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ABSTRACT 
Despite impressive progress on metal halide 

perovskites (MHP) based optoelectronic devices, little 
research has been done for applying them as a 
semiconducting layer for thin-film transistors (TFTs). 
Herein, we introduce various engineering to modulate the 
excessive hole concentrations in three-dimensional Sn2+-
based halide perovskite film. Optimized CsSnI3 TFTs 
channel exhibit ultrahigh hole mobilities of 80 cm2V-1s-1 
and impressive current on/off ratios exceeding 108 with 
improved reproducibility and operational stability. 
Introduction 

1. Introduction  

Over the past two decades, metal oxide 
semiconductor-based thin-film transistor (TFT) technology 
has attracted considerable research interest and great 
success. Compared with silicon-based and organic 
materials, metal oxides possess good transparency and 
balanced electrical performance, mechanical stress 
tolerance, and spatial uniformity, providing balanced 
suitability in many aspects. However, all commercially 
available oxide semiconductors are n-type (electron 
transporting), with few p-type (hole transporting) 
counterparts reported (e.g., CuxO, SnO, and NiO). The 
next attention has focused on the development of high-
performance p-type semiconductors with comparable TFT 
properties to their n-type counterparts.  

e.g.
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2. Result   
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3. Experiment 

Preparation of precursor solutions. All chemicals were 
purchased from Sigma-Aldrich and used directly. The 
preparation details for SnF2 and CsSnI3-based precursor 
solutions can be found in our recent report. The new 
additive solution (0.015M) was prepared by dissolving new 
additive powder (99.8%) in DMF and followed by the room 
temperature stirring overnight. The new additive solution 
was then added to the CsSnI3-based precursors with 
different molar ratios (with respect to SnI2 and PbI2) and 
then followed by the 50 oC stirring for 20 min to obtain the 
solutions for the film/device fabrication. All precursor 
preparations were carried out in an N2-filled glove box. 

Thin-film fabrication and characterization. The film 
characterization samples were deposited by spin-coating 
the precursors on different substrates at 5,000 rpm 
followed by thermal annealing at 100 °C for 5 min in an N2-
filled glove box. The film crystal textures were analyzed 

glass. The film SEM images were measured using a JSM 
7800F on SiO2. The film optical absorption spectra were 
recorded using a UV-visible spectrophotometer (JASCO 
V-770). The film XPS analysis was performed using PHI 
5000 VersaProbe (Ulvac-PHI, Japan). The film Hall 
measurements were performed using the van der Pauw 
method with a 0.51T magnet in an N2-filled glove box at 
room temperature (approximately 20 °C). 

Device fabrication and measurement. Bottom-gate, top-
contact TFTs were fabricated on the heavily doped Si 
substrates with 100-nm thermally grown SiO2 in an N2-

filled glove box. The CsSnI3-based channel layers with 
different dopants were deposited following the above film 
coating process. The Au source and drain electrodes (40 
nm) were deposited on CsSnI3-based channel layers to 
construct the device using a thermal evaporator placed 
in an N2-filled glove box. The mask channel length/width 
was  All the TFTs were characterized at 
room temperature in the dark and N2-filled glove box 
using a Keithley 4200-SCS. The FE of the TFTs was 
calculated in the saturation region from the forward 
transfer curves using equation (1): 

                                                 (1) 

where L, W, and Ci are the channel length and width, and 
the dielectric areal capacitance (34 nF/cm2), respectively. 
VTH was estimated by linearly fitting IDS1/2 with respect to 
VGS. The SS is the inverse of the maximum slope of the 
IDS-VGS plot. 

4. Conclusions 

In conclusion, we have demonstrated a new additive as 
a more efficient hole suppressor compared with the 
conventional SnF2 for the reduction of the excessive hole 
concentration in 3D Sn2+-based halide perovskites. The 
strong hole suppression capability enables the small 
amount of SnF2 feeding in the precursor, eliminating the 
negative effects of a single SnF2. To achieve high-
mobility Sn2+-based perovskite TFTs, we further develop 
a new additive/SnF2 co-doping approach and probe the 
key roles of SnF2 as the crystallization promoter and the 
new additive as the hole suppressor. The optimized 
devices exhibit high FE of 65 cm2 V-1 s-1, high Ion/Ioff over 
108, and improved operational stability. We expect this 
efficient hole suppressor, and the novel co-additive 
approach can provide new opportunities to achieve high-
efficiency Sn2+-based perovskite optoelectronic devices. 
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