% 43% F THI/2023 £ 4 B/REER

A H IR _
980 nm *J> SR O 2% I 5 il 5 Rk

AL RE, BT KA ARk, A, BT R
VR T RS H S e H TR, ILPE KR 030024
PR R TR B RUE IR A S RE s R B F I A e s, Vg KR 030024

TE 980 nm 2p T ARWOL AR 15 EOG 7 I A (9 5 (4 20 T I, HG 3l 2 2 52 W) R0 0 T 39 A R A1 AR I O e i 114 016 3 2
oo 20K B T G B2 TR 5 (FPGA)AE o B0 F2 1 J0 P L2 S R % 8 S PIAT o R L O i 8 A2 8 i R )
FPGA [ 3l U146 SR AL A2 00 00 2 S AT v 5 fbL 3L B9 D 1l R /DN, 52 B 980 nm 2 5 (R O 4 P 398 3l B2 42 1, JF:
WL T FPGA (B ADC LT BORAR R G2 003 B, Wb i 4@ Jr sk i al A7 o 2R 25 SR 3R W1 . i 412 Hh % dld 3 42 1 Jr vk
A 80 52 B 980 nm 2 T (R BOL A% 04 LB 3, G - i i 2k i SR ML AR v T 23. 07 00, B EDL LT UK & 19 %
OB DA B B/ T 62. 500, PRIE T O & it 2 % oo o s i I B AR E PR o %07 TR B S5 R AT B L SE P R X
SR T PR O R A ) A A R S N P RA TR R R R

KR

hES%ESE TN29; THS11 XHEIRERL A

1 4l B

980 nm = T A WO B8 A R 4T 38 A5 1 EE Ol
T BAT UK T L TE L B A ) B CR R A s
I RE K HE S E B TR B AR A, a2 AR O 01 3 4
P R B DL R 28 (EDFA) By R A i IR . 1
T BE AR N B2 980 nm 2= B AR O £ T R AR e 1k DA K
G ER R EE N R, B G A R A
WK EPE . HI, 528 980 nm 2k G K O 48 1R
P il 4T 2 R EDFA B B pE B AR B OB RS A 5+ 0
HERE X

A 2 Fh 2 S RO 7% B R B O ok p R
o K28l AT RL B R B R 4 R SR LA ARy - 1
4 (PID) B8k S B S R SO % 0 18 37 3 3 5 38 1
il s Cong'"' & & STM32HT743 ¥ il # 5 L4 PID % il
BT E AT M M R AR e AR I R A R
IEGIA HL 2 Ml 458 57, S BT S 06 H0d B9 T A0k A A KL
&) B B A7 2 AR STM 32 3 o B [ 1E
N PID 28 i B3k R 47 2 5 R O 48 19 o K5 R IR
il 5 82 SR SR L TR A S Y PID Bk DL H
7 3R By e (838 1 0 R s o 2 L S B R T o R
i TR BE 0 B a5 (8 I PID 458 ) O 25 A7 A8 45
PR b P AE 7 55 A 1R . Oo 251 HR Y o AR 02

WOLAS s 980 nm A PARBOLAT; MBS G HRRTTFES]; RS Hpl

DOI: 10.3788/A0S221687

B RO AR R R B9 vk IR B AR ik
(9 BB T PID 45 461 J7 X 5 Zhai 48 H 38 Tt A4 1
P RO SR B R R G Bk
KR4 PID 280, 00 F i I B 1 i &R 48 PR RE S LA
B H R FH S 35 op o (8 B ok T RO AR S BE S A AL B
TR R G IAE R R S B T R AR
FEUCE TIREE G . BRI E 48 & T 2k
SRR W RE T H SRR i A, Ht,
B 4 4 7 2 B 4R DA S B SR O B Y T R
il o Hang""*' % FHAE 4 B 3] - B2 43 T 4 FL I 45 45 1 3 9K
Sl 2 S5 R AL TAE B B BB A T AR
Tk B RS W 5 B R B AEVIR T L MAX1978 0t

