505 F118/2023F 6 B/HEE

A A RS S 928 1 SO 28 T e R
AW, EEWAR, 58, IHE

KBEM TR mIARLEFEBOCE R E LA LRE, Fhk KF 130022

WE A PEEOLA &S b A G AL T HOE RS R 7 E R T AR A AP B R o 2T R A A
P S5 (DBR) SR BOL SR POBHTAY & 23 1 RS B PRI B8 =38 Z 8 B9 6 2 WSS 1T OeMIE o 25 e 23 A
X S0 RS ) ) 5 ] X SR TR 49 29 e fIE AN R TR i 28 o 25 MO O 4 R B SR AT T 0 B S e Ak T DBR A
S5, S3AT T AR TR 1 AT M S HE TR R o 28 OO 2 A 10 55 R R O/ o R T I R BR 22 43 (FDT D) 125 5% i 45
K AT (5 ELREAU, FEAR T DA & 25 L3 AR T L 2007 T OBME Y o5 25 LU AR B R B 56 &, TR BHE Tl & 25 HOB MR AT
AR 5 OIS BE B 5 & o S5 SR ARWT, W8 o5 25 BRI L T2 39 2006, i BEAs BT ALl . 43 AR 63 mA
I, FE IR 300 KN AR TE W8 o5 2 LE OGN 6 R4 A e A1 3 B4 o 1L 35 1) 48 d B, I HLffi A2 o 25 L Al A8y S5z S5 06 {0 35 1)
9696 o iz 73 M HEIE 149 20 S R HE T A8 o 23 EG G M A S g 0 1 V7D TG 59 06 20 A S BRI T SRS i A o

e /E DBR A B 1R IR DBR 2 S AABOG 87 19 55 58 1

KR

HESESE TN248.4 XEFRER A

15l G

P RO A ERBUN HEER AEE SR
PO S A e N S WD R R e X B e
AR o A5 A 2 AR O B I R RE TR SRS
WrdR T H Al S A O6 &% 35 B8 0K o m A R
FIV G (0 6 PR I b . B AE R R A — R PO
G =X, B 51 v i LA O A i R T S A S
A A O TR e BB AR G BT DL A S ROk
i TR T A R B S EOR AR T S AT . fE ot
A0 8k Y I 2 (WDM) 2R 88 v, 85K Y 25 e 1l o)
R KA AR ] B 2 18 55 A 5N AE 5 B s L S
T 2 B ER I, O HLooT R S e iR R SR R 2 B bR
fF557 . Uk, B9 55 M B M s B ol HL g
B 3 R A P N A O R R R A A IR
(DEB) 06 #8 " F 045 A BiA% 55 (DBR) 2 SR 0O
#0 . DFB 2 5 O 86 A B A% e A B TR IR
Hh, HLA D PR DG 24 S B R T S RRE 1 A
Bk B 2 s TR AL, T2 v 75 B kA
A K AR o 1 DBR 2 AR BEOE R 1 M 755 B
WS L2 ANTE WRAMNEA K, T2 56l &, [ i
HA WK

