USE OF DEUTERATED MATERI ALS | N SEM CONDUCTOR PROCESSI NG A R
BACKGROUND OF THE | NVENTI ON Field of the Invention

The present invention generally relates to the field of sem conductor
device fabrication, and nore particular, to usage of deuterated materials

I n sem conduct or devi ce processing. Description of the
Rel ated Art El ectroni c devices, such-as netal oxide sem conductor
(MOS) transistors, used in VSLI integrated circuits experience a nunber of
wear out mechanisns that limt the degree to which they can be mniaturized
(scaled). One of these nechanisns-is the so-called hot (energetic) electron
ef fect. For instance, in thermally oxidized silicon, such as gate
oxide formed on a silicon substrate, it is possible for electrons (or

hol es) generated in the silicon substrate by device action to escape from
the silicon and becone injected into and be trapped in the adjoining
silicon oxide. Depending on the use conditions and the details of the
structure of the source and drain diffusions of a MOSFET device, there wll
be nore or fewer electrons of greater or |esser energy generated in the

devi oo dosi gn N5t B PARARAD ihieRupds, o8| SafttoMpeaen BRI | o) ana

hori zontal ), which aggravates hot electron effects. Anbng other things, the
hot electron effects result in a slow, |long-termchange in the threshold

voltage, as well as a rEduchh&ﬂyhﬂnhfﬁml&ﬁ@%ﬁﬁﬂgﬂﬁbﬁ”ce of MOSFET devi ces.

Hot el ectron effects also can g! vledrlfs%ht oIt et_nown
le [o] e invencion

The present invention generally relates to the field of
semiconductor device fabrication, and more particular, to usage
of deuterated materials in semiconductor device processing.

Description of the Related Art
Electronic devices, such as metal oxide semiconductor (MOS)

transistors, used in VSLI integrated circuits experience a number
of wear out mechanisms that limit the degree to which they can be
miniaturized (scaled). One of these mechanisms is the so-called
hot (energetic)'electron effect.

For instance, in thermally oxidized silicon, such as gate
oxide formed on a silicon substrate, it is possible for electrons
(or holes) generated in the silicon substrate by device action to
escape from the silicon and become injected into and be trapped
in the adjoining silicon oxide. Depending on the use conditions
and the details of the structure of the source and drain
diffusions of a MOSFET device, there will be more or fewer
electrons of greater or lesser energy generated in the silicon
substrate and injected into the gate oxide.

The trend in VSLI device design has been towards increased
electric field (both vertical _and horizontal), which aggravates
hot electron effects. Among other things, the hot electron
effects result in a slow, long-term change in the threshold
voltage, as well as a reduction in the transconductance of MOSFET
devices. Hot electron effects also can give rise to the known



- 2- phenomenon of deterioration in the [owlevel current gain of

bi polar transistors whose emtter-base junctions have been subjected
t o aval anche br eakdown. The accepted theory on how the hot el ectrons
cause damage to the silicon/silicon oxide interface is that the hot

el ectrons stinulate desorption of hydrogen fromthe silicon/silicon oxide

I nterface by breaking sone of the Si-H bonds. present on the silicon
surface, leading to an increase in interface trap density and a degradation
i n device performance. The hydrogen is present at the interface after being
I ntroduced into the device as result of sem conductor processes such as
post-netallization anneals of wafers conducted at |ow tenperatures in

hydr ogen anbi ent, which inprove device function by passivation of crystal
defects at the silicon/silicon oxide interface. The term "passivation”
means that the hydrogen satisfies dangling bonds at the silicon/silicon

oxi de interface. However, the Si-H passivation bonds forned at the
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at the interface after being introduced into the device as result
of semiconductor processes such as post-metallization anneals of
wafers conducted at low temperatufes in hydrogen ambient, which
improve device function by passivation of crystal defects at the
silicon/silicon oxide interface. The term "passivation" means
that the hydrogen satisfies dangling bonds at the silicon/silicon
oxide interface. However, the Si-H passivation bonds formed at
the silicon/silicon oxide interface during such annealing
processes are susceptible to dissociation by hot electron
excitation.

It has recently been found that the hot electron effect may
be mitigated by replacing deuterium (D) for hydrogen used in the
prassivation of the interface traps at the silicon/silicon dioxide
interface. (J.W. Lyding et al., Appl. Phys. Lett. 68 (18), 29
April 1996, pp. 2526-2528; and I1.C. Kizilyalli et al., IEEE
Electron Device Letters, vol. 18, No. 3, March 1997, pp. 81-83.)
The'element hydrogen has three known isotopes:-

ordinary hydrogen, or protium, H; heavy hydrogen,
or deuterium, ?H; and tritium, H. Lyding et al. and
Kizilyalli et al. teach that the deuterium isotope accumulates at

the silicon/silicon dioxide interface during post-metal anneal
processes, such as is done in a deuterated forming gas (D, /N) at



processes, such as is done in a deuterated formng gas (Derr]/Nerr]) at
-3- a tenperature of 400[err]C The resulting silicon-deuterium(Si-D)
bonds forned at the silicon/silicon dioxide interface are found to be nore
resistant to dissociation fromhot electron excitation stresses than a Si-H
bond. The present investigators, however, have determ ned that
deuteriumincorporated into a silicon/silicon dioxide interface for

passi vation by anneal processes tends to™dFift away fromthe interface as a
result of subsequent thermal cycling incurred in the further processing of .
t he sem conduct or device, even where only relatively noderate tenperatures,
such as about 400[err]C, are involved. In particular, the present

i nvestigators have confirnmed with secondary-ion-mass spectroscopy (Sl M5)
data that deuteriumincorporated at the silicon/silicon dioxide interface
can and does mgrate away fromthe interface during subsequent processing
of the sort which effectively "anneal s" the wafer as the intended objective
or as an inctempezdtuekf oft 400°¢.dChéeresulyingcesslicurileasetitm dRipdyi ti on.
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consequeneghancements imparted by the deuterium anneal of the prior art
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were evanescent in nature based on what the present investigators
have determined. For purposes of this application, the term
"anneals"”, and variants thereof, means subjecting a semiconductor
wafer to at least one thermal cycle in which it is heated and
thereafter cooled.

