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Switchable dual-wavelength vertical-external-cavity surface-
emitting laser

LI Xue'?, ZHANG Jj-Ye", ZHANG Jian-Wei', ZHANG Xing"", ZHANG Zhuo'’, ZENG Yu-Gang',
ZHANG Jun', ZHOU Yin-Li', ZHU Hong-Bo', NING Yong-Qiang', QINLi', WANG Li-Jun'
(1. State Key Laboratory of Luminescence and Applications, Changchun Institute of Optics, Fine Mechanics and
Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences,
Beijing 100049, China;
3. Ace Photonics, Co. , Ltd. , Changchun 130102, China)

Abstract: This paper presents the design method and test results of a switchable dual-wavelength vertical-external-cavi-
ty surface-emitting laser (VECSEL). The two lasing wavelengths with the separation of 50 nm are generated at different
pumping powers using one single gain chip. During the operation of the VECSEL, the thermal rollover of output power
is observed twice. The first rollover indicates the first switch of lasing wavelength, which is due to the temperature rise
within the gain chip and its tuned gain spectrum. The maximum output power of each emitting wavelength exceeds 1. 5
W at 0 °C. The lasing wavelength can be switched between 950 nm and 1000 nm with the change of pump power, and
dual-wavelength emission with output power of more thanl. 5 W is demonstrated. We believe that this kind of switch-
able dual-wavelength VECSEL device has great application potential as dual-wavelength laser sources for providing tech-
nical support for mid-infrared radiation.

Key words: vertical external cavity surface emitting laser, switchable wavelength, dual-wavelength

ks B 87 :2022- 01- 12,18 [E] H #3:2022- 07- 07 Received date:2022- 01- 12, Revised date:2022- 07- 07

BB : FXK A KRS (62104225, 61874117, 11674314) , [ 5K 5 43 BF 2 11 2 5T H (2018YFB0504600) , 7 Ak 4 Bk 4 4 ' 11 &l 1t H
(20200401006GX)

Foundation items: Supported by National Natural Science Foundation of China (62104225, 61874117, 11674314), National Key Research and De-
velopment Program of China(2018YFB0504600), Science and Technology Program of Jilin Province (20200401006GX )

YEZE B A (Biography) : 2% (1992-) , & , WL WP A: , LN HR RARRO R AR BT 5 250 TAE

’ J‘Eiﬂ'ﬂf%‘(Corresponding authors) : Email :zhangjiye@ciomp. ac. ¢n,zhangx@ciomp. ac. cn


https://dx.doi.org/10.11972/j.issn.1001-9014.2023.01.003
mailto:E-mail:zhangjiye@ciomp.ac.cn
mailto:E-mail:zhangjiye@ciomp.ac.cn
mailto:E-mail:zhangx@ciomp.ac.cn

L B T AT R ST RO B SO K IR 5 s
5% il % i) VECSEL #8112 itk MOt AU ok 247 1

XL K 2 R — ol LA 5 K S g ok
R, HL N VG B AL G AR LR MR A e WK
AR Sl E" Jesh Sy yr AR, N A 2
B NI Z R H . T R EOE R
AR R RS )T AT S e AL
U B AE 2o 2 S R IO R S BB KOG 0
oA T HE Sl R KGR R S AR

T EL AP T & ST SREOE A (Vertical-Exter-
nal-Cavity Surface—Emitting Laser, VECSEL ) 3¢ H. [#]
TRBOEER AL FRBOGER 5, BERS [ B 4R 15 5
i LB D R A B A KAk, VECSEL B R
T AN S5 K, n] LUTE JEE NI 22 b2 018, K
T S B RIS AR R e P AT R B 4 A
Uifig. Rk, VECSEL HA ik #RAE B+ 2 Sk
WO AR5 A Tt — B B0 TS 3R K
VECSEL.

