; ef e3eFLC. 6TL5<&16 SEP 2004 NETHCD FCR FCRNING HIGH—DENSITY HIGﬁﬁgﬂsgﬁ'ﬁmq
CAPACI TOR ° BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI

present invention relates to a nethod of fabricating a capacitor, and nore
particularly, to a nmethod of fabricating a capacitor having | arge capacitor
surface area on a mnimumchip area in the fabrication of an integrated
circuit device. (2) DESCRI PTION OF THE PRI OR ART Capacitors are critical

conponent g teeEhAat i Loyl | f today. As the technology in
“the sem com%?qﬁgdust rﬁr@&fﬂ@e%ﬁ%ﬂ%&ﬁ GFPAREIOR

sem conduct or devi ces shrink. Wile maintaining the required capacitance,

it is desirable to formthe capacitor on as small a chip area as possible,
‘thus reducing cell sBaeXGHCENIPairetHD, 3AZENSGON 0 Gardner teaches a net hod
of using polysilicon spacers as a mask for making very small polysilicon
features. U S. Patent 5,912,492 to Chang et al shows a capacitor having
spacer? ﬁv% E% FOX. U S. Patents 5,909,621 to Hsia et al, 5,854,105 to
Tseng, drld FEEPP2 050 FHE, INVANTHOMN|  show capacitor processes usingl '~ 6
"SEP ' tuu-~ spacers of rious types. U. S. Patent 5,595,928 to Lu et al shows
a process for forning pol Y99 IRV Qi At s . ESUIMVINRAEE ORHE

| NVENT el -Acael dipngl obj ect. of the invention to provi de
an ef fective angbvgrié ar?l}ftzjcﬁ uré’tﬁ%ﬂc%" Eléasrg”fcd% 16t d indrathesbaci t or -
. the fabfi @ablrg_@a@flnlgn(aeg_ra@,ta%qhtggr ?}gvt]%go&not her Oa# ect of t he present

~invention is to provide a ricc aEC;F

hi gh- capaei by, eapaaiimdi ichitphe fabriiCatd r}—aq)frf&t&g; X CI rcuits. A
. further object of the present invention

integrated circuit device.

(2) DESCRIPTION OF THE PRIOR ART

Capacitors are critical components in the
integrated circuit devices of today. As the technology in
the semiconductor industry grows, the physical geométry of
the semiconductor devices shrink. While maintaining the

required capacitance, it is desirable to form the capacitor

on as small a chip area as possible, thus reducing cell size.

U.S5. Patent 5,942,787 tQ Gardner teaches a
- method of using polysilicon spacers as a mask for making very
Vsmall polysilicon features. U.S. Patent 5,912,492 to Chang
et al shows a capacitor having spacers over a FOX. U.S.
Patents 5,909,621 to Hsia et al, 5,854,105 to Tseng, and

- 5,712,202 to Liaw et al show capacitor processes using



to, provide a nmethod for fabricating a high-density high capacity capiﬁgaﬁﬁq :
in a process conpatible with the double poly |ayer process in thqlﬁ )

~fabrication of integrated circuits. In accordance with the objects of this
invention, a method for fabricating a high-density high capacity capacitor
is achieved. A dielectric layer is provided overlying a sem conduct or
substrate. A sacrificial layer is deposited overlying the dielectric |ayer

-and patterned ta forma pattern having a | arge surface area 2 1 6 SEP
2004 WPAFRTS ShaPFrapds’ 6WPERe slbstrReSeNSpacErs 4P8 For hudesnadi deval | s

of - the ern i ticial _layer. Thereafter, .the sacrificial layer is
rennveﬁﬂéﬁgb%t?gﬁ?%géagP%o?OEPé g PR §F1§§C8BnP6ﬁRﬁFI§38856§PF§d over | yi ng
the spacers. A capacitor dielectric |layer is deposited overlying the bottom
capacitor plate layer. A top capacitor plate |ayer is deposited overlying

the capacitor diel ect sUsrMbayebrandepaiient b conplete fabrication of a
hi gh-density high capacity capacitor. Al so in accordance with the objects
of this invention, another nethod for fabricating a high-density
hi gh-capacity capacitor is achieved. A dielectric layer is provided
overlying a sem conduéeeprdabgilvat ét Assacpirfimairgl cbiget o d@posited
overlying the dielectric |ayer and patterned to forma pattern having-a
| ar ge %ﬂ??&&éoaréa RFOR A 2BnBItE egtdy cornslaive ryuBaniBctukabdet om
- capaci p.or. plLate | ayer i.s_deposited overlying the patterned sacrifici al
| ayer é%acg %hgartoa%5553%§§308r§agﬁc§F8EWé &her teheigatiomed sacrifici al
layer.iIE%b%?EEﬁrciEQEi%QQrifiCia' | ayer is renoved. A capacitor dielectric
| ayer is conformally deposited overlying the bottom capacitor plate |ayer.
A top capacitor plate layer is deposited overlying the capacitor. dielectric
- lTayer and patterned to conplete fabrication of a high-density high-capacity

capacitor. 3 Another object of the present invention is to
provide a method for fabricating a high-density high-capacity

capacitor in the fabrication of integrated circuits.

