LATERAL JUNCTION VARACTOR WITH LARGE TUNING RANGE CROSS
REFERENCES TO RELATED APPLICATION [0001]This application
cross-references to co-pending application USSN 11/696,732 titled "Large
Tuning Range Junction Varactor filed on April 5, 2007, which is herein

incorparBIER Ay, Jrfevemae fonad A pess WIHEDI AR GEEMDNVENG KANGE
[0002]The present invention relates generally to integrated circuits (ICs), and

more particulatR OYSRIBPRRBNCEY TBREKSRDUNIPOE AFHIONNVENTION
[0003]In ICs, various components such as transistors, resistors, inductors,
[0001 FapacChyapphidation cross-references to co-pending application USSN 11/696,732 titled
“Large Tuning Range Junction Varactor”, filed on April 5, 2007, which is herein incorporated by
reference for all purposes.
FIELD OF THE INVENTION
[0002] The present invention relates generally to integrated circuits (ICs), and more particularly
to junction varactors.
BACKGROUND OF THE INVENTION
[0003] In ICs, various components such as transistors, resistors, inductors, capacitors and
varactors are configured to achieve the desired function. Generally, varactors are employed in
analog applications. Varactors are essentially capacitors where the capacitance value varies with the
voltage applied. One common type of varactors is a junction varactor.
[0004] Fig. 1 shows a conventional configuration 100 having a structure of a capacitor 110.
The capacitor includes a first electrode 112 and a second electrode 118 (cathode and anode). A first
terminal 160 is coupled to the cathode and a second terminal 170 is coupled to the anode. The anode
and cathode are separated by a dielectric region 114. The width of the dielectric region determines
the capacitance of the varactor. In general, wider the dielectric region, lower the capacitance.
Additionally, larger the electrode area, higher the capacitance. The anode and cathode of the
varactor can be formed at a p-on-n or n-on-p junction, with the depletion region at the junction
serving as a dielectric region. Since the width of the depletion region can be modulated with the
applied bias across the junction, a voltage dependent variable capacitor (varactor) results.
[0005] Figs. 2a-b show cross-section views of a conventional n-on-p (NP) junction varactor 100.

The junction varactor 110 is formed on a substrate 205. The substrate includes a p-well 218.
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varactors are configured to achieve the desired function. Generally, varactors
are employed in analog applications. Varactors are essentially capacitors
where the capacitance value varies with the voltage applied. One common
type of varactors is a junction varactor. [0004]Fig. 1 shows a conventional
Shallos@aégeiidtiont (BWINa Gl eref Pogapdcitoodd 077:he eaR@GIIOA heavily doped
includes a first electrode 112 and a second electrode 118 (cathode and
n-typeaia@iie) iSpfisstdedriing 168 isgonpteshianthe cathjaderiand psenanbetprondiial The n-
170 is coupled to the anode. The anode and cathode are separated by a
dopeddigirsirersegiantid 4nddeemnitiihefghectistectias egiantteterntioaathe the p-well is
capacitance of the varactor. In general, wider the dielectric region, lower the
achievedpasiiancee Additiopally-lgpgee tha elechodafateathighecthd egpasitanesnput and
The anode and cathode of the varactor can be formed at a p-on-n or n-on-p
bias villngiearavifpliee depletiathdreg s ahthenjutectiom tsanviags asspediedediric
region. Since the width of the depletion region can be modulated with the
[0006pppliadibjastiderassdheindictienbg doitatErde Revaenvraniaietlcapacjtoiction. The
(varactor) results. [0005]Figs. 2a-b show cross-section views of a
capacicanéasttibnalanzomge N EYpombtionivaradthro @b dégdgtioetiogi maradioh a0 bs varied by
formed on a substrate 205. The substrate includes a p-well 218. Shallow
adjustingrtbh isdlagions (ECTiand86ldeWiefithe DGR janckwacent 7R &ibsr@@ioNg, A Vi), the
heavily doped n-type region is provided in the first region, creating an NP
depletjonctirithAi 4tvittmtinénpawieHs Jinevn-doperd 2egion spavel stthemmadanmitidpacitance
the p-well serves as the cathode. Contact to the p-well is achieved through
(Cmax)héhdlydivip efl thetdpplcagiong@nthedsusfac ehofrthersebondicagiothe Thecinputs increased.
and bias voltages are applied to the cathode 160 and anode 170 terminals
Widenegpbetdepleti@OBGjAdpietioes hgicapdoidicatad by dattedolindgizhGaeomaximum
occurs at the NP junction. The capacitance of the varactor corresponds to the
reverswidthagt theojdjaétite deglotipnvivichhdanties weidest, by sltjustingRige A ltagespamnding to
the terminals. When the NP junction is at zero bias (i.e., Vin = Vbias), the
a minigepletigmevigiheis@tiifs minimum, as shown in Fig. 2a, corresponding to a
maximum capacitance (Cmax). The width of the depletion region widens as
[0007he réwensediastdertssithbemnutigndsgnoishsedrMiicde mhgihedepletidnto the
region decreases the capacitance of the varactor. When the maximum
capaciteres sengeliagehis laslied ather deptetéoamidtlésimtdtbywitestias shdiminGenerally, it
Fig. 2b, corresponding to a minimum capacitance (Cm,n).
is desirable for a varactor to have a large tuning range to provide better functionality. Although

junction varactors have better linearity compared to MOS-type varactors, they suffer from a smaller
tuning range.
[0008] From the foregoing discussion, it is desirable to provide a junction varactor with a large
tuning range.

