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Research Results (Including Purpose, Results, Figures, etc.) 

 

Purpose 

Electromagnetic waves have a high potential for diagnostics, understanding and treatment of illnesses, e.g. 

elevated skin temperature measured by infrared (IR) cameras is an indicator of infection. Using visible, IR, and 

terahertz (THz) waves has given a new understanding of patient’s dry skin (1), of healing processes after plasma 

treatment of wounds (2), and new insights into sweat ducts properties (3). A prerequisite for non-invasive imaging 

of skin are cameras enabling systematic medical studies with high statistical value. Our research tackles the 

challenge to correlate spectral fingerprints in the visible, IR, and THz region of heterogeneous complex 

biocompatible materials, cells, tissue, and skin. Our strategy is to measure additional modalities by providing the 

imaging technologies for discoveries. Our research concentrates on the development of the required technology 

and THz spectral fingerprints/resonances. 

 

Results 

During project No. 2032 at the Research Center of Biomedical Engineering and the MOU between KIT and 

Shizuoka University, the technology has progressed by identifying suitable materials (4). We studied a long 

meander-line, titanium thermistor to obtain higher responsivity by the larger resistance (5). This meander line with 

0.1-µm width and 90-μm length is at the core of the THz detector pixel (Fig. 1). A single pixel usable at 10times 

higher (500 Hz) than typical camera framerates of 50 Hz and illuminated with a few nW at 1 THz showed about 

1000times lower noise level. We achieved a noise-equivalent power (NEP) value of 6.7 pW in a 1 Hz bandwidth 

(5). Simulation suggests response times suitable for framerates even beyond 5000 Hz. A multi-spectral camera 

concept for imaging and high throughput applications with detector antennas, resonant at 3 different THz 

frequencies (pixel arrangement symbolized by color), was presented (6) at the 4th International Symposium 

Biomedical Engineering (ISBE), see Fig. 2. 

 

Figures 

 
 

Fig. 1. Antenna-coupled bolometer with a meander thermistor. Inset (right): photo of 3 pixel. 

 

 
 

Fig. 2: (a) Detector antennas, resonant for 3 different THz frequencies (symbolized by 3 colored squares/pixel), 

(b) artists’ view and concept of multi-spectral/color camera pixel arrangement, (c) positioning for 

polarization-sensitive measurements (symbolized by colored rectangles), (d) artists’ view and concepts of 

multi-spectral and polarization-sensitive camera. 
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April 2019: Erik Bründermann elected as Honorable Guest Professor of Shizuoka University, Graduate School of 

Science and Technology, Hamamatsu, Shizuoka, Japan. 

 

Registration of research-theme continuation for next year 

Prior consent from the collaboration partner in the Research Center is necessary. 
Yes        No 

Research plan for the next year (from April 1, 2020 to March 31, 2021), if the collaboration research is continued. 

We plan to advance the technologies on THz array and camera technologies further and stable conditions for THz 

light sources to foster systematic studies and statistics for medical researches. High THz source power and 

sensitive cameras allows multi-modal, multi-dimensional data for systematic medical imaging with high statistical 

value. The research is required to enable the systematic study of heterogeneous materials such as complex 

aqueous solutions with biomolecules relevant to medicine, biocompatible materials, cells and tissue. We also 

study the techniques for observing fingerprints of biological matter in the terahertz spectral region mostly terra 

incognita in which high potential for discoveries is expected. This work shall be conducted in the framework of 

the 5-year Memorandum of Understanding (MOU) signed between Karlsruhe Institute of Technology (KIT), 

Germany, and Shizuoka University (SU), Japan, on November 24th, 2015, and as Cooperative Research of the 

Research Institute of Electronics for the Research Center of Biomedical Engineering. Preparations for extending 

the MOU by another 5 years are under way at KIT and SU. 
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