SR O T R A L R A A FL B R AR UE SO B8 R RRUE
Zhen " T ADNS831 .t i 45 & 4 81 PID B3k N 7
PRI 25 BRI TR R s ) . BB R R R O B R
FE Pk B B A A B O A R R R R T
Vetrovec 8575k FVR A 4 J& 76 19 20 2% B 300 2 [ml 8 o4 v
TP B 14 X8 I e HARE M S B R ) RO TR IR
AR 4 T 5 AR S 4R T R RN K ¥ T S Bl
A O s S B R A R 5 Xie 28T SR AR A A
e X av= ks S N R SESSIFIE S 36 it /=g
BRI E 5 AT i R SR B T 2 A SR O SR
B R G, SE IR Z A SR BEOE A IR R B

W BE. 2022-09-07; €EBEH. 2022-10-21; FABEH. 2022-10-31; MEHEZHE . 2022-11-11
BEEWH: EEHKRBAR 4 (52009088, 51641904) (117845 7 A FHE M5t 2 4 (201901D211073, 201901D211111) ,H [E 8 4=
JE B2 5L 4 (2019M661063) | 1 VG 25 18 45 24 A B 5 B3 101 H (20191.0198)

BEIEE . zhangliO6@tyut. edu. cn

0714002-1


https://dx.doi.org/10.3788/AOS221687
mailto:E-mail:zhangli06@tyut.edu.cn
mailto:E-mail:zhangli06@tyut.edu.cn

WIS T T A7 A 4 1 4 1 32 B 02 R 1 B s o o
PR ET . R, T B R RS R I R S
4 ) D7 32 0k 3 0 2 S AR SO B B I B AT Y S
e X,

W g A2 T TS (FPGA) A A AT 4 72 14 18 FH 2
AR R S B A — o T RE 2 R A
P B A B R RGP DD AR AR AR AL L T
A PUAT A B A% A Ak 3R 4 O T LA TR
PRI, A SC 3 2 BF 5E 980 nm > S 1A B B 9 M RE L 42
R FPGA AR S 3 2 il 2% 52 1 90 3 N SR S ALY
J7 FUSE BT 980 nm e AR PO A% B IR E BEAT A B iR
il B 0 3, DR E SO A A el T R OR R N T
BHCLT R A8 R G0, il 2 BF 586 1 R 25 04 i
KRR UE B2 7 Ik A R AT

& 43 % 7 H1/2023 4 4 B /R

2 AR

FF FPGA (19 980 nm = T {4 38 6 #5% 18 1 45 46l J7
PR B EE 1R, B FPGA #5128 980 nm >} S 4
WOEER BOGAR R o H R SRS #R (TEC) 3R 3)
HLE% AT . 980 nm 2 TR IEOL 2% 4 14 51 1Y 85 22
RO, R E 2 T AU E R E(NTCR) 4 #
BELFN 2 SRS 28 o X RGN TAE R EE Dl off 2480
EL I 75 P 85 #45 T 3 2 48y Pl L, L S 85 /4R (A /D)
e o o A 0 8 FPGA, R F i 5 25 L
A 35 09k P SE B IR R (PWM) (S 5 F L R (S 5, K 3l
TEC TAE. M¥OGH R E & T B E R, FIH TEC
il ¥ 5 2 O A IR R AR F & IR R, R TEC
.

NTCR: negative temperature coefficient resistance;

FPGA: field programmable gate array;
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Fig. 1 Schematic diagram of temperature control of 980 nm semiconductor laser based on FPGA
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FIFO: first in first out;
FSM: finite state machine;
PWM: pulse width modulation
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Fig. 5 Flow diagram of FPGA control module

WHL R R B bR &5 5, CSH ADC & 19 J ik
Uit o RS L ER WK 6 (b) 78 , q 0 B 18 2 o S it
SR A5 3 [ BRAE e BEL 1 S () B R (R, Duty 1 Period 43 31l

A PWM A He 59 5 R A1 25 b 91 B, Dac_en Al
Dac_Data_in S DAC 3K sl 455 Bk (1% {65 5 v A1 5 ) o e i
B

Period
Rst n
FSM Dac_en
4 Dac_Data_in
—_—

K6 #ARER.(a) ADCIKAHL ; (b) RIS HL Y e

Adc_sclk
Clk (a) .
Rst_n o
= = ] Data_out
e o ADC_driver CS
= Adc_state
Ll Adc_done
Fig. 6

AR LY A5 HAR 5 32 101 0% 52 B A8 Ak (B U 46
AR HLA AR A, 52 B8 980 nm 2k T A O #8 1Y T B 45
T AR B AN 7 TR .

