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the area Wherel t he ?h k dielectric becones the gate of a ET. However,
hi gh- Sjzes (e.g., the smallest component (or line) that may be created using the process) of

less than 0.1 pm. However, the reduction in size of device geometries frequently

introduces new challenges that need to be overcome.

As semiconductor devices, such as metal oxide semiconductor field effect
transistors (MOSFETs), are scaled below 0.1 pm, ultra thin SiO, gate oxide dielectric
films that form portions of the devices may exhibit undesirable leakage current. In
order to minimize leakage current while maintaining high drive current, high equivalent
oxide thickness (EOT) may be achieved by using thinner films with higher dielectric
constants (k). EOT is a thickness value used to compare the performance of MOS gate
dielectrics having a dielectric constant that is different than SiO, with the performance
of 810z MOS gates. For example, EOT may be used to represent the Si0O, gate oxide
thickness required to obtain the same gate capacitance as would be obtained with the
alternate dielectric featuring the different dielectric constant k. One method of
reducing the EOT is by placing a high-k dielectric film (a film having a dielectric
constant k greater than that of SiO,) immediately over the gate of a MOSFET or over
the area where the high-k dielectric becomes the gate of a MOSFET. However, high-k
dielectric films may not have the desired electrical properties needed for a particular
device design, and therefore, post processing may be necessary. Such post processing

adds complexity to the fabrication process and increases production time and costs.



dielectric filnms may not have the desired el ectrical properti

a particular device design, and therefore, post procgssPngthgi BSEdEd ror
necessary. Such post processing adds conplexity to the fabrication process
and increases production tine and costs. 1 Accordingly, what is needed is a
system and nmethod for integrating high-k dielectric layers with other
materials utilized in a sem conductor fabrication process. BRI EF
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The present disclosure relates generally to the field of semiconductor

processing and, more particularly, to a system and method for integrating high-k
dielectric layers with other materjals utilized in a semiconductor fabrication process. It
is understood, however, that the following disclosure provides many different
embodiments or examples. Specific examples of components and arrangements are
described below to simplify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. In addition, the present disclosure may
repeat reference numerals and/or letters in the various examples. This repetition is for
the purpose of simplicity and clarity and does not in itself dictate a relationship
between the various embodiments and/or configurations discussed.

Referring to Fig. 1A and with additional reference to Figs. 2A-2D, in one
embodiment, 2 method 100 illustrates a portion of a fabrication process that may be
used to produce a semiconductor device, such as a metal oxide semiconductor (MOS)
device. It is understood that the MOS device may be a positive-channel MOS (PMOS)
structure or a negative-channel MOS (NMOS) structure, and may have a single finger
design or a multiple finger design. In the present example, the method 100 is used in

the fabrication of a gate on the MOS device. As will be described in greater detail with



used to produce a sem conductor device, such as a netal oxide sem conductor
(MXS) device. It is understood that the MOS device nmay be a
positive-channel MOS (PMOS) structure or a negative-channel MOS ( NMOS)
structure, and may have a single finger design or a multiple finger
design. In the present exanple, the nethod 100 is used in the fabrication
of a gate on the MOS device. As will be described in greater detail with 2
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implantation procedure, as is known in the art. It is understood that the substrate 202
may have a P doped well or a combination of P and N wells.

While not limited to any particular dopant types or schemes, in one embodiment, the
well region 204 may employ boron as a p-type dopant and deuterium-boron complexes for an n-
type dopant. The deuterium-boron complexes may be formed by plasma treatment of boron-

doped diamond layers with a deuterium plasma.

In one embodiment, the well region 204 may be formed using a high density plasma
source with a carbon-to-deuterium ratio ranging between about 0.1 percent and about 5 percent
in a vacuum process ambient. Boron doping may be provided by the mixing of a boron
containing gas with a carborvhydrogen gas. The boron containing gas may include BaHg, B2Dg
and/or other boron containing gases. The concentration of boron doping may depend upon the
amount of boron containing gas that may be leaked or added into the process. The process
ambient pressure may range between 0,1 mTorr and about 500 Torr. The substrate 202 may be
held at a temperature ranging between 150°C and about 1100°C. High density plasma may be

produced by a microwave electron cyclotron resonance (ECR) plasma, a helicon plasma, a



In one enbodi nent, the well region 204 may be fornmed using a high density
pl asma source with a carbon-to -deuteriumratio rangi ng between about 0.1
percent and about 5 percent in a vacuum process anbient. Boron dopi ng nay
be provided by the m xing of a boron containing gas with a carbon/hydrogen
gas. The boron containing gas may include B2H6, B2D6 and/or ot her boron
cont ai ni ng gases. The concentration of boron dopi ng nay depend upon the
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variety of chemical cleaners and cleaning methods. For example, the chemical cleaner
may be a mixture of H,S04 and H>0; (commonly known as sulfuric peroxide mix
(SPM)) that is used for removing native oxides. Other exemplary chemical cleaners and
cleaning methods include a mixture of ammonium hydroxide NH4OH), hydrogen
peroxide (H,0;) and deionized (DI) water, commonly referred to as an "SC1 clean," as
well as a2 mixture of hydrochloric acid (HC1), hydrogen peroxide (H,0,), and deionized
(DI) water, commonly referred to as an "SC2 clean." The chemical cleaning may be
carried out in an high vacuum environment to prevent that formation of an ultra thin
oxide that may occur if the substrate 202 is cleaned in an ambient environment.

In step 103 of Fig. 1A and with additional reference to Fig. 2A, a thin
insulate 205 may be deposited or formed upon the cleaned substrate 202. The thin
insulate 205 may be formed by a plurality of different methods. For example, the thin
insulate 205 may be formed upon exposure to air wherein 3 to 15 Angstroms of native
oxide may readily form on a semiconductor substrate 202. Alternatively, the cleaned

substrate 202 may subsequently proceed to a process where the thin insulate 205 of



may be a m xture of H2SO4 and H202 (commonly known as sul furic peroxide m X
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suitable materials using atomic layer deposition (ALD), chemical vapor deposition

(CVD), plasma enhanced chemical vapor deposition (PECVD), evaporation, or other

methods. Generally, the high-k layer may have a thickness between approximately 3

and 50 Angstroms. With some materials, such as HfO,, the high-k layer 206 may be

blanket deposited on the surface of the substrate 202, while other materials may be

selectively deposited. Alternatively, it may be desirable to blanket deposit some

materials, including HfO,, in some fabrication processes, while selectively depositing

the same materials in other processes. Since the gate oxide thickness continues to

decrease along with device geometries, incorporating such high-k materials may yield

the higher capacitance needed to reduce the gate leakage associated with smaller device

geometries.

