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foll ow ng commonly assigned U S. patent applications,
whi ch are herein incorporated by reference in their
entirety: U S Application Serial No. 10/137, 058,
attorney docket no. 303.802US1 entitled: "Atomc
Layer Deposition and Conversion,” U S. Application
Serial No. 10/137,168, attorney docket no. 1303.048USl
10 entitled: "Methods, Systens, and Apparatus for

At om c- Layer Deposition of Al um num Oxides in
Integrated Circuits,” and U S. Application Serial No.
09/ 797, 324, attorney docket no. 303.717US1 entitl ed:
" Met hods, stens, and aratus for_ Uniform
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Technical Field
This application relates generally to semiconductor devices and device
fabrication and, more particularly, to dielectric layers and their method of
fabrication.

Background

20 The semiconductor device industry has a market driven need to improve

25

speed performance, improve its low static (off-state) power requirements, and adapt
to a wide range of power supply and output voltage requirements for its silicon
based microelectronic products. In particular, in the fabrication of transistors, there
is continuous pressure to reduce the size of devices such as transistors. The ultimate
goal is to fabricate increasingly smaller and more reliable integrated circuits (ICs)
for use in products such as processor chips, mobile telephones, and memory devices
such as dynamic random access memories (DRAMs). The smaller devices are

frequently powered by batteries. There is also pressure to reduce the size of the
1



WD 2004/ 079796 PCT/ US2004/ 006685 batteries, and to
extend the tine between battery charges. This forces
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but to design themto operate reliably with |ower

power supplies. Currently, the sem conductor industry
relies on the ability to reduce or scale 5 the

di mensions of its basic devices, primarily, the

silicon based netal - oxi de- sem conductor field effect
transi stor (MOSFET). A common configuration of such a
transistor is shown in Figure 1. Wile the follow ng

di scussion uses Figure 1 to illustrate a transistor
fromthe prior art, one skilled in the art wll
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defect charge densities on the order of 1010/cn®P
mi B@]é(ﬁryﬁtﬁﬁ{é‘g silicgn ?polys?licon), or other conducting materials such as metal
may be used.

In fabricating transistors to be smaller in size and reliably operate on lower
power supplies, one design criteria is gate dielectric 140. The mainstay for forming
the gate dielectric has been silicon dioxide, SiO,. A thermally grown amorphous
SiO, layer provides an electrically and thermodynamically stable material, where
the interface of the SiO, layer with underlying Si provides a high quality interface as
well as superior electrical isolation properties. In typical processing, use of SiO, on
Si has provided defect charge densities on the order of 10'%/cm? midgap interface

state densities of approximately 10'%cm? eV, and breakdown voltages in the range
2



state densities of approximtely 1010/cn® eV, and
breakdown voltages in the range 2 WO 2004/ 079796
WS04/ 006685 of 15 MM/ cm Wth such quaPCT/UsEN4/006685
there would be no apparent need to use a materi al
ot her than Si 02, but increased scaling and other
requi renents for gate dielectrics create the need to
find other dielectric mterials to be used for a gate
dielectric. 5 Sunmary The abovenenti oned probl ens are
addressed by the present subject matter and will be
under st ood by readi ng and studying the foll ow ng
specification. An enbodiment for a method for form ng
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features w || bec
respect to a silicon based substrate. Such dielectric layers provide a significantly

thinner equivalent oxide thickness compared with a silicon oxide layer having the
20  same physical thickness. Alternately, such dielectric layers provide a significantly
thicker physical thickness than a silicon oxide layer having the same equivalent
oxide thickness. Embodiments include structures for capacitors, transistors,
memory devices, and electronic systems with dielectric layers containing atomic
layer deposited hafnium oxide, and methods for forming such structures.
25 These and other aspects, embodiments, advantages, and features will become

apparent from the following description and the referenced drawings.



apparent fromthe foll ow ng description and the
referenced drawi ngs. 3 WO 2004/ 079796

weEFOnANB2004/ 006685 Brief Description of the Dr@EmisIys4/006685
Figure 1 shows a conmon configuration of a transistor
in which a gate dielectric containing atomc |ayer
deposited hafnium oxi de may be fornmed according to
vari ous enbodi nents of the present subject nmatter. 5
Fi gure 2A shows an atom c | ayer deposition systemfor
processing a dielectric layer containing hafnium
oxi de, according to various enbodi nents of the
present subject matter. Figure 2B shows a
gas-distribution fixture of an atom c |ayer deposition
system f or processiBripf Deséeriptimt of the Dagwingsont ai ni ng

haf ni u xi d according to. 10 various enbadi ts of
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deposition, according to various embodiments of the present subject matter.

Figure 5 shows an embodiment of a configuration of a transistor having an
atomic layer deposited hafnium oxide dielectric layer, according to various
embodiments of the present subject matter.

20 Figure 6 shows an embodiment of a personal computer incorporating devices
having an atomic layer deposited dielectric layer, according to various embodiments
of the present subject matter.

Figure 7 illustrates a schematic view of an embodiment of a central
processing unit incorporating devices having an atomic layer deposited dielectric

25  layer, according to various embodiments of the present subject matter.

Figure 8 illustrates a schematic view of an embodiment of a DRAM memory
device having an atomic layer deposited dielectric layer, according to various

embodiments of the present subject matter.
4



Figure 8 illustrates a schematic view of an enbodi nent
of a DRAM nenory device having an atom c | ayer

walepesited di el ectric |ayer, according to variBUEUS2004/006685

enbodi nents of the present subject matter. 4 WO
2004/ 079796 PCT/ US2004/ 006685 Detail ed Description
The followi ng detailed description refers to the
acconmpanyi ng drawi ngs that show, by way of
illustration, specific aspects and enbodi nents in

whi ch the present 5 subject matter nmay be practiced.
These enbodi nents are described in sufficient detail
to enable those skilled in the art to practice the
present subject matter. OQther enbodi nents may be

utilized and structural, logical, and electrical

changes may be nmde vvlbg&gl Qfe%ﬁ,g fromthe scope

of the varigus
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waﬁeﬁfbo@ﬁfénfsu@%rfnaie@vélﬁMdﬁ%mQODed and undoped
sem conductors, _epitaxial sem conductor |ayers
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well as other semiconductor structures well known to one skilled in the art. The
term conductor is understood to include semiconductors, and the term insulator or
dielectric is defined to include any material that is less electrically conductive than
the materials referred to as conductors.

The term “horizontal” as used in this application is defined as a plane
parallel to the conventional plane or surface of a wafer or substrate, regardless of the
orientation of the wafer or substrate. The term “vertical” refers to a direction
perpendicular to the horizontal as defined above. Prepositions, such as “on”, “side”
(as in “sidewall”), “higher”, “lower”, “over” and “under” are defined with respect to

the conventional plane or surface being on the top surface of the wafer or substrate,

5



25 orientation of the wafer or substrate. The term
"vertical" refers to a direction perpendicular to the
whoersamtd@l as defined above. Prepositions, supdiI/ES2004/006685
"on", "side" (as in "sidewall"), "higher", "lower",
"over" and "under" are defined wth respect to the
conventional plane or surface being on the top surface
of the wafer or substrate, 5 WD 2004/079796
PCT/ US2004/ 006685 regardless of the orientation of
the wafer or substrate. The follow ng detail ed
description is, therefore, not to be taken in a
limting sense, and the scope of the present subject
matter is defined only by the appended cl ai ns, al ong
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Si 02 layer. This additional_ thi cknesi
dielectric would be need to be approximately 4 to 7 A.

20 Additional characteristics for a SiO; layer depend on the gate electrode used
in conjunction with the SiO, gate dielectric. Using a conventional polysilicon gate
results in an additional increase in tq for the SiO; layer. This additional thickness
could be eliminated by using a metal gate electrode, though metal gates are not
currently used in typical complementary metal-oxide-semiconductor field effect

25  transistor (CMOS) technology. Thus, future devices would be designed towards a

| physical SiO, gate dielectric layer of about 5 A orless. Such a small thickness for a

Si0, oxide layer creates additional problems.



could be elimnated by using a netal gate el ectrode,
t hough netal gates are not currently used in typical
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5 b € aghtdiérig | If&rbt

25 transistor (CMOS) technol ogy. Thus, future devices
woul d be designed towards a physical Si02 gate
dielectric layer of about 5 A or less. Such a snal
thickness for a SiQ2 oxide |ayer creates additiona
probl enms. 6 WO 2004/ 079796 PCT/ US2004/ 006685 Silicon
dioxide is used as a gate dielectric, in part, due to
its electrical isolation properties in a Si02 - S
based structure. This electrical isolation is due to
the relatively |arge band gap of Si02 (8.9 eV) making
it a godcdliconsivxadais upedana gateedielestrial in pardinetto vs electrical
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physi cal thjickness to which a Si Q2 l'ayer
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and t is the thickness of the dielectric. The thickness, t, of a material is related to its
teq for a given capacitance, with SiO; having a dielectric constant k. = 3.9, as

t= (1/Kox ) teq = (1/3.9) teq.

Thus, materials with a dielectric constant greater than that of SiO,, 3.9, will have a
physical thickness that may be considerably larger than a desired t.q, while
providing the desired equivalent oxide thickness. For example, an alternate
dielectric material with a dielectric constant of 10 could have a thickness of about

25.6 A to provide a teq of 10 A, not including any depletion/inversion layer effects.



t = (K'KoX) teqg = (K/'3.9) teq. Thus, materials with a
dielectric constant greater than that of SiQ2, 3.9,
wowdos/oraye a physical thickness that may be PCT/US2004/006685
consi derably larger than a desired teq, while 25
provi ding the desired equival ent oxide thickness. For
exanple, an alternate dielectric material with a
dielectric constant of 10 could have a thickness of
about 25.6 Ato provide a teq of 10 A, not including
any depletion/inversion |ayer effects. 7 WO
2004/ 079796 PCT/ US2004/ 006685 Thus, a reduced
equi val ent oxi de thickness for transistors may be
realized by using dielectric materials with higher
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20 dielectric in which the barrier layer prevents the formation of a SiO; layer, the teq

would be limited by the layer with the lowest dielectric constant. However, whether
a single dielectric layer with a high dielectric constant or a barrier layer with a
higher dielectric constant than SiO, is employed, the layer interfacing with the
silicon layer must provide a high quality interface to maintain a high channel carrier
25  mobility.
One of the advantages for using SiO, as a gate dielectric has been that the
formation of the SiO; layer results in an amorphous gate dielectric. Having an

amorphous structure for a gate dielectric is advantageous because grain boundaries
8
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t he advantages for using Si02 as a gate dielectric has
been that the formation of the SiQ2 |ayer results in
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structure for a gate dielectric is advantageous
because grain boundaries 8 WD 2004/ 079796
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to be increased by a factor of 10 for
every 0.1 increase in the root-mean-square (RMS) roughness.
20 During a conventional sputtering deposition process stage, particles of the
material to be deposited bombard the surface at a high energy. When a particle hits
- the surface, some particles adhere, and other particles cause damage. High-energy
impacts remove body region particles creating pits. The surface of such a deposited
layer may have a rough contour due to the rough interface at the body region.
25 In an embodiment, a hafnium oxide dielectric layer having a substantially
smooth surface relative to other processing techniques is formed using atomic layer

deposition (ALD). Further, forming a dielectric layer using atomic layer deposition

provides for controlling transitions between material layers. Thus, atomic layer
9
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When a particle hits the surface, sone particles
adhere, and other particles cause damage. Hi gh-energy
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The surface of such a deposited |ayer may have a
rough contour due to the rough interface at the body
region. 25 In an enbodi nent, a haf ni um oxi de
di el ectric layer having a substantially snpoth
surface relative to other processing techniques is
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reaction chamber. With favourable precursor chemistry where the precursors

20  adsorb and react with each other on the substrate aggressively, one ALD cycle may
be performed in less than one second in properly designed flow type reaction
chambers. Typically, precursor pulse times range from about 0.5 sec to about 2 to 3
seconds.

