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

incorparRIER Ap, JERENIONOV AIRACTGRSWATEHD. QRGEFUNKETRANGE
[0002] The present invention relates generally to integrated circuits (ICs), and

more particulatR s UREBIHRENAESrSOBAT KGRO URBLQFEATHENNVENTION
[0003] In ICs, various components such as transistors, resistors, inductors,
[0001 Fapachoy spphidatahiaginksraferanigored fendtieyplibaidadireNuNctos,732 titled
Generally, varactors are employed in analog applications. Varactors are
“LargeSsaniaRacgphaitatsnwrete e, cipacianpal\alpeovariéscwihiheinditageorated by
applied. One common type of varactors is a junction varactor. [0004] Fig. 1
referestofus dlgampesdional 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 firSIREDMTATHIONN CBdI®dNo the cathode and a
second terminal 170 is coupled to the anode. The anode and cathode are
[0002Fepataieprbyeat dietatits region cehdrallyamidtyoidbeidiaiectiCsiegidnmore particularly
determines the capacitance of the varactor. In general, wider the dielectric
to juneggiovgriawes.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 junctbmCKIEROENEpEE diHie OVIENTHONInction serving as
a dielectric region. Since the width of the depletion region can be modulated
[0003]vith ThdCappliedubiasgsroasiBedhnsticnsatvoltagestapemdectovariapteitors and
capacitor (varactor) results. [0005] Figs. 2a-b show cross-section views of a
varactoonaentiorfigunednem¢hibyduhetionnedraiotori dfD0Generally, 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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The junction varactor 110 is formed on a substrate 205. The substrate
includes a p-well 218. 1 Shallow trench isolations (STIs) 280 define first 162
and second 172a-b regions. A heavily doped n-type region is provided in the
first region, creating an NP junction 214 with the p-well. The n- doped region

Shallose e ias tgiano dsTU) ks th& fine €t e amissHaercninoade feginiact 2oH&e ily doped
p-well is achieved through heavily doped p-type regions at the surface of the

n-typesegsidiseginndddie ihpuirand shiascroMagesnax® qppliash o1 the catihegevld) The n-
and anode 170 terminals respectively. [0006] A depletion region, indicated by

dopeddofied hagsLdtadncrukshit the NRJUnetan. abhke capadiarseaikthe the p-well is
varactor corresponds to the width of the depletion region, which can be

achievedritbbyh ddivstingoiitd polipgesgadibatteieninditce\Mhde tbeohtPrigheiiomis aiput and
zero bias (i.e., Vin = Vb;as), the depletion width is at its minimum, as shown

bias viltkdgs 2@, gyliegponiaingtmadenadimdrinodpdditannaiilsmaspedineyidth of
the depletion region widens as the reverse bias across the junction is

[0006]ncreAséspleWidin esingn ] heditpddtiond@gio nicsc2¢eses theuecapabisaXPguatctivm. The
varactor. When the maximum reverse voltage is applied, the depletion width
capacisuadd isf\itid @ataa®sh@ves pondigto2ihe coikd gspbihdi dgpletianmégimunvhich can be varied by
capacitance (Cmjn). [0007] An important factor is the tuning range of the
adjustiugrdetonvgishacdreespoindss towhencap ddtanceioarigatinevdhibcis the . yaraetdf,,), the
operates and is defined by the ratio Cmax/Cm;,,. Generally, it is desirable for
depletonavatttoistet @aveiaitange dvningvaingEi o Jaravidedpetiémfrieci omadityium capacitance
Although junction varactors have better linearity compared to MOS-type
(Cmax)Varaetwigtlod yheuttei dtiom ra g onaléde s nintheange s¢A08hdrrsptlihguicregoingncreased.
discussion, it is desirable to provide a junction varactor with a large tuning
Widenrauggbe StpNARYzOR dddicdddy bl TafNitance of the varactor. When the maximum
reverse voltage is applied, the depletion width is at its widest, as shown in Fig. 2b, corresponding to
a minimum capacitance (Cpip).
[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 Cp,x/Cpin. Generally, it
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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[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 2 proximity

proxiffi@ftieachehehcFhIhiwensetstobiynstianssaie creatacdhbetagemdiadirseweld each of
and each of the two wells of opposite polarity. The minimum distance

the twbeheleess thepssico pal amng thitgk weliisninhiaiadseed taegaritbasdheiradanlatdmwells is
widths at no bias condition. [0010] In another aspect of the invention, a

maintaiieihoader dermingralgphatianwidtbctams pirewdaditidibe method comprises of
providing a substrate. A first doped well of a first polarity type, and second

