LATERAL JUNCTION VARACTOR WITH LARGE TUNING RANGE CROSS REFERENCES TO
RELATED APPLICATION [0001]This application is a divisional application which claims benefit of
co-pending U.S. patent application Ser. No. 11/858,890 filed on September 20, 2007. The
afore-mentioned application is incorporated herewith by reference. FIELD OF THE INVENTION
[0002]The present DXATERA I'eUIDIIGNIMRATCIR OV CIHULA RGE)  FUNING RpXiGEBarly to junction

varactors. BACKGROUND OF THE INVENTION [0003]In ICs, various components such as transistors,
resistors, inductors, capacitoCR@8S REFERENCES TO RELATED APPLICATION
[0001] This application is a divisional application which claims benefit of co-pending U.S.
patent application Ser. No. 11/858,890 filed on September 20, 2007. The afore-mentioned
application is incorporated herewith by reference.
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
configuration 100 having a structure of a capacitor 110. The capacitor includes a first electrode 112 and a

second efpalioderthSh(GatlacdesastBnNose Hefidy sirtemohadd 6& imaéaupled togibascathsle @ndapsecond
terminal 170 is coupled to the anode. The anode and cathode are separated by a dielectric region 114.
The width-ofibecdielettcadgiendaiefninas:tbe, cepticitpachPiihetioaractowith generad]iwities the
dielectric region, lower the capacitance. Additionally, larger the electrode area, higher the capacitance.
The anodppsitregithosie ek thetvamoidy waldddgrwell airacp-wnie ohthode-pGunciidmn withpiheltdapletion
region at the junction serving as a dielectric region. Since the width of the depletion region can be
modulatedhidVvethd@ppliddbids dcpedpihgiunagian, A weltagtcdeptihdant vatisldecafaeiiapfvandctor)
results. [0005]Figs. 2a-b show cross-section views of a conventional n-on-p (NP) junction varactor 100.
The juncbon varagisrdtd @pplfedmethotachsdbstsatemd dbodh eMulastnaiel snehpdes valp-well 218. Shallow
trench isolations (STIs) 280 define first 162 and second 172a-b regions. A heavily doped n-type region is
provided [i@00¢ firstAetyipletioreaipienaimNexjedh biraio 2ddlinith 2heapbyveltufha hediephinegon Jikves as the
anode while the p-well serves as the cathode. Contact to the p-well is achieved through heavily doped
p-type regipasahteettraceanidhecsespondegide Wikthnpuhadepbidsnoltagessdnetapplive tartbé lpathode
160 and anode 170 terminals respectively. [0006]A depletion region, indicated by dotted lines 216a-b,
occurs atatheshifi jnectidragéh et chpacitanals. oithenvihikalste fuoatiespoadseto thes iidth\of th¥ glepldikion
region, which can be varied by adjusting the voltages at the terminals. When the NP junction is at zero
bias (i.e. dépletivbiashtheadiepletiomwidtisishaitsimiiagrayc @sespovdinig tbig n2e i comresgending do a
maximum capacitance (Cmax). The width of the depletion region widens as the reverse bias across the
junction i€dpaie aBedwitliblefithg tiepldephatigmnegidondesrdasesdise kapacitancbegiitivei varactoredddaen the
maximum reverse voltage is applied, the depletion width is at its widest, as shown in Fig. 2b,
correspodidgntogaimidiplativeageioalececf@mihy. capacitance 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 Cy,ax/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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[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 have better
linearity compared to MOS-type varactors, they suffer from a smaller tuning range. [0008]From the
foregoingelisauasidronit dacthesiiabl et Pravideadgiijiciitonesactos amdtbadasge tningt rmagand eiVVARY
OF THE INVENTION [0009]The present invention relates to ICs. More particularly, the invention relates to
junction va¢actorsell ofneppoedioiaity (HEhimGHDNUVA R OTcedrRyIisasief & cehibiiaieHhaMinglaifirst doped
well, into which two wells (second and third) of opposite polarity type are diffused at close proximity from
each othetaihhiisctargeisiohjungtidaglaiercvaatid desien dbediiishwell and each of the two wells of

opposite polarity. The minimum distance between the second and third wells is maintained larger than

their depléa0]widtis aioteebiapaonditierinvention, a method for forming a junction varactor is provided.
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 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:



[0010]In another aspect of the invention, a method for forming a junction varactor is provided. 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 another aspect
of the invi@otidn, anHiiepraedscircoit gitloisatisglasest. stiietlCe coprguistis o gusuhistiatpanda junction
varactor disposed in a varactor region of the substrate. The varactor region includes a first doped well
which cofopiises offdgpaats dii@ficsd palactipiypeic e iakretasiegian;fudtien wnehitas second and third
doped wells formed in the first doped well. The second and third doped wells comprises of a second
polarity typel6yherdiiptiesficsts seaandoandthitdrdapecovdalis davithseranabiiditracon chpdlakhtitpe lateral
doped structure. [0012]These and other objects, along with advantages and features of the present
inventionwWieodiis digetesactdvisl tvecompeciopacenidbralighpteitikence to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various embodiments
describe0oamin agigrodmutially exchiséed @nd dawexist jonaivausicenbinaitoosiamnd patnetations.
BRIEF DESCRIPTION OF THE DRAWINGS [0013]In the drawings, like reference characters generally
refer to thenbadimgarss$ theonghoiginthe 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
descripti¢6018¥iouFemiiadinbots opthe:py ésefitrinireniionrare desatioedawithwafecaneentm timdotlofving
drawings, in which:

the invention;

[0019] Fig. 6 shows simulated CV curves comparing the tuning range of a conventional junction
varactor with that of a junction varactor in accordance with one 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.



[0014]Fig. 1 shows a conventional capacitor structure representing a junction capacitor; [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 junction varactor in accordance with one
embodinfen2f the Fyehtibow F0LGHci@s.390-6h abewdavosessdes éaiboidignanabtiomveadeardanee with
one embodiment of the invention;

varactor includes first and second capacitors 320 and 330 coupled in parallel. The capacitors’ first

electrodes 322 and 332 are commonly coupled to a first terminal 360 and second electrodes 328 and

338 are commonly coupled to a second terminal 370. The first electrodes comprise of a first

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 Vy;,s 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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[0019]Fig. 6 shows simulated CV curves comparing the tuning range of a conventional junction varactor
with that of a junction varactor in accordance with one 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 junctiommasactdriie STtordencdepdivdie exobadlime ntied Hue-irgantio folhaefate RN afieicd0@vesse
voltage bias between first region with the second and third regions are provided. DETAILED
DESCRIPMHEN €pthsTint&E A/ ishTIO W GO2hEThis jeseatih/ enbiom et katest o Jesrsiinny pradaptal se dibe
junction varactors can be incorporated into ICs. In particular, the junction varactors can easily be
incorporatéicinta kngd uSing sianadideCiVbs prochesirgietn 8TIBgisslatlihe thescambdamitiiiypeaiof ICs, for
example dynamic or static random access memories, signal processors, or system on chip (SOC)
devices, ragienssignahocabatiighelayibesispibhvshA M Tenveatisikman dedwitche depalpacitor Sdteisl Qidher
types of ICs are also useful. Such ICs are incorporated in, for example, communication systems and
various typies aftcansome Mheoditpeisof [MRAANEig1Brsponwpefeasbbich3d be deeprdangd witnane that
embodiment of the invention. The

depletion widths of the second and third regions at no bias condition are contained therein,

enhancing the capacitor area to increase Cy,.x. The dopant concentration of the sub-regions, for

example, is about 1e18-1e19/cc. Other dopant concentrations are also useful. In one embodiment,

the dopant concentration and depths of the sub-regions can be selected to be compatible with CMOS

processes. Alternatively, the sub-regions can be tailored to achieve the desired design requirements.

