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Laser power measurement systems based on lock-in amplifiers and LabVIEW

ZENG Xiangui, XIA Jing, HU Tonghuan, YANG Qinglin
(School of Physics and Microelectronics Science, Hunan University, Changsha 410082, China)

Abstract: In order to reduce the impact of noise on laser optical experiments, a lock-in amplifier and an optical
chopper were used. The laser was modulated at a specific frequency by the chopper and the frequency was sent to the lock-
in amplifier as a reference signal. The useful signal was extracted with the lock-in amplifier based on the coherent detection
method. In order to relieve the operator’ s labor during experiments, an automatic software system under LabVIEW software
platform was developed to operate the experiments and record data automatically, which greatly simplified the operation
process. The results show that measurement noise of this method reduced from 9. 1% to 4. 7% compared with laser

intensity measurement with a power meter directly. The automatic software system saves more than 50% of time compared

with manual recording of data.
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Fig. 1 Functional module of SR850 lock-in amplifier

BRGS0 F (1) +F, (), b F () A
RS F, () SR, S EBIEE SN FlgG (1)
WF (1) =Vsin(wt +0,) ,F (1) =V sin(@, +0,) o
Hp VoMV, e nl o A MG 5 S 5 0 iR R
{Eo MEAETCHR 58 , MAL LA— RN ], B F, (1) =
Visin(w, +6,) , Ho V, 7R M5 {55 79 v B R .

KA R St A, A M 5 525 s
TR

F (1) F (1) = Vsin(ot +6,)V, sin(w,; +6,,) =

%Vivmfcos[ (ws - wrcf)l + (ea - 91‘:‘,{)} -

%Vs Vl.e[COS[ (ws + wref>t + (05 + ax'ef) :I (1>

M 7 5 225 R AR AN T TR
F.()F (1) = Vsin(w,t+06,)V sin(w, +6,) =
%anrefcos[ (0, —w )t + (0, —0,)] -
SV Vaseos (0, + 0,00+ (6, 40,01 (2)
HFSE 55 RS54 B S5 05R4% — 2
(ETHESAMER), Al o, = 0.0 TT—BF o, #

0 B FURI(2) S PAT 00 L5555, B V.V,



5539 % 553 M TR S A LabVIEW f938O6Th 2R R 58 297

cosO(i% M1 1 H) R, 1T 6=6, - 6,,, WA 5D
SEEESIMG%) KRGS YN RTM. %H
WAEES5 VO RIE . MBS 25— IR 3 il 5, o
TR 3R V.

TN A 8 6 A9 22 45 A 2 90°, BRIt
TEF P A i IE S, B 51 X = Vcosh, ¥ =
Vsing, HHEMAGSHIRANR = VX +V %EAK
WIS %5 550 S 5 2 M A 22, % 2R 1%

HIBLY: T4 58 6 = aretan 3158

2 X

2.1 ERREE

g8 b, B s S s S — BRI O 6 5
FE BRI 2 SRR T SR Ik
MOEZ I SRS FTAE BN AR B SEHER SO
B R LS B S R OB R

n sample
" photoelectric| |
laser ” probe computer
attenuation

Fig.2 Light path of traditional laser power measurement
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Fig.3 Laser pulse observed with an oscilloscope
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Fig. 4 Light path access of a lock-in amplifier
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Fig.5 Basic setting of a lock-in amplifier
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Fig. 6 Data recording and format conversion
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Fig.7 Data saving
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Table 1 Measurement data with a power meter

intensity of laser measured for 60 times with a power meter

1.030439 0.992703 0.996557 0.950289 1.007086 1.041128
1.037374 0.988599 1.004234 0.963013 1.019962 1.023288
1.041399 0.983621 0.998424 0.970517 ~ 1.007978 1.002397
1.034007 0.986840 0.975548 0.974296 0.985784 1.032231
1.016296 0.985934 0.981651 0.968423 0.988822 1.041089
0.997856 0.979244 0.985111 0.964702 1.010039 1.039149
0.993145 0.979162 0.991013  0.988314 1.024922 0.997879
0.997113  0.989679 0.991023 0.998728 1.036479 0.987995
0.999067 0.975941 0.985243 1.002661 1.033130 1.002868
0.999837 1.004550 0.969125 1.014724 1.036190 0.995184

Table 2 Measurement data with a lock-in amplifier

intensity of laser measured for 60 times with a lock-in amplifier

.023317 0.989519  0.996383  0.988824 1.028182 0.995688

1.020536 0.991517 0.995688 0.994298 1.026097 0.992212
1.015758 0.993602 0.994298 1.001943 1.024012 0.990127
1.008807 0.994298 0.991517 1.007417 1.019841 0.988824
0.999858 0.994298 0.988824 1.013673 1.014368 0.986739
0.992212  0.995688 0.986739 1.019841 1.010197 0.986044
0.988129 0.996383 0.984653 1.024012 1.006027 0.986044
0.986044 0.996383 0.982568 1.026792 1.003247 0.986044
0.986044  0.996383 0.983263 1.028790 1.001248 0.988824
0.987434  0.996383  0.985349 1.029485 0.999163 0.990127
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Table 3 Comparison of measurement effect

maximum minimum variance error

power meter 1.041399 0.950289 0.000515 9.1%
lock-in amplifier ~ 1.029485 0.982568 0.000199 4.7%
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