PROCESS FOR ADJUSTI NG THE. STRAIN ON THE SURFACE OR

I NSIDE A SUBSTRATE MADE OF .4 SEM CONDUCTOR MATERI AL -
Background Art The invention relates to a process for
adjusting the strain of a strained |ayer on the
surface or inside a substrate made of a sem conduct or
material. For exanple, the invention relates to a
process for locally adjusting the strain in one or
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With this process, the sources of this non-homogeneity of the strain in the substrate layer

may be:
- a non-homogeneity in the composition of the alloy (for example SiGe) used in the
pseudo-substrate obtained by epitaxy on the solid substrate (homogeneity of the temperature on

the pseudo-substrate during epitaxy, constaat gas flows in the reactor}; or
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may be: a non-honogeneity in the conposition of the
alloy (for exanple SiGe) used in the pseudo-substrate
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The surface of the substrate can be srovided with a protective coating where the elements
are 1o be implanted to protect the surface from damage. Suitable protecting layers include an
oxide or nitride deposit having a uniform o- non-uniform thickness, or that is applied selectively.

The invention also relates 10 an annealed structure comprising a strained layer and a
substrate, wherein the strained layer includes one or more regions that include implanted
clements so that during annealing the strain is adjusted to reduce or cure crystalline defects. The

structure is preferably included in a wafer wherein at least the strained layer is made of a

semiconductor material.




The surface of the substrate can be provided with a
protective coating where the elenents are to be
i mplanted to protect the surface from damage. Suitable
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The nature of the implanted elemants can vary depending upon the specific results
desired. The implanted element can be identical 1o at least one of the chemical elements forming
the strained layer. For examp}e, for a strained silicon or strained silicon-germanium layer, the
implanted element preferably is silicon. When the silicon-germanjum layer has a higher
proportion of germanium rather than silicon, the implanted element can also be germanium.

The annealing step may be performed within a temperature range between 850°C and

950°C for a duration of between two and four hours. Preferably, the annealing step is performed

under argon at a constant temperature of 900°C for a duration of three hours.
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-measured. This is done using a non-destructive metrology process, such as Raman spectroscopy
or X-ray diffraction. These metrology processes are well known to the skilled artisans so that

further discussion of such processes are no. needed herein. The measurement by Raman or X-




As noted, the specific purpose of this invention is to
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techniques include those used in photohﬂmgraphy The mask must be made of any déposited

species that is able to: (1) make a good implantation barrier; and (2) be removed easily.
Another possibility is to deposit different thicknesses of oxides on the surface, with a
relatively thicker oxide layer provided in the regions to be implanted and a relatively thinner

oxide layer provided in other surface areas. 3ilicon dioxide or nitride are useful for this purpose.




this layer 2. Figure 2 itself shows two regions 23,

24, one of which 23 is |located on the surface of the
strained layer 2 and the other 24 is located in depth
inthis layer 2. Figure 3 illustrates two regions 25,

26 in the strained layer 2 for which it is required to
adjust the strain, in which one region 25 is |ocated

in depth and occupies the entire intersection surface

of tThe chmipd! zlementiitmplantetive sgpmaishbrlddnaagh tRatalie dose of implanted
clefifidaflfd a:sés?ﬁ‘%neﬁﬁ?,ﬁtlneaangbﬁ omoﬁiﬁegéusﬁ;iﬁ%e%ﬁé of € strained layer

stral ne estralnlsa uste

cqnggrhesn Themplapiadanicaety ie pdavied esa ﬁa@t@e Of ilhederp@kgqf dhegdentifed region.
Théjiﬁﬂahfeﬂ @r@mlmén?enfsrﬁﬁy %L EiBdifall ndual g n‘fé% %ﬁg ato['n::ltﬁ molecule

chem cal el enments can I ante ectlve
typ glempts, aﬁ@&ﬁwal@wéergqi ﬁemm n@ﬁeimlstvperh!ememqmaamsm@ The

