A METHOD FOR MAKING LOW-LEAKAGE DRAM STRUCTURES USING
SELECTIVE SILICON EPITAXIAL GROWTH (SEG) ON AN INSULATING
LAYER BACKGROUND OF THE INVENTION (1) FIELD OF THE
INVENTION The present invention relates to the fabrication of integrated
circuit devices on semiconductor substrates, and more particularly relates to
a methdd ¥arfaBHcatiy YHmENsc Rahderh KEeés PRV oty RORAMY cells
using selective silicon epitaxial growth over an insulating layer on the cell

(deviceVareds. PREMEtRSH isparticORryRsERT For- rédtiting! cdpaditor

leakage currents and soft error due to. Alpha particles on DRAM cells. (2)
DESCRIPTION OF THEBRIGR AR Ha Ced e semiconductor
process technologies have dramatically decreased the semiconductor device
feature sizes and increased the circuit density on the integrated circuits on
chips. One device type that has experienced a rapid increase in density is
the array of memory 2effi&6ROBRAN Hevices IEYER MErhory cell consists of a
single pass 1 transistor (FET) and a storage capacitor. As the cell area
decreases and the capacitance of the storage capacitor decreases, it

(P)ecg 'ng&ea.?meIWMfgﬁnaintain sufficient charge on the capacitor

due to the capacitor

The present invention relates to the fabrication of
integrated circuit devices on semiconductor substrates, and
more particularly relates to a method for fabricating
Dynamic Random Access Memory (DRAM) cells using selective
silicon epitaxial growth over an insulating layer on the
cell (device) areas. The method is particularly useful for
reducing capacitor leakage currents and soft error due to

Alpha particles on DRAM cells.

(2) DESCRIPTION OF THE PRIOR ART

Advances in the semiconductor process technologies have
dramatically decreased the semiconductor device feature
sizes and increased the circuit density on the integrated
circuits on chips. One device type that has experienced a
rapid increase in density is the array of memory cells on

DRAM devices. Each memory cell consists of a single pass
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leakage current, and the refresh cycle time needed to maintain the charge

on the capacitor becomes unacceptably short. Another problem is the

natural presence of Alpha particles, which can generate electron-hole pairs
trasfting dn softefroraiifthe mékresivefidRa DRAM cdpacikdis ifWhichrea

their node contacts are made directly to the diffused junctions in the silicon

ILubs&feS Orfd hethdt of Fethiting thed8akade chiftent &haTédicing 6t 1 toT

agRLIs o use asiigan onnsulalor (SQI). However, SO egnalaay s otl
00 expenélve and complicated 10r manura INg. AOwWever, as devices are

sderdiminished, insizg ,the junction depths and well depths gdecrease, o ; ¢ o

proportionally. The Use of a thin silicon epitaxial layer is required for future

1 devicegensgratiens to aghjgve these shallewdevicestaicturgs. Seyetled to
methods for making and using SOI have been described in the literature. For
mexample, intdsS. PatenfeNarb,6Hs7764p Hehestetiab somethodris desertletl v

for forming field oxide regions by etching trenches in which a conformal
slsilicon nitrideqSiBN4) is-dépasited overitke trehches. Apropeningis efchéd pha
the Si3N4 layer and a 2 selective epitaxial growth (SEG) is used to partially
PIfttheltfenchés i The SEG igthen termally ekiotzed o lerm atheSielsxidé ing
In U.S. Patent No. 5,686,343 to Lee, Lee

in soft errors in the more conventional DRAM capacitors in
which their node contacts are made directly to the diffused

junctions in the silicon substrate.

One method of reducing the leakage current and reducing
soft error is to use a silicon-on-insulator (SOI). However,
SOI technology 1s still too expensive and complicated for
manufacturing. However, as devices are further diminished
in size, the Jjunction depths and well depths decrease
proportionally. The use of a thin silicon epitaxial layer
is required for future device generations to achieve these

shallow device structures.

Several methods for making and using SOI have been
described in the literature. For example, 1in U.S. Patent
No. 5,691,776 to Hebert et al. a method is described for
forming field oxide regions by etching trenches in which a
conformal silicon nitride (Si3Ng) 1is deposited over the

trenches. An opening 1is etched in the Si3Ny; layer and a
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isolates a semiconductor layer on an insulator by first forming an insulating
layer on a silicon substrate, etching a window to the substrate, depositing an
amorphous silicon layer that is annealed to form an epitaxial layer over the

s WiRGEW Y Fheeepitadalday ey 9 pattern €8 @hd BsSiBNgdayer i®depasitedyover - 1
the patterned epitaxial layer, and a thermal oxidation is used to oxidize the

flicon RS WindoWiihdeF the 'semicoitiuidP et ih 08! Pafeift No?  form
203/, 199 to Huang etﬂﬁg%l.n sulafing layer | formed op 2, 4S§“Ct? N sypstratg,

}f . : . { @)
an opening is formed i Insulator, and an armorghous’silicon 1ayer is

1 Jeposited and anpealsd to fopp an epitaxial jayer extepding fr thg,, ¢ ¢

opening laterally over the insulating layer. The epitaxial layer Is patterned

£ Ovel the ipsulating, layer to;formyiselated silicopiregions s(islands)ia whiehn i ng
FETs are formed. In U.S. Patent No. 5,763,314 to Chittipeddi a method is

a descrthed fepformingstwe separale selectverapitaxiahlayersy baving diftereaion
dopant concentrations, on the same silicon substrate. The epitaxial layers

1l @ye separatediby atreaeh ditledwith anminsulating hreterddl. Heweverpthere ishe
still a strong need in the semiconductor industry to provide DRAM cells with

