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A ~TROD FOR MAKING LOW-LEAKAGE DRAM STRUCTURES 

US'l;NG ·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 ci~cuit devices on semiconductor substrates, .and 

more particularly relates to a method for f abricatii::ig 
.. . .,. ·. 

·Dynamic R~dom Access Memory (DRAM) cells using selective 
,or 

silic~n epitaxial growth over an insulating layer on the 

cell (device) areas. The.method is particularly useful fqr 

reducing- ca\>acitor leakage currents and soft error due to 

Alpha par~itles on DRAM cells. 

(2) DESCRI~TION OF THE ?RIOR ART 

Advances in the semiconductor process technoloqies have 

dramati9alJ.y decreased the ·semiconductor device fea't;ure .. 
sizes and i'llcreased the circuit density on the integrated 

circuits o~ 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 sing-le pass 

transistor fFET) and a storaqe capacitor. As the cell area 
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decreases and the capacitance of .the storage capacitor 

decreases, it becomes increasingly difficult to maintain 

sufficient charge on.the capacitor due to the capacitor 

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 resulting . ' 

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 l~akage current and reducing . . . . . 
·. . . . . 

soft error is to use a silicon-on-.insulator (SOI). However, 

SOI technolbgy is still too expensive and complicated for 

manufacturing. However, as devices are further diminished 

in size, the junction depths and well depths decrease 

proportionally. The use of a thin silicon epitaxial layer 
. . , . 

is required. for future device generations to achieve these 

shallow devic~ structures. 

Several methods for making and using SOI have been · 

described j.n the literature. For example, in U.S. Patent 

No. 5,691,776 to Hebert et al. a method is described for 

forming f i~Id oxide regions by etching trenches in which a 

conformal silicon nitride (Si3N4 ) is deposited over the 

·trenches. -~ .opening is etched in the Si3N4 layer and a 
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selective epitaxial qrowth (SEG) is used to partially fill 

the trenches. ·.The SEG is then thermally oxidized to form 

the field oxide. In U.S. Patent No. 5~686,343 to Lee, Lee 

isolates a semiconductor layer on an insulator by first 
. 

forming an insulatinq layer on a silicon substrate,.etchinq 
. . 

a o:.-::!.::.dc9:: to the substrate, depositinq an amorphous silicon 
. . . 

layer that is annealed to form an epitaxial layer over the 

window. · The epitaxial layer is patterned a.."'ld a Si3N4 layer 

is deposited over the patterned ep1taxial layer, and a 

thermal oxidation is used to oxidize the silicon in the 

window under t:t>.e semiconductor layer.· In U.S. Patent No~ 

6, 037, 199 to Huang et al. an in:::u:t~ti::.q l::.:,·t?.:: i::: fcr.::.ed er.. 3.. 

silic;on substrate, an opening is· formed in the insulator, 

f crm ~'"l epitaxial layer extending from the opening laterally 

over the insul,ating layer. The epitaxial layer is patterned 
. . 

oi.•er t..'1.e insulating la;r·er tc !er: i:::cl~tcd silicon. regions 

(islands) in which FETs are formed. In U.S. Pat~nt No. 

5,763,314 to ~hittipeddi a method is described· for forming 

two .separate selective epitaxial layers, having different. 

dopant ~oncentrations, on the same silicon substrate. Tlle 
,. 

epitaxial layers are separated by a trench .filled with an 

insulating material. 

However, there is still a strong need in the semicon­

ductor industry to provide DRAM cells with low capacitor-
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leakage currents and reduced Alpha soft errors while 

providing a process that is integratable into the current 

manufacturing process without significantly increasing 

manufacturing process complexity. 

SUMMARY OF THE INVENTION 

Therefore a principal object of this invention is to 

make DRAM. cells with increased cell density while reducing 

capacitor leakage currents. 

Another obje~t of this invention is·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 ~ovel DRAM cell 

into the current DRAM process to minimize manufacturing cost 

by integratin9' 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. 
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Still another objective of this invention by a second 

embodiment is to make a stacked capacitor structure using 

this selective epitaxy DRAM process having low leakage 

currents. 

