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speeds. In this paper,

School of Electronic Science and Engineering ( National Model Microelectronics College) , Xiamen University,
GaN-based vertical-cavity surface emitting lasers (VCSELs) have undergone rapid advancement in the
past 20 years and are considered a research hotspot for next generation semiconductor lasers. GaN is a versatile
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discussed. Further, the heat dissipation mechanism of GaN-based VCSELs with three different structures and their
OCIS codes

material for fabricating optoelectronic devices in ultraviolet, blue-violet, and green bands. The characteristics of
optimization strategies were analyzed and discussed. Finally, research progress and latest advancements in GaN-

VCSELs include output beam with circular symmetry, low thresholds, low divergence angles, and high-modulation
based blue, green, and ultraviolet VCSELs were reviewed.
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the development history of GaN-based VCSEL was first reviewed and some of their
applications were discussed. Moreover, key challenges in the design and manufacturing of mirrors and cavities were
reflector

lasers; vertical-cavity surface emitting lasers; gallium nitride; semiconductor lasers; distributed Bragg
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Fig. 1 Schematic illustrations of GaN-based VCSELs with three different configurations.
(a) Fully epitaxial DBRY ; (b) hybrid epitaxial/dielectric DBR™ ; (¢) double dielectric DBRM
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Fig. 2 Three typical structures of GaN-based VCSELM" .

(a) Hybrid DBR structure with epitaxial nitride bottom DBR

(structure A); (b) double dielectric DBR structure (structure B) fabricated by substrate transfer technique;

(c¢) double dielectric DBR structure (structure C) fabricated by ELO technique
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Fig. 3 Heat flux distributions in GaN VCSEL with different structures™/ . (a) Structure A with AIN/GaN DBR;
(b) structure A with AlInN/GaN DBR; (c¢) structure B; (d) structure C
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Bt 1) Krestnikov 207 A K T 37 A4 J& 1 19
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6] 1 A Y5 X J2 i # E InGaN 4 )2 40 i InGaN/
GaN ZZ45 (3L 12 ), I 5 — M2 =5 <, A A
K DBRECFEH N, Al AT #F 2 B 55 26 0 7 W 5%
F|T 401 nm ¥ OG. F4HE, K HE K%M Someya
SRS T8 — B M DBR GaN VCSEL. ]
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GaN MR G SE 0,
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2008 4, H W24 A9V i T GaN VCSEL 1
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2012 F1 2014 4F, 38 BN K 2= 006 T AR
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A 424 nm [ GaN VCSEL,

2016 4F, R JE A A Tzumi 5] 45 T GaN
VCSEL £ RT-CW T LAEB, B KA
453.9 nm, F I F B FH T 1.1 mW, X 2 GaN
VCSEL ¥ th D R E WA E T mW S 29%, ZaFm
F2 R €0 2 e A 35 A LA T DBR JHrf— il £y
DBR & A i o 8 1) 0 28 5 AR K HEORAE K A n A
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B A AR5 T ARAT B0 0 AR B 5 3) BRI

0701012-7



th i

i ot

AR FE N B R T VCSEL 1Y 2 Fh ik
PEJ7 1], Furuta 2509 38 1 ff B B (9 InGaN A V&
2,351 A AlInN/GaN DBR.4%3] T 7£ RT-CW F
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ITO
50, ——————\\
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n-GaN ——

TN LB A

2019 4, W5 2 GaN VCSEL 75 88 A ki H o R
K /N B F I T AR AT TR Wi E AR
w4 16 X 16 [ 4t GaN VCSEL [f
G 4 s 459 % TS BT A AlInN/GaN DBR
Je SiO, A G5, % FE S A S D Rk E] T
1.19 W, RJEA A5 it 51 A& 73 ARt 17
18 1) FL 9 BRE A 6 R T DBR BE AT 1 Ol 2 BR
il 76 445.3 nm AbFRAS T BN . TERE T O L
Kl DBR AT AT AL T2, 48 253806 310 B8 Fnde) IS %
ot B, A K T K, S8 K &4
.

