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BACKGQQJNE) OF THE INVENTION 1. Field of the Invention The present invention
rel ates generally to capacitors forned within integrated circuits. Mre
particcularly, the present invention relates to a double layer polysilicon
capacitor forned within a shallow trench for use within integrated
circuits. 2. Descri ption of Related Art Integrated circuits are typically
fabricated from sem conductor substrates. ypon and within whose surfaces are
formed resistors, transistors, diodes and other electrical circuit

el ement s. These electrical’ circuit elenents are connected
internally and externally to the sem conductor substrate upon which they
are formed thsugh-exhduct or | ayers which are separated by insul ator

Iayers In addition to the use of tranS|st S ] | W t hin
i'nt egrated circuitSOVERIFTRe STRELEY TRACE: @m%s F é&%ﬂ@l Eé?%o? | oad
€lenments within integrated circuits, capacitors are also comonly enpl oyed

within integrated circuits.
BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to capacitors
formed within integrated circuits. More particularly, the present
invention relates to a double layer polysilicon capacitor formed

within a shallow trench for use within integrated circuits.

2. Description of Related Art

Integrated circuits -are typically fabricated from
semiconductor substrates upon and within whose surfaces are formed

resistors, .transistors, diodes and other electrical circuit

elements. These electrical circuit elements are connected
internally and externally to the semiconductor substrate upon which
they are formed through conductor layers which are separated by

insulator layers.

In addition to the use of transistors as switching
elements within integrated circuits, and the use of resistors as
electrical circuit load elements within iutegrated circuits,

capacitors are also commonly emploved within integrated circuits.




~2- CS 95-013 Typically, capacitors within integrated circuits are enpl oyed
as charge st'orage elements within digital integrated circuits or as passive
el ectrical circuit elenments within analog integrated circuits. A common

met hod for forming capacitors within integrated circuits is to formupon a
sem conduct or substrate two doped polysilicon |ayers which are separated by
an insulating layer. A capacitor formed through this nethod is referred to
as a planar polysilicon capacitor. A typical planar polysilicon
capacitor- within an integrated circuit is illustrated within the cross-
sectional schematic diagramshown in Fig. 1. Fig. 1 shows a sem conduct or
substrate 10 weshesoand upon whose surface is forned a Field OXide (FOX) .

i solation region 12. The FOX isolation region 12 defines the active

seni conduct or ?E@HQﬂilai F¢R9Q§éﬁ¥%oWkﬁhﬁPoFDSEHEﬁﬁeétElHEPi“ﬁ/FHFne?P&9¥&R|a§e

sem conduct of LeGAN JR.DE h3LIe, LIARLSLOL Sl SRk 3EO diadenand quner

el ectrical C|rcu es  a |eI

effect transi speisSfd Ueidtite o1 ”%‘ir%iilf” R1bRENEACT LY en SEMRASTEYICE REedrRlle@N.
The field effect transistor structure conprises a gate el ectrode 22 which

resi des upon acfedwitsxi de 20, and a pair of source/drain el ectrodes 24a and
24b. Typically, pl anar pol ysilicon capacitors W thin

A common method for forming capacitors within integrated
circuits is to form upon a semiconductor substrate two doped
polysilicon layers which are separated by an insulating layer. A
capacitor formed throughi this method is referred to as a planar
polysilicon capacitor. A t&pical planar polysilicon capacitor
within an integrated circuit is illustrated within-the cross-

sectional schematic diagram shown in Fig. 1.

Fig. 1 shows a semiconductor substrate 10 within and upon

whose surface is formed a Field OXide (FOX) isolation region 12.

The FOX isolation region 12 defines the active semiconductor region

of the semiconductor substrate 10. Within the active semiconductor

region may be formed transistors, resistors, diodes and other
electrical circuit elements. . For example, Fig. 1 illustrates a
field effect transistor structure formed within the active
semiconductor region. The ‘field effect transistor structure
comprises a gate electrode 22 which resides_upon a gate oxide .20,

and a pair of source/drain electrodes 24a and 24b..

Typically, planar polysilicon capacitors within




3~ S 95-013 ptegrated circuits are forned upon the surfaces of FOX

I sol ati.on egions within those integrated circuits. Thus, within Fig. 1, a
onventional planar polysilicon capacitor is illustrated by a first
olysiliicon | ayer 14 and a-second polysilicon |layer 18 separated by [err]
insul ating |layer 16, all of which layers are formed upon the surface of the
FOX isolation region 12. An unfortunate consequence of form ng planar

pol ysilicon capacitors upon the surfaces of3 FOX i solation regions within
integrated circuits is the substantial step height fromthe top_ surface of
t he pl anar pol ygi%g’ cgg capacitor to the top surfaces of the surrounding

I ntegrated circti Pt ures forned upon active sem conductor regions. This
substantial step.fiGl.QRh IRy REOVL eftyﬂfwr@akaLhPerQ%s'& kM4l at ion
sufficiently thinp anarized i nsulator ayers over iIntegrated circuit
features adj oi negipry anekipahyss | imtegrsesah@ireusts f orard, upithikQXig.sal adi on
regi ons. The fundanental problens may |imt the ability to formfully
functional and PeYemtipaal plegamredysi¥icont eapacitey ishikluhgated twhe fgoatr of

compar anl e 1o a1 GLIHAG ves sk eae B Frard Pekiiageh TR YeBaflectb

4n insulating layer 16, all of which layers are formed upon the

i
l
l surface of the FOX isolation region 12.
i’

An unfortunate consequence of forming planar polysilicon
capacitors upon the surfaces of FOX isolation regions within
integrated circuits is the substantial step height from the top.

surface of the planar polysilicon capacitor to the top.surfaces of

the surrounding integrated circuit features formed -upon active
{ semiconductor regions. This substantial .step height may provide
i fundamental problems in forming sufficiently thin planarized
insulator layers over integrated circuit features adjoining planar
polysilicon .capacitors formed upon Fox.isolation regions. The
fundamental problems may limit the ability to form fully functional
and reliable integrated circuits. It is thus towards the goal of
forming within integrated circuits piénar.polysilicon.capacitors of
height comparable to adjoining integrated circuit features within

those integrated circuits that the present invention is directed.

The design and <fabrication of- planar polysilicon
capacitors are known in the art. For example, Chi in U.S. Patent

5,173,437 describes a method for forming a double layer planar




those integrated circuits that the present invention is directed. The
designt and® fabrication of planar polysilicon capacitors are known in
the art. For exanple, Chi in U'S. Patent 5,173,437 describes a nethod for
form ng a double | ayer planar -4- CS 95-013 polysilicon capacitor

conpati ble wth sub-m cron processing schenmes for advanced integrated
circuits. The disclosed nethod provides a planar polysilicon capacitor
which is not susceptible to form ng polysi4rcon stringers which deteriorate
the electrical performance of planar polysilicon capacitors and the
advanced integrated circuits into which those planar polysilicon capacitors
are fornmed. | asasgkoiBon, a related application fromthis |aboratory, Yang '

Pan, " Three Dimensional Polysilicon Capacitor for Hi gh EEnsitY | nt egr at ed
Gircuit Appli BatyHridcon gagachan Aempafiibile i thnsulymiggon processing gehqmes
mont h?] 1995 - 007, L SCl ol ysidi AR GeLRSa (26 TE8e O
patterned andf#n. é’r-§ g%fi]é’&egﬁﬁlesd???%%‘gng 'ecﬁéoggggléfler s%#ﬁ%da:i ;gFoseg
pol ysilicon cgpasdrt PolPsOVideaS chPlc HAakMlch eyl otolbuatept iiRPasi Eaiming
needed for advanced integrated circuits. Desirable in the art is a planar
pol ysi | i con cRpiysildconfstringers which deteriorate the electrical performance

of planar polysilicon capacitors and the advanced integrated

circuits into which those planar polysilicon capacitors are formed.

In addition, a related application from this laboratory,
Yang Pan, " Three Dimensional Polysilicon Capacitor for High
Density Integrated Circuit Applications," U.S. Patent Application.

filed | day? / month?] 1995 [CS 95-007] discloses a

polysilicon capacitor formed of patterned and -inter-leafed
polysilicon electrode layers. The disclosed polysilicon capacitor
provides the greater levels of areal capacitance needed for

advanced integrated circuits.

Desirable.in the art is a planar polysilicon capacitor of
height similar to surrounding integrated circuit features within
integrated circuits within which that plénar polysilicon capacitor

i _ is formed. Preferably, the planar polysilicon capacitor is formed
while simultaneously maintaining the electrical characteristics of

that planar polysilicon capacitor.

SUMMARY OF THE INVENTION



hei ght simlar to surrounding integrated circuit features within integrated
circuits within which that planar polysilicon capacitor is forned.
Preferably, the planar polysilicon capacitor is fornmed while simultaneously
mai ntai ning the electrical characteristics of that planar polysilicon
capaci tor. SUVWMARY OF THE | NVENTI ON -5- CS 95-013 A first object of the
present invention is to provide a planar polysilicon capacitor of height
simlar to surrounding integrated circuit féatures within the integrated
circuit within which that planar polysilicon capacitor is fornmed, while

si mul t aneously | Nt Ening the electrical characteristics that planar

pol ysilicon caﬁégﬁ%%gﬁ. A second object of the present inventionis to

provide a planar pol ysi)ieg. capace! 8¢ {k Bregkfh rdntién 15 to phivKde of
the present invention, which planar polysilicon capacitor is also readily
manuf act ur abl epl#ndhigddyebl fsdn dapaketer es€ntheiiphenisinilas to snovouwtsliag
pl anar polysiliccon capacitor in accord with the first object of the present
i nventi on and LpeeFasedcsuast featurigs pitkbhtthenjaheprated circuit within

which that planar polysilicon 'capacitor is formed, while
simultaneously maintaining the electrical characteristics that

planar polysilicon capacitor.

