HasE B2 M Kot R Vol. 45 No.2
20244 2 A CHINESE JOURNAL OF LUMINESCENCE Feb. , 2024

XEHS: 1000-7032(2024)02-0231-21

AL T B JE AL ER S W 7 SR A Pk
fiEEY, FEC, T OBk B REAT, SR

(1. B AU TR bR R 5 T AR 2 B 3 R AR S 980 TSRS S0 96 %, V098 Mo 210094
2.TTRE YRS TR AR, 77/ BT 530004)

FEEE . T AU — AR RO R, — B LR SR T RE S SO T B I e T HE B T AR R
R A AT Y A i o BB AR AS IR AR AP Y R R W R AL A BT (InP QD) 1 58 2 i T A5 9 S B
BREZ— ZB T T ZRCHE: —JrH, InP QDs AT 5 47 3 5 7 UM I 58 49 & 6 D v Bt 5 55 — Ui i,
G B R S A AT, HA IR T2 SR T i3kl o SR, RN InP QDs 5 1% SE 4R 2k B 7 i A
FO DR RN S 7 RAR DT ICPE | S0 3l ) 2 i FR 4 J5 TH BT R R | LA 1A 27 09 22 S i AN Jle s, B T G
Jerl T AR TS E AR o AR SCAS A B T R R B R R BUIRFUR RT3 0K 51X InP QDs M R EAT T 4338, il i 43
FLF ST IR, 20 A JHC 2 Jo T R PR R, O X b AT 1 R B, 00 B2 A k1 s B L BOROGER M R — P R R T
P A — S0 R AT By, 4 S TOAR KRR R G T AR A R

x 8 W BT BLA; QLEDs; m Ay Won
FESES: 0482.31 M EAARIRED : A DOI: 10. 37188/CJL. 20230294

Current Status and Challenges in Indium Phosphide

Quantum Dots and Their Electroluminescence

XIANG Hengyangl*, WANG Yifei', YU Pengz, ZHANG Kun', ZHAO ]ialongz*, ZENG Haibo"
(1. Key Laboratory of New Display Materials and Devices, Ministry of Industry and Information Technology ,

School of Materials Science and Engineering , Nanjing University of Science and Technology, Nanjing 210094, China;
2. College of Physical Science and Engineering Technology , Guangxi University, Nanning 530004, China)

« Corresponding Authors, E-mail: xiang. hengyang@njust. edu. cn; zhaojl@gxu. edu. cn; zeng. haibo@njust. edu. cn

Abstract: Quantum dots (QDs) , as an ideal light-emitting material, have been attracting a lot of attention from
scientists and industry, advancing the development of bio-imaging, lighting, display and other fields. With the gradu-
al increase in awareness of ecological and environmental protection, indium phosphide quantum dots (InP QDs)
have received widespread attention as one of the best alternatives to cadmium-based quantum dots. On the one hand,
InP QDs have luminescence and photovoltaic properties comparable to those of cadmium-based quantum dots. On the
other hand, their luminescence spectral range can cover the entire visible region, and their synthesis process is com-
mon to that of cadmium-based quantum dots. However, as InP QDs are special in terms of elemental valence, core-
shell lattice matching and reaction kinetics compared to traditional cadmium-based QDs, the development of their
synthetic chemistry is still immature, which limits the research process of their photovoltaic applications. Here, we
review the indium phosphide QDs system on its development and future needs for displays, by analyzing the current
status, problems, challenges, and making an outlook on it. We expect to provide some insights and help for further
exploratory research on QDs and their electroluminescent devices (QLEDs), and to promote the development of cad-

mium-free, low-toxicity, high-colour purity QDs system.
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Fig.1
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(a)Schematic diagram of the synthesis process of InP/ZnS QDs and photographs of InP/ZnS QDs with different InP: ZnS
ratios excited by UV light. (b) PL spectra of InP/ZnS QDs with different InP: ZnS ratios(increasing the ratio of InP to ZnS
from left to right). (¢) Cation exchange on the surface of the InP cores via Ga™ and its InP/GaP/ZnS QDs growth process
schematically. (d) Energy level positions and lattice mismatches of InP, GaP and ZnS core-shell-shell materials. (e) Ab-