Therefore, problems remained unresclved in the prior art
with respect to semiconductor processing involving hydrogen-
containing reactants and ambients which tended to cause
silicon/silicon dioxide interface disruption.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide unigue
approaches for introducing deuterium
into silicon/silicon dioxide interfaces of semiconductor devices.
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- 4 - there is no source of hydrogen available to replace deuterium
passivating the silicon/silicon dioxide interface and a |arge reservoir of
deuteriumis rmade available within the device itself to supply deuteriumto
the silicon/silicon dioxide interface as needed should the passivating
deuterium be thermally detrapped during subsequent processing. In
anot her enbodi nent of the invention, as inproved post-netal anneal process
for sem conductor devices is prOV|ded -#n which the beneficial effect of a
deuterium anneal on the silicon/silicon dioxide interface is effectively
"sealed in" and protected fromfurther processing. |In this enbodinent, a
deuterium anneal is first perfornmed to incorporate deuteriumat the
silicon/silicon dioxide interface of a transistor device made by
conventional processing up to that point, and then the device is seal ed by
formng a high deuteriumconcentration reservoir |layer on the device. In a
further optional step, a diffusion barrier film such as a jet vapor
deposi ted nitriteisrarmthew byikdgewrintbe ipteseatieinvdritinn togepranitiesid ane,
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gate oxide is formed by a unique technique of pyrogenic wet
oxidation using deuterium-based chemical species. Further, other
film elements of the semiconductor device such as the gate, gate
sidewall spacers, and nitride barrier film and so forth, in
addition to the gate oxide, which otherwise would be formed with
hydrogen based reactants also have deuterium substituted for the
hydrogen. As a consequence, there is no source of hydrogen
available to replace deuterium passivating the silicon/silicon
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According to an aspect of the present invention, there is provided a nethod
of formng a deuterated filmfor a sem conductor device conprising the step
of providing a source material conprising a deuterated species during
formation of a film Accordi ng to anot her aspect of the present
invention, there is provided a nethod of for maki ng a MOSFET devi ce havi ng
enhanced resi stance to hot electron effects, conprising the steps of:

provi ding an internedi ate seni conduct or “devi ce conprising a silicon
substrate, a conductive gate on said silicon substrate, and a gate oxide
provi ded between said silicon substrate and said gate; anneal i ng
the sem conductor device at a tenperature ranging from about 400 to
600[err]C in a deuterium containing anbient; and formng a
reservoir and barrier nitride filmcontaining deuteriumon said anneal ed
sem conduct or devi ce. Accordi ng to another aspect of the present
invention, there is provided a nethod of formng a sem conductor device
conpri si nglitdxddet eprstexfface and a gaggedirerpryodgur ef dmtteriiam cbeprads ng a
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layer on the device. In a further optional step, a diffusion
barrier film, such as a Jjet vapor deposited nitride or a low
hydrogen nitride made with nitrogen and silane, is formed on the
high deuterium concentration reservoir layer. The deuterium
nitride barrier layer having a low hydrogen density helps seal in
the beneficial effects of the deuterium and allows further
thermal anneals and processing in hydrogen to take place in the
back-end-of-1line (BEOL) processing of the semiconductor device
without exchanging the deuterium with hydrogen.

In another refinement of the invention, low temperature
processing, viz., processing at or below 400°C, is employed
after the deuterium processing to help keep the deuterium at the
silicon/silicon. dioxide interface. The avoidance of thermal
disturbances in this manner reduces the incidence of replacement
of hydrogen for deuterium.

The invention makes the total processing environment for.
semiconductor devices more robust by providing deuterated sources
for the materials used in processes which effect "annealing"” of
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-7- FIG 2 illustrates in cross-sectional view of a MOSFET
devi ce having various deuterated filns incorporated therein according to
anot her enbodi nent of the present invention. FIG 3 illustrates in
cross-sectional view of a MOSFET devi ce having various deuterated filns

I ncorporated therein according to yet another enbodi ment of the present

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS OF THE | NVENTI ON In ag_first enbodinment of this
invention, filnms are originally fornmed bearing a | arge anmount of
deuteriumin the fabrication of the sem conductor device. Two effects
follow. there is no source of reactive hydrogen to replace the deuterium
al ready passivating the interface; and a |arge reservoir of deuterium is
made avail abl e to supply deuterium to the silicon/silicon dioxide
interface in the event passi vating deuterium becones thermal |y

det r apped during subsequent processing. Al so, processing tenperatures
for form nghenmfens tihetl itondnsures dinatontiess cleuteviwmsimaneski ghrenahgh
(i.e., >400§RiakE) abei ALRABShYSS & Nesabihs Ao hh§q{¥ﬂo%hd§e§&1§[ifr%ce and
create a dﬂjtt%rel gmllggdgrgegen xc%ar%%elngcham m, T@er_e ore, using err] in
the processing anbrent> durPRgthETHErSE Puirt 5P e ™ rat eri al deposi tion
passi vat es st afftdlehatconyeational degenitepdugtiore heetésringp t intdiering
p;gcgssirmhjdﬁﬂ@Ehaéquaining N@éittﬁ?@%CiE&$a|Hﬁbigﬁﬁb theds fﬁ?St caﬁTe
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Such a oclaastant témﬁéaihagﬁionid¥3Eﬂge§iliéaﬁysiff@gﬁﬂdibxide interface
from hot electron effects. This provides improved retention of
high device performance over the life of the semiconductor
device, and it enables the semiconductor device to go tb'higher
speeds with higher currents without experiencing hot electron
effect damage problems. That is, more current can Se pushed
through the device containing deuterated films according to this
invention, or, alternatively, less silicon/silicon dioxide
interface damage is sustained with the same current. Also, by
reducing the guardband or margin required by the hot electron
effect, fabrication costs can be reduced gsignificantly by virtue
of higher speed sorting.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, aspects and advantages will
be better understood from the following detailed description of
the preferred embodiments of the invention with reference to the
drawings, in which:

FIG. 1 illustrates in cross-sectional view
of a MOSFET device having various deuterated films incorporated
therein according to the present invention.
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- 8- deuterium oxide (Dlerr]O wused in wet oxidation
systens, or deuterated silane (SiDerr]), dichlorosilane (SiC[err]P[err]
), and anmonia (ND[err]) used to provide films by chem cal vapor deposition
(CVD) processes. These deuterated materials are used in one or nore of the
depositions of conponents such as gate oxides, polysilicon gates, sidewall
Spacers, barrier nitrides, and even oxide passivation filnms, and so
forth. An overarching principle of this enbodinment is the identification
of film processes which provide either a hydrogen-contai ni ng environment

whi ch "anneal s" the wafers as a by-product of the deposition or which
provide a reservoir of hydrogen which may be driven into the gate oxides
during subsequent processing. Applicable processes would al so be defined as
those occurring before formati on of a deuterated passivation nitride which
bl ocks hydrogen diffusion fromany subsequently fornmed filns into the gate

