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Abstract 
We discuss an active pixel sensor (APS) readout cir-

cuit based on indium-tin-zinc-oxide thin-film transistors 
(TFTs) for three-stacked organic image sensors. A pixel 
layout of the APS was designed using three TFTs with a 
channel length of 2 μm, and its performance was experi-
mentally evaluated by fabricating a source follower (SF) 
circuit with the pixel layout design. We found that the de-
signed APS exhibits high SF voltage gain of ~0.89 with sat-
isfactory linearity achieved in a wide output voltage range. 
 
1. Introduction 

Three-stacked organic image sensors comprise single-
chip sensors with a structure in which three organic photo-
conductive films (OPFs) sensitive to the primary colors (blue, 
green and red) and three thin-film transistor (TFT)-based 
readout circuits are stacked alternately. They can perform 
color separation in the vertical direction without the need for 
color filters or prisms, which are used in conventional single- 
or three-chip imaging systems, and thus have been studied in 
expectation of achieving compact single-chip cameras with 
high utilization efficiency of light comparable to that of three-
chip ones. To date, organic image sensors using three OPFs 
have been fabricated and their color imaging capability has 
been investigated [1,2]. Moreover, recent advances in pixel-
size reduction and high pixelation of TFT circuits have made 
it possible to fabricate an organic image sensor with a pixel 
array of 320 × 240 (QVGA) using a single OPF [3]. In the 
previous studies, however, passive pixel sensor readout cir-
cuits with one TFT per pixel were utilized and thus, the re-
produced images were susceptible to the effect of external 
noise. 

Here, we propose an active pixel sensor (APS) readout 
circuit to reduce the noise in three-stacked organic image sen-
sors. A pixel layout of the APS circuit with a pixel pitch of 
90 μm was designed using three indium-tin-zinc-oxide 
(ITZO) TFTs with a channel length of 2 μm, and its perfor-
mance was experimentally evaluated by fabricating a source 
follower (SF) circuit with the designed pixel layout. 
 
2. Design and Simulation of the ITZO-TFT-Based APS 

We first designed a prototype QVGA APS circuit using 
ITZO TFTs having a channel length of 2 μm and a channel 
width of 10 μm. Figure 1(a) shows the schematic circuit dia-
gram of our quasi-QVGA APS circuit. The APS circuit con-
sists of a pixel circuit, a vertical signal line (VSL), a TFT used 

as a load transistor (ML), a correlated double sampling (CDS) 
circuit (added as an external readout circuit) and delay equiv-
alent circuits of the QVGA pixel array. Figure 1(b) shows the 
schematic diagram of the pixel circuit. The pixel circuit was 
designed on the basis of the results of a simulation of an ITZO 
TFT APS reported in the literature as a benchmark for SF cir-
cuit performance [4]. The designed pixel circuit possesses 
three TFTs used as select, amplifier and reset transistors (MS, 
MA and MR), and an OPF on a pixel electrode, which gener-
ates a signal charge under light irradiation. The SF amplifier 
comprises MA and ML and amplifies the signal charge. In the 
operation of the APS, charge accumulation, pixel signal 
readout and reset signal readout are performed in this order 
with gate pulses of MR (VRG) and MS (VSG) under applied 
drain bias voltages of MA (VDD) and MR (VRD) with a gate bias 
voltage of ML (VLG). 
 

 
Fig. 1 (a) Schematic diagram of our quasi-QVGA APS circuit 
containing a CDS circuit. (b) Schematic diagram of the pixel circuit. 
(c) Simulational input (top) and output (bottom) characteristics of 
the designed APS circuit. (d) Schematic of the designed layout of 
the pixel circuit. (e) Typical cross-sectional schematic of the 
designed pixel circuit along the line A–B marked in (d). 
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Fig. 2 (a) Schematic diagram of the SF circuit. (b) Optical micro-
scope image of the pixel circuit containing MA. 
 

Figure 1(c) presents the input (Vin) and output (Vout) char-
acteristics of the designed APS circuit obtained by circuit 
simulation using the TFT model based on experimental data. 
The correspondence between Vin and Vout can be observed, 
and the APS operation was found to be completed within the 
line selection period (69 μs for 60 fps, QVGA). 

Figure 1(d) shows the schematic of the designed pixel cir-
cuit layout. It has a pixel size of 90 μm and an opening ratio 
of ~47%, which was determined so that the opening area is 
comparable to that reported in the literature [4]. Figure 1(e) 
shows a typical cross-sectional schematic of the designed 
pixel circuit along the line A–B marked in Fig. 1(d). The en-
tire circuit is based on TFTs with a bottom-gate back-channel 
etched structure, and via holes are placed to connect the gate 
and source drain electrodes. 
 
