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We developed World first UV-LED in 2000. Physics World 2015 June)
Pioneer of UV-LED products

 PhysicsWorld 2015 June

Company Profile
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Company Profile

Top Micro LED Display solution provider Manufacturing Technology Insights in APAC 2024 
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http://www.seoulviosys.com/eng/pr/press_view.asp?Idx=33&gotoPage=1&sRegDate=&eRegDate=&searchlist=&searchtxt

Seoul Viosys and U.S. SETi, agreed on joint -commercialization of Violeds technology utilized by NASA for biological decontaminat ion aboard the 

International Space station.

- Violeds, Advanced sterilizing technology utilized by selective wavelength UV, utilized by NASA aboard 

the International Space station (ISS)
- UV light has industrial and residential applications medical, polymer curing, household disinfecting and purification. 

- Violeds, has no harmful byproducts or affects and is environmental friendly. The technology is expected to be expand in use i n many aspects of human life.

World leading UV LED solution company, Seoul Viosys(CEO Jaejo Kim, www.seoulviosys.com) and leading U.S. based short-wavelength UV LED pioneer and 

manufacturer Sensor Electronics Technology Inc (CEO Emmanuel Lakios, www.s-et.com) signed an agreement for joint-commercialize and expand related sales of the 

Violeds technology which was reported used by NASA aboard the International Space Station.

Violeds technology applied aboard the ISS utilizes a UVC wavelength, which is ideal for sterilizing. The technology facilitates various experimental and sterile environments in 

the sealed space station and ensures experiment validity and crewmember safety.

*(left) US NASA astronaut utilizing the microbiological test chamber including the Violeds apparatus of SETi, Photo Credit NASA, 

Microgravity Science Glove box: http://www.nasa.gov/sites/default/files/iss038e044829_0.jpg

*(right) International Space Station applied by Violeds technology, Photo Credit: NASA, * *International Space Station: 

http://www.nasa.gov/image-feature/international-space-station-28

Our patents are licensed to global partners

http://www.seoulviosys.com/eng/pr/press_view.asp?Idx=33&gotoPage=1&sRegDate=&eRegDate=&searchlist=&searchtxt
http://www.seoulviosys.com/eng/pr/press_view.asp?Idx=33&gotoPage=1&sRegDate=&eRegDate=&searchlist=&searchtxt
http://www.seoulviosys.com/eng/pr/press_view.asp?Idx=33&gotoPage=1&sRegDate=&eRegDate=&searchlist=&searchtxt
http://www.seoulviosys.com/
http://www.s-et.com/
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From UV Wafer to UV IrradiatorExposureUV- LED

Wavelength : 365nm 

Output Power : 3.2W

Beam angle : within 15

UV lamp alternative

UVA- LED Product lineup
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Wavelength : 310nm

OP:70 W/160 A

Life:10Kh

Vitiligo treatment

310nmModule

 Cutting board sterilizer

 Ice machine with sterilization function

UVC-LED product lineup
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LEDPURE Brand UVC-LED applied product

UV-LED Air purifier UV-LED Humidifier

UV-LED Sterilizer UV-LED Mosquito trap
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Measurement of floating influenza virus inactivation effect
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We have a long history of micro LED development.

   In 2002 we developed an AC-LED driven by an AC power supply 

   using a micro LED technics (patented).

Seoul Semiconductorcommercialized

 as ACRICH®.

The Beginningof Micro LED

Parallel 20blocks+20blocks

Enlarged view of block connection part

1
0
0
0
ɛ
m

1200ɛm

AC drive LED
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Comparison of Micro LEDDisplays
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What is Micro LEDDisplay

A microLED  display  is an advanced type of flat-panel display technology that uses 

microscopic light-emitting diodes (microLEDs) to create individual pixels. Each pixel 

is made up of tiny red, green, and blue (RGB) microLEDs, which emit their own 

lightðthis is known as self -emissive  technology.

Key Features  of  MicroLED

¶ Self -Emissive : Like OLED, each pixel emits its own light, so there's no need for 

a backlight.

