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Abstract Handheld Raman spectrometer probe system shares the same optical configuration for illumination and
light receiving. Thus, stray light caused by multiple reflections of laser, expect for Rayleigh scattering, is a problem
to be solved for this kind of probe system. By real ray tracing method, setting up reasonable stray light analysis
model and theoretical calculation, we get the total stray light information, together with our actual prototype
structural data, such as the size and location of focus, emergent direction, energy in the slit and so on. Then a new
approach of stray light suppression for spectrometer probe system that uses black board to block the stray light is
proposed. The size and location of the black board are determined according to the analysis of the stray light. The
optical simulation analysis results show that the black board suppresses stray light to the level of 10" in Raman
spectral region. This satisfies the requirements of the handheld Raman spectrometer. With black board method,
almost 50 % of the laser reflection with incidence angle larger than 2° on the notch filter can be filtered.
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Fig. 1 Optical system of the handheld Raman spectrometer
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Table 1  Optical pa

rameters of probe system

Diameter /mm Radius /mm Thickness /mm Index of refraction
Sample Infinity 20
Collecting system 16 37.309 7 1.51637
O, 16 —16. 839 16 1
DBS 25 Infinity 3.5 1.72
Splitter 25 Infinity 16.77 1
25.4 Infinity 6.3 1.52308
NF
25.4 Infinity 10. 3 1
15 27.981 8 1.563882
15 —8.324 3 1.67764
15 Infinity 20 1
Converging system O,
13 7.842 8 1.563882
13 —9.781 4 1. 67764
6.6 4. 264 54 1
Slit Infinity
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Table 2 Parameters of Raman probe

Parameter Value
Laser wavelength /nm 78540.5
Laser beam diameter /mm 2X2
Laser bandwidth /nm 0.2
Laser-sectional radius w /mm 0.3967
Peak optical density in blocking region 6
Slit width /mm 0.05
Slit length y /mm 2
Transmittance of dichroic beam splitter ¢ 0.5
Reflectivity of dichroic beam splitter » 0.5
Transmittance of lens O; T 0.99
Reflectivity of lens O, R 0.01
Transmittance of converging system O, 1
Rayleigh scattering intensity coefficient « 1073 ~10"°
Raman scattering intensity coefficient 8 10 ~10""° ¢
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and multiple reflections of Rayleigh light on the lens O,
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Table 3 Preliminary calculation of stray light's energy

Parameter Formula Value
I, TXT 0.98
I, TXRXT 9.8X10°*
I. TXR*XT 9.8X10°7
I, TXR XT 9.8x10 "
I. TXR'XT 9.8X10° "
I, R 107
I T XaXT* 9.6X107"'~9.6X10"°¢
I, T* XagXR*XT 9.6X10 %~9.6X10" "
I, T* XaXTXR'XT 9.6X10 " ~9,6X10 "
I I, XaXBgX T 9.6X107"~9,.6X10""
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Fig. 4 Actual ray tracing in dichroic beam splitter
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Table 4 Analysis of the laser reflection stray light

Diameter of optical

Incidence Diameter / Focus Diameter-focal
line on the 2 /mm T
height /mm mm position /mm  point /mm
slit D /mm
Third reflected 0° 0.075 0.156 —9.6863 1. 9884
light 5' 0.076 0.158 —9.6863  0.00271 2. 6086 0.0790  0.076
Fifth reflected 0° 0.035 0.020 2. 3445 1. 9869
light 5' 0. 064 0.037 2. 3444 0.02355 2.5591 0.5819 0. 064
First reflected light 0" 0.070 0.055 3.5072 1. 9661
from front surface 5’ 0. 070 0.255 3.5072 0. 00258 2.5553 0.5690  0.070
First reflected light ~ 0° 0.037 0.074 —8.4195 1.9933
from rear surface 5’ 0. 068 0.136 —8.4194  0.02448 2.5854 0.6081  0.068
5 EFDCIIE S
Table 5 Analysis of the Rayleigh scattering stray light
Entrance aperture  Diameter / Focus Diameter-focal Diameter of optical
angle /rad mm position /mm point /mm line on the slit D /mm % /mm
Second reflected
0.00328 0.0756 4.9035 0.0426 2.5402 0.5536
Rayleigh light
Transmission
0. 2895 13. 4568 256.558 1. 0202 6.6362 4. 6397
Rayleigh light
6 PREELHULREEITE
Table 6 Calculation of stray light's energy on the slit
Parameter Formula Value
I X7 2.4X107 7 ~2.4X10""
L I, X#* Xy Xt 1.715X10° "
I I. X2 XyXe 1.862Xx10™ "
Il I, X8 Xy X ¢ 1.568 10"
I I, X* X yX¢ 1.7X1071"
I I X ¢ 2.4X1077~2.4X107"
I’ I X2 Xy 2.4X1071
I I, X" Xy 2.4X107 "
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Table 7

ZHOLHY
Analysis of other stray light

&b

] ) Diameter range of
Incidence height ) )
optical line on

Diameter range of
Focus position
) optical line at the Stray light
range after passing

range /mm O, /mm through O, /mm focal point after energy
' g passing through O, /mm
. 0.67633~ —9.6881~ 1. 621 %
0 0.325~1 : o _ 02
Third.rcflcctcd 2.0897 9.7045 10
light o 0.311-1 0. 64717~ —9. 6879~ 0. 0027092~ 1.654 %
0 : 2. 0897 —9.7045 0.027212 1077
. 0.16312~ 2.3413~ 1,724 X
0 0.282~1 : : -t
Fifth reflected 0.57463 2.3028 10
light o 0.279—1 0.16139~ 2. 3413~ 0. 023544~ 1.731%
K nen 0.57463 2.3027 0. 023407 101
. 0. 24475~ 3.5049~ 1,657 X
0 0.310~1 y : —3
First reflected light 0.78938 3. 4811 10
from front surface . 0. 3051 0.2408~ 3.5049~ 0.025831~ 1. 669
° OV 0.78938 3.4811 0. 025817 10°?
. 0.58618~ —8. 4182~ 1. 698 X
0 0.293~1 : e - 078
First reflected light 2.0071 8.4046 10
from rear surface o 0. 281 -1 0.56216~ —8.4183~ 0. 024496~ 1.726%
° : 2.0071 —8.4046 0. 024697 10°°
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