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X-ray photoelectron spectroscopy (XP8) and X-ray absorption spectroscopy (XAS) using
synchretron radiation were applied for the clarification of the surface oxidation behavior of chromium
nitride films which were prepared by cathode arc ion plating method. The XPS analysis of the
oxidized samples demonstrated that the presence of nitrogen-containing intermediates generated
N1s XPS peaks at higher binding energies than that for nitrogen in chromium nitride. In the N K-
adge XAS spectra of the oxidized samples, a sharp peak assigned to 1s—m* transition was ohserved
at a higher energy than that for the N2p-Cr3d peak assigned to chromium nitride. The above
results indicate that, with replacement of the nitrogen in chromium nitride by oxygen, the released
nitrogen occupies the interstitial position in the chromjum oxide matrix as molecular or atomic
nitrogen. A part of the interstitial nitrogen in the chromium oxide matrix is evolved from the
surface with further progress of oxidation. Oxynitride species, described as CrNxOy, are not likely
formed during the course of the surface oxidation.
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Fig. I Wide XPS spectra of before heat treatment and
oxidized CrN thin films excited by SR X-ray
(hv=T72eV).
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Table 1 Summary of Nls XPS for CrN thin films excited by AlKo
X-ray (1486.6eV)
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Peak area{%) 52 16 16 16
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404 400 306 392
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Fig, 2 Nls XPS spectra of before heat
treatment and oxidized CrN thin films
excited by AIK o X-—ray (hv=1480.6eV).
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Table 2 Summary of Nls XPS spectra for CrlN thin films excited
by SR X-ray(772eV)

Intensity (arb. unit)

Assignment
3.7
Heating temp. 3= NT N{' N
before heat g temp (satellite) ! !
treatment
before heat Binding energy{eV} 396.2 ----- 398.8  -----
»I """"""" U treatment Peak area(%) 85 - 15 -
|
o 400 96 92 300°C Bindi eV} 396.2 398.9
s inding energy(e 2 - K T
Binding Energy (cV) Pek area(%) 67 a3
Tig. 3 Nls XPS spectra of before heat
treatment and oxidized CrN thin films 400°C Binding encrgy(eV) 396.2 ----- 4003 402.2
cxeited by SR X—ray (hv="772eV). Peak area(%) 23 - 35 22
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Fig. 4 N K-edge—X-ray absorption spectra of before
heat treatment and oxidized CrN thin films.

D, MIREREEOAS B L3991V DY — 7 D
THEAF—WIIEe - I T D, V- 2 E,
Wk, EHTAREIRA S E 2 T IO — 2 N, NOWE
EOST0 I~ OBRIRBENS EELBRL,

Soriano &', FEFERRP CEREEILLL TIND
N-K WL XAS A2y M ilCRBE oY — 7 2 8
L, CNEFEETIO, WHOBBICHFEAT 2 TIRER
LIREB LT A, $72, Paloura B¥iE, Silcf A ik
AL THERE L 77 S1,N, @ XAS A< M b il [ 408
WIRINE — 2 R, NPBLWRNTOY YT oS
Ry FIZE AR TBEME~DOBRERRL TV b,

SR/RBM LR L2 N 5 W IENO G
i1, RS EEONPNEDRBEIZILD, Nlsmt ¥—
& OfENE, FMTFOERRTEL RS, L
P, REEE Y -2 3&REBmREs s b0
CINO, @ L 3 7 bEEHTid 2 BB 5K
FREsNTWAHTHR, BTRERS L WEEZR1Y
IRE S b,

00T H & 400 CRLERE D A< P AITIEKE %
BOEIG LRV, JHESETFIERIC L D X
AP TREOMITESI 1I00A BES Y, AKeE%H
Vi XPS L BB EEHE T W L BRD,

3.4 Or2p XPS AX7 pJL

SRETME L7z Cr2pXPS A% ML % Fig. 5 IR
F, HMLBENH O A L M TSI T B LU 5T 4eV
12 Cn2py, G E— BRI S, LIMREDS LA LD
157746V DY — Z OFEHFRE (o Twd, 575.7eV
DY = 7 X CINIZBEEND™, 577.4eV O — 7 (L
LS HEATICHE Y, ZOHIEAEINT 5 2 & LB
(JCHME 576.8e VPN B S ML EEZBNLY, &K
AT b A BRI EE L S o BHETH H TR
b HETE G,

PaER A - NI EH - TR B OE - A d— 431

Intensity (arb. unit)

before heat
treatment

...........

Binding Energy (eV)

Fig. 5 Cr2p XPS spectra of before heat treatment and
oxidized CrN thin films excited by SR X—ray

(hv=T772eV).
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Fig. 6 Cr L-edge X-ray absorption spectra of before
heat treatment and exidized CrN thin films.
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Table 3 Ci/N atomic ratios of before heat treatment
and oxidized CrN thin films determined from
XPS spectra

before heat

Cr/N trealment 300°C  400°C
SR
Cr{total ) N{total} 1,16 0.94 5.66
Cr(total ) N{CrN} 1.38 1.40 24.6
ALKa
Cr(total})/N{total) 1.11 0.98 1.85
Cr(total)/N{CrN) 1.19 1.34 2.59
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