2006 &= 2 A

FAa2E B2
118—122 7

Vol.42 No.2

A b % K

ACTA METALLURGICA SINICA

Cu/Ni % B 32 25 [ J7135 33 ol sh AL e el £Y

ﬁi ‘%‘ )‘Iz’-:& }m —‘_:"—
(REBERFRINTESR, K& 116026) (REGFREERLTLHFIAT, KiE 116026)

i ¥ Cu/Ni 2ERMRLERRETEERESHPLBN GBI AR, BN HHEECEFTS: EHRA
EABTHYHEEMEBMERS, URSEENS TRIEHEBEMESREMEMIEA. WREEREMESIMIER A
EHATRENAGHAR, MESERAHNELBRERNEZS), SRR, 2, WESERESHELRBARETMEE, 28
FriG sk, AR S a0 LR (45 & EREAY TRHI R AR, IS RRY, Cu/Ni £EBAEREHEKY 1.9 nm,
{BREALHE MBS LA S HE S BRI AR B K A=9 nm ERIBEDIRE.

X B, KEAEE HTHhE TR

:1:@5&5};5% TB43,,0346.3 XEHFIRGB A  XEHS  0412-1961(2006)02—0118—-05

CONSTRAIN OF ALTERNATING STRESS FIELD ON
GLIDE DISLOCATIONS IN Cu/Ni MULTILAYERS

CHENG Dong, YAN Zhijun
Marine Engineering College, Dalian Maritime University, Dalian 116026

YAN Li :
Institute of Materials and Technology, Dalian Maritime University, Dalian 116026

Correspondent: CHENG Dong, associate professor, Tel: (0)18019488166,
E-mail: chddmu@newmail.dlmu.edu.cn

Supported by National Natural Science Foundation of China (No.50071014)
Manuscript received 2005-04-29, in revised form 2005-08-16

ABSTRACT The strengthening of Cu/Ni multilayers arises from the constraint of the alternating
stress field on glide dislocations in multilayers, which includes image forces due to modulus difference
across an interface, and the stress of misfit dislocations due to lattice mismath at the interfaces. If
the critical stress for interfacial dislocation motion is smaller than the constraint of alternating stress
field, the dislocations will bow and move within individual layer. In this case, the multilayers exhibit
strengthening behavior; otherwise, multilayers will be weaken. The amplitude of alternating stress is
dependent on the wavelength. Theoretical analysis shows that the wavelength for Cu/Ni multilayers
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.is 1.9 nm, while the amplitude of the alternating stress of misfit dislocations peaks at A=9 nm.
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Fig.1 The misfit dislocations and the simulated maxi-
mum shear stress distribution (contrast difference)
in (111) plane of Cu/Ni multilayers (the wavelength
is 11.36 nm)
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Fig.2 The distribution of stress along two sides of Cu-Ni
interface A in Fig.1
(a) compressive or tensile stress
(b) shear stress

(c) maximum shear stress

SATVEE, B A BN, SRS TR BT ot
T, SR X VR (e B 4 g (1),

BREIYIN A 20 B, R REL, Ni
M B A BN HEEST Cufll, B Ni E Cu 77
BERBYIN AR FREAE. —FMEMELH 1.5 GPa.

ST JE S R 4 A B R R i R R
JE. YR i /N T T B e R AR T AR L LS R Y 13
Gy AR, TARELEE e ge T SR BeAnst A a5E, BN AR 25 . o2
I LT 2 E K B DA LY, T LSRR T SR RIS AP, 1
BHEHEETAT RS E TAREE (e, FIREE,
VAR TR R TS A MR A f R
(il (181, 5o iy 4 b5 ST (L 40 T A5 0 B 2 o 8 100 4
TTERE L
2.2 B B EXBAERENE ST

