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The growth of hexagonal boron nitridéh-BN) on a Pt(111) surface by decomposition of B-
trichloroborazine (CIBNH) leads to two different sets of domain structures as indicated by low-energy
electron diffraction (LEED). In addition to a domain structure, for which the top, hcp, and fcc sites of
the substrate lattice are occupied by the BN lattice, there is a new type of domain structure with B and
N alternatingly occupying the top and bridge sites of the Pt(111) substrate, a structural motif which has
not been observed so far. The new domain structures are a result of the precursor chemistry
(B-trichloroborazine vs borazine) as well as the lattice mismatch of the substrate [Pt(1hIBNs
mismatch~11%].

1. Introduction the deposition rate drops strongly after the formation of the
The understanding of the nucleation phenomena andflrst layer. This possibility of a.select.lve preparation of one
h-BN monolayer as a two-dimensional quantum barrier

surface reactions of boron nitride phases on different -
. . makes the systerh-BN/metal a promising tool for nano-
substrates is of basic importance to develop and tune a phase-

. . - . ~“electronic or spintronic devicés.Furthermore, the primary
selective CVD process for hexagonal and cubic boron nitride. . : . . o
. . reactions and film-forming mechanisms of boron nitride on
Ideal single-source precursors for the study of the primary

. o L different substrates are also of significant importance to
reactions for the epitaxial growth of boron nitride phases understand the nucleation phenomena necessary for a phase-
are borazine (HBNH) the BN analogous to benzene, and b y b

B-trichloroborazine (CIBNH) selective CVD process, e.g., the CVD of cubic boron

) o nitride #1° and are governed by the decay mechanisms and
During recent years, the epitaxial growth of hexagonal :
. - surface reactions of the precursors. The nature of the bond
boron nitride Hb-BN) on transition metal surfaces, such as

Ru(001), Pd(111), Pt(111), Ni(755), and Ni(111), has gained " SP- @nd si-type BN phases is of a highly covalent
a lot of interest, and the electronic and the structural character WIFh. ionic contributions due .to the difference in
properties have been investigated by a large variety of electronegativity between boron and nitrogen atoms.
surface-sensitive methods, as ARUPS, XPS, XPD, EELS, So far, most reports in the literature deal with the growth
LEED, and STML7 Nagashima et di.found that at the ~ Of h-BN on Ni(111) because the very small lattice mismatch
interface insulatind1-BN is bound weaker to the metallic  ©f only 0.4% @u1:(Ni) = 0.249 nm,a(BN) = 0.250 nm) is
substrate crystal than its isostructural semimetallic counter- €asily compensated by a corrugation of the BN-lattice so
part graphite. They also reported that, following their that both lattices become commensufat&herefore h-BN/
procedure of preparing-BN by the reaction of benzene- Ni(111) represents an ideal system for the epitaxial growth
like (HBNH)s with (111) surfaces at high temperatures, itis ©f large, well-orderedi-BN domains® The current research

possible to deposit exactly one monolayehdBN because is focused on systems with a Iat.tice mismatch between the

substrate ant-BN as well as the influence of the precursor
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Figure 1. (a) Experimental setup, attice structure of Pt(111) with the _. .
directions referring to the surface normal being along (111), (c) lattice Figure 2. XPSpectrum of 40 Lh-BN on P(111). Besides the substrate

structure of one monolayer ¢fBN, and (d) reciprocal surface lattices of S|gn_al, only the N. 1s and a small C 1s intensity can be detected. The cross
Pt(111) anch-BN. section for B 1s is too small to give a distinct signal for one monolayer

h-BN.

