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OXI DES Background of the Invention Technical Field of the Invention: The
present invention relates to integrated circuits and, nore particularly,
to decoupl.i ngl capacitors in integrated circuits. Background Art: Decoupling
capaci t or ¥QHEB2ps") are used in integrated circuit (TSV¥SIFh for noise
decoupling. Indeed, they are heavily used in virtually all ICs. One type
of sem conductor capacitor is called a MOS-C or netal oxide sem conduct or
capaci tor- The MOSDECOEPLING CAPACITORSSHPR THINOGRYEDXIDESect ri c regi on
(which includes at least an insulator, such as gate oxide). One of the
termnals is the gate and th%acﬁ%ﬁ&%ﬁdbﬂhﬁe']ﬁv 2% (and perhaps source and
drain diffusions)- Another type of sem conductor capacitor is using a
field ef fect trBechhisildield bffhe Ivetttona Thepresentin@entioh related 1@ hnteprhiete

sem conduct or FET (NNDSFI_E‘;Q or a p-channel netal oxide sem conductor FET

( NVOSFET) . clrsiits and, mioge pagtiqiany) 19 dpepupling cgpaciiora inintegeatedichrewitst er mi nal is the

source, drain, and body. JThe term nals separated by a dielectric
(whi ch i ncl udes%g%%ggﬁa&ﬁ“ﬁ apggytors d@?ﬂpéﬁa&élsgﬂa){% t‘-“iﬁrcéﬂtffer ence

bet ween a aksi ; mi AW LA S ce and
drai ns havg@;d%il@%lgﬁ%%g%l ari ﬁ%&%??r%%%@@%ﬁ’éﬁ%@@y afl Wts,hégé MOS- C,
t he sour cetype bisemichinttidtericagueitdriif catled s MOS-ChanrRtal bddsaifcopdlcdri ty as the
body. The behavior of capacitors in integrated circuits is described in R
Pierret et cwm%@ﬂ?*&mw@mmgwwemgwxwm Ed. 1990),

pp. 47-59; .a in, N, Weste et .al..  "Princ|pl f LSI Desjgn,"

( Addi son-V‘Efplg?,at?ﬁsdaﬁa?m %é}’ch ?&?‘“f%’s%ﬁfﬁ’&?%@% Fﬁﬁeéréffh%i tors
such as a gMBEs e %egﬁdiﬁ%ﬁ@im@tﬂom&b?@Ethh a high
dielectric constant 1nsulator are also possible. Howevér, the materi al

chal | enge smicandb@grcapacoor is nsigalbgld sffedOBardsasan (FET)gychdslzh niebanner y di fficul t.
The capaci tagie_ of  a apa%iw s given by the equation C=_ A/d, were _
is the di BFELOTCCRISRRENHY QSFE T preap-chenpel anetad oxideseacondift®s. | n t he
design IC bt [ . | S| C nent s

mal 1 Acchr HCSFERE Otbehe EERCR e IR erthnal ST BRE 0
become snalifaiy andtdity eThd temtthalé #6 sepagiteddl WtlecticqohichARuudosd 1akisa beconme
smal ler. Currently used capacitor structures generally work fairly well

Wi th oxi dissulgths such@s gase oxidelk A difierencg betagen aMESUE lapdwyFER papetitonars st ruct ur es

have volt A with 2 FET, the source and drains have a different polarity type than does the body.

With a MOS-C, the source/ drain diffusions (if present) have the same polarity as the
body. The behavior of capacitors in integrated circuits 1s described in R. Pierret et al.,
"Field Effect Devices,” (Addison-Wesley, 2nd Ed. 1990), pp. 47-59; and in N. Weste et
al., "Principles of CMOS VLSI Design,” (Addison-Wesley, 2nd Ed. 1993), pp. 180-82.

Other decoupling capacitors such as a capacitor sandwiched in between two metal
lines with a ligh dielectric constant insulator are also possible. However, the material
challenge and integration in today’s MOS technology will be very difficult.

The capacitance C of a capacitor is given by the equation C = _ A/d, were _is the
diclectric constant, A is the area, and d is the distance. In the design IC's, it is desirable
to make the dimensions of the components small. Accordingly, over the years, the area
A of the capacitors has become smaller, while the distance d between electrodes has also
become smaller. Currently used capacitor structures generally work fairly well with

oxides that do not leak. The current decoupling capacitors structures have voltages

1



Il 1 7 JUN 2004 WO 01/46989 PCT/ US00/ 31352 applied to keep the MOS-C i r? 7 JUN 7004

I nversion resulting in maxi num per unit area capacitance value, with good
hi gh frequency response tine, and | ow series resistance. As process

t echnol ogy, 8%@% gate oxide thickness also scales in order to maintain
transi st or g ow good drive current capabilities and a YoGWREFt channel
behavior. As gate oxides continue to scale (e.g., below 30A), this
capacitive configuration results in high | eakage conduction through oxide
(e.g., el evapphet todnerethe MOS-Eak snyersion Sesnhiag yn mbximamiper edibaet dipatitancet he

I nvention includes a die having a first conductor carrying a power supply
vol t age an&a&esﬁﬁwgg%mwwdmeﬁ@%m&‘Sﬁ'ﬁwvm%@é?- As proegss conduct or

capaci tor ' ' i 110 i oupl ed, bet.ween the first and
second conguct ggogytgcgll%’r%\%o%‘g&e i zﬁ%og&%%%'g&r eéﬁoc‘galg%f'\%ﬂﬂs?ﬁé“ irst and
second  congliedidfivécuriefcababilities AL sKPMahlePhehIAY). N AredRides VO! t age.

Various configurations may be used including: n+ gate poly and n+

sour ce/ dr ai 9pntipuedp seale (18-, helow 304) yhis erpagitnteccopfiguyatian desalts ia highdekseai n
regions in an.n-body; p+ gate ol y,and p+ source/drain regions in an

n- body; p+ W&%ﬁ@&{%ﬁ%%?wg%%% in a p-body; n+ gate poly
and p+ source/drain regions in a p-body; n+ gate poly and n+ source/drain
regions in a p-body. The power supply voltage nay have a | arger absolute
val ue than does a flatband vol tage. s\@gmhiynal enbodi ments are descri bed
and clained. Brief Description of the Drawi ngs The invention will be
under st ood nor e 1n gome embagiments, the dnventiandncledes g idjsthiaving g fise pondbetbow and from
t he acconpanyi nq _draw ngs, of. enbodi nents of the invention which, however,
shoul d not ‘B‘}e{"}“gfé’ﬂwf’{) Wivf’hﬁ?_@“‘?ﬁ%ﬁ?qsﬁ?ﬁd‘f%“tcm%%é’i@?‘&v‘%ﬁ%dﬂ‘ ment s
descri bed, ffcorlitudQapd2iitl LR @DRAIGIL BRIcSeiky the Brdrand 1S 2
schemati c cross-sectional representation of a prror art capacitor. 2 1 7
JUN 2004 to provide decoupling capacitance between the first and second

concluctors, the semiconductor capacitor having a gate voltage.

Various configurations may be used including: n+ gate poly and n+ source/drain
regions in an n-body; p+ gate poly and n+ source/drain regions in an n-body; p+ gate
poly and p+ source/drain regions in an n-body; p+ gate poly and p+ source/drain regions
in a p-body; n+ gate poly and p+ source/drain regions in a p-body; n+ gate poly and n+
source/drain regions in a p-body. The power supply voltage may have a larger absolute
value than does a flatband voltage.

Additional embodiments are described and claimed.

Brief Description of the Drawings
The mvention will be understood more fully from the detailed description given
below and from the accompanying drawings of embodiments of the invention which,
however, should not be taken to limit the invention to the specific embodiments
described, but are for explanation and understanding only.

