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Introduction

Radio-Astronomy Application by IRAM (Institute for Radio-
Astronomy Millimetric)

&

This millimeter image of the famous Horsehead Nebula
[named after Its optical appearance), which shows

the distribution and density of the molecular gasin
this dark interstellar doud, Is more reminiscent of a
seahorse. *
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Radio-Astronomy Application by IRAM (Institute for Radio-
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Interstellar molecules

Many molecules were first detected in interstellar clouds, such as the famous
Horsehead Nebula.

Visibla ight ¥

Ultraviakat

Rotating on their axis, molecules emit at millimeter wavelengths, each of them with their
own characteristic frequencies.

The IRAM telescopes operate at wavelengths of 3, 2, 1 and 0.8 millimeters, the four
atmospheric windows where the millimeter emission from space reaches the earth.




Introduction

HEterodyne Receiver Array(HERA)

1) signals from cosmic sources are extremely weak ( amplifier)

2) Impossible to amplify directly the signals so the frequency of the
signal must be lowered(mixer-Local Oscillator)

3) Select Band(band pass Filter)
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Introduction

HEterodyne Receiver Array(HERA)
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Expected solution

Bandpass filter Lowpass filter
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Local Oscillator

1. Tunability

Solution : integrable tunable capacitor = MEMS
2. Sensitivity
Amplitude is very weak = Disturbed signal by thermal noise.

Solution : very low temperature superconductor (4 K) « Niobium »
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Multiphysics Modeling /00

IRAM Technology
based on Niobium

Thermics
(superconducting)

Electro-mechanic

Microwaves
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Outline

1. SupraMems Components

2. Fabrication process(Experimental observation)
3. Theoritical beam modeling

4. Comsol Multiphysics beam simulation

5. Conclusion and Outlook
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SupraMems Components? oo

e Mems: Micro systems Electro-mechanicals
e Supra: superconducting based on Niobium

Thickness « e » of the beam
is (240 nm)

Width « b » is (100 um)
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2. Fabrication process(Experimental observation)
3. Theoritical beam modeling

4. Comsol Multiphysics beam simulation

5. Conclusion and Outlook
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Fabrication process 6/11/2008

Niobium

_ In the first step a Nb contact

line is realized

photoresist  _
(AR-4000/8) |

'1 Then,Photoresist polymer AR-4000/8

e S Uscd as @ sacrificial [ayer

the Nb layer was sputtered by
Dc-magnetron

The widths of the bridges are
defined by a photoresist mask
and the no-covered parts of
the Nb are etched by
RIE(Reactive lon Etching)

The final step washes away the
sacrificial layer in hot acetone

a——

| JQAEPL AHC Sacrifical layer removal
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Experimental observation ¢/

-Varactors capacitances
Actuated mode is:Electrostatic

O F
V#0 °

-The electrostatic force reduce the air gap “g”
-Expression of capacitor plan: C = >Cc/
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Experimental observation

»Lengthening AL can be caused by a residual tensile stress at the
niobium interface which is released when the sacrificial layer is
removed

Sacrificial layer
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Theoritical beam modeling

Objectives

* Find the values of the capacity C(0) by determining an
equation which describe the profil MEMS

 Determine the expression of C(V)



) IMEP-LAHC

Theoritical beam modeling

The bending bridge is a Fixed-Fixed beam with a length equal to
L+ AL.

Profil en cos

L gqb
d0)=—2"dx
09—-Y¥) these capacities can be described as the sum of
1 elementary plane capacitance, integration result is.
C(O): EobL
g 1— ymax
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Theoritical beam modeling

Objectives
* Find the values of the capacity C(0) by determining ar

equation which describe the profil MEMS

 Determine the expression of C(V)
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voltage is applied

C(V)

Capacité[F]

capacitance [fF]
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Theoritical beam modeling

We assume the same profile on cosines is took when the
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Comsol Multiphysique beam simulation
Objectives

* Validate the simple previous theoretical
approach (cosinus profile, edge effects neglected)
by a multiphysics electromechanical model of the
SupraMEMS (COMSOL)

* This approach will be used in future filter
designs



Comsol Multiphysique beam simulation
Calculate the capacity C(0)

Model Mavigator \3

Multiphysics | Component Library | User Components

Space dimension; zh W Multiphysics
- [\ 2) Fluid-Thermal Interaction . [ Add ] [ Remaove
=4 MEMS Module
=23 Structural Mechanics ) Geoml (2D}
B Wrlane Shress - # Plane Stress (smps)
- # Plane Strain SR JFrame (ale)
+- @ Plane Strain with Film Damping = 4 Moving Mesh (ALE) (ale)
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¥ ® Piezo Plane Strain i @ Electrostatics (emes)
+- 4 Filrn Damping
=+ Electrostatics
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+-|.7) Maving Interfaces
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Element: Lagrange - Quadratic w [ Multiphysics ]
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Comsol Multiphysique beam simulation
Calculate the capacity C(0)

Model Havigator .

