d7 SE P 2004 A METHOD TO FORM SI DEWALL POLYSI LI CON CAPACI TORS BACKGROUND
OF TJTHE IFNVENTION (1) Field of the Invention The invention rel ates to a

nmet hod of fabricating sem conductor structures, and nore particul g é ;@;
a nmethod of forming polysilicon sidewall capacitors in the manufaet Fg q
an integrated circuit device. (2) Description of the Prior Art Capacitors
are an i nportant enabling conponent for integrated circuit nanufacture.
High unit capacitance structures are needed in the fornmation of nenory
cells such as SRAMs and DRAMs. Polysilicon-to-polysilicon parallel plate
capacitors are a favored approach because neither plate conprises a

substrate junction. Ah&Tefoor €p Fungtggmgngﬁa&%@ ?E? r devi ce
concerns are avoided. Unfortunately, parall ate Qﬁ?éﬁ%&ﬁiﬁ?Rﬁften have
a relatively |ow per unit area capacitance and therefore require large

areas to formlarge capacitors. 1 17 SEP 2Q44 Several prior art approaches

concern the formation of sedewskbueBRHEit@ Syapfrighated structures. U S
Pat ent

(1) Field of the Invention

The invention relates to a methed of fabricating
semiconductor structures, and more particularly, to a
method of forming polysilicon sidewall capacitors in the

manufacture of an integrated cirecuit device.
(2) Description of the Prior Art

Capacitors are an important enabling component for
integrated circuit manufacture. High unit capacitance
structures are needed in the formation of memery c<ells such
.as SRAMs and DRAMs, Polysilicon—to—polysilicon parallel
plate capacitors are a favored apprcach because neither

' plate comprises a substrate junction. Therefore, junction
leakage and parasitic device concerns are avoided.
Unfortunately, parallel plate structures often have a
relatively low per unit area capacitance and therefore

require large areas to form large capacitors.



5,498, 889 to Hayden discloses a nethod to formsidewall capacitors on the
si-dewal.l's of via openings over MOS gates. A stack of . .
dielectric-metal -dielectric is deposited over the MOS gate. A via,opening .
is created over the gate through the stack. A netal sidewal| spacéﬂ SEP 2004
formed in the via opening. A capacitor dielectric is then deposited. A
second netal spacer is forned over the capacitor dielectric. The capacitor

dielectric is etc&edethlopghok0argxgpgeobagegaggngg§ﬁt%ggefogﬂgﬁfgnIO er
is deposited to conplete connectivity and the capacitor. U S. Patent

5,912, 492 t os Ghengl Bt cabateacheSaaaPracsssqt acraduge hot jcarrier effects
in a short channel NCSH%%. Afteragate defin?t?on anggllgﬁfﬁy-égﬁﬁﬁ“ﬂraln

LDD) i npl ant a ¢ @ng g9 ceRAUCt ) i dewal L spacer re fqorned qon the gate.

%he )cogguctiSiggp%%%rggogg%F¥g ?%383§§850xi88t§§§ ?ﬁe%sﬁg 5g§fwPﬁéreby

reduce the ¢ | Le nd the hot.carrier effect. U S Paten

5, 701, 647 toégéfgg‘e‘%igfgcr’Hét"I”glél st osus A5 et Hod PEToPaToaNasi H6Fs et
limnates contact between high dielectric constant material and silicon.

gidemall cd%&%%?%¥soérﬁl?%?ﬁEHlﬁym?Fﬁétdbaﬂﬁéﬁﬁﬂﬁgla seackiakd divelrectric

and conductive | ayers. Another conductive layer is then deposited. This

conducti ve y@y@ﬂw % gate. A via opening ig Created over the gate
through the stack. A metal sidewall spacer is formed in
the via opening. A capacitor dielectric is then deposited.
A second metal spacer is formed over the capaciltor
dielectric. The capacitor dielectric is etched through to
expose the gate electrode. A metal layer is deposited to
complete connectivity and the capacitor. U.S. Patent
5,912,492 tp Chang et al teaches a process to reduce hot
carrier effects in a short channel MOSFET. After gate
definition and lightly-doped drain (LDD) implantaticn,
conductive sidewall spacers are formed on the gate. The
conductive spacers overlie the gate oxide and the LDD and-
thereby reduce the electric field and the hot carrier
effect. U.S. Patent 5,701,647‘to Saenger et al discloses.a
method to form capacitors that eliminates contact between