A further cobject of the present invention is
to . provide a method for fabricating a high-density high-
capacity capacitor in a process compatible with the double

poly layer process in the fabrication of integrated circuits.

In ac;ordance with the objects of this
invention, a method for fabricating a high-density high-
capacity capacitor is achieved. A dielectric layer
is provided overlying a semiconductor substrate. A
sacrificial layer is deposited overlying the dielectric layer—

and patterned to form a pattern having a large surface area



-1 6 SEP 2004! BRI EF DESCRI PTION OF THE DRAW NGS In the foll ow ng draw ngs

- forming a material part of this description, there is shown: Figs. ﬁ 4
“through 7 are schematic crosssectional representations of a first !) efsgf’r%%“
enbodi ment of the present invention. Figs. 8, 9, 11 through 13, 15, and 16
are schematic cross-sectional representations of a second preferred

enbodi nent of the present invention. Fig. 10 is a top viewof Fig. 9 in the

second red di ment _of _f he esent invention. Fig. 14 is a top view
of Fig.@%gg?% %h%ﬁgggo%ﬁe%r%?e?ﬁ%dsgﬁﬁsﬂﬁﬁﬁnt SPaERESpAESefiorpadenni on

Fig. 175]8eds tew of Fig. 16.in_the_second preferred enbodi ment of the
presentsiH%en%?%ﬁ¥£4¥h8ip££g%¥p§60ﬁaﬁﬁéﬁﬁfﬁ% CﬁgﬁFITHETPﬁE?EﬁREDI

EVMBODI MENT Ss dbei p1 058551 el e PEESEDLGI NVENL] rovides. a net hod for
fabricating a capacitor ﬁ%%ingsa ve§y&?érg§ %8§§8ﬁt8?P§ﬁ%FSEeP PES, thus
achievih@y@ighsca@@ﬁ&iﬁ@DByoﬂeﬁ$§iﬂuaT60&91@&&%-tﬁ$038588§%K3dAe”b0d'”Ents
of the present invention are described bel ow. The first enpodi nent of the
presentcapaehtéondielecheidesayebetlswieposetanenearl 91 Fi0she lbbREaRIN 7.
The second enbodi nent of the invention will be described with reference to
Fi gs. S"I¥FOuHPr 171ate In¥erbe Andepscopdcbyorhpietekibyed in the art that

the.pro&gs&eof t?e preseft_invention should not be limted to the two
enmbodi ment SSRREEFTReAVREI BF RS blE taRapétext éhgdacandcappyeedand ot her

capaci t. o5+ €opf i gur at i ~The first preferred, epbodi ment of the present
inventi%élvwl ﬁ%mﬁ%%ggég%r?%%ﬁlﬁ?%ﬁg?e? r@ngégPadPPﬁéﬁylhﬁﬁhbugh 7.

Referri HOW- Lgularly to Fig. 1, there is shown a partially
conpletiﬁFintég?%§%§é£$?€hit devi ce. The sem conductor substrate 10 is
-preferably conposed of silicon having a (100) crystallographic orientation.
~Sem conduct or device structures are fornmed- in and on the sem conductor
substrate. These may imréudEnga&@oﬁBSﬁ&éodﬁﬁhaﬂﬁei8E§é§@§”8%tkﬁﬁs'i”es and
associ ated source and drain regions and |ower levels of netall'ization. The
sem condiitdmii@®, another method for fabricating a high-density :

high-capacity capacitor is achieved. A dielectric layer is
provided overlying a semiconductor substrate. A sacrificial
layer is deposited overlying the dielectric layer and
patterned to form a pattern having.a large surface area
within a small area on said substrate. A bottom capacitor
plate layer is deposited overlying the patterned sacrificial
layer and etched to leave spacers on sidewalls of the
patterned sacrificial layer. Thereafter, the sacrificial
layer is removed. & capacitor dielectric layer is
conformally deposited overlying the bottom capacitor plate
layer. A top capacitor plate layer is deposited overlying-
the capacitor dielectric layer and patterned to complete

fabrication of a high~-density high-capacity capacitor.

y



1 6 SEP 2004 device structures, not shown, may be fornmed in Iayer 14 and
covered with an insulating layer. Now, a dielectric | ayer 16 is forngdp oSl ﬂMﬁ
. the layer 14. Layer 16 may be silicon oxide having a thickness of between

1 00 and 300 Angstrons. Now, a sacrificial polysilicon |layer 16 is deposited

by chem cal vapor deposition (CVD) over the oxide layer 18 to a thickness

of between about 2000 and 5000 Angstrons. The sacrificial polysilicon |ayer

‘18 is patterned as ni num spaci ng between pol ysili.con
lines. A dieIectriC§Fg§grbgﬁghgpéébgsP?eEHEORPBWEﬁpﬁy over the patterred
sacrificial polysilicon |layer 18, as shown in Fig. 3. the dielectric |ayer
20 may conprise silicon nitride or ONO (silicon oxide/silicon
nitride/silicon oxide)ran t i of between about [ 00 and
500 Angstroms. The dlE|6C?P?§¥Og$é§l§8 ?ggggﬁggroBF%éPPyaeFéﬁsals ck to

| eave spacersf22hos @bscsigenshl stabrbhespahbgnned sacrificial polysilicon
~layer 18, as shown in Fig. 9. 6 1 6 SEP 2004 Referring nowto Fig. 5, the
sacrificial polysilicon layer 18 is etched away using a high selectivity

