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Motivation

Characterization of MEMS

Quality Control - Ensure that chips on wafers meet specified

parameters before they are diced

= Process Optimization - Provide feedback on the fabrication
processes and help to identify means for improvement

= Cost Efficiency - Identify defective chips early in the production
and reduce costs associated with assembly and packaging

= Device Performance Analysis - Evaluation of electrical and
mechanical properties of devices for better understanding and
to enable better design decisions

= Parameter Testing in laboratory environment

= Specify the System Performance to create data sheets for the

devices
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Typical characterization process after fabrication

Characterization at

wafer-level System-level

Electrical parameters like capacitances, resistances MEMS and electronics set up together in
Mechanical parameters like Eigenfrequencies, quality factors packages or as chip on board (CoB)
Optical parameters like coupling, loss, resonances Different packages (ceramics, metal)
Obtain information about process stability, unity over wafer Vibration test

(typical wafer profiles) Shock test

= |dentify already first system parameters Tumble test

Rate table test
Temperature behavior

Chip-level

= Wafer diced to chips
= Same measurements as above possible
= Do parameters change after dicing (e.g. quality factor)?
= Additional characterization at e.g. shock tester

= A= L/ L
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MEMS characterization at wafer-level
Equipment - a selection, not limited to

Wafer probers
LCR meter

Source meters
Lock-In amplifiers
Vibrometers
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MEMS characterization at wafer-level

Connection of MEMS with single manipulators (probe tips)
Active probe to pick up small currents/charges
Probe cards

pol

Active prObe: —tn ||/u |Gain Uour

First tests with a prototype Assembled PCB Set up as active probe
— FEHC -, -—
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Modular probe card concept

Why using a probe card?

= Characterization with multiple connections to the DUT

= Defined potentials for all components of the DUT

= Characterized values are more stable (defined parasitics, less drift)

Z Fraunhofer
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Modular probe card concept
Switching matrix

Electrical characterization of capacitances and resistances

Flexible use with probe card or probe manipulators

Variable configuration for fully automated measurement

18 very low-ohmic relays to measure 16 different ports (electrodes)
against 2 different ports

All electrodes of the MEMS at defined potential

DC-bias voltage sweep to move MEMS structures and record C-V-curve
14 x 4 matrix under development

M easu rement exam ple. Drive Excitation Capacitance in pF
- y\x 12 )s|afs e |7 |8 |o [r0]ia]r2|rs|ra]is |16 |17 |18 |19 |20 |21 [22] scala
1
2 — = q =
4 -
> 1N
2 \ | @WES
8 x : —‘
. 9 o A
W}afern;ap of ca/p agltadnce 10 Matrix electronics used with manipulators
values 1or one electroae 11
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Modular probe card concept
Active probe card for gyroscope measurements

= Perform MEMS test with the corresponding ASIC
= QOperate the MEMS gyroscope already at wafer-level
= Automated measurement of
Resonance frequency and quality factor %
Excitation voltage Latest version of APC
Mechanical Amplitude electronics
Zero-Rate-Offset (ZRO) and mechanical quadrature (ZRQ)
for the determination of the noise behavior

Measurement example:

Drive Frequencyin Hz Quadrature in °/s

oL Lo Lo Lo Lo Lol fue fus fue fus Lo [ir Jus Joo oo [ [e

=
]

<
=

olo|[N|lo|u|s|w|Nn|r

drivel@xcitation electrodes

1
2
3
4
5
6
7
8
9
10
11

=
r|o

Watfermap of drive frequency Wafermap of quadrature error Planar Motion Analysis of gyroscope elements
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Modular probe card concept
Active probe card for gyroscope measurements

= Measurement example for quality-factors of wafer-level encapsulated MEMS gyroscopes

Drive Quality Factor

06240701-02

CHEMNITZ

Zentrum fiir Mikro-
und Nanotechnologien

ENAS

Row (Design Col:
1 1 01
AL 02
31 1 03
4l 1 04
5 | 05
6 1] 06 19
70 1 07
8 1] 08 17
9 09
10 10 15
11 1 11
12 1] 12 60
13 1 13
14| 1 14
15| 1l 15
16[ 1 16 Statistics
17 1 17 min: 6.452)
18 1l 18 max: 314.353]
19 | 19 mean: 233.15]]
20 1] 20 std: 83.137
21 1 21 Number Good Dies
22( 1 22 346
statistics: Design I: MIN: 20.660 MAX: 314.353 Design II: MIN: 6.452 MAX: 297.014 Design IlI: MIN: 36.835 MAX: 292.795 Design Il MIN: 30.319 MAX: 292.745
# 111 +83829 # 111 +58289 # 64 +57657 # 60 +67169
MEAN: 230.524 e MEAN: 238.725 e MEAN: 235.138 e MEAN: 225.576 P
= A= L/ L
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Modular probe card concept

