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FLUOROPOLYMER PROTECTANT LAYER FOR HIGH TEMPERATURE
 SUPERCONDUCTOR FILM AND PHOTO-DEFINITION THEREOF
EIELD OF THE INVENTION '

5 The present iﬁvention comprises methods and
_processes for patterning amorphous fluéropolymer
Teflon®AF, and passivating high temperature
superconductor films and devices with amorphous
fluoropolymer Teflon®AF films. It also cdmprises

10 improved devices using such amoiphous fluoropolyme:
Teflon®AF films. _ '
BACKGROUND OF THE INVENTION
One of the deficiencies of some high temperature
- superconductors is their sensitivity to atmospheric
15 moisture. Exposure of microwave and millimeter |
electronic devices containing superconducting materials
to moisture usually results in performah¢e degradation.
Thus, means of passivation, or making the superconductor
more inert to environmental factors is desired. Another
20 problem for many superconducting devices is their large
size, which is often dictated by power requirements.
'Thus, a means to increase the power of microwave and
millimeter superconducting devices while maintaining a
small size would provide numercus advantages in various
25 applications; Copending.hpplicatioh U.S. Serial No.
07/788,063 filed November 5, 1991, discloses a microwave
dielectric resonator comprising a) a dielectric element
positioned between two discrete high température :
superconducting thin films, each said £ilm deposited on
30 a substrate, and b) an outer enclosure having means for
holding the resonator components and means for magnetic
: dipole coupling. A_méans to increase the power of such
devices is desirable. ' - .
U.S. Patent No. 5,159,347 discloses the use of
35 amorphous fluoropolymer, Tefloh®AF, in the construction
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of a micromagnetic circuit as an insulator between
magnetic conductor strips and an electrical conductor.
Use of such fluoropolymers in patterning films for
microwave and millimeter devices has not been
widespread. One of the desirable properties of a £film
of amorphous fluoropolymer is its essentially smooth,
non-stick character. This is, however, viewed as a flaw
if one is trying to cause a second material, i.e., a
photoresist composition, to adhere to it. Imaging of
the conventional photoresist over a fluoropolymer layer
such as polymethyl methacrylate by deep v followed by
development leads to a photoresist mask over the
fluoropolymer. This method suffers in two. regards.
First, an intermix layer may form due to the partial
common solubility of the photoresist and the
fluoropolymer. This leads to a lack of resolution
during the subsequent etching of the fluoropolymer
through the photoresist mask, Second, the. patterned
fluoropolymer is deficient to an amorphous £luoropolymer
with respect to water resistance. .

The present invention provides solutions to these
various problems by providing a process for adhesion of
and pattering of amorphous fluoropolymers such as

 Teflon®ar. This results in the further aspects of the

present invention of a method of passivation for _
superconducting materials rendering them more inert to
atmospheric moisture, and improved'microﬁave'and
millimeter superconducting devices ofdincreased power
while retaining a small size.
© SUMMARY OF THE INVENTION

.~ This invention provides a process for producing
patterned amorphous fluorcpolymer filﬁs which comprises
the steps of: : |
' a) forming a continuous amorphous fluoro—
polymer film on a substrate; '
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b) exposing the surface of the amorphous
fluoropolymer .£11lm to an oxygen plasma to promote
adhesion; :
¢c) overcoating the adhesion promoted surface
of the amorphous fluoropolymer £film with a photoresist
layer:;

d) creating a latent image pattern in the

_photoresist layer by means of imagewise exposure to

actinic radiation;
e) developing the imaged photoresist layer to

- create a patterned photoresist layer over the amorphous-

fluoropolymer £ilm; :
f) etching the amorphous fluoropolymer film

. through the patterned photoresist layer by reactive ion

etching or ion beam etching; and
| g) optionally, stripping the photoresist by
organic solvents or by oxygen plasma etching.
This invention further provides an imprcved
microwave dielectric resonator comprising
a) a dielectric elenment positioned between
two discrete high temperature superconducting thin
films, each said film deposited on a support, and
b) an outer enclosure having means for
holding the resonator components and means for magnetic
dipole coupling, wherein the improvement comprises a
layer of an amorphous fluoropolymer (Teflon®AF)
positioned between the dielectric element and each high
temperature superconducting £ilm.
.~ This invention further provides an improved
radiofrequency device comprising
a) a support having deposited thereon a
signal layer comprising a ‘high temperature
superconducting thin f£ilm, |
b) at least one contact point comprising a
conducting metal contact pad formed on the film, and
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c) ‘at least one patterned dielectric layer,
said layer coating the high temperature superconducting
film and leaving exposed the contact pad,
wherein the'improvement comprises the use of an

5 amorphous fluoropolymer (Te£lon®aF) as a dielectric
layer.

The present invention further comprises a method
for passivation of’ high temperature superconducting
films comprising depositing thereon a layer of an

10 amorphous fluoropolymer.
'~ DESCRIPTION OF THE FIGURES

Figures la to 1d illustrate key steps'of”the
process for patterning films of’ the present invention.
A, B, C, and E each have the same meaning in Figures la:

15 through 1d. 1In Figure la, A is a substrate, B is a high

temperature superconducting f£ilm, C is a layer of
fluoropolymer, and D represents an oxygen plasma to
which the surface C is being exposed.
Figure 1b depicts a photoresist layer E coating the
20 fluoropolymer layer C. - :
Figure 1c depicts the development of a pattern in
photoresist layer E by means of exposure to radiation
and developmert labeled as F.
Figure 1d depicts the ‘coated f£ilm after the
25 fluoropolymer layer has been etched. '
Figure 2a illustrates a known superconductor
dielectric resonator of the sandwich type, HTS film-
dielectric-HTS film, wherein HTS denotes high
. temperature superconducting. _ o
30 Figure 2b illustrates a known sandwich type
superconductor dielectric resonator which is tunable.
Figure 2c illustrates the improved sandwich type
superconductor dielectric resonator of the present -
invention having a film of amorphous fluoropolymer (12)
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deposited on the superconducting film adjacent to the
dielectric.

