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(Development of Two-beam Type Integrating Sphere Spectrophotometer
and Analysis of Its Performance)
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Abstract

A spectrophotometer using two-beam type integrating sphere is developed, and the measurement accuracy
is analyzed. The efficiency of the integrating sphere is analyzed, and the relation between the efficiency and
the total measurement error is found. Especially, the integrating sphere is fabricated on the basis of its
characteristics according to its shape such as the sample port. The performance of the developed
spectrophotometer is tested using a black and a white standard reflectance plate, and the measurement error
of £0.5% is obtained.
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Fig. 1. Pictorial diagram of integrating sphere
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Table 1. Integrating sphere efficiency with the variation of diameter of sample port
Diameter of sample Case Sphere
port(mm) Pattern of sample port efficiency (%)
open 479
o =15 attached with BaSQO; Standard 5.57
attached with Black Standard(NBS 2021-89) 4.85
open 5.21
® =10 attached with BaSO, Standard 557
attached with Black Standard(NBS 2021-89) 5.26
open 5.46
p=5 attached with BaSO, Standard 557
attached with Black Standard(NBS 2021-89) 5.46
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Fig. 3. Schematic diagram of two-beam type

integrating sphere spectrophotometer
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Table

2. EX ME0 NMiAY A HHALR
(MEYE XH ¢= 15mm)

2. Diffuse reflectance of samples
(Sample port diameter =15 mm)

NBS SRM 2019b-141| NBS SRM 2021-89

Cary Ours | Error Cary

17-D 17-D Ours | Error

0.717 | 0.713 | -0.004 | 0.070 | 0.078 | +0.008
0.764 | 0.765 | +0.001 | 0.069 | 0.075 | +0.006
0.791 | 0.781 | -0.010| 0.068 j 0.073 | +0.005
0.819 | 0.811 | -0.008 | 0.066 | 0.072 | +0.006
0.837 | 0.829 | -0.008 | 0.064 | 0.070 | +0.006
0.843 1 0.835 | -0.008 | 0.063 | 0.068 | +0.005
0.857 | 0.848 | -0.009 | 0.065 | 0.066 | +0.001
0.861 | 0.853 | -0.008 | 0.065 | 0.066 | +0.001

3. =S ME0| [IAHE A HAE
(MExE XH 9=10mm)

3. Diffuse reflectance of samples
(Sample port diameter ¢=10mm)

Wave-
length
(nm)

NBS SRM 2019b-141| NBS SRM 2021-89

Cary Qurs | Error Cary

17-D 17-D Ours | Error

450
500
550
650

700
730

0.717 | 0.724 | +0.007 | 0.070 | 0.076 | +0.006
0.764 | 0.771 | +0.007 | 0.065 | 0.075 | +0.006
0.791 {0.792 | +0.001 | 0.068 | 0.072 | +0.004
0.819 | 0.823 | +0.004 | 0.066 | 0.072 | +0.006
0.837 | 0.840 | +0.003 { 0.064 | 0.069 | +0.005
0.843 | 0.847 | +0.004 | 0.063 | 0.068 | +0.005
0.857 | 0.853 [ -0.004 | 0.065 | 0.066 | +0.001
0.861 | 0.858 | -0.003 | 0.065 | 0.067 | +0.002

Table

4., EF MEO MY AL HHAIR
(MEBZE XA = 5 mm)

4. Diffuse reflectance of samples
{Sample port diameter ¢= 5 mm)

Wave-

(nm)

NBS SRM 2019b-141| NBS SRM 2021-89

Cary Ours | Error Cary

17-D 17-D Ours | Error

500
550
650

700
730

0.717 | 0.704 | -0.013 | 0.070 | 0.058 | -0.012
0.764 | 0.752 | -0.012 | 0.069 | 0.057 | -0.012
0.791 | 0.780 | -0.011 | 0.068 | 0.055 | -0.013
0.819 | 0.809 | -0.010 | 0.066 | 0.054 | -0.012
0.837 1 0.818 | -0.019 | 0.064 | 0.054 | -0.010
0.843 | 0.829 | -0.014 { 0.063 | 0.052 [ -0.011
0.857 | 0.846 | -0.011| 0.065 | 0.052 | -0.013

0.861 | 0.850 | -0.011 | 0.065 | 0.053 } -0.012
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