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Terahertz wave has many new applications in chemical and medical. This study is to develop a
terahertz wave source based on quantum cascade laser using GaAs semiconductor quantum wells.

1.Full theory quantum transport based on non-equilibrium Green’ s function
is packaged as a simulation platform, to predict the quantum transport in terahertz quantum cascade
laser. 2.Improved technique in GaAs/Al0.2Ga0.8As quantum well with 1200 stacked layers is shown .By
employing an latest Cu-Cu metals waveguide processing, the lasing of 1.8THz at 185K is achieved.
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Low-frequency terahertz wave (f0.5-~2THz; A:600+~150pm) gains very strong interests because of its
unique advantages in the wireless communications. Terahertz data links could increase data transfer 1000
times faster than the existing microwaves wireless technology (microwaves are what we use now for
cellular and Wi-Fi). It will ultimatly beat out the upcoming 5G millimeter frequencies as the 5G cannot be
able to cope due to the fast growth of the Internet of Things (IoT) in the very near future. However, until

now, it still lacks the commercial viable technique to generate terahertz light to meet this requirement.

2. WHEDHBY

THz-QCLs has been treated as the most (even only) promising terahertz radiation sources at this low-
frequency region. This device has realized the lasing frequency as low as 1.27Hz in experiments since 2006,
however, the operating temperature are still too low <110K. In general, the thermal-electric cooling
temperature of 230K is considered as the critical point, at which the THz-QCLs device can work without
heavy and big gas cooling system and this will extremely be benefit for coherent integrations in real
applications. In this proposal, the main motivation is finding new device designs to lift up the operating

temperature of low-frequency (<2THz) THz-QCLs in experiments.

3. WED ik

By proposing a quantum transport model to describe the QCL and predict designs with high-optical gain at
high-temperature. and then develops high-quality stacked quantum wells structures based on GaAs/AlGaAs
semiconductors as the gain mediums. Finally, with reliable processing of waveguide fabrications, the lasing

at high-temperature is expected.

4. WFZERR

(1) Full theory quantum transport based on non-equilibrium Green’s function is packaged as a simulation
platform, to predict the quantum transport in terahertz quantum cascade laser. And the working mode in
computing is with parallel. The optical gain of room-temperature operation is predicted by proposing a
specific design, in which using GaAs/Al0.2Ga0.8As. Figure 1 shows the interface of the packages which
shows spatial and energic mappings of quantum states, current density and also the optical gain at the active
region. Figure 2 shows the design based on 3-well for low-frequency operation at 1-2THz, (b) shows the
ministep concept proposed here to create clean levels. The corresponding optical gain at 300K is predicted

more than the waveguide loss.

Quantum transport and transition platform
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Fig.1 THz-QCL simulation package
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Fig.2 THz-QCL proposed and the optical gain

(2) Improved technique in GaAs/Al0.2Ga0.8As quantum well with 1200 stacked layers is shown, the
thickness of each layer is well controlled within 1% fluctuation. And the Al% composition in barrier is
within 5% deviation as expected.

(3) By employing a latest Cu-Cu metals waveguide processing, the lasing of 1.8THz at 185K is achieved,

as shown in Fig. 3.
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Fig. 3 The lasing spectrum of 1.8THz at 185K
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