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NETHOD FOR FORM NG A HI GH AREAL CAPACI TANCE PLANAR CAPACITOR BACKGROUND

THE | NVENTI ON 1. Field of the Invention The present invention 4él p&g&pq..«q.

generally to planar capacitors within integrated circuits. Mor e
particularly, the present invention relates to hi gh areal capacitance-
pl anar capacitors within integrated circuits. 2. Description of the

Rel ated Art | eeddhticH ﬁ&u&ﬁgoﬁtﬂféa iﬁ%ms 'cafpﬁglirwﬂgggdpmeﬁa ¢ARGraRed

circuits also often hav rmed wt rications capacitors.
When fornmed within analog integrated circuits, capacitors typically provide
for proper operation of those analog integrated circuits. When for ned
within digital integrated ci rBAGKGROUN®POEI THE SINYENTIGN y provi de charge
storage locations for individual bits of digital data. Capacitors of
varyi ng di nensi ons and shapes nay be fornmed within several |ocations within

anal og or dj |taI |nte rated circuits. A particularl comon type of
Capac?Ipr #g of £he Invention P y yp

The present invention relates generally to planar
capacitors within integrated circuits. More particularly, the
present invention relates to high areal capacitance planar

capacitors within integrated circuits.
2. Description of the Related Art

In addition to resistors, transistors and diodes,
integrated «circuits also often have formed within their
fabrications capacitors. When formed within analog integrated
circuits, capacitors typ-i..cally érovide for proper operation of
those analog integrated circuits. When formed within digital
integrated circuits, capacitors typically provide charge storage

locations for individual bits of digital data.

Capacitors of varying dimensions and shapes may be formed
within several locations within analog or digital integrated
circuits. A particularly common type of capacitor formed

typiecally, although not exclusively, within analog integrated
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typically, although not exclusively, wthin analog integrated -2
circuits is a planar capacitor. A schematic cross-sectional diagram
illustrating an integrated circuit having a planar capacitor forned therein
is shown in Fig. 1. Shown in Fig. 1 is a sem conductor substrate 10 upon
and wi thin whose surface is fornmed isolajion regions 12a and 12b which
define the active region of the sem conductor substrate 10. Wthin the
active regicd¥cgitehdseni pdadatt crapagitorat e A0 sehematicd arasszfechiraal
Sem conductqr Field Effect Transistor (MOSFET) caqnprising a, gate elqctrode
16 al i gned YAGRa ghilughEatdndayan 1integrpte aFﬂr6P1§ou’g§‘é¥’g‘3 aih Pptanar

Feai on of (REASEERIThErerBahy b SHTT O Sadupted by Che gate oxi de
| ayer 14 and the gate el ectrode 16.

Shown in Fig. 1 is a semiconductor substrate 10 upon and
within whose surface is formed isolation regions 12a and 12b which
define the active region of the semiconductor substrate 10. Within
the active region of the semiconductor substrate 10 is formed a
Metal Oxide Semiconductor Field Effect Transistor (MOSFET)
comprising a gate electrode 16 aligned upon a gate oxide layer 14,
and a pair of source/drain electrodes 18a and 18b formed within the
exposed portion of the active region of the semiconductor substrate
10 not occupied by the gate oxide layer 14 and the gate electrode
16.

As also shown in Fig. 1, the planar capacitor within the

integrated circuit comprises a first planar capacitor electrode 20
 separated from a second planar capacitor electrode 24 by a planar
capacitor dieleétric layer 22. As iliustrated by Fig. 1, the
Planar capacitor is formed upon the surface of an isolation region
of the semiconductor substrate 10, as is typical in the art. The
isolation region upon which is formed the planar capacitor is the

isolation region 12b.

Although the planar capacitor as illustrated in Fig. 1 is



As. al sg shown in Fig. 1, the planar capacitor within the integrated circuit
conprlses a first planar capacitor electrode 20 separated froma second

pl anar capacitor electrode 24 by a planar capacitor dielectric |ayer 22.

As illustrated by Fig. 1, the planar capacitor is formed upon the surface
of an isolation region of the sem condécsof substrate 10, as is typical in
the art. The isolation region upon which is fornmed the planar capacitor is
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increasingly difficult to fabricate planar capacitors, such as the
planar capacitor within the integrated circuit illustrated by Fig.
1, with adequate levels of capacitance within the decreasing levels
of surface area afforded to those planar capacitors within advanced
integrated circuits. Planar capacitors with increasing levels of
areal capacitance are thus typically needed to yield planar

capacitors of adequate capacitance for proper operation of advanced

integrated circuits.

It is thus towards the goal of forming high areal
capacitance planar capacitors within integrated circuits having
limited surface area available for those planar capacitors, that

the present invention is directed.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
method for forming within an integrated circuit a high areal

capacitance planar capacitor.



planar .capacitor within the integrated circuit illustrated by Fig. 1, with
adequate | evel s of capacitance within the decreasing | evels of surface area
afforded to those planar capacitors within advanced integrated circuits.

Pl anar capacitors with increasing |levels of areal capacitance are thus
typically needed to yield planar capacitgrs of adequate capacitance for
proper operation of advanced integrated circuits. It is thus towards the
goal of form ng hi ghAasesdnd apiectantethd prasevtpinvemriomiishin preeifeaiteed
circuits having |imted surface area available for those planar capacjtors,
that the preRdtnd iRy &FePER Vithi thatflrstsobNerY of the PRYERRT AhveRtian,

obj ect of the. sent jdnvention is _to. provide a method for formng within
an int egrat"zl'Sa %%@%ﬁ?dalﬁi%oamu%&ﬁgf?? fite pl anar capacitor.

In accord with the objects of the present invention there
is provided a method for forming a high areal capacitance planar
capacitor within an integrated circuit, as well as the high areal
capacitance planar capacitor which results from the method. To
form the high areal capacitance planar capacitor of the present
invention, there is first provided a semiconductor substrate.
Formed upon the semiconductor substrate is a first planar capacitor
electrode, and formed upon the first planar capacitor electrode is
a first planar capacitor dielectric layer. Formed then upon the
first planar capacitor dielectric layer is a second planar
capacitor electrode, and formed upon the second planar capacitor
electrode is a second planar capacitor dielectric layer. Finally,
there is formed;upon the second planar capacitor dielectric layer

a third planar capaéitbr electrode.

The present invention provides a method for forming
within an integrated circuit a high areal capacitance planar
capacitor. Through the method of the present invention there is
provided a planar capacitor which has a second planar capacitor
electrode which is: (1) separated from a first planar capacitor

electrode by a first planar capacitor dielectric layer, and (2)



-4~ A second object of the present invention is to provide a nethod in
accord with the first obj ect of the present invention, which nethod is al so
manuf acturable. In accord with the objects of the present invention there
is provided a method for formng a higheareal capacitance planar capacitor
within an integrated circuit, as well as the high areal capacitance planar
capacitor which results fromthe method. To formthe high area

capaci t ancesgparstecappant ar thirahplpheseniapanieati @lectbede by fa redcond
provided a sem conductor substrate. Formed upon the sem conductor substrate
is a first PLanRE @mtq;r ddledectoiie, laver { or Fhe néenarheapa%torpl%ﬂfa}ed
capaci tor %ectr Is a first planar acitor dielectric |aye

then upon ¢ HEFFHFL (e Eﬁ§F°§é’JaEPFoPr%§C B dnvRatiaperins Nps aUBR ANV
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el ectrode.
present invention has a second planar capacitor electrode which

serves as a common electrode within two adjoining planar capacitors
occupying a surface area equivalent to the surface area occupied by

a conventional planar capacitor.

The high areal capacitance planar capacitor of the

present invention is readily manufacturable. The high areal

capacitance planar capacitor of the present invention comprises a

~novel five layer capacitor structure which is formed through
methods and materials which are otherwise conventional in the art

of integrated circuit fabrication. To th;e extent that no new

methods and materials are needed to form the high areal capacitance

planar capacitor of the present invention, the high areal

capacitance planar capacitor of the present invention is readily

manufacturable.

~In addition, if the five layers within the five layer
capacitor structure of the high areal capacitance planar capacitor
of the present invention are formed simultaneously with other

patterned 1layers which would otherwise be formed within the



The present invention provides a nethod for formng within an integrated
circuit a high areal capacitance planar capacitor. Through the nethod of
the present invention there is provided a planar capacitor which has a
second pl anar capacitor electrode which is: (1) separated froma first

pl anar capacitor electrode by a first_p%ggar capacitor dielectric |ayer,
and (2) -5- separated froma third plfanar capacitor electrode by a

second pl andmtegratietior clr@dfct riskhliayethiciheid! apsFmefPatid Oh ilghr Madeal
through the nethod of the present invention thus has approxi mately tw ce
t he capaci t #ifPacdtanceorplanaronadpatitar ofpathe oprefseadui ¥avemticar,eakthen
di nensi on, si,nce the planar capacitor of the present invention has a second
pl anar capad¥BLdrant r manufagturiogr weonamya andmedf iciencyode weehized wen
o heeS DA G BRS 22881 apat s Rance Siandr Capaditor of tne present

invention within the integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which form a material part of

this disclosure, show the following:

Fig. 1 shows a schematic cross-sectional diagram of an
integrated circuit of the prior art having formed therein a

conventional planar capacitor.

Fig. 2 to Fig. 5 show a series of schematic cross-
sectional diagrams illustréting the results of progressive process
steps in forming within an integrated circuit the high areal
capacitance planar capacitor of the preferred embodiment of the

pPresent invention.

Fig. 6 shows a schematic plan-view diagram of the high
areal capacitance planar capacitor of the preferred embodiment of

the present invention.



a gonventional planar capacitor. The high areal capacitance planar
capacitor of the present invention is readily manufacturable. The hi gh
areal capacitance planar capacitor of the present invention conprises a
novel five |layer capacitor structure which is forned through nethods and
materials which are otherw se conventional in the art of integrated circuit
fabrication. To the extent that no-n@w net hods and nmaterials are needed
to formthe high areal capacitance planar capacitor of the present
invention, the high areal capacitance planar capacitor of the present
invention is readi |y naREPGRIRGIAN &F [ EaBEET?%#%DiEMﬁﬂﬂiMﬁWVe | ayers within
the five |l ayer capacitor structure of the high areal capacitance planar
capacitor of the present invention are formed sinmultaneously with other

patterned layers whi gieWpilde QL NERVLREIE S UV VL Mhdbdd¥ for forming a

planar capacitor, and a planar capacitor formed through the method,
which planar capacitor has an areal capacitance substantially
higher than the areal capacitance of planar capacitors conventional
in the art of integrated circuit manufacture. The high areal
capacitance of the planar capacitor of the present invention is
obtained through employing a second planar capacitor dielectric
layer and a third planar capacitor electrode aligned upon a planar
capacitor which is otherwise convention&l to the art of integrated
circuit manufacture. Due to the presence of the second planar
capacitor dielectric 1layer and the third planar capacitor
electrode, the planar capacitor of the present invention provides
an areal capacitance approximately twice the areal capacitance of

Planar capacitors conventional to the art.

