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UV-Radiation

4 Wavelength range 10 — 380/400 nm
4 Classification according to ISO standard 1SO-21348:

Wavelength  Typical application

UV-A 315-400 nm UV curing, UV ink printing
e.g. 365 nm, 395 nm
UuVv-B 280 -315nm Skin treatment
e.g. 310 nm
Uuv-C 100 - 280 nm Water and air disinfection, also Corona-Virus

e.g. 254 nm, 265 nm
Vacuum UV 10-200nm  Strongly absorbed by atmospheric oxygen

() T

wavelength
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UV LED Market - Overview

2008 to 2025 UV LED Applications' Mix Evolution
In % of total revenues

100%
o TO THE UV(C)
- DISINFECTION/ New UVC
Since 2019, the T
UVC LED o [19) PURIFICATION applications
market has - ERA
overtaken UVA -
LEDs.The
COVID-19 -
pandemic will o
further
accelerate this 30%
trend V\_fith
more high wn FROMTHE UV(A)
power and new,
sl ox CURING ERA...
“m 2009 w10 201 2012 2013 2014 2015 016 217 20I18 2019 2020 202 2 m03 2024 25
= UV Curing © Analytical Instruments
© Other UVA /| UVB Applications = Water & Air & Surface Disinfection / Purification
= R&D and Others
© 2020 Yole Développement
"WYOLE
} Rerneemenes! UV LEDs - Market and Technology Trends 2020 | Report | www.yole fr | ©2020
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UVC Market Growth Drivers

Use of Market
uvc Surface revenue
LEDs Integrated into
consumer goods
Water disinfectio
was the main .
driving applications W, 4¢h gl"OWth driver
for UVC LED, but qfer
COVID-19 Point-of-entry
pandemic has
changed the deal,
making surface .
disinfection more Water K gl'OWth driver
interesting than I -
ever. Water \
applications vall e 0 R - $2'503 M
however benefit .
from that and boom 2nd growth driver
starting from
2022/2023. Surface ,
Professional I
T = = - = o ot e e o e e == $308M
I** growth driver
3 2 i
| | | | e
2021 2022/2023 2025 Time
AYOLE © 2020 Yole Développement
‘} e UV LEDs - Market and Technology Trends 2020 | Report | www.yole fr | ©2020
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Complete Measurement Solutions for UV

4 Radiometers are limited to the very narrow
wavelength range

4 Recommended:
Array-spectroradiometer e.g. 200-830 nm

4 Stray light correction

4 Probes for irradiance measurements
(depending on cosine correction)

4 PTFE integrating spheres for radiant flux
(size 50, 75, 100, 150 or 250 mm)

4 Auxiliary light source for UV and VIS
e.g. combination deuterium & halogen

4 UV LED calibration standards
4 PTB traceable calibrations

Measurement Systems for UV /I'5
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Array-Spectroradiometer

4 CCD array captures entire spectrum simultaneously

4 No moving parts - robust design
4 Measurement time down to 4 ms
4 Back-thinned CCD array:
* high sensitivity for fast testing
* high sensitivity in blue and UV
* highest dynamic range

Measurement Systems for UV

Electronic

Detector

Aperture
Entrance slit
Lens

Filter

Fiber input

Crossed-Czerny-Turner geometry
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Stray Light Correction

_
o
™

4 Particular element of the array detector registers radiation
from a different spectral region than the designated one

-
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Spectral radiant intensity [%]
=

Scanning Double
Monochrometer

o 111 .
. . . 300 325 350 375 400 425 450 475 500
4 Stray light correction with OPO tunable laser (NIST method) Wavelength [nm]

SDF (#004714417)

1100
300 400 500 600 700 800 900 1000 1100
Excitation (nm)
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Creation of a Stray Light Matrix

CCD Pixel \1\2\ T 1111 \n\ Spectrum of one laser line
Vi l
Wavelength L[ [ [ [ [ [ [ []] A,
A A A,
1
2
3 EEEES N
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O
A Ay A,

Excitation wavelength
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Stray Light Correction in Calibration

\104

1.1 15
1l Ratio - AN PP
% H.r/_“ﬁ-“\ ,/’ﬂﬁ“-/ . :
9 09 L/ 19
. 5 ",
2o A B
o ™ z\ AN
= )4 ,
5 # “with SLC
0.7 |—F— 3
/
g - ; , . —
ap @B 418 S0 85 TR w0
X Fri

Measurement Systems for UV

Tevmiivily (W/sr/nm)

4 Relationship of sensitivity curves with
and without stray light correction after
calibration shows a stray light portion of
up to 10% in the UV range (<400 nm)