WiG\W OEapacitdre |cakage EurrentsPaift retiBicEd AfgHa sett 8iers3 Whild: laver

. providing a process that is integratable into the _
1s deposited over the "patterned epitaxial layer, and a

thermal oxidation 1is wused to oxidize the silicon in the
window under the semiconductor layer. In U.S. Patent No.
6,037,199 to Huang et al. an insulating layer is formed on a
silicon substrate, an opening is formed in the insulator,
and an amorphous silicon layer is deposited and annealed to
form an epitaxial layer extending from the opening laterally
over the insulating layer. The epitaxial layer is patterned
over the insulating layer to form isolated silicon regions
(islands) 1in which FETs are formed. In U.S. Patent No.
5,763,314 to Chittipeddi a method is described for forming
two separate selective epitaxial layers, having different
dopant concentrations, on the same silicon substrate. The
epitaxial layers are separated by a trench filled with an

insulating material.

However, there is still a strong need 1in the
semiconductor industry to provide DRAM cells with low

capacitor—- leakage currents and reduced Alpha soft errors

3



current manufacturing process without significantly increasing manufacturing
process complexity. SUMMARY OF THE INBENTION Therefore a principal
object of this invention is to make DRAM cells with increased cell density

wihile retiring Eapachor keakagescurrdnts. Andtherobjecesfhissinvention ishe
to reduce the leakage currents and soft error by using a silicon epitaxial

ket bver af MeutatrigRyefon whichre Formed- iR IRAM FEIS Ahdcantly

i s(t%rggg La acitors.fgéscggotger oll:_)jggte tSoSin(t:e rarleetgilstnovel DRAM cell into
fé ClffentDRAM process]to?niﬁlmize manu agturlng chst by integrating the
selective silicon epitaxy on insulator without significantly increasing the
processing steps. Another objective of this invention by a first embodiment is
to make a flat capacitor structure using this selective epitaxy DRAM process

having low leakage curgentga Still another objective obthis invention by a
second embodiment is to make a stacked capacitor structure using 4 this
selective epitaxy DRAM process having low leakage currents. In accordance
with the objects of the present invention a method for fabricating dynamic

randam. access memopy (PRAM) 1cells, on and in-an gpitaxial slicon layer s+,
formed over a
make DRAM cells with increased cell density while reducing

capacitor leakage currents.

Another object of this invention 1s to reduce the
leakage currents and soft error by using a silicon epitaxial
layer over an insulating layer on which are formed the DRAM

FETs and storage capacitors.

It is another object to integrate this novel DRAM cell
into the current DRAM process to minimize manufacturing cost
by integrating the selective silicon epitaxy on insulator

without significantly increasing the processing steps.

Another objective of this invention by a first
embodiment is to make a flat capacitor structure using this

selective epitaxy DRAM process having low leakage currents.

Still another objective of this invention by a second

embodiment is to make a stacked capacitor structure using
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first insulating layer on a semiconductor substrate is described. The method

by a first embodiment begins by providing a P doped single-crystal silicon

semiconductor substrate for N channel FETs. Alternatively an N doped
tupstrateledt bE tsedtif P ThannBRAMTsife @esited DA Vi ginsbfatingliagsrpge

that also serves as a stress-release layer is formed on the substrate. A
CHar§miask layer composed of Si3N4 is deposited on the first insulating

layer. The hard mask is patterned to leave portions over the desired device

areas. The hard mask and plasma etching are then used to etch shallow

trenches It suhsats, hat aiecalgnedde Ihe baydmask {aglor devies s on

areas) A second insulating layer is deposited to a thickness sufficient to fil

= the shallov enehes-apd #s palishedback tothedhardpask layenta-tormram)

shallow trench isolation and to expose the hard-mask surface. The
cdmrd-mask kayer is rselectivaly temaovad, such asby wey etchingrinedhobver a
phosphoric acid solution. This results in recesses in the field oxide isolation
f timattarérselfiadighed oley the deviee saeas andualso exposestthetfist. s
insulating (stress-release) layer in the recesses. Next, openings are etched
A% the b eirst insuldting TayERBder Bie devideldrehs RMEPOBIRE shisstidte. Py

For example, the bit line contact mask can be used to etch the openings,
p§&¥%%§%%wﬁgé%dm%ﬁgﬁkag&ngle—crystal silicon semiconductor

substrate for N channel FETs. Alternatively an N doped
substrate can be used if P channel FETs are desired. A
first insulating layer that also serves as a stress-release
layer 1is formed on the substrate. A hard-mask layer
composed of Si3Ny; 1is deposited on the first insulating
layer. The hard mask 1is patterned to leave portions over
the desired device areas. The hard mask and plasma etching
are then used to etch shallow trenches in the substrate that
are aligned to the hard mask (cell or device areas). A
second 1insulating layer 1is deposited +to a thickness
sufficient to fill the shallow trenches and is polished back
to the hard-mask layer to form shallow trench isolation and
to expose the hard-mask surface. The hard-mask layer is
selectively removed, such as by wet etching in a hot
phosphoric acid solution. This results in recesses in the
field oxide isolation that are self-aligned over the device
areas and also exposes the first insulating (stress-release)

