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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

1ntegrated c1rcu1t dev1ces on semlconductor substrates, and

'more partlcularly relates to a method for. fabrlcatlng

'Dynamlc Random Access Memory (DRAM) cells u51ng selectlve

s111con epltax1al growth over an 1nsulat1ng layer on the

cell (devxce) ‘areas.. The method Ls partlcularly useful for B
' reducing_cagacitor leakage currents and_soft error due to -

“Alpha particles on DRAM cells.

(2) DESCRIPTION OF THE PRIOR ART

Advances in the semlconductor process technologles have

dramat:cally decreased the semzconductor devzce feature ".

sizes and rncreased the circuit densxty on the 1ntegrated

c1rcu1ts on chips. 0ne_dev1ce_type_that has experienced a

rapid increase in densitﬁ'is the array of memory cells on

DRAM devices.- Each memory cell consists of a sxngle pass

trans1stor EFET) and a storage. capacltor._ As the cell area
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_manufacturlng 'However,

. No.

decreases and the capacitance of the storage capacitor .

‘decreases, it becomes increasihgly difficult to maintain

sufficient charge.onﬂthe capecitor,due to the capacitor

. leakage-curreht,'and the-refresh-cycle time needed to

-maxntaln the charge on the capacxtor becomes unacceptably

short. . Another problem is the natural presence of Alpha

-particles,;whlch can generate electronfhole palrs_resultlng
"in soft errdrs-in'the-more conventional DRAM capacitors:in

“whxch their node contacts are made dlrectly to the dlffused_

Junctlons in the sxllcon substrate.

. One method-of reducing.the leakage currenc and reducing'

soft error is to use a sxllcon—on-lnsulator (SOI). 'However,

'SOI technolbgy is stlll too expenszve and. compllcated for

as devices are further dxmlnlshed
in s1ze, the Junctlon depths and well depths decrease

proportionally, The use of_a'thin_silicon epitaxial'layer
is reéuired.for'futdre device geheraciohs tc echiere thesei

shallow device structures.

Seyeral methods for.mahing ahd using SOI have heen.;
described in the literature. For example,:in U.S. Patent
5,691,776 to Hebert et al. a method is described'for
forming field oxide.regions by etching crenches ih which a

conformal silicon nitride (SigN4) is deposited over the

‘trenches. #An opening is etched in the SizN, layer and a
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-Selectlve epltaxlal growth (SEG) is used to partlally flll

the rrenches. " The SEG 1s then thermally oxldlzed to form

the field oxide. - In u. S Patent Wo 5 686 34°_to Lee, Leew

f1solates a semlconductor layer on an. 1nsu1ator by frrst

formlng an 1nsu1at1ng layer on a slllcon substrate, etchlng

a rerd el ave -

window to the substrate, dep051t1ng an amorphous 5111con

layer_that is annealed to form an epltaxr al l_y;r o:e-_th;
window; :The epitaxial layer is'patter'ed and ' a _SigN llayer o
is dep031ted over the patterned epltaxlal layer, and a ..
thermal oxldatxon is used to oxldzze the 3111con 1n tns.

w1ndow under the semlconductor layer. In U.S. Patent No.

6, 037 199 to Huang et al an insulotin

~
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111con substrate, an openlng is formed in the 1nsulator,
and an amorpho"- sili'—-~-__-1--~-

form;an epit*xial layer extanding from‘the‘dpening laterally
over the insulatin layer. The epltaxlal layer 1s patterned

g
over the insulating layer tc form isclated srllcon regions .

.(islands) in whxch FETs are formed,“ In U S. Pa tent No.

5,762,314 to Chittipeddi a method is descr1bed-for_forming

two_separate selective epitaxial layers, having different.'

dopant goncentrations;_on the same silicon subStrate. The

epitaxial layers are separated by a trench filled with an

insulating material.

However, there is;stili a strong need in the Semicon-

duotor industry to provide DRAM cells with low capacitor-_e
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. -leakage- currents and reduced Alpha soft errors whlle_

provxdxng a process that is 1ntegratab1e 1nto the current

_manufacturlng process w1thout 51gn1f1cantly 1ncreasxng

'_manufacturlng process complexlty.

SUMMARY OF THE INVENTION

. Therefore a principal object of this inuéntion is to

‘make DRAM cells with 1ncreased cell dens;ty whrle reduc1ng

capac1tor 1eakage currents.

Another object of this znventlon lS to reduce the

leakage currents and soft error by us1ng a s111con epltax1a1~

layer over an- lnsulatlng layer on which are formed the DRAM

FETs and storage capacitors.

It is another.OBject to integrate this novel DRAM cell

lnto the current DRAM process to m1n1m1ze manufacturlng cost;

by 1ntegrat1ng the selectxve s111con epitaxy on 1nsu1ator

: wzthout szgnxflcantly 1ncreasxng the process1ng steps.

Another objectlve of this. inventlon by a flrst

embodiment 1s to make a flat capacltor structure using thls :

selective epitaxy DRAM process hav1ng low leakage currents.




