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Abstract  
    This paper presents column parallel signal 
processing techniques for reducing thermal and 
RTS noises of in-pixel source followers. Noise 
reduction methods of correlated multiple 
sampling differential averaging (CMSDA) and 
histogram-based RTS-noise suppression and 
averaging (HRNSA) are applied and their 
effectiveness for RTS noise reduction is 
demonstrated for large sampling number.  
 
1. Introduction  

The pinned photodiode technology greatly 
reduces the dark current and cancels the kTC 
noise of CMOS image sensors (CIS’s), and as a 
result, the major interest for low-noise CIS’s 
has been shifted to the noise due to transistors 
of in-pixel source follower amplifiers. The 
reduction of anomalously large noise, so-called 
random telegraph signal (RTS) noise in the 
source follower is becoming a most important 
issue for low-light-level applications of the 
CIS[1][2][3]. We investigate for the first time 
the effectiveness of column parallel signal 
processing techniques for reducing the source 
follower RTS noise.  
 
2. Signal Processing Architectures for RTS 

and Thermal Noise Reduction  
Fig. 1 shows the block diagram of a CMOS 

image sensor with column-parallel mixed- 
signal processing circuits for noise reduction. 
Advanced CMOS technology allows us to 
integrate sufficient amount of circuits in each 
column, and sophisticated mixed analog-digital 
signal processing can be implemented.  
    The basic idea for the noise reduction is 
based on multiple sampling for both signal and 
reset levels of the pixel output as shown in the 
timing diagram of Fig. 2.  

2.1 Correlated Multiple Sampling Differential 
Averaging (CSMDA)  

   A simple but effective noise reduction 
technique using multiple samplings is a 
correlated multiple sampling differential 
averaging (CSMDA). Fig. 3 shows 
pre-amplified CSMDA circuits. The high-gain 
switched-capacitor (SC) pre-amplifier is very 
effective for reducing thermal noise reduction if 
a freeze noise component is cancelled in the 
next stage [4]. The pre-amplifier output is 
sampled and digitized for multiple times using 
an A/D converter for both the reset and signal 
levels as shown in the timing diagram of Fig. 2.   
CDS (correlated double sampling) of the 
sampled reset and signal levels is carried out in 
digital domain. The operation of the CMSDA 
can be described as 
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Fig. 1 CIS architecture with Column-Parallel 
Mixed-Signal Processing Circuits.  
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Fig. 2 Timing Diagram of the multiple 
sampling for both reset and signal levels. 

 
Fig. 3 Pre-amplified CSMDA circuits.  

 
Fig. 4 Histogram of RTS-noise after CDS.  

 
where VS(i) and VR(i) are the i -th sample of 
signal and reset levels of the preamplifier 
output. 
 
2.2 Histogram-based RTS-Noise Suppression 

and Averaging (HRNSA) 
   For suppressing RTS-noise more effectively, 
a histogram of multiple samples is used. Fig. 4 
shows a histogram of RTS-noise in VS(i)-VR(i), 
i=1,…,M. If large RTS noise exists, three peaks 
appear as shown in Fig.4. The right and left 
peaks are due to the RTS noise and the center 
peak corresponds to the signal level without 
influence of the RTS noise. In order to reduce 
the RTS noise as well as the thermal noise, the 
following process is carried out. First, the 
maximum and minimum values in the 

histogram are detected, and then the average of 
the maximum and minimum Xm is calculated 
as 

max min
m
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The average is located around the center peak. 
To estimate the signal level by reducing 
thermal noise, the average of histogram in the 
range from Xa - Δ, and Xa + Δ is calculated.  
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The range parameter Δ can be chosen, for 
instance, as 3 times r.m.s. thermal noise 
amplitude. This signal processing method is 
called here a histogram-based RTS-noise 
suppression and averaging (HRNSA).  The 
block diagram of the HRNSA circuits if it is 
implemented at the column of the CMOS image 
sensors is shown in Fig. 5.  

 
Fig. 5 Pre-amplified HRNSA circuits.  
 
2.3 Analog Implementation of CMSDA.  

The CMSDA circuits can also be 
implemented with an analog switched 
capacitor integrator. By using polarity 
inversion in the SC integrator, the function of 
the difference of multiple samples can be 
realized.  
 
3. Experimental Results  

To measure the noise reduction effect of the 
CMSDA and HRNSA for the RTS noise, a 
prototype CMOS image sensor is implemented 
with 0.18μm pinned-photodiode CMOS 
technology (Fig. 6). Though this CMOS image 
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sensor chip has a column parallel pre-amplifier 
and the CMSDA circuit implemented with an 
analog integrator, the pre-amplifier output can 

 

     
Fig. 6 Implemented Prototype Chip (0.18μm 

CIS with Pinned Photodiode). 
 

 
(a) Slow relaxation-time RTS noise 

 
(b) Fast relaxation-time RTS noise 

 
(c) Three level RTS noise        

 
         (d) Non-RTS noise 

Fig. 7 Measured RTS Noise. 
 

also be directly monitored through a test port 
for external processing. The following 
measurement is carried out with an external 
processing. The data are obtained by digitizing 
the pre-amplifier output with a 14-bit ADC at 
500ksamples/s. 
   Fig. 7 shows 4 types of pixel source follower 
noises monitored through the SC pre-amplifier 
with a gain of 32 under dark condition; fast 
relaxation-time RTS, slow relaxation-time RTS, 
three-level RTS, and Non-RTS noises.   

      
Fig. 8 Effect of the Pre-Amplified CMSDA for 

Reducing RTS Noises.  

 
Fig. 9 Effect of the Pre-Amplified HRSNA for 

Reducing RTS Noises. 
 
Figs. 8 and 9 show the relationship between the 
input-referred noise and the number of 
samplings for 4 different kinds of RTS noise 
patterns of Fig. 7 for the noise reduction 
method of CMSDA and HRNSA, respectively. 
Both methods have a great noise reduction  
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(a) Slow relaxation-time RTS noise 

 
(b) Fast relaxation-time RTS noise 

 
(c) Three level RTS noise   

 
(d) Non-RTS noise 

Fig. 10 Spectrum of RTS of Fig. 6 

effect for the RTS noise if the number of 
samplings is large enough. The HRNSA has 
better performance for slow relaxation-time 
RTS compared with the CMSDA. Both methods 
are not so effective for the three-level RTS and 
non-RTS noise.  The reason could be explained 
with the spectra of these noises shown in Fig. 
10. In the RTS-noise of Fig. 7(a) and (b), flat 
spectrum region extends over relatively higher 
frequency, while in the noise of Fig. 7(c) and (d), 
flat spectrum region appears only in low 
frequency region.  The low-pass filtering 
function or band-narrowing effect in the 
CMSDA and HRNSA can effectively suppress 
the noise if the noise spectrum is flat.  
 
4. Conclusions  
This paper treats noise reduction methods for 
thermal and RTS noises of in-pixel source 
followers and their effectiveness is confirmed 
with an implemented chip. Because of the 
relatively large processing time, the signal 
processing techniques are useful for CIS’s with 
moderate frame speed, in the field of scientific 
measurements.  
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