layer 1in the recesses. Next, openings are etched in the
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cost. Next, an epitaxial layer is selectively grown from the silicon substrate
exposed in the openings and extends laterally over the first insulating layer
in the recesses. By the method of a first embodiment, a portion of the
f epithxialayeris duped A BvePHRIfirstinsalinig Riyer ¢6 forivCcapaerge the
bottom electrodes in regions where flat capacitors are to be formed for the
SBIRANPSSs. A it g4t BRILE is forMmed bh tHe Bfitaxilt tdyfer, Bfekanpe Pe
by .thermal oxidation. A polysilicon layer is deposited .on the substrate and is
Ieped K1 B3 toh i TanttoH THE poh D layeh 1s fhen Sadeiri  fof >
cFHT gatg, glectroges oyar the openings in the firstinsulating layer, and alse. .,
to form capacitor top electrodes for the capacitors over the capacitor bottom
r1edecyodes.cthe Ak thin gate: xidealsoiservasasansinterglectiode extends
dielectric layer for the flat capacitor. In addition, the polysilicon layer can be
1 £oacurrertlypatterned-tofats polysiicon tesistorssgre the shallow trenchsses .
isolation. Lightly doped source/drain areas are formed in the epitaxial layer
Bwadjatent tosthb gate oélectrodesy and insulating sidewalbspacers &pe thefi the
formed on the gate electrodes. The DRAM FETs are now completed by
eRérniing Fitst bidedecoAd d6aRS/FairftGritadtitedd e o Bakh Gidwofthger
FET gate electrode adjacent to the sidewall spacers, by ion implantation.

tqhéﬂgaaﬁqga%ﬁg%qﬂ@q§tom electrodes 1n regions where flat

capacitors are to be formed for the DRAM cells. A thin gate

k

oxide 1s formed on the epitaxial layer, for example by
thermal oxidation. A polysilicon layer is deposited on the
substrate and is doped N' by ion implantation. The
polysilicon layer 1s then patterned to form FET gate
electrodes over the openings in the first insulating layer
and also to form capacitor top electrodes for the capacitors
over the capacitor bottom electrodes. The FET thin gate
oxide also serves as an interelectrode dielectric layer for
the flat capacitor. In addition, the polysilicon layer can
be concurrently patterned to form polysilicon resistors on
the shallow trench isolation. Lightly doped source/drain
areas are formed in the epitaxial layer adjacent to the gate
electrodes, and insulating sidewall spacers are then formed
on the gate electrodes. The DRAM FETs are now completed by
forming first and second source/drain contact areas, one on
each side of the FET gate electrode adjacent to the sidewall

spacers, by ion implantation. The dopant regions 1in the
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first source/drain contact areas are contiguous with the doped capacitor
bottom electrodes. Bit line electrical contacts are formed to the second
source/drain areas to complete the DRAM cells. In the second embodiment

T if6 process isqdenmcan to Cthietfirsttenfbotiiriert tp tooand ifthfding tHéth the
deposition of the polysilicon layer to form the gate electrodes. The implant to

4617 the BORGHTSlECtrBaEs IFthE HAFCHRERBrs in the firstemBodimehtis: c21

o gpfingl n the second mbod ment, and can pe giminateg o teduce
process cost. the poﬁysﬁlcon Tayer IS thén patternsd to forh oty the F1

C&%eigltegtrgggs]ggg&thgeqaegjngs in the first insulating layer. lhe N lightly

doped source/drain areas in the epitaxial layer are implanted adjacent to the
gate electrodes. Insulating sidewall spacers are formed on the gate
electrodes, and 1,T+ doped first and second source/drain contact areas are
formedhinthe epitaxialdayenpdjacesito thesidewsdlspacars bydemtical to
implantation to complete the FEIls. Continuing with the second embodiment,
thke Stacked wapaditorsare fovmed nextl Affirstlimterpolysitieordexide 1(tROL) of
layer is deposited, and first contact openings are etched in the IPO1 to the

t Hiest BOUrEe/dkaincebntaet &feas: OCapatitor Motle E6ritacts ARCtorRédSn the The
. first contact o enings, for example by depositing an N+ doped ;E)olysilicon
a

LRt Hnd oIS Ry i S(ABKED REPACIHETS abd tet flat capacitors

in the first embodiment is optional in the second embodi-
ment, and can be eliminated to reduce process cost. The
polysilicon layer 1is then patterned to form only the FET
gate electrodes over the openings in the first insulating
layer. The N lightly doped source/drain areas in the
epitaxial layer are implanted adjacent to the gate
electrodes. Insulating sidewall spacers are formed on the
gate electrodes, and N' doped first and second source/drain
contact areas are formed in the epitaxial layer adjacent to
the sidewall spacers by ion implantation to complete the
FETs. Continuing with the second embodiment, the stacked
capacitors are formed next. A first interpolysilicon oxide
(IPO1) layer 1s deposited, and first contact openings are
etched in the IPOl1 to the first source/drain contact areas.
Capacitor node contacts are formed in the first contact
openings, for example by depositing an N' doped polysilicon
layer and polishing back. The stacked capacitors are then

formed over the node contacts by various means, as commonly
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formed over the node contacts by various means, as commonly practiced in
the industry. A second interpolysilicon oxide (IPO2) layer is deposited, and
second contact openings for bit lines are etched to the second source/drain
Proptactealeas. Corduttifyg plugs-are forpRPindthe BSEESRY bipenihgSOaneatde
conducting layer is deposited and patterned to form the bit lines to complete
(th& atray of DPRAM cERARING Stacked capacitsts. IR ot EmBBETSHS the®”
first jnsulating layer, utilized as a stress-release layer for the, hard-mask
blrzllgyeri, is'&lko %ge% u% 8lpﬁ1éej e% ax%aﬁ?ayesr.e%%édug%%ecg( fhieirgy contact

adsulatingdayer resultsin, yeduced progess cost yhile reducing the capacitgr
leakage current to the substrate. BRIEF DESCRIPTION OF THE

aRRAWINGS Jheiebjects and other adyaniages;ofihe inventien-wdlly become, -y
more apparent in the preferred embodiments when read in conjunction with

t ikee following teawings. Eigso1dbeoughd shewsschematimally cross-1sectiandlng
views of one of the memory cells for the sequence of process steps for

s raakirg! the DRANL telkby the first embbdintent asingdtirecseiective epitaxialrst
grown layer on an insulator. Fig. 10 shows a schematic cross-sectional view

1% bhetéfthe mEmbry BEllsLfof fite 36qderitersitoEedsSsieps forygr for the

hard-mask layer, 1is also used under the epitaxial layer.
The dual use of the first insulating layer results in
reduced process cost while reducing the capacitor Ileakage

current to the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and other advantages of the invention will
become more apparent in the preferred embodiments when read

in conjunction with the following drawings.

