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Enhancement of Nanoplasmon-assisted Halide
Perovskite-based Lasing

YUAN Fang, WU Zhaoxin
(Key Laboratory of Photonics Technology for Information[] School of Electronic and Information
Engineeringl] Xi' an Jiaotong Universityl] Xi’ an 7100490 China)

Abstract: Recently, organo-lead halide perovskite materials have attracted extensive attention in
optoelectronic applications. Here, the smooth and uniform methylammonium lead triiodide perovskite
film was obtained by two steps. Pumped by nanosecond pulse laser, the amplified spontaneous
emission (ASE) for the the optically pumped methylammonium lead triiodide film was achieved. To
further reduce the lasing threshold of the perovskite semiconductor materials, Au nanocubes was
introduced into this gain system. Threshold reduction and emission enhancement were reported for the
the optically pumped methylammonium lead triiodide layer based on Au nanocubes. The lasing
threshold decreaed 1.3 times by embedding Au nanocubes. The ASE emission enhancement was
mainly attributed to the localized surface plasmon resonance effect of Au nanocubes.

Key words: organic-inorganic hybrid halide perovskites; amplified spontaneous emission; Au
nanocubes; localized surface plasmon resonance
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LED) M AGAGAR A H AR -6 U 45 AU o th i A st 7,

XFH RIS EI) 2 SR H R AR S B A B CHaNH;PbLs, 25 18 2O 18
Jrs e, A BN IO B g i H AT, 5T CHaNHLPOL (65
BRI O BB IR CE 2 FRE S PR ERE, 5 4n 2 fifset™ 1™ P gt 20,
GURER 2 Ror A R i . RERTEOE I, (RIE T SARE AR d R O AT T
W2 PG . JATHGE, FARH MO RS R O BME AR RHA R R, RO
REEAR B R B R R, el SOt R I BRI AR e ST 4 2
o

VR BEARIE 23 PRI G SRR BUME 1A 2T B 2R IR B 5T\ < SR 9ROk (45 )iz
FAFA DU A RMA R 22, A SCHE SR S 85 Bk 2 2 1) 51 NG 24 %5 B (142 9 K32 7 145 (Au
NCs), HRFER 7 ESERMRHOC R BIE, JF HARR 1 HRERMCR, el TS5k~
FORLT AR HOE 23401 7 IEHE .

1 SKEOHRIY

1.1 FER IS

A SR P S R 2 T 35 1 7 S 1 0 R R 1) 4 Au NICs OB ka0 Aot i 7 B i %2
IR PERRNE Ve ME T hEiR . BH26, B AuNCs BHUEZENELEH, 6000 r/min T
B0 10 min 5, EB RIEWE, K TERBHEA LB FRKFREL, BE=R, HERRNE
) AuNCs Bl 245, K s 5 i Al 2 5 7K A WA 2 Jadde, (ER T
P A - B GUE N AL TR 5 405 TRER 0.5 mL Bk &4 0 Au NCs B, BEig 7 B Fs L%
_F(2000 r/min, 30 s), 100 ‘C FiBK 20 min 133|730 4iH AuNCs FJEJE, WA 1; 55—
SEJE DA R 26 A e i 25 B8 FKPE AT b, R KARERSEACA, ALK 2.

CH;NH;PbLy #5EKA Wi H “ P28k il #%: HIEME 369.6 mg HIMLIL 4K R (PbL,
Sigma-Aldrich, 99.999%) A MLiE M, HBEIABWEA TN TEM S, A1 mL B N, N-
T H L H L (DMF), BRI B, 60 C FHEEE 12 h fF . fE FIREE 1 SRR
2 _EJHEER(6000 r/min, 60 s)ALETE, 100°C TR K 10 min, A2 BB ET IR S B2 2978 90 nm.
W 3R 7 o5 A ALY E B AN L SR IRIEAE 10 mg/mL ) FF RO (A9 I BE), 1 min
SR, SRR Ve iR B A RS, 120°C FIE 2K 20 min, B3 2IRAE LA ERE AR,
43 Ae A

