METHOD OF FABRI CATI NG A TWN HAMMER TREE SHAPED CAPACITCR
STRUCTURE FOR A DRAM DEVI CE BACKGRCUNﬁ OF THE j

| NVENTI ON (1) Field of the Invention The present’f

i nvention relates to nmethods used to create capacitor structures fo

dynam ¢ random access nenory, (DRAM, device (2) Description of the
Prior Art The sem conductor industry is continually striving
to increase DRAM density. The abilitylte fabricate DRAM cells with
densities of 64 Mo or greater, with adequate performance or signal, is
greatly dependent on the type of capacitor structure used for the DRAM
device. In order to achieve the desired DRAM capaci tance the sem conductor
i ndustry has extensively used a stacked capacitor structure, overlying the
transfer gate transistor, of the DRAM device. The signal, or capacitance,
achieved is a function of the thickness of the dielectric |layer of the
capacitor, as well as a function of the anmount of capacitor surface area.

Since - reliabilityyfoReCbPSrARREdaTiiNg AW%&E%&@%ﬁVi tor

CAPACITOR STRUCTURE FOR A DRAM DEVICE
BACKGROUND OF TEE INVENTION

(1) Field of the Invention

The present invention relates to methods used to
Create capacitor structures for a dynamic random access memory,

(DRAM) , device

(2) Description of the Prior Art

The semiconductor industry is continually striving to
increase DRAM density. The ability to fabricate DRAM cells with
densities of 64 Mb or greater, with adeguate performance or signal,
is greatly dependent on the type of capacitor structure used for
the DRAM device. In order to achieve the desired DRAM capacitance
the semiconductor industry has extensively used a stacked capacitor
structure, overlying the transfer gate transistor, of the DRAM
device. The signal, or capacitance, achieved is a function of the
thickness of the dielectric layer of the capacitor, as well as a
function of the amount of capacitor surface area. Since -
reliability concerns limit the thickness that the capacitor

dielectric layer can be decreased, the desired capacitance



dielectric layer can be decreased, the desired capacitance

2 I ncreases have to be addressed by novel capacitor structures,

of fering increased surface area. One net hod of " increasing
surface area for a DRAM stacked capacitor, (STC), structure has been
described by Koh, in U S. Pat. No.5,583,069. This invention shows an STC
structure exhibiting a |lower electrode, featuring a hem spherical grained,
(HSG, silicon layer. The HSG | ayer, cénprised of convex and concave
features, results in surface area increases, when conpared to counterparts
fabricated using a polysilicon layer, with a smoboth surface, for a | ower

el ectrode structure. The anobunt of surface area increase using HSG silicon
i s dependent on the |level of roughness of the layer, which in turnis
dependent on the conditions used to create the HSG | ayer. This process can
be difficult to control, and thus reproducibility of STC capacitance, and
si gnal , carinbeeakds hewktte deacdideessed by novel capacitirsstrwetuzdesn wil |

illustrate a _process for fabricating a STC structure, featuring a | ower
el ectrode, 96FeT¥DHARGECRERME SURTARS APRased surface area resulting fromthe
creation of a "twin hammer tree" shaped, storage node configuration. The

invention will also degggi e HAPLEC2héAbsing surface area for a DRAM

stacked capacitor, (STC), structure has been described by Koh, in
U.S. Pat. No.5,583,069. This invention shows an STC structure
exhibiting a lower electrode, featuring a hemispherical grained,
(HSG), silicon layer. The HSG layer, comprised of convex and
concave features, results in surface area increases, when compared
to counterparts fabricated using a polysilicon layer, with a smooth
surface, for a lower electrode structure. The amount of surface
area increase using HSG silicon is dependent on the level of
roughness of the layer, which in turn 1s dependent on the
conditions used to create the HSG layer. This process can be
difficult to control, and thus reproducibility of STC capacitance,

and signal, can be difficult to achieve.

This invention will illustrate a process for
fabricating a STC structure, featuring a lower electrode, or
storage node, with increased surface area resulting from the
creation of a "twin hammer tree" shaped, storage node
configuration. The invention wili also describe fabrication
procedures used to create extensions, or "branches", for the "twin
hammer tree" shaped, storage node structure, used to further
increase surface area. Thus this invention will offer increased

surface area increases, for DRAM capacitor structures, without the



procedures used to create extensions, or "branches", for the "twin hamer
tree" shaped, storage node structure, used to further increase surface

area. Thus this invention will offer increased surface area increases, for
DRAM capaci tor structures, w thout the

- 3- use of HSG silicon |ayer. SUMVARY OF THE
| NVENTI ON It is an object of this invention to increase the

capaci tance of a DRAM devi ce by increasing the surface area of the storage
node structure, of the DRAM devi ce. It is another object of

this invention to develop a process for creating a storage node structure,
wth a "twin hanmer tree" shape, to increase the surface area of the
storage node el ectrode. It is still another object of this
invention to develop a process for adding "branches" or extensions, to the
"twn hamer tree" shaped, storage node structure, to further increase
surface arese of HSG silicon ldyeraccordance with the present invention a

nmet hod of <creating a "twin hammer tree" shaped, storage node structure,

for a STC DRAM devi ce, has b%ﬁn d§¥e$§u¥ﬁi.Iév£§4fa&.dielectric | ayer,

It is an object of this invention to increase the
capacitance of a DRAM device by increasing the surface area of the

storage node structure, of the DRAM device.

It is another object of this invention to develop a
process for creating a storage node structure, with a "twin hammer
tree" shape, to increase the surface area of the storage node

electrode.

It is still another object of this invention to
develop a process for adding "branches" or extensions, to the "twin
hammer tree" shaped, storage node structure, to further increase

surface area.

In accordance with the present invention a method of
creating a "twin hammer tree" shaped, storage node structure, for
a STC DRAM device, has been developed. A thick dielectric layer,
with an overlying silicon nitride layer, are deposited on an
underlying transfer gate transistor. A multi-layered stack,
comprised of an overlying second silicon oxide layer, a first
polysilicon layer, and an underlying first silicon oxide laxgr, (ox
a silicon nitride or silicon oxynitride layer), is formed on the

silicon nitride layer. A storage node contact hole is next formed,



[

with an overlying silicon nitride |ayer, are deposited on an underlying
transfer gate transistor. A nmulti-layered stack, conprised of an overlying
second silicon oxide layer, a first polysilicon |ayer, and ‘an underlying
first silicon oxide layer, (or a silicon nitride or silicon oxynitride

| ayer), is forned on the silicon nitride |ayer. A storage node contact
hol e i s next forned, -4- Vi a
dry etching procedures, in the nmulti-4ayered stack, in the silicon nitride
| ayer, and in the thick dielectric |ayer, exposing the top surface of a
source and drain region, of the transfer gate transistor. The dry etching
procedures, used to etch the second silicon oxide |ayer of the

mul ti-layered stack, can be adjusted to create either a 90[err] straight
wal | ed profile, a 45 straight walled isotropic profile, or a rounded

i sotropic profile in the second silicon oxide |layer. A second polysilicon

| ayer is de osedt r%tcmf r%gggu; | i, 0 0 §matty rgg epé@%tgggt agh did e.

etchback p Bt Seécond ‘pol'ysiTicon results in the

formation of;% deml ﬂﬁdﬂlcﬁomaﬁéﬂg anlMid ftaesﬁmro&galémta:mcnlmr hekposimg t h
the polysilicon plug exhibiting protruding polysilicon shapes, in a region
i n whi ch t hehes &opnshinfaelopsof ia sAukay eémddrain r&gapﬁstof the t;;qa@§§e§fga¢qrﬂ9
second silicon oxide |ayer. The etchback g ocedure

formation oFFFEIFEPE: co & SX¥ePECHIRG PROCRNRSS o 8s SFa% 4&§sg t?ﬁéhn
mul ti-layered SIacky: M 48, EP&Peh¥$hditd%%ayered stack, can be adjusted to

create either a 90° straight walled profile, a 45° straight walled
isotropic profile, or a rounded isotropic profile, in the second
silicon oxide layer. A second polysilicon layer is deposited,
completely filling the storage node contact hole. An etchback
procedure, of the second polysilicon layer, results in the
formation of a polysilicon plug, in the storage node contact hole,
with the polysilicon plug exhibiting protruding polysilicon shapes,
in a region in which the second polysilicon layer butted against
the sides of the second silicon oxide layer. The etchback procedure
also results in the formation of polysilicon spacers, on the
outside sidewalls of the multi-layered stack, with the polysilicon
spacers and polysilicon plug, connected by the first polysilicon
layer, in the multi-layered stack. Removal of the second silicon
oxide layer, from the multi-layered stack, results in a "twin
hammer tree" shaped polysilicon storage node structure, comprised
of the polysilicon plug, in the storage node contact hole, and
connected on each side to a "hammer" type shape, comprised of a
polysilicon spacer, at the end of a polysilicon sléb, originally
formed from the first polysilicon layer. Formation of a capacitor

dielectric layer, completely interfacing all éxposed surfaces of

.