Although the high areal capacitance planar capacitor of
the present invention is most likely to be employed as a planar
capacitor within an analog integrated circuit, the high areal
capacitance pianar capacitor of the present invention may be
employed within various types of integrated circuits. The high
areal capacitance planar capacitor of the present invention may be

employed within integrated cirduits including but not limited to



-65 integrated circuit within which is. formed the high areal capacitance

pl anar capacitor of the present invention, then significant manufacturing
econony and efficiency is realized in form ng the high areal capacitance

pl anar capacitor of the present invention within the integrated circuit.

BRI EF DESCRI PTI ON OF THE DRAW NGS The ac®ompanyi ng drawi ngs, which forma.
material part of this disclosure, showthe followng: Fig. 1 shows a
schemati c cP¥BaMiecRrpdem AreggmaMemorin (DRAWr aindeariatedi cistuihe, pStatiart

havi ng for herejn a conventional planar capacitor., Fig. 2 to Fig. 5
show a ser .”Egné ms?ffé’r?élsi cMemeg- ( ) onbiteArAfedsCir Ukt at ARG ligation

Cirouit Cheohightas obfRaR, Bl an hSHERDY, detsmedh, ofeEHafs chaving

enbodi nent afithle BHESLNEal IRRLILAL MELGL Ex SOV Eerfi SHMRITRLLC FRL 2R ¥EFYLe
di agram of the high _

Transistors (MOSFETs'), integrated circuits having within their
fabrications bipolar .transistors and integrated circuits having
within their fabrications Bipolar Complementary Metal Oxide
Semiconductor (BiCMOS) transistors. The method of the present
invention has broad applicability in forming within integrated

- circuits high areal capacitance planar capacitors.

Referring now to Fig. 2 to Fig. 5 there is shown a series
of schematic cross-sectional diagrams illustrating the results of
progressive stages in forming the high areal capacitance planar
capacitor of the preferred embodiment of the present invention
within an j.ntegrated circuit. Shown in Fig. 2 is a schematic

g cross-secti'c-mal diagram oif the integrated circuit at its early

stages of fabrication.

Shown in Fig. 2 is a semiconductor substrate 30 within
and. upon whose surface is formed isolation regions 32a and 32b.
Semiconductor substrates upon which the present invention may be
practiced may be formed with either dopant polarity, any dopant
concentration and any crystallographic orientation. Typically, the

semiconductor substrate 30 upon which is practiced the present



areal capacitance planar capacitor of the preferred enbodi nent of the
present invention. -7- DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The
present invention provides a nmethod for formng a planar capacitor, and a
pl anar capacitor fornmed through the nethod, which planar capacitor has an
areal capacitance substantially higher t1gap the areal capacitance of  planar
capacitors conventional in the art of integrated circuit manufacture. The
hi gh areal ciPYeRrtifRelofe Mreopl Bnasitiger i seniasmauddopr ssbatrate draving is

obt ai ned thr empl qyi a second pl anar capacitor dielectric layer and a
third pIanar?ggggégﬁﬁﬁ%@ﬂggf?ER&Faﬂqﬁjﬁﬁétﬁﬁﬁn a planar capacitor which is

ot herwi se conventional to the art of integrated circuit manufacture. Due
to the presence of the second planar capacitor dielectric |ayer and the

third planar capacitoOfyethods by which isolation regions may be formed within
and ﬁpon semiconductor substrates are known in the art. Such
methods include but are not limited to methods whereby a portion of
2 semiconductor substrate exposed through an appropriate mask is
oxidized to form isolation regions within and upon the
semiconductor substrate, and methods whereby a separate blanket
insulating layer is formed upon a semiconductor substrate and
subsequently patterned to form isolation regions upon the
semiconductor substrate. For the preferred embodiﬁent of the
pPresent invention, the isolation regions 32a and 32b are préferably
formed through a thermal oxidation process whereby portions of the
semiconductor substrate 30 exposed through a suitable oxidation
mask are consumed to form witﬁin and upon the semiconductor

substrate 30 isolation regions 32a and 32b of silicon oxide.

Also illustrated in Fig. 2 is the presence of a first
planar capacitor electrode 34 formed upon the surface of the
isolation region 32b. Formed upon the surface of the first planar
‘capacitor electrode 34 is a first planar capacitor dielectric layer
36. Both the first planar capacitor electrode 34 and the first
Planar capacitor dielectric layer 36 are components of the high

areal capacitance planar capacitor of the present invention.



el gctrogde, the planar capacitor of the present invention provides an areal
capaci tance approximately twi ce the areal capacitance of planar capacitors
conventional to the art. Although the high areal capacitance planar
capacitor of the present invention is nost |likely to be enployed as a

pl anar capacitor within an anal og integrat®d circuit, the high areal

capaci tance planar cagpacitor of the present invention may be enpl oyed
wi thin various typesg&l"e ﬁ?éb"’rﬂ‘("é} EBF‘dﬁ?‘E%‘flal'Fh@aMi R %Fr'é’élalcgﬁaﬁ'ﬁ?]aﬁﬁf‘él
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Sem conductor Field Effect Transistors (MOSFETs), integrated circuits

havi ng wi t Hnethafis r Phygical Vapor Deposition (PVD) sputtering methods and
Chemical Vapor Deposition (CVD) methods through which may be
deposited blanket layers of conductive materials including but not
limited to metals, metal alloys and highly doped polysilicon. The
blanket layers of conductive materials may be subsequently

patterned through methods conventional in the art to form planar

capacitor electrodes.

For the preferred embodiment of the present invention,
the first planar capacitor electrode 34 is preferably formed of a
highly doped polysilicon 1layer patterned from a blanket highly
doped polysilicon layer formed upon the semiconductor substrate 30
surface. The blanket highly doped polysilicon layer may be formed
and doped through methods as are conventidnal in the art, including
but not 1limited to Chemical Vapor Deposition (CVD) methods,
?hysical Vapor Deposi#ion (PVD) sputtering methods, thermal
diffusion methods and ion implantation methods. Preferably, the
first planar capacitor electrode 34 has a thickness of from about
1000 to about 4000 angstroms, and the first planar capacitor
electrode 34 has a resistance of no greater than about 50 ohms per

square.



fabrications bipolar transistors and integrated circuits having within
their fabrications Bipolar Conplenentary Metal Oxi de Sem conductor (Bi CMOS)
transi stors. The net hod of the present invention has broad applicability
in formng within integrated circuits,high areal capacitance planar
capacitors. Referring nowto Fig. 2 to Fig. 5 there is shown a series of

schemat o or oss- secti fAlecls39" Whadd UALLALLAD 413 JESULL PapLr DTy g83bVe

stages in formng the a capacrtance anar capaci

preferred pabesknetnPbulh % d¥e?at the tHBE bn@ My d 1 LB S EHARALEDAGYI T .
Shown in Fig. 2 is a schématic cross-sectional diagramof the integrated

circuit atintsheatty oft agesgitddbirealt atanuuavuren Frgpidally aalthough

sem conductor substrate 30 within and upon whose surface i-s forned

i sol ati on neyi exsleivedwl Pp2hnaSeramarichert diiedebstiat bayensomayhibeh fohmed

present invention nmay be practiced may be fornmed with either dopant

polarity, &Ryoushpapatianniss: khrewsh mrthads @sysral Fouyeianal ildnthei ant

gyg;gﬁily’o%hglgggggoggg éé@:f%”fﬁJé?éaéﬁ%&ﬁ%”bi@ﬂfﬂ1ﬂéié?%%%%hc%qr%ﬂfts.
Methods and materials through which blanket dielectric layers may
be formed within integrated circuits include but are not limited to
Chemical Vapor Deposition (CVD) methods, Plasma Enhanced Chemical
Vapor Deposition (PECVD) methods and Physical Vapor Deposition
(PVD) sputtering methods through which may be deposited dielectric
materials including but not limited to silicon oxide dielectric
materials, silicon nitride dielectric materials and silicon
oxynitride dielectric materials. For the preferred embodiment of
the present invention the first planar capacitor dielectric layer
36 is preferably formed of either a silicon oxide dielectric
material, a silicon nitride dielectric material or a silicon
oxynitride dielectric material. Preferably, the first planar

capacitor dielectric layer 36 is from about 200 to about 800

angstroms thick.

Also shown in Fig. 2 is a gate dielectric layer 38 upon
which resides a gate electrode 40a. Both the gate dielectric layer
38 and the gate electrode 40a reside upon the active semiconductor

region of the semiconductor substrate 30. Both the gate dielectric



-9; invention is a N or P- silicon sen conductor substrate having a (100)
crystallographlc orientation. Methods by which isolation regions may be
formed within and upon sem conductor substrates are known in the art.

Such net hods include but are not limted Lo_met hods whereby a portion of a
sem conductor substrate exposed through an appropriate mask is oxidized to

form 401 2L4P0 JeEUREthe Wakll 01 oAl 100 ol d'SRBHLEROUGE U wSURBIGAE

and et hods y a separa i nsal I ng or e

sem conduct 9émfettiductios 29618 URSRUEHransRaES ST (MskFer)f.orm i sol ati on
regi ons upon the sem conductor substrate. For the preferred enbodi nent of

the present invention, the isolation regions 32a and 32b are preferably
formed through a thermal oxi dati on process whereby portions of the
sem conduct or subst r #edhgdsergrsk cmaten ialsh threwgbmbicki dratieondielectric

layers and gate electrodes may be formed upon active semiconductor
regions of semiconductor substrates are known in the art. Gate
dielectric layers may be formed through methods including but not
limited to methods whereby the surface of the active semiconductor
region of a semiconductor substrate is oxidized to form a blanket
gate dielectric 1layer of silicon oxide wupon the active
semiconductor region of the semiconductor substrate, and methods
whereby a blanket gate dielectric layer is independently deposited
upon the active semiconductor region of the semiconductor
substrate. Excess portions of blanket gate dielectric layers
formed upon active semiconductor regions may be removed via
etching, through processes conventional to the art, to form gate

dielectric layers.

