WO 2004/ 064148 PCT/ US2003/ 000562 H GH PERFORMANCE

EMBEDDED DRAM TECHNOLOGY W TH STRAI NED SI LI CON  FI ELD
WOR0IMIE 1USNVENTI ON The field of the invention iBCT/US2003/000562

sem conduct or processing. Specifically, the invention

relates to formng sem conductor devices in a

strained |layer region and a strained | ayer-free

regi on of the sane substrate. BACKGROUND COF THE

I NVENTI ON Semi conduct or devi ces such as

Met al - Oxi de- Sem conductor Field Effect Transistors

(MOSFET' s) fornmed on strained silicon channels have

been shodiGHPBRFORMARNGE EMBERDED, BRAM STEGHMNNLOGY,
and performance. Th i j on of high-
performance strai newmﬁﬁgﬁ?glﬁ%Q FET's with
menory such as dense, |ow | eakage Dynam ¢ Random

Access Menory (DRAM arrays on the sane sem conduct or
chip for enbedded- DRAM applicati ons has not been

achi eved due to the ' j j quality,
defect-free silicon WM%§TB}$S whi | e
providing strained silicon in the |ogic support

areas. Strained silicon and the substrate required to,
pFlsdfidé of te isvantipm is saméqoaductr preeassing $pecificetly. the invention relates

i,ncreased silico i sl ocations ich .m e

G HRRE e Tob R br s R e R i G2 PR SR stbined gy free
Siepiofi O fhecdafie sBpR@ARSSES  Whi ch exceed certain
tenperatures that are required for the DRAM cel |

formation may be inconpatible with currently
practiced strained silicon formation. Form ng
hi gh- performance strained silicon support MOSFETs on

the same substraga@KGROUND OF THE INVENTION

Semiconductor devices such as Metal-Oxide-Semiconductor Field Effect Transistors
(MOSFET’s) formed on strained silicon channels have been shown to offer dramatic
improvements in mobility and performance. The successful integration of high-
performance strained silicon logic type MOSFET’s with memory such as dense, low-
leakage Dynamic Random Access Memory (DRAM) arrays on the same semiconductor
chip for embedded-DRAM applications has not been achieved due to the need to
maintain high quality, defect-free silicon in the DRAM array areas while providing
strained silicon in the logic support areas. Strained silicon and the substrate required to
produce the strain inherently results in greatly increased silicon dislocations, which makes
it incompatible with low-leakage DRAM cells. Furthermore, semiconductor processes
which exceed certain temperatﬁres that are required for the DRAM cell formation may be

incompatible with currently practiced strained silicon formation.

Forming high-performance strained silicon support MOSFETS on the same substrate with
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-1 WD 2004/ 064148 PCT/ US2003/ 000562 | ow | eakage

hi gh-density DRAM cells is desired. SUWARY OF THE
WORMENGI@ It is thus an obj ect of the present PCT/US2003/000562

invention to form high-performance strained silicon

support MOSFETs on the same substrate with | ow | eakage

hi gh-density DRAM cells. The present invention

di scl oses a first sem conductor device such as, for

exanple, a |l ow |eakage DRAM cell, forned in a

strai ned Iayer free region of a semi conductor

substrate. ondyuctor substrate, a
QYA53kaee llngkréﬁnﬁﬂad?%fgﬁf%e? tf¢ely formed in the
sem conductor substrate separate fromthe strained

| ayer-free region and a second sem conductor device
such as, for exanple, a high-performance MOSFET, is

formed in the strained | a iLo | PTI ON OF
THE DRAW NG The f SHEYdA wﬁﬁ'@&ﬁéﬂ@%ﬁ% s of the
invention wll become nore apparent upon review of

the detail ed description of the invention as rendered
fiesik ohwis anrobjeeeoftitis presgt imwention tdf foth dnigh-p@foememe;tminleﬂ silicon

be made to the several figure acco

OERRBLOSHR T o o selFa 1 v e SRR UPBRHEDRAM cell.
views of the sem conductor structure as it appears

during the steps according to the nmethod of the

[Mhe pegsenti inveition discloséd ANBrs? GOAicOndibaR dedee EIRhG 3fob 6Xmie, a low-

leakage DRAM cell, formed in a strained layer-free region of a semiconductor substrate.
On the same semiconductor substrate, a strained layer region is selectively formed in the
semiconductor substrate separate from the strained layer-free region and a second
semiconductor device such as, for example, a high-performance MOSFET, is formed in

the strained layer region.