SKARM B Rart @R chRIu Shind a&s%loydea%hé WBRE heOR géow&@/@lilmhm%s%m for
regions. This can be achi eved by noving ‘either

the Bﬁgfqlaaﬁéuah% elmpippled plempn oare phasen as fupptiop eff the nastag pf the target

mbb@ofﬁ@&ﬁﬁ&@ky@!&kﬂﬂﬂe regions that need inplanting.
rnatlvely, once you know where to inplant, it is

positl i peeferePle Foghops dtgmsntsyip b 1@plateth gat a\fiéfie"f% QAR Pl the

cheichlagenentd Gorinlipihd tiRb:ARLiInEGIALRE tHo¥ SladhpleQl willlR pfe@dfel! idimplant
ted el e nts§ provi ded sel ecti vel SO

S"t%%t"“gﬁ P Ly e e BachEapsh s Gopegped of several

elaneawlcdedrmnt Batiéirtse it Wil &k iph@erBdo ahslar® XReSRS fdr GvHidRQhe nature is
e by use of a _nmask

o B e T Sl R0 e, op B e 0L 2 ek

it fvill e pltftﬂrcd: aaimphgt either $ilkon, ﬁmgknﬁmm Gl bogl ﬁ@ﬁ‘aﬁﬁlyﬁﬁhﬁi target

t
oo ol o R BEBEP The RO R e
ma}'lhehrmdmtetdhmmu&msedtherstmjmdtlmer t hogr aphy. The rrask must
b t.hat | e 1
e Tl PS8R 57U Sl oo Bl e
targey strpiged Japiert indn cpmgsasm, it ytrairs irt corofegsion twilllibk fiscrestd by the

Hnlt’lm‘}t%ltﬁﬂs’z F,l@ﬁe sf ((;jlgl)éirled@)?ﬁr gghdlt, gethel?%r eg\%t?dx egﬂia}er i5.in tgns:on, then the
lmﬁlwﬁlt@hsf‘ﬁ@nﬁﬁ rwsamewem a relatively thi nner
ox'ﬂ)%lc!:\l@( e RIO%E ﬁﬁﬂaxﬁé&u@g@ﬁ@ %Hﬁé‘nﬁc&demg ppian%{noﬁ %R‘{F:ﬁy are

dioXide or nitride are or this
determdner eups te plipip Avariation ditheardennl 196 efyhrmes dt:vemdbnﬁee gupddntation.

Fort 8@npleNfr dAPR 0P berdid¥B 1 RRL %dwig9$ﬁ{y &@lwﬁé:&n@% Slvﬁtth atom type

sufficient to neasura stral ne
chepyral Qlepentsn i vill &y msmbleémerevaqmdosesn@mmgpfmnwts it e IS ragamgpjem’

with §n @ﬁlﬁﬁﬁ@i@n Berdy Jflb@&teérp ﬂii EHd f"h@‘.’dﬁﬂ efhbRf mttﬂ? fase. @ dosc of the
ntified region. | ant ed em cal
°’d?ﬁ§’$2‘3é aomscy ?%'5‘! ':Ieyn‘Wé%ﬂdr"élh f@l*’-éﬁ‘f@mféhe onderref 152 kai"om or

NDITRE dbke dey¢Afticdl BRBND B t@ine® 6L fol KR e %EQQQ Tﬁphed but

el nts, nanely ion type elenents, as desired
obviously the process according to the i mvennon may be applied to several layers arranged on the

same substrate, for example such as double SOI type multilayer structures that can be envisaged

within the scope of the invention,




skilled artisan can conduct routine tests to determ ne
whi ch species provide optimumresults for the

particul ar situation. Inplanted el enents are chosen as

a function of the nature of the target region of the
strained | ayer concerned. It is preferable to choose

el ements to be inplanted that are identical to one of

the chemi cal elenents form ng the target strained
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Example
The following describes a non-limhative example of how the process according to this

invention can be implemented.
A process is applied to creale a tensile strain in a silicon laver, and the stress is then

measured. The measurement is made using non-destructive Raman or X-ray diffraction type




