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Photoluminescence properties of amorphous hydrogenated silicon nitride thin films with various
compositions are presented. The as-deposited samples prepared by evaporation of silicon under a
flow of nitrogen and hydrogen ions exhibit visible photoluminescence at room temperature without
any annealing treatment. The evolution of the photoluminescence properties with increasing
nitrogen concentration in the films is correlated to structural investigations performed with
Fourier-transform infrared spectroscopy and optical characterization obtained from transmission
measurements in the ultraviolet-visible-near-infrared range. It is shown that the introduction of
hydrogen is of prime importance to improve the photoluminescence intensity of the film200®
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Since the observation of an intense visible light emissiorFourier-transform infrared spectroscopfTIR). Spectra
in porous Si, a great number of studies have been performedere performed with a Nicolet 460 Fourier-transform spec-
on silicon and its alloys for their potential optoelectronic andtrometer with a resolution of 4 cnt. The FTIR spectra were
display applications and in order to understand the physicadll background subtracted. The optical transmission measure-
mechanism involved in the photoluminescen@d) phe- ments were performed in the range 190-3300 nm by a
nomenon. Several models have been proposed to explain tharian Cary 5 ultraviolet-visible-near infrarétdV-Vis-NIR)
light emission such as oxygen defetfssiloxene specied, spectrophotometer. PL measurements were carried out with a
amorphous SiRef. 4 or quantum confinementMost of  multichannel Jobin Yvon T64000 Raman spectrometer
these models come from studies on Si-based materials coaquipped with a 300 grooves/mm grating. The detector was a
taining oxygen likea-SiO, films® Si nanoclusters in S’ charge coupled device camera cooled at 140 K. The 488 nm
Si/Si0, multilayerd in which the role of oxygen cannot be excitation light source was emitted from a Spectra Physics
neglected. There are very few studies of oxygen-free materiargon laser.
als like pure SiC(Ref. 9 or SiN which could also give The values of the optical gaf, are represented in Fig.
complementary information on the PL mechanisms. Hydro . These values are derived from the Tauc relafiarsing
genated amorphous silicon nitrida-SiNy :H) films are gen-  optical transmission experiments results. The Tauc gap of the
erally prepared by chemical vapor deposition and exhibit eisample prepared with little nitrogerp&8%) is equal to
ther visible PL at low temperatuf¥* or PL at room 196 eV, With increasing nitrogen concentration up o
temperature but in the ultraviol¢UV) domain:® The few  —g500s, the gap slightly increases up to 2.16 eV. For higher
Other StudieS Of PL |ra'S|NXH haVe ShOWn ViSibIe PL at nitrogen Concentrationw 50%), Eg decreases rap|d|y and
room temperature but after annealing treatméhts.The g equal to 1.4 eV for the unhydrogenated film.
purpose of this letter is to show that it is possible to observe Figure 2 shows the FTIR transmission spectrum of the
intense visible PL at room temperature in as-deposited filmgamme prepared with=20%. The vibration modes at 630,
without any posttreatment and to clarify the role of hydro—850, 2150, and 3350 ci are attributed to the Si—H wag-

gen. _ o _ ging mode, the asymmetric Si—N stretching mode, the Si—H
Thea-SiN, :H thin films were prepared by an ion-beam-

assisted evaporation technique. Silicon was evaporated from

an electron beam gun under the flow of nitrogen and hydro- 22f :
gen ions provided by an electron cyclotron resonance plasma 21r ./" .
source. Samples of different composition were prepared by 20r o — .
varying the ratio of N and H, in the gaseous mixture. The %1.9- 1
gaseous flow was regulated by maintaining the total pressure 185 1
in the evaporation chamber at<2.0~° Torr. The deposition 5’1-7 r 1
rate was equal to 1 A/s. Films were deposited on silicon and wier

fused silica substrates maintained at 100°C. Different 157

nitrogen—hydrogen gaseous mixtures were used with a nitro- tar

gen percentagep. Chemical bonds were studied with 13, 20 40 60 80 _ 100

Nitrogen percentage p in the gaseous mixture

dauthor to whom all correspondence should be addressed:; electronic maiFIG. 1. Tauc gap of-SiN, :H samples as a function of the nitrogen per-
rinnert@Ipm.u-nancy.fr centagep in the gaseous mixture is shown.
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FIG. 2. Infrared absorption spectrum of taeSiN, :H sample prepared with
p=20% is shown. FIG. 4. PL spectra of tha-SiN, :H samples prepared with the differemt
values are showr{The numbers indicate the energy corresponding to the PL
) ) peak maximuntp).

