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Remote-plasma chemical vapor deposition of conformal ZrB 2 films
at low temperature: A promising diffusion barrier for ultralarge scale
integrated electronics
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High-quality ZrB2 thin films have been deposited at substrate temperatures as low as 300 °C by a
new method: remote hydrogen-plasma chemical vapor deposition from the single-source precursor
Zr(BH4)4 . Carrying out the deposition in the presence of atomic hydrogen generates films with
properties that are far superior to those deposited by purely thermal methods; the latter are
boron-rich, oxidize readily in air, and adhere poorly to the substrates. In contrast, the films generated
at a substrate temperature of 300 °C in the presence of atomic H have a B/Zr ratio of 2, a resistivity
of 40 mV cm, an oxygen content of<4 at. %, and are fully conformal in deep vias. A 20 nm thick
amorphous film of ZrB2 on c-Si~001! prevents Cu indiffusion after 30 min at 750 °C. We propose
that the beneficial effects of atomic hydrogen can be attributed to promoting the desorption of
diborane from the growth surface. ©2002 American Institute of Physics.
@DOI: 10.1063/1.1436296#
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I. INTRODUCTION

There is considerable current interest in the developm
of new and improved materials to serve as diffusion barr
for copper, owing to the fact that copper is rapidly becom
the metal of choice for interconnects in ultralarge scale in
grated circuits~ULSI!.1,2 In the absence of a diffusion ba
rier, copper and silicon rapidly combine to form copper s
cide phases, which destroy device performance owing
their high electrical resistivities. One of the most difficu
challenges in integrated circuit fabrication is to line hig
aspect vias with a thin coating of a diffusion barrier befo
the vias are filled with metal. As device feature sizes shr
below 0.12 mm, conventional physical vapor depositio
~PVD! methods become incapable of providing good s
coverage, even with modifications such as ion-enhanced
ward recoil of deposited atoms. In addition, as the diffus
barrier becomes thinner, amorphous materials become
creasingly preferable because the absence of grain bo
aries reduces the diffusivity of foreign atoms.3 Thus the de-
velopment of new processes to deposit conform
amorphous barriers with low resistivities is one of the m
important challenges for the next generation of ULSI.

The group IV transition metal diborides TiB2 , ZrB2 , and
HfB2 are particularly interesting as copper diffusion barrie
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because they are thermodynamically stable in contact w
Cu, Si, and SiOx and their bulk resistivities are remarkab
low (;10mV cm). In this work we demonstrate the grow
of thin ZrB2 films with resistivities below 60mV cm. These
films are amorphous and remain amorphous during annea
up to 700 °C. In contrast, transition metal nitrides~such as
TiN, TaN, and WNx! crystallize easily, and the resultin
grain boundaries enable fast Cu diffusion. Amorphous fil
of ternary materials~W–Si–N, Ti–Si–N, etc.! are less prone
to crystallize but suffer from high resistivities o
.300mV cm.4–6

Chemical vapor deposition~CVD! and PVD methods to
deposit films of group 4 transition metal diborides have be
previously described.7–10 In conventional CVD of ZrB2
films, the precursors ZrCl4 and BCl3 are reduced with H2 .
This approach yields high-quality films but requires a su
strate temperature above 600 °C, which is far too high
ULSI processing.11 At lower temperatures, overstoichiome
ric films with B/Zr atomic ratios greater than 2 are typical
observed. This is a general phenomenon: excess B is
served in films grown by other CVD and PVD methods if t
substrate temperature is below 600 °C.12,13 ZrB2 does not
have a wide phase field: the B/Zr ratio ranges only from 1
to 2.03 at room temperature.14 Therefore a significantly over
stoichiometric film must consist of a mixture of ZrB2 and B.
Thermodynamic studies show that, in the ZrCl4– BCl3– H2
4 © 2002 American Institute of Physics
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system, the mixed phase is favored at low temperatures
high supply rates of BCl3 .15 To obtain high conductivity and
mechanical hardness, transition metal diborides must
nearly stoichiometric; excess boron degrades
properties.16,17 Controlling the film composition is thus
critical issue.

An attractive, and single-source, CVD precursor
ZrB2 has been described: tetrakis~tetrahydroborato!zir-
conium~IV !, Zr(BH4)4 , hereafter referred to as zirconium
borohydride.18 This compound has the highest vapor pre
sure of any known zirconium compound~;1 Torr at 0 °C!,19

contains no undesirable impurities such as carbon, oxy
or chlorine, and decomposes to produce conductive film
substrate temperatures as low as 180 °C.20 In principle, zir-
conium borohydride should transform to stoichiometric Zr2

by means of the overall reaction:

Zr~BH4!4~g!→ZrB2~s!1B2H6~g!15H2~g!. ~1!