[0010pNnd thitchcbpeaspeii®dile seconidRalaidhtydaferfoimgedundhiensubstiaias provided.
The second and third doped wells are separated by the first doped well,

The m@Boltiagnprisdater pkNRNhgraRMR sireictiréirs(A0pdd Weyiedfanfitbepdsfectype, and
the invention, an integrated circuit (IC) is disclosed. The IC comprises of a

seconduhsisiie doped jueittiohavsaiaciopdisposagéme Yarmetdimdgicnstthe. The second and
substrate. The varactor region includes a first doped well which comprises of

third ddppantslbf adissppatadtyytyipefikhdopedacttl; regibimlirtheninelUNENIadNH structure.
and third doped wells formed in the first doped well. The second and third

[0011 Hopekh welimodrapaipest aff ahedaoaatipalanityntypextedeareirit tHE fikstlisdossd The IC
and third doped wells form second-first-second polarity type lateral doped

compr$teycitinesuldby diksguandoatharotedisy@ahg withrackvantggesdnbe substrate. The
features of the present invention herein disclosed, will become apparent

varacttmeggin refdreleca forthéofaltbwetpwdesk kiptigmissschthdpaacoot pdirginglarity type. The
drawings. Furthermore, it is to be understood that the features of the various

varactermbgicimfenisedesdridedtensinadahiat dopidbily léxthosied ianbed@rstelaptihwell. The
various combinations and permutations. BRIEF DESCRIPTION OF THE

secondDBRAWING@ESped 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:



[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
[0014Pf theFigrassiiviRversioraiendesspinedvviicaier ansestating foflaiing capacitor;
drawings, in which: 3 [0014] Fig. 1 shows a conventional capacitor structure
[0015Teprasigntngashuiciioss capaciiar vied 2if higsn varosaDjuiess e ational
views of a conventional junction varactor; [0016] Fig. 3 shows a junction

[0016Varacdt® hsacoardanativithapneceithaditnenicoiing thentibodiwiiehoiSthe invention
represented by two capacitors connected in parallel; [0017] Figs. 4a-b show

whichdsaspreeaitoddlyviews aphai juinctnms@aeddiopatadietordance with one

embodiment of the invention; [0018] Figs. 5a-d show a process for forming a
[0017yaradtes id abodralarces wikke nea Eribod vh e niuafti dhey inuesoli om A {004RhBigw ih one

shows simulated CV curves comparing the tuning range of a conventional
embodunetionf tarastaitivith that of a junction varactor in accordance with one

embodiment of the invention for a standard CMOS process, and the effect of
[0018}aryiRgih&alengiins efpivecsataciorsinctuverietactotdaneanadtivianotitesmbodiment of

embodiment of the invention using the CMOS process; and [0020] Figs. 7a-b
the inghoivigimulated behavior of a junction varactor in accordance with one

embodiment of the invention, before and after a reverse voltage bias between
[0019First régicnsivit shensiacahd Ardrthsd oegiansgate puoiridedn g2oT Akdnentional junction

DESCRIPTION OF THE INVENTION [0021] The present invention relates to
varactjunetibnhaardctgraciitme yarctionivacaotdea@awildieone embodiment of the invention for a
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.



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

[0022Pr aFalog dewiceseush@sfiRcatvelters anthsriehasheapaaitstfiieisention. The
Other types of ICs are also useful. Such ICs are incorporated in, for

varactexXaivjalés sCoRt L Rtan sysieinnssad vadoos tyescafincpaausiempeosipatstors’ first
4 [0022] Fig. 3 shows a varactor 300 in accordance with one embodiment of

electrdbiesipYRatian32hee vahatinilinchugre fivst fnd second sapacices dDedndrdd3 328 and
coupled in parallel. The capacitors' first electrodes 322 and 332 are

