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• Specification / Block diagram

• Package concept, substrate stack-up

• Material characterization

• Design of module and components

• Fabrication

• Measurement
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• Embedding Antenna-in-Package module

• Infineon Beamer IC 39 GHz + 100 pF decoupling
capacitors (for each VDD pin)

• 6 metal layers

• L2 and L3 for redistribution - keepout above IC

• Antenna ground plane on L1

• Bottom layer for LGA Interface

Fig.: Concept of SERNA module

Fig.: 3D View 



• Dieelctric material 

characterization using planar

resonators
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Antenna properties

• -10 dB bandwidth

 Antenna 1&4: 4 GHz (37.3-41.3 GHz)

 Antenna 2&3: 4.5 GHz (37.1-41.6 GHz)

• Realized gain (full array): 13.5dBi @ 38.5 GHz

Ant 1&4

Ant 2&3

𝜙 = 90°

𝜙 = 0°

𝜃 − 𝑃𝑙𝑎𝑛𝑒

2
3

4

1



4 November, 2021 7gan-on-Silicon Efficient mm-wave euRopean systEm iNtegration plAtform



4 November, 2021 8gan-on-Silicon Efficient mm-wave euRopean systEm iNtegration plAtform

Fig.: LGA transition from systemboard to SERENA 
embedded module

System board: SL

• Width:  137 µm

Module: GCPW

• Width:  110 µm

• Slot: 150 µm

Return Loss

Insertion Loss

Fig.: Stackup of the SERENA modules
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Fig.: Transmission lines from chip to antenna

on layers L3 and L4 in the low power module.

Layer 3: GCPW

• Width:  110 µm

• Slot:  150 µm

Layer 4: GCPW

• Width:  123 µm

• Slot:  100 µm

Total length: ≈ 6mm

Δphase ≈ 0.79 deg

Return Loss Insertion Loss

Phase 

Port 1

Port 2
Feeding 1

Feeding 2

Feeding 1

Feeding 2
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Die placement (sinter glue)

Embedding process

Megtron 7N + ABF

Laser drilling

Sputtering process

Electro plating

• sputtering process (plating base): 

100nm TiW / 300nm Cu 

• important: degassing of substrate prior 

to sputter process in order to ensure 

better Cu adhesion

Chip

Chip

Chip

electro plating: special 

electro plating bath with 

leveling characteristic 

(“via filling”) 
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• After embedding follows the build-up of the 3 further routing layers above

the embedded layer

• Main process steps for each layer:

 lamination

 laser drilling

 metallization

 structuring

 pre-treatment for next lamination step
Fig.: Stackup of the SERENA module



Top: Antenna layer Bottom: LGA layer
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Fig.: Fabricated Low power module.

Cross sections
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Stacked µ-vias

Single µ-vias

Fig.: X Ray - Fabricated Low power module.
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• Embedding test structure with GaN PA/LNA IC

• On-wafer characterisation

 Connected to PNA E8361A (20 – 55 GHz)

 DC block on port 1

 Tests on bare dies and assembled ICs

 OMMIC recommends to keep ID to 63 mA by tuning VS

VNA

LNA

Power 

supply

DC block

Fig.: Setup for probe measurements.
Fig.: Block diagramm of setup for RF measurements.



Bare Die

After embeddingAfter assembly
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Fig.: Bare-die measurement Fig.: Probed measurement on a module
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Fig.: Results of Bare-die & Probed module measurement
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Fig.: Measurement set-up of module mounted on test board including SPI interface
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Fig.: Results of mounted module measurement on test board
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• Extraction of material properties 

• Design of antenna and interconnect elements

• Embedding of ICs and embedded capacitors

• Fabrication of Module

• Successful testing of the module
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The information in this document is provided “as is”, and no guarantee or warranty is given that the information is fit for any particular purpose. 

The content of this document reflects only the author`s view – the European Commission is not responsible for any use that may be made of 

the information it contains. The users use the information at their sole risk and liability.
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