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VARI ABLE CAPACI TOR AND METHOD FOR FABRI CATI NG THE%I\@glég - I
Background of the Invention 5 The present invention relat e!s?dg

to "~ electronic.devices and, nore particularly, to variabl®
A tunér “conprised of _an indudétor. (L) and a variable 10

capacitor (C) is widely used to provide alvariabl e resonant frequency.
Conventionally, a voltage controlled tuner i ncludes a varactor serving
as the variable capacitor. A varactor is a reverse biased diode.
vol t age applied to the varactor varies, the depletion wdth of in the
changdQRIARLES CARACTHER cANR METHR: ROR FASRIGAZTNG THE dSAME /
resonant frequency of the voltage controlled tuner. ~ However,
range of capacitance variation of a varactor is quite limted. For
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The present invention relates, in general, to
electronic devices and, more particularly, to variable
capacitors.

A tuner comprised of an inductor (L) and a variable
capacitor (C) is widely used to provide a variable resonant
frequency. Conventionally, a voltage controlled tuner
includes a varactor serving as the variable capacitor. A
varactor is a reverse biased diode. As the voltage applied
to the varactor varies, the depletion width of in the diode
changes, and so do the capacitance of the varactor and the
resonant frequency of the voltage contrélled tuner.

' However, the range of capacitance variation of a
varactor is quite'limited. For example; the capacitance of
a varactor usually varies approximatelyfby a factor of two
over a voltage range of approximately fqur volts. In low
voltage applications such as portable wireless
communication, a capacitance range greatér than
approximately by a factor of five over a voltage range of
approximately one volt is often desirabie. Further, the
diode in a varactor conducts when forward biased, which
presents a leakage problem for the varéétor.

Accordingly, it would be advantagé§hs to have a
voltage variable capacitor and a method_for fabricating the
capacitor. It is desirable for the cap§¢itor to have a
high quality factor and a low leakage. . It is also
desirable for the capacitor to have a.%éfge capacitance
range over a small voltage range. It:'ﬁffurther desirable
for the capacitor to be fabricated wit@géther integrated
circuit devices in a monolithic éemicoﬁé@ctor chip. It
would be of further advantage for the method to be
compatible with existing semiconductor iﬁtegrated circuit
fabrication processes. 8
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2Q ‘over a voltage range of approximtely four volts. In low ~vol tage
appllcatlons such:as portable wreless conmuni cation, a capacitance
range-greater . t‘han approximately by a factor of five over a voltage
range of approxi mately one volt is ofEFn desirable. Further, the 25
diode-in a varactor conducts when forward“bi ased, which presents a
Ieakage problem for the varactor. . Accord!ngly It woul d be

advant ageous to have a vol tage variabl e capacitor and a nethod for
fabricating the  capacitor. It is desirable for the capacitor to have a
30 high quality factor and a | ow | eakage. It is also desirable for

the capacitor to have a | aBgief apaudiption of thagBrawhigs small vol tage
range. It is further desirable for the capacitor to be fabricated with
other integrated ! circuit devices in a nonolithic sem conductor chip.
It 35 wol d be of FIGrt hets alvarhemgt ifcotopheiewt bfdatvatiable xpadEitdy e

wi th exi sting; segteopditdOnwith M EedsthtCihbentiof AL{EAL i ON Processes.
2 .

éFIG. 2 is a schematic cross-sectional view of the
variable capacitor of FIG. 1 along a section-line 2-2.

10

Detailed Description of the Drawings

‘Generally, the present invention provides a voltage
variable capacitor and a method for fabricating the voltage
15 variable capacitor. The voltage variabie capacitor is
Metal Oxide on Semiconductor (MOS) capac1tor fabricated on
a semlconductor substrate. A gate structure serves as a
top plate of the capacitor, and a well under the gate
structure serves as a bottom plate of the capacitor. When
20 the gate structure includes a polycrystalline silicon
layer, the voltage variable capacitor is referred to as a
singiy poly capacitor. A heavily doped'buried layer and a
heav1ly doped contact region of the same. conductivity type
as the well form a low resistance conductlon path from the
25 well': to the surface of the semiconductor substrate. To
further reduce the series resistance and increase the
quallty factor (Q) of the voltage varlable capacitor, a
mu1t1 -finger layout is preferably used to construct the
voltage variable capacitor. 1In operatlon, when a voltage
30 applled across the top and bottom plates changes, the width
of depletlon region in the well changes, and the
capacitance of the voltage variable capac1tor varies
accordlngly. Preferably, the wvoltage varlable capacitor is
fabrlcated with other semiconductor dev1ces, e.g., field
35 effect transistors, bipolar trans1stors, -resistors,
1nductors, or the like, on an 1ntegrated c1rcu1t chip.




Brief Description of the Draw ngs 5 FIG 1 is a schematic top view
of a variabl e capacitor in accordance with the present invention; and
FIG 2:is a schematic cross-sectional view of the vari abl e capacitor of
FIG 1 along a section-line 2-2. 10 * . Detailed Description
of the Draw ngs - General ly, the3present I nvention provides a

vol t age vari abl e capacitor and a nethod for fabricating the voltage 15

Sem conduct or SOl ARY golRagH kP By S Loy e arelbBreRte” (0
A gate structte asa wandddthic volspgpl variahle eapagidot.or, and a wel |
under the gate . aSISHEdH 4aa3axit BapAchoblom PLAE-QlrddsWate thk
en 20 the gate istructure includes a polycrystalline silicon ayer,
the vol tage RF$HIte IEBeRGICHr iSs scheppEégal by sshewm in §IG§.y lpapg 2.
capaci tor 5 Aubes\padtidaned1gurTed haysraagéhématic ey ivwlegedoteagact
region of the SABEONICUNILY 10/PSna #18° 4" S dcrl Qs LQWsLesT St ance
_ sectiodnal view of voltage variable capacitor 10 along a
section—line 2-2. It should be noted that the figures are
not érawn to scale and that the same reference numerals are
10 used in the figures to represent elements of similar
struétures and functions.
. ;Vbltége variable capacitor 10 is fabricated in a body
11 of semiconductor material. Body 11 of semiconductor
material includes a semiconductor substrate 12. By way of
15 example, semiconductor substrate 12 is a P conductivity
typeésilicon substrate having a dopant concentration
betwéen approximately 1x10'® atoms per cubic centimeter
(atoms/cm’) and approximately 1x10'’ atoms/cm’. Ions of N
condﬁctivity type such as, for example, phosphorus ions or
20 arseﬁic ions, are implanted into semiconductor substrate 12
adjacent its front surface 14. The implanted ions form a
dope@ layer 15 in semiconductor substrate 12 adjacent to
ﬁronﬁ surface 14. Doped layer 15 has a dopant
qoncéntration between, for example, approximately 1x10%°
25 atomélcnP and approximately 5x10*? atoms/cm’. Body 11 of
semiéonductor material also includes a layer 16 of
semiéonductor material epitaxially grown on front surface
14 Qﬁ semiconductor substrate 12. A major surface 17 of
epiiéxial layer 16 is also referred to as a major surface
30 of hédy 11 of semiconductor material. Epitaxial layer 16
bﬁriés"doped layer 15. Thus, doped layer 15 is also
ﬁefégred to as a buried layer. The thickness of epitaxial
layer 16 is substantially equal to the depth of buried
layeé 15. By way of example, the depth of buried layer 15
35 rangés between approximately 500 nanometers (nm) and
approximately 3,000 nm. It should be noted that body 11 of
semiééndnctor material comprised of semiconductor substrate



