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P I  A B m a  
An RF-transparent sunshield membrane covers an an- 
tenna reflector such as a parabolic dish. The blanket 
includes a single dielectric sheet of polyimide film &-mil 
thick. The surface of the film facing away from the 
reflector is coated with a transparent electrically con- 
ductive coating such as vapor-deposited indium-tin 
oxide. The surface of the film facing the reflector is 
reinforced by an adhesively attached polyester or glass 
mesh, which in turn is coated with a white paint. In a 
particular embodiment of the invention, polyurethane 
paint is used. In another embodiment of the invention, a 
layer of paint primer is applied to the mesh under a 
silicone paint, and the silicone paint is cured after appli- 
cation for several days at room temperature to enhance 
adhesion to the primer. 

4 Claims, 2 Drawing Sheets 
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ANTENNA SUNSHIELD MEMBRANE 

The Government has rights in this invention pursuant 
to Contract No. NASS-3053 with NASA. 5 

BACKGROUND OF THE INVENTION 
This invention relates to RF-transparent electrically 

conductive thermal membranes or blankets for protec- 
tion of antennas against thermal effects from sources of 10 
radiation such as the sun. 

An antenna including a parabolic reflector can, if 
pointed at a source of radiation such as the sun, focus 
the energy from the sun onto the reflector’s feed struc- 
ture, possibly destroying the feed. Also, the reflector 
may be heated in such a manner that mechanical distor- 
tion or warping occurs, which may adversely affect 
proper operation. 

When the antenna is mounted on a satellite as illus- 
trated in FIG. 1, a fluence of charged particles may 
cause electrostatic potentials across portions of the an- 
tenna made from dielectric materials. If the potentials 
are sufficiently large, electrostatic discharges (ESD) 
may occur, resulting in damage to sensitive equipments. 

A sunshield adapted for use across the aperture of a 
reflector antenna should significantly attenuate passage 
of infrared, visible and ultraviolet components of sun- 
light to the reflector, should have a conductive outer 
surface to dissipate electrical charge buildup which 
might result in electrostatic discharge (ESD), and 
should be transparent to radio-frequency signals (RF), 
which for this purpose includes signals in the range 
between the UHF band (30 to 300 MHz) and Ku band 
(26 to 40 GHz), inclusive. 

Prior art multilayer sunshields which include plural 
layers of aluminized polyimide film such as Kapton film 
cannot be used, because they are opaque to RF at the 
above-mentioned frequencies. An RF-transparent mul- 
tilayer blanket is described in a copending application 
entitled “RF-TRANSPARENT SPACECRAFT 
THERMAL CONTROL BARRIER”, filed Dec. 5, 
1990 in the names of Munro, I11 et al. and assigned Ser. 
No 07/623,144. A multilayer blanket may be disadvan- 
tageous because absorbed heat can become trapped 
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among the several layers. The temperature of the layers 45 
rises, and they produce infrared radiation which can 
impinge on the reflector, thereby causing the reflector 
to overheat. 
U.S. Pat. No. 4,479,131, issued Oct. 23, 1984 to Ro- 

gers et d., describes a thermal protective shield for a 50 
reflector using a layer of germanium semiconductor on 
the outer surface of a sheet of Kapton, with a partially 
aluminized inner surface, arranged in a grid pattern 
which is a compromise between RF transmittance and 
solar transmittance. To the extent that this arrangement 55 
allows solar transmittance, the shield and/or the reflec- 
tor may heat. Such heating may not be controllable 
because the reflectivity of the aluminized sheet may 
reflect infrared from the reflector back toward the re- 
flector, and also because both the germanium and alu- 60 
minization have low emissivity. 

FIG. 2 illustrates a cross-section of another RF-trans- 
parent prior art sunshield, which consists of one layer of 
structure. The one layer of structure includes a two-mil 
(0.002 inch) black Kapton film 210, reinforced with 65 
adhesively-affued Dacron polyester mesh 212 on the 
side facing the reflector, and with the space-facing side 
painted to a thickness of about four mils with a white 

2 
polyurethane paint 214 such as Chemglaze 2202, manu- 
factured by Lord Corporation of 2000 West Grandview 
Boulevard, Erie, Pa. 16512. The surface of the paint is 
vapor coated wi!h an electrically conductive layer 216 
such as 75+25A of indium-tin oxide (ITO). Such a 
sunshield, immediately after manufacture, has solar 
absorptivity a, averaged over the visible spectrum, 
between 2.5 and 25 microns, of about 0.3, an emissivity 
(E) of about 0.8, and a surface resistivity in the range 
about 1Oa to 108 ohms per square. It has two-way RF 
insertion Joss of 0.24 dB. 

It has been discovered that exposure of the above 
described single-layer sunshield to a fluence of charged 
particles and solar ultraviolet radiation causes a gradual 
degradation. The on-orbit data, together with simula- 
tion data, suggest that in the course of a 10-year mission, 
a increases from about 0.3 to about 0.85, and surface 
resistivity increases to about IO9 ohms per square. Such 
an increase in absorptivity may cause the single-layer 
sunscreen to produce infrared radiation, which may 
cause the antenna reflector to overheat. The increase in 
surface resistivity may result in ESD. New generations 
of satellites are intended to have mission durations 
much exceeding ten years, so the prior art sunscreen 
cannot be used. An improved sunscreen is desired. 

