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ABSTRACT compared with the conventional method. However, the films

ave relatively low molecular weight (~13000) and contain

A conventional radio frequency magnetron sputtering (RFMszonsiderable amoun20%) of isoimide [2,4].

equipment has been employed to synthesize thin PMDA-OD.

(pyromellitic dianhydride-oxydianiline) and BPDA-PDA (bi- w100 cluster beam deposition (ICBD) technique [5]
pher?ylitetracarboxyllc dlanhydrlde-paraphenylen.ed|am|'ne llows to obtain PI films with the maximum imidization
pqulmlde (PI).coatlngs. Several polyimide coatings Wlt.hn gligible impurities (~1% isoimide) and good crystalline
thickness ranging from 200 nm to 3 pum have been deposne(i?
. . - S structure.

onto silicon single crystals, sapphire and polyimide substrates.
SEM micrographs of these coatings show a homogeneo
and crack-free surface. Fourier transform infrared spectro

copy (FTIR) reveals that the as-deposited films are made

l‘|’_?1e conventional sputtering technique, successfully employed
g)fy several authors to deposit polymeric films like
. . ) - golytetrafluoroethylene, failed when applied to deposit
polyamic acid and not-reacted monomers, while the imid ivimide | . o f

eaks appear clearly only after a thermal treatment (typpo yimide layers. Using a 13.56 MHz radio frequency power
b o A . source (120-300 W), argon gas (0.133-13.3 Pa) and a 200 um
cally 200°C, 1 hour, in air or argon). The electrical proper-, . ™ e . .
. - . : -~ thick Kapton™ polyimide film as the target material, Kitoh
ties of the polyimide coatings (i.e. bulk and sheet resistivity

and dielectric breakdown voltage) are those typical of an in?t al.[6] obtained a sputtered film with a molecular structure

sulating material and comparable with the bulk material. Theery different from that of the target: the imide ring structure

polyimide films are characterized by good adhesion to theecomposed, the carbon component (as measured by XPS)

silicon, sapphire and polyimide substrates. The friction Colncreased and the nitrogen and oxygen components clearly

efficient of the deposited PMDA-ODA films, measured bydecreased in comparison with the target ones. These results

the Micro-Scratch Test method, is very low, as compared with o' e confirmed by Hlshmget_ al [7] who found that both
. - . . arts of the PI molecule (imide group and ether) are com-
the vapor deposited polyimide coatings, making these coat-

ings very interesting for low friction applications. The resis-pleteIy destroyed. Moreover, they discovered that the target

tance to some chemicals like acetone, hydrogen peroxid%trUCturaI damage depends on the sputteririgoArenergy

nitric and hydrofluoric acid has been also tested. In the energy range O.'S'Z.'O .ke\./: belqw 500 eV the PI mol-
ecule appears to maintain its integrity and the damage of

