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Vacuum requirements for MEMS packaged devices

_________________________________________________________________________________________________________________________________

.* Micro Electro Mechanichal Sensors (MEMS) such as

. accelerometers, gyrometers, switches, ubolometers usually
. require a minimum vacuum level

_________________________________________________________________________________________________________________________________

Getter
layer
integration

* Tools required to control atmosphere inside MEMS sealed cavities
e 2 main goals

7\
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Tools developed at LETI for atmosphere control

1 ) Materlals outgassing or pumping & compatibility with process

Mechanical
feedthrough

—I:I_ 109 mb
e Mass spectro-
3 -meter (MS)
g —

e
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RGA applications:

Glass bulbs for material

thermal studies
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RGA applications: an exemple on a sealed MEMS

Question: Identified on a sealed MEMS the # outgassing sources

Cap Sealing
ond

NNDOENOD DOUNOEDE m0|eS CH4 N2 Ar C2H6

cavity . . : !
as / cap > 2 [ 2 | 2

6 0 O Q
INNINNED moomnonn

//SUbStrate ? ? ? ?

o

Possible in some case

4

g ; < E with specific tools
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RGA Bench

1 Schematic of the set-up.
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RGA bench "calibration”

1)Spinning Rotor Gauge (SR

N2
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V2 U Vi
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G) qualification
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RGA bench quallflcatlon

1) Theoretlcal Sensitivity

Using volumes V1, V2 already
accurately measured, volumic dilution
& qualified SRG gauge allows
V_Dbreaking _chamber measurement

=)

Using qualified SRG gauge, small
volume & successive volumic dilutions
we checked the RGA bench linearity for

N, at very low number of moles ( 1012
range)

: V_breaking

I chamber ﬂ
value :

S_th=104 ¥

mb/mole law

In breaking
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_________________________
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3)Resolution = Nb_moles ¢=to noise=s/S_measured =_
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RGA bench operation & data processing 1/2

a) Spectrum at breaking time— background spectrum (BG) or
Spectrum at breaking time— spectrum at 2" breaking

b) Correction from diffusion times through diaphragm (M /2).

c) Noise calculation s on each amu using 50 BG spectra

d) Selection of peaks with Signal/Noise > 3.

e) Corrected spectrum at breaking time

| @Corrected Spectrum at breaking time |
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RGA bench data processing 2/2

ear | BCorrected Spectrum at breaking time | Partial Pressures in Analysis Chamber
' P_analysis_chamber[ mB]
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RGA analysis: Some results

Specific UHV tools & micrometrics mechanical

feedthrough to "open" MEMS

Cap Sealing Thinned cap device
ond
D0 IRENT DEOONENE E 1012 CH4 N2 Ar C2H6 Sum
moles
Optical reflexion on cap caV|ty 69 | 55|04 | 02 | 13
01 0 | 01 0 0.2
N NN QE cap
Substrate| 0 |03 14| O 1.7
BEOENNNN NNRER AN

=10

L puEnuni - lumu.
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Summary

RGA bench & tools available at LETI
S g
(1 mm?3, 10 to 103 mb resolution) ‘

material compatibility analyse partial pressures
with process in sealed Mems
1DEe+\32:e pressure (mb) —Present N2 resolution

1.E+02 /g !
1.E+01 N (

\
1.E+00 \ \MEMS ° \

R4 Glass ©
1.E-02 S Q'ep
o < Lop >
1.E-03 < ]be

< )
1.E-04 ~3!

r\ \ -

15 cavity vol (mm?3
1.E-05 i S .y (. )

1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04

let: MEMs Packaging reliability assessment (RGA ) . P.Nicolas | Oct 2012 |13

© CEA. All rights reserve: d



Conclusions

1 LETI developed a "calibrated"” & qualified RGA test
bench to assess MEMS reliability in the low pressures &
volume ranges (mm3, 103 mb ranges)

1 RGA tools are of great importance to study and check
materials compatibility with MEMS processes and
control atmosphere inside packaged devices....

1 Future developments will focus on a new RGA test
bench with enhanced resolution
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