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Fore optical system design for remote laser Raman

spectrum detection system

Wang Shuai', Xia Jiabin'?, Yao Qifeng', Dong Mingli', Zhu Lianging'?

(1. Beijing Engineering Research Center of Optoelectronic Information and Instruments, Beijing Information Science and
Technology University, Beijing 100016, China;

2. School of Instrument Science and Opto-electronics Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: In order to realize the Raman spectrum detection of high spatial resolution of remote material, a
fore optical system of the common aperture remote laser Raman detection system was designed. The
common aperture structure was applied in the optical system to realize the common aperture and common
optical axis of the laser emission system, the Raman light collection system and the micro area imaging
system. The designed optical system can focus the laser to reduce the size of the laser spot, so that the
system has a better spatial resolution than the 0.125 mrad. The effective aperture of the Raman light
collecting lens is 50 mm, Raman scattering light image height in coupling lens focal plane was less than
25 wm, space optical coupling can be directed to spectrometer with the slit width of 50 wm, optical fiber of
50 wm core diameter can also be employed for coupling this optical system and spectrometer. The system
can be used for laser focusing, Raman detection and micro region imaging of long distance materials.

Key words: Raman spectroscopy; optical system design; laser; common aperture
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Fig.1 Schematic diagram of the structure of common aperture optical system for remote laser Raman spectrum detection
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Tab.1 Structural parameters of optical system

Surface Radius/mm Thickness/mm Glass Diameter/mm
1 313.9 8 H-K9LGT 54
2 -109.4 0.5
3 -112.85 5.5 H-ZF6 54
4 -345.76 1.0
5 125.89 6.0 H-ZK3 54
6 501.574 157.23

~141.77
7 -37.296 3.0 H-ZK3 16
32.002 2.7

9 -27.643 3.3 H-ZF6 16
10 -18.32 0.5

11 -36.64 2.5 H-K9LGT 16
12 -70.63 22.3

13 INF 2 F_SILICA 36
14 INF 29

15 INF 25.4 H-KOLGT 25.4
16 INF :

17 INF 3.5 F_SILICA 25
18 INF 1

19 INF 3.5 F_SILICA 25
20 INF 1
21 INF 3.5 F_SILICA 25
22 INF 10
23 36.07 6 H-KOLGT 16
24 -15.525 2.0 H-ZF6 16
25 -63.53 0.7
26 12.11 5.5 H-ZK3 16
27 33.76 16.944
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Fig.2 MTF of optical system at 2 m distance
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Fig.3 MTF of optical system for 5m distance
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Fig.4 MTF of optical system at 10 m distance
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Fig.5 MTF of optical system at 20 m distance
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Fig.6 MTF of optical system at 50 m distance
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Tab.2 Imaging performance of optical system
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Fig.8 Spot diagrams through defocus of optical system
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Tab.3 Tolerance data of optical system

Thick- R Surface  Surface Element Ele-
Radius Irreg .
ness /Frinces /Fringes dec tilt dec ment
/mm & &5 mm /() /mm gl
0.05 2 0.2 0.03 1.2 0.03 1.2

T I AR RN R R Sy B, AR BT DL 2
250 0.5% , Jr iR 2R 0.001

Fe 3 3 W TTHF S 22 B BHA 253647 2 IR R
30T, IELASS 6 R AR MR 2 A4ME S 1 AMEH T
NEGIRIER DA, BAIZE R R 2R e A
ZEIEAT P S AR PR R L , A 90% 1Y 7 b I AR

OBJ distance  Paraxial image RMS Spot .
. K Geo radius/pm
/m height/pm radius/pm
6.25 2.549 5.07
ki 6.25 2.943 7.298
10 6.25 3.120 7.872
20 6.25 3.195 8.092
50 6.25 3.234 8.203

RMS }A42/NF 3.34 pm, SEALI S5 AT L5, A
ANZEGREREEAR RSN 38 i 22 43 BT
ATRVE Y, RGN TAZBEN IR, N T RE L%
S A T ZR G000 S il
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Fig.9 Integrated optical system for experiment
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Fig.10 Raman spectrum of powder
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