SUMMARY OF THE INVENTION
[0009] The present invention relates to ICs. More particularly, the invention relates to junction
varactors. In one embodiment, the junction varactor comprises of a substrate having a first doped

well, into which two wells (second and third) of opposite polarity type are diffused at close
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[0007]An important factor is the tuning range of the varactor, which
corresponds to the capacitance range in which the varactor operates and is
defined by the ratio Cmax/C. Generally, it is desirable for a varactor to have a
large tuning range to provide better functionality. Although junction varactors

proxirhdyérbetteichnapeity Tom paeskio i uictis Yy arioksl basyesuffRe fisvall and each of
smaller tuning range. [0008]From the foregoing discussion, it is desirable to

the twpr@eiticod dippeLiad anaieior MighdadargentdRing b e.eSMMARY dARdTtHd wells is
INVENTION [0009]The present invention relates to ICs. More particularly, the

maintdivvelliegerelalie thtarjdasiiaon anddios. o siae @mdiadiment, the junction
varactor comprises of a substrate having a first doped well, into which two
[0010vellsIfsacone asstihvt)hefiappasie palatitydypefarasiffugeacabalosector is provided.
proximity from each other. Thus two sets of junctions are created between
The midtaditsowieli ardepelviditbe tubswaks of fippdsitedoetativf. alfwtpolimtineype, and
distance between the second and third wells is maintained larger than their
secondlepdetidnd dogdisvad Boob asccondl idari O @t lirafathed aspgeciubkthee. The second and

invention, a method for forming a junction varactor is provided.
third doped wells are separated by the first doped well, resulting in a lateral NPN or PNP structure.
[0011] In yet another aspect of the invention, an integrated circuit (IC) is disclosed. The IC
comprises of a substrate and a junction varactor disposed in a varactor region of the substrate. The
varactor region includes a first doped well which comprises of dopants of a first polarity type. The
varactor region further includes second and third doped wells formed in the first doped well. The
second and third doped wells comprises of a second polarity type, wherein the first, second and third
doped wells form second-first-second polarity type lateral doped structure.
[0012] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations and
permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In the drawings, like reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the invention. In the following description, various
embodiments of the present invention are described with reference to the following drawings, in

which:



The method comprises of providing a substrate. A first doped well of a first
polarity type, and second and third doped wells of a second polarity type are
formed in the substrate. The second and third doped wells are separated by
the first doped well, resulting in a lateral NPN or PNP structure. [0011]In yet
[0014pnotires. asprel Oh T evabhignepaditegratedeiiepit(a)iit diehesed .chpgcifor;
comprises of a substrate and a junction varactor disposed in a varactor
[0015TegioRi & thetsyhsiratessthw ivatalciaswe gion dosludesmlfiyshidrpechinetbiyhich
comprises of dopants of a first polarity type. The varactor region further

[0016]nclutigs 3enond anchttisd dapedmialls fortaaddrvitiedist adpeathivellofihe invention
second and third doped wells comprises of a second polarity type, wherein
whichthadiitdissreo bgl and dhyedidapednnetsddampaatend-first-second polarity type
lateral doped structure. [0012]These and other objects, along with
[0017hdvaRiggesa-antideatuses et thagresent ihugoticivherautdistiasedrdaite with one
become apparent through reference to the following description and the
embodiagamghying elidvings. Furthermore, it is to be understood that the features
of the various embodiments described herein are not mutually exclusive and
[0018Fan &xjst Buvbsiong £probésationtoanihpeatieiions aBidHEmEBEG hRIR bbdiment of
OF THE DRAWINGS [0013]In the drawings, like reference characters
the ingeamierally refer to the same parts throughout the different views. Also, the
drawings are not necessarily to scale, emphasis instead generally being
[0019placddgupohatustiating¢i € prinaipte s@hthe npudntoninkithhedalfoniogventional junction
description, various embodiments of the present invention are described with
varactrefeiendetofthguiattovi ngraecawings:ciordunichw [00d4d Feigbadshewisod the invention for a
conventional capacitor structure representing a junction capacitor;
standard CMOS process, and the effect of varying the lengths of the varactor structure in accordance

with another embodiment of the invention using the CMOS process; and
[0020] Figs. 7a-b show simulated behavior of a junction varactor in accordance with one
embodiment of the invention, before and after a reverse voltage bias between first region with the
second and third regions are provided.

DETAILED DESCRIPTION OF THE INVENTION
[0021] The present invention relates to junction varactors. The junction varactors can be
incorporated into ICs. In particular, the junction varactors can easily be incorporated into ICs using
standard CMOS processing technologies. The ICs can be any type of ICs, for example dynamic or
static random access memories, signal processors, or system on chip (SOC) devices, mixed signal or
analog devices such as A/D converters and switched capacitor filters. Other types of ICs are also
useful. Such ICs are incorporated in, for example, communication systems and various types of

consumer products.



[0015]Figs. 2a-b show cross-sectional views of a conventional junction
varactor; [0016]Fig. 3 shows a junction varactor in accordance with one
embodiment of the invention which is represented by two capacitors
connected in parallel; [0017]Figs. 4a-b show cross-sectional views of a

[0022]unctiap. BayReiay dIvaecardanCemwiittoens envaadine shbbthesnventieninvention. The
[0018]Figs. 5a-d show a process for forming a varactor in accordance with

varactonihelinhedimem dfdhenthvaniion:{ 30 H® 3 sboplsdsimpiaitiel CYhewMeRitors’ first
comparing the tuning range of a conventional junction varactor with that of a

electrgdaction yatacuia agsaarcidpc iylbdane embagdiniedt3githadRuenibaldofraédes 328 and
standard CMOS process, and the effect of varying the lengths of the varactor

338 arsttdaiienily acaplethnce ssiibhanathait s dirhe Nrafdeetivdentonpisiagthdirst

