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1. [Introduction
— Advantages of using MEMS for Space Applications
—  Example of MEMS in Space Application
—  Diversity of MEMS Devices

2. Criteria for MEMS Classification

—  Correlation with Test Plan Methodology
—  Levels of Failure Analysis

3. MEMS Qualification Process
—  Test Plan Flow

4. Conclusions and Future Work
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MEMS for Space Applications 6

Advantages:

Decrease

— Size

— Weight

— Power Consumption

\_ %

N\

lusospace

~

New functionalities

S

Requirement:
Assure MEMS Reliability!
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Examples of MEMS used in space 6 lusospace

/I\/IEI\/IS rate sensor In
Cryosat-211]

\_

/Digital pressure sensor used in ADM-Aeolus h
oxygen tank!?l

\_

[Lhttp://www.esa.int/Our_Activities/Technology/MEMS_Rate Sensor_on_CryoSat-2
[21Technology Success Stories, ESA

5 9th ESA Round Table on Micro and Nano

) S Rua de S3o Caetano, 16 | 1200-829 Lisboa-Portugal | Tek +351 21 397 43 63 | +351 21 397 15 40 | infomlusospacecom | wwwlusospace.com
12/06/2014 Technologies for Space Applications



_Bee

Example of MEMS in Space - Near Infra Red

Spectrograph for James Webb Space Telescope lusospace

O\

~

| MEMS offer new functionality

J

-
MEMS have evolved in the last 10 years:

structure + testing methods
_ y,
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http://sci.esa.int/jwst/45694-nirspec-the-near-infrared-spectrograph/
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Example of MEMS in Space - Near Infra Red

Spectrograph for James Webb Space Telescope lusospace
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Example of MEMS in Space - Near Infra Red
Spectrograph for James Webb Space Telescope

MEMS offer

MEMS have
structure +

lusospace
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Example of MEMS in Space - Near Infra Red
Spectrograph for James Webb Space Telescope

MEMS offer new functionality

T AR AR
4

MEMS have evol\yl/

structure + tes v :

lusospace

Coupling Optics (with
Pick-off mirror
underneath)

Filter Wheel

Collimator TMA

.-'f -
Camera TMA ; /
5 & -}_/—\
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Focal Plane
Assembly Fold F
Mirror
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Diversity of MEMS Devices
' 6|usospace

_-/I\Ion—cpnventional A Different critical

materials temperatures

— Piezoelectric crystals

— Glass _ .

5 Different mechanical
— Polymers

sensitivities

“;»:;\Fabrlcatlon method /

 Moving structures ) Different functional
4 . . ) sensitivities
Functionality
e Mechanical \

« Optical ) Not possible to use the same
qualification methods as for
the EEE components
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2. Criteria for MEMS Classification

- MEMS were classified according to failure mechanisms

- 3 Criteria were chosen: )

Hermetic
packaging

Packaged »
|  wmEMS Non- o
devi hermetic Resistive
eviee packaging \ )

. ) —
Not | MEMS -
packaged ' [ device CapaCItlve
S 4
Impact :
j
Moving —
MEMS structure ) No impact
device ' motion
Non moving e

structure
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Levels of Failure Analysis
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— Packaging type
— Hermeticity level

— System integration:
MEMS + electronic
control

System level

N

\

— Moving characteristics

— moving/non-moving
structure

— impact motion
— Electrical principle:

— resistive, capacitive
or inductive

-\

. y;

— Functional testing
— Device specific
— Functional

parameters'
include:

— Working principle
— Active element
type

Functional level

_/
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MEMS Classification and Qualification Process (I
— Test Plan Methodology J lusospace

MIEbY ‘ammmm—e Failure Modes

Classification

éomplete gualification \

( : A Individual
Generic Test
Plan Assessment of
MEMS

Additional

=3

Packaging <«

Movement <«

Electrical Characteristics <«<——

b

13 9th ESA Round Table on Micro and Nano

) S Rua de S3o Caetano, 16 | 1200-829 Lisboa-Portugal | Tek +351 21 397 43 63 | +351 21 397 15 40 | infomlusospacecom | wwwlusospace.com
12/06/2014 Technologies for Space Applications



