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Abstract: The explosive growth in bandwidth demand driven by data centers, the 5th/6th Generation Network(5G/6G) commu-
nications, and high-performance computing has made photonic integrated circuits crucial for high-density, low -loss information
processing. As key devices for compensating signal loss in photonic chips, Erbium-Doped Waveguide Amplifier (EDWA)s have
demonstrated significant application potential in optical communications, sensing, and optoelectronic systems due to its miniatur-
ization, low power consumption, and high integration capability. This review systematically summarizes recent advances in rare -
earth-1ion-doped integrated amplifiers. It provides an in-depth analysis of key factors affecting core performance metrics of ED -
WA, and compares the performance advantages and limitations of different Wavelength Division Multiplexing (WDM) schemes.
Finally, we outline future development directions for high-performance EDWA, highlighting their potential in dynamic gain con-
trol, heterogeneous integration, and broadband operation, thereby offering technical insights to facilitate the transition of EDWA
from laboratory research to large-scale communication applications.
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Table 1 Performance comparison of EDWA under different schemes based on off-chip fiber WDM

KEHME  RAEEK /mm E5HEK/mm  HEFKE /om EHHE /mW ECRE/om? i /dB S
Er: TFLN 1480 1532.0 8. 50 200. 00 7.50x10% 18. 00 20251224
Er: TFLN 1480 1550.0 7.00 113.00 7.50x10% 16. 00 20252
Er: TFLN 1484 1531.0/1550.0 10. 00 120. 00 7.20x10" 22.30/7.65 20247
Er: TFLN 1460 1531.0 5. 60 101. 00 1. 05x10% 18. 80 20241
Er: TFLN 1480 1531.7 9.16 / 7.50x10% 38. 00 2024121
Er-Yb: TFLN 976 1532.0 15.00 60. 00 1. 50x10% 27.00 2023122
Er: TFLN 980 1530.0 3. 60 40. 00 1.50x10% 18. 00 2021
Er: TFLN 1484 1531.6 2.58 17. 31 7.20x10" 16. 00 20211
Er: TFLN 980 1531.6 0.50 21.00 7.50x10% 5. 20 20214
Er: TFLN 980 1530.0 0.53 10. 78 1. 50x10% 8. 30 20211
Er: TFLN 974 1531.5 0.50 61.00 1. 50x10% 15.00 20211
Er: TFLN 980 1531.6 2.80 45.00 1. 89x10% 24. 80 202114
Er:Si;N, 1480 1 550. 0~1565.0 50. 00 245. 00 3. 25x10% 30. 00 2022
Er:ALO,:Si10, 1480 1532.0 12.90 200. 00 3.90x10% 33.50 202411
Er:ALO,:Si10, 976 1532.0 12.90 250. 00 1. 92x10% 20. 00 2014
Er: ALO;:Si;N, 1480 1533.0 0.16 18. 00 1.11x10% 3.00 20203
Er:TaO,:Si;N, 1470 1558.0 6.70 200. 00 2. 50x10% 5.00 2020
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(a) The schematic of the WDM integrated EDW A chip
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(b) The schematic and enlarged microscope images of the
AMMI based WDM structure
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Figure 8 Design and fabrication of the EDW A chip with the
AMMI based WDM structure' ' 1%/
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T aF A O T I R OCEEE R . T ) WDM
S5 A8 AT A TR R DA S S i S ST 1] ) B A R S, AT
AR e 0 25 By 1k A ORI R M
T, KRR WDM (9 EDWA 85 F 5[4 S 18 52 565 78
BB T4 35 W H (1 532 nm) b 51 & A EOL B4,
JEEIHAE FREGOR 8L, S BUF S s R . sty
A PLAE 1 545~1 565 nm 4 58 3t Bl 4 52 8 10 dB
(O RE B E T

%2 ATRREHNLELWDM % %6 EDWA #9145 331t
Table 2 Performance comparison of EDW A with different on-chip WDM schemes
WDM % # ZHEHEK/ BEEREK/ HEKE/ RHNHE/

HE A FE  HEH/AB T /nm nm nm cm mW M/ #f
Er:ALO.:SIN, DC  0.50 80 980.0  1520~1640  30.0 691 16.3  2025%

Er:TFLN  AMMI 0. 68 15 1480.0  1545~1565 4.6 20 10,0 202411
Er: ALO;:Si;N,  MMI 0.48 30 980.0 1510~1 580 10.0 50 18.1 202013
Er:ALO;:Si;:N, MMI 0.40 180 976. 2 1532 5.9 390 10.0 2019
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(b) Schematic of the vertical coupler

(a) 3D schematic of the double-layer integration of Al,0,: Er** and Si;N,
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Figure 9 Schematic of the EDWA design using on-chip vertical coupling structure and WDM based on a tapered DC

configuration*”’
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