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Terahertz Quantum Cascade Laser of First-Order Distributed

Feedback Based on a Buried Grating
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' Key Laboratory of Infrared Imaging Material and Detectors, Shanghai Institute of Technical Physics,
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Abstract We experimentally and theoretically investigated the mode competition and output power characteristics in
the terahertz quantum cascade lasers of first-order distributed feedback based on a buried grating. The simulations
obtained the relationships of the etching depth of a buried grating with the waveguide loss, optical confinement
factor, radiation loss, and radiation efficiency of two band-edge modes. Theoretical calculations have obtained the
relationship between buried grating corrosion depth and waveguide loss, optical confinement factor, radiation loss,
and radiation efficiency of the two band-edge modes. Theoretical calculations show that the distributed feedback
structure of the buried grating can adjust the threshold gain and radiation efficiency of the laser while ensuring the
stable single-mode operation of the laser in the high-band side mode by changing the corrosion depth. Experimental
and test results show that the laser radiation wavelength is proportional to the period of the buried grating and the laser
could operate stably in a single mode in the whole dynamic range. The single-mode laser can cover the range from 86.2 pm
to 91.7 pm, the side mode rejection ratio can reach 25 dB, and the maximum output power is 9.1 mW. This work is
helpful for the development of high-performance single-mode terahertz lasers and phase-locked laser arrays.
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Fig. 1 Structure schematic and COMSOL simulation results. (a) Schematic of semi-insulated surface-plasmon buried
grating {irst-order distributed feedback terahertz quantum cascade laser; (b) schematic of buried grating in cross
section(x-y plane); (c¢) distribution of calculated electric field E, of the high-frequency mode and low-frequency
mode along the cross-section of laser (x-y plane); (d) impact of the etching depth on loss and the frequency of high-

frequency mode and low-frequency mode
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Fig. 2 Simulation results of two band-side modes. (a) High-frequency mode and (b) low-frequency mode changes in longitudinal

distribution of real part of E, with different corrosion depths; (c¢) high-frequency and low-frequency modes loss caused by

n" GaAs layer with different corrosion depths
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Table 1 Calculated optical confinement factor, radiation loss, waveguide loss, radiation efficiency, and threshold gain of

the two band-edge modes of the buried grating structure at different corrosion depths

Band-edge Etching Confinement Radiation Waveguide Radiative Gain
mode depth /nm factor loss /em ™! loss /em ™! efficiency threshold /em ™!
H mode 400 0.29 9.2 4.6 0.67 47.6
H mode 600 0.28 7.2 4.2 0.63 40.7
H; mode 800 0. 26 7.8 3.9 0.67 45.0
H; mode 1000 0.25 8.4 3.7 0.69 48.4
L; mode 400 0. 34 7.3 10. 8 0. 40 52.2
L mode 600 0. 35 4.3 15.1 0.22 55.4
L mode 800 0. 35 2.9 21.1 0.12 68. 6
L mode 1000 0. 34 3.0 29.5 0.09 95.6
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Fig. 4 Simulation results of the mode in the -y plane. (a) Normalized distribution of |E, |* of longitudinal fundamental mode of

buried grating at the center of active region of high-band side mode with different etching depths along the length of laser cavity;

(b) power flow distribution along the x direction in the resonant cavity when d ., =400 nm, 600 nm, 800 nm, and 1000 nm
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Fig. 5 SEM pictures and test results of the devices. (a) SEM pictures of 1st-DFB-THz-QCL semi-insulated surface-plasmon buried

grating; (b) emission spectrum of a typical buried grating 1st-DFB-THz-QCL, the grating period is 12.4 pm, N, =200,

and the driving current is 2. 16 A; (c) Linear relationship between different grating periods and laser wavelength;

(d) emission spectrum of a typical single-mode laser under different driving currents in the dynamic range
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Fig. 6 Test results of the devices. (a) Test results of voltage-current-power characteristics of single-metal waveguide F-P cavity

laser (illustration shows the spectrum of the laser at the maximum pump current); (b) test results of voltage-current-power

characteristics of buried grating single-mode devices (illustration shows the spectrum of the laser under different pump
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