3. Fabrication and Characterization of the SF Circuit 

To evaluate the performance of the designed APS circuit, 
we next fabricated an SF circuit composed of MA in the pixel 
layout and ML, as shown by the equivalent circuit in Fig. 2(a). 
Gate electrodes were formed with a 50-nm-thick 
molybdenum (Mo) alloy, and then a silicon oxide (SiOx) gate 
insulator with a thickness of 200 nm was deposited by 
sputtering. A 50-nm-thick indium-tin-oxide (ITO) layer was 
then deposited as a pixel electrode, and a semiconductor layer 
of 30-nm-thick ITZO was formed by sputtering. Via holes 
were then generated by reactive ion etching, and source drain 
electrodes were formed with 70-nm-thick Mo alloy. An 
organic insulator with a thickness of 600 nm was then spin- 
coated as a passivation layer. 
 

 
Fig. 3 Typical transfer (left) and output (right) characteristics of the 
TFT in the fabricated SF circuit. 

 
Fig. 4 Experimental input–output characteristic of the SF circuit 
(black) and its straight-line fit (red) applied in the nonshaded region. 
 

Figure 2(b) shows an optical microscope image of the 
fabricated pixel circuit. The pixel circuit excluding MS and 
MR was successfully fabricated in accordance with its design 
shown in Fig. 1(d). The TFT characteristics and SF 
performance of the fabricated circuit were measured using a 
semiconductor device parameter analyzer (Keysight, 
B1500A). Figure 3 shows typical transfer and output 
characterics of the TFT in the fabricated SF circuit. The on–
off ratio was found to be >108 for VDS = 1 V and the field-
effect mobility at VDS = 10 V was ~24 cm2/Vs. 

The black circles in Fig. 4 show the experimentally 
obtained input–output characteristic of the SF circuit at VDD 
= 15 V and VLG = 1 V. To evaluate the SF performance, a 
straight-line fit was performed in the Vin range from 2.5 to 9.5 
V, as shown by the red line in Fig. 4. It was found that voltage 
gain (Av) of the SF circuit is ~0.89 (determined from the 
gradient of the line) and the adjusted R-squared value (Radj

2) 
is > 0.9999 with a Vout range of ~6.2 V. These values are 
higher than the simulation-based ones previously reported [4], 
despite the use of more miniaturized ITZO TFTs, and the 
designed APS circuit was found, from this result, to exhibit 
excellent SF performance with satisfactory linearlity. 
 
4. Conclusions 

We designed an APS circuit with a pixel size of 90 μm 
using ITZO TFTs with a channel length of 2 μm, and its 
performance was evaluated by fabricating an SF circuit with 
the pixel layout design. The designed APS circuit was found 
to exhibit high SF voltage gain of ~0.89 acheved in the output 
voltage range of ~6.2 V with satisfactory linearity. In the near 
future, the dynamic response characteristics of the designed 
APS circuit will also be evaluated. 
 
References 
[1] H. Seo, S. Aihara, T. Watabe, H. Ohtake, T. Sakai, M. Kubota, 

N. Egami, T. Hiramatsu, T. Matsuda, M. Furuta and T. Hirao, 
Jpn. J. Appl. Phys. 50 (2011) 024103. 

[2] T. Sakai, H. Seo, T. Takagi, M. Kubota, H. Ohtake and M. Fu-
ruta, Proc. IDEM 30.3 (2015) 15-779. 

[3] T. Sakai et al., ITE Summer Annual Convention (2019) 33C-1 
[in Japanese]. 

[4] M.-H. Cheng, C. Zhao, C.-L. Huang, H. Kim, M. Nakata and J. 
Kanicki, IEEE Trans. Electron Devices 63 (2016) 4802. 

20 µm

MA

VDD

Vout

Vin

MLVLG

MA

Pixel
circuit

(b)(a)

10-14
10-13
10-12
10-11
10-10
10-9
10-8
10-7
10-6
10-5
10-4

D
ra

in
 c

ur
re

nt
 (A

)

151050-5-10
Gate voltage (V)

VDS
  10 V
    1 V
 0.1 V

300

250

200

150

100

50

0

D
ra

in
 c

ur
re

nt
 (µ

A)

151050
Drain voltage (V)

VGS
 15 V
 10 V
   5 V
   0 V
 −5 V

Av = ~0.89
(Radj

2 > 0.9999)

12

10

8

6

4

2

0

O
ut

pu
t v

ol
ta

ge
 (V

)

121086420
Input voltage (V)

 Experiment
 Straight-line fit

 

- 676 -