25 well to the surface of the seniconductor substrate. To further

reduce the series resistance and increase the quality factor (Q of the
vol tage vari abl e capacitor, a mul ti-finger layout is preferably used to
construct the vol tage variable capacitor. |n operation, when a voltage
30 applied across the top and bottom pl at®s changes, the width of
depletion region in the well changes, and the capaci tance of the

vol tage varia apacitqr _varies accordi ngly. Preferabl t he vol tage
vari abl e capatcjjr‘f'oﬁo‘f’%le& q‘ap’fﬁr ih‘gat gﬂdmf?ht%’fhagf %laé{ rcéﬁﬁ&@?oélﬁ&gSes,
e.g., field 3xrefdfmxt ta assassemicohdpotar sulsisrateors,; siepilyt ar s,

I nduct ors, or g&g%é%%?% on an integrated circuit chip.
3 Ther ef’ore, e Volt%gg vari abl e capacitor is also referred to

as a nonol ithic vol Figfd \aaridebiregdapscitBopre formed ovex dihenporfirnshbbs
capaci tor %0 iéb%@fﬂarl%?éﬁ bl thea rocRlCoRNdat IEEYH Fl1itonCheBBbEsal Iy
shown in FIGs. 1 and 2. _, Nbre_partlcularly FIG 1 is a_schematic top view
of voltage process. Field oxide regions 18 provide isolation
structures between voltage variable capacitor 10 and other
devices (not shown) fabricated on substrate 11. An ion
implantation is optionally performed before forming field
10 oxide regions 18 to form heavily doped regions (not shown)
under field oxide regions 18. The heavily doped regions
(not shown) prevent inadvertent turning on of parasitic
field effect transistors formed under field oxide regions
18. It should be understood that the isolation structures
15 on substrate 11 can be formed using other processes such
as, for example, poly-buffered LOCOS, poly-encapsulated
LOCOS, trenching, etc.
Ions of N conductivity type such as, for example,
phosphorué ions or arsenic ions are selectively implanted
20 into epitaxial layer 16 to form N-conductivity type wells
22, 24, 26, and 28. Wells 22, 24, 26, and 28 extend from
major surface 17 into epitaxial layer 16 and reach buried
layer 15. The dopant concentration of wells 22, 24, 26,
and 28 is between, for example, 1x10!® atoms/cm® and 1x10"7
25 atoms/cm’. Wells 22, 24, 26, and 28 serve as a bottom
plate of capacitor 10. The process of implanting ions into
epitaxial layer 16 typically includes forming a dielectric
layer (not shown) over major surface 17, forming a
photoresist mask (not shown) on the dielectric layer,
30 implanting ions through the openings in the photoresist
mask, stripping the photoresist mask, heating substrate 11
to drive the implanted ions into epitaxial layer 16. These
steps are compatible with standard MOS and/or bipolar
fabrication processes. For example, wells 22, 24, 26, and
35 28 can be formed in the same as steps as those forming the
channel region of a p-channel MOS Field Effect Transistor
(MOSFET) (not shown) and/or forming the collector region of



vari abl e capacitor 10, and FIG 2 is a schematic cross- sectional view
of voltage variable capacitor 10 along a section-line 2-2. 1t should
be noted that the figures are not drawn to scale and that the same
reference nunerals are 10 wused in the figures to represent el ements of
simlar structures and functions. Vol t age vari abl e capacitor
10 is: fabricated in a body 11 of sem conductor nmaterial. Body 11 of
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buri ed 39 provide low resistance conductive paths from buried
layer 15 to major surface 17, and they are also referred to
15 as sinkers or plugs. As shown in FIG. 2, contact regions
31 and 33 sandwich well 22, contact regions 33 and 35
sandwich well 24, contact regions 35 and 37 sandwich well
26, and contact regions 37 and 39 sandwich well 28. 1In
other words, well 22 separates contact region 31 from
20 contact region 33, well 24 separates contact region 33 from
contact region 35, well 26 separates contact region 35 from
contact region 37, and well 28 separates contact region 37
from contact region 39. In accordance with an embodiment
of the present invention, a well, e.g., well 22, separates
25 a pair of corresponding contact regioms, e.g., contact
regions 31 and 33, from each other by af;ength greater than
the depth of buried layer 15. In'this_éﬁbodiment, the
lowest resistance conduction path from the bottom plate of
capacitor 10 to major surface 17 of epitaxial layer 16 is
30 through a corresponding well, e.g., well 22, buried layer
15, and corresponding contact regions, e.g., contact
regions 31 and 33.
Surface regions 42, 44, 46, and 48 are formed in wells
22, 24, 26, and 28, respectively, adjaceht to major surface
35 17. 1In one embodiment, surface regions;;2, 44, 46, and 48
are formed by implanting ions of N con@yétivity type into
corresponding wells 22, 24, 26, and 28{' Thus, the dopant



Igyer‘15. By way of exanple, the depth of buried |ayer 15 35 ranges
bet ween approxi mately 500 nanoneters (nm and approxi mately 3,000 nm

It should be noted that body 11 of sem conductor naterial conprised of
sem conduct or substrate g 4

