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Abstract: Organic-inorganic hybrid halide perovskites have attracted a huge amount of research interest and arised
new research upsurge due to its broad absorption range, low trap density, low carrier recombination, and other excel-
lent optoelectronic properties. Perovskite solar cells have shown great potential for application with maximum power
conversion efficiencies evolving from 3.8% to 22.1% in just a few years. Single crystal has extremely low defect den-
sity and minimal interface defect than polycrystalline materials. Several research groups successfully cultivated
large-sized perovskite single crystals, finding that perovskite single crystal is an ideal material for design and fabrica-
tion of photovoltaic devices for better light-response than polycrystalline and thin-film materials. Among all kinds of
perovskite materials, CH;NH;PbI; is one of the most widely studied and applied perovskite materials. This paper re-
views the study of CH;NH;Pbl; single crystal recently, introducing its structure and superior characteristics. Particu-
larly, growth methods and applications of perovskite single crystals are highlighted. Finally, the development trend of
perovskite single crystals is prospected.
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Fig. 4 Schematic diagram of solution temperature-lowering crystallization(STL)

(a)-(c) Crystallization process of BSSG and images of as-prepared CH;NH;Pbl; single crystalt
(d)-(e) Crystallization process of TSSG and image of as-prepared CH;NH;Pbl; single crystal
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(a)-(c) Crystallization process of ITC and images of as-prepared CH;NH;Pbl; single crysta
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(d) CH3NH;PbI; crystal growth at different time intervals by ITCHY!



1040 T ML A K R

33 %

B B A T iR

W 6 i, Liu i UH DB J5 28 7 0T 45 &
(R JE At b R R = A) BR3P 7 325 i 26 HY CH3NH;Pbl;
PR, IR I R T AR 2 T TR) B A /N B T S BB
R AR — RANANE JEBE(~150. ~330. ~670
H1~1440 nm) ] CH;NH;PbI; 55 Fr o NS ARTT B4 5
B 25 Bl 6 L 38 28 B 4T F 6, %3R8 2H 78
CH;NH;PbI; & F FEfib b 41k & i 4% 10 % H 4700 2%
NV EEE ISR I D AN VAV SR e AT TR S
PR EE I, o #0 Ji B0 o AR 4 R 45 o
EREREDT,

3.3 BFIHHENIESR(SAC)

Yo 7V B G v SRR R ¥ 771 45 d 72 (Anti-Solvent
Crystallization, ASC), R[JF|FH H A s 7 71 (5 7% 71 8K
TV T ) A VS TR VR T A B U i, R TR
EKH” CH3NHsPbl; H A ke —. Bl
WIE )R & OI5(ACN) R &R, A
Jo 2 S 2 ) A ) % CH3NH,PbL; 7E p- T
s P R S, S YO A R AT R P BT RT Ik 38 4 A
WEEZS Sa AT, IR N 45 &0 A R T F#K CH;NH;PbL;
BT RHR I T A RSB A e e RS
331 SRk

2014 45, Bakr PV Yo Hh R I 75 e B S ek
g imi, R S e R A LGS N SR A K
W, P4y CH3NH;I 1 Pbl, 58 AN T =& W ke, b
FIRWR AR REN 2, i<l CH;NH;Pb;
TE I 4 fm A IR OK, T R R

Kl 6 (a)~(c)7 A FRIFH %% CH3NH;PbIy By by /s 2 18] e s
IR (d) CH;NH;PbIy 5L B ] 4% 0l B R 2507

Fig. 6 (a)-(c) Schematic diagram of thinness- and shape-
controlled growth and images of as-prepared CH;NH;Pbls
single crystal wafer; (d) Mass photodetectors based on a piece
of single CH;NH;Pbl; crystal wafer®”

R T FEE NI FEE AT DA ) A 2 K R R~
&l 7(a)F(b) 7, Bakr 255 X Fl 7 vk i T ) 4%
Y CH;NH;PbI; 55
332 CZ AN

