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Quality Control & Reliability of MEMS

Materials Structures/Design

. . Microstructure
- Material properties -Membranes

- Materials combinations -Springs
- Interface effects - Surface Contact (Sticking)

Processes

-Temperature
-Media (compatibility)
-Pressure

Sealing Die-Attach Encapsulation
-Molding

-Anodic Bonding -Gluing, Soldering -Gel coating
-Sealglass-Bonding -Flip-Chip

Cuttlng Interconnections Hermetical Sealinq

- -Anodic Bondin
-Dicing -Wire bonding -Welding ’

-Laser cutting -Flip-Chip assembly -Soldering
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Reliable MEMS

Reliable MEMS

- Components Design
P N Assembly

-Testing

- Fabrication

! !

Components characterization: Packaqing:

- structural analysis: - defect + strain analysis
phases, texture, strain, ...

- defect and strain analysis

related to MEMS parts in

fabrication processes

-Aging Studies

!

Mobility of Defects:

in-situ testing:

structural + mechanical
-aging studies:

T, radiation, high cycle fatigue
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Foundry Services

e \Watch Parts

e Optical MEMS Switches

and Nanotools

Multiple sensors on the AFM probe various
samples of the Martian soil.
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Some examples
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Study of functional (mechanical) properties related to
defect dynamics in MEMS:

Dynamical Studies

Testing / Aging

Temperature Radiation _ |
Damage Mechanical Testing

High Cycle

[RENOREREIE
and Bending
Tests

Fatigue on
MEMS
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Defect Analysis in SISC MEMS

X-ray Dliiig-leiile]g @ ° HRXRD (global defect analysis)

) *AFM (surface defects)
M ICIOSCO py *FIB + TEM (defect profile in cross section)
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Omega

Functional: electrical, mechanical

Characterization
Structural

HRXRD .

-0.02  0.00 0.02 0.04 0.06
Omega/2Theta

+

Reliability
in MEMS

Mechanical:
Bending + tensile tests

Simulations

Testing
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Study of materials properties: fracture toughness

Ereaking Point m =

When SiISC structures break ?
Why SCSi structures break ?
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Defects in a Crystal

vacancy interstitial substitutional dislocation ~ boundaries glass

from: I.F. Mercer: "Crystals"”, The Natural History Museum, London 1994

+ surface defects (roughness, ...)

+ sample size effect
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Analysis Infrastructure at CSEM

AFM ESEM
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HRXRD on SCSI MEMS

Mechanical Test Instrument with the sample also positioned with respect to

\ the diffractometer setup:
Ge[220] 4 - Crystal
x mo[nud"!rumatrgr Symm. X-ray mirror

or Asymm.

/%J. X-ray tube

Detector 1 gD AXIS j

O (line focus)
Soller slits Divergence slit
(optional)

o Detector 1: RSM setup
Optical slit )
Detector 2 Detector 2: RC setup
PANalytical X’Pert PRO MRD
centre suisse d'électronigue m )
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X-ray Rocking Curve (RC) measurements

counts/s

100K

10K

1K+

100

400 50 0 50 100
Omega/2Theta (s)

1. Strain

e = Ad/d = -AB/tan®
O0=FEc¢
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100K+

10K+

1K+

-100

-50 0

2. Curvature

M reference

50 100
Omega (s)

® SCan (

1K+

100

10

100 50 0 50 100
Omega (s)
3. Defects from
diffused scattering



HRXRD for strained layers

Lattice planes ———— d, —}dgradient — dy S
(real space) d, — q, d,———= d, ——
® / 20 (strain)
RC A A A A
2
‘0
c
Q
IS
Lattice Strain Lattice Tilt
RSM

o (tilt)

@ o (&> |- @6
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Reciprocal Space Mapping (RSM)

Scattering close to the maximum of a nearly perfect sample
can be separate into distinct features:
Qy*10000(rlu)
-Bragg scattering 200
-surface truncation
-dynamical streak 9100
-diffused scattering (defects in material)

9000 —

8900 —

The information of the sum of defects is found.

8800— £

2350 2400 2450 2500 2550 2600
Qx*10000(rlu)
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Bending Test + Tensile Test Instrument:
easily adjustable

chuck adjustment
screws

left chuck

adapter to the iaht chuck
X-ray diffractometer rlgt t'c UCK  sensor plate
(stationary) (for fixing and

adjustment)

Structural Analysis
by HRXRD

specimen pre-

actuator, paration tray

Pl linear stage

Mounting for In-situ Testing

‘ Se m centre suisse d'électronigue m i .
et de microtechnigque Eldgenda hickule Barich |

Swslis Pederal Intitute of Trchnology Jurdch FEDERALE DE LA




I M E '5 Eidgendssische Technische Hochschule Zirich
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1) Actuator motor

2) Moving support (16 mm)

3) Static support

4) Force sensor (2 N)

5) Manual position adjustment
6) Fixation force sensor

7) Support frame

8) Probe holder

Two point bending test: Tensile test:

o 100
cross-section: //L
cross-section: 50 x 50um 50 x 50um 110 110

v, ETH ,
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Tensile test: set-up

In-situ mechanical testing :
strain and defect analysis
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Mechanical Testing: In-situ Tensile Tests on SiSC micro-beams

Example of a tensile test

on SCSi (single crystal, 50um beam)

Omega

T T T -.& 4
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06

Lattice
Tilt

Omega/2Theta %:;EEHS
LA ¥onp]
< > g
P
= in = i
g=straln = Ad/d ik Tt
"o C Pt

c=stress=¢xE
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Mechanical Testing: In-situ Tensile Tests

Omega
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Mechanical Testing: In-situ Tensile Tests

Omega Omega
B R TR K]
THRAPEE N AR TR R I S TN
(SRS P IR1S PO AR S ,v».g:,:’t..
F .