In ALD, the saturation of all the reaction and purging phases makes the

25  growth self-limiting. This self-limiting growth results in large area uniformity and

conformality, which has important applications for such cases as planar substrates,

deep trenches, and in the processing of porous silicon and high surface area silica
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fromthe reaction chanber. Wth favourabl e precursor
chem stry where the precursors 20 adsorb and react
with each other on the substrate aggressively, one ALD
cycle may be perfornmed in | ess than one second in
properly designed flow type reaction chanbers.

Typi cal ly, precursor pulse tinmes range from about 0.5
sec to about 2 to 3 seconds. In ALD, the saturation
of all the reaction and purging phases makes the 25
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used. in,an, ALD process

[, JL
: ”@ S0 peer OHeleEl Iy Rt Rp B e R hroven
15s oheeﬂiedlnb@sUb slar ﬁbmwés e vetadtary @apof PResia® ffusiBeaSSIhe at 2
h for effective mass
0 EiredtrsbPlon D dstaig sprzsrais t%éﬁ‘?édlﬂ?ecﬁﬁ’iléensatlon of the
Pr Brebiir86Ys On 'ﬂﬁ:eﬁbﬁtpdt@ %{ﬂ@ﬁttﬁgsélpﬁlhﬂﬁlg aé] v t %}n ?%ALD

chanber and introduced through 15
subshativalydew viper presserssalid preayrsors prayds msel Iﬂmsgh d@poration rates

r eﬁx%? ggm@&zha@ vary during the process because of changes in their surface area.

20 There are several other characteristics for precursors used in ALD. The
precursors must be thermally stable at the substrate temperature because their
decomposition would destroy the surface control and accordingly the advantages of
the ALD method that relies on the reaction of the precursor at the substrate surface.
A slight decomposition, if slow compared to the ALD growth, may be tolerated.

25 The precursors have to chemisorb on or react with the surface, though the
interaction between the precursor and the surface as well as the mechanism for the
adsorption is different for different precursors. The molecules at the substrate

surface must react aggressively with the second precursor to form the desired solid
11



tenperature bel ow the substrate tenperature to avoid
t he condensation of the precursors on the substrate.

woewinmhe self-1imting growmh nmechani sns of PAL/DS2004/006685
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relatively | ow vapor pressure solid precursors may be
used t hough evaporation rates may sonewhat vary

during the process because of changes in their surface
area. 20 There are several other characteristics for
precursors used in ALD. The precursors nust be

thermally stable at the substrate tenperature because
their deconposition would destroy the surface contro
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pr eelizabr of the fabrication sequence.

The characteristics of RS-ALD include continuity at an interface,
conformality over a substrate, use of low temperature and mildly oxidizing
processes, freedom from first wafer effects and chamber dependence, growth
thickness dependent solely on the number of cycles performed, and ability to
engineer multilayer laminate layers with resolution of one to two monolayers. RS-
ALD allows for deposition control on the order on monolayers and the ability to
deposit monolayers of amorphous layers.

Herein, a sequence refers to the ALD material formation based on an ALD

reaction of a precursor or a precursor with its reactant precursor. For example,

forming a metal layer from a precursor containing the metal forms an embodiment
12
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wRewen7w%q deposition per cycle, conposition, BETUS2004/006685
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Eﬁgrate 10 mounted in a reaction chanber
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precursors may be used in an
Figure 2A shows an embodiment of an atomic layer deposition system 200

for processing a dielectric layer containing hafnium oxide. The elements depicted
20  are those elements necessary for discussion of embodiments of the present subject
matter such that those skilled in the art may practice various embodiments of the
present subject matter without undue experimentation. A further discussion of the
ALD reaction chamber can be found in co-pending, commonly assigned U.S. patent
application: entitled “Methods, Systems, and Apparatus for Uniform Chemical-
25  Vapor Depositions,” attorney docket no. 303.717US1, serial number 09/797,324,
incorporated herein by reference.
In Figure 2A, a substrate 210 is located inside a reaction chamber 220 of

ALD system 200. Also located within reaction chamber 220 is a heating element
13



appropriately designed reaction chanber. ALD formation
of other materials is disclosed in co-pending,

weomord7ye assi gned U. S. patent application: eneCT/U8H04/006685
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"Atom c Layer Deposition and Conversion," attorney
docket no. 303.802US1, serial 15 nunmber 10/137, 058,
and "Met hods, Systens, and Apparatus for Atom c- Layer
Deposition of Al um num Oxides in Integrated Grcuits,"”
attorney docket no. 1303.048US1l, serial nunber

10/ 137, 168. Figure 2A shows an enbodi nent of an atomc
| ayer deposition system 200 for processing a

di el ectric layer containing hafni um oxide. The

el ements depicted 20 are those el ements necessary for
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240 introduces precursor gases to the substrate 2
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or gg%?ig%qpuﬁ5§ﬁm4OQE§@§fe§étﬁg c%ﬁer%@h dﬁ?%@ﬂdult 270 is also

coupled to vacuum pump, or exhaust pump, 281 by mass-flow controller 286 to

remove excess precursor gases, purging gases, and by-product gases at the end of a
purging sequence from gas conduit 270.

Vacuum pump, or exhaust pump, 282 is coupled by mass-flow controller
287 to remove excess precursor gases, purging gases, and by-product gases at the
end of a purging sequence from reaction chamber 220. For convenience, control
displays, mounting apparatus, temperature sensing devices, substrate maneuvering
apparatus, and necessary electrical connections as are known to those skilled in the
art are not shown in Figure 2A.

Figure 2B shows an embodiment of a gas-distribution fixture 240 of atomic

layer deposition system 200 for processing a dielectric layer containing hafhium
« 14
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10 Also included in the ALD system are purging gas
sources 261, 262, each of which is coupled to

wore®gofd7eww control | ers 266, 267, respectively.PCT/US2004/006685
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Furthernore, additional purging gas sources may be
constructed in ALD system 200, one purging gas source
for each precursor gas. For a process that uses the
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WI tube, aoustrmidon atidafimedaprentah opdratiananfgeactibn thandters for dcpmsl,on of

as I butio hannel s, 248 have.a. co nwdth.in
Pheb e SR ity GREDAe i ruleRa ona

d | Shfiéth OF sh rBRABE Ehaddbdreihdvl ufd@se tbsiireatidn0 Furthermore,
one of ordinary skill in the art will comprehend the necessary detection,

measurement, and control techniques in the art of semiconductor fabrication upon
reading the disclosure.

The elements of ALD system 200 may be confrolled by a computer. To
focus on the use of ALD system 200 in the various embodiments of the present
subject matter, the computer is not shown. Those skilled in the art can appreciate
that the individual elements such as pressure control, temperature control, and gas
flow within ALD system 200 may be under computer control. In an embodiment, a

computer executes instructions stored in a computer readable medium to accurately
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hol es 246 is substantially planar and parallel to

substrate 210 of Figure 2A. However, other enbodi nents
wais@40t41e¢ surface forns as well as shapes andPGI/EER04606685

10 holes and channels. The distribution and size of

hol es may al so affect deposition thickness and thus

m ght be used to assist thickness control. Hol es 246

are coupled through gas-distribution channels 248 to

gas inlet 244. Though ALD system 200 is well suited

for practicing the present subject matter, other ALD

systens commercially avail able may be used. 15 Those

of ordinary skill in the art of sem conductor

fabrication understand the wuse, construction and

f unckerod theaintegpeedafunctionirfg ofdlactlemnents bAADBrsystemr200 to form a

degog%%& n of material layers. Enbodi nents of the

pr &% ¥flect matter may be practiced on a variety

of suchriRass IRRHBATAEW ik doh OFEletBARIY €or an embodiment of a
experinentation. Furthernore, one of ordinary skill in

t hanethod toipracessongilesteindryenty Hewisslaurenesitien i s erplppdiment
5 mﬁﬁ:ﬂ(ﬁﬁ&ﬂél}f? Lo &o&{arrﬁétalto%%b&#‘hzgg* %tgh{?‘ﬁlea%ll deBEsition, at

sem conduct rication upon
di $kichS10,zand Toveniag entirtlsyen bf Wikl dysitamnic 206 deppsitien, a layer of

contro]|led by a conpu ~ JOo focus o he use, of

oy 88 BRIs G0t e k0. et fue Tkt i Bethis Tormed
sulireedh pEMorRing dt kR SERABWIG ofitle Mefal Sdaoute. TABEmbodiment,
skilled 'in the art can appreciate 25 that the

i nihelpyrrof metad pf metal s fermedihrough perferming frpw) four cycles to ten
t - -
10, 8 g?&&?&%@ m%%g %é'qglgnce?‘ e d@5iberd Af@%l}% il I%g d(lﬁé(c?etn st%’a?leélce to

be* un uter control n an e
c ovp perdorneedds silased toprovids 4 desied thackadssi of the merbortids.

readabl e nedi .to accurate .15 WD,2004/ 079796 .

T Us2 o SRR G RHthdin e if ety 2P PIRIR s laver
of dbhRitRIne B hefdim AN dpsyiet SMiEROMbEeaté aig 8 hafnium nitrate
dielectric layer. Figure 3 illustrates a flow diagram,

of PEIcEFfEht & ancmbedivesab lMeETTED eYcle arppirfRsered ysipg diedgdnium
53, ke i) W T eSS ORI
s ulpsddetztraingy natmben of cyelyeof atefivymtdxade, sequenot aslpegfooned. At the
32 ggéci%{lﬁrpcgﬂ(?f fglr‘}flltgg gl}el ﬁ%&erter%finer&entu%b'er ny cy%fe(s) rtrc];rcché R¥fifum oxide
sequence, a hafnium oxide layer on the substrate results. With a process conducted
where the formation of a hafnium layer is followed by forming a hafnium oxide
20 layer, a HI/HfO, nanolaminate is fabricated. However, oxygen diffusing towards
the silicon substrate during the HfO, formation interacts with the hafnium layer that
prevents formation of a silicon oxide interfacial region.
Performing each atomic layer deposition includes pulsing one or more
precursors into a reaction chamber for a predetermined period. The predetermined
25  period is individually controlled for each precursor pulsed into the reaction

chamber. Further the substrate is maintained at a selected temperature for each

pulsing of a precursor, where the selected temperature is set independently for
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an oxide of the netal, at block 320. In an enbodi nent,

the layer of netal is fornmed through perform ng at
woreek/orem cycl es of the netal sequence. | n an PCT/US2004/006685

enbodi nent, the layer of netal of nmetal is forned

t hrough performng fromfour cycles to ten 10 cycles

of the netal sequence. The nunber of cycles for the

net al oxi de sequence to be perfornmed is selected to

provi de a desired thickness of the netal oxide. In an

enbodi nent, a hafniumlayer is forned on a substrate

by atom c | ayer deposition. The hafniumis deposited

on the substrate using a hafniumnitrate precursor.