stretching mode and the N—H stretching mo@é? The

shoulders at 1020 and 1150 chare due to the Si—N bond
with an hydrogen atom back bonded to the silicon atom an

to the N—H rocking vibration, respectively.The evolution 1o ¢ rements. The infrared mode at 630 tindicates the

of each band witlp is discussed in relation with the S'_N'_Sg:esence of nitrogen-free hydrogenated-silicon region. Ra-
Si—H, and N-H bond densities. The number of bonds g spectranot shown herealso exhibit a strong band at
determ|ngd by integrating the different stretching absorptlorhSO cm L which is characteristic of amorphous silicon. These
bands using the formulaf a(w)/wdw, werew, a(w), and  oq s allow one to assume that the films contain amorphous
A are t_he wave number, th_e absorptlon coefficient, and ‘ﬂydrogenated-silicon domains embedded in a silicon nitride
calibration  factor, respectively.A is equal t0 6.3 |\nauiy The silicon nitride optical gap is greater than the

8 —2 9 —2 0 —2 H
><_101 cm % 9.2¢10° cm -~ 2.8<10°cm f\(;)é the Si-N, hydrogenated-silicon one which involves the carriers con-
Si—H, and N-H stretching bands, respectiveljthe bond finement in the silicon clusters and allows the PL to be ob-

densities(Fig. 3) were obtained by dividing the number of served in our films. For the film prepared wigh=8%, the

bonds by the film thickpe;s which was dete_rmined by fittingp| intensity is low and the Tauc gap equal to 1.96 eV. This
the UV-Vis-NIR transmission spectfaAs p increases, the low value suggests that the film contains a lot of silicon

numbler of Si-H bopds_decr()e:ases f]md is eq“,a' to Eero .for tIatfiamgling bonds. Those dangling bonds probably act as non-
sampie prepared W'tb_ 100%. ",1 the same time, the _S'_,H radiative defects and limit the PL efficiency. Moreover, it can
_stretchlng ba_md sh|f_ts towards hlghe_r wave numbers indicals, thought that the size of the silicon domain is too large to
ing that an increasing number of nitrogen atoms are bacbresent the confinement effect. For highewalues up to

Eond(?d to thg S|I(|jco_n one. For ”_“;]reas""‘!/f""“es’ tT)e hun;-f 50%, the Tauc gap increases. This improvement of the Tauc
er of N—H bonds increases with a maximum obtained for ap can be attributed both to the greater nitrogen concentra-

= 0, 1— - - . . -
Eersc:%ﬁt"narclad ;Tenngree(;f:sses';? zero. The Si—N bonds nungon of the silicon nitride matrix and to the more efficient
inuously i wi

. , . passivation of the silicon dangling bonds. Hence, the PL in-
The PL spectra of tha-SiN,:H films are compared in

: he fil thp—80 hibits th h tensity continuously increases which is explained by a
F'.gh 4. The film W'th p=8 /6 exh |_ts the PL phenomenon greater silicon-domain-number and by a decrease of the de-
with an energy at the maximuilip, =1.65eV. As more ni- ¢ 1s A p|_ plueshift is also observed for increasmgThe

trogen is incorporated in the film, the PL intensity increase%umber of Si—N bonds is an increasing functiorpais seen
rapidly with a maximum for the sample prepared with ;i 3 The Si—N regions become more extended and sur-
=50%. There is an improvement of the PL intensities with &, |4 5_sj clusters which are more numerous but smaller.
shift of Ep_up to 1.78 eV. Fop=60%, the PL intensity o byeshift inEp, could be explained by the decrease of
decreases and the PL energy remains equal to 1.78 ed FOrihe silicon domain size. Fop>50%, the PL intensity de-
greater than 60%, the PL disappears. creases and is equal to zero forhigher than 60%. This
decrease is correlated to the Tauc gap diminution down to 1.4
M eV. This evolution of the PL intensity and of the Tauc gap
energy can be attributed to the increasing number of dan-
gling bonds induced by the low number of Si—H bonds.
There is not enough hydrogen in the mixture so as to passi-
vate all the dangling bonds. For the unhydrogenated sample,
the PL phenomenon does not exist in as-deposited film.
However, it has been shown that annealing treatments im-
proved the structure and diminished the nonradiative defects
- T number which allows to obtain the PL phenomendn.
0 10 20 30 40 50 60 70 80 90 100 As a conclusiona-SiN,:H materials emitting visible
Nitrogen peroentage pin the gaseous mixture light at room temperature and without any annealing treat-
FIG. 3. Densities of Si—H, Si—N, and N—H bonds as a function of theMeNt have been prepared. Thanks to structural and optical

nitrogen percentagp in the gaseous mixture are shown. investigations, it can be assumed that the PL phenomenon is
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The different stages of the PL evolution could be ex-
‘E)Iained thanks to the infrared absorption and optical gap
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