An important question is now how a modified precursor . . )
P q P structures of Pt(111) arfatBN in real and in reciprocal space, the

chemistry affects the BN formation on systems with a large . . o

. A . L .. 27 corresponding lattice constants, and the definition of the symmetry
lattice misfit. Therefore, LEED investigations on the epitaxial i octions.
growth of h-BN monolayers on Pt(111), a system with @ preparation of the BN Films. The Pt(111) substrate crystal was
lattice mismatch of approximately 11%u((Pt) = 0.277 cleaned in several cycles of Ar ion sputtering (up to 4 keV) and
nm), from B-trichloroborazine as precursor, were performed subsequent annealing (up to 1000 K). Because the crystal was in
in order to find out if there are differences in the resulting use for the first time, sputtering as well as annealing was started
domain structures compared to those found for one-mono-for several hours and the periods of these processes were reduced
layerh-BN/Ni(111), a system with a nearly vanishing misfit with each step of preparation, until in XPS the C 1s and O 1s

as well as borazine as precuréor. contaminations were beyond the detection limit and until the LEED
patterns exhibited sharp spots. The preparation of the BN films
2. Experimental Section was similar to the procedure described in ref 4, i.e., the temperature

of the Pt(111) crystal was set to 1000 K, but instead of benzene
like borazine (HBNH), B-trichloroborazine (CIBNH) was used

as described in ref 3. B-trichloroborazine (CIBNHwice refined

by sublimation, was inserted into a Schlenk tube within an Ar
atmosphere. The glass tube had a metal KF flange attached and
could be evacuated via a turbomolecular pump down t& ifbar.

The precursor was additionally purified by several cycles of heating

Experimental Setup. The experimental setup is described in
detail in previous papefd:13 The experiments were performed with
a modified VG ESCA MKIl spectrometer, which is especially
designed for X-ray photoelectron diffraction (XPD) as well as for
low-energy electron diffraction (LEED, AREELS) investigations.
The core component consists of an Osterwalder-type manipulator

with two rotational degrees of freedom, which allows the hemi- 350 K and sub : f the ol b q ibed
spherical energy analyzer to detect the electrons within the full 2 FO and subsequent evacugtlng oftheg ass tube, as escribe
n ref 3. Then, (CIBNH} was put into the preparation chamber via

hemisphere above the surface of the sample. In LEED, the scattering'h inlet of th hile all fth
anglea between the electron gunE = 200 meV atE, = 50 eV the Ar gas inlet of the sputter gun, while all parts of the spectrometer

andlem = 5 nA) and the analyzer is fixed, while the sample is that the precursor had to pass were b7eing kept at 350 K. During
tilted stepwise by the polar angk¢. At each, the sample is the d‘?p"?“'o”' the_ pressure _V_VaS(SlU mbar for about 120 s,
additionally rotated around its surface normal by the azimuth angle resulting in a nominal deposition dose of 48 L.

@ in the full 27 range, as depicted in Figure 1a. A hemispherical ) )

LEED pattern is usually used only for a qualitative interpretation 3. Results and Discussion

of thel Surfaft? S"“C“t‘]r,ef]' '“ypica”ydcani?tts_Of al?o”;hemfmo Figure 2 shows the normal emission XPSpectrum (&l K
Quaniiative analysis, adiional polar ntensity plots can be recorded ©XCI12lion at E= 1485 eV) of the PI(LLL) crystal after the
q YSIS, P P deposition of (CIBNH). Compared to the spectrum of the

along the high-symmetry directions with reduced angular step o L
widths. Hemispherical LEED patterns as well as polar intensity clean Pt(111) surface, the spectrum additionally exhibits a

plots are originally recorded dg9,¢) or I(9,¢ = const.) plots, ingh'F C ;s intensity (ariging from adventitious background
respectively. They can be transformed into the more common SPecies in the dosing line or chamber, and not from the

I(Aq]|) plots via quality of the precurs@y, while due to their small cross
sections, the N 1s and B 1s intensities are hardly or not
Aql| [nm™"] = 20 x 0.512x \/Eg[eV] cos(©/2) sin® — ©/2) visible. The upper limit of the actual thickness of the BN

) ) ) . film can be set to one monolayer because from the growth
for © (cf. Figure 1a). Figure 1 gives also a survey about the lattice of BN on Pt(111), Ni(111), and Pd(111) surfaces it is known
that the growth rate strongly drops after the formation of

(11) Mdller, F.; Steiner, P.; Straub, T.; Reinicke, D.; Palm, S.; de Masi,
R.; Hufner, S.Surf. Sci.1999 442, 485-497.

