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Figure 1 (Color online) Synthesis methods of perovskite materials. (a) Inversion crystallization methods™; (b) antisolvent crystallization methods'

(c) space limited methods™”; (d) gas phase epitaxial growth methods™”
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Figure 2 (Color online) Fabrication methods of perovskite micro-nano structures. (a) Space limited synthesis growth methods™”; (b) nano imprinting

methods™"); (c) focused ion beam etching methods™; (d) electron beam exposure and reactive ion beam etching methods
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Figure 3 (Color online) Perovskite micro-nano lasers with out-plane emission. DBR micro-nano laser

e, (a) Schematic diagram of a structure; (b)

emission spectra at different pump intensities. DFB micro-nano laser™™: (c) Schematic diagram of structure fabrication; (d) emission spectra at different

pump intensities

AN O EE H (El4(b)). IEAER, ARS8 F-
P. WOMANE AR Ao 3845 T A Y R, 3
SIS BOGCRIIR 32 BCA AT SRR R, B 284
RS LAE— 280N

% B HOoCE AR R A B PR A
(R RE AR, LA W TR A AR K ) S8 i
S BT R S B BT OGS nT LAZS A SRR, S
ARG T AN 2 WF5E %08, A BE LTI
AR R . BN, 20184F, XIHT XL 5
K IREA Y A, @i CVD TS R T S A
(CSPbBry)4KEL, HIG 9K EE RS2 B HA Sio, [H a2
MR (AR - (Kl4(c)), ZEZ IR T #4800 nm. 100 fs.
1 kHzf) ik PO i SE 1 55 B MO To' 6 & S 4(d)).
VLA A IO S5 TR (L B 2 N K 2 K B B/ IN T i/ S,
P A K2R A B2 10,7 pmisi/NE2.8 pm,  ZE3R BIME
ST wl/em®Bg/NEN6.5 pi/em’. AEKH™ 2 T 25 B OT M
YRS RS AT LASS AT S A BR G B ), S BHIE 35t

KRS EBOTOGER, 5 T A EAER.

AL THER ORI TERES L, R 1R,
FERT ORHEAT 5558 AP R IS L, 24 30k 4 38 T )
B, FEERE BRI R AR . A5ERET Y
K AG AT K AL B By, — P S Ak B i
PRSI <404 nm), F{RESERE A IS R
(<520 nm), & BAT ER A A M W3 Pl B R (<750 i),
BGERT™ (1) 2% SIS 5K (14 45 K AR o Ak 30 P 1l
Kb T[] A Bl A S R, T L A RO B R AT (1 4 HA
TER/INE B N (AA<26 nm) T & St i e B, sa@it
RO o A0 B4 FR 43 T A AN T DS 91 Bl P 98 2 B
W Fy (o7 U 040 AR O S S0 2 126 4 S — T/
F1nm, FE IR FEAESER T RS 2 e Xt
F AR OGRS, T B A, —
Kk, FEMRZEHI R, Rk ot B Rb kb
DRVl QUL O N ERRT | T SRRV N S o o
TFAEARF DR A R O AR, BkofoGiRs, Bt

3933



M4 %0 B 20025118 £67%k £ 33H

w
T

MAPbBBr3

MAPbBr,

MAPbI;

N

-

Intensity (counts x10%) T

obd, N— -
510 570 630 690 750 810
Wavelength (nm)

@ E
38 pJ/cm?
~ E
s I35 pJ/cm?
©
- L " N N N
>~ F
= L
® 1
=
Q
-
=
o :30 pJd/cmz,
o
28 pJd/cm?2

490 500 510 520 530 540 550
Wavelength (nm)

B4 (P44 RU% ) T A & ST AR AN OGRS, (a) GRZEHO 88 MAE R R SEIB0 B R A & S (b) st OGRS R i, em s
OO (o) G5HR B (d) FERIRSEHHRIE T 19 R SHEE

Figure 4 (Color online) Perovskite micro-nano lasers with in-plane emission. (a) Nanowire laser and its emission spectra at different pump
intensities[47]; (b) microdisk lasers and emission spectra[48]. Plasmonic micro-nano laser': (c) Schematic diagram of structures; (d) emission spectra at
different pump intensities
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Table 1 Performance of perovskite lasers

