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Abstract

Several thin-film deposition and etching techniques of the polymer fluorocarbon are mvestigated and the resulting
thin-film properties will be compared with those of commercially available bulk polytetrafluoroethylene The most
promising deposition technique 1s performed 1n a conventional reactive 1on etcher using a carbonhydrotrifluvoride
(CHF,) plasma By changing the deposition parameters, control of the properties and step coverage of the
deposited thin films withm a certain range 1s possible, e g, uni-directional and conformal step coverage of
deposited thin films can be obtamed Etching 15 performed with the help of an evaporated alummmum oxide
mask using an oxygen, mitrogen, or sulfurhexafluoride plasma for 1sotropic etching, or a CHF, plasma giving a
directional etch profile The combmnation of the umque properties, deposition and etching techmiques make
fluorocarbon thin films a promising tool for micromachining, a number of applications will be discussed and

demonstrated

Introduction

The linear fluorocarbon (FC) polymer polytetrafiuo-
roethylene (PTFE) 1s better known under several trade-
marks such as Teflon®, Fluon®, or Hostaflon® Due to
the many exceptional thermal, electrical, and chemical
properties, 1t 1s an mteresting material n all kinds of
disciplmes, such as microelectronics, micromechanics
and (bio)chenustry Table 1 gives a summary of hterature
data [1-3] on the properties of PTFE These properties
are considered indicative for a whole class of FC films

Applications m mcromechanics generally require
PTFE 1n the form of thin films and therefore we have
nvestigated several deposition methods of PTFE-hke
films, 1e, FC polymers with different chemical struc-
tures These films can be plasma-etched and their surface
1s modified durmg this etching This behaviour 1s 1m-
portant because many properties of the FC films are
directly related to the surface and not to the bulk of
the film The combmnation of the unique properties,
deposition and etching techmques make FC films prom-
1sing for micromechanical purposes A few applications
will be demonstrated

Deposition techniques

Thin films of FC polymers can be made by several
methods [1, 4-11] In this section spin-coating, plasma
deposition, and e-beam evaporation will be discussed

0924-4247/94/$07 00 © 1994 Elsevier Sequoia All nghts reserved
SSDI 0924-4247(93)00432-4

The adhesion of plasma-deposited films is much better
than the spin-coated and evaporated films This 1s
probably caused by the creation of danghng bonds at
the surface of the underlying film when the film 1s
deposited and the subsequent attachment of free radical
copolymers (CF5) oniginating from the glow region

(1) Spin-coating FC thin films (down to 20 nm) can
be spin-coated from a muxture of FC722® and FC40®
[9] giving unform and pmbole-free layers Figure 1
shows an example of an FC film lyng on top of a
siicon (S1) wafer This film 1s obtamed by spnning
an FC722 FC40=11 mixture on the S1 substrate for
60 s at 4000 rpm and baked for 5 min at 90 °C, resulting
i a layer of 70 nm+1% The low surface free energy
of the FC film reduces the adhesion to the substrate,
adhesion 1s improved with the deposition of an inter-
mediate layer, such as a polymmde film {4]

(u) Evaporation FC films have also been deposited
by e-beam evaporation of bulk PTFE Because of the
directional nature of this techmque, structures are only
top-coated Figure 2 shows a SEM photograph of an
alummum structure covered with an evaporated FC
film

(1) Plasma deposttion FC polymer films have been
deposited via plasma polymerization of carbonhydro-
trifluvonide (CHF;) 1n a commercially available reactive
10n etcher (RIE) In the plasma mode (25 sccm CHF,,
130 mTorr, 25 °C, 5% 1072 W/em?, 0 V. ) conformal
coverage of three-dimensional structures 1s observed
at a deposition rate of S nm/mun Figure 3 shows an



TABLE 1 Properunes of bulk PTFE from hterature data [1-3]

Electrical

Volume resistvity 10'® Ohm m

Surface resistance 10'® Ohm

Bulk breakdown voltage ~4x 107 V/m
Thin-film breakdown voltage 3 4x10” V/m
Diclectric constant 2 1 (50 Hz-10 GHz)
Dissipation factor 00003 (50 Hz-10 GHz)

Chemical
Stable and mert (—~190 up to +250 °C)
Omdative stable

Mechanical
Young’s modulus 4x10° N/m?
Bending strength 18 10° N/m?
Tensile strength 25%10° N/m?
Fracture strain  300-500%

