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characteri stJrcs of .the adjacent circuit
process. Therefore, it has become standard practice to form a thermally grown oxide on inner surfaces of the

trench so as to provide for an increased radius of curvature, especially of the upper corners of the isolation
trenches, wherein, however, an increased thickness of the thermally grown oxide entails additional compressive
stress, which in turn may adversely affect device characteristics of the adjacent circuit element.

35 With reference to Figures la-le, the fabrication of a conventional isolation structure is described in
more detail. In Figure la, a semiconductor structure 100 comprises a substrate 101, for example a
semiconductor substrate, such as a silicon wafer, or a dielectric substrate bearing a semiconductor layer, such as
an SOI (silicon on insulator) substrate. An oxide layer 102 is formed over the substrate 101, for example in the
form of a silicon dioxide, followed by a further dielectric layer 103, the material composition of which may be

40 preferably selected so as to serve as a stop layer during a CMP process required in a further advanced
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mat erial may F;ggrg L]|c tsc}pematg:ally shows the semiconductor structure 100 with a silicon dioxide layer 109
formed over the tiench 106 to an extent that the trench 106 is reliably filled at least up to the silicon nitride layer
- 103. Appropriate deposition techniques, such as chemical vapor deposition with precursor gases TEOS, oxygen
and ozone at a temperature range of approximately 350-650°C, may be employed to substantially fill the trench
35 106 without the creation of any voids therein.

Figure 1d schematically shows the semiconductor structure 100 with a thermal oxide layer 110 formed
on oxidizable imner surfaces of the trench 106, wherein, particularly, the rounding at the areas 108 is
significantly increased.

The thermal oxide layer 110 may be formed by exposing the substrate 101 to an oxidizing ambient 112

40 at an elevated temperature, wherein the dielectric oxide material of the layer 109 is simultaneously densified.
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respective isolation structure may be tailored for respective circuit elements.

According to one illustrative embodiment of the present invention, a method of forming a trench
isolation structure comprises forming a plurality of trenches in a substrate; filling said plurality of |
trenches with an insulating material; after filling said plurality of trenches, covering at least one of said
plurality of trenches with an oxygen diffusion barrier layer; after filling said plurality of trenches,
selectively forming a thermal oxide on oxidizable inner surface portions of one or more of said plurality
of trenches while covering at least one of said plurality of trenches with said oxygen diffusion barrier
layer; and removing said oxygen diffusion barrier layer covering said at least one trench, and thermally

oxidizing oxidizable inner surface portions of said previously covered trench.
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development of any such actual embodiment, numerous implementation-specific decisions must be made to

achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures. Although the
various regions and structures of a semiconductor device are depicted in the drawings as having very precise,
sharp configurations and profiles, those skilled in the art recognize that, in reality, these regions and structures
are not as precise as indicated in the drawings. Additionally, the relative sizes of the various features and doped
regions depicted in the drawings may be exaggerated or reduced as compared to the size of those features or
regions on fabricated devices. Nevertheless, the attached drawings are included to describe and explain
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Regarding a typical process flow for forming the semiconductor structure 200 as shown in Figure 2a,

30 similar processes may be employed as already explained with reference to Figures la-lc. In the case where the
substrate 201 is to represent an SOI substrate, the trenches 206a, 206b may extend down to and possibly into the
buried oxide layer (not shown). Afier the deposition of the dielectric layer 209, in one embodiment, a thermal
treatment may be carried out in an inert ambient containing, for example, nitrogen and/or argon and the like, to
densify the dielectric material 209. A temperature of the thermal treatment may range from approximately

35 700-1100°C,

Figure 2b schematically shows the semiconductor structure 200 with a sacrificial mask layer 221
acting as an oxygen diffusion barrier and formed over a portion of the trench isolation structure 220 such that
the trench 206a is covered by the mask layer 221. The mask layer 221 may be comprised of a non-oxidizable
material, i.e., of a material that substantially avoids oxygen donation and/or diffusion to an adjacent material

40 layer when exposed to an oxidizing ambient 202 at elevated temperatures. For example, the mask layer 221
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thickness of the thermal oxide layer 210a may be adjusted to a thickness in the range of approximately 1-30 nm,

