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Smart Systems

Power Management Energy Harvesting & Storage

Memory & Software

Wireless 
Receivers

Sensors Actuators

Wireless
Transmitters

InterfacesInterfaces

Data 
Processing

µ
Controller

Smart System Block Diagram Examples

Wearable/Fitness

Smart Watch

Smartphone 

Smart Home 

… 
Smart Everything
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Miniaturized Smart Systems

• Active 
Interposer

• TSV
• WLP
• D2W
• FO WLCSP
• PCB Die 

Embedding 

Actuators

SensorsIntegrated  Circuit
Wireless, Memory, µC, 
Power Management, 
Energy Havesting & Storage, 
Passives, ….

3D

Through Silicon Via (TSV)

Wafer Level Package (WLP)  including Bumping

Source: F.Schrank et al. (2015)
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Environmental Sensors

 Provide environmental information to people
 EM radiation, sound, pressure, temperature, gas, particles

Standalone Sensors Integrated Multi-Sensors

Smart Sensor Systems5 e-senses

Temperature
Relative 
Humidity

PressureGas

TRENDTRENDFOCUSFOCUS
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Market Drivers

• Cost reduction 
• Yield increase
• Safety
• Security

Home and
Building 

Automation 

Industrial & Agriculture

Mobile 
Wearable
Consumer

Automotive• Improve human comfort
• Pedestrian and passenger safety
• Security

• Human comfort, safety and health
• Energy Efficiency 
• Cost reductions (maintenance, energy, …)
• Security

• Human comfort and safety
• Environmental awareness and indoor navigation
• Fitness 
• Health monitoring



11

Environmental Sensor Market
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Gamma Radiation Sensor

Ultraviolet Light Sensor

Fine Dust Sensor

Chemical / Gas Sensor

Humidity, Temperature & Pressure Combo Sensor

Humidity & Temperature Combo Sensor

Standalone Pressure Sensor

Standalone Temperature Sensor

Sources: ABI Research, IHS isuppli, ams AG (2015)
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Gas Sensor Applications

Source: Yole (2016)
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Temperature

• CMOS-based design block (Bandgap)

0C

±0.2C 
Specification Limits

Source: ams AG (2015)
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Humidity

• SoC integrated humidity sensor (CMOS postprocessing)

Source: ams AG (2015)
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Pressure

• SoC integrated pressure sensor (CMOS postprocessing)

Source: ams AG (2015)
Top view ASIC with two 
membranes on CMOS

Top view  membrane showing 
release etch holes 

Top view  Packaged
Product
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Gas

• Volatile Organic Compounds

Source: ams AG (2015)
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Gas Sensor Trends

Source: Yole (2016)
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Gas Sensor Technologies

Source: Yole (2016)
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Gas Sensor Technologies contd.

Source: Yole (2016)
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Fine Dust

• Fine Particles (< 2.5µm, < 10µm) pose health hazards (cancer,..) 

[µm]

Source: wikipedia (2015)
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Fine Dust Sensors

Fine Dust Measurement Station Optical Fine Dust measurement using
Mobile phone functions (Budde et al. (2013))

Fine Dust  measurement e.g. by SAW /  FBAR 
(S.Thomas et al. (2013))

Optical  ~ m3 Optical  ~ cm3 MEMS   ~ mm3

Film Bulk Acoustic wave Resonator (FBAR)
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Sensor IC Minaturization using 3D

ICsensor

sensor
IC

TSV+bump

sensor

IC
TSV+bump

W2W D2W

sensor SoC

sensor

IC

TSV+bump
SoC

• System on Chip (SoC) with TSV and RDL 
• Wafer to Wafer (W2W) bonding for 

matched sensor and IC die sizes 
• Die to Wafer (D2W) bonding if sensor and 

IC die sizes do not match

• Form factor reduction
• System cost reduction
• Better performance

Active Interposer
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Light Sensor with 3D/TSV 

• World’s smallest Ambient Light Sensor
• Using 3D/TSV
• Height of only 0.218mm  w/o bumps

TSV

IC

metal layer

bump

Si substrate

Sensor

Source: ams AG
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3D Gas Sensor IC

• System on Chip (SoC) integration with 3D/TSV

Source: A.Nemecek et al., Semicon Europe (2014) ; ams AG 

TSV CMOS

µ hotplate

µ hotplate

poly-silicon heater 
power consumption 9 mW
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EU project “Multi-Sensor Platform”

• Ambition: Integration of  multiple sensor functions

Printed Circuit Board

CMOS    platform    chip 

T- Sensor Light Sensor (RGBW,IR,UV)
PE energy 
harvester γ – radiation ?

Printed Circuit Board

ParticleCMOS    platform    chip 

Gas, Humidity,Temp.  

LWIR-Sensor
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Gamma Radiation

Sharp Pantone 5 107SH
0.05µSv/h (min)
(dedicated semiconductor sensors 2x100mm2)
Source:  Sharp (2012)

iPhone 4s using camera covered with 
black tape & SW app
1µSv/h (min)  
Source:  ansto (2014)
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CONCLUSIONS

• Sensors for environmental parameters such as gas, humidity, 
temperature and pressure as well as  EM radiation have become 
available with increasingly smaller form factors.

• Chemical and fine dust sensing are particular areas where further 
R&D is needed for identifying the optimum sensing technologies 
with respect to  sensitivity, size and cost. 

• Cost reduction and the use of small form factor mobile devices 
drive the further miniaturization of sensors and electronics as well 
as the combination of multiple sensor functions

• Miniaturization is enabled by recently developed Wafer Level 
Packaging and 3D integration technologies with Through Silicon 
Vias and Die to Wafer Stacking

• Not all sensing parameters need dedicated sensors (T, gamma) 
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Gas Sensing Technologies

• xxx