DESCRIPTION OF THE DRAWING

The foregoing and other features of the invention will become more apparent upon review
of the detailed description of the invention as rendered below. In the description to
follow, reference will be made to the several figures of the accompanying Drawing, in

which:

FIGS. 1-8 are cross sectional views of the semiconductor structure as it appears during

the steps according to the method of the present invention.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF

THE | NVENTI ON Referring to FIG 1, p-type silicon
weubsioali4e 10 i s provi ded having nmenory cell 1RPCTaspmd000562

in a strained |ayer-free region of substrate 10. In

FIG 1, menory cell 12 is a DRAM cell having a trench

storage capacitor 14 and vertical MOSFET 16, which can

be formed, for exanple, as described in commonly

assigned U.S. Patent No. 6,225,158 Bl, herein

i ncorporated by reference. Although nenory cell 12 is

shown in FIG 1 as having a trench storage capacitor
14 and ver t DERAIUBIFBESIRIRFEION OF THEPREFERRED t

menory cell 12 EMBODIMENTSAOEIHE INVIEENTIONes of

capacitors and FET's such as a stacked capacitor or a

pl anar MOSFET. In this exanple, trench storage

capacitor 14 includes: deep trench 18, n+ buried pl ate
de di.el ectri.c 22

B eat b 1E, G e S0P et S G Y e B Finony 8 12 formea
¢H 4 StdShQNaRQ- fre%uéglbﬁ bf sub8fritt 46! n{\@@ETnéﬁmw@nu%e@ a DRAM cell

trench top oxide 32, gate oxide 34 f or med “on
ha‘deg\armesctostonag@pﬁptaclemdﬁ ang verival MOSFEITYK), whichrean fafeymed, for
cond ctor Lt shoul

b
HlE, Sdsiioes in Felnitp Py s PRYE, Py SR gL héin
inc%rpo‘fﬂwyﬁfeferbﬁces hQtHolgP ekt Esit O sho\ah irAIFIG. NN BSYing a

of one or nore nenory cells 12 can be formed in the
atndystmgep capaciirtidrand yerigal MEOSFETrdnisshowd be goted thay memory cell

N TR N LTS R L —

%%%N@EFEC'IO Fikis RarRple) ht'ré}fah RRKk{R rcHﬁd%ﬁSr 14\@511:1@§ deep trench

process inconpatibilities such as hig
il & pebwatedrpdate 06 adtride/oxivte node dmctrmﬂbhﬂphb/srhgnm 24 and 26, collar

cells_ar oi.ded singe .t S ned | a

O a0l RS So A S Bl £ e
Ecﬁf SEge 32, gate oxide 34 formed on the sidewalls of deep trench 18, and n+ polysilicon
gate conductor 36. It should be noted that two memory cells 12 are shown in the array
region throughout FIGS. 1-8. However, it should be understood that any number of one

or more memory cells 12 can be formed in the array region.

After formation of memory cells 12 in strained layer-free regions of substrate 10, strained
layer regions are formed in substrate 10 for the subsequent formation of high performance
MOSFETS. Thus, process incompatibilities such as high temperatures used in the
formation of the memory cells are avoided since the strained layer regions and the

MOSFETS are formed after the memory cells are formed.

A thin layer 40 (e.g. silicon oxide) is deposited on pad film 38 (which can include, for
example, a pad nitride and a pad oxide layer) and exposed portions of gate conductor 36

as shown in FIG. 2. Oxide layer 40 serves as an etch stop layer in subsequent processing.
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A thin layer 40 (e.g. silicon oxide) is deposited on

pad film 38 (which can include, for exanple, a pad
waoibosiodei4and a pad oxi de | ayer) and exposed poPCTMIS008/000562

gate conductor 36 as shown in FIG 2. Oxide |layer 40

serves as an etch stop layer in subsequent processing.

