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ABSTRACT

Vertical organic thin film transistors (VOTFTs) are emerging electronic devices that can overcome the limitations of conventional
organic thin film transistors (OTFTs) based on lateral architecture. Here, organic permeable base transistors (OPBTSs) are formed
with an oxide layer on the base electrode through an electrochemical process called anodization, and this oxide layer acts as
a dielectric layer. Through this electrochemical method, the manufacturing process is simplified and the charge carrier transport
of the VOTFT is improved. In this study, the thickness of AlO, formed by anodizing the Al electrode was calculated through
the capacitance-voltage measurement of the metal-insulator-metal device, and OPBT operations were observed according to the
anodizing potential and interfacial layer, respectively. In addition, we observed the specific behaviors of vertical OPBT depending
on the applied potential correlations between middle base electrode and bottom collector electrode.
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Fig. 1. Device schematic architectures of vertical organic permeable base transistors (VOPBTSs) with anodized permeable

electrodes.
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Fig. 2. VOPBTs with anodization middle electrode (base
electrode). (a) Schematic of the anodizing
method. (b) Current level measurement by
anodizing voltage.
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Fig. 3. Capacitance density measurement of metal-insulator-
metal (MIM) device. Inset figure shows the
MIM with Al-anodized AlOx-Au.

Table 1. Capacitance density and AlOy thickness as
the anodizing voltage increases

Anodizing voltage  Capacitance density =~ AIO; thinkness

(V) (nF/em’) (nm)
2V 1,711.6 47
3V 1,436.6 5.5
4V 1,234.5 6.5
A
T d (1)

(C=Capacitance
A=Pixel area
d=Thickness
e=Dielectric constant
£0=8.854x10™"* F/m

2 V& opiztjold] H AALoJA], AlO2] A= 4.7
nm=Z AAFE| @13l of=t}o|A] potential 3, 4 VE &
7VrE AlO 2] FAE Z¥2F 5.6 nm, 6.5 nm=E 7}
Sl %S Bt Table 1). o8 55} ohzrtoly
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Fig. 4. Electrical properties of VOPBTSs. Transfer curves of
VOPBTs with anodizing potential 2, 3, and 4 V.

Table 2. Operating parameters of VOPBTs with var-
ious anodizing potential

Ano 2 V Ano 3V Ano 4 V

On current 4.2x107 2.6x107 1.5x107

Off current 6.5x10° L1x10°  39x107"°
Gate leakage current  2.1x10” L7107 13x107"

Vi -0.03 0.16 0.36

On/off ratio 1.6x10° 4.1x10° 2.5%10°
Permeability 99.50% 99.93% 99.91%
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Fig. 6. Electrical properties of VOPBTs depending on measurement. (a) Transfer curves of VOPBTs with various Vcg (b)
The relative potentials and the resulting electron transports in VOPBTs.
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VOT: Vertical organic transistor

OPBT: Organic permeable base transistor

VOPBT: Vertical organic permeable base electrode
transistor

MIM: Metal-insulator-metal

ACKNOWLEDGEMENTS

Author Contributions

IHL, KGL were involved in experiments, analysis,
discussion, and drafting manuscript. YDK was
involved in C-V measurement. All authors read and

approved the final manuscript.

Funding

This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (NRF-2022M3H4A1A03076280).

Declarations of Competing Interests
The authors declare that they have no competing

interests.

REFERENCES

[1] Dollinger, F.; Lim, K.; Li, Y.; Guo, E.; Formanek,
P.; Hiibner, R.; Fischer, A.; Kleemann, H.; Leo, K.
Vertical Organic Thin-Film Transistors with an
Anodized Permeable Base for Very Low Leakage
Current. Adv. Mater. 2019, 31 (19), 1900917.

[2] Klinger, M. P.; Fischer, A.; Kaschura, F.; Widmer,
J.; Kheradmand-Boroujeni, B.; Ellinger, F.; Leo,
K. Organic Power Electronics: Transistor Opera-
tion in the KA/Cm® Regime. Sci. Rep. 2017, 7 (1),
44713.

[3] Klinger, M. P.; Fischer, A.; Kaschura, F.; Scholz,
R.; Liissem, B.; Kheradmand-Boroujeni, B.; Ellinger,
F.; Kasemann, D.; Leo, K. Advanced Organic
Permeable-base Transistor with Superior Perfor-
mance. Adv. Mater. 2015, 27 (47), 7734-77309.

[4] Kleemann, H.; Krechan, K.; Fischer, A.; Leo, K.
A Review of Vertical Organic Transistors. Adv.
Funct. Mater. 2020, 30 (20), 1907113.

[5] Kheradmand-Boroujeni, B.; Klinger, M. P.; Fischer,
A.; Kleemann, H.; Leo, K.; Ellinger, F. A Pulse-
Biasing Small-Signal Measurement Technique Ena-
bling 40 MHz Operation of Vertical Organic
Transistors. Sci. Rep. 2018, 8 (1), 7643.

[6] Klinger, M. P.; Fischer, A.; Kleemann, H.; Leo, K.
Non-Linear Self-Heating in Organic Transistors
Reaching High Power Densities. Sci. Rep. 2018, 8
(1), 9806.

[7] Zhao, K.; Deng, J.; Wu, X.; Cheng, X.; Wei, J;

Yin, S. Fabrication and Characteristics of Per-

253



[e]
Journal of Flexible &

QUIDUFIRISIAX], 20224 128, HI1E HRB, pp. 247-255 /Q"/’
Printed Electronics, December 2022, Vol. 1, Issue 2, pp. 247-254 T //;'\'

meable-Base Organic Transistors Based on Co-
Evaporated Pentacene: Al Base. Org. Electron.
2011, 12 (6), 1003-1009.

[8] Guo, E.; Wu, Z.; Darbandy, G.; Xing, S.; Wang,
S. J.; Tahn, A.; Gobel, M.; Kloes, A.; Leo, K;
Kleemann, H. Vertical Organic Permeable Dual-
Base Transistors for Logic Circuits. Nat. Commun.
2020, 11 (1), 4725.

[9] Powell, M. Charge Trapping Instabilities in Amor-
phous Silicon-silicon Nitride Thin-film Transistors.
Appl. Phys. Lett. 1983, 43 (6), 597-599.

[10] Liu, C.; Xu, Y.; Noh, Y. Y. Contact Engineering

in Organic Field-Effect Transistors. Mater. Today
2015, 18 (2), 79-96.

[11] Bachelet, A.; Chabot, M.; Ablat, A.; Takimiya,
K.; Hirsch, L.; Abbas, M. Low Voltage Opera-
ting Organic Light Emitting Transistors with
Efficient Charge Blocking Layer. Org. Electron.
2021, 88, 106024.

[12] Li, S. H.; Xu, Z.; Ma, L.; Chu, C. W.; Yang, Y.
Achieving Ambipolar Vertical Organic Transistors
via Nanoscale Interface Modification. Appl. Phys.
Lett. 2007, 91 (8), 083507.

254



