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Abstract: Lead halide perovskite, as a new class of optoelectronic materials, has demonstrated excellent optical
and electrical properties, extensive and important applications in solar cells, light-emitting diodes, photodetectors,
lasers and so on, attracting great attention. Rare earth is a special kind of material in the periodic table of elements,
ranging the elements from 57 to 71, with 4f' and 4f"'5d electronic configurations. What kind of new baby will be
born if rare earth combines with perovskite materials and devices? This paper aims to combine the author’s work and
experience in related fields, briefly review the progress made in this field in recent years, and search for the prob-
lems and challenges faced in the future. This article is not to summarize the complex individual phenomenon to be
brief, but to explore the common problems of universal significance for the purpose. In the selection of data and infor-

mation, it may be biased, and there is a serious suspicion of “Every potter praises his pot”, please think carefully.
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(a)The emission spectra of rare earth ion-doped CsPbCl; perovskite nanocrystals™’. (b) Absorption spectrum (red line)

and emission spectrum (black line) of CsPbBry: Eu**". (¢) Electroluminescence spectra of undoped CsPbBryand Ce™-

doped CsPbBry and their corresponding photoluminescence emission spectra’™. (d) The formation energy (AH) of Lay, |

La;and Lac, with Fermi energy level. (e)Excitation spectrum (blue line) and emission spectrum (red line) of CsEuCl;"".

(f) Photoluminescence spectrum of CsEuBry crystals at room temperature under 365 nm UV excitation ™.
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Tab. 1  Typical examples of rare earth ion doped perovskite luminescent materials
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280 Cs,ThCl Th* 43.34 2.16 5530 —
2022 . [37]
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Nd*™, Tm™,  0.41,0.63, 810, 730, 1400
2022 355 CsMnBr, s 235 000 — [38]
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2023 365 CsPbCl, Yb*/Er™ 30. 12 — 621 63.55  [43]
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chalcogenide quantum dots (365 nm optical excitation). (b) Absorption spectra(left) , visible emission spectra(middle)
and near-infrared emission spectra (right) of CsPbCl, sBr, 5 perovskite quantum dots co-doped with different rare earth
ions and Yb* (365 nm photoexcitation) (c)PLQYs of CsPbCLBr I, _ : Yb™, Ln™ (Ln=Nd, Dy, Th,Pr, Ce) perovskite
quantum dots under 365 nm light excitation™. (d) PLQYs of CsPbCls: Cr**, Cr**-Yb™, and Cr*-Yb*-Ce’ perovskite
quantum dots under 355 nm light excitation ™. (e)The best I-V curves of SSCs with different calcium titanite film thick-
nesses when the scanning speed is 0.1 V+s"*' (1) I-V curves of silicon solar cells uncoated/coated with CsPbCIBr,: Yb**
(6%)-Pr*(4%)-Ce™ (3%)"". (g)NIR PLQYs with different [ Yb*]: [ Cs*] ratios. (h)Exciton(hollow) and NIR (solid)
PLQYs as a function of Yb* concentration™. (i) CsPbCl;: Cr'*, Yb*, Ce™ photocurrent curves of chalcogenide quantum

dots as a function of time*"’.
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radiation, control devices. The intensity of UV light was estimated to be 23 mW-cm™ .
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Tab.2 Typical examples of rare earth ion doped perovskite materials used in optoelectronic devices

— PRI (1 9(a) ~(b) ), & 44 b0 45 50 4
R X — DX Y I BRI 20k A T A5 Bk /Y
W5 Ce" B T B SAHL TH SR A ERIT . X —ERiE
K2 BIBTELAEHRYELEIGPERANARG T

