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Y,0;3 thin film was deposited by atomic layer deposition (ALD) with a new precursor yttrium tris-
(N,N'-diisopropylacetamidinate), ¥YRramd}, and water. The precursor was thermally stable and volatile
and had high reactivity with water. The growth rate ¥ films was 0.8 A/cycle over a wide temperature
range (156-280°C). The films were very pure (C, N 0.5 at. %) and had a refractive index of 1.8. The
films were smooth and had a cubic polycrystalline structure. High quality films were also deposited in
40:1 aspect ratio profiled substratesOf films adsorbed water after air exposure because Rutherford
backscattering spectroscopy (RBS) and X-ray photoelectron spectroscopy (XPS) showed an increased
oxygen ratio (O/Y> 1.5) and—OH bonds in air-exposed films. A relatively high permittivity 12), a
low leakage current density<@L0~7 cn? at 2 MV/cm) and high electrical breakdown field$ MV/cm)
were measured for capacitors prepared fro0OAl(10 A)/Y,04/n-Si structures. Uncapped:®s films
showed flatband voltage shift§ & V and increased leakage current prior to annealing. ALID:s a
promising dielectric for advanced electronic applications in nanoscale devices.

Y03 thin films have been deposited by many methods,

Yttrium oxide (Y:Os) is a very interesting material for ~ including electron-beam evaporatibniaser ablation, sput-
potential applications because of its relatively high permit- tering;***thermal oxidatiort? vacuum thermal evaporatioh,
tivity (L0—17)} high melting point ¢2439°C), a relatively molecg!ar-beam epitaxi?, metal-organic chemlca_tl vapor
large band gap energy-6.5 eV), and a refractive index of ~deposition (CVD)" low-pressure CVDB? and atomic layer
1.82 In microelectronics, YOs is a candidate to be a gate deposition (ALD):*"2* ALD is a method in which a thin
dielectric material (such as ADs, HfO,, ZrOs, La,Os, PrOs, filmis deposned' by supplying saturating pulsgs Qf precursor
and GdOs, among other8)® which would require a high ~ Vapors sequentially. The precursor vapor dlstrlbute's on a
permittivity (>10), compatibility with silicon, good thermal nonumfo_rm surface until the surface is saturated (self-llm_ltlng
stability, and a relatively large conduction band offset and Mechanism). The subsequent precursor vapor reacts with the
valence band offset (2.3 and 2.2 eV, respectively, fadsy.® chemisorbed precursor on the surface. ALD presents seve_ral
Therefore %Os could be considered for a replacement of advantages such as superior step coverage, excellent film
SiO, in transistors and memories. In addition;O% could uniformity over large areas, and exact thl.ckness contro! at
be used as a waveguide material due to its high refractive N® nanoscale, good surface morphologies, and low film
index, or as a buffer layer for ferroelectrics and superconduc- IMpurities??
tors because of its low lattice-mismatch with silicorbOf
has also been investigated for use as optiaatl protective
coating layersdue to a high melting point and refractive
index. In addition, ¥Os; is a constituent of several more
complex thin film materials. YB#&wO;-,8 is a well-known
high-T. superconductor, and many studies of yttrium-
stabilized Zr@® and Y,Os;:EW?" have been published.
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In a previously published ALD process foe®;,%° Y (thd)s, 120
Y (thd)s(bipy), and Y (thd)(phen) were used as metal precur-
sors with ozone as the oxygen source. This results in a low
growth rate (0.23 A/cycle) within the deposition temperature 80}
ranges (256375 °C) and the impurity levels such as
hydrogen and carbon are high (around 6%tC and 10 at.
% H depending on deposition temperature), while some
nitrogen (0.2-0.3 at. %) is observed in the films below 325 o
o . . 20l 287°C, 0.82%
C. Generally a highly reactive oxygen source, such as ozone,
may dissociate the ligand from the precursor in such a way ol /
that some carbon and nitrogen remain in the film. Ozone 0 50 100 150 200 250 300 350 400
has been known to further oxidize the Si to gi&@ the Temperature (°C)
interface thereby reducing the overall dielectric constant of Figure 1. TG plot of the yttrium precursor.
the stack. Other precursors that have been used are based
on the cyclopentadienyl-type yttrium compounds. In par- Results and Discussion
ticular (CH,Cp)Y and CpY (Cp=CsHs) have been inves-
tigated using water as the oxygen soutt&he films show
high growth rate (1.21.8 A/cycle) as a function of deposi-
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Synthesis of Y{Pr.amd)s. The yttrium precursor was
synthesized by the reaction of YLhnd lithium N,N'-
X . , diisopropylacetamidinate by the following steps carried out
tion temperature but have very poor electronic properties SUChunder a dry nitrogen atmosphere. A solution of methyllithium
as aslightly lower permittivityt10), a very strong negative (1 g \1 i ether) was added dropwise to an equivalent amount
shift of the flat band voltage~5 V), high Ieakag_e current ¢ 1,3-diisopropylcarbodiimide (0.55 M in ether)-a80°C.
(10°° Afem? at 1.5 MV/em) and a low breakdown field (2 e mixture was allowed to warm to room temperature and
1.6 Mvicm). stirred for 4 h. Three equivalents of the resulting solution of