Figure 3 shows a graph of unloaded Q value versus
circulating power for the resonators of Figures 2a and
2c. The white circles A represent the resonator of
Figure 2a having no fluoropolymer coating on the
superconducting film. The white boxes B represent a
resonator as in Figure 2a but having a coating of
polymethylmethacrylate on the superconducting £1lm. . The
black diamonds C represent the resonator of the present
invention df Figure 2c¢ having a coating of Teflon®AF on
the superconducting film. The improvement in
performance gained by the resonator employing the

present invention is demonstrated.

Figure 4 illustrates the improved radiofrequency
device of the present invention. The specific elements
will be detailed in the text hereinafter. _

' DEIAILED_QESCBIEIIQN_QE_IHE_INYENIIQN

In known multilayer resist processes for patterning
generally a photosens1tive resist or photoresist is
applied as a thin film to a substrate. The photoresist

is then exposed in an image-wise fashion to light or
_radiation, for example through a mask. The mask
.contains clear and opaque features defining a pattern.

The areas in the photoresist that are exposed are made
either soluble or insoluble in a specific solvent termed
a developer. Resists function by altering their

.solubility through radiation-induced chemical reactions.
~ These reactions can either increase the solubility

(positive tone) or decrease the solubility (negative
tone) of the irradiated region. The terms positive and
negative resists reflect this change_in solubility.
During development. in the first case, the irradiated
regions are dissolved by the developer leaving a
positive image of the pattern in the resist and it is
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termed a positive resist. 1In the second case, the
unirradiated regions are dissolved by the developer
ledving a negative image of the pattern in the resist,
and it is termed a negative resist. Following
development'the exposed'substrate areas are etched
through the patterned photoresist layer thereby |
replicating the pattern in the substrate.. The
photoresist layer is then optionally removed.

Known methods of providing an environmental
protective 1ayer over a film of high temperature
superconductor comprise use of a layer of polymethyl
methacrylate (PMMA) or polyimide.- Neither material,
though resistant to moisture, is as efficient as

‘amorphous fluoropolymer £ilm in this regard.

The present invention provides for use of an
amorphous fluoropolymer'film between the substrate and
the photoresist'layer. Such fluoropolymers provide a
protective layer over the substrate and a method of
passivation of devices incorporating the patterned

substrate. Such amorphous fluoropolymers have not been

used in known photoresist patterning'processes because
adhesion of the fluoropolymer to the substrate"and the
photoresist 1ayer was a problem, and further because
efficient techniques for etching such fluoropolymers

- without destroying the photoresist layer were not

available.
By amorphous fluoropolymer film is meant a non-
crystalline fluoropolymer or fluorocopolymer.

' Commercially available examples include a copolymer of
4, S5-difluoro-2, 2-bis(trif1uoromethyl)1 3-dioxole and

tetrafluoroethylene, (TeflonQAF) available from E. I.
du Pont de Nemours and Company, Wilmington, Delaware.
The thickness of the film employed is from 0.25 microns
to 10 microns thick, preferably 0.5 to 3 microns.

74—
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The present invéntion provides a process for
producing patterned amorphous fluoropolymer films
comprising the steps of a) forming a continuous
amorphous fluoropolymef film on a substrate; b) exposing
the surface of the amorphous fluoropolymer film to an
oxygen plasma to prombte adhesion; c) 6vercoating the
adhesion promoted surface of the amorphous fluoropolymer
film with a photoresist layer; d) creating a latent
image pattern in the photoresist layer by means of
imagewise exposure to actinic radiation; e) developing
the imaged photoresist layer to create a patterned
photoresist layer over the amorphous fluoropolymer film;
f) etching the amorphous fluorcpolymer film through the
pétterned photoresist layer by reactive ion etching or
ion beam etching; and g) optionally, stripping the
photoresist_by organic solvents or by oxygeh plasma
etching. B '

Substrates on which the patterning invention can be
carried out include various types of substrates commonly
used in electronic devices as wéll as various types of
high temperature superconductors. The former include

silicon, alumina (Al1203), sapphire, gallium arsenide

(GaAs) and indium phosphide (InP). Suitable super-
conductors are of many types and include YBaCuO,
LaBaCuO, LaSrCuO, LaCaCuO, LaSrCaCu0, LaBaCaCu0O,
LaSrBaCu0O, TlBaCaCuQ, T1BaCuO, T1lPbSrCaCu0O, BiPbSrCaCu0Q,
BisrCaCu0O, BiSrCu0O, BiSr¥CuO and others. Particularly
preferred superconductors are YBaCu0O (123), TlBaCaCuO |
(2212), T1BaCaCuO (2223), T1PbSrCaCuO (1212), '

T1PbSrCaCuO (1223), or BiSrCaCuO (2223). The high

temperature supercondﬁctor may itself be on a support,
for example, on lanthanum aluminate (LaAlO3), yttrium
stabilized zirconia, sapphire, quartz, magnesium oxide
or strontium titanate.
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'Forming of the continuous amorphous"fluoropolymer
film on a substrate may be by methods known in the art
for solution coating. These include knife'coating}'dip'
coating, roller coating, spray coating and spin coating._
Preferred for use herein is spin coating.