In the present example, HfO; is to be deposited as the high-k layer 206 using

ALD, which is frequently used to deposit high-k materials for MOSFET gate

fabrication. ALD provides good step coverage, even on large areas, and a dense and

pinhole free structure. ALD may be particularly useful for the deposition of metals and

metal oxides in high packing density, high aspect ratio applications which have



exanples, it may be formed so as to have a thickness suitable for the MOS
gate. The high-k | ayer 206 may be forned froma variety of different
materials, such as TaN, TiN, Ta20, H 2, Zr2, Hf Si ON, Hf Si x, Hf Si xNy,
Hf Al O2, N Six, or other suitable materials using atom c |ayer deposition
(ALD), chem cal vapor deposition (CVD), plasnma enhanced chem cal vapor
deposition (PECVD), evaporation, or other nmnethods. Generally, the high-k
| ayer may have a thickness between approximtely 3 and 50 Angstrons. Wth
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firny Hf(tfac)s, where tfac = trifluoroacetylacetonate; or Hf(NO3)s. Similar precursors may
be used for the ALD of other high-k materials, such as ZrO,. Because carbon
containing hafnium precursors may result in excess carbon and fluorine incorporation in
the metal oxide film, HfCl4; may be desirable because it may result in limited residual
chlorine incorporation. HfCl4 may also be a preferred metal oxide precursor because it
may be sublimated by injection and vaporization into the process reactor.
H,0 vapor may be selected as an oxygen source for the HfO,. In the present
example, an HfO, deposition process may be carried out at a temperature of 200° C to
400° C, preferably 300° C, with a deposited film thickness of approximately 3 to 50
Angstroms, preferably 35 Angstroms. The ALD process may be performed in cycles
with a series of HfO; monolayers formed during each cycle until the desired film
thickness is achieved for the high-k layer 206.
In step 106 of Fig, 1A and with continued reference to Fig, 2B, a first anneal
may be performed on the substrate 202 after the deposition of the high-k material 206.
Although the first anneal may be selected from a variety of anneals, in the present -
example the first anneal is a hydrogen-based anneal treatment. The hydrogen-based

anneal treatment may cause hydrogen (H,) to attach to any residual CI that may be in



bonded to the substrate surface. The ALD of a high-k material, such as
Hf 2, nmay be achi eved by co-reacting a precursor in the presence of a gas,
and then purging the precursor using the sane gas. For H 2, ALD may
utilize a precursor of Hf, such as HHCO 4, or other organonetallic Hf
sources having a variety of ligands attached to the H atom nay be
utilized. For exanple, appropriate precursors may include HC 4 or Hf (OR) 4,
where Ris an alkyl such as CH(CH3)2; Hf (tndh)4, where tndh =

2, 2, 6, 6theaiphanpohylay s ffteohpned @ﬁ996 gwhfcﬁltéo%‘?ﬁrﬂsesmﬁnttﬁéﬁreﬁem
trifluoroacetyl acetonate; or Hf )4. Simlar precursors may be used for
t he AL[?’E?FnR%?)xeFFhWe@HUWgr?éﬂB?m Gl may chembe driven omeefihssubstrsoR02cont ai ni ng
haf ni u I | i nd ; [ ' oration
"t he o aHeblitRe Aokt ated AhrRUFRSY ofFDABNEAY il Aok BAWET T 11

| i mi t edsurEsse ddabe HEQY bayen206.nbothegrrasdnd exatiple, shevhydraeo bheedsanmeal isr r ed

nmet al oxide precursgr .because it . be .supl i mat ed by. .injegti. and
vapor i zﬁ@:\%r?cgﬁpefiﬁ{%ngc ﬁé? bﬁl(r%(?@%% §aFeésa°cthlg 191%‘63%% SH’%/ a%]élll'geﬁngcélg]g’ RaYan
oxygen sleabe@sédin thbdirklf 4dheal. N t he present exanple, an H Q2 deposition

process may be_carried ouf,_at a tenperature of 200 Cto 400 C, preferably
300 C, with a BpRYPPSET §fiillAstration sesbydresnmbaind nucal pag begestormad gt r ons,

pr ef e ablanptoaiIBAHAER apdiBRidhE) PSRARS andH0BECPER Of MBfhskilePeivES M 1h a

series of Q2 nonol ayers forned duri ng each cycfe unt esired film

t hi cknespprosimaddly éviedofromdt T6d Torglie lg.,| lagterosphére), prefer sy bebwedn F) ForrlA and

with contj d ref.erence to Fig. 2B .a first anneal y. be perforned on

t he sub%l}driygogogghﬁf&rg?esf% %‘883%‘% &Fdﬁ’ dx e T 12 bgg’le@’?‘“feé'! 206. Al t hough
the firgiprocingadly Moysebendsalndciesiifitesn B thadpgrédent ekadflRe teShydrfgddiBadegesent

exanpl e the fifre%%) anneal is a hydrogen-based anneal treatnent. Th

hydr ogethnsakis rred for eneanirte 2hajeraparadre 9lpBeR andn Plteés‘-ﬁt"toﬁéﬁ to any
resi duatol T%@nydﬁf‘@glzlhfasé@a@néaﬁ‘%lalﬁp&eﬁermﬁ@dq}ie&%ﬁﬁ{ t}fepﬁftﬁx@%ééﬁ (lfl?fly}?r 206

(whi ch conprises in the presént ~ exanple). The resu ng ef ht HC
may t hel#t Weiche siegle semicondueter selissrateamey 2oAuickly treated, or the hydrogen-

based anneal may be carried out in a conventional furnace where multiple
semiconductor substrates are treated in a batch.

In step 108 of Fig. 1A and with continued reference to Fig. 2B, a second
anneal may be performed on the high-k layer 206. Although the second anneal may be
selected from a variety of anneals, in the present example the second anneal is an
oxygen-based anneal treatment. The second anneal may be a diluted oxygen anneal
(DOA) performed in the presence of oxygen (0,) or other oxygen sources, such as N0,
NG, or D;0. The oxygen-based anneal may be used following the hydrogen-based
anneal of step 106 to improve the electrical characteristics of the high-k layer 206 (and
the resulting MOS gate). If the second anneal is a DOA, then the DOA may be
performed at a temperature between approximately 700° C and 900° C, and at a
pressure between approximately 1 milliTorr and 10 Torr. The processing time for the
oxygen-based anneal may be between approximately 1 second to 60 minutes, and may
be performed in an RTP. In the present example, the oxygen-based anneal is performed
for 1 to 300 seconds at a temperature of 700° C to 900° C and a pressure of 0.1 Torr to
10 Torr