(12) Miller, F.; de Masi, R.; Steiner, P.; Reinicke, D.; Stadtfeld, M:friéu, (13) Miiler, F.; de Masi, R.; Reinicke, D.; Steiner, P.;#dar, S.; Stove,
S. Surf. Sci.200Q 459 161-172. K. Surf. Sci.2002 520 158-172.
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Figure 3. (a) LEED pattern &, = 50 eV,a = 120°) of the clean Pt(111) Figure 4. (a) LEED pattern, = 50 eV, = 120°) of less than or equal
surface. (b) Polar intensity plot along theg direction (corresponds to 0 one monolayerh-BN/Pt(111) surface with two additional sets of

(112 direction in real space). (c) Polar intensity plot alonglthe direction hexagonal intensity distributions. (b) Polar intensity plot along it
(corresponds to (O3 idirection in real space). direction. The (10) spot splits into the Pt(111) arBN contributions with

|broo(h-BN)| ~ 1.11bsoo(Pt)|, according to the 11% lattice mismatch. (c)

" : ; lar intensity plot along thb;1o direction with a spot at 0.6B6110(Pt)|,
the first monolayed; and furthermore, the nominal deposi- "° y P g thbuo P 11
y P which is equal to 0.64¢/3[byogPt) = 1.12b10oPt)| ~ |b10oh-BN)], i.e.,