FLHAFR T8 59 XK VECSEL (i FH 1 B4 AN )
TR A (35 2500 7, SEI T K (R B% 58 nm AL
PR . FEX B VECSEL 2245w, 1 25 85 Y
B 25 1A 5 0 R T A A P B —E ]
JHIE L . RIS VECSEL A B 5 3547 56 KA HE A5,
RIS P A7 A A B - 31 2 A L RN A - e 7
B ST R AR A 2. 1 nm ALK VECSEL™
DL G2 AR JE T 45 4 ] o B A L K
VECSEL & 31U , (B2 T BRAK P A s A X 2
[E] A8 A EL A D 0 200080 559 s R R A 3 1 o PR T B
B35 0 AN BEAE XU K AR Bt B AR 5 o A [] £ 3
AR, DRI B S A [ 14 38 25 008 ok SE B K
Y. WEIEE AT T XU 35 0 F f5 a4 A
g, e — A3 T ALER I b, S0 E T K
[B] B 35 nm 2 52 nm ARG K R Y B R
B, SIS K ] B 3A B 147 nm B4 R K i iy e 4
L R0 K 5 SR VECSEL [ 45 ¥ AR 15 5 &
e M T OGTR R AR R ST o AN, G T A AR
A VECSEL J5 %8, WNAE 3 25 v ot v 4 FH 23 1] 43
BEER AT A AT SR L ot B X e AE o
P B A UE ST AT .

TEAS SO, FATTH 8 W5 U < 1A] B 745 21 50 nm
9% 1 T Y1 4 VECSEL £ A o 5 DL A il BUE K
VECSEL Z5 #1511 L, 3R AT 3 2 38 2k X 34 25 15 19
PR T S K B i . AEAR SO AT E BN A
VECSEL & 11R F 1) S A L i 5 4Dl 45 5, L yont

WM, B Ja XA SC T AEMUR S5 41
1 VECSEL &#i%it

VECSEL FJ34 25005 B R F TR & 5 16 1ol & i
S LG, W E 1 TR AERB 221 GaAs w15k
JEAER T BHRY)Z LR A A5 i 2 BB TR IX
PL X A $i 4% [z 5 B2 (Distributed Bragg Reflector,
DBR) &5 . 64 I X A K Z BB K T GalnP £F
R Z0 BRSO AR BRI R
SEA P BE IR, I B AT LS I I X e ) A
4 W BEAE P Ik 2 7 9 R R Y AR R S 2
Hro BEHERRNF B9 JR X 91> InGaAs /GaAsP /Al-
GaAs W F & TR . BTETFHHRERZ, H
GaAsP A i ZAE #Mz2 )2 #Mz2 InGaAs 22 T-BiF 4 1 7% .
DBR J% 81 5% H1 27. 5 X 52 85 GaAs/AlAs JZ 4. N
T KA IVE B, VECSEL 34 25 005 A 8 40 %) i 4
mmx4 mm [ 1EJ57TE , SR J5 (856 15422 2 4 WA A A
o FERFAA2EZ 2 bR GaAs 4K )S , VECSEL %%
R 11 A A AR b OIS B TR A
H1L 72 #1435 (Thermo Electric Cooler, TEC) ¥ il , TEC #4
S AL ] 2 3] KA E R b

VECSEL it %1 48 6 55 R F 3% 96% | i
RRAAZ N 80 em (A T4 A B 1 I S
L4980 nm, B 56 4 100 nm. R 808 nm 2 5
PRI AS AT 1S 2550 7 BT S0 SRR BE AR 20
200 pmo ZEIHEH LUHXT T VECSEL 3 2505 7 1f]
IRZE 30° M ERETEL A Lo BTG
R T T VECSEL Y 3505 F 45 )2 2540 1 4T 5 %
M A o TERAREE BT, 94 i BRI 47
B T I Ik 0 0 6 T IR T B A5 A |kt
o T 25 Tl BE AL AL N, IF HL A % 3k 45 T 1 0 62
HE2E

VECSEL S0t 45 1 25 A o 2 B ACEUOoK , R
R T ARAFAR R BE L & DX AR L0 25 20201 S
Ko TEARTCA, FRATRI 1 wm P BT B2 In-
GaAs/GaAsP/AlGaAs B BHA Z AE N KO X 1) &= F
BIF/I AR A2 2 A 22 R RS . ST InGaAs & F
BIF , LA Ak 2H 43 B JR B 1) 5 % 32 B2 2% B VECSEL 3%
T A T 38 25 1 UG (DG 7 1) RO K . 5T 2
(a) 22K H Crosslight 22 H] (19 PICS3D $R 4 A48 1) &
6% K AE 980 nm 970 nm, 960 nm LA A2 950 nm B,
InGaAs f F B A9 Tn 20 43 F i BIFJRE 2 6 7 56 R
X 4 B I R B o SRR R Y



16 EANP/ RS IR 3 S 3 o 9%

Laser emission

Output couple

mirror

Active region
BR mirror
«—Ti/Ge/Au

i | ]

