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Design and fabrication of 1160nm optically-pumped vertical
external cavity surface-emitting laser
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Abstract The vertical external cavity surface-emitting semiconductor laser has the unique
advantages of high power, high beam quality and wavelength tunability. As the fundamental
frequency lasing source, the 1160nm-VECSEL is widely needed in the medical field.
However, the high In content of quantum wells causes the strain accumulation within the
active region, which affects the material quality seriously. And this limits the output power of
VECSEL. In this paper, the secondary compensation of the strain InGaAs quantum well by
the GaAsP layers is proposed. The quality of the optical absorption layers is thus promised.
The Al-content material is used as the absorption layers to reduce the photogenic carrier
blocking effect. VECSEL devices are prepared, and its lasing wavelength is at 1160 nm. The
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output power of 1.02 W is gained, and the lasing spot shows the symmetrical morphology.
The divergence angles at orthogonal directions are 10.5 © and 11.9 °(FWHM), respectively.

Keywords semiconductor laser; optically-pumped vertical external cavity surface emitting

semiconductor laser; gain chip; strain quantum well

OCIS codes140.5960; 140.7260; 230.5590

1 5

ol

J6FRiH VECSEL W] LRI se Bl R R & 5 i DR ottt i1 VECSEL fAhE
PRGHFIE, FEHANE N A BENARZ NG S A AT S oyt B K 4, BRI E% 12
FHRROCAR R PAE S RSB0 B RBVN BER . SRR &S
s, VECSEL B SGHRARDCR TR miE. WKRAHREFELZ IS

560nm-600nm Y% B I8 B (LHOGAE AR VIR 2B i 2 Rl RGBS T AT
IR R AR E X 560nm-600nm % B HOGIR IR IR &, FEIRTT B2 RATAILN
R AR IS e 87 FH R 55 s e D SR A (B0 R T 4 S A a) H AR RN S R ). AR
AT 78 AT LS 560nm-600nm 3% B ELE Ot (M m VR RE 2 SRR RE, BRIBE, SRAIKBY
K 1120nm-1200nm ] VECSEL {FSEOGIR, A8 AN A A5 b 14 S 3 o c 4
AR TT IR 2 RIES), ARSI SR U). VECSEL 73 N HLALIH 505 il
TAETT e FAT R WA 008 FLZ Dl L AR 1160nm VECSEL 45, IXAZRIYH
FRIH VECSEL (it D 2R AR T RO X BT BRI AR RE . A VECSEL Ot a1
FOGIX — R HE 3-4 M ETHF, X 2R v 2 198 TP 5 8iE 25 2 T PR B T
HOEZEERRR, MR G AR .. 1160nm BB InGaAs & FHHb kLR &1 In 457, =
In 21731 InGaAs BT Hf5 AlGaAs DBR B Z [ELRA KRIMFEINAE, HiZAK InGaAs
BPR A AE GRE, SECE TP R, R, BRGSO G AR, A
e CASEE i DR K o A SR A N R AR KM 2 B TV, T2 PR & T RO 2 BR A1 R 1
SEHOCIRG 15 2 08 it — PR, MRS 7 VECSEL Th&. MR
1160nm VCSEL &5fyHr, AN 255 f& i N R A& 7 HFBCERR ), AT Dl & 3991k o HE
fiilt 10 NMEFBF, #E2 IR VECSEL 1) 3 £, n BARUEIE N HRG IBEOE AT 2 08 =
AU 237K, BB B SEBLBL R m Dh R At



560nm-600nm I BT B EAOE I ACTE 1120nm-1200nm,  FR15 5 M RE 1) B 50
VECSEL S 7E T H I 2500 I BT AT 45 o 1120nm-1200nm &G BAL T GaAs FA4 k)
ROGWA KB TR, 75 R F o BRI BT BE RO RMESS VECSEL IR G -
VECSEL — i ZR I 10 R4 B AO6E R SEI S B RO RN, I, ROGIHAALT
1120nm-1200nm {75 N AR K 6 R AEANE AT RE Al 5 7 AR N AR R R AN, 3 3O 2ot v
KOG PR B AR B e, PRAISSAFE TAETERE, M EMEEOEIER S . 2T GaAs #f
JEE I 2L A1 B (760~1060nm) > SO &8 & g i Sy AN, InGaAs e iz BN )2
T B CARL, AH SR s A RS AR B 58 12180, SR 24 H DGR T 1100nm
I, InGaAs HIM BN AR S22 I SR N, ey, (EE S/REE K5I A. Thranhardt 55 A
KN AR BUINE) InGaNAs N KOG R R G2 A e N AR RN 51 EE 0 N FADRLER ALY, ST N
) InGaAs &1 BRI AR HE TR, ACHDBILK BACAMHRIRIE. FEE ULM K
AR IR R R, S T ORI N AR AMEE T AT & VECSEL AOGIX T %6 B
BRI R A i RS 1 InGaAs, {HUE#2 BRI A IR A RS RN ) GaAsP kL iX
FEE T AR InGaAs TR R RN . 11T InGaAs A GaAsP [l # T Z B8 ik,
2 RIS 1120nm-1200nm VECSEL & X 3 1 FH A R 457 77 %2 .

