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Fig. 1. Diagram of the GOA circuit unit composed of 13 TFTs and 1 capacitor.
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Fig. 2. ESD damage phenomenon of GOA circuit: (a) Photo image of the overall GOA where ESD damage occurs. (b) photo image

of ESD damage M2 TFT in the GOA unit.
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Fig. 3. Analysis of ESD failure area of M2 TFT: (a) FIB section analysis of ESD failure position; (b) elemental analysis of gate insu-

lator at failure position of ESD.
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Fig. 4. M2 TFT characteristics at different positions from
ESD failure center.
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Table 1.  Comparison of different design schemes of M2 TFT in GOA.
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[3] TaiY H, Chiu H L, Chou L S 2013 J. Disp. Technol. 9 613
5 N /a [4] Scholz M, Steudel S, Myny K, Chen S, Boschke R, Hellings
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Discharge Symposium Garden Grove, September 11-16, 2016
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Abstract

There is a risk of InGaZnO thin film transistor (IGZO TFT) failure, especially electro-static discharge
(ESD) damage of gate driver on array (GOA) circuits, due to the combination of Cu interconnect, InGaZnO
(IGZO) active layer and SiN,/SiO, insulating layer used to realize large-scale ultra-high resolution display. It is
found that the IGZO TFT damage position caused by ESD occurs between the source/drain metal layer and
the gate insulator. The Cu metal of gate electrode diffuses into the gate insulator of SiN,/SiO,. The closer to
the ESD damage area the IGZO TFT is, the more serious the negative bias of its threshold voltage (V) is until
the device is fully turned on. The IGZO TFT with a large channel width-to-length ratio( W/L) in GOA circuit
results in a serious negative bias of threshold voltage. In this paper, the ESD failure problem of GOA circuit in
the IGZO TFT backplane is systematically analyzed by combining the ESD device level analysis with the
system level analysis, which combines IGZO TFT device technology, difference in metal density between GOA
region and active area on backplane, non-uniform thickness distribution of gate metal layer and gate insulator
and so on. In the analysis of ESD device level, we propose that the diffusion of Cu metal from gate electrode
into SiN,/SiO, leads to the decrease of effective gate insulator layer, and that the built-in space charge effect
leads to the decrease of the anti-ESD damage ability of IGZO TFT. In the analysis of ESD system level, we
propose that the density of metal layers in GOA region is 4.5 times higher than that in active area of display
panel, which makes the flatness of metal layer in GOA region worse. The non-uniformity of thickness of Cu
metal film, SiN, film and SiO, film around glass substrate lead to the position dependence of the anti-ESD
damage ability of IGZO TFT in the GOA region. If there is a transition zone of film thickness change in IGZO
TFT with large area, the ESD failure will occur easily. Accordingly, we propose to split large area IGZO TFT

into several sub-TFT structures, which can effectively improve the ESD failure.

Keywords: Cu interconnect, electrostatic-discharge, InGaZnO thin film transistor, gate driver on array
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