CMOS process; and
polarity and the second electrodes comprise of a second (opposite) polarity. In one embodiment,
the first polarity is a p-type polarity and the second polarity is a n-type polarity. For example, the
first electrodes are cathodes and the second electrodes are anodes. An input voltage Vi, is provided
to one of the terminals and a bias voltage Vi, is provided to the other terminal. Accordingly, the
total capacitance across terminals 360 and 370 is equal to the sum of the capacitance of the two
individual capacitors.
[0023] Figs. 4a-b show cross-sectional views of a junction varactor 400 in accordance with one
embodiment of the invention. The junction varactor is formed on a substrate 406. The substrate, for
example, comprises of silicon. In one embodiment, the substrate, for example, comprises of a
lightly doped p-type silicon substrate. Other types of substrates, such as silicon-on-insulator (SOI)
or epitaxially grown silicon layers, are also useful. The varactor is formed in a varactor region 401
defined on the substrate. Isolation regions (not shown) are provided to separate the varactor region
from other device regions. The isolation regions comprise of, for example, shallow trench isolation
(STI) regions. Typically, the STI regions comprise of a trench filled with silicon oxide. Other types
of isolation regions are also useful.
[0024] In one embodiment, the varactor region comprises of first, second and third sub-regions
420, 430 and 440. STIs 480 are provided on the substrate surface. Typically, the STIs extend below
the substrate about 3500 angstroms (A). Other depths are also useful. The STIs separate the sub-

regions on the substrate surface. The second and third sub-regions comprise of a first polarity type

doped region. The second and third sub-regions extend from the surface to a depth below the
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[0020]Figs. 7a-b show simulated behavior of a junction varactor in
accordance with one embodiment of the invention, before and after a reverse
voltage bias between first region with the second and third regions are
provided. DETAILED DESCRIPTION OF THE INVENTION [0021]The
bottorPEFIABISTUETIRG dEpies tdwBesianavarattarsubrreiomsionakraptors adoue000 A.
incorporated into ICs. In particular, the junction varactors can easily be
Other igarRaidteddniefds using stiamtardub MBS mnecessingeechinedegirbiypb&loped region
ICs can be any type of ICs, for example dynamic or static random access
whichreelil€sosigrad pface 5501 s e hsysian anieh TS QG )atayidasssvoxachsipmald sub-
or analog devices such as AJD converters and switched capacitor filters.
region@theniypesnidiasaralasepiheftihStich i0s @oincoHetsatettidear ekampdeond and
communication systems and various types of consumer products. [0022]Fig.
third sdtshaysna ValiacdestBoD inedocordanegivitprofeeabimihdindesy dédperovgntiosnsure that
The varactor includes first and second capacitors 320 and 330 coupled in
depletjparatidthy bé thapaciiat sirfir shiedeeiFnde 622 Hadcdddidoa annsoinbilyedabipled,
to a first terminal 360 and second electrodes 328 and 338 are commonly
enhancogpledctpaciecard teriminalsd 10,1 NEHergbpleciones cativprisalef aubirsigions, for
polarity and the second electrodes comprise of a second (opposite) polarity.
example.aeatembbdiqéntotte Dshqralapiyitisanetype polarityynddblselont embodiment,
polarity is a n-type polarity. For example, the first electrodes are cathodes
the dopaat theseconc e lect dgelssaretianade se ghoningut o lggetading iseprovigediowith CMOS
one of the terminals and a bias voltage Vbjas is provided to the other
procesdermiAikrAadortingly stiherégiahsapabditanderad toss ierveitial si86 ddes BA0réguirements.
equal to the sum of the capacitance of the two individual capacitors.
[0025]0023[kdgstettrde Haoveanabs-Sasctiad abveend swi-ge gionsifnmaratior BRGunction 437.
accordance with one
Similarly, the interface between the first and third sub-regions forms a second PN junction 447.

The first and second junctions are separated by the first sub-region. As a result, a lateral NPN or
PNP type doped structure is formed. First and second depletion regions 435 and 445, defined by
inner and outer boundaries 438a-b or 448a-b, are located at the first and second junctions.

[0026] In one embodiment, contact regions 471, 474 and 475 are provided on the surface of the
substrate at the first, second and third sub-regions. The contact regions, in one embodiment,
comprise of heavily doped regions of the same type as the sub-region. The contacts typically
extend below the substrate surface about 1000 A. Other depths are also useful. The contact regions
serve as terminals for the varactor to, for example, receive input and bias voltages. In one
embodiment, the second and third contact regions are commonly coupled. In one embodiment, the
second and third contact regions are commonly coupled to Vi, and the first contact region is coupled

to Vpias. Other arrangements are also useful.



embodiment of the invention. The junction varactor is formed on a substrate
406. The substrate, for example, comprises of silicon. In one embodiment,
the substrate, for example, comprises of a lightly doped p-type silicon
substrate. Other types of substrates, such as silicon-on-insulator (SOI) or

[0027 Epitaxially gevun thidi cepl taiyer s Ao alefinsEbyl (ldiavarasdaus foanechiies) determines
varactor region 401 defined on the substrate. Isolation regions (not shown)

the capdeifaieeidechtovaepisatmdnarydreigedagiodjiraother devieadagions. thginals. The
isolation regions comprise of, for example, shallow trench isolation (STI)

width kggiande plyticalleidhd Sy ¢sglonsicempyise ofiptiemes blidsk witl&ibicoMhe minimum
oxide. Other types of isolation regions are also useful. [0024]In one

width efthedigpriionheranaciaepeids wompiis@snafafkstitsaeo@),ane tiethe maximum
sub-regions 420, 430 and 440. STIs 480 are provided on the substrate

width stitfaceée plyypicatbsithe &TdspextBnd belvinimecsphstuiate abgyL 3500
angstroms (A). Other depths are also useful. The STls separate the

