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Research Progress of Perovskite Materials in Hot Carrier Solar Cells

Chen Shuhan, Liu Xiaochun', Wang Lina, Gong Jue”
School of Materials and Energy, University of Electronic Science and Technology of China,
Chengdu 611731, Sichuan, China

Abstract The energy loss in the process of hot carrier relaxation is the main factor limiting the further improvement of the
efficiency of solar cells. In recent years, researchers have proposed the concept of photovoltaic devices based on the energy
utilization of hot carriers, aiming at collecting and utilizing the energy of hot carriers before they relax to the edge of the
energy band. Compared with traditional semiconductors, perovskite materials have a slower hot carrier relaxation rate and
have the potential to realize hot-carrier solar cells. This review first introduces the main structures of hot carrier solar cells,
then summarizes the research progress of perovskite materials in the hot carrier relaxation process and effective extraction,
and discusses the current suitable hot carrier extraction materials. Finally, the development direction of perovskite
materials in hot carrier solar cells is prospected.
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Fig. 1 Schematic diagram of solar cell structures. (a) Schematic diagram of traditional solar cell energy level structure””; (b)

schematic diagram of ideal hot-carrier solar cell device structure™
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Table 1 Comparison list of hot carrier lifetime in traditional semiconductor materials and perovskite materials

Material Excess Time Characterization TemPoral Ref.
energy /eV constants /ps technique resolution /fs
CdSe nanorods solution 1.1 0.8 TRPL 300 [53]
GaAs film 1.7 2 TA 150 [29]
CdS microplate 0. 65 0.6 TRPL 170 [54]
InN film 2.4 10 TA 300 [55]
MAPDI, film 1.5 60 TA 150 [29]
FAPbDI, film 1.55 30 TA 150 [30]
CsPbl, film 0.8 10 TA 150 [56]
MAPbBr, film 0.7 0.8 TA 150 [31]
MAPbDBr, nanocrystal 0.7 32 TA 150 [31]
FAPbI, nanocrystal 1.45 40 TA 100-120 [57]

Notes: TRPL means time resolved photoluminescence, TA means transient absorption.

3.1 3DEHESEHKT HR

PLA HLICHLZ4 Ak R 32 A9 45 4k A 3D 1A AH T A 44 k)
ARG TR K HBECIR AR 2] T T Z 85, 9F HL5E
BT E N PCE, & #7458 18 19 B, BF 5% 45
A X 3D (A AH R A B B SRR B 2 AT T
I BT, LA T RE 08 3 T B0 AT B9 45 Bk BT T IR AL R
R — LR TR EE. 2013 4,
Stranks %7 B K R GE T 7E O Y B 1k 85 gk i
(MAPDIL) i B i #2838+ 3 7 22 25 2R . b AT
K FH B 25 W2 SOOG 15 4R I MAPDI, 22 i 38 B r g0 5k 2 72
FIAR 5 DAL 381 7 7 20 25 388 1 I 2 RO A 5 1 212

Tk — 2R ST A SN TR A A A i 7R B Al
GRS AE 3. 1 eV R fiE
R T  MAPDL 2 & I P 1 BRI T R
0.4 ps(ib R 5] 300 K), b K Z B E R IE AP S
AT 48 (100 fs) . 2016 4F, Sum %" 1Y J5 22 T 4F X
MAPDL 2 S B R AT T o — 20 0F 58, & Sl B 1
B A A JEALAAZS 7 3 G 8 1% L THRVHT PN SR 0 1) T2
FfE S, XRHAE T HA B0 SR, A
HAb B RIAE 0. 4 ps 247 o LA b TAEIESE T 45 3E &i fb
P55 B v B A ORI AR T L A A U ST i 1t
v, B8R BE A5 B 4 Ml O IE B4 s R HL T 1 R ] R

1316021-3



X HAE HCSC iy i B AT B 2 i 3 o fEAR TR AL
PR BN R T ol A 2% 5% . Chen %
3 ok A A SRR I R R R UE S T AR T v R
S 006 B B AT G WS, 2 5 v e 4 i 3
340 pJ-cm A, MAPDI, C1, 5 b i #8878 20

(a) (b)

10°

10"
107
10°

1

12

0

9
o 1]
-

-10
o 10

15 1.7 19 21 15 1.7 19 21
Photon energy (eV)