Figs. 1 through 9 show schematically cross— sectional
views of one of the memory cells for the sequence of process
steps for making the DRAM cell by the first embodiment using

the selective epitaxial grown layer on an insulator.

Fig. 10 shows a schematic cross—-sectional view of one

of the memory cells for the sequence of process steps for
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making the DRAM cell by the second embodiment using the selective
epitaxial grown layer on an insulator. DESCRIPTION OF THE PREFERRED
EMBODIMENTS The method for making the DRAM cells by a first
nampetintért usiRgthexeldctivey epithrial Sflicondayenbesti aatitsulatingJayehe
is now described in detail. The method and structure are applicable to both
SSirfiplelfldt band G <tatked CYpadittt TRAM dévicdss ThicRdvel structure
can also be used for transistors, in general, to reduce leakage current.
Referring to Fig. 1, the method by a first embodiment begins by providing a
P doped single-crystal silicon substrate 10 having a <100> crystallographic
orientation. A first insulating layer 12 comprised of silicon oxide (SiO2) is
formed either by thermal oxidation or bglow- ressure chemical vapor

deposition (PEEVIEHA Ry 195setiids 885" RSP ENfor a Si3N4

hard mask and is also essential to the current invention as will become
obvious at a later step. The SiO2 first insulating layer 12 is formed to a
preferred thickness of between about 100 and 200 Angstroms. A hard-mask
layer 14, composed of Si3N4, is 9 deposited on the first insulating layer 12.

The $i3N4 layer 14 isseposited by LPCYR torkpreferred thickpgss of  £5 rst

between about 1600 and 2000 Angstroms. Photolithographic techniques
embodiment using the selective epitaxial silicon layer over
an insulating layer is now described in detail. The method
and structure are applicable to both simple flat band or
stacked capacitor DRAM devices. This novel structure can

also be used for transistors, in general, to reduce leakage

current.

Referring to Fig. 1, the method by a first embodiment
begins by providing a P doped single-crystal silicon
substrate 10 having a <100> crystallographic orientation. A
first insulating layer 12 comprised of silicon oxide (SiO;)
is formed either Dby thermal oxidation or by low-pressure
chemical wvapor deposition (LPCVD). Layer 12 serves as a
stress—-release layer for a Si3Ny hard mask and 1is also
essential to the current invention as will become obvious at
a later step. The SiO, first insulating layer 12 is formed
to a preferred thickness of between about 100 and 200

Angstroms. A hard-mask layer 14, composed of SisNg, is



and anisotropic plasma etching are used to pattern the hard mask to leave

portions over the desired device areas 1. The Si3N4 is patterned using

reactive ion etching (RIE) and an etchant gas mixture such as CF4, 02, and
deTI9R3, [ Aixtee shél as HBYS SF8t And 022 With thé photdresist pask aver
11§th shown) still in place shallow trenches 2 are plasma etched in the

UbStrAfPLD: TSI oW frdicrics arefpiadiastchdd! LSIMPRIE Ghd ARt veen
= SR 855 MLTe Sy 25 1 HBr, and 02 0 areleod dep of o

etween abou n er removing tne pnotoresis

afiask fyr gxample by plagmaashing, ip axygen.<a secend,insulating igyer 16,

Is deposited to a thickness sufficient to fill the shallow trenches 2, and more

npartiquanystoa thickness{hatisat least greaterdhan 63008 Angstroms, as the

shown in Fig. 1. The second insulating layer 16 is preferably composed of
s SN2, depesitattby £BCVYB:orgbyrhightlensityi plasrea cepoasitiqrIBsingad an
reactant gas such as tetraethosiloxane (TEOS) Referring to Fig. 2, the
etsetond insakating tayerd 698 atheaicdlly:mechanieatly polishedo(CMPhackure
to the hard-mask layer 14 to form the shallow trench isolation 16 and to
s\gxboseSth8Btrface of the'ltard mask Byéfthé evied aFease 150 Re8fRefing (oot
Fig. 3, the Si3Ny hard-mask layer 14 is selectively removed, for example b)fled

SRRIHY a Wet tchit i 42A6t pHusbhotc AERTFEPDA) softfiok pa™™ =t

iﬁeQangﬂf%%Eate 10. The shallow trenches are plasma etched
using RIE and an etchant gas mixture such as Cl,, HBr, and
O, to a preferred depth of between about 2000 and 3300
Angstroms. After removing the photoresist mask, for example
by plasma ashing in oxygen, a second insulating layer 16 is
deposited to a thickness sufficient to fill the shallow
trenches 2, and more particularly to a thickness that is at
least greater than 6300 Angstroms, as shown in Fig. 1. The
second insulating layer 16 is preferably composed of SiO,,
deposited by LPCVD or by high-density plasma deposition,

using a reactant gas such as tetraethosiloxane (TEOS)

Referring to Fig. 2, the second insulating layer 16 1is
chemically-mechanically polished (CMP) back to the hard-mask
layer 14 to form the shallow trench isolation 16 and to

expose the surface of the hard mask over the device areas 1.
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about 120 to 200C. This results in recesses 3 in the field oxide isolation 16
that have a depth that is equal to the thickness of the Si3N4 layer 14. The
recesses 3 are self- aligned over the device areas 1 and the first insulating
layerRofisexpogedtip thel fecesses.tRefefinglto Higrd, dperingsayae 14 1s
etched in the first insulatin 5%; layer 12 over the device areas 1 to expose the

