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Utilizing Dip-Coating to Fabricate Gate Dielectric and Semiconductor
for Thin-Film Transistors

Yongwan Kim and Young-Geun Ha*

Department of Chemistry, Kyonggi University, Suwon, Gyeonggi-Do 443-760, Republic of Korea.

Abstract: The potential applications of advanced electronic materials in large-area, printable, and flexible
electronics have generated significant interest. However, creating high-performance, low-voltage thin-film
transistors (TFTs) for these applications remains difficult due to a lack of advanced gate dielectric and
semiconductor materials that meet both ease-of-fabrication requirements and high electrical performance. In
this study, we present high-performance gate dielectric thin-films, which were fabricated using a facile
solution-based technique, and then employed to realize low operating voltage organic and metal oxide
semiconductor-based thin-film transistors. The high-k oxide gate dielectrics were produced via a simple dip-
coating method, resulting in the formation of thin-oxide layers. These novel oxide gate dielectrics
demonstrated exceptional dielectric properties, with large capacitances (up to 430 nF/ cm?), low-level leakage
current densities (< 3 X 10®A/cm? at 4 V), featureless morphology (rms roughness < 0.36 nm), and high
transparency (> 85%). Consequently, these dip-coated gate dielectrics can be incorporated into thin-film
transistors, utilizing pentacene as p-type organic semiconductors. Furthermore, by employing dip-coating,
indium oxide and indium-gallium-zinc oxide can be utilized as n-type inorganic semiconductors, allowing for
the fabrication of low-voltage operation and high-performance inorganic TFTs. The resulting TFTs functioned
at ultralow voltages (< + 2 V) and achieved high transistor performance (hole mobility: 0.28 cm?V! s, electron
mobility: ~2.0 cm?V'!s! and on/off current ratio >10°).
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Fig. 1. (A) Fabrication procedure for metal oxide thin-film using
simple dip-coating process, (B) Schematic illustration of the
fabrication process of bottom-gate/top-contact (BG/TC) this-film
transistors
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Fig. 2 (A) AFM images and (B) SEM images of films of the dip-coated zirconium oxide dielectric film on Si substrates, with a maximum
rms roughness of 0.36 nm. (C) Optical transmittance spectrum of the zirconium oxide film, dip-coated on glass substrates.
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Fig. 3. Film characteristics and dielectric properties of the ZrOx dielectric processed by spin-coating (black) and dip-coating (red): (A)
schematic view of MIS capacitor for measuring dielectric strength; (B) leakage current densities as a function of voltage (J-V); (C)
capacitance-voltage (C-V) characteristics; (D) capacitance-frequency (C-f) characteristics.
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Fig. 4. (A) Schematic view of pentacene-based TFTs device geometry using the ZrOx gate dielectric. (B) output plots and (C) transfer plots
for pentacene OTFTs based-on ZrOx gate dielectric. (D) Schematic view of pentacene-based TFTs using with the hybrid dielectric
(zirconium oxide and n-dodecylphosphonic acid). Device characteristics of pentacene TFTs with hybrid dielectrics. (E) output and (F)

transfer plots of pentacene TFTs with ZrOx + C12-PA dielectrics.

g %02 V), 10°Y on/off B]Z 7EXE w9 Cl12-
PA©] ZrO, ¥hetelol A2je el TFTs= Astolele

~0.28 cm*V's'(max), @2 8 O V), 10*9] on/
off HIE 7H& Hold As2 E3lth 0]‘—5 CI2-PA ®
A Aol ofs W o|AI7E AE] AR Sopx|aL o]

2 olg| Heke] AR =77} ~7}o}1 o w2 244
A AEE 7EAA HH A8 FokA] 7] vhEA] A
stol st A F7kshH webd TFT 278 AsS 2
Al BIAF T

Uz whio g A2 7r0, A4S

OTFTsol| #-&3}

o] AT F9ldl & gdAEoF HAR}pAAE dhke wie
= 2ol tig B8 2t AE #kls] fsted &
SAFAo] 7hsdk wr=A| €kl In,05% 1nd1um-

gallium-zinc-oxide (IGZOYE A z}z} LATHE E3)
1:1:713 am%_i ZLQ_O].OJ] _'_7] ;\]@}n ‘ﬂ-‘:xﬂ 7]]?1_ TFTs
£ A& 8 54 B3rks sielth 285A~CE Zro, 4
A WEY F 0y A "HEZE wygow sl

I, 05 AF8HE WheA] 719k TFTsS A&, 2 2719

output®} transfer 2|25 HIFET} In,0; TFTsS] H3}0]
FTE ~2.8 em’Vis(max), ¥ 8 A4 (04 V), 10°
o] on/off ¥1E 7= Hold A5 Bt 71 oA
AFIME Iny04 ’1‘_}5}“ HHEA ]§ Az Alele F2 &
IRE EA ol A
= IO H3Y S wele DIE %”Hi A&
HTR= EOHE AMSehs 9o 88 958 17 24
2H 9] AH5S BTt DI (boiling pomt, 100 °C)= H=
g A gmje] o] FA] edo AT YA s S
SR AT DIl wlel W BFede 2L 8= EtOH
(boiling point, 78 °C)E &= A= & FHAA
713e] AWAZ] A&l a7F dobrh e fAdA vt
s skt A, E4 PR olaL 9T
548 BTt 9Ag o R AR AskE f34 9
PeAo] M8 R &8sk AAAE FTH R g
fated 7] AkshE A EA Hold SAE TH
Indium, Gallium, Zinc Al E22] A3ANE A
st AFA &4S AxEtd 1GZO 71wt

[rRo R 1
[o5

l' H’(
d

id
AL Se

H &=

O

ol AN o



A B

10*

. Vps= 1V 10.005
6.0x10° | //~ sl
J0.004
10°
4 —_ 51 &
g H° —— <0 —— ] {00037,
;3 M A B
/ = = 10° 10,0027
2.0x10%} —— / j/ 2
10° j
10.001
el e B ——. @ 1040
0.0 pr=snmeee [Tyt 10.000
ot
00 05 1.0 1.5 2.0 0500 05 10 15 20
D E s F .
5
3.0x10 0004
g 10°% H
2 0x105 - 10°F 10.003
= -— — 107 &
sw < 0002
0 1.0x10° 1 _210° i
) -
107
S — 10.001
0.0 —a—s— 100
00 05 1.0 15 2.0 10"

VostV)

J0.000
05 00 05 10 15 20
Vo(V)

Fig. 5. (A) Schematic view of In,0;-based TFTs device geometry (B) output plots and (C) transfer plots for In,O; TFTs based on the dip-
coated zirconium gate dielectric. (D) Schematic view of indium-zinc-tin oxide (IGZO) TFTs device geometry. (E) output plots and (F)
transfer plots for IGZO TFTs based on the dip-coated zirconium gate dielectric.

Table 2 Current On/Off ratio (Iowsr), carrier mobility (1, cm?V-'s™)
and threshold voltage (V1y) Data for TFT devices. * VD (vacuum
deposition) and DC (dip coating)
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