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Abstract

Plasma enhanced chemical vapor deposition (PECVD) technique has been used to deposit organosilicon
nano-thin layers on polyimide (PI) films substrates from hexamethyldisiloxane (HMDSO) precursor. The
nano-thin layers chemical structure was analyzed using Fourier Transform InfraRed (FTIR) spectroscopy
and the surface wettability was characterized by contact angle measurements. FTIR analysis showed that
the chemical formula of all deposited nano-thin layers were SiOC,H-like. Increasing deposition time
leads firstly to the increase of the treated PI films hydrophobicity and then to a quasi-saturation of the
contact angle value when the discharge time increases beyond 2 min. Ellipsometry measurements showed
that the refractive index measured on nano-thin layers elaborated from pure HMDSO with a discharge
time of 30 s was found higher than that measured on films deposited with discharge time of about 420 s.
Increasing time deposition leads to the decrease in the porosity of the nano-structure coating, leading to
denser structure.
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1. Introduction

Because of their excellent mechanical strength, low dielectric constant and high chemical and thermal
resistance. Polyimides (PIs) have been widely used in many applications: microelectronics (flexible chip
carriers), biomedical (tubing) and aerospace technologies [1-2]. However, Pl has poor hydrophilic
character and low hydrophobic properties (the surface energy value of this material is about 104.71 mj/m?
[5]). Many research works have been developed to modify the PI surface properties. For this purpose,
several treatment techniques have been used such as plasma glow discharge, corona discharge and ion
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beam [5]. Among these methods, plasma glow discharge is ecological and economical method used for
deposition of thin layers on a wide variety of substrates, it has the advantage of keeping bulk properties
unchanged [1].

Introducing an organic monomer precursors in plasma deposition reactor, leads to deposit a thin layer
because of a molecules precursor fragmentations and a recombination process on the polyimide substrate
surface [13, 14]. In recent works, we have studied the potential decay phenomena at the polyimide surface
[4] and the improvement of its wettability by the use of SiO,-like films elaborated by plasmas [1][5].
Using AFM analysis, we have showed that the wettability of the polyimide coated SiO,-like films is
partially monitored by the surface nanostructure.

In the present work, we have carried out some investigations on the improvement of polyimide films
hydrophobic character using plasma polymerized hexamethyldisiloxane (PPHMDSO) thin layer
elaborated in a capacitively coupled plasma reactor. The composition of the coatings has been
investigated by Fourier-transform infrared spectroscopy (FTIR) and the results have been correlated
with water contact angle measurements.

2. Experimental details

Polyimide films substrate with a thickness of 50 um (Kapton ® HN from DuPont Nemour) were cut
into rectangular shaped (6.5x1 cm?). Before any deposition and in order to eliminate any dusts, samples
were cleaned with distilled water and then dried using nitrogen gas jet. The plasma polymerized
hexamethyldisiloxane nano-thin layers were deposited on Pl substrates using a home made low frequency
(12.5 kHz) capacitively coupled plasma reactor. The reactor consisted of a cylindrical chamber equipped
with two circular electrodes spaced with about 3 cm (figure 1). In each deposition experiment, a high
resistively n-type silicon square shape (2x2 cm?) substrate (used for thickness measurement and FTIR
analysis) was placed with PI substrates on the lower electrode. The reactor was pumped down lower than
102 mbar using Alcatel rotary pump. By the using of monomer inlet system with a needle valve, vapors of
HMDSO was introduced without any gas vector. The pressure in the reactor was monitored with a Pirani
gauge. During the deposition process, the plasma discharge power and the pressure in the reactor were
kept fixed at 40 W and 0.2 mbar, respectively and the deposition time was varied from 30 to 900 seconds
in order to obtain film with different thickness. All experiments were performed at room temperature. The
coating thickness and refractive index were determined using a profilometer (Alpha step) and microspot
beam spectroscopic ellipsometer (Sopra GES5) with an incident angle of 75,6° (silicon Brewster angle).
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Fig 1: Schematic diagram of the PECVD system.

The wettability of the coating was evaluated by water contact angle measurements using the
experiment system set-up represented in figure 2. The image of the liquid drop (5 pl) deposited onto the
coated PI substrates was acquired by a numerical camera and transmitted to a computer to calculate the
contact angle. All contact measurements angle were performed at atmospheric pressure and room
temperature. For more precision, all contact angle data were averaged from five measurements.
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Fig 2 : Experimental set-up for contact angle measurement.

Fourier transform infrared (FTIR) analysis was performed on PPHMDSO nano-thin layers deposited
on silicon substrate using Nicolet Avatar 360 spectrometer. All spectra were acquired in absorbance mode
in the 400 - 4000 cm™* range with 4 cm™ resolution.

3. Results and discussion

Plasma discharge Time effects on wettability and adhesion work (Wa) of HMDSO nano-thin layer Fig
3 illustrates the variation of the contact angle and adhesion work as a function of discharge time recorded
on nano-thin layers deposited on a polyimide substrate. The contact angle increases quickly during the
first three minutes of the deposition, passing from 64° for an untreated polyimide to approximately 82°
for films treated with a deposition time of about 3 minutes. For deposition time higher than 3 minutes,
we reach a steady state value. This saturation is probably related to the variation in the chemical
structure. According to reported work, the non-polar (dispersive) groups are responsible for the increase
of contact angle [9]. Contrary, the value of adhesion work was about 104,71 mj/m? for untreated PI then
decreases rapidly to about 82,93 mj/m? for films deposited with discharge time less than three minutes.
The value of adhesion work did not increase much further beyond 3 minutes.