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

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.



varactor includes first and second capacitors 320 and 330 coupled in parallel. The capacitors' first
electrodes 322 and 332 are commonly coupled to a first terminal 360 and second electrodes 328 and 338
are commonly coupled to a second terminal 370. The first electrodes comprise of a first polarity and the
second electrodes comprise of a second (opposite) polarity. In one embodiment, the first polarity is a
p-type pq@oiyland The seconel pedaléyldsienidyion pldanéd thyohexanepdibattirsicittirededasendatiodes
and the second electrodes are anodes. An input voltage Vin is provided to one of the terminals and a bias
voltage \he, dsppigrdaedoivnibe athestannital bAcasikdinglydibaitgtahcaphajiaace aclastiaiminal TB60 and
370 is equal to the sum of the capacitance of the two individual capacitors. [0023]Figs. 4a-b show
cross-sectiddabyidwdapiaipmnaiigonvismciasddn@adeontiarapasitinoaefantbaditent Ththeimveniion. The
junction varactor is formed on a substrate 406. The substrate, for example, comprises of silicon. In one
embodimeiithtbé thu kisjskigoiat garmple;sponaprisesaciradighilpdipecegdype silidemnhsubstiaienOther types
of substrates, such as silicon-on-insulator (SOI) or epitaxially grown silicon layers, are also useful. The
varactor isitbhoéchindeplatiactes giegioordpondfine charithvenstipatrizadacds@latian regions (not shown) are
provided to separate the varactor region from other device regions. The isolation regions comprise of, for
example [6028[bw trEhnchaselatiopdgSkl fiegoasulf yprodliys thehBllieregiobsaso fipniaalbf, ahikenttaddled with
silicon oxide. Other types of isolation regions are also useful. [0024]In one embodiment, the varactor
region camgpiises ofl fissixsd canitt ahe thitabsub thegidres %26 1k3 Osaradi¢dl OF & Tdsadgead, providéxkdn the
substrate surface. Typically, the STls extend below the substrate about 3500 angstroms (A). Other depths
are also wsitfige WhiSVisisaparatblthe Bage ragibeisconfipersubstratelsasfangingbose coitdganchthintho
sub-regions comprise of a first polarity type doped region. The second and third sub-regions extend from
the surfacecfola bepth delewithenthd%ens efjthe (8 V1Y, dthe\de pthafah & saddNdtaidouthirdswidiegions, for
example, is about 4000 A. Other depths are also useful. As for the first sub-region, it comprises of a
second typleedoped velign whieh, extdndsgiatert teus Wfac e of sulpstialte Deporeknethe BT ynsglatingrthe
second and third subregions. In one embodiment, the depth of the first sub-region is below the depth of
the seconthandnthitblesto-+&gions.-Yhe. dEpthafghef Vst sulespgids preterdbis shuldbedebmenbagh to
ensure that depletion widths of the second and third regions at no bias condition are contained therein,
enhancingxtngptapadito=Arda tecimeraasei Coparatifige doparitizondeiiationeof thaelsumragiors, for
example, is about 1e18-1e19/cc. Other dopant concentrations are also useful. In one embodiment, the
dopant copestingtionnanchdepiesafdieasufhegionstean befsdlecteddadibe wbenpdiibtadkith EMOS
processes. Alternatively, the sub-regions can be tailored to achieve the desired design requirements.
[0025] Theimte Maltecb eanvgesmthealfiostshid . second sub-regions forms a first PN junction 437. Similarly, the
interface between the first and third sub-regions forms a second PN junction 447.

[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 Cpy;p.

[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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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 ajnddhdith sinlddiediosTIsI Btomasttagions the pmenbadinente¢oy iisaabbédviljedoped
regions of the same type as the sub-region. The contacts typically extend below the substrate surface

about 106#n Othek deptbsraversddsidssefid (I e eatact Egiensvedaterasdtgminalsfasibealvanactor to, for
example, receive input and bias voltages. In one embodiment, the second and third contact regions are