Still another objectxve of thls 1nvent10n by a second
embodlment 1s to make a stacked capac1tor structure using

- this selective epltaxijRAM processlhav1ng low leakage

currents.

‘In accordance with the_objects of the present invention
' a method for fabricatingﬁdynamic'random access memory (DRAM)
'f ceils on and in an'epitaxial silicon layer formed"over a.
_lflrst 1nsu1at1ng layer on a semlconductor substrate is
'descrlbed. The method by a flrst embodlment beglns by
provxdlng a P doped s1ng1e—crysta1 szllcon semlconductor
substrate for N channel FETs. Alternatlvely an N doped _
substrate can be used if P channel FETs are de51red. A
first xnsulatrng layer that also serves as a- stress-release

B layer is formed on the substrate. A hard—mask layer
composed of Sl3N4 is deposzted on- the fxrst 1nsu1at1ng

layer. The hard mask is patterned to leave portlons over

the deSLred devxce 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 devzce areas) A
-second 1nsu1at1ng layer is dep051ted to a thlckness sf
suff1c1ent to f111 the shallow trenches and is pollshed back

to the hard—mask layer to form shallow trench. 1solat1on 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
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‘the flat capacitor.

. field oxide'isolation.that are self-aligned over the device

areas and also exposes tlie first 1nsu1at1ng (stress—release)d

layer in the recesses. Next, openlngs are- etched in. the

- first insulating layer over_the_dev1ce areas to_expose the

substrate. .For example, -the bit line contact mask can be

”used-to etch the openings, -hereby saving additional mask
| cost. Next, an epxtaxlal layer 1s selectlvely grown from

L the silicon substrate exposed in the openlngs and extends'

laterally over the fzrst 1nsu1at1ng 1ayer 1n the recesses.

.By the method of a flrst embodlment, a portlon of the

epltaxlal layer is doped N+ over the flrst 1nsulat1ng layer

to form capac1tor bottom electrodes in regrons where flat
'capacxtors are to be formed for the DRAM cells. ‘A thln gate,

-oxide 1s formed on the ep1tax1al layer, for example by

thermal oxldatlon. A polysxllcon layer is deposxted on the L

substrate_and is doped N+ by ion 1mplantatlon. The

.polys111con layer is then patterned to form FET gate

electrodes over the openlngs in the flrst 1nsulatrng layer

and also to form capacitor top electrodes for the capac1tors_

over the capacrtor bottom electrodes. The FET thin gate .

oxlde also serves as an 1ntere1ectrode-dielectric layer Tor

In addition, the polysilicon layer can

be concurrently patterned to form polysilicon resistors oh‘l

- the shallow trench 1solat10n. nghtly doped source/draln

areas are formed in the epitaxial layer adjacent to the gate

electrodes, and 1nsu1at1ng 'sidewall spacers are then formed
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on the ga*e electrodes._ The DRAM'EETs are now completed by
_formlng first and second sonrce/drain contacf areas, one on
each side of the FET gatn electrode adﬂacent to the sldewall
_spacers, by 1on 1mp1an+atlon ~ The dopanr reglons in the
first source/drain contact areas are. contiguous Wlth the
doped capacitor bottom-electrodes. Bit line electrrcal

- contacts are farmed to_the second soﬁrce/drain*areas to:

complete the DRAM cells.

In theJSecond embodiment the lpz'::wz:es's is. identical. to :
" the flrst embodlment up to and 1nc1ud1ng the deposztzon of
'the poly5111con layer to form the gate electrodes. The 3
. 1mp1ant to form the bottom electrodes of the flat capac;tors;iu
in the flrst embodlment is opt1onal 1n the second .mbodl—
ment, and can be ellmlnated to reduce process cost.. The B
polys111con layer is then patterned to form only the FET
gate elec*rodns over the openlngs 1n the flrst 1nsu1at1ng
:_ layer, The N llghtly doped source/drain areas in the

epitax1a1 layer are 1mplanted adjacent to the gate

eiectrodes. Insulating'sidewall spacers are formed on the.

gate electrodes,nand Nt dOQed'first-and second source/drEin-

contact areas are formed in the epltaxlal layer ad]acent to

the s1dewa11 spacers by ion lmplantatxon to complete the

FETs. Continuing with the second embodlment, the stacked

capacitors'are formed next. A first 1nterpolys;11con oxide

(IPOl1l) layer is deposxted ‘and first contact openlngs are



2

1y

etched in

the I?Ol to'the first source/drain contact areas.

Capacitor node contacts are formed in the first contact

: openings,'for example by deposztlng an N+ doped poly5111con

layer and pollshlng-back._ The stacked capac1tors are then

formed over the node contacts by various means, as commonly -

'practiced in the industry. A second interpolysilicon oxide

(IPOZ) layer is depOSLted and second contact openlngs for

b1t llnes ‘are etched to the second source/draln contact

_ areas. Conductlng plugs are formed in the second openlngs,
- and a conductlng layer 1s deposited and patterned to form -

the b1t lznes to complete the array of DRAM cells havzng

stacked capacxtors.. In both embodlments the flrst

lnsulatlng 1ayer, utlllzed as a stress—release layer for the.

hard-mask layer, 1s also used under the epltaxxal layer.
The dual use of the-flrst'znsulatlng layer results in

reduced process cost whlle reduczng the capac1tor leakage -

: 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 shou schematically cross- sectional

views of one of the nemory_cells'for the sequence of process




steps for making the DRAM cell by the first embodiment uslng.'

the selective_epitaxial grown layer on an insulator.