.whereas a thickness of the thermal oxide layer 210b may exceed that of the thermal oxide layer 210a by a
predefined amount that may be adjusted by correspondingly selecting the process parameters of the oxidizing
ambient 213,

35 Figure 2d schematically shows a further illustrative embodiment wherein, starting from the
semiconductor structure 200 as shown in Figure 2a, alternatively or in addition to a heat treatment in an inert
ambient, an oxidizing ambient 214 is established to provide substantially identical thermal oxide layers 210a,
210b within the trenches 206a, 206b. During exposing the semiconductor structure 200 to the oxidizing
ambient 214, the dielectric oxide layer 209 may simultaneously be densified so that a preceding heat treatment

40 may be obsolete or a duration thereof may be significantly shortened. The process parameters of the oxidizing
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number of isolation trenches that are to receive different types of grown oxide layers. An oxide layer 302

(d

35 followed by a top layer 303 and a dielectric oxide layer 309 are formed over the substrate 301. Moreover, a
sacrificial mask layer 321 is formed over the dielectric oxide layer 309 so as to cover the trenches 306a, 306b
and expose the trench 306¢c. Regarding the type of material of the various components of the semiconductor
structure 300 as well as a process flow for forming the structure as shown in Figure 3a, the same criteria apply
as already pointed out with reference to Figures la-le and 2a-2g. The semiconductor structure 300 is exposed

40 to an oxidizing ambient 312 to create a thermal oxide layer 310c within the trench 306¢.
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advant ag.eppt&nt:da i Hidrererdl %ut&qﬁlﬁileﬂi ma&@éryaﬁp&leﬁt 1é lfh@i’emhem ittt HadiEthe B, of hé0b

260 and Rt BB~ e SPRP o B0 1 oo RO AR 87 6 PrEER g el <!
accor daRerthexmiore ne lithjtatioes 4rd intended pyr the defails of h‘eﬂeiggwnsqy lﬂsmarhereall shgwn, gthei thdorey t he

above- i deBivell inofle AASSHANVE 105 MeRAFKS iRt tla e pArBdufir LhtRd@inent? HRGEES abor nadivk N
reference to Fi gmgs ga 3c, further illustrative enbodi npnts o theﬂfélresent

i nvent i BFFS 911 ™ afh Suchy Yepiztigns 1p cepsyylgred witin the Sopy AR R O e (VP e
300 conmpriostiglyathe pretecion sagit berdiois asssbtrfotit i the BB belwhi ch in the



present exanple is represented by three isolation trenches 306a, 306b, 306¢c
which are forned in a substrate 301. The nunber of trenches is
illustrative only and the isolation structure 320 may corrpri1 eAU%%@rbi trary
nunber of isolation trenches that are to receive different tjpes of grown
oxi de layers. An oxide |ayer 302 35 followed by a top | ayer 303 and a

di el ect r (LAIMSle | ayer 309 are formed over the substrate 301. Moreover, a
sacrificial mask layer 321 is formed over the dielectric oxide |layer 309 so
as to cover the trenches 306a, 306b and expose the trench 306c. Regarding
the typelof nateeihal offorivikg ¥ aendhLisolatierpsinenirs, thd mtthed semprisingtuct or
structure 300 as well as.a grocess flow for formng the structure as shown

in Figure 3a, fermingaphirality ogfrenchss g1 3,subsats) r eady pointed out with
reference to K ; a2 hepadyeti-or structure 300 is
exposed 40 t?llg%%%l%@rz%h g%@gﬁﬁ%h%ﬁ%%ﬁg}rl%ate a thermal oxide |ayer 3
1 Oc within tlaetfikinglsaid phfality-of tkdchesiGo Ot at\WN2sPOR4sfBeitipiarality of

