SYSTEM AND METHOD FOR INTEGRATION OF HfO2 AND RTCVD POLY-SILICON
BACKGROUND The present disclosure relates generally to the field of semiconductor processing
and, more particularly, to a method and system for improving electrical characteristics of dielectrics
having a high dielectric constant. An integrated circuit (IC) is formed by creating one or more devices
(e.g., circuit components) on a semiconductor substrate using a fabrication process. As fabrication
processes and materials improve, semiconductor device geometries have continued to decrease in
size since such devices were first introduced several decades ago. For example, current fabrication
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fabrication processes and materials improve, semiconductor device geometries have
continued to decrease in size since such devices were first introduced several decades
ago. For example, current fabrication processes are produéing devices having geometry
sizes (e.g., the smallest component (or line) that may be created using the process) of
less than 0.1 um. 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 um, 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 hi gh 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 S10; with the performance
of Si0, MOS gates. For example, EOT may be used to represent the SiO; 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 S10,) 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.



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. 1 Accordingly, what is needed is a system and method for
integrating high-k dielectric layers with other materials utilized in a semiconductor fabrication process.
BRIEF DESCRIPTIN.F THE DIRAWINGS &ios | djusiratasiarotihoddointegratiad iginistor gate
deposition processes to produce a semiconductor device havin% i@g)r%\ée aelﬁ%tﬁi&%' %@@gteristics.
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treatment constructed according to aspects-of the present disclosure. Figs. 2A-2D are cross-sectional
views of an exemplary inte g fabrication process that utilizes the method of
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the purposeietisismplicity and clarity and does not in itself dictate a relationship between the various

embodiments and/orPcl%QT i?X@WQ?e@?&!’@?@&ional views of an exemplary integrated circuit
produced by a fabrication process that utilizes the method of Fig. 1.

DETAILED DESCRIPTION

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 materials 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, a 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



Referring to Fig. IA and with additional reference to Figs. 2A-2D, in one embodi_ment, a methoql 100
illustrates a portion of a fabrication process that may be used to produce a semlconduc.tor 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 meth_od _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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A well region 204 may be formed in the substrate 202 by ion implantation
(although use of a P doped .substrate may negate the need for a well region). For
example, the well region 204 may be formed by growing a sacrificial oxide on the
substrate 202, opening a pattern for the location of the well, and then using a chained-
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 doped weils.

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 carbon/hydrogen gas. The boron containing gas
may include B:Hs, B;Ds, 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 about 0.1
mTorr and about 500 Torr. The substrate 202 may be held at a temperature ranging
between about 150°C. and about 1100°C. High density plasma may be produced by a
microwave electron cyclotron resonance (ECR) plasma, a



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 carbon/hydrogen gas. The boron
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source/drain regions in the substrate 202. Of course, other conventional and/or future-developed
processes may also or alternatively be employed to form the source/drain regions.

Referring again to Fig. 1A, the method 100 begins in step 102 by cleaning the
substrate 202 (Fig. 2A). The substrate 202 may be cleaned using one or more of a
variety of chemical cleaners and cleaning methods. For example, the chemical cleaner
may be a mixture of H,804 and H20; (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,03) and deionized (DI) water, commonly referred to as an "SC1 clean,” as
well as a mixture of hydrochloric acid (HC1), hydrogen peroxide (H20;), 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



processes may also or alternatively be employed to form the source/drain regions. Referring again to
Fig. I A, the method 100 begins in step 102 by cleaning the substrate 202 (Fig. 2A). The substrate 202
may be cleaned using one or more of a variety of chemical cleaners and cleaning methods. For
example, the chemical cleaner may be a mixture of H2SO4 and H202 (commonly known as sulfuric
peroxide mix (SPM)) that is used for removing native oxides. Other exemplary chemical cleaners and
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thin insulate 205 may be too thin to be of any appreciable significance, and in other
examples, it may be formed so as to have a thickness suitable for the MOS gate.

