pp$ MOS VARACTORS W TH LARGE TUNI NG RANGE FI ELD OF
THE | NVENTI ON 100011 The present invention relates

generally to integrated circuits, with larger tuning
range and higher quality factor. BACKGROUND OF THE

| NVENTI ON ?sﬂ?@%%\ﬂf{?’rf}h%% fﬁq,A‘ik(“E“’k‘t{én\((L %\PNG ari ous

conponent s such as transi OI‘S resi ors uct ors,

capacitors and varaghqr @rﬁifﬁ@Vﬁﬁ¥{ to achleve the
desired function. Varactors afre eéssentially

{OO@ZF a org%ﬁc}’x‘w? e)&gntéggulgtg% i\ p¢218¥92¥<1% L:{:glgﬂf e?vgw ‘ger t{lﬂnngmngb
net al ﬁ sem conductor (MOS) varactors. MOS
angWgher ALY BT general |y  enpl oyed for conpl ement ary

MOS ( CMOS) appllcatlopgﬁﬁgoooat Fhﬁ. | shows a
conventional n t?ﬁgKéé P&th BAEABYENENvar act or
100. The n- pe MOS varactor is formed on an n-well 1
[6092] of I*allwiﬁ%é“éwltﬁl (Eon- wilgyt oanengssuch pplrangIsEY, gisistors,
includes a gate structure 140 di sposed on a surface
indug@rsofapthierssul etagpes. arnafigeed tostcpigee e destier §ingHers Yaractors are
heavily n-doped (n+) polysilicon |ayer 142 over a
essditellgctnacicors afree tsumhacsn@valoxiverecs Witnytee vildde appdnd. aGtgcommon
to the n-well are provided by n' doped regions 148a-b.
typEypiraadthy isspadensgie semabndhowiyO8) earprtay.i NE omadtdreare generally
sides of the gate structure. 100041 The capacitance of
empheed/far aghfemaamy DEOS avigstamiicitioned by varyi ng an
i nput voltage. The input voltage can be varied or
[00BBEPT FRet weshs x daacitonM n-@pc dbilBulbi@thode{Dag@rac@n 1§® The n-
applied either to the polysilicon gate or to the
typ@ Wes haraMBaB fdrhed ¥oht Agelians bhepP@leysicht GOBIHATES. I Bie varactor
positive with respect to the n-well, negatively

inchl¥as 98Mc QRIS AGRMIL AL R rhd 0B BleRSikale The §htd Bructure
under the gate. This causes the capacitance of the

1110"&@5@&?109{(/1!} R dB;‘?ch{B*)th@m%{ 1 IQ@Q@&'atd@q&ﬁ[c gl)%t suol’ds -an oxide
he positive voltage on the polysilicon gate

laygxepéirdle%%ﬁ @ thp GGOME; D 1991'.11&}/ @y W Lged fERRE Fi&;tboelng@l spacers

negatlve y Chargea carriers strate r

(noltl nldo%rn) tu@%r(g/acﬁc% onl1 (L § Ek% 0§Yﬂa¥;nte structure.

100064] The capacitance of the varactor can be changed or tuned by varying an input voltage.
The input voltage can be varied or swept between -Vyqto Vyq. This input voltage can be applied
either to the polysilicon gate or to the n-well. When the voltage on the polysilicon gate is
positive with respect to the n-well, negatively charged carriers accumulate in the substrate region
under the gate. This causes the capacitance of the varactor to be at the maximum capacitance
(Cmax). As the positive voltage on the polysilicon gate decreases and become negative with
respect to n-well, negatively charged carriers in the substrate region under the gate migrate away,
forming a depletion region, as indicated by dotted line 126. As width of the depletion region
increases, the capacitance of the varactor progressively decreases. The depletion region reaches
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form ng a depletion region, as indicated by dotted
line 126. As width of the depletion region increases,
the capacitance of the varactor progressively
decreases. The depletion region reaches t its maxi mum

w dt h wh t t
its Widf H1L:Fb\§glg'b‘f/lhntnégc? ch 1Jﬁsé e |mmt wg?ti\ﬁ vg)gt? cexg g’ﬁ'\é%ut t8Ql%echne-well,

ni mum capaci t ance varact or.

wh%o@w% Is t%%ﬁ PR %@?ﬁ?‘*?‘%@mé"? Ew%'@”?“ange of t he
vat-actor, which corresponds to the capaC|tance ran

(00031 whAEHTPARANY BFiRE tSdhe BpBIRARES CARY PECPBrTHrOBySHOATS g the
C.,,ax/Cn;,,. GEneraIIy, it is desirable for a

capggitanet BREY 6 Vel avaragiofepeiahs Ael Pasieedty iy me&min. Generally, it
better functionality of the <circuit. Furthernore

is dyairabicclar avdrgctagite hasesbliee tyidaeges'o 1)&)\/?110@1@&%}&&%*@37&“3/ of the
factor is desirable since this correlates to | ow

cirpowdurtbamewnptriioarly WODBEbiIRr weduckrea highagditn gpctor is desirable since
di scussion, it is desirable to provide a MOS varactor

thismdrieiageslt@logerowet cnismgptiange and a hi gher quality
factor. SUMVARY OF THE | NVENTI ON 100071 The present

[000B) entran thedbat@sy fiecuMit, viar dediabls to providne Mi3pewhctaf with a larger
the invention, a MOS varactor conprises of a MOXS

wnkdpaRsdcshok hfgatinRdligiz@cvar act or regi on of a substrate.