F1G. 1 is a schematic cross-sectional representation of a prior art capacitor.



PCT/ US00/ 31352 FIG 2 is a graphical representation of a capacitance ¥.7 JUN 200k
gate-to-body voltage for capacitors with n-bodies with a zero work

function. FIG 3 is a graphical representation of a capacitance v.
gate-to-body voltage for capacitors with n-bodies with a non-zero work
function. PO@V4M83 s 3 schematic cross-sectional represenPGRUSIILE2 a

capacitor according to sone enbodinents of the invention. FIG 5 is a
schemati c cross-sectional representation of a capacitor according to sone

enbodi nent s of Flﬁa2iiswgnaplhiaﬂredesEﬁtatﬁmioffa@ap%@iliﬂ?ﬂ@{r.igﬁte%-‘ﬂﬁéj%?ﬁ%%BPal
representation of a capacitor according to sone enbodi neEnts he

i nvent i on. CHREOTYwith n-bodies with @ gerorwgrk fgetierat i on of a capacit ance V.

gat e-t 0- body vo%k}a > for ..capacitors with p-bodies with a zero work
function. FIG |'g%a£I %hb?ﬁ?ge&f“mpéﬁﬁf%ﬂa?’&ﬁc%Y- satederpedyi voitagecfor .

gat e-t o- bodapamwdﬁﬂﬁnfb@aiesﬁﬁﬁﬁ%ﬁ-%ﬁﬂ%ﬁth@ﬁg}pdi es with a non-zero work
function. FIG 9 is a schematic cross-sectional representation of a prior

art capacitor. HGLGE&ﬁémtﬁc&ﬁMbﬂdtm@f@&ﬁatﬁﬁ%ﬂ%‘mﬂﬁ&fﬁﬁ%{ ation of a
capaci t or accorcii ng to sonme enbodi ments of the invention. °Fl E’I |l is a
schematic FHSH E?r?ﬂher%‘ffﬂ@%nt ation of a capacitor according to sone

enbodi ment s of estnvention. FlG .12 is a schematic cross-sectional
representation rg ) 5ah;cq‘asp(';fac j ii;o: FToSk P aahPiesentalionef » FApaionagsprtingfto t he

I nvent i on. sdmeembbdinefitsdf Me@enGlinddr am representation of a die with a
capacitor according to sone enbodinents of the invention. FIG 14 is a

bl ock di agr am réGr esersthematio cofs-sctbml wwpichentatio R PELEab it o) t“?ge
circuitry accorfgi?é} to g me enbodi nents of the invention. De gi ed
Descri pti oif™s “P gﬂ{fs? MERYPR/ 16989 PCT/ USOQl 31352

FIG. 7 is a graphical representation of a capacitance v. gate-to-body voltage for

capacitors with p-bodies with a zero work function.

FIG. 8 is a graphical representation of a capacitance v. gate-to-body voltage for
capacitors with p-bodies with a non-zero work function.

FIG. 9 is a schematic cross-sectional representation of a prior art capacitor.

FIG. 10 is a schematic cross-sectional representation of a capacitor according to
some embodiments of the invention,

FIG. 11 1s a schematic cross-sectional representation of a capacitor according to
some embodiments of the invention.

FIG. 12 is 2 schematic cross-sectional representation of a capacttor according to

some embodiments of the invention.

FIG. 13 is a block diagram representation of a die with a capacitor according to

some embodiments of the invention.

FIG. 14 is a block diagram representation of a die with a capacitor and voltage
circuitry according to some embodiments of the invention.

Detailed Description



The invention involves operating sem conductor capacitors (transistoks0 N 2004
MOXS- T) in a depletion node to reduce | eakage through the insul ator ?J‘BJ
gate oxide). This is counter-intuitive because operating in the depletion
node reduces the capacitance per area. To make up for this reduction in
capaci t an®O 04¥8%3r ea nay be nade bigger, which is undesimasbimss2in the
creation of the invention, the inventors noticed that by operating in the
depl etion node, the nunber of carriers is snaller, so there will be a
snmal | er amount ®he invemivliivatves Bperdif ' hence .l ess .| eakage. In
general, the idea is to nove away f?gﬁhﬁgﬁgggc%%zog@?Bﬂ%t?rt?frb'@g'ri ved from
a MOS tran@&%ﬂepiqnpﬁmod?@mchaﬁaggdkw@meeﬁﬁﬂa@d}(. deate Iige) rhigfnat i ve
suggestionc&ﬁ]térpmmll{%gh&acapaci tor, structure using the gate Oxide as an

|

' B35 RPN IRdsclepichenmpdarsdusapthe caprnicmee meluces by

i nsul at or operating

about 25% gRPPTeMa H@ﬁmm\‘wféﬁﬁ e, .reduces b approxinmately a factor

of 100 for approxi mately a p%“m'gr@%ﬁ%%ﬁ?%e&?ﬁ%?wdewa@wbah@e

feduct { on beskeskabl iaferéatiod bREnVerRidh\ e Bvedib pHARITE 0 obSu 370 11 2
[ The Tea

depl eti on gde (cl ose to accumul ation region). SHPFEWEM i on is due
to the fact®dflehongaodeathe nprabes of carmidreis smakkerbenhet ®ell KhAMMEL: MRSl oft he gat e

oxide to t gmg h t.he hi n te oxide. The Qfactor of such
capacitor w : i Ll%e Si %%’?&W&%& 85 stor cap in inversion specially
if we do not rdghgesdall i Rdch isY | Lat | d reconbination to
provi de the carrige_rs need to ?%gf){)érﬁ&to [%é‘%ﬁdg‘gﬁsg‘ﬂmpagméwwﬁégw_ on the
decap. W 2 WM& tansiaies stostpeogeadting fDinvérkien fRds CRk a@x@mﬁ\t J%@%Etimiﬁs' ng

slightly Iarger area capacitor if we have to |ower the age qnrough t he
decap by nbf8 HHSHCTSHEGRgdping the gatg onide dean infdmonapeiating naREEtidnafidieW t h

n-body Ref@lfi a priaqr,art PVOS transi stor capacitor 10

i ncl udes a p- 12%%5@%@5% |“,B°%{984°a(§!m&?’8@3'59) while legkage radvoes -+

pol ysi | i coppgaimatelly @ EharerbE 100 fr % i & ap BT for a body B.
: il Vsl ity o

According to the term nol ogy of P&nsi st or
capaci t or Gagesianceseuctionis keapthe €-Vichrd s B cpakitor is e ;4 he first p+

signifies pol y.type and the second p+ signifies the type of the S/D

regi ons. %t e(B} HaE f (lzﬁs‘i ‘ﬁé‘%‘g&'ghﬁl} “’&"’Bhp"a\silﬁgw reductiont is dee foshenfadt

par ti cul arthat weand RE ddlrietOn 88ktdtedDSnned itdeH gl AN F?’?i lon a sqgurce and the
0

other a drain, but it is done for convenienc& ke lp wnnglfironghthewn 01/ 46989

thin gate oxide. The Q-factor of such capacitor will be similar to a MOS transistor capin

inversion specially if we do not rely on minority carrier generation and recombination to
provide the carriers need to respond to the AC signal superimposed on the decap. We
can always compensate for the reduced capacitance by using slightly larger area capacitor
if we have to Jower the leakage through the decap by more than an order of magnitude.

