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Introduction — open questions

LImZnp

Stress/strain in object with small dimensions :
* Relation : strain <> small dimensions

* Strain distribution in polycrystals

Industrial point of view :
* Cu interconnects / bending of wafer, hillock, voiding

* MEMS / damascene process
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Outline

1/ Sample description
geometry
measurement of global strain along the lines

2/ Laue microdiffraction
experimental setup
principle / indexation
principle / local strain determination

3/ results
grain orientation

strain within grains

4/ conclusion
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Introduction — MEMS description
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Annealing : 400°C, 30min.

After release of the oxide layer, the deviation of the pointer / arms gap (d)
gives informations on the strain along the Cu arms of the MEMS.
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Introduction —- MEMS presentation
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E = 125GPa (Isotropic copper Young’s modulus)
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Introduction — local behavior

MEMS / Microstructure
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What is the local strain?
grain to grain / inside a grain

- Laue microdiffraction : local stress map on a micrometer scale
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Microdiffraction Laue

1912 : Max von Laue = first X-ray diffraction photograph of a crystal ( Laue, Knipping and Friedrich )
—> Orientation / symmetry of crystals

1999 : publications of strain measured by Laue micro diffraction ( Chung and Ice, MacDowell, Celestre, Tamura et al. )

cCbD

Microbeam
monochromator

K-B

Mirrors

Microbeam

Measurements at a synchrotron / ESRF (BM32)
Energy : 5-30 keV
Incident beam on the sample : 0.8pm x 1.1um
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Microdiffraction — principle

CCD camera (165mm)
.Y 70mm '
5 . T
Incident beam  \)| i . |
40° - 45° sample '

Laue diffraction pattern
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Microdiffraction — indexation

(h k I) planes

Scattering vector : q = kf - ki momentum difference between incoming and diffracted X-rays
Bragg Law : A=hc/E=2dsin® (energy range : 5-30keV)
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Microdiffraction — indexation

(h k1) planes

(b’ k> I’) planes

Scattering vector : q = kf - ki
Bragg Law : A=hc/E=2dsinf
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Microdiffraction — indexation

Indexation of the peaks

(b’ k> I’) planes

Scattering vector : q = kf - ki
Bragg Law : A=hc/E=2dsinf
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Microdiffraction — indexation / calibration

Calibration

5 parameters :
adet, Bdet
dd

xcent, ycent z
xcam A Xcent, ycent

7 40°—45°

ki /

The calibration 1s determined by measuring a perfect undeformed crystal (Si or Ge wafer)
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Microdiffraction — indexation

Indexation of the peaks

(b’ k> I’) planes

Scattering vector : q = kf - ki
Bragg Law : A=hc/E=2dsinf
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Microdiffraction — indexation

Indexation of the peaks .

(b’ k> I’) planes

M \Si (-1-17)

Scattering vector : q = kf - ki (E=7.169 keV) (E= 16245 keV)
Bragg Law : A=hc/E=2dsinf
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Microdiffraction — strain

Undeformed cell :
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Microdiffraction — strain

Undeformed cell : Deformed cell :
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Strain : € with a precision better than 104
< -> peak position precision better than 0.1 pixels + number of peaks > 15

(camera 2048x2048 pixels, 165x165 mm?)
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Microdiffraction — strain tensor

Input : peak position, calibration

- indexation : (h,k,l.) association to [x,y,] position
—> calculation of q,

Determination of the unit cell vectors of the crystal : (a*,b*,c*)

=2 q,=K (h,a* +k, b* +1 ¢¥)

q(hkl) ’ a1 : informations on angles between planes :

—> No information on the dilatation of the sample
with white beam measurements
(length of the q vectors)

g (kry- O

Full strain tensor : measurement of the energy of
one peak

Bragg Law : A=hc/E =2 dsinf
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Microdiffraction — stress tensor

QK1)

Strain tensor:

e11-A/3 €12 €13 N3 0 O
€E=| €12 €22-A/I3 €23 + |0 A3 O
€13 €23 €33-A/3 0O 0 A3
— _/\ J
N Y
deviatoric / distortional hydrostatic /dilatational
terms terms

With A =11 + €22 + £33

Stress : Gij = % Cijkl &kl

LImZnp
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Results — localisation of the grains

Y (L};ll)
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Results — localisation of the grains
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Results — localisation of the grains
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Results — grain positions

TmZnp
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Results — grain positions

A

4 out of plane direction
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Results — grain positions / twins
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Results — grain positions / twins

zone axis identical for
<]l-ll>and<-11 5>
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Results — grain positions / twins
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Results — grains position
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Results — grains position
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Results — stress e11-A/3 €12 £13

A Strain tensor: €= e22-A/3 €23

y (1) £33-A/3
3 —

/ stress tensor in sample reference (MPa)
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Conclusion

* MEMS as stress sensor in interconnections

* Laue micro diffraction
— Orientation determination ( ~ 0.1°)
— Inhomogeneous strain repartition inside one grain / from grain to grain

— homogeneous and low values of stress in the out of plane direction
-> biaxial stress

Origin :

Anisotropy Cu : Young modulus (E_,,,. = 66.7 GPa, E_,,,. = 191.15 GPa)

<111>

Environment of the grains
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Perspectives

= Thermal induced strain on Cu-lines / Au thin films

= Measurements on MEMS with a smaller width (0.3pum, 0.5um)
Deformation of the Laue peaks : stress determination difficult, but
informations on the dislocation in the grains / strain distribution.

—> Comparison between released and unreleased MEMS

4 o

before after
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