In this study, we developed a new yttrium precursor which lithium N,N'-diisopropylacetamidinate was mixed with a
is volatile and thermally stable and has good reactivity with slurry of YCl; (1 equiv) in tetrahydrofuran. The suspension
water. The deposited Y0; films show a high growth rate,  was stirred overnight (12 h) at room temperature. The gray

smooth surface, and excellent electrical properties. suspension was filtered through Celite to remove the solid
LiCl salt. The transparent solution was dried under vacuum
Experimental Section leaving a white solid. This white solid was purified using

sublimation. During the course of the sublimation two
Y20; thin films were deposited with a horizontal gas flow different compounds were isolated. A white solid was
type reacto¥ using yttrium tris,N'-diisopropylacetamidinate)  gptained from the crude material during the initial sublima-
Y('Pr,amd} and water. The deposition temperature was va_lried from tion. This material had a high volatility (50 mTorr at 70),
150 to 270°C and the pressure was set to 0.3 Torr using high- 5, \ya5 determined to be an organic byproduct from a side-
purity nitrogen as the carrier gas. The yttrium precursor and water reaction. The second compound that sublimed from the crude
were kept at 130 and 2%, respectively. .
_ p_ _p _ y _ _ material was found by NMR (§Ds 03.16[CH(CHz)]; 1.72-
Film thickness and refractive index were determined with a [CH3]; 1.227[CH(CH2),]) to be the desired product -
Rudolph Research Auto EI-ll ellipsometer at a wavelength of 632.8 amds); T.his yttrium p3recursor is pale blue and sublime; with

nm with the incident angle set at 70Rutherford backscattering . - .
spectroscopy (RBS) (General lonics model 4117, 1.7 MeV a pressure of 30 mTorr at FC. The melting point of this

Tandetron) and X-ray photoelectron spectroscopy (XPS) (Surface prec_ursor_ could not be_detgcted below 2Z0. Thermo-
Science Lab SSX-100) were used to analyze the composition anddravimetric (TG) analysis (Figure 1) shows that the com-

binding structure of the yttrium oxide films. Films were deposited pognd has a very clean single-step S_Ub"mation and leaves
on glassy carbon substrates (Alpha Aesar, type 2) for RBS residue of less than 1% by mass. An isothermal TG done at

measurements. TG measurements were made using a TA Instruthe temperature the precursor was used (A30displayed
ments TGA Q50 at atmospheric pressure in a dry nitrogen glovebox. a constant sublimation rate of 0.4g/seccn? and showed
X-ray diffraction using a Scintag model XDS 2000 with copper almost no residue, indicating that this compound is thermally
Ko radiation (1.54 nm wavelength) was carried out to measure stable during sublimation.

crystallinity. A DI Nanscope Ill AFM was used in the tapping mode ALD of Y ;05 Thin Films. The yttrium oxide films were

to examine surface roughness. Electrical propertie¥ @nd C-V) deposited on HF etched n-type silicon at 280. The

were mea.sured on PURD/Y:09n-type Si (_5 10 Q_cm) MOS precursor dose was controlled by the volume of vapor that
(metat-oxide—semiconductor) structures using a Signatone probe is trapped and released into the chamber for each cycle. The

station, an HP 4275a LCR meter, and a Keithley 2400 source meter. .
The dot size was 1.05 102 cn? as determined by a FEI dualbeam vapor volumes of yttrium precursor and water were 120 and

field emission SEM and using a standard Si€ample. After 20 cn¥, respectively. Figure 2 shows the thickness per cycle

deposition of the film, the backs of the substrates were treated with @ @ function of the yttrium precursor dgse. The precursor
a 10% HF solution for 30 s to remove,@; and SiG. Pt was vapor spaces were opened to the reaction chamber for 1 s

sputtered onto the bare Si to form the back contact. with a 10-s purge for the yttrium precursor and a 60-s purge
for the HO. As can be seen from the saturation curve, 6

