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A Silicon based sensor technology

Micro-Electro-Mechanical Systems

 MEMS are miniature systems that combine tiny mechanical structures with electronic circuits. 
Typical individual structures have a size of a few µm.

 The MEMS sensor element is usually packaged together with an ASIC and made into one
unit, e.g. into an LGA package.
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Automotive MEMS applications
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MEMS sensors improve our mobility – safe, comfortable and economically

More than 50 MEMS sensors per car



Automotive MEMS applications
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Sensors open up new degrees of freedom for innovative features and APPs 

2015
< 18 Sensors

2020
< 25 Sensors

3-axis Accelerometer  .
3-axis Gyroscope .

1 Pressure Sensor

2 Microphones

3-axis magnet

1 HRS - Heart rate sensor

1 Fingerprint

2 Cameras  

1 ALS – Ambient Light sensor 1 Proximity

3-axis Accelerometer  .
3-axis Gyroscope    .

1 Pressure Sensor

2 + 1 Microphones

3-axis magnet

1 HRS - Heart rate sensor

1 Fingerprint

2 + 2 Cameras   

1 ALS – Ambient Light sensor

+ 1 RGB - sensing
1 Proximity

1 TOF – time of flight

+ 1 IR - Infrared

1 Gas + 1 humidity



Global MEMS market forecast 2023*
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88 billion sensors – The heart of multiple applications world-wide!



MEMS technology innovation
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MEMS technology is ready for IoT



Market drivers
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Motivation: Highly automated driving
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 Localization based on satellite and sensor data fusion – Cam, USS, Radar, Lidar
 Secure safe-stop requires relative short term localization with high precision
 Localization can be realized with high performance inertial sensors
 Key features for inertial navigation: high offset stability and low noise



Motivation: High-performance
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Challenges in MEMS development
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A reliable system model on a suitable abstraction level 
considering all relevant domain interactions is the key



Challenges in MEMS development
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Model based systems engineering
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need 
requirements

Understanding the
problem space Assess system value

validate 
verify

design

specify

integrate

accept

Understanding the 
solution space

Assess system 
cost and riskDetailed component design

constraints

Systems engineering
 Big picture thinking
 Divide and conquer

Model based systems engineering (MBSE) 
allows to design the right system for the customer

Model based design
 Validate assumptions or theories
 Acceptance criteria for verification



Example 1: Radiometric effects
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What are radiometric effects in MEMS accelerometers?
 Heat sources lead to temperature gradients
 Temperature gradient over the accel core leads to a differential artificial offset signal



Example 1: Radiometric effects
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Enhanced MEMS processes enable new design approaches
to reduce offset drifts in out of plane accelerometers due to radiometric effects

Standard process with
asymmetric teeter totter

Enhanced process allowing
symmetric teeter totter

structure

Gas influence on TGO Ratiometric effects
(asym. vs. sym. structure) Symmetrized teeter totter structure

 Reduces radiometric effect
 Possible with new Bosch PSO7 process

 Correct selection of gases also reduces the TGO effect



Example 2: Bending robustness
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What is stress sensitivity in MEMS?
 Bending & stress leads to, e.g., change of gap
 Change of the gap leads to a change of the raw offset
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Example 2: Bending robustness
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Significantly improved sensor performance (stress robustness, solder drift, TCO)
P2 layer thickness can be scaled  higher flexibility due to lack of topography
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Example 3: Low bias instability
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Normal vs. high performance IMU

What is bias instability (BIS)?
 A measure of slow fluctuations in sensor signal without external stimulus
 Fluctuations are integrated and lead to orientation errors
 Quantified by Allan variance: Has a 1/f or “pink” noise characteristic in power spectrum density

Allan variance and angle error (std.) of integrated rate signal. “State of the Art”.
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 BIS root cause: Flicker noise on tuning voltage + a mechanical cross-coupling offset
 Verified through comparison between measurements and simulation
 Control of frequency split by e.g. pilot tones reduces effect

“Long-Term System Simulation” – Schematic. Allan variance and angle error (std.) of integrated rate signal.

More than 10x improvement  sub 0.1 deg/h possible

Example 3: Low bias instability



Bosch Semiconductor locations
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DRESDEN

Wafer size 300 mm
Floor space 10 000 m²
Nodes 180 … 65 nm
Start technology: Mixed 
signal, Power MOS

REUTLINGEN

Wafer size 150 mm, 200 mm
Floor space 12 000 m²
Nodes 1 µm … 180 nm
Technologies: Mixed signal, 
Power MOS, MEMS



The SC ecosystem in Dresden
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Bosch

Mask house

Globalfoundries Airport



MEMS – enabling technology
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Summary
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 MEMS devices are a huge and still growing market

 Designing of MEMS devices is very challenging

 Complex interaction of micromechanics, ASIC and packaging

 Model based system engineering allows to design 

the right system based on customer needs
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