_ It has been found that adhesion of the amorphous _
fluoropolymer can be promoted by subjecting the surface
of the amorphous fluoropolymer film to an oxygen plasma, -
comprising greater than 10% oxygen plasma formed in a
barrel or planar-type RF Plasma reactor or-in a reactive
ion etching reactor. This treatment apparently serves
to increase adhesion of a second material to the
amorphous fluoropolymer film by causing a modification
of the surface, perhaps by introducing a degree of
roughness into the treated surface. Such a treated

. amorphous fluoropolymer surface will readily hold any of

a number of commercial photoresist compositions.
Photoresist requirements for'microfabrication are
similar, regardless of the erposure technology. The
more important'requirements'include'solubility, |
adhesion, etchant resistance, sensitivity and contrast
(resolution). Since films are normally deposited on a
substrate by spin-coating from solution, solubility in
organic solvents is a necessary requirement. The resist
must possess adequate adhesion to adhere to a variety of
substrate materials ‘and to withstand all’ processing
steps. Poor adhesion leads to marked undercutting, loss_
of resolution and, “in the worst case, complete '
destruction of the pattern. Pattern transfer to the
underlying- substrate has been Conventionally
accomplished using liquid etching techniques which
require tenacious adhesion between resist and substrate
in order to minimize undercutting_and maintain edge
acuity and feature size control. As geometrics are’
reduced, liquid etching is being replaced by dry-etching
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techniques which place less stringent adhesion -

- requirements on the resist. It should be noted however,

that there still has to be sufficient adhesion to
withstand development, and this becomes increasingly
difficult as feature sizes decrease. Etchant resistance
refers to the ability of the resist to withstand the

. etching environment during the pattern transfer process.

The need to pattern fine features in thick substrates
has led to the aevelopment of anisotropic etching
methods such as reactive-ien etching, plasma etchiné,
ion milling, and sputter etching. While not requiring a
premium in terms of adhesion, these techniques place
other very strlngent requirements on the resist. Most
dry—etching techniques rely on plasma-induced gas_
reactions in an environment of high radiation flux and
temperatures in excess of 80°C. .

Sensitivity is conventionally defined as the input
incident energy (measured in terms of energy or the
number of photons or particles (fluence) per:unit area)
required to'attain a certain degree of chemical response

" in the resist that_results, after development, - in the

desired relief image. This represents an operational,

 lithographic definition of sensitivity. Note that

sensitivity increases as the dose :equired to produce

'the lithographic image decreases. The. sensitivity of a

positive resist is the dose required to effect complete
eolubility of the exposed region under_conditions where
the unexposed region remains completely insoluble. In
the case of a negative resist, sensitivity is defined as
the dose at which a lithographically useful image is
formed. Clearly, the sensitivity of a resist should be
commensurate with machine design parameters to allow
optimization throughput. The pattern resolution
attaineble'with a given resist for a particular set of
processing conditiens is determined in large part by the
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resist"contrast (). réontrast'in the-case_Of a negative
resist'is;related to the rate of cross-linked network
(gel) formation and, for a positive resist, to'both'the'
rate of degradation and the rate'of”change of s°lubility
with molecular weight with the latter being markedly
solvent dependent. High contrast is important since it
minimizes the deleterious effects due to scattering of
radiation in the resist film. All exposure techniques
result in some energy being deposited outside the -
primary image area.' High contrast resists which do not

- respond significantly to low levels of scattered
‘radiation are desirable. ' o

Photoresists useable in this inventive process are
many. They may be positive or negative working.
Positive resists are preferred. They may be single
component or two-component'systems. Both chain scission
resists and solution inhibit resists are suitable for
use herein. Planarizing layers, antireflection coatings
and contrast enhancement materials may also be employed
with the photoresists. They may be sensitive to a wide
variety of actinic radiation, ranging from deep UV to UV
to visible to infrared. Also the radiation can vary to.
x-ray radiation or electron or_ion beams. Many.suitable
commercial varieties are available., Preferred examples

'include Shipley 1400 and 1800 series resists, and KTI890

and AZ1400 series resists available from Shipley Co.
Inc., 2300 Washington Street, Newton, MA 02162,
Overcoating the amorphous fluoropolymer £ilm with the
resist layer may be by various'techniQues after the
amorphous fluoropolymer is treated to promote adhesion
as described above. Suitable techniques'for overcoating
include knife coating, dip coating,'roller coating,
spray coating or spin coating. Spin coating is
preferred. B
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Optional baking (drying) steps may follow the
application of both the amorphous fluoropolymer layer

_ and the application of the photoresist layer.

Amorphous fluoropolymers exhibit limited solubility
in only a few select solvents. Due to the lack of a
common solvent for the amorphous fluoropolymer and
photoresists, no . intermix layer is formed during the
application of the photoresist to the amorphous
fluoropolymer layer. This leads to a high degree of
resolution in the photoimaging/development process.

Photoimaging and development steps for multi layer
resist processes suitable for use in the present
invention are discussed in. "Microlithography: Process
Technology for IC Fabrication,™ D. J. Elliott, McGraw
Hill Book Company, 243-252, Bowden,:M. K., "Materials
for Microlithography", Thompson et al. Eds., ACS
Symposium Series 266, pp. 39-107, American Chemical
Society, Washington, DC (1984); and Reichmanis, E., et
al. Chem. Rev. 89, 1273-1289 (1989) each of which is
herein incorporated by reference.

Imaging and developing of the commercial

- photoresist composition employed in the present

invention can be'by recommended procedures by the
photoresist manufacturer. The developer may be an
organic solvent, dilute aqueous acid or dilute aqueous
base depending upon the photoresist employed. After a
post development drying step, the patterned photoresist
layer functions as a mask for patterning of the
amorphous fluoropolymer layer. Because of the water
sensitivity of high temperature superconductor
substrates and because the substrate underlies the
amorphous fluoropolymer £ilm, non aqueoue patterning
methods are employed when such substrates are used.