The high-k layer 206 may be formed from a variety of different materials,
such as TaN, TiN, Ta;0s, HfO,, ZrQ,, HfSiON, HfSi,, HiSixNy, HfALO,, NiSiy, or other
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



In step 104 of Fig. IA and with additional reference to Fig. 2B, a high-k dielectric film layer 206 is
deposited upon the thin insulate 205 and the cleaned substrate 202. The thin insulate 205 may be
used as a MOS gate oxide, and may be a thermal oxide, carbon nitride, or any other appropriate gate
film. In some examples, the thin insulate 205 may be too thin to be of any appreciable significance,
and in other examples, it may be formed so as to have a thickness suitable for the MOS gate. The

high-k layer 206 may be formed from a variety of different materials, such as TaN, TiN, Ta205, Hf02,
Zr02, HiSioNtMedxdemapding thim fibp rrAgiesesiheisOitdbid nernar withq atbairakyer

deposition ééﬁ@an@g%wg@ky@?%é%eﬁiuego§QMQ)@ﬂpém@a@wﬁgmweﬂa@%m%dap&saion

(PECVD), evaporation, or other methods. Generally, the high-k layer may have a thickness between

approximatby &RasShiaHEERb A teitH ST TGS %< BREDOYHE Filfhik PE/RWAHE may be

blanket depesitedianithie speieepcod the sulstrateiozssihileueteaheaiesialsonrayiee nselaatively
deposited. Iﬁgrnatively, may be desirable to bla?%(et dﬁposit ome _materials, includin%g f02, in

[
some fabri ?fré%%&é%f%ﬁif@@@@éﬁ%qmp g aWRRTE AN S et pidttsses. Since
the gate oxgleifuslkiness cablntdesdarfdecradseafloridswbidgvice gedmneidies, JcDrpos atingratligh
high-k materials ma éiﬁld the higgﬁré:(ﬁg)acitance needed.to raifiuc%g%ggtbe leakage associated with
0

smaller de\}ﬁ:neoértralorﬁ1 tes” fifthe presen‘f‘<}e1>(33rﬁl|f3(fgf3 o2 |s‘3tt e eposited fg?ﬁ%ehféﬁ- layer 206
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with a relatﬁ’cﬁ]ﬂfog, ALD may utilize a precursor of Hf, such as HfCl4, or other organometallic Hf
sources having a variety of ligands attached to the Hf atom may be utilized. For
example, appropriate precursors may include HfCly or Hf(OR)4, where R is an alkyl
such as CH(CH3),; Hf(tmdh)s, where tmdh = 2,2,6,6-tetramethyl-3,5-heptanedionato;
Hf(tfac)s, where tfac = trifluoroacetylacetonate; or Hf(NO3)4. 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. HfCls may also be a preferred metal oxide precursor because it
may be sublimated by injection and vaporization into the process reactor.
H,O 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 Cl that may be in



" constant growth rate, and each deposition cycle ideally produces one molecular layer of the deposited
material on the substrate surface. Usually, the growth rate is below one molecular layer per cycle
because the absorbed source chemical molecules may be bulky or the substrate temperature may
affect the number of active sites (e.g., -OH groups) on the substrate surface. Metal oxide thin films
produced by ALD are generally uniform and have desirable adhesion properties that allow them to
become firmly bonded to the substrate surface. The ALD of a high-k material, such as Hf02, may be
achieved Bicoprsacting ok peecuistrihifiielplesenzedf algak, ancpihean PLAQING the presssor using
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the high-k layer 206. In s{ep 106 of Fig, 1A and with continued reference to Fig. 2B, a first anneal
o approximately 10 seconds and 10 minutes. In the present example, the hydrogen-based

anneal is performed for one minute at a temperature of 800° C and a pressure of 40
Torr. The hydrogen-based anneal may be performed in a rapid thermal process (RTP),
in which a single semiconductor substrate may be quickly 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 (O3) or other oxygen sources, such as N,O,
NO, or D20, 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 annecal 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



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 (H2)
to attach to any residual Cl that may be in 6 the upper monolayers of the high-k layer 206 (which
comprises Hf02 in the present example). The resulting effluent HCI may then be driven out of the
substrate 202. Accordingly, the hydrogen-based anneal may aid in reducing interface traps on the
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be a dilutebiydxggen trpaed HEDAyHecorimsdimihe Prestnchologyydn{el ronatheeatygen sources,

such as N2y drive a significant amount of Cl out of the HfO, film from a depth of up to 3 nm.
| The Cl content reduction in the HfO, film may reduce the flatband voltage and improve
electron and hole mobility in the gate structure.