’ Fig.,lO'shows a schematic cross-sectional view of one
of the membry cells for the seqdence of process steps fo:
'maklng the DRAM cell by the second embodlment usmng the

- selective epmtaxmal grown layer on an 1nsulator
' DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method for maklng the DRAM cells by a f1rst
embodlment u51ng the selectzve epltaxlal 5111con layet over -
an lnsulatlng layer is now descrlbed 1n detall. The method
and structure are appllcable to both simple flat band or
'stacked capacitor DRAM devices. This novel structure can
also beeused'for-transistors, in general, to reduce'leakage'

current.

Referr;ng to Fig. 1, the method by a flrst embodlment

beglns by prov1d1ng a P doped 51ngle-crystal silicon _
substrate lp*having a_<100> crystallographic orientation:ﬁ A
-first ineulating layer 12'comp:ised of eilioon oxide (5562)_
is formed.either by thermal oxidation or“by low-pressure
.chemlcal vapor deposxtxon (LPCVD). Layer 12 serves'as'a

stress-release layer for a 813N4 hard mask and is also

essentlal-to the current invention as w1ll become obvious at
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-02 to a preferred depth of'between about 2000 and 3300

~a later step. The §i0, 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

- deposited on the first insulating'laYer-lz.- The Sl3N4 layer

14 is deposxted by LPCVD to a preferred thlckness of between

 about 1600 and 2000 Angstroms Photolithographic techniques

and anisotropic plasma etching are used to- pattern the hard

‘mask to 1eave portions over the de51red dev1ce areas 1. The -

Sl3N4 is patterned u51ng reactive ion etching (RIE) and an
etchant gas’ mixture such as CF4, 02, and CHF3; or a mixture
such’ as-HBr, SFG, and 05. Wlth the photoreSist mask (not
shown) still in place shallow trenches ‘2 are plasma etched

in the substrate 10. “The shallow trenches are plasma etched-

usxng RIE and an.etchant_gas mixture.such aS'Clz, HBr, and

Angstroms After remov1ng the photore51st mask, for example

'by plasma ashing in oxygen, a second 1nsulat1ng layer 16 is

deposxted to a thickness sufficient to £ill the shallow

ftrenches 2; and more particularly to a thickness that is at

least greater than 6300 Angstroms, as shown in Fig. 1. The

second insunlating layer 16 is_preferably composed of Sng:'
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 is

chenically~mechanically polished (CMP) back to'the-hard-mask

10
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opening 4 to the edge of the shallow trench 16 has a minimum

layer 14 tc_form:tﬁe,shallow'trench isolation 16 and to

' expose the surface of the hard mask over the device areas 1.

Referring to Fig. 3, the SigN, hard-mask layer 14 is
selectively removed, for example by using a wet etching in a
hot phospho:ic acid*(H3PO4)'solution at a tempefature of

about 120 to 200°C. This results in recesses 3 in the field

. oxide isolation 16 that have a depth that is equal to the

thickness of the SizN, layer 14. The recesses 3 are self-

aligﬁed_ove: the device areas i and the first insulating'-

‘layer 12 is exposed in the recesses.

' Reférfinglto.Fig. 4}.gpenings 4 are etched-iﬁ'thé f{rst

insulating-iayer”lz over the device areas 1 to expose the

_Substrate_lo. The'openiﬁgs are etched uéing a pattérned

photoresist layer and high-density plasma (HDP) etching

using an etdhanﬁ'gés such as CHF3, C4Fg, or CHyF, that

'seleCtiéely etches_the SiOZ-layer 12 to'ﬁhe SubStrété.f-The~

openings 4 have a diameter or width y that.ié preferably

- between abgut ‘0.1 and 0.5 micrometers (um). The single- .

crystal silicon substrate surface in the openings“sqrves%éS_
the single-ct?stai—seed surface having a <100> cryst311§+
graphic orientation for the epitaxial layer that is'grown_in '

the next step. The distande x from the center of the

width of aﬁbut 0.2 um and is sufficiently wide to L B

11



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. -

-t Referring to-fig. 5, an epitaxialliayer 18 is
selectzvely grown from the seed surface of the silicon _
substrate 10 1n the openxngs 4 and extendlng 1atera11y over
.the flrst 1nsulat1ng layer 12 1n the recesses 3.' The
'epltaxzal layer 18 is grown in an- epltaxlal reactor (CVD
;system) at high temperature.' Typlcally the selectlve
epitax1a1 layer 18 is grown u51ng a reactant gas such .as
_81H4 or 51H2C12 at a. temperature of between about 950 and

1100°C. The ep1tax1a1 layer 18 is doped P type uszng ‘
'dzborane hydrlde (BZHG) and to a preferred concentratlon of

' between about 1 0 E 16 and 1.0 E 18 atoms/cm . Epltaxlal

layer 18 is grown to a preferred thlckness that 1s less than _

_ the depth of the recess 3 in the fleld oxide 16, and more :

g speclflcally to a thlckness of about 1000 to 5000 Angstroms.'

