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Abstract 
 

1.12μm backside illuminated CMOS image sensor with 
backside deep trench isolation (DTI) has been demonstrated 
for the first time. DTI is fabricated on backside pixel surface 
after wafer bonding and grinding process. Backside DTI 
makes its layout simple because no transistor isolation exists 
on backside. We have confirmed about 50% reduction of 
crosstalk by using backside DTI. The crosstalk of 1.12μm 
backside DTI pixel is lower than that of 1.4μm BSI pixel. 
This technology will be promising for 1.12μm and beyond. 

 
Introduction 

 
There exists increasing demand for high-resolution CMOS 

image sensors (CISs) for consumer applications including 
mobile phones, digital still camera and so on. Even though 
pixel shrinkage is main stream to achieve high-resolution 

sensors, it causes two serious problems: quantum efficiency 
(QE) degradation and crosstalk increase. Backside 
illumination (BSI) sensor technology has successfully 
increased QE, but crosstalk problem is still remaining. To 
achieve further improvement of image quality, crosstalk 
degradation has to be overcome.  

There are three types of crosstalk: spectral, optical and 
electrical ones as shown in Fig. 1. Spectral crosstalk is 
caused by the characteristics of color filter. Optical crosstalk 
is induced by photon penetration to neighboring pixels. 
Photon reflection or diffraction in back-end stack is 
improved in BSI sensors, but optical crosstalk in silicon is 
still a serious problem because it is impossible to suppress 
optical crosstalk by implant isolation. Electrical crosstalk is 
electron diffusion or drift to other pixels. It is also 
challenging to restrain this crosstalk by using implantation 
because there is some difficulty to control impurity profile 
of deep silicon area. Deep trench isolation (DTI) is reported 
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Fig. 1  Schematic image of crosstalk. Spectral (a), 
optical (b) and electrical (c) crosstalks are shown. 

Fig. 2  Layout comparison between front-side and 
backside DTI. Backside DTI can make its layout 
simple. 
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as one of the best structures to suppress optical and electrical 
crosstalk because of its perfect barrier property compared to 
impurity isolation [1, 2]. However, DTI from front-side 
requires DTI layout restriction. Vertically pinned photodiode 
which demands specially designed impurity profile is one of 
solutions to this restriction [3]. Another promising solution 
is backside DTI. 

In this work, we have applied backside DTI to 1.12μm 
BSI CISs for the first time. Simple grid-shaped DTI has 
been realized owing to DTI formation from backside (Fig. 2). 
By introduction of backside DTI, we have confirmed clear 
reduction of crosstalk to the level below 1.4μm BSI CISs. 
Crosstalk noise can be changed into signal and contribute to 
increase of peak QE. 

DTI Process Integration 
 

Figure 3 shows process flow of backside DTI. The 
fabrication is implemented after wafer bonding and etching 
of BSI process. Hard mask is deposited on the pixel surface 
and DTI patterning is performed by lithography, and then 
reactive ion etching (RIE) is implemented. Grid-shaped 
trenches whose aspect ratio is more than ten have been 
realized. After RIE process, damage recovery process is 
necessary to reduce interfacial states which can become 
source of dark current. Thermal limitation is strict compared 
to front-side DTI, so optimization of wet etching is essential 
to remove RIE damage layer. Thin conformal dielectric film 
is formed inside the narrow deep trenches. Then, metal 
filling process is performed followed by surface metal 
removal CMP process. This metal-insulator-silicon structure 
functions as capacitor to accumulate holes at DTI 
surrounding. The holes at DTI surface accumulated by 
applying negative bias to DTI metal can suppress the 
degradation of dark current. Figure 4 shows the cross section 
of backside DTI pixels before color filter and microlens 
process. Pixels with simple grid-shaped DTI fabricated from 
backside have been realized. Normal functionality of pixels 
with backside DTI has been confirmed as shown in Fig. 5. 

 

 
Experimental Results and Discussion 

 
DTI is expected to have extremely superior pixel isolation 

ability to ion implant isolation because of its excellent 
barrier property. Figure 6 shows QE curve comparison 
between with and without DTI pixels. Line color 

Fig. 5  Reproduced image taken by DTI pixels.  

Fig. 3  Simplified process flow of backside DTI. 
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Fig. 4  SEM image of pixel cross section. DTI 
layout is simple grid-shaped. 
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corresponds to pixel color. Tails of curves indicate 
magnitude of crosstalk. From this result, clear improvement 
of crosstalk has been achieved by introduction of DTI. 
Crosstalk reduction has been confirmed at any wavelength 
as shown in Fig. 7.  About 50% reduction of crosstalk 
has been observed. This reduction is very effective to 
increase signal-to-noise ratio.  Crosstalk dependence on 
DTI width in the red wavelength region is shown in Fig. 8. 
This crosstalk decreases as DTI becomes deeper. It indicates 

that deeper DTI is necessary to suppress crosstalk of long 
wavelength light. Increase of peak QE is also observed as 
shown in Fig. 6. 

Figure 9 shows correlation between peak QE and 
crosstalk. Negative correlation between those two is 
observed. This result indicates that crosstalk noise can be 
changed into signal and contribute to increase of peak QE. 
Total QE dependence on DTI width is shown in Fig. 10.  
As DTI becomes narrower, the total QE increases in green 
and red wavelength region. One of the possible reasons of 
this dependence can be explained by light reflection at the 
DTI surface. Wider DTI is though to increase reflection 
probability on the upper surface of DTI as shown in Fig. 11. 
This means that narrow DTI is desirable to reduce QE loss 
caused by reflection at the DTI surface.  

The trend between pixel pitch and crosstalk of BSI 
sensors is shown in Fig. 12. The plots are average of 
(R+G)/B, (R+B)/G and (G+B)/R. These values were 
obtained from the previous conferences on the legend. 
Crosstalk shows a tendency to increase as pixel size shrinks. 
The point of this work is clearly out of this trend. The 
crosstalk of 1.12μm backside DTI pixel is lower than that of 
1.4μm BSI pixel, meaning that that backside DTI has clear 
advantage on future pixel shrinkage. 

Conclusion 
 

We have demonstrated 1.12μm backside illuminated 
CMOS image sensor with backside deep trench isolation 
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Fig. 8  Crosstalk dependence on DTI width in the red 
wavelength region. Deeper DTI pixels show smaller 
crosstalk 

Fig. 7  Crosstalk reduction corresponding to each 
color wavelength. Crosstalk reduction has been 
confirmed at any wavelength 
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Fig. 6  QE curves comparison between with DTI 
and w/o DTI pixels. Clear crosstalk reduction is 
observed 
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(DTI) for the first time. Thanks to DTI process implemented 
from backside, we have realized simple DTI layout which 
enables us to introduce DTI without QE degradation or 
specially designed impurity profile. Crosstalk has shown 
about 50% reduction by using backside DTI. This 
technology will be promising for 1.12μm and beyond. 
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Fig. 12  Crosstalk trend of BSI sensors [Ref. 4 - 8].  Fig. 11  Schematic image of light reflection on DTI 
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Fig. 9  Correlation between peak QE and crosstalk. 
Negative correlation between those two is observed. 
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