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1.0 Introduction

The research presented here investigated materials with permittivities similar to those of
sea ice over the microwave frequency range. These materials will be used in future
synthetic targets to study and quantify various scattering mechanisms considered to be of
importance in sea ice. They will also be used in assessing the behavior of inverse models,
i.e., models for retrieving ice physical and electrical characteristics from remote sensing
data. The report presents the types of materials investigated, general mechanical
characteristics and results of investigations to control permittivities within the range
exhibited by sea ice.

2.0 Discussion of Materials Investigated

We investigated materials that can be made in the laboratory without specialized
chemical or mechanical processing equipment. The investigation really focused on easily
manipulable plastics and solid hydrocarbons that have permittivity magnitudes around 2.5
to 3.5, i.e., similar to sea ice. These materials included epoxy, metal-filled epoxy, RTV
and neoprene caulking compounds, polyester casting compound, paraffin wax and
beeswax. Filler materials were then inserted in various quantities to assess changes in
dielectric constant magnitude and loss tangent. The filler materials that were used
generally have high permittivities and/or loss and include mica, aluminum oxide, titanium
dioxide, carbon black and carbon powder.

Before electrical characterization was done some materials were eliminated as
possible candidates due to their undesirable mechanical properties. In particular the
caulking compounds and the metal-filled epoxies did not harden well enough or in a
timely fashion when produced in thick layers (5 cm). This would cause problems down
the line with inserting scatterers in the medium and in handling and storage. The
remaining compounds performed well mechanically.

A summary of findings dealing with permittivity control for each of the materials
investigated is included in the form of tables and figures on pages 3 through 19. Here we E
provide a brief description of those. Page 3 provides a summary of the dielectric 0
behaviors of the candidate materials before fillers are added. Epoxy and polyester casting a
compound are preferred due to their mechanical rigidity and dielectric constant
magnitudes near 3, i.e., near that of sea ice. As a result, the work focused on these
materials. Beeswax and paraffin have a desirable low loss characteristic, however. The
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frequency behaviors of 2 types of epoxy and polyester casting compound are illustrated
on page 4.

Pages 5-9 show the effects of various types and quantities of fillers in Shell EPON
828 epoxy. Aluminum oxide (pg. 5), titanium dioxide (pg. 6), and carbon black (pg. 8)
show similar behaviors of increasing real dielectric component with increasing filler
concentration, although the manner of change is distinctly different for each of the
materials. The imaginary dielectric component either remains steady or increases slightly
with increase in filler concentration. On the other hand, as the concentration of mica (pg.
7) is increased the real dielectric component initially falls and then rises slightly although
not back to the zero concentration level. This behavior is apparently the result of the very
low density of the mica material that was used. A dramatically different behavior was
observed when carbon powder was added to the epoxy (pg. 9). In this case the increases
in both real and imaginary dielectric components are much more dramatic than for the
other filler materials used.

Pages 10-14 show the effects of various types and quantities of fillers in Behr
Super Gloss 50 epoxy. Using the same concentrations of fillers as was used for the Shell
epoxy above gave substantially different results. For aluminum oxide (pg. 10) and
titanium dioxide (pg. 11) as filler concentration was increased the real dielectric
component initially increased but then tailed off as the concentration was further
increased. Notice the much higher dielectric value for Behr epoxy with titanium dioxide
filler as compared with Shell epoxy for the same filler concentration. The mica filler (pg.
12) gave similar results for both types of epoxy. With carbon black (pg. 13) a higher
dielectric value was achieved for the Behr material than for the Shell material, although
the carbon powder (pg. 14) exhibited substantially less effect on the Behr material in
comparison to the Shell material.

Pages 15-19 show the effects of various types and quantities of fillers in the
polyester casting compound. For this material the effects of adding aluminum oxide (pg.
15) and titanium dioxide (pg. 16) are similar as to what was observed for the Behr epoxy.
Notice, however, the dramatic difference in the imaginary dielectric components. For
polyester casting compound much higher imaginary components result when titanium
dioxide is added. The effect of adding mica (pg. 17) is much the same as what was seen
for the epoxy materials. The behaviors obtained by adding carbon black (pg. 18) and
carbon powder (pg. 19) are similar to those obtained using similar filler concentrations
with Behr epoxy. The values are noticeably higher for the polyester casting compound,
however.