12, buried | ayer 15, and epitaxial |ayer 86 can éﬁéo be referred to as
a sem conductor substrate or sinply a substrate. . Fi el d oxi de
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P conductivity type into corresponding wells 22, 24, 26,

and 28. Thus, the dopant concentratioq_of surface regions

42, 44, 46, and 48 is lower than that of wells 22, 24, 26,

10 and 28. The lower dopant concentration in surface regions

42, 44, 46, and 48 serves to decrease the minimum
capacitance of capacitor 10. Therefore, the range of
capacitance variation of capacitor 10 is increased. The
dopant concentration in surface regions ‘42, 44, 46, and 48
15 also affects the required voltages applied to capacitor 10
to achieve the minimum and maximum capacitance values. The
process of forming surface regions 42, 44, 46, and 48 is
compatible with standard MOS and/or bipglar fabrication
process. For example; surface regions 42, 44, 46, and 48
20 can be formed in the same steps as those for forming the
threshold voltage adjusting regions in a MOSFET (not
shown). It should be understood that sufface regions 42,
44, 46, and 48 are optional in capacitor 10.
A dielectric layer, e.g., a silicon dioxide layer
25 having a thickness between approximately 5 nm and
approximately 30 nm, is disposed over ﬁéjor surface 17. A
conductive layer, e.g., a polycrystalliné silicon layer
having a thickness between approximately 100 nm and
approximately 600 nm, is deposited on the dielectric layer.
30 The conductive layer and the dielectricﬂlayer are then
patterned to form gate structures overlying wells 22, 24,
26, and 28. FIG. 2 shows gate dielectfig layers 52, 54,
56, and 58 overlying wells 22, 24, 26, and 28,
respectively, and conductive regions 53ff55, 57, and 59 on
35 gate dielectric layers 52, 54, 56, and 58, respectively.
In oﬁher words, conductive region 53 anﬁggate dielectric
layer 52 form a gate structure 62 overIYing well 22,



18. It should be understood that the isolation structures 15 on substrate
11 can be forned using other processes such as, for exanple,

pol y- buf fered LOCCS, poly-encapsul ated LOCOS, trenching, etc.

lons of N conductivity type such as, for exanple : phosphorus ions or
arsenic ions are selectively |nplanted 20 7into epitaxial layer 16 to form
N-conductivity type wells 22, 24, 26 and 28. Vélls 22 24, 26, and 28
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Preferably, conductive regions 53, 55, 57, and 59 are doped
to reduce the series resistance and increase the Q of
capacitor 10. Whether conductive regions. 53, 55, 57, and
59 are doped with ions of P conductivity type or ions of N
15 conductivity type will affect the voltage range at which
capacitor 10 operates. The steps of forming the dielectric
layer, the conductive layer, and gate structures 62, 64,
66, and 68 can be performed in the same steps as those
forming the gate structure of a MOSFET (not shown).
20 An insulating layer such as, for example, a silicon
nitride layer is deposited over gate structures 62, 64, 66,
and 68, and over substrate 11. The insﬁlating layer is
patterned to form spacers 63 adjacent gate structure 62,
spacers 65 adjacent gate structure 64, spacers 67 adjacent
25 gate structure 66, and spacers 69 adjacent gate structure
68. Techniques for forming spacers adjacent gate
structures are well know to those skilled in the art.
Ions of N conductivity type such as, for example,
phosphorous ions or arsenic ions are implanted into
30 epitaxial layer 16 to formed doped regions 71, 73, 75, 77,
and 79 in corresponding contact regions 31, 33, 35, 37, and
39 adjacent major surface 17. The dopant concentration of
doped regions 71, 73, 75, 77, and 79 are thus higher than
that of portions of contact regions 31, 33, 35, 37, and 39
35 Dbelow corresponding doped regions 71, 73, 75, 77, and 79.
By way of example, the dopant concentration of doped
regions 71, 73, 75, 77, and 79 is between 1x10*®* atoms/cm®



5 an NPN bi pol ar transistor (not shown). It should be noted t hat
wel I's 22, 24, 26, and-28 can be forned either before or after the
formation of field oxide regions 18. Cont act regions 31, 33, 35,
37, and 39 of N5 conductivity type are formed in epitaxial |ayer 16

adj acent corresponding wells 22, 24, 26, and 28 and extending from
maj or surface 17 to burled | ayer 15. The dopant concentration of
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concentrationpnbvidetkmw reS1suayc@n$o&tac33 t65¢oﬂf¢spnnﬂiﬁg|cbdmaumeen

1x10[err] at og&égg%grﬂ 3393 L ?eg OLg" boat 0By gg{fé%%&saﬂt aGly qugl ons

31, 33, 35, 3 Iom/re5|stan e con | ve ‘paf rom

buri ed | ayér amdt P9 r@arbrb%uﬁqrar@é in thedsemeysters A% dhase fioxming 15

as sinkerss Ortﬁéugéurcé\sar&i['%uf‘ n% oioahaﬁi-cﬁ&%é’ﬁi’t&OSFEﬁ](r@Ed 33
sandwi ch wel |l 22, conta regi ons 3 sandwi ch wel | 24, contact

regi ons 35 an# hewn) 5 ?:lﬁ faming t em&ﬁ&%bﬁ?ﬁ%?“r%%l%hwl%ﬂ?
sandwi ch wel | t28nsistor (net Fmrom)r ds Itwehbu2d bepandérstasditdrit dRepedn 31

cont act rSSPéﬁgégonM? 2B s ehur s BBV A2PogPbhoal T papatited”

10 A silicide structure, e.g., a titanium silicide
structure, is formed over epitaxial layer 16. The silicide
structure includes silicide regions 81, 83, 85, 87, and 89
overlying and electrically coupled to contact regions 31,
33, 35, 37, and 39, respectively, and silicide regions 82,

15 84, 86, and 88 overlying and electrically coupled to gate
structures 62, 64, 66, and 68, respectively. Silicide
regions 81, 82, 83, 84, 85, 86, 87, 88, and 89 are aligned
with spacers 63, 65, 67, and 69. Thus, they are also
referred to as self aligned silicide (salicide) regions.

