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AGENDA
Disinfection with UV-C LEDs

= Whatis UV light?
= UV-A, UV-Band UV-C

= Disinfection with UV light
= Working mechanism
= (ellinactivation efficiency vs wavelength
= Dose for disinfection

= Application examples
* [rradiance calculation examples

= Safety
= Maximum daily dosis
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WHAT IS UV LIGHT?

Uv-C uv-B UV-A
(100-280nm) (280-315nm) (315-400nm) Visible light spectrum
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WURTH ELEKTRONIC UV LEDS OVERVIEW

Matchcode WL-SUMW

UVv-A: ////
Order Code Ap Viewing angle Radiant flux & -

15335340AA350 405 nm 130° 800-1100 mW . <
15335339AA350 395 nm 130° 800-1100 mW w =
15335338AA350 385 nm 130° 800-1100 mW \/
15335337AA350 365 nm 130° 700-1000 mW 153353xxAA350 '
NEW! UV-C:
Order Code Ap Viewing angle Radiant flux
15335327BA250 275 nm 120° 3 mW
15335327BA252 275 nm 120° 15 mW
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UV-A APPLICATIONS

153353xxAA350

Horticulture Security and counterfeit Curing applications

detection
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UV-C APPLICATIONS P

15335327BA25x

Surface disinfection Food industry
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UV-C APPLICATIONS

15335327BA25x

Air purification Water disinfection
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COMPARISON UV-C LIGHT SOURCES

UV-C tube UV-CLEDs

- Long turn-on time + Instantaneous turn on

- Shock sensitive + Not shock sensitive
VS.

- Large space requirements + Space limited application

Contains Mercury + No hazardous materials

+ High power - Comparably low power
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UV-C DISINFECTION

Working mechanism

= UV-Cradiation splits chemical bonds between
nucleic acids of DNA

= Formation of Thymine Dimers
= DNA can not be duplicated in cell divsion anymore

=  Similar mechanism for RNA of viruses
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UV photon

15335327BA25x

DNA before

DNA after damage by UV




UV-C DISINEECTION A

Wavelength dependence

15335327BA25x

WE UV-C LED spectrum
120% -

100 % A
80 % A
60 % A
40 % A

Normalized values

20 % A

O 0/0 T T T
220 nm 240 nm 260 nm 280 nm 300 nm
Wavelength

- Rel. RNA Damage  =—=Rel. Radiant flux WE LED

M S, Beck et al. (2016) Comparison of UV-Induced Inactivation and RNA Damage in MS2
Phage across the Germicidal UV Spectrum. Appl. Environ. Microbiol.
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UV-C DISINEECTION A

Optimal wavelength

153358320 EA2/5X
Sterilization efficiency
120 % -
Rel. WPE: 15335327BA252
@ 100% -
S 275nm LED combines:
c 80%
S = Ability to damage RNA
ﬁ 60 % A % ®
= 100 " = High output power and Wall-Plug-
g . Efficiency (WPE)
< 20% A ® i
= Technology maturity
0 % ! ! ! 1
220 nm 240 nm 260 nm 280 nm 300 nm

Wavelength
= Rel. RNA Damage === Rel. Sterilization Efficiency ~* Rel. WPE for different LEDs

M S, Beck et al. (2016) Comparison of UV-Induced Inactivation and RNA Damage in MS2
Phage across the Germicidal UV Spectrum. Appl. Environ. Microbiol.
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UV-C DISINFECTION ‘ '
Ray files for optical simulations v

15335327BA25x

Irradiance @4cm distance for 15335327BA252

20cm

ﬁ Ray file for UV-C LED

RAY

Irradiance
[W/m?]