In step 110 of Fig. 1A and with reference to Fig. 2C, a loading treatment may
be applied to the high-k layer 206 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 a.fter 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 H; 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



NO, or D20. 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 present example, the oxygen-based anneal is
performed TS TS So DR ds S TRTBE I S50 R B OO Lo R rabtr i PR 0 10
Torr 7 TypibathhdhéXisenof Highdediagenadsirsnt ey MEOH h @l MO Begatestbrrabiamiprbzess
increases fi fensitypfinterlpce franswlich gases 8 fathand volige il and @marg.giretched
out" capacitan_cé- ate vo {ggef \}?c e, [nterface traps ma)?/ form at sites of imperfect interfaces
between trrngbraibontemtaboubSrate and thewigiik Gnaldral] Forsdradiple itatigling dddhds may trap

electrons g interfgteith e Qpsrations. periartisd b elaglians.tbal Upyel aughihg pate

structure. A related problem associated with the deposition of H 02 is that the chlorine contamination
of the HFGPilth hiaiakéeiuce the insulating characteristics of the film and increase leakage. Secondary

ion mass spectromegy, N@s%@ﬁgﬁpﬁi@)%ﬂyﬁ'@v@fa%&Q?@ﬁ(@?&ﬁﬂxbﬁ%ﬁ%ﬁ@%ﬁ@ﬁf@hown

that the hydrogen-based anneal treatment may drive a significant amount of Cl out of the Hf02 film

from a depiiBetibabratint Tiie edkapeshdRdestiod itwirgdbsileriing Feniesthetffatband voltage

and improye.Riectiesane wiemohilitycin the OaensHHC BB IRIFE 0b bighdAanshvithureference
to Fig. 2C, a loading treatment may be applied to the high-k layer 206 and the substrate 202. Prior to

steps thatdhay iy PEsph 60 this Sapeess GRaebRIghZR 1aydr F86usioasies Latisirate™2 ¥ay have a

plurality placed into the process chamber 120 and treated with the H, gas loading treatment at
7 periodic intervals. For example, the pseudo-substrate 122 may be processed by the
loading treatment sequentially after the processing of the substrate 202. Alternatively,
the pseudo-substrate 122 may be processed by the loading treatment at greater intervals
between 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 Hj 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 eliminate any gas phase reactions. The loading treatment of
step 110 may employ H, gas in an initial process recipe step of the polysilicon layer
208 deposition at a lower femperature 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



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 H2

gas treatment, wherein the gas ed acros b . trate,202 may be
heated bysg%%%%?hge%gl‘g%gé ‘igéa }@agpf%?%ﬁsésgﬁ%dﬁ ‘(;Erpgvﬁjol) %%ﬁée‘%?ﬁ??gﬂ %’(g? F%. 18 and with
continued peftrpeesto feigf R0, Teanbther stebobihwentihdoadidind easarprent isiayaedmplidéthe

periodic H2 gas realieplof & BERYIOISUBRIAIR 22,11 PIAGEPRCHRTD S 120 e piopoas

chamber 120 may provide single substrate processing of the substrate 202 and a pseudo-substrate

122. The prackesiepesibdrupza iheytinsolibigh-Claye PR dAbp subidraicotiéipiocasées. The
process c %@9&{&%0,{;&%@%&9@19{&5&5@11%%g&%&%m@pﬂpang fe30% andiprcaseuger substrate 122.
I,

The pseudo-substrate 122 may co'énéjrlse SiGe, ceramic, SiC, and/or 8 other materials., The

pseudo-sulssteatti o ELRGY BY-puribdiPally Iadusticthdarrercads BakkbaF RSB dntPif fading

treatment fRay.pe ARPliRsk toninenRsaHdersbsiate 4 42 Theribi2 asHseataent eédbmr and
pseudo-substrate 122 may be carried out at a temperature  ranging between abpout 550 C alnoddabout

750 C. Th& R gakersdiRg f@éﬁﬂ@ﬁt@?‘mér“é@e%%}’&m > HRPHANEE BroE&TIRE fanging
between apaitl seeeRGRIEBROtSminutes. The process chamber 120 may have a process

emoment e g, RSNSED Skt 181 AP 0L Ry TR i
substrate 262 may beptxeathiriothes ardcesdwhanbir i Ty pseudvesuiostrditidrz2tmay be
; location, or a chamber in which the first anneal is performed may be evacuated to
prepare the chamber for another anneal or treatment.

