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Study on calibration system and method of femtojoule laser energy meter
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Abstract: In order to solve the calibration problem of the femtojoule laser energy meter, a special calibration
system and method were proposed. The combination of fixed and variable two-stage attenuation mechanism
was adopted in this system, which realized the calibration of laser energy meter with response wavelength of 1
064 nm, pulse width of 5 ns~1 ps and energy of femtojoule. The working principle, equipment composition
and method of the calibration system were described. The key components and engine performance of the
system were also described, and the corresponding test results were given: the uncertainty of energy repeat
measurement was 3%, and the measurement uncertainty of the system could reach to 11%. Finally, the future
improvement direction of the calibration system was proposed.
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Table 1 Laser energy detection values of different working current
/A ekt i)
1 2 3 4 5 6
W RE R 12.84 12.88 12.86 12.88 12.84 12.84
200 ZH Rttt 14.49 14.49 14.54 14.47 14.47 1451
WL RE R 11.78 11.71 11.73 11.71 11.71 11.69
500 E=din ey 11.84 11.87 11.87 11.78 11.87 11.82
WA R T 9.04 8.93 8.97 8.99 9.08 9.02
700 .
Egia ey 9.06 9.02 9.04 9.06 9.11 9.08
W R 6.48 6.44 6.37 6.44 6.41 6.46
600 ZHheRt 6.5 6.5 6.44 6.48 6.48 6.5
W RE LT 4.03 4.03 3.99 4.01 3.99 4.03
200 Z%hemit 4.06 4.08 4.03 4.06 4.06 4.03
W RE LT 1.95 1.954 1.956 1.952 1.956 1.954
400 E=din ey 1.97 1.995 1.981 1.992 1.986 1.981
300 WAL 0.354 0.363 0.37 0.363 0.363 0.354
ZEHenit 0.372 0.374 0.37 0.372 0.365 0.368
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Table 2 Situation of beam splitting ratio varied with energy

WOt TR H/mA 2 RER TR E/n) WELRE 7R (B /) TS/
800 11.84 1.72 1.010 237
700 9.06 9.01 1.006 293
600 6.48 6.43 1.007 772
500 4.05 4.01 1.009 975
400 1.98 1.95 1.015 385
300 0.37 0.36 1.027 778
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Table 3 Configuration of the first group absorbent neutral

filters
b uiEs PRk
1# FSR-OD300 0OD300
2# FSR-OD70 OD70
3# FSR-OD60 OD060
4# FSR-OD50 ODS50
S# FSR-OD&0 ODS80

R4 F2HERWEPHIELREE
Table 4 Configuration of the second group absorbent

neutral filters

i 5 PRak
1# FSR-OD30 0D30
24 FSR-OD20 0D20
3¢ FSR-OD10 OD10
4# FSR-ODI5 oDI5
S# FSR-ODO05 0DO05

x5 FEIHERPHEAREE

Table 5 Configuration of the third group absorbent neutral

filters
P R ks
1# FBR-ND20 ND20
24 FBR-ND15 NDI15
3# FBR-NDO02 NDO02
4 FBR-NDO5 NDO5
S# FBR-ND ND30
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Fig. 2 Fitting of filter 1# transmittance



- 714 - N b= 54145 2R 4 )
pa D B A T B
ﬁﬁj‘; _ : 7=0.024 (2)

%gi REi2l1-S WA s U R ES N )

#0010 T=-4.92058x107°E +0.043 362 (3)
o | B H AR AL T

0 50 100 150 200 250 300 -6
fit/p) 7=-3.702%x 10" E +0.043 838 (4)
B3 BT RUAER SHIEE S R G TR
Fig. 3 Fitting of filter 2# transmittance T=-2216%x10°E +0.055 849 (5)
B MR FEIRER T , BeR 2 4. B3 AIE R
o e e AR ROR S T, AT /D T, B
s | UL A 565 R T 44 B B 46 P T 1 i

3 0.0430 % .

2 000 O T, s BT L IF, 23 B 1 b O A 3
oons Wiiien 5 BN OB B (3 459
00415 T T B LUE, AFBER T, U8R W& L R A 1F

figit/pJ AR HNE . HurIRATE H M AR —Fh
4 3HERFIETEBAER PRI, A UEE i o R MRy 1 i ik
Fig. 4 Fitting of filter 3# transmittance TR,
SCHCAER I ROCRE R, LR Z g h
i%ﬂ; IR A — ] AR Rk s, e B R AR — A
00440 A /INBE B2 Y PR PN S B R O, R 0N B A0 3 (B F AT

s | RS

e % 90, OB B4 1k 1 00 B, 6 OD=1 #0 i1

00432 . PR UE G R, 3 IH O #% AR X RO B S B
o ST 100 pJ 7247, 100 pJ O At fik 28 5 172 st 24 AT 2 56 i

O ey e 28000 £ 565 T 3K F) 450 £, A O% A ik i
5 R EIETER AR HYSEIRAIL AT
Fig. 5 Fitting of filter 4# transmittance 24 &QTKEIQEW%%
B8 T AR R el R R R G R — A
e BRPEL SR 0 O LR A
0.0570 ——FFI2 7S B PN 2 A7 32 ek, 40 SR ARAS BIRE ME ) RS
00565 Lt el 1, R U 8 0 S8 R B AT R U A

