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OPTICAL AND ELECTRICAL PROPERTIES OF ION BEAM
TEXTURED KAPTON AND TEFLON
by Michael J, Mirtich and James S, Sovey

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135

ABSTRACT

An electron bombardment argon ion source was used to ion etch polyimide
(Kapton) and fluorinate ethylene propylene, FEP (Teflon), Samples of poly-
imide and FEP were exposed to (0, 5-1,0) keV Ar ions at ion current densities
of (1,0-1, 8) mA/em? for various exposure times, Changes in the optical . ad
eiectrical properties of the samples were used to characterize the exposure,
Spectral reflectance and transmittance measurements were made between 0, 33
and 2, 16 pym using an integrating sphere after each exposure, From these
measurements, values of solar absorptance were obtained, Total emittance
measurements were also recorded for some samples, Surface resistivity was
used to determine changes in the electrical conductivity of the etched samples,
A scanning electron microscope was used to record surface structure after ex-
posure, Presented in the paper are spectral optical data, resistivity measure-
ments, calculated absorptance and emittance measurements along with photo-
micrographs of the surface structure for the various exposures to Ar ions,

INTRODUCTION

Polyimide (Kapton) and fluorinated ethylene propylene, FEP (Teflon), are
two polymers that transmit visible radiation when used as thin sheets but have
a very high value of resistivity (:‘1016 ohm/sq). These materials are presently
being used in both ground and space applications. Their use in space as thermal
control surfaces, 1 encapsulants for solar cells, ‘ reflectors for coucentrator
arrays and solar sail mate‘.riﬁll3 introduces the problem of spacecraft charging,
Electrical charge buildup on external spacecraft inculating surfaces can be dis-

sipated by the use of thin conducting films on the insulator. However, the
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application of thin conducting films can be costly, they alter the optical proper-
ties of the materials, add weight, and create new problems such as stability of
the coating's optical properties when exposed to the space environment, An
alternate approach is to ion beam texture such surfaces to modify the surface
chemistry and morphology to obtain: (1) higher surface conductivities, (2) im-
proved or unique optical properties, and (3) a textured substrate to enhance thin
film adherence,

This paper describes the results of ion beam texturing polyimide and FEP

4 An evalu-

by use of a 30-cm diameter electron bombardment argon ion source,
ation of ion beam textured polyimide and FEP surfaces was performed for vari-
ous beam encrgies, current densities, and exposure times, Measurements of
the optical properties and sheet resistance were made after each exposure, It
was hoped that polyimide and FEP would attain surface resistivities of <10°
ohms per square and that the optical properties would be altered to make the
textured surfaces useful as radiative surfaces or as thermal control surfaces,
The results of these studies are presented herein,

APPARATUS AND PROCEDURFE

The ion source design, developed from electric propulsion techrnology,5
uses a hollow cathode to provide the ionizing current for the beam source,
Beam extraction is accomplished by a dished, two grid ion optics tsyrstem.4
Neutralization of the ion beam was achieved by secondary electrons released
by ion bombardment of the vacuum facility walls,

The vacuum facility 1, 5 meters in diameter and 7, 3 meters long is suffi-
ciently large to minimize backsputtered facility material from contaminating
the experiments and maintained a pressure of 4x10™7 torr during ion source
operation,

The ion source is capable of operating at beam energies between 500 and
1500 eV. The beam current va.a be adjusted between 200 mA and 2,0 A, The

samples (8 ¥ 8 ¢m) to be textured were located normal to the beam at a location

20 e¢m from the ion source, The current density at this location was 1.8 mA/cm2
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for polyimide targets, 1 mA/cm2 for FEP targets and was uniform over the
target area. Target texture was simply produced by ion beam etching for expo-
sure times varying in duration from 10 to 115 minutes,

The polymers picked to be textured include: 8-pm thick polyimide (Kapton),
aluminized polyimide (Kuapton), 127-um thick polyimide coated on one side with
0.1 pm Al to obtain a high solar reflectivity;, and silvered fluorinated ethylene
propylene, FEP (Teflon), 127 pum thick coated with 0, 15 ura of silver and backed
with two layers of polyimide tape,

Spectral transmittance [r(A)] and reflectance [p(A)] measurements were made
between 0, 33 and 2, 16 um using the integrating sphere described in reference 6,
The samples were measured before and after a given exposure to the ion beam,
The technique used to obtain the data was to break up the solar energy distribu-

6 Total solar

tion curve at air mass zero into 2 percent energy increments,
reflectance at air mass zero, Pg i8 defined as the solar energy (specular and
diffuse components) reflected by a surface, divided by the total energy incident
in the surface, A similar definition and technique was used to obtain the total
transmittance (rs) of a sample, Once Ta and pg are measured the corre-
sponding total solar absorptance (o S) at air mass zero can be calculated by use
of equation (1)

(1)

tJtsﬂl.-ps-'rS

For an opaque sample, a measurement of the solar reflectance, p, subtracted
from one will yield the solar absorptance,

The technique used in the integrating sphere to obtain p(A) for a transparent
material was to first measure 7(A) and then make a measurement of [r(x) +p(A)].
This method is described in reference 6 and can be used to obtain values of solar
absorptance (o S).

