test equipment | UV CALIBRATION

UV LED sources demand calibration to
precise measurements for safe operation

BASTIAN EDER and PENAN KONJHODZIC summarize a UV-LED calibration concept that relies upon

radiant flux, and emphasize the advantages for developing measurement standards in the

increasingly important UV spectral range.

ltraviolet (UV) radiation covers a

wide wavelength range between

100 and 400 nm and is divided into
three main areas, according to ISO standard
21348 — UV-A, UV-B, and UV-C. Typical
applications in the UV-A range between 315
and 400 nm are UV curing or UV ink print-
ing (http://bit.ly/2LWDwy3). Light sources
in the UV-B range between 280 and 315 nm
are mainly used in medical skin treatment
as phototherapies. The UV-C range between
100 and 280 nm can be applied in air and
water disinfection, which is currently very
relevant in the fight against pathogens such
as the novel coronavirus SARS-CoV-2.

The lighting industry has seen increased
demand for UV-C radiation sources since the
COVID-19 pandemic originated (https://bit.
ly/3kq9wuR). UV-C radiation between 255
and 265 nm has been studied as a highly
efficient method of inactivating the DNA or
RNA of microorganisms, e.g. coronavirus,
and prevents their replication and ability
to actively infect other cells. Investigational
studies are ongoing, but some organiza-
tions have released promising data recently
(https://bit.ly/31u47Kv).

Due to their specific areas of application,
all UV radiation sources should be charac-
terized very precisely with regard to their
radiant flux and spectral distribution. This
requires particularly sensitive and reli-
able UV measuring equipment consist-
ing of high-precision spectroradiometers
with stray light correction, polytetrafluo-
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roethylene (PTFE)-coated integrating
spheres, and calibration standards for
the UV wavelength ranges A/B/C.

The most important function of UV

LED calibration standards is the
monitoring and character-

ization of UV integrating

spheres for radiant flux. .

Thus far, established stan-

dards organizations such as Physi-
kalisch-Technische Bundesanstalt
(PTB; the national metrology insti- ~
tute of Germany) and the National
Institute of Standards and Technol-
ogy (NIST) have not offered such a refer-
ence standard for the UV-B and UV-C spec-
tral regions.

As a result, Instrument Systems has
undertaken studies to develop its own UV
calibration standards, namely the Advanced
Calibration Standards ACS-570-UV series
(Fig. 1). These are temperature-stabilized
UV-LED calibration standards that have
a radiant flux calibration in the UV A/B/C
range traceable to the national metrology
institute. The traceability of the UV-ACS
to the radiant flux has been achieved by
precise calibration of the spectrometer
coupling optics to the irradiance and by
means of integrative measurement with
a goniophotometer.

Calibration chain

For highly-precise spectral characteriza-
tion and calibration, a defined calibration
chain must be applied as illustrated in the
top row of Fig. 2 (blue). National metrology
institutes (NMIs) create the national stan-
dard of an SI unit — in this case, the defini-
tion of the candela or optical power. Regular
comparison between the standards of each
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FIG. 1. Advanced Calibration Standard
(ACS) series developed using a radiant
flux calibration in the UV A/B/C

range that is traceable to the national
metrology institute. Image credits: All
images and illustrations courtesy of
Instrument Systems.

national institute enables a general qual-
ity check for global standards. The NMIs
create calibrated reference standards for
interested companies or institutes. With
these reference standards, companies such
as Instrument Systems create calibrated
transfer standards, which are used to mea-
sure and characterize other light sources,
the so-called working standards. These are
then used for factory calibration of measure-
ment systems.

The bottom row (red) in Fig. 2 shows the
characterization chain at Instrument Sys-
tems. The NMI (e.g., PTB) provides Instru-
ment Systems with a calibrated 1000W FEL
halogen lamp, a deuterium (D,) lamp, and
a UV LED. All standards are calibrated on
irradiance E (W/m?) at specific distances.

SEPTEMBER 2020 23



test equipment | UV CALIBRATION

National Reference Transfer Working Prod
standards standards standards standards LU
National 1000W FEL Spectrometer UV LED
: ﬁ P
standards and D; lamp F and optics Characterization | (OWN product) roduet
UV LED Control 1

FIG. 2. Calibration chain at national metrology institute (blue) and at Instrument

Systems (red).

With the FEL and D, lamp, a spectroradiom-
eter and its connected optics are calibrated
spectrally and absolute, and can then be
defined as transfer standards.

Based on the transfer standard, other
light sources (e.g., UV-ACS) can be charac-
terized and set as new working standards.
The third PTB calibrated irradiation stan-
dard (UV LED) is used as the control unit.
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FIG. 3. Typical spectra for UV LED
calibration standards in the ACS series
with FWHM (full width at half maximum)

of about +3 nm.

This double-control system guarantees the
highest precision to customers, who use the
standards for their product quality control
and characterization processes.