338 areamimanhicooyptd o a fvstianrinalad3)@andlsetiondletecidedesgdsand a first
338 are commonly coupled to a second terminal 370. The first electrodes

polarigoangiise set anfirsie paldeiy amngribe decondelgopodt cpoipiise dhaseenmddiment,
(opposite) polarity. In one embodiment, the first polarity is a p-type polarity

the firstngbiinétgeca e pod qrilyiiisyeane yipe spobadtyo ot ekamptep e lirsy elBotrod@sple, the
are cathodes and the second electrodes are anodes. An input voltage Vi~ is

first elpronddedatocate déthedeimninaiadioidarbizs ¥altagelddb;As ispuovidegdothés provided
other terminal. Accordingly, the total capacitance across terminals 360 and

to onedfdhs egualdB tine alraof dhegeapagciiapeevaidhetieo othdivicinailnahpacitordingly, the
[0023] Figs. 4a-b show cross-sectional views of a junction varactor 400 in

total capadtaiarcewith toneinainB6diandri70f itheyiri e tionsurhefunctiopavasactasfithe two
formed on a substrate 406. The substrate, for example, comprises of silicon.

indiviflndrepanitbosliment, the substrate, for example, comprises of a lightly doped
p-type silicon substrate. Other types of substrates, such as

[0023Eilicarigpn4adushtor (5634) sartepibxially gfovymnsilicovdeacos AQfeinlscaskiule with one
The varactor is formed in a varactor region 401 defined on the substrate.

embodgotatiorn tegionsn (ot SHowoheaiempyorided tofeapedaie drhabsaractdédGedibe 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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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,

bottors@EOREISTTY. tHikd Sehiirefivrsc436d 430tand 4d0rGidas488 axappyideshon 4000 A.
the substrate surface. Typically, the STIs extend below the substrate about

Other 35pBLangsiroMsh). Atk depthst 3w -agaousafubnihes&Tds separaieyitedoped region
sub- regions on the substrate surface. The second and third sub-regions

whichaitepts &-ohaly stfatariy dyparaopesveegioe. I, sasiatitlgahd $bikchd and third sub-
sub-regions extend from the surface to a depth below the 5 bottom of the

regionST18.ohee sieptiinaé it elsatgd ahtldiiirst sulp-redions, Helbexampigsisoffitidecond and
4000 A. Other depths are also useful. As for the first sub-region, it comprises

third sabaggcandTypedoped tegion subiekpxienestibin theutliadecpfesidhgtiadesnsure that
between the STls, isolating the second and third sub- regions. In one

depletem bddimesttilibeedepdnod thardisspRuk-iegowbiis beldidhendepttahddaherein,
second and third sub-regions. The depth of the first sub-region preferably

enhansingulet kepderpranaughinorensudy thal hd ejpletioroicths aioihefsaesnd-adons, for
third regions at no bias condition are contained therein, enhancing the

exampiapiacibouateddd éoreas®Genavpiine dogantaconsantrationefihe In one embodiment,
sub-regions, for example, is about 1e18-1e19/cc. Other dopant

the dopamcentcatioascarenal sopisefifltHa areregnhodinndnt scdleetelbpad compatitrtwith CMOS
and depths of the sub-regions can be selected to be compatible with CMOS

procepescessanafiteabivelh-theisubepadions loardhe tallGretdtbe detiredalthizn requirements.
desired design requirements. [0025] The interface between the first and

[0025 kecoifitlesuerégoba fernghe finst B jeootidnutBikgiSimilantys thBrinteNgeection 437.
between the first and third sub-regions forms a second PN junction 447. The

Similditgt diedrsedecdhemcitonbafessapdithied dop-tegifinst fouinsegimonAP N jescito@d4 7.
lateral NPN or PNP type doped structure is formed. First and second

The fidke pletissvoedipms 436 ardsdptbaddfimeididtirst 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.



