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Abstract: In order to realize the stable and safe output of lasers, a control system based on a 515-nm high-
power laser is designed. Firstly, the pump drive module of the system is studied. The analog sampling of the
module is completed by Field Programmable Gate Array (FPGA) and the calculation output is completed in
Digital Signal Processing (DSP). The closed-loop control of the constant current source is completed by us-
ing the digital Proportion-Integral-Derivative (PID) algorithm. Secondly, a Thermo Electric Cooler (TEC) is
used to achieve the stable temperature control of the frequency doubling crystal module, and the Negative
Temperature Coefficient (NTC) is used as the feedback to realize the temperature control. Finally, the hu-
man-computer interaction system of the laser is designed, which realizes the real-time monitoring, judgment
and storage of the internal state of the laser. In order to verify the effectiveness of the control system, a pump
is selected for testing. The experimental results show that the pump drive module can work continuously and
stably, and the control system can monitor the internal state of the laser in real time, which is safe and reli-

able. The laser output center wavelength after frequency doubling is 514.98 nm, the power can reach 170 W,

Yt B #A: 2022-07-18; 11T B EA: 2022-08-02
HEWA: EEE S &R (No. 2021YFB3601402)
Supported by National Key R&D Program of China (No. 2021YFB3601402)



1014 REDG2E (RgEs)

15%

and the optical power stability is £0.07 dB. All devices and equipment for the control system are made in

China, meeting the system design requirements of 515-nm high-power laser.
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Fig.3 Schematic diagram of the pump drive module
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Fig. 5 Working flow diagram of the control system

350

300

250 +

200 +

Power/W

150 -

100 -

50 +

0

0 2 4 6 8 10 12 14 16
Current/A
K6 FHIRHLRE- DA R 4
Fig. 6 Current-power characteristic curve of the pump

source

AR ] 6 XoF HL 3L 2 R Bl o A e/ e
B, AT B - AR AR AR 5 0 0.995 6.
I, SR A SRR AR A f - D R P i 2 B
A RIFRIZAERE



55

HAR, % 515-nm KIPRPOLEEH R Gl

1017

4.2 SRS N

TERBEIRE R 25 °C W ZE T, Xtk gE 7
TnFAIN I, TR B VI R R 40~50 °C, R E IR
FEIBIE 1 °C, REMBE I 3 Uk, I R[]
()B4 5 mine MRS5S 1 P,

R1 BEMKER

MR AT LU, SEPril B (E RE S e A A 8
TE AARIELE, IR TR 228 K 0.03 °C, 1 2 A7
A AR PR 5K o

5 & #®

ARSI R 515-nm RIPRFOLHRRE TR

Tab.1 Results of temperature measurements (°C) E’\Jgjf, ﬁlf*%kélﬂ?{k%*%ﬁgg E‘J/%ﬁﬁ[ﬁ%%ﬁ:
bt T e RS SOT A T O R T
temperature easured Measured Measured temperature error] , R N ‘ e S NI 3
temperature temperature_temperature VEIBRLL R 2R GE2H 1 AR5 X R I BOL A2
40 3998 40013999 3999 0.02 Z YR IK SR | A AR AR P2 A R 245
A 099 0L A0 00 T T AR R AT s
2 4203 42024199 4201 003 B, PRIE T OGRS RERE TR E St ILAb, I XS A5 45
B 0w 0L B0 00 GG TR SR
44 44.02 43.97 44.01 44.00 0.03 i%%ﬁlij(j{j 0.03 OC, ﬁ%u%ﬁﬁgﬁziaﬂ-%mu%j%
Bl S0 02 e, R T AR RO
46 46.01 45.98 45.99 45.99 0.02 I:'j‘[;‘ﬁﬁﬂ‘j 514.98 nm, w%ai 170 W, %Ijj%
47 47.01 47.03 46.99 47.01 0.03 %%\%E%i007 dB. iZ‘]%ﬁﬁ‘ﬁ%%T’f?ﬁ'J%%ﬁﬁ#%
W AROLAROL AT AB00 001 g e S A OC SRR SE A [ R TR, T
P e B 0RO B R B TR, BT 5
50 50.01 50.03 49.99 50.01 0.03 FH‘@O

SEHk:

(1] X, 4, A0, F.0.9~1.0 umiT LLAME LA BRI R [T]. F B 4, 2021, 14(2): 264-274.