PCTI US2003/ Q3534 Fi gure . 3b shgows.the sem conductor structure 300 with the
sacrifi citrgpg}?ﬁwt %&ggﬂl’}i&é%&)@gmgmew th a second sacrificial nmask |ayer
322 fornmed ovefief ﬂlﬁn?%ﬁiﬁ%‘h&é 3P Brefiched SseleRti PP Bt d 18 tHeHBMIXEde oH06b, 306¢

while covering the trench 306a. The structure 300 1s exposed to an,

oxi di zi ngxalidsbErinng sarface Fastionseofione onalorost @il plheslitr of3repohesivhile goveries
trench 30 il e.increasin t hi ckness. of the..thernmal oxj .lLayer 310c. 5
Finally, 2 ﬁa%&e S 5EH IR B Berddhef WS G ybetfabSOFD n@ﬁieagg%ﬁ‘g%, 306b,
306¢ exTosed t@mavin®¥iidory e difiibe Birridd Byéiok e id fideampbnondirth, dudy er
310a within the trench 306a, while increasing the thickness of the thermal
oxi de | aykarmaliy oxidizzamexidizele inricr sirfase porions of sid previonaly sovered Fepddy anet er s
for the various oxidizing anbients 312, 314, 315, the sane criteria apply
as previously explained with reference to the preceding illustrative
enbodi ments. Nheaewtesd oftdimsk dueiee @ ompeiving hoat Fiegtitgesi Barb3tratedy abmeitnver t ed
so that the _ trenches 10 _306a,. 306b, ,?OGC are initially unmasked and receive
a subst adfbint {o densiy sadmspipbpgaateialde |ayer. The initial oxidation nmay
be preceded by a heat treatnent for densification of the dielectric oxide

| ayer 309 as is described earlier. Subsequently, the trench 306a is masked
(Figure 3b) arithetmehebéftcdaint I,evichas s806ayga0bffusorebardskleser doRipgigesa Ba)- t o
obt ai n the.dr.%g ired.different thicknesses, and thus coner rounding, at the
areas 30834 natgy of the trench isolation structure 320. Moreover,
any of the process sequences described with reference to 15 Figures 2a-2e
may al so be enployed with the enbodi nents described with reference to

Fi gures 3a- 3c.Thematthodsof claim % ovhereinisaid inoproxislizable thatenall comprides 4t dgast ongf
required ghjl.ckne§s % blclle forn”eg. rior to the deposition of the dielectric
oxi de Iaf PHSBR M HARTE Y "é’P"é‘P{ﬁ}” ®“the above-descri bed sequences i n masking
one or nore of the trenches 306a, 306h, 306c nmay be applied to form

different types of isolation trenches. As a result, the present, invention
enabl es the f drhwansteed effclairehatherain paid oskeandiffesion barrigy leferfopmaisesan 20

t ypes of > wn oxide liners in different isolation trenches by
usi ng \Aelo}‘i}g%at%gén]{nlxtgﬁge@ deposition nethods and non-critical

phot ol i t hography techniques to provide electrical and nechani cal

characteristics of the _isolation.trenches, ich are specifically adapted
to the ré at edbeimethed ofglamehivherefpa thig qsﬁﬁﬁl\g‘f‘dc %ﬂﬂ?@ﬁl@mﬁll&ééﬁ above

are il ustiabl YSslaytialRSavoltfa LSMBIRE XUABY oPSaidBLid{Z26- material during the

formation of said thermal oxide.

7. A method of forming a trench isolation structure, the method comprising:
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and practiced in different but equival ent manners apparent to those skilled
in the art having the benefit of the 25 teachings herein. For exanple, the
process steps set forth above nay be perfornmed in a different] MiGdz06
Furthernore, no limtations are intended to the details of construction or
design herein shown, other than as, described in the clains below. It is
theref ore evi dewing gRluralty of frepehes g sWhsHai@i ment s di scl osed above may be
altered or nodjf. | atd . i XM} e scope
and Spi 1t of P e G P D e e 1 5
as set fdatey in the clains below 17 AUG 2006 CLAIMS: 1. A nethod of

f ' t h isol ati t t he. hod ising: f '
plural ity of SPEFLYRSTINE SUSTH AEle i IV pISHN BrUFSPREpneal B ehches

with an igsebatdid graRite o abaché vfle Edlein Gt RaktbnR bl sAd phuYalRy of freftabes,
covering at |east one of said plurality of trenches with an oxygen

