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Thickness Optimization of SiO»/Al:O3 Stacked Layer for High
Performance pH Sensor Based on Electrolyte-insulator-semiconductor

Structure
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Abstract: In this study, the thickness effects of Al:O3 layer on the sensing properties of SiO»/AlOs (OA)
stacked membrane were investigated using electrolyte-insulator-semiconductor (EIS) structure for high
quality pH sensor. The AlOs; layers with a respective thickness of 5 nm, 15 nm, 23 nm, 50 nm, and 100
nm were deposited on the 5—nm-thick SiO: layers. The electrical characteristics and sensing properties of
each OA membranes were investigated using metal-insulator-semiconductor (MIS) and EIS devices,
respectively. As a result, the OA stacked membrane with 23-nm-thick AlOs layer shows the excellent

characteristics as a sensing membrane of EIS sensor, which can enhance the signal to noise ratio.
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Fig. 1. Schematic illustration of EIS pH sensor.
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Fig. 2. C-V curves of MOS capacitors with OA stacked
gate insulators as a function of AlxO3; thickness. Inset
shows the I-V characteristics of various OA stacked
insulators.
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Fig. 3. Normalized C-V curves of OA stacked EIS
sensor with 23 nm-thick AlxOs layer measured in buffer
solutions of pH 3-12. Inset shows the reference voltage

as a function of pH buffer solutions.
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Fig. 4. Hysteresis voltage of OA sensing membranes
with various thickness of AlOs; layer during the pH
loops 7-10-7-4-7.
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Fig. 5. Drift rate of OA sensing membranes as a

function of AlxOs; thickness in the pH 7 buffer solution
during 12 hours.

Table 1. Sensing characteristics of EIS device as a
function of AlOs; thickness.

Ale;; pH 3 . .
. . Linearity Hysteresis
thickness sensitivity
(%) voltage(mV)

(nm) (mV/pH)

Drift rate
(mV/h)

5 37.2 92.7 194.4 4.62

15 52.9 99.7 164.3 31.98

23 51.5 99.9 .78 2.04

50 49.5 99.8 11.5 2.58

100 50.5 99.8 174 2.34
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