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Abstract In this paper, an averaging circuits using dual exposure technique for extending dynamic range of CMOS
image sensor is proposed. The proposed CMOS image sensor has been implemented by a chip which is consisted
of a pixel array, scanners, and proposed averaging circuits. Despite the equal number of transistors in pixels, it is
possible to extend dynamic range of CMOS image sensor by using averaging circuit. In addition, comparing with
conventional 3-transistor CMOS image sensor, it was demonstrated that dynamic range is improved from 70dB to
90dB after using average circuit by experimentally. The designed circuit has been fabricated by using 0.18um 1-
poly 6-metal standard CMOS process, and its characteristics are simulated and measured.
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1. Introduction

Recently in image sensor system, many techniques are using to
improve dynamic range of CMOS image sensor. To improve the
dynamic range of image sensor is an important performance
factor in applications [1-3]. There are several methods to improve
dynamic range about image sensor such as extending a
photodiode active area, using dual exposure technique, linear-
logarithmic (Lin-Log) technique [4].

First, extending the area of photodiode in order to improve the
dynamic range has a chip area limit. Secondly, dual exposure
technique which captured with different integration time has
complex signal processing circuit. Finally, linear-logarithmic
(Lin-Log) technique by improving the dynamic range to
approximately 120dB by using log property at high illumination
condition also using linear property at low illumination condition
has advantage but logarithmic pixel has inferior output swing. In
addition, this method has a disadvantage in decreasing fill factor
of the image sensor by adding more transistor in pixel structure
[5-8].

In this paper, we propose an averaging circuit using dual
exposure technique for extending dynamic range of CMOS image
sensor. CMOS image sensor has been implemented by a chip
which is consisted of a pixel array, scanners, and proposed
averaging circuits. In addition, averaging circuit performs that
combines a voltage signal resulted by performing controls the
odd-row and even-row of exposure time. As a result, not only
extending dynamic range but controlling sensitivity. The
proposed signal processing circuit has been designed and
simulated using 0.18um 1-poly 6-metal standard CMOS process.

2. Signal processing and operation

Fig. 1 shows a whole CMOS image sensor block diagram
including proposed signal processing circuit. Block diagram is
composed of 3-transistor pixel array, odd-vertical scanner, and
even-vertical scanner, double sampling circuit, horizontal scanner,
and proposed signal processing circuit. The signal output comes
after double sampling and proposed signal processing circuit with
averaging circuit.
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A conventional 3-transistor pixel structure is implemented in
this structure and shown Fig. 2. 3-transistor pixel structure
consists of M1 reset transistor, M2 source follower transistor, M3
select transistor, M4 bias transistor. Signal electron is converted
to voltage by source follower transistor and transmitted to double
sampling circuit.

Fig. 3 shows schematic of proposed signal processing circuit.
Col(x) and Col(x+1) are column even and odd output after double
sampling circuit respectively. Col(x) and Col(x+1) are output
signals from a specific column after double sampling. S1 switch
turn on when signal voltage of first frame signal in Col(x) and
store at capacitor C. After than next frame signal is stored at
capacitor C. when turn on S2 switch. Finally, S3 switch trun on
so averaging between previous frame signal output and next
frame signal output. Buffer circuit consists of PMOS source
follower for output signal voltage. After that, each column S4, S5
switches turn on to get final output output signal voltage
respectively.

3. Experimental result and conclusion

Fig. 4 shows experimental results of image sensor including
proposed signal processing circuit. In a conventional mode, the
limitation on the dynamic range of the conventional 3-transistor
is found to be the result of node capacitance. Comparing with
conventional mode 3-transistor image sensor, it is possible to
confirm that dynamic range is increased from 70dB to 90dB by
averaging circuits and its processing.
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Fig. 1. Block diagram of whole proposed CMOS image sensor.
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Fig. 2. Schematic of 3-transistor CMOS image sensor.
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Fig. 3. Schematic of proposed signal processing circuit after
double sampling.
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Fig. 4. Experimental result of image sensor including proposed

signal processing mode and conventional mode.
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