3 ERIEEIE KN 11.36 nm B B & B 4d



120 & B

= 42%
5
2 e) o o ./‘..
% & & g \
s o1t 88 9o S 9 g N
e} S O o O (=48 L
5] o 9 o © S Q9 o0 3 ®
y S 3 5 2 g / AN
g 0 ‘55 4 .\o °
% o %2 /
5 5 8 5 8 3 2 23 s
3 =
5 - 5 S 8 S as ol
[ ]
. | /
2\ 1 s 1 I 1 0 .g R .
5 10 15 20 25 30 35 0 5 10 15 20 25 30
Yy, nm A, nm

B3 [E 15 Cu/Ni ZZEN B RERSUIN /157
Fig.3 The shear stress distribution on B section in Fig.1
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The shear stress distributions in Cu/Ni multilayers

with different wavelengths

(a) A=9 nm, the amplitude of alternating shear
stress has peak value

(b) A <9 nm, the amplitude decreases due to the in-
teraction between the adjacent shear stress field

(¢) A >9 nm, no interaction exists between the ad-
jacent shear stress field, the amplitude shows no

dependence on the wavelength

FAE S E XM EERIRR I 1F

TESEHE S EAL, (AETEERE s sh BT R B N E



2 B R : Cu/Ni ZREBEF AN S50 al sh (50 29 121

BURTASEmLK S, MERNEENBBR. EZRE
gitlyep, TR EX A R ER, AR E
R oty 10

ot ﬁ[@ —)n(h/ro) = 1] (1)
Kh, b HWERWOEE, u NWUIEE, v % Poisson
b, b hfidkny Burgers KEBAL, 1o KRR,
ro &2 b.

U 7 FHE/NF AL RN AR (o < o), i
EEEED R, EHEEERNED, SRS, (s
IRE R FSRA AR, RSB SR A S A A
AT, EATE RN, IR AE R TR AR
RFAM (0 > ofh), frsE ey B, (ERIREIZEIE P
EH, XA TEERR S R PR R, SRR A
BN, ML T REAREEA, MSESETHAE, RE
FIAERE, BEEERMEED.

I, ZEEMERBRTFIE RN AE oth 5345
11 0a ZEIBIHR RN o < o, B, RIES BRI
HEREENED, ZEEWERL; o > o, B, (4
B REEAARSNEE, ZRMEIFE I,

ZEBANREN NS EAERTS, ZEENH
TR HBE T R R B4 N 3B 118, LR fedt
e FLH A ey F YIRS B R A

BN REWES Koehler 1 421i3kM.
Anderson!®) e WEERE ST T = EREAEE1R H TR

:u‘lb - 2n—1 1 1
Tay 4772 [nhl—c (n—=1)h1+c¢ @

n=1

KA, k= (u1—p2)/(p1+p2), w1 M pg 4350 R
BHYBTUIRE.  hy AFEERERE, R FAHFEM
TREREE ha — co. ¢ HNEHEREE by PHLHINE,
B3 45 55 5 T A BE .

MR (2), LS4 a[110]/2 K, 7 Ni-Cu-Ni #
fEgE MR, Cu FREH I BTS2 58 1 G R By 15 775
i 2 B A AL B 220 6 . [ElHR c=0.96h,, BI{4%
WTERAEMYAE. BHR c=0 5 c = hy RRMEEMT
R, WHSEEINTESRATFTR, X5LmEATF
. B 6 FRILIES, Cu/Ni ZRBEFAEX—HEHE
PRIEEE, OS5 FEER P2 SRR BN B R R /NTF5E
B, B, TREEXT LSS AT PR EIVE IR BIAR(E, WINI4EEE
SWIRFERRENZ D), W2 BEERESAIRL;
TR ST R EmE ARG EES, ZEEME
TR RIEIZAT, (145 a[110]/2 75 Cu BEZ K Ni 2
NREFBEMIEFR VI ES 1% 6 f1 11 GPa, Xt
R 0.95 nm, Cu/Ni £ 21 F 5
{ﬁ{éﬁjj{} 1.9 nm.

10 Image force

8 - Critical shear stress
for dislocation moving

Shear stress, GPa

Layer thickness, nm

6 Cu JERFREERTZHE I Rm 5B AR A

Fig.6 Comparison between the image force and the critical

shear stress for dislocation moving in a Cu layer
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