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

[0027 HopeThkegiars ¢if tHiedspracoty pexias (fde it i0indinbiae Gendacds ypicRlies) determines
extend below the substrate surface about 1000 A. Other depths are also

the caps&inhcd be entaatregiadT sy e aktesnidastfas the veltagtalciosiahe terminals. The
example, receive input and bias voltages. In one embodiment, the second

width an¢hthiiep ot it s a9 runasl Y copleshditaate @nteodimeant, thae minimum
second and third contact regions are commonly coupled to Vi~ and the first

width ofmiacicfgeion ie gouplededporilisas. mthianairangemants g alsniltsafelméximum
[0027] The width of the depletion region (defined by the inner and outer

width béundasjgs) detegininesrthpopdp acitaintenahtee yarastor @ng)can be varied by
adjusting the voltage across the terminals. The width of the depletion region

[0028]s invEtiselyrielatepdmtbiefcapadibancerobine tudidrtoveksbdiminiGuirraliydtheofoltage at
the depletion region corresponds to maximum capacitance (Cmax) while the

one temaxithisifixaddihitd the dépletionliegibpraernespbizdatdnifioneracppadianiea fixed
(Cm;n). [0028] The varactor operates from about zero bias to full reverse

voltagbiahile dherallyatiebkoltaigeat @herteonfigal-isidixedwhiie theyioitage abthees, are also
other terminal is varied. For example, Vb,aa is a fixed voltage while Vi~ is a

usefulvdriaile arottadjencoth¥pconéigurbtion d] sudlV assveayimbflothOVéltad€splarBroviding
also useful. In one embodiment, Vb;as is equal to 0 V and V111 is varied

other fiipm Qolfage MDdak, RucvigingeathehdnPpli/oftaye raafpds Biypeihdisgoaater configuration,
than VDD, is also useful. Depending on the configuration, VDD can either be

Vb caiVéibeobeViDIpp DheVangdlof Mirgeofi §5ponts porrey ohias to dsitoruérseerse bias. For
bias. For example, at V. = 0 V, the varactor is operating in zero bias. As Vi~

examphcredégs; theé, vheactecisr opegrating drinneredsisg rev¥isenbiesscthba/atacton is
is in full reverse bias when V111 reaches IVDDI.

operating in increasing reverse bias. The varactor is in full reverse bias when Vj, reaches IVppl.

Other voltage ranges are also useful.

[0029] At zero bias, the width of the depletion regions is at their minimum, as shown in Fig. 4a.
In such case, the depletion regions are isolated from each other by the first sub-region. This
corresponds to Cp,x, Which is the summation of the two individual junction capacitors connected in
parallel. The 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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Other voltage ranges are also useful. [0029] At zero bias, the width of the
depletion regions is at their minimum, as shown in Fig. 4a. In such case, the
depletion regions are isolated from each other by the first sub-region. This
corresponds to Cmax, which is the summation of the two individual junction
junctiGapacdiarheymecBetismpariaitals dheheapletions ragidataheopyBevigesaditiepletion
increasing reverse bias conditions. At full reverse bias voltage (e.g., Vi~

regionedrtaldaiabauiché BB hiathewieplgiomeegiansrare abdhaiciidrplean $8€WisjMhe net
Fig. 4b, corresponding to Cm,,. [0030] In one embodiment, near or at full

area ofehefjaadnias isleafitkiapdareond TEplaiiomn egions imergapddiamergingsofAs such,
the depletion region, in one embodiment, forms a lower boundary 458 and

Cnin 19 aKpieeN P etitidadyndb OnSehay ading tbe fistepldiroagiaatiRtbuoxer dundiopiR@iificant
portions 42 la-b. With this separation, the main component of the

decreasapagianas isrimitas dhopartions 468ocriak448difithe sepinciieddyadeinthevo junction
STls. Bottom portions of the junctions are isolated by the merged depletion

capacitegion pahilis] und €l feverseBiab) due taltitedbergidgeofd e tvupdaieialrea severely.
depletion regions, the net area of the junction is drastically reduced. This in

This eiutsl aedicaanitheineapdCilarGe, Y atligsefimstechsi difivans drdsticalhngldutgreteasing the
not only due to increased depletion widths but also due to significant

horizonedrieagehinojuthetiencmkan Ath s cunréginax ailhimbies € Ghditiohilis Ephacraeths about
by adding two junction capacitors in parallel and Cm;n at reverse bias is

the samedaftad iyydgdeding ¢hoapaciarisska sever dlyrizbhisl gmahles dheaturogsequently,
range (Cmax/n) to be enhanced significantly. For example, increasing the

the tuiopgzengaldendtbsraichiéydecorcased ihitelfsutelselgyonmplitl imerasse Grbarizontal
while Cmjn remains about the same after the depletion regions merge,

lengthisofatingutieitiarizontal junction areas. Consequently, the tuning range can
theoretically be increased indefinitely by simply increasing the horizontal