Decoupling capacitors with n-body,

Referring to FIG. 1, a prior art PMOS transistor capacitor 10 includes a p-
substrate, n-well, a p+ source S, a pt drain D, p+ polysilicon gate electrode (poly) G,
and an n+ body tap BT for a body B. According to the terminology of the present
disclosure, transistor capacitor 10 is called a p+/p+ cap on n-body (n-well), where the
first p+ signifies the poly type and the second p+ signifies the type of the S/D regions.
Note that in the case of a capacitive structure is not particularly meaningful to call one

diffusion region a source and the other a drain, but it is done for convenience in



PCT/ USOCQ' 31352 nonencl ature. Note that source/drain diffusions are pagt UN 2004
necessary in every enbodi nent of the invention, however, they may rzguke
series resistance to help with the RC frequency response. A surface 12 is

I mredi atelg\é ge‘pﬁg@th the gate oxide. A channel Ch is under the surface of
the gate oXPaE*Pn the present disclosure, that area wi PCTHSUBIRed a
channel, even in the case of a MOC-C structure, which is not a transistor.
Transi stor capacitor 10 has voltage applied as foll ows: the body voltage
Vb is at theomesglature Ulest shat soofcesigrn Yitisiomsomehot mBessa ih evkryeiedbodihlif Sour ce
and drain vohbggles Vs and Vd_are both Vcc, and the gate voltage VC, and
the p-subst PEPETXFHIoBOVexer. tey may reduss Jeaes rowsanse tohelp withieRibst r at e can be

grounded fr “di} a L . ewhere, | |G 1,.Vg.is tied to Vss.

I'n some errbgglal mants,.I ﬁoi/\g\%l%“ zﬁéaﬁ?&%hagﬁlym%gﬁgﬁtﬁwg' ér?garﬁ‘Fb(Fh be a

non- zero aisdmmme\éﬁn‘aceame@&bﬁdezmithémﬁp&&mmqﬁmﬂggca\ﬁg 2

gat e-to-body voltage VG curve for n-body (e.g., n-well) capacitlve

structures wREsLeveninghewsskof a MOC-G strigawre uslsclt is eototansistof] Trasysiorhave t he
Qurce_voltage nay be the sane as the body

sane type. Note t a drain and |

vol tage. THEPEPY “'Pﬂ?%r?ﬂ%’b"r‘]‘t’é%‘ﬂm: b BogygelegeaYb iset the powetsupply  not
preci se val t rve.could | o S what different.
Further, the sﬁapcg(of tﬁe %‘I@‘S@h% cfianaa‘gd%fnv& 5% éﬁ?fg&@agg cies. As

can be seenchhﬁmmdﬁgm‘eghﬁthéﬁ%ﬁt@m%&%@oﬁd@m@%b@er sion and
is lower in_depletion. Vt is a threshold voltage. Generally, although the
boundar i es DEtshisEate sarbaripunded fromdendat abwe, onplsewirree s FIG) 1, Wpedakdmy be

i nexact, a l.ation de occurs wh 0.< VGB, depletion node occurs when
-Vt < VoB &83/1?}5611%5%\/ %"W&ﬁ?‘%ﬂ*fﬁhﬁ%ﬁoysswmwh@e aopt | ust r at es
a capaci t ane® ad nord¥tEvage- body vol tage VOB curve for n-body capacitive
structures with a non-zero work function (non-zero flat band voltage VFg.)
because the pol §lGAdilstreies heapacimnce ¥ gitert bddy WolagtVe, Ghiv¥ Rorinbolipt ended to
only show ,gener aLl rel ationshi ps, not precise values or shapes.” The actual
curve coul d&EFoBwelhrABatiYe SHurtess Bith 2 Zererwork functignebestusp the blytand bodyr ve nmay
change at gy ' . can _be,seen, .t capaci.t ance i s higher
in accunul %ﬁ)ﬁf%%{;g&bg%?%%ni 0d FORNES voltage mdy bey %"ﬁ!‘ﬂ\??@ef a heavily

doped pol y vbliagapPhootirreit ahehddd @ orf) show geRAATAkNoshi, hAAPMERe Fatlesor JUN 2004
shapes. The actual curve could look somewhat different. Further, the shape of the curve

may change at different frequencies. As can be seen, the capacitance is higher in
accumulation and inversion and is lower in depletion. Vi is a threshold voltage.
Generally, although the boundaries between accumulation, depletion, and inversion
modes may be inexact, accumulation mode occurs when 0 < Vs, depletion mode occurs
when -Vt < Vg < 0, and inversion mode occurs when Vg <-Vi.

FIG. 3 illustrates a capacitance vs. gate-to-body voltage Vgp curve for n-body
capacitive structures with a non-zero work function (non-zero flat band voltage Vig.)
because the poly and body have a different type. The curve is intended to only show
general relationships, not precise values or shapes. The actual curve could look
somewhat different. Further, the shape of the curve may change at different frequencies.
As can be seen, the capacitance is higher in accumulation and inversion and is lower in

depletion. Vg for a heavily doped poly is approximately 1.0 volts. Generally, aithough



WO 01/ 46989 PCT/ US00/ 31352 the boundari es between accunul ati on, dEpl\)e'EiJWQUU!.
and inversion nodes may be inexact, accunulation node occurs when VFB'<
VGB, depletion nbde occurs when -Vt < V@G < VFB, and inversi on node occurs
when VoB < -Vi. Note that the relative distance between -Vt and 0 and
bet ween 0 MR between 0 and Mt is not intended to b&CTASMINEL| ve on
actual values of VFB or Vt, which may vary from enbodi nent to enbodi nent.
Consi der the case of prior an transistor capacitor 10 of FIG 1. The curve
of FIG 3 Reflaggh e g5a agquawlatin deplitionamdrintemyn modks hiag bpfleyacand body
n-zero work function. The fl atband

h diff . th [
vg?/'? agla (3&%)%’843 h%&'&%&ﬁ%f’ﬁ?@?@%ﬁ%ﬂm@rww whep -VheVease of FIG

|, VEB _ - Veg& andMdvesioh b&uR&ER, el ,Sa-, Vt. Therefore, transistor
capaci t or ‘148&;3'2 in tﬁe&iogeer si on rrolv\é%<({r}rgrr}é&§bh§tc¥?feéz‘-a['IVFg’,SL"P"?’F “WeRBnnel is

i n inversi oYt dand8and betiveer (haiddig dethebo®and WiGHnathReriied RPRGSIE&vE ype of the

body). Accordingly, it has a very high (perhaps a maxi mum capacitance per
unit area, “‘i’@?ﬁ%ﬁ&fvﬁ P%\ﬁ%@h@?mbsm%w etedinent ®enbediniessi st ance.

However, it al ; kage through.gate oxide, especially for thin gate
oxi des is al sos‘ﬁ?ngﬁ%(%g?ﬁﬁg Wﬁﬁ%ﬂ%?‘.ca%&“’%m%(}bb Thyrumeaf than WVt for
t hi s decapFIRBiwdhit fplyotecalie e i ﬁﬂqgg' a f tion of

ol [ %n-?b?ﬁ't e cg(%ﬁ? or ihsa‘bﬁcﬁggrﬁ%tnt current)

frequency and resistance in series w

are  repr eBpes: 1 thete ind namharvbrkdumtion! Thd Batsl@aablagdeVe,) bhiMs shliGude! at band
voltage (VFB) is abB'ut 'V (not zerﬁiS for the PI cap in inversion because
p+ poly gat BPRYTAO; InthesaseofliFiG. ks Voare¥ca whitB iOnd@ neagatise tiamiy -t 0 SONE
enbodi mentg, of, i | ; e.that the term MOS (netal oxide

seni conduct or)e{egtﬁ?’ntenﬂed {olgel t|‘ﬁfne f”gfré'&nnﬁ’fiﬁga??‘éﬂ?@cénx’% metal is
not. r est 1 dbtunhlistn i¥rsio biialsd el hoRE weRAHAppldin Sype ot 13955, N have
to be polysilicon), an insulator does not have to have dn oxide,”"and the
seni conducHSPrangty; itdns » very bigh (peghaps = tieximuon) aagpeitant€ per ahit kgl ve@lgosd I UCT UT €.