(23) Hausmann, D.: de Rouffignac, P.; Smith, A.; Gordon, R.; Monsma, nmol/cn? is needed to saturate the total surface area with
D. Thin Solid Films2003 443, 1. Y(‘Pramd}. The thickness/cycle saturates at 0.8 A/cycle;
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Figure 2. Saturation curve for the Y03 ALD process using YPramd}
and HO.
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Figure 3. Thickness per cycle and refractive index depend on the deposition
temperature.

however, this growth rate is dependent on a sulfficiently long
purge time in order to fully remove all adsorbed hydroxyl
groups (-OH) in the bulk of the film. It is known that YO3

can form a hydroxide or hydrated oxiéDuring the water

de Rouffignac et al.
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Figure 4. Thickness of ¥Os films grown at 280°C as a function of the
number of deposition cycles.

Thermal decomposition of the yttrium precursor may leave
carbon and nitrogen impurities in the film, which would also
lead to a higher growth rate and lower refractive index.
Thickness of ¥Os films as a function of the number of
deposition cycles is shown in Figure 4. As the number of
deposition cycles increases, the thickness eDaYfilms
increases linearly with a constant growth rate. This aspect
of ALD can provide thickness control on the subnanometer
scale. Digital thickness control is important for potential
application such as dielectrics in transistors or memories,
optical coatings, and in the development of nanotechnology.
Digital thickness control also provides a unique opportunity
to control the stoichiometry of multicomponent materials
such as the superconducting material, yttrium barium copper
oxide. Generally, the precursor should be reactive to the
starting surface for uniform thin film deposition. To inves-
tigate the reactivity of ¥Os; to the starting surface, optical
(ellipsometry) and physical (RBS) measurements were used
to monitor the growth on HF etched silicon. As shown in

pulse of the ALD cycle, the ligands are cleaved from the Figure 4, the optical thickness is aralig A after 10 cycles;

yttrium precursor, but in the process some water is adsorbedhowever' according to RBS, there are no yttnum atoms on
by the film. Over a short, but not insignificant, time period the surface. The film seen by ellipsometry may be SiO
the —OH groups are desorbed from the film in the form of formed during the initial 10 cycles. It has been reported that
water. This deSOI‘ption produces a water-rich ambient abovein the presence of a metal precursor, Si may be more eas”y
the film until the excess hydroxyl impurities are fully oxidized by HO.25 This mechanism supports the idea that
desorbed and the water has been purged from the reactoran interfacial oxide is growing in during the initial cycles.
Without sufficient time for this process to finish a localized  after 10 more cycles, RBS shows yttrium atoms on Si and
CVD effect will occur when the subsequent pulse of yttrium  the number of yttrium atoms begins to increase linearly with

precursor is delivered. This effect may explain the higher
growth rates seen from the reaction of the gCig}lsY and
[CplsY with water in ref 21. It may also explain the
difference in electrical properties seen for theO¥ films
made with the two different precursors.

the number of deposition cycles. The inhibition of thigDg

ALD process is therefore approximately 10 cycles on an HF-

last treated surface. It is in good accordance with our PsAIO

ALD?% process on Si, which has a growth inhibition of 9

cycles.

The growth rate and refractive index were investigated as  apgother way to test whether reactions are self-limiting is

the deposition temperature was varied from 150 to 330
shown in Figure 3. A constant growth rate of 0.8 A/cycle
was maintained from 150 to 280 but the growth rate
increased rapidly over 288C. This rise in growth rate is
most likely due to thermal decomposition of the yttrium
precursor. The refractive index, which remains constant from
150 to 280°C, also decreases at higher temperatures.

(24) Seitz, A.Z. Naturforsch.1946 1, 321.

to deposit film on a structure with narrow holes. One such

(25) Harris, H.; Choi, K.; Biswas, N.; Chary, |.; Xie, L.; Mehta, N.;
Kipshidze, G.; White, M.; Temkin, H.; GangopadhyayP8ysics and
Technology of High-k Gate Dielectrics Proceedings of the Second
International Symposium on High Dielectric Constant Materials;
Electrochemical Society: Pennington, NJ, 2004.

