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Abstract: A single-mode terahertz quantum cascade laser (THz-QCL) with a two-dimensional patch antenna array as a
resonant cavity is proposed and realized. The active region of each patch antenna is sandwiched between two metal lay-
ers, exhibiting full-scale subwavelength characteristics and exciting a vertical electric quadrupole mode with low radia-
tion loss. The inter-antenna coupling within the array effectively suppresses electromagnetic leakage in the plane, allow-
ing for a high-quality factor and low threshold current density even with only a few antennas in the array. As a result,
the laser's power consumption is reduced to 950 mW. Moreover, the discrete antenna array design provides a larger heat
dissipation area compared to the heat-generating area, and with the lateral heat dissipation channels offered by the un-
pumped regions, the thermal resistance per unit area is as low as 5. 6 mK/W/cm’. By significantly reducing power con-
sumption and enhancing heat dissipation efficiency, the laser achieves a lasing frequency of 3. 18 THz, a side-mode sup-
pression ratio (SMSR) of 19. 5 dB, and a beam divergence angle of 35°x35°. It operates continuously at 3. 14 mW at 20
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K, with a maximum continuous operation temperature of 90 K, notably higher than that of Fabry-Pérot cavity lasers

made from the same material. This work provides a novel approach to improve the continuous operating temperature of

THz-QCLs.

Key words: terahertz, antenna array, quantum cascade laser, continuous-wave mode
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Fig. 1 Schematic diagram of electric quadrupole antenna device: (a) antenna array; (b) single antenna

(b) (c)
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Fig. 2 Calculated result using full wave finite element method under periodic boundary conditions: (a) £, distribution; (b) £, distri-

bution; (c) H, distribution
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Fig. 3 Full structure finite element simulation results of N=6, P=90 um, W=2 um device: (a) Comparison of threshold gains when

materials are transparent between the in-phase electric quadrupole mode and other modes near the frequencies; (b) Image of the far-

field electric field distribution
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(a) Thermal simulation results of FP cavity; (b) EQA thermal simulation results; (c) Injection power density of active re-

gion in FP cavity and EQA vs. highest temperature; (d) Temperature distribution vs. active area depth curve along the green

dashed line (right side) of the EQA section
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Fig. 6 Scanning electron microscope (SEM) image of the
Electric Quadrupole Antenna THz-QCL with structure of L=
24.3 um, P=90 pym, N=6, W=4 pm
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Fig. 7 Test results in pulse mode of device A: (a) Spectrum at 20 K with different pumping current densities; (b) Light power-cur-

rent-voltage (L-I-V) curves of device A at different temperatures, the spectra in the inset demonstrates a SMSR of 20 dB; (c) Far-

field distribution
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demonstrating a SMSR of 19.5 dB
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ting data for pulse mode and CW mode of (c) FP cavity and (d) EQA array
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