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Abstract: To investigate the influence of active layer thickness on the performance of aluminum zinc tin
oxide (AZTO) thin-film transistors (TFTs) and inverters, and to promote their application in logic

circuits, this paper prepared AZTO thin films with different thicknesses by radio frequency magnetron
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sputtering. These films were used as active layers to construct bottom-gate top-contact AZTO-TFT
devices. The microstructure and composition of the films were characterized by field emission scanning
electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS), and the electrical properties of
the devices were tested. It was found that with the increase of the thickness of the AZTO active layer, the
oxygen vacancy concentration gradually increased. Moderate oxygen vacancies can weaken the scattering
effect of defects and impurities on carriers, reduce the transmission resistance, and thus improve the field-
effect mobility. At the same time, the device can pass more carriers in the on-state, resulting in an
increase in the source-drain current and the on/off ratio. The results showed that when the thickness of the
active layer was 82 nm, the quality of the AZTO film was the best, and the device performance was
s !, athreshold voltage of 14. 25 V, a subthreshold

swing of 1. 35 V/dec, and a current on/off ratio of 6. 16X 107. The resistor-loaded inverter prepared under

optimal, with a field-effect mobility of 7. 47 cm?* - V! -

this optimized condition achieved a high gain of 8. 8 at a supply voltage (V,;,) of 25 V, and had full-swing

characteristics and good noise margin, which can effectively drive the next-stage components of the

logic circuit.
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Fig. 1 (a) Schematic diagram of AZTO-TFT resistor-

loaded inverter structure; (b) Circuit diagram of

resistor-loaded inverter.
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Fig.2 Cross-sectional and surface morphology images of AZTO active layers with thicknesses of (a) 59 nm, (b) 70 nm,

(c¢) 82 nm, and (d) 91 nm observed by field-emission scanning electron microscopy.
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Fig.3 (a) Transfer characteristic curves of AZTO-TFTs with different active layer thicknesses; (b~e) Output characteristic
curves of AZTO-TFTs when the active layer thicknesses are 59 nm, 70 nm, 82 nm, and 91 nm, respectively; (f) Line
chart of electrical properties of AZTO-TF Ts with different active layer thicknesses.
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Tab.1 Electrical performance parameters of AZTO-TFT with different active layer thicknesses
R %iﬁﬂ%*ﬁ%/ P . 15 {422 0 / R I C LE/
(em*-V '-s) (V/dec) (1,/I;)
59 3.51 7.45 2.11 3.21X10°
70 4.84 14.83 1.62 3.49X 107
82 7.47 14.25 1.35 6.16x 10
91 5.62 14.40 1.63 5.41 X107
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Fig.4 O-1s XPS spectra of AZTO-TFTs with the active layer thicknesses of 59 nm (a), 70 nm (b), 82 nm (c), and

91 nm (d).
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Tab.2 Components of O-1s XPS spectra of AZTO films

with different active layer thicknesses

HIFEZEE/nm O,/% O,/ % Ou/%
59 29.91 16. 24 54. 63
70 13.09 25.78 61.12
82 7.91 28. 80 63.29
91 46. 61 38.76 14.63
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Fig. 5

(a) Voltage transfer characteristics and gain curves of AZTO-TFT inverters with different active layer thicknesses

at a supply voltage (V) of 25 V; (b) Voltage transfer characteristics and gain curves of AZTO-TFT inverters

with an active layer thickness of 82 nm under different supply voltages (V).

B 5(h) Ry A2 AN A  FL R R R (V) L A R 2
JEJE H 82 nm IF AZTO-TFT i AH #% i 1 A%
Feik S a5tk . R 5(b) B, A el P R
(Vo) LA 5 V25 K 3 1, A8 463 [l oy 5~25 Vo
[N 4 ACHL TR (V) B e 78 0~20 V iy 22 463
I, L3R5 T 5 45 i e A& S e e i 4, 3 R B
KAF 0 S AR e E O HE I B0 0E T A IR R R N
82 nm i AZTO-TFT 7 % 5 i 1% 1 I b Y K 4r
PERE. &6 A IR 2R 82 nm I, AZT O Wi
s VRS TV 1) Pl BEL 97 2R A B8 #E V=25 V I Y
HL A% 8 PR il 2 A R 2SRk . A V=
25 VI 0 B AL s R E I 2R R B, AT Vi
Vo Vi Vi SF S EIN R . R3IFAB)ZE
FEh 82 nm I AZTO-TFT H BH 171 2% % [z 4H 2§ 18
AR Vo, TR S8 GRS 25 (Vi)

25
-------- —_—
0} Vor23V
£
8
15F
Z
=10 0 5 10 15 20
Vv
=13
5 (e DY — Vpp=25 V
/ vesavi O\
LN sty
0 5 10 15 20

Vil V
6 A7 U8 R S 82 nm b, AZTO [ i 148 T A 1)
HL BEL 6 80 S AH 28 AE Vo, =25 VI I B A2 B R
ik A 25 M2k
Fig. 6 Voltage transfer characteristics curve and gain curve
of resistor-loaded inverters fabricated by AZTO
thin-film transistors with the active layer thickness

of 82 nm under V,,,=25 V.
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Tab.3 Characteristic parameters of the AZTO-TFT resistor-load inverter with the active layer thickness of 82 nm under

different Vi,

Vin/V Vou/V Vo /V Vi/V Vi/V Vi NM,/V NM,/V TW/V
5 4.6 1.2 5.3 7 1.6 —2.4 4.1 1.7
10 9 1.5 5 7.2 2.7 4 3.5 2.2
15 14 1.6 5.2 7.5 3.9 8.8 3.6 2.3
20 18 1.8 5. 8.2 7 9.8 3.4 3
25 23 2 5.4 8.7 8.8 14.3 3.4 3.3
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