oxi de, althouqﬂF%?§ Eifﬁgfﬁﬁﬂgéwﬁér§%§%§§S%@§§LXEEiéyé*fi'"B al so can be

enconpassed by i nven A ] arrrer nitride layer is not
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t he nunbethefeirheseotddingetd ayetienheniodiannb eofl eiec pataehiacioweditignt 0 t he
invention, i.e., deuteriumand deuterium conpounds currently are costly

and/or availahiJity iis.limted. /Ideally, as.many of these |ayers that
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nost i mpog t ant fﬂmthls poi nt to subdue hot electron effects and inhibit

m gration 0 J%d%ériun1and hydrogen away fromtheir original incorporation
sites in the device. Referring to the MOSFET device 100 illustrated in
FIG 1 having a silicopesatdisdy aksciipmroti spuTEE/PRWFERRED Egi ons 12 and 13,

films that can be addressed by tiixrS HOIHEeMviiSonde the

In a first embodiment of this invention, films are
originally formed bearing a large amount of deuterium in the
fabrication of the semiconductor device. Two effects follow:
there 1is no source of reactive hydrogen to replace the deuterium
already passivating the interface; and a large reservoir of
deuterium is made available to supply deuterium to the
silicon/silicon dioxide interface in the event passivating
deuterium becomes thermally detrapped during subsequent
processing. Also, processing temperatures for forming many of the
films in semiconductor devices are high enough (i.e., >400°C) to
depassivate +the silicon/silicon dioxide interface and create 5
deuterium/hydrogen exchange mechanism. Therefore, using D, in the
processing ambient during the initial part of the material
deposition passivates states that have lost deuterium while
heating up to the processing temperature. -

More specifically, in the first embodiment of this
invention, hydrogen-containing materials used as film formation
reactants and species in semiconductor fabrication, which affect
the hydrogen content and processing background, are modified to
instead use their deuterated analogs during the formation of the
films. Such a class of materials, includes, for example,



-9- gate oxide 14, the gate polysilicon 15, the sidewall spacer 16,
the barrier silicon nitride |ayer 18, and the deposited oxide passivation

| ayer 19 (e.g., Sierr], PSG BSG BPSG. A self-aligned silicide |layer 17
can be provided on the gate 15 and source/drain regions 12/13 by
conventional nethods prior to formng barrier silicon nitride 18. The
silicon substrate, preferably a nonqQcrystalline silicon material, can
be p-type or n-type with mell,inplants'gfovided as appropriate for the
ultimate desired type of FET operation. Isolation processing and wel |l

i mpl ants, of any conventional variety, would be used for the device, but

t hese aspects are not depicted in FIGS. 1-3 for sake of clarity as they do
not specifically formpart of the present invention. An i nport ant
objective of the present invention is to significantly curb if not prevent
damage by hot electron effects at the silicon/silicon dioxide interface 20.
Conventi onal silicon oxidation systens t hat use a hydrogenat ed
react ant denterjemercdide ufRfQN used tie pesseexidabiont i smstems.or or

silicon digeutdpate&d | Isqa)antal té&b t)hat dheﬁmmlaaﬁe dw{c@g% ah@'amnidhghance,
o produqu gaﬁ%a O)% 50&&95 S em; g }?e?rﬁgﬂ ogE“giortled(cq’)]SI o

processes ‘usi er & Can 3ord|ng
to the pr@é‘éﬁ?s??ﬁ/ent%ﬁet 6%?%*&@ nate argnﬁ%ﬁndpawa?é neyen®Lon
silicon. the depdﬁntﬂuhsspeﬁlé¢mpdnqmtsca$udh1a@fgahes dHiket, epbrmhﬂmﬂabnof t he
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are a ases used in
convent i oR2FSHERTRN m8n r%fgeszE'gﬁ tA(S‘ fSY?ﬁ?Wg}%ﬁgl p'ﬁﬁ‘ e ?%% he
present i rvhdat i embodiment] O3 [xye igedtifinatignedoff QAL 1y ePrabsssemtwidchor t he

respecti verbyfaeJedi thed! aify@dRinvicsataifieithgd ehvNGorRintOxheah i Odhr¥Q@®SSi Ng.
In one pr erreg enmbodi_nment, a pyrogenic water systemis used for the wet

oxi dati on progass T% Re formthe gate oxide. In
by-product of the deposition or which provide a resexrvoir of

hydrogen which may be driven into the gate oxides during
subsequent processing. Applicable processes would also be defined
as those occurring before formation of a deuterated passivation
nitride which blocks hydrogen diffusion from any subsequently
formed films into the gate oxide, although the processing of
oxide passivation f£ilms also can be encompassed by this invention
where the barrier nitride layer 1is not deuterated. Economical
considerations or supply considerations may restrict the number
of these device layers which can be deuterated according to the
invention, i.e., deuterium and deuterium compounds currently are
~costly and/or availability is limited. Ideally, as many of these
layers that otherwise would be formed with or in the presence of
hydrogen would instead be deuterated to enhance the overall
effect, although emphasis on deuterating the gate oxide and
silicon nitride barrier layers is thought most important at this
point to subdue hot electron effects and inhibit migration of
deuterium and hydrogen away from their original incorporation
sites in the device.
Referring to the MOSFET device 100 illustrated in FIG. 1
having a silicon substrate 11 and source/ drain regions 12 and
13, f£ilms that can be addressed by this embodiment include the



this regard, oxygen and deuterium instead of the other
conventional co-reactant, i.e., hydrogen, are directly fed to a diffusion
tube, e.g., quartz or pure silicon, in which the wafer is

mai ntai ned at a tenperature of between 700 to 1000[err]C, where the gases
react to forma vapor of deuteriumoxide (Dlerr]O, i.e., heavy water
vapor, which is the source of the water for the oxidation process. For

i nstance, an Qerr] flow rate of about 69§Ln1(standard liters per mnute)
and a Djerr] flowrate of about 3.6 sLmcan used for a duration sufficient
to forman oxide filmthickness of about 30A to about 200A with 0-9% DC
equi val ent . During the gromh of the gate oxide filmon silicon during
the wet oxidation process, the deuteriumaccunulates in the gate oxide as
the filmis being formed on the silicon substrate. This in situ

I ncorporation of the deuterium during gate oxide formation provides a
robust silicon dioxide and silicon/silicon dioxide interface which-is nore
resi st ant 9arFenoride et dtheef pate polysilithe l%vdheofidewalkl i sprcer 16,

i ]p]gor por atti) Bagdesk tL) 1l%e nhi@i‘-iﬁ{@tllé&erdfe/,i cankiachyr eadgynebat oﬂc%ct ron
eftects | or,_ .ot A SE (0} ct ayers, can
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hydr ogenatmedrioascl2 618 spaciceavantti aralsy atehodd mipbeto c fRmieapbayerkuri ng

the sem CoidUehar AP ! alibl COmON. IGP0GH GudlratlP! Y Aedklabi) ! LY
constraints naéyggevent sych a scenari.o ronlbelng_ easi bl'e. eretore,
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bl ends of Rf&MF #IRe 688N Takariahe sCahd RFaPetyRe 5| S5 t¥BALE at ed
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nitride balt SPEVERT Fidk ¥RET ST BEARE A F&F , these
aspects are not depicted in FIGS. 1-3 for sake of clarity as they
do not specifically form'part of the present invention.

