§ 324 4521 e M TR Vol.32 No.21
2024 4£ 11 H Optics and Precision Engineering Nov. 2024

TEHE  1004-924X(2024)21-3127-11
HEXFHEETIEBEEFTEIKNE

FERLEREY, AR, TR, Edf, £XE, L 2V 5 1
(l.hrxx@EAFY B FERIRFR, L 100044;
2.ALXAFREGAR MAEAHNBELFHRSRMEAE L LR E, T REH 066004
A ERBEAF WEMFEIRZR, K 100044

FEE AR A L T SR T R AN R B A TR ) 0. 8~2. 4 i I BT 41 AN HE S5 A B 2T 30O 1 /N EEL AR R B U R
SR A AR AR T R 6 S LR E BT 0. 8~2. 4 pm IE AL A% B LRI AR B L E RS B Y B R AT R R 50 mm, BT
W &G BB AT A A TR B AT R IOGRE 2, i S RS RICA LabVIEW LA MUAR 7 SRR AL BE 5, S T %
BEAR B /IR v G R B e o 4R SRR B R R DA AR IR A R T B A D K A HE SRS (R
B BEBEN R E R, KRS RS e 4T A A4 . $EH0.8,1.06,1.55,1. 94 F12. 05 pm 5 Fh 3R 7
B (10 BRI O R B0 T ST A8, I 5 R T R R B D T 2 R A . ST R R IR A Rk B ]
FEmF 1.5 s, MR E M 1.4, 41,1, 41,2, 1. 28 1.3 pm, WK PERFEFIE(E 0. 210 °, /ML K
T AR REAZ ST 0. 8~2. 4 pm 4 Uil BEIT 21 A6 R 1Y v R Rl ok

X 8 WAkkmE;E A REBRTFTHMGELS;RTRIEEE

RESHES 0436, 1; TN248  X#ARIRAG:A  doi:10. 37188/OPE. 20243221. 3127

Near-infrared ultra-wideband wavelength measurement
for fiber laser

YU Chenhao', YAN Fengping' , YANG Dandan', WANG Pengfei', TAN Zhongwei',
REN Wenhua', FENG Ting”', LI Ting’

(1. School of Electronic and Information Engineering, Beijing Jiaotong University,
Beijing 100044, China;
2. Hebei Key Laboratory of Micro-Nano Precision Optical Sensing and Measurement Technology ,
Northeastern University at Qinhuangdao, Qinhuangdao 066004, China;
3. School of Physical Sciences and Engineering , Beijing Jiaotong University, Beijing 100044, China)
* Corresponding author, E-mail: fpyan@bjtu. edu. cn; fengting@neuq. edu. cn

Abstract: A miniaturized, high-precision wavelength measurement technology for near-infrared ultra-
wideband single-frequency fiber lasers in the 0. 8-2. 4 um range is proposed, based on the principle of the
Michelson interferometer. The optical components utilized are compatible with the entire near-infrared

band (0. 8-2.4 pum). A servo motor translation stage with a maximum stroke of 50 mm, combined with a
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double-folded optical path design, enables an optical path difference four times the horizontal displace-
ment. Signal acquisition and processing are performed using a high-speed acquisition card and a LabVIEW -
based upper computer program, achieving miniaturization, high precision, and rapid measurement. A nov-
el sampling number equivalent resolution method is introduced to simplify the wavelength resolution design
process, establishing a direct numerical relationship between wavelength resolution and the number of sam-
pling points, while allowing other parameters to be adjusted independently. Wavelength measurement ex-
periments were conducted on five typical single-frequency lasers (0.8, 1.06, 1.55, 1.94, and
2.05 pm), and the results were compared with those obtained using a commercial high-precision waveme-
ter. The experimental results demonstrate the effectiveness of the proposed method, with a single mea-
surement time of 1.5 s, measurement accuracies of +1.4, 1.1, £1.2, +1.2, and 1.3 pm, and a
wavelength resolution consistent with the theoretical value of 0. 2>X 10 °. These findings validate the capa-
bility of this miniaturized technology to perform high-precision, rapid measurements across the full
0. 8-2. 4 pm near-infrared spectrum.
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SMTS B # B 24 5 mm/s;
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(4) RFEH N 10 MHz, KRB A M 0.5 s,
SMTS i 8 3# £ 4 8 mm/s.

F 0 R BE 5 o BRI AR R — M (A
FRARIE B0 P AU P AR R 10 S8 PR B 43 B
R T RG R, B e 2 0 e O U X1 AR
T 3 6F B O K 2 ORI 2 SR i Bl K TSR
15 L PRk B il o B K E R s oK £
YR 2 235 5 1) 308 25 SR A S PR oy B

BRI . BRI RS
J& LA 4 B[] 3 G2 2 50 AT A I S, g 2 1 3%
RPN 30V, G5 AN 6 s . F 1o s® T 441
SRR T A OGRS I S5 0 R R
ANE BB R A AE . Hrb ik S R R
T 21 v BRI 2 AR T R M R KR 22 1
o RGN 16 4 4R TR S 50T i 25 1
1 I8 5 18 33 B34 v B — B, Ul WY AE SR A B0
[ 155 #5000 e oRG FRE AH TR) o A% O 2% 0 Ik 4 DU
B EMKRK A £1.4, £1.1, £1.2, £1.2 A
+1.3 pm, ¥ K W & A8 B4 5k 1,76 X
10°%, 1.03X10°°, 0.77X10°, 0.62>X10° #l
0.63x10°,