A second object of the present invention is to provide a
planar polysilicon capacitor in accord with the first object of the
present invention, which planar polysilicon capacitor is alsa

readily manufacturable.

5 A third object of the present invention is to provide a
planar peolysilicon capacitor in accord with the first object of the
present invention and the.second object of the present invention,

which planar polysilicon capacitor is also economical.

In accord with the objects of the present invention, a
new method for forming a planar polysiiicon capacitor within an
integrated circuit is disclosed along with the planar polysilicon
capacitor which results from that method. To form the planar
polysilicon capacitor of the present invention, there is first
formed within a semiconductor substrate a deep trench which is
filled with a dielectric material. Formed then within the

dielectric material within the deep trench is a shallow trench.



whi ch pl anar_ polysilicon capacitor is also economcal. In accord wth the
obj ect & of t'he present invention, a new nethod for forming a planar

pol ysilicon capacitor within an integrated circuit is disclosed along with
the planar polysilicon capacitor which results from that method. To form
the planar polysilicon capacitor of the present invention, there is first
formed within a sem conductor substrate a deep trench which is filled with

a dielectric material . Formed then witthgn-the dielectric nmaterial within
the deep trench is a shallow trench. -6- CS 95-013 Fornmed within the
shal | ow trenchl sgbijrst polysilicon capacitor plate. The upper surface of

the first polysilicon capacitor plate is substantially planar with the

surface of theormalcRNNIG! Bhe S4HRI16At Ereredl T8t UREBL { Pl diNSboR AdapRiclit6ON
capacitor plate is a polysilicon capacitor dielectric |ayer, and forned

upon the pol ygtatgon Thapuppernsudfateofs the Ifiyet nodvaittewmeapatitdd piate

has o hel ght - demitike PRELTND PG FAERqrRr e ErIR 14 T ERT up R TIENERS ho

integrated cirggistryéd hi f‘o:‘.‘i“lﬂ&hp&ﬁ_{h@r Fefsd Be1PLANRon capacitor plate is a
polysilicon capacitor dielectric layer, and formed upon the
polysilicon capacitor dielectric layer is a second polysilicon

capacitor plate.

The planar polysilicon capacitor of the present invention
has a height similar to surrounding integrated circuit features
within the integra;ed circuit within which is formed-the planar
polysilicon capacitor of the present invention, while
simultaneously maintaining electrical characteristics equivalent to
planar polysilicon capacitors of equivalent dimensions formed in
other locations within the same integrated circuit. The planar
polysilicon capacitor of the present invention is formed into a
shallow trench within a dielectric material, which dielectric
maggrial in turn is formed into a deep <trench within a
séﬁiconductor substrate. By forming. the planar polysilicon
capacitor of the present invention into a shallow trench within a
semiconducto£ substrate, rather than forming the planar polysilicon
capacitor upon thé surface of a Field OXide (FOX) isolation region
within and upon a semiconductor substrate, as is common in the art,
the height of the planar polysilicon capacitor of the present

invention is comparable to surrounding integrated circuit features



pol ysilicon capaci tor of t he pr esent I nventi on, whi | e

si mul taneously mai ntaining electrical characteristics equivalent to planar
pol ysilicon capacitors of equival ent dinmensions forned in other |ocations
within the same integrated circuit. The planar polysilicon capacitor of
the present invention is fornmed into a shallow trench within a dielectric
material, which dielectric material in turnis formed into a deep trench

wi thin a- sem conductor substrate. By -frorming the planar polysilicon
capacitor of the present invention into a shallow trench within a

sem conductor substrate, rather than formng the planar polysilicon
capacitor upon P 9d4Pface of a Field OXide (FOX) isolation region wthin

and upon a sem, oNHI G sREOS AL c1PulE SUMIANvhicH NEs Afdrmeldh @nBep G 0!

t he planar polysilicon capacftor o € present invention is conparable to
surroundi ng i npeLysilgdofi E&pHditb@abr €fe preséntCinPéntibi.wi tsinget hely the
integrated circuit wwthin which is forned the planar polysilicon capacitor
of the present loeatdoni opnd no§j e dealgn tHarametens oA HiRI PARAY RO 1¥E4T LFPD
paraneters, of the planar. polysilicon capacitor. of the present | |

has changed, tR@PIFEEET f’faltgﬁhgfﬁﬁ?’é?iﬁ‘}loe@glgf‘ PR BTER erde'pg@lfsﬁrl:égg#%

capaci tor of tBRafdR%eREtics of the planar polysilicon capacitor of the present

invention remain unchanged.

The planar polysilicon capacitor of the present invention
i is readily manufacturéble. In order to form the planar polysilicon
| capacitor of the present invention it is required to: (1) form_a
deep trench within a sgmiconductor substrate and £ill that deep
trench with a dielectric material, and (2) form a shallow trench
within the dielectric material formed within the deep trench and
fill that shallow trench with a first polysilicon capacitor plate.
Methods and materials through which deep trenches may be etched
into semiconductor substrates and dielectric materials deposited
within those deep trenches are known in the art. In addition,
methods through which shallow trenches may be formed within
dielectric materials formed within-éeep.trenches, and conductive
polysilicon materials filled into those shallow trenches are known
in the art. Thus, the method through which is’ formed the planar
polysilicoﬁ capacitor of the present invention is reédily

manufacturable.

The planar polysilicon capacitor of the present invention



inventiom remai n unchanged. The planar polysilicon capacitor of the present
invention is readily manufacturable. In order to formthe planar

pol ysilicon capacitor of the present invention it is required to: (1) form
deep trench within a sem conductor substrate and fill that deep trench with
a dielectric material, and (2) forma shallow trench within the dielectric
material fornmed within the deep trench and fill that shallow trench with a
first polysilicon capacitor plate. Methods gnd materials through which deep
trenches may be etched into sem conductor substrates and dielectric
materials deposited within those deep trenches are known in the art. In
addi tion, net t‘&g:lgs_wé ough which shallow trenches nay be forned within
dielectric materials Tornmed within deep trenches, and conductive

pol ysilicon nmaieréddnemitdl.ed tHat @16R8S pSRalihover reapakssoar €€ kiumpriesehtie
art. Thus, the nethod through ich is forned the planar polysilicon
capaci tor of t¥¥eptésrntreqpiensi oreiitber cadhy y ngununakanirds| enohany| anew

pol ysilicon capacitor of the present inyentio ., -8-_CS 95-013 i

econoni cal . Tﬁ'ganb’lfgﬁg?r peicc] 9§?$?s€6ﬁ %de%?t%@#tt‘?\%‘ prasHift sense that the
pPlanar polysilicon capacitor of the present invention may be
produced through conventional methods and materials, the planar

polysilicon capacitor of the present invention is economical.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings, which form a material part of

this disclosure, show the following:

'Fig. 1 shows a schematic cross-sectional diagram

illustrating a planar polysilicon capacitor of the prior art.

Fig. 2 to Fig. 7 show schematic cross~sectional diagrams
illustrating progressive stages in forming the planar polysilicon
capacitor of the preferred embodiment of the present invention into

an integrated circuit.

Fig. 8 shows a schematic plan-view diagram of the planar

polysilicon capacitor of the present inventiocn.



I nvention rqguires nei ther any new materials nor any new manufacturing
process®s for its production. In the sense that the planar polysilicon
capacitor of the present invention may be produced through conventi onal
nmet hods and materials, the planar polysilicon capacitor of the present

i nvention is econom cal. BRI EF DESCRI PTI ON OF THE DRAW NGS The fol | owi ng
drawi ngs, which forma material part of this disclosure, show the

following: Fig. 1 shows a schematic cross-sectional diagramillustrating a
pl anar polysilicon capacitor of the prior art. Fig. ‘2 to Fig. 7 show
schematic cross-sectional diagrans illustrating progressive stages in

formng the pﬁﬁﬁéﬁ’ﬂﬁ?ysilicon capacitor of the preferred enbodi ment of the

present invention into a“DF§E§¥¥5§%ﬁS%#ﬂiH%”Eﬁsrfﬂﬂin §M§$§&“ﬁ¥§ schematic

pl an-vi ew di agram of the planar p I con capacitor of the present
I nventi on. -9- CS 95-013 DESCRI PTI ON OF THE PREFERRED EMBODI MENT The

met hod of the present invention provides a planar polysilicon capacitor
formed partially into &héhaethed tefrfdte Wresppt invention provides a planar

polysilicon capacitor formed partially into a shallow trench within
a dielectric material, which dielectric material in turn is formed
into a deep trenchb within a semiconductor substrate. By forming
the planar polysilicon capacitor of the: present invention partially
into the shallow trench, the portion of the planar polysilicqn
capacitor of the present invention exposed above the shallow trehcﬁ
will have a height comparable to adjoining features within the
integrated circuit within which is formed the planar polysilicon
capacitor of the present invention. The _planér' polysilicon
‘capacitor of the present invention, when formed partially within
the shallow trench has electrical charécteristics equivalent to
Planar polysilicon capacitors of equivalent dimensions formed

within or upon other locations within the same integrated circuit.