MOS- C 40 i& Lgnat ed n+/ n+.on n-body, according to the above descri bed
nomencl at ure |.ée.g],’°"5% serjgs sesisjapes. Hayeyer, jyglsp BasJeskaggiroggingtar e at 0

(Vss). Thq’xfad[&ﬁccmnﬁ&%inm*ihm%@/%hi%q?@m% ‘ﬁ%"mn‘,‘m\yé% 13}% Eﬁiegd and t he

poly and body have the sane type. Vce, so

MOS- C 40 igseaten thah &'t dgdhisnibap canfignaden. (Nite tahee BflacitcesciibliRhef by
el ectrons, \Ahichm?({e,t he sanme type as the body). Wth the configuration of
FIG 4, i freguency and resistance in series with the cap (for displacement current) are

representative of the Q-factor of the decap. Note that the flatband voltage (Vgp) is about

1V (not zero) for the PMOS cap in inversion because p+ poly gate and n-body.
FIG. 4 illusirates a MOS-C 40 according to some embodiments of the invention.

Note that the term MOS (metal oxide semiconductor) is intended to be interpreted
broadly where the metal is not restricted to any particular type of conductor (i.e., it does
not have to be polysilicon), an insulator does not have to have an oxide, and the
semiconductor portion is not restricted to a particular type of structure. MOS-C 40 is
designated n+/nt en n-body, according to the above described nomenclature (i.e., poly is
nt, $/Disn+). Vgis Vec and S/D/B are at 0 (Vss). The curve of FIG. 2 will apply
because an n-well is used and the poly and body have the same type. Vip of MOS-C 40
is 0V. Vgp = Ve, so MOS-C 40 is in the accumulation mode (the channel is accumulated

by electrons, which are the same type as the body). With the configuration of FIG. 4, it
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| ayout (drawi ng n-poly on n-well) in design tools. MOXS-C 40 works with all
W values. It has high (good) capacitance per unit area at slightly |ower

| eakage. @0@ ood frequency response and | ow series resistance. FIG 5
illustrate 50 according to sone enbodi ments of tHETUH¥H2on. MOS-C
40 is designated p+/n+ on n-body, according to the above descry-bed

nonencl ature. Vg is Vcc and S/ID)B are at 0 (Vss). The curve of FIG 3 wll
apply becdbyeedissirbleed kllgws susk e dayantd dtaiwingnopoly amd-ulanm deapetodlsdi f f er ent

type. VFB I‘OXI mately IV, = Vcc. If Vcc > VFB, then
MOS- C 50 é‘?ﬁﬁ’“‘%@wﬁﬁf’@ FBWI“%HM@%(HM) CapASiANgt Rerawit agadt i f MOS- C <
VFB, then | t channel depletes). Wen Vcc =
VFB, the nnwggmlgéé‘geertlm é@%ﬂg‘%ﬁfl k)i grrle&ponég ?Vaﬂ‘m§*an% sone

enbodi ment's of FI@ Sillatars MOBLEH0a6dbdidE® sbﬁne'eﬁﬁ&hﬁlgﬁf'o %&n.#.]hat Mos- C
50 will be in the depletion node and | eakage wi ||l be reduced

confi gur at iM@AS-&AP i éefﬁgm@dsrp’etuoam—uoay@mOrdthtﬁwﬁvbmﬁ&uer capaci t ance
per unit area ?"I{’E’SV\& h 'Sﬁﬂﬁ | eakage because of the depletion node
(there are "PRRE I?)'eatpt(vﬁétswefofﬂﬁlénﬁyam}aponse but
may have hipghusShis Ifﬁ%kéit str | es the
buri ed channel MOS t?an5| stor strﬁo%"9 Iﬂ—ﬂvéa |"‘T"'It E@{)%ég

transi st or iszpp@giniatly 69. N@=®c601f%66r\% NBert MOSATSD :sﬁ{‘ﬁé’gdc{fﬁgl% o the
I nvention. Transistor capacitor 60 is designated p+/p+ on n-

accordi ng 9d¢ {rhannshaseurmalatey)iapd if MQSEne Vai, ﬂleaMO&;CMst\,{mhmﬁ!eﬁérD/ B are at 0
Vss o] of 1 ve, of FI 3 will apply because an
ﬁl-vvel)l I(Spg,g%%{ﬁm& ‘EB%%?‘V"&S%‘:BO thepadejs hetyeenrasepmulation and/FB of MOS- C
50 is appr eepidih tlode.! InbomY SRbodimYAs ofthép%ge(ﬁt mv%ﬁﬁ?bé} g?s e%’%a (;{60 Is inthe

accunul ati on node (channel accunul ates) ®&R MOS- C 60

is in the @ew@sr@mwﬂumi@ummeﬁommemagbmns&m&abm&m%'nts of the
present |nve§t|on Vcc is |ess than VFB so that MOS-C 60 will be in the
depl et i on FRSHEWARCR PR SREPH layeut: dMOSEI50 haolsver spatitasce mwenit emaci t ance

per unit aggdifh: 'i@!ﬂ] | a beca e depl etion node
(there are fewer Cgéé%ers g@i eak‘ﬁf.%_' St Oq%s(@ @FFC‘?WF'ecé 8 and series
resi st ancelesigy ltthas good ficliéncy rdsp6rel Mut ey g@pqgfghtsg,reg ri¥istdicd Note that the

structure resembles the buried channel MOS transistor structure.

FIG. 6 illustrates a PMOS transistor capacitor 60 MOS-C 60 according to some
embodiments of the invention. Transistor capacitor 60 is designated p*/p+ on n-body,
according to the above described nomenclature. Vg is Ve and S/D/B are at 0 (Vss)
{opposite of FIG. 1). The curve of FIG. 3 will apply because an n-well is used and the
poly and body have a different type. Vi of MOS-C 50 is approximately 1V. Vgg =
Vec. I Voo > Vg, then MOS-C 60 is in the accumulation mode (channel accumulates)
and if MOS-C < Vg, then MOS-C 60 is in the depletion mode (channel depletes). In
some embodiments of the present invention, Vcc is less than Vg so that MOS-C 60 will
be in the depletion mode and leakage will be reduced. MOS-C 60 has lower capacitance
per umt area but with much lower leakage because of the depletion mode (there are fewer

carriers to leak). However, frequency response and series resistance may be an issue,

Decoupling capacitors with p-body,




1 7 JUN 2004 WO 01/46989 PCT/ US00/ 31352 The follow ng describe exanmphgsp®f
transi stors and MOS-C capacitive structures wth p-bodies (p-well or
p-substrate). Note that although p-wells are shown the body could be just
the p-substrate. Further, the substrate could be an n-type with a p-well.
FIG 7 il MRM*4s a capacitance vs. gate-to-body vol taé Rieg3EiE ve for

p- body capacitive structures with a zero work function because the poly
and body have the same type. The curve is intended to only show general

rel ationshi ps, Tistfolfoweng descritelewaspley of tahdNe:s and MOSAC eapakitive §Rueul d t ook
sonmewhat different. Further, the shape of the curve may change at

different YHRAHates Gswelher p-apbstmie)s Mote tharpltheughnwellsare shiownithgbasly i n

accumul at i Lversi Ls lower in depletion. Generally, although

t he boundaér}%;hedgt%géet{aly mee%gldbg%aé%% F(%hne,subsé?&e‘i"f’ e a&ﬁ'ﬁ“?"n\?’&ﬁéip‘ lrodes may be

i nexact, accumgig!? PhstratlkAa; Viagda.. | et N occurs when
Pieftaice vihse tél%yﬁoq’taééjg& ﬁJHt ' eg?r f' B%Eri