BT XF DBR G245 44 X 5 1 i H 55 0 i B A i A
P AR BF S N BT T KB AIBFSE . 78 1961

WOLAR s A A hs RO AR O AR s BEHN ; W AR st S

DOI: 10.3788/CJL221297

AR WFFT N B AR C A B 2R R A g R 2R T R T
Wi o A ) 5 25 BRI T 55 A B TR O MK
7 B Ak /Y 7 28 L (0.64) 1) S Ml 96 I B IG 2 0.024, 1
830 nm 4b 2% 38 K T 40 dB' . 1976 4F , Kogelnik'*
WF5E T A 24957 0 5 245 4 v 1 i D i o e A -
R AR Ty R IEAT T RUE R A 45 T Gtk o B RN
TR SHA R R AL 199447, Shibata %
2T AR TR SRR G S A 3 o AR D S A BB
KB 55 18] B A L 8 R T RE A R B, Y R
0.24 pm B, 55 5] & 309 25 51 6 M AR LE |, o 455 0 o L B
T 7dB. 20004F , Wiesmann 25" 1 ¥ #1458 4k |5 25
N 3 3 F RS Ak RE Y A S e il L, o K
1360 nm &b 9 45 55 41 55 9 10 41 fL T 20 dB. 2011 4F,
Millett &R F 25 Y ZIHLHIAE T 1310 nm B 10 ¥ &
S A R (LC-DFB) #0648, 76 78 A B 150 mA iR
298 KN, 7 4 pm B 8 (0 3 kS 000 1) 220 okt 17 6 i 4%
¥, R 4k 5 5 BE N 3 pm, ARSI R Fe B T 52 dB.
2021 4F | 5 A5 A% T 00 1) R 6 A BE R ROk
%38 i AE 120 pm B S 0 00 20 ik 35 e M ) AR 4
P AR T 3 S G BE P A 22 I L AR R R AR &
B, il 45 R Wk 25 4 DBR 8% 8 5 DBR Z1 i % 5 i %
FEARIO LR (0 T2 22 9F HARMESR ™. 1877 DBR
mi 25 LU RE 08 [ R 1 A A 3 O T A T2 (0 EL R 3R A BL
) A5 AN BH A

Wi HE . 2022-10-05; f&EHEI: 2022-11-10; RABH: 2022-12-05; MEEHEEZHE: 2023-01-04
HEETIR: EXARP RS (61864002) , K&H TR & BRI A (212Y59)

#E1EZE . “lihui@cust.edu.cn

1101022-1


https://dx.doi.org/10.3788/CJL221297
mailto:E-mail:lihui@cust.edu.cn
mailto:E-mail:lihui@cust.edu.cn

2505 £ 11 H1/2023 £ 6 B/HEHN:

ARCHFFE T DBR (i 25 Fb A 43 A X 321 455 B¢ 41 46 B0
A A R 22 00 (FDTD) 2 8 7 4 A AL, J by
TN (5 28 Eb A A7 % 3204500 ) o 30 K S S U 1 1Y)
S B T S A o A o AT T AR s ok
WA S S (B S IS BE R SE R . d S T = 4EHETE Ok
M &35 44 R0 R JE G B 45 # DBR , 3 o X6 4 T 6 A 45+
P IZE 37 L 588 3 A EAT o0 AT W SE T DR 4 A X DBR 2
SR SO A i 5 iR BE R 52, Ol 1 — 25 ) G
ZEA 3R DBR 2 PR AOE R R T 5%

2 S A FEAS i B

21 MG =oHh

DBR 2 5 44 33 23 v 0 B A 328 431 45 4 X O R Joi
o B & G B AR, M s T SR AR B
F-PRON, FECE Z UK G, Bl s R 2. A
Fr & MR PR AS [R5 R, R AROAR [R] A ST
PR S A H AT A . 1 1R AR s i O
WAt 18T 2R CERCH R AT 2) AR i L
B A LW BOCR e, R R 1y, SO T 2 B A HL R B
&, JEEH 150

t ty ty t ty
} i

K1 CFs Bos &R
Fig. 1 Schematic of plate media

B, B — A T I R A B RS S
HLABRBOE I 04 L A% f T EDCARCP T . PR S Y JE
ANTF G BR WRT LA A W A S LA 37 0 3 ST
MR 50 1) AR R 2, A2 AR K d (D) 78 P Bl A Jo
3 ST I ) bR SRR N B AT Y H LA R
AR o Ao A 0T 15 F) E 3 0 )

D
Elzi
€1

o (1)
D
E2:7
€

TE G — AN 0 L S 2 37 2

D D

[17_’_ Z‘Qi

El 62
F=——"-—, 2
L+t (2)

WA T R ZM D =eE . f1
P ee (3)

E f151+ﬁ€2

S AT O HL S R PR R 9 7 T

! . Ly
Cnto /2
LR, A8 - T 0 1) H R AT TR, L
568 B E A A A i o I B R E SRR . PR A BT HL
HAEFE

H

Di=ek (4)
D, =& F
KD JEN BT 1AL K & D, Je 0 BT 2 A%
Kito B H AR E N
D — utD, +t,D, teE+ e, E

nto I (5)
H A BN
D f1€1+f2€27 . .
E_E_ﬁ_f1€1+fzszo (6)