Gate electrodes are typically formed via patterning and
etching through methods as are conventional in the art of blanket
layers of gate electrode materials which are formed upon the
surfaces of blanket gate dielectric layers. Typically, blanket
layers of gate electrode materials are formed from highly
conductive materials such as metals, metal alloys, highly doped

polysilicon and polycides (highly doped polysilicon/metal silicide



mask are consunmed to formw thin and upon the sem conductor substrate 30

I sol ation regions 32a and 32b of silicon oxide. Also illustrated in Fig. 2
is the presence of a first planar capacitor electrode 34 fornmed upon the
surface of the isolation region 32b. Formed upon the surface of the first

pl anar capacitor electrode 34 is a fiTt3 pl anar capacitor dielectric |ayer
36. -Both tiF%4éHg%t pl anar capacitor electrode 34 and the first planar
capacitor dielectric layer 36 are conponents of the high areal capacitance
pl anar capacitor of the present invention. - 10 - Several nethods and
materials may in general be enployed in form ng planar capacitor el ectrodes
within integrated ci Fowi the phefémridddambvaimentedifakiei peesdnt bittverrtiongt

limted to thernmally assisted evaporati on net hods, el ectron beam assi sted

evapor at i ortheet liade, PRhelectric/apgayeDepdsi tion grM@rabiyt t Eormed nethnotghand
-patterning of a. blanket gate dielectric layer formed through
thermal oxidation of the active semiconductor region of
semiconductor substrate 30 at a temperature of about 800 to about
1000 degrees centigrade to yield a blanket gate dielectric layer of
silicon oxide at a typical thickness of about 40 to about 120
angstroms. For the preferred embodiment of the present invention,
the gate electrode 40a is preferably formed by patterning and
etching of either a blanket layer of highly doped polysilicon or a
blanket tungsten silicide polycide (highly doped
polysilicon/tungsten silicide stack) layer formed upon the blanket
gate_dielectfic layer at a thickness of about 1500 to about 3000
angstroms. The highly doped polysilicon within either of the
preceding two layers is preferably formed through a Chemical Vapor
Deposition (CVD) method employing silane as the silicon source
material, along with suitable dopant species. Once the blanket
layer of highly doped polysilicon or the blanket tungsten silicide
polycide layer has been patterned to yield the gate electrode 40a,
the gate electrode 40a may be employgd as an etch mask to pattern
the gate dielectric layer 38 from the blanket gate dielectric

layer.



Chem cal Vapor Deposition (CVD) nethods through which may be deposited
bl'anket |ayers of conductive materials including but not limted to netals,
netal alloys and highly doped polysilicon. The bl anket |ayers of conductive
materials may be subsequently patterned through nmethods conventional in the
art to form planar capacitor el ectrodes.- Bdr-the preferred enbodi nent of

the present inventi Oﬂgtﬁggqﬁ,;ra tuﬁéggﬁogéwiat %rﬁgggﬁcgﬁ??fe&)’l}ﬁ %he art,

preferably forned of ope ysi I'1"con er patterned froma

bl anket hi giHey €oped RAlaai! 'cﬁgﬁcli.ééfﬂr dieieedrypon dyae seen aaRduer gate
substrate 30 surface. The bl anket highly doped polysilicon |ayer may be
formed and diicgdegttiriicodghernel ity amdere ceatadnt chnahms tartdes et patteknddng
but not linmited to Chem cal Vapor Deposition (CVD) nethods, Physical Vapor
Deposi t i on §499D) thgusame | hjankathodkeleddrien Lavarf ussuah nds hags svairaply

I npl antatiqn thods. Preferably, the first planar capacitor electrode 34 -
e 't hi CRIRSEETORS PR SSTRRSURE (1 HBEea h AP A GenE SR LAnT CORBCRERE:

' gL?rgalraefap.a&éltgﬁeelp‘i‘gsgﬂgei%éegéforﬁ reSpti¥1GSyOT 2 YEEAHerlan APOYRe 50
preferred thiéknesses of the first planar capacitor dielectric
layer 36 and the gate dielectric layer 38 preclude easily forming
those dielectric layers simultaneously from the same blanket

dielectric layer.

Also shown in Fig. 2 is the presence of a second planar
capacitor electrode 40b. The second planar capacitor electrode 40b
is preferably patterned simultaneously from the same blanket layer
of highly doped polysilicon or blanket tungsten silicide polycide
layer from which is patterned the gate electrode 40a. Analogously
with the gate electrode 40a, the second planar capacitor eiectrode
40b is also preferably from about 1500 to about 3000 angstroms
thick. The §econd planar capacitor.electrode 405 also preferably

has a resistance of no greater than about 50 ohms per square.

Finally, there is shown in Fig. 2 the presence of low
dose ion implants 42a and 42b formed into the surface of the active
region of the semiconductor substrate 30 at locations not occupied

by the gate dielectric layer 38 and the gate electrode 40a. The



square., Anal ogously, planar capacitor dielectric |ayers may al so be
formed through Several nethods and materials as are conventional in the art
of integrated circuit manufacture. Typically, although not exclusively,

pl anar capacitor dielectric layers may be forned through patterning through
met hods as are conventional in the art—-of5 bl anket dielectric |ayers forned

Wi thin int egnat@she 16 mpiddRkNQds i BeTd iS¢t DU iGly R 1Rdietic

dielectric layers may be formed wthin integrated circuits i1 nclude but' are

not |im tedteldCheadeahtyafein PaROghte 0 détddemaba0Odage s €6 nautseymraedy
Chem cal Vapor Deposition (PECVD) nethods and Physical Vapor Deposition

(PVD) sput tfnrmeg meohnce/ddainugaledimidemsmy offie teposicmpdedied! eetal Oxide
materials including but not limted to silicon oxide dielectric materials,
silicon ni t9a€oqBrEer FiekhtRifests TXR8SiPEPE 0 AMOSERT k rfrmead &idhinj and

rials. For referr [
material s up%n E:Hg é)en?ic%nd%gtggb sct).x%

nment o . .

stra&e ;0, thus limiting the injection of
charge carriers from the semiconductor substrate 30 into the gate
dielectric layer 38 of the Metal Oxide Semiconductor Field Effect

Transistor (MOSFET]}.

Methods and materials through which low dose ion implants
may in general be formed within integrated circuits are known
within the art of integrated circuit manufacture. Low dose ion
implants are typically provided through ion implantation methods
employing dopant species which are ionized and implanted at
sufficient velocity and dose to form into a semiconductor substrate

- regions of conductivity sufficient for low dose ion implants. The
po;arity desired for the low dose ion implants will dictate the
polarity of the dopant species. Arsenic dopant species, boron
dopant species and phosphorus dopant species are common in the art.
For the preferred embodiment of the present invention, the low dose
ion implants 42a and 42b are preferably formed through implanting
a suitable dopant species into the active region of the
semiconductor substrate 30 at about 1E13 to about 1E14 ions per
square centimeter dose and about 20 to about 80 keV ion

implantation -energy.



the present invention the first planar capacitor dielectric layer 36 is
preferably formed of either a silicon oxide dielectric material, a silicon
nitride dielectric material or a silicon oxynitride dielectric material.
Preferably, the first planar capacitor ﬁgejectric | ayer 36 is from about
200 to about 800 angstronms thick. Also shown in Fig. 2 is a gate dielectric

| ayer 38 upon which rReegegg?ngdgg&O 1__e‘bl &ff od; 4%{35502% ;tir}_é wch:tg gc %{{I C

layer 38 and the gate elec a re5| upon n1con

regi on of tbﬁoéﬁ#ﬂéﬁﬁi@hﬁhord§é@¥%ﬁfﬁfifﬁ@tr@@iﬁgth@héﬁuéééﬂrﬁsecbk'CfurthePQ
- layer 38 and the gate el ectrode 40a are conponents of a Metal Oxide

Sem conduct P¥of#ss ihgEbf ettie Intagrated (iMOBEEWhodédshedetand imtielustpated

t hrough whi ¢ ate dielectric layers and gate el ectrodes may be fornmed upon

active seni {:%ngbgt of- Shown in Fig. 3 is the presence of: (1) insulator
spacers 44a and 44b formed adjoining a pair of opposite edges of
the gate electrode 40a and the gate dielectric layer 38, and (2):
insulator spacers 44c and 44d adjoining a pair of opposite edgeé of
the first planar capacitor electrode 34, the first planar capacitor
dielectric layer 36 and the second planar capacitor electrode 40b.
Methods and materials through which insulator spacers may be formed
within integrated circuits are known within the art of integrated
circuit manufacture. Insulator spacers are typically, although not
exciusively, formed through,anisotropic Reactive Ion Etch (RIE)
etching of blanket layers of insulator materials formed within
integrated circuits. The blanket layers of insulator materials may
be forméd of insulator materials including but not limited to
silicon oxide insulator materials, silicon nitride insulator
materials and silicon oxynitride insulator materials deposited
within integrated -circuits through methods including but not
limited to Chemical Vapor Deposition (CVD) methods, Plasma Enhanced
Chemical Vapor Deposition (PECVD) methods and Physical Vapor

Deposition (PVD) sputtering methods.

For the preferred embodiment of the present invention,

the insulator spacers 44a, 44b, 44c and 444 may be formed of



regi ons of sem conductor substrates are known in the art. Gate dielectric
| ayers may be fornmed through methods including but not linmted to nethods
whereby the surface of the active sem conductor region of a sem conduct or
substrate is oxidized to forma bl anket ;gate dielectric layer of silicon
oxi de upon the active sem conductor region of the sem conductor substrate,

and net hods whefehy axﬁhenkﬂsuqskgﬁdiﬂt%wahg,' a{f{-éo% | pdepeadentisuiator

deposited upon the active sem conductor region o e sem conduct or

substrate. méverEisl POkt § O oRYymitealdednbCefif£l£ChEl s |cnon f@ruRdarpON
active sem conductor regions nmay be renoved via etching, through processes
conventional to the art, to formgate dielectric |ayers. Gate el ectrodes
are typically formed via patterning and etching through nethods as are
conventional in the alsef shioankén Figer$d dis ddtee ptesmncede fheaanrical/draknch
are forned u$ n the surfaces of blanketagate dielectric layers. Typically,

bl anket | aye? ST % $2cirodachalerPafs APEPPCTHERLYr ofHR gk Sxposed
conductive r@&zefééel.ss osf"%ea%emgngxéuc%t %L.lbgltlrgt\{g’ 36” ggé‘yeéjﬁ)p&xde isolation

region 32a and the insulator spacer 44a, and between the isolation
region 32b and the insulator spacer 44b. Methods and materials
through which source/drain electrodes may be formed within
integrated circuits are conventional to the art of integrated
circuit manufacture. Such methods and materials are also analogous
to the methods and materials through which are formed low dose ion
implants within integrated circuits. The polarity of the low dose
ion implants, if present, will dictate the polarity of the
source/drain electrodes. Arsenic dopant ions, boron dopant ions
and phosphorus dopant ions ére common in the art of forming
source/drain electrodes. For the preferred embodiment of the
present invention, the source/drain electrodes 46a and 46b are
preferably formed through ion implanting into the semiconductor
substrate 30 a suitable dopant species at an ion implantation dose
of from about 1E15 to about 5E15 ions per square centimeter and an

ion implantation energy of from about 20 to about 80 keV.