0 < V@B < Vt, and inversion npde occurs whén V | l ustrates

a capaci t aewpesitiee stryetures wish bacty wosk fumgiion\BeBruselthe pofyaind podollive theagaei ti ve
structures with) a non-zero work function (non-zero flat band voltage VFB.)
because t H¥P9Holf HYE 198 0 enly show genceahfelatippshipsThat pragise aalses arnt ended t o

only show R ach Al i of pregl s al.ues. or. sh s- The act ual
curve coul o'oEﬁéonemﬂaté)%ﬁu elf&zkn T&'eﬁurtt‘ﬁfé%?r,exﬁt \fﬁgmé%’a 2> e{;fﬁge WY¥ve may
change at iy dherigent differRftRiq0dmits. ASNn®RBechSthe BpAcitahflSs HiRRAGHA t ance i s higher

in accunmul ation and inversion and is |lower in ‘depletion. VrB for a heavily
doped pol yectumudaiion and inpersipsy and ie lower ingdeplatiorh dispbrally, altbotigh thelbeundaggat i ve

regi on of bt(‘j_ﬁ"e curve .Geaeeéal |y, .al though the boundaries between

accunul at i ,mﬁcéﬁﬁ“é{’f‘%, D3 3¢ HPVETSIOR MAdeRRaNRAANEEC dswmplationaccunul at i on
mode  0CCUlgodMaethraiBen - - 0. | £l {;on occurs when -VFB <
VEB < Vt, and i nvsersi %oa%%%ﬁr@eﬁ%nm%ge{/&?<&gg§dyﬁa “Fhe relative
di st ance heideoesurs WieB Vg &. and between 0 and Vt is not intended to be

restrictive on_actual values of VFB or Vi, which may vary from enbodi nent
to enbodi ment . FI§-& ilustraies g sanagitance vs. gate-in-bady tvolaged dercurys ifertparodg apaci t or 90

nomenc at P Yh SARENalh Dubotlin do R 9 28 Halthpe Selatrobur it coula

be a p-welbkcast A poly abkPBddyHa®e £ BiffdreBt BL.| TIR curve is intended to only show
general relationships, not precise values or shapes. The actual curve could look
somewhat different. Further, the shape of the curve may change at different frequencies.
As can be seen, the capacitance is higher in accumulation and inversion and is lower in
depletion. Vg for a heavily doped poly is approximately 1.0 volts (although it is in the
negative region of the curve). Generally, although the boundaries between accumulation,
depletion, and inversion modes may be inexact, accumulation mode occurs when Vg < -
Vrg (e.g., -1v), depletion mode occurs when -Vig < Vg < Vt, and inversion mode occurs
when Vt < Vga. Note that the relative distance between -V and 0 and between 0 and Vit
is not intended to be restrictive on actual values of Vg or Vt, which may vary from
embodiment to embodiment.

F1G. 9 illustrates a prior art NMOS transistor capacitor 90 designated is

designated m+/n+ on p-body, according to the above described nomenclature. In this

case, it is a p-body is a p-substrate, but it could be a p-well on an n-substrate or a p-well



1 7 JUN 2004 WO 01/46989 PCT/USQO 31352 in a p-substrate. Vg = Vcc aqu JUN 2004
S/IDB are 0 (Vss). Since the poly and body have a different type, the
curve of FIG 8 is used. V@B = Vcc. On curve 8, Vcc is greater than Vt, so
transi St%{m@@;tor 90 is operating in inversion node (the channel is in

i nver si on)" ap 90 does not require a triple well pr8EEYSMBIH2 ses no
special layout requirenents. It has very high (perhaps a maxi num

capaci tance per unit area, very good frequency response and |ow series

resi st ancen a [Fsebstraten Vg s and StiRtard @@kss)y Sidetiaumly gatbedpidvda special ly

for thin gate oxides is al hi gh (perhaps a maxi num). Vcc shoul d be’
greater CHEFEAYPE em%ofi'i@aﬁ)lsé'%‘[f) i e ~aY $co Pn W‘&ST}GC islgreasr that es a MOS- C

capaci t or \4QQ oW A0 : -configuration, accarding to the above
nomencl at tﬁhe. %’ tﬂ%ug a&o%f’%ﬂagg?{?fnﬁgts?%?%’gehbe%mcﬁ&mr‘fé’&g@%ry. Vg = 0
(Vss) and Detd) 9B deed/id rediire awgRe WO pRRkY aAdbDRYpeaRA @ EBnenlsyPe. the
curve of FIG 7 g&gl | es. VGB%%g -chi,%so thate ca{)pggli tg)}:&ib% IS ﬁn%sy

accumul at ftds verp biteh (pdrkaps @ Imawisnimy chpaciaes per witarkh, vehngad fiqeabpdi ment s,
capacitor 100 inclJ.udes.an .n-body or other insulator between the p-well and

p- subst r af EPTFHEL AP TS FFStanee. pihepein issue ppthatdeakage: thigugtt gatgaidef | uenci ng t he

vol tage o R QI . . hes. This tripl | | process may
need to a%aei‘;{aﬁ%napﬁl?g%ut E(ﬁ%%q{r'l ) an(])ar’lmﬂfwrelv%ﬁﬁoﬁeﬁ?’ﬁgeg@%i gn tools-
Decap 100tha® Vit forwhis Becap bonfigtiratigh. ues. |t has hi gh (good) capacitance per

unit area at slightly lower |eakage. It has good frequency response and
| ow series reski& Afdlustmeszm MOS-Cichpagisor W0owithen I+ Gh pdpdgi tor 110 with a

n+/ p+ on p-hody.. configuration, according tq the above-described

nonencl atur"g'f)guéfl?rhﬁfﬁ ?%”PWW&F thaget ap-well solluspateditsary. Vg = 0
(Vss) andpenbleBsary. &= 0 —Rel.Y 6% | fferent type, the
curve of IIéICi 8 appl%es?e\%?ﬁuﬁﬁsﬁ\%cwc’f B%gseﬁ%l&—%y?ﬁ cC gmt{'ﬁfﬁe, t hen
capaci t or typé,0hexourvecbfiFdGi happlies Wdxat iVan, SU0BR cbitdt 160 isik YtdmaRition

accumul ated). If Vcc < VFB (-Vcc > -VFB), then capacitor 1 10 would be in
depl et i on“‘ﬁéﬁn‘é""’(‘@%\’mﬁ apprmatgd). Inosomeeatppdintents irapasitor YR inchwlkeage, in some

enbodi meng,: | i S ed- In s enbodi nents, capacitor
110 i ncl ugg‘s’d)tan n- Eo gﬁé"?%&‘ﬁg‘?ﬁ‘.‘%ﬁ#g %rp—sugét{ﬁ%e TRYEPISE WP Prex At
p- subst r athe VeEaplapt iom idthntiag the YoRige GRHR SHSRIE 6r AR bdfel BfiERpRt  Much

| ower Ieaka?e. It has good frequency response, but high series resistance.
9 well process may need to additional layout (drawing P-poly on P-well) in the design

tools. Decap 100 works with all Vce values. It has high (good) capacitance per unit area
at slightly lower leakage. It has good frequency response and low series resistance,

FIG. 11 illustrates 2 MOS-C capacitor 110 with a n+/p+ on p-body
configuration, according to the above-described nomenclature. Although a p-well is
tlustrated it is not necessary. Vg =0 (Vss) and S/D/B = Vce. Because the poly and
body are a different type, the curve of F1G. 8 applies. Vgg =-Vee. I Vee > Vg (-Vee <
-Vg), then capacitor 110 would be in accumulation mode (channel would be
accumulated). If Vec < Vg (-Vee > -Vig), then capacitor 110 would be in depletion mode
(channel would be depleted). To help with leakage, in some embodiments, the depletion
mode is used. In some embodiments, capacitor 110 includes an n-body or other insulator
between the p-well and p-substrate. Capacitor 110 has lower capacitance per unit area at

much lower leakage. It has good frequency response, but high series resistance.