commonyteoopireljuncone Brahsdirngntcthececohd andithifel cosnaetireginritaie:camszoMy sottpled to
Vil, and the first contact region is coupled to Vb,as. Other arrangements are also useful. [0027]The width
of the deplgtiondiegial (defihedbdydheniynkicandnottasedalsptiaiiasy idirbe rboindsotleccapagitdivaatof the
varactor and can be varied by adjusting the voltage across the terminals. The width of the depletion
region is deverselynrglatediaile cepdeitance f thavaiactondltienrisisithamedibimadditnetdeglatwivnegion
corresponds to maximum capacitance (Cmax) while the maximum width of the depletion region
correspongstitoniniinmpamnltApaditdpe at(feyefo0 B8IY e ahract by apéduaies thio ocapdit zete taas ¢ty full
reverse bias. Generally, the voltage at one terminal is fixed while the voltage at the other terminal is
varied. Fohaxarils, tWbfasiisea fived Uolid0e:Wwildebhhsnaadasighificanliyg dHdD thampda figuratiomsisuch as
varying both voltages, are also useful. In one embodiment, Vbjas is equal to 0 V and Vil, is varied from 0
V to IVDDhorRovidlileg gobiserf itheutvoitd ged angbsylsueh @s grabiecrthan VRDyislalSqusefuinDepanding on
the configuration, VDD can either be +VDD or -VDD. The range of V," corresponds to zero bias to full
reverse blassdnmr gixanmplelcptedibnrdgidnthecvaeactanimgpier dibng ontzbpanbiams Asavil Gooseqsas]the
varactor is operating in increasing reverse bias. The varactor is in full reverse bias when Vil, reaches
IVDDI. Othetuniitage gangestexealsal lydefuhcfo k9] Atde¢notbindytkenpigth ot thm gl dpldtioizoegions is at
their minimum, as shown in Fig. 4a.

lengths of the junctions.

[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
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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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 capacitors connected in parallel. The
depletion regions become wider with increasing reverse bias conditions. At full reverse bias voltage (e.g.,
Vil, equal to about IVDDI), the depletion regions are at their widest, as shown in Fig. 4b, corresponding to
C",",. [00BOYn-@nchedimedimentetend aiditiul depedse diasotherfiesbndypecivpd e pletiamcegitmsimerge.
The merging of the depletion region, in one embodiment, forms a lower boundary 458 and an upper
boundary#hhaeratiawibe. fifsksyborrpian ihiallovyed andlvppeppoctmswaitavwhiViith dhasieeparation,
the main component of the capacitance is limited to portions 438 and 448 of the junctions under the STIs.
Bottom poxtione 6 the dlincTigpiszArg inelaipchhy the smengedndepletioriie giobohwE)MAJET e dévsadeias,
due to the merging of the two lateral depletion regions, the net area of the junction is drastically reduced.
This in tusatveduats tbeindapdcahadoeslialises]dscdunloh @iat,dspirasti caione di dedj nndtanly due to
increased depletion widths but also due to significant decrease in junction area. As shown, Cmax at no
bias condijninais&hianeécksby dtlaingtwoajuptjearodpacitdhe deplrialietanonCat tht jevaisashiasds at
reduced by reducing the capacitor area severely. This enables the tuning range (C,,,ax/C"") to be
enhancedsigoiffointlyefsebéxample, increasing the horizontal lengths of the second and third sub-regions
will increase Cmax while C", remains about the same after the depletion regions merge, isolating the
horizontdljj0dt}ion dkefenCihnsedientyy the dnalinghramgjantatioth eotetigatly daa brcusasedypdefigitely by
simply increasing the horizontal lengths of the junctions. [0031]Figs. 5a-d show a process for forming a
NPN varaciek 5QOriis asedtdanke twithydngnhbgimenbdbthetirventionn Refentihgdioneiy, &paeate ion
semiconductor substrate 506 is provided. The substrate, for example, comprises of a lightly doped p-type
silicon subsgttatetiothprotepes afsulrstiaedifBueht aseBO B aitd bpitdxiedsiidb mialers,ahay Msibbe used. A
varactor region 501 is defined on the substrate. A first doped well 520 having first polarity type dopants is
formed irptheevacactbe sbgiod o fuerfirdtepotdlisty Rygier aldpathis well ecxantel éorooed priseoof hrtype dbpants.
Providing first polarity type comprising of n-type dopants is also useful. In one embodiment, the first well
comprisesiditpaypsakdparktsr akancplecértiationl of divovdrdcatot 8ahdikNeendhe lnepphvafl théofiksMidped well
is about 5000-6000 A. Other depths can also be useful. [0032]Referring to Fig. 5b, second and third
doped weltsis80antbEnodarsifarthedamenieplant mask. Alternatively, the wells for the varactors are

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.