§ ol

€ E | 4

T8 .
L = l H +«1 Heat sink
[ ®

wl T 1

e s © @

K1 VECSEL Z4¢ TAE/R BEIEL 48 B iz e 3 4508 1 19
PO

Fig. 1 Schematic of the VECSEL and the normalized optical
field distribution within the gain chip

Gain chip

(wn) eveng wouy wdeq
b uoiBos

AR R R T S X TR TR
JE B30, 5 BRSO U, A L 8 9O D
F B Z 340 5 I AE AR R i PR T In 4 /iR %
W] BIF RE O I ) & Bl A= PR,
BT R, T PR S In 45 &
MR, ZIEF InGaAs 5 GaAs 1Y i % 2 B 2k
N, R BRIE B A1 0 DX R R 5 T f:, FR AT 1 R
) 68 F BHERE R 8 nm.,

[ 2(b) 7R T Frig i) VECSEL Z544 & G IX 1
T3 VECSEL B4 2 S 33% o ARAE ' A% i R o 1
W, A S 2] 1 VECSEL 14 25 85 F 8 AR S5 4 11 5 5
T, W DAAR BH 5 3 s A B OA RS
2 v BT A S8 R AL R RS , X VECSEL
BB IE T 3RS I PR BE B S, VECSEL
VR X 3 25 1 04 AP A 10T I 5 s S RELS T R
{6 AR XTI 22 T VECSEL B A0 & (i ) i A1
AT I R IR E , — R 0. 06 nm/°C; &G IX I 25
T DA (D K 00 PR A R BB TR TS R B L #E 0.3
nm/‘CE AT o % &3] VECSEL g I 455 1) 15 728 J2
B R IR A S AT, AR R AT B 1R T
3k 4 A T A% A A e TR R B I, AR
Y S22 1 08 B T 2R W A B . an &1 2(b) B 7,0 °
C i VECSEL 1) 5 53 2% B, BEH 22 0046 # X6F 107 114
WA S 978 nmy, T M A et B4 25 068 8 B %o 02 1 0
£ 953 nm, RIEFEEE A FIT 25 nm, [, BEES A7
B HF O BRF T 4 0 B B LTS RE SR A AT A A /3%
fit o AHUZAE BH AR 20U AT 1 AT DAAR 47 b UG i1 45
AR . B IR EE B T e, 3 s I (T S o BELAS s
BT A 2 IR o DRLL , 386 25 7 O o A IR T
IR E ) — B PR

UL, T AT 9 2, 30 2o RS IR 3 A 0T B

)
(=]

T T T T T
(a) —=— Gain peak at 980 nm
—e— Gain peak at 970 nm
—a— Gain peak at 960 nm
—v— Gain peak at 950 nm

N n [
N E 2]
T

In content(%)
()
Q

18 B
16 | .
14 .
12 1 L 1 1 1

4 6 8 10 12

The thickness of well quantum well{nm)
(a)

1.0

3000

e
o

}

e
o

2000

Reflectivity
o

=

Gain {(em’

1000

e
[

A M, , .
880 920 960 1000 1040 1080
Wavelength {nm)

(b)

P2 3 f IR AN [R] 9 A G BR I , InGaAs & 5B In
o SIREER R (a) , 2 VECSEL (14 5 635 5 KU1 (b)
Fig. 2 The relationships between indium contents and thick-
nesses of InGaAs quantum wells for different gain peak wave-
lengths (a), and the gain- and reflectivity spectra of the VEC-
SEL(b)

VECSEL i H XU K .
2 VECSEL #4iiXsE R

ABFFEH ) VECSEL YA 25 05 F 19 ZN G448 % FH
AIXTRON 7 ] i) 200/4 % MOCVD % £ A= K 111 1 o
TE SE B EE R AR KT, B S RO IX B T R R AT
TR RS, 15 8] T 5T B 6 EUR G (Pho-
toluminescence, PL) Y6 ii o 56 AR G5 # AE K 5 4%
PRE S FRATTIR T 8 1 0 R S anfE 3 TR o
F 5T ISR &R G S AE VECSEL #3440 F 0 'CF , 2%
FH GG TR 3 A B 8508 3R 18, K% Ocean
Optics USB4000-VIS-NIR Y {11505, K13
J&7R T VECSEL 2 S 5 3% B A A2 T 940~1 010 nm