-3 WD 2004/ 064148 PCT/ US2003/ 000562 Anot her |ayer 42

(e.g. silicon nitride) is then deposited on oxide

| ayer 40, and a hard nask |ayer 44 (e.g. silicon

oxide) is deposited on silicon nitride |layer 42. A

bl ock resist (not shown) is patterned on oxide hard

Anastked lay&4244.gasitican nigiie) iswken deposieddain dxsdeliays 40parel Clrd

t hrough exposed portions of |ayers 38, 40, 42,44 and

maskolageridt (e &t gligen oxide)ds é@f@m{ AysibegnHirigle laysbtd- 100nm

to about 400nm nore preferably about 200nm to form

trench 46 as shown in FIG 2. Any renmining bl ock

Adsockiresist (h6rshued) fsrparte@xd o oxida hardvassk 1hygy 84 addia dat@ve ion

the formation of trench 46._Referrin% to FIG 3, oxide

¢ieh i used ko gtelyBwough exgosed poitians B layes Bnth Ad- 4 apd Qg substrate 10

uch._as _.r.eacti ' ' t] N
it e 508 o YPouh 0o FE SRR SRR o ity 88 200mm, o

foPRAGRMcK 86 60 SHYWSinFIGA2 MRS kénddiniap ®lockhiesidt isielioved frofm oxide
Silicon Germanium (SiGe) wll not nucleate, such as

ldr(l impsk laygt 4baltar the forinaion eigremeh ABd on si dewal |
surface 50 of trench 46, such as by conventiona
deposition and RIE. A linear graded buffer |ayer

RERNTH Y FIGCRbXRE HaS@EhatlolagéoM iStdafovedh§la saadudtpiodessysuch as
di sl ocation density (- 105 cm Zga in trench 46. Gowh
weetiietipo pishingseleetivs te dilicon sistide layared2 and silivoserrospd i french 46.

2 on.substrate 10, .and not . on..spaces...48. ~Preferahl. '
s 1t s Lol e SR GRr P ity v

RAHueRhE WdcB 68 sifidoPbxitié 8NEilyidESisUBinhdd & $aevkAYRIFfa8250 6f trench
above the top surface of silicon _
46, such as by conventional deposition and RIE. A linear graded buffer layer technique
can be used to grow SiGe layer 52 with low dislocation density (~10° cm-2) in trench 46.
Growth conditions are favored to selectively form SiGe layer 52 on substrate 10, and not
on spacer 48. Preferably, SiGe layer 52 is epitaxially grown upward from exposed
bottom surface 54 of trench 46 until SiGe layer 52 is above the top surface of silicon
nitride layer 42. Overgrown SiGe layer 52 is planarized to the top surface of silicon
nitride layer 42 by a process such as chemical mechanical polishing (CMP). Silicon CMP

processes that are known in the art can be used to planarize SiGe layer 52.

Optionally, spacer 48 can be omitted, however, spacer 48 prevents SiGe layer 52 from
nucleating and epitaxially growing outward from sidewall surface 50 resulting in two
growth fronts in SiGe layer 52. In addition, spacer 48 isolates strain produced by SiGe
layer 52 in substrate 10 to the supports area of the chip, thus isolating the storage

capacitor cells in the array from the strain.



nitride layer 42. Overgrown SiCGe layer 52 is

pl anarized to the top surface of silicon nitride
woaymroc#ids by a process such as chem cal mechanPca@ius2003/000562

polishing (CWP). Silicon CMP processes that are known

in the art can be used to planarize Si Ge |ayer 52.

Optional ly, spacer 48 can be omtted, however, spacer

48 prevents Si Ge |ayer 52 from nucleating and

epitaxially growi ng outward from si dewal | surface 50

resulting in two growh fronts in SiGe |ayer 52. In

addi tion, spacer 48 isolates strain produced by SiGe

Nayle 52 shifacs fi6safiSaGe layer 3bistsplectivefpiseessedipyean eieh Pﬂﬁ’éeSS such as

