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Abstract—Dielectric materials are of great interest in a ~ PANI [2], iCVD usually results in insulating films due to
vast amount of applications ranging from cable insulation to  the underlying free radical polymerization. In the latter,
advanced electronic devices. The ermerging trend of device the polymer backbone is sp3-hybridized and the polymer
minituarization is creating an increased demand for  g1,¢ o be used as dielectrics. Due to the solvent-free
dielectric thin films that can be produced precisely on the nature of iCVD, the dielectric layers are of very high

nanometer scale. In addition, special mechanical properties . . .
are often required, for example in the field of flexible quality and have no defects that accelerate e.g dielectric

organic electronics. Polymers are first-choice materials for ~ Preakdown [3]. Thanks to the CVD-typical growth
this purpose. However, it is extremely difficult to produce character, the iCVD process can easily be scaled up and
precise nanoscale thin films, which have a low defect density ~ integrated into modern microelectronic process lines. A
and are free of e.g. residual solvent, by wet chemistry  schematic illustration of the iCVD process is shown in
approaches. Initiated chemical vapor deposition iCVD) isa  Fig. 1a. The respective monomer (M) and initiator (I) are
solvent-free polymer tl.lin film Siep0§ition process which can introduced to the reactor. The reactor is equipped with a
be used to produce high quality dielectric thin films with heatable filament array, loacted above a sample stage,

nanoscale control and circumvents thus these problems. . .

. o . which is cooled to room temperature. The monomer
This work demonstrates the versatility of the iCVD process
in the fild of electrical applications by some new molecules adsorb at the substrate stage and once the
application examples of iCVD coatings. filaments are heated the initiator molecules are

decomposed into free radicals (R). These radicals meet

Keywords—Polymers,  Initiated ~ Chemical = Vapor  ¢.g. a vinyl groups of the adsorbed monomer molecules.

Deposition, Electronic Materials, Dielectrics, Electrets, Gas  They start a free radical polymerization, which follows

Sensors similar kinetics like the well-known kinetics for wet

chemistry free radical polymerization [4] in order to

I.  INTRODUCTION produce high quality polymer thin films at the substrate

surface. In this work, some new application examples of

different tailored dielectric iCVD films are shown to

demonstrate the versatility of the process in the field of
electrical applications.

The current advent of polymer thin films enabled by
the combination of chemical vapor deposition (CVD) with
organic chemistry provides a variety of new pathways in
the field of organic electronics and electronic applications.
In particular, oxidative chemical vapor deposition (0CVD) 1L
and initiated chemical vapor deposition (iCVD) variants L . . . . .
developed by Gleason et al. facilitate the precise The application of iCVD thin films as dielectric ﬁlm is
deposition of new electronic materials from a few reported by many authors. Expecially
nanometers to several micrometers in film thickness. [1] ~ Organocyclosiloxanes like PV3D3 and PV4D4 and
While in oCVD a step growth reaction allows the fluropolymers have demonstrated excellent performance

preparation of conjugated polymers such as PEDOT or [5][6]1[7]. The chemical structure of possible monomers
and initiators are presented in Fig. 1b. One argument for
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using iCVD is the high film quality, because no organic
solvent is used. Residual solvent and defects can cause
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Figure 1. (a) Schematic illustration of the iCVD process. Monomer (M)
vapor and Initiator (I) vapor are introduced to a hot wire CVD
(HWCVD) reactor. Thermally decomposed I results in free radicals (R),
which initiate a free radical polymerization with adsorbed M. (b)
Possible monomers and initiators for dielectric thin films. (c)
Measurement of relative permittivity for different iCVD thin films. (d)
Phorograph of flexible iCVD thin film on electronic device.

