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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~ 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.



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 DESCRIPTION OF THE DRAWINGS Fig. IA illustrates a
method for integrating transistor gate deposition processes to produce a semiconductor device having
improved electrical characteristics, Higs R dlustraies psaahamatigerlen 66 pie criodirnheit bf a
process reactor for providing a’loading treatment constructed accordir;[% rt%a%sp&(%}g no% Iageggesent
disclosuredﬁb@.tlszlﬂﬁﬁré"éPo%@l@‘em%ﬁﬁm%lé?%\ﬁne?)‘(é%ﬁg?f}%fegra 2o Gircuit produced by a
fabrication process that utilizes the method of Fig. 1. DETAILED DESCRIPTION The present
disclosure relates generally to the field of semijc I, processing and, more particularly, to a
system anBRIEEEBESCREZHIGN QE LU %ﬁi with other materials utilized in a _
semiconductor fabriggtion pigessitts ismedersthodnhawetise, thastbo falswiRPaERIBure provides
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not intended to be lirpiting Bl adeitien, thelprestntdiselofurecramp adipeeitrefct e biNfarAM and/or
letters in the various.examples. This repetition. | r implicityr anel wlagitytand does not
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Referring taikigoddrand with additional reference to Figs. 2A-2D, in one embodiment, a method 100
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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



structure or a negative-channel MOS (NMOS) structure, and may have a single fin_ger_ 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 2 respect to Figs. 2A-2D, the method 100
may be used to provide improved electrical characteristics to the MOS device, in(_:lud_ing the
suppression of flatband voltage shifts. The method 100 may begin after other fabrication steps _have
been completed. For example, referring to FIG. 2A, prior to the start of the method 100, formation of a
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P and N dopistt el g?ﬁ)&dll'ﬁwff?dq(?%‘Ei%%’ﬁl?lﬂé?ﬂ%ﬁ&?ﬁ%ﬁéé“éﬁ@é’ﬁém@%e RvstEatembodiment,
the well regidfR20ayrhapevigolvitroneasr arprtyiselslipeiayard st iesivim-hreasoceasanksees for an
n-type dopapiayThe @eurefwemensqmﬁmm%w&e& R JERIIREH ALhpron-doped

di dl ith a deuterium plasma. In one embodiment, the we reglon may ormed
A1 L R e R b

percent and about 5 percent in a vacuum process ambient. Boron doping may be provided by the
mixing of a boron @W@ﬂ&@g@ﬁ%ﬂﬂ%&%@%@é@ 98RO NG LI § 59 r?é%'%‘&a%?%ion
(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



may include BZH6, BZD6, 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 150C. and about 1100C. High
density plasma may be produced by a microwave electron cyclotron resonance (ECR) plasma, a 3
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clean," as source/drain regions in the substrate 202. Of course, other conventional and/or future p
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



well as a mixture of hydrochloric acid (HCI), hydrogen peroxide (H202), 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. IA 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 ormed.by a Pﬁlurality of different methods. For example, the thin insulate 205 may be
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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



methods. Generally, the high-k layer may have a thickness between approximately 3 and 50
Angstroms. With some materials, such as HfO2, 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 Hf02, 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 telptierbndemsediad %lmﬁﬁ@éﬁ%@%@ékéﬁe‘%sgaﬁg%ﬁmﬁ SribIrF dalicdYgeometries.
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precursors may inc ude HfC14 or Hf(OR)4, where R is an alkél .
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



such as CH(CH3)2; Hf(tmdh)4, where' tm.dh = 2,2,6,6-tetramethyl-3,5-heptanedionato; Hf(tfac)4,
where tfac = trifluoroacetylacetonate; or Hf(NO3)4. Similar precursors may be used for the ALD of
other high-k materials, such as ZrO2. Because carbon containing hafnium precursors may result in
excess carbon and fluorine incorporation in the metal oxide film, HfC14 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. H20
vapor maythe welectedas areoxyfdr $oghek foydhe H4fO2hinkhe present HEKBMPIB. a1 i@ deposition
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Torr 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