S%Ju%%ﬂ'réﬁé@ﬂof THEOP&Ings Sfe EEABH LRiryYa pattBrhed PRbIGTESISERTer ™ @
nd h nsity plasma (H etc ing using an etc antg ssucha CHF3,
h 4F8, T}I ﬁ)ha‘f1 seﬁlect éﬁ/ Eh(-:%st tg‘@?layer 12 to t?]e %ra ate. of

ag&?t °E’§B'“98 hawe-a diameter pp widthy that s preferadlys b?ﬁ‘{"e&{‘eakf%gld

1 and 0.5 micrometers (um). The single- crystal silicon substrate surface in

oih%@pel@e%@@%s a5 thesinglesclysial-seed surfacethayinga,v10> 6 the
crystallo- graphic orientation for the epitaxial layer that is grown in the next

t Istepkridhesdistaneex from the center ofithe openingrdta-thecedge aofithe self-
shallow trench 16 has a minimum width of about 0.2 um and is sufficiently

alide ¢o! acoemmodate trerflatccapaeitos for thendRANedevicesEoriesampleing
the bit line contact mask for the DRAM process can be used to etch the

L ppehings 4; thersbyiing protessifgSEostSt1 Referring to Fig. 5, an
epitaxial layer 18 is

Referring to Fig. 4, openings 4 are etched in the first
insulating layer 12 over the device areas 1 to expose the
substrate 10. The openings are etched using a patterned
photoresist layer and high-density plasma (HDP) etching
using an etchant gas such as CHFj3, C4Fg, or CHyF, that
selectively etches the Si0O; layer 12 to the substrate. The
openings 4 have a diameter or width y that is preferably
between about 0.1 and 0.5 micrometers (um). The single-
crystal silicon substrate surface in the openings serves as
the single-crystal-seed surface having a <100> crystallo-
graphic orientation for the epitaxial layer that is grown in
the next step. The distance x from the center of the
opening 4 to the edge of the shallow trench 16 has a minimum
width of about 0.2 um and is sufficiently wide to
accommodate the flat capacitor for the DRAM device. For
example, the bit line contact mask for the DRAM process can
be used to etch the openings 4, thereby saving processing

cost.
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selectively grown from the seed surface of the silicon substrate 10 in the
openings 4 and extending laterally over the first insulating layer 12 in the
recesses 3. The epitaxial layer 18 is grown in an epitaxial reactor (CVD
system) at high temperature. Typically the selective epitaxial layer 18 is
grown using a reactant gas such as SiH4 or SiIH2C12 at a temperature of
betwB&r §b6uf'g50 &l 1168C. TRe epitdxial Byt 18%8 Hoped Ppe bsing 1S
diborfé\ne h}/dride %I?ZHG) fand to % referred concer%gtion of fbe£v¥leen abgut
ST.6E16'8nd 1.6 B°18 atomsfems. EpitaSl)%%\F1 Iafeurr %egro(\j/vn to aeprefselrrelaCon

sificknessthabis less than he depth Oﬁth%{&c%%zscé&%Eﬁ?gﬁel"l%@%@ Ao

more specifically to a thickness of‘about 1000 to 5000 Angstroms. The
riepitaxial layeri18sisiselactiyely grown onstheifirst dipsulatingdayerdl? and if the
necessary can be wet etched back to the desired thickness. Referring to Fig.
e1®i bythe methogeef alfgst iembadimentia partior: pfi thexR dopedepitaxial (CvD
layer 18 is doped N to form capacitor bottom electrodes 18' in regions
swiere the fat capagitors-arectoriseformed for thecDRAM vcellshEhe epitaxiali ve
layer is doped by using a photoresist ion implant block-out mask and is
Shmpranted witht Bfsenitr iphoSpioTls iBhs16 a Jindl opantEongeftratiohof S

between about 1.0 E 19 and 4.0 E 21 atoms/cm3. As shown in Fig. 6, 12
SiHy; or SiH,Cl, at a temperature of between abou 950 and

1100°C. The epitaxial layer 18 1is doped P type using
diborane hydride (ByHg) and to a preferred concentration of
between about 1.0 E 16 and 1.0 E 18 atoms/cm’. Epitaxial
layer 18 1is grown to a preferred thickness that is less than
the depth of the recess 3 in the field oxide 16, and more
specifically to a thickness of about 1000 to 5000 Angstroms.
The epitaxial layer 18 1is selectively grown on the first
insulating layer 12 and if necessary can be wet etched back

to the desired thickness.

Referring to Fig. 6, by the method of a first
embodiment, a portion of the P doped epitaxial layer 18 is
doped N' to form capacitor bottom electrodes 18' in regions
where the flat capacitors are to be formed for the DRAM
cells. The epitaxial layer is doped by using a photoresist
ion implant block-out mask and is implanted with arsenic or
phosphorus ions to a final dopant concentration of between

about 1.0 E 19 and 4.0 E 21 atoms/cm®°. As shown in Fig. o,

12



the capacitor bottom electrodes 18" are formed over the first insulating layer

12 and away from the opening 4 to reduce capacitor leakage current.