intramolecular bonds is negligible. This dependence was pre-
INTRODUCTION viously recognized by Sengupéa al. [8] who observed a
Polyimides are very attractive materials for applications irpreferential sputtering of carbonyl groups with a relatively
many fields of the chemistry and physics research, rangingmall loss of nitrogen, and a decrease of the concentration of
from aerospace and medical applications to microelectrorimidic groups accompanied by an increase in the isoimide
ics, owing to their excellent thermal stability, dielectric prop-and amide functional groups concentrations. Usingidtrs
erties and chemical durability. at low energy and low pressure the creation of an undam-
aged polyimide structure has not been possible [7].
Several methods are now used to prepare polyimide coat-
ings. The formation of the films from a liquid solution [1], With a different approach to the ion-solid interaction pro-
which can be considered the conventional method, suffersess we succeeded in obtaining polyimide films using a con-
from several problems: the solvent is partially retained in theentional magnetron sputtering equipment. One of the most
film and the control of the film thickness is difficult. important effects of the ion and electron bombardment is,
indeed, the target surface heating: it is in fact necessary a
The deposition of polyimide films by vapor deposition poly-continuous target cooling to prevent the demagnetization of
merization (VDP) is an interesting alternative method [2] inthe permanent magnets or, in extreme cases, target melting.
that it enables a good control of the film thickness and proBecause target heating induces the sublimation of volatile
vides coatings with superior electrical characteristics [3] aspecies [9], we used pyromellitic dianhydride (PMDA) and
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4,4’-oxydianiline (ODA) powders as target material insteadrictional force and penetration depth of the indenter permits
of a polyimide film or bulk disks. Due to their weak bond theto study the adhesion of the coating-substrate system.
monomer molecules sublime and deposit onto the substrate
producing a film constituted by a mixture of polyamic acidThe electrical measurements were performed in a vacuum
and not-reacted monomers. During the following curing treatehamber (5x10 Pa) at room temperature with an electrom-
ment carried out at 200°C for 1 hour in air, the as-depositeeter (Keithley Instruments, model 237 High Voltage Source
film becomes a polyimide coating through the condensatioMeasure Unit). For the volume resistivity and dielectric break-
reaction. Our FTIR results [10] indicate that the monomedown voltage measurements a polished silicon substrate was
molecules are not damaged during their travel through theoated by a thin (400 nm) evaporated gold film. Then a
plasma region from the target to the substrate. GDVPD polyamic acid film was deposited on the sample
and, after curing, circular gold electrodes (1 mm diameter)
In this work we present some preliminary physico-chemicalvere evaporated on the polyimide film surface. Each mea-
properties of the PMDA-ODA polyimide films obtained by surement was performed by biasing each circular electrode
this method that will be named “Glow Discharge inducedat positive voltage with respect to the lower backplane elec-
Vapor Deposition Polymerization” (GDVDP): in particular trode. For the sheet resistance measurements gold parallel
we report the friction coefficient and critical load, the bulkrectangular electrodes (0.57 mm far apart) were evaporated
and sheet electrical resistivity, the dielectric breakdown volten the polyimide film deposited on a sapphire polished sub-
age and the chemical durability of the coatings. strate.

EXPERIMENTAL The chemical tests were performed by using as a guideline
The experimental set-up used for the polyimide coatings deptlt, ASTM D1239-92 prescriptions. A temperature and hu-
P P poly 9 pmidity controlled chamber (BLUE M Electric, model VP-

sition consisted of a stainless steel vacuum chamber evac 'ORAT-l) was used for carrving out the experiments. Both
ated by a rotary pump to a base pressure of 0.1 Pa. The glgw ying P '

. . : S e prepared chemical solutions and the samples were kept
discharge device was constituted by a 2-in. diameter planar . - "
. . at the fixed temperature and humidity conditions of the treat-
magnetron sputtering source, connected to a radio frequen

o . X
power supply (600 W max, 13.56 MHz), through an auto_rr¥ent before immersion for at least one day. Each test was

matic matching box. The PMDA and ODA (97% purity, pro-sglﬁ‘:;gggn']” Izlfggr;(‘;‘fét%I'/‘g)fvsitflofgéarglt;?gar;t]'zhsec’rﬁt_'on'
vided by Sigma-Aldrich) powders were mixed and uniformly P

placed on the surface of a copper target, positioned on tﬁgl solution.

conventional sputtering source. The substrates (silicon singli- s . . i
. o precision micro-balance with sensitivity 0.01 mg has been
crystals, sapphire and polyimide) were placed on an alu-