[0028 Bubragionsractdhepeuisir fiiensublaae.cidbisecofidl aevkthérti st bdegiensy, the voltage at
comprise of a first polarity type doped region. The second and third

one teaunibgitne @xteite thonvihgsurtacedoeatdepinbslowitie Pattormgllthe/STis.a fixed
The depth of the second and third sub-regions, for example, is about 4000 A.

voltag®thietd¥pthsaararialsdo usledgt. ASther the fiigat sidnsegion ait conipgdeshofdtages, are also
second type doped region which extends from the surface of substrate

usefulbdhweerethisoSihisnis¥latiigethesedd Vdaad dvthikdvatibdegion . Yntoméppl. Providing
embodiment, the depth of the first sub-region is below the depth of the

other mpoondlaugd thirgksundiegsonsatth ehae pbroitlas dinstesulb-Egiendpre faraldyconfiguration,
should be deep enough to ensure that depletion widths of the second and

Voo cihirdtheglens\aigor bMspcdditrangaref ddntaimesptineleio zermhsincitngthaeverse bias. For
capacitor area to increase Cmax. The dopant concentration of the

examgabaragions, Yotlexempler is apeautihe 187bed Blas. AEr, diopemtes, the varactor is
concentrations are also useful. In one embodiment, the dopant concentration

operatargliol @pthes Oh ghe suke tegiorEheambetsele tel liobesetipaitienith €MRS [Vpp!.
processes. Alternatively, the sub-regions can be tailored to achieve the

Other deBrgdrdestgnieguirestéuts. [0025]The interface between the first and
second sub-regions forms a first PN junction 437. Similarly, the interface

[0029 betwAemethebiirst thaavitiihdog uhe rdgitatioforp®as sSeadb HetiP Mininotionad 4fioWhen Fig. 4a.
first and second junctions are separated by the first sub-region. As a result, a

In suclatersal P NepleRMIP¢gpeslapadoited tiioenisddimiddr Birsbahdsadonggion. This
depletion regions 435 and 445, defined by inner and outer boundaries 438a-b

correspouti3a-0 naseMoichtedzt shenfivgiendf sheowd judictidua. j[002611vapaeitors connected in
embodiment, contact regions 471, 474 and 475 are provided on the surface

parallglf thke depletion regions become wider with increasing reverse bias conditions. At full

reverse bias voltage (e.g., Vi, equal to about [Vppl), the depletion regions are at their widest, as
shown in Fig. 4b, corresponding to Cpin.

[0030] In one embodiment, near or at full reverse bias, the first and second depletion regions
merge. The merging of the depletion region, in one embodiment, forms a lower boundary 458 and
an upper boundary 459, separating the first sub-region into lower and upper portions 421a-b. With

this separation, the main component of the capacitance is limited to portions 438 and 448 of the
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substrate at the first, second and third sub-regions. The contact regions, in
one embodiment, comprise of heavily doped regions of the same type as the
sub-region. The contacts typically extend below the substrate surface about
1000 A. Other depths are also useful. The contact regions serve as terminals
junctid@s thelsadacsIio, BokerapopliRnkestiNe jiniioandbins MR thd eRed depletion
embodiment, the second and third contact regions are commonly coupled. In
regionONER@MN badiMentribdiseconsaret thisdboantacheagionadate Gprmani¥gions, the net
coupled to Vil, and the first contact region is coupled to Vbias. Other
area ofitharjgedtients aresatsolysefutedOODTY Theuwidtd @lcheeleplgtionaiegionlues. As such,
(defined by the inner and outer boundaries) determines the capacitance of
Cmin idlieavacaliorednckdambenades bymafasithgeiblectoitagiiaasossitbeliermisialsficant
The width of the depletion region is inversely related to the capacitance of the
decreagaragiaictidieaneinimy shwidin@f, the stepladiosntigonicentespedds tading two junction
maximum capacitance (Cmax) while the maximum width of the depletion
capacitegion patiddpodds, i amisiatsnbiapaatduncsl (8) r{0028LTthe vasasitor area severely.
operates from about zero bias to full reverse bias. Generally, the voltage at
This canie de rthanadiisefveadenile g yoltagecahinecdtbientéicaningl iSoasiadhterincreasing the
example, Vbjas is a fixed voltage while Vil, is a variable voltage. Other
horizoooaiflgnigetiontsthswehomsl wadyihgdoath-v@liages; hiecataselSgfulvhil ©ag;, remains about
embodiment, Vbjas is equal to 0 V and Vil, is varied from 0 V to IVDDI.
the saideqfidintycodepleinputegmitagmenttg &) stich ths bpeaterndhamdfiobaisaalsGonsequently,
useful. Depending on the configuration, VDD can either be +VDD or -VDD.
the tunthg rangeai Weoretivasiyddn tcezerd indgitotélyl bewingd biasekon g xanipigzontal
at Vil, = 0 V, the varactor is operating in zero bias. As Vil, increases, the
lengthyvanfatkojuscopesating in increasing reverse bias. The varactor is in full reverse
bias when Vil, reaches IVDDI. Other voltage ranges are also useful. [0029]At
[0031Fero Bigs,Yind whidth opthee cefolefiomieg oNPIS wirtivsir Aliimuoroatasbeowithirone
Fig. 4a. In such case, the depletion regions are isolated from each other by
embodheditsiishb-regonoi hetomregpohils fo.Creax] whitivisr thé suamd@ion pithided. The
two individual junction capacitors connected in parallel. The depletion regions
substriiectmexaidigle yitmipiiseasfigligvér skkd dypditinen Attistitatevédeebiapes of
voltage (e.g., Vil, equal to about IVDDI), the depletion regions are at their
substratedestchsshOWanih dpigadbl sbnaspyrdingay 43¢'hd088D]1A earctor region 501 is
embodiment, near or at full reverse bias, the first and second depletion
definerbgigths substrate. A first doped well 520 having first polarity type dopants is formed in the

varactor region. The first polarity type dopants, for example, comprise of p-type dopants. Providing
first polarity type comprising of n-type dopants is also useful. In one embodiment, the first well
comprises of p-type dopants at a concentration of about 1e18-1e19/cc. The depth of the first doped
well is about 5000-6000 A. Other depths can also be useful.

