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Abstract: Nanolasers based on the Surface Plasmon Amplification by Stimulated Emission of Radiation (Spaser)

structure are an important way to achieve breakthrough beyond the diffraction limit and to realize on-chip coherent
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light sources. In this paper, a hybrid waveguide-surface plasmon polariton structure based on Glass/Ag/SiO/colloidal
quantum dots (CQDs) was designed and fabricated. The amplification of spontaneous emission (ASE) performance
of green light ZnCdSe/ZnS core-shell quantum dots in this structure was studied. This structure supports a highly lo-
calized hybrid waveguide-surface plasmon polariton mode, and the optical field is strongly localized in the ultrathin
(~15 nm) SiO: spacer layer. Influenced by the Purcell effect, compared with pure CQD films, the fluorescence life-
time of CQDs in the Spaser structure is significantly shortened and presents a double-exponential decay characteris-
tic. Under optical pumping conditions, this device achieved a lower threshold of TM-polarized ASE, with a threshold
of 86 wJ-cm™? and a linear polarization degree of 0. 91; the divergence angle before and after the threshold decreased
significantly. This study reveals the regulatory rules of the hybrid waveguide-surface plasmon polariton mode on the
ASE characteristics of CQDs, providing experimental basis and physical reference for the development of on-chip in-

tegrated nanometer light sources based on solution-based fabrication and polarization-controllable.

Keywords: Colloidal quantum dots; Spaser; Surface plasmon polariton (SPP) ; Amplified spontaneous emission

(ASE)

1 3 =

BE & W86 T R 18] 4R Al R AR T )
PRIE R, GG 2T S A PR L 5 B e A K A
TG R U N B AZ O TS H AR 3T A
%t 3 G (Surface Plasmon Polariton, SPPWE N & &
50 J50 S T A 4 A R R TR S RE K H
RE 1 5y 7 S 9 R RO, Sy SR A% 0~ R il 4
it 7 OCHE R AR TR R b R R Y 2 T4 U
TG 2 3858 51 K (Surface Plasmon Amplification by
Stimulated Emission of Radiation, Spaser) %G H
AT A A B 4 TR 4G L S I SPP A Y
SRR SR, S A A oK ROBE AR O IRIT RE T
Hr A", B 2003 4F Spaser #E & 8% 1K £2 0 LA
™, H AT R I I A SR L R A T A R A
P e EOGUR | R A R R ) B R R A
U B T I N R

Spaser F &% 0 ZR 4 th < & 40 K g5 4, v a] A
JoJZ VA K 38 2 A0 O il DL 8 £ A BG4 2
SRR AR R HLEOG SR SR, B AR A
KL (B CdS)i i B g i AN E AR, 5 AN G R
A4k & (Complementary Metal Oxide Semi-
conductor, CMOS) - 20 3¢ 75 11 4 22" i A AL 44 Bt
) TR 0 D' 9 1 RS RS R AR ) R, T AR
Jigt 4 & F 45 (Colloidal Quantum Dots, CQDs)E A F
KAWL AT OB BOR 5 F 7 % (Photolumines-
cence Quantum Yield,PLQY)% JRSEY— Mg B
AT T Ao TR RV AR A T A 5 AR A S B
Jr B AR RO TR B B AR B AR Y BT RS
SPP 945 & A 1 AT 3 2 31 28 IR B0 (Purcell) St 3

P A R R S R N B TR A R
{8 Spaser [ SZFLHRfIt T Y BRILRE™, SR, & )&
5 A MY T YO K, H SPP
2 B AE 45 S R ASORE S A R R R A OC B
[F) 7L

— K 2 AE AR R Y ) R R
HOHL CQD i R TE G280 T MR A & & B (Am-
plified Spontaneous Emission, ASE)i# £ W h TE
P I (FB, 37 ~F- 47 T Wl 5 5L 1), 3X J2 A oy CQD
18 9 1 B 5 (Waveguide, WG), HHE 45 fie KA 45
O H o TERE . SRT, 1F 2 b O I8 0 H]
(D 41 BURAZ 2% D62 B B IEH A s )
BETM i 4 (R 3 2 BT 5 ) B fa i o g 3T
CQD i ASE A M D P 452 X, 52 B 5 &% T™ i
PRV, o — T T e i PRl TR 4R R
5518 25 0 L IA) 51 28 54y 5 JZ Y Spaser 2244, BE
FE 10 1 I 8 S 400G L SCRE Y 5 By G 3 SR AL R
F TG 45 A B 5 SPP AR A HE & BRI HE T A
RS ey 22 o S g, SPP R Y SR TM
i PR B4 & 5 15 i o K CQD W I 4E B T Spaser 45
g v, SPP AR K Y T AR A i 41 57 1E A6 22 S8 B 1% 5
CQD i 5 ASE Y TE fi 4fg FR i o A SCH) W 52 3 Bl
W S F) FH Spaser 45 # 52 B CQD ¥ B8 19 T™M 1 I7
ASE, g B b 4 T #5000 PR 4R AR ik AR . L4
Spaser i 7 K] 42 J& AR 451 F6 7™ o, 2 IR 9 (B = A
GW *em™ it % , Ikl Y {E L 7E 10-200 MW * om™ HE
P MR BRE T S T AR S S A S
MORHAI R, B S8 T R B . 2017 4
Wang 55 iR | 5 T 5l CdSe 94 K 77 P iy = I
Spaser, [ {E B 2 10 kW« em™"; 2019 4F Fernan-



