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Fig. 1. Energy-band at the region of the a-IGZO layer

near the drain terminal [?0].
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Fig. 2. Schematic diagram of the subgap states in
IGZO thin films 29,
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Fig. 3. Effects of annealing temperature on (a) hydrogen SIMS depth profile and (b) electrical properties

(0, Ne, and puggan) for a-IGZO films 401,
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Fig. 5. (a) Infrared transmittance (T") and reflectance
(R) spectra of a-IGZO thin film; (b) and (c) absorption
coefficients calculated from the observed transmittance

and reflectance spectra [29]
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#1 AFEAMNTTEN IGZO-TFT HAESHE Y L
Table 1. Comparison of performance parameters of IGZO-TFT treated with various hydrogenation methods.

B TFT #F1kRe
H 7T 5 KR TEAEIRE/°C SCHR
p/ em?.(Vs) 71 8.8/ V.dec™! Vi /V Ton /Lot
Ho 5D IE 150 2.46 1.28 1.88 1.0 x 108 6]
Hy FE VIR E 3.2 0.04 0.34  1.0x 10° [16]
Ha R K 260 7.4 0.37 2.2 2.0 x 106 [20]
Ha AR K 250 8 0.51 2.2 4.9 x 107 [21]
IKFEAGR IR K 300 12.3 0.6 7.8 1.0 x 108 [22]
Ho 4585 R4k 2t 250 55.3 0.18 0.7 1.0 x 108 [17]
Ho 553 T4 ab 2 7.27 0.49 0.96 1.2 x 107 [25]
Ny, Ho S5 7402 150 45.3 0.21 1.7 3.0 x 108 [27]
Ho 4585 T4k 2t 3.9 0.36 0.31 1.0 x 106 [28]
el PR ok 700 11 0.32 -0.8 1.0 x 108 [50]
KrF BotiR -k 43.5 -9.9 1.0 x 108 [23]
RERAN RS 60.2 0.25 2.7 1.0 x 107 [19]
TR SEUe AL 2 300 9 0.2 1.0 x 106 [15]
ASEEMA T 350 8.48 0.28 2.5 1.0 x 10°  [10]
ALY BT 15 150 8.8 0.42 4.2 1.0 x 106 [11]
FALEEMN T 63.6 0.14 —0.10 9.3 x 107 [13]
ERR A= P 250 17.8 0.12 —0.75  1.0x 108 [9, 12]
ALY B 400 17.5 0.17 3.24 9.6 x 100 [14]
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S (Ho BUN, ) X 88 2R AT SEPE R 5 m. 45 R EoR, 18
A Lt 20 VA S D 2 b, AR Hy R K
ae R A AR E M, R R ER R
+0.27 V, TIAE N a8 K a5 4 (0 BB R A I8
F4+1.74 V. ZERKRY, AouR AR LA AL
Hh AL, SIN,, B 5T 5 IGZO Y iE (8] i S A,
P v A PR ¥ 0F f FE A2 M. Zheng %5 91 LAt 1 LA
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IGZO-TFT H1kRE, fEAZRAL 5 I1R KAL) 5%
PR KM ALD SiO A1 J5i 6215 21 58 4 #2814 1%
e, BbAb, &k BLAE A ALD S AL REME A 5 1 25 4
HAG ARG 1) F s e AR 1, ROZEARHAR bl —15 V
FR R S /) 1 b s HRME R R IR RS U —0.03 V,

W R L3 R 1. 2810, LPECVD SiO,
SR IR () A L R PR B RS Rk —1.46 V)
(L F2 M8 386 0 220 mV /dec. #HE— B0 Hr KB, i
Fi ALD J5i: A4 K Si09 IS 84 B8 sk JE 1 &L
JLER. (ERGIETRS AR IGZO IE 2 I e, X
o A TCER A RE R B Tk T BT Si0, =, 4k
BRI IGZO A, B4 7 3 A S s
Perm T A PE I A R AR E

AR IR, EUTRIEIGZO W A
BT EAPRIEEA . Hanyu 25 DO 3 3 FHb K
EALTEA AR 0 S IGZO Ve 38 1 5 M TRT i3k
1T 78S IR KA BT 5. R I 2 8 K
JE M 100 °C T+ #1700 °C, IGZO-TFT KT # %
Je Tt e B, T BE SRR Se 8 5 T . Bk
ML 200 °C R, #4137 RO 8 208 B i KE
11.0 cm?/(V-s), W B{E 2 1E S i /ME 0.32 V/dec.
LR, B KR E/NT 200 °CHf, TFT
TR AR v DL RO BE $E R 1R 8/ 2 ZE R RN
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Effects of hydrogen impurities on performances and
electrical reliabilities of indium-gallium-zinc oxide
thin film transistors®
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Abstract

The influences of hydrogen impurities on the performances of indium-gallium-zinc oxide (IGZO) thin film transistors
(TFT) are summarized in this article. Firstly, the sources of hydrogen impurities in the IGZO channels of the TFTs are
proposed, which could originate from the residual gas in the deposition chamber, the molecules absorbed on the sputtering
target surface, the neighbor films that contain abundant hydrogen elements, doping during annealing processes, etc. The
hydrogen impurities in the IGZO films can exist in the forms of hydroxyl groups and metal hydride bonds, respectively.
The former originates from the reaction between H atoms and the O~ ions. This reaction releases free electrons,
leading to a rise of the Fermi level of IGZO, and thus enhancing the mobilities of IGZO TFTs. The latter incurs
negative charges on H atoms, and thus changing the distribution of the subgap density of states, hence improving
the negative bias (or illumination) stabilities of IGZO TFTs. Subsequently, various methods are also proposed to
characterize hydrogen elements in IGZO, such as secondary ion mass spectroscopy, thermal desorption spectroscopy, X-
ray photoelectron spectroscopy and Fourier transform infrared spectroscopy. Finally, the effects of hydrogen impurities
on the electrical characteristics of the IGZO TFTs, such as the field effect mobilities, subthreshold swings, threshold
voltages, on/off current ratios as well as the positive and negative bias stress stabilities, are discussed. The results
indicate that hydrogen element concentration and process temperature are two key factors for the device performances.
With the increase of hydrogen element concentration in the IGZO channels, the TFTs exhibit higher electron mobilities,
lower subthreshold swings and better reliabilities. However, annealing at too high or low temperatures cannot improve
the device performance, and the most effective annealing temperature is 200-300 °C. It is anticipated that this review
could be helpful to the IGZO TFT researchers in improving the device performances and understanding the underlying

mechanism.

Keywords: indium-gallium-zinc oxide, thin film transistor, hydrogen impurity, electrical stability
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