NI I D S VI o o e e o /R Uy [
CEN S € N T N o e R o I = 3
DR ASTR] 1, T LA 25 20 0 Bl o AR AR 1

A SCEUST T 85 AR o5 A s B R TR A
BRES MRS R S AR E R R, —BR
FHIE [ A7 3 002 1m0 45 95 AH RS A OB A D B8 4 A7
1 JE 190 45 0 v ) A B BRI o AR A R R BBl
B — UG S T [ AT I RN S ) AT I 0 R T B A —
T AEAG o ) b2 A A — o LR (BTG &
O B AR )AL 11T S HAR A .

TEJE A T, A F gk Y ) 0T AR AR A o 2
— R, R A T 45 R B R 2 4 3 B I R
A HL K i PR AR R

ela,y,2)=¢e,+ Ae, (7)
K e S UK R Z R B 9B 40 5 Ae &AL #E 5 1) |
PGS o U R P 15

AR 2% /N R WO B G, X T AE R 1) BT A R
AN KA BT, O i U 2 O B ] 6 Ak R Bk 1 35 B O
T RS < A a3 [a) R e b 2 AT 0 B A, G s A
0 2 A o BN

axz® 3y’
A wBAW R BT KR, LR
E, (&, y) B R0 ; m BB 5 SGEe b iy
& 4% AT B VRS2 IE [ A7 I RN S ) 47 3 AR A5 A T A%
. B, BB (p) FR M B (—4) Z R F &
LS WE )

9* 9*
+ + o’ peg (2, y)— B |E,.(x,y)=0,(8)

dA, . )
- = —ikB, exp (iABz)
P
s 9
dB, .. ) ©)
— =1k A, exp(—iApz)
dz

A AR IE A B IR I 5 B, & S S — 5.1y
R MR 5 & o il A5 R B 2R K & IE ) B 5 AR 8
SIS 55 S S I R ZURE A R R S DS I A% A

1101022-2



2505 £ 11 H9/2023 £ 6 B/ EH*:

(10)

AXrhem'=1,2,3, - ARG A B . S b RS
FROE A

iwe, (nf — n3)

k::444412;4447J|E5|d1, (11)

Ay R BFE A AR 4T 3 3 5, O 0 90 TR R
f 4T 5 35 200 A S B A (3 B oy L 1=1,3,5, 0
P A B R TE A REAR LA R L A BT B B9 E LBy
AL LI I o) AR ORI ) B8 SRR R L o DAL
NS T S IR R (B Y G R e 2 AT B BU R
T AR BOR BUR T I R o A

2.2 HERXMEMSN

ELH I B A TGl A S ) A R B LB, DA =S
(] P 8 200 R R DG I B T g — A AR —
ANUCHA B PG A T X ST AR T BN B BORT
F189 904 I v

R Hh 2 ST - SR IR E D B O IR i ) D AR DT B
R AT S8 00 8y 7 e 22, el 0 2 in R R fE S O
(ELARN R o TSI 14 20 5 25 Lt DBROGHE e 46 14
NHEIE | b 25 HO R R, B 2(b) ) MR T HEIE 2 50
Z5 tE DBROGHE OGS 48 o 2508 | & 25 1 o 3 48,
P 2 (a) ) A 85 R B D' 0k 422 fk T AR, BE B S 0 MR A
W PRGN IE U AT M AR Y.