Although the planar polysilicon capacitor of the present
invention is most likely to replace t-:o'nvel;xtional planar polysilicon
capacitors formed upon surfaces of Field _OXide (FOX) isolation
regions within integrated circuits, the planar Polysilicon
capacitor of the present invention has broader applicability within
integrated circuits. The planar polysilicon capacitor of the
present invention may be employed in any ihtegrated circuit where

there is needed a planar polysilicon capacitor of height comparable



a dielectric material, which dielectric material in turnis fornmed into a
deep trench*within a sem conductor substrate. By form ng the pl anar

pol ysilicon capacitor of the present invention partially into the shallow
trench, the portion of the planar polysilicon capacitor of the present

i nvention exposed above the shallow trench will have a height conparable to
adjoining features within the integrated circuit within which is fornmed the
pl anar pol ysilicon capacitor of the presemt? ~inventi on. The pl anar

pol ysilicon capacitor of the present invention, when forned partially
within the shallow trench has electrical characteristics equivalent to

pl anar polysil g % HaC|tors of equi val ent dinensions formed within or
upon other | oc i ons mnthln the sane integrated circuit. Although the

pl anar pol ysi| téoRheapace§iutedl dibeupE egesturddv aifican susremed thdeel planar
repl ace conventional planar polysilicon capacitors formed upon surfaces of
Field OXi de (FE)X)ysislélcat!i orpacdgrons ®hehphanan aelys dbiaon Gapﬁsitﬂtl‘n@fpltaﬁar

lysili t th ' tj | | j.t
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present inventpep By 106 &8 8Y Sehddl ARYnALH %rca.t.@qqé;aorguwwneaﬁtém&edl s
needed a pl anar polysilicon capacitor of height conparabl

circuits, Static Random Access Memory (SRAM) integrated circuits,
Application Specific Integrated Circuits (ASICs), integrated
circuits having within their fabrications field effect transistors
and integrated circuits having within their fabrications bipolar

transistors. The planar polysilicon capacitor of the present

invention has broad applicability within integrated circuits.

Referring now to Fig. 2 to Fig. 7 there is Show a series
of schematic cross-sectional diagrams illustrating progressive
stages in forming the planar polysilicon capacitor of the preferred
embodiment of the present.invention into an integqrated circuit.

Shown in Fig. 2 is the planar poleilicon capacitor and
the integrated circuit at early stages of fabrication. Shown in
Fig. 2 is a semiconductor substrate 50 uéon whose surface has been
formed patterned first mask layers 32a, 32b and 326. The porticans
of the semiconductor substrate 30 exposed between the patterned
first mask layers 32a and 32b, and the patterned first mask layers
32b and 32c¢, respectively, have been removed to form a first deep
trench and a second deep trench. Formed upon the semiconductor

substrate 30 and formed into the first deep trench gnd the second



CS 95-013 to the integrated circuit features which surround that planar
pol ysi i con®capacitor. The pl anar polysilicon capacitor of the present

i nvention may be enployed in integrated circuits including but not limted
t o Dynam c ‘Random Access Menory (DRAM integrated circuits, Static Random
Access Menory (SRAM integrated circuits, Application Specific Integrated
Circuits (ASICs), integrated circuits having wthin their fabrications
field effect transistors ‘and integrated. ghrcuits having within their
fabrications bipolar transistors. The pl anar polysilicon capacitor of the
present invention has broad applicability within integrated circuits.
Referring nowﬁgé)glgi_gnz to Fig. 7 there is show a series of schematic
Cross-sectiona iagrams illustrating progressive stages in formng the

pl anar pol ysi | despn teapaciilsor Blarkae tredichr ££11 ailkddctrid lalet hdd .present

I nvention into an integrated circuit. Shown in Fig. 2 is the planar
polysilicon capacitor and the integrated circuit at early stages of

fabrication. Shown in Fjqg.. 2 is.a_sem conductor bstrate 3 S
surface has been for neog%ﬁff’g‘?‘f%&rfﬂb?grﬁg%ﬁ(uP%’)’/g'k}éc%fg,E fo%eggg%%&o?ne
portions of t ) bgir 0 o} WeBER: L akat{ er
first mask | a;}h&yz%gzggggg%%,“ﬁgnggtﬂ%ﬁﬁgt rgfﬂ?]e%ﬁ%iﬁt wsmask l!I[’Bz?yers$'326lgpygnd

32c, respecti vadpanthacenbesiratéamVedhd 0 dnyr mexystaklogteppic r esrciengatiicn.

second deep trench. __Formed upon the sem conductor substrate 39‘ and fornmed
into the firstTYRIEPIEYentit ARA1EIMMEERDREPSErate 30 upon Whlch the present

invention is practiced is either an N- or P- silicon semiconductor

substrate having a (100) crystﬁllographic orientation.

Methods and materials through which silicon semicoﬁducter
substrates may be masked and deep trenches formed wj:thin those
substrates are known in the art. Masks may be formed of materials
including but not limited to organic photoresist materials and-
patterned inorganic materials such as silicon oxides, silicon
nitrides and silicon oxyniérides. Silicon semiconductor substrates
may be etched through methods including but not limited to wet
chemical etch methods and dry plasma Reactive Ion Etch (RIE)
methods. For the preferred embodiment of the present invention;
the semiconductor substrate 30 is préferably masked with patterned
first mask layers 32a, 32b and 32c formed of silicon nitride, and
the semiconductor substrate 30 is etched to form the first déep
trench between the patterned first masking layers 32a and 32b and
the second deep trench between patterned first masking layers 32b

and 32c. Preferably, the thicknesé of the patterned first mask

layers 32a, 32b and 32c¢ are about 200 to about 2000 angstroms each.



CS 95-013 deegp trench is a blanket trench fill dielectric |ayer 34.

Sem conduct or substrates upon which the present invention may be practiced
may be formed with either dopant polarity, any dopant-concentration and any
crystal |l ographic orientati-on. Typically, the sem conductor substrate 30
upon which the present invention is practiced is either an N or P- silicon
sem conduct or substrate having a (100) crystall ographic orientation.

Met hods and materials through which silicon sen conductor substrates may be
masked and deep trenches forned within those substrates are known in the
art. Masks may be forned of materials including but not limted to organic
phot or esi st nat 68i%8-913nd patterned inorganic materials such as silicon
oxides, silicon_nitrides and silicon oxynitrides, Silicon sem conductor

substrates may DPB®RA%CHERT thir BESFPHARL N RFECTRELIRAG FOPREI St REAFH VS IPD BRER
hem cal h ot ] .
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the preferred e nt of e pres enti1on, the sem conduct or

substrate 30 i sepeidmisabl prefRekbUy Withle peptrelofethé idesp BBEHcH AseESom Aboud2h
and 32c forned of silicon nitride, and the sem conductor substrate 30 is
etched to form PRRO for 3P 9009 cangstisemsieePthRe ¢haht PrAcesTes andnekdbiangs

layers 32a and ;t)igP b%ngmployed. although variations in etched deep trench profiles

may be observed.

Also known in the art are dielectric materials which may
be employed to £fill deep trenches formed within semiconductor
substrates. Such dielectric materials include but are not limited-
to silicon oxide materials, silicon nitride materials and silicon
oxynitride materials. For the preferred embodiment of the present
invention, the blanket trench £ill dielectric 1layer 34 is
preferably formed of a silicon oxide material deposited through a
Chemical Vapor Deposition (CVD) method, as is most common in the
art. Alterhative methods and materials may be employed in forming
the blanket trench f£ill dielectric layer 34 provided that the
blanket trench fill dielectric layer 34 has sufficiently different
etching and polishing characteristic; as a substrate in comparison

with the patterned first mask layers 32a, 32b and 32c.

Referring now to Fig. 3 there is shown a schematic cross-
sectional diagram illustrating the results of the next series of
process steps in forming the planar polysilicon resistor of the

preferred embodiment of the present invention. Shown in Fig. 3 are



the second deep trench between patterned first masking | ayers 32b and 32c.
Pneferab1y the thickness of the patterned first mask | ayers 32a, 32b and
32c are about 200 to about 2000 angstrons each. - 12 - CS 95-013 The
etching is preferably acconplished through a Reactive lon Etch (RIE) plasna
process enploying chlorine and brom ne species as etchants. Preferably, the
depth of the deep trench is from about 5000 to about 10000 angstroms. O her
etch processes and etchants may be enpl oyed, 1&alt hough variations in etched
deep trench profiles may be observed. Also known in the art are dielectric
materials which may be enployed to fill deep trenches fornmed within

sem conductor ghese@mies. Such dielectric materials include but are not
limted to silicon oxide materials, silicon nitride materials and silicon
oxyni tride nat gxdtikesned-otrened pfidflerdimlectbicli Aoyersof 3dde apdeskitt, filled

I nvention, the bl anket ﬁrench fill dielectric I f er abl forned

of a silicon oficGBEREELY AP ELEST CREBRFTRS W@%Iszﬁgﬁgrdeﬁgp aCRon
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layer 34 provi ced fémiedt hieto its surface a shallow trench. Alsoc shown in Fig.
3 are the patterned second mask layers 36a and 36b which have
replaced the patterned first mask layers 32a, 32b and 32¢c. as
illustrated in Fig. 2. Patterned second mask layers 36a and 36b

define the shallow trench which is formed into the patterned trench

fill dielectric layer 34a.