KH GaAsP (1)) [/ N AR RN 1] A 30 2% Al InGaAs A7 K IGN F1308, {HA2 T GaAsP
REAT ALY, ELIEIUE T InGaAs 1M (R 2 BELAG IR X A= DAL B T 1) InGaAs
TBFRIENRCE, P SCER IR IE — B0 GaAsP BNARFME)Z 5 InGaAs &1 MF2 [A[E g — A
RN, iR T7 %9 GaAsP 2 I ANBE ELIEAMEE InGaAs HINARRN, Ik, InGaAs 74
FR RS 2 BELIEAE TP Z I GRSz, A RO B LS 2 31— T

ARCARIE 1 1160nm P B VECSEL HIBTHISE R, f2th 56 4E InGaAs IR HI{XA 5nm )
2 GaAsP HEAT R TP N AV AMER T 5, FHEERUZE Z G 51— 2 GaAsP NAZfh
BEERBOCX G o WX P ARG E IR TIRE % A Snm 1) GaAsP FPRHZIEA
InGaAs =T M, FUIZEMA LG InGaAs HEAEERIR THEANZCRI T 54, dmTxt
AR InGaAs HEAT THIEAME, 1EIL A K HEIRISUZ ARHT & ot 213 3G 2R Tt
SCE SRR FRATR I a4 B 4 LE BTN, REE S T 1160nm I BURGIX
WA, R & A R S B AT 4



2  VECSELZS 4514

1Ca) & A HTH VECSEL R 445 # 7R 8« VECSEL R4t H #AT & L1 #4453 TEC.
WA RS BRSO A . b VECSEL M58 I Eos, =4
EHA, RENRGEALCIY .

A 1160nm PEEHIHE G 05 Fr Z R FH = BAE ) InGaAs & T BHENAOGE. BT
InGaAs NAFEIRK, HylEf InGaAs NAS RS IR H R # ERIUZ MR R &, FRATI7E
InGaAs PSR H] 5nm ) GaAsP 22, %f InGaAs /=24 (N AT Y AME, ARG
MR T AN BE e P LA 1) GaAsP ARFME 2 SE O InGaAs & BF (158 42 R AR HM o
VECSEL #R% LAERS, M5t AEDEIRGHEOME 1 (b) Fis. Mt AERA 9
AN AHATESP AR InGaAs & T HHEAROCE, B TP EA THRG 6 B 8 DR A
B e . 2RI GaAsP BAEME B E W 1 (b) AP¥EEEFTR. KA MOCVD
ANEFARTE GaAs #JE_E#14¢ 1160nm VECSEL 38 2585 454, HRHE 51 4 55 4 R 2
PERPYZE, W2, ZE TP, DBR RIS . SRIEHAMEA: K52 5 FE D) E &
3mmx3mm 7 BRIEZBIIRTTE, FFRAAT R E T EE AR5 317 VECSEL Jt62# i
e

>

S,
/|

T T T
—Real Index

InGaAs QW _
4.8 - : -— Field Intensity 18
4.6 -
a4l - o 1" 7
» el b ‘ o
% 4.2 - I;’ _JG . l\:i) S 112 g
= 40 o= laq S OAITET ™ GansP strain ‘s 5
o it I 30
g agl compensate layer 3
o 3 @,
36H {0.6&
3.4
0.3
3.2
3.0 doul i P T W e ¢ MY A 0.0
0.0 0.5 1.0 1.5 2.0 25 3.0
Position/um
K 1(a) VECSEL #4 LIER&ER O N E N
Fig. 1(a) VECSEL system working diagram; (b)Optical field distribution in the inner layer of gain chip
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Fig. 2 The state of the separation of energy levels in InGaAs quantum wells
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Fig. 3 Gain spectra of InGaAs quantum wells at different carrier concentrations
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Fig. 4 Gain spectrum comparison of InGaAs quantum well at 1160nm
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Fig. 5 Reflection spectrum of VECSEL gain chip
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Fig. 6 output power curve of VECSEL with pump power at different gain chip temperature
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Table 1 Comparison of similar wavelength parameters of different VCSELs

Reporting unit Types of semiconductor laser Peak power /mW Lasing

wavelength /nm

National Cheng-Kung University Electrically pumped 0.18 1170

Research Institute, Chutung 310 Electrically pumped 1.53 1180

University of Strathclyde Optically pumped 1000 1160

University at Albany Optically pumped (QDs gain 2.45 1148
region)

University of New Mexico Optically pumped (DBR-free) 2000 1150

University of New Mexico Optically pumped (DBR-free) 2500(Two VECSEL) 1160
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Fig. 7 Far field distribution of output beam intensity of VECSEL system, and the illustrations are 2d color

maps of the output spot
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