Afirst well is located in the varactor region,
wherein the firstsweiMAeenpr irs@sNofENrTON St pol arity
type. A second buried well is located in the varactor

(000801 OFrhe WREE €1 ReiiG reeeoRdMbUraEione Th cEOIPEL S hePvendon, a
second polarity type. The first well and the top of

M @@dé&‘&%% AW i@ 4 e |, drfs%f(m‘fo@nca %ﬁldlv‘éfWuP Necel ARGt is@®Rirate. A first
elow a top surface of the substrate. In the depletion

wen?gl%ca(?ct,d QARG v%}dcﬁn re Jhew‘ﬂﬁgln%é R wEl‘lEg(l;rQ 1<;Uﬂ9fedr firk ianty type. A

te nmerges w e depletion region o e shal

net i
seCPH(a{ﬁm%eﬁ we‘ﬂ 0(,51 m(%ﬁ eal r?c%m 1&hg1?%1%¥c#lpﬁe c%!i‘m J&%c[l comprises of

e conven I Ona er re

a s?%’é){vill g%lhl%itgﬁyp}eoﬁ'i}? hgst %?{/\8? E{P tlc s%f:orfdr 61\1}1ch},€<!€{]¥01%’3 sfhilow PN
pr.oce conpri.ses

me ?lhb ovia PF%’tSUW@CIOf qﬁ ggs\%ﬁ g}sadlpéigbsiz%g eo opmp 9 on, ﬂ]@ depletion

region under the gate merges with the depletion region of the shatlow PN junction. This creates
a depletion width wider than the conventional one, thereby further reducing Ciyin.

[0008] In another aspect of the invention, a method for forming a MOS varactor is provided.
The process comprises of providing a substrate prepared with a first well in a varactor region. A
second buried well is formed in the varactor region, The second buried well and the first well
forms a shallow PN junction in the varactor region. In depletion mode, a depletion region under
the gate merges with the depletion region of the shallow PN junction.

{0009] These and other objccts, along with advantages and features of the present invention

herein disclosed, will become apparent through reference to the following description and the
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second buried well is fornmed in the varactor region.
The second buried well and the first well fornms a
shall ow PN junction in the varactor region. In
depl eti on node, a depletion region under the gate
merges with the depletion region of the shalJow PN .
ACCPRIAEYY .“a"i’@éﬁff”ﬁﬁ%‘%’é@é‘d& ‘Og‘?"r%ﬂe‘étﬁfiﬂ%‘?‘e g‘ﬁaﬁ‘h‘ﬁ "\Rffl}llch"a‘“"uS
advant ages _and features of the present invention o
embpeiigpiys gqsgquegéléﬁ}n hF pet %Lg%méaxcélﬁﬂég ancap ﬁ)f,:étdbﬁanous combinations
reference to the follow ng description and the 2
andNeEBRPEANYi ng drawi ngs. Furthernore, it is to be
understood that the features of the various
enbodi nent s deBRHiH@BSGRIPIANLRTHE DAV INGP y
excl usive and can exi st in various conbinations and
[00p&r nuirathe drasvingBHiERc DERSCRIRTICON ©RCTHE BRAWIRISS S PaB@)roughout
In the drawi ngs, |ike reference characters generally
thedéeffepent vewshdlwatie dparing ardwanglvesatily to beld ehpasentstead generally
views. Also, the drawings are not necessarily to
beisgplhed vpop st ging rist padiphs é thalidwentidreiin thegboedg dgonption,
illustrating the principles of the invention. In the
varfok bavbdigeste st plebd@i invemini spudes it diiteattenaf to tiefollowing
present invention are described with reference to the
dralv@lds OWiwhgeh: drawi ngs, in which: [00111 Fig. | shows a
conventional MOS varactor; 100121 Fig. 2 shows a MOS

[00Y 8 aCtQ 1 kR ACLAhdaReR WIHE vaRQoenbodi nent of the
invention; [0013] Figs. 3a-e show a process for

{OOfl m g 3 MR MRACRCLLLctdr h ALSALARRESR M tRbONBent of the invention;
enbodi ment of the invention; [0014] Figs. 4a-b show

[00231‘3/&?[]%4 002000 SR 12 £ GRMMENRNALMOR AB5 GO WifRde

aractor 1 n accordance with one enbodi nent of
the invention, .respectively; [00151 Figs. 5-6 show
Cmé?ﬁﬁﬁéfggw gaébes of various n-type accumnul ati on MOS

d p-t.: . | ati
[““ﬁigg%%ss%a—@glogﬁzd& TB»ST%%? lé[‘&lb 06}1 al.}:_glgven ShaY @{O%C fag{czdé and a MOS

1'gs show simnu
uality factor.data sur ts of.various n-type
vargctor n aXcor«%ncc with one embo 1men? OFfe invention, respccgvely; yp
[0015] Figs. 5-6 show simulated CV curves of various n-type accumulation MOS varactors

and p-type accumulation MOS varactors, respectively; and

[0016] Figs. 7-8 show simulated quality factor data measurements of various n-type

accumulation MOS varactors and p-type accumulation MOS varactors, respectively.
DETAILED DESCRIPTION OF THE INVENTION

[0817] The present invention relates to MOS varactors. The MOS varactors can be

incorporated into ICs. In particular, the MOS varactors can be easily incorporated into ICs using

standard CMOS processing technologies. The ICs can be any type of IC, for example dynamic

or static random access memories, signal processors, or system on chip devices, mixed signal or