Stray light free sensitivity has a direct
effect on the absolute precision

Spectral radiant intensity / %

100 7

10 7

0,14

1 without SLC

0,01

0,001

0,0001
200

UVC-LED

with SLC

Scanning double
monochromator
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220 240 260 280 300 320 340

Wavelength / nm
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Simplified Stray Light Correction (S-SLC)

4 Creation of a generic stay light matrix on Verification
the basis of existing full SL matrices for 6 '
one spectroradiometer type

4 Two fast additional device specific
measurements with edge filtered halogen
lamp and laser

4 Software tool for automated generation of
device specific but simplified SLC

4 \Verification measurement

4 Only 2% and 5% of raw signal remain
uncorrected in UV and NIR region,
respectively

Peak integral (300-350nm)

raw SLC G_SLC*
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Calibration of the System

4 Wavelength calibration with HgAr line lamp \\ E'
4 Spectral with deuterium and halogen lamp \ Ly}

4 No absolute LED standard up to now

—

I

4 Probes for irradiance measurements 4 PTFE integrating spheres for radiant flux
(depending on cosine correction) (size 50, 75, 100, 150 or 250 mm)
% dd
E, = dAe d,
W]
[W/m?] ooo [
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Fluorescence of Integrating Spheres

4 Blue LED measurement shows a portion of the

fluorescence on the right flank

100 74
10 1
15

0,1

Spectral radiant power / %

0,01+

0,001 -

Wavelength / nm

200 300 400 500 600

M old PTFE M new PTFE

4 Laser variations 210-360 nm

Intensity, log-scale

Pump wavelength 350nm

0 —— old PTFE
— new PTFE
_2 -
_4 -
_6 -
_.8ﬁ
_10 =
-12-

200 300 400 500 600 700 800
Wavelength / nm

4 Much lower fluorescence of the new PTFE material with optical quality

Measurement Systems for UV
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Fluorescence Verification With a Blue LED

— V(A) — function 4 By weighting the spectrum with
the eye sensitivity curve V (A),
the higher right flank of the blue
LED spectrum has a major
' PTFE optical quality influence on the calculation of
the color coordinates,
especially for green.

oo L Ly e

optical PTFE ref.
BaSO, 0.0002 0.0006
poor PTFE 0.0037 0.0051 6.5%

PTFE poor quality
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Design of the Integrating Spheres

4 Bad position of the ports 4 Improved design

4 Positioning of all ports on one sphere side away from equator improves accuracy
4 Black surface in order to minimize reflexions
4 Increased mechanical and temperature stability up to 150 °C

Measurement Systems for UV //14
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Self-absorption Correction

Step1: Step2:

4 Measure auxiliary lamp 4 Measure auxiliary lamp
4 Use white cover 4 Sample is inside sphere
instead of sample 4 Auxiliary lamp is on
4 Auxiliary lamp is on 4 Sample is off

white
cover
\

lamp

4

4

Step3:

Measure sphere with
sample

Auxiliary lamp is off
Sample is on

sample
auxiliary

spectrum(step1)

True spectrum = spectrum(step3) x

Measurement Systems for UV

spectrum(step?2)

4 Combined light source for
self-absorption correction
in UV (deuterium) and
VIS (halogen)
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UV LED Calibration Standards

100 ‘
X w |
=~ . == ACS 570 - 28 (UVA) \
a = ACS570-26 (UVB) |
= " == ACS 570 - 24 (UVC)
—
C &0
o
5w
A | © |
. A = ‘
\ CU / g - ‘
A &)
, o ” ‘
3" |
UZM 250 0o 450 500
wavelength / nm
ACS 570 UV calibration standard ACS-570-24 ACS-570-26 ACS-570-28
Typical irradiance @ 300 mm distance [mW/m?] 180 - 200 280 -300 670 - 600
Typical radiant flux [mW] 40-860 66-70 64 -66
Expanded measurement uncertainty (k=2) 45 % 36 % 2%
Typical peak wavelength 278 nm £ 3 nm 306 nm + 3 nm 367 nm = 3 nm

Measurement Systems for UV
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Challenges for the UV Calibration Standards

4 Required for audit and absolute calibration of
integrating spheres to the radiant flux in the UV range.

4 National labs, such as PTB and NIST, provide no
radiant flux calibrations for UVB and UVC so far.

4 We realized traceable calibration to radiant flux using
a goniospectroradiometer and a probe calibrated to
spectral irradiance in UV.

4 Instrument Systems is the first company to provide
LED calibration standards for radiant flux in the UVB
and UVC range.

Measurement Systems for UV 1117
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Calibration Concept

Detector: Array spectrometer with
SLC + irradiance probe

&

Calibration to
irradiance

| =E-d?