Optical
Refractive index 14
Optical transmussion >95%

Thermal
Stable, unflammable and shape memory
Mmimum temperature —190 °C
Maximum temperature 225 °C
Meiting pomnt 327 °C
Decomposition temperature ~400 °C
Melt viscosity 10" Pa s
Thermal conduction 024 W/mK
Thermal capacity 105 J/gK
Expansion coefficient 8x107° VK
Phystcal
Cntical surface tension 18X 1072 Nfm
Contact angle with water 108°
Friction coefficient with resp to steel 004
Speafic gravity 220 g/om®
Non-permeable for fluids (except He)

Fig 1 A spmn-coated FC thin film on a sihcon substrate

alummnium beam that 15 coated with an FC film with
the same thickness on both sides of the beam

In the RIE mode (25 sccem CHF;, 130 mTorr,
25 °C, 5X 1072 W/cm?, target potential —100 V) the
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Fig 2 An evaporated FC thin film on top of an aluminium mask
layer

a;ng

Fig 3 A plasma-deposited FC thin film (0 V. ) giving a conformal
step coverage over an alummum beam

film grows faster (26 nm/min) at the places which are
directed to the plasma glow In Fig 4 an alummum
beam is completely surrounded by an FC film In this
Figure three different phenomena are seen Firstly, the
film 1s thicker at those places that are directed to the
plasma glow This 1s probably caused by the formation
of active sites due to mpingmg 1ons and/or photons
from the plasma glow Secondly, the bad adhesion
between the alummium beam and its surrounding film
1s clearly seen Thirdly, at the edges of the beam a
thicker layer has been deposited (arrow), this higher
deposition rate might be caused by a hgher flux of
radicals that strikes the edges

Unidirectional coverage of structures appears, just
as was the case for the evaporated films, if an external
bias (—400 V,.) 1s applied m the RIE mode The
deposition rate 1s higher than 50 nm/mim 1 this mode
In Fig 5 a free polysilicon beam 15 top-coated with an
FC film
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Fig 4 A plasma-deposited FC thin film (~100 V,.) giving an
enhanced deposition rate on the top of an aluminium beam
The arrow indicates the thicker layer at the edges of the beam

Fig 5 A plasma-deposited FC thin film (—400 V) gving nse
to a top-coated polysilicon beam

The FC films have been characterized by energy
dispersive X-ray analysis (EDX), X-ray photoelectron
spectroscopy (XPS), and Fourer-transform infrared
spectroscopy (FT-IR) The analyses revealed that car-
bon 1s mamly bonded to two fluor atoms, although
carbon bonded to one or three fiuor atoms 15 also
observed The contact angle, refractive index and the
chemical properties were comparable with those of
PTFE

Etching techniques

Fluorocarbon films can readily be etched isotropically
m an RIE using an oxygen (O,), mtrogen (N,), or
sulfurhexafluoride (SF;) plasma and also 1n a carbon-
hydrotrifluoride (CHFs) plasma m the lower pressure
regime resulting in a umdirectional etch profile Thus,

Fig 6 A surface micomachined alummium oxide beam An
oxygen plasma 1s used to sacnfice the underlymng FC thin film

mn the lower pressure regime the CHF; plasma etches
an FC film whereas mn the higher regime 1t will deposit
a film FC films have an etch rate of =500 nm/min m
O, plasmas and of ~ 100 nm/mn mn SF, plasmas, which
1s 60 tumes lower than that of silicon under the same
conditions Inorganic materals, e.g, alurinium, are
commonly used as a masking layer This versatility with
respect to patterning leads to increased processmg
flexability

(1) Spin-coated films Direct pattermmng of FC film
with photoresist 1s not possible because, due to the
low surface free energy and high wetting angle of the
FC film, the spin-coated resist cannot adhere at the
FC surface However, evaporated alummum oxide
(Alox) does adhere and can be patterned In Fig 6
an FC film 1s coated first with an aluminium oxide film
and after patterning the aluminium oxide mask, the
FC film 1s 1sotropically etched with an O, plasma The
1sotropic underetch 1s clearly observed

{(u) Evaporated and plasma-deposited FC films E-
beam evaporated and plasma-deposited FC films can
be patterned directly with photoresist This difference
with respect to the spmn-coated films mught be caused
by the rougher surface of the plasma-deposited films

Applications

A number of possible applications of FC films will
be discussed and demonstrated below

(1) Passtvation layer Micromechamnical structures and
electronic circuitry can be coated with FC polymer to
prevent corrosion In this way, high-quahty murrors,
mucrogrippers, and electrostatic actuators can be fab-
ncated Because of their chemical iertness and low
surface free energy, FC films are biocompatible and
could be used as a passivation layer n the medical



and chemical analysis systems For example, an 1on-
sensitve field-effect transistor (ISFET) [12] was coated
with a spin-coated and a plasma-deposited film in order
to decrease the pH sensitivity It was found [13] that
the pH sensitiity of such a so-called reference FET
(REFET) was decreased by a factor six, which makes
it a possible standard REFET Moreover, no CO,
response of this REFET was measurable mdicating
that the film 1s non-porous and pinhole free

