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Abstract

The determination of the impedance of an electrical circuit, potentially including a sensory, and, thus, 
variable element over frequency and the result representation and evaluation as Nyquist or Bode plot 
is  commonplace in electrical  engineering.  In  the last  years,  the  extension of the basic  Impedance 
Spectroscopy  (IS)  to  the  analysis  of  chemical  substances  or  biological  tissues,  denoted 
Electrochemical  Impedance  Spectroscopy  (EIS)  or  Bio-Impedance  Spectroscopy  (BIS),  has  seen 
widespread  application  and  the  evaluation  of  the  potentially  high-dimensional  data  by  the  large 
spectrum of Computational Intelligence methods can serve  to compute and classify fingerprints of the  
underlying probes, e.g., provide the information whether regarded fish tissue is  fresh or  rotten. 
Current application of the approach range from optimized control of  batteries'  charging, water quality  
(e.g.,  detergent)  assessment  to  tissue  of  in-vitro  or  in-vivo  tissues  for  food  control  or  medical  
diagnosis.  The  plethora  of  applications  and  measurement  approaches,  e.g.,  FRA,  etc.,  impose  
significantly heterogeneous requirements on ideality and properties, such as the bandwidth, e.g., from 
a few kHz to 0.5 GHz,  of applied equipment or implementation circuits.
Many approaches achieve solutions by employing desk top equipment, which mostly is very capable 
and flexible, but costly, bulky, and power greedy.  Naturally, research and industry activities strive for  
more compact, low-power, well performing embedded IS systems implementation, predominantly on 
PCB-level.  Further integration by chips is highly desirable, but only one standard product is  currently  
on the market, which is not sufficiently in compliance with many of  the requirements outlined above  
and also needs additional circuitry to approximately match various application system needs. 
Therefore, increasing specialised ASIC design activity based on standard CMOS processes as well as  
CMOS/MEMS design activities can be observed. 

Thus,  a  research group is  currently established at  the  Institute  of  Integrated Sensory  Systems on 
Integrated Impedance Spectroscopy (IIS) circuit and system design and applications, with promising 
potential in assisted living, medical, as well as environmental and energy related applications. On the 
hardware  side,  multi-sensor  architecture  will  be  developed  to  include,  e.g.,  temperature  or  other  
context in the evaluation process for higher quality and reliable results. The focus is on embedded,  
mobile, low-power (autonomous/self-sufficient), and potentially generic systems based on combined 
CMOS,  MEMS,  and  advanced  packaging  technology,   e.g.,  AML-solutions  and  3D-printing,  for 
mixed-signal  circuit,  reconfiguration,  and  electrode  integration.  Self-x-features  are  salient  and 
required,  e.g.,  for  automated,  repeated  self-recalibration,  which  asks  for  close  to  ideal  integrated 
switching devices also pursued in ongoing ISE research. Currently pursued ISE demonstrators are the  
emerging Lab-on-Spoon-system with strong medical  and environmental  implication as  well  as  an 
assistance  system for skin monitoring in a multi-sensor set-up. For the processing of the measurement 
data and complete system design, ISE will reuse its proven Computation Intelligence back-end, e.g., 
previously applied to gas, infrared, or magnetic sensors etc. tasks. The outlined approach of  intel-
ligent IIS research promises to pave the way to rich and potentially high-volume application fields.
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