While an annealing process is used for purposes of example at steps 106 and
108, it 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 ata
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
extensionsr(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 aﬁd 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.
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pla(“:'edr into the process chamber 120 and treated' with the H2 gas loading treatment at periodic
intervals. For example, the pseudo-substrate 122 may be processed by the loading treatment
sequentially after the processing of the substrate 202. Alternatively, the pseudo-substrate 122 may be
processed by the loading treatment at greater intervals between processing of the substrate 202. The
interval may, for example, comprise five, twelve, or twenty-four substrates 202. Alternatively, the H2
gas may be excited sma source.. The H2 loading, treatment of high-k layer 206 and the
cubstiate 202 prior 15 L b eI e rehistd S g B o bt W tace. The
dangling befidsmmayccaxsafiigly dedkaljmehthdigaid! steuatids sfdhéeyishnedeidirg tredtmant to
remove thg dangling. b rort0 the depgosition of the flicon layer 208, The.intreduction of H2
s Tor I R L R e S et e o
uniform arditiénse pofysilicorm fagecke8rat theiresfaptewithr thes gtk ¢agrs Rl d ralteeadonisilicon
ALD or CYR,H2 ma beiieel i ool e lpRaslionone, 0d map RRR g eckeg;gp siminate any
gas phase reactions. The loading treatment of step 110 may employ H2 gas in"an initial process _
recipe stefs & tHemBIyaiNEBnnEsSET20BraRpYSitlor mrdddiar. tetnbe theupecamé dife EHgHNg S nds may
be eliminajedadythe ﬁﬂrfﬁﬁ%d@@y&%mal@&y,@{ Ritpmdmate indhg syracs ofibedug-klayer

206. The substrate 202 may be treated in the same process chamber used by later step 112. The-
substrate S0P ARt irablei-H kg dtHb erafieBr asevC R eDd e mprasrasHFEY0 B Fhe
loading treptmAant pteppA8 iOGessdine maydangr ey b9 sasanddo mmisfgsopaatambly 120

seconds. The H2 gas.may pe contyolled up to a partial pressure of 80 Torr during, step 110 of the
loading tréﬁh#éﬁ‘t? &Sé?&&%@o%ﬁlem@émﬁz %Pﬁf@.f?,&eaﬁlaevwmlr@fé?gﬁ& %6 IETPE A dBlysilicon

layer 208 arbayadentteprsitedrspasnihe tlediedb igink daysio20& and the substrate 202 to form a
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polysilicon gate structure using a process such as low pressure chemical vapor deposition (LPCVD),
or ALD. The polysilicon layer 208 may be deposited upon the high-k layer 206 and the substrate 202
in a single or batch substrate 202 reactor and may be heated by infra-red (IR) lamps, resistive
elements, or any other heating method known by one skilled in the art. It is understood that some
processing steps may occur between step 102 and step 112. For example, the semiconductor
substrate may be moved to a different location, or a chamber in which the first anneal is performed

may be evagy t? r }l#’u ¢hamber for another anneal or treatment. While an annealing
process is use% (ﬁ%&%&@gﬁo eﬁ%émple at steps 106 and 108, it is understood that other treatments

may be used instead. Accordingly, treatments may be performed on the high-k layer, and such

treatments include, but arg, At limjted 10, anAealing RIGceISESifioE SxaMBlRuR Beafment may be

performed at a lower temperature that that needed for an annealing process. Referring now to Fig.
2D, in ancthey epngueinienb W sificidie 1Brdhod oW ISE &eposited onto the polysilicon layer 208. The

silicide layer 210/nay e & elftsligdenysing@pe or more metals such as titanium, tungsten, cobalt,
or nickel. Source and drain _extensions (SDEs) 212, 214 (e.g., lightly P- doped areas for a source and

drain) in the sub&eFaREECR RYSEIREEE bIP oS BHEMF implantation. A spacer 216 may be formed
by LPCVD by, fopgyainpie, Lepesitisr-aninsulating material suekas siieonhaitlide iosuilieon oxide.
The deposited silicon nitride oy silicon oxide may then be anjsotropically . etched back to form the
spacer. Heavily Ij’-p‘ifBHElil%&}?Egrﬁﬁarﬁkﬂﬁegﬁﬁféﬁ%:‘% lgﬁé%pﬂg%i% %/’ may be formed by ion
implantation to fupgatferndasanreeyand-Beaidicantact cardas hishapich thenmiabdnnealitie (RTA) step may

be used tj}a tivate tlge i?pla(mg(d %o_ Qstga Ign%%gise gg&l@gge%etn e $urce 218 may be connected to
an N+ guatd kg o2 fid*grotivted: i y