R DR 08 SR ST e
ﬁ’éﬁ[ﬁ LEIdRARE 99155 @érfadd¥fsilichR HRﬁdéSMgéraﬂea@ﬁlo% iPIF{®, 4. Optionally,

| ayer 52 is selectively recessed by an etch process
theabcess of SiGedaysr 5% andydie amitied, sgice theasubggeenilysgrown ainained layer is
oxiq%;ion foll owed by an HF wet etch to a depth bel ow
Bper surface of silicon nitride |ayer 42, as
shown in FIG 4. Optionally, the recess of SiCGe |ayer
52 may be omtted, since the subsequently grown
Befeaiimgpte HIGy 8ra thin lay@ro,f ephiaxial siisbr OB iingplact vély Grove) omupper

LR Yot Shiad ol Sl Leon, o8 &Sl S5t ekt ety

%sé iHaf @b&f%@rmé §n6r§ %f&’ﬁ‘ﬁ‘l tme@aEJﬁ't Ql‘Sriﬁﬁ'&) Mo 86 ARl Due to the
l'ess than about’ R ye preferably from about 2.5

lamldeomamatch bl:ﬁNem:mSl@a hayt:nSZ imel thinadpitaxiel sﬂlmmﬂayﬂn 58, ep'ltax1a1
n er nd thin eplt Xi silico r

S HCOR B i GICTELE BRI f SBaT Bt a6t

&ﬁs&%&ﬁtli Hrﬁieﬁ Fi#TisC A e ﬁﬁ'ﬁ@@thtd'f%ﬁi@@éll silfc)én ‘Patyer 58, silicon nitride
guent formed FETs. "After t

et 4is abmsveldl seleativeatparxidedayes idDiand npltaxﬁai |sxiheon layer 58 by processes
known in the art, such as a wet etch comprising hot phosphoric acid. It should be noted
that strained layer 58 can also be formed by other methods such as, for example,
depositing titanium (Ti) or Cobalt (Co) metal on upper surface 56 of SiGe layer 52 and
forming a thin layer of titanium silicide or cobalt silicide. Another example of forming
strained layer 58 includes implanting into upper surface 56 of SiGe layer 52 an element

having a lattice constant different than SiGe such as, for example, carbon (C) or

germanium (Ge).

Referring to FIG. 6, a silicon nitride layer 60 is deposited on oxide layer 40 and strained
silicon layer 58, and it is then patterned to expose the supports while the arrays remain

covered. The active areas in the supports are patterned to form shallow trench isolations
(STI) 62, that are filled using known methods, such as TEOS CVD oxide or HDP oxide,
followed by planarizing. Sacrificial oxide (not shown) is grown in the supports and well

implants (not shown) are formed . Sacrificial oxide is removed and support gate
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| ayer 42 is renoved selective to oxide |ayer 40 and

epitaxial silicon |ayer 58 by processes known in the
wantg4/suak as a wet etch conprising hot phosphecTas2003/000562

acid. It should be noted that strained |ayer 58 can

al so be forned by other nmethods such as, for exanpl e,

depositing titanium (Ti) or Cobalt (Co) netal on upper

surface 56 of SiGe layer 52 and formng a thin |ayer

of titaniumsilicide or cobalt silicide. Another

exanple of formng strained |ayer 58 includes

inmplanting into upper surface 56 of SiGe |ayer 52 an

élekoritt64 ibdsined oa straintd sidicomlageraidt bydirbvargenthirt dialectSic &m, such

such as, for exanple, carbon (9% or ernaniun1&G€2. )

rehermnal pgideor pitadedsoxide. SPUDPEE HaYsi cOpsseon 69y s formgd i the strained

B | | o . .

PEBTRLLE s BRoft: SRIRE: haBtndldd BnaBlly il srained layer

fegpQGiray)wid tegndvBe using aysockanmkn covered. The active

areas in the supports are patterned to form shal |l ow

trench isolations (STl) 62, that are filled using

L s e e

1a§eig4 oMy mbtholenciPiRAhd Srt,a06h Med Wet dicipddniridgtalt phosphoric acid.
shown) are forned. Sacrificial oxide is renoved and

Ouisledrrer disthes rappved odecbsia silicomnitrgile g G8o Fordline conductor

oo . S ed ol L]
BY SUPEAY e vhitatf PP b BB b SR R o0
@iodReDin the §uippdRAn@%irfieregpport gate conductor 66 is

formed in the straine 'ayer region (supports), and
portions of gate conductor 66 remaining in the

trai.ned rregion.tarr e r.e [ NQ.
BrbREGIID Repabsif P ot o Rihe G IR IS 1 ke difupagousty
BitterSed HARY@Ed Wi doieméd mavk. SEptemailY,8wbandké esuld be used to form
support gate 66 and wordlines 68. For example, one mask could be used to form support
gate 66 while another mask could be used to form wordlines 68 in order to individually

optimize specific properties of each, such as linewidth for performance considerations.

