5 52 B4 2 ) T o Vol.52 No.2
2023 % 2 H ACTA PHOTONICA SINICA February 2023

5l HUANG Yi, YOU Yue, DENG Chuanlu, et al. High-stability MG-Y Laser Control System Based on Self-adaptive
Current Compensation[J]. Acta Photonica Sinica, 2023, 52(2):0214004

PR, UM, X AL, AF L BE T E AL A N R R e R B R RO Y A IR OB AR E S R g [T T, 2023,52(2)
0214004

LT LU H 1E A 8 R AR T A A 6 Al
Y I RO AR ] R G

FU, MRS R ES A RN, EER
(iR FEFOLET 564 AW E S S5 Froe2r S5 bl [ [ PR A 1R S0 5 2, B 200444)

i EAHANEFRBRABREAEEEATRR AERBRERRZAAESN ZARLLFRA,RITT—F
BJAEE AR MY o AL B A% L ARAGA BERLE Ry Mo h Lk pe gk It
i ad B R OE SR IR R AR, B R AR F R M R R B B AME R RECE R RIT R
R R Tk RkBEm, MAELAARRGEN I RGERFAEII YR, E2REW 5 EKNL
Jo 0Ok B 2h BRI F M 1.528% AR £ 0.014%, A& SR B RSl 21w £ L7 KR R R Y 4 L
AR % 60 min 89 2 2 A FIA 0.004 4 mW , 442 5% 0.0604% , K KEHEH 1.9 pm, 8%
KE)1.22X10 °, 2RE,BEBOF FHREKXK BB AL 28~TSmARE N, KK EHLEMK23.4 pm
BN E 2.6 pm,

KB -MG-YHAS  MAEHFN AR, EXRE AR E AE N SRETE

FES XS TN248 .4 XEKFRIAAD : A doi:10.3788/gzxb20235202.0214004

0 58

e ALY O = S AW NN = I T N N € 0 o (1= W (. N I [ B S N AP DAV R
s B T SO A U B E S B N b L R RS M £ T e A7 38 9K 2l e R I B S
Dy RMPA Ty K R W Bl ™ I 28 25 2R OG A R K A PERUIR , R BT+ B i 45 ) R e 0 dE

LRI, VP 22 2 38 41 021 SR O 25 752 1 3 G0 R TF IR 98 1 IO AR o NSl 362 U MLO'S 78 25 g TR JiE
1R IR AR 45 4, B I BCF AR EOG A IR B LR, A AR S AT 0.01 %6 5 2 OB e BT U0 3 1E I
TR K B H i 0 Al b ) RO L 61 - R4 14> (Fuzzy Proportional-Integral-Differential, Fuzzy PID )% 3%
A H B R e TR I WO SR R OE 2 h IR R T A8 R 0.026 %0, hob I KRIRB 1 Ry 7 pms 4% W5 55 ik
PP 37 0] 4 B2 1T B4 51 (Field Programmable Gate Array, FPGA)E R 2 48 59 = 15 i 4% , B 4 L 6 0 141 30 5
RV A R E OGS B TR, L h TR AR E B 0.205 %6 5 B RS DL W 4 0 4 R O i 1t
Hh 22 38 38 T 9 R B AT I 3 2 S O SR R G, R N B B 5 Bk I R AR A DXL A B G, A TR IR
JETN A B /N T 10 pm, (B D) 30 F00E BEARXT 8 25 o DL b 27 3 50 vl U0 o8 B0 I 1t 7 A 2 AR RO e 45
il R GE T FEAE IR A5 AR G A O & 00 5K Sl F R A i D AR R (L H R P R S B e T R O
Ty F& N A ) 28 SR 0] 8, 8 Y5O0 38 O Sl B B, DR P K A R A Ay . TRICOT F 48l i
O R T I A0 PR R AR E WOG AR D R, T AR R AR 32 dB 5 T PR EILAE R S M AT S D B A A0 A R B
PR L R A Al R o T AR E K Y R % 2% ¥ { (Miniature Homodyne Interferometer, MHI) , F H
PID 57 45 ) WO 3 T BE LA KOOGS o T 1), DT i e 4 BE 8  F0 E JE I K i RRE Sl 0.9X10 %, By
SRAMIR A5 fife R T IR R D 248 14 28 U e [ L, (HR AP IR R G S A e K R 2, H R itk Re & 3% 31 4k
%ﬁ H 2R R4 5L 4 (Nos.61875116,62022053, 62027818) , 1 ifF1li A #AFE A5k 4 (Nos.22ZR 142300, 22010500100)

% — & . #1% , huangyil008@shu.edu.cn

Wi BHA:2022-09-27; R A EHH:2022-11-01
http: // www. photon.ac.cn

0214004-1


https://dx.doi.org/10.3788/gzxb20235202.0214004
mailto:E-mail:huangyi1008@shu.edu.cn

Wi &5 m .