[0031]engthzofiind finostiomsocess for forming a NPN varactor 500 in accordance with one

embodiment of the invention. Referring to Fig. 5a, a semiconductor substrate 506 is provided. The
substrate, for example, comprises of a lightly doped p-type silicon substrate. Other types of
substrates, such as SOI and epitaxial silicon layers, may also be used. A varactor region 501 is
defined on the 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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[0031] Figs. 5a-d show a process for forming a NPN varactor 500 in
accordance with one embodiment of the invention. Referring to Fig. 5a, a
semiconductor substrate 506 is provided. The substrate, for example,
comprises of a lightly doped p-type silicon substrate. Other types of

In oneSthbU@ias S Weh REcRDhad thipityged Viterdaysise oTay @isodepatted: Aconcentration
varactor region 501 is defined on the substrate. A first doped well 520 having

of abolitste18ladplypeTiepaotmibdatmed ol warkconpep®or 4 depliistpelaiiyhallower
type dopants, for example, comprise of p-type dopants. Providing first

than tigofasityveipe Ogiatisingeaiapty pe topaniad udshiusefells| s abeverdnodinertte distance
the first well comprises of p-type dopants at a concentration of about

betwedie i ieCand i depéh Ofstideiistl dogie chavedpis adotded OB 6MRGUA chetire
depths can also be useful. [0032] Referring to Fig. 5b, second and third

separatiapey tielissd 3@ had f@araptymed ibidkhe Thardgitutikagiogiolis @nehe junctions merge at
embodiment, the second and third doped wells are formed such that they are

near osépldratedsbyitiye first doped well. The second and third doped wells comprise
of second polarity type dopants, such as n-type dopants. Providing p-type

[0033Fecomd faptanihy typisdopanistisnalsonugaflindtivone empedicaent thedsetopidally, a
and third doped wells comprise of n-type dopants at a concentration of about

mask [bedBid eddl oo sdlbetsetpimdphnd thipdrlopetbme s coetipriaerné amleptimehicteparate ion
is shallower than the first well. Typically, the depth of the second and third

implanvatisn paootsed @0Ou8e de diftancewbBiwSaitdbly setond wal thipthwekdd isCMOS
selected such that depletion regions at the junctions are separated by the

procedirsamiad| shiyrfak toxamptae xeriisbiBRsefEtablgeple tianls egiobs fattinel jundioon she use of
merge at near or full reverse bias. [0033] To form the wells, conventional ion

additiomplantdtiorFtechnigples thapiyeelisgdhd ypieaity, canrba st fayeé mibengedvedls for CMOS
selectively implant dopants to form the well. In one embodiment, separate ion

devicdsryptafutatieh psogedsesuawe opéchfondikie reintwaliee guitably ifaiforetlewalactors are
implants of a CMOS

formed separately from wells of the CMOS devices, using additional masks. This allows wells to be

optimized for the varactors.

[0034] In Fig. 5c, STIs are formed on the substrate surface. In one embodiment, first and
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.



process can be shared to form the wells. Preferably, the wells can be formed
without the use of additional masks. For example, the p-well of the varactor
can be formed when p-wells for CMOS devices are formed, using the same
implant mask. Alternatively, the wells for the varactors are formed separately

[0035from weke efrfalEAdR Sitenicesn disbrgraickiitio ndll niaakswEhisaatiesvs mgiisoOthe
be optimized for the varactors. [0034] In Fig. 5c, STls are formed on the

substrsb SN daaton i DoegenibodisnealpBirinRdi ecaedoddisl H30avatar S TIs.
formed, defining regions 502a-c on the surface of the substrate. STIs (not