analog devices such as A/D converters and switched capacitor filters. Other types of ICs are also
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accumul ati on MOS varactors and p-type accunul ati on MOS
varactors, respectively. DETAILED DESCRI PTI ON OF THE
I NVENTI ON [ 00171 The present invention relates to MOS
varactors. The MOS varactors can be incorporated into
I|Cs. In particular, the MOS varactors can be ea I.
usqfglc érﬁbrﬁgtdédﬂr%%atriz@ i CRPPIE CARTEP FH NS S 8 st igye types of
technologles The 1 Cs can be any type of IC, for
bmék@ﬂﬁﬁé‘&?ﬂanrc or static random access nenories,
I gnal processors, or _systemon chip devjces, ed .
[005131; nalFis P shaped wErce0e égacgferéﬁmaév“)xr% EBhUEPEYRd y}&ﬁa"wfm”
switched capacitor filters. OQther types of ICs are
Thabgectodnglgds gIMOSaietrtyred4aoemehioor popiatied S in opgpmbodiment, the
exanpl e, conmmuni cati on systens and various types of
strigours Gres ap novwcteimfl gt glodeivaractor. shoigsll g thay étr ¢ copgpises of a
i n accordance with one enbodi nent of the invention.
ligHihedopad papersilicne bubdege. aOMES yptsrad sthstrate@ absopsadd. dire ¥10S
substrate 205. In one enbodi ment, the structure forns
vaiBoNrelipp €0 R Bcidfimddatni thasubrstetee. Vias] aidtnoegiosy(poichbivy), whivh for
substrate conprises of a lightly doped p-type silicon
xRS thapee oS w titikds scdftion ulisbitspdre proaided al Balawsief wkactor region
The MOS varactor region 208 is defined on the
froftHRBE Y 8e rebR@b. atvit@m he@i: ARG £Aed is STRWR)ell 2Whio€ b fifsdEype (n-type).
exanpl e conprise of shallow trench isolation regions,

A @:E@n(ﬂrréwi @edt als@ohd- @)lp@t(s-v)lp'aﬁs YRHRE §:0the iR@WRN. Lf sRMmbodiment, the
ot her devi ce regl ons hin the varactor regl onis a

scc,fo I\Q@rlﬂlg) frs%;éf PhurRd blifisth WS aled bEdRake surficS 8CAASLbstrate,
a second-type (p-type) is located in the

formn ?S]i leﬁ!J\Lv T %\II Jﬂn A zﬁﬁbﬂ%fﬁ%& FBE,IE)IIFQ 8 %ﬁ@ﬁgt V)\@E ks 1 ocatcd between

ses 0] urred bui in wel | ocat ed "bel ow t he

the Slljldf ac ggron %\uiutﬁg ng@’rI‘icge surfa% nCEl dﬁl%\ﬁiﬂﬁ;trlu?ém Nfor 'med. For

junc anne reg on irst-type

P
ol &Bé?trar@ggﬁﬁlﬁﬁiopedrﬁ BoSB R u oA 3?‘%’“?? ke vt

“ﬂgﬁra'gtﬂrcaﬂﬁp”g S bre S dudtar e it of gROBEE M5 YRS syogigpe s formed
lants are able to uIIy conpensate the | ower part
OfBﬂYﬁH@”HUWéPP““Fﬁg 'structure is forned of only an
junction near the surface. ﬁ%i
roe%nsr@recs\flowmat@égmafwca o@ag@e &e 412@‘1“@6’:‘%%%“@?{”5%%“{““
substrate surface.
The gate stack includes, for example, a gate dielectric 242 and gate electrode 244, Typically, the

gate dielectric comprises of oxide and the gate electrode comprises of polysilicon. Other types
of materials can also be used for the gate stack. On the sides of the gate stack are dielectric
spacers 250. The spacers, for example, comprise of oxide and/or nitride. Located adjacent to the
gates beneath the substrate surface are first and second contact regions 248a-b. The contact
regions, in one embodiment, comprise of heavily doped first-type (n") regions. The contact
regions are clectrically coupled to the channel region between the substrate surface and the

shallow PN junction. In one embodiment, the n' regions have a depth between the shallow

4




The gate stack includes, for exanple, a gate
dielectric 242 and gate el ectrode 244. Typically, the
gate dielectric conprises of oxide and the gate

el ectrode conprises of polysilicon. Qther types of

_]LEIlnP(él dnd% St%oﬁt%gl Oéh B2 sc?o%dlf)% gd &gﬁ xi(l%dg\. & rthpo%% lﬁaw%%tﬁitgredcpt
suc;[li z&s P]i?‘@‘é&’grr%%“a\h% ahaga]ﬁv a eH 1ct on d!SO usc %lg.lglﬁ)g% t%('” (ﬁ)ﬂtacts {not

straH surface gre first and second contact regions
I%W §5H*‘%h8088%P5£H regi ons, |n one enbodlnent
nprise of heavily doped first-
0@8ht adt 0!%@@@8%%6“5#& Bty FP‘BBH‘?C;*/ I wéﬂ tsf&“ilfg i § e g
channel region between the substrate surface and
efestﬁ%lenéwerbf{igﬁ yAettPo A ltgratigply. BRBHET Hanpel cphie ‘?ﬂ“plrcééﬁ @ﬁwta@
have a depth between the shallow 4 junction and the
regisr o MO HEradee dHuinpe o rrplichioghs gpwdering e dhomput
havi ng other depth, such as shallower than the
volégalchrobe PNeq witbiniagwperpional BoLwSERUIE thendeictor Fam acogsnlation to
contacts (not shomn) as needed are aIso useful .

i nput term nal coupl ed to the gate eIectrode of the

+VYOSP wardagtatteer infht eritagd iaugdsynaytatwe benpaftl, foe exdnmad, goarer Ban [Val. .
coupled to the contact regions of the MOS varactor.

