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(a) Equivalent slab waveguide model structure; (b) Relationship between ridge width and etching depth
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Fig. 2 (a) Schematic diagram of the laser epitaxial structure; (b) Cross—sectional schematic of the lateral buried grating; (c)
Three—-dimensional schematic of the lateral buried grating structure; (d) Optical field distribution
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Table 1 Basic laser grating structure parameters used in calculations

Parameter Default value
Ridge width 3 pm
Remain up cladding 50 nm
Grating depth 30 nm
Grating width 5 pm
GaAs refractive index 341
Al ,Ga, ;As refractive index 3.25
InAs refractive index 3.51
In, sGa, ¢ As refractive index 3.37

T 45 5 R R 1Y, 00 R 32 B S 20 R 25 WS R TR I AT 0 B X 2% 2 2 45R 2 EAT 1 L AR A L RASTAR X ke Y
RN

TE G 20 1t R 2 181 5 Ry 30 nm WY 25 PF T WF5E TR I SO Z B 2R 22X k BRI . B 2R ZE
S5H 7R B ANE 4Ca) B AL A 0 L 45 SR UL IEL 4(b) o S SRR B, A 5 20 1% 22 R 19 O, e B R 52 0 R ) 0ok 1
AR R B o Ly BEALH RTUS DR T« 242 2 5 2 3 DR 0] i A O M5 0 3 8 1) B B AL S BT R A
TS T+ 1 CHE B BBt 5 8 o 4 2 R 22 0 — AP W ORI, T 45 4 32 a8 Ol A% G2 Y 52 S HEHEA 5B | (45 «
BFERK . LIBT3 pm BS54, 2B 205 22 OB 2 1 pm B, et 0.99 mm ' 4& T 2 6.02
mm ', RWZE G Z B 2R 22 WA oAb, 0 HEAS [ A 04 -S 9 45 2R 0T 00, 35 I 908 B N i 0 S 2 15
ZEUR . T BT 4 pm DL RS, H w52 28 208 25 1 B W B R AR /NAE SEBR R 4 TR RO
A b U T2 0 5 200K HE SR H T I AE 249 0.5 pm DA™ 2 FEIR T AR 2500 B I, 6 T S S8 EE R
ANT 3 m S5 G e Bl S 20 R 22 A9 728 AL IR B

P& AR T RS L [ 5E 60 nm B 1 A5 TR X Z5 R TR, B — 2D BIE ST T AN [R] S OGN A 20 okt R R o
KB . B 5Ca) B7n 1A% G S C M 2544 i BB DG 2l et R 138 7 Al g ol £, S B - 00 1] 4 R A
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Fig. 3 Influence of different lateral buried grating parameters on k. (a) Ridge width; (b) Grating width; (¢) Grating depth
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Fig. 4 (a) Schematic diagram of overlay error between ridge waveguide and lateral buried grating; (b) Influence of overlay error
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Optimized Design of Buried Grating for InAs Quantum Dot Distributed
Feedback Lasers

LIU Shuaicheng, LLIU Hao, JIANG Chen, QI Xuanliang, WANG Bojian, CAO Shuai,
WANG Jun, WANG Qi, REN Xiaomin
(State Key Laboratory of Information Photonics and Optical Communications, Beijing University of Posts and Tele-
communications, Beijing 100876, China)