FESL A: Glass/CH3NH;PblLy/air

FEih B: Glass/Au NCs/CH;NH;Pbly/air

12 FEARAE

o AR S TS B AR AR A (SE MIF-1000, Korea)ll75. Au NCs FI80R K /)N B 5 2 0%
5 FUBE(TEM, JEM-2100F) 75 o 258K 78 5 1 3% 1 B =1 4 i 2508 (SEM, Quanta 250, FEI)
PLIZ R F 71 5385 (AFM, NT-MDT, Russia)ZR1E, F LA SEM M3 A RE 5l 28 i 8 5 HL 4840
B (ITO) B 5 B i o FF i A IR S 3 5 6 850U 6 6 3 B 58 o017 DL 43 6 6 FEih UV-Vis
spectrophotometer (HITACHI U-3010, Japan) DA } %% Y& 9% i 4¢ Fluorescence Spectrometer

0.
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(Fluoromax-4 spectrofluometer) Ml 753 . 4% F0 B'% ik it B £ 40 Nd:YAG 3% 2% (Surelite 1,
Continuum Corp., USA)FEE . 0 & S 6HE H B 4F 6 %1% (Ocean Optics SpectraSuite, USB2000)
e, SEI0 A BT I RS AE IR KSR R T .

2 ZREITR

2.1 SRR R R a3 454

Kl 1(2)FT7"8 Au NCs @S B, MR ATLLE H, AR P KL 45 nm, JIf
HEA X MER. B 1(b) NiEE R AuNCs BB KIRISOERER . ATLAE H, AuNCs
TE R B Bosm R R g, BAT PR S (0 LRl , 1472978 536 nm. B 1(c) AFE
i A R R, Au NCs BENLEU TE B IS REIR [, CHsNH;PbI; #5864 MG H e 27
o B 1(d)NFEE 1 E AuNCs 23 Ai LA =45 AFM (5 um x 5 pm). Au NCs BEHLS>#i 7E
PR b, JUTEAFRRRS, SR T HIERLN 45 nm, 5iE 5§ 8 B s RE KN
—5.

(a) (b)15 [ —-—AuNGs|
S
Ei, 1.0+
=
S
I3
O 05¢F
(7]
0
<
0.0k

400 500 600 700
Wavelength (nm)

0 nm
K1 (a) AR ARRNE N R (b) SPUKL AR R B . (o) HamsitsEE. (d) &
J& 1 & AuNCs 43 A& AL =4 AFM E(5 pm x 5 pm)
Fig. 1 (a) The TEM image of Au NCs. (b) The absorption spectrum from aqueous suspension of Au NCs. (c)
Schematic configuration of the sample. (d) The 3D AFM image of Au NCs on Substrate 1, the area of the 3D AFM
is5pum x5 um
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2.2 PHERW HEERIRAE

5] 2 it o A3 5 253 ) 4% () CHaNHPbI £5 5K A T (0 49 486 R A TR LA S, = 4 AFM
Bl il 1), FEih A A R U P RS, R /NI AT, 2978 300450 nm.
ME 1(b)FI =4k AFM EIFTUUE H, FEfh A R TR (RMS)Z1N 29.7 nm, R JE 4
N300 nm. 4k, ME(c, )T LLEH, {EANT LIRS B IS S RS A 2L, HkS
L —8. HIknT i, AuNCs 5] NBA 7200 CHNH;PbLs £5 8R4 1 RO -

= RMS =29.7 nm®>

i, = & RMS =29.2 nm & 0 nm
l“é‘l 2 RS A(a b) 'ﬂim B(c d)m%aﬁa%ﬁl’é‘l(a o) =4k AFM K (b, d). =4t AFM BEIRRKVEEY 20

pm X% 20 pm
Fig. 2 (a, c¢) Top view SEM images of Sample A (a) and Sample B (c). (b, d) The 3D AFM images of Sample A
(b) and Sample B (d), the area of the 3D AFM is 20 um x 20 pum

PAASFE A 5 A= T LIRSS A 3(a)Fias,  PIAMRE b 44 B B Rl i, JF B
BBV e e E . Febh B R BORRR S = T A, EELZDUARESM B 5
] Au NCs RIFLIRMIGE KT MPIFESL FDEBUROETE I 3(b)rT LG . FEdh B 5IA
Au NCs Ja, HRREIDEBUOGIRER PR AIFRIR, EERFVEEAPKR TS5 CH;NH;PbI;
PSERTSOCIR B, SR ) SO RN .
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(a) (b)| —A
—B
3] 3
Py >
© ‘0
= &
< a

