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Table 1 Detailed parameters for TiN films on AISIS2100 steel substrate surface by PIIID
Sample No. To T1 T2 T3 T4 TS5 T6 T7 T8 T9
Bias voltage/kV — 15 25 35 25 25 25 25 25 25
Surface roughness/pm — 0.06 0.06 0. 06 0. 06 0. 06 0.06 0.53 0. 44 0. 34
Implanted time/h — 4 4 4 2 3 5 4 4 4
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Fig. 1 X-ray diffraction pattern of TiN film
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Fig. 2 XPS survey scan spectra at different depth
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Table 2 XPS analysis results of Ti(2p;,,) and Ti(2p,,,) at different depth from the surface

Etching time Peak position/eV FWHM Area Percent of total area/%  Compounds
Ti2ps2)  Ti2pis)  Ti2ps)  Ti2pi)  Ti2pss)  Ti2prs)  Ti2pse)  Ti(2pis2)

0 min 455. 60 461. 23 1. 82 1. 81 588 294 5.11 2.56 TiN
457. 10 462. 14 2.29 2. 88 1 864 932 16. 21 8. 11 TiN. O,
458. 68 464.19 2. 04 2.62 5212 2 606 45. 34 22.67 TiO:

2 min 455. 58 461. 20 1.78 2.07 3170 1584 15.61 7.80 TiN
456. 90 461. 94 2.16 2.65 4166 2 083 20.52 10. 26 TiN. O,
458. 74 464. 26 2. 44 2. 80 6 201 3100 30. 54 15. 27 TiO:

4 min 455. 58 461. 10 1.78 1. 87 3123 1561 15.08 7.54 TiN
456. 90 462. 14 2.16 2.45 4176 2 088 20. 17 10. 08 TiN. O,
458. 74 464. 26 2. 44 3. 10 6 507 3253 31.42 15.71 TiO:

8 min 455. 58 461. 10 1.78 1. 87 3 646 1823 16. 24 8.12 TiN
456. 90 462. 14 2.16 2.45 4 425 2212 19. 71 9. 85 TiN, O,
458. 74 464. 26 2.44 3. 10 6 894 3 447 30. 71 15. 36 TiO,
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Fig. 3 XPS spectra of Ti(2p;,,) and Ti(2p,,,) at different

depth from the surface of specimen
(a): Film sample sueface; (b): Etching 2 min;

(¢): Etching 4 min; (d): Etching 8 min
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Table 3 XPS analysis results of every element at different depths from the surface
Element Area Concentration/ %
0 min 2 min 4 min 8 min 0 min 2 min 4 min 8 min
Ti(2p) 10 951 20 484 20 666 21 931 17.13 32.38 34. 31 33.48
O(1s) 7 288 10 806 9 751 11 248 31. 66 47. 44 44.97 47.70
N(1s) 1 260 2521 2 504 2 455 8.33 16. 84 17.57 15. 84
C(1s) 3961 305 274 282 42. 88 3.34 3.15 2.98
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Table 4

Fig. 4 XPS spectra of N(1s) at different depth from
the surface of PIIID specimen
(a): Film sample sueface; (b): Etching 2 min;

(¢): Etching 4 min; (d): Etching 8 min

XPS analysis results of Nls at different depths from the surface of TiN film specimen

Etching time Peak position/eV FWHM Area Percent of total area/ % Compounds

0 min 396. 41 1. 68 702 58.01 TiN., O,
397. 22 1. 59 402 33.22 TiN
398.91 1. 80 106 8.76 N—N

2 min 396.51 1.58 723 27.68 TiN, O,
397. 22 1. 69 1530 58.58 TiN
399.01 1. 80 359 13.74 N-—N

4 min 396. 51 1.58 714 27.67 TiN, O,
397. 22 1. 69 1511 58.57 TiN
399.01 1. 80 355 13.76 N-—N

8 min 396.51 1.58 736 27.21 TiN.. O,
397. 22 1. 69 1557 57.56 TiN
398.91 1. 80 412 15.23 N-N
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XPS Characterization of TiN Layer on Bearing Steel Surface Treated by
Plasma Immersion Ion Implantation and Deposition Technique

LIU Hong-xi', JIANG Ye-hua', ZHAN Zhao-lin', TANG Bao-yin®
1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650093, China
2. State Key Laboratory of Advanced Welding Production Technology, Harbin Institute of Technology, Harbin 150001, China

Abstract Titanium nitride (TiN) hard protective films were fabricated on AISI52100 bearing steel surface employing plasma im-
mersion ion implantation and deposition (PIIID) technique. The TiN films were characterized using a variety of test methods.
Atomic force microscope (AFM) revealed that the titanium nitride film has extremely smooth surface, very high uniformity and
efficiency of space filling over large areas. X-ray diffraction (XRD) result indicated that (200) crystal face of titanium nitride
phase is the preferred orientation and three kinds of titanium components exist in the surface modified layer. Tailor fitting analy-
sis of X-ray photoelectron spectroscopy (XPS) combined with Ar ion etching proved that Ti2p,,, and Ti2p;,, have two peaks in
the titanium nitride film layer, respectively. It is shown that different chemical state exists in titanium compound. N(1s) bond
energy of XPS has also three fitting peaks at 396. 51, 397.22 and 399. 01 eV, corresponding to the nitrogen atom in TiN, O, ,
TiN and N—N, respectively. Combined with the XPS Tailor fitting analysis results of O(1s) bond energy. it was shown that
there is a large amount of titanium nitride phase in addition to a small amount of simple substance nitrogen and oxide of titanium

in the surface layer. The whole film system is made up of TiN, TiO,, N—N and Ti—O—N compound.
Keywords XPS analysis; PIIID; Titanium nitride (TiN) film; Bearing steel
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