Standard processing follows, which includes: support S/D eXtension, halo and contact
implants; gate sidewall oxidation to heal any damage due to gate etch; spacer formation;
support and bitline contact studs; interlevel dielectrics; and, deposition and patterning of

upper layers of wiring, including bitline conductors.

Additionally, if propagation of silicon dislocations from the strained layer SiGe region
into the strained layer-free memory array is a concern, dummy deep storage trenches may
be used as a buffer between the strained layer (supports) and the strained layer-free (array)

regions.



| ayer 40 by nmethods known in the art, such as a wet
etch conprising hot phosphoric acid. Oxide |ayer 40
woO0d4ven4g enoved sel ective to silicon nitride Payas288/000562
Wordl i ne conductor 68, such as tungsten/tungsten
silicide, and cap | ayer such as silicon nitride 70,
are deposited in the support and array regions.
Referring to FIG 8, support gate 66, wordlines 68 and
cap layer 70 are sinmultaneously patterned and etched
with a comon mask. Optionally, tw masks coul d be
used to form support gate 66 and wordlines 68. For
Bitdlythe invenigomises beeanddsdribel abeee with réferencs topthe preferglt e

66 whil e anot her mask could he used to formwordlines .

gbpdimsptsdpereef. 1titioedtpdprsipod dhnt ithe spiritapd sqnecof the invention is
o o b I- 1

ROQBA] @breBl RaEy YBHSR FOLARM k) pERdRES IR o

dexctibetbshove withont dePaffingftoem the@verall abapesofdhe mve@ain as described

i pl ants; gate sidewall, oxidation to heal any danmage

abryeragd @5?% feutly i the seyveryl clegnsapneaded heggiBport and

bitline contact studs; interlevel dielectrics; and,

deposition and patterning of wupper |ayers of wring,

including bitline conductors. Additionally, if

propagati on of silicon dislocations fromthe strained

| ayer SiGe region into the strained |ayer-free nenory

array is a concern, dummy deep storage trenches may

be used as a buffer between the strained |ayer

(supports) and the strained | ayer-free (array)

regions. -6 WO 2004/ 064148 PCT/ US2003/ 000562 Wil e

the invention has been described above with reference

to the preferred enbodinents thereof, it is to be

understood that the spirit and scope of the invention

i's



not limted thereby. Rather, various nodifications may
be nmade to the invention as described above w t hout
wdeprroc#1ag from the overall scope of the i nvenPCOUSa®3/000562

descri bed above and as set forth in the severa

cl ai ms appended hereto. -7 W) 2004/ 064148

PCT/ US2003/ 000562 What is clained is: 1. A

sem conduct or structure conprising: a sem conductor

substrate having a strained |layer-free region and a

strained |layer region; a first device forned in the

strained | ayer-free region of the sem conductor

swhsitik ala@hed®Rd a second device forned in the strained

| ayer region of the sem conductor substrate. 2. The

seniconductor structure of claim1l, wherein the first
V|ce nmory cell and the second device
rrprlé r{-@l Clﬁ-’ﬁorsguc?ﬁeo@ PU8hduct or structure of

C| aim 2, whedegiidbndiGonRitBtrite B&Vihg b StraAindDMyérefddeAggion and a

DRAM ceII and the FET is a NCSFE% | ogi c device. 4. The

senlchQU@d@ﬂ@SK%umture of claim1, wherein the

strained | a e tr en seI ectjvel or ned
h TheC Subd s A R Tne WG eRErRE WA Y bR it onductor
in  thepirLaehd and an epitaxial silicon |ayer forned

on the SiGe layer. 5. The sem conductor structure of
clai m 4, whrereeonl davicedpimeshindihe stiairied dayer gagen ¢fsheé seppiconductor

substrate.