% 00560 ﬁ : B T 0 T AR Y 4 SSEI Y L,

S A CTE TS LD TS SUME STES (d
IR TS 0 S0 A0 TS, T DL/ M B T 0 i o
005507 50 100 Ablﬁ_g J 200 250 300 AT S B R RS B 9 4 B RO RE B0

fEi/p
E6 SHENE BT ERAR R, = e
Fi ig..6 F ittiliffilte:irinsi:tince 3 _K EE" Z& ;%Sl ﬁlﬁ ﬁg = ;)n\IJ = Z: ﬁ% TE_' rg ﬁ 1:)-?
i CER R R RS CER RO

VBT B A T BN PR IR AR R B 2 B SR,

7=3.88186x10°E+0.006 419 (D XPRE R TFHEAT T 10 YO, HASH E B 40 A 1 AL

Kb E A TEEE  ERYRERE

* 6,



REHG2: 2020, 41(4)

Z& O, S WERBOLRE B R G S R IT o 715

Fo6 HAHENETHEESNT

Table 6 Uncertainty analysis of laser energy measurement

N B REEE % 25
SRR ANERE T A BIAHE B 43 0.6 B
S A AN RS LA A B 04 B
PRUEGRE T | A BB 1 4 1 4 B
AR ER R B I H | AR B ) 15 B
TR ST LS LA S i 15 B
RATEWE | A A 5 B i 02 B
R TR I N BE S S0 5 L AN 2 43t 0.1 B
PRI 6 L BE 5 ) A AN 0.5 B
TR R GEARLRNE S| ARIRHE 53 1 03 B
FEHL PR AN | A2 AN o B 4k 02 B
B RAE R G R ATE B 03 B
fiE i E 2 M 5 R R B 3 A

AT bR 2 5.5

A AN A2 BE (k=2) 11

4 LHiL

RAEHPOCRE BT RME R GE S I 1 X i 1 i
£ 1064 nm, k5 5 ns~1 us AEOGHEE =11
TE QAL G RE 53 B P AR o, 00 S A B RT LA
KEN 11%(k=2) . TERUNRE A RS T, B ATt
il P A T 2R G LA T b PR S e R i) i o R

JE R LA AR 20, LBl T S —
BRZE . A T S ER I &, N — DI ATTH
)P v G i S RN 2R 4 1 AN B AR T
TR

S E 3 H:

[1] SUN Lijun. Measurement of pico-joule optical pulse en-
ergy[J]. Semiconductor Optoelectronics, 2003, 24(4):
254-255.

INIZE. R AEED KR R (1], 2k S440EH, 2003,
24(4):254-255.

[2] LU Guorong, WU Hongcai. Research of calibration
method for high energy laser energy meter[J]. Acta
Photonica Sinica, 2007, 36(6): 982-985.

XVE 2, SRUEA". = RO GRE TR HE IR 9T LT 06
F44), 2007, 36(6): 982-985.

[3] HU Taiguang, WU Aiqing, LIU Qiuhua. The optical vari-
able attenuators[J]. Study on Communications, 1993(1):
22-26.

[4]

[5]

6]

[7]

[8]

(9]

[10]

[11]

[12]

I, SZ, KB, SRl AR 2 s (1], Sl
T, 1993(1): 22-26.

LI Ying, JIANG Xiaoqing, LI Xihua, et al. Research de-
velopment of variable optical attenuator[J].
Communications, 2004(4): 67-70.
B IR, A, oL R
JE L] L FEWSE, 2004(4): 67-70.
CHEN Juan, YANG Hongru, YU Bing, et al. Measure-

Study on

S U A Y AT 9T

ment method for femto-Joule level pulse laser energy[J].
Journal of Applied Optics, 2014, 35(3): 525-530.

WRIA, i fh, aris, 45, RGO L RE iy
W5 (71, Wi 6, 2014, 35(3): 525-530.
RASMUSSEN A L, SANDERS A A. Transfer standards
for energy and peak power of low-level 1.064 micrometer
laser pulses and continuous wave laser power[J]. Optical
Engineering, 1986, 25(2): 277-285.

LI Gaoping, LIU Guorong, LI Siwei, et al. High precision
micro energy laser calibration technology[J]. Journal of
Applied Optics, 2013, 34(1): 148-151.

BT, XU 2, 22004k, 45 SR RO G IR B A e
Mﬁa“{[J].njFHﬁ'ﬁ%,zom, 34(1): 148-151.

GAO Xuesong, GAO Chunqing, GAO Mingwei, et al. In-
vestigation and evaluation of cuneiform prism and neutral
glass slices used as laser attenuator[J]. High Power Laser
and Particle Beams, 2006, 18(2): 189-192.

RN, B, MU, . R RO S EN R R S
TR R GRS S I (D], RO SR, 2006,
18(2): 189-192.

