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Research on terahertz quantum well photodetector
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Abstract: Terahertz quantum well photodetectors (THz QWPs) are ultra-fast devices, which have picosecond response
time and more than 1 GHz modulation speed. THz QWPs have great potential applications in the field of THz fast imag-
ing and high-speed wireless communications. This paper summarizes the principle, design, performance and recent re-
search progress of THz QWPs. Research shows that the fast imaging system based on THz QWPs can detect the detailed
information of the object, which is expected to be used in the field of safety inspection and nondestructive testing. Addi-
tionally, THz QWPs can be used as the detection end of high-speed wireless communication, providing an effective
technical approach for future 6G wireless communications.
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Fig. 1 The band profile schematic of THz QWPs, (a) with-

out bias. (b) with illumination and bias""
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Fig. 2 Two common coupling methods of THz QWP, (a)

45° facet coupled THz QWP, (b) metal-grating coupled THz
QWP
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Fig. 3 The patch antenna array coupled THz QWP, (a)

SEM photo of the detector, (b) responsivity peak vs voltage

for the 45° mesa and the cavity array detectors *’
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Fig. 4 Plasmonic lens enhanced mid-infrared quantum cas-
cade detector, (a) the schematic diagram of the detector, (b)
the electric field at the grating and coupling to the detector ac-

tive zone, (c¢) device with circular design, (d) device with

star shape design "’
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Table 1 The parameters of several typical THz QWPs in the last decade

W {FL 0 ¢

VA RN AT % (THz) i E B (um®) TAERLEE (K) (ATW) E =BT

5.85 — Y4 e 1.000x1 000 3.2-18 0.036 [41]

4.3 45"} E 400x400 4-20 0.99 [42]
373355 45° 3 A 1200x1 200 4.2 - [43]

(W Af,)

FEE I (4. 5~6.5) — 4 O 1 000x1 000 4.2 1.7 [44]
5.4 REAIL G 800x800 4.2 1.3 [45]

5.4 fs 400x400 4-23 5.5 [39]

3.5 45° Wb AR (RS S 2R1F) 350x300 4.5 - [46]
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Fig. 5 The imaging system of THz CT, (a) the schematic di-

agram and (b) the imaging results '**
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Fig. 6 The schematic diagram of the fast THz reflective scan-

ning imaging system, (a) the detection method of the imaging

system, (b) imaging results of the covered leaf, (¢) imaging

results of the covered razor blade'*’
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Fig. 7 Frequency up-conversion THz QWP-LED, (a) the
schematic of the 45° facet coupled THz QWP-LED, (b) imag-
ing results of THz QWP-LED™”
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Fig. 9 Sub-wavelength THz array detectors based on 3D ring
antennas, (a) the schematic of the device unit cell, (b) the
equivalent circuit of the device unit cell, (¢) the micrographs

of the THz array detectors **’
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