Multiphysics | Component Library | User Components

Space dimension: 2D w Mulkiphysics
) &pplication Modes - [ Add ] [ Remove
=19 ComMsoL Mulkiphysics
-5 Acoustics () Geoml (20
#-75) Convection and Diffusion - # Plane Stress (smps)
¥ Electromagnetics =13 Frame (ale)
+-[75) Fluid Dynamics R " 1cvving Mesh (ALE) (ale)
+-[7) Heat Transfer L) Geams {20y
(=) Struckural Mechanics - # Electrostatics (emes)
%) PDE Modes

- Deformed Mesh
# Parameterized Geornetry
ex et Woving Mesh (ALE)

Dependent wvariables: x y Im3 Im4

+ ) Electro-Thermal Inkeraction [ Application Mode Properties.. . ]
+1-|-7) Fluid-Thermal Interaction
add G bry...
=-{_J) MEMS Madule [ EOmeLry ]
- =+ Structural Mechanics w [ i ———— ]
Spatial coordinates: Ruling application mode:
Application mode name: |ale2 Plane Stress (smps) v
Element: Lagrange - Quadratic w [ Mulkiphrysics ]
4 [ 04 ] [ Cancel ] [ Help l
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Comsol Multiphysique beam simulation

N BRLIEREOCE

Force is applied in this beam which
caused it the deformation

N—
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Comsol Multiphysique beam simulation

Surface: ¥-displacement [m] Max: 2.278e-13
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Comsol Multiphysique beam simulation”

//MEMS Module - Electrostatics (emes) : y=3.652 pour capa 33 avec bord v=0.mph

lesh Solve Postprocessing WG

Closed-circuit
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Comsol Multiphysique beam simulation
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Closed-circuit
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Electrostatics application mode
which used the Energy method
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Comsol Multiphysique beam simulation

Surface Electric potentiel

Mumher of degrees of freedom solwed for: 954470 .
solution time: 26.954 s -
Value: 3.200951e-14 [F/n], Expression: Cll emes, Phase: 0 degrees Value: 3.29977e-14 [F/u], Expressions 11 ewes, Phase: 0 deqrees "
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bt o iﬁmsf 1t et cled . £ aue: 3.2997%e-14 [F/u], Expression: CLL enes, Phage: 0 deqrees
ittt M?s alug; 3.29977-14 [F/n], Expression: CLL enes, Phase: 0 degrees
Bolies 3.200950e-.4 B, Eaprassions L s, eage: 0 cepress - —

The value of the capacitance is The value of the capacitance is

C(0) = 2we/AV2 = 32fF C(0) = 2w/ Av2 =32,99fF
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Comsol Multiphysique beam simulation
Calculate the capacity C(V)

Boundaties:| Groups| | Con ditions
Boundary selection | | Boun dary sources an d constraints
7 L’ Boundary con dition: |Electric potential A
B Quantity ~ Val lue/Expression Unit pescription
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Voltage V=45 _ . . -
Comsol Multiphysique beam simulation

Calculate the capacity C(V)

Surface Electric potentiel

Voltage V=10

Voltage V=60



Comsol Multiphysique beam simulation

Calculate the capacity C(V)
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Closed-circuij
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2. Electrostatics application mode which
used the Energy method to calculated C(V)=2w./AV?
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Comsol Multiphysique beam simulation

Vin(1)=86 Surface: Electric potential [V] Max: 86.0

displacement of the beatm
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Surface Electric potential, the white color represents the
displacement y after the coupling Electrostatics-Mechanics
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Comsol Multiphysique beam simulation
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Outline
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Conclusion and Outlook

v" Expression of C(V) from simple electro-mechanical
model, validated by simulation and measures

v" Edge effect is neglected

v Problem : AC/C maxi is lowered by the buckling

v" Confirm this model by profilometry measures
v" Refine this model with 3D simulations (COMSOL)

v Use of these Nb MEMS in millimetrics :
superconducting modeling

v New MEMS device with meandering (2)

(2) Mathias Schicke and Karl.F.Schuster,IEEE Transactions on Applied Superconducting , vol.3,No.2,june

) QH AHC 2003.
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