Referish®vwigré &lbeafdringshtd isgiaie 175 varacidomagitin kanomseaeyioeming
regions. The depth of the STI regions is shallower than the junctions but

connestibiigienthe dedR . taCprevatib palnebhitipeghuchypicalyintpefdil oe giehs ikvegare used
depth of about 3000 - 4000 A below the substrate surface. Other depths are

to forralg hseftly Ubped Tdgioan e fenmeglysihg fratidupedoryantionappresessdsavily doped
For example, the substrate can be etched using conventional etch and mask

n-typetegtiniqudd¢aHe serdiehaie ehivd dbpadare tiens idbecpvisi odibtacitic dopédrpatygieate gions.
as silicon oxide. Chemical mechanical polishing (CMP) can be performed to

As degetivoueSINcass foxidedatic priayfictaspltandraadhkirdtiéojapl swidcee SoldRb] In
one embodiment, the first and second STIs isolate the wells at the surface of

Alternthevebylhtr S€lsThaa BiNfgumetignoatongeiimtheimdepiation regodspadewells. In one
located below the STIs. Referring to Fig. 5d, heavily doped regions 575a-c

embodireciarnheddnorehimdsnOP depetbwailgire doneediafisrtéothentivellsf GorS/Exktional
techniques, such as ion implantation and masking are used to form the

[0036 heavilyidppedssegiotisudsan éxampierthanksicepe dhregiorr coriyypises gibas 575a-c to
heavily doped n-type region while the second and third doped regions

providecipbise afdepully doped ©-tipacegoonduchg desinblednSiis aie torangde, as depicted
after the first, second and third doped wells are formed. Alternatively, the

by FigSHs-barCbetiorsmedhpritoptal tlegiforneatiatsoberferorethoPectiopbly Wit soimaotyeare

formed in the same process for forming source/drain implants of CMOS or bipolar processes. The
area occupied by the present invention may or may not be the same as the conventional varactors,
depending on design requirements. As described, the process forms a NPN lateral junction varactor.
The process can be easily modified to form a PNP lateral junction varactor. For example, the
second and third doped wells 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
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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 input voltages as
desired, producing the final structure, for example, as depicted by Figs. 4a-b.

602, 60D a8 4Q the Gopadsagieons eaoise hadormed. (Reafarahliothe santagishs of 0.2
are formed in the same process for forming source/drain implants of CMOS

um, 04T hipell RPocesSsepethicelareangdriipicd PistitebgresenhiNeNi@otiBAY Qhctor has a
may not be the same as the conventional varactors, depending on design

mininf@guiipneaniscAs e scibatyiine. proc¢ess FaimsiadNRMiateial jupatiomee at 0 V of
varactor. The process can be easily modified to form a PNP lateral junction

about Varaston Feyexarmplenihiegsasgndfand Nirfhoapedvaalisocompeise oforivillsf
while the first doped well comprises of a n-well. [0037] The varactor of the

Cnax/ Qg SBRbMEN G0 Feathd BIPRSiiv dntagratackon cheastificen v nadr€Mi@Bn-well length is
processes without the use of any extra mask for implantation. The present

illustriny@biieoapirals @ VecigasilyiGtegiaied with CoOnvervewial, ivpalhrgiesessesconstant
For example, the masks can be modified to include implants for the

lengthuafraX s, By diauivg: nikakshvidthaoikiefrdevic2 $mocatlditianal dteps@responding
required, thus reducing manufacturing cost. [0038] Fig. 6 shows simulated

increasapfditameeivoltagepiCM)reervas f jheetied, varyoigriahvapoasmately 0.825 x 1077
configurations. CV curve 601 corresponds to a conventional NP junction

F/um,viabéactor) WHilg 6 Wncuhies 10B0F/608 ahilc04 aoniespordiacaaN®Ns preserved at a
junction varactor with the n-well horizontal lengths of 0.2 m, 0.7 mand 1.2 m,

substargspBotivelynAsabinoinm irikbg .of dppAsdntiel NG JAnctio Eipactorh3s 210" F/um.
minimum capacitance at 1.8 V of about 0.1 x 10-15 F/m and a maximum

This reapaditancmiag(avigf ofbbodt® Botx 1.0 b /each Toertspindinengeiafdhe MRarly, the
junction varactor, which is the ratio of Cmax/C,,;,,, is about 1.6. For the NPN

