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Abstract: Micro-lasers have wide application prospects in optical communication, holographic tech-
nology, biomedical imaging and other fields. Surface plasmon polariton (SPP) propagates along the
metal surface, which can be used to fabricate low-threshold nanolasers that break the diffraction lim-
it. . They not only have the characteristic of small size, but also can induce the Purcell effect, so
that the spontaneous emission efficiency can be significantly enhanced. In recent years, SPP lasers
based on metal-insulator-semiconductor (MIS) waveguide structures have attracted much attention
because of their ability of extremely large mode constraint. In this paper, SPP lasers based on MIS
waveguide structures will be reviewed. Firstly, the basic mechanism of SPP laser is introduced, and
the working principles of nanoplatelet type and nanowire type SPP lasers based on MIS waveguides
are introduced respectively. Then, according to different gain medium materials, this paper intro-
duces the research progress of SPP MIS waveguide lasers whose gain media are I - VI semiconduc-
tor, -V semiconductor and perovskite respectively. Finally, the thesis is summarized, and the fu-

ture development and challenges of SPP MIS waveguide lasers are prospected.
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Fig.1 (a)Schematic diagram of laser generation process in a conventional three-level laser system™. (b)Schematic diagram of

the radiation process of surface plasmon polariton lasers
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Fig.2 Cross-section view of MIS waveguide based surface
plasmon polariton lasers and the schematic diagram

of their basic principle
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Fig.3 Schematic diagram of the nanoplatelet MIS waveguide (a) and its two-step equivalent models ( (b) - (¢) ). (b) The first

step equivalent model: 1D MIS waveguide. (c) The second step equivalent model: 2D whispering gallery resonator. The

curve in (b) represents the distribution of magnetic field |H* and electric field |E I’ for the SPP gap mode.
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Tab. 1 Performance of MIS surface plasmon lasers of different materials

S # B A /4 WK /mm OGS EE R R A% AR AR B Z7% ik
CdS NW MgF,/Ag 489 50 MW/cm’ 10 K (A%)/400 [22]
CdS NP MgF,/Ag 495.5 3074 MW/cm® RT A120 [29]
CdS NW Si0,/Ag 400 110 pl/em’ 77K [36]
ZnO NW LiF/Ag 355 200 wl/em? RT — [23]
ZnO NW ALO/AL 355 25.5 pW RT — [55]
ZnO NW (A 5J5)ALO,/Ag 355 0.84 W RT — [54]
ZnO NW (£ 845) ALO,/Al 355 48 pW RT — [37]
InGaN@GaN NW Si0,/Ag 405 2.7 KW/em® 7K 0.03(A%) [56]
InGa, N@GaN NW ALO,/Ag 405 10 W/em® RT [18]
GaN NW Si0,/Al 375 3.5 MW/em® RT (A*)/68 [30]
InGaN NW Si0,/Ag 517 8 kW/em® RT — [57]
AlGaN NW Si0,-Al 280 13 kW/em® RT — [57]
MAPbI, NW MgF,/Ag 790 13.5 wl/em? RT — [21]
MAPbI, NP Si0,/Au 780 59.2 pl/em’ RT 0.406 wm’ [31]
MAPbIL, NW Si0,/Ag 779 41.53 pJ/em?’ RT — [49]
MAPbBr, NW MgF,/Ag 540 300 pJ/cm’ RT — [50]
MAPbBr, NP ALO/TiN 560 10 wJ/em’ RT 0.06(A%) [73]
CsPbBr, NP MgF,/Ag 520 26 pJ/em’ RT A/100 [75]
CsPbBr, NP Si0,/Ag 520 0. 138 W RT — [76]
CsPhBr, NW Si0,/Ag 515 33 pllem’ RT — [74]

W
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