¶ High  Brightness : MicroLEDs can get much brighter than OLEDs, making them 

great for bright environments.

¶ Infinite  Contrast : Since individual pixels can turn off completely, microLEDs can 

achieve perfect blacks and very high contrast ratios.

¶ Better  Longevity : MicroLEDs are made from inorganic materials (like gallium 

nitride), so they are less prone to burn -in  and degradation over time compared 

to OLEDs.

¶ Energy  Efficient : Especially when displaying darker content, microLEDs can be 

very power-efficient.

¶ Fast  Response  Time : Ideal for gaming and high-speed content.
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https://www.visteon.com/products/displays/
https://www.global -engage.com/wp -
content/uploads/2017/01/FE -Conformable -OLCD-Prototype.jpg

https://hackaday.com/2014/11/08/ask -hackaday-why-dont -
we-have-flexible -displays -yet/

Micro LED Display

AR VR MR Glasses Flexible

Wearable

Long life
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LONDON, January 13, 2025: New research from Omdia projects that shipments of micro light -emitting diode 
(LED) displays will surge to 34.6 million units by 2031. Despite this impressive growth, micro LED displays are 
expected to account for just 0.9% of the total display market, as the technology remains competitive only in select 
applications over the forecast period.

Micro LED Display Market Trends 

Development of Micro LED displays has slowed down!

Apple postponed its micro LED display project for its Apple watch in February 2024, 
some set brands and related suppliers have slowed their development of associated 
components and equipment.

Manufacturing Difficulty              Cost

https://omdia.tech.informa.com/collections/afccd050/micro-led-display-market-tracker
https://omdia.tech.informa.com/collections/afccd050/micro-led-display-market-tracker
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ɛRed LED 

Micro LED  display 3 Types

3ɛLED Type

ɛBlue LED +R/G Phosphoror QD Type

ɛGreen LED ɛBlue LED 

ɛBlue LED ɛBlue LED ɛBlue LED 

Red Phosphor Green Phosphor

Micro Red chip  Green chip Blue chip

Micro Blue chip Red Green Phosphor

                   or QD

emission emission emission

emission

fluorescence fluorescence

Mainstream of development

Second stream 

Proven track record with outdoor large LED displays

White LED lighting color conversion method can be applied

GaInP  GaN GaN 

GaN  
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Our solution to realize Micro LED display

ɛUV LED +R/G/B Phosphor or QD Type

fluorescencefluorescencefluorescence

Red Phosphor Green Phosphor Blue Phosphor

ɛUV LED ɛUV LED ɛUV LED 

Red Green Blue Phosphor or QDMicro UV chip

The Legacy of Fluorescent Lights and Plasma Display

GaN  
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The Basics of Compound Semiconductors

Pat of the Periodic Table

Groups : Number of valence electrons

 Periods : Number of electron shells

Easy

Longer wavelength

Low melting point

           Softer    

Shorter wavelength

High melting point

          harder

           

         Difficult

Period 2

Bigger Gap
Period3

Synthesis/Decomposition
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Compound & Luminous Color

TOSHIBA HP
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Compound & Luminous Color & Band Gap Energy

TOSHIBA HP
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Electron-hole pair
(Center is hole)

Garium

Nitrojen

Indium

Latice defect

The Unique LE Mechanism of Blue LED 

p type GaN
              p type AlGaN
     InGaN active layer
              n type AlGaN
                 n type GaN

     Low temperature    
                 baffer  layer
     Saphire substrate

p electrode

n electrode

Electron-hole pairs are not trapped by lattice defects 
but are trapped in high In composition areas

Conceptual diagram
       In composition fluctuation effect

Blue LED layer structure
               NIKKEI X tech HP

Nakamura, S. et al., ¬InGaN-based blue/green/amber/red  light -
emitting  diodes,º Jpn. J. Appl . Phys.
 Akasaki, I., Amano, H., ¬Crystal growth and conductivity  control  
of group III  nitride  semiconductors,º Jpn. J. Appl . Phys.