and 70 Torr. The processing time for the hydrogen anneal may be between 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. A and with continued reference to Fig. 2B, a

second anneal may bepetbintes) ws tHehbhhkiaonayer 206 satihes gHthe isctdha Denteaforaptien
selected frgfe@s@ﬂ@;ﬁe%@naeaégnmfﬁ%@&@Q&@@p@@ﬁk&%@g ANDAAS o01RXYaRRARed
m

anneal treatment. The second anneal may be a diluted oxygen anneal (DOA) performed in the

presence & BRGeR IEERISH SierGRYGEASS ek Velids ad (NobourNs. drispecerransigeritased

anneal may Rereised fafewing thevdeearmhaset aterl Riaier Q5 terinripyedbe gligatrical
characteristics of Ehe igh-k layer %({)6 gand' the resulting MOS gate). If the second anneal is a DOA,
g

then the DOATHAY bEChEFIHED SRR Sors R be fde i sErsRimd el T Ea<C 4960 C, and at a
pressure bgpareeivapprotimadely il stulltfais dnd LQJarthidgprocesaingtupgifer the oxygen-based
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by electrons that travel through the gate structure.
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



A related problem associated with the deposition of H 02 is that the chlorine contamination of the
HfO2 film may reduce the insulating characteristics of the film and increase leakage. Secondary ion
mass spectrometry (SIMS) depth profile analysis of hydrogen treated Hf02 surfaces has shown that
the hydrogen-based anneal treatment may drive a significant amount of Cl out of the Hf02 film from a
depth of up to 3 nm. The CI content reduction in the Hf02 film may reduce the Hatband voltage and
improve electron ol ob|I|t in th ate cture In ste d with reference to
Fi6, 20, 2 AT P e TRy 1 AU e RIgh Ry e sher e e G B Bror o
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proceeding process after any of eceding steps 1 ep 1 app ies a ding treatment
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individual ‘process) of the poly ayer 208 deposition ess. The loading treatment may consist
of a H2 gabeidatmsnttayherein the gas may be passed across the substrate 102. The substrate 202

may be heated by grrapidhguaghalimics hAePASHABR LLWRLIRRIY RefR iR 0. B

and with continued reference to Fig. 2C, in another embodiment the Ioadlng treatment may comprise

the periodf€ M2 YhatrahineAst anf)é‘éﬁb}bgéhg%@ 89 Winedhscla BHh HERPERS. Hife process
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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



The 1-12 gas treatment of the pseudo-substrate 122 may be carried out at a temperature ranging
between about 550 C and about 750 C. The H2 gas loading treatment of the pseudo-substrate 122
may have a process time ranging between about 1 second and about 5 minutes. The process
chamber 120 may have a process environment pressure ranging between about 0.1 Torr and about
80 Torr. Following the loading treatment, the pseudo-substrate 122 may be removed from the process

chamber 120 and the substrate 202 laced intg.the, pre hamber 12Q4
pseudo-susggf’r%ag cﬁegﬂ rh%@ﬁé R 5%%5#%%1(1)%?15 Ei)cr((%omcgessls %ﬁea?n%grglg%gagnd treated Wit-llgl%?ltg ﬁz gas
loading treatrhiehp s peeiodié infenvalsrivgr examiles fibepbrmddnesubataant1 preferap beddrd€éssed by

the loading treamegt seqhenyalurafet e raspss e suhgrate AqaIETAly 1hs

pseudo-substrate 1 e processed by the loading treatment at greater intervals between
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treatment of the high-k layer 206 and the substrate 202 prior to the deposition may  remove any
dangling (GoPpsbinRISLat acel Preldamnligi Horndaway 48 5aHibh denasiigd Ipeik Yate