several strained |ayers 2, 3 conprising regions 27,

28, 31, 32 for which it is required to adjust the

strain. Once again, these regions 27, 28, 31, 32 are
defined in an XY plane and / or depending on the

depth Z of the strained |layer 2. The only inportant
characteristic cf a Iaver is that it is strained, and
this strained | ayer be strained in tension or
TEBAPRYe 39 TSPLlts|ip 2 figgps eﬂ P Re en frlead] arepindhie dayerdkip ﬁ@ue can be
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non-crystalline conprise el enent
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mﬂﬁ% VBER 0C and 950C for durations varying from2 to

ours. Preferably, this annealing step is done

under argon, at a constant tenperature of 900C for a

duration of three Hours. The two inplantation and

anneal i ng steps nay be done once or several tines

consecutively, always beginning with the inplantation

step. The processes used for the inplantation step and

for the annealing step nmust each be reversible.

Reversible for the.inplantation step neans that the

geonetric structures of the target |ayer or the non-

target layers through which the inplanted el enents

pass are not nodified. For exanple, a crystalline

state of the target strained | ayer nust not be

nodi fied into an anorphous state of this target |ayer

such that it would not be recoverable in the annealing

step. Reversible for the annealing step neans that

the tenperature and the hold tine of this tenperature

must be determined so as to limt inter-diffusion and

ot her phenonena acconpanyi ng this annealing step.

Exanpl e The follow ng describes a non-limtative

exanpl e of how the process according to this

i nvention can be inpl enented.




A process is applied to create a tensile strain in a
silicon layer, and the stress is then neasured. The
measurenent i s nmade using non-destructive Ranan or
X-ray diffraction type -7 metrology, and results in a
stress of 1600 MPa on a local area in this layer. This
val ue can be <corrected by about a hundred MPa to give
a final value of 1500 MPa, by firstly protecting the
silicon layer wwth a TEQSEdgpasid Wi th a thi ckness of
50_tci 150 _Angstrons (preferably 100 Angstrons), and
Whatds slaigicdis ati on step i> then performed with silicon
1. &t OnBpRtesd i AdRsH g strafilin 2ALAIRE orﬁﬁ‘stﬁ)@ﬁa{tg%h&il chfprises:
keV, ‘and the annealing step I's done using the
pr oddestiBang desser itoesdregbooy eof tBbvirgngl Jayet Wherei thy etndinda to be
' ot limted to the enbodi nents presented above but
ad_fu§te51, . .
can be extended to include any process conform ng
W t implastirppiléménts info AtldT onwsiBe RlBNtifNdQegisss Wlekd greekd layer
. to adjust tH.e,strai n in one or several strajned |ayers
n "’F{?P% feListent e FUE Pegrdice dpfestsewhen gubiected [ 19 lsyated
tenhpRYRhre@lanin €ach target strained |layer, after use of a
process for straining the strained |ayer(s)
conegfreabng thegulmymtecind| suBineYWiagier by hettirientech temipdratupe for a time
[ ST . L0 rained | ayer.gn .
ol RAED AR P LAl iTe A [ 0B R e B R sained
layeeghioh snchfdettireinglantddredendmy/er where the strain is to
be adjusted; inplanting elenments into at | east one of
the identified regions in the strained layer in an

2. anDYWRE pbisk bELIBM 1,1whePdlh theWhehRAVEEMERTiRDRta S Rep is
subjected to el evated tenperatures; and annealing the

congiypist reithetha dplsntetiom enpresageaptddyasiebmitinn efodepth of the identified
. i ; LCJ . e e ) e .
e SRR ok O E LG HS R TRt fpoci
thestraiabdetete of eheadentifiied kegionc| ude t he i npl anted el enents.
2. The process of claim1, wherein the chem cal
el emrent inplantation step is

3. The process of claims 1 or 2, wherein the at least one region is identified by

Raman spectroscopy or by X-ray diffraction.

