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Industry Challenge: Detector Calibration and
Characterization

254 nm Low Pressure Mercury Irradiance
Measurement in Enclosure
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Directional Response Index, f,

f, i1s an index describing the deviation from the ideal cosine law of the responsivity of
the radiometer head to radiation incident at angles other than normal to the reference
plane of the head
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f, 10 UV sensors with 254 nm source

Normalized Detector Response
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Modeled irradiance measurements of linear UV lamp

vs f,

Modeled and tested
impact of the 10 sensors

An f, value <3% is desired
to minimize errors

association with near field
measurements
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f, Sensitivities to Sensor Design

G-
Optical Diffuser Material

Diffuser Material Geometry

Sensor/ Diffuser Relations .

Shadow Ring

Sensor Signal
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Flat Quartz Bubble Glass

1.2

—~Cosine
——Configuration A

——Configuration B

f, of 5.8% to 6.0%

At best we were getting

Normalized Detector Response

Fair performance
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PTFE Dome

With proper design and testing excellent
f, can be performance achieved

o Optical diffuser materials and
geometry

o Shadow ring location and depth
o Interreflections

o Sensor/diffuser relations

o Form factor

o Sensor Signal

End Results: f, range of

1.5% to 2.2%

Normalized Detector Response
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Sensor Stabllity

UV photodiodes experience a decay
in responsivity with exposure to UVC
irradiation.

« This phenomenon has been studied
iIn depth by PTB

For this reason, we
evaluated UV sensors

currently that are
available for the
intended applications.

Characterization of SiC photodiodes
for high irradiance UV radiometers

S. Nowy ', B. Barton ', 5. Pape ', P. Sperfeld °, D. Fredrich ', S. Winter ', G. Hopfenmiiller®, T. Weiss *
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Photodiode behavior during artificial aging
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Figure 1: Nommalized phatoeument for different bypes
of UV phatodiodes during lang term eradiation with a
aw pressure LVG lamp.

+ SiC photadiodes Iocza responsiity in the
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then na further degradation
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Sensor Stabllity

SiC Photodiode Degradation
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Diﬁuser Stab”'ty PTFE Diffuser Degradation

100.0

* Anecdotal information
claims degradation of 9.9
Teflon diffusers with
exposure to UV-C.

For LPS at 20 mW/cm?2
Exposure Cycle: 60 sec
Cycles/Day: 60

99.8 0.6% over 500 days

« Labsphere has studied
this phenomenon for

specific use case. .

* Our results show predicted
diffuser degradation for 99.6 Typical use case of UV-C
specific use case. disinfection enclosure
Accounts for exposure
and duty cycle.

Diffuser Relative Thruput (%)
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Sensor System Life Projections

Photodiode Degradation Prediction

3.50%
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exposure photodiode .
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predicted. ) 505 .

- Degradation is correlated : .
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Thermal Sensitivity — Test Setup

 Thermal chamber with UV sensor inside

« UV Source outside
o TEC Controlled
o Must be stable over testing period

» Quartz window to shield source from heat
* Thermocouple to monitor Chamber & Sensor

Tchamber
Tsensor UV LED

Quartz Window

UV Sensor

Thermal
Chamber

Thermocouples
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Sensor Thermal Sensitivity

Expose Sensor to UV Source
Soak sensor in thermal chamber at 25C for 2 hr.
Ramp ambient to 40C and soak at 40C for 1 hr.
Record irradiance

60.0 0.00%
Calculate change v. Temperature 0.0 0.02% @
P e Q g
Thermal sensitivity = 0.11% per °C g 400 0.04% &
= —
T 30.0 -0.06% ©
8 &
Data allows for £ 20.0 -0.08% &

- : = S
determining uncertainty 10.0 0.10%
from the differentiation for

D 0.0 -0.12%
calibration temperature. 00 50 4.0 6.0 8.0
Time, hr
Chamber, C Bottom,C  =——% Change per Degree
T