Polyimide surface treatment by plasma deposition reactor of organosilcon nano-thin layers,

85 1 1 1 1 1
2 106
A Work of adhesion for untreated Pl
I T e g RS e na et e e oy iy [ [
80 - ™) -4 102
—=— Contact angle 100 °
s A Work of adhesion 98 E‘
& 754 A 196 ~—
= (=
2 94 o
g A 92 8
f 70 - =
=]
S 0 &
S 88 ©
o 65 C le f dPl -8 =
AR WY/ \ SRR, .. onactandlejor untreated B 51 86° o
s =
A A
82
60 r v r . r . r v r v
(o] 200 400 600 800 1000

Time deposition ( s)

Fig 3: Variation of contact angle and adhesion work as a function of discharge time.

Our results are in the same order of magnitude compared with those found by Mi Ran Moon et al [6]
on thin HMDSO deposited on silicon dioxide substrate using radio frequency plasma glow discharge
(discharge power of 10 watts under a chamber pressure of 0.5 torr). They have concluded that alkane
chains (molecules that contain carbon and hydrogen) found in the HMDSO film have the possibility of
modifying the surface property of the substrate from hydrophilic to hydrophobic. In addition, Sanghak
Yeo et al have recorded a water contact angle of about 94° on HMDSO thin film deposited on glass
substrate using radio frequency plasma glow discharge (pressure of about 0.5 torr and discharge power of
60 W during 10 minutes) [7].

3.1. Physico-chemical characterizations of treated surface films by FTIR spectroscopy

The infrared absorption spectra obtained for nano-thin layers elaborate on high resistively silicon
substrates are given in figure 4. The assignment of vibration peaks was made by referring to several
works [6, 7, 8]. The most intense absorption peak on these spectra is located around 1000 to 1150 cm™
and is assigned to asymmetric stretching of Si-O-Si. Another peak, with lower intensities associated with
the symmetrical stretching of the same vibration Si-O-Si appears around 450 cm™. The vibration peak
situated around 800 cm™ can correspond to the CH; mode and/or to Si-C stretching vibration in the Si-
(CHs), groups. An absorption peak between 1250 to 1270 cm™ is assigned to the CHs vibration in the Si-
(CHs); groups. Peaks located in the 2960 - 2900 cm™ range correspond to the symmetrical and
asymmetrical stretching vibrations of CH, (x = 1, 2, 3) groups. Large absorption band between 3200 and
3700 cm™ is related to the Si-OH vibration and the OH vibration. The presence of OH is probably due to
air introduction into the reactor chamber. All these FTIR absorption spectra confirm that the elaborate
nano-thin layers have a polymeric structure and can be assigned the SiO,C,H, as chemical formula. FTIR
results indicated that the increase in deposition time is accompanied with an increase of organic bands
(CHy, Si-CHj3), which can increase the value of the contact angle and reduce the work of adhesion of the
coated PI.
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Fig 4: FTIR absorption spectra of nano-thin layers elaborated with different deposition time.
3.2. Refractive index behaviour

The ellipsometric analysis was carried out on nano-thin layers deposited on silicon substrate. Fig 7
shows the variation of the refractive index as a function of plasma discharge time.

It is noticed that the values of refractive index recorded on nano-thin layers are slightly higher than
those reported for thermal SiO, (n = 1.456). For a wavelength A = 632 nm, the refractive index was about
1.58 and 1.60 for a layers deposited during t = 30 and 420 s, respectively. These values are close to those
found by S.Saloum et al. for thin HMDSO film [10]. In comparison with other works, the values of our
refractive indices are higher than that obtained by N. Benissad et al in porous structure [11]. The presence
of voids reduces the refractive index. Increasing in deposition time leads to the increase in the number of
agglomerates per unit area and the film became denser with low porosity [12], which confirms the
hydrophobic character of our nano-thin deposited layers.
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Fig 7 : Refractive index variation as a function of deposition time.
4. Conclusion

Plasma deposition technique has been used to modify the PI surface wettability and adhesion work
using HMDSO thin layers. The water contact angle varies from 64° to 82° and adhesion work varies from
104.84 to 82.93 mj/m?, indicating the organic nature of the coating. FTIR spectra showed a strong
dissociation of the monomer molecules and low carbon content in the chemical structure of the deposited
nano-thin films. The dispersive groups (or non-polar) such as alkane chains found in chemical structure
have been held responsible for the increase of water contact angle that alter the surface state of the Pl
from hydrophilic to hydrophobic. The ellipsometry spectroscopic analysis showed that as a result of
increasing deposition time, there is an incorporation of carbon and hydrogen in the chemical composition
of the elaborated layer, which increases the refractive index from 1.58 to 1.60 and explain the decrease in
the surface wettability and the work of adhesion (W,).
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