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Abstract: Photonic crystal (PC) is a kind of material with periodic self-assembly structure at meso-
scopic scale. The most significant characteristic of photonic crystal is the photonic band gap (PBG ).
The light whose wavelength is in the photonic band gap cannot be reflected back through the photon-
ic crystal, so the photonic crystal has excellent light regulation ability. The modulation of lumines-
cence intensity and lifetime of quantum dot materials is one of the research hotspots in this field. In
this paper, silicon dioxide (SiO,) colloidal spheres were used as photonic crystal assembly units to
prepare photonic crystal thin films with controllable thickness by electrophoretic deposition.
Perovskite quantum dots (CsPbX,, X=Cl, Br, 1) were prepared by thermal injection. After surface
hydrophobicity modification, perovskite quantum dots are embedded in the periodic structure of pho-
tonic crystal, which has the effect of dual-mode display. In this work, the fluorescence enhance-
ment of perovskite quantum dots by photonic crystal structure is realized, which has potential appli-

cation value in display, anti-counterfeiting, photodetectors, light-emitting diodes and other fields.

Key words: photonic crystals; perovskite quantum dots; fluorescence enhancement; electrophoretic deposition

YrfR B #3: 2022-03-10; 1&1T HH: 2022-03-30

ELWA: EHEARP R (52172150); Ll ADEHMNARHS 23 4F T8 .0 (20D22252600) 5T B 51 H
Supported by National Natural Science Foundation of China (52172150) ; Shanghai Light Detection Materials and Devices
(20D72252600)



808 K b/

¥R 543 &

1 3l

WRENFH AL T RE 2 CEENIEN,
AR AR W) B AR S8 A 5 A7 T A N T, 2 0
Z Ot H AR S g Ao, FE DT R B
o, 7 AT 2R R R S T 2 AR TR
H 7 78 50 K 2% Someya 20852 55 1| A3 ML & Ot — 1)
A8 B — Rz R R A AR B RO
reie A5 H a4y i i i 2 Pk AR, g A v A BR
PE KB E 59 AR E KAIST LU T R 2
Bt Choi 2L 4% 4 F| HI DG £F 5 A #L & O A8 AR 45
il AT A AW R K I H TR T A%
SA P BRSO RE 55 Y ) S, &2
LR 27 32 3043 5 R 6 T v BRI i L A9 9 S b
BHOF ] T U B R RS8R B A 1 Y
HHAYRMA S RLIHEE TEm 0 TG4 4%
A2 2 A L2 D) Re OB O AR Y H B AT IZ T
YRR TR B m R A i Y . A E NS
O — 0 AR AH 2 SR TR R 5 B AT SR
JEAE GG L AR 5 LIS Y T IR B Ok ELIE S
SIS TRy R SR NS R Al A R TR R S
553 1) [0) BT AN R AT A8k 2, 5 ik A ) i A7 AR o 2
W20 ks YR TAE . [, LA OLED 2 R
BT 1Y 22 PR BCRT 2 N T I SR Y Pk A A
A HLBECA B A O BE B 25 A7 TE W L 37 85 i
T G B FORME R, 1 22 W50 R B 45 H D' 45
SR il R S b ORE D' iR B 55 MO R I M e 22 5 1]
UL R AR QR 4 R VE B T K % Hou 55 )
FHHF AR Z0 00 07 el & 7 466 7 AR 454, X
ol 35 ) T 9] 55 8 R Y O BE L ORI T K
W By &R KR H S W) B 20 bl Oy 2 B OR R
e RUAS B B, LR A 4R A PR R
FIAS ) 28 = 4 7 AR 45 #4 A)5 BR O iR T v iR Y
BE 22,

T dn AR R — R A R B A A
2 2% S AR R A ORE R IR 8 IOUE 45 A 3 BOH T A O
T BRI A, W B B ARG T 45 8 A0 1
Ao v [ B 2 BE Ak 2 IF 9 BT R 20 S il A T
ZMO6F SR Bk, S0 Y 3 2H %< T E
T 2R a AT EL T A B O T A R
JBE A R AE 9IRS £ 4 R i A 21 %< T il 45 4 (. 21
Y™ [ WS R B R BR 0 TS R 5 RO R
Z (A A7 T 25 R AL ) A B AR, A0 R B TR 2 i

nu\4

BB CdS ARG S I 5 1 B 46 6 TR i1 5 B
SRS, EB e Z B A L E i o,
Gan PR AL T & T — Fh 1 20 256 19 7 1 ok A 2 1
Y PCs A 1455 CsPbBr, PNC ) % ) , I XF ML 2Z T
FLAG R A AT 3R] 5 A s e R A N AR T A
fiE J7 K B F & B T SRR 6T S AR A T &
58 JBE N 75 i U 45 % U B W S B 2 — L {E
H HA 5061 b AR B R D HUR R T S0,
PMMA \PS . TiO, % 3K Y B 47 9 bR s 20 2 Jr 1
B CRA R AL ) B A T
B CHL UK IR, S BOR B A BT R, X &
SR & TR VR AN A