Values of the spectral reflectance p(\) of the opaque materials in the infra-
red region (! - 15, 5) ym were obtained using a hcated blackbody (hohliraum)

reflectometer that i+ deserfbed in reterence 7,



The sheet resistance of the samp'es were measured by placing the samples
in a holder between two etrips of indium, Using the dimensions of the sample,
values of sheet resistance expressed in ohms per square (ohm/sq) were obtained,

RESULTS AND DISCUSSION
Polyimide

Uncoated nolyimide 8 ym thick was the first sample exposed to the Ar jon
beam, By varying the beam energy, current density, and sample position, it
was demonstrated that the polyimide samples could be ion beam textured at 2
beam energy of 1 keV and a current density of 1, 8 mA/cmz. This beam inten-
sity was sufficient to texture the polyimide surface in a reasonable time and
was of low enough beam power density so that the polyimide samples maintained
their physical integrity, Table I presents the results of exposing polyimide
samples for various times, which varied from 10 to 115 minutes, The values
presented are the total transmittance, total reflectance, total solar absorptance
and sheet resistance for each sample after each texture exposure time,

The resulting textured surfaces were examined using a scanning electron
microscope, Figures 1(a), (b), and (c) show the surfaces after ion beam tex-
turing for 19, 30, and 115 minutes, Increasing the exposure time causes
changes in the surface morphology., At 115 minutes spires 5 pym high appear in
the surface,

Figure 2 shows the effects of the exposure to 1 keV Ar ions: n the spectral
transmittance, Texturing polyimide for only 10 minutes causes a large decrease |
in spectral transmittance at all wavelengths, the largest reductions taking place
below 1,0 um, Increasing the exposure time up to 60 minutes continues to de-
crease the transmittance at all wavelengths, The 115-minute exposure caused
the already thin polyimide to become thinner, hence an increase in the spectral
transmittance was observed, Complete penetration of the polyimide occurs
after ion etching for a period of vpproximately 180 minutes,

Listed in table I and plotted in figure 3 are the total solar transmittance,

solar absorptance, solar reflectance, and the sheet resistance for a given ion
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beam exposure time, The minimum sheet renstaﬁce and lowest value of total
transmittance occurred when the polvimide was exposed to the beam for 60 min-
utes, A sheet resistance of 10 000 ohms per square, desirable for space applica-
tions, was attained after a 30-minute 1on beam exposure, The decrease in sheet
resistance from >107 to 10 000 ohms per square was possibly due to a chemical
change in the surface structure of the polyvimide, since other measurements

rule out any contamination effects of the tank walls or ion source, It is felt that
because of the chemical nature of the polyimide molecules (strong intermolecular
and weak intramolecular bonding), ion beam texturing of the surface may have
released some carbon atoms, thus causing a conductivity,

As shown in ligure 3, the reduction in total transmittance due to beam expo-
sure time was accompanied by ar increase in solar absorptance with very little
changes in the initially small reflectance, The 115- minute ion beam exposure
time caused a reversal in the trend of all the measured parameters and was
essentially too long an exposure for this thin a sheet of polyimide, The signifi-
cant increase in sheet resistance at the 115- minute exposure might possibly be
due to the very rough surface structure or partial sputter through in the valleys
of microstructures, No attempt was made to measure the infrared reflectance
using the hohlraum reflectometer for the transparent polyimide,