ARAESTART  REWBEE T, 9 5 & HIEAT I
LY T SR EAE Ts 228 M 4 5B /N T BE T, 8 R
WL B A START, 75 R 248 LB 5% 21008 25
JUD.

Interface diagrams. (a) ADC driving module; (b) state machine switching module

REIJUD: REBREME T, EAENFE M T,
VR T, 5 el Ts AT . MBEME T, KT
WA Ts N 2 A8 T RS HLBEEE FDIR S GTRI;
M BEAE T, /N T3 (H T Wkl [ 8 (A T, IR A LBk %
FPRAE LTRL; A& 0 RS VLB 2R JUD2,

A GTRL: DAC 3K 2l 155 B iy = i R A DA &
PW M # Bkt ik oh 56 B A (1) PWM HL AR 5, [R] s

=TT,

LT AT,
> START ) T>T-T,
—
else IT-TJ=T, IsT-T,

[

T>Tg
else
GTR2 JUD2

T,<Te+T
T, =TT,

T>T+T
GTR1 I

BT

K7 RSP AR

Fig. 7 Flowchart of switching of state machine

0714002-4



& 43% B 7TH/2023 £ 4 B/REHR

KA B T, I8 e 58 e (T A7 LR . i
(B T, /T3 EAE T N R E A TR RS LB ZR S
GTRZ; & W ARSHLBkH: 2 RAE GTR.

A LTRL: DAC 3K 8l #5 B fir I H R (H A K
PW M #E Hedr 4 Dk b 58 B A A 9 PWM HLJEAS 5, [A] i
KAV EAE T, I L 538 T i A7 e . MR
8 Ty KT8 T 08 M A0 THE RS HLBEE: 2Dk S
LTR2; &M CIRZEVLBEFE 2RSS L TR,

RETUD2: REWEAE T, 9 582 H Ts 4T 1L
Bo MURBEAE T RT3 A T B, RS LB EE B
A GTR2; Y EE Ts /N Tl Ts B IR DB %
FPRAS LTR2; B0 RS VLB FL RS START .

AR GTR2: DAC 3K 2 158 S Ay i w5 e Rl DA )
PW M A58 i H bk o 58 0 B (1) PWM HL R AR 5, [
KB R A T o6 5380 (A T A7 A . iR
B T /NF G T A T B, RS HL B 2R3

START ; & 0] RS MBS 2IRE GTR2,

AR LTR2: DAC 9K 2y 52 e i 13 1% i Fe {8 LA )
PW M #55 i H Jbk o 58 0 B (1) PWM HL R AR 5, [
SRR EME T I K 5%l T e . MR
8 T, K F A Ts WA T, 0 IR Pk 2R3
START ; & 0] IR HLBFE 2R S LTR2,

AR S HLE % 2 DAC B3 5 PWM B B (1) i
AfE5 . Hd  DAC IR s 8 He 522 11 4n & 8 (a) A 7w o
Dac_en 5 He fff G2 5 45, iR S HLBL B A5 5 38 41
Dac_Data_in J T 1% & % t s 15 5 5 5 B K R/
Dac_down i B R it 58 s &5 %5 5 CS S DAC
A vEs . PWM BB 4% 0 a0 & 8 (b) fr s, Hov |, Period
Uity 1S o0 7 i PW M B R 35 & i 45 25 5 Duty 3 1
BN T PWM 525t & A B ; Pwm_out A
PWM (15 = i th g 11

Rst n b)
Clk

Pwm out

PWM

Period

Rst n (a) Din
Clk Dac_Sclk
Dac en | DAC driver cs
Dac_Data in Dac_down

Ke fEHOmE

Duty

o(a) DACHR B ; (b) PWM £k

Fig. 8 Interface diagrams. (a) DAC driving module; (b) PWM module

T BE s 1 1 SEEL DL FPGA R D45 il 4, Hh AR
S TR POL A P9 B B2 (B9 00 {BL, AR 40 22 (B 5
IF DT HPR 25 L AR 25, 42 1) PWM B B i 2 5 25 1
DA b BARE i A T Ay o L , o o ok i A S AR 08
i HL I /NI o S5 B S AO # BO lLE A
Hh e b S 8L 1R .

