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Electrical performance of MASnI3 based perovskite thin film transistors (TFT)
used in the study(a) TFT structure used in this work (b) TFT performance
according to halide anion engineering (c) Hysteresis. Average of 10 transistors
per type (d) Hole mobilities calculated from forward/reverse voltage scans.
Average of 10 transistors per type (Inset: Mobility variations calculated by
(μRev−μFor)/μRev×100%, μFor=Forward scan mobility, μRev=Reverse scan
mobility). Credit: POSTECH

Robot vacuums often stumble on door thresholds that are not particularly
high. A similar threshold voltage exists in a transistor through which

1/6



 

current flows. As long as the voltage exceeds the threshold voltage, the
output impedance of the transistor is sharply lowered and current flows
easily, improving its performance.

Recently, a POSTECH research team led by Professor Yong-Young Noh
and Ph.D. candidates Huihui Zhu and Ao Liu (Department of Chemical
Engineering), in collaboration with Samsung Display, has developed a p-
channel perovskite thin film transistor (TFT) with a threshold voltage of
0 V.

Despite the development of metal halide perovskites in diverse
optoelectronics, progress on high-performance transistors employing
state-of-the-art perovskite channels has been limited due to ion
migration and large organic spacer isolation

In this study, the research team constructed a methylammonium-tin-
iodine (MASnI3) semiconductor layer by mixing the halide anions
(iodine-bromine-chlorine) to increase the stability of the transistor. The
device made using this semiconductor layer showed high performance
and excellent stability without hysteresis.

In experiments, the TFTs realized a high hole mobility of 20cm2V-1s-1

and 10 million on/off current ratio, and also reached the threshold
voltage of 0 V. A P-channel perovskite transistor with a threshold
voltage of 0 V is the first such case in the world. By making the material
into a solution, the researchers also enabled the transistors to be printed,
lowering their manufacturing cost.
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Analysis of MASnI3 thin films using halide anion engineering(a) Image of the
TFT surface (b) X-ray diffraction analysis (c) Cl 2p X-ray diffraction analysis
(d) Hall mobilities and hole concentration. Average of 5 TFTs for each type.
Credit: POSTECH

Through this study, the research team demonstrated that the primary
cause of the hysteresis that lowers the performance of the perovskite
TFTs is the minority carrier trapping, not the ion migration. By lowering
the threshold voltage, the movement of electrons and holes is
undisturbed, enabling the current to flow smoothly.

Furthermore, the research team succeeded in integrating the perovskite
TFTs with commercialized n-channel6 indium gallium zinc oxide
(IGZO) TFTs on a single chip to construct high-gain complementary
inverters through a circuit-printing method.
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Analysis of hysteresis and iodine attack point of MASnI3 perovskite TFTs(a)
Iodine-based, iodine/bromine/chlorine-based thin film transistor performance as
a function of scan rate (b) I 3d3/2 X-ray optical spectrum (c) Halide anion and
iodine according to MASnI3 and MASn(I/Br)3 interaction strength between
defects (d) Passivation effect of iodine defect by a chlorine anion. Credit:
POSTECH
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Operating stability of perovskite TFTs and performance of the integrated
inverters.(a) Consecutive on/off switching test of iodine-based and
iodine/bromine/chlorine-based TFTs (b) Threshold voltage change with respect
to bias VGS = VDS = −12 V (c) Perovskite/IGZO inverter (d) Voltage transfer
(e) Gain. Credit: POSTECH

This study is drawing attention from academic circles as a technology
applicable to the development of OLED display driving circuits, P-
channel transistors of vertically stacked devices, and neuromorphic
computing for AI calculations.

  More information: Huihui Zhu et al, High-performance hysteresis-
free perovskite transistors through anion engineering, Nature
Communications (2022). DOI: 10.1038/s41467-022-29434-x
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