.
0.06%r® D Ja Sh S e at dniTan a e
e - .

Loading to 6N

.

o,
i .
e N ~ .
0008, P A . 3 RS
MO PIR A I N H + '.0"."‘».‘.,”
PO . SER N SAERT 3
gt o t
R es LA IR | .

>
A
320,

-0.06-0.04-0.02 0.00 0.02 0.04 0.06
Omega/2Theta Omega/2Theta

-0.06-0.04-0.020.00 0.02 0.04 0.06

Initial load: 1N Final load: 1N
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Bending Tests on SiSC beams
HRXRD investigations and simulations

. ‘ RC and RSMs

Qy*10000(rlu)
) & rays 7372 " 4
7370 .
7368, . f. -
7366 ER:, -
Mask - 7364 " 4 p
7362 “ .
SiSC test structure o)L E
73567‘\‘\ T \'\"\ T \'\ \‘
4202 4
Qx*10000(rlu)
I Counts/s
1. Relaxed structure x| Rocing curee 1
(low strain) 1]

A 10

0 500 | 1000

Tl relaxing applying o ‘. Ao

diffused scattering

force force

Qy*10000(rlu)

v Sore
56744
2. Bended structur sl

(high strain)

Qx*10000(lu)
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Scheme of the electrical set-up

Sync
Device

Output | Power

i Transimp.
Function generator ——» amplifier P

Ampli.

Lock-in

vy

Scan

frequency gnd NZ

Amplitude
Labview

Program
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[
T ANSYS

STEFP=1 Honcommercial Use Only
SUB =1

JEN 7 2009
TIME=] 16:46: 05
STNT (AVG)

DMX =1.107

SMN =.124E-03

SMX =271.317

.124E-03 60.293 ' 120.585 180.878 241.171
30.146 80.43% 150.732 211.024 271.317
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Silicon test device

Det WD B BOum
SE 100

20 pm
>SEM-ComLab (LMTS {1 bu 120pm)
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Mechanical Testing

14

12 *

10 L 2

Displacement [um]
*

2 0‘

’0
4
0’_"_‘|’ T T T T T T 1

0 50 100 150 200 250 300 330 400

Voltage [Vpp]
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Radiation Damage

I I I I
+ 235 um
- Depth vs. Y-Axis - ION RANGES
—_ lon Range = 377.um Skewness =-8.1349
[ Straggle = 4406 A HKurtosis =169.3281
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o 1600
>
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_ - E |00
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Mechanical Testing: High Cycle Fatigue

Valtage amp_itude [Vpp]
1 W 1
Feequency [Hz|

I - ,
CSCMYN crresussesetecronave TR oseseono v

Copyright CSEM | 13" September 2010 | ADo | Page 27
Swiss Federal Institute of Technalogy Terich  [LDI0



imega [

{003

[0

Radiation Damage

SM 224 High incident angle reference

00

A4.015 001 008 0.005 om 10s e

Smeaga [7]

RSM 224 High incicent angle sample B

DrnegaTheta ]
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Aging: Radiation Damage
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The experimental (dots) and fitted (solid line)
TCD intensity curves. Dashed line is the
double-crystal rocking curve (for comparison).
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Packaging

Scheme of a chip (a) before bonding and (b) after bonding

Cy*= 100004y Qy*=10000(ri)

73704 7370+

1 1 7 Substrate Peak
73664 - . 738647 -

| Device Peak

\‘ .

362 m—— Device Layer Peak
7358 73

— 73 I V- —
5214 5210 5206 5202 5214 5210 -5206 -5202
Co10000(rL) Qu*10000(rlu)

RSM on the Si(224) reflection at high incident angle
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European Center for
Micro- and Nanoreliability

EUCEMAN — EIE LR

European Center
for Micro and Nanoreliability

Heterogeneous

- Technology

Alliance
£ He

5 W™
ol

microtechnology

¢
e
Fraunhofer

Verbund
Mikroelektronik
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WALES « WAfer Level Encapsualtion for micro-Systems »

Joint Reliability Team

Piezoelectric Resonator CSEM:

(20kHz — 1MHz) | 1) Fabrication
2) WLP

3) Testing

Capacitive Resonator
(100kHz — 10MHZz) WLP

Testing

o . Distance minimale
m de large . ‘matal/"protec’ a définir

and Reliability

Fraunhofer
Gesellschaft:

155
Niveau
Implantation fort utilité & confirmer)
pour contact métal
n— ‘ CEA-LETI:
Niveau ‘métal 2

1) Fabrication
2) WLP
3) Testing

1) Hermeticity
2) Testing
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