An important objective of the present invention is to
significantly curb if not prevent'damage by hot electron effects
at the silicon/silicon dioxide interface 20.

Conventional silicon oxidation systems that use a
hydrogenated reactant are generally useful in the present
invention to form silicon dioxide (siliéa) films that incorporate
deuterium; for instance, to produce gate oxide 14 on a
semiconductor substrate. Wet oxidation processes using water and
CVD systems using silane can be adapted according to the present
invention to provide deuterated silicon dioxide films on silicon.

As one specific application of this first embodiment of the
invention, a ‘wet oxidation’ process is used to produce gate
oxide 14 on a semiconductor substrate. Water, HCl, and TCA are
among the gases used in conventional wet oxidation processes used
to form thermal oxides. In the present invention, D, 0, DCl, and
deuterated TCA are substituted for the respective hydrogen
analogs otherwise used during wet oxidation processing.

In one preferred embodiment, a pyrogenic water system is
used for the wet oxidation process to the form the gate oxide. In



films, found in MOSFET devi ces which otherw se can al so contain significant
fractions of hydrogen which can be released into the underlying oxide
during back-end-of-1ine (BEOL) anneals, such as the contact or a liner
anneal conducted at 550-600[err]C. Thus, other filnms that advantageously
can be forned using deuterium anal ogs in place of their conventional

hydr ogen containing reactants and/or dilgtants used in filmformation are
illustrated bel ow. For exanple, gate polysilicon 15 can be fornmed in a
deuterated state by CVD nethods in which conventional hydrogen reactants
are replaced by their deuteriumanal ogs. Gowh of polysilicon filns by
LPCVD by deconposition of SiHerr] , as optionally diluted sonetines
with Herr] for reasons of safety, is known in the field. However, in the
present invention, gate polysilicon 15 can be forned by LPCVD in
which SiDlerr] is substituted for silane (SiHerr]), and Dierr] is
substituted for any Herr] dilutant carrier gas, used in formng the

pol ycryst &hlisnersgardi,on eppissi landonfleut@imih ofinsteadol wEi | then qdtes usi ng
such CVD poaeeatisehcan be carried out at a systemtenperature of from
about 550 to_650[e rr]C at stem pressur 9 Torr usi.ng.a .source
gas of 35G°SEERTE Prer i S an?‘%%‘ 8 ré?r]delr""’f‘l"t—‘\)}/?ﬁ %%8 8 & oMHEHHSA des a
filmthi ckibes of-@aboulguantd tar SOTEA. silicony sPEev%iFJIChr h&haavated ddsi6 for
gate 15 caaiheaipsdes Ry tenpsidtusld 08fobetifdenf GDOHED 1DOOYEYt EvRéSs £HEA f O

conventi o n LOWED S 0 an be
acconpl i s%gg %Céa;g@usr %hg %%ﬁp%m g%rr%%‘é%%x{}ﬁg ggf%%o 9%&?‘ %C‘ )&gega%&cerr]
flow rat eW&FeES"%lE?ﬁ ¥@dfBr b# cehercrougge L5 dHecwat g pfidation

20- 30[ er r p@ocensankdy emskanee) i emn gas£adw a-a‘ﬁeOWofahmouﬁ 60 sLmt Osfartiegecm to
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syst ens c@h’OBé |‘fq @pous 29@4 e97$|Q§[1ereﬂ]41Vﬁ1?ﬂ’f&ce of the silane to

grow deut er at eDusisievalel gebwrtigaos | kiB. gate oxide film on silicon during
the wet oxidation process, the deuterium accumulates in the gate
oxide as the film is being formed on the silicon substrate. This
in situ incorporation of the deuterium during gate oxide
formation provides a robust silicon dioxide and silicon/silicon
dioxide interface which is more resistant to hot electron
effects.

The 1level of deuterium incorporation needed to prevent

premature device failure from hot electron effects in the gate .
oxide, or other semiconductor layers, can be empirically
determined by one skilled in the art. That is, although, ideally,
it would be most preferred to use deuterated analogs for every
hydrogenated reaction species and/or system atmospheric gas
employed during the semiconductor device fabrication, economic
and supply availability constraints may prevent such a scenario
from being feasible. Therefore, blends of deuterium and hydrogen
reactants and gases are also contemplated as 1long as care is
taken to use sufficient deuterated reactants to achieve the
inventive objects described herein. Also, not only the gate
oxide, but also sidewall spacer films, polysilicon gates, barrier
silicon nitride barriers (if present), and oxide passivation



-12- Al so, deuterated sidewall silica can be grown by PECVD by the
reaction of SiDerr]/Q SiDerr]/CJerr] and SiD err]/Nerr] O m xtures.

Al so, an oxi de spacer 16 can be formed by deconposition of deuterated TEGCS,
by either CVD or plasma-enahnced CVD. A deuterated sidewall silicon
nitride spacer 16 can be formed by CVD by substitution of NDerr] for
ammoni a and SiDerr] for silane in the CVD.process. Silicon nitride, inits
stoichionetric form has a conmposition given by Si[err]Nerr], although it
i's understood in the field that considerable departure from stoi chionetry
I's often encountered in deposited silicon nitride filns such that. t hey
sonetines are referred to nerely as "SiN' filnms for this reason. The
source/drain regions 12/13 are formed by conventional ion inplantation

met hods. According to conventional techniques, the oxide (or nitride)
spacer |ayer .16, as forned in the step described I nmedi ately above, 1is
renmoved anisotropically at locations at the source and drain regions

