
Confidential and Proprietary, Labsphere, Inc 2021

UVGI Dose Monitors: Characterization, 
Calibration and Application

2021 CORM/CIE Joint Conference



Confidential and Proprietary, Labsphere, Inc 2021

Labsphere, Inc.

• Founded in 1979

• 8,000 m2 facility in North Sutton,
NH, with satellite facility in
Shanghai

• 100+ employees worldwide

• Subsidiary of Halma plc since 

2007

• ISO 9001:2015 Registered

• ISO/IEC 17025-2017 
Accredited for various products
and services (NVLAP Lab 
Code 200951-0)

Labsphere Explainer Video: Labsphere: Advancing the Technology of Light - YouTube

https://www.youtube.com/embed/SJyjvd7t9dY?rel=0&autoplay=0
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Industry Challenge: Detector Calibration and 
Characterization

Source: NIST at ICUDAS 2020

Meter Meter reading
(mW/cm2)

Deviation 
from Mean

Meter A 8.53 -42%

Meter B 14.8 1%

Meter C 20.7 41%

254 nm Low Pressure Mercury Irradiance 
Measurement in Enclosure 
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Directional Response Index, f2

f2 is 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 

Source: Technical Report CIE 220:2016
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f2 10 UV sensors with 254 nm source

Source: Cameron Miller, NIST

There are many UV-C 
sensors  with no specs on  
angular sensitivity (f2) 
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Modeled irradiance measurements of linear UV lamp 
vs f2

Modeled and tested 

impact of the 10 sensors

Source: Mike Grather, Lightlab International

An f2 value <3% is desired 
to minimize errors 
association  with near field 
measurements 
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f2 Sensitivities to Sensor Design  

Primary Parameters

Optical Diffuser Material

Diffuser Material Geometry

Sensor/ Diffuser Relations

Shadow Ring

Sensor Signal

Reference Plane
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Flat Quartz Bubble Glass

f2 of 5.8% to 6.0%

At best we were getting 
Fair performance
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PTFE Dome

With proper design and testing excellent 
f2 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: f2 range of 

1.5% to 2.2%
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Sensor Stability

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

• This phenomenon has been studied 
in depth by PTB

Source: PTB Publication

For this reason, we 

evaluated UV sensors 

currently that are 

available for the 
intended applications.
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Sensor Stability

Labsphere has studied the 
degradation of UVC 
photodiodes to determine a 
pre-production exposure 
process.

Degradation becomes 
linear after 150 hrs. of 
exposure at a know 
irradiance level
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Diffuser Stability

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

• Labsphere has studied 
this phenomenon for 
specific use case. 

• Our results show predicted 
diffuser degradation for 
specific use case.  
Accounts  for exposure 
and duty cycle.

Typical use case of UV-C 
disinfection enclosure

For LPS at 20 mW/cm2

Exposure Cycle: 60 sec
Cycles/Day: 60
0.6% over 500 days
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Sensor System Life Projections

• After pre-production 
exposure photodiode 
degradation can be 
predicted.

• Degradation is correlated 
to dose.

Dose can be tracked for 
specific applications.
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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

TEC

Thermocouples

UV Sensor

UV LED

Quartz Window

Thermal 
Chamber

Tchamber

Tsensor
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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

• Calculate change v. Temperature

• Thermal sensitivity = 0.11% per °C

Data allows for 
determining uncertainty 
from the differentiation for 
calibration temperature.
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Illuminance Responses of Optical Sensors
At normal incidence

Typical Sensor Illuminance Responsivity Calibration 
Method

Illuminance Meter or 

sensor

Reference Source 

(FEL)

d
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Step1: Irradiance Transfer with UV Spectroradiometer
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Step 2: Irradiance Transfer with UV Spectroradiometer

l

UV Spectroradiometer

Integrating Sphere 
Source includes 

LPM, and UV LEDs

d
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Irradiance Response of Sensor

Reference source spectral 
distribution is the similar as test 
source spectral distribution

Step 3: Modified Sensor Irradiance Responsivity 
Calibration Method

Integrating Sphere 
Source includes 

LPM, and UV LEDs

d
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Step 4: Modified Sensor Irradiance Responsivity 
Calibration Method

Integrating Sphere 
Source includes 
LPM, and LEDs

Irradiance Response of Sensor

Reference source spectral 
distribution is the similar as test 
source spectral distribution



Confidential and Proprietary, Labsphere, Inc 2021

Proposed method for correcting f2 errors of UV 
sensors

NIST/ IES TPC Workgroup

New ANSI IES Reference 
being developed to address 
UV-C detector 
Characterization and 
Calibration
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Case Study: Modeling for 
Optimization of Sensor 
Locations in an 
Enclosure
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Case Study: Modeling for Optimization of Sensors 
Location in and Enclosure

• CAD Model of Enclosure

• 19 lamps in 7 modules

• Panel Reflectors Assumptions

• 86% per Anomet datasheet

• 50% diffuse and 50% specular.

• The floor is non-reflective.

• 16 detector planes

• Detector area = 50 mm2

• Near Perfect cosine response

• Reference Sensor

• Center of chamber, 1m from floor 

(predetermined high touch target 

area)

• 13 Lighting Scenarios

• 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
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Zemax Model Irradiance Distribution

Allowed Labsphere to 

determine best 

locations for 

embedded dose 

monitors
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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



Confidential and Proprietary, Labsphere, Inc 2021

SMARTSens-D  
Solutions



Confidential and Proprietary, Labsphere, Inc 2021

Control
and 
Analytics
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API Dashboard Example (Concept)
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Main Takeaways

• For existing and new applications of UV-C Sensors f2 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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