DANG W J, LI ZH, LU N, et al.. Research progress of 0.9~1.0 um near-infrared continuous-wave fiber lasers[J].
Chinese Optics, 2021, 14(2): 264-274. (in Chinese)

(2] B, ZE L, R4, . 45 BB O ELLIHBEDEL RO [T]. F B, 2019, 12(4): 810-819.

SHI J K, WANG G M, I R'Y, et al.. Compact dual-wavelength continuous-wave Er-doped fiber laser[J]. Chinese
Optics, 2019, 12(4): 810-819. (in Chinese)

(3] FAms, TRE, 25, 5. FLIE 064 nmCLF LM =R P 513.8 pm MgO: PPLN S ® k%45 1],
B k%, 2021, 14(2): 361-367.

CHENB Y, YUY J, WU CH T, et al.. High efficiency mid-infrared 3.8 pm MgO: PPLN optical parametric oscillator
pumped by narrow linewidth 1 064 nm fiber laser [J]. Chinese Optics, 2021, 14(2): 361-367. (in Chinese)

(4] EMe ik, RA), F. @D RGO I B L ARAZ RGN [T]. 5 A% 42, 2010, 18(9): 1951-1958.
WANG Y, ZHANG Y, QIN L, et al.. Measurement of packaging-induced strain in high power diode laser bar[J]. Optics
and Precision Engineering, 2010, 18(9): 1951-1958. (in Chinese)

[5] Atk dE&M KR IEH R %8955 (D], RO HEP R R, 2008.

REN L Y. Research of temperature control system for nonlinear crystal[D]. Wuhan: Huazhong University of Science
and Technology, 2008. (in Chinese)

[6] A, Bk 3, Rk, 5. BRI A I B R PERT S [T]. o BSR4, 2019, 12(6): 1321-1328.

HUANG CH, MA L Y, ZHU F et al.. Discharge characteristics of optical pumping source by ceramic surface
discharge [J]. Chinese Optics, 2019, 12(6): 1321-1328. (in Chinese)

[7]  ERICKSON C J, VAN ZIJLL M, DOERMANN G, et al.. An ultrahigh stability, low-noise laser current driver with
digital control[J]. Review of Scientific Instruments, 2008, 79(7): 072107.

(8]  wmdt, HAnE, HF, F. 980 nm R EEHO R RLE V], A5 45% 142, 2015, 23(4): 982-987.



1018

REYEE (FP3Es0) w15 %

TIAN X J, SHANG Z G, GAO B, et al.. Control system for 980 nm high stability laser pump source[J]. Optics and
Precision Engineering, 2015, 23(4): 982-987. (in Chinese)

(9]  3%BCA, #3ir, IR, F. PIZAMEOCE AR SRR (1], F Bk, 2013, 6(4): 501-512.

TAN G J, XIE J J, ZHANG L M, et al.. Recent progress in mid-infrared laser technology[J]. Chinese Optics, 2013,
6(4): 501-512. (in Chinese)

[10]  EA4A%L, KoUK, Bad, . 45 A TECH AP IR RGLR s [BIRLH V). FALSF 4R, 2018, 39(10): 1176-1184.
WANG ZH R, ZHANG X B, WEN SH ZH, et al.. Space applications of pumped two-phase temperature control system
combined with TEC[J]. Journal of Astronautics, 2018, 39(10): 1176-1184. (in Chinese)

(1] 3K, g4, %1%, 5. WE S RANTCE A RSB BbnE [T]. » R % Tk X 5 54K, 2018, 50(1):
18-23.
ZHANG Y F, FAN SH W, LIU H, et al.. Optimal design and calibration of NTC thermistor based temperature
measurement system for high temperature application[J]. Journal of Harbin Institute of Technology, 2018, 50(1): 18-
23. (in Chinese)

EEEN:

#HRE(1992—), B, HEMEKEFEAN, TH¥EL, 2014 48 FH R F RG22 224060, 2020 4 F i E R
2B AR G B AL 5 W SRS A A, S SR UK 2 IR B DU R R T A E
%Y . E-mail: dongquanrui0431@126.com



