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Reliability of Amorphous IGZO Thin Film Transistor
with Low Water-Absorbency Passivation Layer
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Due to high electron mobility and productivity, thin film transistor with amorphous Indium Gallium
Zinc Oxide (IGZO TFT) are promising candidates as an alternative to amorphous Si TFT channels for next
generation active matrix panels used in display applications. Under ambient conditions the practical use of
IGZO is compromised due its sensitivity to water, therefore, making it a impractical solution. On the other
hand, Silsesquioxane (SSQ) materials have high thermal resistivity, as well as low water absorbency, mak-
ing it a suitable passivation material for IGZO applications.

This report shows that the reliability of IGZO TFTs are drastically improved when passivation is done
with SSQ. An investigation using X-ray photoelectron spectroscopy demonstrated that the oxygen vacancies
of IGZO were inhibited with the use of SSQ passivation. Factors affecting the property of IGZO, along with
the improvement mechanism are discussed in detail in this paper.
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Figure 1 Chemical structure of the SSQ.
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Figure 2 “Si-NMR spectra of (a)SSQ1, (b)SSQ2.
5 5
(a) HO Al (b)H,
4 F 4
6 =
2, -88Q1 2, -SSQ1
z =
E - =-$5Q2 B - =S5Q2 J
8° AP B A
= [ 1 - = 7N _, ¢
,'. f 4 _..‘ \ \ - - ’
1 ,‘_"'_‘.'/ 1 "’_/,_, ~ :-_ '-’ ’/
e &
5 . o . . .
100 200 300 400 500 600 100 200 300 400 500 600
Temperature (°C) Temperature (°C)
Figure 3 TDS spectra of SSQs; (a) H:O, (b)H..
SSQ Passivation
(300nm)
Table 1 Relative content of Si-OH and water for SSQs
$SQ1]s5Q2 Si0,(100nm)
Amounts of T3 derived from methylsilyl (a.u) | 12 | 88 N* Si substrate
Amounts of T3 derived from phenylsilyl (a.u) | 1 93
Water absorbency (a.u) 1 104 Figure 4 [Illustrated image of
bottom-gate  IGZO
TFT with SSQ Passi-
vation.
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Figure 5 Transfer characteristics of (a)IGZO-Bare, (b)IGZO-1, (c)IGZO-2.
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Table 2 Rating of water and hydrogen contents for IGZOs with or without
SSQs and their reliability as TFT

I1GZO-Bare IGZO-1 IGZ0O-2
slightly larger
H:O amount Ref. larger (less than 1GZO-1)
larger
H. amount Ref. larger (less than 1GZO-1)
s Ref. better better
Reliability of TFT 1 (\yp9. 7v) | (avih=1.6 V) (AVth=1.3 V)
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Figure 6 TDS spectra of IGZO substrates; (a) H:O, (b)H..
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Figure 7 Illustrated image for decreasing H,, H.O.
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Figure 8 O1s XPS profiles of IGZO; (a) IGZO-Bare and (b) IGZO-1* (*Removed SSQ passivation by RIE)
(The peaks at ~532, ~531 and ~530 €V are attributed to surface oxygen species, oxygen deficiency re-

gion and oxygen bonded with metal, respectively).
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Figure 9 Schematic images for stabilization mechanism of IGZO by SSQs.
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