In an enbodi ment, at nost ten cycles are perfornmed

u s mblrtgrr@chmnﬂenmm Jésidmtnqrrably eagh precrsermayta mirsed into the

haf ni t he,subst.rate

or Bl R e LA lat alioh AP B sty Bitres and
se@usmnesaeamp&m&edd@ﬁm¢$ﬁoﬁﬁarmﬁﬁasfmﬁpﬁmuﬂbn&ﬂkﬁkﬂ@m
the redet ermi ned nunber of, cycles for the hafnium
ox PHEWSERY @éﬁtgze PISCHSATF ARigiTY RTS%W ®n the

ssubstr amlﬂg%fcﬁayey\ﬁéﬁbsﬁloﬁrtﬁg BaRin I‘@&ISO &eSis'BFarated
formation of a hafniumlayer is fo mng a
h abyipurainsihe scaption elyagrber wthnamgmg a@rfgllg\mngaa@ pudsing of a

owar ds
o1 PrsgRoE i iAot SR Ui 0SI R PP Bl R ek Flopipe e
Wi tphlsirige)f hafh‘prwnricmyleerd mtaaiyclepas &)tﬁm ByéraThmfnihen ogide.a
on o) |nter Perform ng each
Elqna 3@ eo@ﬁ%“t Yg wr%?dd@/ Digeuaging fhsyrgaction
10pr QBMAISRr S into a reaction charrber for a predetermn ned
period. The predetermned 25 period is individually
c o nt r ol Fegrs dHlustiaths pflewdiagmm plielsmants ferantendodinzant 0Hm
s ot Rerefo pHick e qiblofip HyB Lty B BLIOER Bonfl ayer
whdempsitioa. Jaisemttedihantpey e umnplenﬁ:n&dtvvlth’lﬂe %ﬂd@h@f&r}deposnion

for 104/ Q79 96 PCT/ US2004/ 006685 pul si ng each

pré%%&%ég‘ %&1 each precursor may be pul sed
151 nto thatblerabs @abmchezms@p@m%@ FRY bitRAAB & for forming a

condi tions. Ap roprlate tenperatures and pressures

ar &apmtten ia iy @pticen At sibeon ¢pataining patestal. t Inether embodiments,
re&iaafim é’\ﬁﬁﬁl}m&geﬁ&e silil P&? 2o E%gﬁurle §u‘t%gr§tc§%r %thef sultable

pr cur sor a m xturé of precursors
| aydrstraeposy be osed. tThis papsatiog mbeashmap u&ﬂnﬂemanggsé Substrate

216 R f%trn%%g layers and regions of the substrate, such as drains and sources of a

20  metal oxide semiconductor (MOS) transistor, prior to forming a gate dielectric. In
an embodiment, the substrate is cleaned to provide an initial substrate depleted of its
native oxide. In an embodiment, the initial substrate is cleaned to also provide a
hydrogen-terminated surface. In an embodiment, a silicon substrate undergoes a
final HF rinse prior to ALD processing to provide the silicon substrate with a

25  hydrogen-terminated surface without a native silicon oxide layer.

The sequencing of the formation of the regions of the transistor being
processed follows typical sequencing that is generally performed in the fabrication

of a MOS transistor as is well known to those skilled in the art. Included in the
17



by purging the reaction chanber with a purging gas
follow ng each pulsing of a precursor. In an

werediaTent , nitrogen gas i s used as the pur gi PQI/Usz04/006685

10

15

20

25

followi ng the pulsing of each precursor used in a
cycle to forma layer of hafniumoxide. Additionally,
the reaction chanber may al so be purged by evacuati ng
the reaction 10 chanber. Figure 4 illustrates a flow
di agram of el ements for an enbodi mrent of a nethod to
process a dielectric |ayer containing hafnium oxi de by
atom c |ayer deposition. This enbodi nent may be

i npl enented with the atom c | ayer deposition system
200 of Figure 2A, B. 15 At bl ock 405, substrate 210 is
pr pRaéssihg ithe nsasking of kubstrate dediads tb be piateptal duringisd gtior

| iR Tomsrast SPcelfuprisra SR0S Fomeaundn gis ©
si bibodimeny; BRRRAISITEASH hal SfoludRia KIdNEgisnbt ARARistor;

substrates maa/ be usegg_ Thi s preggaratl on process nay
i nboweksr eheskilledgn die artivdl reaegmizeAha ofliey seraicARdigtar dgwEe

an r i ... , ..

S0 G8-68, Bl 1 UL PR BB Sy o
t r progessingrfornpisiconvéyed finto aipngition gaeactdnehaoberi220 fomALRN
enbodi nent, the substrate is cleaned to provide an

i NnPIOCEP ™ @ubstrate depleted of its native oxide. In an

enbodi Mapbiock BED, iaHakdidth cortREkiedsrecursor & MARAdntoQeatisH
provide a hydrogen-term nated surface. |In _an

enbleaibes220. B agiembedimentashydroes hateinmgsisate.H(NOaly is pped as a
L BRE B el odb, BROGS30h RL AR 43505 00 e
W ghmdistributiat fisteresi40ioncnbsivateddd 0L Affass-flofheontrelereXdoiregylates

pe g o obe LIPS T g EmErG ot R spysirae
gepekitdtire Qéaﬁlgiﬁfaﬁ%l ailt Abdu @ 89eD ' Th GAbtheemidirAedV e substrate

transistor as i s we known to those skilled in the
ar temperatig dentaintrindddetiveet@ba 307 axdeout 500°C. The Hf(NOs)4

PCT/ US2Q04/ 006685 r 0CesSsij i.sth ki.ng ,0

PR b 358 o OBl P PR Blpst by e
di ah@edkell GrehOb6MBE bhtra@210s typically performed in MOS
fabrication. In this enbodinent, the unmasked region,

may i ncluetberentwdimentyadafngym gontaiging pyeqsor includes & hafnium-

tetrachloride precursor. Although excellent uniformity and initiation of deposition

is provided with hafnium-tetrachloride precursors, a number of ALD cycles are used
to produce total coverage of a hydrogen-terminated silicon surface since the
displacement of Si-H bonds with the tetrachloride species is not easily achieved.
This difficulty related to initiation of deposition on hydrogen-terminated silicon can
lead to surface roughness and deposition inconsistencies. Moreover, the metal
tetrachloride also has a tendency to incorporate trace amounts of chlorine in a layer,
which can lead to stability and reliability problems.

Anhydrous nitrates of hafnium allows for better control of the initiation of
the deposition on hydrogen-terminated silicon , which aids in optimizing the

interface properties and improvement of the carrier mobility in transistors. These
18



however one skilled in the art will recognize that
ot her sem conductor device 5 structures nmay utilize

wo biog/oprrecess. Additionally, substrate 210 in PCHUSBALY6685
for processing formis conveyed into a position in
reaction chanber 220 for ALD processing. At bl ock
410, a hafnium containing precursor is pulsed into
reacti on chanber 220. In an enbodi nent, anhydrous
hafniumnitrate, Hf (NO3)4, is used as a 10 precursor.
The Hf (NO3)4 precursor is pulsed into reaction chanber
220 through the gas-distribution fixture 240 on
substrate 210. Mass-flow controller 256 regulates the
rom;of the H (NO3)4 from gas source 251. In an

m&mm@tdp nbhigageibsirscattons behyiegeatinperiiics, ami the aitrogen oxide

at ab 180C. #Q anot her enbodi nent, the substrate
te é? fs@rg @siiremYethed bet ween about 300C and about
500C. Thgpidek M0S)aXirdSour 88 bas WiphiRed fto RHEHACRaRberl220. Inan

substrate 210 in the desired regi on defined by the
unwabréithenr, alieogot witha pyu@@fra@p@t 9P1999% is vgedhasrd purging gas.

I _
L e s
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wi th haf ni n}t rac orld rec sor a nunber of
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spediethsr the dﬁwd@ambpyofakaﬁmumé@letal cyples has epn pepfarpned, at block
0 r e Qb eﬂ'tﬁ désm:(i l%ﬁ%é}%f ??cl%efgpﬁl'eth'a thetal seq,ufence has not been
ro en- ern1na con can lead to surface
r 0 mginpm ma@rmmsmmsdn pulsmgrthe hafailuui @atiaiibg peveser onto the

t he net al e.al.so t.endenc 0
oo D b AR RS & R S b B raggal
WhisedheS e had®Reh sl the bivcaRdndvel toadirhink ¥ hafi@lth @REde on the
Amhydrous nitrates of hafniumallows for better

coefim &Fyerhe initiation of the deposition on
hydroge | ;

Sy R BB, B 8RR ML e OBt T
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OXitgl@n cycles provides a few angstroms thlckness. In another embodiment,

performing about ten cycles provides the hafnium metal thickness. In an

20 embodiment, each cycle for the hafnium sequence includes pulsing the hafnium
nitrate for about 0.6 s, and pulsing the nitrogen purging gas for about 0.6 s.
Forming the hafnium metal layer on the substrate prior to forming a hafnium oxide
prevents oxygen from diffusing to the silicon surface during subsequent ALD
formation of the hafnium oxide. As the hafnium oxide is being formed by ALD,

25  oxygen that diffuses towards the silicon substrate interacts with the hafhium metal
layer. In an embodiment, the hafnium layer substantially becomes hafnium oxide.

Foliowing the completion for forming a layer of hafnium metal on substrate

210, a second hafnium containing precursor is pulsed onto substrate 210, at block
19



by-products are easily renoved. At block 415, a first
purging gas is pulsed into reaction chanber 220. In an
we@pdvaaiaTent, nitrogen with a purity of about 9BCPOSHN4/606685
used as a purging gas. 5 Mass-flow controller 266
regul ates the nitrogen flow fromthe purgi ng gas
source 261 into the gas conduit 270. Using the pure
nitrogen purge avoi ds overlap of the precursor pulses
and possi bl e gas phase reactions. Follow ng the purge,
a cycle of the hafnium netal sequence is conpleted.
Then, a determnation is nmade as to whether the
desi red nunber of hafnium nmetal cycles has been
performed, at block 10 420. If the desired nunber of
cy dB@sInf ar enpboditherftranhyuinons haﬁlhlaqmie"atcer(h@shois tsesbs a

| et ed cess return ul si.n
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a thickness of a feM/anqﬁgronB I n an enbodi nent
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haf nj nclu es.. uIS| t he ni,um nifrate
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As the hafnium oxide 1s being forned
t haoncunﬁﬁoévéh«t weandpuipe’8dithiopghn n@sﬂaﬂw aoretrqlht %$6ict s

i AP oo 5 ) BRSO

Folpued g fehﬁtumculmineén 220, atdlodkot401 Mg adethbydihent the oxygen
haf ni um netal on substrateﬁ%gl:I second haﬂni§F1.
c oS PBARIEPT ﬁ}“&%}%‘ﬁ?te’i @pgh| YO8 pISSYsof: s pylped intg

bl @&tiord hamber 220 through the gas-distribution fixture 240 on substrate 210.
Mass-flow controller 258 regulates the flow of the H,O vapor from gas source 253.

20  In an embodiment, the substrate temperature is maintained at about 180°C. In
another embodiment, the substrate temperature is maintained between about 300°C
and about 500°C. The water vapor aggressively reacts at the current surface of
substrate 210.

At block 445, a third purging gas is introduced into the system. Nitrogen gas

25  may also be used as a purging and carrier gas. The nitrogen flow is controlled by

mass-flow controller 267 from the purging gas source 262 into the gas conduit 270

20



WO 2004/ 079796 PCT/ US2004/ 006685 430. In an
enbodi nent, anhydrous hafniumnitrate, H (N03)4, is

waois@dozs@a precursor. The HfF (NO3)4 precursor PGI/psios€ahe6ss

10
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into reaction chanmber 220 through the
gas-distribution fixture 240 on substrate 210.