spacers and polysilicon plug, connected by the first polysilicon Ilayer, in
the multi-layered stack. Renoval of the second silicon oxide |ayer, from
the nulti-layered stack, results in a "twin hamer tree" shaped

pol ysilicon storage node structure, conprised of the polysilicon plug, in
t he storage node contact hole, and connected on each side to a "hanmmer"
type shape, conprised of a polysilicon spacer, at the end of a polysilicon
slab, originally forned fromthe first polysilicon |ayer. Formation of a
capacitor dielectric layer, conpletely interfacing all exposed surfaces of
- 5- the "twin hammer tree" shaped polysilicon storage node structure,
is foll owed by the deposition and patterning, of a third polysilicon

| ayer, creating a SJC structure, featuring a "twin hamer tree" shaped,
storage node structure. A second iteration of this invention
is to create a "twn hamrer tree" shaped, storage node structure, wth

pol ysi l i coth"mvumchemeI drﬁaf’tﬁbatpedn@%}i%hlw éa‘éf?&ﬁjé“’gﬁr?%’@éc%r@a

After formng the " n hanner tr silicon sh d I
oxi de | ayer"Ls g° y@d R Cﬁ?@“ﬂxf’ﬂ %kfﬂﬁng’shaped@ p;qur/si IS: cloglon
structure, g fW%ﬂ%nbia9@£tQ£ﬂquln%O Oﬁ*ﬁ]éirH@Lﬁké’1ﬂé&%ur&ﬂéréifﬂdlhpon

oxi de IayeP Xposing a“region o he underlying, "twn hanmer tree"

shaped pol wsimhéf Okl gRape®, shorigednogwlgtrubteoe. | ayer i s deposited, and
patterned, to create a

A second iteration of this invention is to create a
"twin hammer tree" shaped, storage node structure, with polysilicon
n"branches" to further increase storage node surface area. After
forming the "twin hammer tree" polysilicon shape, a third silicon
oxide layer is deposited on the "twin hahmer tree" shaped
polysilicon structure, followed by patterning to open a hole in the
third silicon oxide layer, exposing a region of the underlying,
rtwin hammer tree" shaped polysilicon structuie. A third
polysilicon layer is deposited, and patterned, to create a
polysilicon "branch" on the underlying third silicon oxide layer,
contacting the underlying *twin hammer tree" polysilicon shape, in
the hole opening in the third silicon oxide layer. Removal of the
third silicon oxide layer results in a storage node structure
comprised of a polysilicon branch, connected to, and overhanging
the underlying "twin hammer tree" shaped, polysilicon shape.
Additional overhanging levels of polysilicon "branches" can be
created, if desired, using the identical process. Formation of a
capacitor dielectric layer, on the exposed surfaces of the multi-
branched, "twin hammer tree" shaped, storage node structu;e,

followed by formation of an upper polysilicon electrode structure,



pol ysilicon "branch” on the underlying third silicon oxide |ayer,
contacting the underlying "twin hammer tree" polysilicon shape, in the
hol e opening in the third silicon oxide |ayer. Renoval of the third
silicon oxide l|ayer results in a storage node structure conprised of a
pol ysilicon branch, connected to, and overhanging the underlying "twn
hammer tree" shaped, polysilicon shape., Additional overhanging |evels of
pol ysilicon "branches" can be <created, If desired, using the identical
process. Formation of a capacitor dielectric |ayer, on the exposed

surfaces of the multi- branched, "twin hammer tree" shaped, storage node
structure, followed by formati on of an upper polysilicon el ectrode
structure, P 6 conpl ete the
formati on of the STC structure. Athird iteration of this

i nvention consi sts _of _applving i n_glass, (SOG, layer, after
creation of® tenﬁg?ig?éﬁégigﬂ g?a%ééigggeﬁgf$ﬁfﬁfeplanar t opogr aphy.
Creation of the storage node contact hole, and polysilicon deposition,
used to fill the storagshitddetepattsd dfotris carvenonobecdmsilsoweds by a

chem cal nechani cal polishing procedure, or by a polysilicon etch back
procedur e, appladingo ar epbv oruISAARE ed(§28)ysLeyenn dftem erratiop ofrthee of the
SOG | ayer, creating the polysilicon plug, in the storage. node contact

hol e. RenmpW&ttisrlayRECEESACKy eFr§aFifHeh HLEPREAPOTT PR PFRESS RY the

sequences GESEIdePflad UonklEe MY, A8 RIGOILH cdr' SERSLMIBn0TuddY Bol AR43NTT ON.

again creating - tw n hanmer tree
the storage node contact hole, can now be followed by a chemical
mechanical polishing procedure, or by a polysilicon etch back
procedure, used to remove unwanted polysilicon from the top surface
of the SOG layer, creating the polysilicon plug, in the storage
node contact hole. Removal of the SOG layer is then followed by
the processing sequences described for the first and second
iterations of this invention, again creating "twin hammer tree"
shaped, or multi-branched, "twin hammer tree" shaped, storage node

structures.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are
best described in the preferred embodiment with reference to the

attached drawings that include:

Figs. 1 - 4, 5a - 5¢c, 6a - 6b, 7 - 9, which
schematically, in cross-sectional style, show the key fabrication

stages for a first embodiment of this invention.

Figs. 10a - 10b, 11 - 12, which schematically, in



shaped, or multi-branched, "twn hammer tree" shaped, storage node
structures. BRI EF DESCRI PTI ON OF THE DRAW NGS

The object and ot her advantages of this invention are .best described in
the preferred enbodinent with reference to the attached draw ngs that

I ncl ude: Figs. 1 - 4, 5a - 5¢c, 6a - 6b, 7 - 9, which
schematically, in cross-sectional style, show the key fabrication stages
for a first enbodi nent of this invention.- Figs. 10a - 10b,
11 - 12, which schematically, in

-7- cross-sectional style, show the key stages of fabrication used to

for an enhancement of the first enbodi ment of this invention.

Figs. 13 - 16, which schematically, in cross-sectional style, show the key
stages of fabrication for a second enbodi nent of this invention.

Figs. 17 - Ztrosshsedrischknslyileal kyow itheckep stageti ohdlabritgteon sised the key
stages of fabrication for a third enbodinent of this jinvention.

DESCRI PTI oNfer apeEnyapcerertD ofvehe fiangts embodiment of this.invention.

Figs. 13 - 16, which schematically, in cross-sectional
style, show the key stages of fabrication for a second embodiment

of this invention.

Figs. 17 - 21, which schematically, in cross-sectional
style, show the key stages of fabrication for a third embodiment of

this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of creating a capacitor structure, for a
DRAM device, in which the surface area of the storage node
structure has been increased by creating a "twin hammer tree"

shaped structure, will now be described in detail.

