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UV Talk Letter

In UV Talk Letter Volume 12, we mainly discussed relative reflectance measurements. However, measuring the 

reflectance of solid samples often involves measuring absolute reflectance in addition to relative reflectance. 

Therefore, this issue discusses absolute reflectance measurement.

1. Absolute Reflectance Measurement (Absolute Specular Reflectance Measurement)

Fixed Incident Angle Absolute Specular Reflectance Attachments

Measuring the Absolute Reflectance of Solid Samples

Fig. 1-1   Specular Reflected Light

Fig. 1-2   Fixed Incident Angle Absolute Specular Reflectance Attachments
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Variable Incident Angle Absolute Specular Reflectance Attachments

Key Points for Measuring Absolute Reflectance
A. Polarized Light

Fig. 1-3   Variable Incident Angle Absolute Specular Reflectance
 Attachment During Baseline Correction

Fig. 1-4   Variable Incident Angle Absolute Specular Reflectance
 Attachment During Sample Measurement

(b) Polarized Light

Fig. 1-5   Non-Polarized and Polarized Light

(a) Non-polarized Light (natural light)
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Measuring the Absolute Reflectance of Solid Samples
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C. Measurement Surface

D. Pre-Treating the Opposite Side

E. Integrating Sphere
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Measuring the Absolute Reflectance of Solid Samples

Fig. 2-1   Baseline Correction with 30-Degree Incident Angle
 Absolute Specular Reflectance Attachment

 (same settings for 12 and 45-degree incident angle
 absolute specular reflectance attachments)

Fig. 2-2   Sample Measurement with 30-Degree Incident Angle

 Absolute Specular Reflectance Attachment

2. Measurement Procedure

Fixed Incident Angle Absolute Specular Reflectance Attachments
[12, 30, or 45-degree angles of incidence]

Variable Incident Angle Absolute Specular Reflectance Attachments

[5-degree angle of incidence]

100%T

100%T

Transmission
integrating
sphere MEASURE

MEASURE
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3. Measurement Example

This article describes the measurement principle, measuring 

4. Summary

Fig. 2-4   Sample Measurement with Variable Incident Angle

 Absolute Specular Reflectance Attachment

Fig. 2-3   Baseline Correction with Variable Incident Angle

 Absolute Specular Reflectance Attachment

Fig. 3-2   Absolute Reflectance Spectra of Silicon Wafer

 Measured at 5 and 12-Degree Angles of Incidence

Fig. 3-1   Absolute Reflectance Spectra of Silicon Wafer Measured

 at 5, 20, 45, and 60-Degree Angles of Incidence

Global Applications Development Center
Analytical & Measuring Instruments Division

Mikio Sugioka

Integrating sphere
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The UPF value is a UV protection index that indicates how well the 

clothing prevents sunburn, where the larger the value, the higher 

the protection from UV rays.

those 

Some calculation methods calculate the UPF value separately for 

The UPF is an index used to indicate the UV protection level of clothing. These UPF values are calculated based 

on transmittance measured using a UV-VIS spectrophotometer and integrating sphere. UPF measurement and 

calculation methods vary depending on the country, and some methods may involve quite complicated calculations. 

This article describes the measurement and calculation methods, and introduces the UPF Excel macro program that 

we developed for easy calculation of UPF values.

UPF values. The UVA value is calculated for the wavelength 

The symbols used in the table are explained below the table. 

For Eλ, Sλ, and ε λ
methods.