888

3. MEMS Qualification Process

Proposed Test Plan Flow Chart lusospace

Inspection
Dimensions
Mass Resitive Devices
Electrical Parameters* Periodic
External Visual Inspection Excitation I-U Curve
Non-destructive Internal Visual Inspection* ) . . ¥ PERA* | -
Pin to pin isolation test Sealing Inspection M' h Clectrical Capacitive Devices n =80 Initial Measurement
Markings and Serialization Y |- Leak Conventional Test Methods < govind ectrice I ——|Electrical P
~structure — Characteristics i ectrical Parameters
- Other Spectroscopy Methods* _- Periodic Dynamic Capacitance Functional Tests*
n =80 ~"_n|Excitation Inductive Devi
e nductive Devices
Burn-in Add'tm'."al Hermeticity - n PIND
Inspection Dynamic Induction
n=>5 n=>5 n=235 n=30 n=5
Group 1 Group 2 Group 3 Group 4 Group 5
Control Destructive Environmental Tests Endurance Reserve
Group Tests Tests
Packaged hlc n=5+5 n=5 n=15
Y Sub-group 4A Sub-group 4B Sub-group 4C
— Operation Life: Moisture Accelerated
Additional Sub Group Tnductive - HTOL + LTOL Resistance Electrical
Construction analysis for device Endurance Test
Packaged devices ‘
Y
Additional Sub- Electrical
) ; group Characteristics
A Non-destructive
4 H.ermetldty A magnetic test ’—1
| Internal Gas
Analysis* n Resitive Devices | |Capacitive Devices ' Inductive Devices |
Increased Power Increased Voltage Increased Current
Limit Limit Limit
Opening*
" p n=>5
Internal Visual Inspection
Bond Strength Test Sub-group 3A Sub-group 3B Hermeticity
: Thermal tests Mechanical tests
Die Shear Test
n=5 n=>5 n=>5 n=>5 n=>5 y
5“"'9”"" 2A : Sub-group 3A (i Sub-group 3A (ii Sub-group 3B (i Sub-group 3B (ii Sub-group 3B (iii Additional Sub-group
Ch | Anal f
Cosglﬁg* nalysis o Temperature Cycling Thermal Shock Mechanical Shock Mechanical Vibration Constant Acceleration Pressure cycling
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Proposed Test Plan Flow
— Packaged related test methods
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lusospace

Inspection

Dimensions

Mass

Electrical Parameters*

External Visual Inspection

Non-destructive Internal Visual Inspection*
Pin to pin isolation test

Markings and Serialization

n =80
Burn-in Addlthl:laI
Inspection
n=>5 n=>5
Group 1 Group 2
Control Destructive
Group Tests

' Packaged l

Additional Sub Group

Construction analysis for
Packaged devices

-;1Hermeticit‘\}:‘- y
) Internal Gas
Analysis* n
Opening*
Internal Visual Inspection

Bond Strength Test

N Die Shear Test J
Sub-group 2A

Chemical Analysis of

n=5
Sub-group 3A (i)
Temperature Cycling

- "_Hermeticity.' >

Periodic
y Excitation
'Sealing Inspection TN PERA*
. -~ Moving
y - Leak Conventional Test Methods — <. P
.structure. e
- Other Spectroscopy Methods* L Periodic
. n Excitation
n PIND
n=35
Group 3
Environmental Tests
n=>5
Inductive
device
Y

Sub-group 3A
Thermal tests

n=>5
Sub-group 3A (i)
Thermal Shock

Additional Sub-

group

Non-destructive
magnetic test

n=>5
Sub-group 3B (i)
Mechanical Shock

Sub-group 3B

Mechanical tests
|
n=>5

Sub-group 3B (ii)
Mechanical Vibration

Resitive Devices

I-U Curve
iti i Initial Measurement
| Electrical _Capacmve Dewces_ n =80 : .
Characteristics Dynamic Capacitance Electrical Parameters
Functional Tests*
Inductive Devices
Dynamic Induction
n=30 n=5
Group 4 Group 5
Endurance Reserve
Tests
nN=5+5 n=>5 n=15