RODNEY W, LEONHARDT. Low-level pulsed 1064 nm
laser radiometer transfer standard[J]. Digital Library,
2011, 28(58): 151-159.

CAO Yuansheng. Study on stability of output power of
CW Nd: YAG laser[J]. China Measurement Technology,
2003, 29(6): 3-5.

LA JEZEN: YAGHOG & il D A8 E PRI (0]
AR, 2003, 29(6): 3-5.

LIU Xiaojun, SONG Hao, WANG Yimin, et al. A novel
laser beam splitter[J]. Journal of Applied Optics, 2008,
29(1):31-34.

XIWEZE, R, £45 1), & —FhOET1
THOT. R, 2008,29(1): 31-34.
MU Tingkui, LI Guohua, PENG Handong. Study of the

(573 AR B

attenuator for the high extinction ratio testing system [J].
Laser Technology, 2007, 31(1): 71-73.
FRAEfE, AR AR, SRR, ST Ll R 4 A 1


https://doi.org/10.3969/j.issn.1001-5868.2003.04.011
https://doi.org/10.3969/j.issn.1001-5868.2003.04.011
https://doi.org/10.3969/j.issn.1005-8788.2004.04.022
https://doi.org/10.3969/j.issn.1005-8788.2004.04.022
https://doi.org/10.3969/j.issn.1005-8788.2004.04.022
https://doi.org/10.3969/j.issn.1001-3806.2007.01.003
https://doi.org/10.3969/j.issn.1001-5868.2003.04.011
https://doi.org/10.3969/j.issn.1001-5868.2003.04.011
https://doi.org/10.3969/j.issn.1005-8788.2004.04.022
https://doi.org/10.3969/j.issn.1005-8788.2004.04.022
https://doi.org/10.3969/j.issn.1005-8788.2004.04.022
https://doi.org/10.3969/j.issn.1001-3806.2007.01.003

716 -+ N H

A% 4

[13]

[14]

[15]

T LI, OEHER, 2007, 31(1): 71-73.

LIU Yun'an, PENG Handong, LI Guohua. Continous-ad-
justable light intensity attenuator of circularly polarized
light[J]. Physics Experimentation, 2007, 27(2): 30-32.
X%, AR, ZEE AR, R S T IR Y 18] f 4 0t 2
Ul L], 3SR, 2007, 27(2): 30-32.

BING Yukai, TONG Shoufeng, SONG Hongfei, et al. The
laser energy attenuator of wide range, high precision and
stepless[J]. Opto-Electronic Engineering, 2010, 37(11):
48-51.

PR EEL, AR I, SR TR, A TRV IR SRS B T ZOOLRE
LA IS (1], R TR, 2010, 37(11): 48-51.
LYU Zheng, MA Chong, XU Dagang. A novel continu-

ously adjustable laser attenuator[J]. Modern Measure-

[16]

[17]

ment and Test, 1998, 6(2): 42-45.

EVIE, By, SRR — o 2 Y 2 252w O 2
i [1]. BRI, 1998, 6(2): 42-45.

XUE Zhanli, YU Bing, WU Pei, et al. Study on reflective
adjustable laser attenuator[J]. Journal of Applied Optics,
2015, 36(3): 469-474.

B, ATES, SR, AF. SR AT OGS b A r B
211 NG, 2015, 36(3): 469-474.

LIU Cuncheng, WU Yue, HAN Gang, et al. Tracing the
source of microeneygy puised laser light source and con-
sidering the development scheme[J]. Technology Found-
ation of National Defence, 2010(10): 24-27.

XA, S, WhRI, 45 fRE it ik o G i (i 0 U
Sk 77 5 n0 2 L] EBH AR SR, 2010(10): 24-27.


https://doi.org/10.3969/j.issn.1001-3806.2007.01.003
https://doi.org/10.3969/j.issn.1005-4642.2007.02.009
https://doi.org/10.3969/j.issn.1005-4642.2007.02.009
https://doi.org/10.3969/j.issn.1003-501X.2010.11.009
https://doi.org/10.3969/j.issn.1003-501X.2010.11.009
https://doi.org/10.5768/JAO201536.0307001
https://doi.org/10.5768/JAO201536.0307001
https://doi.org/10.3969/j.issn.1001-3806.2007.01.003
https://doi.org/10.3969/j.issn.1005-4642.2007.02.009
https://doi.org/10.3969/j.issn.1005-4642.2007.02.009
https://doi.org/10.3969/j.issn.1003-501X.2010.11.009
https://doi.org/10.3969/j.issn.1003-501X.2010.11.009
https://doi.org/10.5768/JAO201536.0307001
https://doi.org/10.5768/JAO201536.0307001
https://doi.org/10.3969/j.issn.1001-3806.2007.01.003
https://doi.org/10.3969/j.issn.1005-4642.2007.02.009
https://doi.org/10.3969/j.issn.1005-4642.2007.02.009
https://doi.org/10.3969/j.issn.1003-501X.2010.11.009
https://doi.org/10.3969/j.issn.1003-501X.2010.11.009
https://doi.org/10.5768/JAO201536.0307001
https://doi.org/10.5768/JAO201536.0307001