Ultraviolet Protection Factor (UPF) of Sun Protection Clothing

Eλ : 
T  : Transmittance at each wavelength

Sλ, and ε λ  : Solar spectral irradiance

λ 

Sampling Interval

Calculation Ranges

Wavelength Measurement Range 290 to 400 nm

1 nm

UPF (290 to 400 nm)

UVA (315 to 400 nm)

UVB (290 to 315 nm)

280 to 400 nm

2 nm

UPF (280 to 400 nm)

UVA (315 to 400 nm)

UVB (280 to 315 nm)

290 to 400 nm

5 nm

UPF (290 to 400 nm)

UVA (315 to 400 nm)

UVB (290 to 315 nm)

Germany and Britain
DIN EN13758-1
BS EN135758-1

United States
AATCC 183

Australia and New Zealand
AS/NZS 4399 

UVA

UVB

UPF

Germany and Britain
DIN EN13758-1
BS EN13758-1

United States
AATCC 183

Australia and New Zealand
AS/NZS 4399

86
1

i ( )T

26
1

i ( )T

E( )T( ) ( )

E( ) ( )

400 nm

280 nm

E  × S  × T  × 

400 nm

280 nm

E × S × 

E´

400

290

E × S × 

400

290

E  × S  × T  × 

Eeff

400 nm

315 nm

T  × 

400 nm

315 nm

315 nm

280 nm

T  × 

315 nm

280 nm

315 ＋    320 ＋    325 ＋ …T TT ＋   395 ＋   400TT
18

290 ＋    295 ＋    300 ＋    305 ＋    310 ＋    315T T T T TT
6
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Wavelength Measurement Range

Scan Speed

Sampling Interval

Photometric Value

Slit Width

Medium speed

Transmittance

Shimadzu UV-2600 UV-VIS Spectrophotometer
ISR-2600Plus Integrating Sphere

Instrument Used

Sample

350.00
nm

T
%

400.00280.00
0.000

10.000

20.000

30.000

shawl, and an umbrella that were treated for UV protection by 

placing samples as shown in Fig. 1. Table 3 lists the analytical 

conditions and Fig. 2 shows the transmittance spectra obtained.
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4. UPF Excel Macro Program and Calculation Results

UV Talk Letter Application

Fig. 3   UPF Calculation Results Display

After converting data obtained using a Shimadzu UV-VIS 

spectrophotometer to CSV format, the UPF Excel macro 

program can be used to instantly calculate UPF values in 

calculation, this macro program generates results as shown in 

by users.

described above. These results indicate that the black 

clothing, hat, shawl, and umbrella fabric all have UPF values 

the fabric.

Germany and Britain
DIN EN13758-1
BS EN13758-1

United States
AATCC 183

Australia and New Zealand
AS/NZS 4399

White Portion of UV Protection Clothing

Black Portion of UV Protection Clothing

UV Protection Hat

UV Protection Shawl

UV Protection Umbrella

16.2

UPF>50 (51.7)

UPF>50 (2896)

UPF>50 (490)

UPF>50 (509)

15.3

50+ (51.0)

50+ (2932)

50+ (489)

50+ (516)

19.0

50+ (3202)

50+ (3202)

50+ (437)

50+ (899)
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5. Summary
This investigation showed that even among items marked as 

providing UV protection, they each have different spectra and 

different UPF values. In addition, due to differences in 

calculation methods, the same spectrum could result in 

different UPF values depending on the regulation applied.

Without using special software, calculating the UPF values in 

accordance with the regulation of each country is a 

complicated process that requires considerable time and 

effort. However, results can be obtained instantly using the 

UPF Excel macro program introduced above.

Nevertheless, to ensure measurements are performed in 

regulation document is recommended.

Spectroscopy Business Unit, Analytical & Measuring Instruments Division 
Takahide Hiramatsu
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Measuring the transmittance spectrum of a thin film using 
two different spectrophotometers resulted in different 
results. Why is that?

Fig. 1   Diagram of Light Transmitted

 Through the Sample

(1) Transparent Samples

A Check the slit width setting.

A Use the same accessories.

A If possible, use the same model. If the same model is not available, use an integrating sphere attachment.

(2) Non-Transparent Samples

a. Standard sample compartment is used, but spectrophotometer model is different.

b. Spectrophotometer model used is the same, but accessories are different

Linear transmitted light

Sample

Incident light
Diffuse transmitted light