2. The method of claim 1 further comprising:

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

based anneal; and

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 betweén 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.
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10 While the disclosure has been particularly shown and described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes in form and detail
may be made therein without departing from the spirit and scope of the disclosure. For example,
various parameters may be altered with respect to the chemical(s) selected for a treatment, as well as
processing conditions (e.g., temperature, pressure, time, etc.). In addition, while the present
disclosure uses a MO% de%i%%lfoo({ PHTROSES c%fumHstration, it is un eg}god tplat thg@g{es%? A{t)rdisclosure

is equally applicable to f/namlc random access rﬁérﬂ%@j (ﬁﬁ%l\ﬁ?,?nagﬁeaforésstig ive (MRAM),

capacitorghary dthgrdbricdsatiatanaydoe fabrichtéde i al Semibenaygon-sidsstratecakinderdiigh-k
dielectric @éef. ghg{gfé%rce Q i houl interpreted in_ a %r ad manner, consistent with the
present disploéﬁre. 11Wﬁ,{0\TeC%%r[%fSR/IE%%§Q%QXE ﬁpiales&{%ar%gr% rﬁ&%ogl 8?%%%110 Sfé%?ntegrated
circuit on hiSemipetrdirdtor 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 arneal ditnaefigpdiofneleimmp wiherein the thyddyapierddeédiand oxygen-based anneals

occur sequentially 2. The method of claim 1 further comprising: selecting a first temperature, a first

pressure, and a first time for the hydrogen- based anneal; and seleqtin?_a second temperature, a
second pressurefé'and ggg&ﬁ@ﬁ%%fféagﬁé6 wherein the first chemical is NHj.

9. The method of claim 6 wherein the first chemical is SiHy.
10.  The method of claim 6 wherein the second chemical is O,.
11.  The method of claim 6 wherein the second éhemical 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,0.

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.
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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 tort,
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 secondéoressure,is selected from a range between .1 millitorr and 10 tort, and

the second tinl& is sefefistPrPA andeabema o i8R INiCEH CEELRYE 92 8. The method of

claim lsbthenevrpnsingsselecting arsbahemigal fptgthe hydrogen-based anneal and a second
chemical for the oxygen-based anneal, wherein the first and second chemicals are selected based on

a chemical coRlpoRHoh BIHEC PR HialBAPTPOPR% IFRAHIY of claim 6 wherein the first chemical is

H2- 8. The methpd, of £laimaGiwherenihe firstekemical dsdibdrad; The method of claim 6 wherein the
first chemical is SiH4. 10. The method of claim 6 wherein the second chemical is 02- 11. The method

of claim 6 whéfaHPiHRSEbe maHiEEPF i B oM the BT0etRdAEF %M 6 wherein the second

chemical is N@}ag.;ﬁ Thameatbed whslain:eovherpio desssearng-chgmical is D20. 14. The method of
claim 1 wherein the ﬁigh-k material is deposited ysing an atomic layer deposition (ALD) process. 15.

The method of WEHIE 2 Rilersilinng prgivicmaietha femien suhiferein

19.  The method of claim 18 wherein the pseudo-substrate comprises silicon.
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 1s 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

arange between about 1 second and about 20 minutes.
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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 | wherein the substrate is diamond. 13 18. A
method for fabricating a portion of an integrated circuit on a semiconductor substrate, the method
comprising: placing a pseudo-substrate in a process reactor; applying a loading treatment to the
pseudo-substrafe; remivvingthod péeliiostb statectr orvntpei progestcrétgor ciptating databice
substrafgég;géhge@g%ﬁs reactor; and forming a poly-silicon layer upon the device substrate. 19. The
method of claim 18 wherein the pseudo-substrate comprises silicon. 20. The method of claim 18
wherein the pseudo-substrate comprises diamond. 21. The method of claim 18 further comprising:

selecting a s emparaiLig. A RiaS3SS 3G AISHIME Jare;Jqgding treatment, and selecting a

second temperature, a second pressure, and a second time for the po ﬁ-‘silicon layer formation. 22.
The method of claim 21 wherein the first temperature is selected from a range between about 550 C

and about 750,6, the fifst piessysysisrlested oA (ANGRASINGSD Abput 0L torr and about 80 fort