It has'been found that reactive ion etching or ion
beam etching can be employed to etch the amorphous
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fluorOPOIYmer. Reactive ion etching using greater than -
10% oxygen can be used to etch away the underlying '
amorphous fluoropolymer film at a rate much greater than
the photoresist layer. Due to these differential etch
rates between the photoresist and the amorphous '
fluoropolymer, ‘the photoresist layer is not destroyed.
The resuit of this process is a patterned, passivated
area on the underlying substrate, preferably a high
temperature superconductor £ilm. The photoresist can
optionally be removed by organic solvents or oxygen
plasma etching.

The process of the present invention can be used to
make materials useful as a) very thin f£ilm capacitors
with extremely high breakdown potentials, and b) in the
fabrication of multichip modules.

The use of amorphous fluoropolymer, patterned or
not, in the construction of high temperature
superconductor power.carrying devices yields improvement
in power carrying ability and resistance to moisture
effects. !

Devices of the prior art improvable by the
patterning technology of the present invention include
radiofrequency (RF) and microwave transmission line
structures {microstrip, stripline or coplanar type),
resonators, filters, delay lines, digital interconnects
for integrated circuits, and MCM's (multi-chip modules).

The present invention further provides an improved
microwave dielectric resonator comprising a) a

‘dielectric element positioned betneen two discrete high

temperature superconducting thin films, each said film
deposited on a support, and b) an outer enclosure having
means for magnetic dipole coupling, wherein the
improvement comprises a layer-ofian amorphous
fluoropolymer (Teflon®AF) positioned between the
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dielectric element and each high temperature

superconducting £ilm. ,

Figures 2a-2c show superconducting microwave
resonators within holding devices. As shown in.
Figures 2a~c, superconducting microwave resonators with

cavity 85 are provided in the form of:supports 20

bearing superconducting'film 10 positioned in contact

with dielectric 30. Support 20 is a single crystal that

has a lattice matched to superconductor film 10.
Preferably, support 20 is formed of LaAlO3, NdGaOs, Méo
and the like. ' _

' Génerally, Superconductor £ilm 10 may be formed
from any high T¢ superconducting material that has a
surface re;istandé (Rs) that is at least ten times less
than that of copper at any specific operating
temperature. T, can be determined by the "eddy current
method" using a LakeShore Superconductor Screening
System, Model No. 7500. Surface resistance of
superconducting £ilm 10 can be measured by the method
described in Wilker et al., “S-Gﬁz'High-Temperature—
Superconductor Resénaﬁors with High Q and Low Power
Dependehce_up-to 90 K", IEEE, Trans. on Microwave Theory

' and Techniques, Vol. 39, No. 9, September 1991,

Pp. 1462-1467. 'Generally, superconductor £ilm 10 is
formed from materials such as YBaCuO (123),'TlBaCaCto
(2212 or 2223), T1PbSrCaCuO (1212 or 1223), or the like.
Superconducting fi;m 10 can be deposited onto
support 20 by methods known in the art. See, for

-example, Holstein et al., "Preparation and

Characterization of T1zBa2CaCu20g Films on 100 Laalosz",
IEEE, Trans; Magn., Vol. 27; pp. 1568-1572, 1991 and
Laubécher et al., "Processing and Yield of YBazCu307-x
Thin Films and Devices Produced with a BaFz Process",
IEEE, Trans. Magn., Vol. 27, pp. 1418-1421, 199%1.
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Generally, the thickness of film 10 is in the range of |
0.2 to 1.0 micron, preferably 0.5 to 0.8 micron.

The microwave resonator is formed by positioning
support 20 bearing'supercondpcting film 10 on
dielectric 30. supports 20 can be placed on the
surface of dielectric 30, or, alternatively, low loss
adhesive materials may be employed. Polymethyl
methacrylate optionally may be deposited onto the
surface of superconducting film 10 to more firmly bond

' dielectric 30, as well as to protect superconducting

film 10. Figure 2c shows the devices of the present
invention with a film of amorphous fluoropolymer 12
between the superconducting film and the dielectric.

. Dielectric 30 may be provided in.a variety of
shapes. Preferabiy, dielectric 30 is in the form of
circular cylinders or polygons. bieleetrie 30 may be
formed of any dielectric material with a dielectric
constant €:>1. Such dielectric materials include, for
example, sapphire, fused quartz, and the like.
Generally, these dielectric materials have a loss factor
(tan 8) of from 106 to 10-° at-cryegenic temperatures.
The &, and tan § of the dielectric material can be

' measured by methods known in the art. See, for example,

Sucher et al., “Handbook of Microwave Measurements“
Polytechnic Press, Third Edition, 1963, Vbl I1I,
Chapter 9, pp. 496-546.

The configuration of the microwave resonator, when
in use, is maintained by holding device 25. The holding

 device can be any embodiment that maintains the relative

positions of the components of the resonator during
thermal cycling associated with use of the resonator.
Holding device 25 includes sidewalls 45, bottom plate

' 50, top 1id 60, pressure plate 70, and load springs 80.

Load springs 80 are Sufficientiy strong to retain the

| configuration of the microwave resonator during thermal
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cycling. Load springs 80 preferably are formed of
nonmagnetic material in order to prevent disturbing the
radio frequency fields in the resonator to achieve the
highest possible Q-values. Load springs 80 preferably
are formed of Be-Cu alioys.

Parts 45, 50, 60 and 70 of holding device 25 are
made of thermally and electrically conductive materials
in order to reduce radio frequency loss as well as to
enable efficient cooling of resonator. Parts 45, 50,
60 and 70 therefore may be formed of, for example,
oxygen fired copper, aluminum, silver, preferably-oxygen
fired copper or aluminum.