Goniometer
Turning luminaire

DUT
UV LED standard

Alignment,
distance measurement,
scanning

J

v

Distribution of radiant intensity |,

Measurement Systems for UV

1 Integration over solid angle Q

Radiant flux @,

Operation with
control unit
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Irradiance E, [W/m?]

Irradiance Comparison with PTB

200 700 700
695 695
195
T 6% T 690
= £
S =S
190 Eﬂ; 685 ui 685
u] 3
185 [ 1 8 a0 S 680
I I % E
= 675 ~ 675
180
UVC-Ref1 o 670 e70 UVARef2 .
. (280nm) | © Gonio (0°, 0°) | .:.:J,’\éls-\;]l;e)ﬁ o Gonio (0°, 0% . '(365nme) | ®Gonio (0°, 0°)
Calt Cal2 665 Calt ' Cal2 ' calt cal2
UVC (ACS-570-24) Ref1: UVA ACS-570-28 (1)) Ref2: UVA (ACS-570-28 (2))

CAL 1 = absolute & spectral with 1000W FEL + spectral extended with deuterium lamp

CAL 2 = absolute & spectral with deuterium lamp + spectral extended with 1000W FEL
—> CAL-1 is better procedure

Measurement Systems for UV /119
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Goniometric Measurements

4 Radiant intensity distribution UVA

4 Radiant intensity distribution UVB & UVC
t
z
3 %
%2

Radiant flux for UVA: _

Ref1 = 51.7 mW (PTB value = 51.9 mW) Plrocfeduijev ‘éegydv\?gsu'tab'e

Ref2 = 52.7 mW (PTB value = 52.9 mW) aisofor

Measurement Systems for UV
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Concept for Measurement Uncertainties

Calibration to

Monte Carlo
Stray light matrix, external stray light, bandpass matrix, wavelength

irradiance uncertainty, temperature variation, reference lamp uncertainty, reference
lamp aging, CCD noise, reference lamp distance, reference lamp alignment,
power supply, linearity, EOP-COS adaptation,...
Alignment :
. ’ Standard GUM calculation
distance measurement= Distance, alignment of the optical axis, alignment of the test sample in
Scanning transverse direction, angle scanning, goniometer uncertainties,...

Uk:z(Fe)
ACS
(%)
365 nm 2.0
305 nm

35
285 nm QlEQ
250 nm 6.5

DUT operation with a
special controller

Measurement data
DUT stability

Measurement Systems for UV

DUT

Measurement
uncertainties for
radiant flux
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Outlook

4 Completely new manufacturing procedure for practically fluorescence-free PTFE
spheres even below 250 nm

6 - " '
50 - Q‘ - @~ UV Aluminum ISP iy '* - @- UV Aluminum ISP
\ - ®- Inst Sys UV ISP new \ l*“ \ - ®- Inst Sys UV ISP new
\ ~ 1 \
" \ ~®- BaSO.ISP " ? Y] \ ~®- BaSO:ISP
g 40 - ) ~®~- Inst Sys UV ISP old G X \\', \‘ ~®- Inst Sys UV ISP old
T
& \ Inst Sys UV ISP next gen e 4- 3 \ Inst Sys UV ISP next gen
2 30 \ =@~ Inst Sys UV ISP old 2 W { ~®~ Inst Sys UV ISP old
v 30- o O \
= N Reference measurement = 4 " IS Reference measurement
3 \‘ 5 3- AN\ '\
— [~ ) N
Y= \ :: \‘.\ N
© 20- ° \ o LS R ’a.
- ~e \\ s a .\\ ~ \\ ’,. -—9
© \ Q o 2 - s T T, e
v &. 3 = w 3. N Y
o “Je \ @®© DS g .
w 10- ‘\ \ \ - w Nl 299 "
aa) \ L N h % '\__t_ ~0-—-9--0--9
SR - \ Eah e
-~ >~ - . ~ -
- == = - — — - - - = - = —
0 _ & --o. - . = _‘_J:t*ﬁ:t_;tmxx —_'! 99 =t k
220 240 260 280 300 320 340 220 240 260 280 300 320 340

Pump wavelength, nm Pump wavelength, nm
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Conclusions

4 Stray light corrected spectroradiometers with various coupling optics are
best suitable measurement systems for entire UV range.

4 PTFE integrating spheres should provide low fluorescence and a self-
absorption correction with a deuterium/halogen lamp is recommended.

4 UV LED calibration standards can be used for verification and monitoring of
irradiance or radiant flux and absolute calibration, if necessary.

THANK YOU

for your attention!

Measurement Systems for UV /23