3.0 Conclusions

In these investigations we have found suitable materials for fabricating targets with
dielectric values similar to those found for sea ice. With these materials targets can be
built with a constant dielectric value or one layer at a time to generate a permittivity
profile similar to what occurs in natural sea ice. Further, these materials are well-suited
for machining, e.g., drilling so that various scatterers such as foam and metallic spheres
can be inserted. This is important for some of the sea ice experiments we plan to
perform.




Selected Summary of Material Properties

3 GHz 6 GHz 9 GHz 12 GHz 15 GHz 18 GHz
g' 3.09 3.08 3 2.94 2.91 2.93
g" .09 16 21 21 19 .19

Shell 828 Epoxy

3 GHz 6 GHz 9 GHz 12 GHz 15 GHz 18 GHz
g' 3.15 3.13 3.05 3 2.97 2.99
" .07 17 22 21 .19 18

BEHR Super Gloss 50 Epoxy

3 GHz 6 GHz 9 GHz 12 GHz 15 GHz 18 GHz
g' 3.2 3.17 3.08 3.01 2.97 3.02
g" .05 16 22 21 17 15

Clear Polyester Casting Compound

3 GHz 6 GHz
1.83 1.84
0.025 0.065
Bee's Wax
3 GHz 6 GHz
2.13 2.16
0.015 0.07

153° Parafin




Shell EPON 828 Epoxy (828)
Behr Super Gloss 50 (Behr)
Clear Polyester Casting Compound (Polyester)

Real Dielectic Constant

3GHz 6 GHz 9GHz 12GHz
828 309 308 3.00 294
Behr 315 313 3.05 3.00
Polyester 320 347 3.08 3.01

Shell EPON 828 Epoxy (828)
Behr Super Gloss 50 (Behr)
Clear Polyester Casting Compound (Polyester)

Imaginary Dielectic Constant

3GHz 6 GHz 9 GHz 12 GHz
828 0.03 0.6 0.21 0.21
Behr 0.07 047 022 0.1
Polyester 005 0.16 0.22 0.21

15 GHz

29
297
297

15GHz
0.19
0.19
017

18 GHz
293
299
3.02

Shell & Behr Epoxies and Casting Cmpd.

3GHz  6GHz  9GHz 12GHz 15GHz 18GHz
Frequency
F— 828 -¥- Behr -&- Polyester

18 GHz
0.19
0.18
0.15

imaginary dielectric constant

Shell & Behr Epoxies and Casting Cmpd,

i T T T +
3 GHz 6 GHz 9 GHz 12 GHz 15 GHz 18 GHz
Frequency
828 - getr - Polyester |




Shell EPON 828 Epoxy
with Aluminum Oxide
Real Dielectic Constant

Shell 828 Epoxy(2:1) w/ Aluminum OxIde
Added in parts per weight(e.g.2:1:0.5)

2:1:X 3GHz 6GHz 8GHz 12GHz 15 GHz 18 GHz
X=0.5 3.01 3.01 2.90 2.81 2.80 2.81
X=1.0 3.20 3.18 3.07 2.97 2.92 2.85
X=1.5 3.41 340 3.27 3.17 3.12 3.17

Concentration of Alum. Oxide in parts

[ 3CHz = 6GHz = 9GHz & 12GHz = 15GHz = 18Gtz ]

Shell EPON 828 Epoxy Shell 828 Epoxy(2:1) w/ Aluminum Oxide
Wlth Aluminum Oxide Added in parts per weight(e.g.2:1:0.5)
Imaginary Dielectic Constant

o
5]

03
2:1:X 3GHz 6GHz 9GHz 12GHz 15 GHz 18 GHz| %=
X=0.5 0.11 0.22 0.3 0.27 0.25 0.24 *20,25-—
X=1.0 0.09 0.21 0.28 0.27 0.23 0.19] 8
X=1.5 011 0.22 0.3 029 024 019 8 02
8
S 015
>
8
S 0.1 . ;
£ ) ) '
X=05 X=1.0 X=15

