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In-pixel charge transfer to a storage gate 
has become the standard architecture for 
global shutter CMOS image sensors. This 
paper presents a pixel structure with 
three closely spaced buried channel gates, 
a light waveguide, and a tungsten light 
shield with sidewall, reaching a shutter 
efficiency of 32 600:1 (90 dB) and full well 
charge of > 20 000 e- on 5.6 µm pitch. 
 
Introduction 

Many recent global shutter CIS pixel 
designs make use of charge transfer to an 
in-pixel charge storage node. Low readout 
noise can be combined in this way with a 
space-saving shared readout scheme, more 
easily than with voltage-domain global 
shutter pixels [1,2]. The main challenges for 
these charge-domain GS pixels are to 
achieve good charge transfer efficiency and 
good shutter efficiency. In principle, three 
regions with a controllable potential are 
required for the pixel: a transfer gate 
between the photodiode and the charge 
storage region, a storage region and a 
readout gate between the charge storage 
region and the charge sense node. To 
guarantee a good charge transfer, mostly 
virtual phase CCD structures have been 
proposed.  Charge storage in a separate 
pinned diode implant was initially 
proposed [3].  Other pixels [4, 5, 8] make 
use of an implant located under a part of 
the transfer gate to create a potential well 
for charge storage. Also, a storage 
structure between vertical deep trenches 
has been proposed [7], as well as larger 

charge storage on the memory than on the 
photodiode [8]. 
In this paper, the original idea of 3 adjacent 
gates (a transfer gate, a storage gate, and a 
readout gate) is picked up again. This is 
possible thanks to tight polysilicon spacing 
adapted inside a 110 nm CIS process. The 
3-phase structure allows more control over 
the storage gate area potential.  This allows 
a larger potential swing in the storage 
region, which increases the charge storage 
density per unit area. It also allows 
operating the pixel in an ‘all gates pinning’ 
mode [9] to further reduce the dark current 
of the memory node.   
 
Pixel structure and operation 

Figure 1 shows the schematic of the pixel 
pair with 2x1 shared readout and a cross-
section and timing of the pixel. An in-pixel 
charge transfer gate (TX) transfers the 
signal from the pinned photodiode to the 
charge memory node at the end of the 
exposure. During this transfer, the storage 
gate is kept at high potential. The gate can 
be kept at high potential until readout (as 
shown in blue in the timing diagram). This 
allows large charge storage density. At 
readout, the gate is pulsed low to ensure 
full transfer to the floating diffusion. 
Alternatively, the TS gate can be set low 
again immediately after charge transfer 
(shown in green). In this way, it is possible 
to put all 3 gates in accumulation during 
readout, which reduces the storage node 
dark current whilst preserving charge on 
the TS storage gate.



 
Figure 1: (a) 2x1 pixel pair schematic; (b) cross-section; (c) exposure timing; (d) readout timing 

 
(a)                                                                                (b) 

Figure 2: TCAD simulation showing electron charge in the photodiode (a) and transferred to 
the memory area (b).  
 

Figure 2 shows this charge transfer process. 
To ensure full charge transfer and low dark 
current in the storage region, the TX/TS/TR 
gates are buried channel devices. The peak 
potential under the storage area is around 
50nm below the silicon interface, as shown 
on figure 3. The overflow gate (AB) controls 
start of exposure for pipelined exposure 
during readout and acts as lateral anti-
blooming drain by preventing that excess 

charge overflows to the charge storage 
region. The charge density in the TS 
channel reaches 3300 e-/µm2 near 
saturation. In that case, some charge is 
stored near the surface. With TS operating 
in pinned condition with a hole-
accumulated surface, the charge density 
drops to 2700 e-/µm2.
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Improving shutter efficiency 

For global shutter pixels, shutter efficiency 
is a key performance parameter. This is the 
ratio between the light sensitivity of the 
storage node and the photodiode. Several 
measures are taken to ensure a good value: 

1. Substrate dopant profiles in the 
photodiode and storage region are 
optimized to ensure that charge will 
not diffuse to the charge storage 
region. Instead, charge generated 
under the storage area is effectively 
collected by the photodiode 
instead, as can be seen in figure 4. 

 Figure 3: Vertical cross-section of potential 
profile and electron density under TS 

2. A tungsten light shield is located on 
top of the TXS gate. It is constructed 
by a planar metal plate close to the 
TS gate and a lateral sidewall, 
shown in figure 5. 

3. A light waveguide is etched in the 
BEOL oxide layer on top of the 
pinned photodiode. The microlens 
focusses the light effectively to the 
center of the photodiode below this 
waveguide (fig. 5). 

By these measures and subsequent process 
tuning, a shutter efficiency of >32 600:1 
(90 dB) is achieved for red, green, and blue 
light. 

 
Figure 4: lateral cross-section showing 
electron current density. Charges 
generated under TS are collected by one of 
the two pinned photodiodes (PPD) 

 

   
(a) (b) 

Figure 5: light shield above the storage region   
(a) Vertical pixel cross-section showing the microlens, CFA, light guide, and light shield.  
(b) Magnified view of the light shield above the storage region and its sidewall 
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Table 1: measured pixel specifications 

Parameter Value Comment 
Pixel pitch 5.6 µm Smaller pixels also possible 
Full well charge 20,000 e- Non-pinned TS mode 
Read noise 7.3 e- RMS Limited by testchip readout circuit 
Shutter efficiency 32 600:1 (-90 dB) For red, green & blue light 

Sensitivity of memory node / photodiode 
Conversion gain 71 µV/e- At pixel output (column bus) 
FPN 0.13% RMS  
PRNU 1.5% RMS of signal 
Dark current 103 e-/s @ 60 ºC 
DSNU (slope) 65 e-/s  RMS value, slope of DSNU with exposure time 
Dark current memory node 3800 e-/s Non-pinned TS mode (FWC > 20 000 e-) 
Quantum efficiency 42% At 550 nm, monochrome pixel 

 
 

 
Figure 6: image captured by pixel testchip 
containing 16 different pixel variants 

Table 1 summarizes other performance 
parameters. Readout noise was limited by 
the testchip readout circuits but should be 
comparable to 4T pixel read noise in future 
designs. A linear dynamic range close to 80 
dB should be achievable with further 
optimized readout circuits. The pixel can 
also be further scaled in size. 
 
Conclusion 

A charge domain global shutter is 
developed in a 110 nm CIS process, 
achieving 90 dB of shutter efficiency and 
20 000 e- full well charge thanks to a 
closely spaced 3-phase in-pixel CCD 
structure. The structure includes a light 
waveguide, a light shield with sidewall and 
an optimized substrate doping profile. 
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