1,8
ie,g
)

Simulation

20cm

)

7
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BACKGROUND

Irradiance and Dose

Irradiance X Exposure time $ Radiant Exposure/Dose
Radiant
Irradiance Exposure
[W/m?] [3/m]
1,8 18
S Exposure time: S
Q 0,9 X ] 9
e.g. 10s
(%] 0
20cm

20cm

dose  Percenage o gorms
D90 S0 %
D99 99 %
D9S9.9 99.9 %
D99.99 99.99 %
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D90 DOSES

D90 Doses for different germs

D90 Dose

Germ type Information on the germ /m2) Lamp type

Virus
Corona virus [? Coror%%\ggtisceoiﬁgch 4 A?I;L?;nsg% Low pressure
Hepatitis virus 13 Causes Hepatitis 40 Low pressure
Influenca [ Responsible for “The Flu” 20 Low pressure
Adenovirus [5! Causes the “Common Cold” 390 Low pressure
Bacteria
Salmonella typhimurium (€] Can cause food poisoning 39 Low pressure
Escherichia coli [7] Can cause food poisoning 43 (275nm) -ED

41 (254nm) Low pressure
Legionella pneumophila 8! Can form in water supplies 17 Low pressure
Fungi
Aspergillus niger [°! Can form "black mold” 1160 Low pressure

German water desinfection norm [1°1; 400)/m?2

1 4 | DISINFECTION WITH UV-C LEDS

DOMINIK KOECK| 24.02.2022



ACHIEVING A DOSE

Surface disinfection

Schematic of UV

15335327BA252
panel with 9 LEDs

1 UV Panel Dose 37 J/m? Dose 400 J/m?2

1 E :52W/m? 0.1 min 1.3 min

1 E_.:2,0W/m? 0.3 min 3.3 min

1 E. e 0,6W/m? 1.0 min 11.1 min

=

= 37)/m?
£0,5

0 Max irradiance E,_, CIEJ 0
= 0 10 20

Distance [cm]
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ACHIEVING A DOSE ’ .

26 LEDs 70% reflection 15335327BA252

\Water disinfection

30 mm Radiant exposure vs. water flow
‘E 1000
S~
10 mm 50 mm 150 mm ‘- 800
5
@ 600
X 400
2 T~
& 200 T
©
& 0
0O 1 2 3 4 5 6 7 8 9 10
Water flow [L/min]

500 250 Irradiance [W/m?24] O
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UV SAFETY

Eyes and skin can be damaged with UV radiation

UV-C radation is especially dangerous

Wear protective equipment!

Warning! UV-C radiation

Attach warning labels to your applications!

Include appropriate safety measures for your application!

Maximal allowed dose per 8h work day for 275nm: 30J/m?2 [11] m Y 4

[71] DIRECTIVE 2006/25/EC
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UV SAFETY

Example simulation -

Schematic of UV
panel with 9 LEDs

+ UV Panel Dose 30 J/m?2
6s

L E__:52W/m?

N

15335327BA252

1 E . 2,0W/m? 15s

- E:0,6W/m? 50's

Short exposure to UV-C LEDs’ light can
already exceed the daily limit! '@'

0 Max irradiance E,_,
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HOMEPAGE

ﬁ Ray files available under Downloads WL-SUMW SMT Ultraviolet Ceramic LED | Optoelektronik | Wrth
RAY
\ Elektronik Produktkatalog (we-online.de)
Daten- Ap k L - ¢ a - - VE a
T &) 15335327BA250 SPEC £ 25 DATEIEN v . - : AIGaN Wy
; & 15335327BA252 SPEC Ae 25DATEIEN v 275 8 15 - 6 AlGaN T W
&F” 15335337AA350 SPEC Ae 25DATEIEN v 365 700 - 1000 3.8 AlinGaN 1T W
&7” 15335338AA350 SPEC A 25DATEIEN v 385 800 - 1100 3.5 AlinGaN 1T W
&7 15335339AA350 SPEC £ 25DATEIEN v | 395 800 - 1100 35 AlinGaN T
{*ff 15335340AA350 SPEC '/F?E 25 DATEIEN 405 800 = 1100 3.5 AllnGaN 1 jus)
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https://www.we-online.de/katalog/de/WL-SUMW

