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Definition of Smart 
Systems
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Wireless Data 
Transmission

Provide
Information in 
network
environment
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Analog Circuits
AD-Converter
DA-Converter

Memory

Energy 
Storage / 
Conversion

Sensors
Actuators

Micro 
Processor

Passive 
Components

Antenna
RF-Frontend

Functional 
Layer

eGrain
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Application / Environment

Self-Sufficient Micro

Packaging
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Sensors
Actuators
Signalers

  Analog Circuits

  Digital Circuits

Crystals
Antennas

  RF Circuits

Packaging
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Sensors
Actuators
Signalers

   Environmental
Interface

Data
Handling

Crystals
Antennas

Communication
Interface

Distributed Systems

Technology

Inter-
faces

SoftwareHardware

System Layout
Miniaturization

System Design
Functionality

M. Niedermayer, IZM Berlin
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Efficiency

Small

High
Antenna

Functio-
nality

Energy

µC: 8bit
RF: 0,3 - 1GHz

µC: 16bit
RF: 2,45GHz

µC: 16bit
RF: 24,5GHz

Maximum

Volume
Distance

Bandwidth

Volume
High
Large

Low

Short
Fast

Small

High

Short
Fast

Small

Low

High
Long
Slow

High

Large

Life time Best at Long
Data packets

Best at Short
Data packets

4�������	��������	�

M. Niedermayer, IZM Berlin
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(Source: Fraunhofer IZM Munich)

Vertical System Integration of SiGe and Si devices
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• Fabrication of Tungsten-filled InterChip
Vias on Top Substrate

• Via Opening and Metallization

• Thinning

• Opening of Plugs

• Electroplating
• Alignment and Soldering

6��
'��'� ��	 4� �
��) "�
-6@�A�6�4� ' 4�&#�	��)

Si 10 µm

(P. Ramm, C. Landesberger, et al. IZM Munich)
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C2W-Transfer 
After Chip Transfer from Intermediate
Handling Wafer to Target Substrate
Chip Thickness 500 µm

After Thinning on Target Substrate
Chip Thickness 10 µm

�������)����B��>�

(R. Wieland, R. Merkel, A. Klumpp, P. Ramm, IZM-M)
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thin chips [40 µm]
embedded into redistribution BCB/Cu

�����6��
�-���)	 �����
���� ��	�(�5�&

Silicon Chip/Wafer

(M. Töpper, O. Ehrmann, K. 
Buschick, et al. IZM Berlin)
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Si

SiO2

Wire bonding pads (Al)

Resonator structure

Trenches for insulation

Fixed electrode

Anchor

Si
Pre-etched cavity
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IPD with 3 inductors and 2 
capacitors

IPD with 63 resistors (M. Töpper, O. Ehrmann, K. Buschick, et al. 
IZM Berlin)
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Ball Grid Array with
Silicon Via Contacts

Via-holes and dicing steets
etched in one step

(M. Töpper, O. Ehrmann, et al. IZM Berlin)
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Sensor Unit: Sensors (Temp. LM20, Photoresistor NSL19), 
LEDs & Switches

µC Unit: Controller 
(ATMega128L, 8Bit), 
Quarz and Passives

2,�0���C '������	����
898&1
�
� �	� ��:;;;�$��

9�$�	C ,�������
� 3<=>?�=-@>9;�.��

Basics
• Size 26 x 26 x 24 mm 
• Power consumption max.  20mA / 3V

• Stand-by Current 10µA (1 year at nominal battery capacity)

• Light and temperature sensor

Sensor Unit

µC Unit

RF Unit

Power Unit

Analog Sensor Data

Digital Sensor/Protocol Data

.?�����
�

FhG IZM ASE System Integration

��	�&����4����	���#�&��

M. Niedermayer
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(K.-D. Lang, S. Schmitz, V. Großer, P. Semionyk, IZM Berlin)
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eGrain integration into a 
sensor network
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Cross section of a single stack package

via to board metallization

solder ball

filled through 
hole embedded chip

and via to chip pad

build-up layer

0.5mm FR4 board Stack of 4 single packages

6��
����9�&���	

(A. Ostmann, R. Aschenbrenner, et al. IZM Berlin)
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module design