Referring to Fig. 7, a thin gate oxide 20 is formed on the epitaxial layer 18.
tir eampléttie okideoNs folmedr bglasdrylthérnml exidationee aover the

thickness of between about 15 and 35 Angstroms. Alternatively, for future

FiecHnologiest Aiorhdvanéad ghte diBfectit idyefs Shcas Si3RRE Tadx,* t°
and the like can be used, and the thickness of which would be
r?g&cneolocﬁlﬁagﬁé:r? er?[.eﬁ]éfae?relngcyorﬁﬁf , a blanket polysilicon layer 22 is
deposited on the substrate. Layer 22 is deposited by LPCVD using a
reactant gas such as silane (SiH4) , and to a thickness of between about

1000and-2000,4ngsirams,. The pglysilican laver 22.is thervdoped N hydan on
implanting phosphorus (P31) to achieve a final dopant concentration of

t ibetweenr akoull1.0d49 anel.4.08o 21 @temp/ca)3. Byeinckiting additionabrmed
processing steps, the polysilicon layer 22 can include an upper metal silicide

byayer dnd ahlirsutatingocaipd ddyierpwhiich arechdtdepicted @fthedRigsan about
simplify the drawings. Referring to Fig. 9, conventional photolithographic

1 Yechitiqies &nd ahiselopic plasMarEtchiig aYe used té Wattern figehnologies

polysilicon layer 22 to form FET gate electrodes 13 ,
more advanced gate dieleCtric layers, such as Si3Ng, TaOg,

and the like can be used, and the thickness of which would

be technology-dependent.

Referring to Fig. 8, a blanket polysilicon layer 22 is
deposited on the substrate. Layer 22 is deposited by LPCVD
using a reactant gas such as silane (SiH4), and to a
thickness of between about 1000 and 2000 Angstroms. The
polysilicon layer 22 1is then doped N+ by ion implanting
phosphorus (P*') to achieve a final dopant concentration of
between about 1.0 E 19 and 4.0 E 21 atoms/cm’. By including
additional processing steps, the polysilicon layer 22 can
include an upper metal silicide layer and an insulating cap
layer, which are not depicted in the Figs. to simplify the

drawings.

Referring to Fig. 9, conventional photolithographic
techniques and anisotropic plasma etching are used to

pattern the polysilicon layer 22 to form FET gate electrodes
13



22A over the openings 4 and also to form capacitor top electrodes 22B for
the capacitors over the capacitor bottom electrodes 18'. The FET thin gate
oxide 20 also serves as an interelectrode dielectric layer 20 for the flat

2 ApaeiteF. IntaduitioRsthestlysificorrldyer 22 carkbe E6mBUrrépty patterned-or
to form polysilicon resistors 22C on the shallow trench isolation 16.

& oty wittt Bigt 9T lighty dobRaSoureeldraliiy fartas 1 7N atéd firmizatih o™

- {he.epitaial layer 18 adjaceny fo fhe gate clectiodes 224, Typicallythe,
ighitly dopéd souice/drain aréas are formed by 161 inplariting arefic of

aPhOSRAQIYS flopants, prefeyaply arsenic, to,achieve a,dapant goncepratiop, ;.

of between about 1.0 E 18 and 2.0 E 20 atomis/cm3. Next, insulating sidewall

cSPpasersA4 are farmed on thegate glectrpdes22A by depesiting apconfarmal,e

insula- ting layer consisting of a thin SiOx of about 150 Angstroms and a
cHi3N4 tayer havingta thickness of betweepcabout 5000and 4508 Asgstrams, on
and more specifically a thickness of about 1000 Angstroms. The insulating
t Isideval Spacets 24 careiforrhed byranigotropically etching back. For
example, the SiOx can be deposited by LPCVD using TEOS as the reactant
gas, and the Si3Ny can be deposited by LPCVD using SiC12H2 and
ammonia (NH3) as the reactant gases. The side- wall spacers 24 are formed

by ariSStropicaiRetchihgbadk! e Siox/Si3RE fdyer KRG RIESMY &/ ratn

afgggwﬁgéﬁrwx%@% formed in the epitaxial layer 18 adjacent
to the gate electrodes 22A. Typically the 1lightly doped
source/drain areas are formed by ion implanting arsenic or
phosphorus dopants, preferably arsenic, to achieve a dopant
concentration of Dbetween about 1.0 E 18 and 2.0 E 20
atoms/cm’. Next, insulating sidewall spacers 24 are formed
on the gate electrodes 22A by depositing a conformal insula-
ting layer consisting of a thin SiOy of about 150 Angstroms
and a Si3Ny layer having a thickness of between about 500
and 1500 Angstroms, and more specifically a thickness of
about 1000 Angstroms. The insulating sidewall spacers 24
are formed by anisotropically etching back. For example,
the 8Si0x can be deposited by LPCVD wusing TEOS as the
reactant gas, and the Sii;N; can be deposited by LPCVD using
SiCl,H, and ammonia (NH3) as the reactant gases. The side-
wall spacers 24 are formed by anisotropically etching back
the Si04/Si3Ny; layer using RIE and an etchant gas mixture

such as CHF3, CF4, and O,. The DRAM FETs are now completed

14



such as CHF3, CF4, and 02. The DRAM FETs are now completed 14 by
forming first and second source/drain contact areas 19(N’), one on each side
of the FET gate electrodes 22A adjacent to the sidewall spacers 24. The
bgoufeeraiaiy conticttareasd 9 aedfonfed ByuirffdftiriarsepitibAsto areas
achieve a dopant concentration of between about 1.0 E 19 and 4.0 E 21

1 38 mlsreniZ An fipor@nt feattih'e ofthis iventfon! is #dtthe déant regions? 22

in the first source/drain contact _areas 19(N’) are contiguQus with the doped .
35l botorm SRS T8 Tt FABRTS 10 £, 6, AL RierbONEiea =

e (IPQ) layer 26 isJeposited fojingulate fhe underlying, capacitor and,

FET devices. Layer 26 Is a doped Si02 (doped, for example, with boron or

a Phosphoruisde@cancentration of ahout 2+0120),ard isdepasited byr 19 and

sub-atmospheric CVD using, for example, TEOS/03 as the reactant gas.
4 layer 24 isplanayized by GMP tahearve anthickaess ot betiveen iabouh w8001 on
and 6500 Angstroms over the capacitor top electrodes 22B. The novel
1 DRANIcelhis ndwreornpleted ap so the bitdingicortactcoperingsrayi etching-act
the bit line openings 6 in the IPO layer 26 to the second source/drain contact
azgess 19(N'). TReDitdive operms 6'afdetthed tsirgicsiventiohalr bottom
hotolithographic techniques and anisotropic plasma etching in a

S HrH-a8ASiR piisma etcher.