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. In one
embodiment, the second and third doped wells comprise of n-type dopants at a concentration of about 1 e

18-1e19/pw03Bhe sekoniet 2rthliitaophd fustiarebsspsicb I 1a depib whicklis shabdowandba tive first well.
Typically, the depth of the second and third wells is about 4000 A. The distance between the second and
third wellsuissaatecten e that dspiriienwrRibies dtfiaipinaitossaie kepadteddey desfirst well at, for
example, zero bias. The depletion regions at the junctions merge at near or full reverse bias. [0033]To
form the Rieitsriagnvenigiosdlieavityplaptdtiogi dasMisiiesuedivie:dsede diypicsiBs-a, foaskdayer is used to
selectively implant dopants to form the well. In one embodiment, separate ion implantation processes are
used for diffirenoneitsthBuwitdbly Guloradiviel] tavplinteofsadtMQ&m progasstan hel shavledgadousedhe
wells. Preferably, the wells can be formed without the use of additional masks. For example, the p-well of
the varaaiofanthe HeambBdiwbeirgeivels For EMON « evices tadepat megthrusingpiive safmch#mdlgnt mask.
Alternatively, the wells for the varactors are formed separately from wells of the CMOS devices, using
additionadopaskstyphiscgitowsghile lthd ocdoeraipiimdidectifaoibé reaiantareanidasirmEdgil pdopdd pasgpdormed on
the substrate surface. In one embodiment, first and second STls 580a-b are formed, defining regions
502a-c orefliensuiactafrthedsShdirate f@hisd(abtsthevinytasecatsbaiat nhéd tiviselatelthervdoactat. region
from other device regions. The depth of the STI regions is shallower than the junctions but sufficiently
deep to phécemttpehghtin Sliglail ppitaitye dheiSitordgidmsradve af daptbrohalealitp8GH40000Adelow the
substrate surface. Other depths are also useful. The STIs can be formed using various conventional
processeanbotiexam die stverslinsirttedcdopbé etdvatcuSingedorfuarivonatietcht almel Shdsk techniques to
form trenches which are then filled with dielectric material such as silicon oxide. Chemical mechanical
polishing[(086P) cahteepparfes raditmee mdvenextesuxedemmdpivyideaatptatoped ubsirate op-surface.
[0035]In one embodiment, the first and second STIs isolate the wells at the surface of the

provide the bias and input voltages as desired, producing the final structure, for example, as