Fig. 1, schematically shows a transfer gate
transistor, on a P type semiconductor substrate 1, with a thick
field oxide, (FOX), region 2, or ah insulator f£illed shallow
trench, is used for isolation purposes. The transfer gate
transistor is comprised of a thin gate insulator layer 3, of
silicon dioxide, with a polysilicon gate structure 4, covered by a
capping insulator layer 5. Lightly doped, N type, source and drain
regions 6, insulator sidewall spacers 7, and heavily dopeé source

and drain regions 8, are alsc shown schematically in Fig. 1, as



The nethod of creating a capacitor structure, for a DRAM device, in which
the surface area of the storage node structure has been increased by
creating a "twin hamrer tree" shaped structure, will now be described in
detail. Fig. 1, schematically shows a transfer gate
transistor, on a P type sem conductor substrate 1, with a thick field

oxi de, (FOX), region 2, or an insulato% filled shallow trench, is used for
i sol ati on purposes. The transfer gate “transistor is conprised of a thin
gate insulator layer 3, of silicon dioxide, with a polysilicon gate
structure 4, covered by a capping insulator |ayer 5. Lightly doped, N
type, source and drain regions 6, insulator sidewall spacers 7, and
heavily doped source and drain regions 8, are also shown schematically in

Fig. 1, as - 8- part of the
transfer gate tr stor n_initial boro- phos, | (BPSG, |ayer
i s deposit %N ‘Fr%ﬁ‘i’é‘ts TgER%e tﬁagﬁéfs%?%*r 3& néléalét %togf)ow t enper at ur e

chemi cal va@%s Qﬂéé&_n, (nggp/ta)a d¥ 28 NBefitizBgeon ChiRTicgahs F@P Hate
deposition, (PECVD), atnospheric pressure chem cal vapor dep03|t|on

(APCVD), or tﬁatfs-istai‘ nxapledi thed 6w cmpeapourel epasmalonapfézsﬂevg}: ition,
procedures. A polysilicon bit line structure 10, is then formned,
(cont act i ng{BPCEHur BLASRAI eabanaed e@}l&?ﬁcahoﬁm%ﬁl’f’ﬂ”ﬁr@ ifECYQ))I'I owed by

the atmospheric pressure chemical vapor deposition, (APCVD), or sub-

atmospheric chemical vapor deposition, (SACVD), procedures. A
polysilicon bit line structure 10, is then formed, (contacting a
source and drain region, not shown in Fig. 1), followed by the
completion of the BPSG deposition procedure, resulting in BPSG
layer 9, with a total thickness between about 6000 to 24000
Angstroms. Planarization of BPSG layer 9, is performed using
either chemical mechanical polishing, (CMP), reflow, reflow
followed by CMP, or reflow followed by an etch back procedure, all

procedures creating a desired, smooth top surface topography.

A multi-layered stack is ne#t deposited on BPSG
layer 9, and schematically shbwn in Fig. 2. First a silicomn
nitride layer 11, is deposited, using either LPCVD or PECVD
procedures, to a thickness between about 1000 to 2500 Angstroms.
Next a first silicon oxide layer 12, is deposited, again using
either LPCVD, PECVD, APCVD or SACVD procedures, to a thickness
between about 1000 to 2500 Angstroms. Silicon oxynitride, or
silicon nitride, can be substituted for first silicon oxide layer,
if desired. A first polysilicon layer 13, is next deposited, using

LPCVD procedures, to a thickness between about 500 to 2500



conpl etion of the BPSG deposition procedure, resulting in BPSG |ayer 9,
with a total thickness between about 6000 to 24000 Angstrons.

Pl anari zation of BPSG |ayer 9, is perforned using either chem cal
mechani cal polishing, (CW), reflow, reflow followed by CWP, or reflow
foll owed by an etch back procedure, all procedures creating a desired,
snooth top surface topography. A multi-layered stack i s next
deposited on BPSG |ayer 9, and schematdieally shown in Fig. 2. First a
silicon nitride layer 11, is deposited, using either LPCVD or PECVD
procedures, to a thickness between about 1000 to 2500 Angstrons. Next a
first silicon oxide |ayer 12, is deposited, again using either LPCVD,
PECVD, AP SACVD procedures, to._a thigcknes bet.ween_ about 1000 to
2500 AngsCr OB | SRV BT LSS i L8 SoPRaHCR CHALE, 2 1 WeCSRERY | ¢ ut ed
for first pgridcea@Pe®Xidle i'saﬁ%wn iderd8si ££0hy Anki BSped}ikSiibhcon ayer 13,

I S next deposited, using PCVD procedures, to a thickness between about

500 to 250G@nplantation procedures. Finally a second silicon- Oxide laf@gsiq4 ons.
Pol ysilicon |ayer 13 is deposited using in situ doping procedures, or is
grown i nt risnSepasitedn@oddpeviaieithen LPER .aPESVPorA R Boedtr 8ACVIFi nal |y a

second silicaon.oxide |ayer. 1 I s. deposited, in via ejither LPCVD,

PECVD, AP&IBEGF-ExaS Xp’i%’&éﬁl?ﬁés?‘*? can eRPU 1500 68t‘€\9e°edr15*&885F°‘1%00 to
4000 Angstrons. A phot oresi st shape 15, is used as a mask to
define a A photoresist shape 15, is used as a mask to define a

multi-level stack structure, using anisotropic reactive ion
etching, (RIE), procedures. The RIE procedure uses a single
fluorocarbon gas, or a mixture of fluorocarbon gases chosen from a
group that includes CHF,, CF,, C,F,, C,F,, and C,F,, as an etchant for
second silicon oxide layer 14, and the first silicon oxide

layer 12, while using Cl, or a fluorine based gas, such as CF,, SF,
NF,, or a mixture of these, as an etchant for first polysilicon
layer 13. The etch rate of silicon nitride layer 11, in the

fluorocarbon etchants is small, therefore silicon nitride layer 11,

serves as an etch stop for the RIE procedure. The result of the
RIE procedure is schematically shown in Fig. 3. After removal of
photoresist shape 15, via plasma oxygen ashing and careful wet
cleans, another photoresist shape 16, is formed on the multi-
layered stack structure. An opening 17a, in photoresist shape 16,
with a diameter between about 0.25 to 1.0 micrometers, will be used
to form a subsequent storage node contact hole. This is

schematically shown in Fig. 4.



mul ti-level stack structure, using anisotropic reactive ion etching,

(RIE), procedures. The RIE procedure uses a single fluorocarbon gas, or a
m xture of fluorocarbon gases chosen froma group that includes CHF[err],
CFlerr], CFlerr], Cerr]Ferr], and CJerr]F[err], as an etchant for second
silicon oxide layer 14, and the first silicon oxide I|ayer 12, while using
Cl[err] or a fluorine based gas, such as CF[err], SFlerr], NFferr], or a
m xture of these, as an etchant for first polysilicon |ayer 13. The etch
rate of silicon nitride layer 11, in the fluorocarbon etchants is small
therefore silicon nitride |ayer 11, serves as an etch stop for the RIE
procedure. The result of the RIE procedure is schematically shown in Fig.

3. After renoval of. phpigyesisst §9?‘F£Pch£§\ﬁt¥éﬂlg 3RAR O I5aRsHRNGE and
careful wet cleans, another photoresist shape 16, 1s formed on the nmulti-

| ayer ed st ackteragechode.cotaoperle]1iFa,usingHIE precedireshape Flig. Saj tam a
di anmet er between abqut 0.25 to 1.0 mcroneters, will be used to forma
subsequent sPRBYHFY AFdEeeent £l inencoxifs dayer bohpat FeEled VdRo#R in Fig.
4. . . . - 10 .- Figs. 5a
_ 5c, schemafTEITRPPERORFE RFICRGUTR 0PGRS 8¢ 31IEFE FOHRTRTHELS: TR e°rl%o,

using RIE Pracediess klubidtarin ke RABE é%ﬁ&ggggu%iéﬂa@?geﬂ@& ayer

14, was formed via an ~anisotropic procedure, sl ng

f 1 uor ocar bonCEBS, CB), &,F71 BIRY eoPfc, k| uRs08RT uhaf8s e8rédvdsgn skeatae gr oup
that includes CHF[err], CFlerr], (err]Flerr], Cerr]Ferr], or
d err] F[ er r ] vaklkedn apigatrrpic poatike) an ap§habouraBpedin sarend reigidcoprofil e