Aluminized Polyimide

After successiully texturing plain 8 um polyimide, alumimzed polyimide
topologically representative of a solar reflector or a solar sail was exposed on
the polyimide side to 1 keV, 1,8 mA/cm?‘ Ar beam ic 3. Figure 4 shows a
scanning electron photomicrograph of the polyimide surface after 10 minutes of
texturing by the ion veam, The surface morphology 1s the same as for the 8 pm
polyimide after a 10-minute exposure under similar conditions (sec fig. 1(a)).
Shown in figure 5 is the spectral reflectance between 0, 33 and 15,5 pm of the
aluminized polyimide surface for untextured, 10 znd 31 minutes of texturing,.
Ten minut2s of texturing is enough time to cause large reductions in the spectral

reflectance below 2 pm, Increasing the exposure time to 31 minutes, yields



further, but smaller reductions, At wavelengths greater than 2 pm the changes
in reflectance are wavelengtl and exposure dependent with no clear trends, Fig-
ure 6 is a plot of solar reflectance, solar absorptance, sheet resistance, and
thermal emittance calculat d at 550 K for the textured aluminized polyimide
surfaces, This figure shows that the large changes in these parameters take
place after 10 minutes of texturing, A sheet resistance of 10 000 ohms per
square is reached in only 10 minutes of texturing. This vaiue o sheet resis-
tance is attained in a shorter period of time than for the 8 um polyimide (30 min,
see fig, 3). The SEM photomicrograph of the 10- minute textured surfaces of
both samples look alike, and even though the absolute sheet resistances are dif-
ferent,significant conductivity was achieved, Use of aluminized polyimide as a
solar reflector in space missions at 0, 3 AU (10 suns) requirer a thermal emit-
tance of at least 0, 40 to keep the aluminized polyimide at a safe temperature
level, 550 K. By ion beam texturing the Kapton surface for 31 minutes a ther-
mal emittance of 0, 765 was attained at this temperature, If 550 K i1s a safe
upper limit operating temperature for the aluminized polyimide than with an
emittance of 0, 765 on the textured polyimide side the material could tolerate
operation at 0, 20 AU (25 suns). An additional benefit of using the textured mate-
rial would be a surface resistivity of 6000 ohms per square.
Silvered FEP

127-pm thick FEP (Teflon) coated on the back side with 6, 15 um Ag was
exposed on the FEP side to the Ar ion beam, This coated FEP is a thermal
control surface for spacecraft and has proper optical properties, but does not
have a surface conductivity necessary to reduce the effects of spacecraft charg-
ing. Attempts to texture FEP at the same energy level and beam current den-
sity as polyimide caused thermal decomposition of the FEP. A reduced beam
current density of 1 mA./cm2 and a beam energy of 0,5 keV was found to be
more appropriate to ion beam texture FEP with Ar ions, Shown in figure 7 is
a scanning electron photomicrograph taken at x3000 magnification of the ion

beam textured FEP after a 27- minute exposure. Its surface morphology is



unlike that of the polyimide but consistent with results obtained in references 8
and 9, Sheet resistance measurements indicated that ion beam texturing the
FEP surface did not decrease the surface resistivity (still :ul()'r ohm/sq). Fig-
ure 8 presents the spectral reflectance of untextured and textured FEP, At
wavelengths below 4 um there is a small reduction in the spectral reflectance,
No significant trend takes place at wavelengths greater than 4 um, The solar
absorptance changed from 0, 087 to 0, 122 as shown in table i, ™ - “hermal
emittance caleulated at 300 K (nominal cperating temperature of this thermal
control coating on a spacecraft) changed from 0, 807 to 0,670, This leads to a
higher «/¢ ratio, thus increasing the surface temperature, Although the ion
beam texturing of FEP does not lower the ratio of a/e¢, or produce a conducting
surface, the surface texturing may allow better adherence of metallic films,

Metalizing the textured FEP surface with gold produces a relatively efficient
solar absorber (fig. 8, table I), This type of surface, with further optimization,
might find terrestrial application for heating and cooling systems, For example,
this FEP sheet might be ion beam textured and metalized with aluminum to pro-
duce a solar selective surface, FEP may be ion machined at rates up to
200 pym/hr and ion beam processing may be cost effective relative to electro-
plated systems, The easily textured FEP surfaces appear matt white, Subse-
quent sputter deposition of the gold film results in a microscopically rough metal
film having a grey-black matt appearance similar to textured bulk metals, 19
However the cones are far more elastic and mechanical damage resistant than
cones in metal substrates, Casual handling ot the surface did not appear to
alter its optical appearance,

CONC LUDING REMARKS

Polyimide (Kapton) and FEP (Teflon) can be textured using an electron-
bombardment Argon ion source at low enough power levels so as to not cause
thermal changes in their physical properties,

Polyimide develops a conducting surface when ion beam textured and

attains a surface resistivity of 10 000 ohms per square with a 10-minute expo-



sure, lon beam texturing of the Kapton caused large changes in the transmit-
tance and solar absorptance, but only slight changes in reflectance,

The aluminized polyimide surface (solar reflector material) when exposed
for 31 minutes to 1 keV Ar fons attained a thermal emittance at 550 K of 0, 765,
This emittance allows the solar reflector material a capability of operating at
0,20 AU (25 suns), lon beam texturing of the polyimide eliminates the need of
coating the Kapton with a high emittance, conductive material, Texturing of
the polyimide side of reflector material also eliminates the weight penalty asso-
ciated with a thin film coating,