T, A SRR e -SR0S B A A OT A M B AR T ROR BB R ST REAT Y 3

dez-Bravo [41 BA A i Ag 44 K AL [R5 SEHL 1 # +40
K URE Y A B {EL (70 W - em”) B it . X s if
G BT G K AH T 6 IR (4 AR D #E R A S

H K3 COD 5 [ Spaser Z2# U 45 &, 1T A
BEAVLHER., B, Shin 5 AW H T Ag/
Si;N/CQD 2 JZ B 45 # , UESE T Purcell 1 5% 20 07
MAATE B TR R T A R 77 i
¥, 00 R B KB B ASE UL B QD 5%
B S5 K B A T S B BOAT RAR SR TR R
Guan 58 A HL3H (1) CQD-%5 B BT OB H" . % T
fE¥ CdSe-CdS #%7¢ CQD W LT IRk B 7F Ag 40K
WL JR S A b R HR A ik -2 R A R R
B2 S B T EA AR ) BT A e R 09 < 1O R
il o SR XA T E A2k N T A
Sk il & JE 4 A A%, HL IO (B = A 8. 5%10° kW
em 2, ARCAEMBHAR b IRATEH T L INEE
11 PLQY (A A 209 i 2 0 2 P i & 1% 38 19 4Ol
ZnCdSe/ZnS #% 7¢ & F 5SAF R 3G 25 A " Oy —
J7 1, B T A% 5T 98 K R LA K 0% Y B Spaser
RSSOt T iR R R e (3R RIS
IR AL 2 B 5 B URE 45, 78 B b KT AR A AR
5 T TPk AR o A 2R AR AR SR O T £
JE AR R BR T CQD I W IS 1 K A | K T
B AL, 0 A, JATT 38 2o A o 1
Si0, 8] 7 2 5 B 28 15 nm , 76400 1 2% K 69 5] 44
AT SRS RS WG-SPP L, 1 R A5 % - i
K Z RS 488 T M TE i 78 2] TM 1 #& ASE 14
s 4% BRFL AT M

£ Spaser Z5 F L 1T, 4 J@ 55 4 #5 A I 22 (]
14 18] B J2 G 5 A A AT S 38 4 BT, 4N Si0, M gk») 5
JE RS R BIIS RN SE U0 45 SR R I [ B )2
T, SPP A4S 2 1 Jm 3 348 5 50T B 5 Purcell N
R AT ) A B SR, 2o T % 0 s 2 (491
<10 nm)7E 52560 - 77 5 A Bk % - — 2 o 7 A
7% I T % R A R P o Sk AR N R L 5
BT LB G 5 30UR B 4 R - N B O
SIS T EHE K s — it 4 0 4 8 - T s B B T
RE ST AAS T 2200 (9 A R G g B % # o DRI, ]
V2 R B T 3 B 0 0 AE AR G 5 AT M 2 TR AR
A AR TAES T SCER[71H Spaser £5 14 B AR 4k
G IFEE B ARSI % T R AR B Si0.1 LR 22
5, Fe 2B Si0J2 BE 12 4 15 nm. %R FEREREIE
LB ST [ B 2, SRR b i B R R

W K R SEELAE SR Purcell 39558 . 76 28 14 4574
L3 T Spaser # Bl ) Glass/Ag/Si0 (15 nm)/
COD #efF, 9 7 & s B H M FE AR IR &
WG-SPP#i50. 7ESC5 Uk W] T Spaser #4 2 A] )
WIIE M A8 CQD 3 5 ASE (1) i 3% 45 1 —— M A& 52
i TE fiii ik (DOLP=0. 77)%% 72 2y =5 4 B2 ) TM i 4
(DOLP=0. 91), 2y ¥ W0 i fil % i) A L CQD 4 >k
MG R A T B AT S M E SR S iR
PE

