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SiN, :H films with a wide compositin range and somne of them with low oxygen conten are
deposite at room temperatureThe defecs observe in the films are attributed to Si-danglirg bonds,
with a structue dependig on film composition For the N-rich films they are of the form
-Si=(N 3), wherea for the films with similar [N]/[Si] ratio but containirg oxygen the predominant
defed is proposé to be - Si=(Si,0), despit of the high N contern and the low O conten of these
films. The spin densiy of the films has bee related to the bonds that hydrogen establishs (either
Si—H or N—H), with the maximum value correspondig to the minimum hydrogen content Both
maximum ard minimum values respective}, are obtaineal at the silicon percolation limit of the

Si—Si bonds into the SiN, :H network x~1.10 © 19% American Institute of Physics.

Deposition of oxynitride films has been encourage in
the lag yeas in orde to combire the suitabk electronic
characteristis tha both silicon nitride and silicon oxide
present Although they are well known the differert para-
magneti properties of SigN, ard SiO,,>? the influene that
N and O atons hawe on the danglirg bord structue when
both are introducel into the amorphous-silico matrix is not
clarified yet To this aim, this letter preserg novd results
abou the electr;m paramagneti resonane (EPR ard the
opticd propertiss of neary stoichiometre and N-rich
SiN, :H films with low oxygen conten which can contribute
to abette knowledee of the danglirg bord structue of ox-
ynitride films. Differences are found with the resuls ob-
tained for Si-rich SiN, :H films without oxygen contert also
presentd in this work. Furthermore to date littl e relation
has been found betwea the paramagneti behavio and the
hydrogen conter of the films, and this letter presens results
tha could contribue to the understandig of the N—H bond
role in the N-rich SiN, :H films.

The samples are deposité at room temperatue by the
electran cyclotron resonane (ECR plasna deposition
method Details of the depositim proces can be found
elsewheré:® Films with differert [N]/[Si] ratios and some
of them with low oxygen contern are analyzedAs we have
alread reported® sputteri of the quart liner inserte into
the plasma sour@ by the enegetic nitrogen ions at micro-
wave powes highe than 150 W ard N,/SiH, ratios higher
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thar resuls in oxygen incorporatia into the SiN, :H films.
This incorporatiam is unintention& but reproducible as the
conditiors of the sputterimg of the liner are determine by the
microwae powe and N,/SiH, ratio used The [N]/[Si] ratio,
given by X, and the oxygen contert are measurd by Auger
electra spectroscop (AES). For thos oxygen-containing
films, the oxygen contert ranges from 3 to 7 at %, depend-
ing on the deposition conditions Films deposité on silicon
substrate are usal to measue the EPR ard the infrared (IR)
spectra The EPR measuremest are performel using a
Bruker ESP 300E X-bard spectrometeat 0.5 mW micro-
wave powe, which is low enoudn to avoid saturatia of the
signal UV irradiation of sample is carried out using a Xe
lamp and an Oriel filter transmittirg from 280 to 370 nm.
The IR specta are collectad in a FTIR spectrometein the
midinfrared region Si—H and N—H bord densiy, as well as
hydrogen conten are calculatel from the IR spectre Trans-
mittane and reflectane in the 200—2500 nm range are used
to calculat the absorptim coefficiert of films depositel on
quart substrates.

Figure 1 shows the Urbad tail paramete (Eg), as a
function of the [N]/[Si] ratio in the films. Increasimy values
of Eq indicak increasiy disorde in the films, as E is re-
lated to the slope of the valene bard tail. The plot indicates
tha the nitrogen incorporatio increass the disorde in the
films until the silicon percolatia limit into the SiN, :H net-
work is reache (x~1.10.” The mog interestimy featue in
Fig. 1 is the values of E, obtainal for oxygen-containing
films, lower than thos obtainal for oxygen-fre SiN,:H
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FIG. 1. Urbad tail parameteas afunction of the [N]/[Si] ratio in the films.
Open symbok indicaie oxygen containirg films.

films with similar [N]/[Si] ratio. The® values indicat that,
even for low oxygen contert in the films, an increasity order
is observe as oxygen is incorporate into the nitride net-
work.