The microwave resonator can be coﬁpled to an
electric circuit (not shown) by coaxial cable 18 that
includes coupling loop 21 protruding into cavity 85 of
the resonator. The orientation of coupling loop 21 and-
depth of insertion of coaxial cable 18 into cavity 85
can be readily adjusted to ensure coupling to the |
electronic circuit.

In order to make the resonator electrically tunable
without lowering its Q-value, low loss ferroelectric or
antiferroelectric material must be introduced into the
resonator and a control E-field must be established in
the ferroelectric or antiferrocelectric material.

Figure 2b shows one example of a tunable HTS-dielectric-
HTS :esonator; In this particular.case; the dielectric
is a ferroelectric or antiferrocelectric rod 90, which is
sandwiched by a pair of HTS films 10 deposited on
support 20, The resonator operates at TEpin mode
(n=1,2,3,...). The RF energy is coupled in and out by a
pair of coaxial cables with a loop at the tip. The |
resonator is put in a holding device 25 with springs and
spacer to hold it. ,Ih this particular case, the control
circuit consists of a HTS-metal interface 95 with a via
hole to the back side of the top support 20, bonding
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wire 96, control port 97, another HTS-metal interface

95a with a via hole on the bottom support to the caSe as

a ground. When a control voltage is applied to the port

- 97, an axial direction E-field is established in the rod
90 between the two HTS films'lb; The dielectric
.constant ‘of the rod can be changed hy varying the
_control voltage, which causes the the resonant frequency

to change. Other control circuits and tuning mechanisms
can be used in this type of resonator. The advantage of

“this configuration is that the tuning sensitivity is

very high because the entire dielectric rod is made of
ferroelectric or antiferroelectric material. Examples
of suitable ferroelectric materials for rod 90 include
LiNbO3, LiTaO3, or PbTiO3. Examples of suitable
antiferroelectric materials for rod 90 include SrTiOs,
LaAlO3 or KMnF3. But the disadvantage is that the
Q-value of the resonator is limited by the loss factor
of the ferroelectric or antiferroelectric material.
Figure 2c shows a HTS-dielectric-HTS resonator of
the present invention. All elements are the same as

_ those of Figure 2a but the resonator cbntains a layer of

amorphous fluorcpolymer 12 on the superconducting film
10. The layer of amorphous fluoropolymer 12 is
deposited on the superconducting £film and patterned
using the process of the present invention as previously

‘described. The present_invention also includes tunable

resonators of'the type shown in'Figure 2b having an
amorphous fluoropolymer layer on the superconducting
£ilm. . | :
The high T¢ superconductor-dielectric:microwave'
resonators of Figures 2a-2c are capable of attaining
high Q-values, due in part, to the ability of support 20

'bearing film 10 to prevent axial radio frequency fields

from extending beyond the London penetration depth of
the superconducting film 10. This is accomplished where
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supports 20 are substantially greater than the diameter
of dielectric 30 so that radio frequency fields are

. confined within the cavity region 85 between supports

20. | o _ .
The use of a layer of amorphous fluoropolymer 12 on

the superconducting film 10 has been found to decrease

arcing and increase the power of the resonator by a
factor of at least 2. The film 10 may contain small
surface imperfections. If no amorphous fluoropolymer
layer is present, air or other atmospheric gases can
enter these imperfections. When electrical current
circulates through the film, voltages can break down in
these atmospheric gases causing electrical arcing which
degrades the-performance'of the device. Use of a layer
of amorphous fluoropolymer, preferably TeflonQAF, on the
superconducting f£ilm surface £ills in any imperfections
and therefore decreases electrical arcing and increases
the power of the resonator. Figure 3 depicts a
comparison of the resonator of the present invention C
with known resonator A of Figure 2a not having the
amorphous f;uorqpoiymer layer presenﬁ and_with known

‘resonator B,_like that of Figure 2a but having a layer

of polymethyl methacrylate on the superconducting film.
The resulting increase in the unloaded Q value of the
resonator of the present invention is shown.

The high Q-value superconducting microwave

‘resonators provided by the invention have a variety of

potential applications. Typically, these resonators may
be employed in applications such as filters,
oscillators, as well as radio frequéncy_energy storage
devices. The miérowavé resonators of the invention also
may be employed as frequency stable elements to reduce
the phase noise for oscillators.

The present invention further comprises an improved
radiofrequency device comprising a) afsupport having |
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deposited thereon a signal layer cbmprising'a'high
temperature superconducting thin f£ilm, b) at least one
contact point comprising a conducting metal contact pad
formed on the £film, and c) at least one patterned
dielectric layer, said layer coating the high
temperature superconducting £ilm and 1eaving exposed the
contact pad, wherein the improvement comprises the use
of an amorphous fluoropolymer (TeflonOAF) as a
dielectric layer. : :

Figure 4 shows an_ improved radiofrequency device,'a
high power inductor device, using the present invention.
This device typically carries power in the 2-30'mega-
hertz range. Power carrying performance was improved _
with the amorphous fluoropolymer protectant film as was

‘moisture (boiling water) sensitivity. The device is

constructed (as in Example 3) on a support 20. A coil
pattern of high temperature superconductor material 10
is generated on the support as a signal layer. Patterns
other than a coil are also suitable. ' The whole is
covered by a layer 40 of amorphous fluoropolymer as a
dielectric layer. The fluoropolymer is patterned and

condu¢ting electrical contacts 35 are formed on the

superconducting signal layer. _

A thin film or high temperature superconductor is
deposited on a suitable support using techniques well
known in the art as previously referenced. Suitable
supports and superconducting materials include those
previously defined for the patterning process of the
present invention. The amorphous fluoropolymer is '

_deposited and patterned using the patterning process of

the present invention previously described herein.
Since reaction ion etching and ion beam etching can be
used to etch both the positive photoresist layers and
the amorphous polymer layers at different rates, the

~ amorphous polymer can be etched before the photoresist
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layer is destroyed. Thus, a cross section as depicted
in Figure 1d is obtained. Metal contact pads are then

~ deposited on the supercondﬁcting film.in the voids in

the fluoropolymer layer previously created by the
.etching. The pads are deposited using known physical
vapor deposition techniques such as sputtering or
evaporation. Suitable metals for the contact pads
include any conducting metal, preferably gold or silver.
An increase of power level of about a factor of 2
compared to convention devices without the presencé of
an amorphous fluoropolymer is obtained in the RF devices'
of the present invention. -

The improved radiofréquency device of the prééent
invention_is useful as_a'ttansformer or as an electrical
interconnect or superprocessor in computer applications.