(26) Rahtu, A.; de Rouffignac, P.; Gordon, R. Lanthanum Aluminum Oxide
and Praseodymium Aluminum Oxide [abstract]. Atomic Layer
Deposition (ALD) of High-K DielectrigsMaterials Research Soci-
ety: Warrendale, PA, 2005; Vol 811.
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Figure 7. AFM scan of an area &m x 5um. Film thickness is 500 A.

. process with ozone as an oxygen source formed crystalline
2 . P
Figure 5. SEM of a 40:1 aspect ratio coated witf280 A of Y,0s. The Y203, ThQUQh the Ot_her proce_s:_aes r_equwe high energy
scale bar at the bottom right is m long. The two images to the right ~ O0xygen radicals to achieve reactivity with those respective
show a magnification of the top and bottom of the center holes in the original precursors in our case, this new yttnum precursor is very
scan. Variability from top to bottom is:5%. . . ! . -
reactive with water and the resulting@®; thin films can be

formed easily at low deposition temperatures. It may be that

TR Y this high reactivity allows the film to adopt the lower-energy
polycrystalline phase more easily, hence the as-deposited
si (311) crystallinity.

The surface morphology of the deposited film was
analyzed by AFM. An HF treated silicon surface was
measured as a reference. The roughness of the bare silicon
surface was 3.3 A. A 2-D root-mean-square (RMS) measure-
ment of roughness was performed on a 500 fOYthin
P I Y U U S film deposited at 280C and was found to be 28 A as shown

20 25 30 35 40 45 50 55 60 in Figure 7. It was rougher than other plasma chemical vapor
290 depositions, but similar to ALD with ozone. Amorphous
Figu_r(_a 6. XRD spectrum of a 500 A'thick 503film_ deposited at 280C ALD thin films (such as AJOs, LaAlOs;, or TaOs) are
on silicon. Film is cubic polycrystalline as-deposited. usually very smooth films which have an RMS roughness
geometry is found in trench-based DRAMSs. These devices ‘?f less than 1% of film thickness, but ALD HiGnd Z_rQ
incorporate high aspect ratio holes that are coated in a high-kfIIrnS are rough. pecause they have started to crystallize even
at a low deposition temperatuteAnother source of rough-

dielectric to form a metatinsulator-metal capacitor with ide f wallinity is th wih hani lsland
a very high capacitance and a small footprint on the silicon. ness aside from crystatiinity 1S the growth mechanism. Islan
growth can lead to rough film®,whereas uniform surface

Using Y({Pramd} and HO, we found uniform coatings . . :

inside holes with aspect ratios in excess of 40:1. Figure 5 nucleation produce_s smooth fllr_ns i t_hey are amor_p_hous.

shows a 280 A YO film deposited from 300 cycles of the Because of the uniform nucleation of'ﬁ’(zamdg on Siit

precursor and water in 40:1 holes. It is impossible to achieve can bg con.cluded that the polycrystalline nature of the as-
deposited film causes the surface roughness.

this level of conformality with an ALD process if it involves . . .
y P RBS (Figure 8) was used to determine the composition

any decomposition or CVD component. . . -
y P P of Y,O3 films deposited on carbon and silicon at 270.

filnl?g?a %23:102nzzsaglc(:)rc]).nTsri]I(iacg:\y\i/t:gIgge(r);?r?e\g% t;'gD Carbon and nitrogen were found to be less than the detectable
b Y “limit, <0.5 at. %. This low impurity content can be attributed

As shown in Figure 6, the film is the cubic polycrystalline to both a clean reaction between the water and tHER(

hase of ¥O; indicated by the reflections of the (222), (400), "
?440) and (3622) planes)./ Previous results sho(wed)a(n an)10r-amd‘\3 and the Iack_of thermal decompos_ltlon of the precursor.
phoué Y0, structure on silicon even at 35 using a However, the ratio of oxygen to yttrium on the carbon

plasma chemical vapor deposition mettd&but the ALD substrate was around 2.0 by RBS, or about 33% higher than
' expected. The films show a higher ratio of oxygen to yttrium

though the new precursor contains yttrium if-8 oxidation

Intensity (A. U.)

(27) Durand, C.; Dubourdieu, C.; Vallee, C.; Loup, V.; Bonvalot, M.;
Joubert, O.; Roussel, H.; Renault, O.Appl. Phys2004 96, 1719.