FFEP does not become conducting when textured; however, the surface tex-
turing may allow better adherence of subsequent sputtered metallic films, thus
resulting in a high absorptance surface,

REFERENCES
1., N, J, Stevens and R, R, Lovell, in Progress in Astronautics and Aeronau-
tics and Aeronautics, edited by A, Rosen (AIAA, New York; The MIT

Press, Cambridge, MA, 1976), Vol., 47, Spacecraft Charging by Magneto-

spheric Plasmas, 3-14,

2, M, J, Mirtich and J, M, Bozek, Spacecr, Rockets, 8, 1164-1165 (1971),

-

. J. Wright and J, Warmke, "Solar Soil Mission Applications, "' AIAA paper
76-808, Aug, 1976,

4, J. 8. Sovey, "A 30-cm Diameter Argon Ion Source, " AIAA paper 76-1017,
Nov, 1976,

5. H. R, Kaufman, in Advances in Electronics and Electron Physics, edited
by L. Marton (Academic, New York, 1974), Vol, 36, 265-373,

6, R. L. Bauman, M. J, Mirtich, and A, J, Weigand, "Changes in Optical
Properties of Various Transmitting Materials Due to Simulated Micro-
meteoroid Exposure, ' NASA TM X-52687, Oct, 1969,

7. M. J. Mirtich and H, Mark, "Feasibility of Accelerating Micron-Size

Particles in Shock- Tube Flows for Hypervelocity Degradation of

Reflective Surfaces, "' NASA TN D-3187, Jan, 1966,



8, D, F, Hall and H, E, Green, "Erosive and Chemical Effects of Energetic
Mercury lons Bombarding Spacecraft £ rface Material, "' AIAA Paper
72-446, Apr, 1972,

9, C. Weissmantel, M, Rost, O, Fiedler, H, J, Erler, H, Giegengaek, and
J. Horn, Jpn, J, Appl. Phys. Suppl. 2, Pt, 1, 439-442 (1974),

10, W, Hudson, "lon Beam Texturing, " NASA TM X-73470, Sept, 1976,



TABLE I, = OPTICAL PROPERTIES AND SHEET RESISTANCE OF ION TEXTURED SURFACES

Sample Texture Total Total | Total Total | Thermal Sheet resis-
exXposure solar solar | solar infrared | emittance, tance of
time, transmit- | reflec-| absorp-|  reflec- “r polymer
min tance, tance, | tance tance, surface,
Ta Py p ohm/sq
-\
Polyimide (8 ym) Untextured 0,724 0,102 0,174 »10°
o)
10 . 324 L016 , 660 15 000
a0 234 . 006 770 10 000
640 . 103 017 . TH0 G 000
115 217 . 003 . 780 21 000
At 550 K| At 560 K
Aluniinized polyimide Untextured | ----- 0, 501 0, 409 0, 262 0,738 >|07
(exposed surface) Aol
_t 10 | ==e=- o6 . B . 329 671 10 000
pol’,'mlw 127 um 3 ]| ee=== LT .D23 235 L765 6 000
0. 1umAr | §
At 300 K| At 300 K
Silvered FEP Untextured | ---== 0,913 0, 087 0, 193 0, 807 197
{exposed surface) a0t
= — 878 | 122 330 670 2107
FEP 127 ym
0,16 um Ag ]
Au/textured FEP/Ag 27 | eeee- 0,118 | 0,882 0, 202 6.708 | cosces
Au . 3
FEP 127 pm
0,15 um Ag [
Ayalues found in the literature,
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Figure 2. - Spectral transmittance of 8um thick polyimide before and
after exposure to 1 keV Ar jons at 1.8 mAlcm?,
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Figure 3 - Total transmittance, solar absorptance, and sheet
resistance versus exposure time for 8 um polyimide exposed
to 1 keV, 1. 8 mA/cm< Ar ions.
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Figure 4. - Scanning electron photomicrograph of ion beam textured 127 ;im
aluminized polyimide exposed to 1 KeV argon ions at 1.8 ma em? for 10
minutes. X10 000
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Figure 5. - Spectral reflectance of 127 um aluminized
polyimide exposed to 1 keV Ar ions.
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Figure 7. - Scanniug electron pnotom:crop_nwh of ion beam textured FEP ex-

posed to 0.5 KeV argon ions at | ma cmé; 40° tilt. X3000
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Figure 8. - Spectral reflectance of 127 um silvered FEP,
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