1491 T Al EAME A RO AR BB TS 17

P Be 2z ], AR RS AR 1 o 17 3 AT B H2:
AR S S T I 3 R s A AT AR AR R . IR
SR BEL AT v A) A7 7 T R A 2 3 8 e BH VEC-
SEL #8F LR %K 41 974 nmo A7 TS 5 B AT 22
FI A 1 22 7R 7E 940 nm fE 3T 19 55 — AN IR I K .
BN Y & 6 XY PL G 1% W8 B T 950 nm Fff
T, AR T LA B B IR WA 24 24 nm. [, 7
0 ‘CF,PLOGIE O 20 5 S 5 i BH A Ze (9 i £ 1 4H
VERC . MIEL 3 AR S5 SR 0T LIE H, VECSEL g3 4FY
S B K N6 X PLOYGIE A B 5 K 2 (h) W B B 15
TS RIEAW) E

100 100000

©
o
T

-1 80000

(=23
o
T

-1 60000

Reflectivity(%)
Intensity(a.u.)

'y
o

-1 40000

N
o

-1 20000

0 1 1 1 0
880 920 960 1000 1040
Wavelength(nm)

13 VECSEL Mt th i i & 61X PL G 3G M A AR S5 Fy B 55
T
Fig. 3 The measured PL spectra of the active region and the

reflectivity spectra of the gain chip

VECSEL #5 {4 1) . & # TEC 4% #1 75 0 “CH},
i VECSEL £ F7E A R 28 D 26 R 1 PL OGS, H4E
R 4R . FIHE R 8 Wi, PLOGIE HAA —
AN T 950 nm BRI 9 S 05 S B, e B GBS 1)
T-BEE G K N 950 nm 2247 o P BE R I R
B, A TR DX I LB 2 TR L 950 nm B AT Y PLL
H i e B AR Y 21 8%, I HL 980 nm BT 1 PL
HiE IR R . M ARDE IR R T 12 WA,
PL G P F2 10543 51 22 75 2E 950 nm A1 980 nm
BT I R B . B SR T R W i — 2 K, PL
T B4 TR A = I A (118 R Ko i B K A AR X — B
SRR TR T IS s R 5 R

B J T AT TR ) 45 1Y VECSEL [fi 1 75 Btk i 1
It 5 A BT, L TAE A AP IRAS T, 78 TEC
TV 0 CHYZAM T, Ho s R an 1515 iR o
MIEL 5 (a) ] LA HY, VECSEL 2844 1 i 1 ) 38 5 %%
YRR EIPADLMEE. 5B—ME X EUE 4

1\ 998nm
1

I '
- '

[ PLn,=20W ' 954nm
g

Intensity(a.u.)

F PPI"’\P=8W

| |
! 1
! 1l
! 1
1 n 1
'
“\_,/\\_,f~,/////¢\::jjjl§_~___>
1
L Ll
Ll
L 1
1

900 920 940 960 980 1000 1020 1040
Wavelength(nm)

K4 1E0°CT, ARIBAH DI T SR PLOGHE
Fig. 4 The PL spectra from the VECSEL devices under dif-

ferent pump powers at the temperature of 0 °C

W I B S DT iR, RS 8 15 W R D5,
BRI FRIEE 1.6 W, B TFn BN ERE, . B
YRR — BRI, TR A — B e
PRI NN, PEAE AN X, XA ARt
X I, 75 B T 3R 1A 5] 24 W I}, VECSEL #2544 A4 8%
ek S IR 2. 8 W, I HLBA BRI R 40 )
MG BARBD R BORIR S 10% VA Lo

& H Ophir—Spricon 2% 7] i SP620U B4 1%
WM T K T Y14 VECSEL #8419 3 3% & i fa L
E5(b) TR . 1E8 W HI20 W B FF 31 Rk T,
VECSEL £ {4 78 P /> 1E 32 J5 In] I 4 & 5 -+ 0 42
Mo AE T T ) A 0 4 BE (Full Width at Half
Maximum, FWHM) £ £ 43 5124 8. 21° 5 8. 16° ; 7E /K
SFEJ7 1) B FWHM A1 B 53 51 R 8. 12° 5 8. 08° ., iX
LA SR, P RE S T R % VEC-
SEL#RERE M LR [RE X AR A 5t

g iE— 43 BT VECSEL #8482l # il 48 52 3 A
SRR R Y ), FR AT T ORI I DR T VEC-
SEL %5 14 1ty B 5 3 1) A8 AR O, an &1 6 (a) BT o
VECSEL #5440 AU 615 Bl 2 25 1 1 15 o 222 390 4 B
WA RIS . MW 15 W] 18
WIS, 385 % K T 950 nm W14 3] T 1 000 nm B
o TR, YR YIRAE 16~17 W 224, X
WA AT AT 22 5, %o o7 i+ R gl 2 A S — A
PROBHEE XI5 AR X 2 A, W& 5 (a) BT
No X FEE KN VECSEL 24 7E R OETh R i
Jei , B AR ) NS AN G R TS K AR .