Finally, there is shown in Fig. 3 the presence of a

conformal Pre-Metal Dielectric (PMD) layer 48. Conformal Pre-Metal



pol ysilicon and pol ycides (highly doped polysilicon/netal silicide - 13
- ‘'stacks). For the preferred enbodi nent of the present invention, the gate
dielectric layer 38 is preferably formed through patterning of a

bl anket gate dielectric |ayer formed through thernmal oxidation of the
active sem conductor region of sem cendactor substrate 30 at a tenperature
of about 808 t | Fl 10 WY b

dielectri cqls)%%/%r&%?' Esi(%ﬁggnggg%ﬁﬁ%é&} d[ %e?%g.lalt ﬁilécghgggdolft ﬁg%‘g%? gﬁ%ﬁ}og g
about 120 ocangdimateriaksrakdibgousl ebrfékydodnaenatof id e Hhrought wh iwteideon,
the gate electrode 40a is preferably fornmed by patterning and etching of

ei ther a bl Een@ad loAher diehéqtric dayedspwitliniintegnatadbcankuits. tThesst en
silicide gol ci de (highly doped polysilicon/tungsten silicide
stack) |ayéet #Qﬁaﬁufqﬂxmgqﬁmgagpag@giu ing but are not limited to Chemical

Vapor Deposition (CVD) methods, Plasma Enhanced Chemical Vapor
Deposition (PECVD) methods and Physical Vapor Deposition (PVD)
sputtering methods through which are deposited dielectric materials
including but not iimited to silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride
dielectric materials. For the preferred embodiment of the present
invention, the conformal Pre-Metal Dielectric (PMD) layer 48 is
preferably formed of a Boro Phospho Silicate Glass (BPSG)
dielectric layer deposited through Chemical Vapor Deposition (cvb)
co-deposition method, as is common in the art. Other methods and
materials may, however, alternatively be employed. Preferably, the
thickness of the conformal Pre-Metal Dielectric (PMD) layer 48 is

from about 5000 to about 10000 angstroms.

Referring now to Fig. 4 there is shown a schematic cross-
sectional diagram illustrating the results of further processing of
the integrated circuit whose structure is illustrated in Fig. 3.
Shown in Fig. 4 is the results of planarizing the conformal Pre-
Metal Dielectric (PMD) layer 48 illustrated in'Fig. 3 to yield the
planar;zed Pre-Metal Dielectric (PMD) layers 48a and 48b. Methods

and materials through which conformal dielectric layers within



gate dieleétric | ayer at a thickness of about 1500 to about.3000 angstrons.
The highly doped polysilicon within either of the preceding two |ayers is
preferably fornmed through a Chem cal Vapor Deposition (CvD) nethod

enpl oying silane as the silicon source_mgerial,

speci es.

Once the bl anket

t t i ki i de d to.yield the gat
bl octr ode atncePrated Y ELEEu ey hal Th "Bl BRH A CEr© lon 1 B 2Ry
pattern thecgatermie! acs 16 iy €1 a @b d rﬂHg”ﬁ% bl AHeRL1 20t S i RIGC Lhd €hods

| ayer .

14 - Although, as understood by a person skilled in the art,

the first phpailwdizgabutonotli aimttedc tbaymactbvandonheEwgat e KiEl estdhmack
| ayer 38 nagéunder certain circunstances be patterned fromthe sanme bl anket

dielectric

JRArizing, methedst ypinsh| | ghemical Mechanical Polish  (CMP)

planarizing methods.

For the preferred embodiment of the present invention,
the conformal Pre-Metal Dielectric (PMD) layer 48 is preferably
planarized to yield the planarized Pre-Metal Dielectric (PMD)
layers 48a and 48b through a Chemical Mechanical Polish (CMP)
pPlanarizing method, as is common in the art. Such Chemical
Mechanical Polish (CMP) planarizing methods have been described, in
general, by Cote in U.S. Patent 5,262,354 and Allman in U.S. Patent
5,312,512. The conformal Pre-Metal Dielectric (PMD) layer 48 is
preferably planarized through the Chemical Mechanical Polish (CMP)
planarizing method until the upper surface of the second planar

capacitor electrode 40b is fully exposed.

Referring now to Fig. 5, there is shown a schematic
cross-sectional diagram illustrating the reéults of further
processing of the integrated circuit whose structure is illustrated
in Fig. 4. Shown in Fig. 5 is the presence of a series of
patterned planar dielectric layers S0a, S50b and S0c corresponding
with a series of patterned planarized Pre-Metal Dielectric (PMD)

layers 48a', 48a'' and 48a''' which are formed through patterning

along with suitable dopant
| ayer of highly doped polysilicon or the bl anket



preferred when form ng the high areal capacitance planar capacitor of the
present invention. Typically, the differences in the preferred

t hi cknesses of the first planar capacitor dielectric |layer 36 and the gate
dielectric layer 38 preclude easily fargpng those dielectric |ayers

si mul t aneously fromthe sane bl anket dielectric |ayer. Also shown in Fig. 2

i s the preseficehofp rarf@Geed PFalMdt00pIeibotr £ qwongaégp-d.hemso%wn
pl anar capacitor electrode 40b is preferably patterned sinultaneously from

t he same bl d8skthe| pyesergie bifghl yecomd b lamaysichpaohtsr dilelaletiricunggeéersod
silicide polycide |ayer fromwhich.is patterned the gate el ectrode 40a.
Anal ogous| y TRFPRA: feapmaing dibecsusdacasact t AcpatbennedpdemardapdcPrerMetal

el ectrode 4 | SO pr. raply frao ut 1500 to about 3000 angstrons
thi ck. The gggg%agﬁ%ngr&bgpgﬁ?g% ég]ég??ode% §PSONdr SHlanas yCaRacitor

resi stance @foROr94, ap, ab 20. 0 ef,.sapare.. Final | efe is
shown in Fig. 2 fﬂ%t?g%@sea%@etg ?g%?adro‘%zee%ﬁgi ﬁﬁ?%ﬂ'{a@'%ﬁtﬁ'& XE%BPO{W

into the sugBggce of the active region of the sem conductor substrate 30 at
| ocati ons not occupied

In order to form the series of patterned planar
dielectric layers 50a, 50b and 50c, and the second planar capacitor
dielectric layer, there is first formed a blanket planar dielectric
layer upon the surface of the planarized Pre~Metal Dielectric (PMD)
layer 48a, the second planar capacitor electrode 40b and the
planarized Pre-Metal Dielectric (PMD) layer 48b. Methods and
materials through which is formed the blanket planar dielectric
layer are analogous to the methods and materials through which is
formed the blanket layer from which is forme& the first planar
capacitor dielectric layer 36. Preferably, the blanket planar
dielectric layer is formed of a dielectric material chosen from the
group of dielectric materials consisting of silicon oxide
dielectric materials, silicon nitride dielectric materials and
silicon oxynitride dielectric materials. Preferably, the blanket
Planar dielectric layer is preferably from about 200 to about 800

angstroms thick.

The blanket planar dielectric layer may then be patterned



by the gate dielectric layer 38 and the gate el ectrode 40a. The - 15 -
| ow dose ion inplants 42a and 42b assist in providing electric field
gradients fromthe gate el ectrode 40a edges to subsequently forned
source/drain el ectrodes of the conpleteg Metal Oxide Sem conductor Field
Ef fect Transistor (MOSFET) fornmed within and upon the sem conduct or

b el oo !
sem conduct G S phoFR1iBihibnY 8ol SecRind WHBARTLE S58 ConfRACina)
Oxi de Sem condine @itFte! €hinf tRE! pdE@dttied Blahd¥fect¥Bichadger8ds 6@} FoAl S

t hrough which | ow dose ion inplants may in general be fornmed wthin
I ntegrated znd chl¢ s and khewsevorndi plddeer acdpaditon adiedfercrdicr dlayer 50d.

manufacture. =~ Low dose ion inplants are tépically provi ded through ion
i mpl ant at i ofitHetthoddheemsiagpi nphebpbithographds wAneh atehingi Zeethady the
I mpl ant ed at

planarized Pre-Metal Dielectric 1layer 48a is subsequently
sequentially patterned to form the patterned planarized Pre-Metal
Dielectric (PMD) layers 48a', 48a'', 48a''' and 48a'''', with
apertures reaching the surfaces of the source/drain electrode 46a,

the gate electrode 40a and the source/drain electrode 46b.

Also shown in Fig. S5 is the presence of conductive
contact studs 52a, 52b and S2c¢, which are formed into the series of
apertures formed by patterning the planarized Pre-Metal Dielectric
(PMD) layer 48a to yield the patterned planarized Pre-Metal

Dielectric (PMD) layers 48a', 48a'', 48a''' and 48a''''.

Methods and materials through which conductive contact
studs may be formed within patterned planarized dielectric layers
within integrated circuits are known within the art of integrated
circuit manufacture. Conductive contact studs may be formed into
apertures between patterned planarized dielectric layers through
methods including but not limited to thermally assisted evaporation
methods, electron beam assisted evaporation methods, Physical Vapor
Deposition (PVD) sputtering methods and Chemical Vapor Deposition

(CVD) methods. Conductive contact studs may be formed of



sufficient velocity and dose to forminto a sem conductor substrate regions
of” conductivity sufficient for |ow dose ion inplants. The polarity desired
for the low dose ion inplants will dictate the polarity of the dopant

speci es. Arseni c dopant species, bargg dopant species and phosphorus
dopant species are common in the art. For the preferred enbodi nent of the

present | MEHd ke Q1 d9se hO AR ke P8 BOR AR & nebleer A

formed thr.oug anting a sui speci €S Into the active region

of the semLoris tagid ﬁ&@ﬁ%ﬁ%&pe@%ﬁggbw&o&ﬁﬁ to about 1E14 ions per

square centineter dose and about o about 80 keV ion inplantation
energy. -16 - Referring nowto Fig. 3, there is shown a schenmatic
cross-sectional diagramillustrating the results of further processing of
the integrated circuFprwibsepsefernnad embodimenst pht ble present invention,

the conductive contact studs 52a, 52b and 52c¢ are preferably formed
of tungsten metal formed into the apertures between the patterned
planarized Pre-Metal Dielectric (PMD) layers 48a', 48a'', 48a''’
and 48a'''' through a Chemical Vapor Deposition (CVD) method, as is
common in the art. The conductive contact studs 52a, 52b and 52c¢
make contact, respectively, with the source/drain electrode 46a,
the gate electrode 40a and the source/drain electrode 46b. The
conductive contact studs S2a, S52b and S52c are preferably formed of
a sufficient height to reach the upper surfaces of the patterned
planar dielectric layers S0a, S0b and S0c, and the second planar

capacitor dielectric layer S0d.

