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Low Operating Voltage IGZO Thin-film Transistor Based on Ultrathin
Al,O; Gate Insulator and Its Application in Common-source Amplifier
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Abstract; With the wide application of thin-film transistor ( TFT) in various emerging electronic
products, as a key component of various electronic equipment, its operating voltage and stability are
facing great challenges. In order to meet the needs of highly integrated and complex applications in
the future, it is very important to realize its low operating voltage and high stability. Bottom gate top-
contact a-IGZO TFT on large area glass substrate of 150 mm x 150 mm was prepared by using mag-
netron sputtering to investigate the effect of 50, 40, 30 and 20 nm Al, O, thickness on the perform-
ance of a-IGZO TFTs. The results show that TFT with 20 nm-thick-Al, O, gate insulator exhibits the
best electrical comprehensive performance : low operating voltage of 1 V, threshold voltage of nearly

0 V and subthreshold swing of only 65.21 mV/dec. It also has a high field-effect mobility of 15.52
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em’/(V +s) and a high I,/1,; ratio of 5.85 x 10”. At the same time, the device also shows excel-

lent stability; the minimum threshold voltage shift after 1 h of gate +5 V bias is only 0. 09 V and

excellent stability of uniform distribution over a large area of 150 mm x 150 mm. The low operating

voltage and high stability of TFT devices are realized. Finally, a common-source amplifier is de-

signed with this TFT device, and a gain of 14 dB is obtained.

Key words: a-IGZO TFT; Al,O, gate insulator; ALD; common-source amplifier
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Fig.1 Schematic diagram of the TFT device structure
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Fig.2  XRD pattern of the device ( Inset shows the device

structure )

LR, FRATT 4 43 0 I3 T 0 R AE B B 6 A
F1150,40,30,20 nm JEJE AL O, W EA IGZO
R ) R T 7 8 B (R Bruker dimension
AFM) EE, an il 3 Fi R, AL O, 8 15 35 75 AR R
BERE /51 0.72,0.66,0.58,0. 50 nm,IGZO ¥
FE 15 7 HROMELRE B2 4 0. 55 nm, 55 1A] 15 22 B0 11 A i
FJEH R, ALO, JE A 20 nm B HAG H AL 1
FCTET oS ) R AR 32 0 7S S o T 3 38 o g
AR 3 2 H T RS JEE B Y 34 S B )
N A BB L K /N as R i e e a0 gE R R
B, R A HLRE AN 0. 72 nm, UL HH ALO, ¥
JEE R T2 E B 6 M 1Y, 3 0 8% 10 1 s 1k e 2
Y, BSE,OEW K ALO, JEA A TR R E N
1GZO JSAR , LA ARAS O 53 1 A V5 2 - 40 2% 123 3 T
A Hk e ALO, B SHGE AL
BRefE ) R A A2 R A A T LA K
F LT, BT LA R AT Y B i A R RS = M AR TFT
A G



454 koot

541 %

K3 50(a),40(b),30(c),20(d) nm AL O, Fl IGZO Hif(e) FHELS AFM K14,
Fig.3 AFM images of surface morphology of 50(a), 40(b), 30(c), 20(d) nm Al,O; and IGZO films(e).
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Fig.4 TFT transfer(a —d) and output characteristic(e —h) curves of Al,O; at thickness of 50, 40, 30, 20 nm.
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Tab. 1 Electrical characteristics of the devices

ALO: Vi S/ w Inilow/ G/ Leckage NS/
thickness/ ] ) . . i current/ i
. Y (mV-+dec™) (em®-V7'es™) 10’ (nF + em™) (1077 A) (10" em™?)
50 -0.07 95.45 13.06 8.17 118.5 6.89 4.53
40 0.16 87.16 13.46 7.93 137.6 9.93 4.05
30 0.42 76.20 14.43 8.34 165.5 43.2 2.97
20 0.61 65.21 15.52 5.85 215.6 79.8 1.37
s (55 lge 1)2 ) TaEALY TET, A P P 2L ] A B O R 0
UKy T g T R I 28 (AL - BRIAZS 7 LR
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1 NS, BT A SR T 15 5 B0 S, ersasy 103
A 2445 20 P L T b LA /N 1 0 B a0 w0
3 DTS B TR 8 PR P .l B 3 6008 |
3.3 REREYH % 3 w0 s O
HIFE 4 (a) ~ (d) B RS HEIE 1l 22 7T LU 4, 28 ALO, thickness/nm
PEAF I R E I AR, AT 100 20x10°
R R, RO AR P e Lexi0*
ALO, HHEL4)Z TFT T 1 h 19 =5 V A0 & < o o a0
THIML, [ 5 (a) HARFIEE ALO, WH4: % 2 210 s o S
TET B FE IR V., R, 185 (b) L (¢) 2351 N
20 nm AL O, #4252 TFT 78 =5 V MR & 40x107
T AE A ] 5 R R R M 2, FT LA A 28 20
P AV, B /MK 0,09 VT e K B% L Ky
0.24 V., JRATHIE, B8 PR B 1E 5 3R TR o oo
WAANGRC, A BEE R D (o 0 Y o
TR 3 LR NS AT 107 ‘
F BB B0 RIS, Forl AL O, JEHE 20 nm 30w [ AL thickness20 | 1210 <
g W/L=250 pm/50 pm L
FRF LA /M, 356 15 8P 1 12 R e JEe — — EEE tof 8.0x10° <
B, RIS, AV, AT AR AR A SOk A i 102 40x10°
AV = Q/C, (5) }8:: 0
HLrr 2 B ST b A R 1 PR R C oy e S

Ved/V

5 (a) £5 VHHRARE 3 600 s, RIEERE AL O, 4z
TET B Vi 8465 (b) L (¢)20 nm JEJE AL O, M4 )2

W2 Z a2, T NS RS ALO,
FEJEE B Y/ N T R AEG, BT LA B2 AL O, J5 J32 sk ¥ 4

T B AR A T A DL E 0 3 T AR TET B PBS( +5 V) I NBS( =5 V) ikt

I Ef B V5 A W Ml 2 3R A BEE R LI BY i 5 () v, variation of TFT with different AL O, gate insu-
LAY, HATE M5 R B2 TFT S8k rdfe e v bl later thickness at =5 V bias voltage of 3 600 s. (b)
H AL O, WIS W RER T4 &, [RIEE, FRATTIE PBS ( +5 V) and (¢)NBS ( =5 V) results for the TFT

F AR Y NBS faEEE 4T PBS fa gk, X with 20 nm thickness of Al,O, gate insulator.
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