Still referring to Fig. 9, an interpolysilicon oxide
(IPO) layer 26 1s deposited to insulate the underlying
capacitor and FET devices. Layer 26 is a doped SiO; (doped,
for example, with boron or phosphorus to a concentration of
about 2 to 5%), and 1is deposited by sub-atmospheric CVD
using, for example, TEOS/0; as the reactant gas. Layer 26
is planarized by CMP to have a thickness of between about
5000 and 6500 Angstroms over the capacitor top electrodes
22B. The novel DRAM cell 1is now completed up to the bit
line contact openings by etching the bit line openings 6 in
the TPO layer 26 to the second source/drain contact areas
19 (N") . The bit 1line openings 6 are etched using
conventional photolithographic techniques and anisotropic

plasma etching in a high-density plasma etcher.

Referring now to Fig. 10, in the second embodiment the

process 1is identical to the first embodiment up to and

15



Referring now to Fig. 10, in the second embodiment the process is identical
to the first embodiment up to and 15 including the deposition of the
polysilicon layer 22 to form the gate electrodes. Similar elements in the
1 eipawitigs caré haberiecthé ishae fof bolle eRtbbdimeAtsOThe PoRsilicdnt Rayeprm
22 is deposited and patterned to form only the FET gate electrodes 22A over

thRe GpéMings MIhEFSS msulatify ffer £2 PR toh lBctidtesOf fiefige are
apacitor of the first emhodiment are not formed in the secgond embodiment.
1T ot rofil e L8N Db BAG OF T capacitrs AL fisp o
1 gpahodiment is optiona) in the seqond.empadiment, and Gap be efimingted to .
reduce process cost. The N- lightly doped source/drain areas 17(N-) in the
g&piaxiahlayer-18are implanted. adjacent fo thggate glectrodes 228 first
Insulating sidewall spacers 24 are formed on the gate electrodes, and N°
1 glopedtfitstand seeond spurce/dmie contast aseas- 12N} are Jormeddn the at
epitaxial layer 18 adjacent to the sidewall spacers 24 by ion implantation to
cgpmpléterthecEETSh & hef protessdetailsifienfornsing these elémentsiare thethe
same as in the first embodiment. Continuing with the second embodiment
semerstill refSfAgReFig. 10, thélstackeBichpatitors are forifed (é&. A firsttom

interpolysilicon oxide (IPOl% layer 26 is , , , ,
electrodes of the flat capacitors 1n the first embodiment 1is

optional in the second embodiment, and can be eliminated to

reduce process cost. The N 1lightly doped source/drain
areas 17(N) 1in the epitaxial layer 18 are implanted
adjacent to the gate electrodes 22A. Insulating sidewall

spacers 24 are formed on the gate electrodes, and N' doped
first and second source/drain contact areas 19(N') are
formed in the epitaxial layer 18 adjacent to the sidewall
spacers 24 by ion implantation to complete the FETs. The
process details for forming these elements are the same as

in the first embodiment.

Continuing with the second embodiment and still
referring to Fig. 10, the stacked capacitors are formed
next. A first interpolysilicon oxide (IPOl) layer 26 1is
deposited. Layer 26 is preferably Si0O,, deposited by
plasma—-enhanced CVD using, for example, TEOS as the reactant
gas. Layer 26 is planarized to have a thickness of between

about 6500 and 8500 Angstroms over the FET gate electrodes
16



deposited. Layer 26 is preferably Si02, deposited by plasma-enhanced CVD
using, for example, TEOS as the reactant gas. Layer 26 is planarized to
have a thickness of between about 6500 and 8500 Angstroms over the FET

2 ¥ate eletti6des 6 R2AL FirSecoritact openliftysE-akecetched ihtheIPO1 Idysrer
26 to the first source/drain contact areas 19(N°) using anisotropic plasma

2%tchitg, @teddibell a6V CHFHROP nGHE EaTtACtS S8 Afe forméld in tHe1n9

first contact ope i%gs 8. For example, the nodce c%nt cts 28 can be éormed

a%ﬁsagﬁgﬁﬁﬁg an %pgéf)%ﬁ/%ﬁitor?%ygregngﬁoﬁs inagbk?éfcﬁ( to thePec*tor

ngyLace of the PO layer 26. 1he Stagked gapagitors 3Q,ate, thenfoumed pveg

the node contacts 28 by various means, as commonly practiced In the

rdpdustry=figh example. the stacked capacitars cap include cylindrieal-shapedyy,
crown-shaped, fin-shaped, and the like, but are not explicitly depicted in Fig.

ddideisimplify dhe drawlingeA secopeinterpolysikgon-oxidel (IPO2) kyen3d2 isack
deposited over the stacked capacitors 30. Layer 32 is deposited and

t plaerizedasfoe IRFL fdyer 2BPand hgsa thicknedb ef dietween abeub400®r s
and 6000 Angstroms over the stacked capacitors. Second contact openings

