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Short paper

A Variable-Resolution Single-Slope ADC for Feature Extractable

CMOS Image Sensor

Itsuki Matsubarat, Ryuichi Ujiiett, Daisuke Morikawatt, Hideki Shimatt and Shunsuke Okurat

Abstract : We investigated an A/D converter for a CMOS image sensor capable of outputting features to improve the energy efficiency of

image recognition systems . Simulation results showed that the current consumption in feature extraction mode could be reduced by 87.83%

compared to image capture mode.
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1. Introduction

In the Trillion Sensors Universe [1], a society in which one trillion sensors
are used annually , with 125 sensors per person , a huge amount of information
is collected. Al -based recognition is therefore expected to be applied to image
information. However, images captured by conventional CMOS image sensors
contain a lot of redundant data, which is thought to increase the overall system
power consumption and latency. Therefore, our research group has proposed
using edge features that eliminate redundant data for Al-based image
recognition, thereby reducing the overall system power consumption [2]. Figure
1 shows an overview of the proposed event-detection image recognition
system. Normally, edge features with low information content are output for Al
recognition, and image recognition is performed using a lightweight DNN
(Deep Neural Network) (feature extraction mode). When an event is detected,
an RGB color image is output, and image recognition is performed by the

human eye or a general DNN (image capture mode).

In previous research [3] , we developed a SAR sensor that can output both
RGB color images and edge features .
The bit resolution is variable using a successive approximation

register (SAR) type A/D converter, and power consumption is

Figure 1. Overview of event detection image recognition system (person image (4, 5])

On the other hand, single-slope A/D converters are suitable for reducing the
area, but because they consume a constant current, the power consumption
cannot be significantly reduced even if the bit resolution is reduced. To solve
this problem, this paper proposes a single-slope A/D converter that can reduce
power consumption in feature extraction mode for CMOS image sensors

capable of outputting features.

2. Proposed single-slope A/D converter

significantly reduced by lowering the resolution during feature extraction. 2.1 Overall circuit configuration

The SAR type A/D converter has a large circuit area, so chip costs are high.
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Figure 2 shows the overall circuit configuration of the proposed column-
parallel single-slope A/D converter. The pixels are assumed to be Bayer array
4- pixel shared type. The proposed circuit consists of a configurable
comparator, SRAM, a bit-number variable counter, and a ramp wave generator. The pixel
signal VPIX and the ramp signal VRAMP are compared by the comparator, and the counter

value is stored in the SRAM when the signal voltages become equal.
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Figure 2. Overall circuit configuration of the proposed column-parallel single-slope A/
D converter
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Figure 3. Circuit diagram of the variable configuration comparator
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A/D conversion is performed at 10-bit resolution in image capture mode and at 5-bit
resolution in feature extraction mode . 2.2 Configurable Comparator

Figure 3 shows the circuit diagram of the

configurable comparator.
The comparator switches its circuit configuration using the control signal FE . Figure 4
shows the equivalent circuit diagram and timing chart of the reconfigurable comparator
in image capture mode (FE = Low) . The counter frequency is 40 MHz . The first stage
of the comparator is a differential amplifier circuit using a constant current source, and
the second stage is a double-clamped source-grounded circuit [6] , and it operates as
a high-precision comparator. Figure 5 shows the equivalent circuit diagram and timing

chart of the reconfigurable comparator in feature extraction mode (FE = High).

The timing chart is shown below. When transferring pixel signals, TG1 to TG4 are
turned on simultaneously to read out the Bayer array pixel cell signals, and the Bayer
array pixel cell signals are converted into pseudo-luminance signals [2]. In addition, the
ramp signal is raised by 0.5Vref before the comparison operation so that the output
code when the luminance difference between the vertically adjacent pixel cells is OV
becomes the center code . Here, Vref is the A/D conversion reference voltage. The
counter frequency is set to 1.25MHz to ease timing constraints. The first stage of the
comparator is a Complementary Self-biased Differential Amplifier (CSDA) [7], and the
second stage is a double-clamped source-grounded circuit with added feedback
control. CSDA

Although the second stage consumes current only during auto-zero and output
inversion, the peak current depends on the power supply voltage. Therefore, an NMOS
transistor with the bias voltage VLVBIAS as the gate voltage is used, and VLVBIAS -
VGS is used as a pseudo power supply voltage to limit the current amount. In addition,
to stop the constant current that flows when the input voltage VX of the second stage

drops below the inversion voltage, an output
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Figure 4. Configurable comparator in image capture mode

When the voltage VOUT inverts, the constant current is turned off by feedback control.
Because the edge feature is the brightness difference between adjacent pixels above
and below, the signal fluctuates positively or negatively depending on the scene.
Therefore, CSDA , whose input common-mode voltage range extends above and

below the operating point, is suitable for signals obtained in feature extraction mode.

3. Simulation Results

The proposed single-slope A/D converter was designed using a 0.18 ym process.
SPICE simulations were performed under corner conditions: transistors in slow,
normal, and fast modes ; analog power supply voltages AVDD of 2.97 V, 3.3 V, and
3.63 V; and operating temperatures of 0 °C, 25 °C, and 60 °C . Figure 6 shows the A/
D conversion characteristics in image capture mode , where the DNL was +0.1/-0.0
LSB and the INL was +2.5/-1.3 LSB for 10-bit resolution. Figure 7 shows the A/D
conversion characteristics in feature extraction mode , where the DNL was +0.1/-0.4
LSB and the INL was +0.8/-0.6 LSB for 5-bit resolution . Table 1 summarizes the
simulation results for DNL, INL, and current consumption . The results confirmed that
by configuring the comparator with a variable configuration and operating at low power
in feature extraction mode, the current consumption of the comparator in feature
extraction mode was reduced to 1.82 YA , a reduction of 87.83% from 14.96 YA in

image capture mode .

4. Conclusion

In this paper, we present a method for detecting a CMOS image sensor capable of outputting feature quantities.
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Using SPICE simulation , we confirmed that a reduction of 87.83% was possible
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&TG [EF1-4<;> |_|om1-4<1¢1> circuit and conduct measurement evaluations.
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