12{ f13 : eadingsQX£eend Q{n MbBFE'de)déihd.%‘éa*vhﬁcﬂ@erhﬁe pedrysialliseoaoﬂeaﬁx %g A
self-alig LLiclide | a en_forne t S||oge

and the so@égnif %i?%?g frrea%‘:gﬁrsls ‘2’??9}‘{3 ogenn"\%l (iill %%gl Q%ec%'él sed gnﬁfé

deposi t ed YWErPFOVL R %‘3%9‘!#'%%9 sklﬁcfl‘a'@édr:?%'a]rﬂ“ﬁg (RRBL Y %fil}qaélsde F%le (ﬁfsrred by
anneal i ng,theuebntsctbyor a:plldnéhedrrmelalanbﬁaxhct(daTA)t 580+ 600 RTAhub{ éther

pref erabl gshhat vy Wagggaegégﬂr BQ' ?&ﬁﬂacpyugﬂa’% etiéll’wrl‘ﬁfnt fhalogs

anneallng, unreacted netal Ts reane x sel ecti ve | eave
r

sel f-al i gri®d BERFRiYe  Thedr  RRPYRRYE 028 YHFCIeR F%ﬁ?%‘rf?nﬁ/ ¥SRGHRPGh t he
gate 15. Emd/bypéibitadisf usedi ymetilyi focnaieioh/ are hblustardsdabelow! inted,

and it can be peRvenidpnd, Skhtél $RuFALEILA S 18UCHaRS @Suforagaerﬂ S
CoSi[err] ski amllar
with such dzél“gﬁgaﬁ%‘gosﬁ%ef ogPh %&éel'ﬁet&ﬁfia ey w?\ ?‘m ﬁ%mﬁf‘ éLq%iaél gl’éﬁ%‘%ﬁ
transi st oreasgantiptarg deriprred Y i [thasrr &iﬁ%lﬂheﬁwo‘ﬁwouﬁaoﬂm £
necessary godfsilscomderiamandi Bg. LPCVD by decomposition of SiH , as
optionally diluted sometimes with H, for reasons of safety, is
known in the field. However, in the present invention, gate
polysilicon 15 can be formed by LPCVD in which 8SiD, is
substituted for silane (SiH, ), and D, is substituted for any H,
dilutant carrier gas, used in forming the polycrystalline silicon
(polysilicon). Growth of the polysilicon gate wusing such CVD
processing can be carried out at a system temperature of from
about 550 to 650°C, at a system pressure of 150 mTorr, using a
source gas of 350 sccm SiD and 50 sccem ), in which the growth
provides a film thickness of about 1000 to 4000A.
A sidewall thermal oxide 16 for gate 15 can be formed by
substitution of DCl for HCl or deuterated TCA for conventional
TCA. PFor instance, growth of the sidewall thermal oxide can be
accomplished by CVD using a system temperature of 650-900°C, an
0, flow rate of 15 sLm, deuterated-TCA, at a source temperature
of 20-30°C, in an N carrier gas at a flow rate of 0.1 to 1.2
sccm, to provide a film thickness of about 60 to 3000A, depending
on the device design. Alternatively, conventional oxidation of
silane (SiH ) in the presence of an oxidant such as Q or N, O in
APCVD and LPCVD systems can be modified +to instead use SiD, in
place of the silane to grow deuterated sidewall silica films.



- 13- In this first enbodinent, the barrier silicon nitride

| ayer 18 can optionally be deuterated. For exanple, barrier nitride |ayer
28 be fornmed by CVD with substitution of NDerr] for amonia and SiDferr]
for silane. The deuterated barrier nitride bl ocks subsequent diffusion of
hydrogen fromoverlying layers into the device 10. Gowth of the barrier
nitride |ayer 18 can be carried out at,_a systemtenperature of from about
350 to 500[err]C, using a NDerr] fl ow4ate of 15 sccm a SiDerr] flow
rate of 60 sccm and a N err] flowrate of 4000 sccm at a system pressure
of 5 Torr, to provide a filmthickness of ranging fromabout 700 to about
1000[ err]. Oxi de passivation film19 is then forned on the device. The
oxi de passivation film 19 can be doped or undoped silicon oxide. For
exanple, oxide passivation film 19 can be fornmed by deconposition
of deuterated-TEOCS to formdeuterated silicon dioxide. Alternatively, oxide
passivation film19 can be formed by deconposition of deuterated-TECS
in the priesendeuterfatesd plhdewdline sidiibarcare, ber gaoen ey d@BEMD ¥y . ethe P, B,
or As-hydriedetibn 40rsuD, [/, sxome, adeusas ohed RSEuRRSGa18b, AsPRxide

Provi si on Qf deut erated axide. passivation layer .19 is especially yseful
for techno _gclggsﬂf;lh(g{n 3’8 ng?nﬁ?ﬁ/g’ Y, g5t e isgngerﬂfﬁ“'”iaz'g Ia@%?g./’ by
Oxi de pasSHFREFoRVY Breplagnaoepahnged A¥RY ati on | ayer between the

pol ysilicon gahe déutanttedansbdeha10p siPicdd | dkir0de ( NEPacehOWMIF . c 4% OW Of
the silicoRaxhdenPass w3t | Qﬁbéﬁll@t?tgncgg ?% C?é&'i e&u%’fhaa%nﬁ. Sy ¥0r
tenperature.of from ab% 300 to about Ofefr].C, using a heljumtlowrate
of 560 sc&hPRFOIRRh BFRCeei= dEdteron SH-oFEER: imditthotokeliongioiis are
conbi ned WioER, ahds ovg composbti@O@ivenchy Gigy, ] althagla itsyst endepstesslire 5
to 20 Torm, the pfalidienatf i ééﬁéi@e&%_ﬂiﬁésdégar]%ggﬂt g@&gr%oggﬁg?{?%r is
e ores csaen pRNEA T Rk gy RS gt =,
dopant i n'R¥ SMELiNes arpeakeiasvedyspemiaredyr RBedSiN" films for this

reason.

The source/drain regions 12/13 are formed by conventional

ion implantation methods. According to conventional tecﬁniques,

the oxide (or nitride) spacer layer 16, as formed in the step

described immediately above, is removed anisotropically at

locations at the source and drain regions 12/13 leaving oxide (or

nitride) sidewalls 16 on the polysilicon gate 15. A self~-aligned

silicide layer 17 is then formed on the polysilicon gate 15 and

the source/drain regions 12/13 by conventional techniques. Metal

is deposited following an in-situ surface cleaning and a silicide

is formed by annealing, such as by rapid thermal anneal {RTA).

During RTA, it is preferable that any hydrogen used be replaced

by deuterium. After annealing, unreacted metal is removed by

selective etch to leave self-aligned silicide 17 at the gate

source/drain regions 12/13 and on the gate 15. The type of self-

aligned silicide 17 is not necessarily limited, and it can be

conventional silicide materials such as PtSi, Pq Si, CoSi and so

forth. Those of skill in the art will be quite familiar with such

steps used to form a self-aligned silicide in a field effect

transistor and further details or illustrations thereof should

not be necessary for its understanding.



