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Fig. 1. Crystal structure of the metal halide perovskite 2.
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Fig. 2. Schematic diagram of the impact of Rashba effect on

the carriers recombination in perovskite 4.
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Fig. 3. Schematic diagram of the Rashba effect [*7].
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Fig. 4. (a) Rashba-splitting sub-bands with different spin polarization deviate from the I" point in the k space [']; (b) changing the
spin helicity of the Rashba-spliting sub-bands by tuning the ferroelectricity of the material®”; (c) tuning the spin texture of the

spin-splitting sub-bands by controlling the external electric field B7.
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Fig. 5. (a) Density functional calculations show that perovskite becomes an indirect semiconductor due to the lattice distortion!®?;

(b) molecular dynamics analysis shows that the Rashba effect in perovskite varies with time; (c) molecular dynamics and frozen

phonon analysis show that the dynamic Rashba effect in perovskite originates from the fluctuation of anharmonic structurel®?;

’

(d) the combination analysis of ab initio molecular dynamics, density functional theory and quasiparticle GW theory shows that the
dynamic Rashba effect in perovskite originates from the potential energy fluctuation caused by thermal disorder in perovskite 64,
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Fig. 7. Rashba effects in perovskite were studied by measuring the circular photogalvanic effects %],
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Fig. 8. Studying the Rashba effect in perovskite through time-resolved microwave conductance measurements (99,
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Fig. 9. (a), (b) Studying the Rashba effect in perovskite by measuring the magneto-optical effects ; (c) studying the Rashba ef-
fect in perovskite by measuring the optoelectronic properties of perovskite at high pressurel®®; (d) studying the Rashba effect in per-

ovskite by measuring the electroabsorption spectra and transient spectroscopy 7.
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Fig. 10. Studying the Rashba effect in perovskite by angle-resolved photoelectron spectroscopy measurements [38,
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Fig. 11. Studying the influence of Rashba effect on carrier recombination based on the first principle calculations and the Rashba

spin-orbit coupling model analyses 24,

(a)

Thermalise

e

Radiatively

ical
Peteally recombine

excite

Pl B ]

&l 12

B/cm?.s—!

() | s,

10710

MAPI(200 K)
——MAPI(400 K)

1071

10712

10713

1 | | | | | 1
104 1015 10'6 10'7 108 1019 1020
n/cm=—3

FUTMERLT A G GW ST R R 0k 85 B AR RIS T Rashba 8080 858K 6 A 28000 7 Ha 51 52 45 A2 19 5% g 191

Fig. 12. Studying the influence of the Rashba effect on the radiative recombination rates of photo-generated carriers in perovskite

under different excitation densities and temperatures by quasiparticle self-consistent field GW method [3I,
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Fig. 13. (a), (b) Studying the influences of Rashba effect on the carrier recombination rates on the surface and interior of per-

ovskite by transient spectroscopy measurements based on single-photon (1PE) and two-photon (2PE) excitations P); (c) studying

the impacts of Rashba effect on the carrier recombination in perovskite with different grain size based on transient PL investiga-

tion [,

158506-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 15 (2019) 158506

(a) 50F
60 = . . ; 17 om=3
Density (107 cm~3) Density (10'7 cm=3)
_ o 1.02 40 - o 169
50 =15 408 : =25 501
B A 1022 A 1147
7,40 & 2044| 3,30 o 3045
2 30 22| 5 | — 43.99
& & 20
< 20 <
10 10 »
0 0
4 4 6 ]
1 10 100 1000
Time/ps Time/ps
40F B
Density (1017 cm-3) 30 - Density (107 cm-3)
-3 o 1M -4 o 2.01
30 n=3 g 342 25 |- n=4 0 402
7 N 6.84 ? A 9.07
2 o 1711 2 20 O 2216
X 20 c 3421 | & 40.29
[os € 45
< <
10 10
5 -
s
0 0 11811 T
2 4 68 4 6 8 6 & 2
10 100 1000
Time/ps
(b)
x
Ve
<
15
o
pz4
|-1) O pump ot pump |+1)

Time/ps Number n

14 (a) FUHBRES RS AR n 80 4555k 07 h Rashba 5508 4 3% 58T 75 45 95200 (725 () 1 B0 fm 4% B 18 2398 50 12
5t Rashba 800X 85 BT 3800 T~ 1 E 54 i () 52 i (72

Fig. 14. (a) Studying the influences of Rashba effect on carrier lifetime in two-dimensional perovskite with different n values by us-

ing the transient reflection spectroscopy”™; (b) studying the influences of Rashba effect on spin lifetime of the carriers in the per-
ovskites by circularly polarized time-resolved spectroscopy [

(MO SNSRI SRS S SN DR S T AN S AT )8 I AR ESBRET TT LAy = AERS R 4k
KRBT IA A H: Rashba R0 G0k NI 2. 3& PHEREMIE AEAT R AR R 44 i X
ME R R SRS ERE™ (19 Rashba RN FE 45 J& ABX;, MfIRAESSERE WS AE = ZE5EkE 5| A
WA REIA LB ES 1, K48 i 2\ [BXG] R4
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Fig. 15. Studying the influences of Rashba effect on carrier lifetime in two-dimensional perovskite with different n values through

73]

density functional theory calculations and time-resolved spectroscopy measurements ™.
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Fig. 16. Temperature-dependent spectroscopy measurements
indicate that the perovskite is a direct bandgap semicon-
ductor [0,
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Fig. 17. Absorption-PL spectra study (a) and temperature-dependent transient PL measurements (b) show that the perovskite is a

direct bandgap semiconductor [*!.
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Fig. 18. SHG-RA measurements (a) and first principle calculations (b) show that the structure of perovskite is inversion-symmetric 2.
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(a) First principles(this work)
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Fig. 19. Results of first-principles calculations show that the Rashba effect in perovskite does not lead to the spin forbidden of the

carrier recombination *); (b) the influence of momentum mismatch caused by the Rashba effect on the carriers recombination is

very weak 431,
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Fig. 20. (a) Generation of spin current by using the Rashba
effect; (b) the spin-FET based on the Rashba effect .
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SPECIAL TOPIC—Perovskite optoelectronic devices and physics

Rashba effect in perovskites and its influences on
carrier recombination”
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Abstract

When there is a strong spin-orbit coupling in some direct semiconductor with an inversion-asymmetric
structure, the Rashba effect will exist, splitting the spin-degenerated bands into two sub-bands with opposite
spin states. These two sub-bands will deviate from the symmetry center of the Brillouin zone, making the
semiconductor an indirect band gap semiconductor. Metal halide perovskites exhibit strong spin-orbit coupling
and possess an inversion-asymmetric crystal structure, showing great potential in Rashba effect research. In this
review, we systematically review the Rashba effects in perovskites, including the theoretical and experimental
studies for demonstrating the Rashba effect in perovskites, the influence of Rashba effect on the carrier
recombination, and the current debates concerning the Rashba effect in perovskites. Then, several problems
that need to be solved urgently are proposed,they being 1) whether there exists the Rashba effect in the
perovskite, 2) whether the Rashba effect can exert a significant influence on carrier recombination, and 3) what
the relationship between the Rashba effect and the perovskite stucture is. The prospects are also given for the
future research including the study of the Rashba effect in perovskites by various spectral methods and the

applications of the Rashba effect in optical-electronic-magnetic devices.
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