20 Ssilicide regions 82, 84, 86, and 88 are connected together,
forming a conductive structure and serving as a first
electrode of capacitor 10. Silicide regions 81, 83, 85,
87, and 89 are connected together, forming another
conductive structure and serving as a second electrode of

25 capacitor 10. It should be understood that the electrodes
of capacitor 10 are not limited to being formed from
titanium silicide structures. They can be formed from
other types of conductive structures such as, for example,
tungsten silicide, molybdenum silicide, cobalt silicide

30 structures, or the like. Further, silicide regions 81, 82,

83, 84, 85, 86, 87, 88, and 89 are optional in capacitor

"10. '

Subsequently, an oxide layer (not shown) is formed
over substrate 11 and serving as an InterLayer Dielectric

35 (ILD). Using techniques well known in the art,
metallization regions (not shown) are formed in the ILD to
lead the electrodes of capacitor 10 to the upper surface of



cont act region 37, and well 28 separates contact region 37 from cont act
region 39. In accordance with an enbodi nent of the present invention, a
well, e.g., well 22, separates 25 a pair of correspondi ng contact regions,
e.g., contact regions 31 and 33, fromeach other by a length greater
t han the depth of buried layer 15. |18 this enbodinent, the | owest
resi stance conduction path fromthe botton1p|ate of capacitor 10 to
maj or surface of | t.axi | ayer .16 is_3 qﬁg)corre ondlng wel |,
o el | oo g 1 pthe 4B 385 Tad? A EbacERORR 1
e.g., contactsubstratyilins Ih =ne 8@bodiment, on@unétaadé.wagamnsréa;om 46,
and 48 are fofgeg 4 Ngly 2 r e adj acent
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capacitor 10. In an alternative embodiment in which
capacitor 10 does not include silicide regions 81, 82, 83,
84, 85, 86, 87, 88, and 89, the metallization serving as

10 the first electrode of capacitor 10 is in direct contact
with conductive regions 53, 55, 57, and 59, and the
metallization region serving as the second electrode of
capacitor 10 is in direct contact with contact regions 31,
33, 35, 37, and 39. '

15 It should be understood that the structure of
capacitor 10 is not limited to being that shown in FIGs. 1
and 2 and described herein before. For example, capacitor
10 is not limited to having a four-finger structure as .
shown in FIGs. 1 and 2. Capacitor 10 can have any number

20 of fingers, e.g., two, three, five, six, etc. Capacitor 10
can also include a plurality of multi-finger elements
coupled together. Each multi-finger element has a
structure similar to that described hereinbefore and shown
in FIGs. 1 and 2. 8ilicide regions 81, 83, 85, 87, and 89

25 overlying corresponding contact regions 31, 33, 35, 37, and
39 are not limited to being connected to each other as
shown in FIG. 1. They can be electrically coupled to each
other via metallization regions (not shown) formed in the
ILD (not shown). Likewise, silicide regions 82, 84, 86,

30 and 88 overlying corresponding gate structures 62, 64, 66,
and 68 are not limited to being connected to each other as
shown in FIG. 1. They can be electrically coupled to each
other via metallization regions (not shown) formed in the
ILD (not shown). Further, capacitor 10 is not limited to

35 having N conductivity type buried layer 15, N conductivity
type wells 22, 24, 26, and 28, and N conductivity type
contact regions 31, 33, 35, 37, and 39. In an alternative



hi gher than that of wells 22, 24, 26, and 28. The hi gher dopant
concentration in surface regions 42, 44, 46, and 48 serves to reduce
the series resistance and increase the Q5 of capacitor 10. In an
alternative enbodi ment, surface regions 42, 44, 46, and 48 are forned
by inplanting ions of P conductivity ¥9pe |nto correspondi ng wells 22,
24, 26, and 28. Thus, the dopant concentratlon of surface reglons

42, 44, 46, a than that of _we 4 The
12, 44 46, 20thedBihant HETLADYLLIA Ry Bl ydleq 2aydd? 15570edls, U 0:
t o decrease tR&, n24i n2én andc%ﬁmacandamtabtcapacpnéﬂlo 33,T@,ef36'r,e,and1e
range of §3Paght pce a&;&@ﬂm t%gam tor 10 is increased. The
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fabrication SCYPFHUEES. 62Fo ef%ﬁpFQ' &&r PL ecPBB?SFerQFOQQ- 3and 48
20 can be foBBgd3¥p mh& 32e Greapa a®lthgee rhngef ofrramr<b>kcanate1yt fores hol d
vol t age adj us FET o] coadd shoul d be

under st ood thg%TsUr ace P %?%%guggd§ cgg%%ltﬂg ignggﬁém%r optional in
capaci tor 10.approximatelylily extfaatdmpdy fiveg. , ThesQ! ¢£ oraphaitiale U0ayer 25
havi ng a igi CKQﬁs§eQéf1V‘§§Br@:E‘ﬁﬁ%l'§at1%| ¥>x5h'1gh@9dwhen é‘&p?é@i‘&&atlfd %30 Nm

I s di sposed over mmjQr surface . condyctive layer,
pol ycrystal | i HEe§PF?éoﬂtl gy%yequen%\ﬂfn&pgrpﬁp@gﬁggg %‘é‘?v@’eﬁf?‘ gﬁﬁ‘iﬁu mat el y
100 nm and  InapaaO¥ioR} chychike atd staRearbedeR) Ehe 66 olawd rdg drayer.

MOS gate structures, capacitor 10 has a very low leakage.
By now it should be appreciated that a voltage

15 variable capacitor and a method for fabricating the voltage
variable capacitor have been provided. Compared with a
varactor, the voltage variable capacitor of the present
invention has a high Q and a low leakage. The voltage
variable capacitor also has a large capacitance range over

20 a small voltage range. The voltage variable capacitor can
be fabricated with other integréted circuit devices in a
monolithic semiconductor chip. Further, the method for
fabricating the voltage variable capacitor is compatible
with existing semiconductor integrated circuit fabrication

25 processes. Therefore, the voltage variable capacitor of
the present invention is cost efficient and suitable for
use in low voltage applications such as, for example,
portable wireless communication applications.



30 The conductive la tr|c | ayer are then patterned to
formgate structures 3m‘“1;mi 'mmmn B EL G 2 shows
gate dielectric layers % 6, 58 ov IlegPharEE)EﬂEEﬁﬁ 265G
and 28, respectlvely, and conductlve Ggglons 5 $§3t57 and 59 on 3

gate dielectric layers 52, 54, 56, and 581 respe tm@ Ption : paged .nt.néq paged .

wor ds, conductive region 53 and gate dielectric "_f‘i e}r 5Pagash. atcgmged...l.f(.’...,
structure 62 overlying well 22, CLAIMS e Srawing(s) : paged ........ to paged ..........
conductive region 55 and gate dielectrig]%ayer 5 -SVﬁ?ﬂﬂ pgaﬂdﬁétmqﬁkuig ,,,,,,,
64 overlying well 24, conductive region 57 and- gatre treteete—ayer 236

forma gate stiuctarfo®élithi®Uaidet, n@omgkhSZﬁg and conductive regi on 59

and gate 5 dielectrig f.or m, tructure 68 overlying well
25 She'thi ckness oF iateltued At SRID BaviBY S petor Sixpaay
determ ne$ t he nmaxanuimdaplant tianee fifrstapaciction 46.said TorebrAted regi ons

53, 55, 57, and 59 func&iggufé éﬁ&g and1” ngers of nulti-finger structured

capacitor 10. They a
a metal on semiconductor (MOS) voltage controlled

variable capacitor in a second portion of said
integrated circuit chip and coupled to said
10 inductor.

