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Fig. 1 Coordinate of crystal and sample

TAEARBR 28 o ) AT o A

¢ GH= Gim* Gn® Gk * B * Crncp (1)
Ay R IRFE AR KR F AP R R R R
Connop 72 PR AR 28 T I L SRR HE B, ay (0, J =
1, 2, 3) 72 MR AR bR 3R e B0 BIARE AR AR 3R 1) A2 H
FEFE

W ZR B MRE MR AR R T Ly 5 B
PR HUN, MO AR . H e AR AR R
BB AR R — BT 1), WA g1;
PR R AR R LB R SR R —EL, &
WA g0 o B ARIR A

[ ¥ %5 B #A] 2000- 05- 29; [ f&iT B #A] 2000- 10- 08



5511 45 2 JY) w8, AF: H Kroner #5884 v SR 1) B A SRR R XS e 1 4K * 199 -

g=aj= gr*g (2)
AP dy(i, j= 1, 2, 3) EARBSERE . pbiE, It
AT 28 HH ERL i B SR ) LR TR

C/g'/d: a im® a/jn,' d e d I Crngp (3)

Zr WS H50RT DASE R IR T ) A
LR HOR S B i 45 24

(= Tae [ v roay (9

XA f(g) AP ALERIEUR AR Qi
LA H i 25 )

MR R AT AR 22 SR, iy B AT S
(hkl) B EWS, 3 BB I o A1 B gl e,
(4) AT 45 2 {4k

om
C‘( ‘b)ijk[ = E]]h'[. J.C/((b)ijkldy (5)
0

BB 73 il R (1) A1 3) AAAE(5), R AT 43 247
AR bR 2R IR SR 5

Kroner B 255 fipoh 2 BR R s MHER 14, ]
T T R R SR AR % ) e M o R A ) B S
A, B SR — il R PR I g N AR A A 3K A P 3450 4y
fi, HSEMMEAR, M

&g)= (S+ u(g))Om (6
L o, RARN S FHE, S REMTRERY, 5
FMRERS C KRN S= ¢, S(k C) &fF
K, uw(g) RMHEMERE, LKA N

u(g)= (E*(c(g)- C)+ 1)7'1 (7)
A EHAERT, B e

Bgg = J.ZT[O . sin@de‘ﬁ D;ll cx;*xpd®  (8)
A

~—~

Dj = oipin'™ om ™ Xa
sin 0° cos

x =1 sin0*sin®
cos 0

IR A ALK P2, EAERRAL R w (g ) XEPT
A7 BB P By R R Ok, B

u(g)=0 (9)

HOE AR SRR A S BUC, ] DL UL
AR AR L %A, aid e Bk AR
2.

2 GRS

P SCHR[ 11, 12] Frig Aty TiN B i s o #

8, S;1=2.17x107° GPa™ ', Sjp= - 0.38%x10°°
GPa "Ml Sy= 5.95x 107 °GPa ', FAAK (1) M
(5), AJLATE30& i) R PE TIN 68 ) i ek s %,
F 1PN . JEREAT (hkl) 77 T 28U, 208
K(1), (4)F(S5) IR RNWIR 2 FiRmg k.
1 F M TIN MR w5
Table 1 Calculated elastic constants of
anisotropic TiN ( GPa)

Model Reuss Voigt Hill Kroner
Cii 474. 08 475. 43 474.76 474.89
Ci 117.57 116. 90 117.24 117.30
Ca 178. 25 179.27 178.76 178. 86

F 2 HA(hEl) 2K Kroner BEALAL 5 AH

Table 2 Kroner results of elastic matrix of
anisotropic TiN ( GPa)
Cu Cs Cn2 Ci3 Cu Ces

( )  483.41 497.82 120.32 105.70 68.08 181.64
( ) 472.83 469.37 116.64 119.95 181.65 178.18
( ) 469.45 460.59 115.61 124.41 186.35 177.04
(311) 476.75 479.75 118.00 115.01 176.51 179.46
( ) 471.84 460.86 116.31 121.35 183.00 177.85
( ) 472.83 469.37 116.64 119.95 181.65 178.18
(210)

476.57 479.34 117.84 115.08 176.67 183.19
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Table 3

¢ direction of TiN(422) plane (GPa ')

Kroner results of elastic constants of

Angle S S33 S Si3 S s S 66

b= 0° 2.352 2.379 -0.456 - 0.484 5.898 5.511
b= 15° 2.372 2.432 - 0.450 - 0.511 5.756 5.411
= 30° 2.363 2.411 - 0.453 - 0.499 5.633 5.452
b= 45° 2.336 2.337 - 0.461 - 0.462 5.711 5.595
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Calculation of elastic matrix and X-ray elastic constant of

anisotropic films using Kroner method

ZHANG Ming, HE Jizwen
(State Key Laboratory for Mechanical Behavior of Materials, Xi an Jiaotong U niversity,
Xi an 710049, P. R. China)

[ Abstract] In order to study the effect of the fiber texture, the elastic matrix of TiN film using the Kroner models was calculated.

When fiber texture is involved in films, the symmetry of the elastic matrix will change and there is a large difference of the elastic

constants between the textured film and the isotropic. The same tensors of the textured and the isotropic films in the elastic matrix

can be discrepant greatly, e.g. the difference is generally in 13~ 20 GPa. The distribution of the elastic constants of TiN film vs ¢

angle was also calculated. The result shows that the difference can be introduced when the measured direction of the residual stress is

different, though the diffraction plane does not change. In addition, the distribution curve of the elastic constants shows curvature in

the range of the small ¢ angle. The distribution curve of X-ray elastic constants is similar to the measured d —sin® ¢ curve.

[Key words] elastic matrix; fiber texture; thin films; X-ray diffraction
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