Applied Physics [ F#J#, 2021, 11(12), 445-452 Hans XMl
Published Online December 2021 in Hans. http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2021.1112053

CsPhBr 5567 .8 I R R
i

BOZE, A

W ZRUEIYE R 2, BRI WK

Wk HEA: 20214F11 H17H; S HEE: 2021412 H20H; KA HEY: 2021412 H27H

R

S5EH. - THZALEET M, £TCHIE548 CsPbX; (X = Cl, Br, D PARLAREH B THER KB VLIEE
F, HEEAERNREE. 2SS BRAEFRNEER, BRNBRRTFIBR, Hmg 2
HFH &M, RMIELHECsPbBrsiE G 77E, WA B @Rk, REELSSMRBEFZR
WP RS, AEKBRTEE. SRTZNEZRE, HREREMANEE, FEXERNE, TERY
MR . AR TR, BRAMEA T —MBREAAEE, BdRIEBRRBEFEHSHY ERESRK
B, MAREEIRESREK, BEARBEFRENCsPbBrsBURE & . FlHZ%CsPbBrg54ky B df
MEERE - 154 - EREMFDERRNE, ZHHRIHMRROGEMEE, E1VIIERET, H{4E
540 nmAL IR N2.68 x 10-3 A-W-1, FE2 VERIEF, JERFHEFLHTE2.23 x 103, FNERILT PuE
AR 2R TE) (B FHEF R) . 8.3 ps; FRERTTE]: 684.9 ps).

KA

PEE, B, WS

Preparation of CsPbBr3 Perovskite Single
Crystal and Research on Its Photodetector

Ying Bi, Xiuwei Yao*

Harbin Normal University, Harbin Heilongjiang

Received: Nov. 17", 2021; accepted: Dec. 20", 2021; published: Dec. 27", 2021

Abstract

Compared with the organic-inorganic hybrid perovskite, the all-inorganic perovskite CsPbX3 (X =
SEAEE
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Cl, Br, I) don’t contain organic cations that are prone to thermal volatilization, so it has higher sta-
bility. All-inorganic perovskite single crystals have low defect density and high carrier mobility, so
they are widely used to prepare optoelectronic devices. However, traditional methods for manufac-
turing CsPbBr; single crystals, such as Bridgman method, inverse temperature crystallization, and
anti-solvent vapor assisted crystallization, often rely on high temperatures, complex processes, and
vacuum environments. Moreover, the crystal quality is relatively poor, and there are a large number
of defects, which seriously affect the performance of the device. In this research, we used a two-stage
heating method to control the high-quality nucleation of perovskite at low temperature by slowly
evaporating the solvent, and then increasing the temperature to rapidly crystal growth, and finally
obtaining high-quality CsPbBr; bulk single crystals. The CsPbBr; perovskite single crystal is used
to construct a photodetector with a metal-semiconductor-metal structure. The device exhibits ex-
cellent photoelectric performance. Under a bias of 1 V, the response of the device at 540 nm is 2.68
x 10-3 A-W-1, Under the bias of 2 V, the ratio of light to dark current is 2.23 x 103. At the same time,
it exhibits a fast response time (rise time: 8.3 ps; fall time: 684.9 ps).
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b ACHYES SR RRH AL 8 500 APbX;, Heft A= CH,NH; (MA"). CH(NH, ), (FA)&{ Cs", X = CI'+
Br o I'. #R45 A A B E B CAHLEEAL), ATRE AMARAL, G - TCHURACES SR 40
MUESERH . B TSR PORLEAG At i tERe, BT, R FITBERER, SERIRE
AR 7 B KA AL H AT SO G A T IO ARl 2 — . [1] [2] [BPEHERIZES
BASEHE G RGO, B LEBRASGE SHEOVBE S, V. WA, Sug
WEE T AT VZ BN o[4] [5] [6MEAHE B2, AN - THLZRAGES S M B BE B 7 5 Be ] 3 22 MA™
B FA', EXEANERHIE I KA T (<200°C) 5 THEK, X ST BN S B4R, A Beds 2 1)
T P 2 b T 77 e 1R WL LR S R PRME SE bR TR B2 R o (7109 R B, 35 FH e AR
BT Cs R & A MITANLIHES T, BRSNS MEL, BT AESANEE T, RN TR
TR ENE, AR TV MRLE 4k TG ML - TTHLA S ERA AORML R F kR, 9 e 2y
BrT iR e R I T RO RIS, IR B TR E AR R