The present invention further comprises a method
for passivation of superconducting devices comprising
depositing on the superconducting'matérial used in the
device a layer'of an émorphous fluoropolymer. This
method is particularly applicable to high temperature
superconducting thin films. Suitable superconductors
include those previously defined fér the patterning
proceés_of the present invention. As previously noted,
exposure of the amorphous fluoropolymer to an oxygen
plasma promotes'adhesion of the amorphous fluorcpolymer
to the film. As detailed in Example 4, devices
incorporating superconducting films coated with an
amorphous fluoropolymer are passivated when exposed to
moisture compared to conventional devices without the
amorphous fluoropoiymer; There is no degradatién in
electrical perfo:mance when the amorphous fluoropolymer
is employed. - _ ' '
_ Teflon®AF is a commercial product of E. I. du Pont
de Nemours and Company, Wilmington, Delaware comprising
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a copolymer of 4,5-difluoro-2,2-bis(trifluoromethyl)l,3-
dioxole and tetrafluoroethylene. Two grades are
available, Teflon®AF 1600 and 2400. Both are available
as white powders that can be dissolved in certain
perfluorinated solvents for the production of highly
uniform thin films and coatings through spin coating and
other techniques. 'For the examples that follow,
Teflon®AF 1600 dissolved (6% by weight) in Fluorinert
FC-?S solvent was employed. _

EXAMELE;L'

A structure in the TeflonQAE was fabricated in the
following manner. :

The films of Teflon®AF were patterned using a
standard photolithographic process using Reactive Ion
Etching (RIE). a photoresist etch mask ‘was used to
define the pattern on the TeflonOAF films. The process
utilized began with coating the amorphous flnoropolymer
£ilm (Teflon®AF) on the surface of the substrate. The
Teflon®AF utilized was a 1:1 solution of 6% F11-0201-
1600 with FC—?Slsolvent. A1l.7 um'ieflonQnF £ilm was
spin coated on the samples at SCOOfrpm_for 30 sec. The
Teflon®AF was post baked to drive off its solvent at
250°C for 30 min. The post baked film of Teflon®aF was
then exposed to a low power oxygen plasma for 2 min. in
a MCS LF%S'plasma system. The plasma_system was a |
conventional 13.56 MHz barrel etcher run'at_zsow power
and 450 miorr pressure. The TeflonQAF was then coated
with Shipley 1400-17 positive photoresist to a thickness
of 0.5 micron.' The resist was cured in air at 90°C for
25 min. The 1400-17 was exposed to UV light in the '
range'of_loo mJ per square centimeter. The 1400-17 was
immersed in a 2:1 combination of Shipley MF312 developer
to deionized water for 60 sec. The TeflonOAF was then
etched down to the substrate by an oxygen RIE. The RIE
system was a conventional 13.56 MHz, parallel plate



WO 95/34096 _ ' PCT/US95/06427

10

15

20

25

30

35

21

reactor with the power applied to the bottom electrode
(RIE mode). Samples were etched at a dc self-bias of
400 volts, a total gas flow rate of 15 sccm, substrate
temperature'of 30°C, and pressure of 20 mTorr. The
chamber pressute was kept constant throughout the
etching cycle by varying the pumping speed with an
automatic throttle valve. This etching condition
provided an anisotropic etch profile with extremely
smooth sidewalls. The Teflon®AF films etched at a rate
of 1 um/min. The top resist masking the Teflon@hf film
was removed with acetone.
EXAMPLE 2

A structure in the Teflon®AF was fabricated in the
following manner. The films of Teflon®AF were patterned
using a standard photolithographic procéss using
Reactive Ion Etching (RIE). A photoresist etch mask was
used to define the pattern on the Teflon®AF films. The
process utilized began with coating the amorphous
fluoropolymer £ilm (Teflon®AF) on the surface of the'
substrate. The Teflon®AF utilized was a 3:1 solution of
6% F11-0201-1600 with FC-75 solvent. A 2.5 pm Teflon®aF
£film was spin coated oh the samples at 2000 rpm for
30 sec. The Teflon®AF was post baked to drive off its
solvent at 250°C for 30 min. The post baked film of
TeflonQAF was then exposed to a low power plasma for
2 min. in a MCS LF-5 plasma-system. The plasma system
was a conventional 13.56 MHz barrel etcher run at 250W
power and 450 mTorr préssu:e. The Teflon®AF was then
coated with Shipley 1400-17 positive photoresist to a
thickness of 0.5 micron. The resist was cured in air at
90°C for 25 min. The 1400-17 was exposed to UV light in
the range of 100 mJ per sguare centimeter. The 1400-17
was immersed in a 2:1 combination of Shipley MF312
developer to deionized water for 60 sec. The Teflon®ar
was then etched down to the substrate by an oxygen RIE.
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The RIE system was a conventional 13.56 MHz, parallel
plate reactor with the power applied to the bottom

‘electrode (RIE mode). Samples were etched at a dc self-

bias of 400 volts, a total gas:flow rate of 15 sccm;

‘substrate temperature of 30°C, and pressure of 20 mmorr.

