Chromium diboride thin films by low temperature chemical vapor
deposition
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Thin films of chromium diboride, a “metallic ceramic” material with a melting point of 2200 °C,
were deposited by chemical vapor deposition using a single-source precursor, the
bis(octahydrotriboratichromiunill) complex CtBsHg), at substrate temperatures as low as
200 °C. The films were stoichiometric, and had electrical resistivities of 105x456m for
growth temperatures spanning a range of 200—400 °C. The film microstructure ranged from being
x-ray amorphous at low growth temperatures to nanocrystalline for substrate temperatures
>500 °C. The growth process was highly conformal, as determined by the film coverage profile on
trenches with a depth—width ratio of 7:® 2005 American Vacuum Society.
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[. INTRODUCTION manner that is most suitable for planar substrates. However,
a CVD process is required to produce a conformal coating

Transition metal diborides are “metallic ceramics” thatover parts with complex shapes or re-entrant features, such
have many desirable properties for technological applicaas grooves or holes. In this work, we present a CVD route to
tions, including excellent electrical conductivities, high melt- afford high quality CrB films: we employ a single source
ing points, low rates of impurity diffusion, high hardness, precursor, the bisctahydrotriboratghromiun{ll) complex
good resistance to mechanical wear, and low rates o€r(BsHg),, to deposit stoichiometric, conformal films of
corrosion® For example, there has been recent work on theCrB, at low substrate temperatuﬁ@sNote that the octahy-
growth of zirconium diborid€ZrB.,) thin films by chemical drotriborate(Bs;Hg) ligand is sterically much larger than the
vapor depositiofCVD) using the precursor tetrakistrahy-  tetrahydroborate liganBH,) associated with previously re-
droboratozirconiun{lV), Zr(BH,),. We have shown that ported precursofd® such as TiBH,); and Z(BH,),. Be-
amorphous films can be grown at low substrate temperaturesause of this steric bulk, a smaller number of ligands is re-
and that these films are effective diffusion barriers to sepa€uired to enclose the metal center; consequently, this allows
rate copper and silicon in microelectronic circuitolle  the formation of volatile molecules in which the metal center
et al. have shown that highly oriented ZsBayers can be has a lower oxidation state, such as'@n this case. The
grown on S{111) substrates and that GaN films can beideal CVD reaction is expected to be (BgHg),— CrB,
grown heteroepitaxially on the ZgRemplate' +2B,Hg+2H,.

In this work we focus on chromium diborid€rB,); this
compound has a melting temperature of 2200 °C and a buld. EXPERIMENT
e o ot ot o i soole. Sptered oain, T OBl precursr is a sld at room emperaure
. o ' . and sublimes readily at 40 °C in vacuum. It is kept in a
fllms of CrB, have ex.hlwed excellent wear and corrosion 60 cn? stainless steel reservoir at room temperature and de-
resistancé. A bulk resistivity of 56u() cm makes CrB a

didat tal f ) lectroni licatidris b livered to the film growth surface using an 8.0 sccm flow of
candidate metal for microelectronic application has been argon carrier gas through a 0.15 in. i.d. stainless steel dosing
tested successfully as an ohmic contact for SiC devices.

; i ) tube. This tube extends into the growth chamber, which is
In past work, CrB films were grown using physical vapor ,honumped and of ultrahigh vacuum construcfidmnd

deposition methods—sputtering or cathodic arc depQerminates 0.5-2.0 in. from the substrate: this distance is ad-

. 6,9-11 . . . . .

sition—""""which coat the substrate in a highly directional ;,stapje by substrate translation. The background pressure in
the chamber is % 107° Torr; residual gas analysis indicates

¥Electronic mail: abelson@mrl.uiuc.edu that most of this background is hydrogen. When the argon
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Fic. 2. X-ray diffraction pattern of the CrBilm grown by CVD at 700 °C.
Fic. 1. Natural log of growth ratéeft axis) and the B/Cr atomic ratifright
axis) vs 10007 for the growth of C(B;Hg), by CVD. The dashed line is a

linear fit to the growth rate data. . . .
9 a growth experiment at 700 °C using a slightly larger

(1.5 in) doser to substrate distance. That film is nanocrystal-
carrier gas plus precursor is flowing, the chamber pressure l§1e with a grain size of~67 nm as determined by Scherrer
6x 10 Torr in the absence of film growtlisubstrate at analysis of the x-ray diffraction peakBig. 2). The electrical
room temperatune Due to the use of a dosing tube, the pre-resistivity of the amorphous films ranged from
cursor arrives at the substrate in a highly forward-directedl05 to 4502 cm. The lowest value was measured for the
flux,*®1" and gas phase collisions or reactions are expected fim deposited at 200 °C.
be negligible. The substrate temperature is kept constant by At low deposition temperature§T<300 °Q the film
means of a feedback loop consisting of a thermocoupl@rowth is highly conformal. Figure 3 shows the coating pro-
clipped to the sample surface and a radiative heater behirfile for a film grown at 300 °C on a 200 nm wide trench with
the substrate holder. The substrates are 0.5 in. square piecegepth/width aspect ratio of 7:1; the coating thickness on the
of Si(100 covered with 200 nm of SiQthat had been de- sidewall and bottom is very uniform and amountst65%
posited in a separate plasma-enhanced CVD system. of the thickness on the top surface. However, this coating

Electrical resistivity measurements are performed using &rofile, thicker on the top and uniformly thinner within the
four-point probe; there is no detectable leakage current bdrench, does not correspond to the usual situation in which
tween the CrB film and Si substrate across the $Si0he the growth is limited by the surface reaction rate, and is
film stoichiometry is measuredx situ by Auger electron therefore largely independent of the incident flux. Here, the
spectroscopy using standard sensitivity factors and sputtgrowth flux emanating from the doser tube is forward di-
depth profiling. The film thickness is measured from cross<ected; if the growth rate were strongly flux dependent, then
sectional scanning electron microscqi®EM) micrographs.

[ll. RESULTS AND DISCUSSIONS

Figure 1 shows the growth rate and the film stoichiometry .
versus substrate temperature for a fixed tube—substrate dit
tance of 1in.. For substrate temperatured00 °C, the
growth rate is exponentially activated with an apparent bar-
rier of 0.14 eV(3.22 kcal/mol, and the films have the sto-
ichiometric CrB, composition. The oxygen and carbon con-
tents are below the Auger detection limits. This is very
different from the thermal CVD of ngﬁlms3 which have
boron in excess of the stoichiometric amount at such low
temperatures. This difference may be due to the reactior
pathways of BH versus BHg ligands on the growth surface.
The CrB, film grown at 500 °C shows an excess of B and an
increase in the growth rate above the value that would be
extrapolated from lower temperatures. The mechafssre-
sponsible for these changes are not understood at preseﬂte'. 3. Cross-sectional SEM image of Grlm on 7:1 aspect ratio trenches

The fi'ms grown be|0\_N 500 °C were amorphous t0 X-rayin sjo, on silicon. The bumps on the surface were present on the substrate
diffraction. Not shown in the growth rate plot is the result of prior to the deposition
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