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Abstract-We present a charge coupled device (CCD)-based ion-
image sensor that enables high-density and high-speed imaging of 

pH distributions of biological cells. It is pH sensor array consists of 
65,536 micro-electrodes using 3-transistor (T) pixel structure to 
overcome the performance limit of 2-T pixel structure and to 

enhance the imaging speed. The temporal and spatial resolutions of 
the proposed pH sensor are 2000 frames per second (fps) and 2µm 
pitch, respectively. The pH imaging by the proposed pH image 

sensor was demonstrate successfully. In addition, we try to evaluate 
the practical resolution for biological image analysis with a new 
approach. 

I. INTRODUCTION 

A detection of pH change is a critical factor to predict health 

or disease of tissue [1]. To observe the interaction among cells 

in real-time, the image sensor requires the high-spatial 

resolution (µm) and high-speed (ms) operation to ensure that 

the sensor successfully records the activities of biological 

substrates in real time [2]. In our previous work, spatial and 

temporal resolution of 1.15µm pitch and 30 fps were realized 

in pH image sensor by adopting 2-T pixel structure. However, 

the imaging speed of the sensor reached the theoretical 

performance limit, because the temporal resolution depends on 

the time period of sensing process, as shown in Fig. 1. To 

achieve high-speed imaging, capacity of FD must be small for 

reducing injection and spilling time. Therefore, a single sensor 

consisting 3-T structure was proposed to achieve high-speed 

imaging [3]. In this study, we demonstrate a 256×256 pH 

image sensor as an array of a 3-T pixel for high-speed imaging 

and evaluate the practical spatial resolution of the sensor.  

II. COMPARISION BETWEEN 2-T AND 3-T PIXELS  

The circuit structure of the conventional 2-T pixel and the 

suggested 3-T pixel are compared as shown in Fig. 2 and table 

1. A 3-T pixel includes 3 transistors used for sensing, 

switching and inputting signals in source follower circuit. 

Floating diffusion (FD) pixel is separated for each pixel by 

source follower circuit. It makes possible the capacity of FD in 

3-T pixel to be faster than 2-T pixel that is shared at each 

column. The 3-T pixel of the proposed sensor has 2 µm pitch.  

III.  EXPERIMENTAL RESULTS 

A. Sensor fabrication 

The pH sensor was fabricated by using 1poly-4metal CMOS 

0.15 µm process technology, as shown in Fig 3. The image 

sensor has an on chip signal acquisition circuit. This circuit 

selects a readout pixel and conversion output voltage from 

analog to digital signal. Ta2O5 film as an ion sensitive 

membrane was deposited on the top of a sensing area by 

reactive sputtering. This sensor has extended gate structure. In 

this structure, potential of extended gate is floating. Thus, pH 

sensitive membrane needs high electrical insulation for fixing 

extended gate potential. Ta2O5 film exhibited superior 

electrically insulating property compared to plasma-Si3N4 film 

which was widely used to identify pH variation 

B. pH imaging 

Fig. 4 is an output result when standard buffer solution was 

dropped on the sensor. The output voltage has changed linearly 

according to the pH value, and a sensitivity of the sensor is 

25.4mV/pH. Moreover, the sensitivity of pH sensitive 

membrane is 55.4mV/pH. This result can be calculated by 

Nernst equation [4]. To monitor pH variation, phthalate small 

crystal was dropped into pH 9.18 buffer solution on the sensor. 

Because the phthalate is used in the pH 4.01 buffer solution, 

the dissolved region indicates the relatively high output signal 

voltage, the dissolved region expands and presents in blue, 

shown in the Fig. 5. The diffusion pathway was successfully 

recorded by the proposed sensor in real time. The result of this 

experiment shows 2000 fps readout of the proposed sensor. 

IV. EVALUATION OF A PRACTICAL SPATIAL RESOLUTION 

To evaluate the practical spatial resolution in the 

environment for a biological experiment, various size of 

barcodes was patterned on the sensing area by a 

photolithographic technique. The pixels corresponding the 

barcodes is contacted with the buffer solution placed on the top 

of sensing area. Then, the optical and measured figures of the 

barcodes are compared and evaluated how similar with original 

pattern as shown in Fig. 6. The tested spatial frequencies are 

from 16.67 lp/mm to 250 lp/mm. And the attempted pattern 

figures and approach to evaluate spatial resolution are 

benchmarked camera resolution test chart form ISO 12233 [5].   

V. CONCLUSION 

A 256×256 pH image sensor using a 3-T pixel was developed 

to provide the high-speed imaging of 2000 fps. The pH 

sensitivity of the proposed image sensor was 55.4mV/pH and 

the pH imaging was demonstrated successfully. New approach 

for the evaluation of real spatial resolution was attempted. 
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Fig. 1: Cross sectional schematics. (a) Potential profile of a 

sensing transistor. (b) Charge injection of FD. (c) Charge 

spilling of FD. 

 

Fig. 2: Circuit structure of a single pH pixel consisting of 

(a) 2-T and (b) 3-T 

 

 

Fig. 4: Changes of output voltage and surface potential by 

pH value. Surface potential changes according to Nernst 

equation. 

 

Fig. 5: Sequential images when phthalate small crystal is 

dropped into pH 9.18 buffer solution on the sensor. 

 

       (a)                                              (b) 

Fig. 6: (a) Optical image and (b) measured images of 

various size of barcodes patterned on the sensing area. 
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Fig. 3: Photograph of the fabricated sensor chip. 
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TABLE I.  COMPARISION TO TWO OF PIXELS 

Pixel 2-T type [5] 3-T type 

Pixel size (µm) 1.15 2 

Imaging speed 

(frames/sec, fps) 
30 2000  

Power supply (V) 1.5 V 3.3 V 

 