-14- above for formng the oxide passivation film 19. The doped
varieties of oxide passivation film 19 can be desirabl e where superior
refl ow properties are needed. Although not required, the phosphine,

di borane, or arsine dopants thenselves could be deuterated (i.e., the
hydrogen atons are replaced by deuteriumin the nolecules) to further
refine the result. The oxi de passivatjizan film 19 al so could be forned
by co- oxidation of SiDerr], and PHerr] (phosphine) wth err].
Deuterated BPSG filnms al so could be grown by CVD nethods using the
co-oxidation of SiDerr], Blerr]Herr] or Blerr]Derr], and PHerr] or
PD[err], with derr] and Nferr]O in a nitrogen carrier gas. The
processing used in the present invention avoids the production of copious
anounts of hydrogen, which otherwi se would be present in the anbients if
non- deut erated reactants were used, which hydrogen would tend to diffuse
into the gate oxi des and displace sone or all of any deuteriumthat was
left there in dm &hisifirstneshbdiment, | tha saodet efbochneiittraliet Diger

i nvention,ig '&hhggti&'xﬂl;}v g8da@se Al er it ie“(ﬁmi)?egel'gagﬁtegngiizpiié tu

[
the filnms durin helr orpat L on, ,.such as the ate oxi de. nst ead,
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i nherent | y4 e i (drogenat ed matertals, and this,
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Oxide passivation film 19 is then formed on the device. The
oxide passivation film 19 can be doped or undoped silicon oxide.
For example, oxide passivation film 19 can be formed by
decomposition of deuterated-TEOS to form deuterated silicon
dioxide. Alternatively, oxide passivation film 19 can be formed
by decomposition of deuterated-TEOS in the presence of a
phosphine, diborane, or arsine dopant (i.e., P, B, or As-hydride)
to form, for example, deuterated-PSG, BPSG, or AsSG. Provision of
a deuterated oxide passivation layer 19 is especially useful for
technologies that do not have a barrier silicon nitride layer.
Oxide passivation layer 19 forms an insulation layer between
the polysilicon gate 15 and standard top metallization (not
shown). Growth of the silicon oxide passivation film 19 can be
carried out at a system temperature of from about 300 to about
500°c, using a helium flow rate of 560 sccm through an ampule of
deuterated-TEOS, and the TEOS vapors are combined with a flow
rate of 800 sccm O, at a system pressure 5 to 20 Torr, to
provide a film thickness of'about approximately 1 micrometer.
Oxide passivation film 19 also could be deposited as
deuterated-PSG, BPSG or AsSCG by including phosphine, diborane, or
arsine as dopant in the same basic reaction system described



26 are fornmed on silicon substrate by conventional techniques. Source/drain

regions 22/23 are forned by conventional ion inplantation nethods. A
self-aligned silicide 27 is then forned on the gate 25 and at source/drain
regi ons 22/ 23. Then, a deuterium anbient anneal is perfornmed to

deuterate the previously fornmed gate oxide 24, gate 25, and gate sidewall
spacers 26, and so forth. This deuterium.apnneal is conducted at 400 to
600[err]C in an anbient of Derr] in an otherw se conventional anneal
furnace arrangenent. The deuterium anneal is used to satisfy dangling bonds
and/ or replace (exchange) as much hydrogen as possible at the
silicon/silicon dioxide interface 20 and in the nearby device filns, such
as gate oxide |ayer 24, polysilicon 25, and sidewall spacer 26. This anneal
of the wafer is typically done at the end of the entire FEOL process
but before the deuteriumreservoir/barrier layer 28 is deposited on the
gate 25. In a subsequent treatnent step, deuterated barrier nitride 28 is
grown on téaeovkevifoe. forminko abeowgideshphhsbtvatilom sfhlihe Ieutiveat @dped
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formed in ﬁ@%uﬂ@gﬂ] o Fr gé,/eredﬁlilltee;_ﬁé elglesl?_l rtri er nitride |layers 18/28
having a hig euterrum concentration, i1s provided and used in conjunction

with an overlyi®§ aftidepassization fHilgnlBarataar crajdrbggiformedi hy oot ow
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i nvent i on,nifgiagen carrier gas.

The processing used in the present invention avoids the
production of copious amounts of hydrogen, which otherwise would
be present in the ambients if non-deuterated reactants were used,
which hydrogen would tend to diffuse into the gate oxides and
displace some or all of any deuterium that was left there in an
earlier anneal.

In a second embodiment of this invention, a method is
provided as an alternative to deuterating in situ the films
during their formation, such as the gate oxide. Instead,
deuteration is effected by a post~anneal treatment and then the
device is sealed with a deuterium reservoir and/or barrier layer.
This method can reduce fabrication costs significantly as
deuterated materials are inherently more expensive than
hydrogenated materials, and this embodiment effectively reduces
the number of process steps requiring use of deuterated chemical
species. The second embodiment of the invention has two different
variants described below.

In the first variant shown in FIG. 2, the basic concept is
to start with a device structure 200 having films formed using
the standard hydrogenated reactant materials for each respective
film. That is, gate oxide 24, gate 25 and gate sidewall spacers



-16- oxi de 34, gate polysilicon 35, and gate sidewall spacers 36
are deposited by conventional nethods wthout wusing deuterated
reactants at that tine. The diffusion barrier |layer 38b can be forned
as a jet vapor deposited (JVD) nitride, such as by nethodol ogy described in
X. W Wang et al., The Japanese Society of Applied Physics, "Hi ghly
Reliable Silicon Nitride Filns Made by19et Vapor Deposition,” reprinted
from Ext ended Abstracts of the 1994 Inter. Conf. on Solid State Devices and
Mat eri al s, August 23-26, 1994, Pacifico Yokohama, Japan, pp. 856-858, which
descriptions are incorporated herein by reference. Aternatively, diffusion
barrier layer 38b can be forned as a | ow hydrogen content nitride made with
nitrogen and silane instead of ammoni a and sil ane. The deuterium
reservoir film38a and diffusion barrier |layer 38b conbi nati on together act
to dilute the effect that any remaining hydrogen present in the device may
have and effectively "seals in" the beneficial effects of the
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as possible at the silicon/silicon dioxide interface 20 and in
the nearby device films, such as gate oxide layer 24, polysilicon
25, and sidewall spacer 26. This anneal of the wafer is typically
done at the end of the entire FEOL process but before the
deuterium reservoir/barrier layer 28 is deposited on the gate 25.
In a subsequent treétment step, deuterated barrier nitride 28 is
grown on the device.

