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Abstract As air and water quality continue to deteriorate, the market is increasingly saturated with products whose
effectiveness has not been clearly verified. In response, this project aims to develop a future-oriented, compact, and
modular product with enhanced performance and clearly demonstrated effectiveness. To realize this objective, the project
will place emphasis on the development of UV-C LED device and process element technologies, together with high-
efficiency and miniaturization technologies based on photocatalytic applications. Through this research, we present ‘Air
purification and disinfection product’ study involving the development of a UV-C LED device with a 300 nm emission
wavelength and the achievement of a 70 % acetaldehyde removal rate.
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Table 1

A comparative study on the characteristics of UV LED light sources and mercury UV lamps

Category

UV LED (UVA) UV LED (UVB/UVC)

Mercury UV Lamp

Emission Characteristics

Directional emission (facilitates compact,
large-area integration)

Omnidirectional emission

Wavelength Control

Adjustable via semiconductor composition control

Limited by discharge gas and
electronic transition levels

Wavelength Characteristics

Long wavelength (low energy)

Short wavelength (high energy)

Heat Generation

Low (allows operation without cooling system)

High (requires cooling system)

Environmental Impact

No hazardous substances

Uses toxic mercury gas

Durability High (solid-state device)

Low (glass-based structure)

Lifetime ~20,000 hours or more ~9,000 hours

Response Speed Instant on/off possible Requires warm-up time
Design Flexibility Enables miniaturization and diverse designs Limited in size and shape
Power Consumption 420 W 5~35W 5~60 W

Sterilization Efficiency High Very high High

Optical Efficiency ~25 % ~5% 15~45 %

Cost (USD) $5~150 $500~3,000 $2~500

-

AIN Powder
\ AIN Single crystal & wafer

Hybrid car, Rail transport,
Smart power grid, UV LED

Lighting

Power Device
*Mobile equipment
*RF high power transistor

AIN Substrates

UV Laser

*Optical Storage Device
\*Medical Laser

\!\.
New Item

V disinfection equipment
*Water Purifier
*UV curing system

Fig. 1. Synthesis and applications of AIN single crystals.
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Fig. 3. Reaction and partial pressure conditions of AIN depending
on temperature and pressure.
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Fig. 2. Auxiliary material processing and growth furnaces for single crystal growth.
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Table 2
Growth process parameters for AIN crystal growth
Category Conditions
Growth Material AIN powder (Tokuyama, H-Grade, Dso = 1 um), self-processed powder (D5, & 100 pm, 4~6 N)
Growth Method Induction heating (custom-built, 30 kW)
Growth Temperature 1,900~2,200°C
Growth Chamber Pressure 0.5~760 Torr
Ambient Gas N, (supply rate: 10~1,000 sccm)
Crystal Growth Rate 0~4.0 mm/day
g 159 8 (arcsec), File name: THM4P-1.xrdml
g arcsec Scan axis: Omega
2 ) , 60498 (cPS) <o range: 19.2423 - 202443
. Step size: 0.0020
‘€ 300000 Time/step: 0.20
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Scan speed: 0.0100
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Fig. 4. Fabricated AIN single crystal and its full width at half maximum (FWHM) value (159 arcsec).
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Fig. 5. Processing processes and facilities for grown single crystals.
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Fig. 6. (Left) 2-inch UV-C LED wafer and (right) schematic
illustration of the fabricated UV-C LED.
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Fig. 7. Results of I-V and EL characteristics of the UV-C LED.
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Fig. 8. Application fields of UV LEDs by type.
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Table 3

Comparison of conventional photocatalytic systems and the direction of proposed improvements

Structure and Characteristics of Existing Products

Structure Characteristics
F * The low porosity of the HEPA filter significantly degrades
Existing n airflow efficiency.
Product HEPA filter - * Filtration perff)rmance is restricted to a limited range of
target contaminants.
Fan . * Independent airflow mechanisms further reduce overall
Recent + \\‘) system efficiency.
Product Strainer-Type - \) » <ol * Limited UV-C exposure area and internal honeycomb-only
Photocatalyst \ } + l.'l/l interaction result in decreased sterilization efficiency.

Design Direction of Photocatalyst Filter Structure

Structure Characteristics
Blower-Type Structure

© Application of a blower-type
structure

® Photocatalyst directly coated
on the fan

© Integration of a photocatalyst
filter with the airflow system . . . i

Fan-Type  The photocatalyst is directly integrated into

Pho toZzli)tal ot the fan, resulting in very high additional

« Coolin }t/‘an airflow efficiency.

s tructurge » Optimization is required after configuring

+ Blower-type various fan structures and blade
structure p geometries.

. Turbine-type Fan + Strainer-Type Photocatalyst * The ;trgcture should be deSIgn ed to
structure P — maximize the contact area between the

e Application of cooling fan structure . .

« Applicable to « Direct O phgtocatalyst and the purification target. .
various fan o litegratonO Tl o e with « This approach is the most advantageous if
confieurations PRt sufficient purification efficiency can be

g achieved.
Direction
for
Improvement
High Porosity Honeycomb-Type Photocatdyst
S e  The contact area between the photocatalyst
« oo and the target contaminants is significantly

High-POI‘OSity ¢ Photocatalyst Integration 1n~c reased. . .

Honeycomb-Type . ngh porosity ensures adequate airflow

Photocatalyst efficiency. .

» The UV light exposure interface must be
carefully designed to maximize interaction
efficiency.

* The structural component itself functions

Direct as the photocatalyst, making the system

Photocatalyst cost-effective.

Coating on the « Structurally, a wide contact area with the

Inner Surface of purification target must be ensured.

the Structure  Improvements in photocatalyst coating

methods are required.
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Fig. 9. Design direction.

Basic Structure

= UV LED Module

102.02
Filte rmin

Fan PCB

Sterilization Fan
Photocatalyst Filter

Exploded View

Q
&
1

Fig. 10. Structural design of a personal air sterilization mask.
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ersonal Prod Modificati & Improvements

+ Change to one-piece
structure

UV LED Modul
A = + Change to vertically-

angled exhaust port

« Improved design
considering thicker band
and fit

Improved air
flow

. Improved structure and design based \W

on initial product concept

2. Improvement of silicone integrated exhaust port and air flowstrrite
3. Design modification considering user safety for ergononic headband fit
Fig. 11. Final design of a personal air purification and sterilization mask.
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Fig. 12. Window-integrated home air purification and sterilization system.
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Family-Type Modular Air Purifier Structure Enhancement and Improvement

1. Improvement of structure, modular maintenance
during replacement
2. Reflection of bypass structures for humidity and corrosion

N

Improvement design
progression to maximize
the commercial viability,
user convenience of
family-type modular air
purifier

’!\

-Improvement of structure
for ease of assembly and
modular maintenance
during replacement

- Reflection of bypass
structures for humidity
and corrosion

Fig. 13. Final design of a window-integrated home air purification and sterilization system.
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