In order to form the integrated circuit structure of Fig.
3 from the integrated circuit structure of Fig. 2, several
sequential processing steps are undertaken. First, the blanket
trench fill dielectric layer 34 is planarized until the surfaces of
the patterned first mask 1éyers 32a, 32b and 32c are reached. Next
the patterned first mask layers 32a, 32b and 32c are removed and
replaced with patterned second mask layers 36a and 36b which define
the location of the shallow trench within the planarized trench
£fill dielectric material which £ills the first deep trench.
Finally, the shallow trench is etched into the trench f£fill
dielectric material which £ills the first deep trench, thus forming
the patterned trench £ill dielectric layer 34a. The methods and
naterials through which each of these three processing steps may be

accomplished are conventional teo the art.



bl anket trench fill dielectric layer 34 has sufficiently different etching
and poklishinhg characteristics as a substrate in conparison with the
patterned first nmask |ayers 32a, 32b and 32c. Referring nowto Fig. 3 there
is shown a schematic cross- sectional diagramillustrating the results of
the next series of process steps in formng the planar polysilicon resistor
of the preferred enbodi nent of the present invention. Shown in Fig. 3 are

- 13 - CS 95-013 patterned trench fill dielectric |layers 34a and 34b,
filled respectively into the first deep trench and the second deep trench.
As is seen fromFig. 3, patterned trench fill dielectric |ayer 34a has
formed into it% ﬁ%_iﬁf a shallow trench. Also shown in Fig. 3 are the
patterned seco o] ayers 36a and 36b which have replaced the patterned

first mask layers 32a, P%%gpg C ¢fi8 ﬁﬂéd&%&ﬁ?ﬁ@df'ﬂlaﬁk% Relebed il ipsts
e

second mask | ayers 36a and tine the shallow trench which is formed
into the patterpecher eutliatées | ofli @k@rt trendhmpserindda whiltphorder £fidlédrhasee
integrated circuit structure of Fig. 3 fromthe |naggyated c

structure of Fibjanket §é9é¢‘aﬂn§emﬁl%ﬁ ageemRiiShAg WiTepgh fed ﬂﬁﬂé‘f‘?é‘k‘é’ﬁ‘g
First, the blan%%tnot limited to Reactive Ion Etch (RIE) etch-back planarizing
methods and Chemical-Mechanical Polish (CMP) planarizing methods.
Subsequent to such planarizing, masking layers wvhich serve as stop
layers for the planarizing methods may be removed through methods
including but not limited to wet chemical etch methods and dry
plasma etch methods as are known in the art. Finally, etching of
shallow trenches into planarized dielectric layers fqrmed within

deep trenches may also be accomplished through wet chemical etch

methods and dry plasma etch methods as are known in the art.

For the preferred embodiment of the planar polysilicon
capacitor of the preseﬁt invention, the blanket trench £ill
dielectric iayer 34 is preferably planarized to the surfaces of the
patterned first mask layers 32a, 32b and 32¢ through a Chemical-
Mechanical Polish (CMP) process employing a silicon oxide polishing
slurry. When the blanket trench fill dielectric layer 34 is
planarized through this method, the patterned first mask layers
32a, 32b and 32c, which are préferably formed from silicén nitride,
serve as a stopping layer. The silicon nitride patterned first

" mask layers 32a, 32b and 32c may then be removed through
conventional means including but not limited to Reagtive Ion Etch

(RIE) etching in a fluorine containing plasma and wet chemical



trench fill dielectric layer 34 is planarized until the surfaces of the
patterned first mask |ayers 32a, 32b and 32c are reached. Next the
patterned first mask layers 32a, 32b and 32c are renoved and replaced with
patterned second nask |ayers 36a and 36b which define the |ocation of the
shall ow trench within the planarized trench fill dielectric material which
fills the first deep trench. Finally, the shallow trench is etched into the
trench fill dielectric material which fills1she first deep trench, thus
formng the patterned trench fill dielectric | ayer 34a. The nmethods and
materi al s through which each of t.hese three processing steps may be
acconpl i shed ar€sc¥imPdati onal to the art. - 14 - CS 95-013 For exanpl e,
the planarizing of blanket dielectric l|layers to the surfaces of deep
trenches into WAFEH-AE &RfRNOSBRCTHH @618t anket diel ectric |ayers be
acconpl i shed t hrough nethods including but not limted to Reactive lon Etch
(RIE) etch-back planarizing nethods and Chem cal - Mechani cal Polish (CWP)

pl anari zi ng met hods. SubsgUenk bot€diGleaPEBASY imdsky 1ageskiIga,| Beer andha e
serve as stop layers for the planarizing nethods may be renoved through
met hods i ncl udi havéeenorenovedt frbmt sheesunfiachi ehiithet semigandudton mhbdtyate

30, the patterned second mask layers 36a and 36b may be formed
'through methods, and materials analogous to the methods and
materials through which are formed the patterned first mask layers
32a, 32b and 32c. Preferably, the patterned second mask layers 36a
and 36b are also formed from silicon nitride. Preferably. the
patterned seéond mask layers 36a and 36b are from about 200-to
about 2000 angstroms thick each. Finally, the shallow trench
formed within the planarized trench f£ill dielectric layer which
fills the first deep trench may be formed through methods anqlogous
to those employed in forming the first deep trench and the ;second
deep trench within the semiconductor substrate 30. However, the
materials-employed in etching the shallow trench will be different
than those employed in etching the deep trenches. Preferably, the
shallow trench is etched into the silicon oxide trench fill
dielectric material to form the patterned trench fill dielectric
layer 34a through a Reactive Ion Etch (RIE) etching method
employing fluorine containing species. Prefé}ably, the shallow

trench is from about 1000 to about 5000 angstroms deep.

Having formed the shallow tfench which leaves the

patterned trench fill dielectric layer 34a remaining within the



plasma etch pethods as are known in the art. Finally, etching of shallow
trencheS into planarized dielectric layers formed within deep trenches may
al so be acconplished through wet chemi cal etch nethods and dry plasna etch
met hods as are known in the art. For the preferred enbodi ment of the planar
pol ysilicon capacitor of the present invention, the blanket trench fil
dielectric layer 34 is preferably planarized to the surfaces of the )
patterned first mask | ayers 32a, 32b and 32gGgt bhrough a Chem cal - Mechani cal
Polish (CWMP) process enmploying a silicon oxide polishing slurry. When t he
bl anket trench fill dielectric layer 34 is planarized through this nethod,
the patterned f'&gs#_{{ﬁsk | ayers 32a, 32b and 32c, which are preferably
formed fromsilico ride, serve as a stopping layer. The silicon

nitride patterngdriir ghefBtkendity CLfe ?gaq;esﬁngeﬁwdin?)?garmugt hae phenar
renoved t hrough conventional neans 1ncluding but not limted to Reactive

lon Etch (RIE) polysildcon eagdciantnef et aresent dnyentiemdinget thatershedlow
- 15 - CS 95-013 etching in phosphoric acid, Chfe t he patterned first mask
| ayers 32a, 32btEMRFIBR2YhPFeceedn rBifoFedUtFbtt i s fiF3te o8r thage process

sem conduct or Sgggésr %tseillustrated in Fig. 4.

Fié. 4 illustrates the presence of a first polysilicon
capacitor plate 38 formed within the shallow trench. The first
polysilicon capacitor plate 38 is formed through planarizing a
blanket polysilicon layer which is formed upon the surface of the
semiconductor substrate 30 illustrated in Fig. 3. The blanket
polysilicon layer may be formed through methods as are ;-i:hventional
in the art, including but not limited to Chemical Vapor Deposition
(CYD) and Plasma Enhanced Chemical Vapor Deposition (PECVD) methods
employing silicon source materials including but not limited to
silane, disilane and ﬁilicon chloride. Aft.er the blanket
palysilicon layer has been formed of sufficient thickness to
completely £ill the shallow trench, excess portions of the blanket
polysilicon layer may be removed th_r?ugh an etching or polishing
planariziﬁ'g process using the silicon nitride patterned second mask

layers 36a and 36b as stop layers.