Principle behind high brightness emission
 despite crystal high dislocation density 

JST HP
Nobel Prize in Physics in 2014 
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Our Epitaxial Technology for Ultraviolet LED

UV LEDs use the Metalorganic Chemical Vapor Deposition (MOCVD) method 
to grow an epitaxial layer of LED structure on a sapphire substrate. The figure is 
a cross-sectional view of a typical chip structure. The blue LED uses InGaN as a 
light emitting layer, and its emission wavelength changes from infrared to 
ultraviolet by changing the In composition. Luminous efficiency is maximized at 
wavelengths of 400 to 420 nm, gradually decreases on the longer wavelength 
side, and sharply decreases at 380 nm or less on the short wavelength side. Since 
the shortest wavelength of the GaN is the GaN bandgap of 3.4 eV (365 nm), a 
quaternary mixed crystal AlInGaN is used using AlN6.2eV (200 nm) in order to 
further shorten the wavelength. A buffer layer and an n-type GaN contact layer 
are formed on the sapphire substrate, and an active layer is sandwiched between 
AlGaN having a wider bandgap than the active layer in the carrier confinement 
layer having a DH structure, and a p-type GaN contact layer and finally a 
transparent electrode are formed. The cause of the rapid deterioration in 
efficiency below 380 nm is that the compositional non-uniformity of the InGaN 
layer decreases and begins to be affected by dislocations, and that GaN absorbs 
light with a wavelength of 370 nm or less. Therefore, to improve efficiency, 
following 3 points are important.

1. Increased non-uniform composition of active layer

2. Reduction of dislocation density

3. Reduction of  absorption by GaN layer

Cross-sectional TEM image 

of InGaN light emitting layer

(1) High temperature SiN intermediate layer

Figure (a) shows the cross section of the GaN layer grown through the high

temperature SiN intermediate layer.A schematic diagram and a TEM image are 

shown. The two TEM images show the direction of electron beam incidence.

This is a different observation, and the Burgers vector is shown in the figure.

The dislocation density can be reduced by 30 to 50% in the high temperature SiN intermediate layer.

(2) Low temperature GaNP buffer layer

Figure (b) shows a schematic cross-sectional view of the undoped GaN layer using the low-temperature 

GaNP buffer layer and a TEM image. By using the low temperature VMware P buffer layer, the 

dislocation density could be reduced from 1-5  10 2 to 5  10 2 or less. All of these methods are 

excellent in productivity because the dislocation density can be reduced without going through a 

complicated process.

(1) High temperature SiN intermediate layer

(2) Low temperature GaNP buffer layer



www. nitride.co .jpwww. nitride.co .jp Copyright 2026NITRIDE SEMICONDUCTORS All rights reserved. Confidential

3) Ga droplet layer

For the purpose of increasing the fluctuation of Ga 

composition of the light emitting layer,

Ga droplet layer was formed to insert a nano-sized 

region. Single molecule layer of silicon nitride (SiN) 

was formed discretely.

The fluctuation of the band gap improved the luminous 

efficiency of AlInGaN approximately doubled.

Illustration of the fluctuation of Ga composition  by Ga droplet layer

Illustration of fluctuation of Ga composition technology

 using a monolayer of silicon nitride (SiN)

Our Epitaxial Technology & Patent Lawsuits

Nitride Semiconductor won UV LED Patent Lawsuits against RayVio

On Jan.27th, 2020, Nitride Semiconductor Co., Ltd. ("Nitride") announced that it won

 a patent infringement lawsuit against RayVio Corporation ("Rayvio"), a California

 UV-LED company.

On Jan.13th, The California Northern District federal court issued a judgment

 in favor of Nitride, declaring that RayVio has infringed Nitride's patent and that

 the asserted claims of Nitride's patent are not invalid.

A one month ago, U.S. Patent Office has also confirmed the validity on the key

 claims of Nitride's patent in its final judgments of the Inter Parte Review case

 filed by RayVio.