The epitaxial layer_l& is selectlyely grown on . the flrst_
insulating layer 12 and if necessary can be wet etched batk

to the desired thickness..

Referring to Fng'G"by the ‘method of a first _
embodxment, a portxon of the. P doped epltax1al 1ayer 18 1s

f'doped N* to form capacxtor bottom electrodes 18' in reglons

12,



_ where the flat capacitors are to be formed for the DRAM _

| cells.' The epitaxialilayer is'doped'by using a photoreeist-

. ion 1mplant block-out mask and is implanted w1th arsenic or
;phosphorus 1ons to a fznal dopant concentratlon of between
"about 1.0 E lQ-and 4.0 £ 21 atoms/cm . As shown in Fig. 6,

the capacitor bottom.electrodes 18' are formed over the:

- first insulating layer 12 and away from the openlng 4 to

reduce capacxtor leakage current.

Referrlng to F1g. 7, a thin gate ox;de 20 is formed on |

:the epltaxlal layer 18. For example, the oxlde 20 is formed
-hby a dry thermal ox1datlon to a thickness of between about

15 and 35 Angstroms. Alternatzvely, for future technologles_

l:more advanced gate dlelectrlc layers, such as Sl3N4, Taox,

and the like can be used, and the thickness of which would
be technoldgy-dependent. :

| Referring to Fig. 8, a blanket polysilicon layer.22 is
deposited on the substrate._-Layer'zz ie"deposited by LPCVD
using,a'reactant'gae such as silane (SiHy), and to a

—

thickness ofhbetween about 1000 and 2000 Angstroms._ The_

polys111con layer 22 1s then doped Nt by ion implanting

- _phosphorus {P?l) to achzeve a flnal_dopant concentratzon ofd
between about 1.0 E 19 and 4.0 E 21 atoms/cm3. By lnoluding'

additionalzﬁrocessing steps, the.polysilicon layer 22 can

include an“upper metal silicide layer and an insulating cap

13




layer, which are not depicted in the Fige. to simplify the

drawings.

‘Referring to Fié. 9, conventional photolithegraphicf

lftechaiques and_aaieotropic plasma etehing are_used to
.pAttern the'pplysiliconllayer 22 to form FETigate electrodes
.22A£over the opeaing5'4 and also'to form capacitor_top
electrodes 22B for the'capacitore over .the capacitor bottom"
:eleetredee 18' .The FET th1n gate oxlde 20 also serves as

- an 1nterelectrode dlelectrlc layer 20 for the flat

capacxtor. In add;tlon,_the polyszllcon layer 22 can be

concurrently patterned to form polysxllcon re51stors 22C on

the shallow trench isolation 6. - ) . B

Contlnulng with Flg. 9, 11ght1y doped source/drazn
'-:areas 17(N”) are formed in the epitaxial layer 18 ad]acent
to the gate eleetrodes 22A.. Typ1ca1ly the lxghtly doped’
‘aouree/drain areas'are_formedeby ioa implanting;arsenicro:_'
phosphorus dopants, preferablf'arsenic,'to achieve a dopant
coneentration of between'aboﬁtll 0 E 18 and 2.0 E 20 ;
atoms/cm3 Next, 1nsulat1ng 51dewall spacers 24 are formed
on the gate electrodes 22A by de9051t1ng a conformal 1nsu1a-.
ting layer consxstxng of a thin s:.ox of about 150 Angstroms
and a 813N4 layer hav1ng_a-th1ckness of between about 500_'
and'lSOO.Angstrems, and more specifieally a thickness of

_about 1000 Angstroms. 'The insulating sidewall spacers 24

14



Aarea Fnrmpd by, an1snfron1callv etchlng back For example,
the 510 can be de9051ted by LPCVD u51ng TEOS as the .

reactant_gas, and the Si3N, can be dep051ted by LPCVD using

SiCiZHZ'and ammonia (NH3) as the reactant gases. The side-

- wall spacers 24 are formed by anisotropically etching back .
the 510 «/SisNy layer using RIE and an etchant gas mlxture
such as CHF3, CFy, and 02.; The DRAM FETs are now completed
by forming flrst and second source/drain contact areas
19(N+), one on each side of the FET gate electrodes ZZA
adjacent to the sidewall spacers 24. The source/dra;n

icontact areas 19 are formed by implanting-arsenic ions to-

:ach1eve a dopant concentratlon of between about 1 0 E 19 and

4. 0 E 21 atoms/cn3 An ;mportant eature of thxs 1nventzon

-is that the dopant ‘regions inﬁthe first source/drainjcontact _

areas'IQ(Nf) are contiguous with the doped capacitor bottomf

electrodes 18'.