7 . used for weighing each sample before coating, before and
minium sample holder at ground potential. The target-su sfter curing and after the chemical treatments
strate distance could be modified in the range from 2 to 18 9 '

cm. Helium gas was chosen as glow discharge gas because . .
of its very low erosion rate and high chemical inertness. Thuel‘she surface morphology has been inspected by optical and

direct sputtered particles flux is thus minimized. The pres_scanmng electron microscopy (SEM) before and after each
. - chemical treatment.
sure in the chamber was measured by means of a capacitive

gauge. RESULTS AND DISCUSSION

The curing treatments of the as-deposited films were peifhe FT-IR spectra of a PMDA-ODA coating before and after
formed in a pyrex-glass tube furnace at 200°C for about &uring are reported in Figure 1: the peaks at 1240(ano-
hour in argon or in air. matic ether C-O stretching) and at 1500'¢aromatic ring
stretching) are clearly visible. The broad band around 1650
The films thickness was determined by means of a stylusm?® (amide groups) clearly decreases after curing indicating
profilometer (Tencor Instruments, model Alpha-Step 200)a progressive formation of imide groups. This fact is con-
Infrared analysis on films deposited on double sided polishefirmed by the appearance of the typical imide peaks at 1780,
500 mm thick silicon wafers was performed using a FT-IRL725 and 1380 cr
Nicolet 5DCX spectrometer with 2 cimesolution.
Several 2.0£0.2 um PMDA-ODA thick films have been de-
The mechanical properties of Pl films (friction coefficient posited in order to perform the dielectric breakdown tests
and critical load) were determined by a CSEM Micro Scratctand the other electrical measurements. The deposition pa-
Tester instrument (MST), which generates scratches on tliameters are summarized as follows: He pressure 8 Pa, tar-
sample to be tested using a diamond hemispherical indentget-to-substrate distance 6 cm, DC self-bias 2680V, ob-
drawn under either constant or increasing load in the rangained by applying a RF power of 12.6 W for 2 min followed
0.02 to 30 N. The measurement of the acoustic emissioby 4 min at 17.6 W and 4 min. at 26.6 W for a total time
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duration of 10 minutes. The results of the breakdown tesigas phase. These species, partially removed by the curing
indicate that the dielectric strength of the deposited films istep, can allow for a composite microstructure with improved
2.9x1C¢ V/um (= 20%), this being the average datum ovemwear resistance and hardness. The low energy bombardment
many tests in different sample regions. At a polarization voltef the growing film surface by the plasma ions and electrons
age of 100V the steady state volume resistivity of the coatan influence the balance of polyamic acid, not-reacted mono-
ings resulted 9.5x20Qcm (x10%). The sheet resistance mers and carbon rich fragments that can be partially retained
obtained following the ASTM D257-93 prescriptions resultedby the following curing process; thus the adhesion and hard-
2x10% Q/square. These results show that the GDVDP PMDAness properties of these layers can be easily tailored to the
ODA films have electrical properties comparable to thosepecific needs by controlling the electric potential of the
obtained by other methods and thus can be used as insulatsgmples with respect to the plasma potential. This can be

thin layers in many technological applications.

accomplished by RF biasing the sample holder during the
deposition or at the early stages of the deposition.
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Figure 1. FT-IR spectra of a PMDA-ODA polyimide coating

deposited by GDVDP, before and after curing. Figure 2 Frictional forcess normal load for a VDP and a

GDVDP PMDA-ODA polyimide coating deposited on Si. The

. . critical load indicating the film detachment from the sub-
The mechanical properties of the GDVDP layers show clear : .
. ) strate for the GDVDP is not shown because it was observed
improvements over those of the VDP PI films [11]. The re

sults obtained by means of the micro-scratch tester with %t loads between 7 .and 10 N.