2. The monolithic tuner of claim 1, wherein said MOS
voltage controlled variable capacitor includes:

a plurality of wells of a first conductivity type and

15 a first dopant concentration in the second
portion of said integrated circuit chip;

a plurality of contact regions of the first
conductivity type and a second dopant
concentration in the second portion of said

20 integrated circuit chip and electrically coupled
together, the second dopant concentration being
higher than the first dopant concentration, and a
first contact region and a second contact region
of said plurality of contact regions being

25 adjacent to a first well of said plurality of
wells; |

a buried layer of the first conductivity type and a
third dopant concentration in said integrated
circuit chip and underlying said plurality of

30 wells and said plurality of cqhtact regions, the
third dopant concentration being higher than the
first dopant concentration; and

a plurality of gate structures over the major surface
of said integrated circuit chip, overlying said

35 plurality of wells, and electrically coupled
together.
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et cranty. condoet v rogr ont 3. oo, 57" and 90 2?26‘81)%83 1ﬂ|l|||<lll| BRI

the series resistance and increase the Q of capacitor 10. “Whéther * s *
conductive regions 53, 55, .57, and 59 are doped with ions of P ’
conductivity type or ions of N 15 conduct?vity type will affect the

vol tage range at which capacitor 10 operates. The steps of formng the

dielectric Iay the copductjve la P and gate struc s 62, 64,
66, and 68 can be S@ng?ﬁgg gﬁl?h néyst Egmbs th@?geln g?ﬁgnlng the gate
structure of a NCSEEﬁraﬂQtYsbﬁmgateZﬁtructures1mnméuﬁarlng | ayer such as,

for example, a sillopelectRill i APek ALy | AGHOR! B, BUEEL B! Eashr uCtures

62, 64, 66, over strate I NSuU atln ayer
patterned to form spacer@tesraepécéhmghteclsmucqa\}rdede@lectrlgp&éﬁeg 65

adj acent gate structureyAngSpaceesnbd ﬁﬂt@c&rﬁhﬁ%l:&@t ®fshidebEELiE6, and
spacers 69 adjacent gate structure %‘ fnl ues .for form,ng spacers
adj acent gate strucﬁ@ﬂ@g XPiQpp ap oﬁl 1 SSRAYEEITPEiPRe 1R ¢ .

lons of N conductivity tegié plakadityfof @keledtxric layerosehibasgs i ons or

arsenic ions are inplant Loto 3 | L al. 1 f.Qr d
regions 71, 73, 75, 77, o#r1Yifa%8 FﬁP%%gﬁ%@%%ﬁr%‘}éﬁeguC%rﬁ Baddy ggﬁ%%g%{, 33,
35, 37, and 39 adj acdhweddser andrface 17. The dopant concentration of

doped regjgns 71, %3poi%&étaﬁmggé9%1&&@%;}14@3&%@%% intbhat of

portions of cont act reglons 31, 37, and 3 bel ow correspondi ng
doped regions 71, 73, 75»u¢p11§ydofgpoiycr¥§t nF ShddGeme reghengopant

concentration of doped overl§dngngaid pIdralbty of drdetRris bhaijeeen

Ix1g err] atons/cnierr] regions

15 4. A variable capacitor, comprising:
a body of semiconductor material having a major
surface; _
a buried layer in said body of semiconductor material
and at a depth from the major surface of said
20 body of semiconductor material, said buried layer
having a first conductivity type and a first
dopant concentration;
a plurality of wells extending from the major surface
into said body of semiconductor material to the
25 depth, said plurality of wells having the first
conductivity type and a second dopant
concentration lower than the first dopant
concentration; '
a plurality of sinkers adjacent said plurality of
30 wells and extending from the major surface into
said body of semiconductor material to the depth,
said plurality of sinkers having the first
conductivity type and a third dopant
concentration higher than the second dopant
35 . concentration;
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8 and 1x10[err] atoms/cnierr]. Doped regions 71, 73, ﬂ'lmmll mmuﬂﬂ”“'
provi de | ow resi stance contacts to correspondi ng contact -

33, 35, 37, and 39. Doped regions 71, 73, 75, #47, and 79*cah be f'orrfed*
in the sane steps as those formng 5 the _source and drain regions of an

n- channel MOSFET ( not shown) and/ or f%ﬁn1ng the emtter region of an

NPN bi pol ar transi stor (not shown). It should be understood that doped
regions 71, 73, 75, Qﬂgr t 0 A
silicide structure 5? oy tltaﬁﬁaﬁ?é%ﬁn éanbsa§2§$Lé§Tﬁ%?nég}t ormed over
epitaxial |ayer 16. Theméwxnaaheand °‘€ﬁrr1|}’étf19r saifcplasal ity | of dellsyi ons

81, 83, 85, 87, and 89 gng overlying and electrically coupled to contact

regi ons 31, 33, 3 and. 39, respectivel and sili ons 82,
159 90° 86, and oot LIS HoY i indCIATS Feotthe|dtet Faia aneleledie
structures 62, 64, 66, aaget3, respectively. Silicide regi ons 81, 82,
83, 84, 85, 86, 87, 88, and 89 are aligned

5. The variable capacitor of claim 4, further comprising

a plurality of surface regions in said plurality of
wells adjacent the major surface of said body of

10 semiconductor material, said plurality of surface
regions having the first conductivity type and a
fourth dopant concentration lower than the second
dopant concentration.

15 6. The variable capacitor of claim 4, further comprising
a plurality of doped regions in said plurality of
sinkers adjacent the major surface of said body of
semiconductor material, said plurality of doped
regions having the first conductivity type and a

20 - fourth dopant concentration higher than the second

' dopant concentration.