Via to 
embedded
chip

(L. Böttcher, D. Manessis, A. Ostmann, IZM Berlin)

Cu conductors
to embedded
chip
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Mica 2 architecture

frequency: 868 MHz
data rate: 40 kbit/sec
transmission range: 2m

Sensors:
temperature, light

Technology:
flexible substrate
flip chip interconnects
passive device integration
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Public project InFON

Development of a miniaturized packaging 
solution for a stress sensitive Si microphone

Project Result:
A generic packaging technology for stress 
sensitive devices.

• Substrate is low cost FR4
• Mold cap is made from Duromer allowing 

metallization / sound port realization
• Assembly technology is compatible to COB

Further Miniaturization Potential:
Volume reduction by the use of Duromer MID 
technology for 3D packaging

Duromer MID Package Schematic

���� ��	���#�9 �
 )��)�
4�&��������	� �����)	 ��#�
���	�
����

InFON Si-Mic Packages 

(K.-F. Becker, P. Meier, M. Koch, P. Sommer, IZM Berlin)

(funded by BMBF Germany)



��������

������� ��	
���
���	���
	�������������
��
�	��	�����������������

Dr. Klaus-Dieter Lang
Deputy Director
kdlang@izm.fraunhofer.de

�#5 �� )�������
& ���#��&���	�#������
 	�#�����&��� 	�#�������� &
C
� �	������������������$�����������������A������
� ������������	��������	��	�	����������
� �����	���
���������������������������	�	���

6�	�"	 &�6�	��8����	 &�
2���	#��)��		 �

Inductors (Au/Pi Flex
Technology

• 3 Layers Pi
• 2 Layers Au
• 1 Layer Ni/Au

'$�����
���� 3��! �!� A�� ����������A�
!)
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B$%B$%B$%B$%@@@@?.	?.	?.	?.	
+C?B1�+�DB+C?B1�+�DB+C?B1�+�DB+C?B1�+�DB

��E���E���E���E�F�F�F�F�
��666���
���666���
���666���
���666���
�
volume FFFF

��666����
���666����
���666����
���666����
�; ;;;

�/-�/-�/-�/-@@@@?.	?.	?.	?.	
$�B1�$D%1�?$�$�B1�$D%1�?$�$�B1�$D%1�?$�$�B1�$D%1�?$�

size:
�1��666���
��1��666���
��1��666���
��1��666���
�
volume :

�1��666���
��1��666���
��1��666���
��1��666���
�; ;;;

?���?���?���?���
G$GG$GG$GG$G@@@@HHHH

size:
�1��666��1��
��1��666��1��
��1��666��1��
��1��666��1��
�

    ��������������������
�1��666���
��1��666���
��1��666���
��1��666���
�; ;;;

?���?���?���?���
G$GG$GG$GG$G@@@@/// /

size:
�1��666���
��1��666���
��1��666���
��1��666���
�

 ����� ����� ����� �����
�1��666���
��1��666���
��1��666���
��1��666���
�; ;;;

$!���H� ���$!���H� ���$!���H� ���$!���H� ���
�/�/�/ �/

size:
�1��666��1��
��1��666��1��
��1��666��1��
��1��666��1��
�

 ����� ����� ����� �����
�1��666��1�
��1��666��1�
��1��666��1�
��1��666��1�
�; ;;;

����������������

#
����H� ���I�-�#
����H� ���I�-�#
����H� ���I�-�#
����H� ���I�-�
size:

�1	��666��1��
��1	��666��1��
��1	��666��1��
��1	��666��1��
�
 ����� ����� ����� �����

�1���666��1��
��1���666��1��
��1���666��1��
��1���666��1��
�; ;;;

����������������

����������������

����������������

����������������
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