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Fig. 1. Crystal structure of trihalide perovskite with a
chemical structure of ABXj;, where A is the organic cation
or metal cation (green), B is the metal cation (blue), and X
is the halide anion (red)!*.
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Fig. 2. Resistive switching performance of CsSnBrs lead-free halide perovskite: (a) Schematic of Pt/CsSnBrs/Pt/PET resistive

switching device; (b) typical current-voltage (I-V') curve; (c) endurance performance!**.
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Fig. 3. Resistive switching performance of CsSnl; lead-free perovskite: (a) CsSnly crystal structure; (b) schematic of the Ag or
Au/PMMA /CsSnl3/Pt/SiO,/Si vertical stack structure; (c) cross-sectional SEM image of the device; (d) the typical I-V curves, (e)
endurance performance, and (f) retention characteristics of low resistances state (LRS) and high resistance state (HRS) of the

Ag/PMMA /CsSnl;/Pt devices; (g) the typical I-V curves, (h) endurance performance, and (i) HRS and LRS of 50 different cells of
the Au/PMMA /CsSnl;/Pt devices!*).
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Fig. 4. Scanning electron microscope (SEM) images of (a) CsGels, (b) MAGel;, and (c) FAGelj films/.
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Fig. 5. Crystal structure of Bi-based perovskite: (a) Rb3Biylgl™; (b) Cs3BislgP?; (¢) CsBigl, .

157301-4


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

I8 =

8 Acta Phys. Sin. Vol. 70, No. 15 (2021)

157301

(a) Rb;Bisl, Cs3Bisly
Au
A;3Bislg ~160™nm S———
Pt/Ti
SiO,/Si
(d) 10-2 . (e) : ®) :
. 1012 * On resistance RbsBisI 1012 * On reS{stance RbaBisI
104 F % o Off resistance R * Off resistance 3=t
—af :
1010 1010
F Lk —.- -
10-6 c STE iy ‘7'&' c
< ] T 108E0% e, Ve NS ol o 10°F
N : I *'."r & -~ .':. é 3]
5 10-8F g Y R h 2 3
E % 106F % 106F
F 7 g
O Q 3 Q r
10710 S 10tk 10tk
F 1 4
10-12f 102k ' A WL 102 F
3 Rb3BisIy - ———
10-14 b . 100 . 100 . . . .
—0.5 0 0.5 100 200 200 400 600 800 1000
Voltage/V Number of cycles Time/s
(g) 102 - M) : (i .
2 i 1012 * On resistance Cs3Bialy 1012 +»On reSI.stance Cs3Bisly
104 - » Off resistance » Off resistance
—4r . <
] 1010 "'o L LA, ‘,’,' 101
10-6 F G " - " ‘ % oos S
g T 08 ﬁ'-*g T o108
E ] £ g
-8 < 5
£ 1o g 100 g 100
10-10F . " 104 ~ 104
3
r CS3Bi219 _— F
10-14 b . 100 . . . 100 . . . .
—0.5 0 0.5 100 200 300 400 200 400 600 800 1000

Voltage/V

Pl 6 B RE AR RSB BELAS A7 A

Number of cycles

(a) Au/A;Bioly/Pt/Ti/Si0,/Si #1145 # 7 25

Time/s

5 (b) RbyBiyly BHAS £7 it 4 4 T SEM [&];

(C) csgBizlg [Sﬂgﬁﬁ%%%ékﬁ SEM Fé—] RbgBiQIg Bﬂ’ﬁﬁ%%&ﬁ@ (d) I'Vq:#‘lﬁﬂﬂz)% ( ) ﬁTX é*u (f) 'ﬁé}‘d‘th‘ é C83B1219 Iﬁ”’rfﬁﬁﬁm

(2) I-VRRHERIZR | (h) 52 PEA (1) PR e 2

Fig. 6. The Bi-based perovskite resistance random access memory (ReRAM) devices: (a) Schematic of Au/A3Biy]y/Pt/Ti/Si0Oy/Si
based ReRAM devices; (b) the cross-section SEM image of Rb;Bily based ReRAM device; (c) the cross-section SEM image of
Cs3Bisly based ReRAM device; (d) the typical I-V curve, (e) endurance, and (f) retention of RbsBiyIy based ReRAM; (g) the typic-
al I-V curve, (h) endurance, and (i) retention of Cs;Bi,ly based ReRAMP?.
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Fig. 10. (a) Schematic device structure of Ag/PMMA /MA3SbyBry/ITO ReRAM; (b) crystal structure of MA3SbyBrg; (c) cross-sec-

tional SEM image; (d) I-V characteristics, (e) endurance, and (f) retention time of MA3Sb,Bry based memristors; (g) long-term po-
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emulating spike timing dependent plasticity (STDP); (i) STDP behavior of an MA3SbyBry memristor®.
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Fig. 11. (a) Cs3Cuyl; crystal structure; (b) vertical stack structure schematic and (c) cycle tests of the Ag/PMMA /Cs3Cuyl;/ITO

memristor; (d) schematic of synapses; (e) linear potentiation and depression; (f) successful recognition accuracy monitored while
training the data set from Modified National Institute of Standards and Technology (MNIST)®.
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Fig. 13. (a) Schematic of the interface-type switching mechanism in the Au/PMMA /CsSnl;/Pt devicel*; (b) depletion width vari-
ation in the p-type perovskite layer according to the accumulation of Sn vacancies under an electric field*; (c) the schematic illus-

tration of interface-type switching mechanism in the switching layer.
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Table 1.  Resistive switching performance of resistive switching memory parameters based on lead-free halide perovskites.
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Abstract

With the rapid development of the information age, the demand for information storage capacity and
miniaturization of memory units has been being increased. However, the commonly used silicon-based flash
memory has nearly approached to its physical limit. The resistive switching random access memory (ReRAM)
has become one of the promising candidates for the next-generation non-volatile memory due to its simple
structure, fast operation speed, excellent flexibility, and long endurance. Recently, we witnessed that the lead
halide perovskites, as hot star materials, have been widely used in optoelectronic fields owning to their
advantages of low cost, excellent photoelectric properties, and solution process ability. Moreover, the lead halide
perovskite has been successfully used as the active layer in ReRAM device because of its tunable bandgap, long
charge carrier diffusion length, fast ion migration, and high charge carrier mobility. Whereas the toxicity of lead
in halide perovskite is a very horrible problem in lead halide perovskite-based ReRAM devices. The lead-free
halide perovskite is considered to be the most promising material for perovskite-based ReRAM devices because
it does not contain lead element. Most recently, a large number of scientists from different groups have begun to
study lead-free perovskite-based ReRAM devices. For example, tin, bismuth, antimony, and copper-based halide
perovskite materials have been utilized in ReRAM devices and exhibited excellent resistance switching (RS)
performances. Here in this paper, the recent development of lead-free perovskite and its RS performance are
reviewed, including lead-free halide perovskite materials, RS performances, and RS mechanisms of lead-free
perovskite-based ReRAM. Finally, the key problems and development prospects of lead-free perovskite-based
ReRAM are also presented, which provides a fundamental step towards developing the RS performance based

on lead-free halide perovskites.

Keywords: lead-free halide perovskite, resistive switching random access memory, resistance switching

performance, mechanism of resistance switching
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