In accordance with the objects of the present invention 

a method for fabricating dynamic random access memory (DRAM) 

cells on and ip an epitaxial silicon layer formed· over a 

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 

substrate can be used if P channel FETs a?::e desire4. A 

first insulating layer that also serves as a·stress-release 

layer is formed on the substrate. A hard-mask 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 in the. substrate that 

are aligned to the hard mask (cell or device areas). A 

second ~nsula~ing layer is deposited to a thickness 

suf-ficient 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 
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field oxide isolation that are self-aligned over the device 

areas and also exposes the first insulating (stress-release) 

layer in the recesses. Next,· openings are etched in-the 

first insulating layer over the device areas to expose the 

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

.. used to etq~ the openings, thereby saving addi 1:.ional mask 

cost. Next'- an epitaxial layer is selectively grown from 

the silicon substrate exposed in the openings and extends 

laterally.over the first insulating laye~ in the recesses. 

By the method of a first embodiment, a portion of the 

epitaxial layer is doped N+.over the first insulatin1;1 layer 

to form capacitor bottom electrodes in regions where flat·· 
-capacitors are to be formed £.or the DRAM cells. A thin gate 

oxide is 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 is then patterned to form FET gate 

e.lectrodes over the openings in the first insulating layer 

.and also to fc:>rm capacitor top electrodes for the capacitors 
.· 

over the capacitor bottom electrodes. The FET thin gate 

oxide also serves as an interelectrode·dielectric l~yer 'f'br 

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 
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on the gate electrodes. The DRAM E'ETs are now completgd by 

forming first and second source/drain contact areas, one on 

each side of the. FET gate electrode adjacent to the $idewall 

spacers, by ion implantation.·· The dopant regions in the 

first source/drain cont~ct areas a~e co~tiquous with the 

doped capacixor bottom electrodes. Bit line electrical 

contacts are farmed to the second source/drain areas to 

complete the DBAM cells. 

In the second embodiment the proeess is. identical.to 

the first embodiment up to a.nd including the deposition of 

the polysil.icon layer to form the, gate. electrodes. The 

implant to form the bottom electrodes of the flat capacitors· 

in the firs~ embodiment is optional in the second embodi~ 

ment, and can be eliminated to reduce process cost. The 

polysilicon lay~r is then patterned to form only the FET 

gate electrodes over the openings in the first insulating 

laye.r ~ . ·11'h~ ?r lightly doped source/drain areas in the· 

epitaxial. ~ay~r are implanted adjacent to the gate 

electrodes. Insulating sidewall spacers are formed on the 

gate el~ctrodes, and N+ doped first and.second sour~e/drain .. 
contact areas are formed in the epitaxial layer adjacent to 

the sidewall spacers by ion implantation.to comple~e the 

FETs. Continuing with th~ second embodiment, the stacked 

capacitors.are formed next. A first interpolysilicon oxide 

(IPOl) layer is deposited, and first contact openings are 
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etched in ~):le IPOl to the first source/drain contact areas. 

Capacitor nc;>de contacts are formed in the first contact 

openings, fqr 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 c~::::~nly 

practiced in .the industry. A second interpolysilicon oxide 

{IP02) layer is deposited, and second contact openings for 

bit lines are etched to the second source/drain contact 

areas. Conducting plugs are formed in the second openings, 

anda conducting layer is deposited and patterned to form 

the bit lin~s: to complete. the array of DRAM· ·cells havin,9 

stacked cap~citors. In both embo~iments the first 

insulating layer, utilized as a stress-release layer for the 

hard-mask l.a.yer, is also used under the epitaxial layer. 

The dual us~ of the f·irst insulating layer results in 

reduced process cost while reducing the capacitor leakage 

current to -the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

· The objects and other advantages of the invent~on wi~l ... 
become more apparent in the preferred embodiments when read 

in conjunction with the following drawings. 