Accordingly; the hydrogen-based anneal may aid in reducing interface traps
on the surface of the HHQ2 |ayer 206. In the present exanple, the

hydr ogen- based anneal is performed using H2, but other gases containing
hydr ogen, such as NH3 and SiH4, may also be used in the first anneal. For
purposes of illustration, the hydrogen-based anneal may be perforned at a
t enperature between approxi mately 500 C and 1000 C, and at a pressure

bet ween approximately 0.1 Torr and 760 Torr (e.g., 1 atnosphere),
preferably bet ngima]]l@, ffmmse od ik 7R nTaierials, Thehpis GEESS img Mﬂ')mgafd)forinhﬁon
hydrogen anneal may be I‘OXI mately. 10 seco 10 mnutes. In
the prdZEKYSREITAP tg? ﬁgnﬂ ?%@é% R IEAPS ‘ﬁ}Hﬁ]éﬁPuﬁeé aptgartgﬁ’ﬂ"ﬂ’(é‘b“qgﬁrs hifhendhi nut e
at a t espRraliti@ciid A0 cfpainde-RERSAIMAge Q(f:V‘}Quronrﬁnerm% tl’%@rn%ﬁ,efbrﬁased
anneal may be perforned in a rapird thermal process (RTP), 1in which a

si ngl e ¥eHice Shémperdectdnissiacay betigyn Bee spmieknductoreambetategndithe highdk ogen-

based r t mul ti pI e
sorm conuet oy Suboryae MG ponlls S PR ARR yld LPAESs (AL BT

and wi t¢pesafensmeatbrmefidiyericgrans tﬁaigtra@&thmugh(thmgateamuemlre may be perfor rred
on the high-k lLa 06.,, Al t hou cond anneal tedfroma
variety of annéa e?ategﬁrqm%m&s%oscg%teé g‘n’%‘l é{%f’ﬂ%m%@gr"ﬁ%éﬁﬁg};ﬁt ﬂl’%

oxygen- d:mﬁz&dlranlﬁa)tf the HAONEiin. mdy Leduee @Hﬂﬁm@m&ﬁﬁb cﬁaﬁac&elsﬁcﬂ bf meeﬂln%men

anneal e‘%grforged in the presence of ox or ot her oxy en
sourcesl 8P 0> CCOYRRTIGONPRSS S‘Pﬁ"etr‘é‘ﬁ%?‘ije §b eI& weefilerpnalysis

fol I owimgi HYAEQ IR, Ra ct r| cal
char act er| s ics of fhe hi Sfﬁgis &ggﬁhﬁggaﬁﬁgya%eh?%dg E‘%%l tlﬁ%gm?%lﬁ e). If

t he secBAd dﬁﬁﬁ@eﬁlgmﬁcaﬂﬂmumtﬁéﬂltm of)ﬂm Hﬁ@z fibm fpem fagleptidofiup o B emper ature
et neeruapey e o8P SyE o180l B R A Rprove
oxygen- dﬂa@ewh amhballe m@]yihtgeubﬂztw@emstmppﬁmm mately 1 second to 60 m nutes,
and ey, N Peld SLTSpIR D Bl L0, NE RSk cpRlC b Qg based
C and ebepiaidrte thé hikhlk Tk 200 and the substrate 202. Prior to steps that may follow
step 106, the surface of the high-k layer 206 and the substrate 202 may have a plurality
of dangling (-OH) bonds. The dangling bonds may have a negative impact upon any
proceeding process after any of the preceding steps 102-108. Step 110 applies a
loading treatment that may be applied prior to the commencement of the deposition of a
polysilicon layer 208. The loading treatment may be performed insitu (within the same
process environment) or exsitu (within an individual process) of the polysilicon layer
208 deposition process. The loading treatment may consist of a Hy gas treatment,
wherein the gas may be passed across the substrate 102. The substrate 202 may be
heated by a rapid thermal chemical vapor deposition (RTCVD) reactor.
Referring to Fig. 1B and with continued reference to Fig. 2C, in another
embodiment the loading treatment may comprise the periodic H gas treatment of a
pseudo-substrate 122 in a process chamber 120. The process chamber 120 may provide
single substrate processing of the substrate 202 and a pseudo-substrate 122. The
process chamber 120 may provide for CVD, PECVD, ALD, and/or other processes. The
process chamber 120 may comprise a single or multiple substrate 202 and/or pseudo-

substrate 122. The pseudo-substrate 122 may comprise Si, SiGe, ceramic, SiC, and/or



10 Torr 7 Typically, the use of high-k materials, such as HHQ2, in a MOS
gate formation process increases the density of interface traps which
causes a flatband voltage shift and a nore "stretched out”

capaci tance-gate voltage (CV) curve. Interface traps may form at sites of
I nperfect interfaces between the sem conductor substrate and the high-k

mat eri al. For exanpl e, dangling bonds may trap electrons and interfere with
t he ope atio dby Iectr t tra eI th ou th at e

st ruct u? TR eéaieﬁ HPEB §t§?)t8| ?r? X/\F‘T: R P CHepBECE b‘htoctjE W59 s t hat
the chl ehaniteer 1Qonamhreabacﬁﬁg @lfeahﬂanlﬂlgbé tqlblmmy, the g&motmstrafew@tl ng
characteristics of the filmand increase |eakage. Secondary ion mass

spefct r oha¢ Hy gasstropimend of thoopssuppsubstzty 22 negy bwlwmg@r@t £} @ faTepprRfucy
surfacegnbas AU, b stshec Qofaﬁ’cﬂﬁrwqg ?‘h?@ﬂe s 1B££gég§ﬁ{r%?x{{ﬁo\g tﬁé lve a

si gni ficant anount o out om a 0 3 nm

The d mnﬂmubﬂmjudﬂﬂmm Imviehrepriab @@ timé mugiyg beiseer abhet T batdndnaidvol t age

and |rrp£bfu Snﬁ%&e tron and hole nmobility in the gate structure. In step 110
a

of Fig Wit h reference to Fig. 2C, a |oading treatnent may be

appl i ed to theTht ghodest alymiberO0@ 0angy hbe: 5 h&b&@éﬁli’&ﬁnerﬁ r€suicoragbips t hat
may fol] ow ste tgprgTithe S rface of the -k layer gand t he substrate
I

202 mayP4i¥Gen ab ryandoff Wh 85 ng Foﬂ‘l‘lf)ngb@ﬁdgadl%éwﬂwtﬁh@ bonds may

have a pnedabisus tfﬁpagtma@% r aﬁ%ﬁ) fiber,
precedlﬂrslh% sté}psS 102- 10 Stfeélﬁyolvfg fg&ﬁ% gg;cggsooa | e%l?rgggt?rqrbéent%lﬁ\%?e may be

appl i ed2® may bewplaged lemﬂhﬁm@mﬁph@mg@m@(de’ﬁb@psqwn wbsta_ateﬂ@ﬁygay beon | ayer
208. Tgﬁeké?fﬂﬁ&% Lér%@ JRRAGTRY 1?@ ?ﬁ EJ&Q{eWﬂ: | & ltga g%moagl gsttr ¢ %ﬁt

proces nVi ronne or exsitu n-an 1n proc
pol ysi | paronli¢ aymalsza&rcheqan@ﬂé ithe ppewioesbstrdiect 22aady by ptrdiceaa;tdmw theny

A P e ST S e e T
chem cafhe\p3p@do-sietRostd 1Mm@§2mcés§@@bﬁ&he Rabiff tr&@mest &1 greattBiRBeald th
continued reference to Fig. 2C ' in anot
etween processing of the substrate 202. The interval may, for example, comprise five,
twelve, or twenty-four substrates 202.
Alternatively, the H; gas may be excited by a plasma source. The H; loading
treatment of the high-k layer 206 and the substrate 202 prior to the deposition may
remove any dangling (-OH) bonds at the surface. The dangling bonds may cause high
leakage of the gate structure if there is no loading treatment to remove the dangling
bonds prior to the deposition of the polysilicon layer 208. The introduction of H, gas
for loading treating the surface immediately prior to ALD of polysilicon layer 208 may
provide a uniform and dense polysilicon layer 208 at the interface with the high-k layer
206. In the polysilicon ALD or CVD, H; may be used to control the deposition zone
and may help to reduce or climinate any gas phase reactions. The loading treatment of
step 110 may employ Hj gas in an initial process recipe step of the polysilicon layer
208 deposition at a lower temperature wherein dangling bonds may be eliminated and
the surface may have molecular H, proximate to the surface of the high-k layer 206.
The substrate 202 may be treated in the same process chamber used by later step 112.