4

After planarizing the blanket polysilicon layer to the
form the first polysilicon capacitor plate 38, the patterned second
mask layers 36a and 36b are removed through methods analogous to

the methods employed in removing the patterned first masking layers



30, the patterned second nask | ayers 36a and 36b nmay be forned through

nmet hods ant materials anal ogous to the nethods and materials through which
are formed the patterned first nask |ayers 32a, 32b and 32c. Preferably,

t he patterned second nmask | ayers 36a and 36b are also forned fromsilicon
nitride. Preferably, the patterned second nmask | ayers 36a and 36b are
from about 200-to about 2000 angstrons thick each. Finally, the shall ow
trench fornmed within the planarized trench- irl4 dielectric |ayer which
fills the first deep trench nmay be fornmed through net hods anal ogous to
those enployed in formng the first deep trench and the second deep trench
within the sem condfet0a8 substrate 30. However, the materials enployed in

etching the shallow trench will be different than those emlo ' t ghi
t he degp t r enched22 priffe2af| §2< 1 h&heh SEFBGFITS TRAt ] BoRtRacS é?g“%%e‘%"g 149

silicon oxide tr h fil | k€ ekhalfiQef ihecomt Beeod peRED
Fill dielectric ?g‘iér“szfgs ?h‘?‘sﬁéﬁ?‘r Piq i, othe ﬁ‘éﬁtEﬁir?s?% E) o o ng et hod
enpl oying fluori e fonumiseamgiai@cpbmmar wRtbf ehalbiurfatheoShdie cemicenitioten
from about 1000 to about 5000 angstrons_deep. Having forned the shallo

trench which | eaéRstaaéepift+ eﬁ’%glﬁ*eﬁeﬁl’ﬂ jeogi GARKSLEPE RIRFE 38 Fses above

remaining wthi ntﬁgﬁgemicénégztbr_substrate 30 surface, at most, by the thicknesses

of the patterned first mask layers 32a and 32b and the patterned

second mask layers 36a and 36b.

For the preferred embodiment of the planar polysilicon
capacitor of the present invention, the thickness of the first
polysilicon capacitor plate 38 is_preferably about 1000 to about
5000 angstroms. In addition, the first polysilicon caéacitq; plate
38 is preferably formed via planarizing of a blanket polysilicon
through a Chemical-Mechanical Polish (CMP) method employing a

polysilicon slurry.

In order to provide a functional capacitor, the first
polysilicon capacitor plate 38 musg also be conductive.
Preferably, the first polysilicon éapacitor plate 38 is made
conductive by forming the first polysilicon capai}tor plate 38 from
polysilicon with about 1E19'to about 1E21 dopant atoms per cubic
centimeter. -freferably, although not exclusively, the dopant is
incorporated in-situ into the blanket polysilicon layer from which

is formed the first polysilicon capacitor plate 38.



CS 95-013 first deep trench, the process steps in formng the planar

pol ysilicon capacitor of the present invention into that shallow trench may
proceed. The results of the first of those process steps is illustrated in
Fig. 4. Fig. 4 illustrates the presence of a first polysilicon capacitor
plate 38 formed within the shallow trench. The first polysilicon capacitor
plate 38 is formed through planarizing a blanket polysilicon |ayer which is-
formed upon the surface of the sem conductorngsubstrate 30 illustrated in
Fig. 3. The blanket- polysilicon |layer may be formed through nethods as
are conventional in the art, including but not limted to Chem cal Vapor
Deposition (CVvD) and Pl asma Enhanced Chem cal Vapor Deposition (PECVD)
nmet hods enpl oyi 1°%3on source materials including but not limted to

silane, disilane and [ 1 . chlori ALt . :
polysilicon Iayer has becz#ef %?‘ﬂ*é‘a g "_'mseti’?j % If’?:ife"rﬁé fttﬁl&(str]fgggmf ?}Eg%’b?é‘t 5?’?/“
fill the shall o3¢} reaaeRiomCa89ePPIde @A Piaddie Pl pokEtcoROk)fadite@Nok atRy
may be renoved through an etching or polishing planarizing process using
the silicon nitpreferpait eshoddmenc ofdthagedsapsr sn@ddiandn3tithes vt dprmed.

| ayers. After planarizing the bl anket polysilicon |ayer to the formthe
first polysili c%ﬂ‘%ﬁéﬁi t GFofi-seetipal; héy“[j’éff“éf ned? @Eonglwaf‘%yef‘%"%a

and 36b are renp&/ﬁqitogggpgéeggtﬁ%dgh l:ﬁg%ﬁ-ti‘? mepgg'g hpds enpl oyed in
removi ng the patterne irst masking layers
Shown in Fig. 5. is the presence of a polysilicon'
capacitor dielectric layer 40 formed upon the surface of the first
polysilicon capacitor plate 38. Polysilicon capacitor dielectric
layers are well known in the art. Typically, they are formed of
materials including but not limited to silicon oxide materials,
Silicon nitride materials and silicon oxynitride materials formead
upon the surfaces of polysilicon capacitor plates through methods
inclgding but not limiteq to thermal oxidation methods, Chemical
Vapor Deposition (CVD) methoda and Physical Vapor Deposition (PVD)
sputtering methods. For the preferred embodiment of the present
invention, the polysilicon capacitor dielectric layer 40 is
preferablj formed of a composite formed from a thermally grown
oxide layef upon which is deposited ; silicon nitride layer. The
ﬁop surface of the silicon nitride layer is preferably oxidized.
Preferably, the overall thiékness of the polﬁgilicon capacitor

dielectric layer is from about 100 to about 1000 angstroms.

Also shown in Fig. 5 is the presence of thermally grown

oxide layers 42a, 42b and 42c which are formed indépendently and



- 17 - CS 95-013 32a, 32b and 32c. The structure that results is
illustriated in Fig. 4. As shown in Fig. 4, the first polysilicon capacitor
plate 38 is substantially planar with the surface of the sem conductor
substrate 30. The first polysilicon capacitor plate 38 rises above the

sem conductor substrate 30 surface, at nost, by the thicknesses of the
patterned first mask | ayers 32a and 32b and the patterned second mask

| ayers 36a and 36b. For the preferred enbaodi t of the planar polysilicon.
capacitor of the present invention, the thickness of the first- polysilicon
capacitor plate 38 is preferably about 1000 to about 5000 angstrons. In
addition, the frBs¥5198Bysilicon capacitor plate 38 is preferably forned via

pl anari zing of a bl anket_ polysilicon through a Chenica{-wbch ni cal  Polish
(CMP) net hod enfPBSARGREIDGPYNE PRBIFIAREPR FoPRRE AR08 1SF P61 IR 10 - The

functional capagj Lr s il 455381 I 29
al so be condu&%%ﬁ%t@%&a@%ﬁ?o{%rﬁ&r\is%[]' pol ysi I%%{)ﬁrg pagﬁ:or yp?ﬁﬁ‘ae%s
i's made conduct a¥ea Rgmp&rdturte d@pbit Sts0Ped abolit CIUTIC ApGFddsO et RfradSfd oM
polysilicon with about 1E19 to about 1E21 dopant atons per cubic

a time period sufficient to form thermally grown-oxide layers 42a,

42b and 42c of thickness of about 40 to about 200 angstroms each.

Referriﬁg now to Fig. 6 there is shown the last series of
process steps in forming the planar polysilicon capacitor of the
preferred embodiment of the present invention. Shown in Fig. 6 is
the presence of a second polysilicon capacitor plate 44a and =
polysilicon electrode 44b. The second polysilicon capé&itor plate
44a and the polysilicon electrode 44b are formed simultaneously
through patterning of a second blanket polysilicon layer formed
upon thg surface of the semiconductor substrate illustrated in Fig.
5. The second blanket polysilicon layer is formed through methods
and materials analogous to those employed in forming the blanket
polysilicon 1layer from which isl formed the first polysilicon
capacitor plate 38. Analogously to ?he pianket polysilicon layer
from which is formed the first polysilicon capacitor plate 38, the
second blanket polysilicon 1layer must also be conductive,
preferably through in-situ incorporation of ddpants during the
process of forming the blanket second polysilicon layer. Other
methods of making the blanket second polysilicon layer conductive
through doping may be employed although such methods typically add

to process complexity.



centineter. Preferably, although not exclusively, the dopant is

i ncorpotated in-situ into the blanket polysilicon |ayer fromwhich is
formed the first polysilicon capacitor plate 38. CS 95-013 Once having
formed the first polysilicon capacitor plate 38, additional |ayers of the
pl anar polysilicon capacitor of the preferred enbodi mrent of the present

I nvention may then be fornmed. Schematic cross-sectional di agrans which
illustrate those additional |ayers are showaoih Fig. 5 and Fig. 6. Shown
in Fig. 5is the presence of a polysilicon capacitor dielectric |ayer 40
formed upon the surface of- the first polysilicon capacitor plate 38.

Pol ysilicon capacid as-gifl ectric layers are well known in the art.
Typically, they are forned of materials including but not limted to
silicon oxide materials, Prlefecablyit theessmindr palysididosi kapanitoxypilate deta

materials fornmed upon the_surfaces of polysilicon cqpacitor |;at es ghrou%h
met hods i ncl udi nd*BuFPh8PLYTiien 1% ﬁb?%dﬁx‘ﬁ“&aﬁ'mfrﬁﬁ‘t?ﬁfgﬁﬁ 18R fPcaiout

vapor Deposi tion 4dg¢Dhn fhds t?@gk P%Q’c?z' C%hd\/@ipé)rsé&ﬁﬁs 'ptc'lggiifc‘:\é@ capacitor
sputtering nethods. For the pretéerred erbodi nent of the present | nvehiion,
the polysilicon ofiaaei 404 fHackret §d1G sliayein 4tk Se Hrfreaabhyn f HFdTerdrRéd % rom
conposite formed froma thermally grown .
pelysilicon with about 1E19 to about 1E21 dopant atoms per cubic
Centimeter. Once the second polysilicon capacitor plate 44a and
the polysilicon gate electrode 44b have been formed from the
blanket second polysilicon layer, the thermally grown oxide layers
42a, 42b and 42c may be etched through methods as are conventiocnal
to the art to leave remaining the gate oxide 42c' beneath the

polysilicon gate electrode 44b.