T AL o A A 85 Bk B 7 e B KB
[T & I (A R NSRS SR 7 NI o2 R TN
U EL A W AR B RS " (B H R AT SR A7
FEIR R R E R 25 RO B AR AN g K A 2%
S ) B, A AT BB R A L 0% R R R4 A
KT RN E RS T, R
HCTE o Ak Y B S AT AR e T S AR i
TS R G R T A B SRR S, g oK R R
L 118 2 35 A 6 HC 7 AR o 2 0 5% Wi i A0 SR
T 45 ¥ BB T RS 1 B 3 2 2% oK - 4 vk T
HLHIZER N 5 A% OE T, RO
mn R G5 AL B A RLAR B I K 5 & 7 RO K
&, BIATSE Bk Ot M e g B s BRI, AR 3¢
DL AR R (Si0,) e R 3R A S Ol - il 1K 41 2 B
JC , A HL UK TORR B Oy A A TR EE TR OG-
il AR VS o SR I A T A T B R i
AL (CsPbX,, X=CI, Br,1) . J&F & M 3 5 4 5 1w
B K B S5 K 5 Bk T B T S i A TE T AR
WPE S5 K 2 25 R HL A U R B RO LR
e DR TR o I 1 I N I 5
T b A 25 R X A5 R T i A5 0 O AR Y 3
S TE s (B O O LRI g RO TR A
SR WA Y B A

2.1 AFESER

A AR b R R 4R TE K B2 (AR 38 ]
KA, >99.7%) | IE £EFR DU £ BiE (AR, 38 F L7,
Si0,>28.4%) . & A Ak B i W (AR, 3@ H )
25%~28%) ALY (99. 99% , #] Ak Hr ) | fill £k 4%
(99%+ ,i5 S -B) AL (99% , ik 5 Hr-B) ik
2 4 (99. 9%, ik B -B) . & FE (AR, 3 H il )



%6 1

FERE, B PSE I TN A O T A I PR ) A R S5 B0 PO TERE 809

297.0%) IR (90%-+ , Bl 35 35 31 ) il & (90%+,

Bl S5 F 37 )\ (90% , BT T ) N B 3 REA

Bt (99%+, BT T ) , NIRRT G 3K, T i —

alifb .

2.2 CsPbX, (X=Cl, Br, 1) 5 $k & 44k & (PNC)
A

5K A 2 K B A R A B
T2 BN R 2 FF Cs,C0,(0. 814 g,99.9%) i 2
(0A) (2.5 mL,90%) il 1-+ /\ M (ODE) (30 mL,
90% ) ¥ i3 100 mL = FLef + , I KR & W 1
N, FFE 120 C T 2 ho %W 2 100 C.
ODE (75 mL, 90%) . OA (7.5 mL, 90%) . i I
(0OAm) (7.5 mL,90%) il PbX,(2. 82 mmol) &l Pbl,
(1.26 ,99.99%) .PbBr,( 1. 035 g,99. 99%) ,PhCl,
(0. 675 ,99.99% )% A 250 mL = #i B  , I 7E
N, F 120 ‘CF 422 h. PbX,Eh5¢ & o , K 6
TR 2 160 C, I Pt i A LR il 45 19 Cs Jh iR 5k
%W (6.0 mL, ODE H1 0. 125 mol/L) . 10 s )5 , X
MR A WIAE VKK TR ) o X T CsPhCL A B, W
BT mL =3 HE B (TOP) (97%) DL fi PhCL,. LA
7 000 r/min &> 5 min, NI W HULIE PNCo B0
JG B 5 I W K A T 4 T T K 2 e
(99%) 1, 338 1 7 3 000 r/min R ¥E— .05
min PR UTHE , Ph 22 B 244 i
2.3 SiO,MBkA K

F AL I Stober & B T Si0,"". @ i i
JEE R TF fk 2 DU 20 B (TEOS) iy JH 4 45 1l Si0, f Bk
) K/ A5 3]SI0, Bk 19 B A2 43 il R 204, 237,
267 nm, 7£ 2 B FOK PO A o E, 2 H .