di f f usi orwithesaid exygdendidfysicnfhasrerflayeriang said plurality of trenches,
selectively formng a .thernal ..axi.de,on oxidi zabl e i r surface,partions
of one or mor &BPVIEE S SRYeR JiEsiay bfier BRucfREs ATttt BEtPea ' one
of said phémally btidding 6:E0EHE1S inMet Burfte oftiong 0N sAd bfewiiusly dodéred @endlayer; and
renovi ng sai d oxygen diffusion barrier |ayer covering said at | east one
trench, and thernmally oxidizing oxidizable inner surface portions of said
previ ously cowver . : f 1 j . i sing
heat tr eag%'/ i ngv[glgi tfs“t;jﬁéfcﬁ%l e’?’iv‘r'lﬁlég‘ﬁn ?ﬁélra ? ggegln%ﬁ{é%{)%%malfe%g%&? En? gl(lgigjg)g hott

i nsul at i nRgidigbes malerial3. The nmet hod of claim 1, wherein said oxygen
diffusion barrier |ayer conprises a non- oxidizable material. 4. The nethod
of claim3, wherein said non-oxidizable material conprises at |east one of
silicon i deaidned f G ©Xtih b8 nor:odifbIEhR i WonfBlylt feastiRr €1 1
sai d oxygen diffusion barrier layer conprises an oxidizable nmaterial. 6.
The met had sibicom hatide fmd sitiemeixyndriddri ckness of sai d oxygen di ffusion barrier
| ayer is selected to substantially avoid a conplete oxidation of said

oxi di zable material during the formation of said thermal oxide. 7. A

met hod ofyof or MiRGn@hdd §NGdin B h1iRkdiR Baid bk PsdnHiffusibMBarkiet RO& LRIPPkeSdNg: 9
17 AUG 2006 formng a plurality of trenches in a substrate; covering at

| east onexufizabls matetialk al ity of trenches with an oxygen diffusion barrier

| ayer;

11.  The method of claim 10, wherein a thickness of said oxygen diffusion barrier layer is
selected to substantially avoid a complete oxidation of said oxidizable material during the

formation of said thermal oxide.

12. A method of forming a trench isolation structure, the method comprising:

forming a plurality of trenches in a substrate;

covering at least one of said plurality of trenches with a first oxygen diffusion barrier
layer;

selectively forming a thermal oxide on oxidizable inner surface portions of one or
more of said plurality of trenches while covering at least one of said plurality of trenches

with said first oxygen diffusion barrier layer; and

10



selectively formng a thermal oxide on oxidizable inner surface portions of
one or nore of said plurality of trenches while covering at ii t one of
said plurality of trenches wth said oxygen diffusion barrik 9[%; and
removi ng sai d oxygen diffusion barrier |ayer covering said at |east one

trench, and thernmally oxidizing gxidizable inner surface portions qof said
previ ously coveneyng saddpst ogyg%@?mﬂpﬂbaﬂ@f laaﬁramcy),vewe%té%ﬁt%ﬁ @iy gen

di ffusio ' ' . - i di tier i al The et hod
of ¢l ai meBe O R o R o Ao AR oo b el BT B I 00at “ome. of
si l'i con msubstardiallppeevent fucther axigangrowmitlden theGideWals ofdaivbat ledst anefitencli, wher ei n
sai d oxygen di Lfg?si on %arri er lgéer conprises an oxidizable material. 11.
The met h&@VeFd bY tecaend Qriver ARSI haist d&€T-of sai d oxygen di f f usi on
barrier layer is selected to substantially avoid a conpl ete oxidation of
sai d oxidi zable material during the formation of said thermal oxide. 12. A
met hod of13f or rihegnethed efdaini kb Ivetereim said fins owy gen diffesioebiroar lepernpomprises:
forming a plural.ity of trenches in a substrate; covering at |east one of
said pl uraarf%lnf‘g?“ ?atg?@ﬁﬁeﬁlg with a first oxygen diffusion barrier |ayer;
selectively formng a thermal oxide on oxidizable inner surface portions of
one or nore of said plurality of trenches while covering at |east one of
sai d pl urldt i t yThefmethethefdaim Ldim*he&n seid firs oxygepghfiuden bygrolRygLompEsey ayer ;
and 10 1Zm%%§h%1%9nm%EQ§V‘”9 said first oxygen diffusion barrier layer and
covering at ‘Teast one of said one or nore trenches with a non-oxidizable
second oxygen diffusion barrier |layer to substantially prevent further

oxide gromh on the sjidewalls of said at. least o trench _ covered, by the
second oXygen Tdemreiaodef daim l?ewheés;@atmi@eswféawg’&%wgﬁn é}fﬁismnfz{ﬂ%er ein