- etching, leaving the dielectric spacers 22 as pillars over the oxide |ayer
16. The high select|V|F99§tcE| QrﬁughugeaCszHBemézlchewnssFy, for exanple.
Now, the bhptto plate silicon |layer 30 is.deposited conformally over _
the oxi-de aye aﬁapfﬁg ¥@Fé€??|EfsBa@éF§t2Ere§é€59§ee@b0ﬁh@en@pography of
t he dletﬁ&téfgséggcgﬁﬁ Qyer the oxide layer, the bottom plate polysilicon
IS corruga resu ?lng I'n a |large surface area, but within a m ni num
chip area. The bottomplate polysilicon is shown in Fig. 6. Referring now
to Fig. 7, a capacitor dielectric layer 32 is deposited over the bottom
..capacitor plate 30. Thgigapagiter e y 1.5e |I|con nitride,
“silicon oxynitride, ONO OX|de/2|tnggﬁ%§Pgﬁ)q% E?ﬁl??ﬁd% OX|8e) or any
ot her sschebaeidi etestriactIbaalhirekpessnehtiBasCaRaG] LAk fise! ectric |ayer
32 is typically between about 100 and 300 Angstrons. The top polysilicon

pl ate |pyefegeeilsedbpdsment b6 ahbhpbekeeas ehvhatwean about 1000 and. 3000
Angstrons and patterned to conplete fabrication of the capacitor of the

i nvention. 7

Fig. 10 is a top view of Fig. 9 in the second

preferred embodiment of the present invention.

Fig. 14 is a top view of Fig. 13 in the second

preferred embodiment of the present invention.

Fig. 17 is a top view of Fig. 16 in the second

preferred embodiment of the present invention.



1 6 SEP 2004 The process of the invention provides a nethod , for formng a ‘L
capacitor having a large surface area, but on a m nimum chip area,,thﬁsSEP 2004 -
provi ding a high-density capacitor. The capacitor surface area can be :
wel | -control |l ed by varying the thickness of the sacrificial polysilicon

| ayer. The second preferred enbodi nent of the present invention will now be
described with reference to Figs. 8 through 17. Referring now nore

particularly to Fi gggﬁggim(gqi@sf@%ﬁb Lal Ly aled integrated
~circuit device. The sem conductor su st%@%%ﬁi%g%%@gﬁy conposed of
silicon having a (100) crystallographic orientation. Sem conductor device
structures may be fornmed in and on the sem conductor substrate. These may

i nclude gate el ectrodestienchicdassapnegtd opr-dines ﬂ%@éﬁ&&ﬁ@&ﬁggrce and
: e

drain regions and lower levels of netallization. Alternativ

capaci t 6t Bt for aboivert ang i sot@pdENtFL GO hG 2 @@f@q@ﬁ%@t or
substrate: This second alternative will be illustrated in the figures, but
it shoul FHE UhiteritIRF] e hetleaparth bevioig thisgh nvemdd Datey &e f or ned
in any qﬁg{l% ae | ayer_of fhe integrated circuit. For exanple, shallow
trench isolation Fegion 12 haE ReH ¢ or ¢ eibed Heerisi ebriche t reseiist r at
10 as i S RN i i art.. 1.6 SEP 2004' Now, a silicon oxide
l'ayer 16 is :‘%;Hndega[%évedré%é ebeed;u esf?"ét e,’[ﬁk%%c R BERMEHRRR t oxXf delk¢ on or by

chem calprnaapart depasiti . win ad hiskne,; f_bet ween about 100 and 300
Angstroms. Then a silicon nitride 'a%é(}re 4%C9i‘§1§!ép%%%lé%fl%?/ WO HRr the

oxi de | dyeroutf (. a T chaesisd Qfmbed WRat: @p%héoﬂﬂzd\?ﬂ@iéﬁ%ff%t roms. The
as S

nitride |layer 42 is patterned as shown in Fig_ 9 an own 1n %Qp Vi ew
~.in Fig. dEpcrifedivitidedfymmdis pataHeds tohhayen a]_—}_argptsvg,q{f?e area

- Within a small area on the substrate. A polysilicon layer 46 i's deposited
conf or meAPTGR0d Ry pdrase reddihied | de tlayeird2thas ShOWYrddedd G 11. The
polysili,con | ayer 46 may have a thickness of between about 500 and 1500
Angst r o e ﬁféyﬁﬁﬂﬁ/ﬁquqlhy‘@komhii@%rb@olimmltq e hegb back to | eave
pol ysi | i pacers 48 on.the sidewal k of the patterned nitride | ayer 42,
as shomﬁ%?on%alséimge.netﬁ AP h PRI B o My, carg be ex tendedeandyasp Uded S

et ched away,ysin t ching. net hod. This | eaves only the polysilicon
spacers 48. 15Iélﬁg. %Ia%)a\é\%otv\% a top HEW ™% he pol ysilicon 48. The polysilicon

