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Er-doped Photonic Integrated Chip Waveguide Amplifiers:
Chip-level Optical Amplification Technology from Satellite
Communications to Wearable Devices
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Abstract

In applications such as satellite communications and wearable devices, traditional Erbium-Doped Fiber Amplifiers (EDFAs) face
prominent issues including excessive size, high power consumption, and difficulties in integration. To address these technological
bottlenecks, this research focuses on the chip-scale Erbium-Doped Waveguide Amplifier (EDWA). The chip-scale EDWA adopts
rectangular or ridge waveguides with extremely small cross-sectional areas. Through a high refractive index contrast, the optical
field is tightly confined within the core region of the waveguide, significantly increasing the optical power density per unit length and
thereby enhancing the interaction strength between light and erbium ions. Meanwhile, a bidirectional pumping design is employed
to achieve more uniform and higher population inversion in the erbium-doped waveguide, improving the overall performance of the
amplifier.
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