1 7 JUN 2004 WO 01/46989 PCT/US00/31352 FIG 12 illustrates an NMOS 17 JUN 2004
transistor 120 with a nt/n+ on a p-body configuration according to the
above-descri bed nonmencl ature. Although a p-well is illustrated it is not
necessary. Vg = 0 (Vss) and S/DB = Vcc. Because the pol Hnd bodi are a

di fferent "f?/g'é‘,mt”he curve of FIG 8 applies. VGB = -VccPCTASHEISE VFB (- Vcc
< -VFB), then capacitor 120 would be in accunul ati on node (channel would
be accunulated). If Vcc < VFB (-Vcc > -VFB), then capacitor 120 woul d be
in depletion noE&. (2 ihsnses aNMOS thasiclep) 21-6ih a n/A+ BehR-B¥alh | eakage, in
sone enbodi nents, the depletion node is used. In sonme enbodi nents,

capaci t or YPBENRER Ageerding tothe gheye-descrbddaomendatirat Atthdughwpeweltine p-wel | and
p- substrat L e js good (|0 i n | s configuration. However,
frequency ﬁt&trpag%};'ggélﬂ{j“g%?%s Sgﬁf@%}ﬁ&@gﬂé{é T¥ccaHeqause the pofyang body
confi gur at @1 e | thecurve JEFIE) | vorac ) engl x fore the
clains pr o{t/riedes acd(i:%r%lﬁ’ari son &s“?ngr%agraaﬁ?%blv%ﬂf ore&ts'hlgeg%%g\%%{ligﬁﬁgf?gt ed
capaci t or stherscapadilos 12(swaildibs ineemanitation mout (chine v 1PbREurtlated M

enbodi nents of _the invention. O her Information and Enbodi nent FIG 13

i |1 ust rat e¥e%° Yrel-YS0> 1 reathier paaciiond 2@ weuld beinglepletiompamie(chandeBpulitnc| udi ng
one or nor f i tions described herei be jncluded. D e 130
may be anyge ‘%f’legeggafoﬁge& sgﬁ/g%“?g mé‘f"é%‘f'?‘?oggi'm&eg'fa nggt%ﬂd’l“ti’& SHyed,

i Cr Opr 0C CiSBie ek chikitd! 190 Hotudet RE8HD o EREHLGRARR R | o) ASIC
(application specific integrated circuit), a communi cat1on chip. As
descri bed mivell and p-snbstrate Iorakagtiingoot flowet) in thisdonfigupdilos. Hewdveye a capacitor
be in depletion node. In many situations, it would also be desirable to
have the mﬁ%@ea@%ﬁ%ﬂ%tmm&s%wwTﬁnnmfmnomaxereqme that in
FIGS. 2, 3,4 'e‘@‘ﬁ" | n depletion node the curve increases toward

accunul ation”or |.verIS|'on node. It would be possible to tweak the

capaci tance by Aadhpisehdif Gefohah@ehiths YRIVIRS & coRpiiol AnlRAE tabRAYF G/ dr ai n

vol tage, threshold voltage, and/or doping levels. Referring to FIG 14, a
di e 140 i rAbpYriliustratadsepactiers as wells(agiothehcapacivepridee e atdpeef sdmone or nore of
the various,capacjtars.described therein). D e 140 includes voltage
circuitry %%#%%ﬁ%%l de the voltage(s) for one or nore 10

Other Information and Embodimen

FIG. 13 illustrates a die 130 in which capacitors (e.g., capacitor 134) including
one or more of the configurations described herein may be included. Die 130 may be any
of 2 various types of electrical devices inchuding a microprocessor, DSP (digital signal
processor), embedded controller, ASIC (application specific integrated circuit), and
communication chip.

As described above, in some embodiments, it is desirable to have a capacitor be in
depletion mode. In many situatidns, 1t would also be desirable to have the capacitor be
close to accumulation or inversion mode. Note that in FIGS. 2, 3, 7, and 8, in depletion
mode the curve increases toward accumulation or inversion mode. It would be possible
to tweak the capacitance by adjusting the gate voltage, body voltage, source/drain voltage,
threshold voltage, and/or doping levels. Referring to FIG. 14, a die 140 includes capacitor
134 (which is representative of one or more of the various capacitors described therein).

Die 140 includes voltage circuitry 142, which can provide the voltage(s) for one or more

10



1 7 JUN 2004 WO 01/46989 PCT/ USOQ 31352 of the body, gate, and 17 JUN 2004
source/drain to provide a desired capacitance | evel. Changing the body
vol tage nay nake a capacitor have a forward or reverse body bias. Note that
wt change‘i %agl h9e body bi as changes There may al so be a feedback nechani sm
to obtain RC Y& ed capacitance level. Merely as an exabfgV&W35%5one
enbodi nents, it is believed that effective capacitance may be reduced by
approximately 25% while | eakage reduces by approximtely a factor of 100
for appr oxiofitie bbdy, gate,\inghsowese/dsaip @l provtiechdsiraiapacienasicl. aTlaRginedect i on is
obser vabl egie(gythe C-V curve as the capacitor is biased in a depletion node
u

(close to YAlRSE TEmAkeR GRg-itobaye p dewartorrexttebodnbirs Netbatovt: her e

bei ng fewe I ﬁ::i:l? . d-channel. unde he, gat.e oxi de to tunnel

t hr ough thgh%%%nakﬂg:ate g‘)%?ﬁlgsé‘g‘hgﬁﬁpg%?%?&o?f’g%ﬁk PAORIRRE pe
simlar todesidGphdianiieledr cap in inversion specially if we do not rely
on mnority carrier generation and reconbination to provide the carriers
need to respondMersitisan sGmgile imsonegedodimeascit ishieliéved tdeeptiveVe  can
conpensate for. the reduced capacitance by using slightly |arger area
capacit or FWC%%WB&B@@W%&& @, Whilolgelege reduetebyp by nore t han
an order ogpﬂ;rg,gtgg | | condi ngly supports additional
suppl y vol t'age sc%#%ﬁfactgﬂﬁ.lgg\%ﬁ r?%%fa% alprpgglggguppgﬁmﬁ%@{.es for |ow

vol tage, hCafacitaié Raiaios & @REvNDIRVENV &M id GPidir is bhlkdidlg future, we
can continue to utilize decaps for noise decoupling in our ICs wth our
proposed coidqugn mede (slpse pasamulationgegiin). Theclegfageredudtide istdak eichass r equi r ed
for the faster. scaled transistors r proposed solution is conpatible
with curre ‘f’gp%gre??feﬁgm_dfé?ﬁ‘im?“%hgmigﬂééﬁ#MF}‘%‘B@%@‘Fn _
connect | ongjé Sﬂde?‘%e@-ﬂcfoggps&ﬂcdgga%%l%é simﬁ%@a%@&h&ﬂ?m&psig’ as is wel|
known, power supply and ground voltages are not necessarily ‘constant, but

rat her havavérsion speaiallpifsvebieontisety @f minosity @arrlepgdteration Aidiedonib@ates. FETS
ot her than MOSFETs coul d be used. Although the illustrated enbodinments
i ncl ude enPRKEEHEFEMSBARES] to4psprad orthe AGsignalisuperimpsded o thndécap.oWe coul d be

17 JUN gaQ)Q‘émpensatc for the reduced capacitance by using slightly larger area capacitor if we
have to lower the leakage through the decap by more than an order of magnitude. The
mvention accordingly supports additional supply voltage scaling and development of
process technologies for low voltage, high performance and low power CMOS circuits.
In the future, we can continue to utilize decaps for noise decoupling in our 1C’s with our
proposed configuration even as we scale the gate oxide thickness required for the faster
scaled transistors. Our proposed solution is compatible with current processing
technology.

