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X-ray absorption near-edge structUdANES) measurements have been performed for nitrogen
(N) containing diamond films with three different N concentrations at tiedgige using the sample

drain current mode. The K-edge XANES spectra of these diamond films resemble that of the pure
diamond regardless of the N concentration, which suggests that the overall bonding configuration of
the C atom is unaltered. N impurities are found to reduce the intensities of bothptheand
sp°-bond derived resonance features in the XANES spectra. The valence-band photoelectron
spectra indicate that N atoms cause the broadening of the valencerband 7-bond features and

the enhancement and reduction of teand m-bond features, respectively. @000 American
Institute of Physicg.S0003-695(00)04652-0

The doping of the diamond film is of both fundamental The CK-edge XANES and valence-band PES measure-
and technological interestsSeveral investigations found ments were performed using the high-energy spherical grat-
that boron(B) doping not only improved the quality but also ing monochromatofHSGM) and low-energy spherical grat-
increased thep-type conductivity of the diamond filfi*  ing monochromato(LSGM) beamlines, respectively, with
Nitrogen (N) was expected to behave like a donor and wasan electron-beam energy of 1.5 GeV and maximum stored
found to enhance the electron emission characteristics in therrent of 200 mA at the Synchrotron Radiation Research
diamond films>® Recently, Okancet al®, and Geiset al.’ Center(SRRO, Hsinchu, Taiwan. The spectra of the kC
reported that heavily N-doped diamond films had a lowerggge were measured using the sample drain current mode at
threshold field than those of the B-doped samples suggesting,m temperature. The typical resolution of the spectra was
that N impurities play an important role in enhancing the0.2 eV for the HSGM beamline. The LSGM beamline for the

emission propertles.. In 2 previous V\{Ol’k, we found th"’,‘t By alence-band PES measurement was under a base pressure of
doping induced partial graphitization in some small regions

) ) . _ ~5x10 Torr during the measurements, which has an
in the diamond films and enhanced the unoccupigtibond EAC-125 hemispherical electron ener analvzer. The
states of the host atoms surrounding the B impurftietec- P 9y yzer.

tron energy loss spectroscopiELS),% 2 x-ray absorption Zan;ples WeDrg cIea(rjlef(-jI by repeated cycles olf argon-;)on bom-
near edge StructuréXANES) 1% and photoelectron spec- Pardment. Diamond films were grown on silicon substrates

troscopy(PES41® measurements were made on carbon ni-by the microwave plasma-enhanced chemical vapor deposi-

tride materials. Here, we carry out thekGedge XANES and tion method. Since the N concentration in the diamond film
valence-band PES measurements for the N-containing did$ Proportional to the gas-phase urea concentration of the
mond films with various N concentrations and attempt tohitrogen source, the variation of the N concentration in the

understand how the N impurities influence the electronicdiamond film was obtained by choosing three different urea
properties of the diamond films. concentrations of 3, 4, and 5 sccm in the preparation process

as described elsewhefeThe x-ray diffraction(XRD) mea-
dAuthor to whom correspondence should be addressed; electronic maiﬁfurement was also useq t_o C:_haraCter'Ze the structure O_f the
wfpong@mail.tku.edu.tw films. XRD data analysis indicated that the polycrystalline

0003-6951/2000/77(26)/4362/3/$17.00 4362 © 2000 American Institute of Physics
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FIG. 1. Normalized (K-edge absorption spectra of N-containing and pure
diamonds. The inset displays the KGedge EELS spectra of the carbon
nitride samples containing less than 1% and 25% of nitrdgee Ref. 12

Urea concentration (sccm)

FIG. 2. (a) The CK-edge difference intensity curves between N-containing
and pure diamondgb) A plot of the integrated difference intensity curves,
o . L . Alg andAl g, overAA(w*) andAB(o*) regions, respectively, vs the N
N-containing diamonds have similar crystal symmetries agoncentration.

that of a pure diamond.