48 forns the bottomplate 9

- The first preferred embodiment of the present
invention will now be described with reference to Figs. 1
‘through 7. Referring now more particularly to Fig. 1, theré
is shown a partially comﬁletgd integrated circuit device.
The semiconduqtor substrate 10 is preferaﬁly composed of
$ilicon having a {100) crystallographié orientation.
Semiconductor device structures are formed in and on the

semiconductor substrate. These may include gate electrodes

and interconnection lines and associated source and drain

regions and lower levels of metallization. The semiconductor



1 6 SEP 2004 electrode. It can be seen fromthe top viewin Fig. 14 that ,
the bottomplate electrode 48 has a |arge surface area within a syl f §EPQUU4
area because of the patterning of the nitride layer. Referring nowto Frg.
15, a capacitor dielectric layer 52 is deposited over the bottom capacitor
pl ate 48. The capacitor dielectric nay conprises silicon nitride, silicon
oxyni tri désviONOstox¢de/asi,t nptetloxirdenay NG (fridmeiddéh okdwe) L4oandny ot her
suitable dielectric. The thickness of the capacitor dielectric layer 52 is
typi cal | ychetngslenibbout inG0lanth80@vAngst rons. The top polysilicon plate

| ayer 56 is deposited to a thickness of between about 1000 and 3000
~Angstrons. Referring nowto Figs. 16 and 17, the top polysilicon |ayer 56
is patterned to forma polysilicon gate 58 and to formthe top capacitor
plate 60 with a conf@tt 2Bogenlag-BZ 1Pretebsiisg frhead comr fheslaged s
conventional in the art to conplete fabrication of the integrated circuit.
The proces%- dfzvehel b ihbiconl prenti dedda hetHud of shitkreAsngfa capacitor
having a |arge surface area, but on a mninmumchip area, thus providing a
hi gh- densPey'sc@pacltard 3N sremprdisnelevofa tHerifvent} girliveiédapatible with
the 10 1 ~ SEP 2004 doubl e polysilicon |ayer process The formation of the
top ' , CcEPHH ﬁérlBI%ﬁR?§%§e€o§%i?ﬂﬁT%ﬁﬁﬁhV%?R¥[9§P9§PF+QﬁnﬂQ§§@eOY%Wlnation.
The process of the present invention provides nmethods to forma

hi gh- densFt§ Riigh- tapaciltty teapalttid™esy vsivRF"ecsaePPii A%° PEBYer which is
patterned to forma |large surface area on a small chip area. This allows
the botton? ChPEgrtbr™pl ate to be formed such that it has a |arge surface
area within a mninmumchip area. Wiile the invention has been particularly
shown and described with reference to the preferred enbodi nents thereof, it

w nder h Ki |
be under st ood %ﬁéts$g§?f§cial.%Q&ysilicon layer 18 is patterned as

shown in Fig 2 for a minimum spacing between polysilicon

lines.

A dielectric layer 20 is deposited conformally over
the patterned sacrificial polysilicon layer 18, as shown in
Fig. 3. the dielectric layer 20 may comprise silicon nitridé
‘or ONO (silicon oxide/silicon nitride/silicon oxide) and may

have a thickness of between about 100 and 500 Angstroms.

The dielectric layer 20 is anistropically etched
back to leave spacers 22 on the sidewalls of the patterned

sacrificial polysilicon layer 18, as shown in Fig. 4.




in the art that vari ous changes in form and_. details rriay be nmade _wi't. hout

departing fromthe spirit and scope of the invention. 11 1 6 SEP %P%ﬁf

What is claimed ~a: 1. A nethod for fabricating a high-density ,1 P 2004
hi gh- capacity capacitor conprising: providing a dielectric |ayer overlying

a sem conductor substrate; depositing a sacrificial |ayer overlying said

dielectric layer and patterning said sacrificial layer to forma pattern
having a | arge surfackefeeaindgthbw oSSRyl &reg,Qn L. 6s rate; formng

spacers on sidewal k of said patterned 10 sacrifici%ﬁé#aygg?§§hereafter
renvvi?@}%ﬁﬂ%ﬁ%%@rl&?@ta18Ibgeetch@@f@maylﬁgiggpgsﬁgéﬂgsélgg£i mgapaci tor
plate | ayer overlying said spacers; depositing a capacitor dielectric |ayer

over | V& g 439 s al @R DAY obhe apbel e otr pt aspatayer22 and gepositi Bgep top

capaci t.or Igﬁe | ayer overlying said capacitor dielectric |ayer and
patteﬁﬁ#ﬁdg§ % 13peEabaci tHhre prigh sayectivitpnptehengandyfabei cation of
sai d. high; Lty _high-capacity capacitor. 2. The nethod according to Caim

1 whepggﬁjggﬁabﬁéﬁ?%@hﬁ orf{UpERB Lt ncl udes seni conduct or devi ce
structures such as gate el ectrodes and source and drain regions. 12 16
SEP 2004 "' 3. The method according to Caim1 wherein said , dielectric

