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Miniature Clark Oxygen Electrodes 
Using Anisotropic Etching of Silicon 
and Their Application to Biosensors 
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The Clark oxygen electrode is an electrochemical device used  in biosensor 
deve lopment ,  clinical analysis, and  fermentat ion monitor ing.  However ,  a 
p roblem is that currently available oxygen electrodes are very expensive 
and difficult to miniaturize.  A major objective of this s tudy  was to make 
an inexpensive miniature  oxygen electrode. 

The miniature oxygen electrode chip is 2 x 15 m m  with a sensitive area 
0.2x 2 mm.  We formed  rectangular  grooves by anisotropically etching a 
(100) silicon substrate,  and made  the cathode and anode  on this area. We 
used a gold or silver cathode and  a gold or Ag/AgCI anode.  The sensitive 
area was delineated by a negative photoresist.  The grooves were filled with 
electrolyte over which  a gas-permeable membrane  was directly formed.  

To begin with, we used  an electrolyte impregna ted  in gel. However ,  
to improve  fabrication, long- term storage stability, and  tolerance to 
steam-sterilization, we also used  a KCI electrolyte mixed with a poly- 
v inylpyrror idone paste and a screen-print ing technique.  The m e m b r a n e  
materials were a negative photoresist,  silicone resins, and silicone rubbers. 
Water essential for oxygen reduct ion was incorporated in the  electrolyte 
by sterilizing the comple ted  oxygen electrode in steam. 

The electrode p roduced  a very clear response curve wi thou t  appreci- 
able noise. The 90% response t ime was 1.3 min on average. Residual cur- 
rent  at zero oxygen concentrat ion was about 10% that for the oxygen- 
saturated state. The response t ime d e p e n d e d  on the anode  materials. The 
response  with a Ag/AgC1 anode  was m u c h  faster than with a gold anode.  
The residual current  was also reduced  significantly by replacing the gold 
anode  with a Ag/AgC1 anode.  We obtained a calibration curve with fairly 
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good  linearity at 27~ The oxygen electrode always survived at least one 
sterilization by steam. 

A miniature glucose sensor  was made  using the oxygen electrode. 
The response time of the sensor  was 60 s on average. Its calibration curve 
was linear for glucose concentrat ions from 60 ~ to 1.1 mM. The sensor  
mainta ined almost  the same response  for about 1 mo.  

A miniature L-lysine sensor  was also made.  To make  the  s t ructure  
compact ,  autotropic bacteria were immobil ized in the groove along with 
the KC1 electrolyte. After the sensitive area was covered wi th  a silicone 
resin gas-permeable membrane ,  L-lysine decarboxylase enzyme  was 
immobil ized on the sensitive area by bovine se rum a lbumin and glutaral- 
dehyde .  The response  was best at 33~ and pH 6.0. Under  o p t i m u m  con- 
ditions, the calibration curve was linear be tween  25 and 400/dV/L-lysine 
and saturated above this concentrat ion.  

Such amino acid sensors were integrated on a chip. We used  four 
oxygen electrodes as t ransducers  that  were stuck together  back-to-back 
using a silicone resin. We used  L-glutamate oxidase to detect  L-glutamate, 
and three decarboxylases to detect  L-lysine, L-arginine, and  L-histidine. 
L-glutamate is measured  by directly moni tor ing  decrease of oxygen con- 
centration. Detection of the other  three sensors is based on the same prin- 
ciple as the previous L-lysine sensor.  The glutamate  sensor  s h o w e d  a 
weak dependence  on pH be tween  5.5 and 8.5. The other  sensors  all had  a 
m a x i m u m  response  at an o p t i m u m  p H  for each enzyme.  The L-glutamate 
sensor  showed  weak dependence  on tempera ture  at t empera tures  from 
31~ to 39~ The other  three sensors  gave a m a x i m u m  be tween  31~ 
and 33~ Al though  they have different sensitivities, they all s h o w e d  
good  linearity. 
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