PR N 25 RL, UL K IER
DL KRS58 T M 2, T 38 a3 B AR 6 S 1w
ﬂéﬁ‘*ﬁ,ﬂﬂ

w= i+t (9)
A ow,  RLER N E B, w, o UL KA
FESE  u, i SMTS 3 B it ANl E i o

22 AR 0.1X10 ° 1Y B R R DR Kt
(OSA202C &. 203C, Thorlabs) # ¥ , RL %5 #E
DK N 1549.367 5nm, I KEEE N+ 1.0
pm, W w, 0. 65X 10 ° UL #E 10 3 K 43 5
N 794.800 8, 1 064. 522 5, 1 550. 196 3,
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Fig.6 Wavelength measurement results of single-fre-

quency lasers



o 21 1 FIRE 5 VG LR BOE 0 T 21 AR T8 71 I 1 I 3135
F1 FRLFHAEMEKNBLESR
Tab.1 Wavelength measurement results of different single-frequency lasers (nm)
BOE 28 W/ pm 2454 A A B /M W B ¥
Case 1 794.802 0 794.799 4 + 0.0014 794.800 8
Case 2 794.802 0 794.799 5 + 0.0013 794.800 8
08 Case 3 794.802 2 794.799 7 + 0.0014 794.800 8
Case 4 794.802 2 794.799 5 + 0.001 4 794.800 8
Case 1 1064.5236 1064.5215 + 0.0011 1064.5225
1 o6 Case 2 1064.5236 1064.5215 + 0.0011 1064.5225
Case 3 1064.5236 1064.5214 + 0.0011 1064.5225
Case 4 1064.5235 1064.5215 + 0.0010 1064.5225
Case 1 1550.197 5 1550.1952 =+ 0.0012 1550.196 3
| = Case 2 1550.197 4 1550.1951 + 0.0012 1550.196 3
Case 3 1550.197 5 1550.1952 + 0.0012 1550.196 3
Case 4 1550.197 5 1550.1951 + 0.0012 1 550.196 3
Case 1 1 940.850 8 1 940. 848 6 + 0.0012 1940. 849 6
1 94 Case 2 1940.8508 1940.848 4 -+ 0.0012 1940.849 6
Case 3 1940.8507 1940.848 4 + 0.0012 1940.849 6
Case 4 1940. 850 7 1940.848 4 =+ 0.001 2 1940.849 6
Case 1 2049.049 2 2049.046 6 + 0.0013 2049.047 9
Case 2 2049.049 1 2049.046 6 + 0.0013 2049.047 9
205 Case 3 2049.049 2 2049.046 7 + 0.0013 2049.047 9
Case 4 2049.049 1 2 049.046 6 + 0.001 3 2049.047 9
1 940. 849 6 F1 2 049. 047 9 nm , I K V& & 4> 51 15802027 gzzz; gzzzi
HB+1.1,40.1,40.2,£0.2 #+0.3 pm, W 1550201} .
4% W R 1.38X10°°, 0.09X10 °, 0.13X10 °, =
0.10 10 *F10. 15X 10 . BREE T8 16 3 LUHL I | |
PRsh B IRS L R A RGES  F, BJCE 21550199}
HEAT B A AR T, (0038 2ok 2K SMIT'S 7 B Wil f35 N
BRI T AT SMTS 82 1 mm 64 2 Y beottemtemens.
1129 350 pm AL RS 25 o AR SC LA X B85 T4t (@) PEIERT
HEAT ) 4 B AL 40 A W M 0,35 10, B (@) Before modulation
1550.202t oo CasE | e-Case 2
(9 TR T AR 0 UL P A0 X5 AT 28 B2 43 51
1.57X10°°,0.74X10°°,0.75X 10, 0. 74X 10°° g 1550201
0. 755 107", 15 R S0 K30 Bt R 45 010 5500 45 21 5502001
HEA—F e §
SRR MRS HER 0.2 10 B0 40 H0 R A U [ LD
£ 1.55 pm B 5228 0.3 pmo 1. 55 pm P K AT 1550198t
85 O B X KW R S, B TE U K R Number of measuremens
1/550. 200 0 nm W25 3647 6 0 0 1 80 ) A o

2 1550.200 3 nm RA T T =, R
I8R LL 4 2 S K b AT, B 4] 35 3% 22 i 30 Ik, 4%
BWE 7R, 2103 T #O6 48 S 0 E 5

K17 1. 55 pm PR T E BTG LT O i 4 I 25 21
Fig.7 Wavelength measurement results of 1.55 pm

wavelength tunable single-frequency fiber laser
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SRR R M 22 (H . mE TR 20,4 4
AR 2 80T WO A 8 W RS B X 25 1 08
0.3 pm, X 5#OCA A 5 8P R — 2 B
SRGESHF0.3pm —F ., LRWEREKY R
G 0 W A D 4 BE R R 0. 210, SR AR AL
Ir BRI A

F2 L5 umEKAFEEEFEFHLRRKNELER
Tab.2 Wavelength measurement results of 1.55 pm

wavelength tunable single-frequency fiber laser

(nm)
SR IR IS E H{E %
Case 1 1550.2000 1550.200 3 +0.000 3
Case 2 1550.2000 1 550.200 3 +0.000 3
Case 3 1550.2000 1550.200 3 +0.000 3
Case 4 1550.2000 1 550.200 3 +0.000 3

BEAh , R G AE PR AL B UL 5 RL 3L 10 MR
BE A B FE B 1 s, 0 AR 40 BRI B SR BE I ) N
0.5s, IR GE Bk I i BAERT R 1.5 s,

FHAE T SCHk [ 13-16 ] 4 38 19 P g 2 8, i it
M+ 0.8,1.06,1.55,1.94 F12.05 pm 5 Fh it
i, AR AS SC T AR L U R B R HL A 0.8~
2.4 pm {8 98O 35 & I L 3 45 T 50 mm A
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