WA G C @A AR TR BRI £ T TOK B CsPbBrs 2 TCHUS A fb ik . [71{H 2K
BN ST B E T E E 7E AOG B SR R 2 A E AR R R IR, B AR KRS mlEr
CsPbBrs HUtk L fi 2 173 0 R o BAR T DId ik 22 Py i 2k 1) 7 kil 26 K RSTIE HL - oW ERA i
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R, (HRZ TR B RIR(600°C) R E 45 (10~4 mbar) RIFRZE I RTIRIA . 1AL GLHISE friE,
IS A AR, X PTG R A R FE R e Ho A R A R, V)R EIF R R KK
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AR SCERFT T A 5] LA i SR A 0] A2 BRI 5, RIS R T — b U IR . CsPbBrs 4 EHLAS K
W75, FEXT CsPbBr3 B s AF 5 2R AF VR REREAT X bl o B S0 380 15 28 T V5 71142 1) B it A1
T R A%, B PR B T R SR AR P A, AP SRS ST 1 CsPbBr; A eALAS 4K
. DOZSREIE RIS, FIFSIE AR, BATH S T &8 - L5804 - SRS MR R
Mg, 762V HLE T 8PERE EFN 1.37 x 10 mA, JE RN 3.05 x 107 mA, YERG R EL N 2.23 x 10,
L VARE T, SAEE 540 nm G FSZHLT 2.68 x 107° A-W ' BRI S FE . IhAh, 1Ze$ 8 B A bRk i1
M RS B[] (b Tk B ) 8.3/684.9 ws)o MIF 78 AT Dy i PR RE A LRI 28 (1 JF R B2 T — ANk 7 B B

2. SCIGERSY
2.1. CsPbBr; B SR %

CsPbBr; Jj IR 1] % : K CsBr A1 PbBr, LA 1:1 BE/R LA AARTE 2 mL — F IE W H(DMSO) ', 60°C
bk 24 h EEIRGLAEHER, BEEEH 0.45 um (R PU G 207 1 D828 5T SR A AT g, Bes
AT CsTHREEAN 0.33 M (1) CsPbBrs i RAR VL -

CsPbBr; RIS %% HIEEAARFEHENR. 8. X8 FKRKIREEY 15 min, WT&H. B
30 pL FTORAARVAH, T AEAT R EBA 3000 r.p.m FIEEEERR 30 s, SRJE1E 100°C F#GB K 10 min.

2.2. CsPbBr; 3R 2 RV HI & .

CsPbBr; B UK TR 1] £« % CsBr A1 PbBry LLEE/REL 1:14 1:1.5. 1:2 43 HNAARLE 2 mL 1)~ H BT
R(DMSO)H, 60 CHitH: 24 h B 23R TIC B HIEW, BEJS A 0.45 pm 158 DU 560 £ 075 1o 08 28 53 i IRk
WOHATIEIE, B3R Cs R 0.6 M ] CsPbBrs Hif SR A4 -

CsPbBrs HLa AR KA i 85 0 AT SR I W K /INICETE. 60°C AL BT AE K. SRAIPIEL
XTI, S BIHRSEEAHIN 0.5°C/h, fFEEZETHE 80°CJadiff 24 h, HLL 1°C/h KTHRER T
£ 110°C, 4EFF)L ARG, BT PR K/NA 3 mm x 4 mm x 1 mm [FHOR .

2.3. SEFMEFAE.

RNTHEEE - 5K - & BMSM) 45K CsPbBrs J HLARII S, EFREETEE N 60 pum [
AR E AR HITER . 8 AZE KT ARAE CsPbBrs bR U Au A%, i bl Foy bl & 3T
CsPbBr; B &R - 51K - &)@ S5 F L IR 28

2.4. MRIANSRAFRVRIEFNE

A8 FH O 27 2 A0 A 4 H T B (SEM,  Hitachi SU70)EAE R SR IS . FIH X SR ATHMY
(XRD, D/max-26001pc) & IEFE ity 1) S AR 218 o i 284 - v W43 6 BETH(Lambda 850) 1 & St ik (PL) K
FALRE SOG4 . R RBHOEREELES(AM 1.5 G, 100 mW/em?)F12FE SRR 2 45 (Keithley 2400)3K 2%
TESSATI - Rtk i 20 1o 2o B St 1 e 5290 22 42 (DR800-CUST) R AR 254 ¥ 5 1 i 24 1 o )
FABKI OGRS, BT R a8 AL R 1 me LI A] o

