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,The effects of mtrogen inc _rporatton on the atom1 scale structure of amorphous CN samples have -
. been studled for 0, 5,20, and 30 at. % N concentranon by X-1ay d1ffractron Slgmﬁcant differences . :.
. in the structure are observed on the mcorporatmn of only 5.at.% N, and the changes in structure .
‘ contlnue as further N is added. From the expenmental data," we are able to ‘obtain d1rectly ‘the
average bond distances and then calculate the average bond angles for each of the samples. The .+~
average first netghbor d1stance shows a gradual decrease from 1.55 A for 0 at. % N, to 1.44 A for
30 at. % N, and a ‘similar trend is observed in the position of the second néighbor peak. This gives-
a correspondmc mcrease in the average bond angle from 108° to 114°. The results show an increase
in theé fraction of sp? bonded carbon atoms’ with increasing N concentration, and there is evidence
- for the presence of s1gmﬁcant numbers of C==N and C==N bonds. These results are also consistent
with stress, hardness, and optical gap measurements for these samples © 1 998 Amerzcan Instztute o

“of Physzcs [50021 8979(98)03907-3]

knowledge of tlle"atonuc scale su'ucture In fact direct mfor-‘
d_ for rehable in-
niques, €.g. infrared

1. INTRODUCTION

.. Carbon nitri e matenals have been a sub_}ect'o consul—
erable attentlon since. the theorettcal“ work of Liu and Cohen

tractive physical properues._v Further 1nvest1gattons W1th re-
ﬁned methods have shown that there- are a _variety of- other"
crystallme structures, with different elemental composmons,
which may have a similar structural stab1hty 23 However,
only a few authors have reported the attempted experimental
synthesis of crystalline carbon nitrides*® and in the majority
of the studies films with nitrogen contents significantly lower
than 50 at. % and with a disordered structure have been
found.” ! It is necessary to distinguish between hydrogen-
free a-CN, films and hydrogenated a-C:N:H, the latter being
obtained when using a hydrocarbon precursor, as in most
chemical vapor deposition (CVD) techniques. 12 Amorphous _
CN, materials have interesting properties and a consequent
range of potentlal apphcattons-e g., in the field of elec-
tronic materials, or wear protective coatmgs for magnetic
storage devices. 1314 Jn these cases, the nitrogen content in
the ﬁlms studied ranges from less than 1 at. % to ‘about 30
at. %.

The mvesttgahon of the physrcal propemes of CN ‘has
covered chemical composition, mwrostructure electromc
opthal and mechamcal properttes but there is only ln:mted
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suggestmg ,8 C3N4 as a hypoth al structure exlubttmg at-;

spectroscopy —_—
ay d1ffract10n expenments y1eld structural informa-
t10n averaged over the entire bulk sample, and prov1de the
opportunity to obtain interatomic distances and bond angles
directly. Thus far, diffraction studies of amorphous CN, ma-
terials have been limited to electron diffraction,'*'® although
we have recently carried out complementary neutron diffrac-
tion measurements on two of the samples used in this
study.’’

We present the results of x-ray diffraction measurements
on a series of four CN,, satnples, with 0, 5, 20, and 30 at. %
N, denoted ta-C, CNOS, CN20, and CN30, and examine the
effect of nitrogen incorporation on the atomic-scale structure
of the material. The results are compared with those obtamed
from neutron diffraction measurements carned out on two of
these samples,17 and also with prewously pubhshed electron
diffraction data on a-C:N' and neutron diffraction on tetra-
hedral amorphous carbon (ta- ). 18 We also contrast this
work w1th sumlar measurements prev1ously carned out by
two of the authors on the effects of N mcorporatlon on
| source {0
obtam hlgh N content samples compared to deposmon using
mtrogen in the reacuve plasma are discussed. T
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samples " The substrates were held at room temperature by

means of & waf cooled 'Substrate holder which was con-
nected to- ground potent1al Ton current densities at the sub-
strate have’ been measured prior. to- deposition for the. ca-
, : plasma; ‘j¢s and the Kaufman ion source Js the
measured values were ]C~1 5 mA cm?, 72 (nearly constant in

expenment

deposmon runs Applymg a standard procedure from micro-
electromcs technology, s1hcon wafers coated w1th photore—
sist were'u' sed as’ substrates followmg film depos1t10n ‘the
photores1st' Was’ dlssolved in acetone and the CN, material
fell off the substrate as ﬂaky powder Repeated rmsmg with

_ high punty acetone was carried out to ensure no residual

photoresist contamination. The material from several films
prepared under identical conditions was collected and after
vaporizing a small volume of remaining pure acetone, the
CN, powder was left. For each sample the amount of mate-
rial obtained in this way was between 25 and 80 mg.
Information on the chemical composition and the mass
density of the samples was inferred from elastic recoil detec-
tion analysis (ERDA) on films deposited onto silicon wafers

" under 1dent1cal Conditions. A summary of the characteristics

) and j N~O 1/0.25 mA: cm'2 (for 100/200 V

1 ! we therefore had to remove the ﬁlm from the""
underlymg substrate and to collect the matenal from ten"

atomic (mterference) scattenng of the system
mental data, a third component to the meas

“also collected which arises from the melasuc scattenng of x

rays by the sample. Some of the melastlc scattenng is re-
moved ‘‘at source’’ by the use of analyzer crystals ‘placed in
front of the detectors; however the small proportlon that re-
mains affects the data quite considerably; and a method of
smooth curve fitting has to be applied. This mvolves fitting a
low-order polynomial through the data to remove the under-
lying residual inelastic scattering curve until the data oscrl—
lates about the calculated self-scattering proﬁle .
