Mass-fl ow controller 257 regulates the flow of the
Hf (N03)4 from gas source 252. In an enbodi nent, the
substrate 5 tenperature is nmaintai ned at about 180C.
In anot her enbodi nent, the substrate tenperature is
mai nt ai ned bet ween about 300C and about 500C. The

Hf (N0O3)4 reacts with at the surface of substrate 210
on which the hafniumnetal |ayer was fornmed in the
desnd abséqgnibtynintefeactivn dhymbére20n imstotiter ambadineht, tatgon gas
substrate leO After pul sing the hafnium containing
pr BRYDEHse 35 the RysHE t'ging gas is 10 pul sed, at
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Ni bbﬂ@@fhggﬁscurﬁi igmysedlisto rd*:aetius dﬂmﬂﬁr 22(1) at glbclg43hend the

carrier gas. itr enf d b
o BRI ReR Di P o e mﬁg ﬁzf Sicod igkpgss has
26 2ed 1884, SRS disRBEHY 'léyegg&xtaﬁﬁmg hafnium oxide may be annealed to

remove any residual nitrous oxide. To avoid the diffusion of oxygen during

annealing to the semiconductor substrate surface, any annealing may be performed
in an oxygen-free environment for short periods of time. An embodiment of an
annealing environment may include a nitrogen atmosphere. In addition to avoiding
oxygen diffusion to the semiconductor substrate, the relatively low temperatures
employed by atomic layer deposition of a hafnium oxide dielectric layer allows for
the formation of an amorphous hafhium oxide dielectric layer.

The thickness of a hafnium oxide layer is determined by a fixed growth rate
for the pulsing periods and precursors used, set at a value such as N nm/cycle. For a

desired hafnium oxide layer thickness, t, in an application such as forming a gate
21



WD 2004/ 079796 PCT/ US2004/ 006685 and subsequently
into reaction chanber 220. In another enbodi nent,
ware@en7ygas nmay be used as the purging gas. DuPCTgSHN4/006685
Hf (NO3)4 / water vapor sequence, the substrate is held
between at about 180 C by the heating el enent 230.
The Hf (NO3)4 is pulsed for about 0.6 s. 5 After the
Hf (NO3) 4 pul se, the hafni um oxi de sequence conti nues
with a purge pulse followed by a water vapor pulse
foll owed by a purge pulse. In an enbodi nent, the
haf ni unf oxygen sequence includes a 0.6 s Hf (N0O3) 4
pulse, a 0.6 s nitrogen pulse, a 0.6 s water vapor
pul se, and a 0.6 s nitrogen pul se. O her enbodi nents
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tenperatures enpl oyed by "atomc I a S|t on o
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forrmtioa aﬂarmr hous hgﬁq ﬁg{oxide dielectric
| ayBFmOTY AEVE T SRIEST0 *E°H Soxi de | ayer is
det er m ngnR¥adgf dindREmPrebvtiding Miiedisdiedurd, ah BE appteciated by
peri ods and precursors used, set at a val ue suc as N
nmtlegpe skilleg-iy the art that the elements of a method for forming an atomic layer
20  deposited hafnium oxide layer in the embodiment of Figure 4 may be performed
under various other environmental conditions and pulse periods depending on the
hafnium oxide layer to be formed for a given application and the system used to
fabricate the hafnium oxide layer. Determination of the environmental conditions,
precursors used, purging gases employed, and pulse periods for the precursors and
25  purging gases may be made without undue experimentation.

Atomic layer deposition of a hafnium oxide dielectric layer may be

processed in an atomic layer deposition system such as ALD system 200 under

22



desired hafnium oxi de | ayer thickness, t, in an

application such as formng a gate 21 WO 2004/ 079796
WS04/ 006685 dielectric of a MOS transi BEDUS2005e06685

ALD process is repeated for t/Ntotal cycles. Once

the t/N cycl es have conpl eted, no further ALD

processing for hafniumoxide is perforned. In an

enbodi ment, ALD processing provides for the

engineering of a dielectric |layer containing hafnium

oxi de having a dielectric constant in the range 5 from

about 8 to about 25. At bl ock 455, after formng the

haf ni um oxi de, processing the device having the

dielectric | ayer containing hafniumoxide is
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purging the reaction chamber with a purging gas.

20 In an embodiment, a computerized method and the computer-executable
instructions for a method for forming a dielectric layer may includes regulating the
deposition of hafnium and hafhium oxide to form a dielectric layer having a
dielectric constant in the range from about 8 to about 25.

In an embodiment, a computerized method and the computer-executable

25  instructions for a method for forming a dielectric layer include controlling an
environment of a reaction chamber. Additionally, the computerized method
controls the pulsing of purging gases, one for each precursor gas and pulsing each

purging gas after pulsing the associated precursor gas. Using a computer to control
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Atom c | ayer deposition of a hafniumoxide dielectric
| ayer may be processed in an atom c |ayer deposition
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PCT/ US2004/ 006685 conputer control to perform various
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and the
which a dielectric layer is being formed on substrate 210. The computer regulates

the pressure in reaction chamber 220 within a predetermined pressure range by

20  controlling vacuum pumps 281, 282 through mass-flow controllers 286, 287,
respectively. The computer also regulates the temperature range for substrate 210
within a predetermined range by controlling heater 230.

For convenience, the individual control lines to elements of ALD 200, as

well as a computer, are not shown in Figure 2A. The above description of the

25  computer control in conjunction with Figure 2A provides information for those
skilled in the art to practice embodiments for forming a dielectric layer containing

hafhium oxide using a computerized method as described herein.
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25 instructions for a nmethod for formng a dielectric
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The relatively large dielectric constant for material layers of hafnium oxide

allows for the engineering of dielectric layers having a physical thickness in the 10

nm (100 A) range, while achieving a teq of less than 5 nm (50 A). From above, it is

apparent that a layer containing hafnium oxide may be attained with a teq ranging

from about 1.5 A to about 12 A. Further, an atomic layer deposited hafnium oxide

layer may provide a teq significantly less than 2 or 3 A, even less than 1.5 A.
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For conveni ence, the individual control lines to
el ements of ALD 200, as well as a conputer, are not

w@haw79796 Fi gure 2A. The above description of PEEUSDB4/006685

10

15

20

25

conmputer control in conjunction with Figure 2A

provides information for those skilled in the art to
practice enbodi nents for formng a dielectric |ayer
cont ai ni ng haf ni um oxi de using a conputerized nethod
as described herein. 24 WD 2004/ 079796

PCT/ US2004/ 006685 The enbodi nents descri bed herein
provide a process for growing a dielectric |ayer

having a wi de range of useful equival ent oxide
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silicon surface during subsequent ALD formation of the hafnium oxide. As the
hafnium oxide is being formed by ALD, oxygen that diffuses towards the silicon
substrate interacts with the hafnium metal layer. In an embodiment, the hafnium
layer substantially becomes hafnium oxide.

Hafnium metal at the interface with a silicon substrate may form a hafnium
silicide as an interfacial layer between the silicon substrate and the hafnium oxide
layer. This hafnium silicide interfacial layer though small reduces the effective
dielectric constant for the dielectric layer disposed on the silicon substrate.
However, the dielectric constant for the hafnium silicide is about 8, which is
significantly higher than a silicon dioxide dielectric layer. Depending on the
formation of the hafnium silicide and the thickness of this interfacial region, the
dielectric constant for the hafnium oxide formed by atomic layer deposition of
hafnium metal followed by atomic layer deposition of hafnium oxide ranges from
about 8 to about 25.

Any micro-roughness associated with thin layers of hafnium oxide may be

due to partial monolayer formation of the dielectric layer across the substrate
26
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substrate surface and the hafnium oxide dielectric
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from abBaibbdBndne dlpostiessb described above for performing atomic layer

deposition of hafnium oxide are used to precisely control the thickness of the

dielectric layer formed, where, in addition to providing an ultra thin t.q, the atomic
layer deposition process provides for relatively smooth surfaces and limited
interfacial layer formation. Additionally, these embodiments for ALD processing of
dielectric layers, such as hafnium oxide dielectric layers, may be implemented to
form transistors, capacitors, memory devices, and other electronic systems
including electro-optic devices, microwave devices, and information handling
devices. With careful preparation and engineering of the hafnium oxide layer,
limiting the size of interfacial regions, a teq of about 5 A to about 3 A or lower for

these devices is anticipated.
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20  region having a channel] length 534. Located above body region 532 is a stack 555

including a gate dielectric 540, a floating gate 552, a floating gate dielectric 542,
and a control gate 550. Gate dielectric 540 may be formed containing atomic layer
deposited hafnium oxides described above with the remaining elements of the
transistor 500 formed using processes known to those skilled in the art. Alternately,
25  both gate dielectric 540 and floating gate dielectric 542 may be formed as dielectric
layers containing hafnium oxide in various embodiments as described herein.
The embodiments of methods for forming hafnium oxide dielectric layers

may also be applied to forming capacitors in various integrated circuits, memory
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layer, limting the size of interfacial regions, a
teq of about 5 A to about 3 A or lower for these
devices is anticipated. 27 WO 2004/ 079796

PCT/ US2004/ 006685 A transistor 100 as depicted in
Figure 1 may be formed by form ng a source region 120
and a drain region 130 in a silicon based substrate
110 where source and drain regions 120, 130 are
separated by a body region 132. Body region 132
defines a channel having a channel length 134. A
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al ?nrgncftmlr 68/ 1, keyboard input 602 and a central processing unit 604. Central
processor unit 604 typically may include microprocessor 706, memory bus circuit
708 having a plurality of memory slots 712(a-n), and other peripheral circuitry 710.
Peripheral circuitry 710 permits various peripheral devices 724 to interface
processor-memory bus 720 over input/output (I/O) bus 722. The personal computer
shown in Figures 6 and 7 also includes at least one transistor having a dielectric
layer, such as a hafnium oxide dielectric layer, formed by atomic layer deposition
using methods described herein according an embodiment of the present subject

matter.
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devices are _shown below, it wll be recognized b¥ one

skicell agaysand Fadarly aggysmgeyierant cofumns ot the ey, [pta stored at
159e¥iL8% ARLoRMRGHRAREFrSYSY B8Fal B HEbRGy iR RA B hin et

handling devices utilize the present” subject matter.

A peresssraPageompde BRAMOyse asceshsiops, whichiliguit the comawgication

rmﬁ i clfude a irrrc%iif?%r 601, keyboard input 602 and a

cemy&I° B}egjcogé%l g it 604. Central 20 processor unit

604 typiraallteshaterypd dfdesite igthe exphdedelsarutptd GEDOR memory,

bus circuit i
which allows data stored at a memory array address to be available as output after

20  the addressed column has been closed. This memory may increase some
communication speeds by allowing shorter access signals without reducing the time
in which memory output data is available on memory bus 720. Other alternative
types of devices include SDRAM, DDR SDRAM, SLDRAM and Direct RDRAM
as well as others such as SRAM or Flash memories.