#1 BOHEE S
Table 1 Design index parameters

Parameter Value
Temperature threshold /°C 0.2
Pulsewidth / % 0-100
Impulse frequency /kHz >10
D/A output voltage /V 0-4
A/D input voltage /V 0-3.3
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Fig. 10 PI curves of 980 nm laser. (a) PI curves without setting temperature control module; (b) PI curves of setting temperature

control module

b 4 RS BEAFAE — 2 22 00, {0 JE A AT D) g ) A (25 +
0.4)°CH.

34
39l 25.2
25.1

O 30r 25.0
E 28l /24.9
g | B . A I3 151710
D fede—— .
goal | :
<5}
© 29l

201

18L

0 10 20 30 40 50 60
Time /min
BI11 SO IR AR I i

Fig. 11 Temperature variation of laser

R U UE BT 4 2 vl k3% EDFA fiy OG5 oo I
K A& PE R 1] 9 TR i S22 B, ) AQ6370
TSR AT I, AR A5 R % T R ) v RS AN ]
s T61] 49 S 3% s B8 R 1] 12 13 Fir s

12 R AE AR SEAT R #E i  0 F ,EDF A i
6% P K AE 0.10.20.30.40.50 .60 min N 1Y 8 &

i 2o [ 12Ca) B R R OIS R B g R OR
TR G 16 Bk b (5 5 Dy %5 15 12(b) R n EDFA i th
i s I Bl B R] A AR R OC FR R R R R i B ] Bt
P G K S 3 E S 1551 759 nmy, e I K %
BLAE ) A e KR ® s #) 40 pm, 7 2 {H A F
14.4 pm. A M, EDFA & 4t & #F 17 iR B 4 il 1),
EDFA i th 5% 3% (9 vh o0 U K Bl 25 1) 18] 19 4 88 1) A
5.

13 FE7R R8s 980 nm = S 1A B G 2% 11 18 B 2 il
7 25 “C,EDFA i th 63 (i o0 % K 78 0.10.20. 30,
40.50.60 min W sh & A8 fb i 2 . 18] 13(a) B Bl 3R oR
S i 4 B AR 2R R R S K R E S T
& 13 (b) 27 i H OG5 o o0 8 4 BE IR R) A9 28 Fb 1% B
LR RZHEHBEANDTOERKYEHER
1551. 741 nm, H 0 P K 78 % B T8) 19 f KRS =l
14 pm, J7 22 {64 5.4 pm. £ 55 X% w0, 78 %t
980 nm O # #EAT R AR I B BT L EDF A /9 i
JE i H 0 P TE 60 min YA B IR/ T 6590, 22
W/NT 62.5% ,3F H 5 SCHRES ] &5 A0 L, 18 B . B
AR e B R K B e . B, AR SO T T L

0714002-6



& 43% B 7TH/2023 £ 4 B/REHR

10F . —— 0 min
----10 min

0
1551.2 1551.4 1551.6 1551.8 1552.0 1552.2 1552.4
Wavelength /nm

g

1651.78 F
1551.77 =
1651716 - - - = = = = = = -
1551.75
1551.74
1551.73
1551.72
1551.71 |
1551.70 ":) L L L L 1 u

10 20 30 40 50 60
Time /min

~——a— center wavelength

Center wavelength /nm

K12 KRR EE B EDFA & O as LUK OB 2 . (a) EDFA % 6 5 (b) ot K A2 e il

Fig. 12 Output pulse spectrum of EDFA without temperature control module. (a) Output spectrum of EDFA; (b) center wavelength
change
(@) (b) 1551.78
or g 1651.77 —a— center wavelength
or = 155176}
g7OT 2 1551751 —
E -20 | g 1551_744’—— —— _\’i._;:
230 2 155173
= o)
~40 I £ 155172}
=50 - © 155171
d 0 1 1 1 1 1 1 1 155170 1 1 1 1 1 1 1
1551.2 1551.4 1551.6 1551.8 1552.0 1552.2 1552.4 0 10 20 30 40 50 60
Wavelength /nm Time /min
P13 22 i B 45 B i EDE A it ik o 13 DA K oG K A8 Ab . (a) EDF A% H OGS 5 (b) sl R A2 AR 1 0
Fig. 13 Output pulse spectrum of EDFA when temperature control module is installed. (a) Output spectrum of EDFA; (b) center