structure if,{ggre ige laRding trealnsatieremove thiemdanglingHopdsspries 201heddeposiiton of the
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r
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of 450 C t@8per€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 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.
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preferébly 500 C. The loading treatment step 208' process time may range from 1 9 second to 5
minutes, preferably 120 seconds. The H2 gas may be controlled up to a partial pressure of 80 Torr
during step 110 of the loading treatment, preferably 40 Torr. At step 112 of Fig. IA and with reference
to Fig. 2C, a polysilicon layer 208 may be deposited upon the treated high-k layer 206 and the
substrate 202 to form a polysilicon gate structure using a process such as low pressure chemical
vapor deposition (L D), or,ALD. The, polysilicon layer 208 may be deposited upon the high-k layer
206 and the substraﬁe%\%?zlhneé%%%lseméer &éstcﬁﬁe %rﬂlgétrr%él [2"6%' rse%)c\%jgraanr%d&r%(érﬁ eéy E‘ga ed by infra-red
(IR) lampsg¢fesistive @ lpmmpisrprearhe dthemheatimglinethodl desawd by dreeskillBddniihbeaatt It is
understoogép%%@ rocessing.steps cur. between, step 102 and step 112. Far ex le, the
semcand L R B R e F S e
is performudntapberscubtoe dosqheeperae Hoe champler forramotiperaamttesd vrairdataleeredwitle an
annealing,RLaces s/ IESERL IR AWHORTSALLIGMPIR ALBLERS A00ANE TR LJs Hadgtaipgd that other
treatments may be used instead. Accordingly, treatments may be performed on the high-k layer, and
such treatfhEntdSRRNGEEUBUIIRS SHE: iRt ¢ te,) arlhctltigi procdtde sheprcsrahsiirs | ebtisatsserit may
be performedatiayiewesntgmperaiuse thatdhaioneedrd il a/apnerRling. Pipeess: Relesdng now to Fig.

2D, in another embodiment, a silicide layer 210 may be deposited onto the polysilicon layer 208. The

silicide lay&'2 1y ARRIiEaPAhedyRiRiada0dmy BireEt MEmeRiRR Ahbh Bagnatr tirfg8eM cobalt,
or nickel. BawsesndLrainoextensionsfIDESsE 2 it 2h4y(9 fabigittly-8-cdoped.ateagdera source and

drain) in the, substrate 202 may be, formed by low energy implantation. A spacer 216 may be formed
by Lpcvrﬁ%@f}f&?ee&%%éb@ﬁ&ﬁfﬁﬁ%ﬁ%@mﬁnaﬁﬁaﬁéfar SRl uiidibud G RS Bxide.
The depositedsilisomndjde o sitison okide: Peysthedielasigetropically etched back to form the
spacer. Heavily P+ doped source and drain regions 218, 220,
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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 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\xy'igf Jiefgﬁggl}{@ﬁhﬂnical(s) selected for a treatment, as well as processing conditions
e

(e.g., temperature, préssure, time, etc.). In addition, while the present disclosure uses a MOS device
for purposes of illustration, it is understood that the present disclosure is equally applicable to dynamic

random access jemory,(RRAM) ¢ 3gnRIGISIS e RAM MR AN £AACHRSS: An0ther devices that

may be fabricated on a semiconductor substrate using a high-k dielectric layer. Therefore, the claims
should bedpreipratarior wbibatenibanbeleofSiSRePEINRE the present disclosure. 11 WHAT IS