18 EANP /RS I 3 S 3= ¢

9%

3000 T
(a) i
: 0 g ™
AZSOD L Temperature..o/c. B
g / |
= E
g 2000 - | &
2 - o8 2
‘g_ 1500 |- 5
5 H0.06 £
F i
E 1000 - 1
= H0.04
500 1o.02
1] -4 L 0.00

1 L L n L L L
5 10 15 20 25
The pump power(W)
(a)

- (b} Pmp-zow
[ Vertical direction
P ™
F  Horizontal direction "“””
pump

=30 30
Angle(deg)

(b)

o

Normalized Intensity

K5 7E0°CT, VECSEL #rfF i fi th AR RE (a) BH AL 2 &
158 W 120 W I 337 % HUff (b)

Fig. 5
its beam divergence angles at the pump power of 8 W and 20

W (b)

The output performance of VECSEL devices (a) and

K3 s, F A1 VECSEL 28 F45F % F T 4T 24 nm
) e 3 25 U A BT, 1T 1A 4 A PLOE T i 2R 560 T
950 nm Y K e AE AR A W DI 2R .
T A AEEON B 250 R PN A T B S T )R A 3
Jonviy TR i B 2 R G LT A Y B AT

R — 2B, 8 25 3 A9 {E 2 VS 1 000 nm (Y
PRI, B A S B K N 950 nm 2] 1 000 nm 1Y
JIE: S

N T EIEFTR T VECSEL 2§24 93 1 s
X F A B s e FRATTI i TR R 2R DR
VECSEL #% 4 B9 3 5 1 4 Bl TEC #5835 19 22 fb A%
WE 6(h) TR . VECSEL g 4 B35 5 1 25 Ak il £&
i 25 VLS P 3 2 B A A BRI . M AT T
RAREE 19 W ARZERS , TEC #53RAE-10 “CHYTY S AL, 3

I R 1 AR Ak i 28 1 AT 950 nm BRG] T 1 000 nm
BT . MR DR RR] 15, 5 W B S I b
BT 5AE N0 Co MR YPRIE— it?f‘kﬁﬁﬁ ey
{EZJKE’JJQ]T@P, (R B TRA TR A TR
Bl LAAR o X B0 E 1 & 2 (h) 7 B e 34 25 0 £5 1
T, B A 1 50 N B TREE b TS 30 4 DA 1) S
SRR B O BT B 7 A A%, DA T TS R AR X
R

( ) 5 e 1002.4nm
a
o 1002.02nm
- 10p1.26nm
“ 954.21nm
0 953.63nm 1o | P
e 953.44nry 954.60nm
i - - 18.0
e 952.79nr/|];_ 175
. 952.27nmy” | ] =
70000 3 bad=
— 60000 165 2
3 et =y
2 50000 ) e
2 40000 i lsss.mnm / a
2 30000 155

ﬁ 20000 /

10000 | 15.0
o [
900 920 940 960 980 1000 1020 1040
Wavelength({nm)

(a)

1010 T T T T T T
e " '_—_-v 1
w00} ® 7 =
—_ —s—P _ =12W
£ 990 gt .
£ Slope,_440,n=0-24
£ ]
§’ 980 | ——P . =15.5W
&
2 40l P, S19W
2 Slope, ;,,=0.2 |
960 [ B
L g "
0| F=——A— .
1 1 1 1 1 1
-15 -10 -5 (] 5 10

Temperature (C)

(b)

K16 7E0°CTF, VECSEL 1 i ot 1 Fifi 52 3 D 4 1) A2 £k
KZ(a), LB ABEEILT , VECSEL a4 th I
Kbl i B2 A2 AL G 2 (b)