Nitride Semiconductors Has Entered into Settlement and License Agreement

 Relating to UV -LED Patent Infringement Lawsuit in USA

Nitride Semiconductors Co., Ltd. (ñNitrideò), a pioneer of ultraviolet light emitting diode (UV-LED) technology, has filed complaints against Digi-Key 

Corporation, a global electrical components distributor, in the U.S. District Court for the District of Minnesota, asserting infringement of Nitrideôs UV-LED 

patent. In the complaints, Nitride is asserting that UV-LED products being supplied by various LED companies - such as American Opto Plus LED Corp., 

Crystal IS Inc., Kingbright Electronic Co., Ltd., Luminus Device, and QT-Brightek Corp. - have been infringing Nitrideôs UV-LED patent.

Further, Nitride has filed a complaint against Lite-On Technology Corporation and its affiliates in the U.S. District Court for the Western District of Texas, 

asserting infringement of Nitrideôs UV-LED patent.

On June 18, 2021, in relation to the above-mentioned lawsuits, Nitride has entered into a settlement and patent license agreement with QT-Brightek Corp. 

(headquartered in California) which provides that QT-Brightek Corp. does not dispute that its UV-LEDs infringe, and QT-Brightek Corp. has also agreed to 

respect Nitrideôs patent.

As for other UV LED makersô products, Nitride continues to pursue patent litigations in the Minnesota and Texas court.
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 TypeDifferences of characteristics

Deng Peng, Ke Zhang, Zhaojun Liu, ñDesign and Fabrication of Fine-Pitch Pixelated-Addressed Micro-LED Arrays on Printed Circuit 

Board for Display and Communication Applicationsò IEEE 
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Since the AlGaInP LED uses a (AlxGa1-x) 0.5In 0.5P mixed crystal that is lattice-matched 

with the GaAs substrate as the light emitting layer.

Self-absorption with GaAs substrate ᵼ DBR mirror or GaP, InP, sapphire substrate (Mohs 

hardness 9) transfer required

GaAs and GaP have good workability with Mohs hardness of 4.5 and 5, but cleaveability 

(110-plane vapor phase liquid crystal solid phase VLS growth) is strong and brittle with a 

fracture toughness value of 0.6MPa. 

In a vacuum atmosphere, the V atom dissociates at 300 to 400 

High-density defect generation occurs due to ultraviolet rays of photolithography and plasma 

etching.

Since the refractive index of the AlInGaP light emitting layer and the GaAs substrate is as 

large as 3.5, the critical angle is as small as 1.63 , which is close to total internal reflection.

Even when the surface of the LED chip is sealed with resin and vertically incident in order to 

reduce the difference in refractive index. The difference in refractive index from the sealing 

resin 1.5 is large, and R = 16% is reflected.

(n1-n2)

(n1+n2)

                Reflectance R on the chip surface, refractive index n1 of LED chip, refractive index n2 of resin

The critical angle Ū of total internal reflection is reflected at an incident angle of 25  or more    

          Snell's law.

n2 

                                        n1
Refractive index of GaN 2.5 ᵼ Critical angle 2.29 

Resin-sealed reflectance R6.25% and less than half of GaAs  

Approximately 50% larger than GaAs at a critical angle of 36.9  at the resin interface of GaN

                 

R

sin (   )
-1

Micro Red LED problems
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Structure of Micro LEDFlip Chipfor comparison

Emission

Emission

Blue ɛLED 

structure

UV, Green & Red 

ɛLED structure

Emission

Emission
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24×24 48×48 72×72 144×144 288×288

Square chip (ɛm)

Rectanglechip (ɛm)

12×48 24×48 24×72

Shape & size of  chip of 4 colors 

12×24
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12µm 24µm 12µm 48µm 24µm 48µm 24µm 72µm

48µm 48µm24µm 24µm 72µm 72µm 144µm 144µm 288µm 288µm

 ,Electricity was applied by a prober in a state where nine patterns of ɛLEDs were formed on the wafer without dicingה

 ,The voltage by input current (I-V characteristics), luminescence by input current (I-L characteristics), EQEה

and emission spectrum were measured. 