wavelength change

AR AR 2 980 nm L AR 1Y i T 2R k> EDFA #i
HOE TR A
5 % )7

BEXT BLAT 2 SR O 2 B IR B B O Tk E AR
) 2 T 5 A TR R S A AR R B A IR, A T
— Fl 3£ T FPGA 9 980 nm 2 5 1R 30 %% T B 52 e 2
Hl59 . ZITEELA FPGA S £ ¥l 4%, 18 5 I i A
F, B H e S B2 T AR SO A P L B Y S R R SR
A HUKE AR 4l R A2 30 1 3R B2 A S i U0 R S LR S
T 928 1 A AR BOE 2% N TEC 3 9 7 [a] A1 K
I SEERNT R RO AR S R TR . BT
FPGA B HICLF R RGE LR E /00 TR
H 25 °C . TAERF K 60 min i, FPGA [ 3 Y] ¥ N
RS AL IR 45 ) D7 TR 8O o AR R 2SR 318 UL B 1
FECH 0.2 CHE, W% 48 19 I B A = il 46 0.4 °C
980 nm - AR IO B8 P18 A0 & 4004 i 0. 9584
P2 2 0. 9784 ; EDF A 1 fiy Hh 1 < 1) Je KIS A% i F 7
ZEH 1 JE R 40 pm 14, 4 pm 43 51 98 /N 2] 14 pm Fl
5.4 pm, P KRBT 65%, ) Z WM T 62.5%,
TR L 45 ) FR7 0 0 A TR 25 5 2 R R P S A2 S RO
KA TG 38 i FPGA il P9 3R A LR P 52 B

JEE PR, 1207 T 5 K g o S R B, X 4 R S RO
o i A A A R B L P B A E B Y R S

& £ x W

[1] LeeH1J, YoonJ S, Kim C J. Numerical analysis on the cooling
of a laser diode package with a thermoelectric cooler[J]. Heat
Transfer-Asian Research, 2001, 30(5): 357-370.

[2] Pradhan D D, Mandloi A. Design optimization of EDFA for
16 X10 Gbps data rate DWDM system using different pumping
configurations[J]. Wireless Personal Communications, 2019,
106(4): 2079-2086.

(3] 8L, M, WAH, . R RE SR B EDLLTT]. I
WO, 2021, 48(20): 2015001.

Cao C, Wang B, Chu Y B, et al. Domestic high quality
radiation-resistant erbium-doped fiber[J]. Chinese Journal of
Lasers, 2021, 48(20): 2015001.

[4] Horiguchi M, Shimizu M, Yamada M, et al. Highly efficient Er-
doped fibre amplifiers pumped in 660 nm band[J]. Electronics
Letters, 1991, 27(25): 2319-2320.

(5] skZeid, sKRHZE, 223 I 3T A8 f IR PID 42 i 72 ) T R i
Ot A R AR AR g b i R ] ot eE cE 4, 2021, 41(12):
1214003.

Zhang A D, Zhang Y R, Li T. Application of variable domain
fuzzy PID control in semiconductor laser temperature control
system[J]. Acta Optica Sinica, 2021, 41(12): 1214003.

[6] Cong M L. Design of a laser temperature controller and its
application in absorption spectral based gas sensing[J].
Proceedings of SPIE, 2020, 11567: 115671Y.

(7] 2473 W, XV, &5 kT B IO & b T 9K 3 5 232 i

0714002-7



& 43 % 7 H1/2023 4 4 B /R

(8]

[9]

[10]

(11]

[12]

[13]

[14]