3@ ar& etchdGTh theTPOdaysre 32 BhE 2696 the SeBBAG S6uréd/drain coHntacdus
areas 19(N°) for bit lines. Conducting plugs 34 are formed in the second

m%%%ﬁhg%@.%%W%Qg&%kf¥ﬁ€E&@§%4ﬁﬂe&ﬁ&bﬁﬂﬂyStry' For example,

the stacked capacitors can include cylindrical-shaped,
crown—-shaped, fin-shaped, and the like, but are not
explicitly depicted in Fig. 10 to simplify the drawing. A
second interpolysilicon oxide (IP0O2) layer 32 1is deposited
over the stacked capacitors 30. Layer 32 1is deposited and
planarized as for IPOl1 layer 26, and has a thickness of
between about 4000 and 6000 Angstroms over the stacked
capacitors. Second contact openings 9 are etched in the IPO
layers 32 and 26 to the second source/drain contact areas
19(N") for bit lines. Conducting plugs 34 are formed in the
second openings 9. For example, the plugs 34 are preferably
formed by depositing a metal, such as aluminum (Al) or
tungsten (W), and would include a barrier/adhesion layer
such as titanium/titanium nitride (Ti/TiN) to prevent the
metal from reacting with the silicon substrate. Next, a
conducting layer 36 is deposited and patterned to form the
bit lines 36 to complete the array of DRAM cells. The

conducting layer 36 is preferably a multilayer of

17



formed by depositing a metal, such as aluminum (Al) or tungsten (W), and
would include a barrier/adhesion layer such as titanium/titanium nitride
(TI/TIN) to prevent the metal from reacting with the silicon substrate. Next, a
T oRdNcirg layerl36is/deposittd and pattefadd il fokmths Shitlirfes@Bresited
complete the array of DRAM cells. The conducting layer 36 is preferably a
E tnuditil aer SRS Firtily e A SHoyr THTIRG TRECTiAHNY fyerd'dre dépbshed 64
. thickness, of about 150 to 300 Angstroms, and the AlCu. is osited to a
O KRGS G abckit 320011 4800 S Wi e e oA Baeg o™
particularly shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled in the art that
varioys changegdn foryandidstails maybesmadewitheut departingkem thenq
spirit and scope of the invention. What is claimed is: 18 1. Dynamic random
daseespmemary {DRAMfeellsroreandtin  an epitaxialsikoondayercoves@hment s
insulating layer on a semiconductor substrate comprised of: a shallow trench
t isotation around dévicbareasd havingarecdsses loverark aligred torsaithe art
device areas; said insulating layer on said substrate in said recesses, each
tQﬁ%aKPﬁ%@§§e§ﬁ@ﬂﬁ§%n%&eﬁﬂﬁ?kﬁﬁﬁddetails may be made without

departing from the spirit and scope of the invention.

What is claimed is:

18



insulating layer to said substrate; an epitaxial layer in each of said recesses
extending from said opening and laterally over said insulating layer; a gate
oxide on said epitaxial layer in each of said recesses; FEI gate electrodes on
said gate oxide and over said openings in said insulating layer, and including
lightly doped source/drain areas and source/drain contact areas in said .
epitaXial 1ay&r adfaceAEIC S JatealR cli6aes: apRBRoY node dontabtsapd 11
said sogrce/dria\in cctﬂntact a(r]f‘[as in said e@itaxial Ia}/ler quer said irisulating
arfay%ﬁjbltalfﬁleacontsalc S in-sai é"lﬁzi?a&iaijl\é@er over lsaﬁjuln%ulhﬂﬁg Ia‘fl/ére;r on @

s SAPAGHRIE AVSL aDd,6ontaching saif,¢aRacitoy, snode contacts, and bit lines

over and contacting said bit line contacts. 19 2. The structure of claim 1,
wherein said semisqnductarsubsitatg isi a > doped single,crystal silisan

substrate. 3. The structure of claim 1, wherein said insulating layer is silicon
haxideshadng adbickness obbetweenagahaut t1H0Gand 200-Angstroms: s ;

said insulating layer on said substrate 1in said
recesses, each of said recesses having an opening in said
insulating layer to said substrate;

an epitaxial layer in each of said recesses
extending from said opening and laterally over said
insulating layer;

a gate oxide on said epitaxial layer in each of said
recesses;

FET gate electrodes on said gate oxide and over said
openings in said insulating layer, and including lightly
doped source/drain areas and source/drain contact areas in
said epitaxial layer adjacent to said gate electrodes;

capacitor node contacts to said source/drain
contact areas in said epitaxial layer over said insulating
layer;
bit 1line contacts 1in said epitaxial layer over
said insulating layer;
capacitors over and contacting said capacitor
node contacts, and bit lines over and contacting said bit

line contacts.
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4. The structure of claim 1, wherein said epitaxial layer is single-crystal

silicon and has a thickness of between about 1000 and 5000 Angstroms. 5.
The structure of claim 1, wherein said gate oxide is a silicon oxide having a
thickdess of bet€en abotit T5UaRd 35°AngsEomsN6. The strubt@redficlaimaid

1, wherein said gate electrodes are conductive!%/ doped polysilicon. 20
semiconductor substrate 1s a P doped single-crystal silicon

substrate.

3. The structure of claim 1, wherein said insulating
layer 1is silicon oxide having a thickness of between about

100 and 200 Angstroms.

4. The structure of claim 1, wherein said epitaxial
layer 1is single-crystal silicon and has a thickness of

between about 1000 and 5000 Angstroms.
5. The structure of claim 1, wherein said gate oxide
is a silicon oxide having a thickness of between about 15

and 35 Angstroms.

6. The structure of claim 1, wherein said gate

electrodes are conductively doped polysilicon.
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