depicted by Figs. 4a-b. Contacts to the doped regions can also be formed. Preferably, the contacts
are 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.
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substrate. The PN junctions along with their depletion regions are located below the STls. Referring to
Fig. 5d, heavily doped regions 575a-c are formed in regions 502a-c, forming connections to the wells.
Conventional techniques, such as ion implantation and masking are used to form the heavily doped
regions. For example, the first doped region comprises of a heavily doped n-type region while the second
and third[g0B8H regians chopsisenaf diebvilyadnpatt pdypgera0V0nus dgsenbiash Sabistare dormesuafter
the first, second and third doped wells are formed. Alternatively, the STIs can be formed prior to the
formatiorc e fina alomr € Uapece ol ditespendsnioadineri iba:s et nchatichthiid dop edhikelS/arer fesmed
after formation of the STls. [0036]The process continues to form interconnections to the varactor doped
regions S4(Ba-a0Bapbsidecthre:tpasdtachiNEN yoltagesvasdesivacd proaucstichtiezbinal sngehdrel, dar
example, as depicted by Figs. 4a-b. Contacts to the doped regions can also be formed. Preferably, the
contacts ane, th7nped dndhe2sameeppecessl jor Asrshivgnsaurize/6 tairomplenisPojuadd QSvarabipolar a
processes. The area occupied by the present invention may or may not be the same as the conventional
varactorandependinpandesign réduict atenis) As d63cien, 4hé procdasufarcapaeiRNd laterdlgfinction
varactor. The process can be easily modified to form a PNP lateral junction varactor. For example, the
second aatebinidd 6 apEY WellsicoTiprisaiof panedlsfil & Ehz fictbd oped e iviorhpsigesrafia of-well.
[0037]The varactor of the present invention can be easily integrated into conventional CMOS processes
without tli&, u8€,.0f, &nybextra tndsk the Nffajuatiton Whrecpresbatiifwantionccersialsa-bekkdsilythntegrated
into conventional bipolar processes. For example, the masks can be modified to include implants for the
varactorsliBytuiakat g cmapks nvgith b ther elediGes)h60ddditio0d steps @12 regulrechtivastsedemisgnt
manufacturing cost. [0038]Fig. 6 shows simulated capacitance-voltage (CV) curves of junction varactors
of variouseogtifigiidaiipns. AC\VheurvecblO e mgphr espongdisitora ¢Anventon2luik juleticrorasactoling/hile CV
curves 602, 603 and 604 correspond to a NPN junction varactor with the n-well horizontal lengths of 0.2
gm, 0.7 nmaedst .@f g, mas pectivelpadisasbovan ivefoigseBvioy, 8Aty itk i jupmtamwachc b8 2as &0Minimum
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 10 15
F/gm. ThE/funifg)fande ofithenNRduntidr Varadiarmyhicheishthmnatiouof Qi@ ispatsoutetl. 6t £or the
NPN junction varactor, the effect of increasing n-well length is illustrated by comparing CV curves 603
and 604 witist@Vidlywe 6@ twhich irepreseats apponstamtdbn@is of 002 g mstiedB-will 'eRgtmis varied
from 0.2 gm to 1.2 gm, a clear corresponding increase of the maximum capacitance can be observed,
varying frbims agprioximatelyi 82k d0abbuE/Qmiol30broiDehBhHbrrenpdid 25/ xrikdds Elgarlywhite the
minimum capacitance is preserved at a substantially constant value in a range of approximately 0.33 x 10
15 Ht.= t'BI8guma®1 5dFigror Thikerpsusitstimeentiindgaanyeothabaul@$ tot3itbolinedacingomnespdinding
variance. Clearly, the NPN junction varactor of the present invention has more than at least 1.4 times the
tuning rangeyofitgooehdéntionabNPajasictiodepardotgr Bperidingiom che(Sxed$i0h witBassped BOAXith
respect to 602. Thus, by increasing the horizontal lengths of the second and third sub-regions (for
example Taw s dpiotectyrie g o gansa deagthsroFige 4&0odtamdrityirdngb-ofzaens désirsdmpgritude can be
achieved. Increasing the horizontal lengths, however, increases area of the varactor.

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.
11



[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 secorrd.jungtiedriddpoldetovelisnarei sepacaedibin& s th8Guat the surface,af the suipsitradecié zero
bias, the depletion regions of both junctions do not merge, as shown in Fig. 7a. This corresponds to the
maximunbiaapacitanaeiaffitize Jondiodepiidetias donamehgdulNigyemse:fpasd asoshewhiniinkig. 7b, the
depletion regions merge. This corresponds to the minimum capacitance of the junction varactor, C.
[0040] Theapruetration ahee henetivhodied isr ather specific forms without departing from the spirit or essential
characteristics thereof. The foregoing embodiments, therefore, are to be considered in all respects
illustratividoeidler th@hdimvieng dheninywbatarbdéisdribeahee spiti e tpamofthrdnvéiintng fhus theligatad by
the appended claims, rather than by the foregoing description, and all changes that come within the
meaning @andsange diaequévalsnopatitie Tlaimsaianptentedihcchs, ahdbefaedailearche. cVikidtisdciaimed is:
CLAIMS

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.

12



1. A junction varactor comprising: a substrate; a first doped region of a first polarity type; 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 vamittarisZldihedaractor 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 compri@esidip-type and the second polarity type comprises
of n-type, wherein the lateral doped structure comprises of a NPN lateral doped structure. 3. The varactor
of claim 1 furtheA gomopuseaficstr secgnikad 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 fitstubslaiien region isolates the first and second contact regions and the second isolation
region isolates the first and third contact regions.
a first doped region of a first polarity type;
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 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 varactor of claim 1 further comprises 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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4. The varactor of claim 1 wherein the first varactor terminal is coupled to 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. 5. The varactor of claim 3 wherein the isolation regions comprise of shallow trench isolation regions.