3. GRE5HR
3.1. PPRIERAE

ASCAE P BT HIBE R AE K L, el 8 2R IR T 30, R AERIR AR R Rt g it =
JRER) A%, REMTEN T, SRR AR TR, I PRI 3R 5 = R ) CsPbBr; 2 GHLESEK
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W g B La)En T AR R R B o K TC I R R ARV T 53 B AE S TR T 8 () T4 R /N
SR KX L/ NSO T b SR PR B U R SR ) AR R AR B DL R B i (A, B 3 — BAERAS TR,
TP A%, B JE DRI S, BEPGEA, BEE RN R RG RS T s E . AimE
MABr 1 PbBr, e — LAY MAPbBr; AN[A, CsBr #1 PbBr, FIAHEEE Ik, RED R =HFr=4
Cs4PbBrg. CsPb,Brs Fl1 CsPbBrs. [19] & 1(b)J@7x 1 AR LGA A AT A VAR K HH I S AR A K XRD B
I E R UER, AR R B A TR VR P an ) 1(c) TR, 24 CsBr Al PbBr, EE/REL A 1:1.5 I5F, 724
ALY CsPbBrs HLiito [RIL, AXSCfH FHEE /R EECA 1:1.5 (1) CsBr F1 PbBr, Bt & HIAARTA IR, KA CsPbBr; .
P 1(a)3 B fE R T8 CsBr A1 PbBr, FIBE /R ELN 1:1.5 BRI K ) CsPbBrs #5144 8 Fr s A
Frrraf LLE R, 1% CsPbBr; fiAiBfk S8 TH8€0, FHELEOEEFE, RTZ8 3 mm x 4 mm x 1 mm.

(b) [ —PDF18364a — 1.1 —1:15 —1:2
5L—J.-—L—A.~L-A—A———L—A.—
4
S KA DTS

] W I h L2 CsPbBr,+CsPb,Br,
] l I I I " l CsBr+PbBr. 1:1.5 CsPbBr,
04

10 20

N

Normalized (a.u.)

gg 40 50 1:1 CsPbBr,+CsPb,Br,

Figure 1. (a) The growth process chart of CsPbBr; single crystal the inset is a micrograph of CsPbBr; single crystal grown
from a precursor solution with a molar ratio of 1:1.5; (b) XRD image of the crystal grown from different ration of precursor
solution; (c) Schematic diagram of precursor solution products in different proportions

1. (a) CsPbBr; B2 @ HIAE K RIZE, iEE A FER EE/REE A 1:1.5 BUBMAR R A K H Y CsPbBr; B R EME R ;(0)
[E1EE BB R E K R A R XRD Bl%; (c) ARIELHIRIERAE R E R ~EE

L 2(a) R 2(b) 73 ) R AN TR il 46 T2 il 4 (1) CsPbBrs WBF1 CsPbBrs . A7 3 [H (141 F B 1]
B, WEATR, T EBEREE 2 MRS, BRRADEE-FEILILE, LR, BraRitsn
ST . AT T AR CsPbBrs HLEFE M SRR ZE K, AT T CsPbBrs & B it ) X S 2175t i,
TRREE R U 2(0)Fam. Al LATEMIHE BI7E 15.54° 31.04°. 46.32°474E =ANBH B ATHIE, 015 51%F
J% CsPbBr; #4£+17(020)~ (040)~ (060) &h THI , 24 1EAZ i 58 FIARFAE G o = A T AT 59 0 (1) 22 08 4 58 43 331l 9 0.11°
0.15°. 0.07°, XLLLERELH]Z CsPbBr; Fat AR E5 d it & . & 2(d)&5 1 CsPbBrs H i O
(R LA AR SR BUR T (PL) (404k). RTUABHEHE Y, 1% CsPbBr; FL g 7E 5 AP X Al m) I X 2 A 54
MR SCRE P, TSGR ZITE 560 nm Abs AHRIFI G5 BRAL 508 2.23 eV (8 2(d)F ) SEBUROBIERL T
K% 530 nm &b, PIERTLIN 19.4 nm, BB K] CsPbBr; #f it FA B S I b A BT R . RS 2 AT 4R
18, PL XS TR (35 % T g H R T-7E CsPbBrs B i h A 5 1R SR A3 IR, S B0 s 5 ) Ko iple
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Figure 2. (a) The SEM image of CsPbBr3 film surface; (b) The SEM image of CsPbBr3 single crystal surface; (c) XRD im-
age of CsPbBr3 single crystal; (d) Absorption spectrum (black line) and steady state Photoluminescence spectrum (PL) (red
line) of CsPbBr3 single crystal ; inset is the band gap image of CsPbBr3 single crystal

