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Fig. 1. Top view of the array of BCE TFT with the passivation layer of SiO, (a), SiO-PI (b) and PI (c) taken by optical micro-
scopy; schematic diagram of the BCE TFT with the passivation layer of SiO, (d), SiO»-PI (e) and PI (f).
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Fig. 2. Transfer characteristics of as-fabricated and 380 “C-annealed BCE TFT with the passivation layer of SiO, (a), SiO»-PI (c)
and PI (e); output characteristics under the V, of 5.0 V, 7.5 V or 10.0 V of BCE TFT with the passivation layer of SiO, (b), SiO,-

PI (d) and PI (f).
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Fig. 3. Deconvoluted O 1s spectra of back channel (a); schematic diagrams of the chemical dynamic process of the back channel of
BCE TFT with the passivation layer of SiO, (b), SiO»-PI (c) and PI (d).
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Fig. 4. Bias stability, V, = 420 V, V4 = 0.1 V: NBS of BCE TFT with the passivation layer of SiO, (a) and PI (b); PBS of BCE
TFT with the passivation layer of SiO, (¢) and PI (d); NBIS of BCE TFT with the passivation layer of SiO, (e) and PI (f).
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Abstract

Amorphous indium gallium zinc oxide (IGZO) thin film transistors (TFT) are widely used in active-matrix
displays because of their excellent stability, low off-current, high field-effect mobility, and good process
compatibility. Among IGZO TFT device structures, back channel etching (BCE) is favorable due to low
production cost, short channel length and small SD-to-gate capacitance. In this work, prepared are the BCE
IGZO TFTs each with the passivation layer of silicon dioxide (SiO,), polyimide (PI) or SiO,5-PI stacked
structure to study their difference in back channel hydrogen impurity and diffusion behavior. Comparing with
the conventional SiO, passivation BCE TFT, the performance of PI passivation TFT is improved greatly,
specifically, the saturation field effect mobility increases from 4.7 to 22.4 cm?/(V-s), subthreshold swing
decreases from 1.6 to 0.28 V/decade, and the an on-off current ratio rises dramatically from 1.1x107 to 1.5x10%.
After the SiO, passivation layer is substituted with PI, the I 4 decreases from 10" A to 10 A, which
indicates that there exist less shallow-level donor states of hydrogen impurities, which might be explained by
the following three mechanisms: first, in the film formation process of PI, the direct incorporation of hydrogen-
related radicals from SiH, precursor into the back channel is avoided; second, the hydrogen content in the PI
film is lower and harder to diffuse into the back channel; third, the hydrogen impurity of back channel that is
introduced by the HyO,y-based etchant in the SD etching process could diffuse more easily toward the PI layer.
The TFTs with PI passivation layer also shows the less electrical degradation after the annealing treatment at
380 °C and better output performance, which confirms less defects and higher quality of the back channel. The
bias stabilities of PI devices are improved comprehensively, especially negative bias illumination stability with
the threshold voltage shifting from -4.8 V to —0.7 V, which might be attributed to the disappearance of
hydrogen interstitial sites and hydrogen vacancies that are charged positively in the back channel. The PI
passivation layer is effective to avoid back channel hydrogen impurities of BCE TFT and promises to have

broad applications in the display industry.
Keywords: amorphous indium gallium zinc oxide, thin-film transistors, passivation layer

PACS: 73.61.Ey, 73.61.Jc, 73.61.—r DOI: 10.7498/aps.72.20222272
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