A Aerbd it votagd AgRay 18 @pidd e thd prdele, torfptiter trercazatad depldien width
i nput voltage can be varied within an operationa

of haRERlowdlugtibAgnd Merevafattabwir o). accunul ation to
depl eti on node. In one enbodi nent, the operationa

[oo2apge 1@ fhetab&iAunRldh AL (@ t?e\/.ln s ¥, appliMddtie @atet M@htivel y charged
Provi di ng other input voltage ranges may al so be

caM%i%fchu'muflé?é ulﬁ%ﬁ{l@ lo&ie s@h@E ?(fhanxli@ﬁg,[o\‘ﬂ ke caPadi@YRF e varactor
bias voltage V,- nmay be applied to the p-region, to

op&h‘trldgpﬁ kel ﬂﬂlﬁﬂ&%ntn%cqs@dtﬁh'u% bWtﬁjct Bick Qs M8e %ﬂ@hﬂc@é\{nc ayer

junction and thereby further lower C,,;,,

and I?fd:@i%&HE”c% ahRfrbldED %15 Sr gspondé’ to thes mMﬂut@Q ;l)acﬁéglc@gf ,mn%f the

, hega char e carriers accumnmu ate un

vara?to% gv%ic% r u'(i:ntlé'l gs%la(t o't‘fl’l%%mn? ?xha?aus Cgtllhﬁs ﬁ]t%’?/gi%lcttb?ﬂﬁﬁs from the

ar ac or pera
acciugg}l S‘n g}e? Ff%/ tgé gffepé%ng)ét%‘}(o%egg S%fgft}.}ﬁ%t ;gﬁlgu e ml el a to Q/dd charge
car%?a{srmet?, g:na%%ytfroorrg tlﬂc cl%ﬁclqy&n? 231% Cdcpﬁctlon region sfartg to fform !lahc
depletion region formed in the channel region decreases the capacitance of the varactor. The
capacitance decreases as the width of the depletion region increases. When the width of the
depletion region reaches its widest, the capacitance of the varactor is at its minimum (Cin)-
[0022] In accordance with one embodiment of the invention, in the depletion mode, the

depletion region under the channel merges with the depletion region formed around the shallow

PN junction. Merging of the depletion regions effectively increases the width of the channel




varactor, which is the sanme as that of the
conventional designs. As the varactor shifts fromthe
accurul ati on node to the depletion node by adjusting

V;,, (e.g., V;,, = c Vdd to -Vvdd), charge carriers
deprlct%n% Fi‘or{ \gﬁtxlé]:c{sglmfxg E%mﬁﬁ&ﬁ@&?&%sc %Qfg olgw%?glnl%%[% ?%?tﬁetg'" of the

e channell re 'gflc%%enﬁonﬁ’d&b% capaci tance of the
Va‘?f Pladt PR T8 pdci't'ance decieases as the width of

L When the
[Oﬁéglm e? F iljﬁ)tl}cggllng ﬁigrgchgg&% §ren‘?\)nn}§)é1§§tes%f fld gg accun%ulatmq mode

of the varactor i at its mni

varpg{ory e pdAre a5t “8&%8108%%9 nﬁ‘f“fﬁ%t t¥fi?ew<‘i”?ﬂ?3w¥'F%§n°%P"HP°

t he depl etion node, the Iet regi o nd
dopenigrine heresogeyRi TH ‘i"ﬁ@”a‘é éttwrf{?%a?g o'n‘E‘? @WS\&OE V&Ijﬁ%&?f the
the shallow PN junction. I\/Ergl ng of the
opgratiginalrengsro deai-YEIS, vardria dnkes %/mewvﬁvd«tw %%S'rtéﬁléﬁ %fﬁ%\?frré? top p-
5 depletion region which results in a further decrease
chdnnelt grebofi. riTheLion e-alvmetitiapmpledto V. Thedfuripharwollgpegeicpyell) can be
as conpared to that of a conventional design. [00231
couphedan ot.era rendediisefhe inhevaaeaatndied eidhpgdlses spremirom Vaa for
p- MOS accumnul ati on node varactor. For p-MOS
deleumubdatto ovyfodecwuanladinongdet he first-type wel |
conprises of p-type dopants and the second-type well
[0RaPr iIFseS3 Bt sivwt ypecdopatirmingd keadtdréOn irMoBordarcastidirone
the operational range of the p-MOS varactor is from
emb¥lghehi FNAdvdYioRI ASEHEGMT e pgate feimstah@-ty@pacpumulation mode MOS
channel , or both. The top p-channel is coupled to Vs.
alu‘l@r Wférﬂ%, Ry 98| 34, { seGeNduie] dupste@di(3esuck auppeghetsticVi substrate
for a reverse bias. The input voltage applied at the

is &@&;gccﬁ ARLSWBSER of LI NEd s fcBhs SOeRbRIXQRiERARydr maydiko be used.
for accunul ati on node. [00241 Fi gs. 3a-e show a

The 5&%@5’(%%%&3{ &r»ﬂgpg?ﬁt M@H ALt O 38t b mﬂ‘} %%d ﬂﬂ&ﬁ eMtobiment, the

he i nventi on. As shown,

fird WA ?%PL&E“?&]?]‘?I\E) ?&%EWH AL \k&%%@@ﬁ j>/£§,tor region 308 in the

var ac a sem conduct or

su btstrate 305, such as a p-type silicon substrate is
15' BVi ded. Ot her types of substrates, such as SO,

08B 80 AP T IR B 8 s v
sh(gvlvr{ 1?1t[<1 %lba[ﬁ}e ¥CLOX(PWC t !ﬁnﬁﬂ& ae gtt)y%glw%ﬁrzpfwehfe[n one embodiment, the p-
well comprises of a buried p-well, formed beneath the surface of the substrate. The buried p-
well is located between first and second portions 314a-b of the first n-well. The first portion and
the top of the second well form a shallow PN junction 334 and the second portion and the bottom
of the second well form a second PN junction 336. In accordance with one embodiment of the
invention, the depth of the shallow PN junction is positioned such that the depletion region

around the PN junction merges with the depletion region of the varactor in depletion mode. This

results in a wider depletion region which reduces C, of the varactor.
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first well conprises of an n-type well (n-well). The
n-wel |l defines a varactor region 308 in the
substrate. 100251 The process continues by formng a
second well 316 having a second polarity type, as