F605F 138/2023F 7 B/BAEXBEFZHE

18, IKF 10 ps, 7 B 25 WCE LS 5 Hh i s el 2
FIEA A 2(a) IR o I TAE R HE— L HA T8
BRAT A A A B R AIL ) T A B R R T B 0 A
LRGN 5 T A

Pump =3.14 eV, Probe = 1.58 eV

2ps 100 ps

- -

- mm
0 .
(9]

— — ;
0
Pump = 1.97 eV, Probe = 1.58 eV 0 5“3'
2ps 100 ps I 1'
- -

K2 3DA5ERH 2, (a) A [l & 98 3 F (9 MAPDL,_ CL I B 25 OBOG 35 1815 (b)) B 25 430 396 335 £ AR 2800 BT 79 MAPBL, st o
PRAR VLT 9 1 B 20 5 MR P

Fig. 2 3D perovskite type. (a) Transient absorption spectra of MAPbL,_,Cl, film under different excitation intensities””; (b) long-

distance diffusion imaging of hot carriers in MAPbI, thin film measured by time-space resolved spectroscopy™”
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cooling lifetime of quantum wells with different layers™”; (c) schematic diagram of the main loss paths of hot-carrier energy in
MAPbDI, and RP perovskite™?
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Fig. 4 Nanocrystalline type. (a) Formation kinetics of the bleaching signal for perovskite nanocrystals with different cations™;
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(b) average cooling time for hot carriers 7¢, and cooling carriers 7, and the bandgap obtained by double exponential fitting to the

cooling curves of MAPb,_ Sn I, perovskite "’
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Fig. 6 Hot hole extraction. (a) Normalized transient absorption spectra of CsPbl, in the presence and absence of P3HT molecules at a
time delay of 0. 3 ps™”; (b) kinetic curves at the bleaching peak of MAPbI,, TiO,-MAPbI;, and MAPbI,-spiro-OMeTAD !
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Fig. 7 Hot carrier extraction””. (a) Energy level arrangement diagram of CsPbBr, and BQ, PTZ molecules; contribution of the phonon

vibration mode of (b) CsPbBr,, (c) CsPbBr,-BQ, and (d) CsPbBr,-PTZ to the conductivity spectrum, the red points denote the

real conductivity, and the blue point denote the conductivity after adding Lorentz oscillator to simulate phonon vibration, the red

and blue lines indicate the corresponding fitting results
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Table 2 Research progress on the extraction of hot carriers from some peroskite materials

Year Donor-acceptor Structure Time constants /ps ~ Pump wavelength /nm Ref.
2015 CsPbBr,-BQ/PTZ Nanocrystal 65 £ 5/49 £ 6 400 [75]
2017 MAPbBT,-Bphen Nanocrystal 32 400 [31]
2018 CsPbl,-P3HT Nanocrystal 20 400 [56]
2018 CsPbBr,/CsPbl;-1-aminopyrine Nanocrystal 120/170 470/530 [76]
2018 CsPbI,-TiO2 Nanocrystal 210 470 [77]
2019 MAPDIL,-Spiro Polycrystalline film 1 370 [72]
2019 CsPbBr;-anthraquinone Nanocrystal 1 470 [78]
2021 CsPbBr,-TpyP Nanocrystal 4.76 370 [79]
2021 CsPbBr,-Au Nanocrystal 2.43 +0.39 — [80]
2021 CsPbBr,-Au Nanocrystal 30 — [81]
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TESERHT BRI B AT AT M . B X IR T AR
1450 Bt 5 52 A A S ATD AR B G R E . 2020 4F
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TiO, Z 0] s i — 2 3 4 J2 1 0 8 % 4 58 55 1w, S 80
T MAPDBL/Au/TiO,/ETO Z5#y , 40 & 8 7k . 7E 33X Ff
SRR ES R 2 T e A B T RE A8 3 o L L
RN kv 4 2 HE T B THO, 38 BUE R BR fL v . 6]
I} 7 4 2 BB 05 A7 S PR T1O, v % #4 H - 1] 7 31 45 Bk

MAPbDI: Au

TiO2 FTO

I
I
I
|
S__.l

P8 PN IS S B4 8 U T A P 7 F b 485 4 101G A= 8 T 1 20
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Fig. 8 Structure of internal light-emitting hot-carrier solar cell

and the dynamical progress of photo-generated carriers

in this device !
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