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Main Research Topics

Chemical solution process : Physical vapor deposition
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Why do we need p-type semiconductors?
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Mat. Sci. Eng. R Rep. 135, 85-100 (2019).

What type of materials are there?
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O 1 Introduction
Tin Perovskites for P-channel TFTs

| Excellent carrier transport material | P-doped nature of tin perovskites
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Adapted from Nat. Electron. 6, 559-571 (2023). Nat. Electron. 6, 650-657 (2023).



O 1 Introduction
Vapour-deposited Perovskite TFTs

| Where this work stands
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Results
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| Electrical properties
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| Where is Cl located?

100 A
CsSnl,
80 -
S
o
o
8 60 A
c
[}
o
(9}
Q
Qo 404
£
< —13d°
R — Cs3d°
Sn 3d°
- Si2p
(o] T T T T T
0 5 10 15 20 25 30
Etch time (s)
120 -
Point A
o Point B
100 =’ )
,PointC
80 -
g
% &5 '4 Point D
[ A
2 \
40 -
= SnCl,
20
— CsSnl,
— CsSnl,:PbClL,
0 T T T T
0 200 400 600 800 1,000

Temperature (°C)

Atomic percentage (%)

100
PbCl,
80 4
-
— Cl2p
- Si2p
ZIO 25 30
Etch time (s)
A ? " Cl-re!atgd
E ECl' substitution in V, { vaporlzation
1 i lsss i
| ledho- ;a
o) BN Ry
\( ‘- R ‘/ ;{ /. Pb” substitu-
@@ PQtioninvg,
PRa NI '\/\i( >
v Cs*
\E A'-‘A}\'\ /\(\‘3\\8 sn?*
v\
o Il i Ng ‘llq/\ -9 Qo
IR g © Pb*
i bé L0 o cl
698 L4 »
SN
Post annealing O,

NormAlized intensity (a.u.)
=\
N

Distribution of Cl through Thin Film

Cl2p
Etch time (s)
-1
-2
>2

T T T T u
192 196 200 204 208

Binding energy (eV)

Post-annealed films

- Uniform distribution of all elements, except CI

Dominant intrinsic defects

- Vg% (shallow acceptor: dominant native defect)

-V, (dominant compensating donor)

Lead(ll) chloride can passivate these defects
- Pb?* takes place of Vg, (hole source)

- After vaporization of Cl-related species:
Trace CI- scattered or take place of V,



03 Summary and Future Applications
Application in One-Step Fabrication of OLED

| One-step, one-environment fabrication of TFT driven OLED

Data Voo a
Scan ST Data (R) = :N'- = ) )
1 Data (@) = v T 3
ifgs D-TFT Data (B) i"
c OLED r "
AOI Display.
Nat. Commun. 11, 2732 (2022).
OLED pixel . _

Vertical stack of driving TFT with OLED — Continuous thermal evaporation of each layer in one environment

Vertical Integration

Nano Convergence 12, 11, (2025).

Vertical stack of p-type and n-type (e.g. In,O5, Bi,Se; and more)



Summary and Future Applications
Summary
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PbCl,: Hole suppressor and crystallization agent for high-quality thin-film with well-connected large grains
Optimized TFT: record-high hole field-effect mobility over 33.8 cm?/Vs, I /I 4 > 108

’on
Successful large-area fabrication of high-performance metal halide perovskite transistors in an industry-compatible
method, suitable for driving TFT in OLED backplane