NPN jumgtionwiareictoof the effenitohirateashyy mavelhangtheist illdstnatsdheytuning range of a
comparing CV curves 603 and 604 with CV curve 602, which represents a

convegosthMNP 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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length of 0.2 m. As the n-well length is varied from 0.2 m to 1.2 m, a clear
corresponding increase of the maximum capacitance can be observed,
varying from approximately 0.825 x 10-15 F/m, 1.05 x 10 15 F/m and 1.125 x
10 15 F/m, while the minimum capacitance is preserved at a substantially
bias, 26QRSIAN Y Hige 716, ahaiea ctioanp paxiiNaialye0 . 38iX dfdrdpmlm t0 thaBinkiQubd
F/m. This results in a tuning range of about 2.3 to 3.3 from each
capaci¢@icespangingoivianeectolearly, the NPN junction varactor of the present
invention has more than at least 1.4 times the tuning range of a conventional
[0040 NP junetioremiacianydepanbiigeanntbehextpssifo 6O Ivandu@dpaiting from the spirit
respect to 602. Thus, by increasing the horizontal lengths of the second and
or esséhitall stibriegioni (foreexample; Rse gidpicteabbytilaagi) shéa @pdaddb ibeFdensidered in
4b), a tuning range of any desired magnitude can be achieved. Increasing
all resfleethdiinonialdangditisihan WerengnieceasasiaredeofibedMasacitor SEHP3 Q) figsnvention is
7a-b show simulation results of a lateral NPN junction varactor in accordance
thus intlidat@heyeinbashendad of dinesinudiet omnline thinfulagioin gsibasgilion, arstafidaithges that
1.8V, 0.18 m process. The NPN junction varactor includes first and second
come W4t shé38eanthd 40d oamecbiicquipvaletcy26Y. thEheajumnctieniMandetbtd el uadsaaed
depletion region 735 at a first PN junction 737 and a second depletion region
therei’45 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 11 bias, as shown
in Fig. 7b, the depletion regions merge. This corresponds to the minimum
capacitance of the junction varactor, Cm;,,. [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
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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. 12 [0041]
What is claimed is: CLAIMS 1. A junction varactor comprising of: a substrate
having a first doped well, the first doped well comprises of dopants of a first
olar, nd second and third doped wells formed in the first doped well,
(00414, sg{y dszf AP dSdoped wells comprise of dopants of a second polarity
type, wherein the first, second and thjfd doped wells form
second-first-second polarity type lat d structure. 2. The junction
v ractor of claim 1 wherein; the first polarity type comprises of n-type and the

I Hdla ﬁfﬁ%&%ﬂbﬁt@%gfofp -type, wherein the lateral doped structure
a.PNP Jateral d i | ity
csrsntﬁti%ie S b A o S DD e e ey lfgants of a frs

lari wherein tgge lateral doped structure comprises of a NPN lateral doped
po anéltrtéfgﬁjr%l The junction varactor of claim 2 wherein a first junction is formed

flrst ec lls fas congd junction is for first.an
T AP o e R St T e e S LB toped
unctions. 4. The junction va ct alm wher rface qf th
el AR S ot CBLBHB 0 Bl DR e eSS RIagrd doed wel

f ee)%eicp first, ec nd and thlug ?%e ![Is first and second isolation
orm SeC 1I'S CCOIl anty the e a 0 % f q
regions are prow t ate Re First 1$Otation region isolates the

flrst and second

2. The junction varactor 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 junction varactor of claim 2 wherein a first junction is formed by first and second wells
and a second junction is formed by first and third wells, first and second depletion regions are

located at the first and second junctions.