[0032] Referring to Fig. 5b, second and third doped wells 530 and 540 are formed in the
varactor region. In one embodiment, the second and third doped wells are formed such that they are
separated by the first doped well. The second and third doped wells comprise of second polarity

type dopants, such as n-type dopants. Providing p-type second polarity type dopants is also useful.
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merge. The merging of the depletion region, in one embodiment, forms a
lower boundary 458 and an upper boundary 459, separating the first
sub-region into lower and upper portions 421a-b. With this separation, the
main component of the capacitance is limited to portions 438 and 448 of the
In onejénBins eltdekthe illanBaitani peutions] ot thepiticpns ypedsphate dlychieentration
merged depletion region. Thus, under reverse bias, due to the merging of the
of abotwa dagerall deplelan segintanththingidaped afcthecipnption ds daapticalhich is shallower

reduced. This in turn reduces their capacitance values. As such, C",", is
than tig #isticalyl rediyged Inothenlyhiefehincreaseandaplatiorvidths ditalo Aude distance
significant decrease in junction area. As shown, Cmax at no bias condition is
betweentianeediyaaddingl twellRRciidst edpactiarsiddgacaibal epbas 4t aierfpeisens are
bias is reduced by reducing the capacitor area severely. This enables the
separatigdiby ttangis ( @ellbar/Cor' $tanhe < nbanciad. Sidritiephtlprirep@xanple: junctions merge at
increasing the horizontal lengths of the second and third sub-regions will
near ointi¢ase:£se, laxswhile C",", remains about the same after the depletion
regions merge, isolating the horizontal junction areas. Consequently, the
[00331uninfo dmae tharwtiiBoveticaly helincdagddniadefindeiyiipyesioyplpéncrensingically, a
the horizontal lengths of the junctions. [0031]Figs. 5a-d show a process for
mask foyeniisgisctl PN atecdctdy bOPlantatgoirdaneéowithheneeimbodimenibotithent, separate ion
invention. Referring to Fig. 5a, a semiconductor substrate 506 is provided.
implamthecsubstredesfarcaxamhfile ddémprisedlof &ligitly dojpect pviipansgilioarn of a CMOS
substrate. Other types of substrates, such as SOT and epitaxial silicon
procedayeanhnhyradso bermsbd wekar&etderebiyorh&0dk ik dedibe doomédersthiostr gdie use of
A first doped well 520 having first polarity type dopants is formed in the
additimaalactokse dioneXhepiestipoiawtiitypHehe opartsy fondeaimphed coneprisedts for CMOS
p-type dopants. Providing first polarity type comprising of n-type dopants is
devicealge lisefuld | nsorge tberdaodi nmepiy the fiist Wilroothplisebaohphy fe depants@ts are
a concentration of about 1e18-1e19/cc. The depth of the first doped well is
formedisepard@DO{BHOOVAIIQthdrededOS daniadsoubmg sdfitidd032dReteling ddoFig wells to be
5b, second and third doped wells 530 and 540 are formed in the varactor
optimragidor. fhheoneaetmisodiment, the second and third doped wells are formed
such that they are separated by the first doped well. The second and third
[0034Hopelh Wigld corijpsise ddsvednd tholavityttyses ddpeantdn suctembortypat, first and
dopants. Providing p-type second polarity type dopants is also useful.
second STIs 580a-b are formed, defining regions 502a-c on the surface of the substrate. STIs (not

shown) are also formed to isolate the varactor region from other device regions. The depth of the
STI regions is shallower than the junctions but sufficiently deep to prevent punch-through.
Typically, the STI regions have a depth of about 3000 - 4000 A below the substrate surface. Other
depths are also useful. The STIs can be formed using various conventional processes. For example,
the substrate can be etched using conventional etch and mask techniques to form trenches which are
then filled with dielectric material such as silicon oxide. Chemical mechanical polishing (CMP) can

be performed to remove excess oxide and provide a planar substrate top surface.