Finally, there is shown in Fig. 5 the presence of
patterned first conductor layers 54a, S54b and S54c, and a third
planar capacitor electrode 54d. Methods and materials through
which may be formed patterned conductor layers within integrated
circuits are known within the art of integrated circuit
manufacture. Patterned conductor layers are typically formed
through patterning and etching through methods as are conventional
in the art of blanket conductor layers. Blanket conductor layers

may be formed within integrated circuits from conductor materials



in Fig.,2. Shown in Fig. 3 is the presence of: (1) insulator spacers 44a
and 44b forned adjoining a pair of opposite edges of the gate el ectrode 40a
and the gate dielectric layer 38, and (2) insulator spacers 44c and 44d
adjoining a pair of opposite edges of thg Lirst planar capacitor electrode
34, the first planar capacitor dielectric |layer 36 and the second pl anar

capaci tor elncludilog 44 nbet DS i & [0 i i t
spacers may be fojr*ﬁged Wi thin int egrgﬁggégﬂsguﬁég&alr ?E%%Qmﬁvtﬁ thﬁi%hlh?hgé%erc%
of integratPalEsibidan nafedfmet uwEthims Uheé@ratdiiCcei Scwits { YRFARIH Ymethods
al t hough not exclusively, forned through ani sotropic Reactive lon Etch

(RIE) et chi AECfdinamust nphybimited tosthetnal exaporat sof methoddsi,t &lectron

i nt egrated ﬁggcuit&. The bl anket |ayers of insulator materials may be
formed of i su‘f‘a’tsoﬁ*%geﬂ%%rémmaﬁﬁmﬁm Bogts Lcidi Yeppx Pepolsiiédnn ob@ @

oxyni 11 de RatT ot Myl Sn BEnigatuPeRrs Broaschien LrYRLITStMIfbugh

Tothods, Pl aemn Enhabren Erem caPelnCRe D 8. HHATbreRen) UrlRs iR L, dhe

Physi cal Vapatterned firstlconductor layers 54a, 54b and 54c, and the third
planar capacitor electrode 54d are preferably simultaneously
patterned from a single blanket conductor layer formed of an
aluminum containing alloy. Preferably, the thickness of the
patterned first conductor layers 54a, S4b and 54c, and the third
pPlanar capacitor electrode 54d is from about 3000 to about 8000

angstroms each.

Upon forming the patterned first conductor layers 54a,
54b and S54c, and the third pPlanar capacitor electrode 54d, there is
formed an integrated circuit which has formed therein the high
areal capacitance planar capacitor of the preferred embodiment of
the present invention. The high areal capacitance planar capacitor
is comprised of the first planar capacitor electrode 34, the first
planar capacitor dielectric layer 36, the second planar capacitor
electrode 40b, the second plaﬁar capacitor dielectric layer 504 and
the third plaﬁar capacitor electrode 54d. The high areal
capacitance planar capacitof of the present invention has an areal

capacitance approximately double that of planar capacitors



Depositjon (PVD) sputtering nethods. For the preferred enbodi nent of the
present invention, the insulator spacers 44a, 44b, 44c and 44d may be
formed of - 17 - silicon oxide insulator materials, silicon nitride
i nsulator materials or silicon oxynitfide-materials, as is common in the
art. Also showmn in Fig. 3 is the presence of source/drain el ectrodes 46a

and 46b for ®avehesPELt | YS! ¥nel t expo surfaces of t cos
sem conduct or substrate %‘8 %tel ngg't ﬁgei )é'(%l zt[%%onéggesg?n(ﬁ? S%fa gﬁdatdﬁétlonal

i nsul at or spdaear44eapaditdict wReTeétiid SQAagerONah&0i 0 3MuiANdnkNe planar
I nsul ator spacer 44b. Methods and materials through which source/drain

el ectrodes ®@papétéor netiesirdden i niregradmpardisvaui withr eptandent capatiters he

art of integrated circuit manufacture. Such nmethods and materials are al so

anal ogous t GONNeNhRRdoatienareri al s through which are formed | ow dose

I on

In addition, many, if not all of the dielectric layers

and electrodes formed within the high areal capacitance planar
capacitor of the present invention may be formed concurrently with
dielectric layers and conductor layers which are employed in
forming other structures within the integrated circuit within which
is formed the high areal capacitance planar capacitor of the
present invention. Thus, the high areal capacitance planar

capacitor of the present inventiqn may be formed within an

integrated circuit with limited, if any, additional masking steps.

Referring now to Fig. 6 there is shown a schematic plan-
view diagram of the high areal capacitance planar capacitor of the
present invention. Absent from Fig. 6 are: (1) portions of the
patterned planarized Pre-Metal Dielectric (PMD) layer 48a''‘'', (2)
portions of the planarized Pre-Metal Dielectric (PMD) layer 48b,
and (3) portions of the insulator spacers 44c and 44d, which
portions adjoin the high areal capacitance planar capacitor. Shown
in Fig. 6 is the presence of the third planar capacitor electrode
54d, immediately below which resides the second planar capacitor

dielectric layer 50d. Directly beneath the second planar capacitor



implants within integrated circuits. The polarity of the | ow dose ion
inmplants, if present, will dictate the polarity of the source/drain

el ectrodes. Arsenic dopant ions, boron dopant ions and phosphorus dopant
ions are conmon in the art of form ng source/drain el ectrodes. For the
preferred enbodi nent of the present inven®¥on, the source/drain el ectrodes

46a and 46b BledeBtgier ' | AR5 L.ng_J
sem conduct or subst ?gtlgé%éof ggglrﬁe ?sa}bﬁggg%aﬁgg%%%lggsgt 9%%9%%%31%1%'%% gg?on
dose of fromokbant Béddatilp tHe0EecoHRdSplNiEr RAPaSUBSE Ce LEN IR WobAREsRBes ON
i npl antation energy of from about 20 to about 80 keV. Finally, there is
shown in Fi ¢he3fifst planarc capacitanrdlectrbder 24 MetThle Duel £nérof theMbirst

| ayer 48. Confornmal Pre-Metal - 18 - Dielectric (PVMD) layers may in
general be g TP ELabectnin kavesr 36| 55 modincddant twithettiredseaond

mat eri al s trg,r%%gh whi ch, are
1 I capacitor electrode 40b. Thus, the first planar capacitor

dielectric layer 36 is not shown in Fig. 6.

As is understood by a person skilled in the art, the
preferred embodiment of the high areal capacitance planar capacitor
of the present invention is illustrative of the high areal
capacitance planar capacitor of the present invention rather than
limiting of the high areal capacitance planar capacitor of the
present invention. Revisions may be made to methods, materials
structures and dimensions through which is formed the high areal
capacitance planar capacitor of the present invention while still
forming a high areal capacitance planar capacitor within the spirit

and scope of the present invention.

What is claimed is:



f or mee—other dielectric layers within integrated circuits. These methods

and ' ' Mg but are not limted to Chem cal Vapor Deposition
(C,\/D;r]!g““%m“m““tm‘ Enhanced Chemi cal Vapor Deposition (PECVD) nethods
and Physi eal vVapors Deposition (PVD) sputtering nethods through which are
deposited dielectric materials including bBugénot Iimted to silicon oxide

o ect e i< S R BTN SR b

oxynitride dielectric nmaterra erre

present invention, tfb&o%ﬁiﬁé)@'séﬁ{i%o%héhopi Shieet ¥t ;(PVD) layer 48 is
preferably fornmed of a Boro Phospho Silicate d ass (BI—J’SG) dielectric |ayer

deposi ted through ChefurmdhgVaped dbepeeriicondgérd subginpie ta dirset phbahams
is coomon in the art. Qher nethods and materials may, however,

al ternatively becamgstidpsdeleefedeivl y, the thickness of the conformal
Pre-Metal Dielectric éﬂI;ND) | ayer 48 is from about 5000 to about 10000
angstrons. Referring 596Wing ypep thethigrst pdanpapgepaciénenaleetradssa-first

sectional diagr illustrati the resul.ts of further processing of the
i ntegrated ci rc?nyifar\l/ﬁfosc@pgﬂ'g%’f ’ee]ief%rllFu%FY%\’t'Ed in Fig. 3.

forming upon the first planar'capacitor dielectric layer
a second planar capacitor electrode;

forming upon the second planar capacitor electrode a
second planar capacitor dielectric layer; and,

forming upon the second planar capacitbr dielectric layer

a third planar capacitor electrode.

2. The method of Claim 1 wherein the first planar capacitor
electrode is formed of doped polysilicon at a thickness of

from about 1000 to about 4000 angstroms.

3. The method of Claim 1 wherein:

the first planar capacitor dielectric layer is formed
from a dielectric material chosen from the group of dielectric
materials consisting of silicon oxide dielectric materials,
silicon nitride dielectrié materials and silicon oxynitride
dielecﬁric materials; and,

the first planar capacitor dielectric layer is from about

200 to about 800 angstroms thick.

-
eet Has Been Re(laced

T



Shown results of planarizing the conformal Pre- Mta
Delﬂi‘l&l mg ﬂ r48illustratedin Fig. 3 toyield the planarized
Pre PMD) | ayers 48a and 48b. Methods and naterial s

t hr ough mhlch confornal dielectric layers within - 19 - integrated
circuits may be planarized are known in-tP2-art. Confornal dielectric

| b | d b limted
romct  ve lon B ch (RIEE BPERSE K T, WREEERTR 0" Do | hem cal ©
Mechani cal PO"Sh tn@CQELoHéﬁ€f£A£¥r§5533ﬂ3345e158 o8& Péef5¥ﬁéﬁifrom a

enbodi mrent of the present 1nvention, onformal Pre-Metal Dielectric
(PVD) |ayer 48 icongueftakablpatydrandridessdmw ¥Yirond dHee grenwr iofedetnduddiva

Dielectric (PVD) |ayers 48a and 48b through a Chem cal Mechani cal Polish

(CWP) pl anari zi meptesiladd, consistiing ofmiphghly dopedr polys iduictonCapdi twhgsten
silicide polycide (highly doped polysilicon/tungsten silicide
stack)mconductive materials; and

the second planar capacitor electrode has a thickness of

from about 1500 to about 3000 angstroms.

5. The method of Claim 1 wherein:

the second planar capacitor dielectric layer is formed
from a dielectric material chosen from the group of dielectric
materials consisting of silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride
dielectric materials; and

the second planar capacitor dielectric layer is from

about 200 to about 800 angstroms thick.