460 660 860 690 750 ?SID 7£I30 8%0 840
Wavelength (nm) Wavelength (nm)

B3 () FESh A SHES B ITBOBIRIEL (b) B A SHES B IOLEODEE

Fig. 3 (a) The absorption spectra of Sample A and Sample B. (b) The PL spectra of Sample A and Sample B
23 PPPOLFEMER

W 1) frn, ZHIEH I Nd:YAG BOLERAL, 5320m KK O (Sns, 10 Hz)ilid

NLOGE SMiE B R EARZ) 09 3mm B RTEICHE, RENGHERE R 2R, A E g
LA E IR . & 4 D9l RUAS R I RE B AT AR G E0E - e N\ it o R 2%
LA R 4 S (FWHM) AR A . FEARAIHAER T, PIANEE RO THT A S ' 1 S I 2R AR 58 FY)
HRIBSHENE, FEA A [ PL EAIZ0 767 nm, £ B 1 PL IEAIZ1N 766 nm, AR ¥
EFELIN 50 nm. BEESNFRMRER VIS, £ H ARARSHEHE LIRS, B A B
ASE I £] 786.5 nm, i B 1) PL V&A1 2] 786 nm, AHLLT IR L5 4] 20 nm, Sk
A TERE Y 6.8 nm, Jf HARE S A A fa i 26 T LA H B B R BB e 4 0, R
H R SR TCRAT 9. CHsNH:PbL; 85 ERH [ F e %742 ASE R K72 B AR RO TREA
W R e, SRS AR FDEBOR . BT CH;NH;PbL; #55RH AR BA BRI H IR, 15
ASE WA HBLES 25 SBCT A AL E , MIXF PLIERA I R, mLA R,
FEdh A BRI BIME LR 2745 pw/em®, 51N AuNCs (IR B BIG IR BB FFAR N 1242 pl/em’s
XF T CH3NHPbI; #58RH i, H IO dn o) L+2LEAMdd, T m et & T H%E
SRR YA A AL AL B WD R, AL PP BEOK B, IUA BB TR B LR E 2
AU B LA wiiem?, G850 (A WLECE LS M RHARIEEN 1521,
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(3) —— 141.6 pJicm® (b) 20000 - 2, ‘ 9 Integrated intensity @150
5 [ ——107.2 pirem? - —9— FWHM
] J =
8B | ——81.1 ullem © 2 440
2| ——61.4 wiem’ . 15000 .
2 =
% | —— 465 ngcm2 @ 130 %
= | ——35.2 pdlem [}
= S £ 10000 - =
—26.6 pdicm k= =
[ = 2 = =
O | —20.1 wlem b 120 3
B F——15.3 plfom’ © 5000} | 2
E (=] \
i} & 9 10
£ 0 9-92-9-0-0—0—0—0—0——0
690 720 750 780 810 840 0 20 40 60 80 100 120 140 160
2
Wavelength (nm) Pump Energy (uJ/cm®)
T T r T T T T T
(©) —614 wdlem? (d)20000 | ®Wa? [ o Integrated intensity o150
S| ——46.5 wrem® = \ —o— FWHM
& | ——352 pliem’ p ° L 40
2 ~ 15000
2| —26.6 piem — .
£ : 2
@ 20.1 pchm2 @ 20 %
..ql:_.J -15.3 pdiem D 10000+ =
o[ ——Mns wlicm® k= =
O | — 8.7 wiem’ B 403
g - —— 6.6 pJicm’ © 5000+ —~
£ 5] °
L Z 10
o S ! t= 0 . '°~o-o-o—o—o—o—o—lo—o
690 720 750 780 810 840 0 10 20 30 40 50 60
2
130 Wavelength (nm) Pump Energy (ud/cm®)

K4 FEdh A (a, b) S5FEG B (¢, )ANFRER L T HIGIEBE AL (a, o) L2 b Ny i 26 B (b, d)
Fig. 4 (a, c) Face emission spectra of of Sample A (a) and Sample B (c) at different pump energy. (b, d) The
integrated emission intensity and the FWHM of the face emission spectra as a function of pump energy of Sample