25 Figure 8 illustrates a schematic view of an embodiment of a DRAM memory
device 800 having an atomic layer deposited dielectric layer formed according to an
embodiment described herein. Illustrative DRAM memory device 800 is

compatible with memory slots 712(a-n). The description of DRAM memory device
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708 having a plurality of nmenory slots 712(a-n), and
ot her peripheral circuitry 710. Peripheral circuitry

wOi®4preé t s vari ous peripheral devices 724 t oPCT/US2004/006685

10

15

20

25

interface processor-nenory bus 720 over i nput/ out put
(110 bus 722. The personal conputer shown in Figures
6 and 7 also includes at | east one transistor having a
dielectric 25 | ayer, such as a hafni um oxi de
dielectric layer, fornmed by atom c | ayer deposition
usi ng nmet hods descri bed herein according an enbodi nment
of the present subject matter. 29 WO 2004/ 079796

PCT/ US2004/ 006685 M croprocessor 706 produces contro
and address signals to control the exchange of data

b e%omgﬁl bEEEpkYli ESToE blipuies of Qfisaatihg ]DI;AM mms;odelzvi'@emd is
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g‘ljsgéuég' @ E}éesaﬁl?\@ﬁl %@?ﬁié thMS widOv eV@EmbiyaiviReady bt Gsed

. Coupled’ to nenory bus 720 are pluralities
of inrtherimplernémation s 2bodimentsif the preseatsubjechmatiory The

devi ce |1 to those. ski b
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;:i E@Ansisfblr Ihia{,ﬁgtg q?[@écync;mglﬁtb arh@Dh lehﬁ?umahyi de UEI&EQ?daYm, formed
e i mpl enenfatign of _enbodi e. presen

suby @t@ﬁuqﬂawréiePOSife}mﬂrﬁéégemﬁtgﬂgs‘i{}Sﬂ&?fl 8@“%"‘2‘8@ to the

pr 2ed J ' dgsi gns that provide

di@ger fk@g$ﬁ6§éiﬁgm?€gﬁing fromand witing to the .

dynani cComtrdyaddosss tnsl dita inflermation proyidsd pysr meperydye ({20 is

nmethod is th age ,Im =X} e ‘

op bt e e RATRARL P D RAY s iRt ip Figure 8. These

aC GRSGIRD redrdseatidnsardiilumtrared Ineddta Bmas®P2, aldoess Enesddrhpand

accessing different c(gl umms ]glf Igﬁ array. Data stored
at vapug dscretidings dredrdinroniiedPg&don may be read and

out put  Whkd Gell RHwiFRI TR IR ARCEIRSISEI0desPagRoryatay BRAMhich
use access steps, which I'imt the comrunication _speed

of imenoeomprisecioms andgolupyss of addressrble meperpiellge fpcempmory
the extended da t 5D O} Y WER IS cates
daf%}F@taorroga‘S 8 upg&n@ %D‘%%%é ray A ':Tgés Wtogy\%lé av aiﬂl abl &

as oPindpiduadfriueistors, where at least one transistor has a gate coupled to a gate

dielectric, such as a hafnium oxide dielectric layer, formed by atomic layer

deposition in accordance with the method and structure previously described above.
Additionally, each memory cell in a column is coupled to a common bit line. Each
cell in memory array 810 may include a storage capacitor and an access transistor as
is conventional in the art.

DRAM 800 interfaces with, for example, microprocessor 706 through
address lines 804 and data lines 802. Alternatively, DRAM 800 may interface with
a DRAM controller, a micro-controller, a chip set or other electronic system.
Microprocessor 706 also provides a number of control signals to DRAM 800,
including but not limited to, row and column address strobe signals RAS and CAS,

write enable signal WE, an output enable signal OE and other conventional control

signals.
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20 the addressed colum has been closed. This nenory
may i ncrease sone conmmuni cation speeds by all ow ng

W@ h@rneIaccess signals without reduci ng the tPEEUSI0N4/006685
whi ch nenory output data is avail able on nenory bus
720. O her alternative types of devices include
SDRAM DDR SDRAM SLDRAM and Direct RDRAM as well as
ot hers such as SRAM or Flash nenories. 25 Figure 8
illustrates a schematic view of an enbodi nent of a
DRAM nenory device 800 having an atomi c | ayer
deposited dielectric layer formed according to an
enbodi ment described herein. Illustrative DRAM nenory
device 800 is conpatible with nenory slots 712(a-n).
The des R[oiwpﬁdidtﬁ@s biffdpRARandd raw gecdderi 3dd re@ive\dBd decode row

2004/ 0797 PCT/ 2004/ 006685, een,sjnplified
f 0RdE$SEd 8’%‘ i % HSTEA W@V]Qe‘%%ﬂﬁﬁ%%@ &@/‘? ce and
IS 1miBRbrdcBiEMHRA Haeh Gﬁlqﬁe FRNRdRESE co@&pbhdiitb Ao fof aélls in

the features of a DRAM Those skilled in the art w|l
r emgmrz arran§i0. Raw decoden § ldiypasoinclyderd wprdiing @é‘ser,rﬁa;ﬂééress

5us h
or ?gceon Ptré gm’i &P«Juﬁ&m]ﬁh #.r%ﬁsl%gs ﬁgt"g‘g ?&ﬁ?sg %E%d from row
rre Eidﬂmm:imffecseﬁ 12hmdmselectivielyoactieat8s tha apprdpsatavokdhst ofonemory
[ havi n electric layer, such as a

transi
hafaﬁ?ﬁgi%xa&]éem) lg)gfcll:nlvgrs1 ayer, formed by atonic

layer deRMgihd hRResd Sufter SBtQdsluaRdetodeed1d eiceive and decode
according to the teachings of the present subjec

rratCDbllﬁm agdress signalaprovided op addrasstlines pdb r%tlmarﬁieﬁﬁdﬁwb%@lso
oV

107 tsEER} e B edifhn'i oy hd B ol SHYefilocient golam.
Th&kﬂmnndamdmnﬂaakcmgwmbsemmaamphﬁmaﬁé0|Sﬁmsam@hﬁdﬁBQOww
data |.i O%gﬁ addr ess lf(})ntgls 804 and Va“d@lbs
di SePRiE t°|°r ST PRI @ PoFP8Y T 806 As i s
vel | Kn@hsel dinglifRrs820,ard A Q00 ditach bels 378 mad ylatarduayuffer
810, which in turn conprises rows and col ums

add2és Dattia bvii o722 ead Hata-opblyiferb i ape cqupledsiol dara.«lmgs 802.
15" o%\.}rﬁm Cat%q{e% extaﬁm? g{ﬁg (?JQ;]F vidk Q8ta td BSa WO bEFA 8. KSnse

coupl e 'to gates transi stors, where at
I eantph(ﬁne820rmmii/®tdata foas datagmbeffodi?glaed Sﬁocﬁsah@@tem memory

? Ior%:‘}rggﬂ%ﬁ){} a%lfll gl?ﬁ(x:'ge (ﬁang?/cgarpggi{or of B el 5tda% a dl%lsse gx}ecr:fﬁ%d A% §dress lines
804.

During a read operation, DRAM 800 transfers data to microprocessor 706
20 from memory array 810. Complementary bit lines for the accessed cell are
equilibrated during a precharge operation to a reference voltage provided by an
equilibration circuit and a reference voltage supply. The charge stored in the
accessed cell is then shared with the associated bit lines. A sense amplifier of sense
amplifiers 820 detects and amplifies a difference in voltage between the
25  complementary bit lines. The sense amplifier passes the amplified voltage to data-
out buffer 824.
Control logic 806 is used to control the many available functions of DRAM

800. In addition, various control circuits and signals not detailed herein initiate and
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deposition in accordance with the nethod and structure

previ ously descri bed above. Additionally, each nenory
W@ 2004/07919@ col umm is coupled to a common bit | PEEUSHaCING668S

20 cell in nmenory array 810 may include a storage

capacitor and an access transistor as is conventional

in the art. DRAM 800 interfaces wth, for exanple,

m croprocessor 706 through address |lines 804 and data

lines 802. Alternatively, DRAM 800 may interface with

a DRAM controller, a mcro-controller, a chip set or

ot her electronic system 25 M croprocessor 706 al so

provi des a nunber of control signals to DRAM 800,

including but not limted to, row and col umm address

st akBroniG DR AMD aperhtiGASs known todheseakilled & thaatt. \AB stated

an out put enabl e sj nd ot her .conyentional .. )
o o) e dosmaiion SHIRAM SRR breT DG mEES LRI e dllestrating
Row, agleb@aentitithEpreShR st iAW A8AQsRst iSbAdddas Bk uonplite
decode row addresses fromrow address signals provided

on desgtiptersofl allthe fegesnf 2 RAMb pFnse slilipd inghe art ¥l recognize
uni;que r.ow ad res: . | 8

S ol § ViR PR G IRy CES0G7 iRyl S A el SDRAS,
| i SEDRAMSRDRAMBMA] etier DRiYds dat SRAME, VRAMs andciERRQMs,
whi ch _trans] af es iven row address received, fromro
ad @y ds us méﬁ%@?@gﬂﬁﬁl %&@’P&éw%aocf?ﬁ%rfsee&t Fbaect matter.
apALe PR AUGmPRIEntatioe dedcriFBMdr¥in idillugtyatSEOnki dtbeintended to
word line drivers. Columm address buffer 816 and

cobarrclddvoerdimigng recei ve and decode col unm address
signal s provided on addres ' 804. Col umm decoder

10818 also 10 determ nes V\hg:r?hgﬂggflunn is defective and
t he addriedislectic dayes phecaradrfnivml axide. didetttietayde fated by

818 i s coupled t.o sense lifiers,,820. Sense .. . .
amplaeRe Gye dspgsiipn SSER TR Lo RhTpaTE RECGHES pistiphle gjelectric
bi Yayel RASnOAn SRR BXi8thi@dess tBRRGEahagtdifdbiy Bif200,.
are coupled to data-in buffer 822 and dat a- o,ét buf f er,
82 Diclgeiria layarsisanipiying domicdaver dspesited hafpipm eride foymed ping the
co BLRNdRGE d i{ Hbte s¥¥H thék the diclectric
1sop§§’4§1§9%gtggsc gt a %r!mnese %8%0pyéw%at a to data-in
bufliyers BaRed BdHswe minimal reactions with a silicon substrate or other structures
during processing.
Forming hafnium oxide layers by atomic layer deposition in relatively low
processing temperatures allows for hafnium oxide layers that are amorphous and
20  conformally layered on a substrate surface. Further, the ALD formation of a
hafnium oxide dielectric layer provides for enhanced dielectric and electrical
properties relative to those attained with an amorphous SiOx layer. These properties
of layers containing atomic layer deposited hafnium oxide layers allow for
application as dielectric layers in numerous electronic devices and systems.
25 Capacitors, transistors, electro-optic devices, higher level ICs or devices, and
electronic systems are constructed utilizing various embodiments of the process for

forming a dielectric layer having an ultra thin equivalent oxide thickness, tq. Gate

dielectric layers or layers containing atomic layer deposited hafnium oxide are
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anplifier 820 receives data fromdata-in buffer 822
and stores the data in nenory array 810 as a charge

worooa/otEapaci tor of a cell at an address speci f PEHUS2IV04/006685

15

20

address lines 804. During a read operation, DRAM 800
transfers data to m croprocessor 706 20 from nenory
array 810. Conplenentary bit lines for the accessed
cell are equilibrated during a precharge operation to
a reference voltage provided by an equilibration
circuit and a reference voltage supply. The charge
stored in the accessed cell is then shared with the
associated bit lines. A sense anplifier of sense
anplifiers 820 detects and anplifies a difference in

v Ofdragdhdeigue dieldetriz @hstantrspbstangiatlyhighbi than thatef silites oxide,

o b Rclsgite 1B o panals ok sgoh hie g Ok DgE bt e

t e JaBRY 1iaNEfol Bl Satd Elitans T.He tﬁl&%ﬂ to T Bhest Biclectric layers
addi'tion, various control circuits and signals not

d ealéQWSeer mbighprcapagitaneg dam piP: gate diglectniey ogvides further
51 nS V\%: t%‘g (S-)#lgg Ei%cm%l'%&gﬁlgrd e@eg%ﬁé‘%s@&ﬁs oﬂ%étsélﬁ@tlﬁé the

As stated above,
t hﬁhﬁﬁﬂbﬂﬂqkhessmf tte DA 18B0 dmltt;blmﬁngnmldq‘ diglgctrip layer is