- high dielectric constant material and silicon. Sidewall

capacitors are formed by first patterning a stack of
dielectric and conductive layers. Another conductive layer

is then deposited. This conductive layer is



J 7 SEP M4 anisotropically etched to formsidewalls. A capacitor
dielectric layer is then deposited and etched down to overlie the
conductive sidewalls. A netal layer is deposited to fill the trengBengQ®4
to formthe top plate for the capacitor. U S Patent 5,760,435 to

teaches a method to form EEPROM cells with double floating gates.
Conductive sidewalls are forned overlying tunnel oxide in the cel

fabricati on. alSUMMARY OFa THE NVEREI O Acphi B61Rak,9b] ec theﬁgresent

invention is to .provide an effective and very nanufac uraBF% thod to

A
form si dewaldi @E&&K&i@r@ ar-the proYfac £€LQ ntegra CIrCUItS.
further objeci of the pr%%eﬂt |nvent|onb?s toIi aPovgéS nE8PHBd o f orm

f the
dewal | ca # C | a ot her further object o
;:egent |nvgﬁﬁfdﬁﬂféyﬁihc%@%%?g%bé QT 3 E?S‘fﬁﬁn@ﬁBP}sﬂPV@énl§ldewal

f MOS
capacitors i cess concurrent to the fornatlon of
t rgn5| st or gcgbtpims@r?d g%%:gg%gcghw fﬁe?ﬁ ©8bfBet ECof O¥Ri henvent bdniea

for the capacitor. U.Ss. Patent 5,760,435 to Pan teaches =a
method to form EEPROM cells with double floating gates.

Conductive sidewalls are formed overlying tunnel oxide in

the cell fabrication.

SUMMARY OF THE INVENTION

A principal object of the presentrinvention is to
~provide an effective and very manufacturable method to form

sidewall capacitors in the manufacture of integrated

circuits.

A further object of the present invention is to
provide a method to form sidewall capacitors with

polysilicon plates.

Another further object of the present invention is to

provide a method to form polysilicon sidewall capacitors in



new met hod of forming sidewall capacitors in the manufacture of an
integrat'ed circuit device has been achieved. Conductive lines are forned

[ ' [ tive . lines
overlying a sem conductor substrate. A portion of the conduc . —
whichynay conprise polysilicon, forns the bottom plates for plannéa SEP 20
sidewal | capacitors while a portion fornms M3S transistor gates. A _

dielectric layer is deposited overlying the conductive |lines. A conductive

layer is depoditeteawerdrydmgreme o etiest Fbemhayen. oThgoscopdyctkve, | ayer is
etched down to form conductive sidewall spacers on the dielectric |ayer of

. . ]
the MOS transitsior gates and to formtop plates for the sidewa
capacitors. The conductive sidewall spacers of the MOS transistor gates

are etched away while the top plates of the sidewall capacitors are
protected with a protective mask. The dielectric layer is etched down to

formdielectric sifewald. ghacers: MOS transistor gates while the
si dewal | capacitg{s aréh:profgéfﬁ véﬁ% b%ﬁ%?%c?fv%hh%sknvﬂn51%EC}2004

Q
a -
BRI EF DESCRI.R t he acconpanying drawi ngs formng a

THE. DRAW NGS | .
material par te-!;JI (g)afgtt%ds OEe Hipti bkl i ers in the

manufacture of an integrated circuit device has been
achieved. Conductive lines are formed overlying a
semiconductor substrate.‘ A portion of the conductive
lines, which may comprise polysilicon, forms the bottom
plates for planned sidewall capacitors wh%le a portion
forms MOS transistor gates. A dielectric layer is
deposited overlying the conductive lines. A conductive
layer is deposited overlying the dielectric layer. The
conductive layer is etched down to form ceonductive sidewall
spacers on the dielectric layer of the MOS transistor gates
and to form top plates for the sidewall capacitors. The
conductive sidewall spacers of the MOS transistor gates are
etched away while the top plates of the sidewall capacitors
are protected with a protective mask. The dielectric layer
is etchéd down to form dielectric sidewall spacers on the
MOS transistor gates while the sidewall capacitors are

protected with a protective mask.



Figs. 1 through 8 schematically illustrate in cross- sectional
representation the preferred enbodi nent of the present invention. Fig. 9
schematically illustrates a top view of the preferred enbodinentn%L t he
present invention. DESCRI PTION OF THE PREFERRED EMBODI MENTS The eniihfliS#Ent00t
di scl oses the application of the present invention to the formation of
sidewal | capacitors in the manufacture of integrated circuit devices. it
shoul d be clear to those BRPEFi GESERIRT ioke car tritrhain AiQ cPr esent i nvention
can be applied and extended w thout deviating fromthe scope of the
present invention. Referring now particularly to Fig. 1, there is shown a 5
i 7 SEP 2MA. cross-sectional representation of the preferred enbodi nent of

the present invemﬂ(ﬂhe/ﬁéﬁﬁﬂﬁéHyHﬂﬁ(Hr§%$§%£a%gﬂéﬁgiiygﬁégvided. The

sem conduct or substrate 10 preférably conprises $FhalsPRrEon.

