N

N

Characterization of organic ultra-thin film adhesion on
flexible substrate using scratch test technique
Grégory Covarel, Bassem Ben Said, Xavier Boddaert, S. Giljean, Patrick

Benaben, Pascal Louis

» To cite this version:

Grégory Covarel, Bassem Ben Said, Xavier Boddaert, S. Giljean, Patrick Benaben, et al.. Character-
ization of organic ultra-thin film adhesion on flexible substrate using scratch test technique. Surface
and Coatings Technology, 2012, Surface & Coatings Technology 211 (2012) 138-142 (211), pp.138-142.
10.1016/j.surfcoat.2011.09.057 . emse-00768609

HAL Id: emse-00768609
https://hal-emse.ccsd.cnrs.fr /emse-00768609

Submitted on 22 Dec 2012

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal-emse.ccsd.cnrs.fr/emse-00768609
https://hal.archives-ouvertes.fr

Characterization of organic ultra-thin film adhesmn flexible substrate using
scratch test technique

G. Covarel, B. Bensaill X. Boddaeft S. Giljeafi, P. Benabéeh P. Louié
#Laboratoire de Physique et Mécanique Textiles EARSN 189, Université de Haute Alsace, 61 rue Albert
Camus 68093 Mulhouse Cedex. France
® Ecole Nationale Supérieure des Mines de SainhB¢ieCentre de Microelectronique de Provence Gsorge
Charpak, 880 route de Mimet, 13120 Gardanne, Cdttaxce

*corresponding author: tel:+33 (0)3 89 33 75 1&x:F33 (0)3 89 33 75 05

e-mail: Gregory.Covarel@uha.fr

Abstract:

The mechanical properties of interfaces and mazeigely the adhesion are of great
importance to understand the reliability of thiimfidevices. Organic thin film transistors
(OTFT) on flexible substrate are a new class afteb@ic components. Since these devices
are flexible and intended for different fields @ipdication like sensors and displays, they will
undergo a lot of mechanical and thermal stressxduheir useful life. Moreover, interfaces
play an important role in the electrical stabilifythese transistors. In this context, the
adhesion of two organic submicronic thin films, seonducting and dielectric respectively,
deposited on polymeric substrate were investighyestratch test method. This study
demonstrates, the feasibility and selectivity @& fieratch test as a tool for assessing the
adhesion and the damage behaviour of ultra-thiarocgfilm on flexible plastic substrate.
The semi crystalline substrate presents a britleking damage from a given strain, whereas
when covered by the semi conducting thin film, shenple exhibits a more ductile behaviour.
Moreover, this technique has proven to be sensatinaigh to highlight the effects of a

plasma treatment prior to deposition.



1 Introduction

Interdisciplinary research efforts have led tordeid development of Organic Thin Film
Transistors (OTFTs) [1] with performances closéhone of a-Si TFTs [2]. OTFTs are
made of submicronic organic and inorganic layegsodied on flexible substrate. Various
materials [3,4] and designs [5] have been invesajgo improve the electrical functionality
and stability of these devices. In a “top gatednotcontacts” design, the semiconducting
layer is deposited on the plastic substrate dfiepatterning of source and drain contacts.
Then, the dielectric layer is laid on and, on gate contact is done. These transistors show
now good stability on shelf at ambient air [6]. &tecal and optical properties of these
organic semiconductors have been extensively stydig], but their mechanical behaviour is
not yet well understood. Since these transistaslexible, they will undergo a lot of
mechanical strains and stresses during their ubfuBo the investigation of their reliability
under mechanical stress is of great importancerfades play a crucial role on the electrical
functionality of devices and consequently the stofijnechanical properties of interfaces is
essential.

Many adhesion test techniques have been developeéadsure adhesion energy at the
interface, among which peel and pull-off teststare widely used methods to test adhesion
of thin films and coatings. The peel test is used variety of configurations, in which a thin
strip is pulled away at some angle from the undeglgubstrate. Although the peel test offers
simple test geometry for measuring adhesion sthef®yt10], in the case of submicronic
organic active layers of OTFT, the coating may tha to the high stresses at the contact
with the mechanical grips [11]. Moreover it is difflt to initiate the delamination with film
thickness below 1 pum.