To accomplish this, the single deuterated barrier/reservoir
layer 28 can be formed in the same manners as described above for
deuterated nitride layer 18 of the first embodiment. The layer 28
forms a reservoir of high deuterium concentration on the layers
previously deuterated by the deuterium anneal. '

In a second variant of +the second embodiment, as shown in
FIG. 3, a deuterium reservoir layer 38a, which is formed in the
same manner as above deuterated barrier nitride layers 18/28
having a high deuterium concentration, is provided and used in
conjunction with an overlying and separate diffusion barrier
layer 38b, having a low hydrogen and deuterium concentration,
which inhibits hydrogen/deuterium migrations. In FIG. 3, there is
also shown silicon substrate 31, source/drain regions 32/33, gate
oxide 34, gate polysilicon 35, gate sidewall spaéers 36, and
silicide 37. In this second embodiment of the invention, gate



deuterated barrier nitrides to preserve the benefits of that anneal.

In another further refinenent of this invention that is applicable to
either to first or second enbodi nents as descri bed above, | ow tenperature
processing, viz., processing below 400[err]C, is enployed after any and al
deuteriumincorporating steps to help keep the deuterium at the
silicon/silicon dioxide interface. The avoi dance of thernmal disturbances in
the device in this nmanner reduces thé&6- incidence of hydrogen for
deuterium repl acenent. For exanple, as applied to the second enbodi nent of
this invention, anneals perforned after either deposition of the deuterium
reservoir nitride layer 28 as used w thout an acconpanyi ng
diffusion barrier layer, or after deposition of both a deuterium reservoir
nitride layer 38a and a diffusion barrier |layer 39b, would be perforned
bel ow a tenperature of 400[err]C. Such anneals to be conducted bel ow a
tenperature of 400[err]C could be post-netallization anneals. Also, a
convent i on@¥idRekh,f gakei oot uiddapn t3mt andousemisidevalbespagansd 36nare he
oxi de passdepésitied ayBy Sotblensoh&) eme¥Boli® RHiBhodt WesHxh bAeawbihesy
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ereln by reference. Alternatlvely, diffusion barrier layer 38b
can be formed as a low hydrogen content nitride made with
nitrogen and silane instead of ammonia and silane.

The deuterium reservoir film 38a and diffusion barrier layer
38b combination together act to dilute the effect that any
remaining hydrogen present in the device may have and effectively
"seals in" the beneficial effects of the incorporated deuterium
and allows further thermal anneals and processing in hydrogen to
take place in the back-end-of-line (BEOL) processing of the
device 300 without exchanging the deuterium with hydrogen. The
passivation oxide 39 can then be deposited on top of the
deuterated barrier film 38a and diffusion barrier film 38b, and
it need not be deuterated.

The present investigators have confirmed by SIMS that a
conventional nitride barrier layer formation process is a source
of hydrogen by virtue of the SiH, and NH reactant used. The
problem is that the hydrogen introduced via SiH, and NH during
the nitride process replaces the deuterium accumulated at the
silicon/silicon dioxide interfaces during the prior post-metal
anneal process with hydrogen. Thus, this embodiment involves
performing not only a post-metal process deuterium anneal for
passivation, but follows up by using deuterated reactants to form



- 18- deuterium serves to passivate the grain boundaries and provide
greater resistance to hot electron stresses. In the latter case, deuterium
is less likely than hydrogen to drift through the poly and into the bipolar
junction where it could de-activate boron. Al so, the degradation of the
oxi de over the emtter-base junction by reverse-biased current will be

suppr essed. VWil e the invention hasibeen described in terns of its
preferred enbodi nents, those skilled in the art will recognize that the

i nvention can be practiced with nodification within the spirit and scope of
t he appended cl ai ns. - 19 -

CLAI M5 VWhat is clainmed is:

deuterated barrier nitrides to preserve the benefits of that
anneal.

In another further refinement of this invention that is
applicable to either to first or second embodiments as described
above, low temperature processing, viz., processing below 400°C,
is employed after any and all deuterium incorporating steps to
help keep the deuterium at the silicon/silicon dioxide interface.
The avoidance of thermal disturbances in the device in this
manner reduces the incidence of hydrogen for deuterium
replacement. For example, as applied to the second embodiment of
this invention, anneals performed after either deposition of the
deuterium reservoir nitride layer 28 as used without an
accompanying diffusion barrier layer, or after deposition of both
a deuterium reservoir nitride layer 38a and a diffusion barrier
layer 39b, would be performed below a temperature of 400°C. Such
anneals to be conducted below a temperature of 400°C could be
post-metallization anneals. Also, a conventional densification
anneal that commonly is performed on the oxide passivation
layer, such as layer 39 in FIG. 3, would be omitted altogether in
this refinement, as they conventionally must be conducted at
temperatures exceeding 400°C. .

This invention is not particularly 1limited +to only the
examples mentioned above, but instead covers a number of
occasions to use its principles depending on the details of the
process integration in a particular technology. This invention
can be practiced in any situation where deuterated materials are
being used specifically to either preserve the effects of
separate deuterium anneals or to produce deuterium reservoirs,
instead of hydrogen reservoirs, to provide this effect following
subsequent heat cycles

This invention is also contemplated for application in TFTs,
rolyresistors and polyemitter bipolars. In the first two cases,



1. A nmethod of formng a deuterated filmfor a sem conductor device
conprising the step of providing a source material conprising a deuterated
species during formation of a film 2. The nmethod as in claiml1, wherein
said filmformng step is a deposition. 3. The nethod as in claim2,
wherein the deposition step is for sem conductor processing. 4. The
nmethod as in claim3, wherein the _deposition step provides a
reservoir of deuteriumfor passivating'§3§eniconductor surface. 5. The
method as in claim 2, wherein the deposition step provides a barrier
to hydrogen diffusion. 6. The nethod as in claim 2, wherein said
deposition step deposits deuterated silicon nitride. 7. The nmethod as
inclaim 1, wherein said filmis silicon dioxide formed on a silicon
substrate by pyrogeni c wet oxidation wherein said deuterated species
i ncl udes deut eri um oxi de. 8. The nethod as in claim1l1, wherein said
filmis selected fromthe group consisting of a gate oxide, a polysilicon
gate, a galeutsirjumaberegmcdo, pasbivater thet gralin bayedarbes andScrbaydes .
- 20- greater resistance to hot electron stresses. In the latter case,

deuterium is less likely than hydrogen to drift through the poly

and into the bipolar junction where it could de-activate boron.

Also, the degradation of the oxide over the emitter-base junction

by reverse-biased current will be suppressed.