2016 4F, Fan ZWH 2 J55 B 45 & 1 I AE 70°C
il £ tH B K 2% CH3NH;Pbly 55, ARATT7E SEig Kk
B y- T BRI R INNGE & 4 5 2R3 CH3NH,I
F1 PbI, JNTHE 7 il 2048 CH3NHPbIs 3 fif B2 Bl i3
AL 2k, 18 CH;NH5PbI; 7E 70°C 5t 7] LA4S f A e o
KPR ITVEAE y- T WBEAEVE 7V AR & b e IRAEAH
XA FE T 928 K 2 CH3NH;Pbl; Fo g s A4
K, A5G CH;NH;PbI; i 7 i 5 il 28 A1 5%
JE 15 2 B R AR 1 B 7(c) R (d) TR -
333 &S F(CB)HLE R

b5 Liu ZPIRBIAE MR CH;NH;PbI,
1E - T WERVEW R AR, Wl 7(e)Frw, T
—EBA G CH;NH;Pbl; f R TRAE 30°C A
BIRE B RN, 75 60°CHTHH L) 50%, Il H

(®)

DCM diffusion

Antisolvent: DCM

CH3NH;I+Pbl,
in GBL solution

(¢

—~ =
7 -2
3 3
) E
= =
Ey 3
Z £
g E
[=3
1}

0

20 4 60 80 100

©

Solubility / (g(100 g solvent)™)
[SEFN-Y
o o o

40 50 60 70 80 90 100
Temperature / 'C

Bl 7 A B2 i (a)~(b) S el B 45 s 2 i i
8 5% (c)~(d)CH3NH;PbI; 7E GBL/ACN YR A5 VA 771V il FZ i
2% S B R SEA R A, (e)~(f) CH3NH,PbI; 7E GBL/CB VR4
VYT VP Y 2 5 L S 1)

Fig. 7 Schematic diagram of solvent assisted crystallization
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(a)-(b) Crystallization process of DCM assisted and images of
as-prepared CH;NH;Pbl; crystals™; (c)-(d) Solubility of CH;NH;PbI;
at different temperatures in mixed-solvent of GBL and ACN, and im-
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CB, and image of as-prepared CH;NH;Pbl; single crystal**’
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PR G E AR AR, WA B A AR S B E
FEROW LVA AR, B 1.2 mol- L' LA b iR Y S Ak
AR IZ T A 15 LA PR M 75 A 2 R (] B K
G307 W, TR ik g5 di A A fe R, BN A AT
DL oKL 2 BER b AE K, T2 I EE T
T R A AR RS B ;17 79 B 4 o D) —
TEFRT AR T, MEBE A RN i R 7 AR I i)
i, AMTRELHFOR SR EE. XT
CH;NH;PbI; 5 TR 0 4%, 3 24 1 2 A AR 5 TR
IO O RN AR AR K D7 v R 2 T B 3 PR o i A
A2 K 7 V2 R A R B TR OIR 3R AT 4R I 1A T
B 102031 ety 3145 A R IR 0R A0 R ST B 45 Bk B
DAL RO F S R S TR 7

4 FEERH R AR

b6 2 K BH B8 ' B B8 RIS AR B S ) 4 T2
R, TR R R SRR B AR RE O,
LRI, XSGRO, 2 Gk R T KB B
FARIS O TR AR R Stk o K e A% Ty
RGBT Z N, B B E & A kiR 2 1)
TFFFL VR B RS R 5 AR R FLARR I T U6 s
FONFH Bz s, i 8 Fis.

F1 BRIEMAEEHEE CHNHPb; B B EELE R
Tablel A summary of properties of CH3NHsPbl; single crystal by different methods

Growth

Carrier mobility/

method Solvent 7C Size/mm (em®Vs ) Trap density/cm > Bandgap/eV Crystal system Ref.
STL HI 65—40 10x10x8 — — 1.48 Tetragonal [38]
HI 100—57 12x12x7 — — 1.48 Tetragonal [42]

HI 105—40 20x18%6 167+35 (1.8+1.0)x10° — Tetragonal [60]

HI 75 103 164425 3.6x10" — Tetragonal  [40]

ITC GBL 60—110 5.8 67.2+7.3 (1.4+0.2)x10"° 1.51 Tetragonal  [41]
GBL 50—100 71x54x39 34 4.8x10" 1.53 Tetragonal — [43]