- layer conprises siliq@afy 0%1de vk +d; od accordin 0 Caim1l wherein
'said sacrificial layer conprises p&F?%?%%%d%?f%§l#%%pﬁeiﬂ%%ra%%o%%ing to

G ai mdepbered catbseerificrad tRYesxlgs Radbi ckness, of sbet ween, about

2000 ' and 5000 Angstrons. 6. The nethod accd%%#n%gﬁo a?ﬁ?ieﬁﬁﬁ}%in sai d

spacerSRaAFRTS chhpr iBesrwse af tihe g5eohr SO ab N1 Ae gilicop pitride and

- ONO ' .
o sSpacers over the oxide layer, the bottom plate polysilicon is

"corrugated, " resulting in a large surface area, but within a

minimum chip area. The bottom plate polysilicon is shown in

Fig. 6.

Referring now to Fig. 7, a capacitor

dielectric layer 32 is deposited over the bottom capacitor

plate 30. The capacitor dielectric may comprise silicon

nitride, silicon oxynitride, ONO (oxide/nitride/oxide), NO
{nitride/oxide), or any other suitable dielectric. The

thickness of the capacitor dielectric layer 32 is typically

between about 100 and 300 Angstroms. The tap polysilicon

plate layer 36 is deposited to a thickness of between about
1000 and 3000 Angstroms and patterned to complete fabrication

of the capacitor of the invention.



7. The method according to Claim1l wherein said capacitor-dielectric |ayer
conprises one of the group containing: ONO silicon oxynitride, Si|1§08EP 2004
nitride, and NO (nitride/oxide). 8 A nethod for fabricating a high-density
hi gh-capacity capacitor conprising: providing a dielectric |ayer overlying
a-sem conductor substrate; 5 depositing a sacrificial |ayer overlying said
dielectric layer and patterning said sacrificial |ayer 13 1 6 SEP 2004 to

forma corrugated pat traenphavers af #HEe iSRG ARIMIIY & GetiR)d area
on said substrate; confornmally depositing a bottomcapacitor plate |ayer

overl yifng $ardipgt berapsadtiol Giasdingayern sayd ehGifare Saidh behitomcapaci tor
~plate layer to | eave spacers on sidewalls of said patterned sacrificial

| ayer ; mihdmgaf c&ipr emewi, ndheai ¢breaddifriaciaalhilgdy-etensaanf aamditadeposi ting a
capacitor dielectric |ayer overlying said bottomcapacitor plate |ayer; and
deposi Thigcaresp teapasirfeceplate |caye beowerll lyiqum tea ld echac ity idiel ectri c

- layer and patterning said top capacitor plate |ayer to conplete said

~ fabri cAPPokbérkesEs Ritgihge ssiamy tHicjmlc asdaiail icmmadiav®t. 9. The net hod
according to Claim8 wherein said an isolation

The second preferred embodiment of the present

invention will now be described with reference to Figs. 8
through 17; Referring now more particularly to Fig. 8, there
is shown a partially completed integrated circuit device.
Thé semiconductor substrate 10 is preferably composed.of
silicon having a (100) crystallographic orientation.
Semiconductor device structures may be formed in and on the
semiconductor substrate. These may include gate electrodes
and interconnection lines and assocociated source and drain
- regions and lower levels of metallization. Alternatively,
the capacitor may be formed over an isolation region in a
semiconductor substrate. This second alternative will be
illustrated in the figures, but it should be understood that
the capacitor of the invention may be formed in any
appropriate layer of the integrated cifcuit. For example,
-shallow trench isolation region 12 has been formed in the

semiconductor substrate 10 as is conventional in the art.




Iayer i's forned in senlconductor substrate and mhereln sai d capacitor is !
fornmed overlying said isolation | ayer. 10. The method according to nglng mmq
~ wherein said dielectric |ayer conprises silicon oxide. 11. The nethod
“according to Claim8 wherein said sacrificial | ayer conprises silicon _
nitride. 14 1 6 SEP 2004 12. The method according to C aim8 wherein said
bottohlcapacitor plate layer conprises polysilicon. 13. The method

according to Claim8 wagrein s%i:]q:o(i?%ﬁ& ]Ta(rj’) ? el%trlscé ﬁﬁ}ﬁq conpri ses one

of the group containing: ONO I con oOxyni 15 con , and NO

(nitri deeoxu@e)ratd, BRReHRINeH; Wﬁ@ln%ﬁl‘haQﬁHno% ﬂegr} %:,?d d top

capacitor plate Iayer conpri ses polysilicon. rlcatlng a

" hi gh- demsidtry deicgisitapagi ty (aaﬁﬂﬂdlﬁfesfé)fﬂi“b%ﬁ%&erf (HH&P(Q @ehald ow trench
'|sglat|onoggg|on wi thin a sem conductor substrate wherein said capacitor

wi || b& 0o Ames tovoers.yi Mipesaiad ssifaldcow rdirtarnicte 11961t 140N LGP s YT ng a
dielectric |ayer overlying said sem conductor -
by CVD over the oxide layer 16 to a thickness of between

abOut 2000 and 5000 Angstroms.

