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Abstract: Due to the simple structure, high light-emitting efficiency, simple manufacturing process and ultra-thin
thickness characteristics for organic light-emitting diode (OLED) , flexible OLED devices with bending and folding
capabilities can be fabricated by combining flexible substrates. These devices play an important role in flexible dis-
play, flexible lighting and other fields. When subjected to external load mainly bending, the inorganic thin films in
the flexible OLED devices are prone to failure in the form of cracks, delamination and buckling. These failures re-
duce the conductivity and destroy the original structure of the devices, thereby affecting their efficiency and reliabili-
ty. The use of the neutral layer can effectively reduce the strain in the key parts of the devices, thereby reducing or
eliminating failure, and the reliability of the devices in the bending state can also be improved. In recent years, a se-
ries of studies based on neutral layers of flexible OLED devices have been reported successively. This paper reviews
the application of neutral layer technology in flexible OLED devices. Firstly, the concept of neutral layer and the
method of determining the single neutral layer’s position are discussed. Then, the application of single neutral layer

and multiple neutral layers in practical devices is introduced. Finally, we give an outlook on the future development

direction of flexible OLED devices.
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Fig. 1 (a) Three stacked films and assumed bending strain
distribution in the entire thickness. (b) Stress state of
three stacked films with concave-type bend. (c)Stress

state of three stacked films with convex-type bend™.
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Fig.2 (a) Structure diagram of flexible AMOLED: original
structure (A), improved structure (B). (b) Bending

strain in the topmost SiN, varies with bending radius

in both structures™®.
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Fig. 4 (a)The stress of ITO film varies with the thickness of buffer layer in OLED device in the case of different elastic modulus
of buffer layer™. (h)NA position and stress distribution in ITO film without buffer layer(top), and with buffer layer(bot-
tom). (¢) The position distribution of the NA when only the elastic modulus of the buffer layer (E,) is considered. (d)
Critical bending radius of multilayer OLED device composed of various buffer materials(PC, PI, PMMA, PS)".
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Fig.5 The variation of bending stress with the thickness of hybrid buffer layer in different structural layers™*. (a) The S-H nano-
composite layer(S;=S;). (b) The Al,04 layer(A1-A4). (¢) The Algs layer. (d) The Al,O; layer in contact with the upper
surface of PET and the lower surface of hybrid buffer layer.
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Fig.6 (a) Different modes of testing modules: A. test sample, B. test sample is bonded to the simulated functional PI film

through the adhesion layer, C. test sample is bonded to another test sample through the adhesion layer. (b)In mode B,
bending radius of SiN, film at fracture. (¢)In mode C, the normalized neutral layer position in upper and lower test sam-
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ples. (d) Test sample is bonded to another test sample through the hard(top) and soft(bottom) adhesion layer. (e), (f)
The plane strain distribution at the critical bending radius and the normalized resistance variation with bending radius in

the structure bonded by hard and soft adhesive layers, the solid yellow line indicates ITO"*.
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Fig.7 (a) The variation of shear modulus with temperature
for standard OCA, foldable OCA and improved

OCA"™". (b) Two-dimensional model and schematic

diagram of uniaxial tensile rheometer'”.
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Fig.8

(a)The variation of strain along the thickness direction with the elastic modulus of OCA in PET. (b)Strain distribution in

the thickness direction of each functional layer except adhesion layer in a complete AMOLED device. (¢)Simulation re-

sults of strain distribution on OCA layer with different thicknesses after folding. (d) Simulation results of strain distribu-

tion in each adhesion layer after folding on a complete AMOLED device and partial enlarged view of the side'™".
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Fig.9 (a)The strain distribution at different thicknesses of OLED display device in different cases. Case 1: low elastic modulus

(0.02 MPa) adhesion layer, case 2: high elastic modulus (2.0 MPa) adhesion layer, case 3: high elastic modulus (2.0

MPa) adhesion layer and low elastic modulus( 100 MPa) cover plate. (b)Sample after 100 crimps™*'.
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