Figs. l through 9 show schematically cross- sectional 

views of one of the memory cells for the sequence of process 
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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 

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 

embodiment using the selective ep~taxial silicon layer over 
. 

an insulating layer is now descr1bed in detail. The method 

and structure are applicable to both simple flat band or 

stacked capacitor DRAM devices. This novel structure can 

als.o be use·d for transistors, in general, to reduce leakage· 

current. 

Referrin9·to Fig. 1, the method by a first embodiment 

begins by providing a P doped single-crystal silicon 

substra:te 1.0 having a <100> crystallographic orientation-; ... A 
. ,. 

first insulating layer 12 comprised of silicon oxide (Si02 ) 

is formed either by thermal oxidation or by low-pressure 

chemical vapor deposition·(LPCVD). Layer 12 serves as a 

stress-release layer for a Si_3N4 hard mask and is also 

essent1al to the current invention as will become obvious at 
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. a later ste~. The Si02 first insulating layer 12 is formed 

to a preferred thickness of between about 100 and 200 

Angstroms. A hard-ma_sk layer 14, composed of Si3N4, is 

deposited on the first insulating layer 12. The Si3N4 layer 

14 is deposited by LPCVD to a preferred thickness of between 

about 1so·o and 2000 Anc;.stroms. Photolithographic techniques 

and anisotropic plasma etching are used to pattern the hard 

mask to leav:e portions over the desired device areas 1. The 

Si3N4 is p~~terned using reactive ion etching (RIE) and an 

etchant gas· "mixture such as CF 4, o2 , and CHF 3 , or a mixture 

such as HBr, sF5, and o2 • With the photoresist mask (not 

shown) still in place shallow trenches 2 are plasma etched 

in the substrate 10. The shallow trenches are plasma etched 

using RIE a!J..d an·· etchant gas mixture . such as · c12 , HBr ,. and 

·02 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 ~· aI].d more particularly to a thickness that is at 

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

second i;nsulating layer 16 is preferably composed of_ SiOi, · 

deposited by LPCVD or by high-density plasma deposition, 

using a reactant gas such as tetraethosiloxane (TEOS) 

Referrinq to Fig. 2, the second insulating layer 16 is 

chemically-mechanically polished (CMP) back to the hard-mask 
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layer 14 to form the.shallow trench isolation 16 and to 

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

Referring to Fig. 3, the Si3N4 hard-mask layer 14 is 

selectively r~oved, for example by using a wet etching in a 

hot phosphoric acid (H3Po4 ) solution at a temperature 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 Si3N4 layer 14. The recesses 3 are self­

aligned ave.+ the device areas 1 and the first insul.ating 

layer 12 is .. exposed in the recesses. 

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 CHF3 , c4F8 ~ or CH2F2 that 

selectively etches the Sio2 layer 12 to the substrate. The 

openings 4 haye a diameter or ·width y that is preferably 

between about O.l and 0.5 micrometers (um). The single­

crystal silicon substrate surface in the openings s~rves· as ... 
the sinqle-.crystal-seed surface havinq 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 t~ the edge of the shallow trench 16 has a minimum 

width of abbut 0.2 um and is sufficiently wide to 

11 

I 
' 



•. 

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 

Referring to Fig. 5, an epita.Xial layer 18 is 

selectively grown from the seed surface of the silicon 

S'1bstrate 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 

systeml at high temperature.· Typically the selective·· 

epitaxial layer 18 is grown using, a reactant gas such·. as 

SiH4 or SiH2c12 at a. temperature of between about 950 and. 

llOo0 c. Tlie epitaxial layer 18 is doped P type using_ 

diborane hydride CB2H6) and to a preferred concentration of 

between about 1.0 E 16 and 1.0 E 18 ~toms/cm3. Epitaxial 

layer 18 ia grown to a pref erred thickness that is less than 

the depth of the recess 3 in the field oxide 16, and more 

·specifically ~o a thickness of about 1000 to 5000 Angstroms. 