The nitride layer 42 is patterned as shown in
Fig. 9 and as shown in top view in Fig. 10. The nitride

layer is patterned to have a large surface area w1th1n a

small area on the substrate

A polysilicon layer 46 is deposited
conformally over the patterned nitride layer 42, as shown

in Fig. 11. The polysilicon layer 46 may have a thickness of

between about 500 and 1500 Angstroms.

The polysilicon layer 46 is anisotropically
etched back to leave polysilicon spacers 48 on the sidewalls

of the patterned nitride layer 42, as shown in Fig. 12.

Referring now to Fig. 13, the nitride layer 42
is etched away using a wet etching method. This leaves only
the polysilicon spacers 48. Fig. 14 shows a top view of the

polysilicon 48. The polysilicon 48 forms the bottom plate



substrate; depositing a sacrificial layer overlying said dielectric |ayer .
and patterning said sacrificial layer to forma corrugated pattern I)EE}/ISEP Qﬂﬂ‘l_ :
- large surface area within a small area on said substrate; confornmall :
depositing a bottom capacitor plate |ayer overlying said patterned
sacrificial layer and etching said bottomcapacitor plate layer to |eave 15
1 6 SEP 2004 15 spacers on sidewalls of said, patterned sacrificial Iayer;

t her eaf é@&ctesmui Ng18akdnSBEr L] %ko{uahéﬁé tB?ntIQEWilihy F‘i‘?poibﬂ L .
capacitor dielectric |layer overlying said om capacitor plate ayer, 20

deposi tthg hotbpmcapatet aleptabael agenaavar h¥rga sakdacaPagiehokidhghectric
| ayer; and patterning said top capacitor plate layer to forma a gate

el ect r odesinplanchipi weear bacafiseabd st pantdeehahgs vEStthat @itetigever|yi ng
sai d shal low trench isolation 25 region and to forma top capacitor plate
over|yi h@Y88id bottom capacitor plate |ayer wherein a contact opening is
formed through said top capacitor plate | ayer and
Referring now to Fig. 15, a capacitor

dielectric layer 52 is deposited over the bottom capacitor

plate 48 The capac1tor dielectric may comprises silicon

nitride, siliqon oxynitride, ONO (oxide/nitride/oxide), NO

(nitride/oxide), or any other suitable dielectric. The

thickness of the capacitor dielectric layer 52 is typically

between about 100 and 300 Angstroms. The top polysilicon

plate layer 56 is deposited to a thickness of between about

- 1000 and 3000 Angstroms.

Referring now to Figs. 16 and 17, the top
polysilicon layer 56 is patterned to form a polysilicon gate
58 and to form the top capacitor plate 60 with a contact
opening 62. Processing then continues as is conventional in

the art to complete fabrication of the integrated circuit.

The process of the invention provides a method
for forming a capacitor having a large surface area, but on a
minimum chip area, thus providing a high~density capacitor. '

This embodiment of the invention is compatible with the

10




t hrough said capacitor dielectric layer to a portion of said bottom
capacitor plate layer to conplete said 30 fabrication of said highider$gpPt Y004
hi gh-capacity capacitor. 16. The nethod according to Caim 15 wherein said
dielectric layer conprises silicon oxide. 17. The nethod according to Caim
15 wherein said sacrificial layer conprises silicon nitride. 16 ~16 SEP
2004 18. The nethod according to Caiml5 wherein said bottom capacitor

plate | ay@sugoamsd ; ilicon. 19. The nethod according to Claim15 "
wher ei n sai d capaéciff%lrpg%ée@eic%??% PayErStonpt 1S etCBmEWN t7E Hhrouprp T

cont ai ni NgapdNAesSidi xyRitki des silicon nitride, . and NO

(nitride/ ox? de). ZOE% %’lﬁ% Pngétﬂ%ﬁ&ﬁialgg%rgli#é o @%{Wﬁ%lmr%?ﬁesai d top
capaci t orfqtmdteidmyer conprises polysilicon. 17

CACA L) AYE Av(b. A(L AR A AHE A(@. A(#. Atb. A(b. A(\ . AC(@ A. Al H\ E. AK@bp. 3B~7L
MI'T. g GVY}xsnid_Z]ca]c '
a)l cal cal ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]ca]c"a]cal
'Ca]Ca]Ca]Calca]Ca]Cfa!$ Bhel process of the present invention provides

methods to form a high-density high-capacity capacitor by

using a sacrificial layer which is patterned to form a large

sgrface area on a small chip area. This allows the bottom

capacitor plate to be formed such that it has a large surface

area within a minimum chip area.

While the invention has been rarticularly
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.