18a, of abougxgé)é ‘iraE, ri{'4 .seggrgdigs.i lsia?oapn isotropic¢ RIE procedure, using CF,,
SF,, or NF,, as an etchant, at a pressure greater than 1000
milliTorr, is used to create a rounded isotropic profile 18b, in
second silicon oxide layer 14, while Fig. Sc¢, shows the result of
another isotropic RIE procedure, using CF,, SF,, NF,, or CHF,, as an
etchant, at a pressure between about 600 to 1000 milliTorr,
Creating a straight walled, isotropic profile 18c, of about 45° in
second silicon oxide layer 14. The different profiles are obtained
using pressures, recipes, and tools, specific to the desired
profile. The remaining procedure for the opening of storage
contact hole 17b, is similar for all three silicon oxide
profiles. An anisotropic RIE, or high density plasma etching
procedure is employed, using Cl, or a fluorine based gas, as an
etchant for first polysilicon layer 13, while again using a single
fluorcocarbon gas, or a mixture of fluorocarbon gases, as an etchant
for first silicon oxide layer 12, as well as for the etchant for
silicon nitride layer 11, and BPSG layer 9. Storage contact

hole 17b, between about 0.25 to 1.0 micrometers in diaméter,



oxide layer 14. In Fig. 5b, an isotropic R E procedure, using CFlerr]
SF[err], or NF,, as an etchant, at a pressure greater than 1000 mlli Torr,
is used to create a rounded isotropic profile 18b, in second silicon oxide
| ayer 14, while Fig. 5c, shows the result of another isotropic RE
procedure, using CF[err], SF[err], NF[err], or CHF[err], as an etchant, at
a pressure between about 600 to 1000 mlIliTorr, <creating a straight
wal | ed, isotropic profile 18c, of abouti45[err] in second silicon oxide

| ayer 14. The different profiles are obtained using pressures, recipes,
and tools, specific to the desired profile. The renmaining Egocedure for

the openi n§*8PSSE d"8gEP CHAEEEE HoFEUITd 2 PsITH FEF* P13 af FREPRTE Y con
oxi de  profgrlsGa. f@rhi?y.sggrppgél.[ eerTrﬁr 9&mﬂr%@rd895éﬂ%sagé§§%i8ﬂ G199 pe

procedure is enployed, ‘usrng or a fluorine gas, as an

etchant fordekicksbedAsing! tEONsdAGht I¥al Wd,| €sag2bpid Progide Sidyl an
fluorocarbon gas, or a mxture of fluorocarbon gases, as an etchant for
first sili cecoodisilicopepxi®e layemellk.as for the etchant for silicon
nitride layer 11, and BPSG | ayer 9. Storage contact hole 17b, between

bout 0.25 to 1.0 m t [ [ t . the t
2u??ace of sgurce ghgrggg?ﬁr$%%£@ﬁlg?égghgﬁﬁﬁﬁﬁﬁl?V””%ﬁémﬁégﬁ%§§&§§%§aoP

5c. The remgiBdR" 2O ddhbial SYANII00W Lo Q%&é&h?%g‘i?kﬁlﬂiéé}? strai ght

wal | ed, isotropic profile 18c, in second si'licon oxi ayer 14.
After renolayesfiga)otisrdsposti cebapia LHCVDIPriogefb AR usQiy gia sashi dupingd

careful wet cleans, a second polysilicon
procedures, to a thickness between about 1500 to 5000 Angstroms.
Second polysilicon layer 19a, shown schematically in Fig. éa,
completely f£ills storage node contact hole 17b. Fig. 6b,
schematically shows a different method for £illing storage contact
hole 17b. A deposition of in situ doped polysilicon 20,
selectively deposits only in storage node contact hole 17b,
followed by the deposition of an overlying, in situ doped
polysilicon layer 19¢, obtained via an LPCVD procedure, at a
thickness between about 1000 to 5000 Angstroms. The remainder of

this invention will be described using only the second polysilicon

layer, as a fill layer, as shown in Fig. 6a.

An anisotropic RIE procedure is next used to remove
unwanted second polysilicon layer 19a from the top surface of
second silicon oxide layer 14. This procedure results in the
creation of polysilicon plug 19a, in storage node contact hole 17b,
while also resulting in the formation of polysilicon spacers 19b,

created on the sides of the multi-layered stack structure. This is



| ayer 19a, is deposited via LPCVD procedures, using in situ doping
procedures, to a thickness between about 1500 to 5000 Angstrons. Second
polysilicon |layer 19a, shown schematically in Fig. 6a, <onpletely fills
storage node contact hole 17b. Fig. 6b, schematically shows a different
method for filling storage contact hole 17b. A deposition of in situ doped
polysilicon 20, selectively deposits only in storage node contact hole
17b, followed by the deposition of -ak overlying, in situ doped

pol ysilicon | ayer 19c, obtained via an LPCVD procedure, at a thickness

bet ween about 1000 to 5000 Angstrons. The remai nder of this invention wll
be described using only the second polysilicon layer, as a fill layer, as
shown in Fig. 6a. |, An ani sotropic RIE procedure is next used
to renmove unwanted second polysilicon |ayer 19a fromthe top surface of
second silicon oxide |ayer 14, This procedure Lesul&; in the c¢reation of

pol ysi | i con® iy sf@%‘f‘aq%a&tléfr S F Hbdd - c Rt BT HORe TR PR SRTPRIG | REE
IR ! o
resul ting '&6&%‘3&8@@&1‘&3 g{l aﬁ(}gasi—t%fé{,?}e@e_arﬁgéé? ;s?xlapescifé’%t edrORaifp

sides of the nmulti-Ilayere

- 12 - alaovhe sildsBbE Ctld StirAidhe walletin bebshiriopan pieride setfognc R E
procedure results in protruding polysilicon shapes 19e, extending along
the sides ofeqdnd sikidaghexige [lageri Tot r Spe crepryhl| et £8e0nd Fildeennekisid i con
oxi de | ayerlalydér IE 'e vri%rrgé/ea I<>f.0fa bsuefcf%ggdslluldr%%gugﬁg eau:id solution, results

in the "twin hammer tree" shaped storage node structure, shown
schematically in Fig. 8. Each "hammer” consists of a "hammer head"

or polysilicon spacer 19b, with a "hammer handle", or second
polysilicon layer 13, connected to polysilicon plug 1%9a, in storage

node contact hole 17b.

Fig. 9, schematically shows the completion of the
capacitor structure, using the "twin hammer tree" shaped storage
node structure. A capacitor dielectric layer 20, comprised of
either Ta,0, or an oxidized silicon nitride layer, on silicon
dioxide, (ONO), is used, at an equivalent silicon oxide thickness
between about 25 to 75 Angstroms. A third polysilicon layer is
next deposited, using LPCVD procedures, to a thickness between
about 800 to 3500 Angstroms. Third polysilicon layer can either be
deposited incorporating in situ doping procedures, via the addition
of either arsine or phosphine, to a silane ambient, or third
polysilicon layer can be deposited intrinsically, and doped via
either arsenic or phosphorous ion implantation procedures.
Patterning of third polysilicon layer is accomplished via standard

photolithographic procedures, and anisotropic¢ RIE, using Cl, or



| ayer 14, via use of a buffered hydrofluoric acid solution, results in the
"twin hammer tree" shaped storage node structure, shown schematically in
Fig. 8. Each "hamrer" consists of a "hamer head" or polysilicon spacer
19b, with a "hamer handl e", or second polysilicon |ayer 13, connected to
polysilicon plug 19a, in storage node contact hole 17b.

Fig. 9, schematically shows the conpletion of the capacitor structure,
using the "twin hanmer tree" shaped st-ondge node structure. A capacitor
dielectric layer 20, conprised of either Ta[err]Jerr] or an oxidized
silicon nitride layer, on silicon dioxide, (ONO, is used, at an

equi val ent silicon oxide thickness between about 25 to 75 Angstrons. A
third polysilicon layer is next deposited, using LPCVD procedures, to a

t hi ckness between about 800 to 3500 Angstronms. Third polysilicon |ayer can
either be deposited incorporating in situ doping procedures, via the
addition of either arsine or phosphine, to a silane anbient, or third

pol ysilicon |ayer can be deposited intrinsically, and doped via either

ar seni ¢ of phOSHALAUS. Liathd MBLEAL Al YR LOERMN BRace Fa 1 erNing Of third

polysilicon |layer is acconplis via“st phot ol i t hogr aphi c

procedures, and anisotropic RIE, using CJerr] or :