Rockwell C diamond tip of 800 um radius at 50% relative

hu.mlldlty at room temperature, |r)d|cate that the friction €O e resistance to chemicals of the GDVDP PMDA-ODA
efficient was 0.12, at least four times lower than that of the

. . o . coatings has been investigated by analyzing the performance
VDP coatings (Figure 2). The critical loadfor coatings of i ) . o
thickness of 1.3 pm, ranges from 7 to 10 N for the GDVDFpf a PMDA-ODA film deposited on Si single crystals (2 cm

. . ' . .X 2 cm x 0.5 mm) and on Upilex-R™ substrates (2 cm x 2 cm
coatings while for the VDP films of comparable thickness |tX 40 um). The films deposition were carried out with the

was between 1.0 and 1.5 N. Above the critical load the mn}ollowing parameters: 8 Pa helium pressure, 6 cm target-to-

V|S|bl.y.detached from the ;ubstrate. A variation of f”CthnSUbStrate distance, -60\70V DC self-bias obtained with a
coefficient of the VDP coatings was observed once the f'ln%te Wwise increase of the RE power from 15.8W to 29 7W for
detached from the silicon substrate. For GDVDP coatings P P ' )

. S .24 total time duration of 10 minutes for Si substrates and -
this variation was not so clear due to the comparable frictio ) . . . o
- . 0V-+-180V DC self-bias obtained with a stepwise increase
coefficient of coating and substrate.

of the RF power from 27.5W to 39.4W for a total time dura-

The improved mechanical features of these layers can be Sgr Of 8 minutes for Upilex-R™ substrates. After the depo-
b y tion the samples have been cured at 200°C in air for 1.5

. : . 5
tributed to the particular method of' synthess characterlzeﬁlours_ Both coated and uncoated Si samples have been ex-
by the presence of a plasma containing several forms of raced to a 3% m/v agueous solution and to a 6.5%
diation including UV photons, low and high energy electron q 904! ’

and helium ions. The presence both in the plasma and in tﬁnelv solution of HNQ at 28 °C,

coatings of fragmented carbon-rich radicals or sputtered h¥E' . . . . .
Each immersion lasted 24 hours; after each immersion the
dro-carbon groups must not be excluded because of the in-

teraction with the mentioned radiation either in the solid Orsamples have been rinsed in deionized water and dried in air
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(for 77 h in the case of @,, and 40 h in the case of HYO 140 -
After each treatment no microscopic variation of the surface L M
morphology has been observed in the samples. No mass vari '
tion has been detected after exposure, @ Hvhile the films

exposed to HNQunderwent an average +15% mass increase.
Both coated and uncoated Upilex-R™ samples have beel
immersed in acetone 99% and in a 20% m/v HF solution at
25°C. Each immersion lasted 24 hours; after each immer-
sion the samples have been heated in air at 50°C for 24 h. N
change in the surface morphology has been detected ant
with respect to the uncoated Upilex-R™, no loss of mass ha 60
been observed.
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By using a standard magnetron sputtering apparatus usqu%ure 3. FT-IR spectra of a BPDA-PDA polyimide coating
He glow discharge it was possible to deposit thin Sowemaepositea by GDVDP, before and after curing

free polyimide PMDA-ODA layers. The target material was ' '

a mixture of the monomer powders. The Pl formation pro-

cess required a curing of the deposited layers at about ZOOO‘FHe GDVDP method can be successfully used for preparing

After this treatment the electrical properties of the layers argoly|m|de co-polymers and quite easily can be used in a con-

i . i - [ - iti f Pl with
comparable to those obtained by other methods and in pa\llr?mlonaI co-sputtering system for co-deposition o wit

. metals or ceramic materials.
ticular by means of the solvent-free VDP process.

The adhesion of the GDVDP layers is much better than that
of VDP coatings. The friction coefficient against diamond is
0.12 (a factor of 4 lower than that of VDP coatings).

The chemical durability of the GDVDP layers has been tested.
These tests showed no weight loss after immersion for 24 h
in acetone and in aqueous solutions of eith&, tér HF.

The GDVDP synthesis method has been successfully used to
grow also other kinds of polyimide coatings [12] like BTDA-
ODA, BPDA-ODA, BPDA-PDA. As an example in Fig. 3 are
reported the FT-IR spectra of a BPDA-PDA coating before
and after curing.
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