While the invention has been described in terms of its
preferred embodiments, those skilled in the art will recognize
that the invention can be practiced with modification within the

spirit and scope of the appended claims.



9. The nethod of claim 1, wherein said deuterated filmis formed on
a silicon substrate. 10. A nethod of for maki ng a MOSFET devi ce having
enhanced resistance to hot electron effects, conprising the steps of:

provi ding an internedi ate sem conductor device conprising a silicon
substrate, a conductive gate on said silicon substrate, and a gate oxide

provi ded between said silicon substrate-mad said g ling the
sem conductor device at a tenperature ranging fron’ﬂml ,Ilmm"mﬁm[e”]c
d

in a deuteriumcontaining anbient; an m ng @ reservel r+and
barrier nitride film containing deuteriun1on sald anneal ed sem conduct or
devi ce. 11. The method as in claim 10, wherein said step of formng the

reservoir and barrier nitride film conprises perform ng plasnma enhanced
chem cal vapor deposition on said FET device in an anbi ent containing
SiDerr] and NDerr]. 12. The method of claim 10, further conprising the
step of formng a hydrogen and deuteriumdiffusion barrier nitride | ayer on
said deuteriumreservoir and barrier GLAIM8e film 13. The met hod of
claim 11, wherein sald hydrogen and deuteriumdiffusion barrier nitride
layer is forgg 1Almed_vapor deposi tion. 14. A method of formng a
sem conduct or V|ce conpr|5|ng t he

1. A method of forming a deuterated film for a semiconductor
device comprising the step of providing a source material
comprising a deuterated species during formation of a film.

2. The method as in claim 1, wherein said film forming step is

a deposition.

3. The method as in claim 2, wherein the deposition step is for

semiconductor processing.

4. The method as in claim 3, wherein the deposition step
provides a reservoir of deuterium for passivating a semiconductor

surface.

5. The method as in claim 2, wherein the deposition step
provides a barrier to hydrogen diffusion.

6. The method as in claim 2, wherein said deposition step

deposits deuterated silicon nitride.

7. The method as in claim 1, wherein said film is silicon
dioxide formed on a silicon substrate by pyrogenic wet oxidation
wherein said deuterated species includes deuterium oxide.

8. The method as in claim 1, wherein said film is selected from
the group consisting of a gate oxide, a polysilicon gate, a gate
sidewall spacer, a barrier nitride layer, and a PSG layer.



-21 - steps of: providing a source nmaterial conprising a deuterated
species during formation of a filmon a silicon substrate; and

perform ng processing steps after said providing step adequate to conpl ete
t he sem conduct or device, wherein said processing steps each are conducted
at a tenperature less than 400[err]C. 15. The nethod of claim 14,
wherein said processing steps include at | east one annealing process. 16.
The met hod of claim 14, wherein said ﬁ%ﬁcessing sti uumﬂulﬂm st one
anneal i ng process conducted in a deuterium containi A ”ﬂ'HHﬂa

The nethod of claim-14, wherein said seni conductor device ts "an SFEF devi ce.
18. A sem conductor structure, conprising a sem conductor and a film
said filmconprising a reservoir of deuteriumfor passivating said

sem conduct or. 19. The structure as recited in claim 18 wherein said
sem conductor conprises a sem conductor surface and said filmis on said
surface. 20. The structure as recited in claim18 wherein said film
is on anot Rer fThen oretdedd efndledmdudt orvheredh said Tdmutstratetiur£ils is

recited i nfekabdn i .a WHGHELA SAdtddtkl is a layer on a stack of films.

22. The structure as recited in claim 18, wherein said filmis a

si dewal | spacer. 23. - The structure as recited in claim 18, wherein
said film éBmprd serethodiat efi £or t Makind| az MBBFETc ofeiktr baving asrhired

24. Theesi stidy &ocahoteelddonn e€Fatta,lGompbestnd 3l dtbpkmeonpri ses a

dielectric.

providing an intermediate semiconductor device comprising a
silicon substrate, a conductive gate on said silicon substrate,
and a gate oxide provided between said silicon substrate and said
gate;

annealing the semiconductor device at a temperature ranging
from about 400 to 600°C in a deuterium containing ambient; and

forming a reservoir and barrier nitride film containing

deuterium on said annealed semiconductor device.

11. The method as in claim 10, wherein said step of forming the
reservoir and barrier nitride film comprises performing plasma
enhanced chemical vapor deposition on said FET device in an
ambient containing SiD, and NI).

12. The method of claim 10, further comprising the step of
forming a hydrogen and deuterium diffusion barrier nitride layer
on said deuterium reservoir and barrier nitride film.

13. The method of claim 11, wherein said hydrogen and deuterium
diffusion barrier nitride layer is formed by jet wvapor

deposition.

14. A method of forming a semiconductor device comprising the



- 22 - 25. The structure as recited in claim23, wherein said film
conpri ses oxi de. 26. The structure as recited in claim23, wherein
said filmconprises nitride. 27. The structure as recited in claim
18, wherein said filmconprises silicon. 28. The structure as recited
in claim26, wherein said filmconprises polysilicon. 29. The
structure as recited in claim23, wherg in said filmconprises a silicide.
30. The structure as recited in cla

m 23, mher d filmconprises
oxi de. 31. The structure as recited in cIainqu!ﬂE #u"'&ﬂu
structure conprises a MOSFET, a TFT, a polysilicon i pol ar
devi ce. 32. The structure as reC|ted in claim23, mherein said
reservoir conprises a material formed froma deuterated reactant. 33.
The structure as recited in claim23, further conprising a deuterium
di ffusion barrier. 34. The structure as recited in claim33. wherein
said barrier conprises nitride. 35. A sem conductor structure,

conpri si ngsterse@wifconductor, a film conprising deuteriumfor passivating
sai d sem conduct or, and a barrier filnifor containing said deuterium 363

The structure d in | ai m er N sai er film is
filniconpr|5|n3&83 u§§7 materlﬁ1 ?S :ﬁie %as°Fe % E%ﬁ?% ﬁpgfé?%135
wher ei n saf¥ring FP@aE%ﬁF})rqfsésfﬁilﬂrWdé‘ 5111C°n substrate; and

performing processing steps after said providing step
adequate to complete the semiconductor device, wherein said
processing steps each are conducted at a temperature 1less than
400°C.

15. The method of claim 14, wherein said processing steps

include at least one annealing process.
16. The method of claim 14, wherein said processing steps
includeat least one annealing process conducted in a deuterium

containing ambient.

17. The method of claim 14, wherein said semiconductor device is
an FET device.
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