRI SER THY) b2 Pr&Ridd Yabvedn Bl hdlohé ¥f Qid OMBS Gicufidi10$and
in a substrate, connecting said CMOS circuits

Salé 39pnd refasencedie (V63 destin Gsheapagitie ARERO g Peatided in parallel

[ f
Wlt?\/%g) t rﬁ%ﬁ%&tgﬁ@h&%ﬁ%?{gfl ecl:i 1t V|% rﬁlﬁéa?{‘/g@})ﬂ is pﬁg@?%ym é)bﬂﬁel with
said isecsnd lrara'rsmrs{ﬁarsuélsm)lt hatswesaml fast dndastondri@nsftos 452 54) operate
C|rc p% &ﬁ first reference line (Vvdd) and
ayﬁﬂ%@ 4 9&58% ﬁ? insi stor (52) between at | east

one of sald circuits (10) and said second reference
line (Vss), and providing, first capaciti.ve nmean
8 in paral intsgrgte R apropdine o cipgy (CFPUERS 2 SHRPY b vs)
and®§ SH4kEH RenpSRE AnekiaRRAGES diM8d IBRARBifsCAR) sekdhdRapRithv@lmeans (C25,
with said second transistor (52) such that, in use,

C2exipgaiflisprply awénssecond transi stors (52, 54) operate as
first and second respective current sources (I, 12).

9. An integrated circuit according to claim 8, comprising an equivalent
decoupling capacitive means (Cssdd, or its equivalence formed by the serial circuit of C25
and C26) in series with said supply means through which said charge is directed by said

charge pump.

10. An integrated circuit according to claim 9, wherein said equivalent decoupling

capacitive means comprises one or more relatively large trench capacitors.

11. A method of fabricating an integrated circuit, the method comprising forming
a plurality of CMOS circuits (10) in a substrate, connecting said CMOS circuits (10) in series
with each other and connecting each circuit (10) between a first reference or supply line
(Vdd) and a second reference line (Vss), providing a first transistor (54) between at least one
of said circuits (10) and said first reference line (Vdd) and providing a second transistor (52)
between at least one of said circuits (10) and said second reference line (Vss), and providing
first capacitive means (C26) in parallel with said first transistor (54) and providing second
capacitive means (C25) in parallel with said second transistor (52) such that, in use, said first

and second transistors (52,54) operate as first and second respective current sources (I1, 12).