R R RGN AN ER RO R A [a) RE, A SO T T R R T U A Al R Y AR B A O
MY 432 % (Modulated Grating Y-branch, MG-Y ) S0t & # 6l R4, 8 50, FAANCEE A T 45 6 3 40 19 i H
B ER Ay AR FRU/IN (R DRR AR s VR, T H I P B R R E MOG A a E D) 3 BE RO PID B4R S A
PR R, O 38 3k P Ok IE B 56 0 A AR PID 353 i 2 850, R AR ) 3 08 o, PR R G R ol [ A 4R
SRSl = BT A N =g 1D/ % S SR U= N7 5 WA ) % -7 N (o L TR RIS N {3 2 N A A v

1 MG-Y# [ HRFE&ZIT

1.1 RHERERRE

e FH A MG-Y #0624 55 2 FINISAR 2 1 (19 S7500, 3% #0625 R BUN LBUA K, 79 8 2 T4 8 2%
(Thermo Electric Cooler, TEC) , i TA/EHR FE N 25°C, [A] B 32 5 [ UK sh e 3 455 ), B 08 7 <7 98 3% i K fn T
Fo E 1N RFHEEI DL K MG-Y BOGR S50 R B, MG-Y #OG & B AR 7 X (phase ) FHE 45 X (gain) 8 & 2
5+ # (Multimode Interference, MMD) # & 8 5 22 A5 A B % i 55 %% (left, right reflector) #H 3% , #0'6 M HT J2
4% (integrated front reflector) £ 2 § & 6 i K #% (Semiconductor Optical Amplifier, SOA) K J& 45t o 9
HE P A7 PG S A A Lo L P DA RS 322 DX 35k A9 20 1 Wk B2, 48 10 R AN B WK R S 3% A 67 L R
TIN5 U A A0RE 52 B I AR IR TR, X A B I % S B A K R O T e R B MGEY O AR TE
IR 51T AR AT AR S DR AT .0 FH T 9 R A R AL A TR 2 o %) B R 38 o el i R o DL S I R
KA 3% 228, PRI ORT B /N 1~2 pm, 24 L 38 ORI O S A R A AT S Y A RS 23 e B R A
FEU WO T 3 2 bR B 2 X I L F1K OB ORI Lo 00, 5 L NS AU 328 B0AE Lo O
JHRE SOA YT KA EL , AT 42 M 33O T 38, 3302 DR A O T 28 B I 2R 38 K L 1T L. 5 WO DI 2600 ¢ R th &
LR R B R R R LA RO AR B 25

Control TEC
ADNS8834 ﬂ
Left
| Tom— _i reflector
AD8620 41m—: | — Phase gain  SOA
S 1
[| = Integrated
| s || ! MMI front reflector
D D | Right
‘ | reflector
SPI D |l _!

Lo Lo ]

left “right * phase

5x ADN8810 7.1

gain * SOA

Hl ZALEEUEMG-Y#H LBEEHFER
Fig. 1 System block diagram and MG-Y laser structure
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Fig. 3 Flow chart of fuzzy PID control algorithm based on orthogonal experiments
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Table 1 Parameter value range of fuzzy PID

KP«» KI[) KI)(J '{’r k(‘(’ k\vp k\n '{’mv
Min 0.1 11 1 0.1 0.1 0.1 0.1 0.1
Max 4 23 9 7 7 40 40 40

K2 ="MEERHBEER

Table 2 Simulation results of three algorithms

Method Adjustment times Overshoot/ %
Conventional PID 26 6.800
Fuzzy PID 21 1.528
Fuzzy PID based on orthogonal experiments 17 0.014
1.4 14
1.2F 1.2+
> 1.0k > 1.0}
[ Q
en on
Sosf ; So08 —=— Conventional PID
S —=— Conventional PID S onventiona
o Fuzzy PID > Fuzzy PID
0.6F —&— Fuzzy PID based on 0.6 —+— Fuzzy PID based on
orthogonal experiments orthogonal experiments
0.4 0.4
1 L 1 A i A
0 10 20 30 40 0 10 20 30 40
Times Times
(a) Simulation results of three algorithms (b) Test results of three algorithms
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Fig. 6 Simulation and test results of three algorithms
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Fig. 7 Stability of MG-Y laser output power in 60 min
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Fig. 8 Stability of MG-Y laser wavelength in 30 min
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Table 3 I,,, and wavelength corresponding data after wavelength calibration

Io./mA Wavelength/nm Lo /mA Wavelength/nm
28 1559.680 4 58 1559.679 3
38 1559.680 6 68 1559.678 2
48 1559.679 9 78 1559.680 8

MG-Y B8 R nT R SO %, R i — 25 56 E H I A 3 A2 Y A v S A E R YR L DL 1 nm A K
BEE POEAR P 1 531 nm 3412 1 569 nm, Lo, A9 15 254 & 7€ 4 10 mA L {f F G AQ6370D SR 4R 0%
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(a) C-band spectra of MG-Y laser before wavelength calibration
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(b) Spectra of MG-Y laser at 1553 nm before calibration (c) Spectra of MG-Y laser at 1555 nm before calibration
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Fig. 9 Spectra of MG-Y laser before and after wavelength calibration
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High-stability MG-Y Laser Control System Based on Self-adaptive
Current Compensation

