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Overview: Raman spectroscopy is ideally suited for 
planetary exploration, providing geochemical meas-
urements and identification of organic and inorganic 
biomarkers of life [1]. Raman scattering, a very weak 
process, can be relatively strong at deep UV wave-
lengths because of the 1/λ4

4 

dependence of Raman scat-
tering and the possibility of large UV resonance en-
hancement. However, traditional grating based UV 
spectromators are relatively large requring very narrow 
entrance slits to provide the high resolution needed for 
deep UV wavelengths, thus limiting light throughput.  

We are developing a new type of miniature Fourier 
transform (FT) Raman spectrometer; the spatial heter-
odyne Raman spectrometer (SHRS), which provides 
high spectral resolution in a very small system with 
high light throughput. The resolution of the SHRS is 
not dependent on a slit, so miniature systems, <1 cm2 
footprint, can be made with high spectral resolution. 
The ability to miniaturize the SHRS was recently 
demonstrated using a standard cell-phone as the detec-
tor and imaging optics in a SHRS with 2.5 mm sized 
diffraction gratings. A preliminary design of a standoff 
SHRS compatible with a 1U SmallSat architecture has 
also been demonstrated.   

The SHRS is based on a stationary grating interfer-
ometer with no moving parts and uses a CCD to record 
the interferogram (Fig. 1, left). The wide acceptance 
angle (field of view, FOV) allows Raman measure-
ments to be made with a large laser spot on the sample, 
giving low laser irradiance to allow measurements of 
highly absorbing photosensitive samples that might 
otherwise be damaged by the laser. The large FOV of 
the SHRS makes it easy to couple with a telescope 
(Fig. 1 right), minimizing laser pointing stability is-
sues. Since there are no moving parts and all wave-
lengths are measured simultaneously, the SHRS is 
compatible with pulsed lasers and gated detectors al-
lowing measurements to be made in bright light condi-
tions [2]. The SHRS also has a relatively large Raman 
spectral band pass in the deep UV. All of these charac-
teristics together make the SHRS a potentially power-
ful system for planetary exploration. Here, we present 
UV standoff Raman measurements using a SHRS and 
show an improved UV SHRS that uses a plate beam 
splitter and compensator plate. In addition a cell-phone 
based SHRS spectrometer is shown showing proof of 
principle for SmallSat sized Raman spectrometers. 

Experimental: A schematic of the plate beam splitter 
UV SHRS shown coupled to a standoff instrument is 
shown in Fig. 1. The UV SHRS interferometer consists 
of a 20 mm fused silica plate beamsplitter and two 300 
gr/mm, 2.5 mm gratings. Interference fringes formed at 
the grating plane are imaged onto an intensified CCD. 
For standoff Raman a 1064 nm Q-switched Nd:YAG 
laser was used to generate 532 nm and 266 nm laser 
pulses. The path of the laser was collinear with the 
field of view of the telescope.  

Fig. 1. Schematic of the SHRS with plate beamsplitter and 
compensator plate (left), shown coupled to a telescope (right) 
for standoff UV SHRS Raman measurements. BS= 
Beamsplitter; G= Grating; IL= Imaging lens.  

The design of the UV SHRS is similar to one de- 
scribed earlier [3,4]. Briefly, collected Raman light is 
collimated and passed through the entrance aperture 
and divided into two beams by the 50/50 fused silica 
beam splitter. The two beams are diffracted by the dif-
fraction gratings at an angle that depends on the wave-
length. Heterodyning in the interferometer occurs by 
setting the grating angles, known as the Littrow angle 
(θL), so that light at the heterodyned wavelength, or 
wavenumber (σL), is exactly retro reflected back along 
the same beam path. Light at the Littrow wavelength 
recombines at the beamsplitter without producing an 
interference pattern. However, for any wavenumber 
other than Littrow, the diffracted beams leave the grat-
ings at an angle, resulting in crossed wavefronts in the 
beamsplitter, generating an interference fringe pattern, 
which is imaged onto the detector.  

Results and Discussion: Figure 2 shows the Raman 
spectrum of diamond using the improved plate beam 
splitter UV SHRS with 244 nm excitation, along with 
the interference image and interferogram (inset). The 
fringe visibility is close to theoretical.  Figure 3 shows 
Raman spectra of several rocks and minerals. In Figure 
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3 (A), the strongest Raman line at 1005 cm-1 is the 
Raman fingerprint of ν1(SO4) of gypsum. In Figure 3 
(B and C) the strongest lines at 457, and 1085 cm-1 are 
fingerprints of α-quartz and calcite, respectively [5]. In 
the spectrum of the sea shell (Figure 3D) the presence 
of a strong Raman line at 1085 cm-1 indicates that the 
snail sea shell contains biogenic calcite mineral. Bio-
genic calcite usually produces strong fluorescence in 
the Raman spectrum when excited with visible laser 
wavelenths. Excitaion with 244 nm allows fluores-
cence-free Raman measurements.  

Fig. 2. SHRS UV Raman spectrum of diamond, measured 
using 10 mw, 244 nm laser with plate beam splitter SHRS 
design. Inset: interferogram image and cross section. 

Fig. 3. UV SHRS Raman spectra of rocks and minerals with 
major constituents of (A) gypsum, (B) α-quartz, (C) calcite, 
and (D) snail sea shell, using a 10 mW, 244 nm laser. 

Pulsed remote Raman using a dispersive spectrometer 
has been shown for mineralogical analytsis at 66 m [5]. 
To assess the performance of the UV SHRS for remote 
UV Raman measurements, several compounds were 
measured at ~18 m using a 266 nm pulsed laser, fo-
cused to a 20-mm spot on the sample. The FOV of  the 
SHRS was ~30 cm at this distance and no degradation 
of the samples was observed using a 20-mm laser spot. 
However, sample degradation was often observed 
when the laser was more tightly focused. Figure 4 
shows a standoff SHRS UV Raman spectra of calcite. 

 

Fig. 4. UV standoff Raman spectra of calcite at 18 m, meas-
ured using the cube beam splitter SHRS with 10.3 mJ/pulse, 
266 nm laser excitation. 

Figure 5 (inset) shows an image of the cell-phone 
based SHRS Raman spectrometer with 2.5 mm grat-
ings [6]. The Raman spectrum of ClO4

- is shown with 
good resolution, measured using 532 nm excitation. 
The signal-to-noise of this system was comparable to 
the use of a research quality CCD and high quality 
camera lens. Raman spectrometers of such small size 
will have many remote and in-situ applications for 
characterizing minerology on planetary surfaces and 
for downhole measurements. In a preliminary design 
we show a miniature standoff SHRS will fit in a 1U 
SmallSat architecture with a 4-inch collection optic. 

 

Fig. 5.  Cell-Phone based SHRS Raman spectrometer with 
Raman spectrum of ClO4

- (inset). 

Conclusion: An improved SHRS UV Raman system is 
described. Standoff SHRS UV Raman is demonstrated 
at 18 m. A cell-phone based SHRS is demonstrated.  
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