SUMMARY OF THE INVENTION 
A sunscreen according to the invention consists of a 

single structured layer. The layer comprises a transpar- 
ent dielectric film coated on the space-facing side with 
an electrically conductive coating such as a vapor- 
deposited IT0 having a thickness of less than about 
100A. The inner side of the film is painted with white 
paint. In a particular embodiment of the invention, the 
white paint is a cured polyurethane paint, which may be 
degraded in the presence of a fluence of charged parti- 
cles and ultraviolet radiation. In this particular embodi- 
ment, the dielectric film is transparent Kapton poly- 
imide film about i-mil (0.0005 inch) thick, which ab- 
sorbs ultraviolet light, and which prevents the charged 
particles from reaching the paint, whereby the paint 
does not degrade excessively over time. In a further 
embodiment of the invention, the single layer comprises 
a reinforcing mesh of Dacron polyester fiber adhesively 
affixed to the inner surface of the Kapton film, with the 
polyurethane paint applied over the mesh. In a further 
embodiment of the invention, the polyurethane paint is 
Chemglaze 2202, cured at room temperature (air cured) 
for seven days. 

DESCRIPTION OF THE DRAWING 
FIG. 1 is a perspective or isometric view of a reflec- 

tor mounted on a spacecraft, with a sunscreen as being 
exploded away from the reflector to show details; 

FIG. 2 is a cross-sectional view of a single structured 
layer sunscreen according to the prior art, which may 
be used as the sunscreen in FIG. 1 but which may not 
have a sufficiently long life span for some missions; and 

FIG. 3 is a cross-sectional view of a single structured 
layer sunscreen according to the invention, which may 
be used as a sunscreen in FIG. 1 and which is expected 
to have a longer mission life than the sunscreen of FIG. 
2. 

DESCRIPTION OF THE INVENTION 
In FIG. 1, a spacecraft designated generally as 10 

includes a body 12 having a wall 14. First and second 
solar panels 180 and 186, respectively, are supported by 
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(a) attach reinforcing mesh to 4 - d  Kapton film. The 

(b) deposit IT0 coating on non-reinforced side. 
(c) mask ITO-coated side to prevent painting thereof, 

by attaching "EXWIPE material, manufactured 
by TEXWIPE Company, whose address is P.O. 
Box 308, Upper Saddle River, N.J. 07458, or 4-mil 
Mylar film, with Kapton adhesive tape along the 

a layer of transparent, electrically conductive mate- 
rial &ied to said outer surface of said sheet of 
dielectric film; 

a layer of white paint supported by said inner surface 
of said dielectric film; 

a polyester fiber reinforcing mesh f l i e d  to said inner 
surface of said sheet of dielectric film. 

mesh may be polyester or glass fiber. 

perimeter of the sample. 10 

(d) paint reinforced side with primer; allow to dry. 
(e) paint reinforced side with Sl%G/LO. 
(0 cure paint at room temperature (no higher than 30" 

(g) remove masking material by cutting off the edges 

If Chemglaze 2202 is used in step (e) above, step (d) 
is deleted, as no primer is needed. 

Other embodiments of the invention will be apparent 
to those skilled in the art. For example, while the sun- 
screen has been described as a cover for a reflector 
antenna, it may be applied as a blanket around a portion 
of the spacecraft, as illustrated by sunscreen 26 of FIG. 25 
1, illustrated exploded away from wall or face 14 of 
spacecraft body 12. As illustrated in FIGURE 1, an 
antenna 22 is flush-mounted in wall 14, and may radiate 
through sunscreen 26 when in place. Also, the reflector 3o 
feed may be within the reflector, so that the feed is also 
protected against thermal effects by a membrane ac- 
cording to the invention placed over the mouth or 
opening of the reflector. 

What is claimed is: 
1. A thermal membrane for an antenna, comprising: 
a sheet of transparent dielectric film located between 

said antenna and space, to thereby define inner and 
outer surfaces of said sheet of dielectric film facing 40 
said antenna and space, respectively; 

C.) for seven days. 15 

of the TEXWIPE or &mil Mylar. 
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2. A thermal membrane for an antenna, comprising: 
a sheet of transparent dielectric film located between 

said antenna and space, to thereby define inner and 
outer surfaces of said sheet of dielectric film facing 
said antenna and space, respectively; 

a layer of transparent, electrically conductive mate- 
rial affixed to said outer surface of said sheet of 
dielectric film, and 

a layer of white paint supported by said inner surface 
of dielectric film; and 

a glass fiber reinforcing mesh f l i e d  to said inner 
surface of said sheet of dielectAc film. 

3. A thermal membrane for an antenna, comprising: 
a sheet of transparent dielectric film located between 

said antenna and space, to thereby define inner and 
outer surfaces of said sheet of dielectric film facing 
said antenna and space, respectively; 

a layer of transparent, electrically conductive mate- 
rial affied to said outer surface of said sheet of 
dielectric film, and 

a layer of white polyurethane paint supported by said 
inner surface of said dielectric film. 

4. A thermal membrane for an antenna, comprising: 
a sheet of transparent dielectric film located between 

said antenna and space, to thereby define inner and 
outer surfaces of said sheet of dielectric film facing 
said antenna and space, respectively; 

a layer of transparent, electrically conductive mate- 
rial affued to said outer surface of said sheet of 
dielectric film, and 

a layer of white room-temperature-cured silicone 
paint supported by said inner surface of said dielec- 
tric film. * * * * *  
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