 The I-L characteristics, we considered the size differences and measured the luminescence relative to the current densityה

of the emitting area to examine the variation in the characteristics of the nine patterns for four types of wafers.

Materials and Methods
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(a) Red LED wafer                                                    (b) Green LED wafer

(c) Blue LED wafer                                                     (d) UV LED wafer

Emissionphoto
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 PL measurements

Wavelength distribution measurement results of  each color through PL measurement

(a) Red LED wafer                                                    (b) Green LED wafer

(c) Blue LED wafer                                                     (d) UV LED wafer

8.5 nm 21 nm

17 nm 3.9 nm

narrow

wide



www. nitride.co .jpwww. nitride.co .jp Copyright 2026NITRIDE SEMICONDUCTORS All rights reserved. Confidential

Evaluating very local In and Al compositions from HRTEM by using a Vergardôs Law

 TEM evaluationof Red  LED

The In composition of the emitting layer 
of the Al InGaN-based red LED was 
43.5%, more than six times that of UV 
LED (6.5%). 

Generally, with the higher In 
composition, the in-plane distribution 
becomes more variable.

When In composition is high, it becomes 
non-luminous. However, not only it is 
luminous though slight, it also presents 
limited variations in its distribution. 

This is an impact of the structure that 
uses Al InGaN-based material and growth 
conditions.
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(a) Red ɛLEDs  (b) Green ɛLEDs

(c) Blue ɛLEDs                                        (d) UV ɛLEDs

 I- V characteristics measurement results

No luminescence of 12 × 24, 24 × 24

and 12 × 48 red ɛLEDs in short mode 

Higher forward voltage (VF) than usual

favorable

favorable
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 I- L characteristics
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(a) Red ɛLEDs  (b) Green ɛLEDs

(c) Blue ɛLEDs                                   (d) UV ɛLEDs

The current density relative to the emitting area was increased from 12.8 to 178.6 [A/cm2]

Especially favorable

The reason is that the In composition of UV LEDs is lower than that of visible light LEDs. 

 It is not as prone to the impact of the droop phenomenon. 
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Electricity was applied at 12.8 and 178.6 [A/cm2]
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10.39nm
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12.87nm
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24.46nm

 to 
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No shift

 Emission spectrum of  

Because of 

low In 

composition
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.UV ɛLEDs were electrically and optically the most stableה

 The smallest size of the red ɛLED that emitted light was 24 ɛm × 48 ɛm with theה

EQE of 2.0% (at a current density of 25 [A/cm2]

 The green, blue, and UV ɛLED with the size of 12 ɛm × 24 ɛm (smallest in thisה

study) emitted light, with the EQE of 17.6%, 23.2%, and 21.5%, respectively at 

the same current density (25 [A/cm2]

 The change of spectrum of UV ɛLED due to the change of current is relativelyה

smaller than visible ɛLEDs.

Ultraviolet ɛLED is superior to visible light ɛLED

 Ultraviolet LED is superior to visible light 



www. nitride.co .jpwww. nitride.co .jp Copyright 2026NITRIDE SEMICONDUCTORS All rights reserved. Confidential

 What is Photonic Crystal? 

Photonic crystal development on LED

Photonic crystals are structures that have periodic variations in refractive 

index, which can manipulate the propagation of light. 

The use of photonic crystals in LEDs can enhance their efficiency, brightness, 

and color purity.

 The periodic structure of photonic crystals can effectively control the emission 

of light from the LED by creating a photonic bandgap, which can prevent the 

emission of light in certain directions and wavelengths. 

By carefully designing the photonic crystal structure, the emission efficiency and 

color quality of the LED can be improved. 
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 Appearanceof Photonic Crystal UV- LED 
Confidential

Appearance photos of PhC formation wafer

      PhC were fabricated on 11 Vertical UV-LEDchips

      (1.4mm 1.4mm) of 4inch wafer.

We confirmed the light confinement effect

PhC emits light when not energized.

