WO 2008/ 064035PCT/ US2007/ 084615 - 1 - METHOD OF FORM NG A STRUCTURE HAVI NG
A H GH DI ELECTRI C CONSTANT AND A STRUCTURE HAVI NG A H GH DI ELECTRI C
CONSTANT YBRZ9% 064038 Al M This application clains t RETABAY08464 ¢ he
filing date of United States Patent Application Serial No. 11/600, 695,
filed Novenber 16, 2006, for "' METHOD OF FORM NG A STRUCTURE |1 ANI NG A HI GH
DI ELECTRI C CONSTANT, A STRUCTURE HAVI NG A NI GH DI ELECTRI C CONSTANT, A
CAPACI TOR | NCLUDI NG THE STRUCTURE, AND METHOD OF FORM NG CAPACI TORS

TECHNI CAL,ELBEDe rormiE R WRTEBRES 2dvikBea i}l‘i‘&f']%lixsﬂﬁ%ﬁ% aéo?rs?‘ﬂﬂ': AN N9
Struct ur esRANrH: dathida diRkesldeereRNsbaityt k) and a tow ['eakage current.
Specifically, enbodi nents of the invention relate to |b-rating the

structure having the high k and | ow | eakage current from a perovsidite-Lype
i n BACKGROUND Capacitors are the basic energy storage devices in
random access nenory devi ces, such as dynam c random access nenory (" DRAM)
devi ces. Capacitors include two EBHIREDOEEALCh as parallel netal or

lysili | i.ch act : i nsul at ed
P om each ot her iy paleHEr sRfps B2 pEtedf bE RS Hfpe AE oL RRE SRES pllef | TR0 24 O
m cr oel eciangntfiod ¢iigiase. 13/600,685, flePNeidmlies 1 61 Hv6Nbt EMEAIRODIGH ti onal |y

used in integrated circuit technol o are appr.oachin | r._performance
limts. SF B\Ka%&TI&H@WWW&%X@@&&Q%@@@%&%@%ﬁ e diel ecuic

mat eri al §g§ %@R@%ﬁl‘éﬁﬂ q{ggﬂ@@n@i@}&ﬁmf AStORACBrhRr med, such

as less t un’in has defecfs, which leads to high
| eakage. TRCEUMHENETHAEGTRUEGCTUREJIAND MESEHR DK BORMIPKOVEHE di el ectri c.
materials. Hgh quality, thin dielectric materials containing Goup LA
netal ti t&#ﬁb‘é@lﬂ%ﬂjch 115 strontiumtitan ate ("SrTi 8" or "STO'), barium
titanate ("BaTi G3",), or bariumstrontiumfitanate ("(Bal_x8r0Ti O3") are of
interest to the sem conductor industry because these materi als possess

hi gher dielectric constants thanTBCEXICARdIELB el ectric materials are

typically formed by, chem cal.vapor d sition (" ' [ } Cy:

deposi ti on Mﬁ@%ﬁ%‘%’é&fﬁ E@%?ﬁ%gﬂ&g“@g Stf%\é%-& Rﬁ‘fﬁ? J ﬁl@\’/ed\}ée}?é,ﬁg{)m is
unabl e t 0 BrQVi: 48 RaAdow 1RGO BAYSREG Y, Bmbbdihchisereidiyvintiohigief i | |
aspect ratio cont'ainers. Therefore, D is not useful to fill high aspect

rati o contiaforering thywirtaurahevipg ghe highsk garblgwsleeknge swesni fom pfPeite &M and
ALD technin%%ggaleach produce dielectric materials that have hi gh | eakage.

BACKGROUND

Capacitors are the basic energy storage devices in random access memory devices,
such as dynamic random access memory (“DRAM”) devices. Capacitors include two
conductors, such as parallel metal or polysilicon plates, which act as electrodes. The
electrodes are insulated from each other by a dielectric material. With the continual
shrinkage of microelectronic devices, such as capacitors, the materials traditionally used in
integrated circuit technology are approaching their performance limits. Silicon dioxide
(“Si0,”) has frequently been used as the dielectric material in capacitors. However, when
a thin film of SiQ, is formed, such as less than 5 nm in thickness, the film has defects,
which leads to high leakage. This deficiency has lead to a search for improved dielectric
materials. High quality, thin dielectric materials containing Group IIA metal titanates,
such as strontium titanate (“SrTiO;” or “STO), barium titanate (“BaTiO;”), or barium
strontium titanate (“(Ba;Srx)Ti05") are of interest to the semiconductor industry because
these materials possess higher dielectric constants than SiO;. These dielectric materials

are typically formed by chemical vapor deposition (“CVD”) or atomic layer deposition