Concentration of Alum. Oxide in parts

[-3GHz = 6GHz = 9GHz - 12GHz = 15GHz = 18GHz ]




Shell EPON 828 Epoxy
with Titanium Dioxide
Real Dielectic Constant

21:X 3GHz 6GHz 9GHz 12 GHz 15 GHz 18 GHz
X=0.5 3.13 312 3 2.92 2.86 2.9
X=1.0 3.5 3.48 3.35 3.25 3.2 3.24
X=1.5 3.6 3.55 3.4 3.3 3.25 3.3

Shell EPON 828 Epoxy
with Titanium Dioxide
Imaginary Dielectic Constant

2:1:X 3GHz 6GHz 9GHz 12 GHz 15 GHz 18 GHz
X=0.5 0.1 0.2 0.26 0.25 0.22 0.15
X=1.0 0.1 0.21 0.3 0.28 0.24 0.19
X=15 0.1 0.25 0.33 0.31 0.25 0.2

Shell 828 Epoxy(2:1} w/ Titanium Diox.
Added in parts per weight(e.g.2:1.0.5)

real dielectric constant

Nob
«©
4

)
X=0.5
Concenfration of Titan.Diox. in parts

[©-3GHz = 6GHz = 9GHz & 12GHz -=- 15GHz & 18GHz |

Sheli 828 Epoxy(2:1) w/ Titanium Diox.
Added in parts per weight(e.g.2:1:0.5)

035
0.325 1

o
w
4

0.275 1
025 1
0225 1

dielectric constant

o
N
i
t

0.175 1
015+
0125 1

0.1

imaginary

Concentration of Titan.Diox. in parts

= 30Hz - 6GHz = 9GHz & 12GHz -%- 15 GHz =~ 18GHz ]




Shell EPON 828 Epoxy
with Mica
Real Dielectic Constant

21X 3 GHz 6 GHz
X=0.05 305 302
X=0.10 2.85 28
X=0.25 295 292

Shell EPON 828 Epoxy
with Mica
Imaginary Dielectic Constant

2:1:X 3GHz 6 GHz
X=0.05 0.1 0.19
X=0.10 008 0.16
X=0.25 0.1 0.18

9 GHz
295
275
285

9GHz
0.24
02
0.23

12 GHz
288
27
28

12 GHz
0.24
0.21
022

15GHz
285
265
275

15 GHz
022
0.19
0.21

18 GHz
29
269
275

18 GHz
0.19
0.16
0.18

Shell 828 Epoxy(2:1) w/ Mica
Added in parts per weight(e.9.2:1:0.5)

©

305 +

N
o N o
> oo w

et ot
-t

o
»

2.75 1

real dielectric constant
»N

I
~

X=0.10
Concentration of Mica in parts

©-3GHz -+ 6GHz B8-9GHz —ﬁ—12GHz-8—15GHz-B—1BGHz|

Shell 828 Epoxy(2:1) w/ Mica
Added in parts per weight{e.g.2:1:0.5)

0.24

n
o
S N
(SN

0.18
80.16
014+ =~ =~ =7 = = = - =~ = -
012+ = - =~ - - - - - - -

ctric constant

diel

imaginary

|
\

0.08

Concentration of Mica in parts

S 3CHz == 6GHz <= 9GHz -& 12 GHz & 15 GHz & 13 Griz |




Shell EPON 828 Epoxy
with Carbon Black
Real Dielectic Constant

21X 3GHz 6 GHz
X=0.10 328 325
X=0.25 330 328
X=0.50 355 351
Shell EPON 828 Epoxy

with Carbon Black

Real Dielectic Constant

21X 3 GHz 6 GHz
X=0.10 0.1 0.20
X=0.25 012 022
X=0.50 012 023

9 GHz
3.10
3.18
341

9 GHz
0.25
0.27
0.30

12 GHz
3.05
3.10
334

12 GHz
0.25
0.25
029

15 GHz
3.05
3.08
3.32

15 GHz
0.23
0.24
027

18 GHz
3.07
310
335

18 GHz
0.21
022
0.25

Shelt 828 Epoxy(2:1) w/ Carbon Black
Added in parts per weight(e.g.2:1:0.5)

