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Abstract: An all fiber based supercontinuum light source is demonstrated for infrared

microscopy. The high brightness and spatial coherence of the source facilitate fast high

resolution measurements.

© 2011 Optical Society of America

OCIS codes: (180.0180) Microscopy, (320.6629) Supercontinuum generation

Infrared microscopy combines the selectivity of a spectrometer with the spatial resolution of a microscope and is uti-

lized in a wealth of applications from forensic science to sustainable energy research [1]. High resolution infrared (IR)

microscopy requires intense and spatial coherent sources of infrared radiation [2]. However, most IR microscopes are

based on thermal IR sources with very low brightness and is therefore not suitable for high resolution measurements.

Here we present an all fiber based supercontinuum (SC) light source used for IR microscopy.

The IR source is based on SC generation in an optical fiber. In the SC process the spectral width of a laser pulse

widens from a few nanometers to several optical octaves [3,4]. SC generation has been known for decades and has led

to several breakthroughs in spectroscopy and imaging [5, 6]. Recently, the supercontinuum technique was extended

to the infrared spectral range beyond 2.6 µm, by applying soft glass materials such as ZBLAN [7]. The spectral

brightness of the infrared SC is several orders of magnitude higher than that of a thermal infrared source and since the

SC is generated in a single fiber-mode the light has a high spatial coherence. This makes IR SC ideal for IR microscopy

where a high brightness is desired.

A schematic overview of the microscope setup is seen in Figure 1a. The light source is a ZBLAN fiber, pumped by a

40 MHz fiber-laser emitting 1 ps pulses at 1900 nm with a pulse energy of 16 nJ. The generated IR SC is seen in Figure

1b. The SC output from the fiber is collimated and refocused using aspherical ZnSe lenses. In the focus a sample is

held between two CaF2 windows. The light dispersed by the sample is measured by a monochromator equipped with

a PbSe detector. Raster scanning the sample provides a spectral absorption image at one wavelength.
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Fig. 1: 1a The IR microscope. 1b The output spectrum from the SC source.

The chemical resolution of the microscope is investigated with a pure oil sample. An absorption spectrum is obtained

by scanning the monochromator. In Figure 2a the acquired spectrum is compared with a FTIR measurement of the

same sample and a fine agreement is seen. The chemical selectivity is investigated with a sample consisting of an

oil/water mixture. An optical microscope image of the sample shown in Figure 2b. There are three regions in the

image, but they cannot be distinguished. The images in Figure 2c and 2d are IR absorption images made by raster
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scanning the sample in steps of 5 µm. This is done at two wavelengths corresponding to high absorption in water and

oil respectively. Blue parts of the images indicate high absorption, and red parts low absorption. Figure 2c displays

the absorption in water at 3.05 µm. A high absorption is clearly seen in the upper part of the picture and points to the

presence of water in this region. Figure 2d displays the absorption in oil at 3.5 µm. Here we see high absorption in the

lower part, some absorption in the upper part and low absorption in the central part. The high absorption in the lower

part indicates that this is oil. The upper part shows some absorption and come from the tail of absorption in water at

long wavelengths. The central part shows low absorption in both pictures and corresponds to an air bubble trapped at

the interface. It is seen that more information is gained from the IR images than from a normal optical image.
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Fig. 2: (a) Blue and red lines: FTIR absorption spectra of water and oil respectively. Dots: Oil absorption measured

with SC source. (b) Optical microscope image of the sample. (c) and (d) IR images of sample measured at 3.05 µm

and 3.50 µm corresponding to wavelengths of high water absorption and high oil absorption, respectively. The blue

color indicates high absorption and the red low absorption. The image size is 300x375 µm2 and each pixel is 5x5 µm2.

The fiber based SC has a high spatial coherence and enable, in principle, diffraction limited measurements. The

spatial resolution in our demonstration setup is determined by the spot size of the light. This is measured at three

different wavelengths with the knife edge method. The combined minimum beam radius has a minimum of 17 µm.

The ability to focus the fiber based SC source to a small spot is crucial, as it provides a significantly higher brightness

than provided by thermal sources. This enables faster raster scanning in high spatial resolution measurements.

In conclusion, we have demonstrated that an infrared supercontinuum source based on an optically pumped ZBLAN

fiber provides a simple, bright and broadband light source ideally suited for high resolution infrared microscopy. Even

this proof of principle setup allows us to obtain images with a good spatial resolution, and with chemical selectivity,

based on the selective absorption of the infrared light by the different molecules in the sample.
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