IR RG], LA SO TR, 2019, 48(9): 0905004 [15] Vetrovec J, Copeland D A, Feeler R, et al. Testing of active
Miao C X, Xing G Z, LiuJ F, et al. Design of current drive and heat sink for advanced high-power laser diodes[J]. Proceedings of
alternating current temperature control system for high-precision SPIE, 2011, 7918: 79180G.
laser[J]. Infrared and Laser Engineering, 2019, 48(9): 0905004. [16] MR5, #5L, 6~y , 25 . TDLASJE & SR I rh ot #345 72 i
SEOCH, B, 2%, AF IR TR S AEOL S R R E 1 JE X A SRR [T]. S ok 5 OB g 2k B, 2018, 38(6):
HIR BT [T]. WOt 5t a2, 2021, 58(7): 0714008. 1670-1674.
Xu W M, Yang Q, Wang X, et al. Design of high stability Chen H, Ju Y, Han L, et al. Effects of temperature of laser
control system for chaotic semiconductor lasers[J]. Laser &. shell on background signals for trace gas detection in TDLAS[J].
Optoelectronics Progress, 2021, 58(7): 0714008. Spectroscopy and Spectral Analysis, 2018, 38(6): 1670-1674.
Oo H L, Anatolit S, Ye K Z. Analysis and evaluation of the [17] Xie L, Pinjala D, Sudharsanam K, et al. A new low cost optical
efficiency of laser temperature control system[C]//2019 IEEE transmitter package with uncooled thermal solution and J-down
Conference of Russian Young Researchers in Electrical and assembly[C]//53rd Electronic Components and Technology
Electronic Engineering, January 28-31, 2019, Saint Petersburg Conference, May 27-30, 2003, New Orleans, LA, USA. New
and Moscow, Russia. New York: IEEE Press, 2019: 2180- York: IEEE Press, 2003: 1669-1673.
2182. (18] frJa ik, XIEDF, M, . Ll A EotaRE R 5]
Zhai G Y, Chai G R. High-precision temperature control for S, 2017, 37(11): 1114002.
semi-conductor laser based on genetic algorithm[J]. Journal of He Q X, Liu H F, Li B, et al. Multi-channel semiconductor
Nanoelectronics and Optoelectronics, 2018, 13(9): 1349-1354. laser temperature control system[J]. Acta Optica Sinica, 2017,
Li X F, Wang Z, Chen W, et al. Double-loop control and 37(11): 1114002.
intelligent parameter tuning for the temperature control system [19] Ruan Y Z, Yu J H, Xiao T J. Design and implementation of
of a DBR semiconductor laser[J]. Applied Optics, 2021, 60(2): video image processing system based on ZYNQ-7000[J].
326-332. Software Guide, 2018, 17(9): 152-156.
Hang Z. Semiconductor laser drive power semiconductor laser [20]  Altenburg H, Mrooz O, Plewa J, et al. Semiconductor ceramics
temperature control system design[J]. Scientific Journal of for NTC thermistors: the reliability aspects[J]. Journal of the
Intelligent Systems Research, 2020, 2(12): 36-43. European Ceramic Society, 2001, 21(10/11): 1787-1791.
R B, BESE, SRR, AF ko AR SR DI AE S ARDG 2T [(21] Wik, TEM, #L2 ¥ . NTC H# B 24 e &
FGE[I] e T - WOk, 2019, 30(9): 906-911. U] A sk, 2004, 25(9): 28-30.
Li Z J, Sheng L, Zhang Y X, et al. Analog optical fiber ShaZ Y, Wang Y P, Du Z T. Linearization and application of
transmission system applied in pulsed radiation detection[J]. NTC thermistor[J]. Process Automation Instrumentation, 2004,
Journal of Optoelectronics- Laser, 2019, 30(9): 906-911. 25(9): 28-30.
Zhen L. Design of a temperature control circuit for a [22] Peng E, Li L. Camera calibration using one-dimensional
semiconductor  laser[C]//Energy ~ Science and  Applied information and its applications in both controlled and
Technology, June 25-26, 2016, Wuhan, China. South Holland: uncontrolled environments[J]. Pattern Recognition, 2010, 43(3):
ESAT, 2016: 303-305. 1188-1198.
Temperature Control Scheme for 980 nm Semiconductor Laser
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'College of Physics and Optoelectronics, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;
‘Key Laboratory of Advanced Transducers and Intelligent Control System, Ministry of Education and Shanxi
Province, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China
Abstract
Objective As an important optoelectronic device for optical fiber communication, the 980 nm semiconductor laser has the

