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Table 1 Coating conditions of TiN

3.8X107° Torr

300°C for 10 min

Ar ion bombardment
1400 V, for 8 min

Vacuum
Preheating of substrate
Cleaning of substrate

Coating conditions
Target voltage: ca. 500 V
Target current: 8 A
Ar flow rate: 180 ml/min
N, flow rate: 40 ml/min
Vacuum in furnace: ca. 4.5X 1072 Torr
Coating time 0.7 min (corresponds to thickness
of 0.15 pm)
For 10 min under Ar at flow
rate of 300 ml/min and in vacuum

of ca. 3.8X107° Torr

Cooling

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

728 BUNSEKI KAGAKU

IBWTHIR EIC TIN O EZ{T-> 726D TH 5. L
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Table 2 Measuring conditions for XPS

Al K,

X-ray spot size
Vacuum
Sputtering

12kV and 7 mA
300 pm in diameter
1X107° Torr

Accelerating voltage
Emission current
Ar pressure

5kV
3 mA
5% 1078 Torr
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Table 3 Measuring conditions for X-ray diffrac-

tion
CuK, 40 kV, 150 mA
Scanning speed 4°/min
Sampling step 0.02°
Slit width
Entrance
Horizontal 0.4 mm
Vertical 5 mm
Receipt
Horizontal 0.4 mm
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Fig. 1 Depth profile obtained by Ar ion sputtering
(a) as-deposit; (b) annealed at 950°C.
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Fig. 2 XPS spectra of TiN
(a) Ti2p; (b)N Is
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Fig. 3 Profile change of Ti2p XPS spectra by Ar
ion sputtering
Sputtering time: (a) 60 min, (b) 100 min, (c) 190

min
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Fig. 4 Peak separation of O Is XPS peak
(a) as-deposit; (b) annealed at 950°C
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NTWVBPN, 100 5D RSy 51 ¥ 7T Fig. 4a)
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X TiO, EXRFLTH T EIC U, LibEd o, AP CHE
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Fig. 5 X-Ray diffraction pattern of TiN (0.005
C%) sample-as deposit
Glancing angle of X-ray s 0.5°.
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Intensity, cps
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Fig. 6 X-Raydiffraction pattern of TiN (0.005C % )
sample annealed at 950°C

Glancing angles are 1° for the upper, 0.5° for the
middle and 0.2° for the lower pattern.
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Fig. 5 IZ TiN (0.005C%) as-deposit 3tk O A 4 £
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0.5° TO X MEPAEREZRY. Fig. 6 1A Uikt &
950°C, 12 FFREIEAIE U 7245& %2 7R 9. as-deposit D IE
AMIRVARIE T H 55, THIXBMIIC &Y, K&K
R L, BHFRIESH 2o23b0THB. LarbA
AKX B BHITHY, 54° I TiO, (211) I
Y44 B EAESHE L 2. 2O TiO, YO R IE
AHA 05 LEoREVAETAEI NS L H R
HEEOEVEBIICHFET HEH oS, —7F, TN
(0.03C%) OFEBITIX Fig. 7 WRT £ HIZ TiN (0.005
C%) THHI LB - 12 FesC ORIFHRMHBLL 2.
Z D FesC OMYTAR S AH A 05° LLEOAE THER T
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Fig. 7 X-Ray diffraction pattern of TiN (0.03 C%)
sample annealed at 950°C

Glancing angle of X-ray is 0.5°.
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20/ degree
Fig. 8 X-Ray diffraction pattern of annealed
samples

Glancing angle of X-ray is 1°, the annealing temper-
ature is 600°C for the upper and 950°C for the lower

pattern, respectively. Marks for arrow means Fe;C.
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TiN & a-Fe ORI EZRT. K 36.7°, 42.6°, 61.8°
D AR L 600°C BALIRDIE S A% 950°C DFE LV b
BIENIEL, BABMIURLTVS. TOEFD I a-
Fe DEHTHEH 600°C, 950°C T¥ 7 LTV RV
W, ®EEEFOBRETEAL, TiILAYVOERBHT A
WE—WIZ, FRENLTRT NaCl BIREE T, »o
HEREEA (111) T TiO ® 24~245A, TiN @ 2.45
A, TiC @ 249A » 5TiC » TiO OIS TiN &
BEELTWAHERSNS., CORIFBOIEAS X
X WARA 0.2° THEEa N, »D TiN (0.03C%),
TiN (0.005C%) THEER a1z, X 600°C TEAULE