In one embodiment, the second and third doped wells comprise of n-type
dopants at a concentration of about 1 e 18-1e19/cc. The second and third
doped wells comprise of a depth which is shallower than the first well.
Typically, the depth of the second and third wells is about 4000 A. The
[0035istancenkeiineeditie Saeorieend ticdnueliBlisisalacted suolk thatdapatons the
regions at the junctions are separated by the first well at, for example, zero
substrii@s The@Ngpirtiony epensvahtheijungiionsnierin oireaat nedbtIevarseSniRs.
[0033]To form the wells, conventional ion implantation techniques can be
Referriis@th FigiSadllye & inadiplayaicieonseThiocsale Chivad imphaiirdorats, ttofating
the well. In one embodiment, separate ion implantation processes are used
connetoiodifferertwells. Sotitabiydailoret niplbimplants afei MG foaceaseakipg are used
shared to form the wells. Preferably, the wells can be formed without the use
to foriaftacltitintigl dopskse dioneXBon pieanipée peveiiref dbpedarqitor eanpbedooieteavily doped
when p-wells for CMOS devices are formed, using the same implant mask.
n-typeAtigimatitely thessvetd hod tiherd akgeio is doafeonpd septhiatelyyduped/els/pf regions.
the CMOS devices, using additional masks. This allows wells to be optimized
As dedoribhe, $arBeias Sofofed4ifreHig: Hot,SEtemtarfdnied dpédevsllbsitafersiwdace.
In one embodiment, first and second STls 580a-b are formed, defining
Alterneegiclys thO 34 omthe founfiadenbihe helfsirateios Disofrrobisinoveryogrel adstls. In one
formed to isolate the varactor region from other device regions. The depth of
embodhecHT thegimonadsashalioddophdwtib juadtionsduftsuiicaniy dédr Sljisevent
punch-through. Typically, the STI regions have a depth of about 3000 - 4000
[0036 A belbive tirecsabstnaiewsurfadermiheraapths are talde vaefulorTdwep STitsgbas B&S5a-c to
formed using various conventional processes. For example, the substrate
provideathdoei @tahé dnpsing tegeentidesatedighr@hat inpaic teohnigueste forrextrapbhes depicted
which are then filled with dielectric material such as silicon oxide. Chemical
by FigndahaniCahotistunige (G regivheqaeritrorted donedn due fexdd gstbxiden et are
provide a planar substrate top surface. [0035]In one embodiment, the first
formedmd thecanet Bibks ssdlatéotinengelisiaetimsunigdentss tHe 3OSt atbiphhe piNcesses. The
junctions along with their depletion regions are located below the STls.
area oReferdriyy thd-jgeSulf eawitiod opedoeginnsos PEdhe samdormtied donregiomsal varactors,
502a-c, forming connections to the wells. Conventional techniques, such as
depenibng wpliastgtioeqamdmeatskints aksuged tthfopmdére heawvly NEPebitaglgmsctor varactor.
example, the first doped region comprises of a heavily doped n-type region
The probile the becosdlyanddified tofyeth e §Adatond prisetion vesadtyrd dped pryple, the
regions. As described, STls are formed after the first, second and third doped
secongvaitd thral fdepeddwvells comprise of p-wells while the first doped well comprises of a n-well.

[0037] The varactor of the present invention can be easily integrated into conventional CMOS
processes without the use of any extra mask for implantation. The present invention can also be
easily integrated into conventional bipolar processes. For example, the masks can be modified to
include implants for the varactors. By sharing masks with other devices, no additional steps are
required, thus reducing manufacturing cost.

[0038] Fig. 6 shows simulated capacitance-voltage (CV) curves of junction varactors of various

configurations. CV curve 601 corresponds to a conventional NP junction varactor, while CV curves
10



Alternatively, the STIs can be formed prior to the formation of one or more
doped wells. In one embodiment, the second and third doped wells are
formed after formation of the STls. [0036]The process continues to form
interconnections to the varactor doped regions 575a-c to provide the bias and

602, 60pbihY6llages-apoasied NFNGuahpihefindbsitbtthe nfocaxampigtddengths of 0.2
depicted by Figs. 4a-b. Contacts to the doped regions can also be formed.

um, O Freferakiy, 2hencavipets B fonmsibinthe Bantehyro0esh X Poinitidn varactor has a
source/drain implants of CMOS or bipolar processes. The area occupied by

mininthé pigseriicyentigVrayesuNaY RADE Hersameaasihiencanvepiionate at 0 V of
varactors, depending on design requirements. As described, the process

about forms aNPN laterahiunetion vasaaiothd NP pracess candier eabibhriadifieditoot
form a PNP lateral junction varactor. For example, the second and third

Cnax/Upped avelis icompsist ONPNgils wdiil edie b sthdaged v i icoeapiiigas wék length is
n-well. [0037]The varactor of the present invention can be easily integrated
illustrantd booveijiong CWQS gy 608ssesofdhati (1 aae obohywditiarapasieqits a constant
implantation. The present invention can also be easily integrated into
lengthagfiz@ntianak bipataw plldeegdes. Fadied Xampl(e? nd masksiaan bianodifisgdading
include implants for the varactors. By sharing masks with other devices, no
increaselditibnahstapsarepecjtired, diuserebucing manufadiingpposkiflaa38]Pig2H x 107"
shows simulated capacitance-voltage (CV) curves of junction varactors of
F/um viabidus| 00nfiguiatiohs. QY cubre BQincortekphadsitdauconmentionaé MRreserved at a
junction varactor, while CV curves
substantially constant value in a range of approximately 0.33 x 10™"° F/um to 0.38 x 10™° F/um.
This results in a tuning range of about 2.3 to 3.3 from each corresponding variance. Clearly, the
NPN junction varactor of the present invention has more than at least 1.4 times the tuning range of a
conventional NP junction varactor, depending on the extension of 603 and 604 with respect to 602.
Thus, by increasing the horizontal lengths of the second and third sub-regions (for example, as
depicted by lengths 431 and 441 in Fig. 4b), a tuning range of any desired magnitude can be
achieved. Increasing the horizontal lengths, however, increases area of the varactor.
[0039] Figs. 7a-b show simulation results of a lateral NPN junction varactor in accordance with
one embodiment of the invention. The simulation is based on a standard 1.8 V, 0.18 um process.
The NPN junction varactor includes first and second n-wells 730 and 740 formed in a p-well 720.
The junction varactor includes a depletion region 735 at a first PN junction 737 and a second
depletion region 745 at the second junction 747. The wells are separated by STIs 780 at the surface

of the substrate. At zero bias, the depletion regions of both junctions do not merge, as shown in Fig.

