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Abstract; Thermal stability of quantum dot( QD) luminescence is considered as an important factor for their
applications in luminescent devices because of the Joule heat caused by inevitable current. The temperature-
dependent photoluminescence( PL.) properties of Mn-doped ZnSe ( Mn: ZnSe) QDs with different shell thick-
ness in the temperature range from 80 to 500 K were studied by steady-state and time-resolved PL spectra. It
was found that the Mn:ZnSe QDs with thick shell (6. 5 monolayers( MLs) ) exhibited better PL thermal stabili-
ty than the thin shell coated ones(2. 6 MLs). Because almost no PL quenching occurred for thick shell-coated
Mn-doped QDs from 80 to 400 K, their PL quantum yield( QY) could keep 60% even at 400 K. Moreover,
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based on the change in temperature-dependent PL intensities and lifetimes of Mn:ZnSe QDs, the thermal

quenching mechanism was proposed. Finally, the stability of Mn:ZnSe (Ds with different shell thickness are
discussed on the basis of heating-cooling cycling examination (300-500-300 K). For Mn:ZnSe (QDs with thick

shell, the PL was nearly totally recovered after the cycling examination. Thus, Mn:ZnSe QDs are promising

for applications in luminescent devices, where strong thermal effect is inevitable.

Key words: quantum dots ;nanocrystal ; Mn-doped quantum dots ;luminescence property ;thermal quenching

1 3 7

w1 (QDs) T HA RSHRH 622 K
VR T OM T Rtk R et B 4
RN T AN IZ " $82% Mn 38 Cu 853
LR BT 8 B R TS ok TR G
SERDGEEMERT A SR (g i
[ CdSe H1#5) HHHE , Mn? " 85 T8 4 1 Sk B
A A PE S R HA KRG s i 8% | A
RARINFH I8 R 25 75 i DA S g ) AR 1
fh R o (AR BRI AR br e e T oS i fk
A PH 3 P 28 A0TSR AT V5 26 A B AR (L 1)
FET VAR s TR 51 A Mn® B 7 B 2 8iE
AR AE K 3100 7 77 A 1A SO 1R, T DR T
ALK FHBE Bt A RICR 1 A, FEXT LA
Mn BT854 5 1 w0l il b & 30, Mn®* 5
T G RT ATE TR LI RN RSO 6 I BeJR Y T
LR T IR R et LR
TR H X Mn #8 2% 58 s 9 0] 458 B DA
RGP R4 T it A7 et ol L Rl R R R T
il 7% e e BE & SRR B3R A 1 s AL

T IR R R R R FE X T
2RI A (LED) FOGAR 2844 1 g i 2R 5
AEXW, KR X g TAER SRR R
O TAERE K FEIR, RIR A LED T
PEIRBEELZ A 3] 450 KI5 mh 225k o T ix
SO B F REF SUN IR il T A R AR M RE
FasE e, (A2, HATe T8 7 S e M ks
WA BRI, AN 7R 22 R SCHkHRE v,
TR R I G 288 A= e 2 VIR (40 80 K)
TNAE| =R PR MR ASARERE G, 41 Mn: ZnS
BT S Mn: ZnSe 8 155, KRR/ T 30%

R MAIGIR (80 K) L FH# 2 (300 K) Z )=,
FE 50% B9 R ICRCRA AR AE 10 ST SBAE Mn:
ZnS'"""*) Mn:ZnSe!"! Fl Mn: ZnSeS' ™ & F S 1 &
ARG R TR KM EE ., BT, Zeng 5 AR H
— SR 4 1Y Mn: ZnSe T S BOLBCRE 5
F60% ", (AT Mn 3528 5T R R0
R FE TAE M HGE K IHAR 2

A SCHEE T Mn: ZnSe T A5 9 B 2 A ]
SIS IR OGIE R AL 80 ~ 500 K., i
X 5T 2 5 IESTZ ) Mn: ZnSe 131 A5 A9 i
FERH RO , B 98 52 )2 SR X Mn 3824 B F
SRRV 0 R ) 3 3 X AR IR R G
FAn AT, WKL T, eAh a8 X
Mn: ZnSe & F £ 1Y & JGHEAT T #4141 (300-
500-300 K) JEFR I, A 90 i il X 1 a5 25 A4 Y

2

2.1 Mn:ZnSe EF 5 H%F

Ab2f 24 . B R R F ( ZnSt, , Zn0 12.5% ~
14% ) WEARHR (HSt,95% ) , fifi K5 ( Se,99.999% ) |
I (OLA ,70% ) , + /\J% ( ODE,90% ) M Aldrich
ISTFIASE B (S,99.99% ) , Bl & 4k 41 ( NaBH, ,
A3HT4l) , UK A S AL (MnCl, - 4H,0, 434748
BT T A R SE

