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II. Introduction

III. Experimental

V. Conclusion
1. Acontrastingcurvewasobtainedandthe residualstresswascalculated.
2. It clearlyshowsthat compressivestressis weakto inner bending. However,by adjustingthe sputtering

conditionsto reducethe residualstress,crackresistancecouldbe improved.
3. We havesucceededin designinga new material which is excellentin crackresistanceeven in 500nm

thickness.

In a flexible display,all of the materialsof these stackedstructuresneed to have flexibility. Generally,
metalsusedfor wiring materialstend to be soft, but ceramicssuchasinsulatingfilms tend to be hard and
crackeasily. Whenthe bendingradiusreach11 mm, the cracksstart to initiate first at SiO2 bridges,acting
as interconnectinglayersamongindividualTFT[1]. Moreover, in OLEDflexible displays,ceramicsfilms are
often used as barrier films for protecting the light emitting organicmoleculefrom the transmissionof
water vapor by replacing the film substrate from glass. In such ceramic films, cracks lead to fatal
deteriorationof function,sothat the flexibility of the film is reallyimportant issueto improve. Thecracking
issue and the stress of the deposited film are deeply related, and several researchersdiscussedthe
relationshipbetween the stressand the condition of the depositionon the film substrate[2],[3]. However,
there isno generalmethodto measurestresson the film substrate.

In this study,we evaluatedon the relationshipbetweenfilm depositionconditionsand crackresistance
for basicmaterialsAlOx, SiOx, and ZnOx by measuringthe residualstressesof the depositedfilm using
mechanicalprobe method. As a result, crackingmechanismsof eachmaterialswere discussedand, we
suggesta newmaterialwhichhasexcellentin crackresistance.

Sputtering and Analysis conditions

The residual stress measurement

Thestressvaluesshoweda similartendencyfor differencesubstrates. In the caseof sputteringof a metal
film, it isknownthat the stressvariationpressuredependson the elementweight[4].

I. Abstract
Crack resistance of various transparent insulating films was investigated by

measuringthe residualstressof the film usingsimplemechanicalprobemethod. Asa
result, the cracking mechanismsof each materials were discussedand now, we
suggesta newmaterial,whichisexcellentin crackresistance.

Fig. 1. Schematic image of mechanical probe method

Thinfilm Target
Target size

(mm)
Power
(W)

Gas
Pressure

(Pa)

SiOx Si φ125x 5 Pulse-DC 500 Ar + O2 0.15, 0.6, 1.2

AlOx Al φ125x 5 Pulse-DC 500 Ar + O2 0.15, 0.6, 1.2

ZnOx ZnO φ125x 5 Pulse-DC 500 Ar + O2 0.15, 0.6, 1.2,2.4

Table 1. Sputtering conditions of SiOx, AlOx and ZnOx

*Substrate : PET 100μm, 38μm.
*The amounts of oxygen was adjusted according to each target respectively.

Measurement of residual stress
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The  radius of the film was calculated by formula (1). 

R= (C2+4h2) / 8h (1)

C : chord of the film h   : height of the arc

The residual stress was calculated by Stoney’s formula (2). 

s= Ests
2 / {(1-ns) 6tf R} (2)

Es : Young’s modulus of the substrate   ns : Poisson's ratio of the substrate  
ts : thickness of the substrate t f : thickness of the deposited film
R : radius of curvature

IV. Results and Discussions
Measurement of curvatureradius

Byusingthe mechanicalprobemethod,symmetricalcurveswereobtained.

Fig. 2 Curveequationof AlOx (200nm), SiOx (200 nm) and ZnOx (200nm) , a) PET100μm,0.15Pa,b) PET
38μm,0.15Pa.

Fig. 9 The relationship between the residual
stressandfilm thickness.

Fig. 8 Opticalmicroscopephotographsof the surface
of thin filmsafter innerbendingmechanicalstresstest.

Fig. 3 The relationship between the residual stress and sputtering gas pressure. (Film thickness = 200nm)
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Radius : R=3mm
Frequency : 10,000times

Testingstandard IEC62715-6-1
Flexibledisplaydevices- Part6-1: Mechanicalstresstest methods
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The compressivestress has little resistanceto inner bending. The cracksare likely to occur at grain
boundariesdueto the highcrystallinityof the ZnOx thin film.
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Fig. 4 Optical microscopephotographsof the surfaceof
the film after bending(100x).

Fig. 5 The relationship between cracks after inner
bendingandresidualstress. In the AlOx andthe SiOx, no
crackwasobservedwhenthe substrateisPET38μm.
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Fig. 6 Comparisonof depositionrate.
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Ref.) [1] K. T. EUNet al,Mod. Phys. Lett. B, 26, 1250077, (2012)
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[3] Y.C. Leeet al, Internationaljournalof emergingtechnologyandadvancedengineering, 4, Issue8, August,454-457, (2014)

*In this paper,the depositedfilm comesinsideisdefinedasinnerbend,andthe other sideisdefinedasouter bend.

Fig. 7 Opticalpropertiesof AZO-low n thin film.
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Reference : Proceedings of International Display Workshops Volume 24, Paper No. FLXp1-4, Page 1553-1556
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