The pull-test allows a quantitative adhesion measent, in which strain or energy can be
extracted [12]. But it still suffers from severabplems like the adhesive compatibility [13].

Indeed, pull-off test is performed by fixing, wiim adhesive, a loading fixture to the surface
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of the film. Failure occurs along the weakest ifaee within the system which is often the
adhesive/film interface because, in the preserd,@mtings have a poor adhesion to different
types of adhesives.

Others specific adhesion test techniques have tbexagioped like cross section indentation
[14], four point bending [15], tensile loading [1&1] blister adhesion test [17,18]. However,
these methods require coating thickness of abaetrakehundred of um, rigid substrate and
difficult sample preparations, respectively.

Thus, a brief literature overview indicates adhesieeasurements on OTFT are hard to
implement. Indeed, in the submicron thickness raagealyses of coating damage is
challenging considering relevant material propersiech as toughness are unknown. Besides,
numerous papers deal with adhesion propertiesrdeted by scratch test of various materials
such as hard coatings or polymers [19-22]. Howedear,adhesion data are available for thin
polymer coating deposited on polymeric substra8g, [@1d, none concerns submicronic
electronic polymer coatings deposited on polymsuigstrate so far. So, the present paper
focuses on adhesion evaluation by scratch testhwiequires limited preparation to induce
and quantify interface failure. Moreover the sdnatest method is a useful tool because it is
sensitive to several parameters (internal strefisiekness, elastic properties...). The purpose
of this study is to verify and investigate the fbdisy and sensitivity of this method on two

submicronic amorphous polymeric layers of OTFT d#ed on semi crystalline substrate.

2. Experimental

In the present study, for simplification purposee dype of specimen has been used. It
consisted of a single thin layer deposited on ai®5thick TeoneX Poly Ethylen Naphtalat
(PEN) semicrystalline polymeric substrate. The sals was obtained after @ lamination

process inducing anisotropic properties. Young Maslwere specified by



DuPontTeijinFilm&", at 5060 and 6240 MPa for parallel and perpendratitections to the
laminating direction, respectively. Two thin filmmsere considered. The first coating, namely
P1is a 200 nm thick triarylamine amorphous sendaeting polymer [24]. The second
denoted as P2, is a 800 nm thick perfluoropolynigedtric layer [25]. Films were deposited
on PEN by spin coating, using a SCS 6800 spin cagigaratus, at room temperature at
3000 rpm and 2000 rpm for P1 and P2, respectivdig. substrate size in the deposition
process was X10 cnf. Two deposition conditions were studied with aithout Plasma
Treatment (PT) prior to coating deposition. Thespla treatment, performed by means of a
RIE Oxford Instrument Plasmalab apparatus, consisasapid reactive ion etch using é@nd
SFK; gases, in order to improve the wettability of P&Mface [26]. Both layers present a glass
transition temperature above 100°C preventing &aynge of structure during measurements.
The layer thicknesses have been defined to optithzelectrical performances of the OTFT
[27].

The adhesion properties were evaluated using a M&kb Scratch instrument scratch tester.
The procedure was similar to that detailed elsea/fE9]. The scratch indenter was a
diamond Rockwell C stylus with a spherical tip mgva radius of 20Q@m. The indenter was
chosen in order to operate in the better accuracge of experimental apparatus in terms
either of load or sensor sensibility. For the 5 suratch length, the applied load was
progressively increased from O N to 10 N at a efte0 N/min. Such an intermediate scratch
speed was used to be sensitive to elastic, plastidracture contributions, because polymer
materials are sensitive to time dependant effeudsas reported by Barletta et al. plasticity
tends to decrease and fracture contribution teeam® when scratch speed is increased [28].
Five measurements were performed at room temperidueach sample and an average
value of the critical load is obtained. After tlestt a critical load (Lc) where failure occurred
in a particular mode was determined by post-moxbservation of the scratch track using an

optical microscope. The error on the Lc determorais due to two main contributions. A



major contribution is due to statistical errors amdthe other hand the position accuracy of
the sample under the microscope g1 which results in an error of some mN. Since
statistical errors represent the major contribytsmattering given below corresponds to the
standard deviation. In addition, Acoustic Emisssaynals were recorded during the test by a
sensor attached to the load arm.

