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Influence of laser irradiation on solid-electrolyte
based metal-oxide thin film transistors performance
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Abstract: The solid-electrolyte based metal-oxide thin film transistors has huge potential due to its
good environment stability and excellent electrical performance. However, the sophisticated
fabrication process and time consuming are the main drawbacks involved in the traditional method to
modulate the electrical performance of solid-electrolyte based metal-oxide thin film transistors. Laser

processing on the materials provides excellent processing speed and precise control. The metal-oxide
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thin film transistor was realized utilizing high £ solid electrolyte as dielectric layer and transparent in-

dium tin oxide (ITO) as semiconductor layer. Prior to the deposition of active layer and electrodes, fs-

laser was induced to irradiate on the surface of Ta, Qs dielectric layer. As the intensity of laser irradia-

tion increased, the I oy of the transistor was enhanced and the threshold voltage was negatively drifted.

In addition, the Excitatory Post Synaptic Current (EPSC) of the solid-electrolyte based metal-oxide

thin film transistors was studied under different laser intensities. The EPSC was significantly

increased as the laser intensity enhanced. Meanwhile, XPS results showed that the amount of oxygen

vacancies could be controlled via laser irradiation. A simple, fast (<{1 s) and low-temperature

(<45 C) method was proposed to modulate the performance of thin film transistors.

Key words: solid electrolyte; metal-oxide thin film transistor; laser
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Fig.1 (a) Structure diagram of Ta,O;/ITO TFT;
(b) Schematic diagram of Ta,O; insulator

layer under laser irradiation.
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Fig.2  (a) Dual sweep transfer curves of Ta,O;/
ITO-based TFT at a constant Vs of 5.0 V3
(b) Output curves of the Ta,O;/ITO-
based TFT.

31 AEEAEEXNESBRHER TFT B0

g T BE ST BO6 E BE R Ta, O, 18 5 2 1 (14 52
W A SCHE 58 7 S W OG5SR 2T 9 MOTFT 4§
P, B3 EOR T EMOLHE I E R 500 mm/s
i AN FIOG SR BE R 2R Tos-VesFrtE 4. A



1106 W5 B

35 %

P e ml DU 21 A OG5 B2 263 m]/cm® Fl 358
m]/em® i, TP A E W W 225, SIRETE
WHE Ves=5 VOB 358 m]/cm’ B Y FF &
HL I (20.3 pA) ZIOGIREE 263 m]/cm® B A9 FF 2%
HLUIE (3.01 pAD BT 7 A%, H 3G 25 g Ui A B fad 18
Ko XERUITER = BBOCHRE N A E 28 %5
B, AT B A 2 AR R 7 A B R T
R, I R S B T a0 R B E AR
A AL . RATR T R T ) AU (AFMD
1 tapping B R FAE Ta, O WAL RS,
Ta, O; IR AETCHOE G FMOEHR 2 309 m]/
cm® I A4 3 THTHLRE 2 24 07 #5351 O 0.854 nm Al
0.680 nm, 4N 4(a) ., (b) s, B LAl DAAS 3
DG RS XS Ta, O5 W HUHLRE B2 30 35 52 W,
5 AR SCHI 4% 19 Ta, O 425 )2 19 C-V 3L
4, Wzt &bl DL 3], 78 AC 1 MHz 1y 4 %
T 150 nm JEFERY Ta, O, B HE Gl 21,

1E-4}
1E-5¢
< 1E-6f
B
1E-7L —=— 263 mJ/cm?

309 mJ/cm?
1E-8} —e— 358 mJ/cm?
1E-9 1 | h ! | .

-10 -5 0 5 10 15

Ves/V

B 3 N[ BEE T TaO,/ITO TET W5 %

&
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Fig.4  Surface RMS roughness of Ta,Osthin film.
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Fig.5 Dual sweep C-V characteristics of the device
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Fig.7 Working mechanism of Ta, O;/ITO TFT.(a)

Positive gate voltage is applied to the bottom
electrode; (b) Laser irradiation induces more
oxygen vacancies accumulated at the semicon-
ductor/insulator interface; (c) Negative gate

voltage is applied to the bottom electrode.
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