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Fig. 1. Schematic design of the planar VCSEL with dual-dielectric DBRs: (a) Schematic illustration of the VCSEL structure;
(b) measured reflectivities of the p-side and n-side DBRs, the inset shows the cross-sectional SEM image of the deposited DBR

structure; (c) intracavity electric-field intensity distribution calculated by using the transfer-matrix method.
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Fig. 2. Fabrication process flow of the planar VCSEL with dual-dielectric DBRs (MQWs: Multiple quantum wells, EBL: Electron
blocking layer).
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Fig. 3. Fabrication and characterization of the as-fabricated planar VCSEL device: (a) Cross-sectional SEM image after laser lift-off;
(b) surface roughness after chemical mechanical polishing; (c) electroluminescence image of the device under direct current opera-

tion, the inset shows the top-view images under a high-magnification objective.
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Fig. 4. Experimental setup and characterization results of the as-fabricated device: (a) Schematic of the measurement setup; (b) las-

ing spectrum under optical pumping, the inset shows the enlarged spectrum, Py, represents optical pumping threshold; (c) emission

spectra under continuous-wave current injection; (d) P-I-V characteristics under direct current operation.
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Fig. 5. Thermal resistance characterization of the device: (a) Redshift of the emission spectra at various temperatures; (b) linear fit-

ting of the temperature-dependent spectra; (c) spectra under various injection currents; (d) relationship between the measured

thermal resistance and current-injected aperture of the as-fabricated VCSEL devices (the inset shows the integrated spectra at dif-

ferent injection currents).

PN R SR i R ] B v T A S, S
B BEERUN. M7E A LT 80 mA J5, {7 T
441 nm PRI 0 AR FE TG AR T, 1 AR AT
PREFTEARRE MR /KT, RIZA T R f
FAF BB TE RS T R R A A R
ISR G AR B P-T I 245 SR 6(b) i,
ALY B EE B Th R h a4 4, gE— A e
PEAE HL K A S R S T A2 R O A
HHL 2 80 mA ZoAy, HXT I Y Ha, Uit 25 B2 24
45.3 kA /em?. W 6(b) #HEIFT7R, X 478 BT
RS A e BE A T i 2% R 3 W Ll P e v
Alik 97.8%. TEFSPIRA T, ik iy /N2 o 5
(FWHM) 298 1 nm. 3Z it FDGTEAL o 3R CRER
K 0.125 nm, SR FEIEH 200—660 nm) B FR
ZAE T RENE = T LS4 58, [RIRT, A 6(c),
(d) FASE R T AP g aT LA 21, 34k 2
B—E AT FREFAE, BB, T,
AT A5 A S SR DL R X R A e S

O, DT 350 A — 0 3 B3] e 37 e kg 2 0
Gl 2],

FHE 7(a), (b) ALK B, #80F1E S AT S
HH R S R WO R R KRR T
A I e, HEAT SR 23 (R R T RS R
fiE. MR P AL 6B v IE Y, 7E 0.2 mA i#
SEHLRTEASMET, p M DBR 9 HL J LA i
PUH 552 0, SRR X RR A s T AE E AR
Ja KIS LT- 3 o ] DBR, JERE R 2
PR R AR, 0] 7R B 2% XI5
£ R T 2 S S B s 22 i V1 1 Gl DIV 7
FEE, - 1R BRI BT 45° )5 i
TR, P THINEE SRR, 1 IR T AR
Ui SR, 25 04 06 S T R )
0.2 mW. W&l 7(c) s, TEEE B HOEFLZ) 30 cm
b BEAS T BT LA B SR S B, R AR
3 em. MRIDCHERST SRR, SR &
29 8.6°. ZBUEHAHL T WMALFTH 45#) VCSEL

080401-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 8 (2026) 080401

(a) [ 100 mA

Nat2
T

90 mA

86 mA

80 mA

Intensity /arb. units

77 mA

72 mA I '