C ik Preg ey the S icRtkss FRoRHL ET sl O SRET 3SR

d eﬁférlbrgéﬂ tﬁi%lc@éss alds it he rpatdtesg @f'ooassﬂa‘\gdte E[ia:h:‘&mcs and other
skilled in the art will recognize 5 that a w_ de

v adickeetricdayens nﬁuvh@ewh%fé%lm q»ﬁ@ﬁ lagsrigogssted i telativels ey
%}ﬁ@@%@gl wed by Ao ngﬁtpﬁ%ﬁdé?%ﬁ%p}ﬁﬁg dielectric

e used in th

i mhlyersbatiag irdativdly kvbledkage ntsent fortuse apdielsetmic 1ayery iaelectronic
mat.t er hetDRAM i npl enment ati on descri bed herein is

i | AgdessAne ¥Rty and not intended to be exclusive or

i m ti ngyhds @ﬂﬁu%hmedun%n@lha{«ewenmudt@earand ﬂeschbathaem it
haf ni um oxi de di el ectric | ayer,

| ayeH belaprsedisted Ry thasp gl ‘Pfé’(nﬁﬁ’o%‘ﬂblésté 8&3/%? ot %ﬁlgement that is

pr %Q&ﬁ ted td §Jh‘1¢3}él Qﬁ'{el sk fay bR ¥@stRAN £ tiRMpecific

equi va ent oxlI de % ess thlnner t han attalnable

us iembyodin@Ats shown. This application is intended to cover any adaptations or
variations of the present subject matter. It is to be understood that the above
description is intended to be illustrative, and not restrictive. Combinations of the
above embodiments, and other embodiments will be apparent to those of skill in the
art upon reviewing the above description. The scope of the present subject matter
includes any other applications in which the above structures and fabrication
methods are used. The scope of the present subject matter should be determined
with reference to the appended claims, along with the full scope of equivalents to

which such claims are entitled.
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Dielectric |ayers containing atom c |ayer deposited
haf ni um oxi de formed using the 15 net hods descri bed
wheqeiore7a¢ e t her nodynam cal |y stabl e such t hatP@1©S2004/006685
dielectric layers fornmed will have m nimal reactions
with a silicon 'substrate or other structures during
processi ng. Form ng hafnium oxide | ayers by atomc
| ayer deposition in relatively |ow processing
tenperatures allows for hafniumoxide |ayers that are
anor phous and 20 conformally |ayered on a substrate
surface. Further, the ALD formation of a hafni um oxi de
di el ectric | ayer provides for enhanced dielectric and
el ectrical properties relative to those attained with
anwaiaoisehamsd St O, | ayer. These properties of |ayers
containing atom c | ayer deposited hafnium oxide | ayers
allow for application as dielectric layers in
NURET OUR rfdiR&d 6108t hing @\didl@SrieldersyalpeRTme: 25 _
Capacitors, transistors, electro-optic devices, higher
| evel | fosming afevered s mesF @n aguberatohy domjclapsrdienpsition; and
constru bl Zi ' ' t :
or ocess g Yk Flh AR RTARIRE oo (hidd Ohe metal.
ultra thin equival ent oxide thickness, teq. Gate

dielectrjc | ayers or laygers cont.ainin om c, |l ayer
deost « ShE TSR R Bt hevirEndSrmgs S0y o'd Slbstrate by
PCliokiR2 004/ RB6§66M intRasssbridaming predbt@hieddrrventepoidyales to
substantially higher than that of silicon oxide,

whéenestt e layasiog aretal en theysupsirais, prient9dpraing the-pxidspf the metal.
thinner than 10 A thinner than the expected |inmt

for Si02 gate dielectrics. The thinner teq of these

di 8] ect Themlethpdof clamh R owheréinperfotmigp e prasigisanined momber of

t han SLOé gate ieJec{riqﬁ mthh provi des further 5

ef FYLES DA ASHATRE A MO GLIESEr oni ¢ devi ces and
systens. At the sanme tine, the physical thickness of

the atom c | ayer deposited hafnjum oxide diele trig
| ager i $he methied|ofigip 2¢ Whsrenperieane predefrsgied number of

2SS0l s oyl S, 05 1000 ol

| arger sint nuf act uri ng process for
gate dielectrics and other dielectric |ayers.

Furt her, a bhafnjum oxi de .| gye roce .in relatively
| ow 10 ﬁ@ﬂﬂg?%95¢@§mgﬁﬁgﬂggx%%“g %ﬁ%%gﬁl'er deposi tion
provi degoraimy zpﬁ?bksofdlhﬁﬁlﬁﬁbﬁ laGubstayesatbuaid Iager deposition; and

relativel | ow | eakage current for, use as_dielectri.c
| ayers fqyﬁ@%{ay@rrﬂf@gﬁﬂum oxide on the layer of %aﬁgum Ly atomic layer

deposition.

6. The method of claim 5, wherein forming a layer of hafnium on a substrate
by atomic layer deposition includes pulsing a hafnium nitrate precursor on the

substrate.

7. The method of claim 5, wherein forming a layer of hafnium on a substrate
by atomic layer deposition includes pulsing an anhydrous hafhium nitrate precursor

on the substrate.
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devi ces and systens. Although specific enbodi nents

have been illustrated and described herein, it wll
wheooapmeci at ed by those of ordinary skill in PEEUS2004/006685

that any arrangenent that is 15 calculated to achieve

the sane purpose may be substituted for the specific

enbodi nents shown. This application is intended to

cover any adaptations or variations of the present

subject matter. It is to be understood that the above

description is intended to be illustrative, and not

restrictive. Conbinations of the above enbodi nents,

and ot her enbodi nents will be apparent to those of

skill in the 20 art upon review ng the above

description. The scope of the present subject matter

i ncl udes any ot her applicatiqgns.in i ch.the above

st $-uct uFeesmathad phglpimt avhsrein g‘?éﬂ%% Yg&?"e"%’é um P g Substrate

SC i | b 68 to deposit the

de?ggﬁ?%g%ggﬁﬁ% relgggﬁﬁggggﬁ?ﬁg%ggggﬁde%,cIaiWg

al lager ofihtafnidth en the dubsitaépe of equi val ents to which

such clains are entitled. 34 WO 2004/ 079796

PCT/ US2004/ 006685 What is clained is: 1. A nethod of

f ?9.rri n gmei fembeof éligiﬁh 5,a)y1fﬁr%iﬂ Gorptinga mlyer cﬁfdjagriimg oa alsahwrate

of a metal on a substrate by atomc er.depositio

Aty aipBHcae dsROT R HELGFS POFipRg, AR of CYGLeS SieprEgdFom 4

an; o (ﬁ@%eg ko &%S)Si?ﬁfe%yer 8f hath@n! & the duiskrate! ai m 1,

wher el orm a layer of a nmetal on a substrate by
atom c | ayer deposition includes performng a

predet eryn ne upber of . i .

of fre: arhemtopad Ll Sayitéy gty s AEBPSL hokifR Uy e
of 1dyBeofRiAhm by3tondib éayerddposition ihaiespaformiies £¢yele using an
performng a predeterm ned nunber of cycles includes
pe ARhyAFAUS datiumPitiate RIFCUESAE ARd 2 W@?“T’ﬁ%"rﬁ%‘?cﬂﬁﬁr‘of claim

2, wherein performng a predeterm ned nunber of

cycles includes perform ng a nunber of cycles ranging
froin 4 The wethoyof eleim 5, wherpinitheaethpd figther fgludes maintaining the

napHettieaketst TR PhL ek oF et yEHEf and the fopming

of the layer of hafnium oxide.

12. A method of forming a capacitor, comprising:

forming a first conductive layer on a substrate;

forming a layer of a metal on the first conductive layer by atomic layer
deposition;

forming a layer of an oxide of the metal on the layer of metal by atomic
layer deposition; and

forming a second conductive layer on the layer of the oxide of the metal

layer.
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formng a | ayer of hafniumoxide on the | ayer of
haf nium by atom c | ayer deposition. 6. The nethod of
web@iunrs9s wherein formng a |ayer of haf ni um oPCHUS2004/006685
substrate by atom c |ayer deposition includes pulsing
a hafniumnitrate precursor on the substrate. 7. The
nmet hod of claimb5, wherein formng a | ayer of hafnium
on a substrate by atom c |layer deposition includes
pul sing an anhydrous hafniumnitrate precursor on the
substrate. 35 WD 2004/079796 PCT/ US2004/ 006685 8. The
nmet hod of claimb5, wherein formng a | ayer of hafnium
on a substrate by atom c |ayer deposition includes
performng at nost ten cycles to deposit the [|ayer of
hal3i unThemithed sfibaim 32,evhegein Torenimgd fayer affa ro¢tal on the first

wherej n formn l.ayer of hafniu n a.substrate Vi

At oAdsctivg Jarer e BunE 5 fvor B L TR BB AT G R sfbbvcles
of (CeGb§is tHeaR@l berht heml4 to 10 cycles to deposit the

| ayer "of hafniumon the substrate. 10. The nethod of
claimb5, wherein formng a |l ayer of hafnium oxide on

the, la ot Gl iRy &1 ﬁﬂagi&kdéfbfth tal
ingﬂ'udegﬁ%glr% gg%ffgfg a %’ifl\)‘éﬁ usi ng an ayglﬁ ydrous e]flea on
haflei layar of et by proegaulayerdepositien inaludes pesfoomingracayglegsing an
11. The thod of claim5 erein the nethod further

i n%g‘é@gﬁ’&gﬂ‘&fﬁmﬂiﬁpr?ﬂgmﬁéﬁ%?é’ B PRSI 180C

during the form ng of the layer of hafniumand the

formng of the Ia]yer of hafni um oxide. 12. A net hogi
of 1for miThgmethod o efaime 12, Weskein farmHRg 2 layey of aigetal ¢n the first

co &I&tﬁ b ic Jayet BSHoLAbR indiRfcT ¥Hhifs 4 BYS! offafiflum
mstga %{ﬁ\\/e{eﬁgé%'bﬁag@&gga uc%%ove Fényer_ eby atom %XII a(iler o
de gesfitsi @ndudtive tayegbpatbayelayafdeposiion. de of the net al

on the |ayer of netal by atom c |ayer deposition; and

16.  The method of claim 15, wherein forming a layer of hafnium on the first
conductive layer by atomic layer deposition includes pulsing a hafnium nitrate

precursor.

17.  The method of claim 15, wherein forming a layer of hafnium on the first
conductive layer by atomic layer deposition includes performing at most ten cycles

to deposit the layer of hafnium.

18.  The method of claim 15, wherein forming a layer of hafnium on the first
conductive layer by atomic layer deposition includes performing a number of cycles

ranging from 4 to 10 cycles to deposit the layer of hafnium.

19.  The method of claim 15, wherein forming a layer of an oxide of the metal on
the layer of metal by atomic layer deposition includes performing a cycle using an

anhydrous hafnium nitrate precursor and a water vapor precursor.

37



form ng a second conductive |ayer on the layer of the

oxide of the netal |ayer. 36 WO 2004/ 079796
weERONAEB2004/ 006685 13. The nethod of cl ai m 12PCTHAIS2084/606685

formng a |layer of a netal on the first conductive

| ayer by atom c | ayer deposition includes perform ng

at nost ten cycles to deposit the |layer of the netal.

14. The method of claim 12, wherein formng a | ayer of

an oxide of the netal on the layer of netal by atomc

| ayer deposition includes performng a cycle using an

anhydrous hafniumnitrate precursor and a water vapor

precursor. 15. The method of claim 12, wherein formng

a layer of a nmetal on the first conductive |ayer by

at @801 ¢ [Thy erctlddpd siaim d 6, Winstindesmedodifurtheninchydes mefntaining

haf.ni umon the fi conductive | r.b om.c | ayer
o stiPrEHe ataBousD X AFRBAE forting O 6 ey At in o Bl
f Ofgfnfifl of thaYer Gfhahdfmiogideon the first conductive

| ayer by atom c | ayer deposition includes pulsing a
hafniumnitrate precursor. 17. The nmethod of claim

1591 WheShBinb@bFToiin d #Ssiop boipfifthatm on the fir st
conductive Tayer by atomc | ayer deposition includes

per f or niforgning a smste region eyd h dwin regicdp esibstiatee thezpuice pfgion
haf ni H%n 18. The net neﬁg) ofb gll z%i m 15, wherein formng a

| afRd SR FSaIOMTBA ALY BOSY "8 %N duct i ve | ayer by

atom ¢ ligneifig 8l@RRsirdci 197er bh Gleliddy rggod betWediptha souwobaid drain
of cycles ranging from4 to 10 cycles to deposit the

| ayegonstoyrgmaicdmyer depositier; #dt hod of cl ai m 15, wherein
form ng c@iﬂ)ﬂlﬁ%%rgafg to @k A&ledfic Rlyef, WhePEt Rlrm@f) the BRIdA¥Ahyer
of nmetal by atomc |ayer deposition iIncludes

peificudesng a cycl e using an anhydrous hafniumnitrate

20041 070790 BEHHEL BV BogasEl SHE SEhureRbn b8 spiodposr

15, whedepdsitidacantet hod further includes maintaining

forming a layer of an oxide of the metal on the layer of metal by

atomic layer deposition.