Abstract: This study aims to design a lateral buried grating structure for InAs quantum dot (QD)
distributed feedback (DFB) lasers to resolve the high sensitivity of the coupling coefficient (k) to etching
depth in conventional buried gratings. In typical GaAs—based or silicon-based QD lasers, the precise
control of k is often hindered by the lack of effective etch—stop layers, leading to significant performance
instability. By positioning the grating on both sides of the ridge waveguide, this research utilizes a lateral
coupling mechanism to make k primarily dependent on lateral geometric parameters rather than vertical
etching precision. The ultimate objective is to provide a fabrication—friendly design that ensures stable
single-mode operation with high tolerance to process fluctuations. The investigation utilizes the finite
difference eigenmode (FDE) method and the mode convolution method to analyze the impact of various
structural parameters on device performance. Initially, a three—layer equivalent slab waveguide model is
employed to calculate the single-mode cutoff conditions, helping to select an appropriate ridge width
between 2.5 pm and 5 pm. The lateral buried grating is located in the upper waveguide layer on both sides
of the ridge bottom, close to the active region. The research quantified how k is affected by ridge width,
grating width (0 to 10 pm) , and grating etching depth (0 to 200 nm). Furthermore, the study evaluated
the influence of overlay errors (0 to 1 pm) caused by UV lithography alignment between the grating and
the ridge waveguide. Structural robustness is also assessed by simulating variations in the waveguide layer
thickness (60 to 200 nm) and the number of InAs QD layers (5 to 8 layers). Finally, a device-level
simulation is performed for a 1 mm cavity to characterize the optoelectronic performance. The simulation
results reveal distinct physical trends and significant advantages of the lateral buried grating structure. As
ridge width increases from 2.5 pm to 5 pm, k decreases monotonically from 1.60 mm™" to 0.25 mm
because the optical field becomes increasingly concentrated beneath the ridge center, reducing overlap with
the lateral gratings. Regarding grating width, k rapidly increases and saturates at approximately 0.99 mm"
when the grating width reaches 1 pm, indicating that further widening beyond this value yields negligible
additional feedback. Most importantly, the lateral buried grating exhibits drastically reduced sensitivity to
etching depth variations compared to conventional buried gratings. Over an etching depth range of 0-50
nm, k for the lateral buried grating increases gradually from 0 to 1.17 mm™', whereas for a conventional
buried grating under identical conditions, k surges from 0 to 18.02 mm™". Thus, the variation amplitude of k
in the proposed structure is only about 6% that of the conventional design. Furthermore, when etching
depth extends to 200 nm, «k of the lateral buried grating reaches only about 1.9 mm", still far below the
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values of conventional gratings. The structure also demonstrates reasonable tolerance to overlay errors:
within the typical UV lithography alignment accuracy of 0.5 pm, k increases from 0.99 mm ' to
approximately 1.8 mm™ for a 3 pm ridge width, a moderate change that remains manageable for device
design. For ridge widths of 4 pm or larger, the overlay sensitivity is even lower. The lateral buried grating
also shows excellent epitaxial robustness: when the waveguide layer thickness varies from 60 nm to 200
nm, k increases only slightly (e.g., from 1.17 mm ' to about 1.35 mm™ at 30 nm etching depth).
Similarly, increasing the number of QD layers from 5 to 8 causes k to rise merely from 0.99 mm ' to 1.18
mm ' for a 3 um ridge width. Based on these analyses, a recommended parameter set (ridge width 3-5 pm,
grating width 5 pm, etching depth 30 nm) yields k in the range of 1-3 mm', suitable for optimal DFB
operation. Device—level simulations confirm that the lateral buried grating DFB laser achieves stable single—
longitudinal-mode lasing with high side-mode suppression ratio (SMSR) and power—current-voltage (P-
I-V) characteristics comparable to conventional buried grating designs, indicating no performance penalty.
The proposed lateral buried grating structure effectively decouples the coupling coefficient k from vertical
etching depth variations, eliminating the need for etch—stop layers in GaAs—based or silicon—based InAs
quantum dot DFB lasers. This design intrinsically provides high process stability and controllability,
reducing k variation to only about 6% of that in conventional buried gratings under identical etching
fluctuations. The structure exhibits excellent tolerance to variations in ridge width, grating width,
waveguide layer thickness, and number of QD layers, while remaining compatible with standard UV
lithography overlay accuracy. Importantly, this approach does not compromise device optoelectronic
performance, as verified by laser simulations showing stable single-mode operation and high SMSR. Given
that the transverse coupling mechanism is independent of the specific active region material, the design is
also readily applicable to quantum well lasers. This work offers a practical, high—tolerance, and fabrication—
friendly solution for realizing high-performance, stable DFB lasers, facilitating the development of next—
generation photonic integrated circuits and optical interconnects.

Key words: quantum dot; distributed feedback lasers; finite difference eigenmode; lateral buried grating;
grating coupling coefficient; etching tolerance

OCIS Codes: 140.3490; 140.3570; 140.5960; 230.5590

CSTR: 32255.14.g2xb20265507.0714003

Foundation item: The National Natural Science Foundation of China (No. 62204021), the National Key Research and Development Program
of China (No. 2018 YFB2200104) , the Funds for Creative Research Groups of China (No. 62021005) , the Funds of the State Key Laboratory of
the IPOC (BUPT) (No. IPOC2022ZT05), and the 111 Project of China (No. BP0719012).

0714003-9