The.epitaxi!il layer 18 is selectiv.ely grown on the first. 

insulating layer 12 and if necessary can be wet etched ba:t:k 
• 

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 
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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 2i atoms/cm3. As shown in Fig. 6, 

the capacitor bottom electrodes 18' are formed over the 

first i"nsulating 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. ·For example, the oxide 20 is formed 

by a dry thermal oxidation to a t~ickness -of between about 
. . 

15 and 35 Abgstroia:s. Alternatively, for f'*'ire tec~oloqies 

more advanced gate dielectric layers, such as Si3N4, TaOx, 

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

~e 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 (SiR4 ), and to a 

thickness of between about 1000 and 2000 Angstroms. The 

polysilico~ layer 22 is then doped N+ by ion implanting 

phosphorus '(P31 ) to achieve a final dopant concentration of 

between abdUt 1.0 E 19 and 4.0 E 21 atoms/cm3. By including 

additional ·~recessing steps, the polysilicon layer 22 can 

include a.xi ·:V.pper metal silicide layer and an insulating cap 
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layer, which are not depicted in the Fiqs. 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 

22A over the openings 4 and also to form capacitor top 

electrodes 22B for the capacitors over.the capacitor bottom· 

electrode·s 18' • The FET thin gate oxi.de 20 also serves as 

an.interelectrode dielectric layer 20' for.the flat 

capacitor. In addition, the polysilicon layer 22 can be 

concurrently patterned to form po.lysilicon resistors 22C on 

the shallow"trench isolation 16. 

Continuing with Fig. 9, lightly doped source/drain 

areas l7(N-) are formed in the epitaxial layer lS adjacent 

to the qate electrodes 22A.. Typically the lightly doped 

source/drain areas are formed by ion implanting arsenic or 

phosphorus do:f:'ants, preferably arsenic, to achieve a dopant 
. . 

concentration of between about 1.0 E 18 and 2.0 E 20 

atoms/cm3 •.. Next, insulating sidewall spacers 24 are formed 
" on the gate electrodes .22A by depositing a conformal insula­

ting layer consisting of a thin SiOx of about 150 Angstroms 

and a Si3N~ layer having a thickness of between about 500 

and 1500.Angstroms, and more specifically a thickness of 

about 1000 Angstroms. The insulating s.idewa:ll spacers 24 
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"TPi fcirmpt',. hy. i'Q i,s:;t')-~.T;O!)i.ca.ll;y etching back.... For exampl.e·, 

the SiOx can be deposited by LPCVD using TEOS as the 

reactant gas, and the Si3N4 can be deposited by LPCVD using 

Sl:ClzHz and ammonia (NH3 ) as the reactant gas·es. The side­

wall spacers 24 are formed by anisotropically etching back 

the Si0x/Si3N4 layer using RIE and an etchant gas mixture 

such as CHF3 , CP4 , and o2 • .The DRAM FETs are now completed 

by forming first and second source/drain contact areas 

19(N+), one on each side of the· FET gate· el:ectrode·s 22A · 

adjacent to. the sidewall spacers 2·4. The source/drain 

contact areas 19 are formed by implanting arsenic ions to · 

·achieve a dppant~ concentration of between about 1.0 E 19 and. 

4.0· E 21 atoms/~3 •. An important feature· of this invention 

·is that the' dopant r·egions in the f i::i::st source/drain contact 

ar,eas 19(N:·) are contig\.ious with thE! doped capacitor bottom· 

electrodes .1-8' •. 

St~ll ~eferring to Fig. 9, an interpolysilicon oxide 

(IPO) layer 26 is deposited to insulate the underlyiaq 

capacitor and PET devices. Layer 26·is a doped Si02 (doi?_~d, 

for example, with boron or phosphorus to a concentration-of 

about 2 to·5%), and is deposited by sub-atmospheric cvo· 

using, for ·example, TEOS/03 as the reactant·gas. Layer 26 

is planarized by CMP to ~ave a thickness of between about 

5000 and 6S-00.Angstroms over the capacitor top electrodes 

22B. The n9vel DRAM cell is now completed up·to the bit 
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line contact· openings by etching the bit line openings 6 in 

the IPO layer ·25 to the second source/drain contact areas 

19(N+). The bit line openings 6 are etched using 

conventional ·photoiithographic techniques and anisotropic 

plasma etching in a high-density pla.sma etcher. 