2 % I

2.1 HRHE

S i F AP ISR FHRST 18 mmx 18 mm 1Y
kKO BEES RSN 1 mm; &8 Ag 48 99.99% , 1
FI T 9% 3E 0% s B A R 28 H 5 Si0, 1 4l i
999.99% , W [ F i B A (b 50O B A BRA
A 5 5 & 506 CQD A EHZnCdSe/ZnS) LA IE - £t Ky
VR, A U R DL SR e R KO B 5 R )
S WE YR L5 PR R AT R 7 U UE 20 min, 4R
JECE T E2 FERA S0 &M,
B . Sk 101 TR A W W AT 8, e R AT
0, Plasma b P 2 min, R & BB FHRAE L
IRTEE WA R AR IR FEE Ag T Si0, I, 75 &
R R 1.5~2 Als B 5A/s, JE B 43 51 49 100 nm
15 nmo FERSTFEF L3000 rpm, 40 s [ 45
PEREV % CQD JZ , 7£ 80 °C, 5 min i & FE TR
KA
2.2 MEBENHR

CQD T BR 1Y 96 38 % & (Photoluminescence , PL)
55 W% % 43 51 i Hitachi F-7000 %1 %% 5% 5% 3% 44
Al Shimadzu UV-3101PC K128 45 A] UL 43 56 56 1 31
M 45 . i 5 Avantes ULS2048L % £F )it 3% 1% i 4k
PL J2 ASE St 3 . ¥ & J% ¥ )& 355 nm CryLas
GmbH Nd":YAG ik sl 6 %% , 8 &2 F h 50 Hz, ik
LR R 1 ns. I AR HDE B 355 nm ik ih it
WERAENN T N4 mmx0.2 mm W) &80, T
P25 B 98O A JE T 355 nm ZE OG0 R B L {8
Coherent [J EMUSBJ-10SI-HE i % fig & il & %2
WGk rhRE == . Edinburgh FLSP920 % 74 Wik
APOEIEIEAM  FE 5 (1 5t F 4 F PLQY (L 7%
RO BR B 1) A b 1B S5 6 0% & 10 A 2ot e e A
i 17 9 BC A YCETF SIS0 2 AN [F) A BE R 1 &G R
FERAR A PR L 0.5,



4 -

¥R

3 %R 5tk

A S5 i) A 1Y Spaser #F it 45 14 24 Glass/Ag
(100 nm)/Si0, (15 nm)/CQD (100 nm), [a] 5 #l & T
4509 K Glass/CQD (100 nm)i WG KEMAE NS 1 .
A SC I Spaser” 4 & 1 14 AL AG T 1H A5 B
TG A2 UCRR SRR 1Y 28 M T T AR A (RP 4 R - B S
2 -3 25 0 = B YA S5 A, i AR FE AR A 4 O S
A € NOR € ISR D Ry s 1
B AR AR IEOGBE, 1 A G B A SR, IE
R i i T80 WSO i 3O A R s L B 1(a) s
ESpasergﬁﬂj':F'SPP*ﬁﬁEAgJ%%ﬁFEQE,CQD
IR Y JEE FE 29 100 nmo o R] BRI 5 % Si0, )2 (n
~1.46) 2 XUE AR . — J7 1 AE S 8] B 2 AR
CQD 5 Ag L # 35 fil F: B w9 R K 5 o — 5 T
VB AT 3 % 5, 4 ff SPP =5 CQD # B (n

(@) (b)

~L TR We R KAl G . T NEE B
BRI — IR A IR B, AT R T4 R oo
% (Finite Element Method , FEM) ¥ COMSOL %X 4
X LSRG HEAT T AGERL S B o B 1(b)2h B g B
£ (Atomic Force Microscope , AFM) A% ¥, 78 1%
R o) HOML R BERCAR . W H iR 2R T
2 s 1) 2 TR AR, T W I DR RS T R AR T L
B o B B 3% T P R B T U /)N TR AR L S B
I 1 {1 v A R O AR AR T . K
()JB/R T WK 520 nm I, T4 12X Y i 37 9 8
I3 Ao A LU M R B, O 37 ik 2 JRy B A TR
FEAL N 15 nm B Si04 51 )2 Hr B il 1 8 1Y (1) R
& WG-SPP A, 3 ey 2 )R Sl AL A £ T CQD
B £ Av or SPP R BA B Y S H] E 5[] I
WG T A R Y i, S 92 BRI . Spaser
1Y OG5

©

446 mvV
200

100
-41.6 mV

0
(nm) M
Min  [E[ Max

B 1 (a) Spaser @ {F&i /R E & 5 (b) CQD WM Y R T 1 MBI 5 (o) BLILLAY TR Lo HL 37 50 38 A ]

FIG. 1

intensity distribution of the hybrid mode.
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FIG.2 (a) PL and absorption spectra of the CQD material. (b) Time-resolved PL decay dynamics of the CQD film in WG and

Spaser structure, compared with the instrument response function (IRF). (¢) Edge-emission spectra of the WG sample
under different pump fluence. (d) Dependence of the edge-emission output intensity and FWHM of the WG sample on
the pump fluence. (e) Edge-emission spectra of the Spaser sample under different pump fluence. (f) Dependence of the

edge-emission output intensity and FWHM of the Spaser sample on the pump fluence.
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