advantages of a wide wavelength range, easy modulation, and high efficiency. It can excite ground-state erbium ions to a
metastable state, thereby paving the way for stimulated radiation. It is thus an optimal pumping source for the erbium-
doped fiber amplifier (EDFA). However, as an important factor influencing the power stability and spectral shift of the
980 nm semiconductor laser, temperature affects the stability of the output wavelength of the EDFA. The traditional
control methods, mainly using the microcontroller unit (MCU) to implement the proportional-integral-derivative (PID)
algorithm, have the weaknesses of cumbersome hardware circuits and control processes. In this paper, the field
programmable gate array (FPGA) with high speed and flexibility is used as the main controller to switch the internal finite
state machine (FSM), thereby achieving the automatic temperature control of the 980 nm semiconductor laser and
stabilizing the output power of the laser. Then, the above method is applied to an EDFA system, and the results show that
it reduces the shift and improves the stability of the output spectrum. The proposed temperature control method is

expected to promote the development and application of the temperature control of semiconductor lasers.

Methods The structure and properties of the 980 nm semiconductor laser are investigated, and the analysis shows that
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the thermoelectric cooler (TEC) and the thermistor can respectively be used as the actuating element and the temperature
sensor. Besides, the FPGA, as a core control component, is utilized to control the analog-to-digital chip (ADC) collecting
the voltage of the thermistor and further to obtain the internal temperature of the semiconductor laser. In addition, the
FSM is adjusted and switched to different states in real time to control the magnitude and direction of the current flowing
into the TEC. The above measures are taken to achieve automatic temperature control. An FPGA-based experimental
device with an EDFA system is built to verify the feasibility of the proposed method. For this purpose, an experiment is
conducted under different temperatures by analyzing the variations of output power-current (PI)curves of the 980 nm
semiconductor laser and the output spectra of the EDFA with time and temperature. The results prove the feasibility of the

proposed method.

Results and Discussions This paper proposes a real-time temperature control method for the 980 nm semiconductor laser
that uses the FPGA to automatically switch the internal FSM (Fig. 7). An FPGA-based experimental device with an
EDFA system is built (Fig. 9) to verify the feasibility of the proposed method. The experimental results show that when
the threshold temperature of the FSM is set to +0. 2 °C, the temperature of the laser within 60 min largely remains stable,
with a maximum temperature difference of smaller than 0.4 °C (Fig. 11). When the temperature of the 980 nm
semiconductor laser stabilizes at 25 °C, the proposed temperature control method increases the goodness of linear fit of the
PI curve by 23. 07 % and reduces the wavelength shift of the EDFA by 62. 5% within 60 min (Fig. 13). The application of
the proposed temperature control method effectively ensures the stability of the output power of the semiconductor laser

and that of the output wavelength of the amplifier.

Conclusions As the current temperature control methods for semiconductor lasers are faced with the slow transmission
speed and complex structure of the controller, an FPGA-based real-time temperature control method for the 980 nm
semiconductor laser is presented in this paper. The method uses the FPGA as the main controller to obtain the internal
temperature of the semiconductor laser in real time by measuring the voltage of the thermistor. The FSM state could be
switched in real time according to the collected temperature, thereby controlling the direction and magnitude of the current
flowing into the TEC in the semiconductor laser. In this way, the internal temperature control of the semiconductor laser is
achieved. An FPGA-based experimental device with an EDFA system is built to analyze the temperature control
effectiveness of automatic switching of the internal FSM by the FPGA when the temperature is 25 C and the working time
is 60 min. When the threshold temperature of the FSM is set to 0.2 °C, the temperature of the semiconductor laser is
generally 0. 4 °C under control. The goodness of linear fit of the PI curve of the 980 nm semiconductor laser is improved by
23.07% from 0. 9584 to 0. 9784. The maximum shift and variance of the output wavelength of the EDFA are respectively
reduced from 40 pm to 14 pm and from 14.4 pm to 5.4 pm. The wavelength shift and variance are thus respectively
reduced by 65% and 62.5%. The simple constant current source is combined with devices inside the semiconductor for
temperature acquisition and cooling, and the internal FSM program is controlled by the FPGA to achieve temperature
control. The proposed method, with a simple structure and fast speed, is of great significance for promoting the

development and application of the temperature control of semiconductor lasers.

Key words lasers; 980 nm semiconductor laser; temperature control; field programmable gate array; state transition

machine
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