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

process is identical to the first embodtment up to and 

including the deposition of the polysilicon layer 22 to form 

the gate electrodes. Similar elements in the d~awings are 

labeled the:·same for both embodiments. The polysilicon 

layer 22 is depo.sited andpattern~d to fQrmonly the FET 

gate electrodes 22A · O'lorer the openings in the fir.st 

insulating layer 12. The top electrodes of the flat 

capacitor Of the first embodiment are not formed in the 

second embodiment. The implan.t to form the bottom 

electrodes of the flat capacitors in the fiJ::st embodiment is 

optional in the second embodiment, and can.be eliminated to 

reduce process cost. The N- lightly doped sou~ce/drain 

areas 17(N-) in the epitaxial layer 18 are implanted 

adjacent to the gate electrodes 22A. Insulating sidewall . 
spacers 24 are formedon 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 

16 



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 is 

deposited. Layer 26 is preferably Si02, deposited by 

plasma-enhanced CVD using, for example, TEOS as the reactant 

gas. Layer·25 is planarized tohave a thickness of between 

about 6500 and 8500 Angs.troms over the FET gate electrodes . 

22A. First. contact openings 8 are etched in the IPOl ··layer 

26 to the first source/drain contact areas 19(N+) using 
~ 

anisotropic plasma etching, as described above. Capacitor 

·node contacts 28 are formed in the first contact openings 8. 

For example, the node contacts 28 can be formed by 

depositing ·an N+ doped polysilicon layer and polishing back · 

· to the sur~ace of the IPOl layer 26. The stacked capacitors 

30 are the~ formed over the node contacts 28 by various 

means, as commonly practiced in the industry. 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 (IP02) layer 32 is deposited 

over the stacked capacitors 30. Layer 32 is deposited and 

planarized as for IP01 layer 26, and has a thickness of 

between about 4000 and 6000 Angstroms over the stacked 
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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) 1. and would include a parrier/adhesion layer 

such as titanium/titanium nitride (Ti/TiN) to prevent t~e 

metal ~rom reacting with the silicon substrate. Next, a 

conducting layer 36 is d~posited and. pattern!=!d to form the 

bit lines 36 t6 co!l_lplete the array·of DRAM.cells. The 

conducting layer 36 is preferably a multilayer of 

.Ti/TiN/AlCu alloy/Ti/TiN. The Ti/TiN layers are deposited 

to.a thickness of about 150 to 300 Angstroms, and the AlCu 

is deposited to a thickness of about 3500 to·4800 Angstroms. 

While the invention has been particularly shown and 

described with reference to the preferred embodiments 

thereof, it will be understood by those skilled in the art 

that various ~hanges in form and details may be made witJ;µlut 

departing from the spirit and scope of the invention. 



Hll\11\ \\\l\\·111\\\\1\I \\\II\ 
* C L M ·S * 

ii"-·· -- . ~ 

What is claimed is: 

1~ A method for fabricating: dynam:Lc random access 

memory (DRAM) cells on and in an epitaxial silicon 

layer formed over a first insulating: layer on a· 

semiconductor ·substrate comprising the steps· of: 

f orminq said first insulating lay.er on said 

substrate; 

depositing a hard-mask layer.on said first 

insul~ting layer; 

p·atterning said hard-mask layer and leaving portions 

over device areas, and using said hard mask for etchiB9 

shallow trenches in said subst:i:ate; 

depositing a second insulating layer to fill said 

shallow trenches and polishing back to said hard-mask 

layer to form shallow trench isolation;. 