tion dose of 48 L is in the same range as that reported in refy,q gy jattice of (b) is additionally rotated by 20
1, where the analysis of the XPS intensities of a BN/Ni-
(111) system results in a BN coverage of one monolayer. pattern are the double structures arising from the PteBd
Figure 3 shows the LEED pattern of the clean Pt(111) spots, which are separated by about 10% in accordance with
surface, as well as the corresponding polar intensity plotsthe lattice mismatch of 11%. Due to this lattice mismatch,
along the reciprocal (100) and (110) directions (as defined an isosymmetrical epitaxial growth (i.e., the symmetry of
in Figure 1d). The LEED pattern was recordedsat= 50 theh-BN film is the same as that of the Pt substrate) would
eV, i.e., at a primary energy, at which, following the resultin a 9x 9 superstructure (SS) with respect to the Pt-
“universal” curve for electron attenuation, the surface (111) lattice. This superstructure causes the distinct hexagonal
sensitivity is at its maximum. But despite the high surface spot arrangement around the (00) reflex as well as the
sensitivity, the pattern exhibits sharp spots of 3-fold instead additional spot, which can be attributed to th@9(nv9)
of 6-fold symmetry, indicating that the discrimination reflexes (cf. Also the high-resolution polar intensity plots in
between the different fcc sites of the second and third layersFigure 4b and Figure 4c along they andbs o directions).
has to be taken into accouft. These isosymmetrical domain structures (type A), which
After the deposition of 48 L B-trichloroborazine the were also observed for the growth of BN/Ni(111) in refs 1,
intensity distribution of the LEED pattern changes into that 3, and 5, have in common that the symmetry of thBN
depicted in Figure 4a. The LEED pattern exhibits additional layer is adapted to that of the metallic substrate (in the case
spots which are nearly as sharp as in the case of the clearof h-BN/Ni(111), the adaption of symmetry is even in
Pt(111) surface, indicating thdt-BN forms large well- accordance with commensurability due to the small lattice
ordered domains. The most prominent features of the LEED mismatch of about 0.4%). Type A domains can be further
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(A-type domains). On the other hand, the BN lattice attempts
to adapt the periodicity of the substrate lattice by forming
the superstructures of the B-type domains by reducing the
point symmetry. From inspection of the ratio of the intensity
contributions from both domain types in Figure 4, the relative
weight is strongly shifted toward the A-type domains; i.e.,
the adaptation of symmetry may be a more decisive factor
than the adaptation of periodicity. To find out whether the
symmetry plays indeed such an important role, future
investigations have to be extended to such systems that have
a large mismatch with respect to the A-type domains, but a
smaller mismatch with respect to the B-type domains, as,
-. | e.g., Au(111) or Ag(111). For both substrates, th&N
g e e lattice deviates less than 10from the commensurability
b) N, B top and bridge alternatingly . . . .
Figure 5. (a) A-type domain structure df-BN/Pt(111), with, e.g., N on Wlth. the substrate lattice .for.B-type domains, while the
top and B on hep (left) or B on fcc site (right), as proposedH@N/Ni- deviation for A-type domains is larger than 13%. Further-
(111). (b) B-type domain structure with B and N on top and bridge sites. more, it iS necessary to investigate the additional domain
structures oh-BN on Pt(111), as supported by the presented
divided in A, A", ... types (cf. Figure 1 in ref 5 or Figure 3  results, which are based on reciprocal space data, also in
in ref 3), depending on the actual positions of the B and N real space, e.g., by STM or XPD investigations.
atoms, i.e., top, hcp, or fcc site, cf. Figure 5a. These A type
domains differ only by the adsorption sites of the B and the 4. Summary
N sublattices, while the absolute orientation of the B and N
sublattices with respect to the substrate lattice is the same; The growth ofh-BN on Pt(111) from B-trichloroborazine
i.e., the LEED patterns of A type domains always have the leads to the formation of new domain structures, which so
same orientation as that of the (111) substrate. far have not been observed for systems with a very small
But for BN/Pt(111), it is even the large lattice mismatch lattice mismatch liken-BN/Ni(111). The presented results
that causes the BN lattice to form a new type of domains, clearly demonstrate that a variation of the precursor chemistry
nameiy, B_type’ which is indicated by the miscolored gray Significantly influences the resulting SUperStrUCtUres on the
scale plot of the LEED pattern in Figure 4a as well as by metal surface since the presented superstructures were not
the poiar intensity piot aiong ti’mlodirection in Figure 4c. observed for bOfaZine/Pt(lll). In addition to Bdomains,
The additional spots in Figure 4c correspond to a transfer of for which the orientation of the B and N sublattices coincide
momentum of about 0.84:Pt), which is equal to 0.64  With that of the Pi(111) substrate (A-type), BN also forms
V3b1oo Pt) = 1.1b30o(Pt) = biod BN), i.€., theh-BN lattice domains, for which the B and N sublattices are rotated by
is rotated by 30 with respect to the A-type domains. 30" with respect to the P(111) substrate (B-type). In the
The reduction of the lattice parameter of about 11% causesfi'St case, the BN lattice adapts the symmetry of the substrate
the diameter of the 8\; ring, i.e., the distance of opposite 1attice at the cost of a poor lattice mismatch, while in the
B and N atoms, to deviate only by about 4% from the lattice S€cond case, the lattice mismatch is reduced by more than
constant of Pt(111). Therefore, the observed B-type domains,60% at the cost of the loss of symmetry. From inspecting
which are rotated by 30% with respect to the A-type domains, the intensity contributions of both domain types, the con-
result from such a growth mode, for which the B and N servation of symmetry seems to be more decisive than the
atoms occupy alternatingly the top and bridge sites of the @daptation of a common periodicity.
substrate lattice, as depicted in Figure 5b. The B-type Therefore, the growth ofi-BN monolayers on Ag(111)
domains can therefore be considered as surface structure§r Au(111) surfaces shall be characterized because, for these
that are closer to commensurability to the substrate lattice Substrates, there is nearly no lattice mismatch for B-type
than the A-type domains. These structures were not observediomains, while the lattice mismatch of A-type domains is
for borazine, whereas the chlorinated system enables thestill larger than that for Pt(111), and also the influence of
formation of the additional type “B”-domairfsSince ring-  Single-source precursors delivering only one-Bformula
opening mechanisms are considered in the growth-BN unit per molecule instead of three formula units, as is the
monolayers on Ni(111) from borazine and B-trichlorobora- case for borazine-derived compounds, shall be studied to
zine, differences in the desorption behavior from specific obtain more knowledge of the surface reactions regarding
surface sites of additional cleavage products (hydrogen inthe formation of boron nitride films.
the case of borazine, hydrogenchloride in the case of
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