11



-2?2 Ld 7] cal ¢ ca] ca] ca] caj Ca] ca]'cé] o _
;TgafggfggﬁﬁZ?LnggfggfggfglS?L;?Lg]2L]ca]ca]ca]ca]ca]ca]ca!C%{"/, 16 SEP ﬂMh;
SHilrrrogee m( )))***}xsnid_Z]calcalc a]ca]calcalca]ca]ca]calc
a]ca]ca]ca]ca]ca]caLgai;;%g‘a]ca]ca]fﬁ}ff}c
' hag] a $3--.....
8{88%8?£§i£i?£q5&g§£{5}555<6}xrngb]X]ca]ca]c aUc aJc ay

alc l.galcalcalcal ca a .
] ) ) ot beonbanteshenkgpaebsabonl mL b Sl M sy

donk caljcalc
éj&észfzzfzgfggfiifigicg]ggfgg?gg]cg]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]Eg&zzkzé]Ca]Ca%z%;E;deng>§{?g§$§§]ca]ca]cgfcgfggfgéfCa]ca]ca]ca]ca]ca]c
Br BBB Xsn

a]ca]ca]cgfc;f%@}@9?@9F€a¥capbaﬁcarea]ca]ca]ca]ca]ca]ca'%DODbDDDDDDdEF}FF@ID

QAXAAAA CCESPPR&KLBIZR] 8arsafisfied] dayea] cakeaydahcahad] ca] ca] ca] ¢
:fca]ca]cgfgngg f cal EL cg]cfa]ca]ca]ca]ca]ca]can}paCtle@b&.()
| &10% , -, & (' %1% %5/&:3& %‘}’e’—”FaﬁFle%&ewmglew& Epcyificial layer

0 % & () - 11 &L0%' ()- 10, 10, 10, F9s10% & () -
f,%.‘?lwg;z,@/‘j i- 8_‘&‘9%8%65/%(&3?{ B axkng f‘ﬁé%ﬁe) SPF#QG%&EFF—BI yithowga() - | -

1098 ()- | 10Y8af)-a () Egr{ag?%g% %}195%%%6( . i K-E * 109 ()-f&P"10%&' () -

f % 109& () f6#10%&' "10%' ()- . g 4 JKLezCOD
* 10%& forming spacers on 51dewalls of said patterned

10 sacrificial layer:

thereafter removing said sacrificial layer;
conformally depositing a bottom capacitor plate
layer overlying said spacers;
depositing a‘capacitor dielectric layer overlying
15 said bottom capacitor plate layer; and

depositing a top capacitor plate layer overlying
- said capacitor dielectric layer and patterning said
“top capacitor plate layer to complete said fabrication

of said high-density high-capacity capacitor.

2. The method according to Claim 1 wherein said
semiconductor substrate includes semiconductor device

structures such as gate electrodes and source and drain

regions.
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10 10-109s109%& ()-4M 109%& ()- f12"10%& ()- |v.10%& () fl 109&" ()- -LY$ 8 d
*10%. "10% & ()--, MO% & ()-) 10%& ()-sI 10%& ()-#10% & §

{3%%&' 02 T 7 1o§)10} 9s10% &' ()-310% & () -, 210% & () - =&0! 10% & 255%@? 2004
109 & ()-=*1 | | &t ()- 109 ()- (109 (
o8& ()-qrP./11109& ()-! M/$10%& ()-!!10%& ()-c!\ M 10%& ()- 10%& ()-=(10

')1?:&%091-%12%{\—'|1§)P\10%3| & ()- (twég‘gggi()-_ 10 10
%823%8(%&'(%31 l?gﬁ(ﬁlﬁ%e% %a@%ﬁ'ﬁ%w&' ()1 AW 213008 (- #Polo%D&' ()-=
BCDQmMN ! | | 1628ke ¢4rig 10898 (JehpdDoal 31 1030/85%)de 1098 () - ' #10%v&' ()-=
10P |

' % 100 , 109 () - 641098 ()-| 0! TLO%ME ()-! M 310% () - sl
é&/f/gX{ ?Bm!\v L0 /| 118 AV%O‘(%? (21- ! #(ﬁw&' ()-!9%@x+10%84 % & ()- 10M 10M
10|v5>10%v&1t %h%dﬁﬁ@‘?(} according{te!flain0¥xehéyein said

sacrificial layer comprises polysilicon.

5. The method according to Claim 1 wherein said

"sacrificial layer has a thickness of between about 2000

" and 5000 Angstroms.

6. The method according to Claim 1 wherein said spacer .

layer comprises one of the group containing: silicon

nitride and ONO.

7. The method according to Claim 1 wherein said
capacitor dielectric layer comprises one of the
group containing: ONO, silicon oxynitride, silicon

nitride, and NO (nitride/oxide).

8. A method for fabricating a high-density high-capacity

capacitor comprising:

providing a dielectric layer overlying a

semiconductor substrate;
depositing a sacrificial layer overlying said

dielectric layer and patterning said sacrificial layex
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3: 109& ()-! ##( 109%X& ()-= 10, 10, 10,]910% & ()-!