6. The method of Claim 1 wherein the third planar capacitor
electrode is formed from a metal layer at a thickness of from

about 3000 to about 8000 angstroms.

7. The method of Claim 6 wherein the metal layer is
patterned from a conductor metal layer within an integrated

circuit.

\
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Mechani cal_Pql i ( PI anari zing net hods have been described, in
general , m‘g@‘;@‘m‘m&m Patent 5,262,354 and Allman in U S. Patent
5,312, 5198 (cOmfosmat Pre-Metal Dielectric (PVD) |ayer 48 is preferably
pl anari zed t hrough the Chem cal Mechanical Polish (CW) planarizing method

until the upper surface of the second pl #2n28 —capacitor electrode 40b is

crost- sobti onal oF agr v R 4% Do1ke FoatrbReRr CPpPAEEAS RbERLng (28

cross-secti onal e results r ocessli 0

the integrated cplgHafidiRse BidMetdnepis1ddd et ¢ S 1layell Surrdundingnene
in Fig. 5 is the presence of a series of patterned planar dielectric

| ayers 50a, 50b ardotd@ lamarecsppacitur wiliektaoderprivrottopfidteimpdhs seapnded
Pre-Metal Dielectric (PMD) layers 48a', 48a'' and 48a'' which are forned
t hrough patt er ni R§anar. capacitgr ¢ Héepeahnks zdayPr e upbnalti® efeeend c PLPREY

| ayer 48. Al so shown . . .
capacitor electrode, the planarizing completely exposing the

upper surface of the second planar capacitor electrode.

9. A method for forming a planar capacitor within an
integrated circuit comprising:

providing a semiconductor substrate;

forming upon the semiconductor substrate a minimum of one
transistor;

forming upon the semiconductor substrate a first planar
capacitor electrode;

forming upon the first planar capacitor electrode a first
planar capacitor dielectric layer;

forming upon the first planar capacitor dielectric layer
a second planar capacitor electrode;

forming upon the second planar capacitor electrode a
second planar capacitor dielectric layer; and,

férming upon the second planar capacitor dielectric layer

a third planar capacitor electrode.

10. The method of Claim 9 wherein the transistor is a Metal

Oxide Semiconductor Field Effect Transistor (MOSFET).

This Sheet Has Been Replac
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I's the presence of a second planar capacitor dielectric layer 50d forned
spanni f a patterned planarized Pre-Metal Dielectric (PVD)

| ayer - ,mmmmﬂmlkwwmgnd pl anar capacitor el ectrode 40b and the planarized
Pre-Met'al ‘Di &l ebtric X PVD) | ayer 48b. Inggrder to formthe series of
patterned planar dielectric |ayers 50a b~and 50c, and the second pl anar

capaci tor diel eqlyri crhaYgésh G"feci?lrﬁ lof %1"1 Feinathé& f@.&'@'ﬂl\giaﬂi@r@pacuor

dielectric layer upon the surface of the p anarlzed Pre tal Dielectric

(PMD) layer 48aellekersgeons pbahed SRPdspddpallyediiieda 4@baarthilcReess of

pl anari zed Pre-Metal Dielectric (PMD) |ayer 48b. Met hods and material s
t hrough whi ch i £rfogr gbdut ht0ql dwok abopt a4e00 dingseerbmse | ayer are anal ogous
to the methods and materials through which is formed the bl anket |ayer from
which is formed the first planar capacitor dielectric |ayer 36.

Preferably, the ric layer is formed of a dielectric
mat eri al %:lhosen Jgrom ?%e&é@ga‘{) %f%&gé?e%t‘ﬁ &y% erials consisting of
si|icon oxide diel ecihiC fiRLEr hhRar SEAPLORIY tdidiRcliebeabiks MRt Goirkd

and
from a dielectric material chosen from the group of dielectric

materials consisting of siliqon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride
dielectric materials; and

the first planar capacitor dielectric layer is from about

200 to about 800 angstroms thick.

13. The method of Claim 9 wherein:

the second planar capacitor electrode is formed from a
conductive material chosen from the group of conductive
materials consisting of highly doped polysilicon and tungsten
silicide polycide (highly doped polysilicon/tungsten silicide
stack) conductive materials: and

the second planar capacitor electrode is from about 1500

to about 3000 angstroms thick.

14. The method of Claim 9 wherein:
the second planar capacitor dielectric layer is formed

from a dielectric material chosen from the group of dielectric
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silicon oxynitride dielectric materials. Preferably, the blanket planar

drel ecﬂmﬂilllwu iJIIIlHMLerabI y from about 200 to about 800 angstrons thick.
The bl et el dilélectric |ayer may then be patterned - 21 - through
phot ol i t hographi ¢ and etching nethods as_are conventional in the art to
formthe patterned planar dielectric Ia‘yé?s' 50a, 50b and 50c, and the

second planar capa@riialsdc8h§siting |5y edibibn WiildeN dikgee@PBc materials,
phot ol i t hographi ¢ and etchi ng nmethod, the planarized Pre-Metal Dielectric

| ayer 48a is subssiddwent nitgeqecaiebédiriratnaierdd liso ahdr glillkeopabkenivertide
planarized Pre-Metal Dielectric (PMD) layers 48a', 48a'', 48a''' and
48a'''"' wi-t igdectaiesmaterialsy @md surfaces of the source/drain

el ectrode 46a, the gate el ectrode 40a and the source/drain el ectrode 46b.
Al 'so shown in Fig. 5™He t3¢€opfePIad@rofcapRcdiori Viielectric layer is from

about 200 to about 800 angstroms thick.

15. The method of Claim 9 wherein the 'third planar capacitor
electrode is formed from a metal layer at a thickness of from

about 3000 to about 8000 angstroms.

16. The method of Claim 15 wherein the metal 1layer is
pattern_ed from a conductor metal layer within an integrated

circuit.

17. The method of Claim 9 further comprising forming and
planarizing a Pre~Metal Dielectric (PMD) layer surrounding the
second planar capacitor electrode prior to forming the second
planar :capacitor dielectric layer upon the second planar
capacitor electrode, the planarizing completely exposing the

upper surface of the second planar capacitor electrode.

18. A planar capacitor comprising:
a semiconductor substrate;
a first planar capacitor electrode formed upon the

semiconductor substrate;

_
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contact studs 52a, 52b and 52c, which are formed into the series of
apertu terning the planarized Pre-Metal Dielectric (PVD)
I ayer H!gm mllmmlml patterned planarized Pre-Metal Dielectric (PMD)
| ayers s 48a''' and 48a''''. Methods and materials through which
conductive contact studs may be formed w th3h-patterned planarized

dielectric layers w th i.ntegrated C|r |t [, kno

integrated circuit n%n%? ﬁgnafﬁﬁﬁ %&éﬁ mgﬁ%e%g$ﬂgéggg$%e& Into
apertures betmqulggtbqgﬁgp &gﬁyyaEbgeglgégggggrlc | ayers through methods
including but not limted to thermally assi st ed evapor ati on net hods,

el ectron beam assi st adsesaPpaahan capabedsr Fluctirvde ¥opmsd Uppastlié @1rsRVD)
sputtering methods and Chem cal Vapor Deposition (CVD) nethods.

Conductive conted@narscapscitmay dieéectoioelayearf; - 22 - conductive
materials including but not limted to netals, netal
a second planar capacitor dielectric layer formed upon
the second planar capacitor electrode; and,
a third planar capacitor electrode formed upon the second

-planar capacitor dielectric layer.

19. The planar capacitor of Claim 18 wherein the first planar
capacitor electrode is formed of doped polysilicon at a

thickness of from about 1000 to about 4000 angstroms.

20. The planar capacitor of Claim 18 wherein:

- the first planar capacitor dielectric layer is formed
from a dielectric material chosen from the group of dielectric
materials consisting of silicon oxide dielectric materials,
silicon nitride dielectric materials and siligon oxynitride
dielectric materials; and

the first planar capacitor dielectric layer is from about

200 to about 800 angstroms thick.

21. The planar capacitor of Claim 18 wherein:
the second planar capacitor electrode is formed of a

conductive material chosen from the group of conductive
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al l oys and highly doped polysilicon. For the preferred enbodi nent of the

pt esentipmm) ' j conductive contact studs 52a, 52b and 52c are
prefermummamﬂlmﬂmbngsten nmetal formed into the apertures between the
patterned ¢l anari ze re-Metal Dielectric (PVMD).layers 48a', 48a'', 48a'’
and 48a'''' through a Chem cal Vapor Depos+Bzon (CVD) nethod, as is common

inthe art. Th Lve cantact studs 52a. 52b and 5 k

aspect tvel y. WIHALRALE STPbaAn, SE IR goaoned Pile geRRcrad s,
dth / iaii@ 82601 ah T @ scant 520 452D

and 53¢ are pref Ao g ot (oY RePSR eI CRRY BahaRiap B iR ce

surfaces of the qralcker BedaRtia ndit@keal sk Capdyers 50a, 50b and 50c, and
t he second planar capacitor dielectric |ayer 50d. Finally, there is shown

in Fig. 5 the presentheofeqmid plaadrftamdcitRrdatléotrddyy diss £odm, atholit 41500
54c, and a third planar capacitor el ectrode 54d. Met hods and materials
t hrough whi ch nmébp lebofibr 300 mrigsdmoed tbhdkct or | ayers within integrated
circuits are known within the art of integrated circuit

22. The planar capacitor of Claim 18 wherein:

the second planar capacitor dielectric layer is formed
from a dielectric material chosen from the group of dielectric
materials consisting of silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride
dielectric materials; and

the second planar capacitor dielectric layer is from

about 200 to about 800 angstroms thick.

23. The planar capacitor of Claim 18 wherein the third planar
capacitor electrode is formed from a metal laYer at a

thickness of from about 3000 to about 8000 angstroms.

24. The planar capacitor of Claim 23 wherein the metal layer
is patterned from a conductor metal layer within an integrated

circuit.
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manuf act ur e. Pat t erned conductor

Layeréﬁéré typically fornmed through

patterning and etching through nmethpds.as are conventional in the art of
bl anket conductor |ayers. Bl anket éonductor ‘fayers may be formed within
integrated circuits from conductor materials -23 - including but not
limted to netals, netal alloys and highly doped polysilicon, forned
within integrated circuits through nethods including but not limted to
t hermal evaporati on nethods, el ectron beam assi sted evaporati on met hods,
Physi cal Vapor Deposition (PVD) sputtering nethodsiand Chenical Vapor
Deposition (CVD) nethods. For the preferred enbodi ment of the present

i nventi on,

t he patterned firsABESDRARR tQFr THREY BESCBASYRE4b and 54c, and the

third planar capacitor electrode 54d are preferably sinultaneously
patterned fMETHOR FORNBORMING aX) HFGH AREBALICCAPACITANGE PLANAR: CAPACIZOR al uni num

contai ning all oy.