Substrate 10 o Sopaale ALt VE o CHS TheS1T14 mmy be formed using a

substrate 10 to separate tive areas:. e
trench etch, oxide fill, and polish dowmn sequence as conventional in the
art.

Figs. 1 through 8 schematically illustrate in Cross-

sectional representation the preferred embodiment of the

present invention.

Fig. 9 schematically illustrates a top view of the

preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The,embodiment discloses the application of the
present invention to the formation of sidewall capacitors
in the manufacture of integrated circuit devices. Tt
should be clear to those experienced in the art that the
present invention can be applied and extended without

deviating from the scope of the present invention.

Referring now particularly to Fig. 1, there is shown a



ing nowto Fig. 2, a gate oxide layer 18 is formed overlying the
Egafgghdgctor subst?ate 10. The purpose of the gate oxide layer 18 is t;
formthe dielectric for the subsequently formed MOS transistor gatﬁqasﬁeggm
gate oxide |ayer 18 may be formed using either a thermal oxidation E{BO'C
or a chem cal vapor deposition (CVD) process. The gate oxide IayeEI 200| S
preferably formed to a thickness of between about 10 Angstrons an

t AHIF5TS eofnitoma | veepa@fmnﬂaticsnd@tw@héeﬁ’r@f’@fl:é‘!i“@ 08, gate
QQ?Zengser 18. The first conductive |ayer 22 wl subsequen?% %ogﬁ1both

MOS transi stor Kﬁﬂ(pmﬂsgntcmhﬁEﬁﬂmbniheAbQéﬁPB%ﬁﬁéé€§rfQﬁbtP5%§ g 152 6

capacitors. In the preferred enbodi nent, the first conduc

21WA conpri sexyalesi | iTon ddatcdmyude £ithel. d F@d |pr9§%§?banghe

n
polysilicon is deposited using a | ow pressure c ositio

d 4,000
LPCGVD) to a& ﬂﬂg§§sm9{ qp u 1,000 stroms an
,(AngstrZJm; Rgdgjrn ng nowcio Fig. nJQl anéz}l %??an%}?%@c%e %Gﬁn@lhe pr esent

@ﬂ? rst conductlve | ayer 22 and the gate oxide
:gzgptagnalzsbgktg%%e The fl ns 14 are formed 3; the semiconductor

substrate 10 to separate active areas. The STT 14 may bhe
formed using a trench etch, oxide fill, and polish down

Sequence as conventional in the art.

Referring now to Fig. 2, a gate oxide layer 18 is
formed overlying the semiconductor substrate 10. The
purpose of the gate oxide layer 18 13 te form the
dielectric for the subsequently formed MOS transistor
gates. The gate oxide layer 18 may be formed using either
a thermal oxidation process or a chemical vapor deposition
(CVD) process. The gate oxide layer 18 is preferably formed
to a thickness of between about 10 Angstroms and 200

Angstroms.

A first conductive layer 22 is deposited overlying the
gate oxide layer 18. The first conductive layer 22 will
subsequently form both MOS transistor gate electrodes and
the bottom plates for the sidewall capacitors. In the

preferred embodiment, the first conductive layer 22



conductive lines overlying the sem conductor substrate 10. The ggnggct;X§
| i nes conprise MOS transistor gates 22, forned in transistor ar ,

the bottomplates 23 for the pl anged Si ?ewarrlsld ﬁgipﬁgi ;o(r:gnilgni Pgnéﬁog&t%’ﬁ

area 30. The patterning step may be perfor I o el Tomnd by an
conprising a |ithographic exposure and devel opme \

gigﬁ?ﬁz stgg. Thegbotton1plates 23 are forned for a single capacitor. The

N . i t view illustration
| at eSOPBI IRRECRodve iddrnected :assNewN 4i7 the f o%
g?tL?ngQ, are separated by a spacelLl of between abou ?%Fb h %hd 1.0

L 1ik Hei ; ble void- free
' . ThtBespadpslilibsnsubf bebertyd 496 en0ygh to ena ~ .
P}f{?zz of the sgace in subsequent | ayer epogitlon SEEFSLTE FhsepcH)