7a. This corresponds to the maximum capacitance of the junction varactor, Cyax. In full reverse
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602, 603 and 604 correspond to a NPN junction varactor with the n-well
horizontal lengths of 0.2 gm, 0.7 gm and 1.2 gm, respectively. As shown in
Fig. 6 by 601, the NP junction varactor has a minimum capacitance at 1.8 V
of about 0.1 x 10 15 F/gm and a maximum capacitance at 0 V of about 0.16 x
bias, a$Qhdwin/GNFid. v Iuning priga afdioadWirjgectivnswiaeiponaichHs thigiradim
of Cmax/Cmjn, is about 1.6. For the NPN junction varactor, the effect of
capacifaaeeasifg: hiunelole rgihcisd)lagtrated by comparing CV curves 603 and 604
with CV curve 602, which represents a constant length of 0.2 gm. As the
[0040-welhengibrifiomnag bosmdal g itooth2rgpscfid ameowaiponddparingr €ase the spirit
of the maximum capacitance can be observed, varying from approximately
or esséhB2cKalik i ftigmhdr&dd XTI T6rEdoimgasiabbdiRfeisl GhtFefolgureiilbetbensidered in
minimum capacitance is preserved at a substantially constant value in a
all respeogelnfsapprexindatetiidh Bankihg tte Figemiion0dd&ntd hbrEitgnscopisofadeligvention is
in a tuning range of about 2.3 to 3.3 from each corresponding variance.
thus ir{dieatdy, iirehd Bhp¢udediohivasaciteoflihe prasefirspeeng dasbaptionyerithan elianges that
least 1.4 times the tuning range of a conventional NP junction varactor,
come déphéndingnemning exdansienod GO dAact 604 tvithlnbspect tateR:dTbus, dybraced
increasing the horizontal lengths of the second and third sub-regions (for
thereixample, as depicted by lengths 431 and 441 in Fig. 4b), a tuning range of
any desired magnitude can be achieved. Increasing the horizontal lengths,
however, increases area of the varactor. [0039]Figs. 7a-b show simulation
results of a lateral NPN junction varactor in accordance with one embodiment
of the invention. The simulation is based on a standard 1.8 V, 0.18 gm
process. The NPN junction varactor includes first and second n-wells 730
and 740 formed in a p-well 720. The junction varactor includes a depletion
region 735 at a first PN junction 737 and a second depletion region 745 at the
second junction 747. The wells are separated by STIs 780 at the surface of
the substrate. At zero bias, the depletion regions of both junctions do not
merge, as shown in Fig. 7a. This corresponds to the maximum capacitance
of the junction varactor, Cmax. In full reverse bias, as shown in Fig. 7b, the
depletion regions merge. This corresponds to the minimum capacitance of
the junction varactor, C. [0040]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 herein. Scope
of the invention is thus indicated by the appended claims, rather than by the
foregoing description, and all changes that come within the meaning and
range of equivalency of the claims are intended to be embraced therein.
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What is claimed is: CLAIMS 1. A method of forming a junction varactor
comprising: providing a substrate; forming a first doped region of a first
polarity type; and forming second and third doped wells of a second
polarity type, wherein the second and third doped wells are separated by the
What fistaigpedstegion, resulting in a second-first-second polarity type lateral
doped structure having first and secanhBM§unctions formed by the first
doped region and the wells and first and second depletion regions at the first
1. andnseboddAdrbingtionNgictiod varastbeteimkieifigst doped region is coupled to
a first terminal of the varactor and the second and third doped wells are
ceromoinly couplediéo a second terminal of the varactor. 2. The method of
claim 1 wherein: the first polarity type comprises of n-type and the second

pedatiiyidypireodoped esgispolyp €ir whersinythgtataial doped structure
comprises of a PNP lateral doped structure; or
forming second and third doped wells of a second polarity type, wherein the second and third
doped wells are separated by the first doped region, resulting in a second-first-second polarity type
lateral doped structure having first and second PN junctions formed by the first doped region and the
wells and first and second depletion regions at the first and second PN junctions; and

wherein the first doped region is coupled to a first terminal of the varactor and the second

and third doped wells are commonly coupled to a second terminal of the varactor.

2. The method of claim 1 wherein:

the first polarity type comprises of n-type and the second polarity type comprises of p-type,
wherein the lateral doped structure comprises of a PNP lateral doped structure; or

the first polarity type comprises of p-type and the second polarity type comprises of n-type,

wherein the lateral doped structure comprises of a NPN lateral doped structure.

3. The method of claim 1 comprises forming first, second and third contact regions contacting
respective first doped region, second and third doped wells, wherein first and second isolation
regions are provided on the substrate, the first isolation region isolates the first and second contact