The chamber pressure was kept constant throughout the
etching cycle by varying the pumping speed with an
automatic throttle valve. This etching condition
provided an anisotropic etch profile with extremely
smooth sidewalls.’ The_TeflonQAF films etched at a rate.

of 1 um/min. The top resist masking the Teflon®AF film

was removed with acetone.
' EXAMPLE 3
Epitaxial high temperature superconducting thin

£films of YBazCu3z07 were deposited on two single crystal

lanthanum aluminate substrates. The depositions were
done using off axis magnetron sputtering with the
substrate heated to between 600 and 800°C. The final
film thicknesses were between 0.1 and 1 micron.

The films were patterned by a standard bi-level
photolithography process using ion beam milling. A
photoresist etch mask of a spiral coil with 1.5 mm wide
lines and 100 pm gaps was used to define the spiral coil
pattern on the HTS films. The bi-level photolith -
process utilized began with coating the HTS films with
KTI 496 K molecular weight standard polymethyl
methacrylate, PMMA, at 9% solids. The thickness was
approximately 1.2 microns. The PMMA was cured at 170%:
for 30 min. The PMMA was then coated with Shipley
1400-17 positive photoresist to a thickness of
0.5 micron. The resist was cured in air at 90°C for
25 min. The 1400- 17 was exposed to UV light in the
range of 100 mJ per square centimeter. The 1400-17 was
immersed in a 2:1 combination of Shipley MF312 developer
to deionized water for 60 sec. The photoresist was
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exposed to a low power oxygen plasma and descumed. The
PMMA in open areas where the 1400-17 resist had been

~ removed was exposed usipg a collimated deep UV source
‘with 10 J per square centimeter in the 220-260 nm range.

The exposed PMMA was developed using toluene for 4 min.
The now exposed HTS film was etched by argon ion
beam milling. In order to etch the channels in the

' substrate, the now exposed areas of the substfate were

etched by continuing the ion beam milling process with
the substrate etched at the rate of 10 nm/min.
Conducting metal bonds of gold were photolithograph-
ically defined utilizing exactly the proéess described
above and were deposited on the HTS film using DC or RF
sputtering. The substrates with the defined metal bumps
were annealed at 510°C for 1 hour to ensure low metal to
HTS contact resistance.

Five Au wirebond leads were attached to the metal
contacts on the HTS films. The device was then cooled
to liquid nitrogen temperatures and DC, RF, or a
combination of electricél power with 15A peak current
was transmitted through the spiral inductor. Failure
rates of coils tested at this point to 15A power due to
arcing was close to 100%. A 1.7 pm Teflon®AF film was
spin coated on the samples at 3000 rpm for 30'sec. The
Teflon®AF coated wafer and spiral structure was then
post baked to drive off its solvent at 250°C for 30 min.

. The failure rate of coils tested with this coating was

0% at 15A power.
EXAMPLE 4
Epitéxial'high temperature superconducting thin
films of Y¥YBasCu307 were deposited on two single crystal
lanthanum aiumihate substrates. The depoéitions were
done_using off axis magnetron sputtering with the
substrate heated to between 600 and 800°C. The final

£ilm thicknesses were between 0.1 and 1 micron.
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The films were patterned by a standard bi-level
photolithography process using ion beam milling. a
photoresist etch mask of a spiral coil with 1.5 mm wide
lines and 100 um gaps was used to define the spiral coil
patterh on the HTS films. The bi-level photolith
process utilized began with coating the HTS films with
KTI 496 K molecular weight standard polymethyl
methacrylate, PMMA, at 9% solids. The thickness was
approximately 1.2 microns.' The PMMA'ﬁas'cured at 170°C
for 30 min. The PMMA was then coated with Shipley
1400—173positive photoresist to a thickness of
0.5 micron. The resist was cured in air at 90°C for
25 min. The 1400-17 was exposed to UV light in the

‘range of 100 mJ per'square centimeter;' The 1400-17 was

immersed in a 2:1 combination of Shipley MF312 developer
to deionized water for 60 sec. The photoresist was

~exposed to a low power oxygen plasma and descumed. The

PMMA in open areas where the 1400-17 resist had been'
removed was exposed using a collimated deep uv source _
with 10 J per square centimeter in the 220-260 nm range.
The exposed PMMA was developed using toluene for

4 minutes. _

. The now exposed HTS film was etched by argon ion
beam milling. In order to etch the channels in the
substrate, the now exposed areas of the substrate were
etched by continuing the ion beam milling process with
the substrate etched at the rate of 10 nm/min.
Conducting metal bonds of gold were photolithograph—
ically defined utilizing exactly the process.described
above and were deposited on the HTS f£ilm using DC or RF
sputtering. The substrates with the defined metal bumps
were annealed at 510°C for 1 hour to ensure low metal to
HTS contact ‘resistance. ' .

Five Au wirebond leads were attached to the metal
contacts on the HTS films. The device was then cooled
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‘combination of .electrical power with 15A peak current

was transmittcd:throagh'the spiral inductor. A 1.7 um
Teflon®AF film was spin coated on the samples at
3000 rpm for 30 sec. The Teflon®AF coated wafer and

 spiral structure were then post baked to drive off the

solvent at 250°C for 30 min.

Immersion of this structure in boiling H20 for
about 2 min. caused no reduction of the maximum powver
carrying capability. Immersion of this same structure
in boiling H20 with the Teflcngmr removed reduced the
power carrying ability.

- EXAMPLE 5

Epitaxial high témperature_shperconducting thin
films of YBazCu307 were deposited on two single crystal
lanthanum aluminate substrates. The depositions were
done using off axis magnetron sputtering with the
substrate heated to between 600 and 800°C. The final
film thicknesses were between 0.1 and 1 micron.

