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i Qutline

= Electromigration of interconnects

= Effect of twin boundary on Cu EM

= Twin stability in Cu under EM
= Migration of {112} incoherent twin boundary (ITB)
= Migration of {111} coherent twin boundary (CTB)

= Summary
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Electromigration of interconnects

= Electromigration: a combination of thermal and electrical
effects on mass transport.
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EM-Induced atomic surface diffusion

EM in a (211)-oriented
Cu grain

J= 105 A/cm?
C. N. Liao et al, APL, 87, 141903 (2005) &,
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EM-induced atomic surface diffusion
{ EM in a (111)-oriented Cu grain
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EM-induced new surface structure have
a periodicity of 3 times of d (242)

= the diffraction patterns of 3{422}

K. C. Chen et al, APL, 90, 203101 (2007)
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EM-induced atomic steps
In a (110)-oriented Cu grain

K. C. Chen et al, APL, 90, 203101 (2007)
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Improvement of Cu EM reliability

= Major diffusion path: Cu/dielectric interfaces

= Solutions:
- Cu surface treatment prior to dielectric deposition

- Metal capping on Cu

- Doping in Cu SIC,N,H, CowP

E.=0.9~1eV  E,<=l4eV

C. K. Hu et al, Thin Solid Films, 504, 274 (2006).
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Critical product of electromigration
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Nano-twinned Cu metallization
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= High mechanical strength and good
electrical conductivity

= Promising applications in free
standing Cu interconnects

L. Lu, Science, 304, 422 (2004).
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Twin-structured (110)- _oriented
Cu grain

Grain boundary
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EM-induced atomic migration at
twin-modified boundary
(b)

Grain boundary ‘

void

Free surface

Grain boundary

void

K. C. Chen et al, Science, 321, 1066 (2008)
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i twin-modified boundary
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Effect of twin boundary on EM
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K. C. Chen et al, Science, 321, 1066 (2008)
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Moving speed of the atomic steps
along twin-modified surface
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Stability of nanotwinned structure
- thermally activated {112} ITB

T =350 °C

V,=0.17 nm/s

vg=0.28 nm/s

L. Xu et al, J. Appl. Phys. 104, 113717 (2008)
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Stability of nanotwinned structure_,y L+
- stress driven {111} CTB

{111} coherent TBs migrate under tensile deformation via the emission of
Shockley partial dislocations ( b =1[112] ) from the CTB/GB intersections

Y. B. Wang et al, Plil. Mag. Lett. 87, 935 (2007)
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Experimental setup

UHV-TEM (JEM 2000V) :
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C_tj = 20-30 nm thickness
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Specimen preparation

SiO,/Si;N, deposition

SiO,/Si;N, Patterning

KOH wet etching

Cu deposition/patterning |

i
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Migration of {112} ITB under
electric current stressing
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{112} ITB migration rate
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Electric current density T = TB migration rate T
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ﬁ Atomic structure of {112} ITB
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under thermal annealing

i Mechanism of {112} ITB migration

As the step structure gliding through the {112} twin plane, the
{112} TB move a distance of 3d,,, .

L. Xu et al, J. Appl. Phys. 104, 113717 (2008)
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M u

{112} ITB migration kinetics

—lectrically driven TB migration Thermally activated TB migration
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L. Xu et al, J. Appl. Phys. 104, 113717 (2008)
Step nucleation instead of step propagation determines ITB migration rate

Electric current stressing = step nucleation rate at {112}/{111} junctions T
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Migration of {112} ITB under
electric current stressing
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Migration of {112} ITB under
electric current stressing
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Migration rate of (112) ITB

0.02-0.08 nm/s

Kite-step
migration
mechanism
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9R phase transition at ITB
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HRTEM images of {112} ITB structure
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{112} ITB migration under electric
current stressing
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echanism of {112} ITB migration u
electric current stressing
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under electric current stressing

i Mechanism of {112} ITB migration

H:> |m§> [
Narrow and Wide and Narrow and
straight ITB diffusive ITB straight ITB

Inchworm movement !
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{111} coherent TB migration

(Oli) -oriented Cu grain
twin

{111}TB
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Interaction of twin boundaries?
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Stability of TB/GB triple junctions

Unstable TB/GB junction = high
dislocation nucleation rate
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i Summary

= |ITBs and CTBs can be driven by electric current in
(110)-oriented Cu grains

= Twins can be eliminated by electric current stressing
= {112} ITB migration involves (1) step-like and (2) inch-
worm motion mechanisms

= {111} CTB migration may be related to the nucleation
rate of partial dislocations at TB/GB junctions



