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Research on design of high-power mid-infrared
quantum cascade laser

CHANG Jun-li,SUO Hua-dong, DUAN Kai,ZHU Guo-li
(The 27th Research Institute of CETC,Zhengzhou 450046, China)

Abstract : This paper addresses the challenge of low output power in domestically produced mid-infrared semiconductor
single-bar lasers that currently limits their industrial scalability. Initially, four semiconductor target laser modules are
spatially combined to increase the total output power of the quantum cascade laser in the mid-infrared band. Subse-
quently , through optical component design and fine-tuning of light paths ,beam shaping techniques effectively resolve the
degradation of beam quality during the four-channel spatial combining process,while simultaneously optimizing the beam
quality post-combination. Additionally,in the drive control and temperature control module ,the current drive control cir-
cuit and temperature control circuit accurately and stably control the voltage ,current and temperature of the input laser,
so that the quantum cascade laser can achieve stable and high-power output at room temperature. The design of quantum
cascade laser with high output power at room temperature, minimal divergence angle, narrow line width and wide tun-
ability is of great social and military importance,as well as having a wide range of practical prospects.
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Fig. 1 Composition of mid-infrared quantum cascade laser
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Fig. 2 Outline of quantum cascade laser emission module
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Fig. 3 Schematic diagram of spatial bundling
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Fig. 4 Structural layout diagram of beam shaping and

beam combining module
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Fig. 5 Structure and spatial layout design of drive control

and temperature control module
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Fig. 9 Schematic diagram of the internal layout of the chassis
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Fig. 10 3D outline structure of quantum cascade

laser in mid-infrared band
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Tab. 1 Output power of each target under different input current
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0.8 0. 026 0. 025 0.016 0.018 0.072
0.9 0.027 0.030 0.018 0. 030 0. 096
1.0 0.028 0.031 0.021 0. 042 0.116
1.1 0. 134 0. 144 0. 128 0. 136 0.523
1.2 0.483 0. 496 0.476 0. 500 1.75
1.3 0.834 0. 835 0. 828 0.872 3.08
1.4 1.18 1. 16 1. 19 1.20 4.54
1.5 1.50 1.55 1.56 1. 69 5.82
1.6 1.82 1.94 1.98 1.96 7.21
1.7 2.07 2.12 2.25 2. 15 7.93
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Fig. 11 The output power of each target strip under different

input currents and the total output power of four channels
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