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Introduction: Direct ion imaging using a stigmatic SIMS and a 
solid-state ion imager SCAPS has realized two-dimensional isotope 
ratio imaging with permil-precision [1]. The SCAPS system can 
measure high ion flux with an accuracy of the statistical error. How-
ever, the read noise was ~85µV while the output signal fluctuation 
from SCAPS caused by 1 incident ion (i.e., conversion gain) was 
30µV/ion pixel [2]. Therefore, the read noise corresponds to ~3 inci-
dent ions and the detection limit were 10 incident ions [1]. There are 
two ways to achieve accurate single ion detection that indicates 
maximum sensitivity for ion. One is to reduce the read noise below 
10µV, another is to increase the conversion gain to overcome the 
read noise. The latter can be realized to reduce the pixel capacitance 
according to the relationship of Q=CV. We designed new ion imager 
“SCAPS-II” with smaller pixel capacitance to achieve single ion de-
tection. 

Features: The SCAPS-II has fabricated in 0.2µm twin-well 
CMOS technology. Pixel size is 7µm x 7µm and the number of ef-
fective pixels is 504x504, yielding an image area of 
3.53mmx3.53mm with 65% fill factor. The pixel capacitance is de-
signed to 3.5 fF, which is 4 times smaller than SCAPS (14fF). In or-
der to increase dynamic range on the image detection, the conditional 
reset function was incorporated. The signal levels of each pixel are 
monitored and reset the pixel dynamically if it exceeded the certain 
signal level. This function extends the dynamic range of image. We 
also incorporated noise-reducing mechanism by multiple signal sam-
pling. The analog signal of pixel is sampled several times in the 
imager and the integrated signal is stored to another capacitance. Be-
cause the integrated signal expands multiply of pixel signal, the ca-
pacitance for the integrated signal can be replicated and count up the 
exceeded times up to 256. The 2-line analog buffer output the inte-
grated signal to read faster twice. 

We designed a whole new control system composed of analog-
to-digital (A/D) conversion module, pulse generation module and 
voltage supply installed in a chassis based on the open industry-
standard PXI architecture. The A/D conversion module has 24-bit 
(max 500 kS/sec) to 16-bit (15 MS/sec) resolution, which reduce the 
read out noise by averaging several A/D sampling points during a 
pixel output period using software in place of a hardware low pass 
filter which limits the readout speed. The pulse generation module 
generates driving pulses for SCAPS-II with built-in FPGA and also 
processes the conditional reset and replication signal for each pixel 
on the FIFO and the memory in the FPGA. All modules are con-
trolled with newly developed program written in LabVIEW and eas-
ily replaced with new products. 

Performances: The conversion gain of SCAPS-II was measured 
to be 150µV/ion, which is 5 times larger than SCAPS. If the read 
noise can be reduced under 50µV, single ion detection can be real-
ized. The multiple analog sampling was conformed to decrease the 
read noise statistically. The read noise is now optimizing but current 
status of read noise is ~350µV. The dynamic range was 104 

ions/pixel and the frame rate was achieved to 12.5 frames/sec. There-
fore, real-time single ion detection by SCAPS-II is expected if all the 
parameters become optimized.  
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