CNT film photo scanner for in-line pharma agent pills imaging
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1. Introduction

Pharmaceuticals are essential in modern society, and high-quality management is essential. Therefore, it is
desirable to conduct full and detailed inspections in the manufacturing process. However, such an inspection
system is still insufficient, which potentially causes the supply of defective products. The above situation indicates
that establishing additional inspection methods is indispensable. In recent years, the demand for non-destructive
inspection has grown, not only for pharmaceuticals. In every inspection method, optical measurements in infrared
(IR) and terahertz (THz) bands have gathered attention as transmissive properties of materials differ with
wavelength and composition 21, Regarding photo-detection, carbon nanotubes (CNT) film is also adequate in
the above ultrabroad IR-THz bands with the photo-thermoelectric (PTE) effect 4. To this end, this work
integrated IR-THz multi-wavelength imaging systems to the line with the CNT film photo scanner and performed
imaging measurements of the pharma agent pills (Fig. 1a).

2. Experiment

This work constructed an in-line transmissive imaging system with multi-wavelength irradiation: short
wavelength infrared (SWIR, 1 - 4.33 pum), long wavelength infrared (LWIR, 4 - 6.33 pm), and sub-THz (1 - 909
um). Fig. 1b shows the presenting CNT film imager and its function. The PTE response of the pixel differs with
external photo-irradiation intensity. This device detects the optical transmissive signal to the target under a one-
axis scan imaging.

3. Results

Fig. 1c shows the multi-wavelength imaging results of sedative pills containing plastic, glass, and metal inside. In
amonochrome color scale, the darker and brighter range refers to the higher and lower intensity of the transmissive
PTE responses. The local reduction of the transmittance in the pill corresponds to the foreign substance, which is
visually indistinguishable. The above PTE image indicates that the two-wavelength irradiation of SWIR and
LWIR visualises the plastic. Then, the obtained result detects the glass with LWIR irradiation. Finally, all three-
wavelength irradiation in this work visualizes the metal. These tendencies that visibilities differ with irradiation
bands reflect broad changes in transmittance of the various materials with composition and wavelength in IR—
THz regions. The above situation leads to composition identification of foreign substances by combining the
database of material and transmittance in IR-THz bands. In this way, this work focused on optical properties in
IR-THz bands and demonstrated a basic system for pharma inspection with the CNT film photo scanner.
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Fig. 1. a, In-line multi-wavelength imaging system in this work. b, CNT film photo scanner and its change in PTE response with external
photo-irradiation intensity. ¢, Material composition identification of the samples with different concealed foreign substances.
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