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Development of the CF-300 Spectrophotometer Targeting the Field of ICT
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Abstract

Among industrial products, color management using a col-
orimeter is carried out in order to quantitatively control color
quality. In recent years, there have been various demands in
the color management of products in the field of ICT (infor-
mation and communication technology). These demands
include: shorter takt time; freedom from maintenance; dam-
age-free, non-contact measurement; reduction in instru-
mental measurement error; and measurement of complexly
shaped products or of minute components which are diffi-
cult to measure with conventional colorimeters.

In response, we have developed the CF-300 spectropho-
tometer, which can perform non-contact, high-speed mea-
surement in small areas. To specify a measurement pointin a
minute area on a measurement sample at the time of mea-
surement, the CF-300 employs a simple pointer mechanism
to project a light spot. This pointer mechanism employs an
LED (light emitting diode) light source for measurement
point positioning which is retractable along the optical path
of measurement. In addition, an LED is used as a measure-
ment light source for shorter takt time and freedom from
maintenance, and to correct variations of the excitation
wavelength among individual LEDs so that spectral correc-
tion is realized. In addition, to reduce measurement error
caused by the variation of the distance between a sample and
the CF-300 at the time of non-contact measurement, a large
integrating sphere with a diameter of 152 mm is employed,
and a measurement aperture is designed larger than earlier
instruments.

This paper introduces the core technologies of the CF-300,
which is technologies are suitable for the color management
required on production sites to secure the quality of design
required in the ICT field.
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Fig. 1 CF-300 spectrophotometer.
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Fig. 2 lllumination/viewing system.
The CF-300 employs an optical system structure realizing diffused
illumination/8° light receiving, which uses diffused light to illumi-
nate a sample from all directions and conforms to JIS (Japanese
Industrial Standard) Z 8722 and ISO 7724/1.
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Fig. 3 Main body structure of the CF-300.
The CF-300 is structured with an illumination unit consisting of an
LED light source and integrating sphere, along with a light receiv-
ing unit consisting of a light receiving lens, a diffraction grating,
and a photosensor.
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Fig. 4 Polychromator unit and LED pointer unit.

The polychromator is a spectroscope for simultaneously measur-
ing the spectral distribution of a plurality of wavelengths using a
photodetector such as a photodiode array, and the polychroma-
tor serves as the sensor unit of the CF-300. The CF-300 employs a
pointer mechanism to project a light spot on the point of mea-
surement. This pointer mechanism is realized by an LED light
source retractable along the measurement optical path.
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Fig. 5 Pointer LED drive unit.
The pointer LED drive unit rotatably drive the pointer LED in the
red arrow direction to remove it from the measurement optical
path, and the pointer LED is then turned off.
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Fig. 6 LED pointer spot projected on sample.
The pointer spot is projected to make it easy to ensure that the
sample is measured in the center of the hash mark.
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Fig. 7 CF-300 LED light source spectrum.
The LED light source has a steep peak at around 405 nm, which is
its excitation wavelength. Excitation wavelengths vary among
individual LEDs.
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Fig. 8 CF-300 spectroscope spectral sensitivity.
Each sensor of the spectroscope has a half bandwidth of 10 nm to
15 nm, with the intervals between the peak wavelengths of the
sensors being about 10 nm.
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Fig. 9 Spectral sensitivity of spectroscope sensor.

Solid line: sensor alone. Dashed line: when using LED light source.
The spectral sensitivity was measured for a sensor having sensi-
tivity around 396 nm, where the peak wavelength of the LED light
source based on the excitation wavelength is 405 nm. The cen-
troid wavelength of the sensor shifts due to the steep change
near the excitation wavelength in the intensity of the LED light
source. Since the excitation wavelength of the LED depends on
the individual LED, spectral correction is employed with individ-
ual CF-300s to eliminate this shift of the centroid wavelength.
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Fig.10 Measurement results of reflectance using three measurement devices.
The three measurement devices have excitation wavelengths of
401 nm, 406 nm, and 409 nm. Solid lies: without spectral correc-
tion. Dashed lines: with spectral correction.
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Fig. 11 Measurement results of Fig. 10 depicted as difference from mea-
surement results of a measurement device having a 406 nm LED.
Solid lies: without spectral correction. Dashed lines: with spec-
tral correction. Spectral correction reduces instrumental error to
1% or less.
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Fig. 12 Contact measurement mask and non-contact measurement
mask.
The CF-300 allows for non-contact measurement using a measure-
ment mask with which measurement can be conducted witha 1 mm
space between the CF-300 and the sample to be measured.
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Fig. 13 Deviation AL* of measurement results L* from the measurement

result at the standard sample position, for a white plate with two
measurement masks having different opening diameters and
with sample position varied.
The horizontal axis represents the deviation of the measurement
sample position from the standard measurement position. The
vertical axis represents the variation AL* that is the difference
from the measurement value L* at the standard sample position.
The measurement mask having a 34 mm diameter opening
reduces the variation AL* down to 1/10 of the variation AL* with
the measurement mask having an 11 mm diameter opening. As
a result, AL* is about -0.06 for 0.3 mm deviation, which satisfies
the target specification.
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