sorption and photoluminescence spectra of InP nuclei (black), InP/GaP core-shells (red), and InP/GaP/ZnS core-shell-
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(a)TEM image of the InP QDs and the atomic scheme of the (111) lattice plane representing the cubic phases of InP(top

panel) and ZnyP,(bottom panel) , which shows that the P sublattice in ZnsP, is the same as in InP. (b)Plot of the lattice
constants of the In,Zn P QDs versus the measured Zn/In ratio. Dashed lines indicate the lattice constants of bulk InP
(black, ICSD code 24517), ZnSe(green, ICSD code 77091), GaP(red, ICSD code 77087), and ZnS(blue, ICSD code
60378). (c¢) Schematic diagram of InZnP/ZnMgSe/ZnS core-shell-shell quantum dots and their interfacial lattice match-
ing. (d) Photoluminescence spectra corresponding to an excitation wavelength of 600 nm with an applied potential for 5
min. (e)—(f) PL intensity trends with time corresponding to the two component gradients of Se 1.0/S 0.0 and Se 0.75/S
0.25, respectively. (g)Schematic diagram of the lattice of InP/Ga: ZnSe/ZnS and the modulation of the surface of the InP
nucleus by Ga. Normalized PL spectra(h), FWHM and PLQY (i) of green InP/Ga: ZnSe/ZnS QDs with different Ga con-
tents. (j)PL peak wavelengths, PLQY and FWHM of InP/Ga: ZnSe/ZnS QDs with different Ga contents
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Fig.3 (a)Schematic diagram of the growth stages for the synthesis of green InP QDs with aminophosphine ((DMA);P). (b)PL

variation with ZnSeS growth temperature. (¢) TRPL spectra of InP/ZnSe and InP/ZnSe/ZnS quantum dots. (d) Relation-

ships between the amount of zinc precursor, the particle size, and the PLQY. (e) The use of 1-5 in the synthesis of InP

quantum dots for the applications and 5 Me, Me in P—P bond formation reactions. (f) PL spectra of InP/ZnS QDs. (g)

Schematic of the mechanism for the synthesis of InP quantum dots from an inorganic phosphorus source. UV-visible ab-

sorption(h)

, PL spectra(i), and digital photographs(j) of an InP QDs solution covering the entire visible range
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Absorption (a) and PL(b) of In(Zn) P/ZnSe/ZnS QDs synthesized with different ratios of indium/palmitate and indium/
phosphorus, with the inset showing luminescence photographs of the quantum dot solutions under UV lamp excitation.
(¢) Absorption spectra and photoluminescence spectra of InP/ZnSe/ZnS QDs grown using the SILAR method, as well as
(d)the corresponding FWHMs and PLQYs. (e)InP/ZnSe/ZnS core-shell quantum dots and their luminescence properties.
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(a) QLED device structure schematic and cross-sectional TEM image. (b) Current density (left axis) and luminance (right
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axis) versus voltage curves. (¢) EQE-luminance curves, insets are photos of a four-pixel QLED and a text-patterned
QLED. (d) Lifetime measurements with exponential decay curves (initial luminance of 985 cd/m®) , y = 100exp
(-0.00079x0.7). (e) QLED device structure schematic and cross-sectional TEM images. (f) XPS spectra of P 2p of InP
cores prior to ZnSe growth. (g) EQE and current efficiency versus luminance. (h) Lifetime measurement of QLED at initial
brightness of 3 373 cd/m®. (i) QLED device structure. (j)Schematic illustration of the field-enhanced electron delocaliza-
tion and the two feasible ways to alleviate its impacts on charge transfer. (k) EQE-current density characteristics of
QLEDs fabricated from InP/ZnSe with different shell thicknesses. the short arrows in (k) indicate the current density
when the EQE is reduced to half of the maximal EQE. (1) Current density of InP/ZnSe-2, InP/ZnSe-3, and InP/ZnSe-4