- 13 - An enhancement, in terms of additional surface area
increases, of the "twin hammer tree" shaped storage node structure,
is next described using Figs. 10a, 10b, 11 - 12. Referring back to
the structure shown in Fig. 7, a photoresist shape 22, is used to
allow openings to be made in second silicon oxide layer i4. The
openings can be performed via RIE procedures, again using a single
fluorocarbon gas, or a mixture of fluorocarbon gases, chosen from
a group that includes CHF,, CF,, C,F,, C,F,, and C,/F,, as an etchant,
and using conditions previously described with Figs. 5a - 5¢,
Creating a straight walled, anisotropic profile 23a, in second
silicon oxide layer 14, shown schematically in Fig. 10a, or a
straight walled, isotropic profile 23c, in second silicon oxide
layer 14, shown schematically in Fig. 10b. The rounded, isotropic
profile, in second silicon oxide layer 14, can also be created if
desired. After removal of photoresist shape 22, via plasma oxygen
ashing and careful wet cleans, a fourth polysilicon layer is
deposited, using LPCVD procedures, to a thickness between 1500 to
5000 Angstroms. Anisotropic RIE procedures, using Cl,, or HBr, as
an etchant, are used to create polysilicon shapes 24a, on "hammer
handle", or first polysilicon layer 13. The addition of_ |
polysilicon shapes 24a, increases the surface area of the "twin
hammer tree" shaped storage node structure. The polysilicon

deposition and anisotropic RIE procedures, alsc result in the



HBr, as an etchant, creating polysilicon plate 21. An
enhancenment, in terns of additional surface area increases, of the "twin
hanmer tree" shaped storage node structure, is next described using Figs.
10a, 10b, 11 - 12. Referring back to the structure shown in Fig. 7, a

phot oresi st shape 22, is used to allow openings to be nmade in second
silicon oxide |layer 14. The openings can be perfornmed via R E procedures,
again using a single fluorocarbon gas,j40r a mxture of fluorocarbon gases,
chosen from a group that includes CHF[err], CFerr], (Jerr]F[err],
Cerr]Flerr], and CJerr]F[err], as an etchant, and using conditions
previously described with Figs. 5a - 5¢, <creating a straight walled,

ani sotropic profile 23a, in second silicon oxide |layer 14, shown
schematically in Fig. 10a, or a straight walled, isotropic profile 23c, in

second siligap oxide ?%gﬁésiaﬁ,coﬁhg%%ggﬁqﬂi 62! dne iMafingr HdlasnTRE

rounded, isotropic pro I'n Sec silicon oxide layer 14, can al so be

created i f pdegsirthbonAbbeteremval wail®hiser eabsitirnie PRe odentploassd
oxygen ashing and careful wet cleans, a fourth polysilicon layer is
deposi ted, polpgilirOvDlayer @dar ew the polvsidines PUyet Ween 1B5900rage 5066

Angstrons. Anisotropic RI.E procedures, using C[err], or HBr, as n
etchant, ar &°058¢t B9l tRe FdPystli é&ﬁ@h‘é‘%e% SLZ'ﬁHC‘l‘W 'alfr&ﬁﬁe?emcﬁ’z?ﬁdfjé", or

first polysigi.con éﬁx.‘é[anlc%cic#ghf g&'ﬂiﬂ,ousgﬁ PBL¥LLE WyasBAPES- 281
increases the surface area o tﬁ twn a%ner tree" shaped storage node
structure. TFEagupDhysi The ebmplepis bifothakdpasi ey sepuctilies peapetiticegheal so

result in the - - 14 -
enhanced, "twin hammer tree" shaped storage node structure, is
schematically shown in Fig. 12. Capacitor dielectric layer 20, and
polysilicon plate shape 21, are created using the identical

procedures, previously described for the capacitor structure shown

in Fig. 9.

A second iteration of this invention, the creation of
polysilicon "branches", again designed to increase storage node
surface area, is schematically described using Figs. 13 - 16.
Referring back to the "twin hammer tree" shaped storage node
structure, previously shown in Fig. 8, a third silicon oxide
layer 25, is deposited, using LPCVD or PECVD procedures, to a
thickness between about 1000 to 5000 Angstroms, using
tetraethylorthosilicate, (TEOS), or silane, as a source. This is
schematically shown in Fig. 13. A photoresist shape 26, is used as
a mask to open a hole in third silicon oxide layer 25, exposing the
top surface of polysilicon plug 19a, in the storage node contact
hole 17b, After removal of photoresist shape 26, using plasma

oxygen ashing and careful wet cleans, a fourth polysilicgn



formati on of polysilicon spacers 24b, on the "hamrer heads" or polysilicon
spacers |9b, while also resulting in the creation of polysilicon |ayer

24c, on the polysilicon plug 19a, in storage node contact hole 17b. Fig.
11, shows this structure after renoval of second silicon oxide |ayer 14,
using a buffered hydrofluoric acid solution. The conpletion of the
capacitor structure, featuring the gnF nced, "tw n hamrer tree" shaped
storage node structure, is schematically shown in Fig. 12. Capacitor
dielectric layer 20, and polysilicon plate shape 21, are created using the
I dentical procedures, previously described for the capacitor structure
showmn in Fig. 9. A second iteration of this invention, the
creation of polysilicon "branches", again designed to increase storage
node surface area, is schenaticalli}descrLbed usi ng Fi

s, 13 - 16.
Referring ba@efo?thEhopi sehenatacalipeln Figpedt stich %Bgﬁb‘b"é‘l Vigr bBER e,

previ ously i I g third.silicaon Lde . : | sited,
usi ng LPQ/D%%%\Q/%E%%:'W gggﬁﬁl?e%oflﬁsélé&’% Hi gl?%)e(gg' ble% \%égéng%%%étds fggggt o 5000
Angstroms, usicRdy 1@tdidt Bybad Nesi kbhaldh1 antEORIn fHocsbhA®e, ARoRREPUT CE.
This is schematically shown i'n Fig. 13. "A photoresi st shape 26, is used as
a mask to ophotarésisr shapdizsd $&isz@nasxd adaskayedeline ahpodesiyadhshapep
surface of polysilicon plug 19a, in the storage node contact hale 17b,

After renmpvadP SPUPHORAESLEICYhIFEeF627 usTifg 2ph BRTRPPIGK HER PERITENG 8 Nd

caref ul “Et-d?i%%“él,,aoLQéﬁéﬂ’a%okxséééﬁéﬂ%. This is shown schematically in

Fig. 15. After removal of photoresist shape 28, again via plasma
oxygen ashing and careful wet cleans, a buffered hydrofluoric acid
solution is used to remove third silicon oxide layer 25. The
removal of third silicon oxide 25, results in the creation of a
polysilicon "branch" originating from fourth polysilicon layer 27,
and connected to the underlying "twin hammer tree" shaped storage
node structure, at the top surface of the polysilicon plug 19a.
This extension to the "twin hammer tree" shaped storage node
structure, results in increases in capacitor surface area. This
structure is schematically shown in Fig. 16. Additional, overlying
branches can be fabricated, to further increase capacitor surface

area, if desired.

A third iteration of this invention, using a SOG layer
to reduce the process complexity of forming the polysilicon plug,
in terms of polysilicon etch back, is described using
Figs. 17 - 21. Referring back to the structure shown
schematically in Fig. 3, polysilicon spacers 29, are formed on the

sides of the stacked structure. In the previous iterations the



- 15 - | ayer 27, shown schematically in Fig. 14, is deposited via
LPCVD procedures. Fourth polysilicon |ayer 27, is again doped using

either in situ doping, or i-on inplantation procedures. Another photoresist
shape 28, is used as a mask to define the desired shape in fourth
polysilicon |layer 27, via anisotropic R E procedures, wusing Cferr], or
HBr, as an etchant. This is shown schematically in Fig. 15. After renoval
of photoresist shape 28, again via pl-48ma oxygen ashing and careful wet

cl eans, a buffered hydrofluoric acid solution is used to renove third
silicon oxide |ayer 25. The renoval of third silicon oxide 25, results in
the creation of a polysilicon "branch" originating fromfourth polysilicon
| ayer 27, and connected to the underlying "twin haner tree" shaped
storage node structure, at the top surface of the polysilicon plug 19a.
This extension to the "tw n hamrer tree",shaggp storage .no struct%re,

resul ts i nPPREFELSOR FRACSHFAUPES I f TP af HL tEReOvRT X Egguﬁﬁfqﬁ§l°

schemat i cal,ky .04 Fi - Adgi &l 74 s q&gﬁgﬁv@an be
fabricated%kt%ﬁ?3¥gﬁgglghg%éégg'cagé%#fggb%ﬁgggggylgggggﬁi desi red.
Athird iteialimp thle EPhsed MeebANstatidedy s8rS€¥ataty.er sotolawsitice,t e
process conplexity of formng the polysilicon plug, "in terns of )