41-pair
AllnN/GaN DBR

GaN substrate —

AR coating —
Front side ‘ .’
Light Light
(a)

B 4 W{a VCSEL f43)Y

2

Light

(b)

()5 VCSEL M3 /R 2 (D FEAR T BE 2140 T TAER % (5 VCSEL B3 1) & 5t K%

Fig. 4 Blue VCSEL array""” . (a) Schematic of blue VCSEL array; (b) emission image of blue

VCSEL array operating at below threshold

5 Z5%t GaN VCSEL

InGaN QW & # s{ 2 T3 4 LED 1 LD, H
H e AMBRZEZ X T InGaN QW 1E K A I8 )2 19 1%
%% GaN VCSEL W #ftii. M Pt bV, InGaN
QW ] L7 5 1) ¢ (0, B T 1 I8 BB L SR A 2 € U1
BN, QW 25y 3 5 2 18 52 A R SRR TR 3
WRERR R s @ BR 7 Sy TR R S K AE K F
(o By, AT InGaN QW J2 1 In 94 6,
U, 38 T BRI AR K T PR R S T B R
B R, R, f T GaN fl InN 22 [6] B &k 5
BB B In & 5 T 5 BO8 200 Bk b F o
KR AR SR L g Bk BERARRR ST E AP N E
HL 3 45 5 Bl0i 1 R A 357 38 5 A% (QCSED 5 1% &4
A L 2 R T B a1 BIE A AS [0 T, DA T B IG
TRARED HHN,GaN MR R G 5 T 0
A RO R, T T 3T s O T
JER L R AE TS InGaN QW i M fig 4  3OG 3 19 5

— A BERT .

SR A AR R AR OUA BT AN, AR
SR AP i A S A R DX AT LA SRR AR O A
TR B R A . GaN T R R R 8K
A b 8 R 2 R R A AR /N B 23 8] Y DA T
PRAET BAT & RS Y B . T FOIR A
JETE B 7 KOS5 F R A 8 BIUAR 0 g M (E ROV ).
BT AU/ WS S RES 2 1] Y RE R 22 AR
TAEALARE P e REZS RE G, TH e ] DL 220 W8 5 oy 1 v
(9 2 T R 2 747 0 5 R AR
RGRL. 55T S AR SR B0 8 9 5 25 4
I, PR PR RE B 2 5 O T A BB TR . BRI
Z b T R P T Y R S T AR 23 B i AT Bk
BREGFIOLAT AR . AR ROt AR PR A BRI 1 fE 7
T AR UK S Y SK OB KL 5 T e QW b
FUFY ORISRV IR ANCIRD TR -2 WANY 3 R i el ey )
AR . I A 5l E 68 98 /0 QCSE, AT 6 4 4 42
B o NEREE R K InGaN &2 7 S AE A E X,
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AT AE = N AR B T RO PO I K S 498.8 nm,
2PN 0.15 nm, 2016 4, Weng Ll YRS T
MVE A% 6 GaN VCSEL 19 3% 22 8 %5 #% GaN
VCSEL #842% J InGaN 4 1 15 7 Jy 8 25 /v 5, 15
RT-CW #:/E T # 8  K 4 560.4 nm, JF H B A
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TRk . 2018 4, Xu 450 3 i Kl F &
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Fho A R AR 4@ (W {H7E 493 nm Fff
IO B R R T S TSR T A TR
[l AL T B9 &G e g DL R SR S 4o
VCSEL B35 1 F il 16 4248 7 S8 %