The substrate 202 may be heated at a loading temperature of 450° C to 650° C
preferably 500° C. The loading treatment step 208 process time may range from 1



enbodi mrent the | oading treatnment may conprise the periodic H2 gas treatnent
of a pseudo -substrate 122 in a process chanber 120. The process chanber
120 may provide single substrate processing of the substrate 202 and a
pseudo -substrate 122. The process chanber 120 may provide for CVD, PECVD,
ALD, and/or other processes. The process chanber 120 nmay conprise a single
or nmultiple substrate 202 and/ or pseudo- substrate 122. The

seudo-substrate .122 may .conpri.se Si,,Si.Ge,.ceramc, SiC, and/or 8 other
ot or | 2 LORES Tudfifes: BEASRrR: sty T Beromg o prinoleddn Ao t he
pr ocesspareibbpiteesurd 30 30angr Bend SRFING JiBldRM e %Mn&ﬁt,%ﬁ@fe&ﬁﬁ%&m Tdie

pseudo -substrate 122. The H2 gas treatnent of the pseudo -substrate 122
may be carri ed®6§tePatl 20ftkigpbpandreth refatpnag th Bigad€n adtedysilisBolagenol about
750 C. Fhe pbReBasiddanihnge HeaRUTRbH- SRUAe- y have a
process tI?ITE‘_ angi ngﬁ%’et weeer? abgﬁ?ﬁ Fqé%%:rgﬁ)fand Qg,ggﬁfitéﬁﬁqfﬁ%%%g@_rhe

pr ocesspdlisitibenr ga2Gtveiurhaviaga prooesssick py lowpresstrepclessualevapangi ng

bet ween ; r ahout .Torr. Foll ow he | oadi ng

treat rre%‘ﬁ’fag‘ﬁ?éio(%’?e‘a d-oé'gjrb]g'?’r 3?‘3 pfgﬁs?%‘i}l lr@ée g%%a%%r ﬂ?\oflﬁ@aﬁb‘?%‘c@&as
chanberhigk lager 20easiiietsuditeate 202 imaysifge Pk dath dubb@ate PO2RERGEF 8nd hamber
120. The e do-a bst hate ;{ may be placed into the process chanber 120
and tré&?gﬁeb!he?tﬁ P enfis-rgd BiPsgresistive psmends, orgay; herchgagingmethed For

exanmpl ekndvhitbpogsdeiiicd s thasg 122 may be processed by the |oading
treatnment sequentially after the processing of the substrate 202.

Al ternati vel y, It it padgrstoed shatgeme progessime staps ey prosebyweebytepHd?2| awdi ng
t t Ljnt i f e strate 202.
Sl ST SN

The interval nmay, Tor exanp
subst r dpeati®iQ2r aAlhasrbenin which, the HastHhngabismryfobmed iyt edetcuategltas ma

sour ce. rl:heir : I gad' NG tr et%t mente f héa hi g.h- k layer 206 and the substrate
202 pri®orrt SF%%E %%%rgfl I ABX P fRSR ragﬁ’bgf Wt dangl i ng (- OH) bonds at the
surface. The dungid figardiealsg FRIccSRiLSRehifehpurlpdsdadiee@infidgr gape16d ht ure
if there is .no |l oading treatnent to renove the dangling

108, 1t is understood that other treatments may be used instead. Accordingly,

treatments may be performed on the high-k layer, and such treatments include, but are

not limited to, annealing processes. For example, a treatment may be performed at a

lower temperature that that needed for an annealing process.

Referring now to Fig. 2D, in another embodiment, a silicide layer 210 may be
deposited onto the polysilicon layer 208. The silicide layer 210 may be a metal silicide
using one or more metals such as titanium, tungsten, cobalt, or nickel. Source and drain
extensionsﬂ (SDEs) 212, 214 (e.g., lightly P- doped areas for a source and drain) in the
substrate 202 may be formed by low energy implantation. A spacer 216 may be formed
by LPCVD by, for example, depositing an insulating material such as silicon nitride or
silicon oxide. The deposited silicon nitride or silicon oxide méy then be anisotropically
etched back to form the spacer. Heavily P+ doped source and drain regions 218, 220,
respectively, may be formed by ion implantation to function as source and drain contact
areas. A rapid thermal annealing (RTA) step may be used to activate the implanted
dopants. In some examples, the source 218 may be connected to an N+ guard ring 222

and grounded.

10



bonds prior to the deposition of the polysilicon |ayer 208. The
introduction of H2 gas for loading treating the surface immediately prior
to ALD of polysilicon layer 208 nay provide a uniform and dense
polysilicon |ayer 208 at the interface with the high-k layer 206. In the
pol ysilicon ALD or CVD, H2 may be used to control the deposition zone and
may help to reduce or elimnate any gas phase reactions. The |oading

treat ment of e an initi pr,ocess, reci pe step
of the polysi Pl ‘ﬁﬁ&m%nﬁ %‘%9&‘1& B?Plaﬂyaﬂwmpdﬁsﬁéxétw% wher ei n
dangl i %fé}eﬂ@b%or@aén@@aﬁldnmda%@ﬁksaﬁ%nttreeuxﬁléféta&@bwosé%kﬁiera%etﬁybﬁr H2

proxi mate to the surface of th h-k | ayer 206. he substrate 202 may be

t r eat edthphvarkeusshgnggsriadess agh zﬂmgmas éd nt!y‘;del thexein Wésputldea)artlrrm &oguthst r at e
202 may, i te 4 6 er ably
205, T IFELER: T OTIR, EISREON Sl FRna 0 i el
second 1eepdst ho mﬁtﬂfemmai@‘)eebbteyl fb?@ tsasatmems as WeH dsla)rgmsmgwobéltﬁmnt rolled

up to artial pressure of. 80 Tarr, dur,n 10 of the | oa

treat me tgD PEFEF A yreﬁéurfoilfne gle- tIé‘pf‘diii T#Fegtjﬁelpr%eaha S\ﬁJ‘{SHrer &fence
to Fi g.MZS devieofotSiurpSRB of aYaitralief, 1tﬁ§ﬁn@&st@%ﬂQ§dttttﬁg pkﬂ%@ﬁ‘t dikslotieat ed