X=0.25
Concentration of Carbon Black in parts

%=0.10

> 30Hz == 6GHz -= 9GHz & 12 GHz -&- 15 GHz - 18 GHz |

-

ary dielectric constan

imagin:

03

0.275 A
0.25 +
0225 T

o
1N}

0.175
0.15

0.125 |

0.1

Shell 828 Epoxy(2:1) w/ Carbon Black
Added in parts per weight(e.g.2:1:0.5)

1
T - - - - - - - - = == - - - - = - = = [
... L e o v
' . ,
P - - '6____";;_;—'—_—C """" - " "1
%=0.10 X=0.25 X=0.50

Concentration of Carbon Black in parts

S 3GHz —+6GHz —= 9GHz -& 12 GHz -&- 15 GHz &~ 18 Gz |




Shell EPON 828 Epoxy
with Carbon
Real Dielectic Constant

21X 3GHz

X=0.25 410
X=0.50 5.06
X=1.00 12.90

Shell EPON 828 Epoxy
with Carbon
Real Dielectic Constant

2:1:X 3GHz

X=0.25 0.14
X=0.50 0.15
X=1.00 0.50

6 GHz
409
5.05
12.60

6 GHz
027
0.33
1.30

9GHz
3.95
480
12.20

9 GHz
0.36
0.46
1.30

12 GHz
3.84
470

11.90

12 GHz
035
0.44
1.10

15 GHz
3.82
4.68

12.00

15 GHz
0.30
0.37
1.03

18 GHz
3.85
468

1220

18 GHz
032
0.40
1.00

real delectric cos

Shell 828 Epoxy(2:1) w/ Carbon
Added in parts per weight(e.g.2:1:0.5)

X=0.50
Concentration of Carbon in parts

['°'SGHZ —¥-6 GHz -9 GHz -&1ZGHZ*1SGHZ-$-1BGHZI

-
~

imaginary dielectric constant

N
+

o
®
‘

o
o

o o
~N
;

EN
;

o

Shell 828 Epoxy(2:1) w/ Carbon
Added in parts per weight(e.g.2:1.:0.5)

X=0.50
Concentration of Carbon in parts

X=0.25

©-3GHz -%-6GHz = 9GHz -&-126HZ—E—155HZE—1BGHZ]




BEHR Super Gloss 50 Epoxy
with Aluminum Oxide
Real Dielectic Constant

2:1:X 3GHz 6GHz 9GHz 12GHz 15 GHz 18 GHz
X=0.5 326 3.23 3.10 3.05 3.02 3.08
X=1.0 3.57 3.55 3.45 3.39 3.35 3.40
X=1.5 3.50 3.50 3.40 3.34 3.34 3.40

BEHR Super Gloss 50 Epoxy
with Aluminum Oxide
Imaginary Dielectic Constant

2:1:X 3GHz 6GHz 8GHz 12GHz 15GHz 18 GHz
X=0.5 0.07 0.16 0.22 0.22 0.21 0.21
X=1.0 0.07 0.18 0.28 0.27 0.22 0.22
X=1.5 0.07 0.16 0.27 0.23 0.20 0.24

10

BEHR Epoxy (2:1) w/ Aluminum Oxide
Added in parts per weight{e.g.2:1:0.5)

reat dielectric con;

Wy W
w
P S UK T PO TP TP SO §
T+ LERA S S B S S
[ S R T I T S N B |

Concentration of Alum. Oxide in parts

[e-3GHz - 6GHz -5 9GHz - 12GHz = 15 GHz =~ 18 GHz )

BEHR Epoxy(2:1) w/ Aluminum Oxlde
Added in parts per weight(e.g.2:1:0.5)

03
0.275 4
0.25 1
0225 +

0175+
0.15
R S i B

dielectric constant
o
N

o
o

oorsf - - - == m oo - o gz === == o o - - -
0.05 ' ' i

imaginary

Concentration of Alum. Oxide in parts

[=-3GHz = 6GHz <= 9GHz & 12GHz -= 15GHz & 183Gtz




BEHR Super Gloss 50 Epoxy
with Titanium Dioxide
Real Dielectic Constant

21X 3 GHz 6 GHz
X=05 340 339
X=1.0 480 480
X=15 445 446

BEHR Super Gloss 50 Epoxy
with Titanium Dioxide
Imaginary Dielectic Constant

21X 3GHz 6 GHz
X=05 007 016
X=1.0 008 023
X=15 008 024

real dielectric constant

WRRDWRRD b S
NWEOONOOHEANWEOD N0
;

