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Study on the Preparation of Contact Electrode based on High Conductivity
Material-Metastatic Metal Oxide Composites for Organic TFT

Young Jae Lee

Department of Smart Green Technology Engineering,
The Graduate School, Pukyong National University

Abstract

Organic electronic devices have a variety of processes and infinite ma-
terials at low cost, which has attracted a lot of research attention due to
numerous potential applications. The key to improving the performance of
devices such as organic field effect transistors (OTFTs) is to select con-
tact electrode materials that provide efficient charge injection to active
channels. The contact electrode affects the active channel; it determines
the carrier type in the energy level alignment and manages charge in-
jections associated with the quality of the contact interface to confirm
device performance. Au is the most commonly used electrode for
source-drain electrode materials, and thin films based on two-dimensional
materials such as metal oxides and graphene are attracting attention as
alternative electrode materials. However, materials such as Au and gra-
phene are expensive and deposited with relatively complex processes. In
addition, because the surface is not good due to the formation of the in-
terfacial dipole layer, there is a considerable charge injection barrier, so
research on finding alternative electrode materials should be carried out

to avoid these disadvantages. In this study, the contact electrode of

Vi



OTFTs was implemented by bar coating, which is a relatively simple
process using transition metal oxides capable of solution treatment, and
electrical and morphological characteristics were analyzed. This study also
explored the method of fabricating a transition metal oxide composite as

a material for efficient charge transfer of contact electrodes.

vii
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Organic Light Emitting Diode  Organic Photovoltaic Organic Field effect
(OLED) (oPV) transistor [OFET)

loT technology
Smart Medical Care % 5G communication - (Internet of Things) -

P

Figure 1. Application field of the organic electronic device
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Figure 6. Dlustration of energy levels near the surface of a solid,

indicating work function (¢), Fermi level (£,), surface dipole (&), electron
chemical potential (;,), local vacuum level (£,), and absolute vacuum

level (E,).
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METAL WORKFUCTION METAL WORKFUCTION

eV) (eV)
AL 4.3 Ru 4.7
Ti 4.33 Rh 4.98
\Y 4.3 Hf 3.9
Cr 4.5 Ta 4.25
Mn 4.1 W 4.55
Fe 4.7 Re 4.96
Co 5 Os 4.83
Ni 5.15 Ir 5.27
Nb 4.3 Au 5.1

Mo 4.6 TaN/TaSIN 3.9-4.3

Table 1. Work function values of various metals
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Lanthanum La |+1 |[+2 | +3
Hafnium -2 Hf |+1 | +2 | +3 |+
Tantalum -3 -1 |Ta |+1 |+2 | +3 |+ |45
Tungsten -4 =2 | -1 W |+l [+2 [+3 |'+4 |+ | +6
Rhenium -3 1 g Re el "2 | 3% | g4 N5 | +6 | £7
Platium -3 |2 | -1 [Pt [+l |+2 | +3 |+ |+5
Gold -3 -2 | -1 |Au |[+]1 | +2 |[+3
Mercury -2 Hg |+1 | +2

Table 2. Oxidation number values of various metals
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Figure 7. Single wall nanotube

od

u ............... PR [ — 4 & &
400 S0 600 700 BO0 900 1000 1900 1100 1200 1300 1400 1500 1600
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Figure 8 UV-Vis of SWCNTs dispersed in NMP or the ternary isomer
mixture of m-cresol at a concentration of 0.5 mg/ml
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Figure 9. High Conductivity material-transition metal oxide Composites
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1. Organic Semiconductors

Figure 113 #o] (PDVT-10)-Poly{3,6-dithiophen-2-yl-2,5-di(2-decyltetrad
ecyl)-pyrrolo[3,4-pyrrole-1,4-dione-alt-thienylenevinylene-2,5-yl}= P-type
7] REEA 24 AHgstHTh &9 FElE ®&7] 918 dichlorobenzene<

solventZ Ag&3}e] 3 mg/mlz &3 A ATt

Figure 11. Molcular structure of PDVT-10
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Figure 12. The structure of the OFET
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1. Spray coatingg %3 ReO2/SWCNT A= 34

ERA2E Y HASS FAAZI7] A8 A 7] 2zge] A" S
Abg3EA T 2~ o] 8 A, Rhenium(V) oxide/SWCNT E3+A] &9 9

=g, 7B} vhaz Abole] FWoE s gl 2

T 7] W 1 FAAA-E Silicon oxide 7] of#fo] Fof m=9}9)
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Figure 15. Micro Raman Spectrometer
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1}. SEM(Scanning Electron Microscope) 4] #Hn]
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t}. XPS(X-ray Photoelectron Spectroscopy)&-4] #]
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g}. UPS(Ultraviolet Photoelectron Spectroscopy) 4] #H]
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Figure 17. XPS-UPS Spectrometer
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Figure 18. Vacuum probe station
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1. Raman data &4
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2. SEME 5% I®® Ed 54 B4
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Figure 21. SEM images of Rhenium(IV) oxide
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Figure 22. SEM images of Single wall carbon nanotube (SWCNT) coated
Rhenium(IV) oxide mixed from THF(Tetrahydrofuran)
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3. XPS data &4
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4. UPS data ¥4
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Material Work function(eV)
Rhenium oxide 0.1M 4.8
SWCNT 0.1wt.% + Rhenium oxide 0.1M 4.42
SWCNT 0.3wt.% + Rhenium oxide 0.1M 4.32
SWCNT 0.5wt.% + Rhenium oxide 0.1M 4.22

Table 3. Work Function data of ReO2/SWCNT Nanocomposite Dispersed
Solution
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Vb Ative Channel, | Carrier KrET
(Vjeos] | Layer | [uml | YPC | L/Ly | V,IVI] lem®/ Ve 8]

-100 1.90x10* | 15.12 0.24

-50 1.51<10* | 16.05 0.24

0 PDVT-10 100 Hole | 1.88x10* | 13.88 0.24

+50 4.40x10* | 16.56 0.24

*100 1.50<10° | 14.07 0.24
Table 4. Comparison of PDVT-10 transfer curves of devices coated with

spray with Rhenium(IV) oxide/SWCNT nanocomposites
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