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

28. The method of claim 25 wherein the chemical is SiHy.

29.  The method of claim 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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pressure is 40 tort, 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 tort, and the second time is selected
from a range between about 1 second and about 20 minutes. 14 25. The method of claim 18 further
comprising selecting a chemical for the loading treatment. 26. The method of claim 25 wherein the
chemical is H2- 27. The method of claim 25 wherein the chemical is NH3. 28. The method of claim 25
wherein the cliélefcHIgs2iEM tomPPRE whetsod st BRERTIES winraihithb iaarlieg teahyidmasperformed
within thespmg precess 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 wH&teHitHed S8Efi! treRPTErUE proshiaRd ©F asiEsmad 3swendthisaciéprdbticating a
portion gf.an iniegeated cirguit 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 (hightkickibtriatiové temerenint Hsukaibir parreparing a1 érdyeh basetbatmeto ehitle high-k
materigl Reserningan 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
selecting a fourth temperature, a fourth pressure, and a fourth time for the poly-

silicon layer formation.

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

1 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.

16



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: 15 selecting
a first temperature, a first pressure, and a first time for the hydrogen- based anneal; selecting a second
temperature, a second pressure, and a second time for the oxygen-based anneal. selecting a third
temperature, a third pressure, and a third time for the loading treatment; and selecting a fourth
temperature, a fourth time for the poly- silicon layer formation. 34. The method

fourth. pressure, an
of claim 33 Wﬁl rein eff?%%{é%!?)%géﬁ?ﬁ@’iééﬁé’&’?ﬁr% fPyhge natirrsBod iedi000 @, the first
pressureri Sblaaieshimun acange driweenn 0. 1th 30d L6809kt s anddhe dirst timgssplasigdhirom a

range between 10 seconds and 10 minutes. 35. The method of claim 34 wherein the first temperature
is 800 € MkIHREE 35 IHéasrapndrthardaurd fimeinsatestainiinm3oranse hrimeenor ekipmd3
whereigdhexsegandiemperature is selected from a range between 700 C and 900 C, the second
pressure is selected from a range between 1 millitorr and 10 tort, 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 iggelecterd fromm dYIYGREIWE SN ARG CANY AR £s NG TN RassHERdm3eipeied from a
range between 0.1 torr and 80 tort, and the third time is Selected from atange between 1 seconds
and 5 Wsniydgogen-based anneal, a second chemical for the oxygen-based anneal, and a third

chemical for the loading treatment, wherein the first, second, and third chemicals are
selected based on a chemical composition of the high-k material.

41. The method of claim 40 wherein the first chemical is H,.

42.  The method of claim 40 wherein the first chemical is NHj.

43.  The method of claim 40 wherein the first chemical is SiHa.

44, The method of claim 40 wherein the second chemical is Os.

45.  The method of claim 40 wherein tile 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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38. The method of claim 37 wherein the third temperature is 500 C, the first pressure is 40 tort, and
the third time is 2 minutes. 16 39. The method of claim 33 wherein the fourth temperature is selected
from a range between 700 C and 900 C, the fourth pressure is selected from a range between 1
millitorr and 760 torr, and the fourth time is selected from a range between 1 second and 20 minutes.
40. The method of claim 32 further comprising selecting a first chemical for the hydrogen-based
anneal, a second chemical for the oxygen-based anneal, and a third chemical for the loading
treatment, wherein the first, second, and third chemicals are selected based on a chemical

composition ofghe highckaaiedadr4laibhe snathadial chaim A9 woereiaitheofirstchemigabiseki2. 42.
The method of claim 40 wherein the first chemical is NH3. 43. The method of claim 40 wherein the
first ch@ffiBSFi8™8Hed Unid! Fiesrlsticd BFRpsiHA0dARE R tH888Cond chemical is 02. 45. The
method of claim 40 wherein the second chemical is N20. 46. The method of claim 40 wherein the
second chemical is NO. 47. The method qf claim 40 wherein the second chemicéafrl is D20 48. The

method of claith32 viSrEs BRARS I Hatdr i aiher b s d AR B RS i S ASEIoGRSS S HBRIA L D)

procesgh#8amhBe roethod of Glaim 4 wherein dhe Higbols Materialds Hf02, 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. 17 50. The method of claim
48 wherein a plurality pé ex6l@s @fthel AkPIr9ges®in the loading treatment is performed within