Figure 1 displays the (K-edge XANES spectra Of 4iamond films shown in Fig. 1, which indicates that the local
N-containing and pure diamond films for comparison. Thebonding configuration of the C atom in N-containing dia-
XANES spectra of the N-containing diamond films preparedmnong films differ from that of the carbon nitride. In other
with urea concentrations of 3, 4, and 5 sccm and the purgords, the bonding configuration between the N impurity
diamond film are denoted as GNCN,, CNs, and CN, re-  and the surrounding host C atoms are different from those in
spectively. The spectra were normalized using the incidenfhe carbon nitride, i.e., the N impurities seem not likely to be
beam intensityl, and keeping the area under the spectra ingypstitutional in the diamond films used in our study.
the energy range between 335 and 345 eV fikeat fully Figure 2a) shows the difference intensity curves be-
shown in the figure For x-ray energies in the XANES re- tyeen the C K-edge XANES spectra of the three
gion, the excited photoelectron undergoes a transition from §-containing diamond samples and that of the pure diamond
core level to an unoccupied final state determined by thgamp|e_ Integration of the intensities oveA(7*) (between
dipole-transition selection rule. The spectra in Fig. 1 reflec81.6 and 286.1 evandAB(o*) (between 286.1 and 300.7
transitions from the C4 core level to unoccupiep-like final eV) regions are plotted in Fig.(8) asAlgpe andAl g, re-
states. The spectra of N-containing and pure diamond fi|m§pectively.A|sz andAl g represent N-impurity-induced re-
clearly display sharp features closely resembling those reduction of the absorption of x-ray by the electrons transit
ported in the earlier work!"*®The XANES energy range from the Cis core state to the unoccupiedp and
for diamond generally can be divided into two regions charsp3-bond states, respectively. Figuré2shows thatAl g
acterized by specific features. One is the spike of thesC 1decreases slightly with the N concentration. In conjunction
core exciton resonance at approximately 289.2 eV. Anothefith the trend of the diminishingr* feature shown in Fig.
is a relatively broads* feature of thesp®-bonded carbon 2(a), one can conclude that N impurities suppress the forma-
atoms in the energy range between about 290 and 302 e¥fon of the small quantity o§p? bonds in the diamond films,
The relatively small peak at285 eV is usually attributed to which may exist in the grain boundary regions or on the
the graphite-liker* state of thesp?-bonded carbon atoms as surface. This is reasonable because N atoms tend to form
indicated in Fig. 1. The spectral lineshapes in th&-@dge strong covalent bonds with neighboring host atoms with the
XANES spectra of these N-containing and pure diamonddirectionalp orbitals, which may destabilize the planrsg?
films appear to be nearly identical regardless of the differenbonding in the diamond films. The same chemical or bond-
N concentrations, which indicates that adding N atoms iring property of the N atoms may enhance fherbital con-
diamond does not significantly alter the overall local envi-tent in the occupiedsp®-bond derived states in the
ronment of the C atom. The inset of Fig. 1 displays the CN-containing diamond films. Consequently, tipeorbital
K-edge EELS spectra of two carbon nitride samples containeontent in the unoccupieslp®-bond derived stater anti-
ing 25% and less than 1% of nitrogen, respectiVélJhese  bondingsp® state$ will be depleted, so thakl .,z decreases
two spectra are very different from those of the N-containingsubstantially with the increase of the N concentration as
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about 80 eV. N impurities in diamond films seem to induce
e ! additional delocalized valence-band states. A valence-band
..... e electron absorbing a high energy photon will transit to a
"INy = 1406V highly extended final state. The transition probability will be
larger for a delocalized than for a localized initial state.

In summary, the comparison between the KZedge
XANES spectra N-containing diamond films and those of the
carbon nitride samples suggests that the local bonding con-
figuration of the host C atoms surrounding the N impurity in
the diamond film is very different from that in the carbon
nitride. An analysis of the (K-edge XANES spectra of
N-containing diamond films shows that N impurities reduce
the number of unoccupiesip® states. Our valence-band PES
measurements show that N impurities cause the broadening
of the o~ and 7-bond features and the enhancement and re-
duction of theo- and m-bond features, respectively.

Intensity (arb. units)
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