hi gh-k | ayer 206 and the substrate 202 to forma ol ysilicon gate

st r uct uiBialixianplieable & Exranyiganndam pevesp m&%@wémﬁ%ﬁﬁ)c@agm@tﬁswtwe&ewt i on
( LPCVD) \vRE DALY Whdr (R doBYRYs AP TP he

hi gh- k ayepﬁ+ ¥m§rthe su gtra%g ?%% a S|ﬁ ﬁg g&‘ %%gﬁ stéate 202
r eact orsuzbﬁ'datermwmht@ak dikléppric dyrea- ﬂ"édre(fbﬂ) tlicadpzms shesild be wemreheé nhs, or
any othe IIed inthe art. It is under st ood
t hat son%“%gg%%ggfgéngggmé ﬁ@@ﬁﬁé%ﬁFn F (QHrStep 102 and step 112. For
exanpl e, the sem conductor substrate may be noved to a different |ocation
or a chanber in which the first anneal is perfornmed nay be evacuated to
prepare the chanber for another anneal or treatnent. Wile an annealing
process is used for purposes of exanple at steps 106 and 108, it is
understood that other treatnents may be used instead. Accordingly,
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treatments may be perfornmed on the high-k layer, and such treatnents
include, but are not limted to, annealing processes. For exanple, a
treatment nay be perforned at a |ower tenperature that that needed for an
anneal i ng process. Referring nowto Fig. 2D, in another enbodinent, a
silicide layer 210 may be deposited onto the polysilicon |ayer 208. The
silicide layer 210 may be a netal silicide wusing one or nore netals such
as titanium tungsten, cobalt, or nickel. Source and drain extensions
(SDEs) 212, 214 ge. ., lightly P- doped areas for a source and drain) in
the suBHATIS € élg‘h@DH&for med by |ow energy inplantation. A spacer 216
may be formed by LPCVD by, for exanple, depositing an insulating nmaterial
such as silicon nitride or silicon oxide. The deposited silicon nitride or
silicon oxide nmauA niethodfer dabaitingp patioy ofehdhedrdat kiréwit boam t he spacer.
Heavi ly P+ docpe SOﬁl’tcet aﬁld drtﬁi n regi.ons_218, 220, respectively, may be
for med BV PSHNUCHEI AT EE P o e rBe RO SPBHSEE: sour ce and drain contact areas.
A rapid t hergiednigntiralurfige ORTHY sutlsaRtgmy be used to activate the inplanted
dopants. In song exanples, the source 218 may be connected to an N+ guard
ring 222 ar@UgmgmHes inspdptowivethetfubyiael osure has been particul arly shown
and describ r r : ! Pk W

under st ood g%p?%%@ g as}EllEIE Idg‘ﬂ&lﬁﬁ&?' ﬁgﬁggféhq%%la{? m\%gérﬂ%&g Elcszhhaer%len\gqsélla%gr m and
detail may erfeauéng hbydiogenitaboliangapan thaigghrlomatehial; spirit and scope of

rospect to tiscropnity FAPRE S TR B B BT GR Al ettt B "ot ocessi ng

condi t iIprdsogdpebaped ahdrpepai-bassd AneasWeeur ddgientidly. ). I n addition, while
the present disclosure uses a MOS device for purposes of illustration, it
i s understood that the present disclosure is equally applicable to dynamc

random access nMerme)n A clARINAlE ToRipkédRAM  (MRAM), capaci tors, and
ot her devices_that may be fabricated on a sem conductor substrate using a

hi gh- k di el églactiag adfjist temmespiareraclitst Reeseyrgi wid & Fiost|time o1 the dygdragead in  a
br oad r@@g@gmn&@;nﬁjdstent with the present disclosure.

selecting a second temperature, a second pressure, and a second time for the

oxygen-based anneal.

3. The method of claim 2 wherein the first temperature is selected from a
range between 500° C and 1000° C, the first pressure is selected from a range between

0.1 torr and 760 torr, and the first time is selected from a range between 10 seconds and

10 minutes.

4. The method of claim 3 wherein the first temperature is 800° C, the first

pressure is 40 torr, and the first time is 1 minute.

5. The method of claim 2 wherein the second temperature is selected from a
range between 700° C and 900° C, the second pressure is selected from a range between

1 millitorr and 10 torr, and the second time is selected from a range between 1 second

and 300 seconds.

12



11 WHAT IS CLAIMED IS: | . A nethod for fabricating a portion of an
integrated circuit on a sem conductor substrate, the method conpri sing:

cl eaning the surface of the substrate; formng a thin insulate over the
substrate; depositing a high dielectric constant (high-k) material over the
thin insulate; perform ng a hydrogen-based anneal on the high-k material;
perform ng an oxygen-based anneal on the high-k material, wherein the

hydr ogen- bas d a 0X ase al s occur sequenti al.l . nmet hod of
o e e eV o B L PR Soiing Glkms et chemisa for
pressurie h@rﬂﬁbg%nfliars&i ahhdBE 2h @ sebehdWnRgEINfor l?ﬁ"é@ié‘ng%ﬂﬂ%hd aﬁﬁ'&l Sﬁh@i‘éfﬂ ng a

second tenperature, a second pressure, and a secon

oxygen-Badedt aihieapnd ghermicalsare relectst based an 2 W@‘éﬁlrﬁommsﬁiqnsqffhe%erature
i's selqﬁ bR Mbh@Map range between 500" C and 1000" C, the first pressure is
selected " froma range between 0. 1 torr and 760 torr, and the first tinme
is selected froma range between 10 seconds and 10 m nutes. 4. The net hod

of claim3 erein the fir t te erature i 00" C, the first pressure is
40 torr, \c,imt he ﬁ1 cygpthpg Hﬁhﬁiﬁ’é%%ﬁrgﬁge‘ﬂﬁanb%ﬁéf claim2 wherein

t he second tenperature is selected froma range between 700" C and 9000 C,
the second pressure is_selected froma range between mllitorr and 10
torr, and t g[(r;%‘r‘dn?tihﬁé°ﬁ§l%@l‘%@@’éﬁl$ﬁhﬁn§§tﬂhﬁ@@%&b@enI second and
300 seconds. 12 6. The method of claim 1l further conprising selecting a

first chem cal for
The method of claim 6 wherein the first chemical is SiHs.

10.  The method of claim 6 wherein the second chemical is O,.

11.  The method of claim 6 wherein the second chemical is N2O.
12. _The method of claim 6 wherein the second chemical is NO.
13. The method of claim 6 wherein the second chemical is D,O.

14, The method of claim 1 wherein the high-k material is deposited using an

atomic layer deposition (ALD) process.

15.  The method of claim 14 wherein the high-k material is HfO,, and wherein
the method further comprises selecting a deposition temperature from a range between
200° C and 400° C, and selecting a deposition depth from a range between 3 and 75

Angstroms.