K2 SEHas 7R 2 P o (a) JETE 19 2 15 28 LB ; (b) #ETR 1929 15 28 L Sl
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Fig. 3 Schematics of refractive index distributions. (a) Refractive index distribution of uniform grating; (b) refractive index distribution

of grating with gradient duty cycle
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Table 1  Structural parameters of tapered grating with gradient

duty cycle
Structural parameter Value
Grating length (L) /mm 1
Grating width (W) /pm 10
Grating period (A) /pm 0.991
Grating height (H, g cen ) /ptm 1.1
Ridge waveguide width (W,) /um 4
Ridge waveguide height (Hypy o) /pm 1.1
® T Lo
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Fig. 4 Structural diagrams of DBR semiconductor laser including tapered grating with gradient duty cycle. (a) Three-dimensional;

(b) two-dimensional

4 srirS5ihe
4.1 EERHAXMEMHNERSES ST XER

&5 DBR 2 SR OG5 R FH i 25 B ok [ 2
1) 46 TR 45 0 A L X0 2 A B A% 2% 1B DBR O %
O U A S R R AR T A A, Ol i AR #) S A Y
TEH

m"A=2nA, (13)

e "R BB A R s A ST SR

R B HIORR /)N | 5 FE B DN SRR R (HLAR
P 3 (13) , SEAE B FIOEE /N | S AR B /)N | T2 X R
I AR XE Tk & =4k . B IE, 36 RS B DBR G, LA
1.1 pm ZI PR B O o . 2 AR B 4K 1060 nm,
MR BT B R 2 3.2, R 3 2 (13) 5 A
991 nm ZE 4 . N FDTD 32 A 318 35 B4 KAy A
BLINAE, R T S N A7 5 2R EL AR IE 3 B3 A1 6 o, 3X
B3 5 B AL 0 KR 38 50 6 M 4 4 2 B0k S K
Liinge="0.6 mm, JE i} %€ FF W,=W,=4 pm, a1 5 2 fir
N, HARSHS R VM. B S b RS G2 1t

IS AT LA, 20 M 25 oy 0.58 B, s 4
RA R H Y 23 T 0.58 I, B fz B R 3R K.
FETE 349 50 S 9 it A7 AE BT 5 3 25 U 2 R R

#2 HRBLDUME S

Table 2 Structural parameters of rectangular uniform grating

Structural parameter Value
Grating length (Lg,,,) /mm 0.6
Grating width (W) /pm 4

Ridge waveguide width (W,) /pm 4
L= duty cycle of 0.20
0.9F -~ duty cycle of 0.33
0.8+ --- duty cycle of 0.44
------- duty cycle of 0.55
o 07 duty cycle of 0.58
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Fig. 5 Reflectance versus duty cycle
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Fig. 9 Influence of duty cycle distribution on reflection spectrum. (a) Duty cycle curves with different function distributions;

(b) reflection spectra of gratings under duty cycles with different function distributions
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Fig. 10 Influence of duty cycle with reduced dimension function distribution on reflection spectrum. (a) Duty cycle curves with different
function distributions; (b) reflection spectra of gratings under duty cycles with different function distributions
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Table 3 Structural parameters of gratings

Structural parameter

Tapered grating with gradient duty cycle

Rectangular uniform grating

Grating length (L) /mm
Grating width (W) /pm
Ridge waveguide width (W,) /pm
Grating period (A) /pm
Grating height (He,, o) /pm

Ridge waveguide height (Hyy o) /pm

1
10

4
0.99
1.1
1.1

1
4
4

1 0.991
1.1
1.1
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Fig. 14 Far field intensity distributions of devices. (a) Far field distribution of rectangular uniform grating; (b) far field distribution of

tapered grating with gradient duty cycle when duty cycle is truncated sinc function distribution
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Design of Grating Structure in Distributed Bragg Reflector
Semiconductor Laser

Zhu Kun, LiHui, Hao Yongqin, Qian Ran, Wang Dongyue
National Key Laboratory on High Power Semiconductor Lasers, Changchun University of Science and Technology,
Changchun 130022, Jilin, China

Abstract

Objective The existence of edge modes in the distributed Bragg reflector(DBR)semiconductor laser emission spectrum has a
significant influence on the beam quality. The output multi-edge modes and high side lobes deteriorate the semiconductor laser beam
and output power. The F-P effect formed on the sides of the DBR laser with a homogeneous duty cycle is one reason for this,
resulting in side-mode resonance enhancement. Second, the energy coupled to the narrow-ridge waveguide through the grating
decreases near the rim of the narrow ridge. This study proposes a modification scheme of the regular DBR structure to inhibit the edge

mode on the DBR laser spectrum, ensuring maximized reflectance at the central wavelength while weakening the side lobe strength.

