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Abstract 1
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result.

Aiming at the disadvantage that the traditional measurement technique is sensitive to the incident direction
nanosecond laser is measured based on integrating sphere

of incident light, a beam-split technique of high power laser multi-parameter measurement based on integrating

sphere is proposed. Numerical analysis and simulation about attenuation rate, time waveform of emergent light, and
Experiment and simulation results show that spectrum parameter
used in laser parameters measurement
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time waveform recovery of incident light are carried out by Monte-Carlo method, which validate the feasibility that
direction of incident light has great influence on the parameters of the emergent light in traditional technique
measurement;

the integrating sphere can be used as beam-splitter in laser measurement system. The energy and time waveform of

incident light can be recovered by measuring the parameters of the emergent light
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asibili
T'he theoretical analysis matches well with the experiment

when the light-split technique is
; Monte-Carlo method
120.3150; 030.5290; 040.1880; 140.3295
=i
i 2 15 24 B 2R

energy parameter and time parameter of

The proposed technique can conquer the disadvantage that the incident

S . The

proposed technical proposal possesses small volume and is easy to integrate, which can be used in modular design of
beam-splitter integrating sphere

modular design
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Fig. 1 Multi-parameter measurement system based on integrating sphere
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Table 1 Initial parameters

Parameters of integrating sphere Parameters of incident laser
Radius of integrating sphere: 8 cm Number of photons: 10°
Radius of A aperture: 1 cm Time waveform: Gaussian pulse
Radius of B aperture: 1 cm Pulse width: 3 ns
Radius of C aperture: 1 cm Spatial distribution: flat-top beam
Radius of D aperture: 1 cm Beam size: 1 ecm X1 cm
Reflection: 99 % Incident direction: a=0°,5=0°

P 2 iy BT R S BR &G 4 1R

Fig. 2 Integrating sphere structure in stimulation
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Table 2

Statistics of photon number

Stimulation

Photon number in

Photon number in

Photon number in loss from aperture B, C, D

Remaining

material absorption loss from aperture A B C D photon number
1 390777 152219 152132 151802 152093 977
2 391271 152183 151913 151543 152107 983
3 391156 152331 151519 151816 152192 986
4 391423 152548 151814 151467 151772 976
5] 392592 152248 151497 150840 151838 985
6 391410 152223 151907 152332 151144 984
7 390682 151928 152283 152405 151720 982
8 391798 151738 151840 151793 151864 967
9 392254 151970 151959 151596 151229 992
10 391232 151897 151693 152144 152040 994
Average 391459.5 152128.5 151855.7 151773.8 151799.9 982.6
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Fig. 3 Time waveform simulation of emergent light. (a) Number of emergent photon time statistical distribution;

(b) normalized number of emergent photon time statistical distribution; (c¢) emergent light time waveform curve
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Fig. 4 Influence of width of average filter on recovery time waveform of incident light. (a) Photon number is 10°;

(b) photon number is 5X10°; (c¢) photon number is 10°
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Table 3 Attenuation rate of emergent light

. ) . a=0° a=0° a=0° a=0° a=0°
Incident direction . R . . .
B=—30 p=—15 B8=0 8=15 8=30
Attenuation rate of aperture B 15.19% 15.17% 15.19% 15.18% 15.20%
. ) . a=—30° a=—15"° a=0° a=15° a=30°
Incident direction R R . . .
B=0 B=0 B=0 B=0 B=0
Attenuation rate of aperture B 15.19% 15.18% 15.19% 15.20% 15.19%
(a) 1.0 (b) 1.0
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Fig. 5 Recovery time waveform of incident pulse in different incident directions. (a) Incident direction is

on yoz plane; (b) incident direction is on xoz plane
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Fig. 6 Experimental light path figure of energy measurement
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Table 4 Experiment data of energy measurement

Angle —20° —10° 0° 10° 20°
Energy meter /m] E, E, E, E, E, E, E, E, E, E,
0.59092 1.4096 0.5976 1.42 0.605 1.424 0.60458 1.4346 0.60092 1.4108
0.6854 1.634 0.69704 1.6518  0.6953 1.639 0.69744 1.6546  0.69426 1.6268
0.7971 1.9032 0.80796 1.9306 0.8051 1.8876  0.81396 1.922 0.80464 1.8846
0.92718 2.1978 0.94112 2.226 0.93794  2.2074  0.95184 2.2562 0.93212 2.183

1.0798 2.5538 1.087 2.5792  1.0942 2.5492  1.0996 2.6154  1.0814 2.5334
1.2586 2.9818 1.266 2.9978  1.2686 2.996 1.2756 3.0348  1.2522 2.9468
1.4494 3.4384 1.4676 3.4804  1.455 3.4434  1.475 3.4874  1.453 3.4006
1.6706 3.9606 1.6758 3.9712  1.6794 3.9814  1.6938 4.0148  1.6754 3.9424
E,=2.3603E,+ E,=2.3650E, + E,=2.3807E, — E,=2.3699E, + E,=2.3533E, —
Fitting equation
0.0142 0.0074 0.0256 0.0014 0.0076
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Fig. 7 Experimental light path of time waveform measurement
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Fig. 8 Time waveform recovery process. (a) Time waveform by direct measurement; (b) time waveform of emergent light

of integrating sphere; (c¢) recovery time waveform by algorithm; (d) time waveform filtered by average filter
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Fig. 9 Recovery time waveform in comparison with different incident angles. (a) Direct measurement;
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