16.  The method of claim 15 wherein a plurality of cycles of the ALD process

are performed until the selected deposition depth is attained

17. The method of claim 1 wherein the substrate is diamond.

13



t he hydrogen-based anneal and a second chem cal for the oxygen-based
anneal , wherein the first and second chenicals are sel ected based on a
chem cal conposition of the high-k nmaterial. 7. The method of claim®6
wherein the first chemcal is H2. 8. The nethod of claim6 wherein the
first chemcal is NH3. 9. The method of claim6 wherein the first chem cal
is SiH4. 10. The nethod of claim6 wherein the second chenmical is 02. 11.
The method of claim6 wherein the second chemcal is N20. 12. The net hod

of clai m @8whergnethéie feefbridaghedipodlion o MPintekBated RciBIJIO4 of claim 6
wherei n the second chem cal is D20. 14. The nethod of claim 1l wherein the

hi ghSRMiealCctar substatse the mathes ermpmsingt oni ¢ | ayer deposition (ALD)
process. : ) j rein.the high-k material is H Q2,
and wher ei:bﬁam%[%% ﬂrr%%ﬁgguﬁ%}ﬁqhg}rl@ o;érﬁérlgggggé@re’l ecting a deposition

t enper at urpplyingnadoadingdrdatineneto thaGketdandbstefleC, and sel ecting a
deposition depth froma_ range between 3 and 75 Angstrons. 16. The net hod
of claim f%‘“ﬁ/ﬁg}gefhﬁ pRsepfensupstrafe from yhe REOGSES F4AEIMED process are perfor ned

.until the ﬁiiﬁ%ta%v?&oﬁﬂisﬁa%ixﬂg@ﬁéigfo%gééfe%hfb‘?da . The nmethod of claiml

wherein the substrate 1s di anond. A nethod for fabricating a portion
of an i nt égymaingoa polyesilicontayer wenithe ddukemubsuiist r at e, t he net hod
conprising: placing a pseudo-substrate in a process reactor; applying a

| oadi ng treatnent to the pseudo-substrate; renoving the pseudo-substrate

fromthe pooceshera8to@ of clRindBRehde etk GReAURIhbAIRe IcBIDrisEE s BRESS
reactor; and formng a poly-silicon |ayer upon the devicé substrate.

20.  The method of claim 18 wherein the pseudo-substrate comprises diamond.

21.  The method of claim 18 further comprising:

selecting a first temperature, a first pressure, and a first time for the

loading treatment; and

selecting a second temperature, a second pressure, and a second time for

the poly-silicon layer formation.

22.  The method of claim 21 wherein the first temperature is selected from a
range between about 550° C and about 750° C, the first pressure is selected from a
range between about 0.1 torr and about 80 torr, and the first time is selected from a

range between about 1 seconds and about 5 minutes.

23.  The method of claim 22 wherein the first temperature is 625° C, the first

pressure is 40 torr, and the first time is 1 minute.

24.  The method of claim 21 wherein the second temperature is selected from a
range between about 700° C and about 900° C, the second pressure is selected from a

range between about 1 millitorr and about 760 torr, and the second time is selected from

a range between about 1 second and about 20 minutes.
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19. The nethod of claim 18 wherein the pseudo-substrate conprises silicon.
20. The nethod of claim 18 wherein the pseudo-substrate conprises di anond.
21. The nmethod of claim 18 further conprising: selecting a first
tenperature, a first pressure, and a first tinme for the |oading treatnent;
and selecting a second tenperature, a second pressure, and a second tine
for the poly-silicon layer formation. 22. The nethod of claim 21 wherein
the first tenperature is selected froma range between about 550 C and
about 750 23, t Hehd mestodpsfodsin é 8ifarthet ewhplsihgosel extingad geerbiaivé@ithabout 0. 1
torr .and. about 80 torr, and the first tinme is selected froma range

bet wd@AIREJRAHCREbconds and about 5 minutes. 23. The nethod of claim 22
wherein the first tenperature is 625 C, the first pressure is 40 torr, and
the first time is 1 mnute. 24. The nethod of claim 21 wherein the second

t enper at urd$.i s ‘Bl wethed dirdaina 25 valngeinbsewbemieddatH,700 C and about 900 C,
the second pressure is selected froma range between about | mllitorr and
about 760 torr, and the second tinme is selected from a range between about

1 second a@W abrud m3thodl sRAI8Sm 254vFReinlihe dHRidi1e4 i@fNI‘I{.ai m 18 further

conprising selecting a chemcal for the |oading treatnent. 26. The net hod
of claim25 wherein the chemcal is H2. 27. The nmethod of claim25 wherein

t he chem i . 8 thod _of.,cl ai m.25 . in the chemcal is
Si H4. 29. “The Srrgi\éhk%gthé) %fléglg%l?gw eé%%t#etc%lg@%%d%ﬁ% eatnent is perforned

within the sanme process environment as the poly-silicon formation. 30. The
met hod of claim.18 wherein the |loading treatment is performed wthin an
i ndi vi dual?%pr oddesmethad, of flaise 18 wherein the loading treatment is performed within

the same process environment as the poly-silicon formation.

30.  The method of claim 18 wherein the loading treatment is performed within

an individual process environment.

31.  The method of claim 18 wherein the loading treatment is proximate to a

plasma.

32. A method for fabricating a portion of an integrated circuit on a
semiconductor substrate, the method comprising:

cleaning the surface of the substrate;

forming a thin insulate over the substrate:

depositing a high dielectric constant (high-k) material over the thin insulate;

performing a hydrogen-based anneal on the high-k material;

performing an oxygen-based anneal on the high-k material, wherein the
hydrogen-based and oxygen-based anneals occur sequentially;

applying a loading treatment to the high-k material; and

forming a poly-silicon layer on the treated high-k material, wherein the loading

treatment and poly-silicon deposition occur sequentially.

33.  The method of claim 32 further comprising:
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31. The nethod of claim 18 wherein the-loading treatnent is proximate to a
pl asma. 32. A nethod for fabricating a portion of an integrated circuit on
a sem conductor substrate, the nethod conprising: cleaning the surface of
the substrate; formng a thin insulate over the substrate; depositing a
hi gh dielectric constant (high-k) material over the thin insulate;
perform ng a hydrogen-based anneal on the high-k material; performng an
oxygen- based anneal on the high-k nmaterial, wherein the hydrogen-based and

oxygen- baseldcangadist wi%pﬁraﬁﬂa@ﬁtétéﬁrbys;ur@,@ﬂ/é figstaithedei e Hydkagdment to
the high-k material; and form ng a poly-silicon |ayer on the treated hi gh-k
mat ePR88d aRfidkei n the | oading treatment and pol y-silicon deposition occur

sequenti al : cl al e i Si.0g; el ecting a
first t errgé%égttlgg 3 ,S-Eg&fl Irs %Fl {e?%%’uér g(%éyélné) rgbgu}rg’si{ncf? %JO ?rtﬁgﬁg §/h§r ogen-
basedxgpaedhsedsaimeal.i ng a second tenperature, a second pressure, and a

second tine fqr the, .oxygen-based anneal. selecting g third tenperature, a
third preéslﬁPe?g&ﬁglfé tERPFERBEna TR RS UG Andythifd Bmenosihe Jgpding| ect i ng
a fowdamt@rmggature, a fourth pressure,r and a fourth tinme for the poly-
silicon layer formation. 34. The nmethod of claim33 wherein the first

t enper at uselecting el foutthdefmporatare, adfogahlpetssmes, H00a Owtidtit@olr Che phky-f i r st
pressyre IS seéoect(ﬁg froma range between 0.1 torr and 760 torr, and the
fi rsEHGORayEr 198 Bd froma range between 10 seconds and 10 ni nutes.