pol ysi | i coapplied back, thickdess rhdtmgensibapt BPYe . tol 000 Angstrra@fer (ThA§ back

to the strycture shown schematically in Fig. 3,%£Q$¥silicon acers 29,
are formed*8nShorE sghgmatifaklye 18 BEiked st r HEEQr BOWH 1PhEDr eVir0ds 3

lterations bl ving third silicon oxide layer 50, deposited using PECVD or
LPCVD procedures, to a thickness needed to protect polysilicon
spacers 29, from subsequent polysilicon etch back, or CMP
procedures. Third silicon oxide layer 50, offers additional
protection for cases in which SOG layer 30, is ineffective in
£illing the space between poleilicon spacers 29. The opening of
storage node contact hole 17b, is performed using a procedure
identical to the procedure previously used, and schematically
described in Fig. 5¢, resulting in the straight walled, isotropic
profile 18c, in second silicon oxide layer 14. This is
schematically shown in Fig. 18. Polysilicon layer 1%9a, is deposited
using LPCVD procedures, to a thickness between about 1000 to 5000
Angstroms, and doped using conditions previously described for the
doping of polysilicon layer 19a. This is shown schematically in
Fig. 19. The removal of unwanted polysilicon layer, from the top
surface of third silicon oxide layer 50, is next addressed via use
of either a chemical mechanical polishing procedure, or via use of
a selective, anisotropic RIE procedure, using Ci,, or EBr, as an
etchant. Both removal procedures are simplified as a result of the

smooth topography created with the use of SOG layer 30. Fig. 20,



-16 - pol ysilicon spacers were fornmed sinultaneously with the
formation of the polysilicon plug. A SOG application is next perforned,
filling the spaces between stacked structures. SOG |layer 30, is applied to
a thickness between about 3000 to 5000 Angstronms. This is shown
schematically in Fig. 17. Also shown in Fig. 17, is an overlying third
silicon oxide |ayer 50, deposited using PECVD or LPCVD procedures, to a
t hi ckness needed to protect polysilitol ~“spacers 29, from subsequent
pol ysilicon etch back, or CMP procedures. Third silicon oxide |ayer 50,
offers additional protection for cases in which SOG |ayer 30, is
ineffective in filling the space between polysilicon spacers 29. The
openi ng of storage node contact hole 17b, is performed using a procedure
identical to the procedure previously used, and schematically described in
Fig. 5c, resulting in the straight walled, isotropic profile 18c, in
second silicon oxide layer 14. This is schematically shown in Fig. 18.
Pol ysilicon layer 19a, is deposited using LPCVD procedures, to a thickness
bet ween aboghowd thel 0o SN0 o ARH H1QEE rofdtd R8N 3LRE . CRBALYADEE third
previ ously described for the doping of polysilicon layer 19a. This is
shown schenstiliadnh oxide Eapger 150, Feeondnmildkonfoxidealbgdr pd ysird €0a | ayer,
fromthe top surface of third silicon oxide |ayer 50, is next addressed
via use of _.either, a chemc nmechani cal oIishing prgFedure, or via, use of
5

| .
a sel ecti ve3&RF st BHFRI At %“5;85% JPETofiRers CCPF U5 OPipr Te S t§n 0
tchant. B ! | LEi | t th
Copogr aphy orSared ey hidh EEHEESIBbE N B obe e P AudgRHl s Hlenltf cal PO
shown in Fig. 21.

While this in§ention.has been 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 this invention.



- 17 - shows the result of an ani sotropi ¢ R E procedure. Renova
of third silicon oxide |ayer 50, second silicon oxide |ayer 14, and SOG

Iayer 3 ed hydrofluoric acid solution, results in the
tvvr n rﬁ'ﬂ"ﬂ"ﬂﬁlﬂ”ﬂﬂrﬂeﬂmd stor age node structure, scherratically shown in
l e this invention has been shown and descri bed
mnth reference to, the preferred enbodi nents thereof, it wll be
understood by those skilled in the artig kat vari ous changes in form and
details my be made w thout departing fromthe spirit and scope of this

i nventi on. - 18 - CLAI M5

CLAIMS

1. A method of fabricating a capacitor .structure for a
DRAM device, in which the shape of the storage node, of
the capacitor structure, is configured to increase the
surface area of the storage node structure, comprising
the steps of:

providing a transfer gate transistor, for said
DRAM device; |

depositing a first insulator layer on said
transfer gate transistor;

depositing a silicon nitride layer on said first
insulator layer;

forming a multi-layered stack, on said silicon
nitride layer, comprising an underlying, first silicon
oxide layer, a first polysilicon layer, and an overlying,
second silicon oxide layer;

opening a storage node contact hole, in said
multi-layered stack, in said silicon nitride layer, and
in said first insulator layer, exposing the top surface
of a source and drain region, of said transfer gate

transistor;



1. A nethod of fabricating a capabitor .Structure for a DRAM device, in
whi ch the shape of the storage node, of the capacitor structure, is
configured to increase the surface area of the storage node structure,

conpri si X providing a transfer gate transistor, for
sai d DF{WHHWHEBHEJII“I depositing a first insulator |ayer on said
transfer gate X depositing a silicon nitride |ayer on said
first insulator |ayer; form-ng%a nulti-layered stack, on said
silicon nitride layer, conprising an underlying, first silicon oxide

| ayer, a first polysilicon |layer, and an overlying, second silicon oxide

| ayer; openi ng a storage node contact hole, in said multi-I|ayered
stack, in said silicon nitride layer, and in said first insulator |ayer,
exposing the top surface of a source and drain region, of said transfer

gate transistor; depositing a second polysilicon layer, lé&mpletely
depositing a second, polysilicon |ayer, conpletel filling said storage
node cont act hoFé}l%$&Hqu§rﬁFﬁ§a$F node contact hole, then forming a

polysilicon plug, in said storage node contact hole, via
anisotropic etching, removing said second polysilicon
layer from ;he top surface of said multi-layered stack,
while also forming polysilicon spacers on the sidewalls
of said multi-layered stack;
removing said overlying, second silicon oxide
layer, resulting in a lower level, polysilicon shape,
comprised oflsaid pelysilicon plug, in said storage node
contact hole, connected at each side to é polysilicon
slab, formed from said first polysilicon layer, and with
said polysilicon spacers, on the sidewalls of said
polysilicon slabs;
depositing a second insulator layer, on said lower
level, polysilicon shape;
opening a hole in said second insulator layer,
exposinglthe top surface of said pelysilicon plug, in
said storage node contact hole;
depositing a third polysilicon layer on said
second insulator layer, and contacting the top surface of

said polysilicon plug, in hole in said second insulator

layer;



pol ysilicon plug, in said storage node contact hole, via anisotropic

et chi ng, rennving sai d second pol ysilicon | ayer fromthe top surface of
sai d nul whil e al so form ng polysilicon spacers on the
si dewal | ! ﬂ“mj -l ayered stack; renovi ng said overlying,
second si |conxoxm es layer, resulting in a |ower level, polysilicon shape,
conprised of said polysilicon plug, in said storage node contact hole,
connected at each side to a polysilicon slab, formed fromsaid first
polysilicon layer, and with said polysilicon spacers, on the sidewalls of
said polysilicon slabs; depositing a second insulator |ayer, on
said | ower level, polysilicon shape; opening a hole in said
second insul ator |ayer, exposing the top surface of said polysilicon plug,
in- said storage node contact hole; ositing a third polysilicon
| ayer on said second |R?§l§|ea‘¥16ﬁ9I%fyélﬁldaﬁ@%ﬁpgtﬂ-%’gcqméaﬁ@ﬁ %Qrface of
sai d ponS|I|conre Vo P I n._hol

2 Do R REERT BB 2 el HiGipa,
create an UpperihQMEétoﬂNﬂd&Ekl'ééHhé%Q§H§1t6§1é%%fécéeﬁﬁﬂyizd
polysilicon plug, in said storage node contact hole;
removing said second insulator layer, resulting in
a storage node structure, comprised of said upper level,
polysilicon shape, connected to said lower level
polysilicon shape;
forming a capacitor dielectric layer on said
storage node structure; and
forming a upper electrode, for said capacitor

structure.