' [ t invention are
[ ovepor Figpods: th BRON LRy ph eatures, of (the present i
iR FT 52“2? eg. Apsfliggﬁ di oxi de |aye1r3 %4‘3@ dE5BSEEe@ Loveipieng attrer tMOS

' ili i oxi de | ayer 34
Si 2 e_hatto | ates 23. The silicon dioxi
;[nglfig[l3B%§%?a%%§§?ﬁ3%€(§ﬁ§rghgpgtgpgﬁgFQ@SZZ and the botpon1p|a:ﬁ: 23
and protects themduring the subsequent process steps. In addition,

silicon dioxide |ayer 34

Referring now to Fig. 3, an important feature of the
present invention is illustrated. The first conductive
layer 22 and the gate oxide layer 18 are patterned to form
conductive lines overlying the semiconductor substrate 10.
The conductive lines comprise MOS transistor gates 22,
formed in transistor area 26, and the bottom plates 23 for
the planned sidewall capacitors in the capacitor area 30.
The patterning step may be performed using a conventional
Process comprising a lithographic exposure and development

followed by an etching step.

The bottom plates 23 are formed for a single
capacitor. The bottom plates 23, which are connected as
shown in the top view illustration of Fig. 9, are separated
by a space Ll of between about 0.2 microns and 1.0 microns.
This space L1 is sufficiently large enough to enable void-
free filling of the space in subsequent layer deposition

Steps.



forms a part of the capacitor dielectric for the sidewall capacitor of the
present'?nvention. Thepsilicon dioxide layer 34 is deposited by a CVD
process to a thickness of between about 100 Angstroms and 300 Angstrons. A
dielectric layer 38 is deposited overlying the silicon dioxide | &Y/ rSERANA
The dielectric layer 38 preferably conprises silicon nitride. The
dielectric layer 38 will forma part of the capacitor dielectric for the
sidewal | capacitor. In addition, the dielectric layer 38 wll be
subsequent|ly etched to formthe sidewal | spacers for the M3S transistor
gates 22. The conbined thickness of the silicon dioxide |ayer 34 and the

dielectric |ayemed@rrthlyl nbQrg tig, over al| pacitor dielectrjc. The
dielectric Igyer 3§rprgfgrably cg%prisesbggﬁlg%ng%ﬁﬁﬁﬁﬁﬁeo eﬁaglted by

| . : g
LPCVD to a pdidseiitessvehtheh ween about 100 ,Anggtrons and . 1,900 Angstrons
J-7 SEP 20&2 A second conduct i ve |ayer 427 s e%%§¥¥%ﬁ%%9§F8§|ﬁﬁye¥he

di el ectric 3ayer 3BosTheqsesond, GRNQYE! j¥e L?%r‘?sris‘%r g_g}aygslf gém the top

i 42
plate for the conpleted capacitors. The second conduc e
pref erabl y wempioicses pokyss 13500 prkhat 1Ry, bg; gl ffier dgped or undoped. The

pol ysilicon of
electrically isolates the MOS transistor gates 22 and the
bottom plates 23 and protects them during the subsequent
process steps. In addition, the silicon dioxide layer 34
. forms a part of the capacitor dielectric for the sidewall
capaciter of the present invention. The silicon dioxide

layer 34 is deposited by a CVD process to a thickness of

between about 100 Angstroms and 300 Angstroms.

A dielectric layer 38 is deposited overlying the
silicon dioxide layer 34. The dielectric layer 38
preferably comprises silicon nitride. The dielectric layer
38 will form a part of the capacitor dielectric for the
sidewall capacitor. 1In additien, the dielectric layer 38
will be subsequently etched to form the sidewal]l spacers
for the MOS transistor gates 22. The combined thickness of
the silicon dioxide layer 34 and therdielectric layer 38
will form the overall capacitor dielectric. The dielectric
layer 38 preferably comprises silicon nitride deposited by
LPCVD to a thickness of between about 100 Angstroms and

1,000 Angstroms.