4, The junction varactor of claim 3 wherein a surface of the substrate comprises first, second
and third contact regions contacting respective first, second and third doped wells, 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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contact regions and the second isolation region isolates the first and third
contact regions. 13 5. The junction varactor of claim 4 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. 6. The
junction varactor of claim 5 wherein the first voltage supply comprises of a
bias voltage supply and the second voltage supply comprises of an input
5.  vaikagensupplyanduieh cadie viewaerén aausestilentaraaigioloiopelgtedton first voltage
zero bias to reverse bias. 7. The junction varactor of claim 4 wherein the
supplyselatianseegiansndoiipdisentds hadionsties chmiseBINOTL IRIANS aSedhialjuditiignsupply.
varactor of claim 7 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. 9. The junction varactor of claim 8 wherein the first
6.  valtkegenstipplycacprisedhasbidseditdgeli sy pplyagaduhs seconesaltsgebias voltage
supply comprises of an input voltage supply which can be varied to cause
supplthadarastooiid opkaatesiijgply zerapiias; iof tevieiiae bidgigtGupple jhithosan be varied to
varactor of claim 1 wherein a first junction is formed by first and second wells
cause @rdvarseooind gpaciefirisifanmes Bytdirst and biisd wells, first and second
depletion regions are located at the first and second junctions. 11. The
junction varactor of claim 10 wherein a surface of the substrate comprises
first, second and third contact regions contacting respective first, second and
7.  thite gopecrvelisctsbAoklisedonkkbrith idel doa ikegiogie@r equmpvisteof shaillhew trench
substrate, the first isolation region isolates the first and second contact
isolatiegiegisrand the second isolation region isolates the first and third contact
regions. 12. The junction varactor of claim 11 wherein the first contact region
is coupled to a first voltage

8. The junction varactor of claim 7 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.

0. The junction varactor of claim 8 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.

10. The junction varactor of claim 1 wherein a first junction is formed by first and second wells
and a second junction is formed by first and third wells, first and second depletion regions are

located at the first and second junctions.

11.  The junction varactor of claim 10 wherein a surface of the substrate comprises first, second

and third contact regions contacting respective first, second and third doped wells, first and second
14



supply and the second and third contact regions are commonly coupled to a
second voltage supply. 13. The junction varactor of claim 12 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

isolatithervgikastard propriaiei i Atyarbiashie feveikstabiasredord oliBctianfirst and second
varactor of claim 10 wherein the isolation regions comprise of shallow trench

contadSAILNR #agioRsctbnd holnatiyioaraciatssfttiaiiddhwherecothactitsgions.
contact region is coupled to a first voltage supply and the second and third
contact regions are commonly coupled to a second voltage supply. 16. The
junction varactor of claim 15 wherein the first voltage supply comprises of a
12. biHs uoltéiga sufpplyrastttiensecomdrenltagefissiplytaarydise & ebaplédaota first voltage
voltage supply which can be varied to cause the varactor to operate from
supplyzeid thiasdonevarsehbiasoiiact kgijpmciiercyaiactoy obofaim tb wihekgid wititize supply.
of depletion regions at junctions formed by first and second wells and first
and third wells vary from minimum width to maximum width depending on
whether the varactor is operating in zero bias or reverse bias mode, varying
13. thEhecapadiianceaofdhel vaaactt? rhoreGnmix fiosCvohaddstiBplh@pumdtssrof a bias
varactor of claim 10 wherein the first and second depletion regions merge at
voltagorsuppdy fiuld thvaeeserhiasimagdeufflyAmgihad of fmrimng eojunetioppiradteh can be
comprising of: providing a substrate; forming a first doped well of a first
variedpoleaityetyipey anctdormopgraectimch amcbthind @apeer sedliasof 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

14. The junction varactor of claim 10 wherein the isolation regions comprise of shallow trench

isolation regions.

15. The junction varactor of claim 14 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.

16. The junction varactor of claim 15 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.

17. The junction varactor of claim 1 wherein width of depletion regions at junctions formed by
first and second wells and first and third wells 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 Cp,x to Cpyip.
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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. 20. An integrated circuit comprising: a substrate; and a junction
varactor disposed in a varactor region of the substrate, wherein the varactor

18. regiefusampraes ol é tisiralapadhein the first depadoualieprpsisas: s merge at or
dopants of a first polarity type; and second and third doped wells formed in
near fiila-dirstsd opacweald, the second and third doped wells comprise of dopants of
a second polarity type, wherein the first, second and third doped wells form
second-first-second polarity type lateral doped structure. 16
19. A method of forming a junction varactor comprising of:
providing a substrate;
forming a first doped well 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 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.

20. An integrated circuit comprising:
a substrate; and
a junction varactor disposed in a varactor region of the substrate, wherein the varactor region
comprises of,
a first doped well, the first doped well comprises of dopants of a first polarity type;
and
second and third doped wells formed in the first doped well, the second and third
doped wells comprise of dopants of a second polarity type, wherein the first, second and

third doped wells form second-first-second polarity type lateral doped structure.

16



