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Abstract The display industry is developing rapidly, and various display elements are responsible for
information display in automobiles. Viewing angle control technology regulates visibility when the driver
looks at the screen, making it a core technology for automotive display devices as demand increases.
This paper searched for patents on viewing angle control technologies in Korea, the United States, and
China filed between 2000 and 2024. The trends in patent applications according to country, technology,
and display device were identified. The key results of the analysis show that Korea filed the most patents
in the early 2000s. China's numbers increased rapidly from 2010, and the use of LCDs and OLEDs
increased rapidly in the 2000s and 2010s, respectively. The analysis of patent applications according to
technology shows that the viewing angle control technology applied to different types of display devices
varies, with different methods applied to LCD and OLED devices. A comparison of patent applications
per technology per country revealed a focus on structural control in Korea, optical control in the US,
and electrical or chemical control in China. This paper will help automotive industry researchers
understand patent trends in automotive viewing angle control technology.
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Co-driver Display
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Fig. 1. The History of Display
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Fig. 2. Changes in Display Market Share
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Table 1. AMOLED Market Share
year
device country
2020 2021 2022 2023
Korea 87.3 83.1 81.3 74.2
China 12.1 16.2 17.9 25.1
AMOLED
Japan 0.3 0.3 0.6 0.6
Taiwan 0.3 0.3 0.3 0.1
Korea 98.3 96.6 85.2 96.1
A Large China 1.5 3.3 4.7 3.8
M Japan 0.2 0.1 0.1 0.1
N Korea 855 | 80.9 | 791 | 716
g | Smal China 139 | 184 | 200 | 27.6
D and
Medium Japan 0.4 0.4 0.6 0.7
Taiwan 0.3 0.3 0.3 0.1
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Fig. 3. Illustration of the driver’s and co-driver’s
viewing angles for the control display.
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Table 2. Processes to extract valid patent data

Content

Remove patents without display, Field of View
in the name and summary of the invention

Process 1
If the keyword is included but not related to
the problem, consider it noise and remove it
Consider a patent that includes adjustment of
viewing angle(enhancement, reduction,
Process 2

conversion) in summary and multiple claims
valid patent data

Consider a patent that includes only the
Process 3 [conversion of the viewing angle in the summary
and all claims the final valid patent data

Table 3. Status of extraction patent according to

processes
KR us CN
Total 4,206 cases 3,407 cases 7,549 cases
Process 1 2,608 cases 1,690 cases 2,614 cases
(-1,598) (-1,717) (-4,935)
Process 2 1,136 cases 1,105 cases 1,240 cases
(-1,472) (-585) (-1,374)
Process 3 114 cases 84 cases 162 cases
(-1,022) (-1,021) (-1,078)
All 360 cases
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Table 4. Technical classification table

Large Medium Small

Voltage
Electric field

A) Electrical control

Electrode

Viewing angle
switching sheet

B) Chemical control Dye liquid crystal layer

Electrochromic element

Protruding structure

Liquid crystal

Viewing angle ; .
Q) Structural control | molecular orientation

Multi-view lens

Pattern
backlight

Light control layer

Light emitting element

D) Optical control control

Luminance difference

Phase difference value
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Table 5. Numbers of patents by panel type/year

Display device type

Year LCD LED OLED appﬁg;ble
2001~2003 3 0 0 0
2004~2006 70 1 0 3
2007~2009 36 1 0 3
2010~2012 8 1 0 3
2013~2015 25 1 0 2
2016~2018 50 12 1 8
2019~2021 60 20 5 6
2022~2024 17 15 2 6

Total 269 51 8 31
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Table 6. Numbers of patents by technology/year

Technology
Year Electrical | Chemical | Structural | Optical
3 (B) (©) (D)
2001~2003 3 0 0 0
2004~2006 42 4 25 2
2007~2009 23 1 12 4
2010~2012 6 1 3 2
2013~2015 15 5 4 4
2016~2018 39 5 15 12
2019~2021 50 13 12 16
2022~2024 25 6 5 4
Total 203 35 76 45
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Table 7. Number of patents filed by country/technology

KR us CN

Electrical (A) 58 45 100
Chemical (B) 12 8 15
Structural (C) 40 9 27
Optical (D) 4 22 19
Total 114 84 161
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Table 8. Patent claims of US 11215856