22.  The method of claim 21, wherein forming a layer of a metal on the body
region by atomic layer deposition includes performing at most ten cycles to deposit

the layer of the metal on the body region.

23.  The method of claim 21, wherein forming a layer of an oxide of the metal on
the layer of metal by atomic layer deposition includes performing a cycle using an

anhydrous hafnium nitrate precursor and a water vapor precursor.

24.  The method of claim 21, wherein forming a layer of a metal on the body
region by atomic layer deposition includes forming a layer of hafnium on the body

region by atomic layer deposition.
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the substrate at about 180C during the formng of the

| ayer of hafniumand the formng of the |ayer of
whadombommoxi de. 21. A nethod of form ng a tranBCEUS004/006685

conprising: formng a source region and a drain region

in a substrate, the source region and the drain

regi on separated by a body region; formng a

di el ectric layer on the body regi on between the source

and drain regions by atonmi c |ayer deposition; and

coupling a gate to the dielectric |ayer, wherein

formng the dielectric layer includes: formng a

| ayer of a netal on the body region by atom c |ayer

deposition; and formng a | ayer of an oxide of the

mepsl OThd thethbdyelaiaf 24yeiteteih jormatgaiayer cdefnium on the body

deposi tion The net hod .o wher.ej

fofemqa&Y&tq%vi?yeéae&?S PAIPC%%SPH@%@%PS&MC pipeursor.

atom c | ayer deposition includes performng at nost

ten cycles to deposit the layer of the net [ on the
bod§: r eGheomethodof dtpian b ihsieinforaing alayer of jaliwm qn the body
form f [ t

P P B T pATiie & et ol YL Beposic
peﬂkdm&rnﬁhamﬂgnﬂnahabbmgwghm4anhydrous haf niumnitrate
precursor and a water vapor precursor. 24. The net hod
of claim2l, wherein formng a layer of a netal on the
bogy remd ﬁ@th@él oﬁ&l@ﬂi’i 94 |vebeedin ‘ﬁﬁ'ﬂﬁﬁ% 4 [a98r dfafiiia®n the body
form ng a layer of hafniumon the body reg i on, by
at tagian byapemicdayss éppqsﬁwn lg@u%pzﬁewmggv Ber of cytles ranging
P erein
A A b R R R D
atom c | ayer dep03|t|on |ncludes puIS|ng a haf ni um

nl at e r ec@ga gf’laﬂ%?f}ﬂw r%ﬂtfhlﬁgngt% C?C era fgn%%ide\ég}?ﬂe 4 Btal on

fo

at e lﬁyelr 8Y Bt BR MBI PRer dt@bsid@Smbﬁﬂémdﬂfoﬂgu@ta d?bl‘i:tusmg an

ten cycles to deposit
anhydrous hafnium nitrate precursor and a water vapor precursor.

29.  The method of claim 24, wherein the method further includes maintaining
the substrate at about 180°C during the forming of the layer of hafnium and the

forming of the layer of hafnium oxide.

30. A method of forming a memory comprising:

forming a number of access transistors, forming at least one of the access
transistors including forming a dielectric layer on a body region between a source
region and a drain region,;

forming a number of word lines coupled to the number of access transistors;

forming a number of bit lines coupled to the number of access transistors,
wherein forming the dielectric layer includes:

forming a layer of a metal on the body region by atomic layer

deposition; and
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the layer of hafniumon the body region. 27. The
nmet hod of claim 24, wherein formng a |ayer of hafnium
woeeooti®7hody region by atomic | ayer depositi OPCT/US2004/006685
i ncl udes performng a nunber of cycles ranging from#4
to 10 cycles to deposit the |ayer of hafniumon the
body region. 28. The nethod of claim 24, wherein
formng a layer of an oxide of the netal on the |ayer
of nmetal by atom c |ayer deposition includes
performng a cycle using an anhydrous hafniumnitrate
precursor and a water vapor precursor. 29. The nethod
of claim 24, wherein the nethod further includes
mai ntaining the substrate at about 180C during the
forning of tfemimyenyafofbabkide ofithametalive the layer afgnes4l by
the | ayer of. hafpi um.oxide. 30. A nmethod of formng a
merory 9 ag?rrfgeposfﬂé?nm ng a number of access
transistors, formng at | east one of. the access

transistors including formng a dielectric |ayer %n a
body- r eghomethed wéelaim 3Qovhaan fpraunsnlayprts metah op the body
re I I
st by A BRSO RES oCRUR (BELIoRs ] feposit
| i dedayoopthedndta danibe badyregionf access transi stors,
wherein formng the dielectric |layer includes: formng

a layer of a nmetal on the body region by atomc |ayer

deposi t iTABmeHYd of 1238 %Hér&ﬁg&ﬂﬁn?ﬂdymm metal on
formng a | ayer of an oxide of the metal on, the |

of thedeysr orB;net%brzs piognig tayer depegiben mclydes performing 3ie d{?mg an
gﬁl'l ~£ﬂ ér]ﬁnfe 843 WANSapQiprécui®iral on the
regr on by at yer eposi ti or? I ncl udes
perform ng at nost ten cycles to deposit the |ayer of
Th 0 [
whenbe e A5 PSS o Ring RFadr S Rell aftgpty
0 n regdi 1(5‘119b}L AyRic afermepaditidtyindludes fornhiay alayde phisifhiuonon the body

i ncl udes erformr(rig a.cycle using an
region by atomic layer epos1t10n

34.  The method of claim 33, wherein forming a layer of hafnium on the body

region by atomic layer deposition includes pulsing a hafnium nitrate precursor.

35.  The method of claim 33, wherein forming a layer of hafnium on the body
region by atomic layer deposition includes performing at most ten cycles to deposit
the layer of hafnium on the body region.

36.  The method of claim 33, wherein forming a layer of hafnium on the body
region by atomic layer deposition includes performing a number of cycles ranging

from 4 to 10 cycles to deposit the layer of hafnium on the body region.

37.  The method of claim 33, wherein forming a layer of an oxide of the metal on
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anhydrous hafniumnitrate precursor and a water vapor
precursor. 33. The nethod of claim 30, wherein formng

w@20oape79of a netal on the body region by at oPeTUBEY€006685

deposition includes formng a |ayer of hafniumon the
body region by atomc |ayer deposition. 34. The

nmet hod of claim 33, wherein formng a |ayer of hafnium
on the body region by atom c |ayer deposition

includes pulsing a hafniumnitrate precursor. 35. The
met hod of claim 33, wherein formng a | ayer of hafnium
on the body region by atomc |ayer deposition

i ncludes performng at nost ten cycles to deposit the

| ayer of hafniumon the body region. 36. The nethod of

cl shentayd3 of wieenl iy atohoe hiyegdeposingremcluflesperformingoancycheaising an

e TG N S NI -

CYGh@sunh Bxideposit the layer of hafniumon the body
region. 37. The nethod of claim 33, wherein formng a
| ayer of an oxide of the netal on 40 WD 2004/079796

PC—% US2Q94( {0608 Z clabd183 | A& Ein Ae B Meﬁhﬁ[ﬂd@s h@¥Sfining

deposition inclu performng a cycle using
an Iti}eohubstsatmtfaboutrma?@ dering the &gt theyer wfehaénumap@the

cursor o.form.,a_.l.aye f hafnium oxi de. 38. The
rre NS P %F&Ym%aﬁﬁﬁﬁroé}d%‘ the method further
i ncludes nmaintaining the substrate at about 180C

during the formng of the |ayer of hafniumand the
f oPH ngpome‘ﬁlﬁéof@y@lﬂg@ olestrARiG SYSN GRMPEYNEA et hod of

form ng Avid gg fo%@és&r system conprising: providing a
processg pfing a nmenory to the processor, wherein

the ne mom}plmg afroemat ththegroogssohothereie Ithmnwgoryﬂ@fqﬂnn@ bra
nunb f cess transistors, formng at | east one of
th@e%%&flgﬂglg P€ansi stors i ncl udi ng formng a dielectric

| ayer on a b@shhifiggh@fiberDEboeeytransisom, faniiegatdeasanat & the

drai n region;
access fransistors including forming a dielectric layer on a body region
between a source region and a drain region;
forming a number of word lines coupled to number of access
transistors;
forming a number of bit lines coupled to the number of access
transistors, wherein forming the dielectric layer includes:
forming a layer of metal on the body region by atomic layer
deposition; and
forming a layer of an oxide of the metal on the layer of metal

by atomic layer deposition.

40.  The method of claim 39, wherein forming a layer of a metal on the body
region by atomic layer deposition includes performing at most ten cycles to deposit

the layer of the metal on the body region.
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form ng a nunber of word |lines coupled to nunber of

access transistors; formng a nunber of bit Iines
wW@ouwphexd9s o t he nunber of access transistors, PEITESI04006685

formng the dielectric layer includes: formng a | ayer

of nmetal on the body region by atomc | ayer

deposition; and formng a | ayer of an oxide of the

netal on the layer of netal by atom c |ayer

deposition. 40. The method of claim39, wherein

formng a layer of a netal on the body region by

atom c | ayer deposition includes perform ng at nost

ten cycles to deposit the layer of the nmetal on the

body region. 41 WD 2004/ 079796 PCT/ US2004/ 006685 41.

Thg1.net Tidmethod bAtlain 39, witeesie formiing alayer ef dnayite oftheametal on

oxi de of fhe tal on _the |ayer. of .net by atomc .
sipetesgs pr el Bh o BHEEepeR o AT A P-eyres G e o0
an hERiuh HBa fredirorRh@ 6 Waksd vagdihrécuysdt.er  vapor
precursor. 42. The nethod of claim 39, wherein formng

a layer of a netal on the body region by atomc |ayer

deposi ti [ . j . '
SeBee" R0 IR NG ol ] v bt
metdeiuth of atehi layet Aepasitemencludes foimigg a ldyayef haffiumedfthehody

on the body .regiaon by.atomc |ayer deposition
i nEIERLY 3 'lﬂgefgeh Ym nitrate precursor. 44. The
met hod of claim42, wherein formng a | ayer of hafnium
on the body region by atomc |ayer depositian

: néBudeZhpaethod of Algimat2ipaarein prmiige Layex of habmpmion the pody
A S A it

body region by atom c |ayer deposition includes

performn a.n er.of cycl es rangin fram.4 to

cyéfes m;rgg H’gﬁ’(?g:g? claja 4p a&%@‘?fe’%}ff"%'?%? g%e%(r)}ﬂ}aﬁ’ém%‘ooal )J}Q e body

I egéoidh bﬁ'«ﬁomi@l_ﬁyéf%?@&ii&f in€lh@dsPeAdrming at st téoeyriadgo deposit

| ayer of” an oxide of the netal on
‘the layer of hafnium on the body region.

45.  The method of claim 42, wherein forming a layer of hafnium on the body
region by atomic layer deposition includes performing a number of cycles ranging

from 4 to 10 cycles to deposit the layer of hafnium on the body region.

46.  The method of claim 42, wherein forming a layer of an oxide of the metal on
the layer of metal by atomic layer deposition includes performing a cycle using an
anhydrous hafnium nitrate precursor and a water vapor precursor.

47.  The method of claim 42, wherein the method further includes maintaining

the substrate at about 180°C during the forming of the layer of hafnium.