an individual process environment,

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 insu}.ate 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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are performed until the selected deposition depth is attained. 51. The method of claim 32 wherein the
loading treatment is performed within the same process environment of the poly-silicon formation. 52.
The method of claim 32 wherein the loading treatment is performed within an individual process
environment. 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; foriing a thin metieecdretriasibstrhese tepusifirg tenighraistscsicdortsdift ¢high-k)

materi in ingdlate; j e high- ial; applyi loading
treatmgﬁ%%%rgrﬁﬁgé ﬁgﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁ]@%gg&iﬁ&ﬁ §$8§%é%3a%@ﬁig ?‘[gerﬁgterial,
whereifl théognnaead! 88ndpokadiltberfideptsitory schutsdduantialyn 56 beheemethee:of dkaimds5 further
compriging;, 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. 18 57. The method of claim 55 wherein the first temperature is selected from a range

between 450 (S?Sand 0 ﬁtqie ir ssure is selected fram a range hetween. 0.1 forr a 0 tort,
and the first time is se e%i%1 rgangg r%g%gme é‘Zthgrne?gggoﬁr éaé%‘afg rak%ure 8 §08 16 (hé ?gs&%
pressure is 40 torr, and the first time is 2 minutes.

59.  The method of claim 55 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 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 H,.
62. The method of claim 60 wherein the chemical is NHa,
63.  The method of claim 60 wherein the chemical is SiHs.

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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minutes. 58. The method of claim 57 wherein the first temperature is 500 C, the first pressure is 40
tort, and the first time is 2 minutes. 59. The method of claim 55 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 760 tort, 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. Thé methodmétatoe@invhekinthe atientiealdadiy Weaihhamethos of daim £0
wherein é:ll;lgrnical is NH3, 63. The method of claim 60 wherein the chemical is SiH4. 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 aof.the gl ili formation. 66, The method of claim 55 wherein, the loading
treatment is perﬁcr)%r'mec(i)f v%'/ﬁhrlxgn)ec% ﬂaln(gti?/c?%g} 0 g‘fggﬁ\ﬁ FeRek 1a8eTiahis ARRPeiedrtiin 55
wherein thi@padiagerdatmenida Proxinaiecka:ss. plasma. 68. The method of claim 55 wherein the
high-k material is deposited using atomic layer deposition (ALD) process. 69. The method of claim 68
wherein the high-k material is Hf02, and wherein the method further comprises selecting a deposition
temperature from rarifechettieah 02@0:Gra08 400 £1atkSeigkioehatdarPsitiarcieRtuikomRRiange
between ﬁf'é‘%?&ﬁod further compri i iti

prises 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.

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.
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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. 20 SYSTEM AND METHOD FOR INTEGRATION OF HfO2 AND
RTCVD POLY-SILICON ABSTRACT A method for improving electrical characteristics in metal oxide
semiconductor (MOS) devices by using a loading treatment prior to depositing poly- silicon upon a
high-k material is provided. A high dielectric constant (high-k) material, such as Hf02, is deposited
onto a substrate USiNgSYSTICNEYNDIAIBITO D FORMNF HGHATIONOTolddy treatment may be
performed within the same process RTS8 BOHA FIY-HilGdh formation or may be performed
within an individual process environment. The loading treatment and poly-silicon deposition processes
may occur sequentially and improve the capacitance-gate voltage response of the MOS device
constructed with the high-k material. Other layers may then be added onto the high-k layer to
complejgreiVi@§-device. Other processes, such as a diluted oxygen anneal, may also be used.

(FIG. 1A 2.1 R

semiconductor (MOS) devices by using a loading treatment prior to depositing poly-

silicon upon a high-k material is provided. A high dielectric constant (high-k) material,

method for improving electrical characteristics in metal oxide

such as HfO2, is deposited onto a substrate using atomic layer deposition or a similar
process. The loading treatment may be performed within the same process environment
of the poly-silicon formation or may be performed within an individual process
environment. The loading treatment and poly-silicon deposition processes may Occur
sequentially and improve the capacitance-gate voltage response of the MOS device
constructed with the high-k material. Other layers may then be added onto the high-k
layer to complete the MOS device, Other processes, such as a diluted oxygen anneal,

may also be used.

(FIG. {A)
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