2.-The method of claim 1, wherein said multi-layered
stack is comprised of said first silicon oxide layer,
deposited using LPCVD or PECVD procedures, to a thickness
between about 1000 to 4000 Angstroms, said first
polysilicon layer, deposited using LPCVD procedures, to
a thickness between about 500 to 2500 Angstroms, and
said second silicon oxide layer, deposited using LPCVD or
PECVD procedures, to a thickness between about 1500 to

4000 Angstroms.



i nsul at or | ayer, contacting top surface of said polysilicon plug, in said
st orage node contact hol e; renovi ng said second insul ator |ayer,

resultv ' storage node structure, conprised of said upper |evel,

pol ysi | ml"l?lgg!wlw’m”ﬁct ed to said | ower |evel pol ysi | i con shape;
formng*a ca ! | ectric |ayer on said storage node structure; and
form ng a upper el ectfode, for said c?pqpitor structure. 2. The net hod
of claim1, wherein said nulti-Ilayered stack is conprised of said first
silicon oxide |ayer, deposited using LPCVD or PECVD procedures, to a

t hi ckness between about 1000 to 4000 Angstrons, said first polysilicon

| ayer, deposited using LPCVD procedures, to a thickness between about 500
to 2500 Angstrons, and said second silicon oxide |ayer, deposited using
LPCVD or PECVD procedures, to a thickness between about 1500 to 4000
Angst r ons. met hod of

. - 21 - .__ 3. The
claim1, wherein BheTBpMRTHGY AL sCHAE™ 15 HBHERT IFERPEIME Faf8tS for said

storage node cont@ghond silicon oxide layer, for said storage node contact
hole, is formed using anisotropic RIE procedures, using
a single fluorocarbon gas, or a mixture of fluorocarbon
gases chosen from a group that includes CHF,, CF,, C,F,,
C,F,, or C,F,, as an etchant, creating a straight walled,
anisotropic profile, of about 90° in said second silicon

oxide layer.

4. The method of claim 1, wherein the opening in said
second silicon oxide layer, for said storage node contact
hole, is formed using isotropic RIE procedures, using
either CF,, CHF,, SF,, or NF,, at a pressure between about

600 to 1000 milliTorr, creating a straight walled,
isotropic profile, of about 45° in said second silicon

oxide layer.

5. The method of claim 1, wherein the opening in said
second silicon oxide layer, for _said storage node contact
hole is formed via isotropic RIE procedures using CF,,
SF,, or NF,, as an etchant, at a pressure greater than
1000 milliTorr, creating a rounded, isotropic profile, in

said second silicon oxide layer.



hole, is formed using anisotropic R E procedures, using a single

fl uoroc m xture of fl uorocarbon gases chosen from a group
that in m 'ﬂ[m [err], CJerr]F[err], Cerr]Ferr], or -
Cerr]Flerr]c, as nt, creating a straight wall ed, ani sotropic
profile, of about 90[err] in said second silicon oxi de | ayer. 4. The
nmet hod of claim 1, wherein the opening in said second silicon oxide

| ayer, for said storage node contact- 22hele, is formed using isotropic RIE
procedures, using either CF[err], CHF[err], SF[err], or NFferr], at a
pressure between about 600 to 1000 mlliTorr, creating a straight walled,

isotropic profile, of about 45[err] in said second silicon oxi de | ayer.
5. The net hod df- @haimethodyesr elain e wpentin daidsgrerages®@8Rd silicon

oxi de | ayer, for_said st.orage node conta hol_e i é{ d i sotropic
Rl E procedures T8 %' Q %% %’FT“E"F]" gﬁ? SE’P]‘@ sraT% e\t(cﬁa at a
pressure greatgg; é:&%@te )00 m IliTorr, creatl ng a rounded, |sotrop| c
profile, in said second silicon oxi de | ayer.
- 22 - 6. The nethod of claim1l1l, wherein said storage node cont act
hol e has a di arfet he hethodrofabbaim Q,26héxeih Baid mecrodaicdysilicoy. The
met hod of claim 11, wherein said second polysilicon ~

layer is deposited using LP procedures, to a thickness

between about 1500 to 5000 Angstroms, and deposited using

in situ doping procedures.

8. The method of claim 1, wherein said polysilicon plug,
and said polysilicon spacers, are formed via anisotropic
RIE of said second polysilicon layer, using Cl,, or HBr,

as an etchant.

9. The method of claim 1, wherein said second insulator
layer is silicon oxide, deposited using LPCVD, PECVD,
APCVD, or SACVD procedures, to a thickness between about
1500 teo 4000 Angstroms, using TEOS, or silane as a

source.

10. The method of claim 1, wherein said third polysilicon
layer is deposited using LPCVD procedures, to a thickness
between about 800 to 3500 Angstroms, grown using in situ
doping procedures, or grown intrinsically and doped via

ion implantation procedures.



l.ayer is deposited using LPCVD procedures, to a thickness between about
1500 to 5000 Angstrons, and deposited using in situ doping procedures.

8. The net hmumml Is“lgummwerel n said polysilicon plug, and said

pol ysilicon med via anisotropic RIE of said second

pol ysilicon Iay&r using CJferr], or HBr, as an etchant. 9. The met hod
of claim1, wherein said second |nsuLa§91_ |l ayer is silicon oxide,
deposited using LPCVD, PECVD, APCVD, or SACVD procedures, to a thickness
bet ween about 1500 to 4000 Angstrons, using TECS, or silane as a source.
10. The method of claim1l, wherein said third polysilicon layer is
deposited using LPCVD procedures, to a thickness between about 800 to 3500
Angstrons, grown using in situ doping procedures, or grown intrinsically
and ‘doped via ion inplantation procedures. 11. The
met hod of claim1, wherein said upper level polysilicon shape is forned
via anisotropic RIE of said

11. The method of claim 1, wherein said upper level
polysilicon shape is formed via anisotropic RIE of said
third polysilicon layer, using Cl,, or HBr, as an

etchant.



third polysilicon layer, using Cl[err], or HBr, as an etchant.

24 12. A nethod of fabricating a capacitor structure, for a DRAM
device, in which a "twin hamrer tree" shaped, storage node structure, is
used to |j urface area of the storage node structure,

conpri si Hm"ﬁmﬁgmﬁmnmﬂ providing a transfer gate transistor, for

said DRAM devicey s '} depositing a first insulator |ayer on said

transfer gate transistor; depest4i-ng a silicon nitride |ayer on said
first insulator |ayer; depositing a first silicon oxide |ayer on
said silicon nitride |ayer; depositing a first polysilicon |ayer
on said first silicon oxide |ayer; depositing a second silicon

oxi de layer on said, first polysilicon |ayer; patterning to create

a multi-layered stack of said second silicon oxide |layer, of said first
polysilicon |layer, and of said first silicon oxide |ayer, on said
12. A method of fabricating a capacitor structure, for a

DRAM device, in which a "twin hammer tree" shaped,
storage node structure, is used to increase the surface
area of the storage node structure, comprising the steps
of:

providing a transfer gate transistor, for said
DRAM device;

depositing a first insulator layer on said
transfer gate transistor;

depositing a silicon nitride layer on said first
insulator layer;

depositing a first silicon oxide layer on said
silicon nitride layer;

depositing a first polysilicon layer on said first
silicon oxide layer;

depositing a.second silicon oxide layer on said
first polysilicon layer;

patterning to create a multi-layered stack of said
second silicon oxide layer, of said first polysilicon
layer, and of said first silicon oxide layer, on said

silicon nitride layer;



silicon nitride |ayer; . - 25 -
openinﬁ a storage node contact hole in said nulti- |ayered stack, in said

silico 'mm’mm raqmand in said first insulator |ayer, exposing the top
sur f aced u H@M’nd drain region of said transfer gate transistor;
deposi tind a‘setond pol ysilicon layer, conpletely filling said storage

node contact hol e; ani sotropic etching of said second polysilicon
| ayer, to forma polysilicon plug, in %&ard storage node contact hole, and
to formpolysilicon spacers on the sides of said nulti-Ilayered stack

wet etching to renove said second silicon oxide |ayer, resulting in a
"twin hammer tree" shaped, polysilicon structure, conprised of said

pol ysilicon plug, cor 199 4 rdrafe MR’ c&tRRNGIY Y8iddi@orRuisis uct ure,
on each side, with said "hanmer"” shaped polysilicon structure consisting
of a polysilicoriayeaed stackat b shidnsisdicanfriitstidgolaper, i awh inageiqd and with

