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Abstract: New developments towards miniaturized, powerful and broadband near-infrared (NIR)
radiation sources are presented and compared to the most commonly used light source in near-
infrared spectroscopy, the tungsten incandescent light bulb. © 2024 The Author(s)

1. Introduction and motivation

The tungsten (halogen) lamp is commonly used as a light source for absorption spectroscopy in the near-infrared
wavelength range due to its broad radiation spectrum [1,2]. It is also employed in high-volume gas sensing
applications, such as measuring carbon dioxide (CO,) and hydrocarbons [3]. However, the fragile and thin wire
filament (Fig. 1a) does not meet all the requirements of an ideal light source. To ensure reliable and highly
accurate measurements, a stable and reproducible filament position is crucial. Achieving this stability involves
complex and high-precision manufacturing of light bulbs. Shocks and vibrations might also cause the lamp
intensity to flicker and limit the accuracy of measurements. In practical applications, time-consuming effort is
often required to position the incandescent lamp correctly resulting in high assembly cost.

Another drawback is given by the glass envelope with its two lead wires, a so-called through-hole package (Fig. 1),
which does not allow an automated assembly of the light bulb on a printed circuit board (PCB). However, high-
volume applications do require a high degree of automation especially in PCB assembly. For this reason, SMD
packages are the dominant choice in modern electronics manufacturing due to their advantages in size, cost,
performance, and ease of automation in assembly. SMD stands for Surface Mount Device and refers to electronic
components that are mounted directly onto the surface of printed circuit boards. SMD-packaged infrared (IR)
emitters will therefore pave the way to completely new applications, like in hand-held, portable, and wireless
devices for gas sensing and the identification of liquid and solid chemicals and materials.

(a) (©)

Fig. 1. Micro light bulb with (a) a state-of-the-art tungsten wire filament, (b) and (c) with a rectangular metal-sheet filament.

2. Results and conclusions

The photometric properties of the light emitting filament are largely determined by its geometry. The preferred
light source is a flat filament with a square-shaped light-emitting surface (Fig. 1b, 1c). Most of the emitted light
radiates perpendicularly from the flat surface of the filament, aligning with the collection optics of the (near-)
infrared spectrometer for maximum efficiency. INFRASOLID’s unique infrared emitter technology provides free-



standing metal-sheet filaments made of a monolithic high-melting metal [4]. Unlike the tungsten wire filament in
state-of-the-art incandescent light bulbs that can move in all spatial directions during vibration and shock, the
metal-sheet filament experiences only very limited movement along one axis, similar to a clamped sheet of paper.
This provides higher mechanical and optical stability, enabling more accurate measurements in harsh environments
and with hand-held devices. It also eliminates the need for time-consuming lamp positioning. Besides, it allows a
direct connection to a fiber optic cable.

Metal-sheet filaments can be manufactured in different sizes and geometries to easily adapt to customer- and
application-specific requirements. The larger area of the metal-sheet filament compared to a tungsten wire filament
results in higher optical output. The very low filament thickness of a few micrometers enables integration into flat
SMD housings. Assembly into a SMD package can be easily done with common pick-and-place machines and
automatic wire bonding systems to ensure low assembly cost. First prototypes of a SMD-packaged near-infrared
emitter made of a tantalum metal-sheet filament (Fig. 2a) emit a broad spectrum of light in the near- and mid-
infrared range similar to that of a black-body (Fig. 2b). The wavelength range is limited by the transmission
properties of the glass material used and causes also some spectral dips in the mid infrared range. Lifetime studies
are ongoing and have already demonstrated several thousand hours of operating time for a filament temperature of
1900 K.
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Fig. 2. The prototype of a SMD-packaged metal-sheet infrared emitter (a) shows a broadband emission spectrum (b) with near blackbody
behavior in the near-infrared and mid-infrared range. Spectral dips are caused by the transmission properties of the glass used.

As the availability of broadband emitting LEDs in the near- and mid-infrared spectral range is very limited [5]
thermal emitters like the light bulb will continue to be the standard light source for absorption spectroscopic
applications. Miniaturized SMD-packaged thermal infrared emitters will therefore pave the way to high-volume
applications in near-infrared spectroscopy, optical gas sensing and material analysis.

3. References

[1] Krzysztof B. Bec’, Justyna Grabska, and Christian W. Huck, ,Principles and Applications of Miniaturized Near-Infrared (NIR)
Spectrometers*, Chemistry-A European Journal, Vol. 27, 1514 — 1532 (2021).

[2] Christian W. Huck, “New Trend in Instrumentation of NIR Spectroscopy — Miniaturization” in Near-Infrared Spectroscopy, Y. Ozaki, C.
Huck, S. Tsuchikawa, S. B. Engelsen, eds. (Springer, Singapore, https://doi.org/10.1007/978-981-15-8648-4_8, 193 — 210, 2020).

[3] Jane Hodgkinson, Richard Smith, Wah On Ho, John R. Saffell, Ralph P. Tatam, “Non-dispersive infra-red (NDIR) measurement of carbon
dioxide at 4.2 um in a compact and optically efficient sensor”, Sensors and Actuators B, VVol. 186, 580 588 (2013).

[4] www.infrasolid.com/en/technology.

[5] Gabriel Nicolo A. De Guzman, Mu-Huai Fang, Chia-Hsuan Liang, Zhen Bao, Shu-Fen Hu, Ru-Shi Liu, “Near-infrared phosphors and their
full potential: A review on practical applications and future perspectives”, Journal of Luminescence, Vol. 219, 116944 (2020).


https://doi.org/10.1007/978-981-15-8648-4_8
http://www.infrasolid.com/en/technology



