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K1 (a) ANEGEESSERD AU T 2R E & (b) IO 0 Al 85 4K 5 TFTs #5125 44 7R B K
Fig. 1. (a) Synthesis of perovskite film with different dimensions; (b) schematic structure of TFT based on perovskite with a typic-

al structure of bottom-gate, top-contact TFT.
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Fig. 2. Schematic of perovskite structures with different dimensions.
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B 3 RS WEARE T MR () 40 48 (b) n = 3MHE 48 (c) n = 6 MUHE_4E; (d) =4S, Hiiia T

WA R L FHIR R 1 pm

Fig. 3. SEM images of perovskite films with different dimensions (a) Pure-2D; (b) Quasi-2D (n = 3); (c¢) Quasi-2D (n = 6); (d) 3D.

The scale bar is 1 pm for the SEM images.
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Fig. 4. Top-surface AFM images of perovskite films with different dimensions: (a) Pure-2D; (b) quasi-2D (n = 3); (¢) quasi-2D (n =

6); (d) 3D. The scale bar is 5 pm for the AFM images.
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Fig. 5. XRD patterns of perovskite films with different di-

mensions.
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Fig. 6. (a) Normalized PL (b) time-resolved PL spectra of

perovskite films with different dimensions.
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Table 1.  Time constant and amplitude of perovskites with different dimensions by fitting the TRPL decay curves.

PEAMA, Pb,l3 1y A, 71/ns Ay Ty/ns Tave/ 1S
n=1 — — — — —
n=3 572.0 18.3 66.9 125.2 101.9
n==06 520.9 31.2 306.2 236.6 198.9
n= 347.6 6.2 77.16 44.3 29.5
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(a) 4l —4k; (b) n = 3MHE4E; (c) n = 6 AYE 4k, (d) =4EF5ERT7; (e) AS[H 4EE4S

Fig. 7. Water contact angle of perovskite films with different dimensions: (a) Pure-2D; (b) Quasi-2D (n = 3); (¢) Quasi-2D (n = 6);
(d) 3D; (e) images of perovskite films with different dimensions before and after exposed to 30% humidity of the ambient environ-

ment.
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Table 2.  Summary of water contact angle of perovskite films with different dimensions.
Pure-2D Quasi-2D (n = 3) Quasi-2D (n = 6) 3D
Water contact angle/(°) 75.31 64.70 61.66 38.88
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FE, Voo IR, C A4 s 2 s frm iR 2,
HOPRE K SE S W/L = 1000/50 pm. 2 3 f4%

TR R RRISERE 5 ER™ TFTs #4451 AH & P g
2. ATLAE I, i SR MR T LA T 3P
“Aazg” (IR RSE PEA AHLREF, e 2 FATHIK
14 i AR BB ] S BV TU 4 fishk TFTs R BT s (19 2%
LTINS g, [ AR 2 TR ik 5
SRR BRe b 285 BRI A s o R TR, PR,
4l 2 A5k TFT #R3H 7.2x10° 2 cm?/(V-s)

3 HETORIRIGEEEE R A R A A AR R
AHCPERES L
Table 3.

meters of TFT devices based on the perovskite with

Summary of related performance para-

different dimensions.

Perovskit )
ers(;:jel ¢ ;uhole/cmz'(v's) ! Ion/-[off Vth/V SS/V-dec’l
Pure-2D 7.2%10°2 10° 2.30 0.11
Quasi-2D 2.90 10° 3.10 0.60
(n=3)
Quasi-2D 3.90 105 1.85 1.10
(n=06)
Quasi-2D 5
(n = 20) 0.79 10 0.4 1.25
Quasi-2D .
(n = 30) 0.27 10 0.70 1.60
3D 0.30 10! 0.60 0.14
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Fig. 8. A comparison of typical transfer characteristic curve of the TFT devices based on the perovskite with different dimensions:

(a) Lo Vs (b) I;S/Q— V, respectively.
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Fig. 9. SEM images of perovskite films (a) Quasi-2D (n=20); b) Quasi-2D (n=30). The scale bar is 500 nm for the SEM images and

5 pm for the AFM images.