The invention may be used in connection with SOI (silicon on insutator)
configurations.

Also, as is well known, power supply and ground voltages are not necessarily
constant, but rather have fluctuations because of noise, load, or other reasons.

FETs other than MOSFETs could be used. Although the illustrated

embodiments mclude enhancement mode transistors, depletion mode transistors could be

11



WD 01/ 46989 PCT/ US00/ 31352 wused with nodifications to the circuit whijclgn 200t
woul d be apparent to those skilled in the art having the benefit of this

di scl osure. Reference in the specification to "an enbodi nent," "one

enbodi nent, " "sonme enbodinments,” or "other enbodi nents" neans that a
particul arwpdde¥%®, structure, or characteristic descriBgAUSW3BENNecti on
with the enbodinents is included in at |east sone enbodi nents, but not
necessarily all enbodi nents, of the invention. The various appearances "an

enbodi ment ised witemeaieslioABBithe cifbit WHRNEvRIEDRMBEDLS: HRLEKIRY in AEGESSari 1y
all referring to the sane enbodi nents. |If the spem?lcatlon states a

conponent , hphwng thebenedit ofthisdiseloswe. characteristic "may", "might", or
"coul d* be incl ﬁgfed that particul ar conponent . feature, structure, or
characteristic §eHfgte mz}Eﬁﬁ’F%@FaﬁBﬂ 9ean ¢rE t," ['gneembodipent st i on or

cl ai mref elgbb@mefits.” OF "othe? b &i: h does_ no an there is only one
of the el enent. n'll‘ﬂ?'st %ié Dst%egcg:ﬂﬂl ca?iﬁt%m%abs a’téﬂ Aparieny %eépgﬁ’émcé‘ﬂe’é’ﬂdi tional "

el ement, t khiraciaBfc datritRdasidnaetibh KAtk tRRBEdTRAS i< ihdiiedWPat 1G5t shihe ,
additional elenent. Those skilled in the art having the benefit of this

di scl osur e embpdimenspbut ot pecessaeily allrembpdistehsrofwigrineentiam sTHenvarinishe f or egoi ng
description and draw ngs .may be made within the scope of the present
i nvent i on. #REBPEE nH ?',g“’f[?'%% tORE SPBPIHERN §r YoBwE Fmbpdiernis a1gnetny
amendnent Sn&é@fs&ﬁ%%l%ggﬂ)@&&%ﬁnb%&i%ﬁtsﬁ the invention. 12 1 7 JUN 2004
WO 01/ 46989 PCT/ US00/ 313 Appendi X: npari son Summary Table listing sone
possi bilities. Iiiespecificatibn stheed 6@fipont®t, RALCOTRLRRE BSEMRcteRbRer
possibilities exist., Some of the information is nmerely a best guess
TypeVeMode CEB eamight - 91" eepld CeenineludedDbeatpartisnlar compoeéit, fpatine;stiupiuiegor ar t )

characteristic is not required to be included. If the specification or claim refers to "a” or

"an” element, that does not mean there is only one of the element. 1f the specification or

claims refer to "an additional” element, that does not preclude there being more than one

of the additiona) element.

Those skilled in the art having the benefit of this disclosure will appreciate that

many other variations from the foregoing description and drawings may be made within

the scope of the present invention. Accordingly, it is the following claims including any

amendments thereto that define the scope of the invention.

12



>Vt i nvmaxnmaxgoodl ow FIG 1 n+/n+ All ax~maxslightly | essgoodl owmNo LO1F} QN 7004
I

4)i p+/pt <l Vdeepcower| ower OKhi ghNo LO (FIG 6) p+/g+> | Vace-- naxslight
| essOKhi ghNo LO p+/ n+ <l Vdep | ower | ower kKhi ghLO (FI G 5) p+/ n+>l Vacc -.
maxsl i ght | es oodl owLO n+! >1 V+Wti nvmaxrraxgoodl owLO, P§? 02_\/6519+<I V+Wit
| ower | owe LO, Vcc ? DeCap on well n+/n+ (prior {U)S"

i nvmaxmaxgoodl ow (FIG 9) p+tlpt Alam- maxslightly | essgoodl owNo LO (FI G
10) n+/ n+ <IVdepl ower | ower OKhi ghNo LO, TWFI G 12 n+/ n+>l Varcnaxslightly

| essOKhi ghiependix: Cyynparison Summary Table listing some possibilities. This is not intended

0
y

to be comprehensive. Other possibilities exist. Some of the information is merely a best

guess.
Fype Vee Mede | Cap Leakage Hi freq | Rs Comment
DeCap on

n-well

pHip+ (prior art) >Vt mv max max good low

{F1G. 1)

nHn+ All acc ~ max slightly less | good low | NolLO
(FiG. 4)

pHipt <1V dep lower lower oK kigh | NoLO
(FIG. 6)

PHpt+ >1V acc ~ max slightly less | OK high } NoLO
ptint <lV dep Tower lower OK high | LO

(FIG. 5)

ptint =1V acc ~ max slightly less | good fow | LO
n+/p+ >1V+Vt | inv max max good low | LO, Vcc?
mpt <IV+Vt | dep lower lower OK high | LO, Ve ?
DeCap on

p-well

n+/nt >Vt nv max max good low

{prior art)

{F1G. 9)

rHpt All axc ~ max slightly less | good low | NolLO
{FIG. 10}

/ot <1V dep lower lower OK high | No LO, TW
(F1G. 12)

n+in+ =1V acc ~ max slightly less | OK high | No LO, TW
m/pt <1V dep lower lower OK high } LO, TW
(FIG. 11)

n+/p+ >1V acc ~ max slightty less | good low LO, TW
pt/nt >1V+Vt | inv max max good low [ LO. Vec?
ptin+ <1V-+Vt | dep lower lower QK. high | LO. Veo ?
Key:

p+/pt on N-Well means a capacitor with p+ poly and p+ S/D regions on N-Well
No LO = No Layout or too! change required over conventional design

LO = May requires layout change as compared to that of convention design
Ve =~ 1V used for Vee column

TW = May use triple well to insulate bedy of capacitor

13



| <l Vdep | ower| ower &Khi ghLO, TWIG_ I1) n+/ p+>IVam maxslightly 17 JUN 2004

| essgoodcowlLO, TW/ n+>1V+Vti nvmaxMaxgoodl omLO, Vcc ? /n+<

V+Vt depl ower | ower OKhi ghLO, Vcc ? Key: p+/p+ on NNWel|l neans a capacitor
with p+ poly and p+ S/ID regions on NNWell No LO = No | ayout or tool change
requi red over conventional design LO = May requires |ayout change as

conpared to that of convention design VFB = - | V used for Vcc colum TW=
May use triple well to insulate body of capacitor 13 17 JUN 2004 CLAIMS: 1.
A die, kinté.Ng: a first conductor carrying a power supply voltage; a

second con uctor carrying a ground voltage; and a sem conductor decoupling
capacitor to provide decoupling capacitance between the first and second
conductorsg, thgy gﬁghﬁggggctor decoupling capacitor including: (a) a gate
el ectrode coupled to the first conductor to receive the power supply

vol tage, (b) a2 fiistqondicioncatingladgversurmievd@gond conductor to receive the

gr ound voltaggwmﬁﬁqogﬁgmaagg aggu&gﬁﬁmﬁemmhe gr ound voltage through the
di ffusion, the sem conductof decoupling capaC|tor t her eb

depl eti on npde2 sgmicopducteyj deceypling %PPﬁ“Pr tQupraYids Aecguplipe éF@E‘t‘%&‘HEﬂW%’“ tg? ype and

the di ffugfs%d@%n& SRIRBAY, (1R sBmiBord} A& decbupla@aghicifor aicludingi m 1, wher ein gate
el ectrode is p-type and the diffusion and éhe bod are n- égﬁ? with the

di f fusi on bei ng mor@ heak B clseinda covRist tonte JiyFe %‘cw‘l'ﬁ%“ﬁF %I m 1,
wherein the diffusion isy 1§y@§@ed|ffu5|on and t he sem conduct or

decoupling capacitor furt i ncl udes a_second diffusion coupLed to,the
second conductor to® a dlfquIOI‘l coupled to the second conductor to receive’ the ground

voltage, and
{c) a body to receive the ground voltage through the diffusion, the

semiconductor decoupling capacitor thereby being in depletion mode.