Although the formation of diborane and molecular hydrog
during CVD has been confirmed by gas chromatography,18,20

in fact the films obtained by thermal CVD have B/Zr rati
greater than 2:1. Evidently, the formation and desorption
B2H6 molecules is inefficient relative to desorption of H2 .
The excess boron becomes trapped inside the films, cau
the latter to have high electrical resistivities and to oxid
readily in air.

In this work we show that the excess boron can be
moved from the growth surface by directing a flux of atom
hydrogen, generated by a remote microwave plasma
charge of H2 , onto the substrate during the CVD proces
this technique is referred to as remote-plasma C
~RPCVD!. The atomic hydrogen enhances the formation a
desorption of diborane at substrate temperatures be
300 °C. This approach produces stoichiometric, amorph
ZrB2 films with low resistivities~40–60mV cm!. We show
that the films can be deposited conformally, and that they
excellent diffusion barriers for Cu. The growth kinetics a
the resulting film properties will also be described.

II. EXPERIMENTAL SECTION

In order to minimize carbon and oxygen contaminatio
zirconium borohydride was prepared by a solvent-f
method from ZrCl4 and LiBH4.21 Glass~Corning 7059!, and
n- and p-type Si~100! substrates were prepared by stand
RCA cleaning to remove organic and metallic residues.
Si substrates, the RCA cleaning was followed by a dip
10% HF to remove surface oxide.

The deposition chamber~Fig. 1! had a base pressure o
131027 Torr. The Zr(BH4)4 reservoir was maintained a
0 °C in an ice bath and the precursor pressure in the cham
was maintained between 1.031025 and 0.831023 Torr by
adjusting the precursor flow rate with a needle valve. T
chamber was equipped with a mass spectrometer, which
used to determine the relative partial pressures of the pre
sor and stable reaction by-products.

The precursor was delivered to the reaction surf
through a 2.5 cm i.d. reaction tube that terminated just ab
the substrate. The spacing between the end of the tube
nd
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the surface was;3 cm but could be varied in order t
change the gas conductance, and thus the relationship
tween precursor flow rate and deposition pressure. Ato
hydrogen was generated in a 0.625 cm o.d. Pyrex tube
plasma dissociation of molecular H2 with a 100 W micro-
wave power source~Opthos MPG-4M!. Throughout our ex-
periment, the partial pressures of zirconium borohydride a
H2 were kept below 1024 and 331023 Torr, respectively.
Under these conditions, the mean free paths (;5 cm) of both
species are larger than the length of the mixing zone~3 cm!
inside the chamber. The absolute flux of atomic H at
substrate is difficult to estimate because the dissociation f
tion in the excitation zone and the rate of recombination
atomic hydrogen to molecular hydrogen on the wall of t
Pyrex tube are not known.

The sheet resistance of the deposited ZrB2 films was
measured using the four-point probe technique. Film thi
nesses were measured by stylus profilometry and by s
ning electron microscopy~SEM!. The average growth rate
was calculated by dividing the film thickness by depositi
time. Film composition was measured by Rutherford ba
scattering spectrometry~RBS! with 2 MeV He1. Secondary
ion mass spectra~SIMS! were measured with a Cameca IM
5f instrument, and x-ray photoelectron spectra~XPS! were
measured with a PHI 5400 spectrometer. X-ray diffracti
~XRD! profiles were obtained on a Rigaku D-MAX diffrac
tometer.

To analyze the surface reactions of zirconium boroh
dride, in situ Fourier transform infrared spectroscopy~FTIR!
in reflectance mode was used in a different vacuum syst
To observe the initial stage of reactions, a multilayer diel
tric stack was used for the substrate. This substrate cons
of a double polished Si wafer with a thermal oxide thickne
of 1040 nm on both sides and an Al backside coating;
previously showed that a combination of coherent and in
herent multiple internal reflections greatly enhances the
sensitivity.22

For diffusion experiments, PVD copper was deposit
on top of a RPCVD ZrB2 film. A multilayer structure con-
sisting of Cu(100 nm)/ZrB2~20 nm!/Si~100! was annealed in
a tube furnace at 500– 800 °C for 30 min in flowing N2. The
Cu depth profile was measured by RBS after anneal

FIG. 1. Diagram of apparatus used for remote hydrogen-plasma chem
vapor deposition.
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The RBS data were fitted using theRUMP software
package.23 After the annealed multilayers were characteriz
the Cu and ZrB2 films were etched away with a 20%
HNO3–10% HCl solution, and then atomic force microsco
~AFM! and scanning electron microscopy~SEM! were used
to examine the morphology of the exposed Si surface.