The films were placed as endwalls of a sapphire .
loaded dielectric cavity'as depicted in Figure 2a. When
the films were run at high power, the unloaded quality
factor (Qo) was relatively flat as a function of’ _
circulating power at 50 K temperature until it reached
about 104 W. At about 3 x 10% W, the Qo was degraded by
a factor of 2. See data points A in Figuré 3. A1.7 um
Teflon®AF film was spin coated on the samples at
3000 rpm for 30 sec. The Teflon®AF coated wafer and
spiral structure were then post baked to drive off the
solvent at 250°C for ‘30 min. The exact same cavity and
films with the added_TeflonQAF layer as depicted in
Figure 2c were able to handle 3 x 104W with no

'degradation_of Qo as shown by data points C in Figure 3.



10

15

20

25

30

' comprising

PCT/US95/06427

H!llllj’lllllj M

What is claimed is: _
1. A process for producing patterned amorphous

fluoropolymer £ilms which comprises the steps

of: comprises the steps of:

26

a)' forming a continuous amorphous

fluoropolymer film on a substrate.

b) exposing the surface of the amorphous
fluoropolymer £ilm to an oxygen plasma to promote
adhesion; _

c) overcoating the adhesion promoted surface
of the amorphous fluoropolymer film with a photoresist
layer; - | : '

' d) creating a latent image pattern in the
photoresist layer by means of imagewise exposure to
actinic radiation; : : o

e) developing the" imaged photoresist layer to
create a patterned photoresist layer over the amorphous
fluoropolymer f£ilm; o ) _

f) etching the amorphous'fluoropolymer £ilm
through the patterned photoresist layer by reactive ion
etching or ion beam etching; and

g) optionally, stripping the photoresist by
organic solvents or by oxygen plasma etching.-

2. An improved microwave dielectric resonator

a) a dielectric element positioned between
two discrete high temperature'superconducting thin
films, each said film deposited'on a support, and -

| b) an outer enclosure having means for
holding the resonator components and means for magnetic
dipole coupling, wherein the improvement comprises a
layer of an amorphous fluoropolymer positioned between
the dielectric element and each high temperature
superconducting £ilm.
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3. An improved radiofrequency device comprising
" a) a substrate having deposited thereon a
signal layer comprising a high temperature
superconducting thin f£ilm, '
b) at least one contact point comprising a
conducting metal contact pad formed on‘the film, and
c) at least one patterned dielectric layer,
said layer coating the high temperature superconducting
film and leaving exposed the contact pad, wherein the
improvement comprises the use of'an amorphous-

PCT/US95/06427

fluoropolymer as a dielectric 1ayer.

4. A method for passivation of high temperature
superconducting films comprising depositing thereon a
layer of an amorphous fluoropolymer.

5. The process of Claim 1 wherein the amorphous
fluoropolymer is a copolymer of 4, S-difluoro—z 2~
bis(trifluoromethyl) 1,3-dioxole and tetrafluoro-
ethylene. ' :

6. The_process of Claim 1 wherein the substrate
or_supercondncting film is selected from the'group_
consisting of YbACuO (123), Tl1BaCaCuO (2212), T1lBaCaCuO
(2223), T1PbSrCaCuO (1212), TIPbSrCaCuO (1223) or
BiSrCaCuO (2223) .

7. The process of Claim 1 wherein the substrate
is on a support selected from the group consisting of
lanthanum'aluminate,'yttrium stabilized zuconia,

. sapphire, quartz, magnesiom oxide and strontium

titanate. . _

8. The resonator of Claim 2 wherein the amorphous
fluoropolymer is a copolymer of 4, 5-difluoro-2,2-
bis(trifluoromethyl)-l 3~dioxole and tetrafluoro-
ethylene. _ :

9. The resonator of Claim 2 wherein the substrate
or superconducting film is selected from the group

'consisting of YbACuO (123), TlBaCaCuO (2212), TlBaCaCuO
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(2223), T1PbSrCaCul (1212), TleSrCaCuO (1223) or
BiSrCaCuO (2223) : : .

10. The resonator of Claim 2 wherein the support
is selected from the group consisting of lanthanum
aluminate, yttrium stabilized zuconia, sapphire, quartz,
magnesium oxide and strontium titanate.

11. The resonator of Claim 2 wherein the
dielectric element is a ferroelectric or antiferro-
electric material and further comprising a control
circuit for establishing an electric field in said
material for tuning the device by altering the _
dielectric constant of said material which causes the

‘resonant frequency to change.

15

12. The device of Claim 3 wherein the amorphous
fluoropolymer is a copolymer of 4, 5-difluoro-2 2~

'bis(trifluoromethyl)-l,3-dioxole and tetrafluorof g

20

ethylene. :

13. The device of Claim 3 wherein the substrate or
superconducting film is selected from the group
consisting of YbACuO (123), TlBaCaCuo (2212),; T1iBaCaCuO
(2223), TleSrCaCuQ (1212), T1PbSrCaCu0 (1223) or
BisrCaCuO (2223). :

14. The device of Claim 3 wherein the substrate is

~on a support selected from the group’ consisting of

25
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lanthanum aluminate, yttrium stabilized zuconia,
sapphire, quartz, magnesium oxide and strontium
titanate.

15. The method of Claim 4 wherein the amorphous
fluoropolymer is a copolymer of 4, 5-difluoro—2 2-
bis (trifluoromethyl)-1,3-dioxole and tetrafluoro-
ethylene. N - o
| 16. The method of Claim 4 wherein the substrate or
Superconducting film is selected from the group '
consisting of YbACUO (123), TlBaCaCuO (2212), T1BaCaCuO
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- (2223), T1PbSrCaCuO (1212), T1PbSrCaCuO (1223) |
BiSrCaCu0O (2223) .



