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Abstract: Residual thermal stress induced by the coefficient of thermal expansion (CTE) mismatch between the
chip and heat sink is a critical factor limiting the performance and reliability of high-power semiconductor laser diode
(LD) bars. Such stress leads to chip warpage and the SMILE effect, thereby degrading beam quality and optical uni-
formity. To address this issue, a room-temperature packaging scheme based on a Ga-Diamond liquid metal composite
interlayer is proposed, which eliminates thermal stress at its origin by avoiding temperature gradients and rigid inter-
facial constraints associated with conventional reflow processes. The simulation results demonstrate that the proposed
approach reduces the maximum chip stress to approximately 0. 9 MPa, with negligible deformation. Experimentally,

the SMILE value is significantly reduced from 1.40 pm to 0. 17 pm. Under a driving current of 50 A, the output
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power increases from 58.5 W to 63.5 W, while the electro-optical conversion efficiency improves from 58. 5% to

64.8%. These results indicate that the Ga-Diamond liquid metal interlayer, together with the room-temperature

packaging process, enables effective release of thermally induced mismatch strain, offering a promising pathway to-

ward low-stress, high-brightness LD bar packaging.
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Tab. 1 Material performance parameters
) Thermal conductivity/ Coefficient of thermal expansion/ Young’'s modulus/ ) , )
Material : . P Poisson s ratio
(W-em™"-K™") (10°K™) GPa
Cu 398 110 0.36
CuW 170 315 0.30
In 81.6 11 0.42
AuSn 57 59 0.35
GaAs 55 85 0.31
Ga-Diamond 137 / 0.45
Pl 0.5 31 0. 34
x2 HHEBH
Tab.2 Parameters of components
Heat sink Laser bar chip Negative electrode Transition heat Number of Fill Emission window ~ Wavelength/
dimension dimension foil thickness/mm sink thickness/mm emitters factor/% width/mm nm
27mm X 11 mm X 1 mm x 10 mm X
0.05 0.3 19 30 0.15 808

1.5 mm 0. 125 mm
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