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Introduction  

Backside illuminated image sensors with a 4.0μm global 

shutter (GS) pixel have been fabricated in a 45nm/65nm 

stacked CMOS process as a proof-of-concept vehicle. The pixel 

components for photon-to-voltage conversion are formed on 

the top substrate (the 1st layer). Each photo converted signal 

from the 1st layer pixel is stored in sample-and-hold (S/H) 

capacitors on the bottom substrate (the 2nd layer) via micro 

hybrid-bump (HB) interconnection to achieve a voltage domain 

GS function. The 2 sets of voltage domain storage capacitor per 

pixel enable a multiple gain readout to realize single exposure 

high dynamic range (SEHDR) [1] in the GS operation.   

 

Pixel structure and operation timing   

Fig. 1 shows a schematic view of the stacked pixel structure. 

The storage memory region is formed on the fully 

light-shielded bottom stacked layer. Thus, the photodiode can 

be extended as large as possible on the top layer.  This 

configuration offers extremely small parasitic light sensitivity 

(PLS), high saturation signal and high optical performance 

compared to the charge domain GS pixels where in-pixel 

memory is located inside a pixel. 

 Fig. 2 shows a schematic diagram of the prototype sensor 

and an off-chip signal processing block. The stacked pixel 

configuration with two sets of different conversion gain signal 

storage realizes the GS operation with the single and multiple 

exposure HDR function [1,2,3]. Also, additional switches enable 

the rolling shutter (RS) operation. The analog-to-digital 

conversion is carried out via off chip AFE with CDS.  

The shutter pointer and readout timings for RS (a) and GS in 

the single (b) and multiple exposure HDR (MEHDR) function 

(c) are shown in Fig. 3. Fig. 4 shows a timing sequence of 

shutter release (Global Shutter), the global HDR readout 

(Read1) and data readout from the pixel S/H capacitors (Read2) 

in the single exposure.  

 

Characterization   

A photo-electron conversion plot in the single and multiple 

exposure is shown in Fig. 6. Full well capacity of 40ke- is 

obtained with a high charge density photodiode [2]. Angular 

response of a green pixel in the Bayer configuration and QE 

(quantum efficiency) plot are shown in Fig. 5(a) and 5(b), 

respectively. Angular responses for both horizontal and vertical 

directions exhibit no significant difference.  

 

Pixel performance improvements 

 DR enhancement is attempted with a multiple exposure 

scheme [6,9]. In the GS readout sequence in Fig. 3 (b), low and 

high conversion readouts are carried out for short and long 

exposure readout, respectively, to perform HDR operation 

where longer exposure with high gain covers low light portions 

while shorter exposure with low gain covers high light portions 

of the scene. As shown in Fig. 6, maximum linear light 

response range is boosted 160 times with a 1:20 exposure ratio 

than that of the HCG single exposure case, which results in DR 

of 102dB. 

Noise floor of 4e- has been obtained with a very higher CG 

(>190V/e-) in pixel option. Further noise reduction is feasible 

by in-pixel CDS gain and enlarged S/H capacitor [4]. Sample 

images of a rotating body are shown in Fig. 7 that demonstrate 

no image distortion in the GS mode, while distortion is seen in 

the RS mode. Fig.8. demonstrates 100dB MEHDR in the GS 

operation with an object having 100dB brightness ratio.   

 



Conclusion  

A back side illuminated high dynamic range 4.0μm global 

shutter pixel has been developed. Table 1 summarizes the pixel 

performance characteristics. Table 2 compares global shutter 

pixel performance in single exposure systems. In the proposed 

pixel architecture, the 40ke- FWC, -140dB PLS, over 70% peak 

green QE and 90% angular response at ±20°have been 

obtained, which significantly exceeds performance of charge 

domain GS pixels[5-8].  Smaller noise floor and higher FWC 

than those of the conventional voltage domain pixels [3,4,9] have 

been obtained. Two sets of in-pixel multiple memory enable 

further DR extension up to 100dB with a multiple readout 

operation, while single exposure HDR operation achieves 78 

dB DR. Obtained key sensor performance can be improved 

further, especially in SNR and DR, and pixel size can be shrunk 

by minor design modifications.  
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