said fir [ ' ;8¢ fh&%& j 1 DR SR RD! €

mat eri al igyfgﬁy#%rgtegé{) E%%k%@a@?g?dﬁgffk eer %gg&tfsd& %?]idr gt oxygenedi ffusion
barri er Idayiag thediopmatiasof said theringhl peidee material. 15. The nmethod of claim
12, wherein a thickness of said first oxygen diffusion barrier |ayer is

sel ected to substantially avoid a conplete oxidation of said oxidizable
mat erial 1gdurigetia JrebARSIiRR a Abgre@bLlcdrh@ rBR it b iftrerkh iscatiBRl HABAS in
controlling a degree of comer rounding of a trench isolation structure in
a semiconductor device, the method comprising:
thermally oxidizing portions of inner surfaces of a first isolation trench filled with an
insulating material while covering a second isolation trench filled with an insulating material
with a sacrificial oxygen diffusion barrier layer; and

removing said oxygen diffusion barrier layer and forming a thermal oxide layer

within said first and second trenches after thermally oxidizing portions of said first trench.

17.  The method of claim 16, further comprising forming a thermal oxide layer within

said first and second trenches prior to thermally oxidizing portions of said first trench.
18.  The method of claim 16, further comprising heat treating said trench isolation

structure in a non-oxidizing ambient to densify the dielectric oxide in said first and second

trenches.
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a sem conductor device, the nmethod conprising: thermally oxidizing portions
of inner surfaces of a first isolation trench filled with an insulating
material while covering a second isolation trench filled w t,}”l sul ati ng
material wth a sacrificial oxygen di ffusion barrier Iayer Aﬂﬂﬂwgnnving
sai d oxygen di ffusion barrier |ayer and fornlng a, t her mal OX|ﬁ§.Iayer
within sdPd filhemethnd afcladmd 6 F%ﬁ@ﬁ%@n@’ﬁfﬂ’é& heat, Bresting sgiddzsngh 5SofdioBor t i ons of

said fi r m ng
27" her g eSS [t i ook o BRI o Hg ol e P b il
t her mal | ynahenadimzd togfopn atthamsl ofide wiithinf saidsfirst arghrebondit@enclidse nmet hod of claim
16, further conprising heat treating said trench isolation structure in a
non- oxi di zi ng anbient to densify the dielectric oxide in said first and
second  bpenchas melfodUelAR0E, wherein'$i5d 08} daRdiAlsidhl takier 18yer LoMbAGS a
conprising heat treating said trench isolation structure at |east for a
certai n mppexiditablesabtetial. an oxi di zi ng anbient to densify said insulating
material and to forma thernmal oxide within said first and second trenches.
20. The nethod of claim 16, wherein said oxygen diffusion barrier |ayer
conprisegja MABnAMCH AR 1R LBEled] said@dxygth @iffiRidhthn@dr 1§eRicompAses\her ei n
sai d oxygen diffusion barrier |layer conprises an oxidizable material. 22.
The met heyidizableimagtaiial. 1, wherein a thickness of said oxygen diffusion
barrier layer is selected to substantially avoid a conpl ete oxidation of
said oxidizable material during the formation of said thermal oxide. 23. A
met hod ob2contMheethtd of clib@rXde whtreboathicknossufisaid oxdgen dlffasmh biusiet Elyeois
structure in _a sem conductor device, the method conpr.i sing; the rgn%lpl y

| ed

oxi di zi ngelpeied foowbstantially frpids samaplels ogrdagion p seid oxigizable stiob

with an f‘*fﬁﬁ‘ l)f'i“bfgbﬁ MREGL &ligavhi I e covering a second isolation trench
filled wth an |nsu ating materlal with a sacrificial oxygen diffusion

barrier Iayer and renovi ng said sacrificial oxygen diffusion barrier

| ayer, ond oxygen d|ff on barrie r ove said first
{ronch and t herEmpy ChxPTER dsarrealiioRt fouHuEat « terh S ORGpRBiR. | oa.
The net hggeﬁfcoﬁhl?dtd??d%%cef&léh{?:%{od%ﬁﬁfrisﬁi ng formng a thermal oxide |ayer

within said first and second trenches prior to thermally oxidi zi ng
portions of sd#iegmhily eXIdtznmmutlomf ifmies swsades df afirst isalartmz@fendoﬁﬁfrd ‘é’lthngn heat

treating.sajd trench | tion struct i zi.ng anbi ent
denol fy- ik PEREPH BBk iePhe kb eiahh Frrcb 3R i ErnibRu@e s nd®
with a sacrificial oxygen diffusion barrier layer; and
removing said sacrificial oxygen diffusion barrier layer, forming a second oxygen
diffusion barrier layer to cover said first trench and thermally oxidizing surface portions of

said second trench.