34,  The method of claim 33 wherein the first temperature is selected from a
range between 500° C and 1000° C, the first pressure is selected from a range between
0.1 torr and 760 torr, and the first time is selected from a range between 10 seconds and

10 minutes.

35.  The method of claim 34 wherein the first temperature is 800° C, the first

pressure is 40 torr, and the first time is 1 minute.

36. The method of claim 33 wherein the second temperature is selected from a
range between 700° C and 900° C, the second pressure is selected from a range between
I millitorr and 10 torr, and the second time is selected from a range between 1 second

and 300 seconds.

37.  The method of claim 33 wherein the third temperature is selected from a
range between 450° C and 650° C, the first pressure is selected from a range between
0.1 torr and 80 torr, and the third time is selected from a range between 1 seconds and 5

minutes.

38.  The method of claim 37 wherein the third temperature is 500° C, the first

pressure is 40 torr, and the third time is 2 minutes.
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- 35. The method of claim 34 wherein the first tenperature is 800 C, the
first pressure is 40 torr, and the first tine is 1 mnute. 36. The nethod
of claim 33 wherein the second tenperature is selected froma range
between 700 C and 900 C, the second pressure is selected froma range
between 1 mllitorr and 10 torr, and the second tine is selected froma
range between | second and 300 seconds. 37. The nethod of claim33 wherein
the third tenperature is selected froma range between 450 C and 650 C,
the first 39 esdlieanethodalfatiian 38 vadiarain the fouliRttvmearatikelis lsolecteaintomOa t or r
and the third tine is selected froma range hetween 1 seconds and 5

mi nuteage Begwernd 008 (hard 890% Caithg fonrithpresyrerin selerteddfrommrange hegween 500 C,
t he f;i r e i S 39. The
ot iR a0k ol the o Rt el obibd pighlE rifapdlltih ecshbe ™, o nge
bet waad Z0@hiGusrsd 9000 C, the fourth pressure is selected froma range
between 1 mllitorr and 760 torr, and the fourth tine is selected froma
range between 1 second and 20 m nutes. 40. The nmethod of claim 32 further

conpri si ngpsel dfdf Fhint @g;ﬂsl[étgler I‘,&{lgflgit}lgn@ gpﬁ Gnﬁ‘Eﬁ”l%k a

second chem cal or t e oxygen- anne em cal tor the
| oaditihg hydwm:mssed wheea| a sedmd ¢hesnicakfordhe oxggdl-bhsafddamtmm and| stharde

sel ec d.on a.chem cal conposition.of the h- terial, 41. The
e bk AT s R B oot P Retn Hirotitadetond: Ba T G Rals 88 of

cl ai RLRRtads8H Bt 6hdihical csﬁmmh dfsth%"ﬁ@_r%h -k4Ratefia@ nethod of claim40
wherein the first chemcal is SiH4 e nethod of claim40 wherein the

seco_nd ch_em cal is 02 45. The net hod of claim40 wherein the second _
cheri cal igg N2y AR chbA% BAD0Rlnhal el 1RLSI M g, Second chenical i's

NO.
42.  The method of claim 40 wherein the first chemical is NHj.
43,  The method of claim 40 wherein the first chemical is SiHj4.
44.  The method of claim 40 wherein the second chemical is O,.
45, The method of claim 40 wherein the second chemical is N;O.
46.  The method of claim 40 wherein the second chemical is NO.

47, The method of claim 40 wherein the second chemical is D,O.

48.  The method of claim 32 wherein the high-k material is deposited using an

atomic layer deposition (ALD) process.

49, The method of claim 48 wherein the high-k material is HfO,, and wherein
the method further comprises selecting a deposition temperature from a range between
200° C and 400° C, and selecting a deposition depth from a range between 3 and 75

Angstroms.
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47. The nethod of claim40 wherein the second chemcal is D20. 48. The
nmet hod of claim 32 wherein the high-k material is deposited using an
atom c | ayer deposition (ALD) process. 49. The nethod of claim 48 wherein
the high-k material is H O, and wherein the nmethod further conprises
selecting a deposition tenperature froma range between 200 C and 400 C,
and selecting a deposition depth froma range between 3 and 75 Angstrons.
17 50. The nethod of claim48 wherein a plurality of cycles of the ALD
process are perfornmed until the sel ected deposition depth is attained. 51.
The met hod ,of aim 32 erein the loading treatnent is perforned within

t he sane gpoceg@eéﬂ 'Pemmmbﬁ%twrw ng!fﬁlilﬁ’oﬁhf ¢xsiermet ds. AED propessnet hod
of cl,gd i ' 1 ts ormed within an

i ndi 3?%%@3%%%@@%% }%ﬁ%ﬁ?&%@@@?ﬁ@ﬁ&gtﬁ%ﬁi claim 32 wherein the
| oading treatnent is proximate to a plasma. 54. The nethod of claim 32

wh int trate i,s dianopd. .55.. thad for fabrjcatin ortion of
aneir ﬁ![ ggr gﬁeguﬁ?éﬁ?ﬁohifa?lmgbﬂ?m&ﬁ@tﬁbgqg%‘g‘%rt%ﬁaé‘?‘e’E‘Wé H%f%g'@%c@r%‘ﬂ si ng:
cl eamhdgarhd prodekd 8aRIrOhmbRC SURSIII M sBlicod RirfaPna thin insulate on the

substrate; depositing a high dielectric constant (high-k) material upon the
thin insulate; performng an anneal on the high-k material; applying a

L ayer on tho. {RarbRtRah SRR SRR R R ar BB A At DeRfhrhsd v B con

depoantindividied pioSeqeanirballeyt. 56. The net hod of claim55 further
conpri si ng:

53.  The method of claim 32 wherein the loading treatment is proximate to a

plasma.
54. The method of claim 32 wherein the substrate is diamond.

55. A method for fabricating a portion of an integrated circuit on a
semiconductor substrate, the method comprising:

cleaning the surface of the substrate;

forming a thin insulate on the substrate;

depositing a high dielectric constant (high-k) material upon the thin insulate;

performing an anneal on the high-k material; |

applying a loading treatment upon the high-k material; and

forming a poly-silicon layer on the treated high-k material, wherein the anneal

and poly-silicon deposition occur sequentially.