Scanning Electron Microscopy (SEM) was performeadgia CARL ZEISS-Ultra 55
apparatus and elemental analyses were carriedydtndrgy-Dispersive X ray (EDX) using

an OXFORD INCA system.

3. Results and discussion

Taking into account the load range, the tip geometiaterial properties and layer
thicknesses, the mean penetration depth at 1®@Nabkout 40 um for all specimens studied in
the following. In addition, due to viscoplastic neg of materials a pile up is formed ahead
and on the edges of the track.

The damage sequences of specimen PEN, P1 laydedmaRd P2 layer on PEN are shown in
Fig. 1. For all materials tested, there is onlyrek amount of deformation observed under

low load and stress level. This includes fully nee@ble elastic deformation, time dependant
viscoelastic deformation, and a small amount of-removerable plastic deformation resulting

from compressive indentation, tentatively termefhj29].

Fig.1:

The damage sequence observed for the PEN substrab®m temperature, is presented in

Fig. 1-a. At an early stage of the scratch, only dedormation is observed up to about 1.7 N.



Progressively forward semi circular features ocadiin the scratch track as seen at 4 N.
Actually, plastic deformation in front of the sarhttool produced a pile up of polymer which
offers a resistance to the advancing indenter. $atierial is submitted to compressive
stresses, at the same time, material under that@edis taken in a strong tensile state [30,31].
Hence, the observed damage is due to the compeestsasses ahead of indenter and the
plastic flow around it as indicated by the parabatiorphology [32,33]. At higher load,
microcracking occurs in the track transversallyhi® scratch direction, as evidenced at 5 N
and more visible at 7 N, indicating a brittle beloav [34]. That is very likely due to the semi
crystalline nature of this polymer [35]. The meaad of crack appearance is 4.8.3 N.

The failure events of P1 layer deposited on PEMNtsate, shown in Fig. 1-b, present some
differences. At low load, only mar deformation lsserved up to about 1.8 N. For higher
loads (see for instance 4 N), the forward semiatéicfeature is present, but with increasing
load, a stick-slip phenomenon is clearly visibleha bottom of the scratch track. A stick slip
phenomenon occurs when the indenter experiencesgetthuring the tip movement. Thus,
formation and breakage adhesion between tip anthgoaccurs repeatedly. More over it
becomes more significant when normal load increfZ&86]. In the present case, the strain
energy release process appears by localized dtezifing of superficial coating due to the
interaction between tangential load and the vissig nature of polymer; characterizing the
ductile behaviour of the system [36]. Neverthel&ss,worth noting that forward
semicircular feature concerns the coating andabstsate too, since the layer remains
adhering to the substrate even for higher load$iestiu In addition, no evidence of cutting
mark or crack could be found for this specimen tiedmean critical load, defined as the first
appearance of the stick-slip phenomenon, ist®5 N. This behaviour is confirmed by a
SEM observation presented in fig 2-a, evidencirgggériodic tearing of superficial coating in

the bottom of the scratch track. Although only seomducting coating contains Nitrogen and



not the substrate, an EDX analysis was not relesamsidering the resolution of the

apparatus since N&K[lenergy is very close to the C one.

Fig2:

Scratch results for the P2 coating deposited on Bltidtrate are reported in Fig. 1-c.
The beginning of the damage sequence is the saanddhthe two previous specimens i.e.
mar and subsequently parabolic deformation, buinicmeasing load a sudden and large
delamination of the superficial coating is observEus delamination spread widely outside
the scratch track. For this sample, the criticatllodefined as the lowest load inducing the
delamination, is 4.2 0.3 N.
In the area of critical load a SEM analysis hasiqeerformed, a picture taken at an higher
magnification shown in figure 2-b bore out optiobkervations describing a sudden damage
of the coating. More over a FoKcartography presented in figure 2-c indicatesritehat the
perfluoropolymer coating is no more detectablenmgcratch track after the critical load. The
shear stresses in the scratch subsurface regiotenagsponsible for the delamination of the
superficial coating [36].
It has to be noticed that we have checked on afbecimens, not shown here, that the slight
discrepancy of Young Modulus measured on PEN saflestor both directions, i.e. parallel
and perpendicular to the laminating direction, midd induce any variation neither in the

damage mode nor in critical load for studied caggin

Fig. 3:



In a second set of experiments, the effect of arpéatreatment (PT) on substrate prior
to coating deposition was investigated. The dansageence of the P1 coating deposited on
PEN substrate with PT is shown in Fig. 3-a. ltugeidentical to the one obtained without
PT (Fig. 1-b). Indeed, at low load only the groo¥e¢he indenter is observed up to about 1.5
N. The forward parabolic features are identifiedgressively and as increasing load, a stick-
slip phenomenon is observed at the bottom of thegdt track. The first apparition of a stick-
slip phenomenon is detected for a critical loadlmdut 4.2+ 0.5 N; a slightly lower critical
load, than for the coating without PT, indicatihg twveak influence of pretreatment.
Nevertheless, no brittle fracture was detected.

The failure sequence of P2 coating deposited on SHistrate with PT is presented in
Fig. 3-b. Contrarily to the case of the P1 coatthg,damage sequence with and without PT is
different. Actually, with PT, the mar deformatianstill observed up to about 1.5 N, followed
by the forward parabolic feature. But as the loanteases, the total delamination of the
superficial coating is no more present. Only fesal@zed and cohesive damages appear in the
bottom of the scratch track as seen for instanéeNabr 7 N. The lowest load at which it
occurs is about 5.6 0.2 N. The coating remains adhering to the sutestna the edge of the
scratch track even at 10 N. For the P2 coatingpthgma treatment improves the adhesion of

the thin film.

Fig. 4:

Acoustic Emissions (AE) recorded during tests doé&ed for each specimen in Fig. 4.
At low load, no AE signal is detected for all speens. Then, the AE evolution depends on

the failure mechanism. For PEN, the AE increases@mitantly with the apparition of cracks



transversally to the scratch tracks confirminglihtle behaviour of this failure mode. For
both P1 coatings, with and without PT, no evolutddthe AE is detected all along the test,
indicating a more ductile damage. Concerning theding deposited on PEN substrate, the
AE increases simultaneously with the delaminatibsenved by optical microscopy. But

when the substrate is plasma treated prior to diémoshe signal remains flat, evidencing the

enhancement of adhesion properties.

4 Conclusion

In the present paper, we have reported resultsecoimg submicronic organic
coatings deposited on a polymeric substrate. Wedthat covering a semicrystalline
polymer, which exhibits brittle behaviour, by a subronic amorphous polymer could
change drastically the damage behaviour. The $ctast method is a semi quantitative,
sensitive and reproducible tool to characterizeatiigesion of polymer coating on a polymer
substrate even for thin layers of a few hundredasfometres. The scratch test was capable of
highlighting clear differences between the mechalrbehaviour of uncoated and coated
substrates. But it also means that direct compahstween the critical load values of
different systems is not possible: each criticatlliis indeed related to different failure
mechanism. For direct quantification purpose, itasessary to induce a unique failure
mechanism, the use of a sharper tip would be finereiseful, because when the tip radius is

smaller, the maximum stress is located closerdcsthface.
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Figure Captions :

Fig. 1 : Main part of the scratch track on PEN B)/PEN (b) and P2/PEN (c) observed by

optical microscopy.

Fig. 2: SEM micrographs of P1 (a) and P2 (b) on Ricthie scratch track and corresponding

F Ka LJEDX cartography of P2 on PEN (c). Arrows indicdte scratch direction.

Fig. 3 : Main part of the scratch track on P1 & 82 (b) deposited on Plasma Treated PEN

observed by optical microscopy.

Fig. 4 : Acoustic Emission recorded during a s¢rabeasurement of PEN, P1/PEN, P2/PEN

and P1/Plasma Treated PEN and P2/ Plasma TreatédH®Evisualisation, curves were

arbitrary shifted.
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