{Gq%gﬂlm(f’sr’]fg\g ﬁﬁ C‘é’l{ﬁ’l‘gnéﬁ% g}%ﬁl\éﬁ{anta{loméhn?ﬁéf ?ugl el:s){:%%antation
conprises of a buried p-well, forned. bﬁneath t he
il drpagts 61 Y. GBS CRBPET OIS IR TJRIoR PFGSsses arc used for

| ocat ed bet ween flrst and second portlons 314a-b

difforent pickiss tSuifakles tailoreprygelk implantspd p MRS Arpgess D B °§f‘0 form the
the second well forma shallow PN junction 334 and the

weocombrapbr theorellanen henferut vidinut b usgre! addigiepid mags Frpprsuple,
a second PN junction 336. In accordance with one

thegriyeld b b et aradtort dae be fannedh tihonp-vweHe fod EpEAS devied arcsfhumqdgiing the
PN junction is positioned such that the depletion

sameghpdmt naslo ukiterbdtie cIPNhp el foo thereragmss asi fimedheeparately from wells
depl etion region of the varactor in depletion node.

of hRiICMOS dswbds Susig addinbode madiep| @i Diows egilow helipGimized for the
reduces C,,,;,, of the varactor. 6 100261 To formthe

vaMelblss, conventional ion inplantation techniques, such
as inplantation wth a mask can be used. In one

jo@Tbodirgeaton tég%&@r(ﬁét%hd)\@rﬂ ardPhaat @titoddic Pk 0eaSEeSgdA €rom other
used for different wells. Suitably tailored well

dcblﬁplc%% e ;@01@1\4@@ EEZ;&QC@;{: Sx&dle, Rempharddhdiowitanm kéletion (STI)
I's. Preferably, the wells can be fornmed w thout the

rcg%i'(ﬁ% Qe 390AILIQNE TSR uE@iL \fﬁ%ﬁﬁ@b@mnu&ﬂ?ptﬁcéWQ F&f cxample, the

e varactor can be forned when p-wells

sulga? | GGY bca& ed% “Egm%M?(gm% aen alﬁi%k'témhlﬁﬂ& tmlﬁ trenches which are

ternatlv or the varactors are forned

thcnﬁfﬁ%{i w1t% clecﬁ:?{?m%ﬁ%uchoﬂfs S [1'3831 g\(ﬁ? éji?cYﬁl d?ﬁrec Vﬁic@gpoémhmg (CMP)

I Oha e optimz
t 10027
cap E%W'E)ng?(}e/%rﬂglfx?rgc&%c% oxide a?c eprpw%& a gﬁg%rtsg?s?t?ﬂ;& t&pg}I ?ac% r;]l“he STI
at h
o AR Bl DL BT
%%ﬁlons The STl regions can be forned u5|ng bstrate.
(0035hy erikRER o boks B gTooRS AR ERpIOdo 1t € e o ‘é‘ substra

can be etched using conventional etch and mask
For exdiily degineghe gptalaypis GempEseRAL seguepiially forming a gate dielectric layer

344 and a pate electrode layer 342 on the substrate surface. In one embodiment, the gate
dielectric layer comprises of thermal oxide. Other types of gate dielectrics are also useful. The
gate electrode layer, for example, comprises of pelysilicon. In one embodiment, the gate layer
comprises of a heavily doped polysilicon layer of the first polarity type (e.g., n-type). The
polysilicon can be in-situ doped or doped by ion implantation after deposition.

{0029 As shown in Fig. 3d, the layers are then patterned using conventional mask and etch
techniques to form a gate structure 340. Typically, sidewall spacers 350 are formed on the gate

structure. The sidewall spacers 350 comprise of a diclectric material such as oxide and/or
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then filled with dielectric material such as silicon
oxi de. Chem cal nechanical polishing (CMP) can be

performed to renove excess oxide and provide a pl anar
substrate top surface. The STI regions can be forned,

i ddeaBee o b Bt i R eb R SRt %»CGS giting
continues to formthe gate |la ers n the substra
blapfi oma pPRn HEFHRSE pROLGaHEC sy e Oéﬁ%wegséhb&fpm ned (o
sequentially formng a gate dielectri 344 and

e A RO e R T oS SN DTS St
In one enbodi nent, the gate dielectric Iay

[0038hpr iReéesrieg totHg Pretonisgt igeiongi4a ﬂﬁy@é@c%f *&z&)étdc’[ regions, for
dielectrics are also useful. The gate electrode )

exdrmglarcompose tanplyalopebrppnsed! rofisrsiigrgy bipgo he figt graity type
enbodi ment, the gate |layer conprises of a heavil

codpped opotypsidbpaon Thapentadfesitns afd fosnedyol the furface gighe substeate
(e.g., n-type). The polysilicon can be in-situ doped

adjatend opad ghy sthaturé. njplcaneabbdimeatf tatacteposs tdnaise 200@th which 1s
As shown in Fig. 3d, the layers are then patterned

dedsi M@n GRRUERL BN Ancias kohadiepthciuch tedhiogerasart the fhatlow &N
gate structure 340. Typically, sidewall spacers 350

jufi6n, fa@r IRAisom1. t Aest@ahethe ftnktiat il ated bawserd@ealdliow and second PN
spacers 350 conprise of a dielectric material such as

Ju&ﬁbidse TRRAOR régions dan be Bored bl d@.impRAGtaGHACETSmPRA Q@ be self-

formed using conventional spacer processes, such as

i HRROSH FdRQd hsm?!n@ﬂlﬁﬁ&nt AskideohayBihnRiied e famhatthatdtRn@gions are
gate structure. The oxide layer is then patterned to

qh eonye the horlzontal portions, |leaving the spacers on

demalls of the gate structure. [0030[ Referring to

[0@6% t a3ﬁ1c H)?ocggsac%F\tléL%\rg l)? ﬁﬁmﬁ%ﬁﬁte&oﬁk@h&%ﬁﬁ% cothQ&s of the varactor to

conprise of heavily

pr%vg(?eem‘)lft agcti 8sa% VO tagct:'%h 0];‘ %}Easl'%%kp %'dfkﬁé&}’c dlg M«gj%mtc-[ir@ﬁ gh&e%;txed to create
SRS LTRD SRR LAy o

enmbodi nent t act i on co ri se
FEOEE ARG PSSP POWBRE [ LTI %”“&ﬁh 8 Oy Buanionat

such as shall ower than the sh? w_ PN
interconnect levels, final passivation, dicing, and packaging.