56.  The method of claim 55 further comprising:

selecting a first temperature, a first pressure, and a first time for the loading
treatment; and

selecting a second temperature, a second pressure, and a second time for the

poly-silicon layer formation.
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selecting a first tenperature, a first pressure, and-a first tine for the
| oading treatnent; and selecting a second tenperature, a second pressure,
and a second tinme for the poly-silicon layer formation. 18 57. The net hod
of claimb55 wherein the first tenperature is selected froma range between
450" C and 650" C, the first pressure is selected froma range between 0.1
torr and 80 torr, and the first tinme is selected froma range between |
seconds and 5 mnutes. 58. The nethod of claim57 wherein the first

t enper at urk.i s ‘BOOfethod declbini $6 whnresthe €insstedtbdratufe isudedtbé ffoniat tinme
is 2 mnutes. 59. The nethod of claim 55 wherein the second tenperature is
sel edgBge PrigvRea 4303 {gand Qe &n o birstorasiaroposeleted frons adarer bridestre i s

sel e r L. r d. t nd t cond
oot EUahT0 D (APIRAEL IREL gl Tl oA 581 PRGN hoend
met hadimitesc! ai m 55 further conprising selecting a chemical for the | oading
treatnent. 61. The nethod of claim®60 wherein the chemcal is H2. 62. The

met hod of claim®60 wherein the chemcal is NH3- 63. The nethod of claim60

wherein t chegj cal i t s . : ' ej hi gh- k
mat eri al !?'deglgﬂs%@ggiouﬁs?i}ngﬂ%%qa‘?%—%ghnn@%r}gg t %;mp%égﬁu?%?%%? t)Hr%o%%gs. 65.
The metésode of 4¢ ktairpakdtheh@rseitime t3e2 mdmdieng treatnment is perforned within

t he sane process environnment of the poly-silicon formation. 66. The net hod
of claim55 wherein the loading treatnment is performed within an

i ndi vi dualsqr ocEsSmRMd I SNETRIH 55%%herein the second temperature is selected from a
range between 700° C and 900° C, the second pressure is selected from a range between
1 millitorr and 760 torr, and the second time is selected from a range between 1 second

and 20 minutes.

60.  The method of claim 55 further comprising selecting a chemical for the

loading treatment.
61.  The method of claim 60 wherein the chemical is Hj.
62.  The method of claim 60 wherein the chemical is NHj.
63.  The method of claim 60 wherein the chemical is SiHj.

64. The method of claim 55 wherein the high-k material is deposited using an

atomic layer deposition (ALD) process.

65.  The method of claim 55 wherein the loading treatment is performed within

the same process environment of the poly-silicon formation.

66. The method of claim 55 wherein the loading treatment is performed within

an individual process environment.
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67. The nethod of claim55 wherein the |loading treatnent is proximte to a
pl asma. 68. The nethod of claimb55 wherein the high-k material is deposited
using atomc |ayer deposition (ALD) process. 69. The nethod of claim68
wherein the high-k material is HHO2, and wherein the nethod further
conprises selecting a deposition tenperature froma range between 200 C
and 400 C, and selecting a deposition depth froma range between 3 and 75
Angstronms. 70. The nethod of claim68 wherein a plurality of cycles of the

ALD processy. arkhep@efhodrertbising 55 witgeinethedbatingeRashbnoR f#6Rinate S0 at t ai ned.
71. The met hod of claimb55 wherein the substrate conprises dianond. 72. A

met alPl&$®&le seni conduct or device formed on a substrate usi ng a sequenti al
hydr ogen- based anneal and an oxygen-based anneal, the device conpri sing:
first and second el ectrodes; a thin insulate rraterial separating the first
and second8el eclhreodetiodaofhilgim &5 dviedreiat thie higiekanbtliab épacpisited ushey fir st
and second el egtrodes, rein a flatband response of the dielectric

mat erd ARG Laysr deposition MR dr ogen- based and oxygen-based anneal s; a
poly-silicon material separating the first and second el ectrodes, wherein a
| eakage current of the poly-silicon material is altered due to a | oading

t reat ment ;6% sdihecmethodidfi daie 6Bn1dldrnimttéethigh-{kenﬁtetr‘ﬁtﬂ i HEO y adewheredn a

sour dbE Tihoq Bt RS cbfraling o dephsitfist Gk Lotk B SR PEP Gy ce o
cl ai mg62 crhed ahoe hand ‘é@l%t:ﬁﬁg% de%ogitﬁiﬁod‘%th Honl 4: raEQ@ bERIEh PXAEES5

semi conductor devi ce of claim 72 further conprising a
Angstroms.

70.  The method of claim 68 wherein a plurality of cycles of the ALD process

are performed until the selected deposition depth is attained.
71.  The method of claim 55 wherein the substrate comprises diamond.

72. A metal oxide semiconductor device formed on a subsirate using a
sequential hydrogen-based anneal and an oxygen-based anneal, the device comprising:

first and second electrodes;

a thin insulate material separating the first and second electrodes;

a high-k dielectric material separafing the first and second electrodes, wherein a
flatband response of the dielectric material is altered due to the hydrogen-based and
oxygen-based anneals;

a poly-silicon material separating the first and second electrodes, wherein a
leakage current of the poly-silicon material is altered due to a loading treatment;

a source positioned proximate to the first electrode; and

a drain positioned proximate to the first electrode and separated from the source

by the first electrode.

73. The metal oxide semiconductor device of claim 72 wherein the substrate

is diamond.
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silicide-layer deposited oento the poly-silicon layer. 75. The nmetal oxide
sem conduct or device of claim72 wherein the high-k dielectric conprises
TaN. 76. The netal oxi de sem conductor device of claim72 wherein the
high-k dielectric conprises TiN 77. The netal oxide sem conductor device
of claim72 wherein the high-k dielectric conprises HSi ON. 78. The netal
oxi de sem conduct or device of claim72 wherein the high-k dielectric
conprises nickel silicide. 79. The netal oxi de sem conductor device of
claim72 wherein the high-k dielectric conprises hafniumsilicate. 80. The
met al oxi de sem conductor device of claim72 wherein the high-k dielectric
conpri ses /di t r iTdeduptal axide ssmicenductogdevigh of aliml 720further somipsisinimiat or

devi og; Aho 6112k Wef s AIEE R0 tnt BB1JLsAMbck 1ol ectric conprises haf nium
e.

al um num oxi

75.  The metal oxide semiconductor device of claim 72 wherein the high-k

dielectric comprises TaN.

76.  The metal oxide semiconductor device of claim 72 wherein the high-k

dielectric comprises TiN.

77.  The metal oxide semiconductor device of claim 72 wherein the high-k

dielectric comprises HfSiON.

78.  The metal oxide semiconductor device of claim 72 wherein the high-k

dielectric comprises nickel silicide.

79.  The metal oxide semiconductor device of claim 72 wherein the high-k

dielectric comprises hafnium silicate.

80.  The metal oxide semiconductor device of claim 72 wherein the high-k

dielectric comprises nitrided hafnium silicate.

81.  The metal oxide semiconductor device of claim 72 wherein the high-k

dielectric comprises hafnium aluminum oxide.
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