Sub-group 4A

Operation Life:
- HTOL + LTOL

Resitive Devices

Increased Power
Limit

n=5
Sub-group 3B (iii)
Constant Acceleration

Sub-group 4B

Moisture
Resistance

Sub-group 4C
Accelerated
Electrical
Endurance Test

1

Electrical
Characteristics

’_1

Capacitive Devices ' Inductive Devices

Increased Voltage Increased Current

Limit Limit
n=>5
: Hermeticity_
y

Additional Sub-group
Pressure cycling

Contents*
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Proposed Test Plan Flow
— Hermeticity related test methods
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Inspection

Dimensions

Mass

Electrical Parameters*
External Visual Inspection

Non-destructive Internal Visual Inspection*
Pin to pin isolation test

Sealing Inspection

- Other Spectroscopy Methods*

Environmental Tests
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n =80
. Additional -
Burn-in Inspection Hermeticity
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Control Destructive
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Packaged
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Construction analysis for
Packaged devices
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Opening*
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Sub-group 3A
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Bond Strength Test

Die Shear Test
n=5 n=>5

Sub-group 3A (i)

Temperature Cycling

Sub-group 2A
Chemical Analysis of

Contents* Thermal Shock

Sub-group 3A (i)

n=>5

Sub-group 3B (i)
Mechanical Shock

Periodic
y Excitation
. PERA*
-~ Moving
' .structgr_e Periodic
n Excitation
PIND
n=>5
Inductive
device
Y
Additional Sub-
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Non-destructive
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Sub-group 3B

Mechanical tests
n=>5

Sub-group 3B (ii)

Mechanical Vibration

Electrical
Characteristics

n=5+5
Sub-group 4A

Operation Life:
- HTOL + LTOL

Resitive Devices
I-U Curve

Capacitive Devices n - 80 Initial Measurement

Electrical Parameters™

Dynamic Capacitance Functional Tests*

Inductive Devices

Dynamic Induction

n=30 n=5
Group 4 Group 5
Endurance Reserve
Tests

n=>5 n=15
Sub-group 4B Sub-group 4C
Moisture Accelerated
Resistance Electrical

Endurance Test

Electrical
Characteristics

’_1

Resitive Devices | |Capacitive Devices ' Inductive Devices
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n=5

Sub-group 3B (iii)
Constant Acceleration

Increased Voltage Increased Current

Limit Limit Limit
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Y
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Proposed Test Plan Flow
— Electrical related test methods
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Inspection

Dimensions

Mass

Electrical Parameters*
External Visual Inspection

Non-destructive Internal Visual Inspection*

Pin to pin isolation test
Markings and Serialization

n =80
Burn-in
n=5 n=>5
Group 1 Group 2
Control Destructive
Group Tests
Packaged

Additional Sub Group

Construction analysis for
Packaged devices

-;1Hermeticit‘\}:‘- Yy

) Internal Gas
Analysis*
Opening*
Internal Visual Inspection
Bond Strength Test
Die Shear Test
Sub-group 2A

Chemical Analysis of
Contents*

n

Sub-group 3A (i)
Temperature Cycling

'Sealing Inspection
y - Leak Conventional Test Methods
- Other Spectroscopy Methods*

Additional

Inspection < Hermeticity > n

n=235

Group 3
Environmental Tests

Sub-group 3A
Thermal tests

n=>5 n=>5 n=>5
Sub-group 3A (i)

Thermal Shock

~_“Moving
~structure

Periodic

y Excitation

PERA*

Periodic
n Excitation
PIND

.

Inductive
device

Y
Additional Sub-
group

Non-destructive
magnetic test

J

Sub-group 3B (i)
Mechanical Shock

Sub-group 3B

Mechanical tests
|
n=>5
Sub-group 3B (ii)
Mechanical Vibration

(

Electrical

.

