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Latest Trend of Crystalline Oxide Semiconductor Devices

Jun Koyama, Semiconductor Energy Laboratory, Co., Ltd.

Oxide semiconductors
have been actively
researched since Dr.
Noboru Kimizuka

succeeded in

synthesizing an IGZO

crystal in 1985 for the
first time in the world [1]. In 2009, Dr. Shunpei
Yamazaki, the president of Semiconductor
Energy Laboratory (SEL), discovered a c-axis-
aligned crystalline (CAAC) structure. This
triggered the mass production of oxide-
semiconductor LCD backplanes for smartphones
in 2012. The application range has been
expanded, including LCD monitors for PCs and
backplanes for large-sized OLED TVs.

High-resolution displays have commonly been
LCDs or OLED displays using backplanes with
low-temperature polysilicon (LTPS) TFTs. LTPS,
however, suffers some problems such as high
costs and difficulty in upsizing, because LTPS
process utilizes laser crystallization. Meanwhile,
with the widespread use of high-resolution
tablets, the market demand for high-resolution

and large-sized displays has been increasing.

Oxide semiconductor process does not include
laser crystallization, and thus enables the use of
glass substrates as large as ones used in
amorphous Si process. The mobility of oxide
semiconductors is dozens of times higher than
that of amorphous Si. These advantages of oxide
semiconductors achieve the fabrication of high-
resolution and large-sized displays at low costs.

SEL has also discovered the oxide semiconductor
composite, which 1s named “cloud-aligned
composite oxide semiconductor” (CAC-OS) [2].
The field-effect mobility of CAC-OS FETs with a
top-gate self-aligned structure was shown to be
65.5cm2/Vs. The backplane using CAC-OS is

suitable for large-sized, 8K “Super Hi-Vision”

Figure 1. 1058-ppi 8.3-inch 8K OLED display
with a crystalline oxide semiconductor
backplane.
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displays that have been developed for Tokyo
2020 Olympics. This is because FETs with high
mobility are necessary for driving a large 8K
display without division driving. Figure 1 shows
that an image is displayed on a 1058-pp1 8.3-inch
8K OLED display. CAC-OS is suitable for the
fabrication of such  ultra-high-resolution
displays.

Application  of such crystalline oxide
semiconductors is not limited to FETs used in
displays. Crystalline oxide-semiconductor FETs
exhibit extremely low off-state current on the
order of yA/um2 (10-24 A/pym2), and thus have
been studied for application to LSI. This

extremely low off-state current enables analog

memory, which has a potential to pave the way
for novel nonvolatile memory and analog Al that
closely simulates the structure of human brains.
[1] N. Kimizuka, and T. Mohri, “Spinel, YbFe204,
and YDb2Fe307 types of structures for
compounds in the In203 and Sc203-A203-BO
systems [A: Fe, Ga, or Al; B: Mg, Mn, Fe, Ni, Cu,
or Zn] at temperatures over 1000 °C,” J. Solid
State Chem., 60, 382-384 (1985). DOLI:
10.1016/0022-4596(85)90290-7

[2] S. Yamazaki, Y. Shima, Y. Hosaka, K.
Okazaki, and J. Koezuka, “Achievement of a
high-mobility FET with a cloud-aligned
composite oxide semiconductor,” Jpn. J. Appl.

Phys. 55, 115504 (2016).
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