econd conductive layer 42 is preferably deposited by LPCVD to a
Eﬂsciness of between aboﬁt 200 Angstroms and 2,000 Angstroms. Preferably,d
the narrow spacing of the bottomplates 23 will cause the deposited secoS
conductive layer 42 to conpletely fill the space as shown. Refer}frgEhaw
to Fig. 5 another inportant feature of the present invention is
illustrated. The second conductive layer 42 is etched down to. form
conductive sidewall spacers 42 on the dielectric layer 38 of the MOS ]
transistor gates 22. This etching down also forns the top plate 43 for the
sidewal | capacitor. The etching down step is an anisotropic etch where the
second conductive layer 42 is renpved much nore rapidly in the vertical
direction than in the horizontal. The preferred etchlng process conprises

ductive
dry etch using aecehefi sbryudfivd or r. G112 he con
2Id€&ﬁ|| spacergk42 formed on the M transrst T daFESofﬁ 1Ven?enporary

i he etch
and wi | | betrenDeadcitni8 layeSER 2004t he -pext .S &R. NO that .
down step does not separate the top pl atg 4% Thto Two S|8¥ﬁél? At this

point in thelﬁrﬁ@e&Sthéh@o§QQﬁﬁk§QBrh%ﬁebggﬂpEQﬂRJ%%%%c1 éggptlng
connectivity to an overlying netal
second conductive layer 42 preferably comprises polysilicon
that may be either doped or undoped. The polysilicon of
the second conductive layer 42 is preferably deposited by
LPCVD to a thickness of between about 200 Angstroms and
2,000 Angstroms. Preferably, the narrcw spacing of the

bottom plates 23 will cause the deposited second conductive

layer 42 to completely fill the space as shown.

Referring now to Fig. 5, another important feature of
the present invention is illustrated. The second
conductive layer 42 is etched down to form conductive
sidewall spacers 42 on the dielectric layer 38 of.the MOS
transistor gates 22. This etching down alsc forms the tep -
plate 43 for the sidewall capacitor. The etching down step
is an anisotropic etch where the second conductive layer 42

- is removed much more rapidly in the vertical direction than
in the horizontal. The preferred etching process comprises
a dry etch using a chemistry of, for example, HBr or Cl,.
The conductive sidewall spacers 42 formed on the MOS

transistor gates 22 are temporary and will be removed in




Referring nowto Fig. 6, another inportant step in the nethod of the
present ‘invention is shown. The conductive sidewall spacers 42 of the MOS
transi stor gates 38 are etched away. A protective mask 50 protects th&EPd804
plates 43 of the sidewall capacitors fromthe etching step. The etching
process preferably conprises a dry etch using an etching chemstry of, for
exanple, HBr or Cll. The protective mask 50 nay conprise photoresist that
has been exposed and devel oped. Referring nowto Fig. 7, another inportant
feature of the present invention is shown. The dielectric layer 38 is
etched down to formdielectric sidewall spacers 38 on the MOS transistor

gates 22. Thecprotecsise makcSehagaiRe HIQfeets Lhe,capacifor area from
the etching process. The etching down process pre efa Yy~ conprises a dry

etch using sarsarbentlanddd wakitaesgont@d Ni g LAARQY such as CF4. 10 J-3
SEP 2004 Referring nowto Fig. 8, the sidewall capaggfor£?§315%npleted as

i1l ustratedpoAnti it etheveloddisel, eehei €Ay is deposjted
overlying the MOS transi stor gates aﬁ% fhéngiégggF%QC%%%% Qﬁd Cont act

openjpgs ar exetchedy ddnreughvtipe £@t£H|5$@¥1qu8|%gEQiCléfgf? 70. Note
especially
Referring now to Fig. 6, another important step in the
method of the preseﬁt invention is shown. The conductive
sidewall spacers 42 of the MOS transistor gates 38 are
etched away. A protective mask 50 protects the top plates
43 of the sidewall capacitors from the etching step. The
etching process preferably comprises a dry etch using an
etching chemistry of, for example, HBr or Cl,. The |
protective mask 50 may comprise photoresist that has been

exposed and developed.

Referring now to Fig. 7, another important feature of
the present invention is shown. The dielectric layer 38 is
etched down to form dielectric sidewall spacers 38 on the
MOS transistor gates 22. The protective mask 50 again
protects the capacitor area from the étching process. The
etching down process preferably comprises a dry etch using

a carbon and fluorine containing compound such as CF,.

10



the contact opening 78 for the top plate 43 of the sidewall capacitor.
Careful -alignment of the contact mask nust be made to create this contact
opening 78. A nmetal layer 74 is deposited overlying the |nterleva[a‘.,yéﬂbﬁgfﬁlI

dielectric layer 70 and filling the contact openings. The netal )
is patterned to formseparate connective lines. Referring nowto Fig. 9, a
top view of the conductive lines 22, 23, 43 of the view 8-8 of the
preferred enbodi ment of the present invention is shown before netal |ayer

74 is deposited and patterned. The MOS transistor gates 22 are shown. Note
that the bottomplate 23 of the sidewall capacitor runs parallel to the
top plate 43. Theefemuing diost ancBipet deerhd e deaplpl @igaddand & he bottom
plate 23 conprises the silicon dioxide |layer 34 and the dielectric |ayer
38 as showncPmoFiged &s Bddasseathe. t o jtale 43128 1de: ot ol ate 23
are separated by a small distance by high dielectric constant ‘'materi al s,

t he S|demaKIL@thbLMQKMthubEHSannyiﬁglﬂmetM@ge@rgﬁggg%gfﬂgg%esll 17 SEP
2004 The specific advantages of the present invention can rnow be |i sted.