HTARAAR SN 52 (1) Se ATEKAAR % 4% 0. 075 ¢
Se 1 .0. 038 ¢ WA ALAMEETE 3 mL L 25
W15 (2) Zn T 3K M 6 %5 8 0.45 ¢ B i IR BF
0.05 g fRMRVAMFAE 3 mL T /\UGh Z=EW]; (3)S
A SRR 45 0FF 0. 032 g S BIERITR (120 °C) Fi
fARAE 10 mL /g 2B

A Mn: ZnSe & T 5. % 5 mL + /\ M,



808 Hh[EDE2E

%8 &

0. 02 ghE AR ARSEFN 0. 034 ¢ WHARERZE A 25 mL Y
=HUEH, E R ASA T, 110 CBR BUHr 20 min,
W5 SN IR EE T R 3] 275 °C B4 REY Se AT IR
BN, 2 J5H BSOS R 2 260 °C,
REF3 minE B MnSe A%, B K 0.5 mL (4 Zn
RTARARTE A SR Y, #E4T ZnSe 76 A AL, S
10 min, 45 T H5¢)2 Mn: ZnSe = T S kM, 2
JETRRE T mL (Y Zn SRR T AN, S
20 min, JAFEFE)E Mn: ZnSe T RES . [V 45
WG A TR 380 20 A FH PR TR AR o R A
aife /3 W R R T R R AR
2.2 BRI

Mn: ZnSe ¥~ 5 (18 S5 o0 25 5 v, 1 b A5
(TEM JEM-2100F ,JEOL) HEFTHAE IR BEHCHT &
GGG I ] 3 B 63 8 Il v e v e S 0 v
Y& T AR IR TERERS I | EAE Janis VPF-800 H
25 W R AV IR P IR 4 v 3 5 A IS ) A G SO0
114055 B 1 Horiba Jobin YvonFluromax-4P Y% Y
PEATIG, 150 WORUAT 1 3 26 R OL IR, IN AR
TR R s 1] 53 BT IO G 38 5 B AR
BRAY YvonFluromax-4P JEHEAUMIRZE N & FR0%

3 4RLit#

&l 1 24 Mn: ZnSe T 5 A8 il & OGGTE , i
A5 AL 5 Bl 2l 80 ~ 500 K, Mn: ZnSe 1 FR Ky
MnSe/ZnSe ¥/ Fe 1 F s, , R FRATTR i 15 44
il £ Mn: ZnSe B, B SGHI A MnSe k% , F
1F MnSe fiAZ NI ZnSe =2, TE SR AT,
Mn** BT M MnSe faAZY HLF ZnSe 57221, 581K
Bae, FTLL ZnSe 5EJZ2 W2 Mo B F 105 44 5L
Y s AT TEM I (K1 I
Bl , KT s kAR 50k 3.5 16, 1 nm, il
of — A~ (ML) 1Y ZnSe 5t )2 J&
0.33 nm'"™ MnSe #ZHKA2H 1.8 nm' " AT LI
SRR ORE S R o 2R B 43l k2.6 Al
6.5 MLs, 365 nm K KEOEHEA T , Mn: ZnSe
T RIS TE 585 nm BT, X 8K [
Mn®* BT, B0 A RER IR & K6, HEE
T, 72 (2.6 MLs) ) Mn: ZnSe & T 5. i %

HHEFRRER 19% ,JE7)Z (6.5 MLs) 7T 1 fY
EMETHFER 64% ., WNE1(a) PRI LIE H,
H5CI2 MY Mn: ZnSe £ 54 19 & OGR4 I B 09 T+
1o, RO BE GHURE D, X R WA K BRI S A
FEF TSR, BT RS 2R 5k,
L(b) iz, FL R G BE 1 3 08 5 30 78 J2 S AR
LU S A8 3 3 B3 o 0 52 2 JEE B AT LA AL
Bifb R R I BE . FRATE W E | Bl 5 R
T, 5T )2 DA SR FEE Mn: ZnSe it s K
FUE AR WA , &G 5 4 58 (FWHM ) &
WL,

PL intensity/a.u.

— 0K
—— 480K
—— 300K

700 800
Wavelength/nm

360K
— 400 K
—440K
— 480 K

500K

500 600 700 800
Wavelength/nm

PL intensity/a.u.

Bl ST 2.6 MLs(a) #16.5 MLs(b) iy
Mn: ZnSe &1 5 B9 DG IR FY 80 ~
500 K, R P ARy 356 nm 47 Pl b 465 A 1 S A
IR iR Y
Fig.1  Temperature-dependent PL spectra of Mn:ZnSe
(2.6 MLs) (a) and Mn:ZnSe (6.5 MLs) (b)
QDs from 80 to 500 K, under excitation at
365 nm. The inset shows the typical TEM image
of the QDs
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Fig.2 Temperature-dependent PL peak energy(a) and

FWHM(b) of Mn:ZnSe QDs. Solid lines repre-

sent the fitting curves
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