7. A variable capacitor, comprising:
a semiconductor substrate having a major surface;

25 a plurality of wells of a first conductivity type and
a first dopant concentration in said
semiconductor substrate;

a plurality of contact regions of the first
conductivity type and a second dopant

30 concentration in said semiconductor substrate,
the second dopant concentration being higher than
the first dopant concentration, and a first
contact region and a second contact region of
said plurality of contact regions sandwiching a

35 first well of said plurality of wells;

i



w th spacers 63, 65, 67, and 69. Thus, they are al so

self aligned silicide (salicide) regions. 20 Silicide reglﬂmgm"mr]mwlm
and 88 are connected together, form ng a conductive strutturetand s
serving as a first el ectrode of capacii 10. Silicide regions 81, 83,
85, 87, and 89 are connected togethery=form ng anot her conductive
structure and serving as a second el ectrode of 25 capacitor It should
be under st ood that at C f a yted to
being forned fro Bﬁr%& iu’ﬁt f th efsﬁci%&ct%b?lggl&%ﬁg%f E@%e or rred from
ot her types of conduct|Fbl§ﬁrG@P@$@s¢@ﬂﬁﬁnQﬁﬁtﬂqa’l@x&#ﬁﬂesemlco¥@#@ﬁﬂﬁﬁt

silicide, nolybdenum si bhﬁbéﬁatéoé)@dtuﬁdéﬂg}ﬁ@ %@.1d5bﬂ.u95§!i€§ ofrwdles | i ke.

Further, silicide reglons 8 85, 86, , 88, and 89 are
optional in capacitor ﬁalg plurallt%tﬂfséiﬂi’é:ﬁﬂtyregﬁoﬂﬁr dEPE aftrd not
. shown) is 5 orned odepanubebnaémtﬁaﬂtmrd keeimg g gherathant ehéafrst

Dielectric 35 (ILD). gﬁgﬂg 5@ 1c‘>’§| Iadgtown in the art,
0 oWN

nmetal lization regions (n orned the ILD to | ead t he
el ectrodes of capaei pduradity @ﬁaa@meﬁrtm over the major surface

of said semiconductor substrate and overlying
said plurality of wells.

10
8. The variable capacitor of claim 7, further comprising:
a first conductive structure coupled to said plurality
of gate structures; and
a second conductive structure coupled to said
15 plurality of contact regions and electrically

insulated from said first conductive structure.

9. The variable capacitor of claim 7, further comprising
a plurality of surface regions of the first
20 conductivity type and a fourth dopant concentration in
said plurality of wells adjacent the major surface of
said semiconductor substrate, the fourth dopant
concentration being lower than the first dopant

concentration.
25
10. The variable capacitor of claim 7, wherein said
plurality of gate structures include:
a dielectric layer over the major surface of said
semiconductor substrate and overlying said
30 plurality of wells; and

a polycrystalline silicon layer over said dielectric
layer.

11. The variable capacitor of claim 10, wherein said
35 polycrystalline silicon layer is doped with a dopant
of a second conductivity type.
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1. i one enbod mont, Cone. metal| 1 zat on region || Saiﬁﬁaé’?lllllll lﬂlillﬂﬂllllﬁllll

silicide regions 82, 84, 86, and 88, serving. as the first *el écttode
capacitor 10, and another 5 metallization region i'§ connected to SI|ICIde
regi ons 81, 83, 85, 87, and 89, seerH§ as the second el ectrode of
capacitor 1 In an alternative enbodinent I n which capacitor 10 does

not include silici €m | 8, and 89,

the nmetalli zaé’lﬁon ger\%ﬁggggo’{lg#attﬁ%’ nlg & & e%?rg! o%?%apam ‘or 10 is in
di rect contact Cmmpnlﬁtmﬂukh¢\ﬂ&em§gmdhs 53, 55, 57, and 59, and the
metallization regi Bon?E&i(hé‘ga %d;b%é%‘&ﬂ%ﬁhﬁe%edﬁaeé%al }S‘aﬂ%g} taOr 10 is

in direct contact wmth contact regions
It should be understoodeﬁb?dt¥E¥%ﬁrQRHQHﬁ}Pﬁt CondESEéHFF%rtMRP|§9#Wﬁd
limted tg being that shawpein; FIGs. 1 and 2 and descri bed herein

bef F I t d to. h

beore, For SXam SngiREEh lons, of b A% LHSALAIEARL Snca 1y
any nunber 20 of fingersheebgdy ¢ofuwsenivmsudtoremasexiaktto famac tor 10
can al so include a plur kth%é{li’éy”&%tv&c?lfls'?%‘%{te%d%@“%%om a xﬁé’{f@%eéhé éher

Each multi-finger elene ructure sintlar t escr
herei nbef ore and shown of the ppdy. ofi sewicendyatosi materirbnko sdhe 83, 85

87, and 8 25 overlyi ngpaeLe8SPYREENg contact regions 31, 33, 35, 37, and

implanting ions of the first conductivity type into
the body of semiconductor material to form a
plurality of plugs extending from the major
surface of the body of semiconductor material to
15 the buried layer, a plug of the plurality of
' plugs being adjacent to a corresponding well of
the plurality of wells;
disposing a dielectric layer over the major surface of
the body of semiconductor material;
20 depositing a conductive layer over the dielectric
layer;
patterning the conductive layer and the dielectric
layér_to overlie the plurality of wells;
forming a first conductive structure coupled to the
25 conductive layer, the first conductive structure
functioning as a first electrode of the variable
capacitor; and
forming a second conductive structure coupled to the
plurality of plugs, the second conductive
30 structure functioning as a second electrode of
the variable capacitor.
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39 are not Iimted to being connected to each other as sho ' m ’I
They can be electrically coupled-to each ot her via netall |m m '" I“ ,””",
regions (not shown) fornmed in the I LD (not shown). Li kewi s&, Sil4ci*des *
regions 82, 84, 86, 30 and 88 overlying cqrresponding gate structures 62,

64, 66, and 68 are not limted to bei ﬁ& connected to each other as

shown in FIG 1. They can be electrically coupled to each ot her via
nmetal | i zati on regi ons (not shown) forned |nhthe N ILEh(not SPOM?)

Further, capacjtor 10 is not_ limted to 35 having N conductivity type

buri ed Iayelro 13- NTharthof ap claimedpinyglaim 22, whergdn ghe 28epanf N

conductivity type providifigaal bodd 8ASsehiceiuctor %Yatei‘l@ll?’gnch.ﬁg
alternative I ment of

the present inventi®® SFEPSe8%ayer 15, wells 22, 24, 26, and 28, and
contact re§ions 31,p13)3r1d§5n,g a&7substrate; 39 are of P conductivity type.

I operation, the capacifianee 10hCoRRG LAL dfbdirach G2k SlaBYedd usti ng
t he vol t age applie ross gtl

layer adjacent a surface of the substrate; and
burying the doped layer to form the buried layer by
epitaxially growing a layer of semiconductor
10 material over the surface of the substrate.

14. The method as claimed in claim 12, further comprising
the step of implanting ions of a second conductivity
type into the plurality of wells adjacent the major

15 surface of the body of semiconductor material.

