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Development of Irradiance Responsivity Evaluation System with Monochromatic
Light Source

Minoru TANABE and Kenichi KINOSHITA

Research Institute for Physical Measurement, National Metrology Institute of Japan, National Institute
of Advanced Industrial Science and Technology, 1-1-1, Umesono, Tsukuba, Ibaraki 305-8563

Accurate measurement of irradiance is of great importance in the fields of laser display and laser lighting.
In this study, a standard optical sensor comprising a silicon photodiode and an optical aperture was
fabricated and an irradiance responsivity evaluation system with a monochromatic light source was
developed. To validate the proposed evaluation system, the experimentally measured output ratio,
obtained using a standard optical sensor and a similar test optical sensor, was compared with the
calculated output ratio using those sensors. These measured and calculated output ratios were in good
agreement with each other. In addition, an expanded uncertainty of 1.9% was obtained for the proposed
system. This system and the standard optical sensor contribute accurate radiation measurements in the
fields of laser display and laser lighting.
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Fig. 1 Evaluation procedure of irradiance responsivity.
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Fig. 2 Absolute responsivity measurement system with laser
colorimeter.
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Fig. 3 Nonlinear behavior of silicon photodetector.
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Fig. 5 Absolute irradiance for the generated
photocurrent of standard optical sensor.
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Fig. 6 Schematic diagram of irradiance evaluation system with monochromatic light source.
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Fig. 7 Variation of the irradiance value for the
perpendicular angle misalignment of the light
source.

2.0x107 — T T T T
—— Fitting

1.0x10

0.0

-1.0x10?

Variation of the irradiance value

-2.0X1072 1 . 1 . 1 N 1 N 1

Y distance [mm]
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Fig. 8 Variation of the irradiance value for the hori-
zontal angle misalignment of the light source.
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Fig. 10 Uniformity of the monochromatic light source.
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Fig. 11 Variation of the irradiance value for the perpendicular
angle misalignment of the standard optical sensor.
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Fig. 12 Variation of the irradiance value for the horizontal
angle misalignment of the standard optical sensor.

Table 1 Uncertainty budget table of the evaluated irradiance responsivity.

Uncertainty Contribution

Standard Uncertainty [ % |

Uncertainty of irradiance responsivity evaluation system

Horizontal angular deviation of light source 0.01
Vertical angular deviation of light source 0.21
Distance between light source and sensor 0.19
Uniformity of light source 0.13
Uncertainty of standard optical sensor
Absolute responsivity measurement 0.09
Linearity of standard optical sensor 0.10
Area of optical aperture 0.03
Horizontal angular deviation of standard optical sensor 0.01
Vertical angular deviation of standard optical sensor 0.63
Uncertainty of test optical sensor
Horizontal angular deviation of test optical sensor 0.01
Vertical angular deviation of test optical sensor 0.63
Repeated comparispn measurement between standard optical 0.05
sensor and test optical sensor
Combined standard uncertainty 0.96
Expanded uncertainty (k = 2) 1.9
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