sel-ecti vely removing said hard-mask layer a.Yid 

forming recesses over and self-aligned to said device 

areas and exposing said first insulating layer in said 

recess'es; 

etching openings in said first insulating layer pver 

said device areas to said substrate; 

growing. selectively said epita.""!:ial layer from said 

openings and extending laterally over said first 

insulating layer in said recesses; 

fcr\aing a gate oxide on said epitaxial layer; 

forming a doped.polysilicon layer on said substrate; 
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patterning said polysilicon layer to form FET gate 

electrodes over said openings, and implanting to form 

lightly doped. source/drain areas in said epitaxial 

layer adjacent to said gate ele-ctrodes; 

forming insulating sidewall spacers on said gate 

electrodes, and implanting to form first and second 

source/drain contact areas adjacent to said sidewall 

spacers; 

forming. capacitors electrically contacting: said 

first-~ource/dr.ain contact areas and.bit lin~s 

electrically.contacting said second·source/drain 

contact areas to complete said DRA!-l.cells. 

2. The method of claim 1, wherein said· semiconductor 

.; ... substra.te ·is a P doped single-crysta.1 sili.con 

substrate. 

3 .. The method of cla.im 1, wherein said first 

insulati~g layer .is silicon oxic;le formed by thermal 

oxidation to a thickness.of between abou.t 100 and 200 

Angstroms. 

4. The method of claim 1, wherein said hard-mask layer 

is silicon nitride deposited·b¥ low-pressur~ chemical 

vapor deposition to a thickness.of between about 1600. 

and 2000 Angstroms. 
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s. 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, wherein said second 

insulating layer is silicon oxide deposited by low­

pressure chemical vapor deposition and is polished back 

to form a field oxide which is coplanar with top 

surface of said hard mask. 

7. The method of claim 1, wherein said epitaxial layer 

is formed in a reactor using a reactant gas selected 

from the group that includes SiH4 and SiH2Cl2 at a. 

temperature of between about 950 and 1100°c, and said 

epi~ax:ial layer is formed to a thickness of between 

about 1000 and 5000 Arigstroms. 

a • The method of claim 1, wherein said gate oxide is 

·formed by a dry thermal oxidation and is grown to a 

thickness of between about 15 and 35 Angstroms. 

.. 

9. ·The: method of claim 1, wherein said doped poly­

silicon layer is deposited by low-pressure chemical 

vapor deposition using a reactant gas of SiH4 and is 
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doped N+ by ion implantation to ·a final concentration 

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

10. "mie method of claim 1, wherein said sidewall 

spacer.s are silicon oxide/silicon nitride. 

11. A method for fabricating dynamic random access 

memory (DRAM) cells on and in an epitaxial silicon 

layer formed over a first insulating layer on a 

. semiconductor substrate comprising the steps of:· 

forming said first insulating layer on .said 

substr.ate; 

deP.ositing a hard-mask layer on said first 

insulating layer; 

patterning said hard-mask layer and leaving portions 

over .device areas, and using said hard mask for etching 

shallow trenches in said substrate; 

depositing a second insulating layer to fill said 

shallow:trenches and polishing back to said hard-ma~k 

· layer to form shallow trench isolation; 

selectively removing said hard-mask layer and 

_forming recessesover and self-aligned to said device 

areas. and exposing said first insulating layer in said 

recesses; 

etching openings in said first insulating layer over 

said device areas to said substrate; 
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growing selectively said epitaxial layer from said 

·openings and extending laterally over said first 

insulating layer in sai~ recesses; 

forming capacitor bottom electrodes in a portion of 

said epitaxial layer by doping; 

forming a gate oxide on said epitaxial laye]:"; 

forming a doped polysilicon layer on said. substrate; 

.. patterning said poiysilicon layer tc;> form FET gate . 

electrodes over said openings and to ~orm capaci~or top. 

electrodes for said capacitors over said capacitor 

bottom electrodes and patterning said polysilicon .layer 

to form resistors over said shallow trench isolation; 

. implanting to form lightly doped sourc;e/drain areas 

in said epitaxial layer adjacent to said gate 

electrodes; 

forming insulating sidewall spacers on said gate 

electrodes, and implanting to form first and second 

source/drain contact areas adjacent to said sidewall 

spacers, wherein $aid first source/drain contact ar~as 

are contiguous with said capacitor bottom electrodes;· 

forming bit lines electrically contacting said 

secon4 source/drain contact areas to complete said DRAM 

cells~ 
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12. The method of claim 11, wherein said semiconductor 

substrate is a P doped single-crystal silicon 

substrate. 