UEKBTH Fig. 6, Fig. 7ICR SN 5 KD ICAHAN
05 M5 1°DEE 54° fhHE TRIFRBEMS PP K E <
755 T TiOy IAHYM 9 A DT H LT 5 2 &L RO TiN
(0.03C%) TiL 950°C D EALFE T FesC WHIBLL,
600°C OB TIEIRT D sN L o122 EHH, TiN
DOEHARIC TIO £V LA TiC OEFRPEE L1212
HEHFE UK. 5D, as-deposit DEBITIZZ D TIN
DOEFHROEHERMADY 7 b3BBE N E P12,
Kbhb, 600°C OBELIFEE TIL TIC BEMRL, 950°C
DENHTHRTHEEZEZONKY. FLTIDYT
M3, X BASAES 0.1°, 0.2°, 0.5° IZHVTHLER
Shttzd, TIC OEREABEEEHBETONSD
BWEEIchl>TRI>TWbEHEHNB. FBIZ,
D TiC DERIGERRFZED 0.005 wt% DERFHE
KOWTHBRIEN I Eh s, CORIEHOREIE
WHIZEEN TV DTIEAE L, BERICREBEROS X
AHEEITE>TRALRAMG KB I N 5.

Fig. 8 IZ#H T, 950°C OEEEN CIERHITRY
& 91T Fes,C OEIFMMBEIM E Nz, ZOEPFHEIL X
WA 0.5° RO 1° EEABDHEDAHITHENTH
B X N/zDT, FesC DAEUIE-FERFAE D1/ 0
BOERSTRI>TWHEEEALNS. X, ZO FeC
WBERRZEN 0.005 wt% OEBcIIBRI NS, -
ol s, RILWOREIZ TIC OREE R OEIKR
FIZEFNTORREICES LD LMK h 5, Bk
KEENTVAEBRZIGBUHIC L > TOT A ()T
ANF—LERAIT I N — % T 50 ICSBEROEE
THHBE-HRAHEICBE L, BT S. Z0HER
FROORFZED 0.03 wt%h ORI TIIFRE TOKRZRBED
0.07 wt% (FesC DL RFBOERIIF 1:0.07 1218
M) TELT FesC WERUIZEEZ SN, BRIKEE
IZ & BIRIEE(L A X FRETE BB S Tz,
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Table 4 Semiquantitative chemical states (at%)
near TiN-steel interface

Chemical As- o °
state deposit 600°C 12 h" 950°C 12 h't

TiN 44 33 25
TiO, 6 6 13
TiO,(TiO) 4 5
TiC 6

N, solved 2 6 6

O, solved 9 9 8

Fe 39 36 43

1 Annealed at 600°C for 12 h; 11 950°C for 12 h

3.3 RERED XPS - & 3 & BRIV

Fig. | ORI FEDRFILD T a7 4 vicsine, F
TV DFHEBMSERKMED 50% 12785 A8y 1) v k%
% FEOHOHEERET S5 & Fig. 2 5 REMNE
TOETLERDHFHENEK D5, BEOHHE & ITES
HEIH U TR L EVWDOT, BELEEITEOR
LU Mz Fig. 1 D a) @ as-deposit DEE ¢
WREACAEE RSy Y v TR 160 HFEE & HE
ESNDN, ZITOBERBIIN 13at% TH5H. L
T Fig. 4 DL EDOBRABEBEBREOBE S TIO,
DBFRICHT HNEBD, 2OHFEHIEY -7 DE
BFROENZhoV—7 OmERIc L ke Hh, EE
REDOERZEIHK 9at%, TiO, DEEZENK 4a1% S EH
ENB. ®oT, ZRICKEET S TIO, DF 7 Vi34 2
ath L55B. TDEHITULT, BEOY -7 BT
BRILE LSS TEUEDLFEIRED, BH L2 DTHE
BEz2zBHMHL, ZO/KE% Table 4 IZR9. 7272 L,
TiO, K2V TWEE I TiO &RE L CHAEL A BH

¥
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Analytical study on the near interface of TiN-coated steel by X-ray photoelec-
tron spectroscopy and thin layer X-ray diffraction. Shinji Yamapa, Masaoki Oku
and Kichinosuke Hirokawa (Institute for Materials Research, Tohoku University, 2-1-1,

Katahira, Sendai-shi, Miyagi 980)

Semi-quantitative chemical state analysis of Ti, N, Fe and O near the interface of
TiN-coated steel was carried out by using XPS together with the argon-ion sputtering
technique. During sputtering from the surface of TiN films, the Ti2p spectra from un-
annealed samples did not change their patterns, but changed for the samples annealed at
950°C. The peaks corresponding to Ti-O compounds appeared in the Ti 2p spectra for the
samples annealed at 950°C and, of course, in the O Is spectra. Combined adopting of
the thin-layer X-ray diffraction technique with X-ray photoelectron spectroscopy (XPS)
was eflective to guess the behavior of small amounts of C in a steel substrate which has
not been identified by XPS because of its low sensitivity. Carbon formed TiC at an
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annealing temperature of 600°C, but not at 950°C; FesC was formed at an annealing

temperature at 950°C, but not at 600°C.
(Received June 3, 1991)
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