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Modulated diagram of the standoff SHRS
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Table 1

°

14 mm

(Andor CCD, iKon-M)

) 0~318

The key parameters of the components

used in the experimental breadboard

Components Parameters Values
Wavelength 532 mn, CW
Spectral linewidth <01
Laser
Beam diameter ~1(1/e*, mm)
Beam divergence <1. 5(full angle, mrad)
) Groove density 150 groove » mm™!
Gratings
Ruled area 25 mmX 25 mm
Beam splitter Size 25 mmX25 mmX 25 mm
Pixel numbers 1024X1 024
CCD -
Pixel size 13 pmX13 pm
Diameter 50 mm
Collimation lens
Focal length 75 mm
Diameter 62 mm
Imaging lens ~
Focal length 105 mm
s 10 m , 532 nm
(Semrock 1LP03-532RE-25)
R N 532 nm .
575 nm (Edmund Optics # 84-709)
532 nm . —50
C, 23~25C, s
532 nm,
4, 4 em™t,
1760 cm™*, s

63~1 308 cm™ ',
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s 532 nm (Semrock NF-01-532U-
25) o s
2.2
° 3 : (a)
(10m ), (b , (o)
¢ 400 (d) (65 536 , 800
Do
18 810 cm™ ' (531 6 nm), 4,3 em™ ', 2
1720 cm™!, o 546. 075 nm Fig 2 The layout of the experimental breadboard
5 9cm ™!,
° [ S(C) ]5 °
3 (a) 5 (b) ; () ; (d)

Fig 3 (a) The raw interferogram of low pressure mercury lamp; (b) The interferogram after flatfielding; (c) Cross-sections of the

raw interferogram and the interferogram after flatfielding; (d) The recovered spectrum of mercury lines
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s s 196 mW, 30 s .
, 4(b) s 4(e) )
10 m,
3 . 12
mm, 51, 196 318 mW
1 (NH, NO;) ) 4(a) 45.1,173.3 281 2 mW + em™?,
4 (a)l0 m NH,NO; , 196 mW, 30 s; (b) ;
(c) ) NH, NO;
Fig 4 (a) The raw interferogram for NH,NO; at a distance of 10 m, the laser power is 196 mW, the integration is 30 s; (b) The
interferogram after flatfielding; (¢) The Raman spectra of NH,NO; at different laser powers or integratioo times
s 51 mW 5 (a) (K.S0,) . (CaSO, -
715 1043 em™! . 2H,O) . (CaCO3) (S10,)
100~600 1 200~1 600 cm™* 318 mW, 60 s
R S, ( 10 s, 6 )
N, )
715 cm ™! S/N 29,5 0, . s 1007
10. 2, 10. 6 10. 45 1 043 em ™! 30. 1, cm ! , 414,493 1136 cm ! s
49. 9, 755, 72.0  69. 6, . .
, 500 2 2
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5 (a) ; (b)

Fig 5 (a) Raman spectra of inorganic solids; (b) Raman spectra of organic liquids

2 o
Table 2 The estimated SNR of the spectra
for inorganic solids 3
Samples Raman shift/cm ! SNR Table 3 The estimated SNR of the spectra
454 3L 0 for organic liquids
K, S0, 679 24. 1 Samples Raman shift/cm ™! SNR
983 159. 1 314 38 6
414 L8 ccl 459 85. 3
CaSO, « 2H,0 493 L7 803 28, 8
1 ooz 16 Cyclohexane 1029 33
282 6. 6 1267 L9
CaCO; 711 3.0 Acetone 786 117
1 085 30, 6 Ethyl Alcohol 884 5
Quartz 464 16. 6
6 o
5(b) (CClp) . . 318 mW, 60 s(
. 318 10 s, 6 ). s .
mW, 60 s( 10 s, 6 ). 1 s ; 2
. . s ; 3
o , 3, . s
3 s s . 1,
s , : 21, 14, 13 6; 2, 1085
) . cm ! 51,
s s 7
o 318 mW, 60 s(

s 10s, 6 ) ’
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464 cm™!

464 cm™!

o 1.2,36,338,

6

Fig 6 The spectra of a rock containing calcium carbonate

7

Fig 7 The spectra of some stones containing quartz

SHRS
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Abstract Spatial heterodyne Raman spectroscopy (SHRS) is a new type of Raman spectroscopic detection technique with
characteristics of high optical throughout, high spectral resolution, and no moving parts. SHRS is very suitable for the planetary
exploration missions, which can be used to the analysis of minerals and find the biomarkers maybe exist on the surface of planeta-
ry. The authors have applied the technique to the standoff Raman spectroscopic detection, analyzed the main characteristics, in-
cluding spectral resolution, bandpass and signal to noise (SNR), of standoff SHRS and proved it through experiments. The bas-
ic theory of standoff SHRS has been described briefly while a breadboard has been designed, built and calibrated. On the basis,
the Raman spectra of some inorganic solids, organic liquids and some natural minerals have been achieved at a distance of 10 m,
the SNR of the breadboard has been estimated. Due to the poor adjustment and the defects of the optical elements, the bread-
board is far away from an ideal system. But the results show that the SNR is better than 5 for most of the main Raman peaks of
the samples, which can meet the basic requirement of clear positive detection of typical Raman peaks and the feasibility of stand-
off SHRS has been proved. SHRS can overcome the main defects of dispersive grating Raman spectrometers and Fourier trans-
form Raman spectrometers and it has a great application prospect on the detection and analysis of the planetary surface. The
work of the authors can prove the potentiality of SHRS on standoff detection and can provide reference for the engineering reali-

zation of standoff SHRS.

Keywords Spatial heterodyne Raman spectroscopy; Standoff detection; High spectral resolution; Interference; Fourier trans-

form
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