First, the aovethorocesslereapesitos] dewdddce 63RACHLO 2 Qf Jiange unit
capa0|tance Second, the process
through the interlevel dielectric layer 70. Note especially
the contact opening 78 for the top plate 43 of the sidewall
capacitor. Careful alignment of the contact mask must be
made to create this contact opening 78. A metal layer 74
is deposited overlying the interlevel dielectric layer 70

and filling the contact openings. The metal layer 74 is

patterned to form separate connective lines.

Referring now to Fig. 9, a top view of the conductive
lines 22, 23, 43 of the view 8-8 of the preferred
embodiment of the present invention is shown before metal
layer 74 is deposited and patterned. The MOS transistor
gates 22 are shown. Note that the bottom plate 23 of the -
sidewall capacitor runs parallel to the top plate 43. The
small distance between the top plate 43 and the bottom
plate 23 comprises the silicon dioxide layer 34 and the
dielectric layer 38 as shown in Fig. 8. Because the top
plate 43 and the bottom plate 23 are separated by a small
distance by high dielectric constant materials, the

sidewall capacitor exhibits a large unit area capacitance.

13



enabl es the creation of the capacitors alongside MOS transistors. Third,

t he. process enables the creation of polysilicon parallel plate capacitors.
As shown in the preferred enbodi nents, the present invention provides a
very manufacturable process for formng sidewall capacitors in an
integrated circuit device. While the invention has been particuHerkyPeﬂﬂmn
and described with reference to the preferred enbodi nents thereof; it
wi |l be understood by those skilled in the art that various changes in
formand details nmay be made w thout departing fromthe spirit and scope
of the invention. 12 17 SEP 21 wCains 1. A nethod to form sidewal |
capacitors while formng MOS transistor gates in the manufacture of an
integrated circuit device conprising: form ng conductive lines overlying a

semi conduct or  sHbstdraia fwhenal BnsoE: ofr S@id G0 tive lLines form the
bottom pl ates for said sidewal | capacitors and mﬁ%#giﬁp Dt heér's “6F sai d

conductive homese florgpesiai dpVES:t ransisiQn process creates a sidewall
capaeitor of large unit capacitance. Second, the process
enables the creation of the capacitors alongside MOS
transistors. Third, the process enables the creation of

pelysilicon parallel plate capacitors.

As shown in the preferred embodiments, the present
invention provides a very manufacturable process for
forming sidewall capacitors in an integrated circuit

device.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
without departing from the spirit and scope of the

invention.

12



gates; depositing a silicon dioxide |ayer overlying said conductive |ines;
depositing a dielectric layer overlying said silicon dioxide |ayer;
depositing a conductive |ayer overlying said dielectric |ayer; etchy_Rgp sm
down said conductive layer to form conductive sidewall spacers on sai '
dielectric layer of said MOS transisgtQs,.9ates and to formthe top plates
bet ween each two of said bottomplates for said sidewall capacitors; and
etching away said conduetho® tsi dewah | SPREETS oMpd®itqpotactlieng said top
plate with a protective mask to conplete formation of said sidewall

capaci t or £SRY MU RERPSH P MEE 1Tanst st RRERG g e rdfiuf act ure of
sai d i nt egrated-LidL Wit demi Qf‘ev:’?cfe T%ﬁﬂél according to Caiml wherein
sai d conductive lines conprise polysiliccon. 3. The nmethod according to
Cl ai m 1 wher ei rfos@iichg condhottiire | 1iness areeshaoced dhetasgigrorabouto). 2 mi crons
and 1.0 méﬁﬂ%%%af£7§%%%é¥§ygome of said conductive lines form the
bottom plates for said sidewall capacitors and wherein
others of said conductive lines form said MOS transistor
gates;
depositing a silicon dioxide layer overlying said
conductive lines;
depositing a dielectxic layer overiying said silicon
dioxide layer;
depositing a conductive layer overlying said
dielectric laver;
etching down said conductive laver to form
conductive sidewall spacers on said dielectric layer of
salid MOS transistor gates and to form the top plates
between each two of said bottom plates for said sidewall
capacitorg; and
etching away said conductive sidewall spacers while
protecting said top pléte with a protective mask to
complete formation of said sidewall capacitors while

forming said MOS transistor gates in the manufacture of

gsaid integrated circuit device.