e.g. conductive paths and lower the dielectric breakdown
strength of the material. For dielectric iCVD films the
breakdown strength is extremely high, due to a low defect
density and high film quality without residual solvent
molecules [3]. Fig. 1c shows the relative permittivity of
different dielectric thin films grown via iCVD. By using
different monomers and initiators or by combining
differnt comonomers the dielectric properties of the film
can be induvidually tuned. The more the chemical
composition changes to an organosilicon character the
more the dielectric constant increases, as seen from the
measurements of PTFE, P(TFE-co-V3D3) and PV3D3.
By switching from a cyclotrisiloxane (V3D3) monomer
to a cyclotetrasiloxane (V4D4) monomer, as well as
different initiator (TBPO), the relative permittivity
increases further. The polymer films can in this
connection also be deposited on flexible substrates, as
shown in the photograph in Fig. 1d and are thus also
highly attractive for flexible organic electronics. This
measurement and others are deliberate, using
specifications that anticipate your paper as one part of the
entire proceedings, and not as an independent document.
Please do not revise any of the current designations.
Since dielectric iICVD films exhibit high breakdown
strength and high film qulity, we also demonstrated the
use of iCVD grown PTFE thin films as electret materials
[3]. Electrets are dielectric materials with a
quasipermanent surface charge. They are among others
applied in portable electret condenser microphones,
energy harvesting, air filters or magnetic field sensors
[8][9]. Typically charged by corona discharge, contact
electrification or electron beams [10], the surplus charge
carriers are stored in the material in trap states. These are
additional states in the bandgap of the polymer, as
illustrated in Fig 2a. PTFE thin films, PV3D3 thin films
and PEGDMA thin films have been charged in a corona
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discharge under identical conditions and their charge
stability is investigated via thermally stimulated
discharge measurments. As shown in Fig. 2b, the PV3D3
films (red curve) show a significant lower charge
stability, compared to the other polymers.
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Figure 2. (a) Schematic illustration of deep trap and shallow trap states
located in the gap between highest occupied molecular orbital (HOMO)
and lowest unoccupied molecular orbital (LUMO). (b) Thermally
stimulated discharge measurement for iCVD thin film electrets. Red:
PV3D3, Blue: PEGDMA and Black: PTFE.

The surface charge vanishes here nearly directly after the
charging. PEGDMA thin films (blue curve) show a better
stability than PV3D3, but they are not as stable as PTFE
thin films (black curve). This underlines the general
observation, that fluoropolymers are one of the best
materials for surface charge storage and thus the electret
application, because they provide a lot of deep level traps
[electretcharging]. Another way to use iCVD for
electronic devices such as sensors is, for example, the
chemical functionalization of the surface. Here, we have
developed a conformal hydrophobic coating for metal-
oxide gas sensors, so that the sensors can now be
operated in high humidity, which was previously a major
problem [11]. The dependence of the gas response
(hydrogen, acetone, 2-propanol, n-butanol, ethanol and
ammonia) versus operating temperature of the samples is
shown in Fig. 3a,b. For comparison Fig. 3a shows the
samples without PV3D3 coating and Fig. 3b the samples
with PV3D3 coating. For the non-coated samples (Fig.
3a) the highest gas response is to ethanol vapors. After
the coating with PV3D3 (Fig. 3b) in addition to the
resistance to moisture the sample becomes selective for
H2 gas with the highest response at the operating
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temperature (OPT) 350 °C. The response value is here
~165%.
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Figure 3. The dependence of the gas response (hydrogen, acetone, 2-
propanol, n-butanol, ethanol and ammonia) versus operating
temperature for (a) uncoated samples and (b) hydrophobic PV3D3
coated samples.

350
Ogarating Temperature /8

200 50 el

II1.

ZnO:Fe nanostructured films were deposited on a pre-
cleaned glass substrate microscope glasses 76 mm x 25
mm X 1 mm) by the chemical solutions based approach
(SCS) and was reported in a previous work [12]. An ultra-
thin layer of CuO/Cu20 with a thickness of 20 nm was
deposited on the ZnO:Fe film with a custom system with
DC and RF magnetron and then followed by a heat
treatment in the furnance at 420 °C for 30 minutes. The
hydrophobic PV3D3 thin films were deposited in a home-
made ring-inlet iCVD reactor described in detail in our
previous works [3][13][14]. Finally, Au electrodes were
deposited on top of the CuO/Cu20/ZnO:Fe
heterojunctions coated with a layer of PV3D3 polymer
through a meandering mask [15]. For sensor performances
a computer-controlled Keithley 2400 sourcemeter at 0.2 V
applied bias voltage was used. The details on the sensing
experiments can be found in our previous works on gas
sensing [16][17].
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