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Abstract

Amorphous carbon films have a number of useful properties
such as high electrical resistance, high electrically insulating
" intensity, high thermal conductivity, and optical transparency in the
visible and infrared. After nitrogen doped, the conductivity, the
intrinsic stress and the adhesion of the films are improved so that the
applications of the films can be developed.

In this work, based on nitrogen doped diamond-like carbon (a-
C:H(N)) films deposited by radio frequency plasma chemical vapor
deposition(RFPCVD) method, the effects of nitrogen on the
microstructure has been investigated by Atomic Force Microscopes
(AFM), Auger Electron Spectra (AES), Fourier Transfer Infrared
(FTIR) spectra and Micro-Raman spectra. Results show that the
content of nitrogen in the films increases with the ratio of N, to CH,
in the gas mixture and there are some nanometer particles existing in
the films. The large amount of nitrogen in the films takes the form of
C-N and N-H, small amount of that takes the form of C=N.

Electrical conductivity and dielectric properties of the a-C:H(N)
films have been investigated. From the experimental results, it can
be found that the electrical conductivity of the deposited films
increases slowly with the increase of nitrogen content, however, it
will decrease after the nitrogen content in the film reaches a certain
value of 12.6% (at%). Thermal treatment results show the electrical
conductivity of the lowly nitrogen doped a-C:H film increases

I
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rapidly, while that of the heavily doped film decreases after
annealing at 300 'C for 30 min. Raman and XPS spectra results
show that when the nitrogen content in the films reaches a certain
value, there will appear nonconductive phases. So the electrical
conductivity of the heavily doped films decreases.

Refractive -index and extinction coefficient are measured by
ellipsometry. The results show that the refractive index increases
after the introduction of nitrogen into the a-C:H films, however, it
will decrease after the nitrogen content in the films reaches a certain
value. It also can be seen that the absorption coefficient and
extinction coefficient increase a little after nitrogen introduction,
while the band gap increases first with the incorporation of nitrogen,
then decreases when the content of nitrogen increases.

In this work, a-C:H films are explored as the improved
substrates materials in micro-strip gas chamber(MSGC). For MSGC,
the surface resistivity of substrate seems to be the most essential
parameter. The resistivity of a-C:H films at room temperature is in
10°Q-cm~10"2Q-cm which is the optimum condition for the substrate
of gas detectors to avoid charging-up. On the other hand, a-C:H film
is a type of electronic conducting material which is important for -

- stable MSGC substrate, therefore, the new material, a-C:H

film/D263 glass, will efficiently overcome charging-up and the
instability of substrate. DLC film/D263 glass composite substrate
has more stable C-f characteristics and lower dielectric constant,
which is valuable to time resolution and rate capability.

Key words nitrogen doped diamond-like carbon films; microstructure;

electrical properties; optical properties
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CVD £RIf |a-C KE&NWIE |a-C:H K&
% R4
B RRENE | | R
LY ‘|:4‘ 3/ 7 =]
ORI R (o il g
‘ MJTN N ALJF JR BB A
% B g/em® 3.51 2.8~3.5 2.0~3.35 1.8~2.0
i kg/mm? >10 000 7 000~10 000 | 900~3 000 | 900~3 000
HEETST =R 24 2.42 2.0~2.2 1.8~2.0
b3 UV-VIS-IR UV-VIS-IR VIS-IR VIS-IR
HEEH eV 5.5 5.5 2.0~4.0 2.0~3.0
HFEZE Q.cm >10'¢ >1076 10'°~10" 10°~10"
MEHE K 55 5.7 4~9 4~9
Eﬁ‘%’fg$ 2200 1 900 9
cm’/V-s
AR 1 600 1 500
cm?/V-s
nEm 20 10~20
W/em-K
FEE m/s 18 000 18 000
R 1200 1150 600
KN/mm? # g
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