[0032] The process as described produces an n-type MOS varactor. A p-type MOS varactor
can also be produced by, for example, providing a first-type as p-type and a second-type as n-
type. The varactor of the present invention can be easily integrated into conventional CMOS
processes. Existing implant masks can be used to exccute any additional ion implant steps
required. This eliminates the need for additional masks, which reduces cost.

[0033] Fig. 4a shows a simulated 2-dimensional plot of a conventional n-type MOS varactor
100 and Fig. 4b shows a simulated 2-dimensional plot of an n-type MOS varactor 200 in

accordance with one embodiment of the invention. The simulation applied an input voltage Vi,
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junction, are also useful. As shown, the junction is
| ocat ed between the shall ow and second PN junctions.
The doped regions can be forned by ion inplantation.
The inplant can be self- aligned and formed using an

to tbng%t(o ﬁ%uagf eli -8 ?csu%msget Cl\h'r;]r[iT %rdg(l(lpurﬁg ardn 8@%%& ﬂggﬁ ?;QE Q‘n%(vn in Fig.
4a, Qér\%{&h&f W?cdlcg%ﬁéﬁﬁ%glgﬁ %ﬁ%tco:év&atx%]a \éa(i*gcg?ata}%%bseoézg)t) IJ-'O l?i%wcvcr as
|eIe i.ted a to.
Shoéfﬁlé’g?é» ‘”w%ii 1 aaalial W @H é‘HEv%O“ g}ﬁs gig VHP@* ({}Hg@n‘ CPF"" lf”ééfgwnt‘%mms o
conductive material, such as cop orm . . .
aboth &F-c Bineapiationaglepgly bﬁ%@%%b@%‘sgléé‘r d‘[f@% Py shstion ip accordance
omplete the IC, for exanple, additional |nterconnect
wuh ghpanention reaults pms wideaderbeiondpEohyhenfigrasas Kugr Agpletion mode.
[0032[ The process as descri bed produces an n-type MOS
Thiy aersespords toke praliepenModighaiesdts ot 2 Widgh tusingdaii- pr oduced
by, for exanple, providing a first-type as p-type and
[00a4d]s ec Smablatigpe ofisarinus p-ype andTheypedl Q8 tvaiaciofs whiecqrleeiaht n
i nvention can be easily integrated into conventiona
parDMDB, thprioads®esmedxics tumgg jangd Entcomeskisna amaler agledracyrs with a
execute any additional ion inplant steps required.
shallbw PNefuhdtionatidisant hethowethsfrarof @ddiuticowall. masks, whi ch
reduces cost. [0033[ Fig. 4a shows a simul ated
[00351di MRSk emalds (it @fubfeddagenMeBVORARI(CR types WMDSe various n-MOS
varactor 100 and Fig. 4b shows a simul ated

vardetSts RBMSI PNRln OMIS @bcdd) O LiRe sMOriap@at ar th2 Béhvieitional n-type
accordance with one enbodi ment of the invention. The

M %5@%1'(@@/1?‘3@{/'&1@/(: 3% LHRYpoNIOLE BE8-1¥He MO8 VaRictoRBaving a shallow
gate, equal .8V, cau3|ng the varactors to

[’Naﬂﬁ)lg:li ﬁﬁ @/gt‘h&ﬁqws ?(f e Iﬂm cl] (‘l\ﬁ/ ﬁh\QM\ﬁE &0 g 594 f}@frcsf)nﬂﬁis to the n-

etion region of the conventiona

typ¥ i‘{(ﬁ§ L8 Eﬁégﬁ}a@&,@ gthgtowlPN gllm@gélr{a&/rth ?cvm_%!;' 9?‘3@ to' tﬂc Eux@ed A (NV3}.

unct i

As gﬁgm eltgt}fi)ggngl%g :mg:glrn%lu%: (&5}% ?’1‘?’105 & t\']caﬂg’lin((,gll&.?( Nme(CNZI“ < and NV3
(CN na uncdélgﬁﬂaéégﬁtrgc% gﬁq éle o )M i, th]c mxglﬁtg%{ne Q%)Iagpanfxﬁé#m (CNTmin)

) f\%ﬁyﬁ)tléﬁlt i éﬂ%{“'?&m rforgl\'ﬁg g@ﬁtu ( %)gﬁtr(g&g:éﬁmfjmm, and for NV3 (CN3 o)

is about 0.077 x 107 F/um.

{6036} As shown in Fig. 5, n-MOS varactors having shallow PN junction produce a lower
minimum capacitances, resulting in wider tuning ranges, as defined by Cynax/Cinie Specifically,
NVI has a tuning range of 6.2, NV2 has a tuning range of 9.6 and NV3 has a tuning range of
[1.35. This corresponds to an increase in tuning range of about 55% for NV2 and about 83% for
NV3.

