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Fig. 1. (a) TEM and high-resolution TEM (inset) images of Ag,Se QDs; (b) absorption and PL spectra of Ag,Se QDs in tetrachloro-
ethylene; (c) optical microscope image of an Agy,Se quantum dots coffee-ring; (d) AFM image of the top-left part of the coffee-ring

shown in panel (c).

X T — T WS 2 B AR W £1A% (265 nm),
AR TARIARE R34 45, X2 A RS
A WD . AT “OmERRAS0R; ” 5 T Ag,Se
R A AR K/ N AgoSe fEF IR
Sy BRI INTE A JERL S . eV R ZE A b, Wi
TN R 5 B R T ETHL, PIRTR 28 & A
BIsptk, B T 0 M BAAMER, IR Ag,Se
R RIS, IR REME TR BY. 4R R
%) 40 B Ao VR TR v BEE I, A s, R T —
AN B3 BA () R BROIR 254 29, 8] 1(a) /R TUT
FUE A MIMERR B 2H B0 16 e I, 3R B
2974 950 pm, SEEEZYA 10 pm. [ 1(b) 5 ¥
J1R A (AFM) EIRB, FRIERAE Lok Y
KE FRAYN, mEILHEE, 2958 1 pm. AFM
AR BT BT (18] 2(a) SEZR) o 1 B T BT A 34
T, NIRERZ R 450, AMURIER 290 100, i 5t
AR F Xk IO T 7 4 i £ 03 B9 22 T 208 A R 45 A 0
LI R H ik £ 1551 PR v JBE 32 2 A DR R R
— 7T AgySe T RUBRAYHE E, J5—Jr T
SR 75 R T v A M 2 DR (R BT[] A 56 161,
VW ZE R RS (A5 fh 2 T 5 1 B[] B
1, gEmmHEER AR R B 2 A A T R

PR I ERAR ). (EAOR I A, 2 ) PRAp I [R] 5
HEJE A9 13t L DA S BOL G 7 5 A AR IR
i L AN 249 5 A e e 4 IR A A 2 T 5 B Y
[, M S B AR, AR T W i AR
SN RE A I .

4 b5 oA
BB S HT

SIS il # A e R B PO, X% A
AL ZE R AT A IR s B E B (] Comsol
Multiphysics 6.1 #X{4). ik [ 4154544 i ff
A 2(a) TR IUR. H BB RS AR,
BRI AR 2R 3 28 (6] 07 ) b ARFEANAE, RiGE
A BRSO BE R ST 51 9 3 45 51 5ok S B
B2 N = W VN2 3 1 T e 1 10 o e
FEOEBE R T (R 42 40 pm) 38/ T I EAE
(950 pm), Fr AIANSIE a3 BEAL . 76 20 pmx
20 pm PTFSRGN S b (T S G2 AR O
BB RO RS, ATHER SR X BB A 25 2R
PRSI (R, A2 I A A T S 0 2 158 4
kS LA DR ELAE R HERf . ST ik [ e 2

4.1

224204-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 72, No. 22 (2023)

224204

y/nm

O R N W R OO
|E|/(108 V-.m~1)

-6 —4 -2 0 2 4 6
z/pm

(c) — L~9.2 pm

LLN? C
JL o

1270 1310 1350
Wavelength/nm

Intensity /arb. units

e

(b)

E./(108 V-m—1)

z/pm
(d) ® Coffee-ring
[ ] — F-P
7.0
i
= 6.5
~
=
o2l
5
3
< 6.0
5.5 F
7.0 7.5 8.0 8.5 9.0 9.5

L/pm

Bl 2 (a) BRI 4R gmod = O I MIMEERGRE B9 3 20 Aii 81 (b) U RO BRI 57 00 A 1615 (c) AR 2303 9 9.2, 7.9 R 7.1 pum BRI AE
IR I 23035 () MR PR RS B FSR 5 AR (IR A1), SEE =R iE F-P A9 FSR

Fig. 2. (a) Optical field distribution of the coffee-ring microcavity with the net mode gain gmoa = 0; (b) standing wave field distribu-

tion in coffee-ring microcavity; (c) emission spectra with different cavity lengths of 9.2, 7.9 and 7.1 pm, respectively; (d) relationship
between the FSR of the coffee-ring microcavity and the cavity length (dots). The solid line is the FSR of the standard F-P cavity.
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Fig. 3. (a) Linear absorption spectrum of Ag,Se quantum dot (solid line) and absorption spectrum with variable Gaussian gain;

(b) emission spectra of microcavity with different net mode gain; (c) light field distribution of the coffee-ring microcavity spectrum

with gmod, 1310 nm = 650 em~1; (d) normalized emission spectra with different cavity lengths.
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Fig. 4. (a) Sketch of coffee-ring microlaser performance characterization; (b) emission spectrum of a coffee-ring microlaser with a

cavity length of 9.2 um; (¢) emission spectra of the cavity length of 7.9 pum coffee-ring microlaser with different pump fluence. The

inset shows emission intensity versus pump fluence at the position of lasing peak; (d) normalized laser emission spectra of the coffee-

ring microlaser with different cavity lengths; (e) lasing threshold (circles) versus peak wavelength; (f) emission intensity versus laser

shots at position of laser peak observed for a coffee-ring microlaser.
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Abstract

The development of colloidal near-infrared quantum dot (QD) lasers has been hindered by the high state
degeneracy of lead salt QDs and the difficulty in coupling colloidal QDs to the resonant cavity. In this study,
we show that the above challenges can be addressed by the self-assembly laser based on Ag,Se QDs. The Ag,Se
QDs with the lowest quantized states 2-fold degeneracy are used to replace lead salt quantum dots to achieve
low threshold near-infrared optical gain. We employ the finite element method to in depth analyze the mode
field distribution and oscillation mechanism of the coffee-ring microcavity. Our results reveal that the light field
oscillates in a zig-zag path along the cross-sectional area, indicating strong coupling between the QDs and the
cavity mode. Furthermore, we investigate the relationship of cavity length with free spectrum range and laser
emission wavelength. Using this relationship and the gain spectrum characteristics of Ag,Se QDs, we design a
single-mode near-infrared laser and conduct a comprehensive analysis. The simulation results are used to
fabricate a single-mode near-infrared Ag,Se QD coffee-ring microlaser, which exhibits a linewidth of 0.3 nm and
a threshold of 158 pJ/cm?. Currently, it holds the record for the lowest laser threshold among near-infrared
colloidal QD lasers. The increasing of the laser cavity length leads the emission wavelength to increase from
1300 nm to 1323 nm. In addition, the toxicity of Ag,Se QD is remarkably negligible. Our work promotes the

development of environment-friendly near-infrared lasers toward practical lasers.
Keywords: near-infrared, coffee-ring microcavity, colloidal quantum dots, environment-friendly
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