Stlll referring to Fxg.-9,_an lnterpoly5111con oxide o

(IPO) layer 26 is depos1ted to 1nsu1ate the underlylng

capacxtor and FET devxces.. ‘Layer 26- 1s a doped S105- (doped,'

for example, with boron or phosphorus to a concentratlonaof _

about 2 to-5%), and is dep051ted by sub~atmospher1c CVD

: uszng, for example, TEOS/O3 as the reactant ‘gas. Layer 26
'is.planarized by.CMP'to:have a ﬁhickness of between about
5000 and 6800 Angstroms over the capacitor top electrodes’

22B. The npvel DRAM'cell is now completed up to the bit

1s



line'contact'openinQS b§ ‘etching the bit line openings:G in.

.the IPO layer 26 to the second source/draln contact areas:
C19(N*). The b1t 11ne openings 6 are etched. us1ng |

'dconventlonal photol1thograph1cetechn1ques and anlsotropic

plasma etching in a high-density plasma etcher.

Referringdnoﬁ to Fig. 10, 1n the second embodlment the
process is- 1dent10al to the first embod;ment up to and
'lncludlng the dep081tzon of the poly3111con layer 22 to form
the gate electrodess- Slmzlar elements 1n the dnaw1ngs are
labeled the;same.for both embodiments. The polys;llcon
layer 22 isddeposited_and-patterned to fo:m:only ‘the FET B

gate electrddes ZZA'ower the openings in the first =

'insulating layer 12. . The top electrodes of the flat

- capacztor 6f the first embod;ment are not formed in the

second embodlment. The implant to form the bottom _
electrodes of the flat capac1tors in the first embodlment ls'
optzonal in the second emhodlment, and can be eliminated to
. reduce process cost._ The N~ 11ght1y doped sou:ce/drazn
| areas’;?(ﬁ‘) in the epitaxial layer 18 are implanted' .
-adjacent to the gate electrodes 22A. Insulating sidewall
spacers 24 are formed'on the gate eiectrodes, and ﬁ* dooed.
'flrst and second source/drazn contact areas 19(N%) are

formed in the ep1tax1a1 layer 18 adjacent to the sidewall

spacers 24"by'1on implantation to complete the FETs. The

16,



'process details for forming these elements are the same as

“in the first enmbodiment.

Continuing with the second embodiment and still
referring to Fig. 10, the stacked capacitors are formed
next. A first interpolysilicon oxide'.'(IPOI) layer 26 is
deposited. - Layer 26 is preferably 3102, deposrted by

plasma-enhanced CvD us;ng, for example, TEOS as the reactant

gas. Layer 26 is planarlzed to have a thlckness of between '

- about 6500 and 8500 Angstroms over the- FET gate electrodes

22A._ Flrst contact openxngs g are’ etched in the IPOl layer

- 26 to the flrst source/draxn contact areas 19(N+) u51ng

'anlsotropzc plasma etchlng, as descrlbed above. Capac1tor

'node contacts 28 are formed in the flrst contact openlngs 8.

For example, the node contacts 28 can be-formed by

depositing‘an N+ doped polysilicon layer and polishing back'

- to the surface of the IPOl layer 26. The stacked capacltorsd

30 are then formed over- the node contacts 28 by var1ous

means, as commonly practlced in the'rndustry. For - example,t

“the stacked capacxtors can include cyllndrlcal—shaped,
crown—shaped, fln—shaped, and. the lzke, but are not s -
explxcztly deplcted in Flg. 10 to 31mp11fy the drawrng. A_

second_1nterpolys111con.ox1de (lPOZ) layer 32 is de9051ted

over the stacked capacitors 30. Layer 32 is deposited and”
planarized as for IPO1l laYer'ZS, and nas a.thickness of

. between about 4000 and 6000 Angstroms over the stacked

17



capacitors. 'Seoond contact openings 9 are etched in_the IPO
layersdéz'and 263to the second‘SOurce/drain_contact areas'
19(N*) for bit -iine_s'- Conducting plugs 34 are formed in the
eecond_opening5'9. 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 tltanlum/tltanlum nitride (Tl/TlN) to p ent the

. metal from reactlng w1th the 5111con substrate. Next, a

conductlng layer 36 is depos1ted and patterned to form the'
bit llnes 36 to complete the array -of DRAM cells.' The

conductlng layer 36 is preferably a multllayer of

: T1/T1N/A1Cu alloy/T1/T1N The Ti/TiN layers are dep051ted
to. a thlckness of about 150 to 300 Angstro,_, and the AlCu

1e dep051ted to a-thlckness_of about 3500 to-4800-Angstrome.

