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Abstract  An almost 100% temporal aperture (dead-time free) global shutter (GS) stacked CMOS image sensor 
with in-pixel lateral overflow integration capacitor (LOFIC), ADC and DRAM using pixel-wise connections is 
presented. The structure, operation and the measurement result of the fabricated prototype chip are summarized.  
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1. Introduction 
  The global shutter (GS) function is strongly required in many 
application fields to capture fast moving objects without image 
distortion. In order to implement the GS function into CIS, pixel 
signal must be temporally stored until sequential readout. There 
are several types of GS CIS classified by the domain of the 
signal storage; the photo-charge storage type with charge 
storage node and two-stage charge transfer function [1-3] and 
with floating diffusion (FD) as storage [4], the signal voltage 
storage type [5-6], and the digital signal storage type with in-
pixel ADC [7-8]. In addition to the high shutter efficiency and 
high frame rate, a wide dynamic range performance and 100% 
temporal aperture (dead-time free) are important performances 
required in GS image sensors. Regarding the high shutter 
efficiency and noise performances, the in-pixel ADC with 
digital signal storage is attractive [7-8], however achieving a 
high aperture ratio has been a challenge. In order to achieve the 
in-pixel ADC with a small pixel size, 3D stacking technology is 
to be useful [6, 9].  

This work presents a back side illumination (BSI) stacked CIS 
with in-pixel lateral overflow integration capacitor (LOFIC), 
single slope (SS) ADC and DRAM, enabled by pixel-wise 
connections [11]. To develop a scalable architecture and achieve 
a low power consumption and a wide dynamic range, the charge 
domain dynamic range extension with LOFIC [10], and 1.2V 
VDD 65nm technology-node transistors for in-pixel ADC and 
DRAM were simultaneously introduced. 
2. Developed CMOS Image Sensor 
  Fig.1 shows the structure of the developed stacked CIS. It 
consists of a BSI PD substrate with an array of PDs and pixel 
transistors including LOFIC and an ASIC substrate with an 
array of in-pixel ADCs, DRAM and sensing amplifier/repeater 
circuit, row selector, pipeline SRAM, and horizontal shift 
resistor (HSR) and output buffers. The two substrates are 
stacked with pixel-wise connections. The two operation modes 
are implemented in the developed sensor; 6.6μm-pitch VGA 
pixel dead-time free GS mode with wide dynamic range enabled 
by LOFIC, and 1.65μm-pitch 4.9M sub-pixel high resolution 
rolling shutter (RS) mode. Using a more miniaturized 
technology-node for ASIC substrate, the pixel pitch is to be 
further scaled down. Fig.2 shows the schematic and layout 
diagrams of pixel circuit. The PD substrate side consists of FD 
shared sixteen sub-pixels, LOFIC, reset switch (R), switch 
between FD and LOFIC (S), source follower (SF), current 
source (CS) and CS control switch (X). The LOFIC is employed 
to resolve the trade-off between conversion gain and FWC by 
generating high conversion gain signal with CFD and high FWC 

signal with CFD+CLOFIC using overflow photoelectrons under a 
single exposure [10]. The ASIC substrate side consists of a 12bit 
SS ADC and four 12bit 3T-DRAM cells and signal selection 
switches to select high conversion gain signals (N1 and S1) and 
high FWC signals (N2 and S2), respectively. The SF output and 
ADC input were connected by pixel-wise connections. The 
LOFIC structure captures a wide dynamic range signals by the 
charge domain, thus, the small voltage swing is sufficient. The 
power supply voltages for PD and ASIC substrates are 3.3V and 
1.2V, respectively. A column 12bit data I/O lines are used for 
both writing and reading operations of DRAM. In each bit line, 
a sensing amplifier/repeater circuit composed of a set of a 
CMOS buffer and a switch is placed in every twelve rows in 
order to achieve a high speed writing and reading operations 
[11]. Fig.3 shows the pulse timing diagram for GS and RS 
operation modes. In GS mode, four kinds of pixel signals for 
wide dynamic range operation are digitized and stored in 
DRAMs until readout during the exposure period of next frame. 
The exposure and the readout are carried out simultaneously, 
thus the dead-time free integration is achieved. In the RS mode, 
during each row selecting period, N1 and S1 of sub-pixels 1 are 
digitized, stored and readout. Then, sub-pixels 2 through 16 
sequentially operate in the same manner. Fig.4 shows the 
micrograph of the fabricated sensor chip and the digital camera 
system. Fig.5 shows the captured sample images obtained by GS 
mode. A distortion-free, dead-time free image by high CG and 
high FWC signals is captured. Table 1 shows the performance 
summary of the chip. The FWC was 220ke- in GS mode with 
linear response. In GS mode the temporal aperture ratio 
becomes 99% at 120fps. 
3. Conclusion 
  A stacked CIS with in-pixel LOFIC, 12bit SS ADC and 
DRAM with dead-time free wide dynamic range GS mode and 
high resolution RS mode was developed using pixel-wise 
connections. A sample image capturing was demonstrated by the 
prototype chip fabricated with a 45nm 1P4M CIS technology for 
PD substrate and a 65nm 1P5M CMOS technology for ASIC 
substrate. An advanced GS function with scalable architecture 
was developed by the 3D stacking technology. 
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Fig.1 Structure of developed CIS. 

 
Fig.2 Pixel circuit schematic and layout diagrams.   
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(b) Rolling shutter mode 

Fig.3 Pulse timing diagram for (a) GS mode and (b) RS mode.  
  
  

 
Fig.4 Chip micrograph (left) and digital camera system (right). 
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Fig.5 (a) Schematic illustration of the sample image capturing 
and captured images using the GS mode, (b) high CG signal and 
(c) high FWC signals. A part (320H×94V) of the full pixel region 
is shown. 

  
Table 1 Performance summary. 

Fabrication. Process 
(PD die / ASIC die) 45nm 1P4M CMOS / 65nm 1P5M CMOS

Chip size 4,960mH×4,570mV

# of pixels 
(GS mode/ RS mode)

Total 644H×480V  / 2,576H×1,920V

Effective 640H×476V  / 2,560H×1,904V

Pixel pitch (GS mode/ RS mode) 6.6m  / 1.65m

# of connection per pixel 1 connection / pixel (GS mode)

Shutter mode GS / RS

ADC type 12bit, Single Slope in pixel ADC

Pixel Memory 12bit × 4 channel

VDD (PD sub. / ASIC sub.) 3.3V / 1.2V

Full Well Capacity (GS mode) 220ke-

Integration dead-time per frame 80μs (time aperture ratio: 99% @ 120fps)
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