2. The method according to Claim 1 wherein said

conductive lines comprise polysilicon.

* 3. The method according to Claim 1 wherein said
;;conductive lines are spaced between about 0.2 microns and |

;1.0 microns. S
113



i ' i i i ilicon dioxide |ayer is
met hod according to Claim1l wherein said si
gépggsted to a thickness of between about 100 Angstroms and 300 Angstrons.

' . . . . . . | ayer
hod according to daim1 wherein said dielectric .
gilrggnnﬁ}t?ide. 6. Thg net hod according to Claim 1 wherein said coggpét§¢@

[ ding to claim| wherein
r conprises polysilicon. 7. The method accor
L:?S stegpof etghi%g down said conducélégzlaéerAls ?Kog ?gyfg?ﬁrsidemall
i Si . HBr an . 8. me
conprising one of the group of: _ (A method to form si dewa
itors while formng MOS transistor gates in _ _ _
?ﬁ?gglgted circuit device conpri5|ng: form ng conductive lines overlying a

i d conductive lines formthe
sem conductor £ gqg§%kgkg wg%r E of . sai S '
bottom pl ates for said, ﬁ gf?o?éaﬁﬁd\Mﬁﬁﬁﬁﬂm setikless latosa

depositing a silicon dioxide
conductive |ingg §,9 transistor gates, e
| ayer' overlying saléglwgﬁgucﬁﬁvgePPﬁé ed1tg #epositriany afdbekeetni gnbay

20 silicon dioxide |ayer;
overlying said ;14 wngstromSPand s gon di oxi

5. The method according to Claim 1 wherein said dielectric

layer comprises silicon nitride,

6. The method according to Claim 1 wherein said conductive

layer comprises polysilicon.

7. The method according to Claim 1 wherein said step of
etching down said conductive layer is by 4 dry etch

comprising one of the group of: HBr and C1,.

8. A method to form sidewall capacitors while forming MOS
transistor gates in the manufacture of an integrated
bircuit device comprising:
forming conductive lines cverlying a semiconductor
5 substrate wherein some of said conductive lines form the
bottom plates for said: sidewall capacitors and wherein
others of said conductive lines form MOS transistor gates;
depositing a silicon dioxide layer overlying said
conductive lines:

10 depositing a dielectric layer overlying said
_ =




depositing a conductive |layer overlying said dielectric |layer; etching
down said conductive |ayer to formconductive 15 sidewall spacers on said
dielectric layer of said NOS transistor gates and to forma top plate

bet ween each two of said bottomplates to conplete said sidewall
capacitors; etching away said conductive sidewall spacers while 3208EP

protecting said top plate with a protective mask; and etching down said
dielectric layer to formdielectric sidewall spacers on said MOS transistor
gates while protecting said sidewall capacitors with a protective nmask to
conplete said sidewall capacitors and said MOS 25 transistor gates in the
manuf acture of said integrated circuit device. 9. The nethod according to
Claim 8 wherein said conductive lines conprise polysilicon. 10. The net hod

according to J & imBahetieixidsaidycgonductive |ines are spaced between
about 0.2 mcrons and 1..0 mcrons. 15 17SEP20C4 11. The met hod accordi ng

to C]ain18 wher ei n saleghcsiikii ggna conductive layer overlying said
dielectric layer;
etching down said conductive layer to form conductive
15 sidewall spacers on said dielectric layer of said Mosg
transistor gates and to form a top plate between each two
of said bottom plates to complete said sidewall
'capacitors; |
etching away said conductive sidewall spacers while
20 protecting said fop plate with a protective mésk; and
etching down said dielectric layer to form dielectric
sidewall spacers on said MOS transistor gates while
protecting said sidewall Capacitors with a protective mask
to complete said sidewall capacitors and said MOS

25 i '
transistor gates in the manufacture of said integrated

circuit device,

9. The method according to Claim 8 wherein said

conductive lines comprise polysilicon.