Characteristics

Resitive Devices \
' I-U Curve

Capacitive Devices

Dynamic Capacitance

Inductive Devices

Initial Measurement
n =280

Electrical Parameters*

Functional Tests*

Dynamic Induction )

n=5+5

Sub-group 4A

Operation Life

- HTOL + LTOL

n=30

Group 4

Endurance
Tests

n=5

Sub-group 4B

: Moisture
Resistance

n=>5
Group 5
Reserve

n=15
Sub-group 4C
Accelerated

Electrical
Endurance Test

|

(

Resitive Devices

Increased Power

Capacitive Devices

Increased Voltage

\

Electrical
Characteristics

’_1

Inductive Devices

Increased Current

n=5

Sub-group 3B (iii)
Constant Acceleration

k Limit Limit Limit )
n=>5
: Hermeticity_
y

Additional Sub-group
Pressure cycling
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Proposed Test Plan Flow
— Movement related test methods
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Inspection

Dimensions

Mass

Electrical Parameters*
External Visual Inspection

Non-destructive Internal Visual Inspection*

Pin to pin isolation test
Markings and Serialization

n =80
Burn-in
n=>5 n=>5
Group 1 Group 2
Control Destructive
Group Tests
Packaged

Additional Sub Group

Construction analysis for
Packaged devices

K'Hermeticit.y, —y

Internal Gas
Analysis*

Opening*
Internal Visual Inspection
Bond Strength Test

Die Shear Test

Sub-group 2A
Chemical Analysis of

Contents*

n

Additional
Inspection

n=5

Sub-group 3A (i)
Temperature Cycling

'Sealing Inspection

y - Leak Conventional Test Methods
- Other Spectroscopy Methods*

Hermeticity

Sub-group 3A
Thermal tests

n=>5

Thermal Shock

Sub-group 3A (i)

n=235

Group 3
Environmental Tests

n=>5

(

\.

y

e “Moving
~.structure -~

Periodic \

Excitation
PERA*

Periodic

n Excitation

PIND

Sub-group 3B (i)

Mechanical Shock

Inductive
device

y

Additional Sub-
group
Non-destructive
magnetic test

Sub-group 3B
Mechanical tests
n=>5

Sub-group 3B (ii)
Mechanical Vibration

Electrical
Characteristics

n=5+5
Sub-group 4A

Operation Life:
- HTOL + LTOL

Resitive Devices

Increased Power

n=5

Sub-group 3B (iii)
Constant Acceleration

Resitive Devices
I-U Curve

Capacitive Devices

Dynamic Capacitance

Inductive Devices

Dynamic Induction

n=30

Group 4

Endurance
Tests

n=5

Sub-group 4B

Moisture
Resistance

n =280

n=

Initial Measurement

Electrical Parameters™
Functional Tests*

n=>5
Group 5
Reserve

15

Sub-group 4C
Accelerated
Electrical
Endurance Test

Electrical
Characteristics

’_1

Capacitive Devices

Limit Limit
n=>5
Hermeticity
Y

Additional Sub-group

Pressure cycling

Increased Voltage

Inductive Devices

Increased Current
Limit
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Qualification Step-by-Step 6

— Inspection Phase lusospace

./I nspection

Dimensions
Mass
—Electrical Parameters™®
% External Visual Inspection
~|Non-destructive Internal Visual Inspection*
_|Pin to pin isolation test
Narkings and Serialization

*Electrical Parameters

— Depend on the MEMS device

*Non-destructive Internal Visual Inspection

— Method and procedure will depend
— device dimensions + materials

19 9th ESA Round Table on Micro and Nano Rua de Sao Caetano, 16 | 1200-829 Lishoa-Portugal | Tel +351 21 397 43 63 | +351 21 397 15 40 | infomlusospace.com | www.lusospace.com
12/06/2014 Technologies for Space Applications



Qualification Step-by-Step

8880
6 lusospace

— Additional Inspection Phase

-Eealing Inspection

‘Periodic
Excitation
PERA*

—Y——1- Leak Conventional Test Methods
|- Other Spectroscopy Methods*

n

(Periodic
4‘ Excitation
PIND

?r:ef:::icot?:r'\ Fﬁf‘rmeticity n
*Other spectroscopy

methods

— For lower leak
detection limit

— Used for small
cavities (wafer level

packaging, e.g.)