Finally, there is shown in Fig. 6 the presence of low
dose ion implants 46a and 46b adjoining the gate oxide 42¢' and the
gate electrode 44b. Low dose ion implants are designed to reduce
electric fields at gaée electrode edges, which electric fields
would otherwise contribute to spurious charge carrier effects
within field effect transistors. Low dose ion implants are known
in the art. The polarity to whict; ‘a field effect transistor is
designed will determine the polarity of the dopant employed in
forming the low dose ion implants. For the pre:f'erred embodiment of
the present invention, the low dose ion implants 46a and 46b may be
provided through either a phosphorus dopant species (N polarity} er
a boron dopant species (P polarity), preferably through ion

implantation at an ion implantation dose of about 10E12 to about



oxi de |l ayer upon which is deposited a silicon nitride |ayer. The top
surface of the silicon nitride layer is preferably oxidized. Preferably,
the overall thickness of the polysilicon capacitor dielectric layer is from
about 100 to about 1000 angstrons. Al so shown in Fig. 5 is the presence of
thermal |y grown oxide |ayers 42a, 42b and 42c which are fornmed
I,ndependent|y and -19- CS 95-013 subsequently to the polysilicon
capacitor dielectric |ayer 40. The thermaltylgtown oxide |ayers 42a, 42b
and 42c are preferably fornmed at a tenperature of about 750 to about 1150
degrees centigrade for a tine period sufficient to formthermally grown
oxi de |l ayers 42a, 42b and 42c of thickness of about 40 to about 200
angstrons each. Referring nowto Fig. 6 there is shown the |ast series of
process steps i A5f#%1dg the pl anar polysilicon capacitor of the preferreéd

enbodi nent of t esent_invention. Sho I NaFi Q.58 | f f ea
second pol ysili ggﬁ%d‘ﬁgﬁip{%rs?)‘f"fteeci%amé\r%ﬂr aﬁgofgsﬁo?‘i %@?}fﬁe{ggé ?%?g%g%g.“The
second pol ysili gggu€apach tfMoul! 2 ké¢a and the polysilicon el ectrode 44b
are formed sinultaneously through patterning of a second bl anket

polysilicon |ayer formed upon the surface of the sem conductor substrate

illustrated in Fig. . . .
Referring now to Fig. 7 there is shown a schematic cross-

sectional diagram illustrating the last series of process steps in
which the planar pélysilicon capacitor of the preferred embodiment
of the present invention is formed into an integrated circuit.
Shown in Fig. 7 is the presence of insulator spacers 48a and 48b,
and'ééé and 48d,'along the edges, respectively, of the second
polysilicon capacitor plate 44a and the polysilicon gat-é e-lectrode
44b. Insulator spacers are known in the art. Insulatér spacers
are typically formed through anisotropic etching of blanket layers
of insulator materials conformally deposited upon integrated
circuit surfaces. Insulator materials from which may be formed
insﬁlator spacers include but are not limited to silicon oxides,
silicon nitrides and silicon oxynitrides. For the preferred
embodiment of the planar polysilicon capacitor of the present
invention, the insulator spacers .48a. .Gab, 48c and 484 may be
formed thr;ugh anisotropically etchiég 2 blanket layer of either a
silicon oxide material, a silicon nitride matei}al or a silicon
oxynitride material in a Reactive Ion Etch (RIE) plasma employing

an etchant gas appropriate to the material being etched.

Also shown in Fig. 7 is the presence of source/drain

electrodes 45a and 49b. Source/drain electrodes are conventional



5. The second bl anket polysilicon layer is formed through nethods and

mat eri al s anal ogous to those enployed in form ng the bl anket polysilicon
| ayer fromwhich is formed the first polysilicon capacitor plate 38.

Anal ogously to the bl anket polysilicon |ayer fromwhich is forned the first
pol ysilicon capacitor plate 38, the second bl anket polysilicon |ayer nust
al so be conductive, preferably through in-situ incorporation of dopants
during the process of form ng the bl anket _sgcand polysilicon layer. O her
met hods of making the bl anket second polysilicon |ayer conductive through
dopi ng may be enpl oyed al t hough such nethods typically add to process
conpl exity. - 20 - C5 95-013 Preferably, the second polysilicon
capacitor platE%£5-2%3 the polysilicon gate el ectrode 44b are from about

1000 to about S00AANAY BRTAAN Sl £RCkadd: bl ¢ BESOREL 0! VAL pERML sy o0f

capacitor plate 4 I'’con gate electro are forme |

pol ysilicon w t¢heaheutaddel Yoh aits WedlaAPRBBl wEl VW cRete WHY folarity of

centimeter. Once the second polysilicon capacitor plate 44a and the

pol ysili con gatthee| seurceddraith hiewtdvden f49rnexhdf r4fh+ he Folranitet preferced

olysilicon layer, the thermall rown ,oxi de, | ayers

poly yémbodzment of the grggent invention,ythe source/drain electrodes
are preferably formed through implanting either arsenic dopant
species, boron dopant species or phosphorus dopant species into the -~
semiconductor substrate 30 at a dose of about 1E14 to about 1E16
ions per square centimeter and an ion implantation energy of about

10 to about 100 keV.

Also shown in Fig. 7 is the presence of patégrned first
insulator layers 50a, 50b, S0c, 504 and 50e. The methods through
which insulator layers within integrated circuits may be formed and
patterned are known in the  art. Typically, although not
exclusively, insulator layers are formed of silicon oxide materials
formeqd upon.semiconductor substrates through methods including but
not limited to Chemical Vapor Deposition (CVD) methods and Plasma
Enhanced Chemical Vapor Deposition (PECVD) methods. Typically,
although not exclusively, insulator.lay;rs are patterned through
Reactive Ion Etch (RIE) plasma etch processing. _For the preferred
embodiment of the present invéntion. the patter;;d first insulator
layers S50a, SO0b, 50c, 504 and SOe are préferably formed through
patterning via Reactive Ion Etch (RIE) methods as are conventional
in the art of a blanket layer of a silicon oxide material deposited

through a Chemical Vapor Deposition (CVD) method.



42a, 42b and 42c may be etched through nethods as are conventional to the
art to l'eave'remmining the gate oxide 42c' beneath the polysilicon gate

el ectrode 44b. Finally, there is shown in Fig. 6 the presence of | ow dose
ion inplants 46a and 46b adjoi ning the gate oxide 42c' and the gate

el ectrode 44b. Low dose ion inplants are designed to reduce electric fields
at gate el ectrode edges, which electric fields would otherwi se contribute
to spurious charge carrier effects within fi¢td effect transistors. Low
dose ion inplants are known in the art. The polarity to which a field

ef fect transistoE ig designed will determ ne the polarity of the dopant
enpl oyed in forn1ﬁg 11931 ow dose i on I npl ants. For the preferred enbodi nent

of the present invention,gifia1l,OWHlgse;s WholATIARLS. 4Pa 3BLi&HR MBIndACLive
provi ded t hrough either a phospﬁorus dopant species (N polarity) or a boron
dopant species (Poptdcaristyils pref eszl ys2chramdgis2hoformpd ahhed | the adpezBut €
i npl ant ati on -dose of about 10E12 to_about -21- CS 95-013 10E13 ions per
squar e centi net ePeEREDaERS Pattepsiednf BESoARBHELEY BYezsotia 169% o 545004 18md

keV. Referring n%\’e.to F’i’hgz gor&t@%ﬁ:e ét%dShﬂ'Xn @or&%@@gatéhce C.L.ggosxfd' polysilicon
f.;apacitor plate 44a. The conductive contact stud 52b contact§ the
source/drain electrode 49a. The conductive contact stud S2c
contacts the ;;olysil_icon gate electrode 44b. Finally, the
conductive contact stud 524 contacts the source/drain electrode
49b. Conductive contact studs are also known in the art.
Conductive contact studs are typically formed of highly conductive
materials such as aluminum, aluminum alloys, copper, doped
polysilicon and tungsten. For the preferred emboc.iiment of the
present invention, the conductive contact studs S2a, 52b, S52¢ and
52d are preferably formed from tungsten, as is most common in the

art.