MRS GRS A, R AR T AR R &1 F a5 iy
3D 5k TFT #fFiyas 7T (0.3 cm?/(V-s)).
T 3 F 22 TCHLZ B i — 454k A1 BHY TFTs
F i, B TCHUZ B n (EAYIE Y 3E R, WA
A ERETS B FE T, MLERE n = 6 I, 5k
TFTs %5 7GERRIRE] 3.9 cm?/(V-s). {HFE n {H
RS TE i, R TERERRAR. 25T n = 20, 30 AHLTE
PLARALES KA 1Y TETs #2587 GE R 3530 BRI
% 0.79 cm?/(V-s) il 0.27 cm?/(V-s). M4 XA [H]
HEREESERE APRMERER 23 M, —J7 T, AR n (EHE

HEAGERA AR S, IR B 5 B R KL, HLi
FEANBHE, A T 3R LS B 5 2 B 5 AL 4t
ZHERGERA, I ARG R R b B A, A
AT HGE e S HBEZ s, 5 —Jrm,
TAE TR M RER R E BHE THI S, AR
e 1 TSR T 1) I I i R A R B B0 T
iz 4a, MERSRGR T AL f PR i 717 TS
JRBITCHLIZE T TCHL)Z K a4 e A 4 T
TWTEIRAE R N BGR T 19k iz, P2 ae A 200
Tz SYCERIE R R m AR PFEERE. RIS, JCHLZ
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Abstract

Despite the fact that three-dimensional organic-inorganic hybrid perovskite is regarded as a promising
material in the field of optoelectronics and microelectronics due to its excellent photoelectric properties,
however, the instability under the moisture environment and the gate-voltage screening effect associated with
ionic transport are still serious, which restricts the development of perovskite devices. Here in this work, the
lead iodide perovskite (PEA)y(MA), Pb,I;,; series are successfully prepared by one-step solution method,
including pure-two-dimensional (pure-2D), quasi-two-dimensional (quasi-2D) and traditional three-dimensional
(3D) perovskite materials. The dimension and microstructure of the perovskites are regulated, and the effects of
dimensions on the performance of organic-inorganic hybrid perovskite materials are investigated firstly. The
crystallization of the 2D perovskites and 3D perovskite films are observed obviously. Moreover, the surface of
pure-2D perovskite film with discoid, regular and micron-sized grains is smoother than that of 3D perovskite
film. And also, the unapparent grain boundary is exhibited in the quasi-2D perovskites. A uniform perovskite
film with full coverage and inconspicuous grain boundaries facilitates the transmission capacity of the charge
carriers in the channel layer due to the reduction of defects caused by the grain boundaries. And benefited from
the high-quality films with inconspicuous grain boundary as demonstrated, the quasi-2D hybrid perovskite film
exhibits a longer carrier lifetime (7,,,) than traditional 3D MAPbDI; perovskite film, revealing that the layered 2D
structure is more favorable for carrier transport due to the fewer defects in it. In addition, under the condition
of the same environment humidity, the 2D perovskite materials show better moisture stability. Then, to
investigate the influences of dimensional structure on the perovskite field-effect devices, we fabricate the
bottom-gate and top-contact thin film transistors (TFTs) based on the perovskite materials with different
dimensions. As a result, the instability and ion migration effect for each of the devices are suppressed effectively
due to the distinct 2D layer-structure and quantum confinement effect, which leads the device performance to
be further improved. The device based on quasi-2D (n = 6) channel TFT achieves a hole mobility (uyq.) of
3.9 ¢cm?/(V-s), an on-off current ratio of 10* and more, and a 1.85V turn-on voltage of 1.85 V. The first
application of quasi-2D organic and inorganic hybrid perovskite materials to thin film transistors provides a new

idea for preparing the high-performance and stable thin film transistor devices.
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