6. The vatactor Dhelairadovbeceimtheitst-oomaciregioncis ceupliad td adijstuaiager-suppiygend the
second and third contact regions are commonly coupled to a second voltage supply. 7. The varactor of

claim 6 whegincthepifsihygeltogs solpply agiplyrisestad scbinsg valiage stippbabicthelsecondaaitage supply
comprises of an input voltage supply which can be varied to cause the varactor to operate from zero bias

to reversediiage s8pplyecvanacioreaficiaput ¥dlubesgpiypsibrs st bsacord anchtRidheontactaegions
contacting respective first, second and third doped wells, wherein first and second isolation regions are
provided @ettite fobstatebihetdiistisoddbian region isolates the first and second contact regions and the
second isolation region isolates the first and third contact regions. 9. The varactor 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. 10. The varactor of claim 9 wherein the first voltage
supply camprisé&hefvarbias \wiltdgen Suphbyrdn dhithsdedondegidiage sypply dxindiise srefidni sopitionoltage
supply which can be varied to cause the varactor to operate from zero bias to reverse bias.

regions.

6. The varactor of claim 5 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 varactor 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 varactor of claim 7 further comprises 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.

9. The varactor 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.
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11. The varactor of claim 8 wherein the isolation regions comprise of shallow trench isolation regions. 12.
The varactor 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 Cmax to 13. The varactor of claim 7 wherein the

first and secondTthepletiemvregicnmireige@inthedasfuibhayersppiasinptscs bt .abkemitard yappigevice
comprising: a substrate; a first doped well of a first polarity type; second and third doped wells of a

second palariky tgpendvirelieit tipsiecentbanes hirchdopad viells aupsigpakatkrd bybdhediisd dopadavell,
resulting in a second-first-second polarity type lateral doped structure having first and second PN

junctionstfermesty thepeells fothfiratoaridssecene dagilation regions at the first and second PN junctions;
first, second and third contact regions contacting respective first, second and third doped wells, wherein
first and $écondliselatiacisegiorisiard piavidedheristbietsmasizains toenpralcsbletidio vegmcisetdiesiihe first
and second contact regions and the second isolation region isolates the first and third contact regions;
and regions.

12. The varactor 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 Cpax t0 Cpyin.

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

reverse bias mode.

14. A semiconductor device comprising:

a substrate;

a first doped well of a first polarity type;

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;

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; and
15



wherein the first contact region is coupled to a first terminal of the device and the second and third contact
regions are commonly coupled to a second terminal of the device. 15. The varactor of claim 1 wherein
the first doped region is a first doped well. 16. The varactor of claim 15 wherein the first doped well is
deeper than the second and third doped wells. 17. The varactor of claim 16 wherein the first varactor
terminal is coupigtieia diestivaltagesieplyicarapisiada hias veliagesupply dndcthenganerecvadactor
terminal is coupled to a second voltage supply comprising an input voltage supply which can be varied to
cause thanhrkietordaapesgienitan zenmiyal toogiatse HirsontBelhmmashgiodetclaim 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 varactor
of claim 1 wherein the width of the first and second depletion regions are operable to vary such that the
first and $6condIthepletiororediolniard meeged dedifkstopreisgibias vdiue dnskdepdiated at a second bias
value. 20. A semiconductor device comprising: a substrate; a first doped well of a first polarity type (FP);

16. The varactor of claim 15 wherein the first doped well is deeper than the second and third
doped wells.
17. The varactor of claim 16 wherein the first varactor terminal is coupled to 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 varactor 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 varactor 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.

20. A semiconductor device comprising:
a substrate;

a first doped well of a first polarity type (FP);
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second and third doped wells of a second polarity type (SP), 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 FP/SP junctions formed by the wells and first and second depletion
regions at the first and second FP/SP junctions; and wherein the first contact region is coupled to a

first terminal of teediaviag and ispseomid and dbichdpotadty egiens Ryertrminandyscovpleddarrgecond
terminal of the device. 21.The device of claim 20 wherein: the first polarity type comprises P type and the

second padpslyviype conrupisasd\biyvipe; faktlhle fosdiaolaréyuipg wonpeses it dypa andlgbiarsgagpd polarity
type comprises P type.

lateral doped structure having first and second FP/SP junctions formed by the wells and first and

second depletion regions at the first and second FP/SP junctions; and

wherein the first contact region is coupled to a first terminal of the device and the second

and third contact regions are commonly coupled to a second terminal of the device.

21. The device of claim 20 wherein:

the first polarity type comprises P type and the second polarity type comprises N type; or

the first polarity type comprises N type and the second polarity type comprises P type.
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