13. The method of claim .ll, wherein said first 

insulating layer is silicon oxide formed by therm~l 

oxidation to a thickness of between· about 100 and 200 

Angstroms .• 

14. The method of claim 11, wherein said h~rd.-mask 
·. .• . 

layer is silicon nitride deposited by low-pressure 

chemical vapor deposition to a thickness of between 

about 1600 and 2000 Angstroms. 

15. "rhe method of claim 11, wherein said shallow 

trenches are etched to a depth of between about_ 2000 

and 3;300 Angstroms. 

16. The.method of claim 11, wherein said second .. 
insulating .layer is silicon oxide deposited by low­

pressure chemical vapor deposition and is·polished back 

to fo~ a field oxide which is coplanar with top 

surface of said hard mask. 

17 ~· T}:le method of claim 11·, wherein said epitaxial 

layer is formed in a reactor using a reactant gas 

.24 

i 
j 



.. 

I lllllll llllll lllll lllll ll llll 
* C L ~ S * 

selected from the group that includes SiH4 and SiH2Cl2 

at a temperature of between about 950 and ll00°c, and 

said epitaxial layer is formed to a thickness of 

between about 1000 and 5000 Angstroms. 

18. Themethod of claim 11, wherein said capacitor 

bot~om electrodes are formed by doping using an ion 

implantation of phosphorus ions to achieve a final 

dopant concentration of between about 1.0 E 19 and 

4.0 E 21 atoms/cm3. 
· .. 

19. The method of claim 11, wherein said gate oxide is 

formed by a· dry thermal oxidation and is grown to a 

thiclmess of between about 15 and 35 Angstroms. 

20. · The method of claim 11, wherein said doped poly­

silicon layer is deposite~ by low-pressure chemical 

vapor· deposition using a reactant gas of SiH4 and is -
doped .N+ by ion implantation to a final concentratipzi 

of between.about 1.0 E .19 and 4.0 E 21 atoms/~3 • 

. 21. 1'he method of claim 11, wherein said sidewall 

space·rs 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 first insulating layer on a 

semiconductor substrate comprising the steps o·f: 

forming said first.insulating layer on said· 

substrate; 

depositing a hard-mask layer on said first 

insulating layer; 

patterning said hard~mask layer and leaving portions 

over device areas, and using.said hard mask for etching 

shallow trenches in said substrate; 

depositing a second insulating layer tp fill said 

shallow trenches and polishing back to said hard-mask 

layer to form shallow trench isolation; 

selectively removing said hard-mask layer and 

forming recesses over and self-aligned to said device 

areas and exposing said first insulating layer in said 

recesses; 

etching openings in said first insulating layer over 

said device areas to said substrate; ·. 

growing selectively said epitaxial layer from sa,.i.d. · 

openings and extending laterally over said first 

insulating layer in said recesses; 

forming a gate oxide on said epitaxial layer; 

forming a doped polysilicon layer on said substrate; 

patterning said po·lysilicon layer to form FET gate 

electrodes over said openings, and implanting to form 

26 

' 

I 



111111111111111111111111111111 
* C L M S * 

lightly doped source/drain areas in said epitaxial 

layer adjacent to said gate· electrodes: 

forming insulating sidewall· spacers on said gate 

electrodes, and implanting to form first and second 

source/drain contact areas adjacent to said sidewall 

spacers; 

depositing a first interpolysilicon o~ide (IPOl) 

layer and etching first contact openings to said first 

source/drain contact areas and forming stacked 

capaci1;:ors.having node contacts in said first contact 

openings; 

depositing a second interpolysiiicon oxide (IP02) 

layer and etching second contact openings to said 

second source/drain contact areas and forming bit line 

contact plugs in said second contact openings and 

· forming bit lines to complete said DRAM cells. 

