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Abstract 

In this article, the hafnium oxide (HfO2) films depos-

ited by high power impulse magnetron sputtering were in-

vestigated as a sensing layer on extended gate field effect 

transistor for H+ and Ca2+ ion detection. Results of H+ sen-

sitivity and linearity measurement is 59.41mV/pH and 

99.83 %. A subsequent Ca2+ ion detection carried out on 

a poly vinyl chloride layered substrate showed a promi-

nent sensitivity and linearity is 21.8 mV/pCa and 

96.679 %. 

 

1. Introduction 

The replacement of Ion Selective Field Effect Transistor 

(ISFET) with extending gate FET (EGFET) structure has 

brought ion sensor. EGFET enables the isolation of the sens-

ing membrane apart from the MOSFET part and offers num-

bers of advantages including cost-effective fabrication, sim-

ple structure, packaging simplicity, long term stability, re-

sistance to light and temperature and also disposable gate. 

As we know, the human body have many important ion 

element, both of hydrogen, potassium, calcium, sodium, mag-

nesium and so on. Among them, calcium ion is the highest in 

human body and plays an important role in nerve central con-

trol and hormone release [1]. The calcium content in human 

cells is important in a certain range and many physical activ-

ities can be monitored by detection calcium ions. However 

the abnormal calcium concentration in serum are in connec-

tion with several diseases such as malignant tumors and hy-

perthyroidism.In this work, EGFET was modified with PVC 

selective membrane for Ca2+ ion detection. Results show that 

the Ca2+ ion selectivity PVC membrane have good selectivity 

for pCa solution. it means PVC does not react to other ion. 

 

2. Experiment 

Sensing membrane fabrication－The substrate was use 

ITO-PET, then HfO2 thin film was power is 80 watt, the gas 

is N2:O2 1:5.   

PVC modification on EGFET sensor－To from the PVC 

membrane, is mixed with tetrahydrofuran (THF) and three 

kinds of plasticizers: ionophone II, N-POE and NaTFPB. The 

mixture was then applied on the commercial EGFET. For pCa 

detection, phosphate buffer solutions of calcium were pre-

pared in deionized water. pH solution was tested as control 

samples. The pCa value of the buffer solutions were adjusted 

by adding 0.1 M CaCl2 and 0.9 M Tris in a range 10-1 to 10-5
 

M and monitored by Ag/AgCl reference electrode.   

 

3. Results and discussion  

   Fig.1 demonstrated simple EGFET structure. Fig. 2 show 

the bare HfO2 chip as a sensing membrane that measurement 

ranges from pH 2-12 detection ID-VGS curve and sensitivity. 

This substrate displayed an eventual shifting to the more pos-

itive direction as pH increasing and achieving a considerably 

high sensitivity at about 59.4 mV/pH and high linearity at 

about 99.79%. For the hysteresis effect, Fig. 3 shows the hys-

teresis curve of the HfO2 EGFET in pH loop 7-4-7-10-7, loop 

time 25 min. We can observe that the hysteresis width is 7 

mV and the hysteresis width of the acid solution is smaller 

than alkaline solution, and the ions diffuse speed different re-

sults in the different response [2]. The size of H+ ion and OH- 

ion are different, the diffusion speed of H+
 ions are faster than 

OH- ions. Therefore, the hysteresis of the acid solutions is 

smaller than alkaline solutions [3]. 

Later on, the sensor is tested for a distinct Ca2+ ion de-

tection. PVC selective membrane prepared in mixture with 

number of additional compounds show a signification im-

provement in pCa sensing with solution concentration ranges 

from 10-1 to 10-4 M that the high sensitivity 21.8mV/pCa and 

high linearity 96.679 % (Fig. 4). Fig. 5 show bare HfO2 chip 

on pH detection, Ca2+ PVC on pCa, pH and pK. We found 

that the PVC membrane have a good selectivity for Ca2+ ion, 

because of PVC on pH and pK solution almost without sen-

sitivity (summary of characteristic in Table I). 

 

4. Conclusions 

In this work, theHfO2 as a sensing membrane on EGFET 

that Ca2+ ion detection PVC membrane and PVC selectivity 

for H+ and K+ is demonstrated.Future works may entail the 

use of other ionophores on the EGFET for important ions in 

human, such as Na+ and Mg2+. 
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Fig. 1 EGFET simple structure demonstrated. 

Fig. 2 ID-VGS curve results of range from pH 2-12 and sensitivity test 

on bare HfO2 EGFET device. 

 

 

Fig. 3 The hysteresis width curve at loop pH 7-4-7-10-7 for the dif-

ferent loop time. 

 

 

 

 

 

Fig. 4 The sensitivity of Ca2+ ion selectivity on pCa range from 1-4 

solution. 

 

  

Fig. 5 The solution sensitivity and PVC selectivity on bare HfO2, 

Ca2+ ion PVC on pCa , pH and pK solution. 

 

 

 

Table I. Summary of bare chip pH detection, PVC selectivity mem-

brane on pCa, pH and pK solution sensitivity and linearity. 
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