64 mA

iSQmA l h” ’NI

300 350 400 450 500 550
Wavelength/nm

1.0 _(b) @ Experiment — Fitting
1.0 CJ ®

Z D)

E o8t

Intensity /arb. units

40 60 80 100 120
I/mA
12000

(c) — 100 mA
9000 |

6000

Photon counts

3000 |

440 442 444 446
Wavelength/nm

0
436 438

600 (d)
400 |

200

Photon counts
ae}
@
o
=
w

0E L T
436 438 440 442 444 446

Wavelength/nm

K6 Mkei T GaN & VOSEL(HLM T A LR 15 pm) B RiE () AR HLE T BOE3E; (b) P-TINREE SR (6 141 fhi

FEMIALE ) (), (d) AR A HL R B 1%

Fig. 6. Lasing characteristics of a GaN-based VCSEL under pulsed current (with a current injection aperture of 15 pm): (a) Emis-

sion spectrum at various currents; (b) P-I characteristics (the inset shows the results of polarization test); (c), (d) lasing spectra at

different currents.
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Fig. 7. Near-field and far-field patterns of the as-fabricated GaN-based VCSEL under pulsed current operation (current injection
aperture: 15 pm): (a) Before lasing, the inset shows the near-field pattern under a 0.2 mA continuous-wave current injection;

(b) after lasing, the inset shows the near-field pattern under a 120 mA pulsed current injection; (c) far-field pattern after lasing.
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Fig. 8. Lasing characteristics of a GaN-based VCSEL under pulsed current (with a current injection aperture of 12 pm): (a) Emis-
sion spectrum at various currents, the inset shows the far-field pattern; (b) P-I characteristics; (c), (d) statistical distribution of las-

ing threshold currents with different current injection apertures (with current injection apertures of 12 pm and 15 pm, respectively).
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SPECIAL TOPIC— Semiconductor physics and devices

Device fabrication and performance characterization of planar
long-cavity GaN-based vertical-cavity surface-emitting lasers”
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Abstract

Gallium nitride (GaN)-based vertical-cavity surface-emitting lasers (VCSELSs) have attracted considerable
attention owing to their low power consumption, small beam divergence, circular beam profiles, and
compatibility with high-density two-dimensional arrays. These advantages make them highly promising
candidates for the applications of laser projection, retinal scanning, and visible light communication. In this
work, a long-cavity planar GaN-based VCSEL incorporating dual dielectric distributed Bragg reflectors was
fabricated using metal bonding and laser lift-off processes. Current confinement apertures with diameters of 12
and 15 pm were employed to mitigate the increased diffraction loss associated with the extended cavity length.
Benefiting from the superior heat dissipation capability of the long-cavity structure and the larger current
aperture, the device exhibited excellent thermal stability under continuous-wave current injection at room
temperature, with a measured thermal resistance of 349.9 K/W, representing the lowest value reported to date.
Under optical pumping, a pronounced lasing peak was observed at 435.7 nm, with a full width at half maximum
of approximately 0.45 nm. Under pulsed electrical injection, the emission spectrum gradually evolved from
multiple longitudinal modes to single-mode operation as the injection current increased. The threshold current
densities ranged from 45.3 to 107.9 kA/cm? The lasing spectrum exhibited a full width at half maximum of
about 1 nm with slight asymmetry. Further far-field pattern measurements revealed distinct double-lobed beam
profiles, indirectly confirming the presence of higher-order transverse mode superposition in the electrically
pumped lasing spectrum. These results demonstrate that the proposed long-cavity device architecture
constitutes an effective strategy for thermal management and diffraction-loss reduction, thereby providing a
viable pathway toward the realization of high-performance GaN-based VCSELs with enhanced efficiency,
stability, and practical applicability.

Keywords: gallium nitride, vertical-cavity surface-emitting laser, long-cavity heat dissipation, electrically

injected lasing
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