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How to build a mass-producable sub-

millimeter wave or THz system?

 Good progress have been done with mass-

producible active components on MMIC

 Integration of MMICs to a system is a challenge

 Planar integration methods, such as PCB, LTCC, 

IPD, typically fail at around 100 GHz.

 State-of-the-art at THz range integration is split-

block integration 

 Expensive, and leads to big systems

 Need for integration method that enables optimal 

combination of small MMICs and high quality 

passives and antennas

 We foresee Micromachining on silicon as a 

potential integration platform of THz systems
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Our Vision

Waveguides on Silicon

 Optimal use of MMIC area

 Low cost integration platform

with simple process

 Low temperature bonding

process to reduce need for 

external mechanical support

 Enables integration to small

package
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Communications:

Complex systems can be built with waveguides

 Rapid evolution of semiconductor

technologies, like SiGe, enable

electronic THz systems

 High gain antennas are a prequisite for 

THz communications

 Adaptation of phased array technology

to the THz range is needed

 Beam steering is essential for high-

resolution radar tracking, security

imaging and adaptive THz

communications P. Herrero et al., ” Planar Antenna Array at D-Band 

Fed By Rectangular Waveguide for Future Automotive

Radar Systems”, EuMC’08
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Waveguide Measurement Results

 Waveguide loss 0.2 dB/mm 

 Also filters, bends and MMIC 

transition demonstrated.
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Our Vision

Micro-optical, Planar Integration of Sensor Arrays

 Small MMIC area

 Low cost integration

platform with simple

process

 Easy to integrate large

arrays

Top side of wafer

planar lens stuctures

Back side of wafer

MMICs at foci of lenses

Bias and IF connectors
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Security imaging:

Micro-optics enable big arrays of detectors

Background

 Commercialized imaging technology for security

 VTT Spinoff Asqella

Ongoing research:

 Scalable ~10 kpixel cryogenic bolometer sensor

arrays

 ”Digital camera sensor” for millimeter waves

Asqella ARGONTM scanner and video imagery.

Multi-kilopixel kinetic inductance bolometer 
array and imager prototype.



06/09/2018 8

Heterogenious integration of different MMIC 

processes and components

D. Parveg, M.Varonen et al., IEEE MWCL 2016.

D. Parveg, M. Varonen  et al., IEEE SiRF, 2017.

M. Varonen et al., Electronics letters, 

2016.
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Conclusion

 New low cost integration technologies are key element of 

successful commercialization of THz systems

 We envision a micromachined sub-millimeterwave and THz

integration systems based on Silicon micromachining

 Smaller package

 Lower cost

 Mass-producible

 Contact Information:

Pekka Pursula

pekka.pursula@vtt.fi

+358 40 738 4986
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