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Abstract: The integration of chip substrates with microchannels represents a cutting-edge research focus globally.
Compared to traditional liquid-cooled microchannel heat sinks, this technology offers revolutionary advantages and
has been successfully applied in chips like insulated gate bipolar transistor, demonstrating exceptional cooling perfor-
mance. As the demand for higher output power from semiconductor laser chips in large scientific facilities and indus-
trial applications increases, heat management has become a critical issue. Traditional research on laser bar cooling
has mainly focused on optimizing liquid-cooled heat sink structures. However, their cooling capacity is constrained
by thermal resistance of the heat transfer path. To address this challenge, this study proposes a novel distributed flow

pattern structure based on the integration of chip substrates with microchannels, aiming for efficient cooling of semi-
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conductor laser bars. This design significantly shortens the heat transfer path and reduces thermal resistance, effec-

tively lowering the chip junction temperature and cooling flow rate. It provides essential technical support for achiev-

ing highly integrated and high heat dissipation laser bars. The research indicates that the proposed distributed flow

pattern structure overcomes the design challenges of microchannels in semiconductor laser bar substrates. Under lig-

uid cooling conditions of 0. 35 L/min@20 °C, it achieves the target of a chip temperature rise of <40 ‘C, with a simu-

lated result of a temperature rise of 30.52 °C at a high heat flux density of 1 000 W/cm and an optimal filling factor

of 0. 25.
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Fig. 1 (a)LDA substrate microchannel structure. (b) LDA device. (¢)Base structure
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Fig. 2

(a)Schematic diagram of the LDA substrate microchannel cooling ( © indicates that the direction of water flow is perpen-

dicular to the plane and flowing outward). (b) Three-dimensional schematic diagram of substrate microchannel cooling
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(a)Dimensions of the LDA distributed manifold channel. (b) Dimensions of chip substrate microchannel structure
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Fig. 4 (a)The effect of channel width on chip temperature. (h)The effect of channel width on inlet mean pressure
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Fig. 5 The effect of different flow rates on chip temperature distribution (the chip with a 40 pm wide + 40 pm spacing in sub-

strate channel structure)
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Fig.6  The effect of channel width on chip temperature
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