[0037] Fig. 6 shows the capacitance-voltage (CV) curve for the various simulated p-MOS
varators. CV curve 691 corresponds fo the conventional p-type MOS varactor (PV1). CV curve
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100341 Sinul ations of various p-type and n-type MOS
varactors were conducted. In particular, the

simul ati ons neasured tuning range of a conventional
varactor and varactors with a shallow PN junction

93Fuorrcqgém&ishto O—Fﬁ)c R}[@§ Jvﬂ?cetcg}f habitﬂg g??ﬁlf@%wﬁ{nhho:{ \QQ[ )c a bias to the

simula ance-vol t age

T AP B LR R
) 1). .C\.
PNg%{l};/lglg %Bﬁggevtcxgcg;ﬁg tchth{’ygs ‘éedl\)tgf: @’%ég&w ?h()lvg 1% xgz’;C(lSI it md)%mum

shal  ow = PN uncti on ebrle
conp RSSO DBl G w200 Do HEL L e AiroRE e s ac 425 1
var act or having. a shallow PN junction w th;
Lo P%:éwsgh%magmwa EREF L T (um%&boutgéxs‘h gy for PV2
5, the maxi.mum capacitance of th
(CK?GN] is abeyst .6 N~ Faon, and farP VAHE PR s m&a? 5*,3)‘0 arfghm.
about the same at 0.87 x |0"14 F/'m_ The m ni mum
[0088ac Asaheen indiie. Kvp-MQRVanctors having shgbewt Nounefiog prgiugaa lower
FI'm for NV2 (CN2,,,,,,) is about 0.09 x 10-14 F/'m
miginenf @pacN¥B:cf, ONB|ting i widebboing@uQp7 Sgecifativ Y Inhas 200BEArange of
As shown in Fig. 5, n-MOS varactors having shal |l ow PN
4.5] PVZ hisonupng dugeo’. | ewkPV3 hisni tnning capaci § Antlgs corresponds to an
resulting in wider tuning ranges, as defined by
incfase inXdrfthy rapge of abpecifd foab Vy and Mt #5386 foa PVANI ng range
of 6.2, NV2 has a tuning range of 9.6 and NV3 has a
[003YNI NT'hE aiR@Eatiohs aldoldeBRminbhhsqalityr feapoDdsiit oa@ttors which is defined
i ncrease in tuning range of about 55% for NV2 and
by @RAUMB3%ediRfion:NV3. [0037[ Fig. 6 shows the
capaci tance-vol tage (CV) curve for the various

oopul at e —py YIS pARERL P GiereCV CUrve 691 corresponds to
10 thgucon\?(gntl onal p- typ)g MOS varactor (PV 1). CV curve

0% 93 correspopds dosi ke aPsl¥Re MOS varactor having a
10 gl | ow PN junction nglt olu(% aaﬁl as to the ti buried

odﬁﬁl (PV2) whil 8y Y fngz%at@%mﬁ&p r&sRands. 4 the

ype MOS varac or havi PN junction wth

[0@3 everstehgl ﬁ%xls e CHLQR’%E{: 1an%elvﬁl:tgtar(cp.\/3) As shown in

[0044] Fig. 7 plots the quality factors for NV1, NV2 and NV3 while Fig. 8 plots the quality
factors for PV1, PV2 and PV3. As evidenced from Figs. 7-8, varactors in accordance with the
invention (NV2, NV3, PV2, and PV3) have higher Q values in the depletion mode than
conventional vatactors (NV1 and PV 1) while the Q values are about the same in accumulation
mode.

[0G45] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herem. Scope

of the invention is thus indicated by the appended claims, rather than by the foregoing

10




capaci tance of the PV 1 (CP PV2 (CP2,,,,x) and PV3
(CP3,,,ax) are about the sane at 4.25 x 10-15 F/ gm
The m ni num capaci tance for PVI (CPis about 0.9 x
10-15 F/m for PV2 (CP2,,,is about 0.6 x 10-15 F/'m

and. f or " A F%g%cyofﬂw

cestoornr o S 1L sy BB Dl oo Ry
shal | ow PN jynction produce a | ower m ninum

CmH%ﬁ%%P?%H@%@&”P@@&F? B§ wi der tuning range.
Specifically, PV 1 has a tuning range of 4.5, PV2 has
a tuning range of 7.1 and PV3 has a tuning range of
8.3. This corresponds to an increase in tuning range
of about 58% for PV2 and about 85% for PV3. [00391 The
simul ations also determne the quality factor Q of the
varactors which is defined by the foll ow ng equation:
[00401 Q=1/(2*[I1*F*Ce*Re), where [00411 F is the RF
signal frequency; 100421 Cc is the effective gate to
silicon capacitance; and [00431 Re is the effective
channel resistance. [00441 Fig. 7 plots the quality
factors for NvVI, NV2 and NV3 while Fig. 8 plots the
quality factors for PVI, PV2 and PV3. As evidenced
fromFigs. 7-8, varactors in accordance with the
invention (NV2, NvV3, PV2, and PV3) have higher Q
values in the depletion node than conventiona
varactors (NV I and PV 1) while the Q values are about
the same in accunul ation node. [0045] The invention
may be enbodied in other specific forns w thout
departing fromthe spirit or essentia
characteristics thereof. The foregoi ng enbodi nents,
therefore, are to be considered in all respects
illustrative rather than limting the invention
descri bed herein. Scope of the invention is thus
i ndi cated by the appended cl ains, rather than by the
foregoing to description, and all changes that cone
wi thin the neaning and range of equival ency of the




clains are intended to be enbraced therein. it ~~I
CLAIMS What is clainmed is: 1. A MOS varactor
conprising of: a MOS structure forned on a varactor
region of a substrate; a first well in the varactor
region, the first well COHELiﬂﬁﬁ of a first polarity
type; a second buried well |ﬁ e varactor region, the
second buried well conprises of a second polarity

Whal 5¢1aPfest i rst wel | and a top of the second buried

1.