BEHR Epoxy (2:1) w/ Thanium Diox.
Added in parts per weight(e.g.2:1:0.5)

g ottt
+++

X=0.6 X=10 X=15
Concentration of Titan.Diox.in parts

[e-3GHz -+ 6GHz = 9GHz - 12 GHz -5~ 15 GHz =~ 18 GHz |

BEHR Epoxy(2:1) w/ Titanium Dioxide
Added in parts per weight(e.g.2:1:0.5)

X=05 X=10 X=15
Concentration of Titan.Diox. in parts

[=-3GHz <-6GHz -=-9GHz & 12 GHz &~ 15 GHz - 18 GHz |




BEMR Super Gloss 50 Epoxy
with Mica
Real Dielectic Constant

2:1:X 3GHz 6 GHz
X=0.05 3.09 308
X=0.10 3141 310
X=0.25 305 305

BEHR Super Gloss 50 Epoxy
with Mica
Imaginary Dielectic Constant

21X 3GHz 6 GHz
X=0.05 0.07 0.6
X=0.10 007 0.16
X=0.25 006 0.16

BEHR Epoxy(2:1) w/Mica
Added in parts per weight(e.g.2:1:0.5)

X=0.05 X=0.10 X=0.25

Concentration of Mica in parts

[©-3GHz = 6GHz = 9GHz “a- 12 GHz =~ 15 GHz -~ 18 GHz |

BEHR Epoxy(2:1) w/ Mica
Added in paris per weight(e.g.2:1.0.5)

ooo
Ok

imaginary dielectric constant

HUROLaNWARDNOON NG
R T ST

0000 000000000

ScoooOL L L L L L L

X=0.05 %=0.10 %=0.25

Concertration of Mica in parts

-~ 3 GHz - 6GHz & 9GHz -ﬁ—12GHZ—B‘15GHz-EB-1BGHZl




BEHR Super Gloss 50 Epoxy
with Carbon Black
Real Dielectic Constant

21X 3GHz 6 GHz 9GHz 12GHz 15GHz 18GHz
X=0.10 340 338 3.26 3.18 312 317
X=0.25 360 350 340 3.30 3.20 320
X=0.50 470 460 4.40 420 420 420
BEHR Super Gloss 50 Epoxy

with Carbon Black

Real Dielectic Constant

21X 3GHz 6 GHz 9GHz 12GHz 15GHz 18GHz
X=0.10 012 022 029 0.28 0.24 0.22
X=0.25 0.18 027 0.35 0.32 0.27 027
X=0.50 032 047 055 0.48 0.40 0.39

Behr Epoxy(2:1) w/ Carbon Black
Added in parts per weight(e.g.2:1:0.5)

nstant
¢ el e
D 0 & N & O
e
+

real dielectric co

W oW W W

w s
——+

X=0.25
Concentration of Carbon Biack in parts

X=0.10

F9—3GHZ -6 GHz -8-9GHz —ﬁ—1ZGHZ*15GHZﬂ-1BG}ﬂ

BEHR Epoxy(2:1) w/ Carbon Black
Added in parts per weight(e.g.2:1:0.5)

