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Summary :  Water molecules are the essent ia l const i tuent substances in cells,  but  i t has been 

di ff icul t  to measure  thei r  dynamics wi th convent ional techniques.  The spectroscopic 

informat ion of  the hydrogen bond network of  water  molecules l ies in the  sub-terahertz 

region.  To detect  the  state  of water, we focus on frequencies around 60 GHz and have been 

developing a CMOS biosensor integrated c i rcuit  (IC) wi th 60-GHz osci lla tor array.  This 

presenta t ion int roduces the  concept  of  this unique sensor and the  resul ts of  f i rst  experiments 

and shows the  possibi li ty of future appl ication. 

 

Introduction :  WATER  i s  one of  the  exci ting research objects in terahertz  spectroscopy. 

Pioneering research has unraveled the  dynamic movement  of  water  molecules,  which 

contr ibutes to understanding the interaction between solute molecules and water  molecules. 

I  think the  key technology here is THz t ime-domain spectroscopy based on ul t rashort laser 

system.  Since such opt ical  technology provides us wi th a wide varie ty of  measurement 

methods, and they are beneficia l for  basic  research.  On the other  hand,  despi te the efforts 

of  many researchers to enable measurement  of such water  molecule  dynamics,  many of the 

important  materia ls of l i fe  science researchers are  in thei r  laboratory. We can't  br ing the 

more  important and valuable  medical  samples out  of  the  room or building.  In other  words, 

we have to make an effort to bring out  terahertz technology.  The technology of  the e lect ronic 

device which can be  smal l  and highly integrated is useful  in such a si tuat ion. In this 

presenta t ion,  I wi l l int roduce a  sensor using 60 GHz osci l lator  and i ts appl icat ion. 

 

Principle :  As the  concentra tion of  solute  molecules increases,  the  quanti ty of  the  water 

molecules that contr ibutes to the  re laxat ions decreases. The resul tant changes in the 

re laxat ion spectrum become part icularly prominent  in a  frequency range around 100 GHz. 

The sensor ut il izes LC osci l lators of 60 GHz to detect  the changes in the complex die lect r ic 

constant  of  a  target .  It  consists of  1488 CMOS transistors osci l la t ing at  60 GHz,  and 

individual operat ion of  each e lement is possible. I t  i s designed to oscil late  a t  a  frequency 

of  60 GHz when the  top of the e lement  is ai r.  The dielect r ic characterist ics of the object are 

est imated by the oscil la tion frequency shif t when the target  material  comes into contact 

wi th the  sensor surface.  The size  of  one e lement i s 110 µm ×  51 µm,  and a l l  e lements are 

arranged in 3 mm square . I t  operates as a near-fie ld image sensor and can acquire  data  of 

a l l  e lements within 0.5 seconds. 



Experiments :  It is known that  the die lectric constant  of dist i l led water increases as 

the temperature rises.  The dist i l led water of different  temperatures was measured as 

a sample to  confirm the operat ion of our sensor. 

Figure 1 shows the measurement results.  The horizontal axis indicates the frequency 

shift  amount from the reference frequency (60 GHz),  and the higher die lectric 

constant  (higher temperature) shows a large shift .  In this graph, the vert ical axis 

indicates the rat io  of the number of e lements having a part icular frequency shift  to  

all  the e lements (1488).  The spread of the shift  amount is considered to  reflect the 

characterist ics  of each element and temperature nonuniformity in the measurement 

region. 

Figure 2 shows the measurement results of HeLa cells  cultured on the sensor direct ly  

and culture medium (DMEM) at  37℃ . The frequency shift  amount of DMEM became 

smaller than that  of dist i l led water 

(37℃ ).  This is mainly because the 

number of water molecules has 

decreased relat ive to  the substance 

dissolved in DMEM. On the other 

hand,  cultured cells showed a broad 

distribution with a peak around 1.68 

GHz.  Since the size of one element of 

this sensor is la rger than that  of a 

cell ,  the density of cells per e lement 

changes the frequency shift  amount. 

Furthermore,  nuclei  and organelles 

are also  distributed in the cells,  and 

these heterogeneit ies are considered 

to  be responsible  for broadening of 

the frequency shift  amount. However, 

it  is ant icipated that  this distribution 

also  includes differences in cell  cycle  

and cell  state.  I  want  to  develop a 

technology to  analyze these 

information and measure the cell  

quality and the details of  cellular 

water. 

 

 
Figure 1.  Amount of shift by dist i l led water 

at  different  temperature  

 

 
Figure 2.  Comparison of cultured cells 

(confluent) and culture medium 