To produce a capacitor, a bottomelectrode is formed on a sem conduct or

substrate and a dielectric layer is deposited over the bottom el ectrode.
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BRIEF DESCRIPTION OF DRAWINGS

While the specification concludes with claims particularly pointing out and
distinctly claiming that which is regarded as the present invention, the advantages of this
invention may be more readily ascertained from the following description of the invention
when read in conjunction with the accompanying drawings in which:

FIG. 1 is a cross-sectional view of an embodiment of a high-k structure formed
according to the present invention;

FIG. 2 is a cross-sectional view of an embodiment of a DRAM memory device
formed according to the present invention;

FIG. 3 is a plot of dielectric constant (k) versus frequency for STO films formed
according to embodiments of the present invention;

FIG. 4 is a plot of capacitance density versus frequency for STO films formed
according to embodiments of the present invention; and

FIG. 5 is a plot of current versus voltage for STO films formed according to

embodiments of the present invention.

MODES FOR CARRYING OUT THE INVENTION
The following description provides specific details, such as material types,

material thicknesses, and processing conditions in order to provide a thorough description



- 3 - of enbodinents of the present invention. However, a person of
ordinary skill in the art will understand that the enbodi nents of the
present iWMOSAWBH3Fay be practiced wi t hout enpl oyi ng t h&SE/USpU0464S
details. Indeed, the enbodi nents of the present invention nay be practiced
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on a supporting structure, a metal electrode, or a semiconductor substrate having one or
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such as a perovskite-type material having the general chemical structure of ABO;, where



The high-k structure may be formed by conducting multiple ALD cycles and
mul tipl e anneal cles, with each ALD and anneal cycle rodum n ortion
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For the sake of exanple only, the high-k structure 2 may be a high-k | ayer
used as a dielectric layer in a capacitor, such as in a planar cell, trench
cel | (e. VO 28BMf¥Ssi dewal | trench capagitor), stacked @EFHB@%V@?@“%romm,
V-cell, delta cell, nmulti-fingered, or cylindrical container stacked
capacitor), or a field effect transistor device. An enbodi nent of a
capacitor of a DRAM nenory device 12 or nenory cell is shown in FIG 2. The

menory device 12 incl ud%% t he capagj igr 6%3{? I {con-aiont ainin dl a%(ﬁr 14, and
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convent i onahy ¢amlyeit tat ignk treddrinl froeshe shistahtialveannuphats skt toadubsiadialls; |
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the first Op SEeBRe AT it BBl AT S if Gy getbakaea, o0
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he secondir SEp5aReE0. A" BE POMR SRR e & beffauPe Ve

capaci t or mtaﬂﬁalgf%nﬁfg%ﬁ&ugQn@m%w@kub_?&ﬁﬁa_lycr?ughn@s a rapid thernmal

process, in an oxidizing environnent. The final anneal may be conducted at

a tenperature cBypaciibigtheidetesition anderncabitages desgribed abipgeryithssubsemyertecond

el ectrodes 18, 20. and the.high-k stru L nper at ur e
within a rBoEROS 6 g‘ﬁﬁ%ﬂB&S‘ij{fQ I"§|d§p%*ht§%5‘{?é‘%§%’b‘rsﬁﬁﬁ%$§??E’%%B%% The fi nal
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the second el ectrode 20 and may ensure that the hi glg-k s‘tructéjre,zegis in a
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i nprove an_jnterf i.9h= gﬁa‘?p% [ and
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- 8 - bis(alkanotato)titanium tetrakis(dinmethylamno)titani um
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capacitor of a DRAM memory device 12 or memory cell is shown in FIG. 2. The
memory device 12 includes the capacitor, a silicon-containing layer 14, and a conductive
layer 16. Only those process acts and structures necessary to understand the embodiments
of the present invention are described in detail below. Additional acts to form the memory
device 12 may be performed by conventional fabrication techniques, which are not
described in detail herein. The capacitor includes a first electrode 18, the high-k

structure 2, and a second electrode 20. The conductive layer 16 is positioned between the
silicon-containing layer 14 and the first electrode 18. The first electrode 18 and the
second electrode 20 may be formed from platinum, aluminum, iridium, thodium,
ruthenium, titanium, tantalum, tungsten, alloys thereof, or combinations thereof, or
polysilicon. To form the capacitor, each of the first electrode 18 and the second

electrode 20 may be deposited by conventional techniques, such as by sputter deposition,
CVD, ALD, or other suitable technigue. For instance, the first electrode 18 and the
second electrode 20 may be sputter deposited at room temperature. The high-k structure 2

may be formed, in multiple portions 4 as described above, over the first electrode 18. The
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substantially homogeneous and may be substantially crystalline.