(@ 506.9 nm L () 546.6 nm 565.7 nm | (g) 560.4 nm
<
=. = : -5 0.16nm
] < S (2
~ S K
2 2 2TE
» 7] 7]
2 c g 550.8 560.4 561.0
ko) ] 9 Wavelength Alnm
c = = o—a
- near I,
111 MMW
091, o erestle—e ““‘““]“091 0821,
—‘.‘N!‘-‘nFuﬁ.-ﬂ.“n.mT-ﬂ—.ni.ﬂﬂi— et e
480 510 540 570 480 500 520 540 560 580 600 500 520 540 560 580 600
Wavelength A/nm
Wavelength A/nm Wavelength A/nm 9
Bl 5 =R CW BT . (K 3041 nm AYFE S FEAS R BT M96E0E s (W) B8 2910 nm B9 R & 78 AS R HL 3t
TR s (O R 2652 nm MARR 5 FE R 6] B T A6 . A7 P LU iR A 43 B SR A 1 % S 0 ) 4k
Fig. 5 Room-temperature CW lasing characteristic? . (a) Spectra of sample with a cavity length of 3041 nm at different
currents; (b) spectra of sample with a cavity length of 2910 nm at different currents; (c) spectra of sample with a
cavity length of 2652 nm at different currents. Inset: linewidth of the laising peak measured with a higher resolution
—a— 30pA
—o— 800uA
—a— 6000uA . . Y
. L —v— 10000pA i s | S - v
=] —&— 15000, O < I Lo
E: M2 HA; E %‘ _?._ .:lESnm
£ 2l
£ -g Vz:a;;lselength Nngnf‘o
.
400 450 500 550 600 400 425 450 475 500
Wavelength Alnm Wavelength A/nm

E 5 T 09 45 A B T I EOE R SR
6 Laser emission spectra at various injection currents
[55]

5 6
Fig.

measured at room temperature

£4h GaN VCSEL

26 4 GaN VCSEL 2 fir B 38 0 GaN

07010

El 7 FERIE W T A VCSEL 1 EL 6k G B &
DA i 11 43 39 S5 0 118 S 0 1 2 i) For o
Fig. 7 EL spectra of the VCSEL measured at different

currents ( inset: linewidth of the laising peak

measured with a higher resolution) "%

I GaN VCSEL RIS 34 R 363.5 nm, 4T
2K 2 MW/cm?, fEIIL2Z )5 . GaN VCSEL k& J&

12-9



th i

i ot

MU, 20 4F K, 501 O (g B BE i GaN VCSEL
A2 BT SR T U R T O (R R 564 GaN
VCSEL W& RHM I T, 245 % A NiiE g
I B %4 GaN VCSEL,

A T HoAl 3 BE (9 GaN VCSEL, 52 3 45 4h I
Bt VCSEL Wy B AMEBEAR K, 11 I %5 1R 22 R Uk , I v
e EE TGS RIE Y SR — O TN RO B
HMEAR, T B SRS R AL Ga,, N HZA S
SRR, A DA & i 3 80 AL Gay -, N
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Alyos Gagos N DBR R 34 K 47 5 3 25, B SE 9 1 2
A RO ) DBR s MFFE G A T T 375 nm
Ab ST S AR ) R AR 2 270 kW /em”

20K B A & R 2R A (DUV) I BB, GaN
VCSEL 1138 5 e 22 45 5 Jm R , 3 4R A3 AR 5 19
Je# W AE. Zheng AN T ALY DUV
O v B A FE  JF I IE T HA AlGaN & ¥ 5
FHIFEZE R B E HIO,/SiO, DBR ) DUV & 4k ¥ v
A -3 2 (F-P) U 5 2500 2 308 19 2 56 06385 an
8 Fim » MBI Q B AT LAHE S i P A ol 2 i
A 103 em ', WL IFE L Zheng NN N
P RE 119 2 Bk YR 2 S T HICR 5 RE L T R A T R

8 T A S 2 O SO ¥ S i 1 5 ThRELAE J32 LA S R
REF SR EE . X —HF 5 R N B DUV
VCSEL i MR i Fe s 1 17 15 8

335nm

Intensity /a.u.

300 310 320 330 340
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K8 =i T o iy & 5t i

Fig. 8 Emission spectra of the microcavity at

room temperature-'’”
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