24.  The method of claim 23, further comprising forming a thermal oxide layer within

said first and second trenches prior to thermally oxidizing portions of said first trench.

25.  The method of claim 23, comprising heat treating said trench isolation structure in a

non-oxidizing ambient to densify the dielectric oxide in said first and second trenches.
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17 AUG 2006 26. The nethod of claim 23, conprising heat treating said
trench isolation structure at |least for a certain tine interval in an
oxi di zi ng ambient to densify said insulating nmaterial and td 7fA6nE

thermal oxide within said first and second trenches. 27. The nethod of

claim 23, wherein a tot anpunt of exposure to an oxidizi nhg anbi ent for
each of % d ﬁheélﬂeth(ffhogfé@%@ CPRREREE NPt teeaiing Hd BENCgSRtqhs HEREe 9

first th'l&aﬁﬂﬁﬁ% c@ltt?lﬁ dln{e{i]‘@e[lqﬁ‘%m Q%L'dfju?n% AAGEnttd d&?s‘l bid'iaduldt Qﬁﬂeﬁ’:ﬂd a
second thickness of sal oXi ayer in second rench in
conf or m tapdve fdnmaatﬂmnrmloanhmﬂumsdddfmslagdswondkﬂmsll% 28. The et hod of
claim 23, wherein said sacrificial oxygen diffusion barrier |ayer

conpri ses .a non-oxidi zabl e material. 29. The nethod of claim 23, wherein
sai d sacriffi ciple rﬁ’éﬂ{&?@f thﬁf%'v@{éré?ﬁlﬁ"tétﬁlranh&m%f exXpRBIRE it 85 0abizihe AMtAah| e
material. 30. A nethod of forming a trench isolation structure, the nethod
conpri si gt each of saidfirsk apd mcandttlyndfes i eontrnbed sonasato 9h@maﬁt5éthl¢linb$sl Agaidai d

plurality, of tre es wWth nlns ter

o1 ur ai 1 ¢yogime] PEREREE: M b0LAR GO PRI Res o B Plieimateb 8% i es
with a fisaRitse€onddtshchid EotFb@iitydRith b Firstlagd écon@iedgn ﬁhdldnbﬂ;g said plurality
of trenches, selectively formng a thermal oxide on oxidizable inner
surface portions of one or nore of said plurality of trenches while
covering neat | .St oxygen
di ffusi on2 8bar r@%ﬁﬁﬁtﬂwoglalﬁgif WSJ}rrl[?\&;é lﬁgéléé?cgchl}al ng%ﬁ% %’? lgrl lo barrier

| ayer andonpyviets dwpradxilealslt noineiabf said one or nore trenches with a

non- oxi di zabl e second oxygen diffusion barrier layer to substantially
prevent further oxide growth on the sidewalls of said at | east one trench

covered by thengeransh SFiSai s ivideush 98d BRI okfdkadiffdston barrier layer

comprises an oxidizable material.

30. A method of forming a trench isolation structure, the method comprising:

forming a plurality of trenches in a substrate;

filling said plurality of trenches with an insulating material;

after filling said plurality of trenches, covering at least one of said plurality of
trenches with a first oxygen diffusion barrier layer;

after filling said plurality of trenches, selectively forming a thermal oxide on
oxidizable inner surface portions of one or more of said plurality of trenches while covering
at least one of said plurality of trenches with said first oxygen diffusion barrier layer; and

removing said first oxygen diffusion barrier layer and covering at least one of said
one or more trenches with a non-oxidizable second oxygen diffusion barrier layer to
substantially prevent further oxide growth on the sidewalls of said at least one trench

covered by the second oxygen diffusion barrier layer.
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