Fig. 6
VECSEL device with the different pump powers at 0 °C (a),

and lasing wavelength changing with temperature at the differ-

Lasing spectra of the switchable dual-wavelength

ent pump powers (b)

FH 72~k BP209-VIS/M %' o it 5 43 7 X
‘Uﬂ']ET VECSEL #8 {4 i )6 o i 12 [F 7 M. an &l 7
(a) iR, 760 CF, M YIR N 12 W HI 20 W i,



1491 7 ARl EAME RS SAREOL AR B NG  H P ATTE 19

1800 ‘ ; . : T
1600 - (a)

°=1.33
2=1.74

5=050nm

1400 -

A-1000nm

1200 -
1000 -
800 -

Diameter{um)

600 -
400 -
200 -

! 1 1
0 50 100 150 200
Distance (mm)

(a)

2500 ‘ ‘ T
3 = M =2.18
T U £ B 2
2000 - e 1
" W7 =2.22

vl A T AL

-

[4.]

[=]

=]
T

Diameter{um)
2
=}
(=
T

500 -

. . N .
0 40 80 120 160 200
Distance {mm)

(b)

&7 FE0°CT ,VECSEL %475 B — i it B i 0 o B M2(a) , LA S VECSEL #8424 7E S 4 12 76 B 4 S o it ek M2, 4 141

g L RERIIE SR ()

Fig. 7 The beam quality M* factors of the VECSEL device with single-wavelength (a) and dual-wavelength operation (b) at 0 °C,

inserted curves show the shape at the center of the optical field

VECSEL #§ 4 Ab F 3l K TAERS TR i b K o
5124950 nm 11 000 nm , KA 21 59 M43 514 1. 33
1. 74, FEFHTIE A 16.5 Wi}, VECSEL &b F XL
WA TAERZS MR Y M2 AE B A4~ 138 ) A 43 1)
F2. 18 F12.22, WA 7(b) Frs o 3X & A 950 nm
A1 000 nm P i 2 b A5 20 22 T] 9 5 4 2 30 1O R
AR 25 o AR E A T BRI VECSEL 8 4:4i Hi 6
BEIEAIL, 4588 52 0 R 4 g IR X R AR:

3 i

ARSCHR R T A g i B2 1 XL K VECSEL
A I BB 2500 R L) B AR T
MUK IR o 38 AT P 4 25 - B TR AL i 1 £
O F ST FEAS TR B B T R, 1 25 335
B H RS i 1T R R 1 A b
— A, SEBL T MG gE 0 R BT R K FTAE 950 nm Al
000 nm Z [ Y] 4 . BLAL, FEHEE IR DI R T, 58
BT VECSEL U K [ BT o 78 0 CHY, PR 4
SFP T I 1 e R R T R 1.5 W B K
A 22 7€ 15. 66 THz, X% VECSEL P i 4z 35
AR A A X 5 8 T LA S e B A T R L L
PR AR AR o A5 X 4 R R A R M . R BLE
O AS T DL RE S 02 2% i 1 45 00 s AR T R
T AN EA K | [ R R 75 ZEAE A A AT 3
SerEoolE ot B IARRUN R E FaE LA, AR
L S AR

References

[1] Yuting Z, Miao H, Mengmeng X, et al. Experimental in-
vestigation on the Y-type cavity tunable dual-wavelength
laser based on neodymium—doped vanadate crystals[J]. Op-
tics Communications, 2021,495:127089.

[2] Akio T, Haisong J, Kiichi H, et al. CW single—wavelength
emission by using novel asymmetric configuration for active
multi-mode interferometer laser diodes [J]. IEICE Elec-
tronics Express, 2012, 9(18):1448-1453.

[3] Purvinskis R, Giggenbach D, Henniger H, et al. Multiple—
wavelength free—space laser communications [J]. Proceed-
ings of SPIE, 2003, 4975:12-19.

[4] Triesscheijn M, Baas P, Schellens J, et al. Photodynamic
Therapy in Oncology [J]. Oncologist, 2006, 11(9) : 1034
1044.

[5] Ching-Fuh L, Miin—Jang C, Bor-Lin L. Wide-range tun-
able dual-wavelength semiconductor laser using asymmet-
ric dual quantum wells[J]. IEEE Photonics Technology Let-
ters, 2002, 10(9) : 1208-1210.

[6] Zambon V, M Piché, Mccarthy N. Tunable dual-wave-
length operation of an external cavity semiconductor laser
(1] Optics Communications, 2006, 264(1):180-186.