Geposi 1 ng & SedBiati ARG FAYRF GAPEHHE HR O HETRMECS: Phe® shaped
f’g' ysilicon str %ﬁEg;and drain ‘}B_S@{:H%f?‘sm ‘Erhﬂfée?:i aé?‘%‘i{%ﬂskgéb’%?t or
yer, exposing the top surtace~of said polysilicon plug;

depositing a second polysilicon layer, completely

filling said storage node contact hole;
anisotropic etching of said second polysilicon
layer, to form a polysilicon plug, in said storage node
contact hole, and to form polysilicon spacers on the
sides of said multi-layered stack;
wet etching to remove said second silicon oxide

layer, resulting in a "twin hammer tree" shaped,
polysilicon structure, comprised of said polysilicon
plug, connected to a "hammer" shaped polysilicon
structure, on each side, with said "hammer" shaped
polysilicon structure consisting of a polysilicon slab,
created from said first polysilicon layer, and with a
polysilicon spacer attached tolthe end of said
polysilicon slab; ‘

depositing a second insulator layer on said "twin
hammer tree" shaped polysilicon structure;

opening a hole in said second insulator layer,

exposing the top surface of said polysilicon plug;



- 26 - depositing a third polysilicon | ayer on said second

I nsul ator |ayer, and on top surface of said polysilicon plug, exposed in
hole in said second i nsul at or | ayer; patterning saird third
polysilic reate a polysilicon "branch”, on said second

I nsul ator L@ﬁl acting said polysilicon plug, in hole in said
second |nsulafort

renDV|ﬂg sai d second insul ator |ayer,
resulting in said "twin hanner tree" ped, storage node structure,
conpri sed of an underlying, "tw n hamer tree shaped” polysilicon
structure, and a connecting, overlying, said polysilicon "branch";
formng a capacitor dielectric |ayer on exposed surfaces of said "twn
hanmer tree" shaped, storage node structure; depositing a fourth
pol ysilicon |ayer; and patterning of said fourth polysilicon
| ayer, to create thedeppeitiiqatee thordspolysddpaontimyest eucsar®, of DRAM
devi ce. . .
second insulator layer, and on top surface of said
polysilicon plug, exposed in hole in said second
insulator layer;
patterning said third polysilicon layer to create
a polysilicon "branch", on said second insulator layer,
and contacting said polysilicon plug, in hole in said
second insulator layer;
removing said second insulator layer, resulting in
said "twin hammer tree" shaped, storage node structure,
comprised of an underlying, "twin hammer tree shaped"
polysilicon structure, and a connecting, overlying, said
polysilicon "branch”;
forming a capacitor dielectric layer on exposed
surfaces of said "twin hammer tree" shaped, storage node
structure;
depositing a fourth polysilicon layer; and
patterning of said fourth polysilicon layer, to

create the upper plate for said capacitor structure, of

DRAM device.



- 27 - 13. The net hod of cléin112, wherein said first polysilicon

| ayer i i ' LPCVD procedures, to a thickness between about
500 toJﬂ mm’ ﬂ'ﬁmgnd doped using either in situ doping deposition
proced s [ i npl antation of an intrinsically grown first
pol ysilicon |ayer. 14. The method of claim 12, wherein said second
silicon oxide layer is deposited using LPCVD, PECVD, APCVD, or SACVD
procedures, to a thickness between abelW&7 $500 to 4000 Angstrons. 15. The
met hod of claim 12, wherein a straight walled, anisotropic profile, of
about 90 is forned in said second silicon oxide |layer, via anisotropic R E
procedures, using a single fluorocarbon gas, or a mxture of fluorocarbon
gases, as an etchant. 16. The method of claim 12, wherein a straight
wal I ed, isotropic profile, at an angle of about 45, is forned in said
second silicon oxide Thgywethed afReEapnokhdwhesein usdid farsher CHerr],
SF NF t chant t t bout
SELer ], Lo Qe Bk 38 4 Bhehaaa Bhidy BRIt ARt YES T APou

a thickness between about 500 to 2500 Angstroms, and

doped using either in situ doping deposiEion.procedures,

or via ion implantation of an intrinsically grown first

polysilicon layer.

14. The method of claim 12, wherein said second silicon
oxide layer is deposited using LPCVD, PECVD, APCVD, or
SACVD procedures, to a thickness between about 1500 to

4000 Angstroms.

15. The method of claim 12, wherein a straight walled,
anisotropic profile, ol about 90° is formed in said
second silicon oxide layer, via anisotropic RIE

procedures, using a single fluorocarbon gas, or a mixture
of fluorocarbon gases, as an etchant.

16. The method of claim 12, wherein a straight walled,
isotropic profile, at an angle of about 45°, is formed in
said second silicon oxide layer, via RIE procedures,
using either CF,, SF;, NF,, or CHF, aslan etchant, at a

pressure between about 600 to 1000 milliTorr.



17. The met hod of claim 12, wherein a rounded, I sotropic profile is fornmed .
in said second silicon oxide |ayer, via R E procedures, using either
CF[err], SF[err], or NF[ferr], as an etchant, at a pressure greater than

1000 m | I“I“I”Ml”T I,ﬁu met hod of claim 12, wherein said storage node
contact hi " umﬂ‘h a di aneter between about 0.25 to 1.0
mcroneters. ¢ 19. "Th& nethod of claim 12, wherein said second polysilicon
~is deposited using LPCVD procedures, -t8a thickness between about 1500 to
5000 Angstrons, and doped via in situ doping procedures. 20. The net hod
of claim 12, wherein said "twin hanmmer tree" shaped, polysilicon structure
Is fornmed via anisotropic RIE of said second polysilicon |ayer, using
Cl[err], or HBr, as,an etchant, creating said polysilicon plug, in said
storage node contact hole, and creating said polysilicon spacers, on the
sides of said polysilicon slab. - 29 -

17. The method of claim 12, wherein a rounded, isotropic
profile is formed in said second silicon oxide layer,
via RIE procedures, using either CF,, SF,, or NF;, as an

etchant, at a pressure greater than 1000 milliTorr.

18. The method of claim 12, wherein said storage node
contact hole is formed with a diameter between about 0.25

to 1.0 micrometers.

19. The method of claim 12, wherein said second
polysilicon is deposited using LPCVD procedures, to a
thickness between about 1500 to 5000 Angstroms, and doped

via in situ doping procedures.

20. The method of claim 12, wherein said "twin hammer
tree" shaped, polysilicon structure is formed via
anisotropic RIE of said second polysilicon layer, using
Cl,, or HBr, as an etchant, creating said polysilicon
plug, in said storage node contact hole, and creating
said polysilicon spacers, on the sides of said

polysilicon slab.



21. The nethod of claim 12, wherei n said second insul at or | ayer is silicon
oxi de, deposited using either LPCVD, PECVD, APCVD, or SACVD procedures, to
a thi ckne7ﬂli W\een about 1500 to 4000 Angstrons, using TECS, or silane as

a source l/um d of claim12, wherein said third polysilicon
| ayer is depostt Mﬂr ically, using LPCVD procedures, to a thickness
bet ween about 800 t'o 350 Angstrons, and doped using ion inplantation

procedures, or said third polysilicon2Payer is grown using in situ doping
pr ocedur es. 23. The nmethod of claim 12, wherein said polysilicon

"branch" is fornmed via anisotropic RIE of said third polysilicon |ayer,
using CJerr], or HBr, as an etchant.

21. The method of claim 12, wherein said second insulator
layer is silicon oxide, deposited using either LPCVD,

PECVD, APCVD, or SACVD procedures, to a.thickness between
about 1500 to 4000 Angstroms, using TECS,or silane as a

source.

22. The method of claim 12, wherein said third
polysilicon layer is deposited intrinsically, using LPCVD
procedures, to a thickness between about 800 to 3500
Angstroms, and doped using ion implantation procedures,
or said third polysilicon layer is grown using in situ

doping procedures.

23. The method of claim 12, wherein said polysilicon
"branch" is formed wvia anisotropic RIE of said third

polysilicon layer, using Cl,, or HBr, as an etchant.