2. (a) CsPbBr; SERFZH AR IR ER ; (b) CsPbBr; B ARREAIFIHEB RER; (c) CsPbBr; B&H) XRD Ef§; (d)
CsPbBr; B @IS (FBL) MRS L KAIE(PL) (4%k); #EEA CsPbBr, BEMHEREG

3.2. JCEHRMRRAOHIE KM RERIE

9T 5L CsPbBrsy L G HUREE , R Au BN HAR, Hil4 T &8 - 251k - &R 41 CsPbBr;
Je HAR M 28 (Au/CsPbBry/Au). 1ERE A & ERIEHR(AM 1.5 G, 100 mW/em?) &R, 4850t 7 CsPbBr;
B OG EL PRI B 0 LV R 2R . 1 3(a) BRI ERAEAE 2 V UK R, JEHIR I 3.05 x 107 mA, RIS
BT, BAE 2V TR BFICE 1.37 x 10 mA . XASHX B S s A BT CsPbBrs B i o
B MIBBEAS 2 . 18] 3(b)2A CsPbBry 5L ' H PRI 2% 14 R JE B IR (] AR 4k (1) 6 2R i 28 . nf DA 2 f W 2%
B, BAEZUOCREIERNE T, ST AT 4ERE — A FE R E RPRAS o FRATINR 1t s AR I 25 1
e R, fE 1V TAEIE T, & 3c)fE 3(d), 43 BE7R T CsPbBry B il A VEE 5 1 5l 1 g 7 4
PEEG . TLLE R, 1E NG NISS, CsPbBrs B4t CsPbBr; 1 ik i 81 H 5 i (s R B Ve RE, 72 1V
fJE R, CsPbBrs ¥ 23 7E 540 nm AL AW N A 2.68 x 107° AW, 7843 S B AR b o o 7
I ) A2 7 BRI 28 M RE 1O 59 b — AN S AL, ] DL H R 38 6 F PO AR I Y615 S i 3R AR
I Bk O 28 GO I SOG4 355 nm, Bkt 56 B2 5 ns, 5REE 3 mI) AR AN 1 3R 1F R BEASO6
M R o ) 7 B T A 5 B AN 10% BT+ 25 90% T 75 R B[] s SR B THIRFIR], P AAUEAEL ) 90% B4
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B 10%r 7 I R)E SO TR BRI AR 3(e) T LA 2, s fhnd T HRIEARAL KDL (E 5 BoA R e 1t
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Figure 3. (a) I-V characteristic curve of CsPbBr; single crystal photodetector, inset is a schematic diagram of device struc-
ture; (b) I-¢ curve of the current with time of CsPbBr; single crystal photodetector; (c) CsPbBr; single crystal photodetector
spectral response characteristics; (d) CsPbBr; thin film photodetector spectral response characteristics; (e) The transient light
response of CsPbBr; single crystal photodetector; (f) The transient light response of CsPbBr; single crystal photodetector
within 1 ms

[&] 3. (a) CsPbBr; B EBIRMEZA -V Fritahsk, HRERBHLEMRER; (b) CsPbBr; B A FCH RN 25 FRERTE)
T{LEY [+ Bi%k; (c) CsPbBr; B LN B ILMRI4FE; (d) CsPbBrs SRS BIRMIE LN R 45 ; (e) CsPbBry
B RSB N SR AR S NG R ;. (f) CsPbBrs B @S HIRMBETE 1 ms PIAYRBRAS LI R

4. &g

B2, BATKRE T — M B AR, AR T R EZKREL R E2THL CsPbBr; H
iie UL CsPbBrs L fE Lz, Au fEM A, il 7 &8 - T - &R CsPbBr; Jt LR
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MEE . ZIRM A LI T RF R, G5 2V aEN, SRR ETEN 1.37x10°mA,
TN 3.05 x 107 mA, JelE TN 2.23 x 10°. 7E 1 V fwJE T, #%4F7E 540 nm 40 RIFE A 2.68 x 107
AW A, AR BRI LA R v B IR (i S R L RIS R BRI 8.3/684.9 ps). AT IXLE4E %
B, BB FHEIE ALK ) CsPbBry Hudh 7E i MR RE e L2 0 i AT BRI R 77, 18 itk — 20 i 4%
e 14 BE 1 PR U 85 P L S B0 L AN HE B 4R T o

EHEWH
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