2. The die of claim 1, wherein gate electrode is p-type and the diffusion and the body are n-
type.
3. The die of claim 1, wherein gate electrode is p-type and the diffusion and the body are n-

type, with the diffusion being more heavily doped than the body.

4. The die of claim 1, wherein the diffusion is a first diffusion and the semiconductor
decoupling capacitor further includes a second diffusion coupled to the second conductor to
receive the ground voltage and wherein the body receives the ground voltage through the first and

second diffusions.

5. The die of claim 4, wherein the first and second diffusions are source/drain diffusions.

6. The die of claim 4, wherein the first and second diffusions are more heavily doped than
the body.

7. The die of claim 1, wherein the semiconductor decoupling capacitor has a flatband

voltage and wherein the power supply voltage has a smaller absolute value than does the flatband

voltage.
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recei ve the ground vol tage and wherein the body receives the ground QI jd80t
through the first and second diffusions. 5. The die of claim4, wherein

the first and second diffusions are source/drain diffusions. 6. The die of
claim4, wherein the first and second di ffusions are nore heavily doped

than the body. 7. The die of claim1, wherein the sem conductor decoupling
capacitor has a flatband voltage and wherein the power supply voltage has

a small er absolute value than does the flatband voltage. 14 1 7 JUN 2004

8. The dig of ?ﬂ@dl%fjeaalme&ﬁdr ﬁec%@ecl& ahBthP diikE6n Aadhd dagy abefnf usi on
and the body are n- type, reln the ffusion is a bogy?$? di ffusion

and the sBRf-cHdvRerdt tl&eé‘gﬂ%‘l’q iR be%ifpﬁlelqlﬁ?s‘olntﬁ“@hté? SETRIEPNGRR Ngnd

second s Obgpﬁcﬁﬂogfu?fhé? i E LG QRS sek atso@Edriin UfRSionshat A @-telee Of cl aim 8,
wherein the first and second source/drain diffusions are coupled to the

second conductor to receive the ground voltage. 10. The die of claimS8§,

wherein the boge di@sr Hhirh Eme%'h R0 rsf dnd Sécoad@us et HRbheat eiupied to the
di ffusions are nore heaV|I $ han the body. 11. The die of claimS8,
wher ei n tﬁ%o%%ﬁm%ﬁﬁﬂﬁdﬁﬁwe éﬁﬁb YH§8%capaci tor has a flatband voltage and

wherein the power supply voltage has a smal |l er absolute value t han does the

Hat band vol t age di.e, risi.n I.rst .conducto
suppl y volt-age’ he %fe 55 SCHWHUB bogé%py?ﬁ@s‘% 3 ofﬁrrll n s SFQtO %"rréé/d;g % PO

sem condugifRfiodacahgt hagilxdipacihbote balypr ovi de decoupllng capaC|tance
between the first and second conductors, the sem conductor decoupling
capacitor including: (a) a gate electrode coupled to the second conduct or
to recei velt heTly diand clanal & agterein the semaordductsi devoepding Icephcitay ehe fdthasd

conduct or O [ & ewh\éreelritﬁ Om@l{pﬁl&%ﬁ% has. OsLx}aﬁ%%bso ucfe) vafhe Xioésc%her .h&' e the

pover supPPER BT LSS usi on sem conduct or decoupl i ng
capaci t or vtlhee.eby being in depletion node,

12. A die, comprising:
a first conductor carrying a power supply voltage;
a second conductor carrying a ground voltage; and
a semiconductor decoupling capacitor to provide decoupling capacitance between the
first and second conductors, the semiconductor decoupling capacitor including:
(a) a gate electrode coupled to the second conductor to receive the ground
voltage,
{b) a diffusion coupled to the first conductor to receive the power supply
voltage,
() a body to receive the power supply voltage through the diffusion, the
semiconductor decoupling capacitor thereby being in depletion mode,
(d) a substrate, and

{e) an insulation between the substrate and the body.

13. The die of claim 12, wherein gate ¢lectrode is n-type and the diffusion and the body are

p-type.

14. The die of claim 12, wherein gate electrode is n-type and the diffusion and the body are
p-type, with the diffusion being more heavily doped than the body.
15



(d) a substrate, and (e) an insulation between the substrate and the1bp9@N2%A
13. The die of claim1l2, wherein gate electrode is n-type and the diffusion
and the body are p-type. 14. The die of claim 12, wherein gate electrode is
n-type and the diffusion and the body are p-type, with the diffusion being
nore heavily doped than the body. 15 1 7 JUN 2004 15. The die of claim12,
wherein the diffusion is a first diffusion and the sem conduct or

decoupl i ng capacitor further includes a second diffusion coupled to the
first conggct ofnd @ie LECRIY €2, Wi MR MSIoANL ¥ fivaldifigRnand twhemeoRduchie body

receives the power supply voltage through the first_and second djffusions.
16. The diwoRng peppeiion Brhorieigys sernad Afiisen chrpled ocbr B ordEer Beear o

sour ce/ dr gie ot Supfiy 90igge dfd wildi@n die@odf recdivds Mhelfpwenhi@pBi voltideahibighsthe and
second diffusi.ons are nore heavily doped than the body. 18. The die of
it

cl ai m 12, fhdassn ¥8®i conduct or decoupl i ng capacitor has a fl atband

vol tage and wherein the power supply voltage has a snaller absol ute val ue

t han does_jhe flathb . | tage.. 19. The die.of . claim12, wh in _gate

el ectr ode]%‘s nhif%%‘@%&f“yﬁé”hﬁgﬁth% TN RGO 5’3§/ar5?°é]rce’gfaf'§/%g?es@%d wher ei n
the diffusion is a body tap diffusion and the sem conductor decoupling
capacitor further.includ first . and. second.sour.ce/ drai i fifusi t hat
are n-typﬁ‘ ZOI.Phe]‘H%Of(c:ﬁ]aémgs ’ “(’:]Tegimn%higfm a\‘/{}r%esﬁceofl%gl?[ﬁ{el&gia?es]ﬁ&gﬁ IV];yec ﬁgﬁlﬁn

sour ce/ dr aiemod)i. f f usi ons are coupled to the second conductor to receive the
ground vol tage. 16

18. The die of claim 12, wherein the semiconductor decoupling capacitor has a flatband
voltage and wherein the power supply voltage has a smaller absolute value than does the flatband

voltage.

19. The die of claim 12, wherein gate electrode is n-type and the diffusion and the body are
p-type, and wherein the diffusion is a body tap diffusion and the semiconductor decoupling

capacitor further includes first and second source/drain diffusions that are n-type.

20. The die of claim 19, wherein the first and second source/drain diffusions are coupled to

the second conductor to receive the ground voltage.
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