The high-k structure 2 formed by the above-mentioned method may also be used
in other applications where a substantially crystalline layer or other structure of a
perovskite-type material is desired, such as in optical or tuning applications. For the sake
of example only, the high-k structure 2 may be used in high-frequency tunable devices,
decoupling capacitors, or gate dielectrics.

For the sake of example only, the formation of an STO layer in contact with
platinum substrates is described. One ALD cycle may be conducted to form one of a
plurality of portions of the STO material on a first platinum substrate. The ALD cycle
may include separately introducing or pulsing strontium precursors and titanium
precursors into the ALD chamber that includes the first platinum substrate. Strontium
precursors and titanium precursors suitable for forming the STO layer by ALD are well
known in the art and, therefore, are not described in detail herein. For the sake of example
only, the strontium precursor may include, but is not limited to, a cyclopentadienyl
compoﬁnd, SH{N(SiMesy ]z, a strontium diorganoamide precursor, St(Ci1H;90:),
(“Sr(THD),”), strontium (tetramethylheptanedionate), Sr(C1HzN2)z (“Sr(diketimine),” or
“SDBK™), or combinations thereof. The titanium precursor may include, but is not limited
to, titanium tetramethoxide, titanium tetracthoxide, titanium tetra-n-propoxide, titanium
tetraisopropoxide, titanium tetra-n-butoxide, titanium tetra-t-butoxide, titanium tetra-2-
ethylhexoxide, tetrakis(2-ethylhexane-1,3-diolato) titanium, titanium diisopropoxide
bis(acetylacetonate), titanium diisopropoxide bis(2,2,6,6-tetramethyl-3,5-heptanedionate),

titanium bis(ethyl acetacetato)diisopropoxide, bis(ethylacetoacetato)



El ectrical properties (dielectric constant, capacitance density, and

| eakage current density) of the STOfilns were neasured by conventi onal

t echni que¥0 20816¢1350f di el ectric constant (k) versus fr@&%@ﬁ&?mﬁ%“%ovm in
FIG 3, a plot of capacitance density versus frequency is shown in Fla 4,
and a plot of current versus voltage is shown in FIG 5. Table 1 provides a
summary of the capacitance densities, k, and | eakage current densities for

L et R A D,
Form PL B R0 & R P BT Getr odel Fi nal
anneal at THORHGMB)E6:H90z): (“Ti(MPD)(thd).™),

titanium{methylpentanedione)(tetramethylheptanedionate), or combinations thereof. The

portion of the STO material may be deposited at a temperature of approxmmately 300° C.

The deposited portion of the STO material may be substantially amorphous.

The deposited portion of the STO material may be annealed at a temperature
within a range of from approximately 545° C to approximately 625° C, such as from
approximately 550° C to approximately 600° C. The deposited portion of the STO
material may be annealed for an amount of time within a range of from approximately 2
minutes to approximately 15 minutes. However, the anneal time may be adjusted
depending on the temperature used in the anneal. If a lower temperature is used, the
anneal time may be longer than the above-mentioned range. Conversely, if a higher
temperature is used, the anneal time may be shorter than the above-mentioned range. The
anneal may be conducted in an oxygen environment. Additional portions of the STO
material may be deposited and annealed, as described above, until the desired thickness of
the STO layer is achieved. After each anneal, the newly-deposited portion of the STO
material may be in a substantially crystalline state., After depositing and annealing the last
portion of the STO material, a second platinum substrate may be formed over the STO
layer and the structure may be finally annealed, such as at a temperature of approximately
600° C in an oxygen environment for approximately 5 minutes. The STO layer may be in
a substantially crystalline, perovskite state.

The following example serves to explain embodiments of the present invention in
more detail. This example is not to be construed as being exhaustive or exclusive as to the

scope of this invention.