*PERA
Periodic Excitation
Response Analysis

— Condition depend

on the
characteristics of
the MEMS device

/J\ I-U Curve

" FElectrical -
N . . />_ - o
~Characteristics~  Dynamic Capacitance

N S/
\\\ e
\1/—

AN S/

[ Resitive Devices |

o . - A
Capacitive Devices n =80

. J

( Inductive Devices |

Dynamic Induction |

Dynamic
measurement

- Depends on the
device’s electrical
characteristics
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Qualification Step-by-Step 6

— Destructive Tests lusospace

‘Group 2 -"|
Destructive -
Tests *Internal Gas Analysis
.. ""°"aged — Method depends on the content of the

Y
_ | | package
* (Additional Sub Group |
| Construction analysis for — Relevance depends of the MEMS

Packaged devices

sensitivity to humidity

< Hermeticity -

-~ [ Internal Gas *Chemical Analysis of Contents

n . Analysis* n ]
| | — Method depends on the materials
. Opening*

‘Internal Visual Inspection

‘ Bond Stréngth Test
‘ Die Shéar Test
:Sub-groﬁp 2A

Chemical Analysis of
|Contents*
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Qualification Step-by-Step
— Environmental Tests
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-

Procedures
typically used in
EEE components

~N

J

Group 3
Environmental Tests

Inductive

"
(L

\_

MEMS device
sensitivity

— mission requirements

\ device

oad levels according to y

Additional Sub-
group

Non-destructive
magnetic test

J

Sub-group 3A (i)
Temperature Cycling

Sub-group 3A
Thermal tests

n=>5 n=>5
Sub-group 3A (ii)

Thermal Shock

Sub-group 3B

Mechanical tests

n=>5 n=>5
Sub-group 3B (i) Sub-group 3B (ii)
Mechanical Shock Mechanical Vibration

n=>5
Hermeticity
n=>5 Y
Sub-group 3B (iii) Additional Sub-group
Constant Acceleration Pressure cycling
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Qualification Step-by-Step
— Endurance Tests
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(. )

Procedures are the
same typically used

in EEE components

\
n=5+5

K j 'Sub-g rbup 4@“

Operation Life:
: .\ -HTOL+LTOL
Load levels will
depend on MEMS
device sensitivity
+ mission loading

- J

"/Group 4

Tests

l

n=>5
, I
(Sub-group 4B |
Moisture
Resistance

Endurance

n=15

'Sub-group 4C

Accelerated
Electrical
Endurance Test

" Electrical

“._Characteristics

" Resitive Devices

Increased Power

Limit

Capacitive Devices

Increased Voltage

-

Inductive Devices |

Increased Current
Limit

Limit
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Qualification Step-by-Step
— Final Inspection
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-

\_

Destructive Tests

Procedures \

Inspection
+

J

Failure Analysis

Destructive Tests

|

-

I
Opening*
|

_internal Visual Inspection)

/"~ Chemical Analysis of "

Contents*

( Internal Gas Analysis*

Final Inspection

External Visual Inspection
Electrical Parameters
Functional Measurements

1
_ " Periodic Excitation
_~~ Moving
structure 4{ PERA*
Resitive Devices
I-U Curve
\/ Electrical Capacitive Devices
\\Characteristics/,/' Dynamic Capacitance |
Inductive Devices
[ Dynamic Induction
_Failed—- Status of
-~ samples
Survived

End of Qualification’
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4. Conclusions and Future Work 6 lusospace

' Initial steps towards standard qualification method

Required feedback from industry

- Experience on materials sensitivity

- Experience on dynamic characterization of the devices

Next steps
- Validation of the qualification methodology:

- 2 MEMS devices as case study

- Drafting of an ECSS Technical Memorandum
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* J lusospace

Thank you for your attention!

Questions?
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