JIAIC[S

COMMUNICATIONS

Published on Web 01/24/2007

X-ray Excited Optical Luminescence from Diamond Thin Films: The
Contribution of sp ?- and H-Bonded Carbon to the Luminescence

Xingtai Zhou,t Tsun-Kong Sham,*' Yu Wu,* Yat-Ming Chong,* Igor Bello,* Shuit-Tong Lee,*
Franziskus Heigl,® Tom Regier," and Robert I. R. Blyth
Department of Chemistry, The Umirsity of Western Ontario, London, Canada N6A 5B7, Center of Super-Diamond
and Adanced Films (COSDAF) and Department of Physics and Materials Science, Citgrsity of Hong Kong,
SAR, China, Canadian Synchrotron Radiation Facility, Synchrotron Radiation Centaretdity of Wisconsis
Madison, Stoughton, Wisconsin 53589, and Canadian Light Sourceetdity of Saskatchewan,
Saskatoon, Canada S7N 0X4

Received July 6, 2006; E-mail: sham@uwo.ca

Diamond is a very attractive wide band gap semiconductor for Table 1. Experimental Parameters of the Nucleation and Growth
the fabrication of electronic and optoelectronic devices operating °f the Diamond Film

at high power and high switching frequency. Its electronic and parameters nucleation growth
optical properties are also desirable for light and electron emitting CHg:H, 5% 0.5%
applications. For example, Koizumi et al. reported that homoepi- total flow rate (sccm) 200 200
. . . . . . . pressure (Torr) 30 30
taxial diamond p-n junction emits ultraviolet (UV) light at 235 microwave power (W) 750 1300
nm with implication for the development of solid-state UV lasets. sugstrate tbempEC; 850 800
; ; . ; substrate bias (V. —150 0
The photoluminescence (PL) excited by UV or visible light and duration (min) 15 10

cathodoluminescence (CL) excited by the electron beam from
diamond thin films prepared by chemical vapor deposition (CVD)
techniques have been widely studied. A sharp band at 1.68°eV  parameters are listed in Table 1. The film thickness-i90 nm,

and several broad-band emissions at higher enérgtésom CVD which is about one absorption length at the carbon K-edge, and
diamond films have been reported. It is widely accepted that the the thickness effect, which can distort the spectrum recorded in
sharp emission at 1.68 eV is related to defect centers involving photon (fluorescence X-ray and optical) yields, should be negligible
silicon impurity in diamond.”> However, the origin of the broad- i this case. The samples were analyzed by scanning electron

band emissions is still not well understood. These broad-band microscopy (SEM, LEO 1530) and Raman In Via (Renishaw,
emissions have been attributed to the phase impurities of short-yayelength = 244 and 514 nm for UV and visible light,

range sp-bonded carbdi®13-15 and hydrogetr!4 on the surfaces
of CVD diamond films. The spbonded carbon model can partly
explain the experimental results, particularly, the increase of the

intensity of some broad luminescence bands with the increase in

content of the spbonded carbon in the diamond filfsThe
drawback of this model is, however, that it cannot explain the
similarity of the luminescence features from diamond films, which
may confine nonequivalent 3parbon-bonded structures prepared
by various technique’$.Furthermore, luminescence originating from

both diamond phase and other phase impurities cannot be distin-

guished in the conventional PL and CL spectra. Finally, no direct
evidence has been reported to support the above model.

In this work, we report the X-ray excited optical luminescence
(XEOL) from a CVD diamond film. XEOL is an X-ray photon-in,
optical photon-out technique that can provide site and excitation
channel specificity if the excitation energy is tuned across an
absorption edg& 18 Previous XEOL studies indicate that optical

luminescence with excitations near an absorption threshold/edge

depends strongly on the site and chemical environment of the

absorbing atom as well as subsequent energy transfer to the

luminescence chromophore, and that X-ray absorption near-edg
structure (XANES) in photoluminescence yield (PLY) provides
invaluable information on the origin of luminesceri€e.