R 45 2 5 BT Al i Y D B 4 )=

MR /m fii & BARET PLQY/% 13 JH ERPYN
2018 365 CsPbCl, Yb* 164+7 KMERGE  [109]
2018 365 CsPh(CLBr,_,), Yb** 138 K FHRE R LA [110]
5K R B i HL il
0 [CES BRET PCE/% Jo/(mA-em™) V!V FF/% 2% ik
2018 MAPbI, Eu* 16.700 21.50 1.020 76.40 [111]
2018 CsPbL,Br Eu’™ 13.710 14. 63 1.223 76. 60 [112]
2019 CsPbL,Br Eu™ 15.250 15. 44 1.250 79. 00 [113]
2021 CsPbLBr Eu™ 12. 100 15.30 1. 130 70. 50 [114]
2018 CsPbBr, Sm™ 10. 140 7.48 1.594 95.10 [115]
2018 CsPbl, Eu™ 12. 000 11.10 0. 898 68. 00 [116]
2020 CsPbLBr La™ 8.030 11.66 1.120 61.24 [117]
2020 MAPbIL,_Cl S¢™ 20. 630 20. 88 1.134 83.80 [118]
2019 MAPbI, Nd* 21. 150 24.33 1. 040 83. 60 [119]
2018 GAPbI, Tm®™ — — — — [120]
2020 MAPbI, Ce™ 21. 670+0. 520 24.34x0. 159 1. 100 0. 010 80.93=0. 51 [121]
2020 CsPbBr, Eu’ 7.280 6.33 1.450 71.79 [122]
2020 a-CsPbl, Yb™ 12. 400 18. 40 1.130 60. 00 [123]
2020 CsPbLBr Sm** 12. 860 15.98 1. 116 72.10 [124]
2020 CsPbl,Br Sm™ 15. 681 5.90 1.298 76. 00 [125]
i LB IR BT KO R
Ay fii & BIRET EQE/% IF S HLE/Y MR SEEE(ed-m™)  83fFAd/ min - 275 30k
2019 CsPbCl, Br, Y™ 11 — 9 040 120 [126]
2020 CsPbBr, Nd™ 2.7 3.0 138 — [127]
2023 CsPbCl,_Br, Yb' 1.2 3.1 584.7 mW-cm™ 8 [128]
Fii B Z SR O KO E
by (EES BIRET CCT/K CIE CRI TSR (Im- B3k
2019 Cs,(Na/Ag)InCl, Ho™ — (0.4000, 0.4700) 75.4 — [129]
2020 CsPbBr, Eu’ 4075 (0.384 8, 0.404 4) 88.9 — [130]
2018 CsPbBr, T /Eu™ 4945 (0.3335,0.3413) 85.7 63.21 [131]
2020 Cs,Na, Ag, InCl,  Bi**/Yb™ — — — — [132]
2020 Cs,Bi,Br, Sm™ 8967 (0.296 0, 0.2890) — 12. 60 [133]
2020 Cs,Ag, Na, InCl,  Bi'/Ce™ 4430 (0.3600, 0.3300) 95.7 22.33 [134]
2021 CsPbBrl, Gd™ 5430 (0.3340, 0.3386) 81.4 90. 09 [135]
2018  CsPbCl, Br, , Ce™/Mn* — (0.3300, 0.2900) 89.0 51 [136]
2021 Cs,AgInCl, Bi*/Er™ — — — — [137]
2021 CsPhCl, Yh' — — — 112 mW-cm™ [138]
2022 Cs,Agln ,Bi, ,,Cl Nd** — — — — [139]
2022 Cs,NaInCl, Sb™ Er’*/Ho™ 6 455 (0.3120, 0.3430) — — [140]
2022 Cs,AgInCl, La**-Lu* — — — — [141]
NP R
AE fi & BARET W] 7 i i) e J8E/ (A= W) R/ Jones EQE/% 2% ik
2018 CsPhCl, Y 1.71.65 ~0.25 — — [142]
2019 CsYbI, Yb™ 694/4 648 ms, 2.40x10° — 5.8 10° [143]
2019 MAPbI, Nd* 19.6/12. 8 ps 3.10 5.20x10" — [144]
2020 MAPbBr, Er* — 10. 00 (2.02+0.01)x10" 2.5%10° [145]
0.59,0.52 1.34x10", 1. 18x10"
2022 Cs,AgBiBr, Na'/Ce™ 395 ns — [146]

(460 nm, 37

0 nm)

(460 nm, 370 nm)
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(a)Schematic diagram of the device structure of the broadband detector. (h) Absorption spectra of Cr/Ce/Mn-LC, BHJ,

CsPbl;: Er” PQDs and CsPbly: Er'” PQDs/BH] films and photoluminescence spectra of Cr/Ce/Mn-LC. (c)Detection rates
for different devices as well as commercial silicon cells. S1: ITO/ETL/CsPbly/Ag, S2: ITO/ETL/CsPbly: Ex* (7.7%)
PQDs/Ag, S3: ITO/ETL/CsPbly: Ex* (7.7%) PQDs/BHJ/Ag, S4: Cr/Ce/Mn-LC/ITO/ETL/CsPbly: Er’** (7.7%) PQDs/

BHJ/Ag™".
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