based QLEDs aging curves at 50 mA/cm’® current density
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Fig.6 (a)Schematic of the QLED structure. (b)Charge density distribution of InP QD, InP/GaP/ZnS core/shell QDs. (¢)Energy

levels of HOMO and LUMO states in (i)InP QD, (ii)InP/GaP, (iii)InP/GaP/ZnS, and (iv)InP/GaP/ZnS//ZnS core/shell
QDs. (d) Variation of current efficiency and EQE with increasing luminance based on InP/GaP/ZnS QLEDs with thin and
thick ZnS shells. (¢)SEM image of the cross-section of the QLED device and schematic of the corresponding device struc-
ture. (f) The schematic diagram of InP GQDs passivated by the synergistic effect of BDA combined with zinc halides. (g)
Plots of EQE(left axis) and power efficiency(right axis) versus the current density curve. (h) Voltage-dependent electrolu-
minescence spectra of QLEDs, illustration: photograph of a QLED lit. InP/ZnSe,S,_,/ZnS(x = 0, 0.7, 1) device structure
(i), energy level diagram(j), EL spectrum(k) and EQE-luminance characteristic curve(1) of QLED
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Tab. 1 Photoluminescence and electroluminescence properties of InP QDs with different core-shell structures

R PL/nm  FWHM/um  PLQY/%  EL/mm  EQE/% L, /(ecd-m™)  Lifetime/h  Ref.
478 52 47 — — — _
InP/ZnS 518 45 60 — — — — [57]
620 78 20 — — — —
555 50 85 — — — —
InP/GaP/Zn$S [55]
615 100 58 — — — —
InZnP/ZnMgSe/Zn$S 526 50 48 — — — — [67]
526 37 97 — — — —
Ga-InP/ZnSe/ZnS [35]
619 52 78 — — — —
InP/ZnSe/ZnS 516 39 79 — — — — [89]
516 36 67 — — — —
In(Zn)P/ZnSe/ZnS [83]
641 45 56 — — — —
InP/ZnSe/ZnS 528 36 95 — — — — [81]
InP/ZnSeS/ZnS 527 37 87 — — — — [82]
465 42 43 484 1.5 125 —
InP/ZnSe/ZnS 533 36 97 540 6.9 4 884 — [77]
620 60 95 636 13.6 6224 —
InP/ZnSe/ZnS 607 40 73 607 6.6 1 600 — [90]
InP/ZnSe/ZnS 621 44 86 630 8.9 13 395 — [83]
InP/ZnSe/ZnS 630 35 100 630 21.4 100 000 1000000 (T,,) [27]
InP/ZnSe/ZnS 620 36 >90 627 22.2 110 000 32000 (7,)  [28]
InP/ZnSe 623 38 92 623 22.6 107 160 112765 (T,)  [29]
InP/ZnSeS/ZnS 517 45 95 525 7.1 1836 - [75]
InP/ZnSeS/ZnS 525 65 70 545 1.5 10 490 - [84]
InP/GaP/ZnS//ZnS 527 58 70 530 6.3 2938 - [36]
InP/ZnSe/ZnS 535 45 86 545 16.3 12 600 - [30]
InP/ZnSeS/ZnS 527 35 97 532 15.2 2300 - [31]
InP/GaP/ZnS//ZnS 480 45 81 488 1.01 3120 2(T1,) [32]
InP/ZnS/ZnS 468 47 45 485 1.7 140 - [33]
InGaP/ZnSeS/ZnS 465 45 80 469 2.5 1038 - [34]

501 k%XtauE

EN AT 3. 2 pr ik, & O 8 4l B 2 InP
QDs & B — Pk ik, FEAFEHA i - &k
PR W (E N FWHM ., R 40 1 20 40 09 &
PEEE SR T AR T, BN T LA

4 A] UL B34 2k AT 9E , FWHM A LA >50 nm
P25 < 40 nm YRR (H 500 AL B S IR R A
Eb AR 206

FWHM 3 98 & i 7 8 R F o A2 5300,
AR o A PR A% A K AR AN AT R B K R
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