15. The method as claimed in claim 12, further comprising
the step of implanting ions of the first conductivity
type into the plurality of plugs adjacent the major

20 surface of the body of semiconductor material.
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structures 62, 64, 66, and 68 and contact regions 31, 33, 35, 37, and
39. Over a voltage range of approxi mately one vol t, 'the capacitance of
capacitor 10 can vary approxi mately by a factor of five. The Q of
capacitor 10. 10 can reach approxi mately or hiigher when capacitor 10 is
operated at a frequency of approximately ‘©One gi ga-Hertz. In addition
because gate structures 62, 64, 66, and 68 are, MOS gate structures,
capacitor 10 has a very | ow | eakage. "By now it should be
appreciated that _a volta e 15 varlable capaci tor _an

fabricating the VARIARGE FPR PP ]?6¥”h§@§R5§§WIEGO?FEGENW%Dnpared

wth a varactor, the voltage vari abl e capacitor of the present

i nvention has a high Q and a | ow | eakage. The vol t age vari abl e
capacitor also has a | arge capacitance range over 20 a small voltage
range. THe voltage vari abl e abpbratorofarhe Disgdokalei cated with ot her
integrated circuit devices in a nonol i t hi ¢ sem conductor chip. Further,
t he net hod for fabricating the voltage variable capacitor is conpatlble
with existing seni®ovieltage vaniahla agpacitor: (L18br fabrieatred ai Geesses.

Therefore, thgedobéR@@ e 'éth&é%x%ﬁiéaqlltwr 1ﬁ&1udest§egﬁ@mudemwtosm i's
cost efficient nd su use in | ow vol tag pplicationg such
as, for exanp?’é a Wejpi) F%&?I é”*ﬂeirelté’fs gebrmahreaties 149 cdt %(?ﬁé’ i
10 doped buried layver (15) and a heavily doped contact region
(31) in the semiconductor substrate (11) form. a low
" resistance conduction path from the well (22) to a surface
(17) of the semiconductor substrate (11). A multi-finger
layout is used to construct the voitage variable capacitor
15 (10). 1In operation, when a voltage applied across the
voltage variable capacitor (10) changes, the width of
depletion region in the well (22) changes, and the
capacitance of the voltage variable capacitor (10) varies
accordingly. ' '
20
Fig. 2 accompanies this abstract.
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11 - CLAI M5 1. A variable capacitor,

conpr.i.sing: 5 a body of sem conductor material having a major

sur f ace; "a buriedtayer in said body of $em conductor

material and at a depth fromthe major surface of said body of
sem conduct or . material, said 10 buri'ed | ayer having a first
conductivity type ’ and a flré? dopant concentratlon a
plurality of wells extending fromthe ngjor surface into said
body of semiconductor =~ - material to the depth said plurality of
well's 15 haV|ng the first conductivity type and a second

dopant. concentration | ower than the first dpant

concentrati on; aﬁ_luralltmapf ers adjacent said pluss.lty of
wel I's and extendlng fromtRe major surfa¢e into 20 ai'd " body of

sem conductor material to the depth, said plurality of sinkers
havi ng 1 he i e




fiusttéonductivity type and a third dopant concentration

hi gher 'than the second dopant concentration; 25 a

dielectric |layer over said body of sem conductor mat eri al and
overlying said plurality of wells; and - a plurality of
conduct.ive regi ons over said a@ielectric | ayer. 30 2. The
vari abl e capacitor of claiml1, further conpri si ng: a first

conductive structure over said plurality of conductive regions
and coupled to said 35 plurality of conductive regions; and

a second conductive structure over said plurality of si nkers,
coupled to said plurality of sinkers,

12 and electrically insulated fromsaid first
conductive structure. ©
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oi ural ity of vel ?scigﬁmﬁﬂmcllllﬂﬁlm .i' n??‘;?r o |

sinkers froma second sirfker o * sai d plu _ ,
| ength, the Iength bei ng great ert han th Y0P 4 WOrReged .
variabl e capacitor of claim1, further ) 'g?d aFﬁP&Rﬂﬂ*
surface regions in said plurality of gigﬁmpmad
surface of sai d body of sem conductor | -
of surface regions having the first c@i&JIMS vi type and a_foyrth

> dopant concentration |ower than t he seeshRl duPaNELEINT et Y&
5. The variable capacitor of claim1, further s

plurality ofl dopdd Vasgialne iGrRAgit ) compriginagd ity of sinkers adj acent

. the maj ok surface Cﬁody of semf@drshmfr QS LONUBAA R dBhpjdal , said
“plurality Bﬁ regions having the first conductivity type
and a fourth dopant c Gt i on higher than the ' second dopant

concentration. 2% burifed Idigewain aéafd GRBRE | d O rsatii ededuetior Wher ei n:

sai d body of sem conduct orrlmalt erlél nClé’epetshafrom the major surface
of said body of semiconductor material, said

10 buried layer having a first conductivity type
and a first dopant concentration;

a plurality of wells extending from the major
surface into said body of semiconductor
material to the depth, said plurality of wells

15 having the first conductivity type and a second
dopant concentration lower than the first
dopant concentration;

a plurality of sinkers adjacent said plurality of
wells and extending from the major surface into

20 said body of semiconductor material to the
depth, said plurality of sinkers having the
first conductivity type and a third ddpant
concentration higher than the second dopant
concentration;

25 a dielectric layer over said body of semiconductor
material and overlying said plurality of wells;
and '

a plurality of conductive regions over said
dielectric layer.

30
2. The variable capacitor of claim 1, further
comprising: _
a first conductive structure over said plurality of
conductive regions and coupled to said
35 plurality of conductive regions; and

a second conductive structure over said plurality of
sinkers, coupled to said plurality of sinkers,



Formd tromso o apolyeryeraiiine siivcon tayer | NSRRI RN

vari abl e capacitor of claim®6, wherein S?Ed pol ycrysté&lltne* s ~*
silicon layer is doped with a dopant of a second conductivity type
opposite to the first 35 conductivity type. .
13 8. The vari abl \ Lt Qr,_of _cl.ai rein _sai .
pol ycrystal line silicof a%@%%kgq 8%%3’%§F%h§18§2§ﬁ-m Saldelgﬁtthe first
conductivity type. 5 comductAveasitatics ugepaci t or, conpri si ng: a
sem conductor substrate having a major surface; : a plurality of
wells of a first conductivity type ~and a_first dopant
concentratiod-in IRedvariable capacitor of claim 1, wherein a well of

5 said plurality of wells separates a first sinker of

said plurality of sinkers from a second sinker of
said plurality of sinkers by a length, the length
being greater than the depth.

