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Abstract

The signal processing technique of FET type electrolyte sensors using the back propagation neural
network was studied to reduce the interference effects of the different electrolytes. The FET-type
electrolyte sensors, pH-ISFET, K~ISFET, and Ca-ISFET, were prepared to measure the pH, K, and
Ca electrolytes. Neural network consisted of three layers was learned with 8 patterns and 9 patterns.
The sensor output obtained with arbitrary concentrations was processed by the learned neural
network. The errors obtained from calibration curve for pH, K, and Ca were £0.039 pH, *2.508
mmol/], and +1.807 mmol/l, respectively, without considering the interference effects. The errors of
the network output for pH, K, and Ca were reduced to +0.005 pH, £0.436 mmol/], and *0.381 mmol/
in case of 9 patterns, respectively. The sigpal processing using the neural network can reduce the
errors of the electrolyte sensor outputs caused by the interference effect, thereby providing
effectiveness in the improvement of the sensor selectivity.
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Table 1. Clinical concentration range of pH,
K, and Ca in blood.

Measurement . -
Electro—~| range of c on%grrllg:}:ion Normal value
lyte fe;l;l;ggﬁ(;d range of adult
H 700 ~ 790} 7.00 ~ 760 | 7.35 ~ 745
b pH pH pH
K 10 ~ 100 25 ~ 80 38 ~ 50
mmol/ £ mmol/ £ mmol/ £
Ca 1.0 ~ 100 1.0 ~ 70 1.0 ~ 5.0
mmol/ £ mmol/ £ mmol/ £
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Table 2. Prepared solution patterns for
learning.
Concentration

Number of KOl CaCh
pattern P | (mmol/2) | (mmol/2)

1 7.00 1.0 1.0

2 7.00 10.0 10.0

3 7.00 1.0 10.0

4 7.00 10.0 1.0

5 7.90 1.0 1.0

6 7.90 10.0 10.0

7 7.90 1.0 10.0

8 7.90 10.0 1.0

9 7.40 3.0 3.0
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Fig. 1. Cross sectional view of pH-, K- and
Ca-ISFET.
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Hidden layer Output layer
a2 2. 3x6x3 AR R
Fig. 2. 3X6x%3 neural network.

Input layer

4

Iv.

ot

1. ISFET &A%}

pH-ISFET, K-ISFET$} Ca-ISFETS AR&-31od
i wlslAside] EAjelA] W b Sqdlx 34
3 FEo) ukE Aol A a3 3e 2 v
ehfiedel pH A9l 7hEE 57.0 mV/pHA, H3
o] Eals A7k oF 13 AEgch K¢} Ca AX9
7w 27 539 mV/decade, 25.3 mV/decade%i,
Byol| ERtshz A7k o 3% A=t

51 []
A&

20

80

70

60

50

Qutput voltage (mV)

40

888




152

100
80
80

40

Qutput voltage (mV)

20

L
1

1 10
Ca electrolyte concentration (mmol/l)
(c)
a8 3. 49 Y A
Fig. 3. Calibration curve of sensors. (a) pH, (b)
K, (¢) Ca.
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Table 3. Results of learning with 8 patterns.

1334051 -1.737438 -1.033443 -0.605412 1575068 -0.918030
0.119715 0614066 0.058279 -3.752392 -0.976061 0.869220
~2904758 2100194 5143682 2.369215 -2.624506 -1.617615

(a) d¥3input layer)e] dA7}x%

-0.743136  -2.297727 -3.180731
1525132 -2411466 -0.8073%
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0694865 -2944268 -2.456264
L105344 -0922847 -2.706309
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Fig. 5. Comparison between the desired output
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Table 4. Results of learning with 9 patterns.

1982853 1.060627 -0.784442 -0.148423 -0.804219 -1.298362
-0.793450 -1.866140 0571548 -1.311836 2.251322 2525165
-3.264881 -1.368121 -4.137349 -0.997817 -2.360162 3.794274

(a) YHZ(input layer)?] A7} =

-1727048 2048352 -2.563705
1366334 -3.806834 -1.468361
-0.171729 -0.393733 -4.130088
1272923 -2.30243 -2.283758
1535700 -0.444456 -3670500
0273761 -4.766081 0.748974

(b) Z7Fr3hidden layer)®|- 9727} =

23 5. A1F ="
Table b. Test pattern.
Concentration
ber of o KCl CaClz
b (mrmol/ £) (mmol/ £)
1 740 70 70
2 740 7.0 30
3 740 30 7.0
4 740 30 30
5 740 40 4.0
6 740 5.0 50
7.52 1 @ E:aa:nveac:u:utput with 8 patterns
7.50 —| < Leamed output with 9 patterns
7.48 |- O  Uncompensated output
7.46 -
7.44 |- o]

B szl o o o
740 B R & ©n 9 @
7.38 v v
7.36 |~
7.34 -

1 2 3 4 5 6

Pattern number
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Fig. 6. Comparison of the neural network outputs
learned with 8 and 9 pattern, the real
values, and the uncompensated values
from the calibration curve at the arbitrary
concentration. (a) pH, (b) K, (c) Ca.
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