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Cross-section of  the 

A specific guidance system designed to avoid any 
vibration and slipping effect 

Electrical parameters :

Ti 11nmAl 942nm

Native Al2O3 3-4nm

Load (F)Spring 1 
(Stif fness K1)

Guidance system

Cross-section of  the 
silica (BK7) lens with 

deposited metallic thin 
films by PVD

Electrical parameters :
- 4 wires measurement 
- Constant voltage (±5mV)
- Compliance current : 500mA
- Data acquisition frequency : 10Hz
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- Data acquisition frequency : 10Hz

Mechanical parameters :
- Maximal load : 50N
- Loading rate : 0.1, 0.2 and 1 N/s

V4 wires 
measurement
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AFM observation of
the Al thin film surface

TEM cross section of Al 
film with native Al O

- Loading rate : 0.1, 0.2 and 1 N/s
- Load resolution : 50mN21

11






+=
KK

Ks

Lo
ad

 (N
)

Lo
ad

 (N
)

120sMaximum 
load

the Al thin film surface film with native Al2O3

Young’s 
modulus 
(E) (GPa)

Hardness 
(H) (GPa)

Poisson’s 
coefficient 

(ν)

Lo
ad

 (N
)

Loading Unloading

Loss of 
contact

Contact 
detection

Ktot

Lo
ad

 (N
)

Loss of 
contact

Contact 
detection

Loading 
rate
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BK7 81 ± 1 7.5 ± 0.5 0.21 [3]

Al thin film 68 ± 1 0.8 ± 0.1 0.34 [4]

Mechanical properties of Al thin film and BK7
Displacement (mm)

contact

KS

Time (s)

Electrical measurement

contact

0.2N/s

Low loads Transient metallic contact
Mechanical properties of Al thin film and BK7

1 2

Electrical measurement
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2
2 πTunnel Effect [6]

� Contact area calculated with a-spot model [5].
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ECR during loading
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Conclusion
� 3 ≠ steps observed during the evolution of ECR in function of load :� 3 ≠ steps observed during the evolution of ECR in function of load :

� Low load : Tunneling effect (~MOhm),
� Transient: Metallic contacts formation through cracks in alumina with a ballistic conduction mode,
� High load: Ohmic contact (<100 mOhm), controlled by geometry and resistivity of the thin film.� High load: Ohmic contact (<100 mOhm), controlled by geometry and resistivity of the thin film.

� Mechanical characterization of native alumina � . 
� Extraction of real electrical contact resistance corrected with FEM simulations.

( ) MPaOAlrupt 21010032 −=σ
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Micro -insert 
technology 1µm1µm10µm

Assembled wafer and die 
components connected on a 

200mm wafer [1].

SEM views of micro-inserts (a) before and 
(b) after assembly (with mechanical cross 

section and FIB cutting) [1].

(a) (b)

Electrical connection are realized 200mm wafer [1]. section and FIB cutting) [1].
Electrical connection are realized 

through micro-insert technology .

F
of the electrical 

contact establishment between 

F Contact zone
i

i

V
i

contact establishment between 
Al thin film and Ni microinsert ?

Role of the native Al O layer ?

How ?
Role of the native Al 2O3 layer ?

Crossed rods 
experiments [2]

(Hertzian contact)
Compression of 2 Al thin films 

(~1µm) with electrical measurement.

V Voltmeter

Electrical result
(Hertzian contact) (~1µm) with electrical measurement.
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2) Transient 
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Hypothesis : Electrical contact is formed through cracks into native alumina [5]. 

Transient metallic contact High loads3

R(lenses)=3.29mm

R(lenses)=6.57mm

Parametric studies Ohmic contact at high loads controlled by spreading 
and crowding effects � FEM simulations
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imposed by silica lens.
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Frupt 10.7N 2.5N 1.2N

εεεεrupt (r=ae) 1.1 10-3 6.7 10-4 5.1 10-4

rupt (r=0) [9]
3.5 10-4 - 5.0 10-4

N. B. : loading rate not given

Adhesion effect or plastic 
ductile extension [11] ?

ECR during loading

ECR during unloading

2x Rspreading - Eq. (8)

0 10 20 30 40 50
Applied load (N)

rupt (r=0) [9]
N. B. : loading rate not given

εεεεrupt [10] 1-3 10-4

σσσσrupt (r=ae) 100 to 210 MPa (with E=200Pa)
� A value of Rcontact ≈ 13mΩΩΩΩ is extracted at high loads, which corresponds to an 

equivalent circular constriction with Ø=1.8µm (only ≈1% of elastic contact).

Outlook
� Crossed rods compression between different lenses (thin film of Ni and Al).� Crossed rods compression between different lenses (thin film of Ni and Al).
� Intermetallic compounds formation.
� Study of the effect of roughness.
� Measurement in temperature (� 200°C / 473,15K).
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