10 4. The variable capacitor of claih 1,'further
comprising a plurality of surface regions in said
plurality of wells adjacent the major surface of
said body of semiconductor material, said plurality
of surface regions having the first conductivity

15 type and a fourth dopant concentration lower than
the second dopant concentration.

5. The variable capacitor of claim 1, further
comprising a plurality of doped regions in said
20 plurality of sinkers adjacent the major surface of
said body of semiconductor material, said plurality
of doped regions having the first conductivity type
and a fourth dopant concentration higher than the
second dopant concentration.

25
6. The wvariable capacitbr of claim 1, wherein:
said body of semiconductor material includes a
gilicon substrate; and
said plurality of conductive regions are formed from
30 a polycrystalline silicon-iayer.

7. The variable capacitor of claim 6, wherein said
polycrystalline silicon layer is doped with a dopant
of a second conductivity type opposite fo the first

35 conductivity type.



sem conduct or substrate; 10 a plurality of contact regi o”“l“”“llmm"l'l|““l
first ° conductivity type and a second dopant 5 ARLILRY

concentration in said sem conductor subs{;aie, t h& stcdnd
dopant concentration bei ng higher than the first dopant
concentration, and a 15 first contact region and a second

contact g The v%fﬂé?fe0£%§§+gt8+”§flE%Xiﬁfs?oﬂﬂégéiﬁeggﬁﬁs_
sandwi ching a first we of : Sard prurafi 0 - wel'rTs,;
a buried | ayer ofpehgcrystalloneusilicey {w@ram doped with a dopentrd

dopant concentratpnch8 B8+8t conductivity £@peconductor substrate and

underlying said plurality of wells and said plurality of
contact regions, the third dopant concentration bei ng hi gher
than the §irgt dopavér28ble capacitogpneempraging: and a plurality

of gate structures over thg MBLO s ubstrat .surface of said
seni conduct or sub®t PEFRCRguCTOr substrate haying,a Waigr PRFARFEY of
wel | s. 30 10. TaepVaraabte ofipmellsrobfacEarst9cohduthévity type

conpr i si ng: aaﬁhrétfEPQgU&BbXEtSEBHSEHEEaEQHH'gﬂ £Qi§ai d
plurality of gate structures; an a second conductrve structure
coupled to said 35 semicongpgeari sybgErabfatact regi ons and el ectrically

10 a plurality of contact regions of the first
conductivity type and a second dopant
concentration in said semiconductor substrate,
the second dopant concentration being higher
than the first dopant concentration, and a

15 first contact region and a second contact
region of said plurality of contact regions
sandwiching a first well of said plurality of
wells;

a buried layer of the first conductivity type and a

20 third dopant concentration in said
semiconductor substrate and underlying said
plurality of wells and said plurality of
contact regions, the third dopant concentration
being higher than the first dopant

25 concentration; and

a plurality of gate structures over the major
surface of said semiconductor substrate and
overlying said plurality of wells.

30 10. The variable capacitor of claim 9, further
comprising: _ -
a first conductive structure coupled to said
plurality of gate structures; and _
a second conductive structure coupled to said
35 plurality of contact regions and electrically
insulated from said first conductive structure.




insulated fromsaid first conductive structure. ”"I““"l" l"uuml”"l
14 *11. The variable capacitor of claim9, wherein said ' ' _
wel | between said first contact region aqﬁh sai d second cbntlact* § *

region has a | ength and a depth, e depth being | ess than the
| ength. 5 12. The variabl e capacitor of claim9, further

conprising a qpl uraki . S | ans. of 4 j st conductivity
type and a folﬁlr't haf(ﬂ)ép{éﬁa?}la%ié %a%%:%%g{eoﬁ{roafi%lnﬁﬁ% 95'a| J‘%’Iﬂ%}r%ﬁs%@&of wel |'s
adj acent 10 thHerstajwells atwsenfsaid f isest confiactorregdsn rand,

the fourth dopant Lonfeddddid Wb +YESn I 4 Meength and fd F@dpdppant
concentration. 13. The variable capacitor of claim9, further 15

conprising a plur dhe PR RRNG fthLhan ihe riength. conductivity
type and g fourth dopant concentration

12. The variable capacitor of claim 9, further
comprising a plurality of surface regions of the
first conductivity type and a fourth dopant
concentration in said plurality of wells adjacent

10 the major surface of said semiconductor substrate,
the fourth dopant concentration being lower than the
first dopant concentration.

13. The variable capacitor of claim 9, further
15 comprising a plurality of doped regions of the first
conductivity type and a fourth dopant concentration
in said plurality of contact regions adjacent the
major surface of said semiconductor substrate, the
fourth dopant concentration being higher than the
20 first dopant concentration.

14. The variable capacitor of claim 9, wherein said
plurality of gate structures include:
a dielectric layer over the major surface of said
25 semiconductor substrate and overlying said
plurality of wells; and
a polycrystalline silicon layer over said dielectric
layer.

30 15. The variable capacitor of claim 14, wherein said
polycrystalline silicon layer is doped with a dopant
of a second conductivity type.



in said plurality of contact regions adjacent the maj or surface of

sai d- serti conduct or substrate, the .~ fourth dopant concentration being
hi gher than the 20 first dopant concentrati on. 14. The vari able
capacitor of claim9, wherein said plurality of gate structures

I ncl ude: ' a dielectric layer overl& he major surface of said 25

sem conduct or substrate and overlying said B plurality of wells;
and a polycrystalline silicon |ayer oversaid dielectric

| ayer . 30 15. The variabl e capacitor of claim 14, wherein said

pol ycrystal | i ngagt ABGRTCABMEITAES 2889 $fToD) FerIPRBRICATING THE! sAMgecond
conductivity type.

'5 Abstract of the Disclosure

A voltage variable capacitor (10) fabricated on a
semiconductor substrate (11) includes a gate structure (62)
and a well (22) under the gate structure (62). A heavily

10 doped buried layer (15) and a heavily doped contact region
(31) in the semiconductor substrate (11) form a low
resistance conduction path from the well (22) to a surface
(17) of the semiconductor substrate (11). A multi-finger
layout is used to construct the voltage variable capacitor

i5 (10). In operation, when a voltage applied across the
voltage variable capacitor (10) changes, the width of
depletion region in the well (22) changes, and the
capacitance of the voltage variable capacitor (10) varies
accordingly.

20

Fig. 2 accompanies this abstract.