Probe card for ASIC characterization at wafer-level

= Perform complete initial operation test of ASICs
= Interchangeable MEMS gyro on PCB
= Automated characterization of

Reference voltages

Current consumption

Start-up behavior of gyroscope device

Initial noise
Typical gyro parameters at zero rate input

Measurement example:

guantity

Statistical distribution of Zero-Rate- 4
Offset and Quadrature Bias (ZRQ) for 2
one MEMS and different ASIC dies 0

0.55 0.6 0.65 0.7 0.75 0.8
ZROin /s
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1.5 2 25 3 35
ZRQin /s

Connected Gyro MEMS element on probe card PCB
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Silicon photonics wafer prober

Optical characterization of photonic integrated functions (PIF)
Resonant frequencies of optical ring resonators

Loss of wave guides

Coupling efficiency of grating couplers

Measurement example:

Wafer-Map 06242005-W2 GC 15 coupling efficiency @1550nm

--12.8

-13.0

-13.2

dBm

-13.4

-13.6

-13.8
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Xpos

Coupling efficiency of a grating coupler at 1550 nm

Setup with silicon photon/cs measurement system
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Vacuum chamber

= Pressure range between 1 bar and 9E-4 mbar
= Leakage testing for wafer level encapsulated MEMS

Characterize MEMS to make sure that they are hermitically sealed
= Reference measurements for quality factor over pressure

Use semi-finished wafers

Use re-opened, capped MEMS dies

1.000.000 1.000.000
2 100.000 . 100.000
Y o
© =
e @)
2 o
© P
= _=
3 10000 5 10.000
o
1.000 1.000
1,0E-04 1,0E-03 1,0E-02 1,0E-01 1,0E+00 1,00E-03 1,00E-02 1,00E-01 1,00E+00 MEMS with Laser
Pressure in mbar Pressure in mbar processed hole
Pressure curve for semi-finished MEMS wafer Pressure curve for re-opened single MEMS
2ES  ZfM Z hof
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Wafer- and chip-level characterization
MSA 650 IRIS + HF2LI

= Micro system analyzer - MSA 650 IRIS
Infrared Laser-Doppler-Vibrometry

= Lock-In amplifier HF2LI
Closed loop MEMS resonator
Evaluate new control algorithms

= Analyze wafer-level encapsulated
MEMS chips or wafers with
Glass-Si-glass
Full-Si
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Characterization with the Micro System Analyzer
MEMS ring gyroscope in motion

= 4 different MEMS designs d1...d4

= Closed drive control loop (FPGA electronics)

= Characterization of in-plane motion
with Micro System Analyzer

=R =
cs=o - XM Z
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System test with 3D-vibrometer
MSA 100 3D

= 3D inplane vibrometry of the first ring mode

Visualization of the ring motion In the lab
— EEHC - —-—
—E8 —
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Characterization at system-level

= Assembly of test systems
Chip-on-board (CoB)
Different packages (ceramic, metal)
= Determination of S <
Scale factors . Wm I‘\ ‘
Nonlinearities |
Noise measurements L, I iy,,. —
Calibration over temperature (with rate tables)
= Vibration testing
= Execution of shock tests
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Characterization at system-level

Vibration and shock

= Vibration test system for payloads up to 25 kg
= Table top vibration exciter

= Vibration control system

= Shock tester (up to 10,000 g)

Vibration test setup

- = » ==
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Characterization at system-level

Angular rate, tumble test and noise measurement
= Rate tables inside a temperature chamber

(-60 °C to +125 °Q)
= 2-axis rate table in procurement

© Fraunhofer ENAS
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Allan Plot

Allan deviation g(angular rate) in °/h

- data
—— BI=0.05%h
—— ARW = 0.01 */sgrt(h)

Rate table with horizontal
and vertical axes in
temperature chamber
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Contact

Fraunhofer ENAS

Dr. Roman Forke
Head of Department Multi Device Integration

www.enas.fraunhofer.de/EN

Thank you for your attention!



