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(RA) requirements, the proportion of OLED panels exhibiting rainbow phenomenon around the punch-hole
area has increased. In response to this phenomenon, we established qualitative and quantitative analyses
methods to identify the reasons of this phenomenon and conducted a comprehensive, mutually corroborative
set of multi-dimensional analytical testing methods. Furthermore, with optimization of the TFE film-stack
composition, the risk of dark spots could be minimized after RA tests, which is associated with rainbow-mura
formation in OLED punch-hole displays. Through the cleavage of panel module, rainbow-mura around the
punch-hole area was exactly located. Cross-sectional TEM, TOF-SIMS and XPS were then used to elucidate
the formation mechanism. The data show that the SION layer in CVD1 can be gradually converted to SiO
under high temperature and high humidity conditions; TEM and TOF-SIMS results reveal that nitrogen
content in SiON is below 2% after RA tests, while XPS peaks indicate that the SiON on the CVD1-2 surface
has been almost completely transformed into SiO. By increasing the refractive index of the SION layer from
1.72 10 1. 76 in CVDI1-1 of the TFE, the oxidation depth of the SION film was reduced by 70%. The above-
mentioned establishment of analytical method not only clarifies that the rainbow-mura phenomenon around the
punch-hole is caused by the formation of SiO due to film oxidation, but also quantifies the influences of the
punch-hole regions under long-term RA test. This strategic approach provides a viable solution path for OLED’s
future deployments in automotive,, IT signage, and other applications with more stringent reliability requirements.
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TEM images of TFE film composition changes in the punch-hole region before and after RA. Before RA: (a) Overall

EDS image of all elements mapping; (b~d) O, N, Si EDS mapping images, respectively; (e) Line-scan profile
along the blue line in Fig. 4(a). After RA: (f) Overall EDS image of all elements mapping; (g~i) O, N, Si EDS

mapping images, respectively; (j) Line-scan profile along the blue line in Fig. 4(f).
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Fig.8 TEM analyses of composition changes in POR and T1 films after RA. (a) TEM image of the thickness of POR
film; (b) EDS elemental maps of the POR film; (c) Line-scan profile along the blue line in Fig. 8(b); (d) TEM
image of the thickness of T1 film; (e) EDS elemental maps of the T1 film; (f) Line-scan profile along the blue line
in Fig. 8(e).
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Fig. 10 Positions of the rainbow patterns under POR conditions: (a) After 23 h of HAST, the pattern appears at the 5th

spacer rib; (b) After 41 h of HAST, it moves to the 6th spacer rib. Positions of the rainbow patterns under T1
conditions: (¢) After 23 h of HAST, the pattern appears at the 2nd spacer rib; (d) After 41 h of HAST, it moves

to the 3rd spacer rib.
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