For the step coverage experiments, 0.3mm diameter vias
with an aspect ratio of 5:1 were fabricated by reactive
etching of a 1.5mm thick SiO2 layer on Si~100!. After ZrB2

deposition, the substrate was cleaved, etched with a 1%
solution to accentuate the ZrB2 /SiO2 interface, and coated
with 0.5 nm of gold. The step coverage was determined
SEM.

III. RESULTS AND DISCUSSION

A. Thermal CVD

For comparison with the studies described below,
briefly summarize the properties of films grown by therm
CVD from Zr(BH4)4 . As mentioned in the Introduction
thermal CVD of Zr(BH4)4 at substrate temperatures
250– 450 °C affords boron-rich films with B/Zr ratios near
The thermally deposited ‘‘ZrB21x’’ films prepared under
these conditions often are blistered.20 The blistering, which is
present even before the films are removed from the dep
tion chamber and handled in air, is most severe when
growth rate is relatively high (.100 nm/min) and the tem
perature is relatively low (,450 °C). These observations in
dicate that the blistering occurs during deposition and
caused by the formation of gas inside the films, possibly
to the slow release of diborane, rather than by thermal st
during heating/cooling steps or by air oxidation after t
films are removed from the growth chamber.

Films of ZrB21x deposited at substrate temperatures
low 450 °C and at lower growth rates generally do not b
ter, but tend to oxidize readily. These films exhibit XR
peaks that correspond to boric acid B(OH)3 , but none due to
B2O3 or ZrO2 . When boric acid starts to form, the film
begin to peel from their substrates. The ease with which
thermally deposited ZrB21x films oxidize in air suggests tha
the excess boron is present not as elemental boron, whi
relatively slow to oxidize at room temperature, but rather
the form of BHx fragments.

If BH x fragments are present in the thermally deposi
ZrB21x films, they should give characteristic IR bands. F
ure 2 shows the IR reflectance spectrum obtained from
SiO2 surface after it had been heated to 250 °C and expo
to 131026 Torr of Zr(BH4)4 for 67 s. Two broad absorption
bands, at 2605 and 1148 cm21, are seen. We assign th
2605 cm21 band to terminal a B–H stretch; terminal B–
stretches normally occur near 2600 cm21 in a wide variety of
compounds.25–30 For comparison, an IR band at 2584 cm21

is assigned to the terminal B–H stretch of the Zr(BH4)4

precursor, which has four tridentate BH4 groups, each of
which bears one terminal hydrogen atom.

The 1148 cm21 feature seen for the ZrB21x film cannot
be due to hydrogen atoms that bridge between boron
zirconium. Such bridging hydrogen atoms are signaled
bands at other frequencies: for example, in the Zr(BH4)4
,
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precursor the bridging hydrogen atoms give rise to IR ba
at 2198 and 1223 cm21.24,31 Instead, we assign the
1148 cm21 band to a deformation mode of a BH2 unit that
bears two terminal hydrogen atoms: this deformation mo
is typically seen between 1094 and 1175 cm21.25–30We can
rule out the possibility that the 1148 cm21 feature is due to
the presence of oxidized species: the compounds B2O3,
HBO2, and B(OH)3 do not have vibrational modes nea
1150 cm21.32–34

The bands at 2605 and 1148 cm21 seen for the ZrB21x

film are therefore assigned to a terminal B–H stretch an
terminal BH2 deformation mode, respectively. The presen
of the latter mode rules out the possibility that inta
Zr(BH4)4 molecules are present on the substrate. Instead
believe that the excess boron in the as-deposited ther
CVD films is largely~if not exclusively! present in the form
of surface-bound BH2 fragments, which are generated b
incomplete reaction of the precursor. These BH2 fragments
oxidize readily in air, and the resulting formation of oxid
phases significantly degrades the film properties.