A (b) and Sample B (d)
135
E 5 NPNEE A R RE & % N H s dh 26 xd b, mTBUE . 91N Au NCs
S5, BESD B ROBE HE R 2745 pd/em® BEAKN 1242 pl/em?®, BRAIRT 1.3 f%5. B4h, 106K
KRIXHR, FEd A FIRPRGCRIE & TFm B, " WWSIN AuNCs J5, $#25 T RR A=, 3k
e T HRIRE,
@ A
~ 15000} ¢ B
3
(‘Ei [* ]
>
‘@ 10000 F
o
Qo
£
3 5000
©
o
9
£ 0
0 20 40 60 80 100 120 140
140 Pump Energy (qucmz)

KI5 Fedh A SFEGD B ANFEIRER 5L R A A\ o 1 26 8]
Fig. 5 The integrated emission intensity of the face emission spectra as a function of pump energy of Sample A
and Sample B
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2.4 FDTD MM K4 R 54T

I 1(b)rT AANIE, 532 nm WZIHEOES &9 K L 7 R IEROINIE 5, MR
MRS ERE S A BB, — 71, AuNCs X2 GIET, A 750 i 228 s Sy N5 8K 1S
—Z, KR$EE TIRMEMR AR, K 7CEMRE: 55—, 4% 058 B
FREIEEAIER, 532 nm WK 6] CLF T 77 A A g0 oK ST 07 PR ) Ja 38k 1 46 B8 1A R4
(LSPR), FFUK 6/ Tix e 3s F 37 B 38 56, 38 OK 7 &R AR5 S S ekt 56, Jel/s 1 e 51 s
{9 F =R AR, st — DR RRE LR SRR AR . b, S TE90K ik, H
Bt ) (32 55 T S5 R 0 B i MR 58 I 30 SR 3 e 3

(a) —=— EXCTIN
—e—ABS

. —a— SCATTER
__3.0x10™ f
£
c
L2 2.0x10™F
Q
®
»
% 15
8 1.0010"
O

400 450 500 550 600 650
Wavelength (nm) T e
K6 (a) Au NCs AR A R 5 A - W o Bt SR (b) ASHEBK N 532 nm R Au NCs & [#

I HLIZ 20 A1 1 L
Fig. 6 (a) The calculation of the scattering cross section and extinction cross section for the 45 nm Au NCs at
different wavelengths. (b) The electric-field distribution of the 45 nm Au NCs surrounding by the gain medium,
which were calculated under the excitation wavelength (532 nm)

NIGAEIX — 55, FoAT T A IR 2243 05 3:(FDTD) % Au NCs J& F #) B3 70 A i i 3E AT 1
Bl Bl 6(a)y Au NCs AN[FVEK T B HG I -5 R s R . nTLLEH, Au NCs
YRS A T Sz 2 /IR WACHR TR F LG T 60 R S A NCs 5l B 3G S 5 BK A 2 52 3800 S 1) i
R, IR T 45 & AR S B3 i OR 4R 3 FHAr . B 6(b) M ASOLIE KN 532 nm
N AuNCs B FE B S G. TR R, 24 532 nm BIZEH GBS E AuNCs BB, H
JE FE H s B W R A e, A ST R DY AN TS, SRS BT A5 g R . FDTD A 4U4E
FiE— P UESE Au NCs 5l Bh3G s 85500 2 2 Wm0 Z R RS, BOk61E S 74 Au NCs
{140 Je3 458 T 25 25 - PR iR 235 3 B0 6 20 7 IR S 3 37 PR 3 i, AT 8K T AR R (A 5 3
TOERE, BRIK TSR B R R .

TR IS, 75 CHaNHsPbL #5480 Wi 5] N i /D[ AuNCs J5, BIME LT A SR
MIIANEZ M AuNCs J5, JEREH TR, FERF V20889007 538 25 i
Hefph s, FEOERRATE KB Fik, RA5INE SR AuNCs A R 8 800 4
B2 R SRR -

3 4

ARSOR A PG 48 Y S0 1) CHRNHGPOL $58R0 WL, I HAEANAD OGS ML
S F) A2 BAR ST ORI S, BN BIEZN 27 wiem® FREA 1242 pl/em®s 7E3EJE 545400 2
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651 N AuNCs J&5, U BIMEREA 12 wiem?, BEART 1.3 £% HHMCR R H LI M. AuNCs
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