(28) Niu, D.; Ashcraft, R. W.; Chen, Z.; Stemmer, S.; Parsons, GJ.N. (29) Hausmann, D. M.; Gordon, R. @. Cryst. Growth2003 249, 251.
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Figure 8. As-deposited films grown at 280C: (a) RBS spectrum for as-depositedO§; (b) RBS spectrum for as-depositegs with a 10 A AlL,O3
capping layer; (c) XPS spectra okYpeaks for as-deposited,®s, as-deposited Y03 with Al,O3 capping (10 A), and YOz annealed at 400C; and (d)
05 peaks for as-deposited,®3; and Y,03; annealed at 400C.

state. As mentioned earlier, water adsorption and incompletethe Y—OH bond (Y3d, 158.8 eV; and Y3g,, 160.6 eV)3?
desorption can be a problem for ALD®s films synthesized  The Y3dy, peak in the as-deposited film was higher in
with water as the oxidant. This phenomenon can also occurintensity than the Y3g, peak even though the Y3dpeak
slowly when the films are exposed to the ambient atmo- in a normal ;O3 spectrum should be higher in intensity than
sphere’! To confirm this as a source of the excess oxygen the Y3dy, peak. It suggests that another phase g#bgives
in the film, ALD Al,Os; films were deposited in situ as a rise to the peak at 158.7 eV. The shoulder seen for the as-
capping layer for the as-deposited,(% thin films. The deposited film at 160.5 eV matches the peak expected for
capping layer was made up of 10 cycleslQ A) of Al,O; Y—OH. In addition, the Ols spectrum shows that two
deposited from trimethylaluminum (TMA) and water at 270 different oxygen bonding states exist in the as-deposited
°C. In this case, the ratio of oxygen to yttrium decreased films. Ols peaks were located at 529.5 and 532.0 eV. The
from 2.0 to 1.7. AJO; as a capping layer can block the lower-energy Ols peak is very consistent with the normal
adsorption of water from the atmosphere effectively and can Y —O bonding energy in ¥Os. There are several possibilities
help to maintain the purity of XOs. for the identity of the higher energy peak. As reported in
XPS also supports the idea thatOH groups can be the literature, Y-O—C types of b_ond_s such_ as<€o can be_
adsorbed by YOs. The bonding environment of two films plcke_d up from surface contamination or incorporated into
is shown in Figure 8. The Y3d and O1s spectra for an as- th€ film from the precursor; however, the bond energy of
deposited, aluminum oxide capped, and an annealed (40d=—C i slightly lower than what was seen for this fifn
°C for 1 h in Ar) Y,Os film are shown. It has been reported SOM€ cases an mterfamgl oxide or silicate cou[d cause this
that the Y3d,_» doublet position is at 156.7 and 158.7 eV peak, but the film was thicker than tr_]e penetration depth of
and the O1ls peak lies at 529.5 eV fosOg3. In the Y3d the XPS system and there were no Si related peaks that.could
case, the as-deposited; film had a different spectrum D€ detected. The higher-energy Ols peak most likely
from the annealed and AD; capped films. As-deposited corresponds to hydroxyl groups bound to yttrium aFoms.
Y ,0; films showed two different bonding pairs, one for pure 1 ne Y3d spectra for the annealed film and thy film
Y ,03 (Y3dsp, 156.7 eV: and Y3gh, 158.7 eV) and one for vv_|th an ALO; capping layer did not have a shoulder or
different peak intensity compared to the accepted spectrum

(31) Niu, D.; Ashcraft, R. W.; Parsons, G. Wppl. Phys. Lett2002 80, (32) Ulrich, M. D.; Rowe, J. E.; Niu, D.; Parsons, G.NVac. Sci. Technol.
3575. B 2003 21, 1792.
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10
of Y,0s. But the Ols spectrum is more sensitive to the 1'_ 1o’
presence of ¥-O—OH bonding and it shows a small peak 0.14 < 11;‘:
for the annealed film, but not the capped film. Exposure of 001 S 0
the sample to air can lead to rapid water adsorption on the e ﬂ — 2 56nmeOT
surface if the film is not capped. < 1E-34
Electrical Properties. The capacitancevoltage (CV) ” €al " 6
curves of ¥;,0; films are shown in Figure 9. Y03 thin films
were deposited at 280C on HF etched n-type silicon, 1E-54 PHY,0,\Si0,\Si\Pt
followed by an in-situ deposition of &10 A Al,O; thin el (VEV=T
film. The Al,Os film was grown by ALD using 10 cycles of 20 25 30 35 20 4;—