well fornms a shallow PN junction below a top surface

of AHMOS YBFEEPLEw P isHE Yher ei n i n depl eti on node, a

depl etion region of the varactor nerges with a

dept M@%ﬁmcwéc‘gf%weépn@wél‘agtﬁraﬂer%@WOﬁNS‘j%ﬁ%fF;i on. 2. The

MOS varactor of claim|l wherein the MOS structure
conpiirsswsll of thavyjatter regipudhuiiet will srnpisgatia rtar bty ee:

and gate electrode. 3. The MOS varactor of claim2

wher edcnnd eiciBsli st thaoreter fagionhide seeonppirsd svedfcompriseaef a second
regions in the substrate adjacent to first and second

polfipaspd, thedirdesliahd t e gdtesesindibatiod eell formThehalio® PN junction

varactor of claim3 wherein the contact regions are

bel@hechp ket yf hospkedetaadt he first well above the

second buried well. 5. The MOS varactor of claim2
f ur taekinGe aRslétRasn@k, sigtiah keggpadeiisvaoeated:eowithiardspletion
and second opposite sides of the gate structure. 6.

regl V8o VRS MB6 RO NQlinc@bn.Cl @i m 5 wherein the MOS structure

2.

urther conprises of contact regions in the substrate
adj acent to the first and second opposite sides of the
gate structure. 12

The MOS varactor of claim 1 wherein the MOS structure comprises of a gate structure

with a gate dielectric and gate electrode.

3.

The MOS varactor of claim 2 wherein the MOS structure further comprises of contact

regions in the substrate adjacent to first and second opposite sides of the gate structure.

4,

The MOS varactor of claim 3 wherein the contact regions are electrically coupled to the

first well above the second buried well.

5.

The MOS varactor of claim 2 further comprises of sidewall spacers located on first and

second opposite sides of the gate structure.

0.

The MOS varactor of claim 5 wherein the MOS structure further comprises of contact

regions in the substrate adjacent to the first and second opposite sides of the gate structure.

12




7. The MOS varactor of claim®6 wherein the contact
regions are electrically coupled to the first well
above the second buried well. 8. The MOS varactor of
claiml wherein a bias termnal is coupled to contact
7. ol {EgROsy P Rk PRETa S TG Ay i Sl fTygunted tothe
MOS structure ¢ of a gate structure W|tha
ﬁ“@&?%dﬁP%ﬂéﬁfﬁWG%nﬁﬁl Qfe el ectrode. 10. The MOS
varactor of claim9 wherein the MOS structure further
conprises of contact regions in the substrate
adj acent to first and second opposite S|des of the
8. gat BhaY§eripeer ofidainThwheyes apis degil rcoghsd (o cpptact regions, the
wherein the contact regions are electrically coupl ed
biag tyrininel is £oypdad toeblas ybltaze- t he second buried wel . 12.
The MOS varactor of claim9 further conprises of
sidewal | spacers |located on first and second opposite
sides of the gate structure. 13. The MOS varactor of
9. cl ai'im M2Swhewrer nf ¢thier MBersithcVIOSstriietptclrempuenypf # gels structure
of contact regions in the substrate adjacent to the
withiargate danettisemdndicapposdd e si des of the gate structure
14. The MOS varactor of claim 13 wherein the contact
regions are electrically coupled to the first well
above the second buried well. 13 15 The MOS varactor
10.0f  Thamslvaydaen eF Aaint M@ hékinShe POISaLEMret MR CORPides 8Bcontact
of n-type and-the second polarity type conprises of p-
regidf@$n the Q&s%aéﬁ@&ﬂ@&qrst%ﬁﬂr@&b&l HoQife siles Bf MMate structure.
varactor; or the first polarity type conprises of
p-type and the second polarity type conprises of n-
type, the MOS varactor conprising of a p-MOS varactor
1 16. Tﬂ—@ﬁlld%r%%r %F&gﬁn wﬁua'n mc]r,%nEﬁ’t:‘tQEﬁbnﬁ a"i’@c, E&H%I%up[ed to the

ermnal 1S couple oaga el ectrode.

ﬁm\{ eﬁcgoveﬂ?csc&ln% bun%(?we erein the input term nal is
nput” vol'tage

12.  The MOS varactor of claim 9 further comprises of sidewall spacers located on first and

second opposite sides of the gate structure.

3. The MOS varactor of claim 12 wherein the MOS structure further comprises of contact

regions in the substrate adjacent to the first and second opposite sides of the gate structure.

14, The MOS varactor of claim 13 wherein the contact regions are electrically coupled to the

first well above the second buried well.
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15.

conprising of a range fromdepletion to accunul ation

i nput vol tages. 18. The MOS varactor of claim15

wherein an input termnal is coupled to contact

regions of the transistor. 19. The MOS varactor of

claim wherein. the .input. termnal is coupled to an

i nghcégﬁtvglﬁgor %fo(’a%lrni ls\fvﬁcgmgf a range fromdepletion to
acc | ation input voltages. 20, A method for formng.

. NOS AR G COMBP oS PR B TSI T g BT P Al s o

repared with a first well | varactor region;

p n a
tyPE. SRR raske sHaP g A ReY PO ERE Yar act or regi on,

t he second buried well and the first wel|l form
Shalft Gt PRETIRFICORPTIFES SR PR PAL IS o8l PEHELANE o

formng a MOS structure in the varactor region,

a
prises of n-

typovties WIOY VapacHe sPBpie HodeMOD W&5f%t i on  regi on under

16.

17.

the gate nerges with a depletion region of the shallow
PN junction. 14

The MOS varactor of claim 15 wherein an input terminal is coupled to a gate electrode.

The MOS varactor of claim 15 wherein the input terminal is coupled to an input voltage

comprising of a range from depletion to accumulation input voltages.

18.

The MOS varactor of claim 15 wherein an input terminal is coupled to contact regions of

the transistor.

19.

The MOS varactor of claim 18 wherein the input terminal is coupled to an input voltage

comprising of a range {rom depletion to accumulation input voltages.

20.

A method for forming a MOS capacitor comprising of:
providing a substrate prepared with a first well in a varactor region;

forming a second buried well in the varactor region, the second buried well and the first

well forming a shallow PN juaction in the varactor region; and

forming a MOS structure in the varactor region, wherein in depletion mode, a depletion

region under the gate merges with a depletion region of the shallow PN junction.