I?\“ranfe Exgglfldr ftorz]%i}xgi gzlf&afrf acr)xf ins:ggrated circuit a high
areal capacitance planar capacitor, and the high areal capacitance
planar capacitor which results from the method. There is first
formed upon a semiconductor substrate a first planar capacitor
electrode. The first planar capacitor electrode has a first planar
capacitor dielectric layer formed thereupon, and the first planar
capacitor dielectric layer has a second planar capacitor electrode
formed thereupon. Formed then upon the semiconductor substrate is
a Pre-Metal Dielectric (PMD) layer which is planarized until the
surface of the second pianar capacitor electrode is fully exposed.
There is formed upon the second planar capacitor electrode a second
planar capacitor dielectric layer. Finally, there is formed upon
the second planar capacitor dielectric layer a third planar
capacitor electrode. The high areal capacitance areal capacitor
may be formed within the integrated circuit without masking steps

beyond those which are routinely employed in forming the integrated

circuit.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



patterned first conductor |ayers 54a, ,and 54c, and the third planar
capacitor electrode 54d is frontabout 3000 to about 8000 angstrons each.
Upon formng the patterned first conduttor” l'ayers 54a, 54b and 54c, and the
third planar capacitor electrode 54d, there is forned an integrated circuit
whi ch has forned therein the high areal capaci tance planar capacitor of the
preferred enbodi nent of the present invention. The high areal capacitance
pl anar capacitor is conprised of the first planar capacitor el ectrode 34,
the first planar capacitor dielectric RLayer 36, the second planar capacitor
el ectrode 40b, the second planar capacitor dielectric |layer 50d and the

third planar capacitor electrode 54d. The high areal capacitance
pl anar capacitor of the present invention has an areal capacitance
"~ approxi mately doubl e that of planar capacitors - 24 -
24
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conventional in the art, due to the presence of an additional planar
cdpacitfor dielectric layer and an additional planar capacitor electrode, in
conparison with planar capacitors conventional to the art. In addition,
many, if not all of the dielectric |ayers and electrodes formed within the
hi gh areal capacitance planar capacitor of the present invention may be
formed concurrently with dielectric |layers and conductor |ayers which are
enployed in formng other structures within the integrated circuit within
which is formed the high areal capacitance planar capacitor of the present
i nvention. Thus, the high areal %ﬁpacitance pl anar capacitor of the
present invention may be fornmed within @i integrated circuit with [imted,
if any, additional masking steps. Referring nowto Fig. 6 there is shown a
schematic plan- view di agram of the high areal C%Rfcitance pl anar capacitor
of the present invention. Absent fromFig. 6 aré€” €1) portions of the
patterned planarized Pre-Metal Dielectric (PVD) lLayer 48a'' ''40b2)
portions of the planarized Rrg;Metal Bi€bectric :

48 444
, 36
34

32a — e /s-ISZb
30 g

146G 420 38 40q 42b 46b

FIG. 3

44q 44b 44¢ 4Qij644d

k \ \ //’48b

32a o | — ya /S-SZb
30 z

460 42q 38 40q 42b 46b
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and (3) portions of the insulator spacers 44c and 44d, which portions
adj oi m the high areal capacitance planar capacitor. Shown in Fig. 6 is the
presence of the third planar capacitor el ectrode 54d, inmedi ately bel ow
whi ch resides the second planar capacitor dielectric |layer 50d. Directly
beneath the second pl anar capacitor -25 - dielectric layer 50d resides
t he second pl anar capacitor el ectrode 40blg?d beneath the second pl anar
capacitor el ectrode 40b resides the first ‘pl anar capacitor el ectrode 34.
The outline of the first planar capacitor dielectric layer 36 is coincident
wi th the second planar capacitor el ectrode 40b. Thus, the first planar
capacitor dielectric |layer 36 i§4_ t shown in Fig.- 6. As is understood by a
person skilled in the art, the pretferrdd@etbodi mnent of the high areal
capaci tance pl anar capacitor4d®t't RNe5 gesent 5i4_nvent ion is illustrative of
t he high areal C 48g"

S0b 5%2¢ S4d

52q 248 44d

C |
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A/ / j
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/ 34

1

460 42038 40q 42b | 46b \ 40b
44q 44b  44c

FIG. &5
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capaci t dnce . [ '.t- of e pfesent invention rather than limting
+he High @IIEEQF gg%%?%aﬁ%e p% apacitor of the present |nvent|on

of the"

Revi si 0 smmycr@mmgeaq TetohRgsd . at

t hr oug
presen
capaci
cl ai me

conpri

h
t
t

e

rials struc urel&pﬂ
vgch,,, ./ g (:b.a fﬁ‘% 4 aFea capaci t anc (t
ivention |Fe"t ormngahlgh ar eq|

rD\R’%W"%b)t ﬁé‘t*%i)r rit a'f”?t? %co

‘'subst rat e;

sem compquct or W ﬁm{’% el ectrode; form ng upon
the fi r?t pl é}mr cap%g??or F’?h@tgg a tirst p jarDATI A0F tRIECHIP] %ﬁr?’ﬁqq
I 'ayer; |form rpyoviding 4 semitonduttop kabsaates apaci tor dielectric layer a second -
pl anar |capacit or,

forming over the semiconductor substrate a first planar capacitor electrode;

forming upon the first planar capacitor electrode a first planar capacitor dielectric layer;
forming upon the ﬁrst planar capacitor dielectric layer a second planar capacitor
electrode;

forming surrounding the second planar capacitor electrode a Pre-Metal Dielectric
(PMD) layer;

planarizing the Pre-Metal Dielectric (PMD) 'layer to expose completely the uupper
surface 'of the second planar capacitor electrode;

forming upon the upper surface of the second planar capacitor electrode a second planar
capacitors dielectric layer; and | |
forming upon the second planar capacitor dielectric layer a third planar capacitor

e Ll

the second planar capacitor electrode is formed from a conductive material chosen from
the group of conductive materials consisting of doped polysilicon and tungsten silicide
polycide (doped polysilicon/tungsten silicide stack) conductive materials; and

the second planar.

9. A method for forming a planar capacitor within an integrated circuit comprising:
providing a semiconductor substrate; |
forming upon the semiconductor substrate a minimun of one transistor;
forming over the semiconductor substrate a first planar capacitor electrode;
forming ﬁpon the first planar capacitor electrode a ﬁrst planar capacitor dielectric layer;
forming upon the first planar capacltor dielectric layer a second planar capacitor
electrode;

forming surrounding the second planar capacitor electrode a Pre-Metal Dielectric
(PMD) layer;
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el ectrode; formng surrounding the second planar capacitor electrode a
Pre-tetal Dielectric (PVMD) |ayer; planarizing thjmm lmsmumm tric
(PMD) layer to expose conpletely the upper surfa | anar

capaci
capaci
upon t
el ectr

- electr

to abo
pl anar
chosen
di el ec
oxyni t

for electrode; form ng upon the upper surface of f‘he setond pl anar
} or el ectrode a second pl anar capacitor dielectric |layer; and form ng

he sec cpi@nqbizmgatheohpductab chleettledPME) layge to axpcbnercbnrpletalyr theaypper t or
bde. t ho Claim1 n the first planar capacitor
hde i s SPB?FFEGF@F cP?‘Iﬂ?F apaciterplect th| ckness of from ab]?ut 1000
it 400 &ngg{) :

capacfft or g Ei ectri rI ayer gﬁ% ornmed Trom gﬂcgf?%@eéﬂctﬁbrdﬁgs%g@gré@}

f r om tdapacitop diglextricilagerandi c material s consisting of 'silicon oxide

ric erjals, silicon nitride diglectric materials and silicon
i de gefgpgg{gr wRo nthe secends plaparcapacitor dielectric layer a third planar capac1tor

electrode. . -

13.  The method of Claim 9 wherein
the second planar capacitor electrode is formed from a conductive material chosen from
the groﬁp of conductive materials consisting of doped polysilicon and tungsten silicide
polycide (doped polysilicon/tungsten silicide stack) conductive materials; and
the second planar capacitor electrode is from about 1500 to about 3000 angstroms
thick.

8. A planar capacitor comprising:
a semiconductor substrate;
a first planar capacitor electrode formed over the semiconductor subsl:rate
a first planar capacitor dielectric layer formed upon the first planar capacitor electrode;
a second planar capacitor electrode formed upon the first planar capacitor dielectric
layer; | '
a planarized Pre-Metal Dielectric layer formed surrounding the second planar capacitor
electrode to expose completely the upper surface of the second plénar capacitor
electrode; |
a second planar capacitor dielectric layer formed upon the upper surface of the second
planar capacitor electrode; and,
a third planar capacitor electrode formed upon the second planar capacitor dielectric

layer.
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27 the first planar capacitor dielectric i ayer is fromabout 200 to about

800 angs
capacito

mat eri a

S;
from ab)lt%

wher ei n

R O O W

The nethod 'of d ai
rmed froma conducti
group of &onflucti Ve matérials consisting of clogg’aeﬁ%}?‘ } 1 PA88A -pr'@ PagsdsTen
silicide polycide (doped polysilicon/t
; and the second pl anar capaciTor el

sten % ClaunGe stpasRy &

[ REPOACEV AR SEREES e

: | “oindpagell v
ebi Prddng(ak: pageli. Skivepagedf .

%éi@&t o about 3000 angstrons. 5. OTAbstraet hodpaged CT.afonpaged ...
ond planar capacitor dielectqic layer is formed froma

dielectfic material chosen formthe group of |dirgilerigr REEBlPYT. 8599

consi st

about Sp
net al
circuit

ng of silicon oxide dielectric materitats—srtrcomrnrtride
dielectfic materials and silicon oxynitride dielectric materials;
second plianar ACARERIAEY fofmRigRCilanas chphtRér do?nffrfs:

angstrofs thick. 6. W
capacitpr ele

and the
} about 200 to about 800
The met'’hod of Claim herein the third pl anar

‘bg%ﬂ&ﬁﬁgbgs%womtys%g ! tal layer at a thickness of from

out angstrons. .

forming upon the first planar capacitor electrode a first planar capacitor dielectric layer;

forming upon the first planar capacitor dielectric layer a second planar capacitor

~ electrode;

forming surrounding the second planar capacitor electrode a Pre-Metal Dielectric (PMD)
layer;

planarizing the Pre-Metal Dielectric (PMD) layer to expose completely the upper surface
of the second planar capacitor electrode;

forming upon the upper surface of the second planar capacitor electrode a second planar
capacitor dielectric layer; and

forming upon the second planar capacitor dielect{ic layer a third planar capacitor

electrode.