4. The process of any one of the preceding claims, wherein the strain adjustment is
local.
5. The process of any one of the preceding claims, wherein the strained layer is a

surface layer.
6. The process of claims 1 to 4, wherein the strained layer is buried in the substrate,

7. The process of any one of the preceding claims, wherein the identified region is

located on the surface of the strained layer.




conducted with the inplantation energy adapted as a
function of depth of the identified region so that
the dose of inplanted chem cal elenments is sufficient
to measurably nodify the strained state of the
identified region. 3. The process of clainms 1 or 2,
wherein the at |east one region is identified by
Raman spectroscopy or by X-ray diffraction. 4. The
8. Pr OCR:S prétessAdhyclAM8 10b 4, MeRieaRANOMifiSH Foih isMHSK&I A a buried
the strain adjustnent is |local. 5. The process of any
regpringhe ptaansdrlavesdi ng cl ai ms, wherein the strained
| ayer is a surface layer. 6. The process of clains 1
to 4, wherein the strained layer is buried in the
9. subdthe girecess #f afihenprofctbe prakdiapycldams, whereineatpleestemtienaf the

. ¢l aj wherein the. identified region is | ocated_ on.
imp Rl Bt RehiSLed 8 oy i, B Hegrheticny, el Be e e
strgined kiperl to 6, wherein the identified region is

| ocated in a buried region in the strained |ayer. 9.

The process of any one of the preceding clains,

100engk Pritesd 6051y BRE 0P thel ﬁ%cediir{?)!:lgﬁx{s,e %h%{em Sirdirfed layer is
identical to at 'l east one of the chem cal elenents
compesed g twhalilfgtntagiernents aydkthe itplantieelpnedess e samy as those
r. dj cl aj. wherein the strained
tw?ggggL?éﬁgggﬁéggggﬁgguFakﬁg?fferent el ements and the
i mpl anted el enments are the same as those two elenents

and_are inplanted sequentially. 11. The process of any .
Hone TBE Pse Sp‘?fg@%?fﬁ-‘gofgﬁ@i RrEcemer daims: weerein fhe anpggliag sfsp is

petfSrmeRSFitHH MRehpdhlt Rarde bERRER 8504 dRE]; . bet ween 850C
and 950C. 12. "The process of any one of the preceding

clainms, wherein the annealing step is perforned at a

con ture r a duration copprised between, .
127 o ThE bS8 bt SFREARE aRGialEE beo i
perfforencd it ng c@lstihimempsfeiei for tahdurativie adrpihed thrpvdes two and four

hours.

13. The process of one of the preceding claims, wherein the annealing step is

performed under argon at a constant temperature of 900°C for a duration of three hours.
14, The process of any one of the preceding claims, wherein the implantation step
followed by the annealing step are performed several times consecutively to treat several

regions in the strained layer.

15.  The process of any one of the preceding claims, which further comprises

protecting the strained layer by depositing a protecting layer.

16.  The process of claim 15, wherein the protecting layer is an oxide or nitride

deposit having a thickness of 50 to 150 Angstroms.
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performed under argon at a constant tenperature of
900C for a duration of three hours. 14. The process
of any one of the preceding clains, wherein the
i npl antation step followed by the annealing step are
performed several tinmes consecutively to treat severa
regions in the strained |ayer. 15. The process of any
one of the preceding clains, which further conprises
17pr otTae bidegsstdTelashs a5 BEOG, lvahietdin B pl@B@RIstAE ifapplied selectively
rotecting layer. 16. The process of claim 15, wherein
or Ofa nof-wRifr T thisknesser is an oxide or nitride deposit
having a thickness of 50 to 150 Angstroms. 10 17. The
process of clainms 15 or 16, wherein the protecting
18] ay én angeaddphitivetirs ednepisingsd sjrained laykr andrrosubstrité, ovherein the

NI ss. . 18. An anneal ed. struct.ur.e . co i si,ng a
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I npl anted el enments so that during annealing the

strain is adjusted to reduce or cure crystalline
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of claim 18, wherein at |least the strained [ayer Is
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