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Comparison of Commercial Ultraviolet-Irradiance Meters Examining the Importance of
Spectral Mismatch Correction for Accurate Evaluation of Ultraviolet Light-Emitting Diodes
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In recent years, conventional mercury lamps used for ultraviolet (UV) curing and other purposes are
being replaced by UV-LEDs, which provide several important benefits such as longer lifetime, lower
energy consumption, and no hazardous waste. However, difficulties of irradiance measurement of UV-
LED and calibration problems of UV-irradiance meters have also arisen. This study compared
commercial UV-irradiance meters of seven types to investigate irradiance measurements of UV-LEDs. As
reference values for comparison, irradiance values of three types of standard LEDs for UV-LED were
used, and they were calibrated against the spectral responsivity standard. Comparison results
demonstrated that most of the reading of UV-irradiance meters differed from our UV-LED calibration
values by about 10%-30% . These differences were resulted from disagreement of spectra between the
reference source used in each UV-irradiance meter calibration and the UV-LED. It was improved by
spectrum mismatch correction.

Key words: ultraviolet light-emitting diode (UV-LED), irradiance, ultraviolet-irradiance meter, spec-
trum mismatch correction, spectral responsivity
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Fig. 1 Standard LED for UV-LED (made by Nichia Corpora-
tion ).
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Fig. 2 Relative spectral distributions of the standard
LEDs for UV-LED.

Fig. 212, 3% ® UV-LED FEHE LED O3 070
AT, RUTEAMEE 200 mA, 65°CTH 5. HHERI SR
THIEHT 2720, TR ZEREMICS 7 v 43, UV-
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. Standard LED for UV-LED
Alignment laser

Measurement distance: d (10 mm- 500mm)
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Fig. 3 LED calibration system at NMIJ/AIST.
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Fig. 4 Reference irradiance meter for UV-LED: (a) Appearance, (b) Si-PD part of the
inside, (c) Precision aperture of 1 mm diameter.
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Table 1 Main specifications of the commercial UV-irradiance meters.

UV-irradiance meter A B D E F G
Wavelength range 310~ 340~ 320~ 380~ 345~ 300~ 320~
(nm) 385 470 450 385 400 390
Irradiance range 0.001~ 0.001~ 0.001~ 0~ 0~ 0.1~ 100~
(mW/cm?) 50 50 20,000 9999 1000 1000
Sensitive area diameter 18 19 1 3 1 21
(mm)
Calibration uncertainty 8% 8% 5% 5% 10% 10%
Application (center UV-line UV-line UV-line UV-LED UV-line UV-A UV-A
wavelength ) (365 nm) (385 nm) (405 nm) (365 nm) source source
P (u=245%) % ETH 5. HAKFOHEIZL S RIS Z2 i U 72, B e, 2 ofbikixT2E05 0

AHED S L%, HE R IR WS (B 21F, 500
mmui)d HOEIRTdH % LED 20 & Z e ABH 50k
FFATEE R s sy, —JCialfilEcoiticz

5&&DE%®ﬁ%é%ﬁﬁf%&<&b,ﬂbk%&
SOHEIML, ZRICEDHEET LT N—Fry—DF A7
Ty VH & Si-PD HOMASSHC XD, GRS D
KRt & B EZELT 2 2 L IcilENT 2 R iE» S TH
2. ZOMEKEOIER Z DOAMHE» S %2, EERIVICIZE
BE-BREE ISR D V203 A 5 o Ao HlE, BRI IC
FLA P L= REELSHEMIL, #IIEMEE X N2 OAHED
X &M L 2. BEEERE - WIE N, BEIBEIR T -2 %
JedR 8 X OV LED OSENBIREH D CCD A X 712k D Y
150 um FREEDARHED S THRE L T 5535, 10 mm DHIE
FREECIX, 0.1 mm DIE VDY 2% DI DIE 1T
%57 OREBAHEPIWMHE R L, s 2 D05
AP SHERTH D, oW ERED TS, AT
OFBIED &L, #DIELWEDOHBINEL v = 14% TH
D, SRIDKIBEIRERF O i T, o3 7 e i
Db HIERMFOENT VS

¥ 72, RMFETH W 0RE AR I X DIRIES 17
UV-LED 4 HEEE 32O 80 2 H o 2 iR, Ao G 1%
TdH B MR TR EEHE IS X D IIE & N2 GRS &
WERIIT 2 51 (U=%87.7% (k = 2)) & DGz
RIS T>TED, 2 205 X 2 3HEED 1% 3% LI,
b b ARHED X OHFANNT 8T 2 2 & ZHERL 7219,
1.2 RIBESRES

— Iz, SESMIEIEEEIX Si-PD (% 7213 GaP-PD) & &
DNEABIER B X A DRFED N2 T & /N B oS
A7 4NY =D oEREINTE Y, WE RIS IE K
SRR, X —A—T LI TEANTH S,

Table 1 1%, AHFZECHEL L 72 1 I D LA TR0
FEREETH 2. BHIC UV-A D2 8 5R
E LT3 A=A —PHIERRHEE, %% 5 7 EEHOENN
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Fig. 5, Fig.6, Fig.712, # UV-LED f#24 LED o fitst
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Fig. 5 Comparison of the measured values in the commer-
cial UV-irradiance meters (U365).

Ratio(measured value/referece value)

UV-irradiance meters

Fig. 6 Comparison of the measured values in the commer-
cial UV-irradiance meters (U385).

Ratio(measured value/reference value)

UV-irradiance meters

Fig. 7 Comparison of the measured values in the commer-
cial UV-irradiance meters (U405).
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Fig. 8 Relative spectral responsivities of the UV-irradi-
ance meter.
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Fig. 9 Correction of measured values in the UV-irradiance
meters at measurement distance 100 mm (From the upper of
the figure, the results using U365, U385, and U405 are indicat-
ed, respectively).
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