Labsphere




Typical Sensor llluminance Responsivity Calibration
Method

llluminance Responses of Optical Sensors
At normal incidence

lluminance Meter or Reference Source
sensor (FEL)

e =———————— -
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Stepl: Irradiance Transfer with UV Spectroradiometer
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Step 2: Irradiance Transfer with UV Spectroradiometer

Integrating Sphere

Source includes

LPM, and UV LEDs

UV Spectroradiometer

Labsphere



Step 3: Modified Sensor Irradiance Responsivity
Calibration Method

Irradiance Response of Sensor

Integrating Sphere

Source includes
Reference source spectral LPM. and UV LEDs

distribution is the similar as test
source spectral distribution
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Step 4: Modified Sensor Irradiance Responsivity
Calibration Method

Irradiance Response of Sensor

Integrating Sphere

Source includes
Reference source spectral LPM. and LEDs

distribution is the similar as test
source spectral distribution
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Proposed method for correcting f2 errors of UV

SENSOrs

Detector Calibration/Characterization UV Meter Calibration NIST

Sphere with a low-pressure Hg source
inside (baffled from direct viewing at port)

/ i \\ Light exiting port —
254 nm lamp / . Radiance (W/sr/m?)
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baffle

d - distance *

3 . 5 Sphere with a low-pressure Hg source inside
Meter measures irradiance (W/m?) (baffled from direct viewing at port)

At a distance d
Radiant Intensity (W/sr)= Irradiance x d?

Light at port —
Irradiance (W/m?)

254 nm lamp

Radiant intensity/port area = Radiance Irvadiance = Radiance X

baffle
d - distance

New ANSI IES Reference
being developed to address

UV-C detector

Characterization and p—
Calibration NIST/IES TPC Workgroup Labsphere




Case Study: Modeling for
Optimization of Sensor
Locations in an
Enclosure

Labsphere



Case Study: Modeling for Optimization of Sensors
Location in and Enclosure

« CAD Model of Enclosure  Reference Sensor
« 19 lamps in 7 modules « Center of chamber, 1m from floor
(predetermined high touch target
« Panel Reflectors Assumptions area)
« 86% per Anomet datasheet
* 50% diffuse and 50% s_pecular. . 13 Lighting Scenarios
* The floor is non-reflective. . Vary light levels by 5% and 20%

« Turn off select panels

* Turn off individual lamps

« Analyze ratio of irradiance at center
sensor and wall sensor

« 16 detector planes
« Detector area = 50 mm?
» Near Perfect cosine response

Labsphere



Zemax Model Irradiance Distribution
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Linear Correlation to Reference Sensor
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Summary Modeling and Correlation

<2% average deviation for all detectors across all scenarios
Sensor averaging improved correlation

Results guided us to what dose monitor locations to test
On site testing validated modeling

Results of modeling lead to proposal for optimal locations for SMARTSens Dose
Monitors
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File Edit Sensor Help

Calibration:
Scan Sample Interval (sec): Sensor: testBoard-1
Number of Samples:

Sensor Averaging: 29063e03 Sample Interval (sec):
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AP| Dashboard Example (Concept)

m Current Radiation Sources @
K " . N
Current Dosoge Level :: b Disinfection Status
S UVC 254nm
45.2 my/cm?
‘ Suggested %
o/.\. N Effective Recalibration Time b

—1 Jan. 14 2021

Air Flow Rate

Backup Battery Status
600 fom B
e . Ready
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Main Takeaways

 For existing and new applications of UV-C Sensors f, performance is critical, good performance is
achievable.

* When critical to system performance, manufacturer’s data should be validated for predictive
modeling.

» Use case modeling may be necessary for good irradiance measurements which are key to accurate
dose validation

« With the next generation of UV-C Sensors, the User Interface, Configuration, Calibration, and
Testing can be optimized to the application.
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