B. Remote hydrogen plasma CVD

In an effort to deposit stoichiometric, single-phase Zr2

films, we added plasma-generated atomic hydrogen to
growth flux of Zr(BH4)4 . We hypothesized that the atom
hydrogen would help to remove excess boron from the fil
by enhancing the formation and desorption of diborane.

The results are dramatic: films with B/Zr atomic ratios
2 can be obtained at substrate temperatures of 300 °C~Fig.
3!, provided that the flux of atomic hydrogen is sufficient
high ~Fig. 4!.35 Such films have very low electrical resistiv
ities ~as low as 46mV cm! and low oxygen contents~4 at. %!
as discussed below. The use of atomic H also eliminates
blistering and oxidation after air exposure. The films grow
by RPCVD at high temperatures have B/Zr ratios of less th
2; the substoichiometry is due to the residual incorporat
of oxygen from the vacuum background during growth.

FIG. 2. Infrared reflectance spectrum of a SiO2 surface~the optical cavity
substrate! after exposure to Zr(BH4)4 at a partial pressure of 1.2
31026 Torr for 67 s at 250 °C.
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In order to prove that the benefits of the remote plas
can be attributed to atomic rather than molecular hydrog
we grew control samples by thermal CVD from mixtures
Zr(BH4)4 and H2. The films obtained are identical to thos
obtained from Zr(BH4)4 alone and suffer from the sam
problems: excess boron, blistering, and rapid oxidation in

1. Film purity

Carbon is not detectable in the RPCVD films by eith
RBS or XPS, and its concentration must therefore be
than 0.1 at. %. The principal impurity in the films is oxyge
Under RPCVD with a Zr(BH4)4 pressure of 1.2
31025 Torr, a H2 pressure of 2.331023 Torr, a microwave
plasma power of 90 W, and a substrate temperature
250– 400 °C, the oxygen concentration is,4 at. % and no
further oxidation of the film occurs after air exposure. F
ZrB2 films prepared by a physical vapor deposition meth
plasma-spraying, similar results have been reported: the
gen content decreases when hydrogen is added to the a
carrier gas.39 In contrast, films of ZrB2 grown by thermal
CVD from Zr(BH4)4 under otherwise identical condition

FIG. 3. B/Zr atomic ratio vs substrate temperature for thermal CVD~closed
squares! and remote plasma CVD~open circles!. The partial pressures o
Zr(BH4)4 and H2 were 1.231025 and 2.331023 Torr, respectively, and the
plasma input power was 90 W.

FIG. 4. B/Zr ratio of deposited films vs precursor partial pressure atTs

5300 °C. The H2 partial pressure was 2.331023 Torr and the plasma inpu
power was 90 W.
a
n,
f

ir.

r
ss

of

r
,
y-
on

contain 10–15 at. % oxygen; the concentration rises with
increase in substrate temperature and/or precursor press

XPS data also reflect the reduction in oxygen content
thermal CVD films, a large Zr(3d5/2) peak at 183.5 eV indi-
cates the presence of ZrO2 ;36 in RPCVD films grown with
Ts5250– 300 °C and Zr(BH4)4 pressure,1024 Torr, the
183.5 eV peak is nearly absent, as is the B(1s) peak at 193
eV that would indicate the presence of boron oxi
(B2O3!.36–38 Owing to peak overlaps, the XPS data are n
sufficient to determine the chemical environment of the o
gen remaining in the RPCVD films.

The presence of oxygen in the films has several poss
explanations:~1! the Zr(BH4)4 precursor~which is air and
water sensitive! contains a volatile oxygen-containing impu
rity that contributes to the film growth chemistry,~2! water
present as a background gas~desorbed from the chambe
wall or sample manipulator! reacts on the growth surfac
during deposition, or~3! postgrowth surface oxidation or hy
drolysis occurs when the deposited films are handled in
The first alternative is certainly possible; a likely candida
for a volatile oxygen-containing impurity is boric acid
B(OH)3 . In our experience, however, low oxygen conten
are most clearly correlated with cleaner environments dur
deposition, which suggests that process~2! is important. Pro-
cess~3! is eliminated by the finding that the oxygen conte
of the RPCVD films does not increase as the films are
posed to air for longer periods.