[7]17Ji-Ye Z, Jian-Wei Z, Yu-Gang Z, et al. Design of gain re-
gion of high—power vertical external cavity surface emitting
semiconductor laser and itsfabrication[J]. Acta Phys. Sin,
2020, 69(5) :054204. Cik 4kl , kA, B B W, 45
AN FARBOCER RS UERE (], 3R EH) , 2020,
69(5):054204.

[8] Hastie J E, Calvez S, MD Dawson, et al. High power CW
red VECSEL with linearly polarized TEMOO output beam
(1] Optics Express, 2005, 13(1):77-81.

[9] Hoehler J, Gibson R, Reed J, et al. 500W Peak Power
Cavity Dumped 2-micron GaSh—Based VECSEL [J]. Ap-
plied Optics, 2021, 60(25):107-112.

[10] Hessenius C, Lukowski M, Moloney J, et al. Wavelength



0 L1 BN 5 K U IR 0%

tuning of VECSELSs by cavity geometry [ C ]. Proceedings of
SPIE, 2015, 8242(82420B): 1-8.

[11] Tilma B W, Mangold M, Zaugg C A, et al. Recent ad-
vances in ultrafast semiconductor disk lasers [J]. Light
Seci. Appl., 2015, 4: €310.

[12] Bondaz T, Laurain A, Moloney J V, et al. Generation and
Stabilization of Continuous—Wave THz Emission From a
Bi-Color VECSEL [J]. IEEE Photonics Technology Let-
ters, 2019, 31(19):1569 - 1572.

[13] Morozov Y, Nefedov I, Aleshkin V. Nonlinear frequency
conversion in a double vertical-cavity surface—emitting la-
ser[ J]. Semiconductors, 2004, 38(11):1350 - 1355.

[14] Fan L, Fallahi M, Hader J, et al. Linearly polarized dual-
wavelength vertical-external— cavity surface—emitting la-
ser,” Appl. Phys. Lett.,2007,90(18) :181124.

[15] Hessenius C, Lukowski M, Fallahi M. High-power tun-
able two—wavelength generation in a two chip co-linear T—
cavily vertical external—cavity surface—emitting laser [ J].
Appl. Phys. Lett., 2012, 101: 121110.

[16] Xiaolang Q, Shuangshuang W, Xiaojian Z, et al. Dual-
wavelength external—cavity surface—emitting laser[J]. Ac-
ta Phys. Sin., 2019, 68(11): 114204.(E/ME, T 323,
sRIGEfE, 45 RS E T R SHEOL & B ER) ,
2019, 68(11): 114204.

[17] Liu H, Gregory G, Syamsundar D, et al. Ultra-low noise
dual-frequency VECSEL at telecom wavelength using ful-
ly correlated pumping[J]. Optics Letters, 2018, 43(8) :

1794-1797.

[18] Brenner C, Hofmann M, Scheller M, et al. Compact di-
ode-laser—based system for continuous—wave and quasi—
time—domain terahertz spectroscopy [J]. Optics Letters,
2010, 35(23):3859-3861.

[19] Peng Z, Lin M, Xiaojian Z, et al. Compact dual-wave-
lengthvertical-external—cavity surface—emitting laserwith
simple elements [1l. Optics Express, 2021, 29 (11) :
16572-16583.

[20] Hyo—Hoon P, Byueng—Su Y. Low threshold current densi-
ty and high efficiency surface—emitting lasers with a peri-
odic gain active structure[ J]. Etri Journal, 1995, 17(1):
1-9.

[21] Xuemei L, Xing Z, jianwei Z, et al. 910 nm high peak
power vertical—cavity surface—emitting laser source [J]. J.
Infrared and Millim. Waves, 2019, 38(5) :6.(2&E i, 7k
B iR, A 910 nm e B D) T 1M I A O
JER . SN =KIEEFEH ), 2019, 38(5) 6.

[22] Jiye 7, Jianwei Z, Zhuo Z, et al. High—power vertical ex-
ternal—cavity surface—emitting laser emitting switchable
wavelengths (1] Optics Express, 2020, 28 (22) :32612-
32619.

[23] J Chernikov, J Herrmann, M Scheller, et al. Influence of
the spatial pump distribution on the performance of high
power vertical—external—cavity surface—emitting lasers [ ] ].

Appl. Phys. Lett.,2010,97(19): 191110 .



	引言