Upon forming the conductive contact studs S2a, 52b, S2c
and 52d, there is formed the planar polysilicon capacitor of the
preferred embodiment of the prese'r;t' inv:ention within an integrated
circuit. The planar poelysilicon capacitor of the preferred
embodiment of the present invention has a hreight comparable to
adjoining integrated circuit features within the integrated circuit
within which is formed the planar pelysilicon capacitor of the
present invention. The planar polysilicon capacitor of the present

invention also has electrical characteristics equivalent to planar



sectional diagramillustrating the |ast series of process steps i n which
the plahar pdlysilicon capacitor of the preferred enbodi ment of the present
invention is forned into an integrated circuit. Shown in Fig. 7 is the
presence of insulator spacers 48a and 48b, and 48c and 48d, along the
edges, respectively, of the second polysilicon capacitor plate 44a and the .
polysilicon gate el ectrode 44b. I nsul ator spacers are known in the art.

| nsul at or spacers are typically formed throl@#h-ani sotropic etching of

bl anket |ayers of insulator materials conformally deposited upon integrated
circuit surfaces. Insulator materials fromwhich may be forned insul ator
spacers include but are not Iimted to silicon oxides, silicon nitrides and
silicon oxynitri@e®5-01For the preferred enbodi nent of the planar

pol ysilicon capaC|tor of the present invention, the |nsulator spacers 48a,

48b, 48c and 480?9‘?%? Bé‘:?’br"ffédc%'ffﬂféug’ﬁ SARLR IR SIPeRs iRt ﬁg“‘&db?%\rﬂ@ﬁr
| ayer of either go b&om k&%@ﬂss&%%mgrﬂéa egp?@iér'de matetial or a
e m

silicon oxynitri feri al Reactive Fon Etc RIE) plasna enpl oyi ng

an etchant gas appropriate to the material being etched. Al so shown in Fig.
7 is the presence of source/drain electrodes 49a and 49b. source/drain

el ectrodes are conventi origiferring 2w to Fig. 8, there is shown a plan-view

schematic diagram of the planar polysilicon capacitor of the
preferred embodiment of the present invention. The plan-view
schematic diagram of Fig. 8 corresponds ﬁo the planar polysilicon
capacitor shown in Fig. 6. <The plan-view iliustrates only the
pciysilicon capacitor, omitted are other elements of the integrated
circuit shown within the cross-sectional schematic diagram of Fig.
6. Shown in Fig. 8 is the second polysilicon capacitgr piate 44a
which is coincident with the polysilicon caﬁacitor dielectric layer
40 (not shown). Contained within the surface qf the secﬁnd
polysilicon capacitor plate 442 is a second polysilicon capacitor
plate contact S4. Finally, there is also shown a first polysilicen
capacitor'bléte contact 56 which resides upon an exposed and

extended portion of the first polysilicon capacitor plate 38..

As is understood by a éérsoﬁ skilled in the art, the
description of the p:eferreq embodiment of the.planar polysilicon
capacitor of the present invention is illustriéive of the present
invention rather than limiting of the bresent invention. Revisions
may be made to methods and materials through which is formed the
preferred embodiment of the planar polysilicon capacitor of the
present invention while still forming an embodiment which is within



CS 95-013 to the art of field effect transistor fabrication. The polarity
of the [ow dose ion inplants 46a and 46b will dictate the polarity of the
source/drain el ectrodes 49a and 49b. For the preferred enbodi nent of the
present invention, the source/drain electrodes are preferably forned
through inplanting either arsenic dopant species, boron dopant species or
phosphorus dopant species into the sem conductor substrate 30 at a dose of
about 1E14 to about 1E16 ions per square céntimeter and an ion inplantation
energy of about 10 to about 100 kev. Also shown in Fig. 7 is the presence
of patterned first insulator layers 50a, 50b, 50c, 50d and 50e. The net hods
t hrough which insulator layers within integrated circuits may be forned and
patterned are known in the art. Typi cally, although not

excl usively, insg#aégr #syers are formed of silicon oxide materials forned
upon sem conduct Betrat es t hrough net hods including but not limted to
Chem cal Vapor gsitiLon ((1@» met hods and Pl asma Enhanced Chemi cal Vapor
Deposi tion (PEC£¥§en§Pﬁ5ﬁ§.an THETR2 9%, the iPresenhoinesrtienvel v,

insul ator layers are patterned through Reactive lon Etch (RIE) plasma etch
processing. For the preferred enbodi mrent of the present invention, the
patterned first insulat r 50b, 50c, 50d and 50e are preferably
formed through patter ni%aéf%gﬁgla%ﬁ?evde %’n Etch (RIE) nethods as are
conventional in the art of a blanket |ayer of a silicon oxide materi al
deposi ted :



t hrough a Cheni cal Vapor Deposition (CVvD) nethod. - 23 - (C5.95-013
Finally, thére is showmn in Fig. 7 a series of conductive contact studs 52a,

52b, 52c¢ and 52d formed into the apertures between the pat 1“ _
insulator |ayers 50a, 50b, 50c, 50d and 50e. The conta *Ilmﬂuﬂilngmmlll '
contacts the second polysilicon capacitor plate 44a. The “cohduttive® *

contact stud 52b contacts the source/drain el ectrode 49a. The conducti ve
contact stud 52c contacts the polysilican,ggate electrode 44b.

Finally, the conductive contact stud 52d contacts the source/drain

el ectrode 49b. Conductive contact studs are also known in the art.
Conductive cont &5t 98tUids are typically fornmed of highly conductive

materials such gs al um | unj num al | oy.s, .co r,.,doped pol vsiligon and
tungsten.  For “the ’gr"é?rlg‘gke%re Lo imiIns %‘r"hfﬁeggfyé?éﬁfg n?/%iﬂﬁggﬁf fe Use
conductive cont ggknsh UHS ir¥egratel cHeidnfomid sahg: preferably forned from
tungsten, as is nost conmon 1n the art. Upon formng the conductive contact
studs 52a, 52b, 52c fowhibhgddywithier @ semfcmdedtéhesyblsimate poldewp itcemch, the
capacitor of the preferred enbodi ment of the present invention within an
i nt egr at ed deep trench having formed therein a dielectric material;
forming within the dielectric material within the deep trench
a shallow trench, the shallow trench having formed therein a first
polysilicon capacitor plate, the upper surface of the first
polysilicon capacitor plate being substantially planar with the
surface of the semiconductor substrate;
forming upon the first polysilicon capacitor plate _a
polysilicon capacitor dielectric layer; and i
forming upon the polysilicon capacitor dielectric layer a

second polysilicon capacitor plate.

2. The method as recited in Claim 1 wherein the depth of the deep

trench is from about 5000 to about 10000 angstroms.

3. The method as recited in Claim 1 wherein the dielectric
material is a silicon oxide materiél formed through a Chemical

Vapor Deposition (CVD) method.

4. The method as recited in Claim 1 wherein the depth of the

shallow trench is from about 1000 to about 5000 angstroms.

S. The method as recited in Claim 1 wherein the thickness of the



circuit. The planar polysilicon capacitor of the pref
of the<presént invention has a height conparable to adj oi n ﬁ I nt egr at ed

circuit features within the integrated circuit within mhlch mluﬁ" ""ﬂf""n |

pl anar pol ysilicon capacitor of the present invention. The
pol ysilicon capacitor of the present invention also has el ectri cal
characteristics equivalent to planar - 24 - CS 95-013 polysilicon
capaci tors of equival ent di nensions forned 2t ~other |ocations within the
sane integrated circuit. Referring nowto Fig. 8, there is shown a

pl an- vieM/scheggtég(ﬂjagran1of t he planar polysilicon capacitor of the
preferred enbodinent "0f the present invention. The pl an-vi ew schematic

di agram of. Fi g£iBs€ @ol9sphittn tapiddidtop! plxte N8| fHiin about cl9dcte dboshoiP 0 n
Fig. 6. The plan-view illustrates only the polysilicon capacitor, omtted
are ot her el en@ngstxsimst.he integrated circuit shown within the
cross-sectional schematic diagramof Fig. 6. Shown in Fig. 8 is the second
pol ysilicon capacitor plate 44a which is coincident with the polysilicon

capacitor diel gctrifhd a¥eodtds Ad2QtedNNBlaim 1GHERIRCERMNiILiDED PdlgsSlidaace
of the second polysilicon capacitor plate 44a is a second polysilicon
capaci tor capacitor plate is formed from polysilicon with about 1E1S to about

1E21 dopant atoms per cubic centimeter.

7. The method as recited in Claim 1 wherein the polysilicon
capacitor dielectric layer is from about 100 to about 1000

angstroms thick. --

8. The method as recited in Claim 1 wherein the polysilicon
capacitor dielectric layer is formed of a composite formed from a
thermally grown oxide layer upon which is deposited a silicon

nitride layer.

9. The method as recited in Claim 1 wherein the thickness of the
second polysilicon capacitor plate is from about 1000 to about 5000

angstroms.

10. The method as recited in Claim 1 wherein the second
polysilicon capacitor plate is formed from polysilicon with about

1E19 to about 1E21 dopant atoms per cubic centimeter.

11. The method as recited in Claim 1 wherein at least one layer of



plate contact 54. Finally, there is also shown a first polysilicon

capaci tor plate contact 56 which resides upon an exposed anﬂMMﬁMl"llMllﬂllll :
portion of the first polysilicon capacitor plate 38. As is :
person skilled in the art, the description of the preferred enwbddi frent ot *
t he planar polysilicon capacitor of the present invention is illustrative
of the present invention rather than linmting of the present invention.

Revi sions may be nmade to nmethods and naterizd s t hrough which is fornmed the
preferred enbodi nent of the planar polysilicon capacitor of the present
invention while still formng an enbodi nent which is wthin - 25 - CS
95-013. t he spirf® #|id®ldcope of the present invention. What is clained is:

ol e o it AP, RO Sy A b e
dielectric layer and the second polysilicon capacitor plate is
formed simultaneously with other integrated circuit structures
within the integrated circuit within which is formed the planar
polysilicon capacitor.

