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Variation of Textures of TiN Deposited on (011)[100] Single
Crystal of Silicon Steel due to Difference in PVD Coating Method

Yukio Inokutr

Synopsis : In order to clarify the difference in the textures of TiN film due to PVD coating methods, TiN ceramic coating by HCD
(Hollow Cathode Discharge) and EB (Electron Beam)+RF (Radio Frequency) methods was done on the surface of
polished silicon steel samples. Pole figures of dual textures of the TiN film and related silicon steel samples were
measured simultaneously using SSD (Solid State Detector) auto pole figure apparatus.

(111) 1y pole figure of TiN film done by the HCD method showed the dominant texture of (111) (110) orientation,
and (100) ¢;_steer pole figure of (011) (100) single crystal of silicon steel showed the dominant texture of (011) (100]
orientation, in which two (220)w pole peaks of TiN film on TD axis were detected simultaneously, and their

conjugated pole peaks manifested elliptical shape.

In contrast, (111)mw pole figure of TiN film done by the EB+RF method showed the weak texture of (111)
crystallographic plane, and (100) si_steer Of silicon steel sheet showed the dominant texture of (011) (100) orientatien,
in which (220) . pole peaks of TiN film were detected simultaneously, and their conjugated pole peaks also

manifested elliptical shape.

It is considered that, due to the higher ionization by the HCD method than that by EB+REF, it was possible for TiN
film to form the dominant texture of (111) (110) orientation, resulting in a fine and smooth TiN film with good
adhesion, thereby endowing the TiN-coated silicon steel sheet with a reduced iron loss.

Key words : grain oriented silicon steel ; TiN ceramic coating ; hollow cathode discharge method ; electron beam+radio frequency
method ; ionization level ; texture of TiN thin film ; dual texture ; polished surface.
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Fig. 1. Schematic diagram of the ion plating apparatus in which both HCD and EB+RF methods can be used.

C :0.043mass%., Si: 3.31mass%, Mn : 0.072mass%,
Se : 0.019mass%, Sb : 0.023mass%, Mo : 0.012mass%)
PHREEME LTHVI, 2OEEHIZ30mm X 300mm iz

YIlr L, Z D1%1073KT7.2ksDE AL b BEglithk, SST (Sin-

gle Sheet Tester, WHGERERE) THESEHE2BIZE L2, 2
DEBRZB TR, BREEZEDOREDAEHB»7(A) 11.93
TR IODIERFHNE 2 AN aOHW 22 L TBFEL, &

109 HCIBS3K)HICiEFE L T 74 v 2774 M#fiES
BREL, ORISR TR, 2 XEESEOERD
HHDUWRET H 25 O T, 2 AT R HERBEIOFEHAC &
Y #325-30mmiz K 3 {RE L72 2 KB SR O S L%
HIEL, 20#&EFMPO1) EH D 6 ND< 1L,
(100) K 4L 6 RD< 1 LIN D H 4L % 30 50D A %245 51
AN LT, BID—H R R R DR dh F LD R
RAEOTE, (011) (100) rd & DN DORRE 2 R T a,
B y DDA S 1 LINOBRR 2 (011) (100) FhL e B T
52 REK R BB L 72, 2 Dkl ORE #3%HF &
97% HO, TALFWTES L T & i L1z, 3, fb2#if
%O RBIRTIL, FHTHRDOIZD 2 KFHE kL2 51
TARIZENAAEEL R AT, [LEHBEORTCIE 2 K
SRR ZEEE L T BEVH 2,

{L2ER SR O R MM A E~DTIN#E L, Fig. 1 O
KRR TA AT v —F 4 U 2Z7EE YR HCTITo 72, 2
DEBR—FDAF v —T7 4 V7 RETHCDE EEB+
RF%:0 1D ﬁz‘izf“: — T4 YR T S B DR
ThHb, 361, TOHBEIZIEHMIZ0.5~20MPaD 5158
ﬁﬁ?ﬂmt,bO%W@ﬁ-%@bbéL&kTgéi
SUl—HhpHE L kD6 a—F 4 VT HBEPHCTE
D, ARa2—F 4 ERBRIZE O TIZERHIIR~DEN #3.5
MPaTi4r- 72,

HCDi% L EB+RFEDA F v v —F 4 2 27 LBII K
RTRMTTINa—F 4 2 (#FIlumlE) #1T - 72, HCDiE
L TEEA Y7 — 1 20kW, 2R 4 v 0 — 1 1. 5kW,

lon collector (50 cmz)

T

(13) Ta cathode

D [] (9) Plasma
; beam
/

Grid power

Supply
HCD beam
power
supply
lon collector
S power supply
(4) Molten —

substance (Ti)  (3)'Crucible

Apparatus for measuring ion

| HCD apparatus I current

Fig. 2. Schematic diagram showing the method of
measuring the ionization rate of Ti atoms on
the substrate surface.
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Fig. 3. X-ray diffraction charts for the TiN films
coated by the HCD and EB-+RF methods.

Table 1. JCPDS of TiN and «-Fe and marks of
poles in pole figures of TiN and silicon
steel sheet.
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Table 2. Ionization rates of Ti atoms on the sub-
strate surface of thin films coated by the
HCD and EB+RF methods.
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