Considerations for precise measurements
Typically, multiple (working) standards
at different wavelengths and broadness
are offered. Most applied sources are visi-
ble-light sources for control measurements
during fabrication. Infrared (IR) standards
are also in demand. But currently, the focus
lies on the characterization of UV LED stan-
dards with typical peak wavelengths of 280
nm (UV-C), 305 nm (UV-B), and 365 nm (UV-
A) (Fig. 3). For any kind of calibration, then
characterization of light sources, the fol-
lowing requirements are essential to fulfill:
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« Low wavelength drift

« Low power output drift

« Stable mechanical interface

« Robustness against environmental loads

Internal qualification tests — e.g.,
long-term optical characterization, ther-
mal, humidity, and mechanical tests —
are needed to guarantee the quality of the
sources for multiple applications. Besides
the light sources, metrology equipment and
surroundings have to fulfill these require-
ments for accurate and reproducible results.
For example, a UV-enhanced spectroradiom-
eter is vital for exact spectral-power measure-
ments in the UV range.

A stray-light correction is necessary to
minimize any measurement uncertainty of
the spectroradiometer. This can be created
with a tunable optical source that emits nar-
row (<1 nm) spectral lines at different wave-
lengths. For the UV-enhanced spectrora-
diometer, the light source tunes the output
wavelength between 210 nm and 850 nm step-
wise, then the spectroradiometer measures it.
Thus, multi-order or internal scattering light
can be detected and numerically corrected.

Other equipment for precise measure-
ment includes the optical coupling unit. A
special diffusing element connected with
UV-enhanced optical fiber bundles is used
for UV applications. The diffusing element
ensures homogeneity in detection and the
fiber bundle enables flexible handling in
combination with high power throughput.
However, this unit is not characterized by
radiant flux (W) but by irradiance (W/m?)
since its measurement “spot” is defined by
a diffusing element with limited dimension.

Realization of radiant flux in UV
A general approach uses an integrating
sphere to measure the complete output

power of the light and therefore the radi-
ant flux in watts. Integrating spheres exist
with barium sulfate (BaSO,) or PTFE as the
internal reflection surface with high reflec-
tive index (>0.95). Unfortunately, both sur-
faces suffer in the UV region. The reflec-
tivity index of BaSO, lowers with shorter
wavelength and lowers the throughput of
the integrating sphere; PTFE has reflectiv-
ity indices above 0.9, but fluorescence will
influence the throughput. Multiple efforts by
many institutes and companies have been
undertaken to minimize fluorescence with
no enduring success.

Thus, another way must be found to create
an overall power measurement of a UV LED.
The presented solution is based on a gonio-
photometric spectral measurement. Using
a goniophotometer, an imaginary sphere
around the LED source can be created as
shown in Fig. 4. The target (light source) is
rotated stepwise in two rectangular angles:
0 in (0, ) and @ in (-/2, +11/2). The measure-
ment system comprising the spectroradi-
ometer and optics measures the irradiance
at the specific angle and distance E(r,,9,0)
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FIG. 4. An imaginary sphere around the
LED source is created by rotation in both
angles @ and © using a goniophotometer.

in W/m® The distance is known, and with
the measured irradiances at each angle, the
numerical integration results in the total out-
put power of the light source. An additional
advantage of the goniophotometric measure-
ment is that angle emission of a light source
can be characterized as well (Fig. 5).

Just to note, goniophotometric measure-
ments take more time for each light source
compared to an integrating sphere. Due
to this fact, the long-term stability of the
optical characteristic is implemented in
the basic requirements of the light sources
(<0.2% in 12 hr and <1% in 100 hr).
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A major aspect of the reliability of this
system is the control point at E(r,, ¢=0,
0=0). Before the new UV LED is character-
ized, the PTB reference UV LED can be used
as the control unit. Its irradiation value is
exactly known at this point and any larger
deviation would result in a false calibration
of the transfer standard or in a failure of
the goniophotometer setup. Thus, a double
check with differently-calibrated standards
is performed.

The total amount of uncertainty is cal-
culated for the three peak wavelengths and
results in the following measurementuncer-
tainty values (k=2):

. UV-A (365 nm): 2.0%

« UV-B (305 nm): 3.5%

« UV-C (280 nm): 4.5%

Conclusion
The overall combination of multiple sources
and control measurements with prior qual-
ity checks of measurement devices and stable
light sources is necessary for multiple applica-
tions where standards are used. The character-
ization of the ACS UV standards as described
here is a combination of multiple precise steps:
« All measurements are traceable to
national standards
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FIG. 5. Radiation patterns of three UV LED calibration standards compared to the

Lambertian radiator.

« The light source itself is manufactured
with the highest demands on optical
characteristics, mechanical tests, and
thermal stability to ensure long-term
duration of calibration

Spectral measurement setups (UV spec-
trometer, optical coupling unit, and UV
fibers) are selected and characterized
with theaim of minimizing fluorescence
and stray light influences

The mechanical setup (goniometer)
enables not only overall power charac-
terization of the device undertestbutthe

angular characteristics as well

« Double confirmation with separate cal-
ibrated light sources (both with equip-
ment traceable to national standards)
delivers maximum reliability and min-
imum uncertainty

The extremely low measurement uncer-
tainties (k=2) of the UV-ACS are comparably
low to those in the metrologically unprob-
lematic visible range, thereby offering a reli-
able resource for radiant flux calibration in
the UV-A, UV-B, and UV-C ranges. &)
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