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Abstract: To address the serious problem of thermal accumulation in high-power quantum cascade lasers, the optical
and thermal performance of high-power quantum cascade lasers with 4 W continuous optical output from a single tube
in medium wave is designed and optimized based on the process method of MBE and MOCVD combined with seconda-
ry epitaxial growth of InP-based quantum cascade laser structures in this paper. The device structure is modeled by
COMSOL software,and the optical and thermal structural models are designed to analyze the effects of different struc-
tural parameters on the device performance, and the optimal structural parameters are obtained: In, s, Ga, ,, As layer
thickness of 50 nm,waveguide lower cladding InP of 1 wm,upper cladding InP of 2pum,and encapsulated gold layer
thickness of 3 wm, the device has the best combined optical and thermal performance, where the waveguide optical
limiting factor is 0.74 and the core region temperature is 378 K. The results of this study can provide guidance for the
structure and process design of subsequent high-power medium-wave quantum cascade lasers.
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for shallow well design in active area
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Tab. 1 Geometric parameters and refractive index

parameters of each layer of waveguide materials

Refractive Thickness/

Material o dex o
Substrate InP/ (2 x10'7 ¢m™%) 3.091 +0. 000i 100
Upper cladding InP/(2 x107 em %) | 3.091 +0. 000: H,
Ing ;Gag 47 As/ (2 10" em ™) 3.393 +0. 000: H,

Core/ (2 x 10" cm %) 3.237 +0. 000: 1.98

Ing 53Gag 47 As/ (2 x10" em ™) 3.393 +0. 000 H,
Lower cladding InP/ (2 x10"7 em =) | 3.091 +0. 000: H,
Cap InP/(1 x10" em™3) 2.678 +0.011; 1.0
Si0, 1.45 +0. 000i 0.5
Au 3.319 +28.411i 3.0
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loss with different parameters
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Tab. 2 Material parameters in the thermal model

H
R Thermal conductivity coefficient/ Density/ e'al
Materials (W K (k - cpacity/
em'. “m
g (J- g—! SKY)
InP 68 4810 310
In, ,Ga, ,As 5.23 5500 300
Core kl=1k//=5 5550 500
Si0, 9.74x10™ +5.38 x10 T -4.69 x10°1* | 2270 1000
Au 301 19320 128

A WAZO IXBE S &R ik HARBOG A2
E VLD T & SR CE NS PR S e )
25 W, iR B E IR DTIR B O 280 K, FoAd 41
BRI AR A A By ORI RR 4, B AF
SIETET A 5 e A4 ik
4.2 #EFEHRFGALERWNE

AWFFE P B T2 Ing 5 Ga, oy As J&EFE 43 5]
7:50,100 200 400 nm, i 5 F )2 InP J5 B4 5]
$7:0.3.0.5.0.8.1.2.3 pum, 412 InP JEE 43 5
$7:0.3.0.5.0.8.1.2.3 wm, [E5E 422 InP JEJF
92 pm, FALZE P JEEE 1 m, 23 pm,
XF Ing 53 Gag 4 As JEBEFEATIHE A ANE] O 7R 4

Hg(l):SO nm
um

-6 -4 2 0 2 4 6 nm
Temperaturte/K
H=50 nm T, =378 K

H,2)=100 nm

Temperaturte/K
H,=100nm T, =382 K

H,(3)=200 nm

Temperaturte/K
H,=200 nm 7, =390 K

H,(4)=400 nm

Temperaturte/K
H,=400 nm T, =406 K

B9 R Ing s3Gag g5 As JREEEXT #8416 AR )
Fig.9 Effect of different Ing 5;Gag 4 As layer thickness on device temperature
R BEE Ing 53Gag i As J5 B JZ B HT I, %0 XU
B BT, 7E 400 nm i, i B A E1406 K, 2
Jai , [ E Ing 53Gay 4 As JEEE S 50 nm, N4 )2 )5
M1 pm, R 3 pm, % EALJZE InP S50 T
42 E 10 Frosmyas R, -, Fa )RR



Bt 544 No.9 2023

WA A ORI BT RO e S I U R A et

JEHT 0.3 pum BRI E 3 wm, g7 0RO KR E d
371K FFFZE 381 K, HJ5, [ & Ing 5 Ga, 4y As J&
ERSO nm, FALJRJEE N 2 um, & R R E N
3 pm XA InP RS HGHEAT 4, 15 30 an &
11 FrRgi it , B A 45, T L2 InP JEEREBS X 4%
O DX BE OB 2 5

| Lower cladding InP ] 30

g, / 296
\\\ 291

6 -4 2 4 6 um

Temperaturte/K
H,=03um 7,,=371K

[BERERERREN
w
S
b

Temperaturte/K
H,=0.5um 7 =371 K

BB EEEN
w
S
=

Temperaturte/K
H,=08pum T, =373K

H,4=1.0,H,=50

cf

um

373

31 y 369
364

30 359
354

29 349
345

2 340
8 335
330

27 325
320

26 316
311

25 306
301

24 296
292

23 287
282

-6 -4 2 0 2 4 6 Hm
Temperaturte/K
H,=1.0um 7, =373K

-6 -4 2 0 2 4
Temperaturte/K
Hy,=2pm 7, =378 K

Temperaturte/K
H,=3pm T, =381 K

10 AJF]_EALZ InP JSLEEX SR 32
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