Example
Example 1
Formation and Electrical Properties of 15 nm, 31 nm, and 100 nm STO Films
STO stacks having an STO film positioned between two layers of platinum were
formed. Each layer of platinum (“Pt”) was sputter-deposited to a thickness of 30 nm.
STO films having a total thickness of 15 nm, 31 nm, or 100 nm were formed by



5x104 Pt/STO Pt (31 rim STO Form Pt El ectrode/ Form STQ Anneal STO at 550
C/ Form Pt_El ectrode/ Fi nal anneal at 600 C 29 101 2x10-' Pt/STO Pt (15 urn
STO) For n¥B2'® P ode/ For m STQ Anneal . STO at 550 C/ For PRT{S2007/084615

El ectrode/ Fi nal anneal at 600 C 73 120 2x10- For conpari son, capacitance
densities, k, and | eakage current densities were

conducting multiple ALD and anneal cycles, with each ALD and anneal cycle producing a
portion of the STO film.

To form the 15 nm STO film, a 5 nm portion of the STO material was deposited
by ALD at 300° C on a first platinum layer. Each portion of the STO material was
deposited as follows:

Ti precursor pulse (60 sec)/purge (30 sec)/oxidizer O3 (30 sec)/purge (20 sec) =1

TiO; cycle

Sr precursor pulse (30 sec)/purge (30 sec)/oxidizer O (30 sec)/purge (30 sec) = 1

SO cycle

Sr Flow: 0.8 mli/min, 30 sec - 60 sec

Ti Flow: 0.8 ml/min, 40 sec - 60 sec

THF: 0.4 ml/min - 1.0 ml/min, 15 sec - 30 sec

O; concentration: 15% by volume

O; flow rate: 1.5 standard liters per minute for 30 sec - 60 sec

Process pressure: 1 Torr - 2 Torr

Vaporizer temperature: 290°C

Tsub: approximately 300°C-350°C

The TiO, and SrO cycles were repeated to obtain the 5 nm portion of the STO
material. The 5 nm portion was annealed at 550° C.

Additional stages of depositing 5 nm and annealing were conducted until the
desired thickness of 15 nm was achieved. To form the 31 nm STO film, an approximately
10 nm portion of the STO material was deposited by ALD at 300° C on the first platinum
layer, followed by anneal at 550° C. Additional stages of depositing approximately 10 nm
and annealing were conducted until the desired thickness of 31 nm was achieved. To
form the 100 nm STO film, a 20 nm portion of the STO material was deposited by ALD at
300° C on the first platinum layer, followed by anneal at 550° C. Additional stages of
depositing 20 nm and annealing were conducted until the desired thickness was achieved.
A second platinum layer was deposited over the 15 nm STO film, the 31 nm STO film, or
the 100 nm STO film, and the STO stacks were subjected to a final anneal at 600° C. The
15 nm, 31 nm, and 100 nm STO films were substantially crystalline.

Elecirical properties (dielectric constant, capacitance density, and leakage current
density) of the STO films were measured by conventional techniques. A plot of dielectric
constant (k) versus frequency is shown in FIG. 3, a plot of capacitance density versus
frequency is shown in FIG. 4, and a plot of current versus voltage is shown in FIG. 5.

Table 1 provides a summmary of the capacitance densities, k, and leakage current densities

for these layers.



5neasured for 100 nm STO filnms that were conventionally deposited by
ALD. In other words, the 100 rim STOfilnms were fornmed in a single
portion by ALD. The 100 nm STO filns were either not anneal ed (as
deposited) or were annealed at 550 C or 650 C, as shown in Table 2.
10Tabl e 2: Electrical Properties of Contrg 100 nm STO filnms. STO
Stack Pt/STOQ Pt (100 nm ' Anneal Conditions Capacitance Density
fF4.1n2 at 10 kHz 1.1 k at 10 kHz 12 Leakage current JI. (A/cnR) at
1.5V

Table 1: Electrical Properties of the 15 nm, 31 nm, and 100 nm STO films.

STO Stack Anneal Conditions | Capacitance | kat L0 KHz TL (Afcm®) at
Density 1.5V
(fF/um®) at 10
KHz)

PYSTO/Pt Form Pt Blectrode/ | 8 86 5%107
(100 nm STO) Formm STO/Anneal
STO at

550° C/fForm Pt
Electrode/Finat
anneal at 600° C

PYSTO/Pt Form Pt 29 101 2x10°
(31 nm STO) Electrode/Form
STO/Anneal STO
at 550° C/Form Pt
Electrode/Final
anneal at 600° C

PYSTO/Pt Form Pt 73 120 2x10°
(15 nm STO) Electrode/Form
STO/Anneal STO
at 550° C/Form Pt
Electrode/Final
anneal at 600° C

For comparison, capacitance densities, k, and leakage current densities were
5 measured for 100 nm STO films that were conventionally deposited by ALD. In other
words, the 100 nm STO films were formed in a single portion by ALD, The 100 nm
STO films were either not annealed (as deposited) or were annealed at 550° C or 650° C,

as shown in Table 2.