thle the invention has been partlcularly shown and
'descrlbed with reference to the preferred embodiments
thereof it will be "eders+ood by +hose sk*lled in the art
that varzous changes in form ‘and details may be made w1thout

departlng from the splrlt and scope of the invention.
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' sballow trenches in said substr

f—’—*—'_;‘”—'——_—_~7.'
A
What is claimed'is:
1. A.method for'fahricating dynamic random access

memoryf(DRAM) cells on and in an epitaXial-silicon

layer'formed_over a first insulating layer on a

semiconductor;substrate comprising the steps-of°

formlng sald flrst 1nsu1at1ng 1ayer on said -

snbstrate,_

degosxtzng a hard-mask layer on said flrst
1nsu1at1ng layer,' ' _

patternxng sazd hard—mask layer and 1=av1ng portlons _
nvar d=v1ce_ar=as; and uszng said hard mask for etchzng
! pns1t1ng'a second 1nsu1at1ng layer to fill said

sb low trenches and pol*shlng back to sa*d hard—m=sk

' layer to form shallow trench isolation;.

selectxvely r-mov;ng said hard-mask laver and-

form

rm ng recesses over and se1F—a11gned te-sald device

'areas and exp051ng said flrs+ 1nsu1a ting layer in sa*d _

recesses;

etchlng openlngs in sazd first lnsuTatzng 1a;°r gv

sald dev*ce areas to said substrate,

growing selectively said epitaxia1 layer from said

-'cp_ nings and extend;ng la a“j over said first

.1nsu1at1ng layer in said recesses,

form-“g_a.g-- xide on said epltax1a1 layer,

forming a dcped.polys;llcon layer on said substrate;

19



—_—

N O

€599-082

petternihg eaid'polyeiiicon-iaYer to fo:m.FET gate
'electrodes ovef seid.opehings, and implanting'to'forh _
lightly ‘doped source/drain areas in said epitaxiei
iayer edjacent;to said gate eiectrodes; |
forming insulating Sidewallzspecers oﬁ Seid_gate
electrodes, and implantipg'to'form'first and eecohd
'source/draio contact'areas adjacent.to said sidewall
espacers, | | ._ | | |
formlng capacxtors electrlcally contactlng sazd
'flrst source/draln contact areas and. b1t 11nes
: electrlcally contactlng said second.source/draln

contact areas to complete sald DRAM cells.

_2. The method of claim 1, wherein sald semlconductor'

ﬁ.substrate is' a P doped 51ng1e-crystal silicon

substrate.'

3.. The method of claim 1, whereln sald first
1nsu1at1ng layer as 5111con oxlde formed by thermal

oxldatlon to a thickness .of between about 100 and 200
Angstroms. ' ' '

4. -Thejmethod'of claim 1, wherein said hard-mask layer .
is siiicon'nitride deposited'by:low—pressure chemical
vapor deposition to a thickness. of between ahoﬁt 1600 .

and 2000 Angstroms.
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5. The method of claim '1, wherein said shallow
trenches are etched to. a depth of between about 2000
and 3300 Angstroms

6. The method of claim 1,'wnerein said.second
.xnsulatlng layer is 5111con oxide depos1ted by low-

.pressure chemical vapor deposition and is pollshed back
3 to form a field oxlde which is coplanar with top

surface of said hard mask.

.7.. The'method of'claim 1, ﬁherein said epitaxiaiflayer:

"is formed in_a reactor using'a reaotant'gaélseiected
';from the group that includes SiH, and'Siﬁzélz_at a.
-teﬁperatnre of between about 950 and 1100°C,.and said
epltaxlal layer is formed to a thickness of betweenls

- about 1000 and 5000 Angstroms

8. The method of claim 1, wherein said"gate oxide is
-formed by a dry thermal oxidation and is grown to a -

. thlckness of between about 15 and 35 Angstroms.
9. The methodIOf claim 1, wherein said doped poiy-

silicon'layer'is-depoSited by low-pressure chemical

vapor deposition using a reactant gas of SiH, and is
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doped N* by ion implantation to a final'éonCentration-

_ of between about 1.0 E 19 and 4.0 E 21 atoms/cm3.

10. Tpeimethod of claim 1, wherein_ééid sidewall

spacers are silicon oxide/silicon nitride.

-~ 11. A niethod fof.fabriﬁatingﬂdynamiﬁ rahdom.accesS'
1‘memory (DQAM) celis ohsand in an epitaiial silicon.'
'layer forﬁeﬁ ove: # fifsf insulatihé layer on a  '

__semidondﬁctor substrate comprising ‘the steps of:
| forming said first ihsulating layer on said
‘substrate; | | _-
.depoéiting a hard-mask laYei on said fifst
'insulatingsléyet;: . | |
patterning said.hardémask iayer and ieaﬁing_porﬁions
over device areas;:ahd using SAid.hard mask_for etching..
shallow:trenches in said substrate;
_depositing a Second'inSulatihg'layer to £ill said .
~ shallow. trenches and polishing back to said hérd-ma§k
- layer t§ fdrm'shallow ﬁrench isdlation;' )
- seleétiiely.rémoving said hafd4mask layer and
- forming recesses. over and'sélf-aligned to said device |
| areas and exposing said'first inSulating layer in.said
recesses; |
N etching'openings in séid first,inéulating léyer over

‘said device areas to said substrate;
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growing selectively said.epitaxial layer from said t
-openlngs and extending laterally over sa1d flrst
-lnsulatlng 1ayer in: sald recesses," _