CLAIMED IS: 1. pymsthedHfotdelricalingha pastionef an integrated circuit on a semiconductor
substrate, the method com&rjsing: cleaning the surface of the substrate; forming a thin insulate over

the substrate; defUEHiRg & highiialateRVEs et HGHek) material over the thin insulate; performing
a hydrogen-basegeaasralon ihe igdlde atesat parfaipting) aneygesvhased ahn éahdatthe high-k

material, wherein the hydrogen-based and (?% en-faseg ?n% S occut ﬁ_equentially 2. The method
of claim 1 furtherRESMPAENSS SSHQARTG el %ﬁ‘ﬁ% P8 AT HBEHIE  and a first time for the
hydrogen- performing an oxygen-based anneal on the high-k material, wherein the

hydrogen-based and 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

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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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
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.gf claim 2 wherein thf ond temperature is select om a .range between
700 C and 900 @ethe slce}éon(fqglre%,\;ﬁe?ls se &r rom & ré’sr%rg1 eitev?/zi gl (%lr?%lr? Ui tort and
the seconthti mmgembwddrmakmgam@mwmﬂmhcﬂo:aﬂnh Bmm@mdsd ﬁﬁrﬁ:all'hehmethod of

claim 1 f“gﬁ%eﬁ&‘%%?&'%l%é@' 4ing:3 f"%‘hcﬁ‘eei”?;'%‘ S MdRgen-based anngal and,a second
chemical for the oxygen-bas annea erein th farst and second chemicals are se ected based on
a chemicdligbriposigonlof the high-k material. 7. The method of claim 6 wherein the first chemical is
H2- 8. The method of claim 6 wherein the first chemical is NH3. 9. 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 wherein the 3&¢0n&tbrémicalasNe ovhepe mHb désioehemdrfihiBshvherein the second
chemical is NO. 13. The method of claim 6 wherein the second chemical is D20. 14. The method of
claim 1 wherein the high-k material is deposited using an atomic layer deposmon (ALD) process. 15.

The method of cfaim 14 WBrefCthehighim (hatBREA o st someadits NHs.

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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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 lpading treatment to the

pseudo-substrdte; remBliHp thEpdabtisadinsstraetiom W protessted S6F15I8RIAg a device

substrajeniite Hae Macesssieaciomanck tirmngnd Relyssilicon 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 pEif-EAIRIFRECCERSHELS HAMBARSSB TC4HO Thethod of claim 18 further comprising:

selecting a firsfgrppgaraturaalir st iessstes ane pstiistdiveniardhe loading treatment; and selecting a
second temperature, a second pressure, and a second time for the poly-silicon layer formation. 22.

The method of¢REYRE RGN HRSIAIR SEmURei O 88t #dMia range between about 550 C

and about 75%@4!3@ firgbpressunais.seprteehbgruactangadisiwaen about 0.1 torr and about 80 tort,
and the first time is_selected from a range between about 1 seconds and about 5 minutes. 23. The

method of claifAt3 hehaliirdlirep davpraeeie shay e e thebifét iDressure is 40 tort, and the first

time is 1 minute. 24. The method of claim 21 wherein the second temperature is selected from a

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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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 chemical is SiH4. 29.
The method of claim 18 wherein the loading treatment is performed within the same process
environment adthe pélesmesi forinadom. BY fIrdenetropBticigineltetivigereih¢he debfimgleeatment is
performgd withif .amingividual 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

nsulats over the SUbSas gasing, b decefic s (g, maleral over he thin nsuiate

performing a hydrogen-based anneal on the hi material; per ormlngzan oxygen-based anneal on
the high-k material, wherein the hydrogen-based and oxygen-based anneals occur sequentially;

applying a loading trepgment o, therhigh-k %ﬁi&l&%{;ﬂ;}ogﬂg}% aﬁ)(i)slyﬁsﬁicon layer on the treated

high-k material, wherein the loading treatment an silicon eposmor?'occur sequentially. 33. The
method of claim 32 further comprising: 15

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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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 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 tort, and the first time is selected from a
range betweefeer 88&chHS AREMIG IRiRIReS. Bt PHeSHBthohdfcAist Smeherdiethediegtdmperature
is 800 &, ibg fifslefressure is 40 tort, 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 setéted ot acRiHbEEBRWAEEH o1 MiRter BAEE10HSH 2RAG threeBEdHI ¢ifMs id%elected from
a range, pepwgan J.gegand) 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 betweefelgctifetradihar 80aBE canid tReailtt 4imie is wete steb 4rd h tiary opdhiwdenditseconds
and 5 pinutes,38y,ghe 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 i$SERIEBERIOHTE Fompetsbaioen POl pisd000. @nthe fourth prasgsiretbesedtted from
a rangg petweely .} miliiarAnd 760 torr, and the fourth time is selected from a range between 1
second