12. A method for forming a planar polysilicon capacitor within an
integrated circuit comprising: _

forming upon a semiconductor substrate an integrated circuit
structure comprising at least one field effect transistor; Ce-

forming within the semiconductor substrate a deep trench, the
deep trench having formed therein a dielectric material;

.'forming'within the dielectric material within the deep trench

a shallow trench, the shallow treﬁch having formed therein a first
polysilicon capacitor plate, the upper surface of the first
ﬁolysilicon-capacitor plate being substantiﬁlly planar with the
surface of the semiconductor substrate;

forming upon the first po}ysilicon capacitor plate a
polysilicon capacitor dielgctric 1ay§r; and

forming upon the polysilicon capacitor dielectric layer a

. second polysilicon capacitor .plate.

13. The method as recited in Claim 12 wherein the depth of the
deep trench is from about 5000 to about 10000 angstroms and the
depth of the shallow trench is from about 1000 to about 5000



forming within a seniconductor substrate a deep trench, the deep trench

havi ng*forntd therein a dielectric material; formng within the dielectric
material within the deep trench a shallow trench, the shallo ] _
formed therein a first polysilicon capacitor plate, the uppe““llmlmmwllﬂmll
the first polysilicon capacitor plate being substantially planarwth the -~
surface of the sem conductor substrate; formng upon the first
polysilicon capacitor plate a ponS|I|COh28abaC|tor dielectric layer; and
form ng upon the polysilicon capaC| tor dielectric |ayer a second

pol ysilicon cap 8% %roﬂate : The method as recited in Caim1l wherein
the depth of the e p ench is fromabout 5000 to about 10000 angstrons.

3. The met hod gsgdt@ehied in Caim1l wherein the dielectric material is a
silicon oxide material formed through a Chem cal Vapor Deposition (CVD)

met hod. 4. The nethod as recited in Caim1 wherein the depth of the
shallow trench is from about 1000 to about 5000 angstrons. 5. The net hod

as recited in O hfm TheiRatspd asmsecitedkiBdadp 13 uherein she tt{gkggsgf:; the
first polysilicon capacitor plate is from about 1000 to about 5000

angstroms, the thickness of the polysilicon capacitor dielectric
layer is from about 100 to about 1000 angstroms and the thickness
of the second polysilicon capacitor plate is from about 1000 to

about S000 angstroms.

15. A planar polysilicon capaciﬁor for use within integrated
circuits comprising: " -

a semiconductor substrate having a deep trench formed therein,
the deep trench having a dielectric material formed therein;

a first polysiiicon_capacitor plate formed within a shallow
trench formed within the.dielectric material, the upper surface of
the first polysilicon capacitor plate being substantially plana;
with the surface of the semiconductor substrate;

a polysilicon capacitor dielec@ric layer formed upon the first
polysilicon capacitor plate; and o

a second polysilicon capacitor plate formed upon the

polysilicon capacitor dielectric layer.

16. The planar polysilicoh capacitor as recited in Claim 15

wherein the depth of the deep trench is from about 5000 to about

10000 angstroms.



first polysilicon capacitor plate is from about 1000 to about 5000

angstroens. 6. The nmethod as recited in Caim1l wherein thefi+st

polysilicon capacitor plate is formed from polysilicon with about 1E19 to
about 1E21 dopant atons per cubic centineter. 7. The net hojﬂ umlll mlrnml
Claim1l wherein the polysilicon capacitor dielectric |ayer i e

100 to about 1000 angstrons thick.

-- 8. The nmethod as recited in Caim1 whei%in the polysilicon capacitor
dielectric layer is forned of a conposite formed froma thernally grown

oxi de | ayer upon which is deposited a silicon nitride |ayer.

9.

The

met hod as recit®s B86~-@d3ai m1 wherein the thickness of the second .
polysilicon capacitor plate is fromabout 1000 to about 5000 an_%it ro%. oll]50.
The method as rédi-t eThe nPXRRAT BOLMSAR EFFR { FRPASERBRd 3F 0l 5RSIPE o e fPRd¢M™

plate is formed Joom pOhyshidiaol M (eapobi (hE1%110cBRUN: ahERe SIARINForied™

per cubic centineter. as recited 1 alm
| east one | ayer thirough -228hehicad5vddér Deposition (CVD) method.

ereln at

18. The planar polysilicon capacitor as recited in Claim 15
wherein the depth of the shallow trench is from about 1000 to about

5000 angstroms.

19. The planar polysilicon capacitor as recited in Claim 15
wherein the first polysilicon capacitor plate is formed from
polysilicon with about 1E19 to about 1E21 dopant atoms per cubic

centimeter, at a thickness of about 1000 to about 5000 angstroms.

20. The planar polysilicon capacitor as recited in Claim 15
wherein the polysilicon 'capacii:or dielectric layer is from about
100 to about 1000 angstroms thiék and the polysilicon capaéitor
dielectric layer is formed of a composite formed from a thermally

grown oxide layer upon which is deposited a silicon nitride layer.

21. The planar polysilicon capacitor as recited in Claim 15
wherein the second polysilicon capacitor plaf':e is formed from
polysilicon with about 1E19 to about 1E21 dopant atoms per cubic

centimeter, at a thickness of about 1000 to about 5000 angstroms.



the first polysilicon capacitor plate, the polysilicon capacitor dielectric
| ayer a&nd the second polysilicon capacitor plate is fornmed sinultaneously
with other integrated circuit structures within the integrated circuit
within which is forned the planar polysilicon capacitor. 12. A nethod for
form ng a planar polysilicon capacitor within an integrated circuit
conprising: form ng upon a sem conductor substrate an integrated circuit
structure conprising at |least one-field effect transistor; formng within

t he sem conductor substrate a deep trench, the deep trench having forned
therein a diel eclysi gst@l,erial,; formng within the dielectric materia
within the deep trench™@ shallow trench, the shallow trench having forned
therein a first polysilicon capacitor plate, the upper surface of the first
polysilicon capacitor plate being substantially planar with the surface of
the sem conductor 5UbStﬁeﬁﬁ?noﬁ:@é@xﬁﬂzd@@ﬂsﬂdﬁeoédﬁnit PAYSYSidoNCE PACRBRE t OF
plate a polysilicon capacitor dielectric layer; and form ng upon the

pol ysilicon capacitor dielectric |ayer a second polysilicon capacitor
plate. 13. The nethod as recited in Caim12 wherein the depth of the deep
trench is fromabout 5000 to about 10000 angstrons and the depth of the
shal l ow trench is from about 1000agsrralaTUbF MY DISCLOSURE :

A double layer planar polysilicon capacitor for use
within integrated circuits and a method by which that planar
polysilicon capacitar is faormed. Formed within a semiconductor

 substrate is a deep trench vwhich is filled with a dielectric
material. Formed within the dielectric material within the deep
trench is a shallow trench which has a first polysilicon capaciter
plate formed tnerein. The upéer surface of the first polysilicon
Capacitor plate is substantially planar wit h the semiconductor
substrate. Formed upon the first polysilicon capacitor plate is a2
Polysilicon capacitor dielectric layer. -.Formed upon the
polysilicon capacitor dielectric layer is a second polysiiiccn

capacito.:: plate.

(FIGURE 2 1S SUGGESTED FOR PUBLICATION)



- 29 - CS 95-013 angstrons. 14. The nethod as recited in Caim12 wherein
the tRickness of the first polysilicon capacitor plate is from about 1000
to about 5000 angstrons, the thickness of the polysilicon capacitor
dielectric layer is fromabout 100 to about 1000 angstroms and the

t hi ckness of the second polysilicon capacitor plate is fromabout 1000 to
about 5000 angstrons. 15. A planar polysilicqg/gapacitor for use within
integrated circuits conprising: a sem conductdr substrate having a deep
trench forned therein, the deep trench having a dielectric material formed
therein; a first polysilicon capacitor plate forned within a shallow trench
formed within the dielectric material, the upper surface of the first :
pol ysilicon capacitor plate being substantially planar with the surface of
the sem conductor substrate; a polysilicon capacitor dielectric |ayer
formed upon the first polysilicon capacitor plate; and a second polysilicon

capacitor plate formed upon the polysgjlicon capacitor di?LeeL;+e—uaye o 16.
The pl anar polysilicon capacitor as ited in Claim1l5 1218 :
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wherein the depth of the deep trench is from about 5000 to about 10000
angst ,ons.« - 30 - CS 95-013 17. The pl anar polysilicon capacitor as
recited in Claim15 wherein the dielectric material is a silicon oxide
material formed through a Chem cal Vapor Deposition (CVD) nethod. 18. The
pl anar polysilicon capacitor as recited in Caim15 wherein the depth of
the shallow trench is from about 1000 to about2Z¥®0 angstrons. 19. The

pl anar polysilicon capacitor as recited in Caim15 wherein the first

pol ysilicon capacitor plate is fornmed from polysilicon with about 1E19 to
about 1E21 dopant atons per cubic centineter, at a thickness of about 1000
to about 5000 angstrons. 20. The planar polysilicon capacitor as recited in
Cl aim 15 wherein the polysilicon capacitor dielectric [ayer is from about
100 to about 1000 angstrons thick.and the polysilicon capacitor dielectric
| ayer is formed of a conposite fornmed froma thermally grown oxide |ayer
upon which is deposited a silicon ni éidellayer. 21. The planar polysilicon
capacitor as recited in Caim15 whet®in the second polysilicon capacitor

plate is formed from {
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pol ysi | i con?with about 1E19 to about 1E21 dopant atons per cubic
centim&tér, "at a thickness of about 1000 to about 5000 angstrons.
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