The EPR spectaof SiN, :H films hawe been measurd at
room temperatureln all cases a single isotroptc line has
bee detectedwith g value rangirg from 2.009 to 2.0026
and linewidth AH (peak-to-pek of the first derivative curve
from 6.5 to 14 G dependig on the [N]/[Si] ratio ard on the
oxygen content The values of g ard AH versis the [N]/[Si]
ratio are plotted in Figs 2(a) ard 2(b), respectivel. The
dependere of g and AH with thdN]/[Si] ratio indicates
tha the measurd line is a compositimm of severd lines
corresponding
-Si=Siz_yN, % the relative proportian of ead in the sample
depend on x. The resuls for neary stoichiometrc samples
(g=~2.0030 AH~13 G) indicak tha the mod abundant
defed is - Si=N; (y=3), which is known as the K cente,’
wherea for Si-rich sampls (x~0.27) the values (g
~2.0045 AH=8 Q) indicake tha mog danglirg bonds are
of the form - Si=Si,. The larger linewidth of the K cente is
due to hyperfire (HF) interaction of the unpairal electron
with the nuclea spin (1=1) of the three nearest-neightrd\
nuclei3

On the othe hand a striking chang appeas in the val-
ues of g and AH for films containirg oxygen with regad to
oxygen-fre films with similar x. As can be observeé in Figs.
2(a) and 2(b), the values of g (=~2.0045 ard AH (~7 G),
fall out of the gener&trend Tha mears tha oxygen favors a
differert predominah defect despie its low concentration
(3—7 at. %), and it seens reasonatd tha this defed¢ should
be associatd to oxygen Among the various possibilities the
single line structue of the spectrum and its g value precludes
assignatia of the defed to oxygen-hot centes or peroxy
radicals as observe in a-SiO ,.% Thus thes defecs should
correspod agan to danglirg bonds and shoutl be associated
to Si, becaus a N-danglirg bord would produe a triplet
structue in the line due to the HF interaction® which has not
been observed Moreove, the smal AH value of the line
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to Si-dangling bond defects of type
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FIG. 2. (a) g value ard (b) linewidth AH vs the [N]/[Si] ratio in the films.
In all casesopen symbok indicake oxygen-containig films.

canna be accountd for if any of the three backbond is
saturatd by N atoms® i.e., the cente shoul be of the form
-Si=(Si;_,0,). Furthe, as the oxygen conteri is low, it
seens plausibke tha no more than one O atam exists in the
cente. In agreemenwith this, the measurd g values fall
betweem thos for centes -Si=(Si,O) (2.003§ and
-Si=Si; (2.0059 in a-SiO,.° Therefore we propoe that
both centes are presen in thos films containirg oxygen
with [N]/[Si] ratios highe than 1.00-1.10 her analyzedin
spite of the low oxygen content Furthermore as it will be
shown UV illumination experimens indicak tha the most
abundahdefet is the - Si=(Si,0).

Figure 3(a) displays an estimatia of the absolué num-
ber of spin density versis the [N]/[Si] ratio before ard after
UV illumination. The spin densiy is calculatel by compa-
ing the integratel area unde the EPR absorptia curve to
tha from a wedk pitch standad sample No significative
change of g value and linewidth are observe for any
sampé after UV illumination. Howeve, UV light produces
an increag of the spin densiy for all oxygen-free samples,
larger in the films with x in the 0.79-1.00 range Saturation
is observe after 120 min of UV illumination. The increase
of the densiy of paramagneti Si danglirg bonds observed
after UV illumination is due to chage redistributian within
existing defects’ Thus the spin densiy measurd after illu-
mination shout be abette estimae of the totd defed center
densiy in the samplesas before UV illumination not all the
defecs are paramagneti active The gradud increag of the
spin densiy with the [N]/[Si] ratio until x=0.97, and the
sudde decreas observe for larger x values agrees with the
trend already obtainel for othe plasna deposité SiN,:H
films.1° The resut at x=1.0Q which falls out of the general
trend shout be due to problens in the measuremenin the
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FIG. 3. (a) Spin densiy befor ard after illumination, as afunction of the
[N/)/[Si] ratio in the films: for films with (*) and without oxygen (X) before
illumination; for films with (¥) and without oxygen (V) after illumination.
(b) Si—H (up triangles ard N—H (circles bond densiy as afunction of the
[NJ/[SI] ratio in the films. Open symbok indicat oxygen-containig films.
In both figures the lines drawn are guides for the eyes.