FURTHER INFORMATION

Application Note

20

DE: www.we-online.de/ANO00O8

EN: www.we-online.com/ANO008

» ANOOOS8

Disinfection with UV-C

LEDs
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260 nm 280 nm 300 nm

Wavelength

=——Rel. Radiant flux WE LED

Application Note

Disinfection with UV-C LEDs

ANOOOB /7 Dowunik Koeck

1 Introduction

This application note gvas you an ovendew how disinfaction with LN-C
Ightworks, the benefitz of IV-C LEDs and safy ksues that nead  be
considerad when using IN-C LEDs in applicatios.
Due m the recant COMO-19 pendemic the nead for disinfection
has One of these Is disinfection
using WW-C LEDs. Ultrawialet (V) light radiation is more anargatic than
wisible ight ftis clazsifiad by itz wavalangth into three subgroups:
« UV-A (215400 )
Mainky uzed for material curing applications and horbcuwra
WL SUNW
= UN-B (280-315 nm)
Mainly uzed for phototharapy and horicutura
= V- {100-280 )
Usad for disinfection purposas WL- SUMW.
The disinfaction capability of IV light has been known sinca 1277 1 and
already gained graat interest in the fight against dssases such as
prewanting the spread of H51 i the past, low-pi
marcury-vaper dischargs lamps wera usad fordisinfaction a8 they emit at
tha parmicidal wavelangth of 254 nm and hava ralatively larps radiant
powars. Todate, thay are often the mest economic solution for larga scaks
diginfection.

,é\, .
~F
>

Figura 1 Wiirth Elektronik aiSos WL-SUMW UV-C LED with 275 nm
wavelength. The 15335327BA2S0 LED is suitable for small disinfeciion
o  higher power for
disinfeclion an  larger acale.

Howaver, LN-C LEDs do have significant advantages. They donot contain
hazardous materials such as Mercury Hg), they do not need long warm
up times i.e. they turn an immadiately and ara suitad for flequant ondoff
switching. Additionally they are not wibration'shock sensitive and am
malativaly small compared to gas discharpa lamps which makes tham
stitabls for 2 varisty of applications.

I recent yoars, resaarch developad commearcially availabla UN-C amitting
LED=. Evan though, tha initial IV-C LEDS had kwer output, thayear 2020
- booeted by the COVID-19 pandemic - has saen a huge ncrease n

o=

WURTH ELEKTRONIK

radiart powar and drop of production prica making them a mara visble
solution for widazpread disinfaction application.

The following will show the working machanim of disinfaction by IN-C
LEDs, discuss the dishfaction efficacy at differant wavelengths, show an
example of disinfection and give a faw hints on safety aspacts.

2 Work mechanism of UV-C disinfection
2.1 Pringi £ disinfocti

Dasinfaction with IN-C is basad on tha fact that IN-C radiation can
damage tha DMNA or FMA. This high enerpatic IV light can inducs
formation of pyrimidine dimers Pl and athar damagas to the ONA which
can inhbit muttiplication of calls such as bacterial, fungd, plant and
animal calls. Similarily tha LV light can damage the RNA of virusas leacding
o thair inacthvation

- | —
II III |

[Ty
Figure 2 Schematica of DA damage induced by UV light
2.2 Germicidal wavelengths
WE UV-C LED spectrum
%
0%
i
T 0%
B an
; 0%
on%
o% T
22nm 00m Bom 20m 00m
Wavelength

— Fol, RHA Damage  — il Rachank flas WE LED

Figure 3 Wavelength depandence of RNA damage and radiant flux of
Wiarth Elekironik eiSos LEDs.
In Figura 2, the wavelength dependant FMA damage [ is shown. The
more damage that i dona to the ANA, the ks capabls is the vius of
infecting cthar organizms. It i important to note that for a good
starilzation result, a combination of tha comect wavelangth and a High
amount of radiation is raquired. For the bast sterilzation result, the
warelangth as wall as tha radiant powsr need 1o be considared. As the
ratio of the optical power over tha elactrical power, the Wal-Plug-
Efficiency WPE) is a paramatar showing how efficienty the LED can
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