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.
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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 of the high-k material. 41. The method of claim 40 wherein the first chemical is H2. 42.
The method of claim 40 wherein the first chemical is NH3. 43. The method of claim 40 wherein the

first chemical%SiHeg 44. The dn;e had of claim 40 wherein the second chemical is 02. 45. The
method of claiin 40 wHEBIRRASRESHIBrEMTEATEIN S aTeh EMBERBIET BawEat WASr8iA the

second-ohesntieakiseh @004 1c Hha methad, af.¢lalm- 4P hergin IB%&%@%&Q&Qﬁf%iQ%ge%%%%%nThe
method of claim 32 wherein the hiah-k material is deposited using an atomic layer deposition (ALD)
procesd. Bl ARHSH spEramrdghrHarsth fhm nigh! peassrEiom Mfom smbohieseih serondethod
further gamprsas:sgiecting 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 of cycles of the ALD process are performed until the selected deposition depth

' atained. S1i(The method elcdainctaheraiiing loagipe is'ietis periornedamiiun fie same

process environment of the poly-silicon formation. 52. The method of claim 32 wherein the loading

treatm&Mt RY9EPREMBASKAANEALirtRAaeRd slsaieabAvirhenert 288- basedristhon] .oirdladnhdz wherein
the loadipgni@atroe ihés BEMIRAR 1o Ae IR 21 (10 & FOETROG ALCIAR AR WRRESIRING sHbstrate is

diamond., _
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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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 pody-siliqore layehéImaionml 8HEhtha metiedafslarcooiwhef el the firghtemperature

is selected from a range between 450 C and 650 C, the first pressure is selected from a range
betwedh SR LB HEI e AfdaHs fidtrmmbiRn L rt i rASHAIESdnge between 1 seconds and 5

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 tem

selected from>d - rande*bERFERH Adoctaiand oorher citetie doid B Lenened dfoREstP B a%ﬂaéﬁif’é’z °

betweeR e Lapilliters add 2a01toknand hetaegud-ime s SRIgstadoiiom 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 H2.
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;

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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62. The method of claim 60 wherein the chemical 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 of the poly-silicon formation. 66. The method of claim
55 wherein the loading treatment is performed within an individual process environment. 19 67. The
method of claim 55 wherein the loading treatment is proximate to a plasma. 68. The method of claim
55 wherein the high-K itageeihiod aepbisited dsihgretoriie Eysrtaupesitiore(ALBlestoddtensd. The

methq@ﬁ@%@%&e{hﬂeu‘d%ﬁi@d‘e f@?&%@aﬂaﬁbt;g%sa?g -W@gf@é? &“g meihod f‘é%%i{v%%’ﬂ"p”ses
selecting & deposition temperature from a range between b50°C and 4 (5)18 and selec Ing a
depositioh deptiniodt sorangedodiovBest 3iardi 7 5elantsirims 70aTie mbiked dfselaimisSudharein a
pluralit%%gyéges 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 char §teris ics.in.m ide . semiconductor,(MQS) devices by usi loadijng treatment
prior to depos?tin'g poﬁfe& |gé$15?#p80%;1 a %h- Materia Ege prp(ljr\/sleo|%:81].l %eﬁ%é]#%ileslré%t%c%at%l%?atﬁfis high-k)
materigiressiereds HIOR s aiepdsttdit ortionas $sBstnanexigsing atomic layer deposition or a similar

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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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 oxy@§én anfbaim etiaydatsfockrmset wieEeitAD R Ibading treatment is proximate to a
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 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.

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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