The surrounding chips without PhC donôt emit light.
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Appearance of Photonic Crystal Micro UV- LED  

PhC of several 100 nm order is formed on a part (5 places) on the surface of a 4-inch 385 nm wafer on a sapphire substrate. 
A flip chip with a light emitting area of 90 x 90um was fabricated, and electrical characteristics were evaluated.

Light emmitingarea 90 90um

PhC formation

 micro UV-LED

flip chips

on 

 4inch wafer 

PhC 

formation

of 

 100 nm order 
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ConfidentialConfidential

Flip-chip 370um 482um

Active Area 79um 79um

Dimension of Photonic Crystal Test Micro UV-LED   
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Luminescence photo of Photonic Crystal Micro UV- LED  

IF 0.5mAPhCNon-PhC

Active Area

We confirmed that PhCs were 1.7 times brighter than Non PhCs

PhCs of Non active area and surround chips(each separated) confined light. 

N electrode pad     P electrode Pad N electrode pad     P electrode Pad

PhCsof Non active area confined light 

Photos from the angle of PN electrode Pads side (not frontside but backside)
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I- V I- L measurement Result

I -V & I-L characteristic

I-V & I-L characteristicswereexcellent

No deference between PhC & Non-PhC

I- V measurement result I- L measurementresult

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

0 1 2 3 4

Sapphire-PhC

Sapphire

VF (V)

L
C
 
ό
˃
!
ύ

0

1

2

3

4

0 5 10 15 20

Sapphire-PhC

Sapphire

IF (mA)

In
te

n
s
it
y
 (

a
.u

.)

PhC          
PhC     

Non-PhC 

Non-PhC 



www. nitride.co .jpwww. nitride.co .jp Copyright 2026NITRIDE SEMICONDUCTORS All rights reserved. Confidential

Measurement results of Wavelength, WH, Spectrum & Intensity

Wavelength, WH & Spectrum

No deference between PhC & Non PhC

Intensity

PhC micro UV- LEDs were stronger than Non- PhC micro UV- LEDs about 1.7 times.
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IF(mA) WP(nm) WH(nm) PO(a.u.) WP(nm) WH(nm) PO(a.u.)

0.5 385.74 11.27 1793 385.33 10.96 1036
1 385.95 11.48 3874 385.74 11.27 2236
2 386.05 11.58 8196 385.64 11.27 4664
5 386.26 11.78 20718 385.74 11.69 11915
10 386.46 12.09 41855 386.16 11.79 24247
20 387.08 12.29 78235 386.77 12.09 44790
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Effect of Photonic Crystal Micro UV- LED

1. The optical confinement effect was confirmed by forming PhC on a 79 ɛm square ɛUV-LED. 

2. PhC µUV-LED exceeded the light output of Non-PhC µUV-LED by 1.7 times.

Since the micro LED chip size is as small as 100 ɛm square or less, a quartz lens cannot be used 

  to control the beam angle. Therefore, being able to control the beam angle by forming PhC 

  on the epitaxial surface, not only for UV but also for visible LEDs, has great advantages 

  in terms of cost and ease of manufacture.

 Micro LEDs can greatly improve efficiency by PhC, but it cannot eliminate many disadvantages

  of visible ɛ LEDs.
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Laser Lift Off Process



www. nitride.co .jpwww. nitride.co .jp Copyright 2026NITRIDE SEMICONDUCTORS All rights reserved. Confidential

BondingProcess for Mass Production

385nm UV light emission
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No mixture & excellent uniformity

Color Conversion Layer 
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326ppi 25mm Demonstration Sample.( 300,000. subpixels)

       Success rate for 300,000. pixels Above 99.99% achieved 

No2

The entire surface emitted white 
     by R/G/B three-color phosphor.

After Assembled with 
Color Conversion 
Layer.

2
5

m
m

25mm

Ẋ LLO (Laser Lift Off) after laminating the color conversion 

    layer of the phosphor and the UV-LED Array layer, and UV-

    Micro LED corresponds to all the individual R, G, B pixels.

    If we use Active Backplane, the image can be displayed.

Micro UV-LED Display demo sample 