FIG. 5. X-ray diffraction profile of films grown~a! at Ts5300 °C with a
Zr(BH4)4 pressure of 1.231025 Torr, ~b! at Ts5500 °C with a precursor
pressure of 1.231025 Torr, and~c! at Ts5500 °C and a precursor pressur
of 3.131024 Torr. The H2 partial pressure was 2.331023 Torr and the
plasma input power was 90 W.
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2. Microstructure

XRD profiles show that the ZrB2 films are crystalline if
they are grown at substrate temperatures above 450 °C~Fig.
5!. At lower temperatures, the films are amorphous. No d
fraction peaks due to zirconium oxide or boron oxide a
observed at any temperature.40

The orientation of the crystallites relative to the substr
plane depends on the precursor partial pressure, whic
turn controls the growth rate. At low growth rates~below 50
nm/min!, there is a preference for the~001! basal plane of the
hexagonal structure to be oriented parallel to the subst
plane; at faster growth rates, crystallites with the~101! plane
parallel to the substrate plane are prevalent.

Atomic hydrogen dramatically reduces the surfa
roughness, as shown by AFM~Fig. 6!. We suggest that an
enhanced nucleation rate is the main reason for the smoo
surface. Atomic hydrogen is known to enhance the nuc
ation of TiB2 in hot wire CVD.41

3. Resistivity

Amorphous ZrB21x films deposited by thermal CVD ex
hibit high resistivities of.300mV cm owing to the pres-
ence of excess boron and oxide impurities.16 In contrast, the
films obtained by the RPCVD method exhibit resistivities

FIG. 6. AFM image of films grown at a substrate temperature of 300 °C
~a! thermal CVD~rms roughness56.7 nm! and~b! remote hydrogen plasma
CVD ~rms roughness54.3 nm!.
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low as 46mV cm. For comparison, the resistivity of amo
phous MOCVD TiN, which is widely used in current ULS
processing, is 250–350mV cm.42 For the RPCVD ZrB2
films, the lowest resistivities were obtained at the lower s
strate temperatures; this finding reflects the fact that the o
gen content of the films is also minimized at lower tempe
tures, as described above.

4. Growth rate

The ZrB2 growth rate with a Zr(BH4)4 partial pressure
of 1.231025 Torr was measured as a function of substr
temperature~Fig. 7!. The behavior is typical of CVD: at low
substrate temperatures (T<300 °C) the growth is limited by
the surface reaction rate, and at high substrate tempera
(T.300 °C) the growth is limited by the precursor flu
when the precursor pressure is increased to
31024 Torr, the growth rate at 500 °C increases from 30
500 nm/min~data point not shown!. At temperatures below
300 °C, the growth rate is sensitive to whether or not
plasma is on. Under purely thermal CVD, growth occu
with an apparent activation energy of;0.52 eV and the rate
is ,1 nm/min at 180 °C; this finding is consistent with pr
vious results.18,20 In the presence of the hydrogen plasm
growth occurs with an apparent activation energy
;0.24 eV and the rate is>2 nm/min at 180 °C.

C. Diffusion barrier and step coverage properties

To test the ability of a RPCVD ZrB2 film to serve as a
diffusion barrier, a silicon substrate was first coated with a
nm film of amorphous ZrB2 grown at 300 °C by RPCVD,
and the resulting surface was then coated with 100 nm
PVD copper. When the heterostructure is heated, no cha
are evident by XRD below 650 °C~Fig. 8!. At 650 °C, the
ZrB2 film begins to crystallize. No XRD peaks due to copp
silicide are evident even after the heterostructure is hea
for 30 min at 700 °C. Only above 750 °C does Cu3Si begin
to form; no other phases could be detected by XRD. Th
results are consistent with the behavior of other amorph

y

FIG. 7. Growth rate vs substrate temperature. The partial pressure
Zr(BH4)4 and H2 were 1.231025 and 2.331023 Torr, respectively. The
plasma input power was 90 W.
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diffusion barriers, in which the main failure mechanism
crystallization of the barrier layer followed by diffusio
through grain boundaries.43

The conclusion that the RPCVD ZrB2 films prevent dif-
fusion up to 650 °C is supported by resistivity, RBS, a
SEM data. The Cu sheet resistance~Fig. 9! is unaffected by
heating the heterostructure to 650 °C. Above 750 °C,
sheet resistance begins to increase, a result that is cons
with the formation of copper silicide. RBS data~Fig. 10! also
show that the Cu starts to diffuse through the ZrB2 layer
above 650 °C. Further information was obtained by anne
ing separate samples of Cu/ZrB2 /Si(100) heterostructures t
successively higher temperatures, removing the copper l
and ZrB2 barrier by etching in aqua regia, and then exam
ing the silicon surface by SEM. For the samples anneale
temperatures of 650 °C or less, no pits or craters had form
on the surface of the Si substrate, and SIMS showed tha
Cu was present in the Si.

