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Abstract:

The paper presents column parallel signal processing
techniques for reducing Random Telegraph Signal (RTS)
noise of in-pixel source follower by using histogram ana-
lysis for the development of a very low-noise CMOS image
sensor. In this method, a histogram with multiple samples
for reset level is used to estimate the amplitude of the RTS
noise. With the median of the histogram and the estimated
amplitude, the RTS noise components are removed and the
average is calculated with the histogram due to thermal
noise only, to further reduce the noise level. Result of the
application of the histogram-based noise suppres-sion to
an implemented CMOS image sensor prototype for a large
sampling numbers is demonstrated.
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1. Introduction

Noise performance in CMOS image sensors is one of
the most important factors. Recently, reduction of Ran-
dom Telegraph Signal (RTS) noise due to transistors of in-
pixel source follower amplifier becomes an important
issue [1]. RTS noise is described as a fluctuation in the
current or voltage with random discrete impulses of equal
heights and it is observed as two or multi-level impulses.
This noise occurs in the inherent noise of electronic devi-
ces as a non-Gaussian component [2].

Available methods for RTS noise reduction, such as
Correlated Double Sampling (CDS) and Correlated Multi-
ple Sampling Differential, and Averaging (CMSDA) have
been introduced and the effectiveness in noise reduction
has been proven [3], [4]. In this paper, the research
focuses on histogram-based RTS-noise suppression and
averaging (HRNSA) method, as well on its effectiveness
in reducing the source follower RTS noise.

2. Histogram Based RTS-noise Suppression
and Averaging.

Figure 1 shows the timing diagram of the multiple
sampling for both reset and signal levels, which is the
basic idea for noise reduction. The timing diagram was
obtained from the CMOS image sensor with column-paral-
lel mixed-signal processing circuits.

In Figure 1, M represents the total number of samp-
ling in reset and signal for one pixel that is selected du-
ring the measurement. The paper focuses only in reset le-
vel for RTS noise reduction. The 256 samples in the reset
level are chosen and CDS is applied.
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Fig. 1. Timing diagram of the multiple sampling for both
reset and signal levels.

Figure 2 shows a histogram of RTS-noise after CDS,
and it is seen that three peaks of histogram appear due to
large of RTS noise. Both right and left peaks are due to
RTS noise and the center peak corresponds to the reset
level without the influence of any RTS noise.
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Fig. 2. Histogram of RTS —noise after CDS.

In order to remove this RTS noise, a few requirements
should be considered. First, the maximum and minimum
value of the histogram are identified, and then an avera-
ge of both values is calculated as:

Xm — Xmax 5 Xmin (1)

This average value represents the center value of the
histogram. Next, the average of histogram in the range of
X, A and X,+ A is calculated to estimate the reset
level, by using the equation below:

y=Y %t xS tA

X, =X, A x.=x, A" @

Finally, the range of parameter A should be selected.
The value can be 3 times of it r.m.s thermal noise am-
plitude.

3. Results and Discussions

The HRNSA method is implemented to 0.18 pym pin-
ned-photodiode CMOS image sensor with a gain of 22 un-
der dark condition as shown in Figure 3.
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Fig. 3. Implemented prototype chip.

Figure 4 shows slow relaxation-time RTS noise of pixel
source follower for a reset level. This type of noise wave-
form is used in proving the effectiveness of HRNSA method.
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Fig. 4. Slow relaxation-time RTS noise.

Figure 5 shows the distribution of CDS output for 128
samples and its histogram. The histogram limitation is
also shown once the parameter A is selected, which is in
this case it is equal to 10.
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Fig. 5. Histogram of 128 samples.

1on

Hist Limitat

Figure 6 shows the relation between the input refe-
rence noise and the sampling number. From this figure,
the output of HRNSA is started from sampling number
equals to 16 up to 128, because the histogram with three
peaks only appears during this range of sampling num-
bers. The value of input referred noise is decreased when
the sampling number is increased. In the experiment, the
value of input referred noise is not available for sampling

number 1, 2, 4 and 8. This is because those three peaks in
the histogram do not appear at this range of sampling
numbers. It shows that the final value of input referred
noise is reduced to 85.4 uV for 128 sampling numbers.
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Fig. 6. Effect of the pre-amplified HRNSA for reducing RTS
noise.

4. Conclusion

The reduction of RTS noise in CMOS image sensors by
using histogram analysis has been shown in this paper.
It proves that this method is effective in reduction of RTS
noise for slow relaxation time RTS noise waveform. The
RTS noise suppression is effective when the sampling
numberisincreased.
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