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Abstract: The lateral lasing of vertical external cavity surface emitting laser (VECSEL) is the key to restrict its
high performance. We designed a gain chip structure with a large mismatch (30 nm) between the quantum well gain
peak and the surface cavity mode at room temperature, and confirmed that this structure can effectively suppress the
lateral lasing enhancement of VECSEL when the pump power increases. When the substrate temperature of the gain
chip is 20 ‘C, the longitudinal lasing wavelength of VECSEL is 980 nm and the lateral lasing wavelength is 950 nm.
As the pump power increases gradually, the lateral lasing intensity decreases rapidly with the emergence of longitudi-
nal lasing. This is because the stimulated radiation level of the quantum well matches the longitudinal lasing laser
mode when the laser is longitudinal lasing. The longitudinal lasing laser mode can obtain higher mode gain and have
an advantage in the competition with the lateral mode. When the substrate temperature is controlled at 0 “C and
10 °C, the mismatch between the quantum well intrinsic gain peak and the surface cavity mode increases. At this

time, VECSEL still shows a stable lateral lasing suppression effect.

Yrfe B A 2022-08-22; 11T HH: 2022-09-06

ELWAE: H %50 (2018YFB2201103) 5 A5 45 B 57 & B 1 Jl 1 nd 1 H (20200401006GX) 5 [6 58 A 44 B} 22 2 4
(11774343,61804087,61874117) 5 [F 5K [ 45 B2 42 5 KI5 H (62090060)
Supported by National Key Research and Development Program of China (2018YFB2201103) ; Key Projects of Jilin Province
Science and Technology Development Plan (20200401006GX) ; National Natural Science Foundation of China (11774343,
61804087,61874117) ; Major Program of the National Natural Science Foundation of China(62090060).



%2

EEAE, SF AR R I TIC B AR AN 17 A SO e 0 15 R 4 315

Key words: vertical external cavity surface emitting lasers(VECSELs) ; lateral lasing; gain detuning; mode compe-

tition

e

1 5l

TE 1 A0 RS T K ST SR BOE 2% (Vertical ex-
ternal cavity surface emitting laser, VECSEL ) 3ft H.2§
RO R RN E RO S p9 g A, AT SE B 2
SRR G W TR OB OF B RO Y A R 4
Y, TR N A A OG5 e A AT L S IO B A A e
e BUREIAE D RE s 45 & 2k SR M R RE A TR 4L
AR, VECSEL AT I & o = 5 1 51 4 56 Y
SN AT DS B AT 21 A il B O BN I AR
K VECSELZRAF T2 G A8 Tk T B 97 LA
Lo B U A B T2 0 I A 2 AR EOE A
(P BU . DEA T Y R 2R VECSEL 2
AT i RE G 1 A R OE X, O 7 AR R R T
T A i S i A T R B P R 9 OE IR
D, Lo o B TR AR R A B A R
fif PRF I, VECSEL 3 £ 85 1 799 Ml A 242 180 23 2 Al
— RIS R, REOE S0 A RR T A
AR RE 1m) 5 T OO IR &, AR VECSEL
FR 000 1 AR SR P AR R AT O TR B i o o
I 00 1] 3380 S A8 A, 2 i 2 1 5 3 PR A 3 A
F PR R R T IR 2 e RE A B TSR YOG 45" ) e
T 2 W 2R 3 T 250 A T 4 5 A 2 50 3B 3
FEAT IR DX N B9 200 7, il 29 VECSEL IE 8] 30Ot fi
thVERE, Wi, B PR FHFZETT e T VECSEL M [ 9
SEHIWESY . Hessenius 55 & ABFSE T B 1Y #4 AL
T 2350 Xof 00 1] 5 A R Wang SR SE T Ak
T AR B i R B R R A BN B R AR Y LA R
S AT S A 0 S R DR X VECSEL 4k
T 2 A AT R R T AT A A a0 1 38 15
UL, $2 T+ VECSEL 1Y 1F Th %t 1 58", i ok ey 300
] S 51 2 B9 VECSEL [ B 1A% 2% % Bl (] 210
ol /N i BT B ' B 45t R Rz R R O 12
Topper 35 $ii H 38 b A3 D At LT - 8 88 i/ N A 1) '
325 BN 7 k1 % T YR R T figg BT A BRI R
Sy 1S N AR R L T O 4500 AT SEE R B s Hes-
senius 55 2 7558 45 00 7 M0 TAT 2% § 16 27 428 2 1 )
T3 = S 0 1] DG IR 37 RORE L S B B A A 9
Kok i ) 5 ok A v 2 e — 7 R B IR N i D't
FRET, A A5 O 2 RS AT PR o A 00 T i 2 X Ol