_ formlng capacltor bottom electrodes in a portlon of
'sald epitaxial 1ayer by doplng, o

formlng a gate oxxde on said epltaxzal layer,

formlng a doped polysxl;con layer on sald substrate,

patternlng sa1d polysxllcon layer.t? form-FET gate
electrodes 0ver said-openings.and to formdcapacitor-topf.~ﬁ
*electrodes for sald capacxtors over sald capac1tor
bottom electrodes and patternxng sa1d polyszllcon layer
_to form reSLStors over sald shallow trench 1solatlon,

1mplant1ng to form lightly doped source/draln areas

in said epltaxlal layer adjacent to sa1d gate
electrodes; '

'forming insulating_sideﬁall spacers'on said:gate
electrodes, andlimplanting to forn'first and second
source/drain contact areas.adjacent to said sideWall'
spacers, whereln said first source/dra;n contact areas
‘are contzguous thh sa1d capac1tor bottom electrodes;

formlng bit llnes electr1cally contactlng said

second.source/drain.contact areas to complete said'DRAM"

cells. _ - e R
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. 12. The method of claim'll; wherein said semiconductor
'substrate 1s aP doped szngle—crystal sxllcon

substrate.

_'13.' The. method of clalm 11, wherezn sald flrst
1nsu1at1ng layer is 5111con oxide formed by thermal

””ox;datlon to a thickness of between about 100 and 200
. Angstroms. ' L

14. The method dftclaim 11, wherein_saidfhard-mask -
--1aYer-is silicon nitride deposited by low—pressure
- chemical wvapor depos;tzon to a thlckness of between

. about 1600 and 2000 Angstroms..

-'15. The method of claim 11, wherexn saxd shallow'

' trenches are etched to a depth of between about 2000
.and 3300 Angstroms.

- 16. the,method of ciaim 11, wherein said second .

' insulating layer is silicon oxide depési{:ed by low-
pressure chemical vapor deposition and is polished back
to form a field ex1de whlch is coplanar with top

“surface of said hard mask.

17. The method of claim.ll} wherein said'epitaxial

- layer is formed in a reactor using a reactant gas
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-selected from the-group that includes SiH, and SiH2C12
“at a temperature of between about 950 and 1100°C, and
sa1d epztaxlal layer is formed to a thlckness of

hbetween about 1000 and 5000 Angstroms.

18. The method of cla1m 11, wherein said capac1tor
bottom electrodes are formed by doplng usxng an ion
-11mplantat1on of phosphorus 1ons to ach1eve a flnal

dopant concentratlon of between about 1.0 E. 19 and

4 0 E 21 atoms/cm

19. The method of c1a1m 11, wherexn sald gate ox1de is
'formed by a dry thermal oxidation and is grown to a

thxckness_of between about 15 and 35 Angstroms.

20.-=The1method of:claim 11, wherein said doped poly-

silicén layer is deposited'by 1owépressure chemioal-
vapor deposition using a reactant gas of SiH, and is
doped.N+_by ion implantation to a final concentratign .

of between about 1.0 E 19 and 4.0 E 21 atoms/cm>.

.21. The method of claim 11,_wherein said sidewalll

spacers are silicon oxide/silicon nitride.

- 22. A method for fabricating dynamic random access

memory (DRAM) cells on and in an epitaxial silicon
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layer formed over a firstainSulating layer on a
”semzconductor substrate compr1s1ng the steps of:
formxng sald first. 1nsulat1ng layer on said

substrate,

deposxtlng a hard-mask layer ‘on Sald first
-1nsu1at1ng layer,' _

: patterning said hardemask'layer and leaving portions_
‘over detice areas, and using.said.hard'mask'for etcbing__
shallow trenches in sald substrate," _.' o d

d39031t1ng a second 1nsu1at1ng layer to f111 said -
shallow trenches and pollshlng back to Sald hard-mask
layer to form shallow trench 1solat10n,'

selectlvely remov1ng said hard~mask layer and
formlng recesses over and self-allgned to said dev;ce
‘areas and expos;ng sa1d first 1nsulat1ng layer zn sald
_recesses, ' | |

etching openlngs in said first 1nsulat1ng layer over
sa1d device areas to said substrate,

growing selectively said'epitaxial layer from.sajd-'
openings and'extending iateraily'over said first:
"insulating layer in said reéesses:~
' formlng a gate oxide on sa1d ep1tax1al layer; _
formlng a doped polysrllcon layer on said substrate,
_patternlng said pOlYSlllcon layer to form FET gate

" electrodes over said openings, and implanting to form
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1ightly doped'source/drain'afeas'in said epitaxial
c.iayer adjacent to said gate'electrodes; l . |
forming insulating sidewall“space:s on said gate
electrodes, anddimplanting to form first and secend
source/drain contact areasfadiacent to.said sidewall_
. spacers; o o .'  . |
udepositing alfirst interpolysiliCOn oxide (IPOI): _
layer and etchlng first contact openlngs to sald flrst
l source/draxn contact areas and forming stacked

capacltors having node contacts in said flrst contact

openxngs, | .

depos1t1ng a second 1nterpoly3111con ox1de (IPOZ)
layer and etchlng second contact openlngs to said
second source/draln contact areas and formlng bit ilne
contact plngs ;n sa1d second contact open;ngs and_

" forming bit_lines to complete said'DRAM cells.

