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INTRODUCTION 

High-spatial resolution imaging of ion distribution in 

cells can reveal the answers to questions regarding the 

interaction among neurotransmitters in neuron network 

activities [1]. To achieve the detailed insights into 

cellular and sub-cellular biochemical functions, the 

ion-sensitive field effect transistor (ISFET) arrays of 

high-density pixels was introduced [2-4]. While these 

arrays were able to monitor the dynamic behavior of 

chemical substance in 2-dimsional (2D) imaging, the 

spatial resolution of the images has to be improved for 

catching the biochemical signal transfer at the synaptic 

spacing of 1-2 μm for acetylcholine. In our previous 

work, the imaging performance of 2-µm was designed 

and simulated in pH image sensor by adopting 

3-transistor (Tr.) pixel structure [5]. Combination of the 

3-Tr. pixel structure with floating diffusion (FD) and 

charge-coupled device (CCD) technique enable to realize 

the high-density (HD) 256×256-pixel array. The device 

characteristics are compared with the reported other HD 

ion-image sensors in this study. By using the proposed 

sensor, we evaluate the practical spatial resolution for 

ion detection in biological environments.  

 

EXPERIMENTS 

1. Preparing ion-image sensor 

The ion-image sensor fabricated by using 1-poly 4-metal 

CMOS 0.15 µm process technology was prepared, as 

shown in figure 1. It has an array area, V- and H-scanner 

to select a readout pixel, a digital /analog converters 

(DAC), comparator, gray code counter (CTR) and 

memories. 256×256 pixels are integrated in the array 

area. To detect hydrogen ion (H
+
), Ta2O5 film as an ion 

sensitive membrane is deposited on the top of the array 

area. The pH (H
+
 exponent) sensitivity is 55.4 mV/pH.   

 

2. Materials 

To evaluate the resolution, barcode patterns in various 

spacing are formed by photolithography technique using 

UV-sensitive resin (THMR-iP3100, Tokyo Ohka Kogyo. 

Inc.). The standard solutions of 4.01 and 9.18 pH are 

used to measure the H
+
 concentration change.  

 

RESULTS  

1. Comparison of ion-image sensors 

 Table 1 shows a comparison of the performances for 

ion-image sensor developed in this work and similar 

devices reported in previous works. From the table, it 

can be determined that our ion-image sensor has 

competitive pixel size. 

 

2. Evaluation of practical spatial resolution 

There is the difference of between the pixel pitch and the 

measured spacing of images that caused of the volume of 

the integrated circuit around the array area. Therefore, 

the practical spatial resolution needs to be evaluated in 

the environment for a biological experiment. We have 

benchmarked camera resolution test chart form ISO 

12233 [6]. A concept of the evaluation method for 

spatial resolution is introduced in figure 2. Figure 3 (a) 

and (b) show the optical photos before and after 

patterning barcodes on the top of the pixel area by 

photolithographic technique. Figure 3 (c) presents the 

simultaneous images measured by the fabricated 

ion-image sensor. The barcode widths were tested from 

30 µm to 2 µm pitch. Only the pixels corresponding to 

the barcodes’ area can be contacted directly with the 

buffer solution placed on the top of the sensor, therefore 

they can measure the pH change in real-time. Then, the 

sizes of the optical and the measured figures of the 

barcodes are compared and evaluated how similar they 

are. The relative difference is given by 
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 The pixel size of one measured figure is defined in 2 

µm. From the result in figure 4, we concluded the 

detection limit of the practical resolution is 4 µm. The 

relative difference under 10 % can be obtained for the 

spacing above 8 µm. We expect to apply this method to 

evaluate the spatial resolution of our other types of 

ion-image sensors with different pixel pitch or the 

reported ion-sensor array in other laboratory.  
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Figure 1.  Ion-image sensor chip packaging and chip 

micrograph with HD pixel array. 

 

 
       (a)                     (b) 

Figure 2.  Concept of the evaluation method for spatial 

resolution of an ion-image sensor. (a) Surface and (b) 

cross-sectional view. 
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(c) 

Figure 3. Various size of barcodes was patterned on the 

sensing area to evaluate the practical spatial resolution of 

the proposed bio image sensor in solution. Optical image 

of pixel array (a) without and (b) with barcodes. (c) The 

measured simultaneous images of the barcodes. 

 

 
Figure 4. Relative difference between the pattered and 

measured barcode pattern width.  

 

 

 

 

 

 

 

 

 

 

 

Table 1 Comparison of ion-image sensors. 

 [2] [3] [4] This work 

Fabrication process 

4-metal 0.35μm 

standard CMOS 

process 

4-metal 0.18μm 

standard CMOS image 

sensor process 

4-metal 0.18μm 

SOI process 

1-poly 4-metal 

CMOS 0.15 µm 

process technology 

Pitch (μm) 10.2 10 7 2 

Pixels (unit) 4096 4096 1048576 65536 

Frame rate (fps) 100 1200 0.01 635 

Sensitivity (mV/pH) 20 103.8 84 55.4 

 