23. . The method of claim 22, wherein said seiniconduct9r 

substrat• is a P doped single-crystal silicon 

substrate. 

24. The .method of claim 22, wherein said first 

insulating layer is silicon oxide formed by thermal 

... 

oxidation to a thickness of between about 100 and 200 

Angstr()ms. 
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25. The method of claim 22, wherein said hard-mask 

layer is silicon nitride deposited by low-pressure 

chemical vapor deposition to a thickness of between 

about f600 and 2000 Angstrom$. 

26. The m~thod of claim 22, wherein said shallow 

trenches are etched to a depth of between about 2000 

and 3300 Angstroms. 

- 2 7. The method of claim 22, wherein said second 

insulating lay.er is silicon oxide deposited by low­

pressure chemical vapor deposition and is polished back 

to form a field oxide which is coplanar with top 

surface.of said hard mask. 

,. 

28. The method of claim 22, wherein said epitaxial 

layer is formed in a.reactor using a reactant qas 

selected from the group that includes SiR4 and SiR2C!2 

at _a temperature of between about 950 and i100°c, and 

said epitaxial layer is formed to a thickness of 

between about 1000 and 5000 Angstroms. 

29. The method of claim 22, wherein said qate oxide is 

formed by a dry thermal oxidation and is grown to a 

thickness of between about 15 and 35 Angstroms. 
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30. The method of claim 22,_wherein said doped poly.,.. 

silicon layer i_s deposited by low-pressure chemical 

vapor deposition using a reactant gas of SiH4 and i·s; 

doped N+ by ion implantation to a final concentration 

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

31. The method of claim 22, wherein said sidewall 

spacers are silicon oxide/silicon nitride .. 

32. The method of ·claim 22, wherein said f irs-t 

interpolysilicon oxide layer is silicon oxide deposited 

by chemic.al vapor deposition and planarized to a 

thickness suff ic-ient · to insulate said gate electrodes. 

33. The method of claim 22, wherein said node contacts 

are formed from an N+ doped polysilicon •. 

34. The-method of claim 22, wherein said second 

int~rpolysilicon oxide layer is silicon oxide deposi;l;:ad 

by chemical vapor deposition and planarized to a 

thickness sufficient to insulate said capacitors. 

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

formed from an electrically conducting layer. 
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36. Dynamic random access memory (DRAM) cells on and 

in an epitaxial silicon layer over an insulating layer 

on a semiconductor substrate comprised of: 

a shallow trench isolation around device areas 

having recesses. over and aligned to said device areas; 

said insulating l~yer on said substrate in said 

recesses, each. of _said recess.es having an opening in 

said insulating layer to said substrate;· 

an epi-:t:axial layer .in each of said recesses 

extending from said opening a.Ild 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 ins_ulating layer, and including 

lightly doped.source/drain areas and source/drain 

contact areas in said epitaxial layer.adjacent to said 

gate electrodes; 

-capac~tor node contacts to said source/drain contact . -=· 
-areas in said epitaxial layer over said insulating 

layer; 

bit line contacts in 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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37. The structure of claim 36 , wherein said 

semiconductor substrate is a P doped single-crystal 

silicon substrate. 

38. The structure of claim 36, wherein said insulating 

layer is silicon oxide having a thickness of between 

about 100 and 200 Angstroms. 

39. The structure of claim 3?, wherein said epitaxial 

layer is single-crystal silicon and has a thickness 

of between about 1000 and 5000 Aiigstroms. 

40 • The structure of claim 36, wherein .. said gate oxide 

is a silicon oxide having a thickness of between about 

15 and·35 Angstroms. 

41. The structure of claim 36, wherein said gate 

electrodes are conductively doped polysilicon. 
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