The diamond film of interest was prepared on a Si(100) substrate
by microwave plasma enhanced CVD with a 15 min bias-enhanced
nucleation followed by a 10 min growffi. The experimental
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respectively). X-ray absorption and XEOL were conducted on the
spherical grating monochromator (SGM) undulator beamline (en-
ergy range= 250-1900 eVAE/E = ~1074) at the 2.9 GeV third
generation Canadian Light Source (CLS). A JY 100 monochromator
(200-850 nm) equipped with a Hamamastu photomultiplier was
used to monitor the luminescence. The C K-edge XANES spectra
are normalized by thé, measured with a clean photodiode to
minimize contributions from carbon contamination from the optics
(not a serious problem with relatively new beamline optics). The
photodiodd, curve was checked with ion chamber measurements.

In order to study the effect of the Sponded non-diamond carbon
in the diamond thin films on the luminescence, a very thin diamond
film with a high content of spcarbon phase was chosen. The SEM
image of the diamond film is shown in Figure 1a. The size of the
diamond particle is on the order of tens of nanometers. Both UV
and visible Raman (Figure 1b) exhibit a diamond peak 2832
cm~! and a broad $fnon-diamond feature in the region of 1500
1600 cntl. Clearly, relative to the visible Raman, the UV Raman
spectrum shows an indisputable diamond peak®332 cn1l, as
UV Raman is more effective to reveal the*spamond phase in
the film.2° The Raman spectra show that the film consists of both
diamond and spnon-diamond carbon.

The room temperature XEOL spectrum (Figure 2a) of the
diamond film acquired at an excitation photon energy of 500 eV
exhibits a very sharp emission peak at 1.67 eV and broad-band
emissions centered at 2.3, 2.5, and 2.8 eV as well as a weak band
at 4.0 eV. No diamond near band-edge emission at 5.5 eV
corresponding to the diamond band gap is observed. The disap-
pearance of the near band-edge emission from some wide band
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T Tt e M, g 20 4 the surface carbon atoms bonded to hydrogen. The luminescence
ﬁa) Gre e SRS ek ) ® s T - - ;
Rl ’4: _.;‘;_:LP.‘,{,: L\r“. 3 1333 from _dlamo_nd films should then _be as&gned to the def_ects, s_uch
23 -Jv,_;'-_z‘;_,r S o Visible (514nm) as dislocations, defects near diamond grain boundaries, Si- or
f“!‘ﬁ‘_ ‘*"'r,l «,’xi PN 1331cm’ N-associated defects in diamond crystallte$iowever, further
- :..J‘_‘fi t{_\'_, *&& f*-.} + E 15806 research work is needed to corroborate the detailed assignment of
Lﬂ._k *&”:_f,:?;;{'}._‘* ! ‘f--":'l the broad-band emissions. Thus, to reconcile with the observation
?"'(‘Q';-‘Z'{"“-";'q‘;l‘l)y:_;~ .4 UV (24dnm) that the increase in the luminescence intensity from diamond films
. h B S84 5000m T TN ‘1300 2000 with the increase of $pcarbon in the films reported in literatufe,
o S s Raman shift (cm’) we propose that this observation is probably due to the increase of
Figure 1. (a) SEM image. (b) Raman spectra of the diamond thin film defect density in the diamond crystallites, resulting in the enhance-
sample. ment of the broad-band emissions.
1o of diamond In summary, we have employed XEOL and XANES to study
187V 250y @ AL ® the luminescence from a diamond thin film prepared by microwave
3 28ev 3] on (0 order) plasma enhanced CVD technique. Our results and analyses indicate
% tation: 5006y :; 15 FLY that the obsgwed Iumlne§cence, |nclgd|ng the broad-banq em|s§!ons,
5 ' 2 from CVD diamond films is not associated with the phase impurities
= £ TEY of sp- or the H-bonded non-diamond carbon, as previously
reported, but it originates from the dominant diamond phase.
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