10 Table 2: Electrical Properties of Control 100 nm STO films.
STO Stack Amneal Conditions | Capacitance kat 10kHz Leakage current
PUSTO/PL Density I (Alem?) at
(100 nm) - fFrum® at 10 kHz 1.5V
No anneal As deposited 1.1 12 2%10-8
Arneal 550° C/0y/S min 1.5 17 3%x10-2
Anneal 650° C/Q/S min - - Electrical short

STO films having thicknesses of 15 m and 31 nm were also deposited in a single
portion by ALD. These STO films had electrical shorts and, therefore, capacitance

15  density, k, and leakage current density were not measured. The STO films formed



2x10-8 No anneal As deposited Anneal 550 ¢/ 02/5 mn 1.5 17 3x10-9 Anneal
650 C/02/5 m

n -
WO 2008/064035 11 PCT/US2007/084615

utilizing the multiple ALD deposition and anneal cycles and the final anneal (shown in
Table 1) had higher dielectric constants and lower leakage current densities than the
control STO films (shown in Table 2), which were deposited as a single portion.

While the invention may be susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and
have been described in detail herein. However, it should be understood that the invention
is not intended to be limited to the particular forms disclosed. Rather, the invention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention as defined by the following appended claims.



- Electrical short STO films having thicknesses of 15 nmand 31
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deposited portion of the high-k material to a temperature greater than or equalto a
crystalline temperature of the perovskite material.

2, The method of claim 1, wherein forming a structure (2) from a pharality of
portions (4) of a perovskite material having a chemical structure of ABO; comprises
forming the perovskite material having a chemical structure of ABO3 wherein A is
barium, strontium, lead, zirconium, lanthanum, potassium, magnesium, titanium,
Jithium, aluminum, bismuth, or combinations thereof and B is titanium, niobium,
tantalum, or combinations thereof.

3. The method of claim 1, wherein depositing the perovskite material comprises
depositing the perovskite material selected from the group consisting of barium titanate,
strontium titanate, barium strontium titanate, lead titanate, lead zirconate titanate, lead
lanthanum zirconate titanate, barinm lanthanum titanate, barfum zirconium titanate,
hafhium oxide, lead magnesinm niobate, lithium niobate, lithium tantalate, potassium
niobate, strontium aluminum tantalate, potassium tantalum niobate, barium strontium
niobate, lead barium niobate, barium titanium niobate, strontium bismuth tantalate,
bismuth titanate, and combinations thereof. '

4, The method of ¢laim 1, wherein annealing the perovskite material comprises
converting the perovskite material from an amorphous state to a crystalline state.

5. The method of claim 1, wherein annealing the perovskite material comprises
heating the perovskite material to a temperature within a range of from 545°C to 625°C.



anneal ing the perovskite material, characterized in that each of the
portions (4) of the perovsidte material is anneal ed before a
subsequent portion (4) of the perovslidte material is deposited

t hereon wherein annealing conprises héating the deposited portion of
the high-k material to a tenperature greater than or equal to a
crystalline tenperature of the perovskite material. 2. The nethod of
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13. The method of claim 12, wherein annealing the portion (4) of
strontiumtitanate conprises heating the portion (4) of strontium
titanate to a tenperature within a range of from550C to 600C. 14.
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anneal ed. anda d1clectnc constant of greater than 80.

18. The structure of claim 16, wherein each portion of the perovskite material is
selected from the group consisting of barium titanate, strontjum titanate, barium
strontium titanate, lead titanate, lead zirconate titanate, lead lanthanum zirconate titanate,
barium lanthanum titanate, barium zirconium titanate, hafnium oxide, lead magnesium
niobate, lithium niobate, lithium tantalate, potassium niobate, strontium aluminum
tantalate, potassium tantalum niobate, barium strontium niobate, lead barium niobate,
barium titanium niobate, strontium bismuth tantalate, bismuth titanate, and

combinations thereof.

19. The structure of claim 16, further comprising a first electrode in contact with
the plurality of portions (4) of the perovskite material, and a second electrode over the
plurality of portions (4) of the perovskite material, wherein each of the plurality of
portions (4) of the perovskite material is annealed.





