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1 060 nm High-brightness HIBBEE Tapered Semiconductor Laser
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Abstract: To achieve high-brightness and low divergence angle output for a 1 060 nm semiconductor laser, a
high-brightness vertical broad-area edge-emitting (HiBBEE) epitaxial wafer was utilized, and a HiBBEE tapered
semiconductor laser was designed and successfully fabricated. A 7 pm narrow ridge waveguide is designed to
achieve single-mode output and a 100 wm tapered waveguide section at the rear facet for power amplification. At a

driving current of 1.5 A, the laser achieves a brightness of up to 25 MW -cm™+sr™'. The device exhibits a vertical
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divergence angle of 8. 0° due to the HiBBEE structure. This laser has significant applications in the eye-safety Li-

dar application.

Key words: tapered semiconductor laser; HiBBEE; high-brightness; beam quality

17l

R 5G 1060 nm YA 2 RO SR Oy B
HVRAE Z G EA T2 M . 7 Tolk ik,
1 060 nm P K 7] W T 6 £F S0 #4855 R
WO R UG IR AR AR (E A
TE R M AR 2 4 K AR, 1 060 nm 0
i 7E WO TR AR R G v 2 R 9 0 T AR
P A %O A% TE R T 40 BRI e B
W8, R N 7 5 55 R RR B OB B BR 4%
BEIEHMRE O W il ) DA K 45 26 ) - AR 36 97 % I
PRI ]l

o 2 JEE O 1 S BT LS IO v i o D R
R AR e R s 77 B, 98 X ROt
R BRI R Y TR o ) R
WAL LGS EL R A B E R, SR, X K
AR A ) 77 A Z2 AT, PR G R o e A 2%,
AR R SE B A2 IR O S BOG R  E  W
L figp A o) 452 X 22 AR A TR R AR A
SR B T SR Ul 2D 22 AR 0 R R ik A
(14 e BR 1 T 38 25 1 BT B B DR AR TR R
TCHk SIS B AR T o HEIR SO AR A 4R Hh R T
P T BRI, AR R RS S T A S
H 3 5 98 DCHETE G R 43 o A A T
LA 25 i v R =X, S B A g | ) I TR
O3 SR ZETOR DN T 2% B BEARIAEON |, fR
UE = D) 5 5 i ) ik B A R4 9 O AR
BARHEIE OGRS S B B W R T (H TR
L 3 K BOA R IR) R R A5 2 g ok

R BRI & S SR SO A R BRI
WO R T I L TR, R AP
JEE JZPY R 2 i (SLOC) &5 44 B % el /)N 2% 14 1Y
R H X 2 Ty VL A2 BR T i T A F U Bk
T B | R B P R AR 4R . 2009 4F, 7 [ FBH (1)
Kettler 5™1% 22 T 56 717 B i AR (PBC) 0G4 , 18
I A RS S S R A TR L ) BT R,
AT el /)N 3 B R B o SR, 7E E— 20 4 i i
Ly 11 ) s A Ak e 1 2 HICAR L S 900 [ ' o & Sp
05 A7 AE J5y BRAEP, 2014 4F | Kalosha Z5 £ 1 T

nu\«

o A AR B SE T3 & S (HiBBEE) 3406 #8291
R west 13 Hc g, S 2 R B /N T 10°
4 30 [ T 56 oA =7

AR H HiBBEE 4544, 511146145 17 1 060 nm
HETEWOGRS  IF 0T AT R AR K 5 40 BT, A 4R A
A /INTEE LR A (8. 07) A T) s e L KL 18 D' o I
i, EVFZ AR N T BT R
2 BHEHETEHEL
2.1 HiBBEE SME&5#3i% it

i it 4 JE A ML FE AT (MOCVD) £ K
TE(100) 42 1] n-18 2% GaAs #1 i ¥ 2 HiBBEE 4%
o ZEERH 11 pm R n 824 AlGaAs 275141
B, AL 4G 9 X AL S B A2 Y AR JE ) n-48 2% AL
GaAs)Z. 1 pmJEM p-B2: AlGaAs 2 LT T
300 nm /5 p-18 2% GaAs 5 fil )z o A U X AE p-Fil n-
BA)E Z ), R TR AR e BRI DR DA S ST 1
E LU, 7R U IXCR T UAS B GaAsP #2224y
B B4 45 N A% InGaAs & FBF(QWs) , InGaAs & T
A1 GaAsP #4222 R 43524 6 nm 19 nm, H1.0>
RHFHA 1060 nm™

Kl 1(a) @78 T HiBBEE 45 ¥ i 3T 55 2K 23 £ii Fl
[ O = W B 7 % I =R S B T s
BRI H T Adachi™,  H TR AP E 25 1 5E U1 4R
i) HiBBEE i R R i G =BT ERE L+
i M 45 4 o FE R 2K (Mode 0) 5 7 B A2 28 (Mode
1 F Mode 2) 14 6 (B A7 B 10 B0 T S8 B8, 3 1 15
AR A T O 6 BT A IR D G T e B AR
2] oy Ao IV Al % 5 7 A e B S O . PR
HEAR B BRI PR 2 DR T e s =X R A PR T
PAFEH I /N TR A=, B 1(b) R T HiB-
BEE &1 4E 235 14 1) itk I 451 #6 F0 HEAR K g BB =X 0l
BRI T 5 B RS AH L, AR ELAT BN 4 AR
I K A BR A DR, BT LS B O ) L A A
K4t o ik BT HIBBEE 454 45 2 2 ¥ 5 4 4 K
265 AR g B A R Ly 1) LR T R
X, R HA ST RR LR
A Oyerica 5 VT X TE P 0 B L, 3T AR 5 5
BN, KA Oeriica BE Z D8/, 11545 2] FE LY



1312 S A S ¢ 446 &
Wave intensity/a. u. Loss/em™ Wave intensity/a. u.
0 0.5 1.0 0.1 1 10 100 0 0.5 1.0
() 14 : M e ) 20 —
4+ [ ] ]
- \ 10F
5 3= [ [} ~
2 ) 3
E £ ¥
2 B2 L
= >< -10 7.00
O L
40 0 05 10 15 2 0.5 1.0

Refractive index

Confinement factor /%

Wave intensity/a. u.

K1 (a)HiBBEE &5 84 B9 31 58 2% E B0 3040 i 5 (b) HiBBEE 45 44 9 3 7 77 1) 37 37 45 52X A i O 2 4 ( 1) 15 G BRI I

('F); (c)HiBBEE #}4E 45 #4) (%) It B3 ¥ & 1A

Fig.1 (a)Refractive index, near-field mode distribution of HiBBEE structure. (b) Leakage loss of vertical near-field mode (up)

and confinement factor (bottom) in HiBBEE structure. (c¢) Vertical far-field divergence of HIBBEE epitaxial structure
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Fig.2 (a)3-D schematic diagram of the HiBBEE tapered
laser. (b)Surface image of the HiBBEE tapered laser
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