Methods Based on coupled-mode theory, a rectangular grating model with a gradual duty cycle is established for the DBR laser.
The influence of the duty cycle distribution on the edge mode suppression and the reflectivity maximization at the central wavelength is
analyzed using the finite-difference time-domain (FDTD) method and changing the DBR duty cycle. The electro-optic model of the
rectangular grating with gradient duty cycle is simulated, and the reflectance at the central wavelength and the side mode suppression
ratio are obtained after device optimization. A tapered duty cycle model for the DBR is established, and the influence of the grating

structure with tapered duty cycle on the output side lobe intensity of the DBR laser is analyzed.

Results and Discussions In DBR lasers, the F-P effect exists in rectangular uniform duty cycle gratings, resulting in edge-mode
oscillation enhancement (Fig. 5). From the relationship of coupling coefficient and duty cycle (Fig. 6) and the duty cycle under the
maximum reflectivity at the central wavelength, the grating duty-cycle range can be determined. Within the gradient range, the
simulation of grating when the duty cycle is truncated sinc function distribution is carried out. Within the gradient ranges of 0.545—
0.580 and 0.580-0.545, the reflection intensity of the edge mode is suppressed, and the reflection peak value at the central wavelength
reaches 0.8 (Fig. 7). For a grating with length of 0.6 mm, comparing the reflection spectra of rectangular uniform grating and
rectangular grating with gradient duty cycle, it can be observed that, although the edge mode is suppressed for the rectangular grating
with gradient duty cycle, its reflection peak value at the central wavelength is lower than that of the rectangular uniform grating.
Setting the duty cycle at 0.58 in the center of the grating, the edge mode suppressing effect is studied for the case when the duty cycle
decreases from the center of the grating length to the two ends . The results show that the edge mode suppression under truncated sinc

functions is enhanced, but the reflectivity at the central wavelength does not improve (Figs. 9 and 10). When the grating length
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increases to 1 mm, the central reflection peak value of the grating with gradient duty cycle remains unchanged (Fig. 11). When
adopting the grating with gradient duty cycle, the coupling coefficient at the center of the grating length is small; thus, using the
combination of duty cycle that presents truncated sinc function distribution and constant duty cycle can increase the coupling coefficient
at the center of the grating. Although the reflection peak value at the central wavelength is nearly similar to that of the uniform
grating, the edge mode suppression ratio reaches 48 dB (Fig. 13). Finally, by observing the field intensity distribution of tapered
grating with gradient duty cycle and rectangular uniform grating on the far-field lateral tangent, we find that tapered gratings with

gradient duty cycle can reduce the sidelobe intensity of the DBR laser output.

Conclusions The existence of the F-P effect in the rectangular uniform grating for conventional DBR lasers results in side-mode
oscillation enhancement. In addition, more side modes in the reflectance spectra of semiconductor lasers not only deteriorate the beam
quality but also reduce the output power at the central wavelength. It is found that changing the duty-ratio distribution in the DBR
laser can destroy the grating effect, leading to a reduction in the side-mode reflection intensity. Furthermore, using a gradual duty
cycle at both ends of the grating and a constant duty cycle in the center of the rectangular grating length, not only reduces the side
mode in the reflection spectrum , but also ensures a larger reflectivity at the central wavelength. It is found that the optical field
propagating at the edge of the narrow ridge waveguide, when passing through a tapered gratings with gradient duty cycle, can be
better coupled into the narrow ridge waveguide, leading to an effective reduction in the intensity of the side lobe. Compared with
previous schemes, this requires less complex process steps while enhancing the side mode suppressing ratio. Additionally, it can
reduce the side lobe strength, providing a valuable reference for the structural design of high-power and high-beam-quality

semiconductor lasers.

Key words lasers; distributed Bragg reflector semiconductor laser; side mode suppression; gradient duty cycle grating; side-lobe
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