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ABSTRACT

CN_/TiN, multilayer films were prepared by a nitrogen ion beam in situ sputter-

ing titanium and graphite targets alterpativelyy. Two C—N bonding states of CN_ layer, N—ap®C
and N—ap3C, have been defined by X-ray photoelectron spectroscopy. The morphology of C-N com-
pounds observed by transmission electron microscopy is particle-like with sizes of 10—60 nm. Electron
diffraction and X—ray diffraction show cubic C3N, exists in the film.

KEY WORDS C-N compound, ion beam sputtering

Liu # Cohen? RFHE—HEMEs S ERITH
FERE, BEARN -CN, 4K RSEE
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LW T RBSH L, BT R G Re Ti
MEBRYFEHE CN,/TiN, Z208, HERAANT
HRE Ti 8 20 min, REHRTEBEERH 100 min.
HHHETEERS, MELEE. B AKPETHE.
B, X WEEFEENE 1 7. F 10 mm x 10 mm
ByBAR Si(111) M NaCl 35, EFRARH AL
W AN Z B TR Y. SRS MERYY
110 mm. BREMETEHEZSHY 5x107* Pa. BOHHT
AR AREEE, UERSEHESEREAR
K. ARARSENBEUE, BETERRE 41—
7’)><10—2 Pa. B FHAERE A 330 V. BT T1 BFFHF
FLHEAE Y 60—65 mA fem?, Wi BRI REY 25—
30 mA/cm®, METABEREL RN, HBREY 70—
90 €. TiN, MaTsiSEEREEN 60 nm/h, CN; B
FIAEELY N 20 nm/h. 7 NaCl £ EF#RM TiN,
HEME CN,/TiN, SUZEAT#EF TEM 42445, Wit
e Si K bay ON/TiN, 28 (18 B) BAF#T
XRD 447, fext NaCl &1 EiRB M TEM 4
P28, AN NaCl 3 5 ish, HMEREKH
P LM, DRIE NaCl WK FEVEB®RTS, REH Cu
R R 4T TEM 5.

B1 WTFHEEHEZREH
Fig.1 Schematic map of ion beam sputtering system
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R, C1s#maTLisr#Ri 6 1, 5rFIRiEN A, B,C, D, E
MFARHACHr—n" BF-%H; B.EMF [
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Fig.2 XPS C 15 (a) and N 1a (b} spectra of CN_ layer in
CN; /TiN, multilayer

% 1 CN/TiN, $EB+S CN; B XPS C s # N 1s #62
BHLEER
Table 1 The deconvolution of C 1s and N 1s XPS lines of
CNy layer in CNg /TiN, multilayers

XPS Peak  Binding Bonding Atomic
line energy, eV type fraction,%
Cls A 291.36 —r" 1.791
B 289.17 cO 5.564
C 287.29 C—N 21.701
D 285.69 C=N 48.585
E 284.45 Pure C 15.774
F 281.99 Metal carbide 8.585
N 1s A 402.01 NO 3.285
B 400.85 N—N 13.947
] 300.56 C==N 52.211
D 398.39 C—N 30.557
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Bk, FIDANERBEPEHF I CNy BkR
Ti;N. FIA 4 ALK CNy BEFHFHIZREL
mEEY, BF o ~0528 nm, XHERHEHKE
(0.53973 nm) /&y 2%. ERTHFTEFEEA—+R
KR T (d=0.266 nm), FAEMHL Y C3Ng & TiN
#E, THH 588 CN, RKiF 102 REizz. & 3b
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R T 3H CsNy BEMES, FTLEE, 2k CNy i
B R~FER 1060 nm, BREER.

2 ATUEE, TN & 3 /745 004, 220
1 107 251534 CaNy B 211, 321 1420 |2 3%
WIS CsNa Mkl TipN ZMFE—RXA. ERE
BHR, TiNRNFEH, BEEEN e~ 0.414 nm,
e~ 0.8085 nm, K C3N,(001) il b &M% E (100]
M [010] 5 TipN(001) S AR £ & [110] 7 [110] [§]
B S PR 900 8%, Bk CsNy Biks TiN fi%
A TR GHIEEE, TiN ATgetEbg s, @
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A 4 7 Si(111) £ REH L¥# &8 CN. /TN, £
EME X FHERATITE. Rk, W EERE /-
a8 -CyN,y A raE. Kt EFEREREN Y
CsNy #8) 5 Migstida 513 dayy = 0.21329 nm,
dagp = 0.19028 nm, dsio = 0.16789 nm, dsz =
0.14196 nm, F1 dgsz = 0.1156 nm. BHRBITH
CsNy REHRBEEEY ¢ ~0.5330 nm, X 5MHAE
(0.53973 nm) REEIT.

BIMEERT TiaN # 101(d = 0.3726 nm) # 103
(d = 0.2385 nm) F4HEER d =0.4290 nm 4 —FHE
o, REEA Ti, N, C WHARM - HMmENE CN, 5
HRHFE. B —ERETEFEM&N CN,/TIN,
£ EMFTEEL N C-N 4 bW aHEE.

B3 ON:/TiN, 82T EHE AR G T 6 ERHEEs TEM Bi5E
Fig.3 SAED pattern {a) and corresponding TEM dark image (b) from CN, /TiN,, films
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Table 2 Comparison of measured d-apacings from the SAED with the calculated spacings of cubic CaNy and datum
of X-ray powder diffraction of TigN from the JCPDS [No.23-1455)

No. Experimental Calcylated values of cubic—CaNy XRPD datum of TigN
d, nm I/ Ia d, nm I/l hkl d, nm 1/ 1o hkl
1 0.377 w 0.2740 w 101
2 0.268 v
3 0.237 w 0.2396 v 103
4 0.218 m 0.22034 vs 211 0.2200 m 004
|3 0.207 s 0.2069 s 200
é 0.188 E] 0.19082 s 220
T 0.165 v 0.1T068 w 310
8 0.153 m 0.1508 m 204
9 0.145 m 0.14425 m an 0.1464 m 220
10 0.134 m 0.13492 m 400
11 0.127 v 0.1277 v 215
12 0.112 w 0.12069 w 420 0.1204 vw 107
13 0.107 w 0.11017 m 422

Note: The ve, 8, m, w and vw represent very strong, sirong, medium, weak and very weak diffraction intensities
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M4 Si{111) BMEH EMES ON /TN, ERE X M2
THNE
Fig.4 XRD pattern of ON,/TiNy multilayer film prepared
on the substrate of 8i{111) single crystal
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ARR TR REERS Ti G B R
W& ON./TiN, £BH. CN, B8 XPS 7%,
CN. B C fl N BFEFEL N—sp?C # N—ap®C
WREEE. TEM # XRD 5b7%0, MakdEER
% 10—60 nm 37 H C-N {L&9HH, #5 Ti;N [
AR REARR. XRERIFERI%E CN,/TiN,
ERMESRTIH CaNy (LY.
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