LR ST IERT | Wi 4 (nm) ST (nm) Fwr= S B E WOGLL 5 (nm)
CsPbBr i 11" <523 530 Ik 635 fs) 430 p/em? <1
MAPb(Cl, ,Br,/Br,L, )™ <521(n=3) 510~650 Jikie(100 fs) 16.2~21.3 pl/em® 0.35
MAPbIL 3 H- % <735 780 Jik (50 fs) 12 pl/em’ 0.64
PEA,A,_Pb,Bry,.(4: MA/Cs)TifE" <509 539 Ik (35 fs) 10.5 pl/cm? 033
CsPbx; ! <720(X=I) 470~640 Jkhit(100 fs) 9 ul/em’ 0.6
CsPbBr G <505 539 Jik (35 fs) 7.2 wl/em’ 0.14
MAPbBr 4 £ <520 554 Jik w56(100 £5) 5.9 pl/em’ <1
MAPbX;Zi k251 <750(X=I) 500~800 Fik (100 f5) 220 nl/em’ 0.22
FAPbBr, i fil™! <520 538 Jik (15 ns) 1.1 mJ/cm? 0.4
CsPbBry i 4> <505 535 Jik 1 56(40 ns) 450 pl/em’ 0.15~0.2
CsPbBr " <486 534 Jik (7 ns) 125 p/em? <1
CsPbBr; T £ <460 524 TS ns) 98 pJ/em’ 0.9
MAPbI A <535 770~796 JikE(1 ns) 0.32~2.11 pl/em’ 1.4~2.1
CsPbBry gk 4 <505 535 JikE(20 ps) 41.67 pl/em’ 027
MAPbI, <735 785 S 17 kW/em® 0.25
CsPbBry 4 k™) <505 530 HELE 2.6 kW/em® 03
MAPbI ! <735 807 LG 13 W/em® 0.7
CsPbBr; 1 T 1" <505 534 L 1.9 W/em® 14
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With the rapid development of photonic technologies and micro-nano fabrication technologies, optoelectronic devices tend
to be miniaturized and integrated. Photonic integrated circuits (PICs) can adress the bottleneck problems of electronic
chips, such as high-power consumption and slow computing speed. Micro-nano lasers are an important part in PICs, and
they are the key device to generate optical signals. Perovskites are direct band gap semiconductor materials with high
exciton binding energy and low defect densities. Therefore, they have high photoluminescence quantum yield and can be
used as gain materials for micro-nano lasers. In addition, perovskite materials also have advantages of low non-radiation
recombination rate, low manufacturing cost, tunable bandgap width, solution treatment, and so on. Because of these
advantages, perovskite materials have been widely used in micro-nano lasers and other fields. At present, researchers have
developed a variety of micro-nano fabrication methods to fabricate perovskite micro-nano structures. A variety of
perovskite micro-nano lasers have been obtained by using perovskite micro-nano structures under the pump of pulses or
continuous lasers. In PICs, it is necessary to use optical waveguides to couple laser sources to other photonic devices to
form a complete photonic circuit.

This paper first summarizes the synthesis methods of perovskite materials, including spin coating methods, cooling
crystallization methods, inversion crystallization methods, antisolvent crystallization methods, space limited methods, and
gas phase epitaxial growth methods. Among these synthesis methods, spin coating methods are simple, but only
polycrystalline perovskite materials can be prepared. Single crystal perovskites can be prepared by cooling crystallization
methods, inversion crystallization methods, antisolvent crystallization methods, space limited methods, and gas phase
epitaxial growth methods. Next, fabrication methods of perovskite micro-nano structures are introduced, including space
limited synthetic growth methods, nano imprinting methods, focused ion beam etching methods, and electron beam
exposure methods. Space limited synthetic growth methods and nano imprinting methods have no damage to perovskite
materials. Electron beam exposure methods have small damage to perovskite materials, and focused ion beam etching
methods cause great damage to perovskite materials. Then, perovskite micro-nano lasers, including out-plane emission
lasers and in-plane emission lasers, are introduced. Out-plane emission lasers emit the laser towards the free space, and they
are not favorite for on-chip integration. In-plane emission lasers emit the laser towards the in-plane space, and they are easy
to be integrated with the waveguide. In addition, the combination of perovskites and metal structures is expected to reduce
the size of the laser to subwavelength scales based on plasmonic effects. We also introduce the on-chip integration of
perovskite micro-nano lasers, including tip manipulation methods, overlay alignment methods, and transfer printing
methods. Tip manipulation and overlay alignment methods can damage perovskite materials. Transfer printing methods do
not cause damage to perovskite materials. Finally, the development trends of perovskite materials and micro-nano lasers are
discussed.

Although perovskite micro-nano lasers have made great progress, there are still some problems to be addressed. For
example, lead in perovskite materials is toxic, so it is necessary to develop lead-free perovskite materials. Perovskite
materials have poor stability, and their stability should be improved. Moreover, the realization of electrically pumped
micro-nano lasers and on-chip integration is also a great challenge.

perovskite, material synthesis, micro-nano structure fabrication, micro-nano laser, on-chip integration
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