In addition to the diffusion of Cu into Si, the diffusion o
B into Si is also possible. If such a process occurs, the bo
will serve as ap-type dopant and will significantly alter~in

FIG. 8. X-ray diffraction profile of a Cu/ZrB2 /Si heterostructure after an
nealing at different temperatures for 30 min.

FIG. 9. Sheet resistance of a Cu/ZrB2 /Si heterostructure after annealing
different temperatures for 30 min.
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an undesirable way! the I –V properties of the Si substrate
To determine whether the extent of this B/Si diffusion pr
cess depends on the stoichiometry of the zirconium bo
film, films were deposited by thermal CVD and by RPCV
on bothn- andp-type Si substrates. The B/Zr ratio measur
by RBS was 2.54 for the thermal CVD film and 1.96 for th
RPCVD film. The I –V characteristics of the contact stru
tures were measured at room temperature as a function o
annealing temperature. For the ZrB21x film grown by ther-
mal CVD on n-type Si, ap-n junction starts to form upon
annealing above 550 °C; by 650 °C the forward bias curr
is reduced to only 1024 a at 2 V, not visible in the plot@Fig.
11~a!#. These changes presumably result from the diffus
of excess boron into the Si substrate. For the stoichiome
ZrB2 film grown by RPCVD, the ohmic characteristics of th
contact actually improve upon annealing to 500 °C, degr
slightly by 600 °C, and ap-n junction starts to form upon
annealing to 650 °C. For thermal CVD films deposited
p-type Si, the diffusion of excess boron enhances the oh
contact behavior after the sample is annealed to 750 °C
contrast, annealing the RPCVD film yields only sma
changes. Thus we find evidence for significant diffusion o
from the thermal ZrB2 film due to the presence of excess
but a much smaller effect in the RPCVD film. These anne
ing temperatures are far above the limit of 400 °C for t
‘‘back end’’ processing of next-generation ULSI microele
tronic devices.

The step-coverage characteristics of diffusion barri
are crucially important to the performance of ULSI device
To test the ability of the RPCVD method to deposit confo
mal ZrB2 films, a;30 nm thick film was grown on top of a
test wafer that featured a SiO2 overlayer having 0.3mm di-

FIG. 10. RBS spectra of a Cu/ZrB2 /Si heterostructure after annealing a
different temperatures for 30 min.
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ameter vias with 5:1 aspect ratios. SEM~Fig. 12! shows that
the ZrB2 film is highly conformal: the bottom coverage
;100% that of the top layer and the sidewall coverage
;70%.

FIG. 11. I –V characteristics of ZrB2 films deposited onn-type Si as a
function of the annealing temperature. Films were grown by~a! thermal
CVD (B/Zr52.54) and~b! RPCVD (B/Zr51.96).

FIG. 12. SEM micrograph of a 30 nm thick ZrB2 film deposited onto a 0.3
mm diameter via in SiO2 by remote hydrogen plasma CVD atTs5300 °C
with a Zr(BH4)4 pressure of 1.231025 Torr and a H2 pressure of 2.3
31023 Torr. The plasma input power was 90 W.
s

IV. CONCLUSIONS

The problems previously reported for CVD growth
ZrB2 films from Zr(BH4)4–excess boron incorporation, se
vere oxygen contamination, and high electrical resistivit
are eliminated by simultaneously directing a flux of atom
hydrogen from a remote plasma source onto the growth
face. In thermal CVD~i.e., in the absence of the atom
hydrogen!, the formation and release of diborane are ine
cient relative to desorption of H2 , and thus excess boro
becomes trapped in the film, probably in the form of BH
BH2 fragments. The thermal CVD films have B/Zr ratio
near 3, have relatively high electrical resistivities, and o
dize readily in air. In contrast, by supplying atomic hydrog
during growth by RPCVD, diborane desorption is promot
and high-quality films are obtained even at low substr
temperatures. At 300 °C, stoichiometric ZrB2 films are ob-
tained that have resistivities as low as 46mV cm and oxygen
contents below;4 at. %. These films are fully conformal i
deep vias, and a 20 nm thick amorphous ZrB2 film on
c-Si(001) prevents Cu indiffusion after 30 min annealing
700 °C. These properties suggest that RPCVD ZrB2 films
may be better Cu diffusion barriers than the metal nitr
materials currently in use.
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