10. The method according to Claim 8 wherein said

cond ' i
uctive lines are Sspaced between about 0.2 microns and

1.0 microns.
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di oxi de | ayer is deposited to a thickness of between about 100 Angstrons
and -300 Angstrons. 12. The nethod according to Claim8 wherein said
dielectric |ayer conprises silicon nitride. 13. The method according to

Claim8 wherein said conductive |ayer conprises polysilicon. 14. The

nmet hod according to Claim8 wherein said conductive layer is deppgigdms sinp
a thickness of between about 200 Angstrons and 2,000 Angstrons. 15. The

nmet hod according to Claim8 wherein said step of etching down said
conductive layer is by a dry etch conprising one of the group of: HBr and
Cl2 16. A nethod to formsidewall capacitors while formng MOS transistor
gates in the manufacture of an integrated circuit device conprising:
form ng polysaiicon | ines overlying a sem conductor 16 17 SEP 2M4 5
substrat e whetér n'R®rfeeidiod @iaFcsvidgctiovelhined §iosre thesa hotdiamgplat es for
said sidewal | capacitors and wherein others of said conductive |lines form
NOS transi st ofi1 G4t @3 ; laleqgosis idegpoaisieki conadinxidecdayer omerdoy RG ol d
pol ysilicon |ines;

100 Angstroms and 300 Angsiroms.

12. The method according to Claim 8 wherein said dielectric

layer comprises silicon nitride.

13. The method according to Claim 8 wherein said conductive

layer comprises polysilicon.

14. The method according to Claim 8 wherein said conductive

layer is deposited to a thickness of between about 200

Angstroms and 2, 000 Angstrbms.

15>. The method according to Claim 8 wherein said step of
etching down said conductive layer is by a dry etch

comprising one of the group of: HBr and Cls.

16. A method to form sidewall capacitors while forming MOS
transistor gates in the manufacture of an integrated
circuit device comprising:

forming polysilicon lines overlying a semiconductor
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i i ili i oxi de
. S Pt lying said silicon dioxi
a silicon nitride |ayer overlyi _ SIi de
ﬂgygspozgggggting a polysiIiconl!ayerlov::l{;ngof§:SSSLL:§g?ligghrgidemall
: - ing down said polysilicon |ay ( , :
l?ye;}segﬁhsa?d silicon nitride layer of said MOS trans'fgogogaFggéﬁggggg
forn top plate between each two of said b_ottomp!atesII aggrs chile
= el | Capaci for i st Woh a protective maski and etching down said
i idtop plate with a protect . ; id MOS
g?lrggaeﬁ}{P?dZalayerptg formsilicon nitride sidewall spacers on said

: . : . . a
transistor gates while protecting said sidewall capacitors with

' i [ d 25 said MOS
[ te,said sidewal | capacitors and : . .
FLoncretor ates Eore B B P & et S ot by e, 17

im16 wherein said 17 1 7 SEP 2004 polysilicon

The met hod accor gj 0 53 C : met hod
ﬁiﬁes are spacedg%g?a%eﬁgég%ﬁtf?FZsﬁi@ronslam@all.Gaﬁ&@i@%@s A8 S !

%ccording to C‘ab@h%§smgfr§gfhEggﬁéﬁﬂtukzogines form MOS transistor gates;
| depositing a silicon dioxide layer cverlying said
Polysilicon lines:
10 depositing a silicon nitride layer overlying said
silicon dioxide layer;
depositing a polysilicon layer overlying said silicon
nitride layer;
etching down said polysilicon layer to form
.15 polysilicon sidewall Spacers on said silicon nitride layer
of said MOS transistor gates and to form a top plate
between each two of said bottom plates to complete said
sidewall Capacitors;
etching away said polysilcon sidewall spacers while
20 protecting said top plate with a protective mask; and
etching down said silicop nitride layer to form
silicon nitride sidewall spacers on said MOS transistor
gates while protecting said sidewall Capacitors with a
protective mask to complete said sidewalil capacitors and
25 said MOS transistor gates in the manufacture of said

integrated circuit device.

17. The method according to Claim 16 wherein said
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itri i osited to a thickness of between about 100 Angstrons
ghgrllfjgdi)ax(;grgs!tfo(rjrgf) 19. The method according to Caim 16 V\:L’Iel’fl gogal d
polysilicon layer is deposited to a thickness of between aCIOU' 0 rein
Angstroms and 2,000 Angstronms. 20. The method according tod alt
said step of etching down said polysilicon layer is by a dry e CE?SEP 2004
conprising one of the group of: HBr and Cl2. 18

pelysilicon lines are spaced between about 0.2 microns and

1.0 microns.

18. The method according to Claim 16 wherein said silicen

nitride layer is deposited to a thickness of between about

100 Angstroms and 1,000 Angstroms.

19. The method according to Claim 16 wherein said
polysilicon layer is deposited to a thickness of between

about 200 Angstroms and 2,000 Angstroms.

20. The method according to Claim 16 wherein said step of
etching down said polysilicon layer is by a dry etch

comprising one of the group of: HBr and Cl,.
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