The method of Claim 1 wherein the first planar capacitor electrode is formed of doped

polysilicon at a thickness of from about 1000 to about 4000 angstroms.

The method of Claim 1 wherein:
the first planar capacitor dielectric layer is formed from a dielectric material chosen from
the group of dielectric materials consisting of silicon oxide dielectric materials, silicon

nitride dielectric materials and silicon oxynitride dielectric materials; and,

This is the repiacement sheet
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28 8.° The nethod for formng a planar capacitor wthin an integrated
ci rcui tumnnmljglmgnml ding a sem conduct or substrate; form ng upon the
sem con a mnimum of one transistor; form ng over the
seni conductor ‘sufistfate a first pl anar capacitor el ectrode form ng upon

the first planar capacitor electrode a rst planar capacitor dielectric
| ayer; [form ng upon the fi rst pl anar acitor dielect r| c I ayer a second

pl anar .|capaci ctrode sur r.oundi S anar citor
el ectrdde a P pj %"@n f‘%ﬁﬂf %@%rpagg.péﬁgfq ‘@T"N&‘%

Di el ectfric (PND) | ayer to expose conpl etely the upper surface of t he second
pl anar jcapacitor electrode; form ng upon the upper surface of the second

pl anar fcapacitor el ectrode a second planar capacitor dielectric layer; and,
form ng dpon {The methashef Glaimnhwhereinici t or diel ectric layer a third planar
capaci tlor

the second planar capacitor electrode is formed from a conductive material chosen from

the group of conductive materials consisting of doped polysilicon and tungsten silicide
polycide (doped polysilicon/tungsten silicide stack) conductive materials; and

the second planar capacitor electrode has a thickness of from about 1500 to about 3000

angstroms.

5. The method of Claim 1 wherein:
the second planar capacitor dielectric layer is formed from a dielectric material chosen
form the group of dielectric materials consisting of silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride dielectric materials; and
the second planar capacitor dielectric layer is from about 200 to about 800 angstroms

thick.

\/ 6. The method of Claim 1 wherein the third planar capacitor electrode is formed from a

metal layer at a thickness of from about 3000 to about 8000 angstroms.

7. The method of Claim 6 wherein the metal layer is patterned from a conductor metal layer

within an integrated circuit.
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él ectrtode. 9. The nmethod of Claim8 wherein the transistor is a Mtal
Xi de ' ' mn d Effect Transistor (MOSFET). 29 10. The

met hodﬁmuﬂmmm“ Min the first planar capacitor electrode is forned of
doped potysilitcot af a thickness of from about 1000 to about 4000

angstrons. 11. The nethod of claim8, erein: the first planar capacitor
dielectfic layer is forned froma diel ric material chosen fromthe group

of dieldgtric. mater. onsi sti of silicop oxi,de dielectric mgterials,
silicon ﬁ_r tri e(’ﬁ%‘?"?ﬁf f?fﬂ%& %P%@H??&F%WF‘% iptegratad, GueuIt SoWPHSING] ¢
materi al{s; and the first_ planar capacitor dielectric |layer is from about
200 to dbout BYHAGasswicendugtonsubsirate; The net hod of C aim 8 wherein: the
second pl anar capacitor electrode is fornmed forma conductive nateri al
chosen flor m t Hermjnguporoihe semiganductar swestrate auninimumsifone trgnsistorjoped

pol ysilifjcon and tungsten silicide polycide (doped polysilicon/tungsten
silici d(T st ac fyrming dvertthe/semiedreiuctot subsaritg a first planar capacitor electrode;

forming upon the first planar capacitor electrode a first planar capacitor dielectric layer;
forming upon the first planar capaditor dielectric layer a second planar capacitor
electrode;

forming surrounding the second planar capacitor electrode a Pre-Metal Dielectric (PDM)
layer;

planarizing the Pre-Metal Dielectric (PMD) layer to expose completely the upper surface
of the second planar capacitor electrode;

forming upon the upper surface of the second planar capacitor electrode a second planar
capacitor dielectric layer; and,

forming upon the second planar capacitor dielectric layer a third planar capacitor

electrode.

T 9. The method of Claim 8 wherein the transistor is a Metal Oxide Semiconductor Field

Effect Transistor (MOSFET).
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the s nd | anar capacitor electrode is fromabout 1500 to about 3000
angst?@ﬁ' !Lmu ﬂﬂu The nmethod of Claim8, wherein: the second pl anar
capac "Iayer is-formed froma dielectric materials chosen
fromthe group "of °di &l ectric materials consi sting of silicon oxide

dielectric materials, silicon nitride lectric materials and silicon
oxyni trii de dielectric naterials and t second pl anar capacitor dielectric

ot hod o0 AP AR o IR 8 thoren s iAo papariecleoinds fefomiedof dwda

fromajnmetal |ayer, at a thi ckness of from about 3000 to about 8000

angst r qms. 15P°Ysﬂ?‘f@nﬁﬁmﬁﬁsWﬁ@tmfaabmﬂtﬂ@oﬂr&n@ﬁm&yer i s
patterred froma conductor netal layer within an integrated circuit. 16.
A pl angr capacitor conprising: a sem conductor substrate; a first planar
capaci tjor el ectrode forned over the sem conductor substrate,;

11.  The method of claim 8, wherein:

the first planar capacitor dielectric layer is formed from a dielectric material chosen from
the group of dielectric materials consisting of silicon oxide dielectric materials, silicon
nitride dielectric materials and silicon oxynitride dielectric materials; and

the first planar capacitor dielectric layer is from about 200 to about 800 angstroms thick.

12.  The method of Claim 8 wherein:
the second planar capacitor electrode is formed form a conductive material chosen form
the group of conductive materials consisting of doped polysilicon and tungsten silicide
polycide (doped polysilicon/tungsten silicide stack) conductive materials: and

the second planar capacitor electrode is from about 1500 to about 3000 angstroms thick.

13 The method of Claim 8, wherein:

\_ the second planar capacitor dielectric layer is formed from a dielectric materials chosen
from the group of dielectric materials consisting of silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride dielectric materials; and

the second planar capacitor dielectric layer is form abdut 200 to about 800 angstroms

thick.
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a first planar capacitor dielectric layer formed upon the first planar
capaci t b”l mﬁ IEHUHmecond pl anar capacitor electrode fornmed upon the
first p ielectric layer; a planarized Pre-Metal Dielectric
| ayer forned surroundlng t he second planar capacitor el ectrode to expose
conpletely the upper surface of the surédz)und pl anar capacitor el ectrode; a
second pl anar capacitor dielectric | ayer” forned upon the upper surface of
t he sec pl Mo a third. cit
electro quf or(’;r%:liiil upo @@ggp r@cow “SPCtﬁSF}’”ggEJaWcBP H”’e‘l’@%{ ? fmm agy .
- 17. The pl anar,_ca I m 16 wher the first planar capaC|tor
el ectrofle is 1’%91?"'3 f%“i‘ 11?95‘?1 ﬁqo'@aﬁ’ﬁ?@@ﬁ@@ggﬂomsr om about 1000
to abouf{ 4000 angstroms 18. The pl anar capacitor of Caim 16 wherein:
the firgt planar capacitor dielectric layer is forned froma dielectric
material chosen fromthe group of dielectric materials consisting of
silicon d§4 de Theanethod pf Claimddi whezeindhd metahlayer is patterned from a conductor metal
layer within an integrated circuit.
16. A planar capacitor comprising:
a semiconductor substrate;
N~ a first planar capacitor electrode formed over the semiconductor substrate;
a first planar capacitor dielectric layer formed upon the first planar capacitor electrode;
a second planar capacitor electrode forrﬁed upon the first planar capacitor dielectric layer;
a planarized Pre-Metal Dielectric layer formed surrounding the second planar capacitor
electrode to expose completely the upper surface of the surround planar capacitor
electrode;
a second planar capacitor dielectric layer formed upon the upper surface of the second
planar capacitor electrode; and
" a third planar capacitor electrode formed upon the second planar capacitor dielectric
layer.
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nitride dielectric materials and silicon oxynitride dielectric materials;
and the fJ'lﬂ"ﬂlﬁI‘""HBﬁﬂﬂltor dielectric layer is fromabout 200 to about
800 angst The planar capacitor of Caim 16 wherein: the
second planar capaC|tor électrode is formed of a conductive material chosen
forn1tWe group of conductive materials fﬁn5|st|ng of highly doped

pol ysi l}ji con and tungsten silicide pol yct'de (highly doped

pol ysi l}i ggn/ t en _silicid ac ond iterials; he secand
pl anar cggacit )2 “‘35?*}1’88‘ IO Yfg l{gﬁ)ﬁﬁti’ 9%01909160 § formed

t hi ck. 23 ﬁ)d{r} paC| tor of Claim 16 wherein: the second pl anar
~ capaci tor di elotappedpalysiiiso n,agaflgplﬁggs erﬁﬂﬁlab%}tép%t%@u%ﬁ@ranastsommsen
formthe group of dielectric materials consisting of silicon oxide
dielectiric materials, silicon nitride dielectric materials and silicon
oxyni trlide dielectric materials; and the second planar capacitor dielectric
| ayer i}s 18or mThb plenapGpacitoratf QldimSIEOwhergint r ons t hi ck. 32

the first planar capacitor dielectric layer is formed from a dielectric material chosen from
the group of dielectric materials coﬁsisting of silicon oxide dielectric materials, silicon
nitride dielectric materials and silicon oxynitride dielectric materials; and

the first planar capacitor dielectric layer is from about 200 to about 800 angstroms thick.

19.  The planar capacitor of Claim 16 wherein:
the second planar capacitor electrode is formed of a conductive material chosen form the
group of conductive materials consisting of highly doped polysilicon and tungsten
silicide polycide (highly doped polysilicon/tungsten silicide stack) conductive materials;
and

the second planar capacitor electrode is from about 15000 to about 3000 angstroms thick.

\_ 20. The planar capacitor of Claim 16 wherein:

the second planar capacitor dielectric layer is formed from a dielectric materials chosen
form the group of dielectric materials consisting of silicon oxide dielectric materials,
silicon nitride dielectric materials and silicon oxynitride dielectric materials; and

the second planar capacitor dielectric layer is form about 200 to about 800 angstroms

thick.
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The planar capacitor of Claim 16 wherein the third planar capacitor electrode is formed

from a metal layer at a thickness of from about 3000 to about 8000 angstroms.

The planar capacitor of Claim 21 wherein the metal layer is patterned from a conductor

metal layer within an integrated circuit.
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