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Time-Domain Fluorescence Lifetime Measurement and Analysis
Using a Streak Camera

Wang Yan Li Heng Qi Jing Shao Yonghong Qu Junle Niu Hanben
(Key Laboratory of Optoelectronic Devices and Systems of Ministry of Education & Guangdong Province ,

Shenzhen University, College of Optoelectronic Engineering, Shenzhen , Guangdong 518060, China)

Abstract A method which describes the impulse response function of the fluorescence lifetime measurement system
that based on a streak camera using Gaussian function is presented, and a mathematical model which is used to fit the
fluorescence decay curves in time-domain is established. The data of the impulse response function of the time-domain
fluorescence lifetime measurement system built using the Gaussian function are fit. The goodness of the fitting is
greater than 0.995. The fluorescence lifetime of the standard fluorescent dye Rose Bengal is measured and the data
using the mathematical model are fit. The average goodness of fitting is greater than 0. 996 and the standard deviation
of lifetime is only 1.7 ps. Experimental results show that the mathematical model is reliable and accurate in
processing the time-domain signal obtained by fluorescence lifetime measurement system that is based on a streak
camera. The method presented simplifies the deconvolution calculation, improves the precision of lifetime
measurement and can be used to process time-domain signals obtained by other systems.
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Fig. 1 Experimental setup for measuring the system
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Table 1 Fitting of impulse response function fitting

Time 1 2 3 4 5 6 7
First 0.9975 0.9975 0.9987 0. 9985 0. 9969 0.9961 0.9975
Second 0.9979 0.9980 0.9980 0. 9980 0. 9981 0.9970 0.9977
Third 0.9974 0.9972 0.9978 0.9971 0.9975 0.9961 0. 9970
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Fig. 2 Fluorescence lifetime measurement system

based on a streak camera
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Table 2 Fitting result of Rose Bengal fluorescence decay curve

1 2 3 4 5 6 7 8 9 10 Mean value Std err
z /ps 533 534 534 536.47 536 534 534 531 531 533 534 1.7
%’f‘;ﬂﬁfg 0.9963 0.9962 0.9954 0.9967 0.9967 0.9967 0.9953 0.9962 0.9962 0.9960  0.9962  0.0005
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