2.4 SiO,PCHI&

Si0, 19 ' - i 1A T8 H 2 3 3k Fl Pk DA
Pl A, B0 0. 3 ¢ Si0, B ERGE 24 43 B0 20 mL &
B K R 38 W i L% NH,OH K pH 1 Y &
11. 2543 948 1TO 3% 55 (20 mmx20 mm) F1 A 5
A (25 mmx25 mm)/E R T AF H B A6 o ) , 78
Sy BB T HEAT Si0, Sk B T B IK VTR K
PRFEAE 4V, P DU ] 28 3~7 min il £ A 7] 52
JE YOG df R B, JF AR 2 A0 T % 30 min,
#Hlo
2.5 % SiO, PC L 4 3 CsPbX, (X=I, Br, Cl)

(PNC)

T4, 38 5 2 1A N AR b A T R L

A KM, BAR T 22 1 mL HMDS (75 1 2 —

fERLE) A 20 mLIEC e, £ 45 ‘C R E 2 h,
FLWR B B 7K R AR b A S B T PNCs 19 IE O e 4
BOR B B 2 he
2.6 Pk

fifi I H 57 UH-4150 Y6 3% {0 52 T PNC fY 48
-] LW YOG T e PC R BTG . PNC Y & 5
Jei% B H 37 F-7000 2¢ 36 43 60 BE T A, Hoh i
KIAREE R 5.0 nm, LR R 400 V., (HH R4
BTSN E T 4 BE RS EIE Sfor Bk
fd FH 405 nm & SAE MR OEIE . X S AT 4
B i A6 B 58 D8X AT 4 AT U AE 40 kV AT 40 mA
FAFF A Cu-Ko B 5 P800 45, 1 4 45 B Ry 5°~
80°, F1H #E %K 6(° ) /min. % F AUH HE -t Al
(FEI helios nanoolab G3 UC, US) 38 1% T SEM &
% . B A KO B CA-XP1150 59 332 fih £ 00 328 1%
W45, TEME B H AR JEOL /Y JEM-2100 %435 5
HL - 5 R B I A

3 #R5aT

Si0, PC 1y Jmy ¥ H1 37 58 BE 43 A1 5 PNC 1Y %5l
SR B % U AH G, o6 T AR S —Fh e 3 43 A ] A
PERIRERL, 6T fb R A G 6= A 3R I, L
548 FEE 4 3 3ok 3k A L PR T I 5 . YO T AR Y R G
6 I 5 45 R PNC Y 3R K AL,
I 9i i ] S AN [) AR EE S B, AT S BE T 2O AL
RIS A X I T AR, SR Si0, 4108 T
d A, F R TR AT 0 S0, #E A % 36 TH ERL T Ol T
(B, AT AT LA i e Sk DT B G O ok SEE A 4
£ N R oy A iU el L N S S T R
¥y o, 3 3k & 204, 237,267 nm = BB A2 Y
Si0, A UKL , F T i 45 0 Sk 2D =R YO
TR . BERE T B YO0 K SR AR 1 TC LS
B o e R b 3R 2 R e U O 0
PR, SEL = 5O, 5067 MR B
AHVCHEL , AT 35 B 27 34 98 i 85028

Kl 1(a) iR impy Bk T2 AR EB
VKA AR v, S10, TR FE HL 3 VR R 23 1) TAR
HL M B2 3, Si0, WUBRE 1TO i BB B W i AR,
TERL T 2H 2 10 & A IS . R S0l b, Al K T
PR R IR T2 TR 2 09 2 B v] A el o Bk DT R 1Y
B[] oA s ol o HGHp e R DT B R R B K
] Y 184 4, 78 T R b DO AR A JEE R 8, 2 R
B8 38— A R B, TR RRB SR T 23 B SiO, Bk
R, BT — A4 AR 2 K 1w Si0, Bk



810 K it

o543 4

Mg

3 o
£500 nm
. m—

20 nm

E 1 (a) SR K ; (b)Sio, A SEM Kl ; (¢) CsPbI #) TEM &l 5 (d)Si0,/CsPbL, [ SEM &l 5 (e ) 251 HiF A £2 fil /1 5 (0) ek 5

I $2¢ fik £

Fig.1 (a)Experimental flow chart. (b)SEM of Si0,. (c¢) TEM of CsPbl,. (d)SEM of SiO,/CsPbl,. (e) Contact angle before

modification. (f)Contact angle after modification.
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Fig.2 (a)-(e)SEM images of SiO, electrophoretic deposition for 3—7 min respectively. (f) SEM image shows CsPbX, entering
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(a)—(c) Absorption spectra of the CsPbX,(X=Cl/Br, Br, 1) and reflected spectra of Si0,(204,237,267 nm). (d)-(f)

Fluorescence spectra of CSP})X3(X=C1/Br, Br, I)/Si02(204, 237, 267 nm) at different coating time.
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(a)Schematic diagram of angle resolution test instrument. (b)340 nm SiO, angular resolved reflectance spectra. (c)The

variation trend of 340 nm SiO, reflection spectra at 687 nm. (d)-(e)CsPbl,/Si0, angular resolution fluorescence spectra

(405 nm excitation). (f)Variation trend of CsPb1,/SiO, angular resolution fluorescence spectra( excitation at 405 nm).
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