(1) Insulator layer FC films have a high resistivity,
therefore only very thin layers are required for electnical
msulation Moreover, because of therr igh resistvity
and hydrophobic nature, FC films are suitable as elec-
trets 1n, e g, micromachined silicon microphones [14]
It was found [13] that the spin-coated FC electret 1s
as good as the sihcon dioxde/hexamethyldisilizane
(S10,/HMDS) electret [15] When charging the FC
electret beyond the breakdown voltage (4 X107 V/m),
the electret voltage dropped quickly to this voltage
where 1t stabilized It was also found that $10, electrets
treated with an FC passivation layer do not discharge
when wetted, while those with HMDS do

{w) Sacrifictal layer Because very thin layers (<20
nm) can be deposited with conformal step coverage
and because selective etchants are known, the FC
polymers are excellent sacnficial layers to be used
surface micromachimng This 1s demonstrated in Fig 6
where a 70 nm thick, spin-coated FC film beneath an
evaporated aluminium oxide beam 1s 1sotropically etched
under with the help of a dry O, plasma etch The etch
rate 1s approxumately 0.5 pum/min

(v) Structural layer FC films are practically unbreak-
able and chemucally mert For this reason they are
useful as mechanical construction material mn micro-
mechanics, € g , beams or membranes The low Young’s
modulus 1s required for devices generating large de-
formation under moderate forces Because the films
do not stick to almost any substrate, special construction
methods must be developed (eg, mechamcal an-
choring) In Fig 7 an FC beam s shown that 1s made
of a plasma-deposited FC film which 1s patterned with
the help of an O, plasma and an aluminium oxide
mask

(v) Ant-sticking layer FC surfaces have extremely
low free energy and, as a result, they tend to have non
adhesive character and low coefficients of friction
Therefore, FC films can be used as a coating over a
sold surface to prevent or reduce adhesion when a
matenal 15 brought mto contact with the sohd, eg,
self-lubnicating bearings, pumps, pipelines and valves
mn the chemical industry In Fig. 8 an isotropically
etched silicon flow channel 1s coated with a very thin
plasma-deposited FC layer Other opportunities are the
release of micromechanical structures without the use
of a sacnficial layer Figure 9 shows the bending of an
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Fig 7 An FCbeam, lying on top of a sihicon substrate, constructed
with the help of an aluminum oxide mask layer and an oxygen
plasma

Fig 8 A silicon flow channel coated with a plasma-deposited
FC thin film

alummum beam which 1s situated directly on top of
a spin-coated FC film This structure can be used as
the electrostatically driven element 1n the active joint
{16] It 1s fabricated by applymng an FC film on a silicon
substrate and an alummum layer on top of this Now,
when the aluminium 1s patterned the beams will bend
directly because of their, built-in, mtrnnsic stress without
etching the FC layer

Although the opportunities of the following examples
are not demonstrated yet, they are also of interest in
micromechanics and microelectronics

(1) FC films are transparent and are found to make
excellent optical films for, e g, fibres and planar wave-
gudes Teflon AF2400® [10] can be used as a low
refractive-index (129') coating for optical devices

(n) Fluorninated polymers are available for imparting
o1l and water resistance to micromechanical structures
because of therr nonwettability We can mmagme a
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Fig 9 The bending of alumimum beams released directly from
the substrate, without the use of a sacnficial layer, due to the
underlymng FC thin film

number of unique uses for matenals of this type, e g,
adhesives with selective bonding properties and barrier
matenals to prevent the spreading of hquids from pomts
of contact on ball bearings, motors, and other devices

{m) The low Young’s modulus makes 1t possible to
use FC films as a ‘rubbery’ coating for microvalves in
preventing leakage of fluids

(iv) FC films can be compounded with other plastics
or metals by simultaneously sputtering metals n the
reactor chamber during PECVD deposition of FC films
(11]

Conclusions

The usefulness of FC polymers mn mucromechanics
has been demonstrated Three different kinds of de-
position techmiques are treated spin coating, evapo-
ration, and plasma deposition Especially the plasma-
deposited films are very attractive because 1t is possible
to cover structures m different ways Etching 1s per-
formed i the same plasma reactor that 1s used for
deposition and 1t 15 possible to etch thin FC films
umdirectional as well as 1sotropic Many matenals,
mostly norganic, are known to act as a masking layer
m order to copy the geometry of the developed pho-
toresist mto the FC films The unique properties and
the diversity in deposition, etching, and masking ma-
tenials make the use of FC films m micromechanics
and microelectronics very simple and straightforward
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