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Fig. 1. (a) Cross section views and (b) transfer characteristics of IGO-TFT and PrIGO-TFT; NBIS stability of (¢) IGO-TFT and

(d) PrIGO-TFT.
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M4 AT RT3 A I 58 &5 SR W] 0, 78 120 bt
His A EALES AT AT S50 o3 8 4 14 O I R A e
Py FLEBHLHDRF TS ol LU A h S 2
KAEHBIE T | ATRRE Y “5Z FEREE” , IZBRERE T LA
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GO B ) 5 AT DL ST il & 2(b) ATAl,
IGO HEAT PrIGO JEAE T WG B N 1) P15 35
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ahv = C(hv — Eg)%. (3)

K, o RARWILREL o FROLTRER; B, R
NI, C s Ll H . sl 2(b) 46 B R,
PL ho IR ARAR, (ahv)? AR, EH (ahv)? Bl
ho A2 DT 2, iZ V4 5 B AR AR 11 28 s B Ry
WD, 2R T 1GO A1 PrIGO
WL YA BR A3 R 3.54 eV Ml 3.47 eV. ATH,
Pr JCE M AL R EOE OG22 B A0S, B L
i NBIS Foe Pk ry 82 2 F A& B THOLS i B
JETE IS BRI

& 2(c) b IGO MRAN PrIGO Ay X B2k
e FHE i (X-ray photoelectron spectroscopy,
XPS) FIE R4k K, E 2(c) B E A 1GO
PrIGO i E % B fE#E7E 920—960 eV Z [H] Y )
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Fig. 2. (a) X-ray diffraction spectra, (b) UV-visible trans-
mission spectra (the inset shows the curve of (ahv)? vary-
ing with hv) and (c) X-ray photoelectron spectroscopy (the
inset is a partial enlarged view) of IGO and PrIGO thin
film.

HKIOLRME S EIE 15, mR 1TUE
i, PrIGO Fl IGO A& TR A 4 b & i 558
Fr#BE o 0 43 b s A AL, UG 0 R
Pr 7£ IGO HfgSCEL R AT A

F 1 IGO Fl PrIGO WP & TR A [ 7 L it

Table 1.  Percentage contents of each element in IGO
and PrIGO films.

Element/at.% Pr In Ga (0}
PrIGO 2.86  28.76 15.10 51.89
1GO — 30.93 15.51 51.85

3.2 IGO-TFT #1 PrIGO-TFT HY 1 57 I
ERYS R iLFl

FERAR T B e e e, A L BXT 2R
1) AL ARG — 25 AT S . KA R B, 254
BRI e R M A B BB ML A S5 B
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BRI, SRS i S — 8
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AR (G-R M), SR MR 7S B 7 AR LR 4%
A, B FAERAE BT, 1/ W5 G-R M
BN, SRR . BT 1/
i T SR B SR )2 B B LA T R 1Y, DALt
i 3 % IGO-TFT 1 PrIGO-TFT #5145 it 75
FEPERIFSE, RE S A8 1F PIAE IR T i S5 T Sk

fE Vpg = 0.1 V, i 3KHE Vg~ Vi, =101 V
54 F, IGO-TFT #l PrIGO-TFT V4 —fk ity M 75
DIZGE % B (Sin/I5g) FEMZ R AZ ALKl 3 .
hE 3 A LLEH, 78 10 Hz < f < 1 kHz i, 3@ it
1/HPAE, By = 08; 4 f> 1kHz i, IGO-
TFT Fl PrIGO-TFT K Sip/ I3 ELFifi B 45% i vl A8
JLTEA AL, X F 5 & R 5, 1/ W
I AT S 7 Rl PR P AN T AR S
BIRESY 1/ MRS, T SCARATG RS T80 R 38 [ 3
10 Hz % 1 kHz. 7345, v B30 s e 7 551 By af sk
FAZS IO 0 A . Yy > 1, BEIAA V82 P Ry B
B 2 B /N T AL )2 S BB 2% B Yy < 1A,
Ui B TR )2 P R a5 28 B K T4 AR 2 7R Y B
SRS, By = 0.8 W LIAEH, #E IGO-TFT
A PrIGO-TFT WA K2 5% 20 Sk, A
JRJZ IGO F1 PrIGO — ] i) e b 245 %% R F 41
AR ) e A B T
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Fig. 3. Normalized noise power spectral densities (Sip/Ppg)
versus frequency in the IGO-TFT and PrIGO-TFT. _lor
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s (Ran+ Reont)”’
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FEORAZ Ml rEL BEL RS 1) M 7 D) 3B B s Ry, F7RiH)
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TR R T, B S>> Soone, (4) ZATEIA N
Sp  Sa 1

B R ©)
QSR e S Y, B S, << Seone, (4) AT
|

(4)

A (5) 2 (6) TN, 84 5 — b e A T 32
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Fig. 4. Sip/Ppg versus frequency in the (a) IGO-TFT and
(b) PrIGO-TFT with different channel length.
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SRR B TR SR TR R S A
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AT A P A R P ) 3 2 R ] L AR Ay 1)

Sip k*q

== : (7)
Ifs  fWLC2(Vas — Vin)?

2, KR T 52 5 40 %2 5 1 B S B A 7 4
FVRETB A T RN C SR B T AR AR M 48 25 2=
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Abstract

Metal oxide thin film transistors (MOTFTs) have been extensively investigated in the display industry
because of their attractive characteristics, including high performances, low processing temperatures, and simple
fabrication. However, under the actual working condition, the characteristics of TFTs are easily affected by the
light irradiation caused the negative gate bias stress (NBIS). Therefore, the NBIS stability of MOTFT is a
crucial issue that must be solved before their commercialization into an optoelectronic device. In this article,
praseodymium-doped indium gallium oxide (PrIGO) is employed as the channel layer of thin film transistor
(TFT). The TFTs with Pr doping exhibit a remarkable enhancement in NBIS stability. The structure and
chemical composition of PrIGO film are analyzed by X-ray diffraction (XRD) and X-ray photoelectron
spectroscopy (XPS), respectively. Besides, to further explore the mechanism for the improvement of NBIS
stability, the low-frequency noise characteristics of IGO-TFT device and PrIGO-TFT device are studied.
According to the low frequency noise characterization and analysis results, the correspondence between the
normalized drain current noise power spectral density(Sm/I3s) and frequency shows 1/f (v =~ 0.8) low
frequency noise behavior for IGO-TFT device and PrIGO-TFT device. In addition, by studying the influences of
different channel lengths on the low frequency noise of the IGO-TFT and PrIGO-TFT devices, it can be
concluded that the low frequency noise of the device comes mainly from the channel region rather than from the
source/drain contact region. In the linear region of the IGO-TFT device and PrIGO-TFT device, according to
the linear fitting of the Sw/I3s versus the overdrive voltage (Viog— Vi), it is proved that the low frequency
noise of the IGO-TFT device and the PrIGO-TFT device are mainly affected by the carrier number fluctuation
model. Finally, based on the carrier number fluctuation model, the defect state density at the interface between
active layer and gate insulating layer is extracted to be 7.76 x 10 cm3-eV ! and 9.55 x 10'7 cm eV ! for
IGO-TFT and PrIGO-TFT devices, respectively. We speculate that the Pr element can induce defect states in
the IGO system, and the trap states induced by Pr ions facilitate the capture of free electrons by positively
charged oxygen vacancies, which lead the photo-induced carrier in conduction band to be suppressed.
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