' 23._ The method of claim 22, wherein said semiconductpr'

substrate is a P doped szngle-crystal silicon’

substrate.

24. The metnod of claim 22, wherein said first
insulating-layet is silicon oxidelformed'by'thermall
oxidation to a thickness of between about 100 and 200

Angstroms.
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25. The method of claim 22, wherein said hard-mask
iayer.ie'silicon-nitride deposited by lowep;essure_
chemical vapor deposition'to a thickness of between

~ about 1600 and 2000 Angstroms.

26. The method of claim 22, wherein said shallow
_trenches are etched to a depth of between about 2000
and 3300 Angstroms, '

27, ‘The method of claim 22,'wheréin-éaia second -
*insniating iayer_iSjsiiicon oxide-deposited by.low-
pressure chemical vapar deposition and is'pblished back
to form a fleld oxlde whlch is coplanar with top |

" surface. of sald hard mask.

'28.: The method of clalm 22, whereln sald epxtax;al
_layer is formed in a. reactor using a reactant gas
selected trom the group that includes SiH4 and S;HZC}Z
at a temperature of between about 950 and 1100°C, and
'said_ebitakiaidlayer is formed'te a.thickness of

‘between about 1000 and 5000 Angstroms.
29. The method of claim 22, wherein said gate oxide is

formed by a dry thernial oxidation and is-é:own to a

thickness of between about 15 and 35 AngstromsQI
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'30. The method-df claim 22,.whérein'said“dpped'ﬁbiy—"
- silicon layér is depdsitéd bYd;owfpressure chemical .
vapor deposition'using é'reactadt gas of'SiH4 and is
_'doped Nt by ion 1mp1antat10n to a f1nal concentration L

of between about 1.0 E 19 and 4. 0E 21 atoms/cm3.

31. The method of claim 22, wherein said sidewall

spacers are silicon oxide/silicon nitride. -

.32, The method of clalm 22, where1n sa1d flrst
1nterpoly5111con oxlde layer 1s 5111con oxlde dep051ted:..
by chequal vapor- deposxtlon and planarxzed to a

thickness sufficient to insulate said gate electrodes.

33; The method of clalm 22 wherein sald node contactse

. are formed from an N+ doped poly5111con._

' 34. The method of claim 22, wherein séid second )
1nterpolys111con oxide layer is silicon oxlde de9051;ad
- by chemlcal vapor depos;tzon and planarlzed to a-

thickness suffxcxent to-;nsulate said capacitors.

35. The method of clalm 22, wherein said bit lines are

formed from an electrzcally conductlng layer.
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36. lDYnamic random access memory (DRAM) cells on and
“in an epltaxlal silicon layer over an 1nsulat1ng layer
- on a semlconductor substrate comprlsed of:

a shallow trench 1solatlon around device areas
hav1ng recesses. over and allgned to sald dev;ce areas,

_ sald 1nsu1at1ng layer on saxd substrate in sald
recesses, each of sazd recesses havxng an openlng in
said 1nsulat1ng layer to sa1d substrate,

an ep1tax1a1 layer,zn.each of said recesses -
'extendlng from said openlng and laterally over said
1nsulat1ng layer,' : eV' . '_- _ _[ ' ;'..a

-a gate oxzde on said. epztaxlal 1ayer in each of sald L
recesses, '__ | : _ _ ' .f _ o o
FET gate electrodes on said gate oxlde and over said
openlngs in sald 1nsulat1ng layer, and 1nclud1ng
lightly doped source/draln areas and source/draln
contact areas in sa;d epltaxlal layer_adjacent to said
gate electrodes; | o .:

.capac;tor node contacts to said source/drain contactf~
areas'in said'epitaxial_layer over said insulating
layer;

.bit_line contactsfin said.épitaxialhlayer over said:
insulating layer; |

capacitors oVer and contacting'said capacitor node C | ._7
contacts, and bit lines over ‘and contacting-said'bitl |

line contacts.
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37. The structure of claim 36 , wherein said
semlconductor substrate is a P doped 31ngle-crysta1

silicon substrate.

- 38. The structure of clalm 36 whereln sa1d 1nsulat1ng

layer is s111con oxlde hav1ng a thlckness of between

about_loo and 200 Angstroms._

39. 'TheIStructure of claim 36, 'wherein said epitaxial
layer 1s szngle—crystal s;llcon and has a th1ckness )

'of between about 1000 and 5000 Angstroms.
40, The structure of claim 36, wherein. said gate oxide

is a silicon oxlde hav1ng a thlckness of between about

. 15 and 35 Angstroms._

41, The structure of claim 36, wherein said gate

electfodes are conductively doped polysilicon,
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