2. The semiconductor structure of claim 1, wherein the first device comprises a

memory cell and the second device comprises an FET.

3. The semiconductor structure of claim 2, wherein the memory cell is a low-leakage

DRAM cell and the FET is a MOSFET logic device.

4. The semiconductor structure of claim 1, wherein the strained layer region has a
trench selectively formed in the substrate, and comprises: a SiGe layer formed in

the trench, and an epitaxial silicon layer formed on the SiGe layer.

5. The semiconductor structure of claim 4, wherein the epitaxial silicon layer is from

about 2.5 to about 10 nm thick.

6. The semiconductor structure of claim 4, wherein the SiGe layer is epitaxially

grown.



about 2.5 to about 10 nmthick. 6. The sem conduct or

structure of claim4, wherein the SiGe layer is
wepbdassiasly grown. -8 WO 2004/ 064148 PCT/US2003/000562

PCT/ US2003/ 000562 7. The sem conductor structure of

claim4, wherein the strained |ayer region further

conprises a spacer forned on a sidewall of the trench,

the spacer isolating strain produced in the strained

| ayer region fromthe strained |ayer-free region. 8.

The sem conductor structure of claim4, wherein the

trench is fromabout 100nm to about 400nm deep. 9. A

nmet hod for fabricating a sem conductor structure

conprising the steps of: a) providing a sem conduct or

Subst rZesemivondurter ssuctaianeidldinyk wieree thestrriond layb) region further

formng a first device.n the s i ned | - f : . .
r 6g1 o SBPTiSG: SPaH g PO CH O Al EencE) (g spsgt solafige stain
form ngodhced frAth8 8idaih@VBYertEE8bR Frohd¥hE Q@aiﬁ&i‘ﬂa?é}fiﬁéé%glbn.

substrate; and d) formhg a second device ih the
strained |layer region. 10. The nethod of claim?9,

erein ste further conprises: i) formn
e e oo R LD & iestid o i abeut 1000m
i) f%gbaﬁélgollﬂﬁﬁ?ép_pf SiGe in the trench; and iii)

formng a layer of 'silicon on the |ayer of SiCe.

9. A method for fabricating a semiconductor structure comprising the steps of:
a) providing a semiconductor substrate having a strained-layer free region;
b) forming a first device in the strained layer-free region of the
semiconductor substrate;
c) selectively forming a strained layer region in the semiconductor
substrate; and

d) forming a second device in the strained layer region.

10. The method of claim 9, wherein step (c) further comprises:
i) forming a trench having a bottom surface and a sidewall surface;
ii) forming a layer of SiGe in the trench; and

iii) forming a layer of silicon on the layer of SiGe.

11.  The method of claim 10, wherein step (ii) comprises epitaxially growing the layer

of SiGe.

12.  The method of claim 10, wherein step (iii) comprises epitaxially growing the layer

of silicon.



11. The nmethod of claim 10, wherein step (ii)

conprises epitaxially growing the |ayer of SiGe. 12.
wohersvetiaed of claim 10, wherein step (iii) CORPTIUSE®3/000562

epitaxially growing the layer of silicon. -9 WO

2004/ 064148 PCT/ US2003/ 000562 13. The nethod of claim

10, wherein the layer of silicon is fromabout 2.5 nm

to about 10 nmthick. 14. The nethod of claim 10,

wherein after step (i), formng a spacer on the

sidewal | surface. 15. The nethod of claim9, wherein

the first device conprises a nenory cell and the

$8ConThe et df @i 19ewhéabinfthd laydOof slli@nietrb@cbofit 2.5 nm to
claim 15, wherein the nenory cell is a | ow | eakage
DRAM akaut 10amithidke FET is a MOSFET | ogic device. -10

14, The method of claim 10, wherein after step (i), forming a spacer on the sidewall

surface.

15.  The method of claim 9, wherein the first device comprises a memory cell and the

second device comprises an FET.

16.  The method of claim 15, wherein the memory cell is a low-leakage DRAM cell
and the FET is a MOSFET logic device.
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