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Investigation on the cracking behavior of nanoscale interface delamination

YAN Yabin, WANG Xiaoyuan
(Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: Different types of nano-cantilever specimens are fabricated from a macroscale multilayered
thin film(silicon/copper/silicon nitride, Si/Cu/SiN) by using the Focused Ion Beam(FIB) based on the cantilever
bending method in order to investigate the cracking behavior of nanoscale interfaces. For the single-mode
interface cracking, a straight nano-cantilever specimen is fabricated. For the mixed-mode interface cracking, a
double-nano-cantilever specimen is proposed to simultaneously apply bending and torque moments to the
interface. All specimens are in situ loaded in the Transmission Electron Microscopy(TEM). In straight
nano-cantilever specimens, the Cu/Si interface fractures due to a bending moment. In torsion nano-
cantilever specimens, by changing the loading position, fracture experiments with different mode-mixities
are successfully conducted. In addition, finite element analysis is employed to inquire the critical stress
distribution on interface during the crack initiation, and stress concentration regions near the interface
edge in all specimens are within the scale of 100 nm. In straight nano-cantilever specimens, the interfacial
normal stress dominates the interface cracking, indicating a single-mode fracture. In torsion nano-
cantilever specimens, the critical normal and shear stresses at crack initiation have a circular relation.
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Si Al 20 220 715 434 250
z 4

Fig.1 Schematics of a nano-cantilever specimen and its loading method
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(a) TEM micrograph (b) enlarged view of the area near the Cu/Si interface

Fig.2 Specimen of straight nano-cantilever
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Fig.3 (a) Schematic illustration of a nano-cantilever torsion specimen with a 20-nm-thick Cu layer and (b) its top view

[ 3 () AL 20 nm EEHTHUB G EL AR B BRiRE s (b) PRI
2 AR ERE RRAE F BRHMIE R

Table2 Characteristic dimensions of nano-cantilever torsion specimens Cu 20 nm
specimen L/nm I/nm W/nm H/nm
T1 2075 657 2879 760
T2 2 850 600 1661 656
T3 2391 115 2915 584
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Fig.6 Typical finite element meshes of (a) the straight nano-cantilever specimen A1 and (b) the nano-cantilever torsion specimen T1
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Table3 Elastic constants of materials

(1

material Young’s modulus/GPa PO::tli(z)n s C),/GPa C),/GPa C44/GPa
Cu 129 0.34
SiN 197 0.27
Au 78 0.44
C 400 0.30
Si 167.4 65.23 79.57
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Fig.7 (a) Loading curve of specimen A1 and (b) TEM micrographs during the crack initiation at the Cu/Si interface edge
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Table4 Critical load for the crack initiation at the Cu/Si interface edge Table5 Critical load for the crack initiation at the Cu/Si interface edge
specimen critical load, P./uN specimen critical load, P./uN
Al 16.88 T1 49.9
T2 25.6
T3 12.0

30 HEMABERAHEPRAEAESHANYGRAIR

P8 O S i aed i v HHLAR A0 OK SR SR RE T A 2y — A [ 2 (P—r I ZR) AN 3 A BT K F (K ) ALB,C
= ROM LA TEM R o WK 8()izn, ke A SR MISRER SIN R 25, N ) 284 B8 4 R = —
MEEB KL, 49.9 uN), FEEVREFERE C ST R AT BT Ko & 8(b)MI W], 7 A 3k B e RAE Z A1, ik
PR B R0 A AR AT R R 2 5, R T e, Watiedl, MMk s A B i, RUTE
Cu/Si Fim B S i i A, IR i G SR . i Bk — P WSS Cu/Si s E, AR A B ST I 5 A AT A [
B, IXUESE T SR P A BRSO ST R AR . AR 2 AR A S 6 v S E TR B B4 BT 2 AR
W Pt , KT A R PsE S Cu/Si ST i R R S0S R I ST, R 5 il T 3 AR Y I B e
Y B AR R

60, T

applied load P/uN

10 15
t/s

Fig.8 (a) Loading curve of specimen T1 and (b) TEM micrographs during the crack initiation at the Cu/Si interface edge
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Fig.9 Critical stress distribution along the Cu/Si interface of (a) the straight nano-cantilever specimen and (b)—(d) torsion nano-cantilever specimens
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