HUANG Yi, YOU Yue, DENG Chuanlu, HU Chengyong, WANG Lisen,
ZHANG Xiaobei, WANG Tingyun
(Key Laboratory of Specialty Fiber Optics and Optical Access Networks, “Joint International Research Laboratory of
Specialty Fiber Optics and Advanced Communication ,Shanghai University, Shanghai 200444, China)

Abstract: The output stability of semiconductor lasers is simultaneously affected by current and
temperature, and the power and wavelength of lasers are prone to fluctuations in practice, which may even
damage lasers permanent. In this paper, a high—stability Modulated Grating Y-branch (MG-Y) laser
control system based on self-adaptive current compensation is proposed to address the problems of poor
stability of wavelength and power as well as the complexity of the laser control system. The whole system
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1s integrated into a printed circuit board with a small size, light weight and low power consumption. Based
on the current inner loop feedback, we optimize the parameters of Fuzzy Proportional-Integral-Differential
(PID) algorithm by orthogonal experiments and propose a wavelength calibration algorithm based on self-
adaptive current compensation.

The high—stability MG-Y laser control system is described in detail. Firstly, we introduce the system
device and principle of operation. MG-Y laser is controlled by 5 currents and operates at 25°C . Left
reflector current (I,) , right reflector current (I,
wavelength adjustment, while the power is adjusted by the gain section current (I, ) and the

gain

) are used for

hase

) , and phase section current (I,

semiconductor optical amplifier current (Is,,). The control system is mainly composed of MG-Y laser,
constant current source chip ADN8810, temperature control chip ADN8834, and operational amplifier chip
AD8620. Secondly, in terms of power stability, a Fuzzy PID control parameter optimization algorithm
based on orthogonal experiments is proposed to reduce both the overshoot of laser power and adjustment
times of control system. The number of orthogonal experiments and the range of Fuzzy PID parameters
need to be confirmed, then we design the orthogonal tables by screening the value range of each control
parameter. The algorithm can effectively approach the optimal value of each parameter and also improve
the performance of the laser control system. In the wavelength calibration part, we propose a wavelength
calibration algorithm based on self-adaptive current compensation to reduce the central wavelength drift of
MG-Y laser at different power levels. The algorithm takes advantage of the wavelength fine-tuning

characteristics of the phase section current I, from O to 7.5 mA, continuous tuning of

phase »

wavelength in the range of about 0.3 nm is possible. After setting a standard wavelength A, the I,

hase

by adjusting I,
hase TEGION
with stable wavelength variation and broad coverage is selected as linear compensation data region. Iy,
scans in 1 mA steps until the range of the laser output power is fully covered, while the calibrated

wavelength A" is obtained by updating I,,.. according to the compensation data region so that A" is infinitely

hase
close to A. We establish the look-up table for Is, and I, and also fit the data in the table into segments.
When the laser changes its power, the system adaptively calculates the corresponding I, according to Iso,
and sets the wavelength to the standard wavelength A adaptively. The algorithm solves the cross—influence
problem between wavelength and power caused by current inner loop feedback, and improves the output
stability of the MG-Y laser.

The simulation and test results of the whole laser control system are shown at last, including the laser
output power stability and wavelength drift. First, the performance of Fuzzy PID parameters optimization
algorithm based on orthogonal experiments is simulated, and the results show that the overshoot of the
laser power is reduced from 1.528% to 0.014% after optimization, and adjustment times of control system
are lowered from 21 to 17. Then, we test the performance of MG-Y laser, and the results are almost
consistent with the simulation results. The power stability is measured by the optical power meter PM400
and integrating sphere probe S145C. Before power stabilization, the output power fluctuation of 3 000
samples (about 60 min) is 0.021 9 mW, and the stability is 0.269 8%. In comparison, the maximum
fluctuation of laser power is 0.004 4 mW , and the stability can reach 0.060 4% in 60 min after stabilization.
Finally, the wavelength stability is measured by fiber Bragg grating analyzer FBGA. The wavelength drift
is 1.9 pm within 60 min. After wavelength calibration, the wavelength drift at different power levels is
reduced from 23.4 pm to 2.6 pm at 1 559.68 nm. In order to verify the accuracy of the wavelength
calibration method, the output wavelength of the laser is increased from 1 531 nm to 1 569 nm with a step
of 1 nm, and the output spectrum of the MG-Y laser was collected by spectrometer AQ6370D. Before
wavelength calibration, the wavelength fluctuated at 1 553 nm and 1 555 nm where the drifts were as high
as 91 pm and 76 pm respectively. After wavelength calibration, the wavelength drifts at 1 553 nm and
1 555 nm are lowered to 2 pm and 1 pm separately. The stability of wavelength under different output
power is greatly improved. The simulation and test results show that the laser control system has excellent
control capability and expands the application scenarios of MG-Y laser.

Key words: MG-Y laser; Laser control system; Orthogonal experiments; Wavelength calibration; Self-
adaptive; High-stability
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