48. A computer-readable medium having computer-executable instructions for
performing a method of forming an electronic apparatus having a dielectric layer,

the method comprising:
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the layer of netal by atom c |ayer deposition includes

perform ng a cycle using an anhydrous hafniumnitrate
w@e@erees and a water vapor precursor. 47. ThRCTESN04€006685

of claim42, wherein the nethod further includes

mai ntaining the substrate at about 180C during the

formng of the layer of hafnium 48. A

comput er - r eadabl e nedi um havi ng conput er - execut abl e

instructions for performng a nethod of form ng an

el ectroni c apparatus having a dielectric layer, the

met hod conprising: 42 WO 2004/ 079796 PCT/ US2004/ 006685

formng a layer of a netal on a substrate by atom c

| ayer deposition; and formng a |ayer of an oxide of

t he nmet &rming 4 hgemeftaghethlaoper substrade byratonmti@lager deposition; and

deposition. 49. The. co ter.-readabl.e nmediumaof claim
25, wheRETing Bl 4 SR F gl e eigh HREP Bl
regiy@pda?msiﬁt,@_m c layer deposition includes formng a

| ayer o haf ni um on the body region by atom c | ayer
deposition and formng a | ayer of an oxide of the

mey gl o@‘h% Q&ﬂ)@%ﬁfea@%bléﬁgﬂh?w cBif %th&¥ﬁrfoﬁﬁ9$§'lé}}699f a
incTudes formng a layer of hafnium oxide by atom'c

| ayetal de pleshddyoegion by afbhec leyerpiepesitiorindmdésiomniig ateyst of

cl aim 49, rein form a.ayer of. hafniumon.a
subethidy bo B oty i B APl p Qo B JdEh g i fer g an

a Brideionthethdiilaintthe PyEICOMERA] byatdrhie 1Subaégosition ifxluded firming
comput er - r eadabl e nedi um of claim 49, wherein formng

a Ragysr obrainingy oxidsboromicdayd depas#iody at oni c | ayer
deposition includes performng at nost ten cycles to
deposit the | ayer of hafniumon the substrate. 52. The
cofiput eThe eamdpitkercadablemediimaif glaim 49, whtreindprming piayeyof

ge b%ﬁﬁ‘? 8{5 ajs hl?ﬁftﬁ%ee%? Bg‘gfp}%&%’uﬁ{b a%pr oglttiﬁ)a E%cél%a&eg ?uﬁlg{%%yhgagmum nitrate

ra?ﬁﬁcﬁﬁoférpﬂib%ulbs@raﬂd) cycles to deposit the |ayer of
haf ni um on the substrate. 53. The conputer-readabl e

medi um of cl aim 49, wherein formng a layer of
hakspi umgxigdg ?t@ A8t ENEliuRf ofRBfiAi49 M RY Rt BFhiGe h ANRE of
deposi tion el udes )

hafnium on a substrate by atomic layer deposition includes performing at most ten

cycles to deposit the layer of hafnium on the substrate.

52.  The computer-readable medium of claim 49, wherein forming a layer of
hafnium on a substrate by atomic layer deposition includes performing a number of

cycles ranging from 4 to 10 cycles to deposit the layer of hafhium on the substrate.

53.  The computer-readable medium of claim 49, wherein forming a layer of
hafnium oxide on the layer of hafnium by atomic layer deposition includes
performing a cycle using an anhydrous hafnium nitrate precursor and a water vapor

precursor.
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performng a cycle using an anhydrous hafniumnitrate

precursor and a water vapor precursor. 43 WD
wWQMID7TI% 96 PCT/ US2004/ 006685 54. The PCT/US2004/006685

conmput er - r eadabl e nmedi um of claim49, wherein the

met hod further includes maintaining the substrate at

about 180C during the form ng of the |ayer of hafnium

and the formng of the |ayer of hafniumoxide. 55. A

capacitor, conprising: a first conductive |layer; a

dielectric |ayer disposed on the first conductive

| ayer; and a second conductive |ayer disposed on the

dielectric layer; the dielectric layer formed by a

nmet hod including: formng a |layer of netal on the

fif4t cOhacmhputa-reaiable hgdiah ofitiaim U8 ywherde plasinethodh further

and formng a |ayer of an oxi [ . the tal on t

roins deegpanaiyng inprirferapot sl iritng s frmiftthe laverof
CapafivhPindthe &ridh Sihe WhEr Tihafilig ofRleal i ncl udes

haf nium 57. The capacitor of claim56, wherein

formng a layer of hafniumon the first conductive

| ayer b j . deposition includes performng a
nu%%er o(%%%%kgfh&¥§%a'ng from4 to 10 cycles to

deposi t afike comdpetivedbydraf ni um on the substrate. 58. The

capaci tor, of clai mb56, ereip the dielectric |ayer

has a df Q}ege(‘,’frf‘i leyeréibﬁl?gﬁeyqrﬂn tﬁ%gfst@m}dgﬁtéveeelﬁ% out 8

t 0 aboup s&dnd BShdubtitd B IdEpeseduAThE Hiziddttc laydpody

regi on between a source region and a drain region; a

di el ect theclislegpae lagerfopaeakbyonmethed Brsdydinggi on bet ween

t he source regj rai L on ;

coupled to the %eflg ?rroitf%%t%)?g}% %%gé&aud%qaﬁr 6§ hmic
layer deposition; and

forming a layer of an oxide of the metal on the metal layer by

atomic layer deposition.

56.  The capacitor of claim 55, wherein the metal includes hafnium.

57.  The capacitor of claim 56, wherein forming a layer of hafnium on the first
conductive layer by atomic layer deposition includes performing a number of cycles

ranging from 4 to 10 cycles to deposit the layer of hafnium on the substrate.

58.  The capacitor of claim 56, wherein the dielectric layer has a dielectric

constant in the range from about 8 to about 25.

59. A transistor comprising:

a body region between a source region and a drain region,

a dielectric layer disposed on the body region between the source region and
the drain region; and

a gate coupled to the dielectric layer;
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WD 2004/ 079796 PCT/ US2004/ 006685 the dielectric |ayer
formed by a nethod including: formng a |ayer of a
woredoalo7om t he body regi on by atom c | ayer depPSI/UBN4/006685
and formng a | ayer of an oxide of the netal on the
| ayer of the netal by atomc |layer deposition. 60.
The transistor of claimb59, wherein the netal includes
haf nium 61. The transistor of claim60, wherein
formng a | ayer of hafniumon the body region by
atom c | ayer deposition includes perform ng a nunber
of cycles ranging from4 to 10 cycles to deposit the
| ayer of hafniumon the substrate. 62. The transi stor
of claim60, wherein the dielectric |ayer has a
di el ect the dieleaitsihpertfornmeditye methgéifchuimgabout 8 to
about 25. 63, The transistor ., of cl.aim60, wherei e
1[“ F ‘W]gto i

di el ectric |RyBReRdaresntameral gpdhibodyseeidn Phiteii'e

(teq) o@eplog%n;tﬁan about 10 Angstrons. 64. A nenory

conprising: a nunber of access transistors, at Iaka?st

one access tioamiiggtlayer ofan oxifie gt the gugtal on das gy of s metal by
di el ectric. r he di el ectric |ayer disposed on a
body reggtfng'ﬁé%é%\f\ig%%&%gsource region and a drain

region; a nunmber of word |lines coupled to the nunber

f t ' ; nb f. Rt Li.
ol caThoREahoaR of. Wesse YRR RLp b g
dielectric |ayer fornmed by a nmethod including: formng

a netal |ayer on the body region by atomc_ | ayer
depbsi t Theransistprio elimn §0avheagiafomsng A laygy efdaditpiog the body

e . | . i . / .
PO I Gl dRuE dep i Pl PG N AU R Hpine
cl iom 6, 10ndyeles icnddphsit thetlater ofludfuigmsontihé pibsirate.

62.  The transistor of claim 60, wherein the dielectric layer has a dielectric

constant in the range from about 8 to about 25.

63.  The transistor of claim 60, wherein the dielectric layer has an equivalent

oxide thickness (teq) of less than about 10 Angstroms.

64. A memory comprising:

a number of access transistors, at least one access transistor including a gate
coupled to a dielectric layer, the dielectric layer disposed on a body region between
a source region and a drain region,;

a number of word lines coupled to the number of access transistors; and

a number of bit lines coupled to the number of access transistors;

the dielectric layer formed by a method including:

forming a metal layer on the body region by atomic
layer deposition; and
forming a layer of an oxide of the metal on the metal layer by atomic
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66. The nenory of claim65, wherein formng a | ayer of
haf ni um on the body region by atomc |ayer deposition
w0 p@kitess per f orm ng a nunber of cycl es rangi nECT/U81903/d06685

to 10 cycles to deposit the |ayer of hafniumon the
substrate. 67. The nenory of claim65, wherein the
dielectric layer has a dielectric constant in the
range from about 8 to about 25. 68. The nenory of
clai m 65, wherein the dielectric |ayer has an

equi val ent oxi de thickness (teq) of |less than about
10 Angstrons. 69. An electronic systemconprising: a
processor; a systembus; and a nenory coupled to the
processor by the system bus, the nenory including: a
nunber Ofycadspesision.r ansi stors, at |east one access
transistor including a gate coupled to a dielectric

| ayer, the dielectric |ayer disposed on a body region
betgyeen Tie RHEFof @athO6Y, ¥/hereth ME Rictal LIRIARE hafidislrber

of word lines coupled to the nunber of access
transistors; and a nunber of bit lines coupled to the

A T e

th eegmdyy ﬁtegmw]layé})depxbmnmntla&@rperﬁiﬂnmg iatoiuorber afivyces ran@ing
2004/ 079796 PCT/ U 2004/0 6685 rn1n a Lg%g of an
ox k@ bfo [(heyclrstaflengsit fhs, ampgba SUH8If ¢ | ayer

deposition. 70. The electronic systen1of cl aim 69,

wherein the netal includes hafnium 71. The
el &t r offihe mepmre af daincé i vherein theiglestine lramrrhaﬁ 8 dielecicer

of ha sftzpat ar}%‘ﬁgl%np&% éi%%b%ﬂt@y atomic |ayer

dep ornln nunber of cycles

68.  The memory of claim 65, wherein the dielectric layer has an equivalent

oxide thickness (tq) of less than about 10 Angstroms.

69.  An electronic system comprising:
a processor;
a system bus; and
a memory coupled to the processor by the system bus, the memory
including:
a number of access transistors, at least one access transistor including
a gate coupled to a dielectric layer, the dielectric layer disposed on a body
region between a source region and a drain region;
a number of word lines coupled to the number of access transistors;
and
a number of bit lines coupled to the number of access transistors;
the dielectric layer formed by a method including:
forming a metal layer on the body region by atomic layer

deposition; and
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ranging from4 to 10 cycles to deposit the |ayer of

haf ni um on the substrate. 72. The el ectronic system of
wW@b@unv70 wherein the dielectric |ayer has a PCT/US2004/006685

di el ectric constant in the range from about 8 to about

25. 73. The electronic systemof claim70, wherein the

dielectric layer has an equival ent oxi de thickness

(teq) of |ess than about 10 Angstrons. 47

forming a layer of an oxide of the metal on the metal layer by

atomic layer deposition.
70.  The electronic system of claim 69, wherein the metal includes hafnium.
71.  The electronic system of claim 70, wherein forming a layer of hafnium on
the body region by atomic layer deposition includes performing a number of cycles

ranging from 4 to 10 cycles to deposit the layer of hafnium on the substrate.

72.  The electronic system of claim 70, wherein the dielectric layer has a

dielectric constant in the range from about 8 to about 25.

73.  The electronic system of claim 70, wherein the dielectric layér has an

equivalent oxide thickness (teq) of less than about 10 Angstroms.
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