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ABSTRACT

In this paper, we present a linear-logarithmic two-
transistor active pixel sensor (APS) with variable dynamic
range. The proposed APS is composed of two-transistor
with a shared reset transistor for shrink pixel size and wide
dynamic range (WDR) characteristics. The select transistor
can be eliminated by changing the pulse signal through the
drain node of the source follower. The proposed APS uses a
gate/body tied metal oxide field-effect transistor type
photodetector (GBT-PD) for high sensitivity. Also, we
applied the negative feedback structure, which offers
significant advantages and allows obtaining WDR without
complex circuitry. The sensitivity of the proposed APS is
8.23 V/luxes in the linear region and 0.32 mV/luxes in the
logarithmic region, while its combined dynamic range
reaches 112.1 dB. The sensor was fabricated by using the
0.18 pum 1-poly 6-metal CMOS process and its performance
was evaluated.
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1 INTRODUCTION

Image sensor technology has progressed from advanced
semiconductor technology. The complementary metal—
oxide—semiconductor (CMOS) process offers the capability
of integrating smart functions on imagers in a single chip
[1-4]. As CMOS technology scales down, the pixel size is
reduced for higher resolution sensors; thus, creating high-
performance CMOS image sensors has become more
difficult. A lower saturation level due to the small supply
voltage and a higher noise level due to mismatch of the
device cause the dynamic range to become a very
significant problem n. The dynamic range of image sensors
is defined as the ratio of the saturation signal level to the
noise level. Natural scenes have a very wide range of
illumination with light intensities varying over the 100 dB
range or wider. To capture natural scenes with such a
dynamic range, an imager with wide dynamic range (WDR)
is required. However, the dynamic range of current
commercial cameras without applying a special technique is
limited to less than 60 dB. Various approaches have been
developed to acquire WDR images [6-10]. Logarithmic
sensors may extremely widen their dynamic range in the
high-illumination region by compressing the image signal.

However, the conventional logarithmic technique that operates
in the sub-threshold region suffers from low sensitivity at low
light intensity [11-12].

In this work, we developed linear-logarithmic two-transistor
active pixel sensor (APS) with variable dynamic range. The
proposed APS uses a gate/body tied MOS field-effect transistor
type photodetector (GBT-PD) for high sensitivity [13-15]. Also,
we applied the negative feedback structure, which offers
significant advantages and allows obtaining WDR without
complex circuitry [16]. The proposed APS using an output
voltage feedback structure that allows a significant extension of
the dynamic range while maintaining high sensitivity at low
illumination. The negative feedback structure of the proposed
APS is provided by a very simple design and WDR function.

2 OPERATIONAL PRINCIPLE

The proposed APS shows a simple and high-performance
pixel structure using a standard CMOS process. It only
comprises a two-transistor system with a shared reset/feedback
transistor for WDR and a source follower transistor. The
selection transistor can be eliminated by inducing the pulse
signal through the drain voltage of the source follower. Figure 1
shows the schematic and light response characteristics of the
proposed
APS. Aptina, a company specialized in CMOS imaging
products, explored new pixel structures based on small pixel
designs without using the selection transistor method. In our
new approach, we combined the no-selection-transistor
technique with a shared reset/feedback transistor. The shared
reset/feedback transistor structure is advantageous to obtain
pixel shrink and extended dynamic range.

Figure 2 shows the timing diagram of the proposed APS and
direction of charge flows during each operation period. The
proposed APS is similar to a conventional APS. The operation
mode of the proposed APS is varied by controlling the turn-on
time of the reset (Taelay) and high-level voltage of the reset
transistor (Vrst). The amplifying photocurrent of the GBT-PD
flows from Vpp to floating diffusion node, and the output
voltage of the proposed APS increases, as shown in Fig. 2. As
the output node is connected to the M1 gate, the proposed APS
requires a negative reset voltage (Vrst = —0.6 V) for its reset
operation. After the reset period, VRST is set to the fixed value
of 0.4 V to extend the dynamic range. The M1 feedback
transistor operates in the subthreshold region, and the output
voltage of the proposed APS linearly increases until Vour —
Vrst = Vinresholda (M2). After a certain charge accumulation
period, M2 is gradually turned on because of the increased
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output voltage connected to the M1 gate. As the incident
light intensity increases, the M1 gate voltage connected to
the output voltage further increases. Consequently, the
output voltage is not saturated because more electrons are
accumulated in the channel.
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Fig. 1. (a) Schematic of the proposed APS; (b) light
response characteristics of the proposed APS.
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Fig. 2. (a) Timing diagram and (b) conceptual diagram of the
proposed APS.

3 RESULTS AND DISCUSSION

Figure 3 shows the variation of the output voltage of the
proposed APS as a function of turn-on of the reset and high-
level voltage of reset. In Fig. 3a, the proposed APS has variable
sensitivity by controlling turn-on time of reset (Tdelay). In low
illumination region (under 1 lux), the proposed APS has high-
sensitivity because of GBT PD. And, the sensitivity of the
proposed APS is changed turn-on time (0 us, 50 us, 100 us, 300
us, 500 us) of the reset. As the Tdelay is longer, the output
voltage of the proposed APS is not saturated because draining
charge of the floating diffusion node increase. In Fig. 3b, the
proposed APS has significant WDR characteristics due to
negative feedback structure. The sensitivity of the proposed
APS is 8.23 V/luxes in the linear region and 0.32 mV/luxes in
the logarithmic region, while its combined dynamic range
reaches 112.1 dB.
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Fig. 3. Variation of the output voltage of the proposed APS
(@) as a function of turn-on time of the reset (Tqelay); (0) as a
function of high-level voltage of reset (Vpuise).

4 CONCLUSIONS

We presented linear-logarithmic two-transistor APS
with variable dynamic range. The negative feedback
structure of the proposed APS provides WDR with a very
simple design. The sensor has a two-transistor APS with a
shared reset/feedback transistor for WDR and a source
follower transistor. The selection transistor is eliminated by
transmitting the pulse signal through the drain voltage of
the source follower. The shared reset/feedback transistor
provides smaller pixel size and WDR without complex
circuitry. The proposed APS has a gate-controlled resistor

(M2) for extending the dynamic range of the proposed APS.

The feedback current of M2 is gradually increased as the

illumination level is increased. For this reason, the dynamic
range of the proposed APS is significantly extended, to 112.1

dB.
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