GBL — 113%x58x52 41 2.1x10° — Tetragonal  [55]

GBL 60110 ig&ﬁiisg 39.6 6.0x10° 1.45 Tetragonal  [56]

SAC T GBL/DCM wéiﬁiLm Millimeters 2.5 (3.3+0.3)x10"° 1.51 Tetragonal ~ [39]
GBL/ACN 60—70 17 — — — Tetragonal [44]
GBL/CB 3060 15x15%10 — — — Cubic [45]
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CH;3NH;Pbl; f HA A B A 4k N % 22 1403 . o'
HLPR I 25 o] LUKOBE SR S S, REUE .
M) 1 TR P A %) 6 F R 2% 76V 22 7 TR LA B L
o XEHERMN AR R U, MR 2% R A& TR
EQE 2 H e i A B BB bR . F A Bk 5
Bm B TR B K RN R I 2 B AR R, Sun i
B MIE CHSNH5PbI; 55 JE Al b s oh - 45 5k 0
HOEEERIES, S5 2 6 A 2RARI 2R AR b, 1%
B SR PRI 2% B A B A (A e M L B TR 11 S IX ]
SR S B B B R IR SR R DA A BT RIUR
EQE, ZifrPEReAmiie T Mm% iR %% . Ding 2%
HU CH3NH3PbI; 5 i A K LR 1S 1 [100] & T 8 1T 5 d
RIS, A A AR K S 1208 5 BE L 3 U Hh DR UE 45
i JUT R BRI B R R B 5 B, TR A PR 48 R T H
A8 10 s RFPE, 7E 780 nm G IE R i N K R A
2.531 AW, MR T3 EQE ik %) 396.20%, Bl
U+ GaN. GaAs. GaP ZEM BTG R 25 .

PR BA fig Ha v AT, — M L R T HOR A

[40, 42, 48, 56-57, 67, 71-72]

AL 46 P A P A H s e - D 26 R Ak D 5 1 1
P, AR AESZIN A 2%, Huang 158 41100 v
CH;NH;Pbl; S & 7 TR G A BHA T H S R0 B K
FH g FEL, 75 B AT IRk 1) 25 1 T 12 K FH A Lt
M ELIAF) 33.0 mA-em %, LU [E ST £ 5 OK R
RE LR = 20%. BEJ5, Huang RAHM K H
CH;NH;PbI; H g iR H A 1R 58 (1) L RLRE, 9[001]
A T 7 ) s P R BT LA B 2.7 pmeV!, 7 i
BT A [ 25 74 FLl Au/CH3NH;PbL/Au £
170 K Bt AR T IA 3 5.36%, T HLE Ve
FIVHG B FL Joe A EU TR S 28 10 A 1) 8 K FH R PV
A TRKIEEF.

o A S R RN A T DAARIN X IR v RS
Re R FF G S, ZNH T 2R, E5¥
Gy T ARSI S 7T« X6 T v A S 2 4R D 2% ok
Ui, PHRHERIR TR R u AP © IR R
R EZER R, MR RE T Z 2 X S
TR R R (X R E R A a2t B, ENX
SO T REE); FSERT AMORLA S A R ) H kR
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S X SRR FRAE AR, Cao F1 Huang 2516
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PAA S| 1.2X107% em® V!, 5 £ 5 R 250
AAH EEAR Rt 3 ey 1 BRI R BT . S A R LA AR
™ e Al P % B s PRI 28 e RE I BB EE R &R, P&
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2 T AR ST RN 2% DAER I A H S 1, 280 MK iE B
CH;NH;PbBr; .5 M 45 58 % F R RW o ki, H
ut TIEF(0.4~1.6)X 107 em> V™!, B T 6% R4
RIS . Zhu AL T CHSNH;PbI; 5
RN AT L e XS RIS, BUS T R
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P RHEE Sl 2% 1 B FH 4138

5 RES5RE

IRZ BT, B ERDT 5 EL A A A R e
JEE AR A (0 S T R B, X I B A R R L 2
VAL B Hh P (AR AR S ] 2 — 8% 47 38 74,
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