Patent claim

1. A method of controlling a passenger seat
display of a vehicle, the method comprising:
obtaining operating state information of the
vehicle by detecting an operating state of the
vehicle being driven by a driver: determining an
operating mode of the vehicle, which includes a
driving mode and a stop mode, based on the
obtained operating state information: controlling
a driving voltage applied to a viewing angle
switching element comprising a polymer
dispersed liquid crystal (PDLC), based on the
determined operating mode; and adjusting
brightness or color coordinates of the passenger
seat display to a predetermined target
brightness value or a predetermined target color
coordinate value, respectively, when the driving
voltage is applied to the viewing angle
switching element.

2. The method of claim 1, wherein the
obtaining of the operating state information of
the vehicle comprises detecting at least one of
a velocity of the vehicle, pressure applied to an
accelerator of the vehicle, or an operation of a
steering wheel of the vehicle.

5. The method of claim 1, wherein the
controlling of the driving voltage applied to the
viewing angle switching element comprises:
applying the driving voltage to the viewing
angle switching element when the operating
mode of the vehicle is determined as the
driving mode, and not applying the driving
voltage to the viewing angle switching element
when the operating mode of the vehicle is
determined as the stop mode.

Claim 1

Claim 2

Claim 5

Fig. 5. Viewing angle control in driving mode
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Table 9. Patent claims of US 11885995

Patent claim

2. An optical film comprising at least: an
optically anisotropic layer: and a polarizer,
wherein the optically anisotropic layer is
optically uniaxially anisotropic, while in a case
where an optic axis of the optically anisotropic
layer is projected onto the polarizer as viewed
from an optically anisotropic layer side, an
angle formed by the optic axis and an
absorption axis of the polarizer is +50° to +70°
or -50° to -70°, an average tilt angle of the
optic axis with respect to a main surface of the
optically anisotropic layer is 20° to 45°, and an
in-plane phase difference Re (550) of the
optically anisotropic layer at a wavelength of
550 nm is 70 nm to 240 nm.

3. The image display apparatus according to
claim 2, wherein the optically anisotropic layer
has a liquid crystal cured layer formed of a
liquid crystal composition including a liquid
crystal compound, and the liquid crystal
compound is aligned so as to be uniformly
inclined over a thickness direction in the liquid
crystal cured layer.

Claim 2

Claim 3

.+
— e ]
— 2

—3

5

Fig. 6. Viewing angle control using liquid crystal
compounds
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Table 10. Patent claims of US 7633586

Patent claim

4. A display as claimed in claim 3, in which
each said at least one liquid crystal layer is
arranged to operate in one of untwisted
nematic, twisted nematic, supertwisted nematic,
vertically aligned nematic, twisted vertically
aligned nematic and hybrid aligned nematic
modes.

Claim 4

18. A display as claimed in claim 17, in which
said at least one electrode is patterned to
define first and second regions of said at least
one liquid crystal layer for providing first and
second attenuations, respectively, of light
travelling into said part of said first angular
viewing range when said molecules are in said
second state.

Claim 18

24. A display as claimed in claim 18, having a
normal in which, when said molecules are in
said second state, said first and second regions
have a same function of transmission against
angle with respect to said normal to said
display for angles within said second viewing
angle range and different fractions for angles
inside said first viewing angle range and outside
said second viewing angle range.

Claim 24

Fig. 7. Diagram illustrating displays constituting
embodiments of the invention
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Table 11. Patent claim of US 11442316

Patent claim

1. A display device comprising: a backlight
arranged to output light; a transmissive spatial
light modulator arranged to receive output light
from the backlight; a display polariser arranged
on a side of the spatial light modulator, the
display polariser being a linear polariser: a first
additional polariser arranged on the same side
of the spatial light modulator as the display
polariser, the first additional polariser being a
linear polariser: at least one first polar control
retarder arranged between the first additional
polariser and the display polariser, a second
additional polariser, the second additional
polariser being a linear polariser; and at least
one second polar control retarder

Claim 1

Fig. 8. Schematic diagram illustrating a top view of
a privacy display for use by a passenger in
an automatic vehicle
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