C 109%& ()--'illl""9@B{\=!|!f#" 109%& ()-f#" 109X& ()- 16 SEP 2004
VIOUX& () -f109& () - ! hSH109&XxX& ()- | M 109%X& () - |
WOREREE =!|!! ~@ 10%C C & ()-LI X2(10%<& ()-Z 110% & ()-) (@10% & () -

10X 10X 10X| 9s109%& ()-' (m( ))))))z[PE!| 10, 10, _ _
10, 9t 10% & (JodmYantd08gga&ef) pht & rl O%3KiXg & (Daraiel 8% Bade grkant 10%€c& ()-j) *
| ***,,dEPE: !'| 10,f"J109%D& ()- sj!'109D& ()- |
1090& () - BrI0YDel&s 1) 1 BHIGHDEN (JalH HoMP&rde; ,--. ... .. xmbCl| 10, & #1096 () -
10D 10D 10D9109D& ()-0"109D& () -f<.109D& ()-$"109D& ()-.../L//; 0OdEnbC | :
10, ) P"10%@&’ () celi0weRly ) d4REGERY (3 -9 t0WoRA I s IMOMORL 6 T e PLOMER’ () -
; 0\ 0000t 1wlx1y1dE: /!
overlying said pattern sacrificial layer and etching said
bottom capacitor plate layer to leave spacers on sidewalls of
said patterned sacrificial layer:;
thereafter removing said sacrificial layer;
conformally depositing a capacitor dielectric layer
overlying said bottom capacitor plate layer; and
depeositing a top capacitor plate laver overlying said
capacitor dielectric layer and patterning said top capacitor

plate layer to complete said fabrication of said high-density

high-capacity capacitor.
- 8. The method according te Claim 8 wherein said an isolation
layer is formed in semiconductor substrate and wherein said -

‘capacitor is formed overlying said isolation layer.

10. The method according to Claim 8 wherein said dielectric

layer comprises silicon oxide.

11. The method according to Claim 8 wherein said sacrificial

layer comprises silicon nitride.
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10@D10%& ()-"1!110%a& ()-dli!109%@& ()-Y) 109%a& ()-ZLyl0%&a&' () - Z10%a SR nyIW*
11111, 22vT2/! 1!, 9&10%&p&p& ()-!!'3 9&10% - & ()-!

39810% A- & ()-! @L09B& ()-<109B& ()-F(109B& ()- 10@*3344q5t 5u5wX9. /

10Bf 9109B& () -6, *109B& ()-!$ 9&10%~& ()-!!M 9&10%G~G~& ()-!!:

9&10%14&' 13 - |The9 &2 0844 \A o i hy SubwB 5366 /wdde i10Ba 84 QIEAUN&' () -c!' 9

10%,& ()-10% & ()- 10% & ()-'\10% & ()-= 10B 10B777%$8: 8| 8888~\=2/ 1

10, | 910% @2Kaciltprop } 2 DUk ve) - Eort 3 sERY&RO [ ¥silh,donl0%a& () -f) 10% & () -#

Y10% & () -8888/9V999: N/ d10%&' ()-] 10%&' () -

109 () -wl09%&' ()-10% ()-' @O0%& ()-< 10, 10,: & R :::*;aBnmV

d109d09& ()-!C 10%CC& () - 109&' () -10%& ()- 109 ()-109%& ()-*;h;;;;.<j <dEnlN
d10% C109%&3 ( )*he method according to Claim 8 wherein said capacitor

%W 109 ()-6# 109%& ()-L!10%& ()-\'10%& ()-s10%& ()-] <<<<<<<<<xnmbC
d109%R1098$f& 9ctric layer comprises one of the group containing: ONO,

silicon oxynitride, silicon nitride, and NO (nitride/oxide).

14. The method according to Claim 8 wherein said top capacitor

rlate laver comprises polysilicon.

15. A method for fabricating a high-density high-capacity
capaciter comprising:

forming a shallow trench isoclation region within a
semiconductor substrate wherein said capacitor will be formed
overlying said shallow trench isclation region;

forming a dielectric layer overlying said semiconductor
substrate;

depositing a sacrificial layer overlying said dielectric
layer and patterning said sacrificial layer to form a
corrugated pattern having a large surface area within a small
area on said substrate;

conformally depositfing a bottom capacitor plate layer
overlying said patterned sacrificial layer and etching said

bottom capacitor plate layer to leave
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thereafter removing said sacrificial layer;

conformally depositing a capacitor dielectric layer
overlying said bottom capacitor plate layer;
20 depositing a top capacitor plate layer overlying
o said capacitor dielectric layer; and
patterning said top caéacitor plate layer to form a
a gate electrode in an active area of said semiconductof
substrate not overlying said shallow trench isolation
25 region and to form a top capacitor plate overlying séid
.bcttom capacitor plate layer wherein a contact opening
is formed through said top capacitor plate layer and
through said capacitor dielectric layer to a portion of
said bottom capacitor plate layer to complete said
30 fabrication of said high-density high-capacity

capacitor.

16. The method according to Claim 15 wherein said

dielectric layer comprises silicon oxide.

17. The method according to Claim 15 wherein said

sacrificial layer comprises silicon nitride.
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19. The method according to Claim 15 wherein said
capacitor dielectric layer comprises one of the group

containing: QNO, silicon oxynitride, silicon nitride,

and NO (nitride/oxide).

20. The method according to Claim 15 wherein said top

capacitor plate layer comprises polysilicon.
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