regions and the second isolation region isolates the first and third contact regions.
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the first polarity type comprises of p-type and the second polarity type
comprises of n-type, wherein the lateral doped structure comprises of a NPN
lateral doped structure. 3. The method of claim 1 comprises forming first,
second and third contact regions contacting respective first doped region,
4.  saventicand hird eped neds, wheiisin lirsitantsetnd isalplianaragionsiaeR supply
provided on the substrate, the first isolation region isolates the first and
compis€iagchientachsegigisenditihe seemidd isalatioriagion iselapesdtheafistonddvoltage
third contact regions. 4. The method of claim 1 wherein the first varactor
supplyteshipabisccauplpek adicapyolipele sughycanmprisied o kiasydtagasupply operate from
and the second varactor terminal is coupled to a second voltage supply
zero begnprisiagabiagput voltage supply which can be varied to cause the varactor
to operate from zero bias to reverse bias. 5. The method of claim 3 wherein
the isolation regions comprise of shallow trench isolation regions. 6. The
method of claim 5 wherein the first contact region is coupled to a first voltage
5. sUpphhaddhe seaaridvenadinittcciopiadbnagigossaxamgaingadnlyatoupleadb Rolation
second voltage supply. 7. The method of claim 6 wherein the first voltage
regionsupply comprises of a bias voltage supply and the second voltage supply
comprises of an input voltage supply which can be varied to cause the
varactor to operate from zero bias to reverse bias. 8. The method of claim 7
comprises forming first, second and third contact regions contacting
6. réldpecitdeotiref, dacofovhnctihitc: dopechuedisiegivaraindirslednd séecandlitage supply
isolation regions are provided on the substrate, the first isolation region
and thisetated thnel finstdaroh secoryionentactoagionky andtled seacachisblatiogaagpprhy.
isolates the first and third contact regions. 9. The method of claim 8 wherein
the first contact region is coupled to a first voltage supply and the second and
third contact regions are commonly coupled to a second voltage supply.
7. The method of claim 6 wherein the first voltage supply comprises of a bias voltage supply

and the second voltage supply comprises of an input voltage supply which can be varied to cause the
varactor to operate from zero bias to reverse bias.

8. The method of claim 7 comprises forming first, second and third contact regions contacting
respective first, second and third doped wells, wherein first and second isolation regions are
provided on the substrate, the first isolation region isolates the first and second contact regions and

the second isolation region isolates the first and third contact regions.

0. The method of claim 8 wherein the first contact region is coupled to a first voltage supply

and the second and third contact regions are commonly coupled to a second voltage supply.

14



10. The method of claim 9 wherein the first voltage supply comprises of a
bias voltage supply and the second voltage supply comprises of an input
voltage supply which can be varied to cause the varactor to operate from
zero bias to reverse bias. 11. The method of claim 8 wherein the isolation

10. regienscansnpiistih shalewiti enchiisolatiaperagipiscomprikbe dnethiad @ltage supply
claim 1 wherein width of the first and second depletion regions are operable

and thtosvasydrasmagénioppny voipriesudmupuywalhge paiding mohvwdasther ihied to cause the
varactor is operating in zero bias or reverse bias mode, varying the

varacteapacjancefedthecwatasieo komrdmiax.to C. 13. The method of claim 7
wherein the first and second depletion regions merge at or near full reverse
bias mode. 14. A method of forming a semiconductor device comprising:
providing a substrate; forming a first doped well of a first polarity type;
11. formeimggecbotcanish hikheopedaethobasgrond polatily typraNdveaindhsolation
second and third doped wells are separated by the first doped well, resulting
regioni$) a second-first-second polarity type lateral doped structure having first and
second PN junctions formed by the wells and first and second depletion
regions at the first and second PN junctions;
12. The method of claim 1 wherein width of the first and second depletion regions are operable
to vary from minimum width to maximum width depending on whether the varactor is operating in

zero bias or reverse bias mode, varying the capacitance of the varactor from C,x to Cpyip.

13. The method of claim 7 wherein the first and second depletion regions merge at or near full

reverse bias mode.

14. A method of forming a semiconductor device comprising:

providing a substrate;

forming a first doped well of a first polarity type;

forming second and third doped wells of a second polarity type, wherein the second and third
doped wells are separated by the first doped well, resulting in a second-first-second polarity type
lateral doped structure having first and second PN junctions formed by the wells and first and
second depletion regions at the first and second PN junctions;

forming first, second and third contact regions contacting respective first, second and third

doped wells, wherein first and second isolation regions are provided on the substrate, the first
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forming first, second and third contact regions contacting respective first,

second and third doped wells, wherein first and second isolation regions are

provided on the substrate, the first isolation region isolates the first and

second contact regions and the second isolation region isolates the first and
isolatitiie gontRcldegivRidnand scvdieresnthg fsibaentarihe giomnis SoLples tgidn isolates

first terminal of the varactor and the second and third contact regions are

the firdoANNMBIMY canipleeetionseaand terminal of the varactor. 15. The method of
claim 1, wherein the first doped region is a first doped well. 16. The method

ofvtlademlihe iheintibertipsddlapaaipiell is deepeasinanmtioe becenstandibitbe second
doped wells. 17. The method of claim 16, wherein the first varactor terminal

and thisdcanipiedradiosts @i agamsisphyycoopiatisingsecbiattyelinge cupplygnddhe
second varactor terminal is coupled to a second voltage supply comprising
an input voltage supply which can be varied to cause the varactor to operate
from zero bias to reverse bias. 18. The method of claim 17, wherein the

15.  widihaéthelfostiand seeboctdanlefien degine gva apefablteltpadyeduch that
the first and second depletion region are separated at a zero bias and
merged at a first reverse bias value. 19. The method of claim 1, wherein the
width of the first and second depletion regions are operable to vary such that

16. thehtinsicdnd s€ctrich dSpletiariretiofiate opedgeel lat adbptreher e bimond el third
and separated at a second bias value.

doped wells.

17. The method of claim 16, wherein the first varactor terminal is coupled a first voltage supply
comprising a bias voltage supply and the second varactor terminal is coupled to a second voltage
supply comprising an input voltage supply which can be varied to cause the varactor to operate from

zero bias to reverse bias.

18. The method of claim 17, wherein the width of the first and second depletion regions are
operable to vary such that the first and second depletion region are separated at a zero bias and

merged at a first reverse bias value.

19. The method of claim 1, wherein the width of the first and second depletion regions are

operable to vary such that the first and second depletion region are merged at a first reverse bias

value and separated at a second bias value.
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