A W5 5T 451 114 R A IX A, R A S5 A 00 ) o' )
SRPULE R W AT X B ) A R BB, TR
%,

0] 5] 384 56 % VECSEL A9 52 1 3 2 [ ) i) #4
SRS 55 0 1] 9 AR X A A ST 4, Hl A 1
SR A B B ™ T R (A 1 1 O O
AR HE AR A5 38 35008 B AR G 25 . AN SCHE VEC-
SEL H§ #5265 B v ok T 386 25 W (8 5 s A R 2k
TR T B AR B T 1 AR A X Y S
P FA, 553 AN ) 38 G 3 2 KPS DT S B 40 i A 1)
WA H B . ARSCEENH T VECSEL #8144 451
55550 8 07 1 A B 2500 A Bk RE I 45 R SRS
XiF TG AME B () VECSEL 38 25 65 H ] 1] 384 565 #0042 e
HARRAE S AT T 007, XA AR BE Y VEC-
SEL 25 K6 M) 1) 340 555 B FLAM I BOCR AT T A 41 L I
Ja AT T RS

2 BHEMEHE

K 1(a) 2R ATRATH AL E VECSEL R 4L 45
g e T AR B B 2R, H b g 25 008 1 4 3 A IT
b FADTRE R H F = R 2 8 (Thermoelectric
cooler, TEC) VA M K% RBE AT IR E R . Kl
5 R FH G 21 i 1 19 808 nm 2 T IR OB AR B S
P AR N 100 wmo O PR IR G B 450 7 B AY
T RST R AL H O £F i sl A — &
HEELR A . WO LL 45 547 0 A ST ff R A
FFE RN R L DR HAR AN 0.2 mm, R H]
97. 5% J 55F 4 1 BR 1D S 55 58 B A4 AN s 3 4 ol 3
BN T emo

VECSEL #3458 1 i Z il ds 112 V87 )2
A5 DR 3 A 2U AT B K5 B8 (Distributed Bragg
reflectors DBR) 41 J%, , 3 25 05 A 45 ¥4 7= 2 1 n [
10a) Bim o AR XA 94 P HE AT 19 InGaAs
PR O AN B2 R IR R B N AR RO, SR H
GaAsP B BHE #2225 GaAs WU XA T GaAsP
P R E™, Sy PR R R YE , DBR R
St BT R BRI ALAs/GaAs oo MR, 3 2508
B4 4 H - BB (SEM) B 5 dn &l 1(b) R, i
K e A5 SEM T (9 B B A IR X S50 . 3 25 00
Fr 9 DBR X% 28 X, 7 980 nm I Bt B 3t S 2
ALK E] 99. 9%



316 K it

¥R 44

(a) Pump system Water-cooling
Heat sink

Output couple
mirror

Laser I

Etch stop-_
layer

Ry

Gain ship N
Thermo

Electric
Cooler

Multiple Distributed
quantum Bragg
well reflectors

~
Window layer

1 (a)980 nm VECSEL 52 5 25 & FIh 5 45

Fig.1
structure.

B 250 R R & ST 25 R, AN IE 25 2 R
Aixtron 200/4 43 J& - A LA = S AHPL (MOCVD)
£ GaAs #F IS AR A K ZI 0 BHES 2 (0 12 O
T X DBR™. A A A K 5 1Y & 8 R i 3
3 mmx3 mm A3 550 7 I SR AR KR 42 2 4 A0
o SR ML R M Ak 2 T Tl RS B S IR
KB 0 IS 5 (19 VECSEL 42 245 75 TEC 45 1
B |,

T T B 2508 R B R RS RO EUR OGS i E]
27 o MY RO R RS S 9 B ) VECSEL
R o A AR RS RGBS AMNE B i A ]
TE BT I, Forp o b S ik oy A, S 30U
A — AR B MR 3% MG B 1K A £ T 982
nm, %A B FR 3 50 R R AL L AR ER
TE 1) 5 OB Sk K B2 b i 2l
SR FH 35 4SO 1) i £ 1) 1) 1 BIF & Ot A
LR R E T B AAE 3G 25 1% . L 35 i (7 T

100
80
1 .
= [ =
R | g
© ! =
= : 2
< 40 ! _aé
: 1 [Se)
i !
20+ h !
] 1
‘.‘ LN S Gain
0 N :9)@—-{;;‘ 31 982 nm Reflectivity
1 | Y 1 R T
920 940 960 980 1000 1020 1040 1060 1080
A/nm

B 2 2T 0 0 A 09 S B 5 g 2 0
Fig.2 Reflectance and gain spectra of the gain chip at room

temperature
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