0.97-1.09 composition range related to the striking changes
arourd x=1.00-1.09./1%"

A differert behavia is observe for the films containing
oxygen as no changs in the EPR signd after UV illumina-
tion are detectd within experimentherrar. This resut seems
to indicatk tha the Si-dangling bonds for thes films hawe a
positive correlation enegy U, in contras to the negative U
attributed to the K cente,® presen in the free-oxyge films
of similar [N]/[Si] ratio. The resut also sugges that the
mog abundahcente in thee sampls is the - Si=(Si,0), if
one assumstha it is less UV sensitive than the - Si=Si; is.
Moreove, the totd defed cente densiy for films containing
oxygen is lower than tha for oxygen-fre films, which indi-
cates tha oxygen effectively reduce the totd precurso den-
sity in nearly stoichiometrt SiN, :H films, even for the low
oxygen conter in the films were analyzed

Figure 3(b) presers the Si—H ard N—H bord densiy as
afunction of the [N]/[Si] ratio. The minimum hydrogen con-
tert in the film, calculatel from the sum of thes densitiesis
obtainel for films with x at 1.00—1.09 about values nea the
percolation limit of the Si—Si bonds into the SiN,:H net-
work, x=1.1Q This fact resuls from the decreasig S—H
bord densiy, tha reachs its minimum value ard almost
disappeas at x=1.00—-1.09 and from the appearane at the
sane x value of N—H bonds which densiy further increases
with x. As compare with Fig. 3(a), we find tha the total
spin densiy measurd after UV illumination reachs the
maximum value at the [N]/[Si] ratio tha correspond to the
minimum hydrogen content increasirg (or decreasingwhen
the hydrogen contert decreasg(or increases Moreove, we
obsenre this maximum value is located at the [N]/[Si] ratio
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for which the N—H bonds appea in the films. If we observe
now Fig. 1, we can see a similar critical behavio a x
=1.00-1.09 [N]/[Si] ratio at which E, reachs the maxi-
mum value All thes facts seen to indicat that, as proposed
by Robertsor!, the silicon percolatim limit of the Si—Si
bonds into the SiN,:H netwok (x~1.10 is the critical
value tha separate the differert behavio betwea Si-rich
ard N-rich films, ard not the stoichiometre x=1.33 value.

For x>1.1Q0 the we& Si—Si bonds broken by the N
incorporatia into the network hawe been propose to be the
precursos of the Si-danglig bonds’!® Moreove, these
bonds form the bard edges tha give rise to the Urbad ab-
sorptian edge The breakdow of thes wea bonds explains
the increag observe until the x=1.10 value of both Eq
and spin densiy.!° The formation of Si danglirg bonds for
N-rich films (x>1.10 has not been fully modela yet Rob-
ertsa has proposed tha Si—H bonds could be the precu-
soris of thes danglirg bonds For similar types of films, Ha-
segava et al.!° hawe attributel them to the increag of the
opticd bard gap of the film, promoteal by the incorporation
of N—H bonds insteal of that of solely N bonds to redue the
stress The resuls here presentd seen to agree with the
propositian of thes authors as no Si—H bonds are observed
for x>1.1Q further supporte by the correlation found be-
tween the increag of the N—H bord densiy and the decrease
of the Si-danglirg bord densiy.

Two maja conclusiors can be obtainal from the results
presented(1) A strorg influence of low oxygen concentra-
tions on the properties of SiN,:H films has bea observed.
The oxygen changs the structue of the predominah Si-
danglirg bonds ard increass the orde of the network (2) A
correlation betwea the increag of the N—H bord density
ard the decreas of the spin densiy for N-rich films has been
found Smal oxygen concentratioain SiN, :H films asthose
analyzel in this work can be employeal as amethal to mod-
elak the structue of the defed centersand can be usefd to
contrd the electricd behavia of the films usal as gae di-
electric in differert semiconductodevices.
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