TMA and water at the same deposition temperature. Capping
of the Y>O;3 films helps prevent adsorption of water after air Figure 11. Jvs Eor at a gate voltagefdl V (compensated fovrs) with
exposure. Platinum dots with an area of 1051072 cn? J s Ve for the 2.56 nm EOT film inset.

were sputtered on through a shadow mask. For a film (a)

the equivalent silicon oxide thickness (EOT) was calculated

by Hauser's CVC prografito be 2.25 nm with a flat band ~ 4—5 MV/cm which satisfies a requirements for advanced
voltage Wee) of 1.1 V, and low hysteresis (27 mV). In the CMOS (complementary metal oxide semiconductor) gate
case of the 110 A thick Y0; film (EOT ~ 37 A), the oxide specifications. In the case of theO4 deposited at
permittivity and average flat band voltage are 11.4 and 0.61 280°C, the leakage current level was below 18/cm? even

V, respectively. As the film thickness increased to 280 A at 2.5 MV/cm. The ¥O;s films deposited at other tempera-
(EOT~ 87 R), the CV curve stretches out. It might be from tures (270 and 298C) showed 10° A/lcm? at 1 MV/cm
increasing charge traps in the fil#sThese traps could come ~ and were leakier than those deposited at 28D As
from the increase in-OH content that would occur as the Mmentioned before, thermal decomposition of the yttrium
film thickness increases. The &) capping layer prevents ~ Precursor can result in the incorporation of carbon impurities
water from penetrating from the atmosphere, but there mayin films over 280°C and residual carbon impurity can lead
be —OH groups remaining from the deposition itself. The to comparably leaky XOs films. In addition, negative charges
dielectric constant is around 12 for films (b) and (c), but such as-OH groups might explain the higher leakage current
drops to 11 for film (a). Though the variation is small it is density seen in the X0; films deposited below 270C.
possible that there is an interfacial layer that consists of SiO Purging times become quite long at the lower temperatures
or a mixed silicate which lowers the overall permittivity of if they are to be fully desorbed of water. To expand the zone
the insulating layer. When corrected for a 1-nm $i0 of adequate electrical properties it would be necessary to
interfacial layer the dielectric constant of (a) is also 12.  increase the purge times to remove excess water, or to design

Current density as a function of electric fieldHE) was a modified precursor that is more thermally stable.
measured to determine the leakage current and dielectric Figure 11 shows a plot that uses leakage current density
breakdown of several X0; films as shown in Figure 10. In  values obtained at 1 V, where the voltage is compensated
Figure 10, ¥%0; films were deposited with the same thickness by the flat band voltage. This plot shows the amount of
(~300 A) under different deposition temperatures (270, 280, current leakage through the gate oxide while the MOSFET
and 295°C). All films showed a high breakdown field near is in the on state. The inset shows thes (Vc—Ves) curve

for the lowestEqr film. This level of leakage is the lowest
(33) Hauser, J. R.; Ahmed, K. lBharacterization and Metrology for uLsI  feported in the literature by any CVD or ALD method for
Technology, Seiler, D., G., Ed.; American Institute of Physics, ultrathin YOz thin films. The average breakdown field of 5
(34) chr?gldl})(ur\)]/ NS\rqlnl?ESCppY%ﬁZ?’SgJ Electrochem. So2002 149 ]Ic\/lvllsTl is also the higheSt breakdown field reported thus
F18. art’-

EOT, nm
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Conclusions exposed to air. An in situ deposition of an @ capping
Yttrium oxide thin films were successfully deposited by Igyer helped to prgvent yvater _adsorpt|on after exposure to
ALD with a new precursor, yttrium tris(,N'-diisopropylac- air; however, the film still retained a small but detectable

etamidinate), YPramd), and water over a wide temperature number of—~OH groups. The as-deposited(; films exhibit
range (159_280°C) Water acted as the Oxygen source and a h|gh dielectric breakdown field (5 MV/Cm), a relatively
cleanly removed the ligands from the precursor to may@;Y ~ high permittivity (~12), and a low-leakage current density
films. The yttrium precursor was suitable for depositing pure (<10~" A/lcm? at 2.5 MV/cm) at 28C°C.

Y,0; films because it was thermally stable, volatile (30
mTorr at 90°C), and had good reactivity with water ,®;
ALD films grew at a rate of 0.8 A/cycle and had a refractive
index of ~1.8. The films were smooth and had a cubic
polycrystalline structure. The structure was also shown to
be permeable to water both during the deposition and whenCm050624+
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