imaginary dielectric constant
& o
QO b

X=0.25
Concentration of Carbon Biack in parts

-3 GHz ¥ 6GHz 5 9GHz “5‘1ZGHZ*15GHZ‘B‘18GHZI




BEHR Super Gloss 50 Epoxy
with Carbon BEHR Epoxy(2:1) w/ Carbon
Real Dielectic Constant Added in parts per weight(e.g.2:1:0.5)
2:1:X 3GHz 6 GHz 9 GHz 12GHz 15GHz 18 GHz
X=0.25 340 340 327 320 317 3.20
X=0.50 485 480 460 4.45 443 4.40
X=1.00 465 462 4.40 430 428 430
3 : : f
X=0.25 X=0.50 X=1.00
Concentration of Carbon in parts
©-3GHz ~6GHz = 9GHz —a—12GHz—x—156Hz-ea—1aGHz|
BEHR Super Gloss 50 Epoxy BEHR Epoxy(2:1) w/ Carbon
with Carbon Added in parts per weight(e.g.2:1:0.5)
Real Dielectic Constant
2.1:X 3GHz 6 GHz 9 GHz 12GHz 15GHz 18GHz
X=0.25 0.1 022 0.30 0.30 023 0.24
X=0.50 0.18 0.37 0.49 0.43 0.37 0.40
X=1.00 020 042 058 0.53 0.51 0.53
X=0.25 X=050 X=100
Concentration of Carbon in parts
[+36Hz - 6GHz -2 9GHz —a—1ZGHz—x—156Hz—a—1aeHzl
14




Clear Polyester Casting Compound
with Aluminum Oxide
Real Dielectic Constant

2:1:X 3 GHz 6 GHz 9 GHz
X=05 341 340 330
X=1.0 346 343 3.33
X=15 386 385 371

Clear Polyester Casting Compound
with Aluminum Oxide
Imaginary Dielectic Constant

2:1:X 3GHz 6 GHz
X=0.5 005 018
X=1.0 005 0417
X=15 008 022

9 GHz
0.29
0.25
0.31

12 GHz
3.18
324
3.58

12 GHz
027
023
029

15 GHz
317
3.20
3.58

15 GHz
021
0.19
023

15

18 GHz
3.21
325
359

18 GHz
0.19
0.20
0.24

real delectric constant

Polyester Cast.Comp. w/ Aluminum Oxide
Added in parts per weight(e.g.2:1:0.5)

W w

W W
Gy WG W W

WL WGy W W (n
O ~Na®G©
bbbt

W oW oW WL

SLONOWORQ
et d

X=1.0
Concentration of Alum. Oxide in parts

[-3GHz - 6GHz &~ 9 GHz & 12 GHz &~ 15 GHz <& 16 GHz ]

Polyester Cast.Comp. w/ Aluminum Oxide
Added in parts per weight(e.g.2:1:0.5)

x=1.0
Concentration of Alum. Oxide in parts

l~°—3GHZ -%-6 GHz -2 9 GHz —e—12GHz—z—15GHz—§-1BGHz|




Clear Polyester Casting Compound
with Titanium Dioxide
Real Dielectic Constant

Polyester Cast.Comp. w/ Titanlum Diox.
Added in parts per weight(e.g.2:1:0.5)

real dielectric constant

WRWWWWWWW Db hbh
WaANQBEAONPOHEANWEOND
et

Concentration of Titan.Diox.in parts

[o-3GHz —-6GHz B 9GH:z - 12 GHz -&- 15 GHz - 18 GHz |

Polyester Cast.Comp. w/ Titanium Diox.
Added in parts per weight(e.g.2:1:0.5)

1 T
X=1.0 X=1.5

Concentration of Titan.Diox. in parts

= 3GHz == 6CHz 5 9GHz - 12 GHz -= 15 GHz & 18 GHz

21X 3GHz 6 GHz 9GHz 12GHz 15GHz 18GHz
X=05 338 330 327 318 313 317
X=10 360 360 3.50 3.40 3.40 3.40
X=15 457 460 4.40 425 427 425
Clear Polyester Casting Compound

with Titanium Dioxide

Imaginary Dielectic Constant

2:1:X 3GHz 6 GHz 9GHz 12GHz 15GHz 18GHz
X=05 012 035 0.60 0.43 0.45 0.36
X=1.0 022 0862 0.86 0.64 036 0.26
X=15 009 028 0.40 0.38 0.30 0.28

16




Clear Polyester Casting Compound
with Mica
Real Dielectic Constant

21X 3GHz 6 GHz 9 GHz
X=0.05 327 325 3.15
X=0.10 328 325 3.14
X=0.25 310 310 3.00

Clear Polyester Casting Compound
with Mica
Imaginary Dielectic Constant

2:1:X 3GHz 6 GHz
X=0.05 0.07 0417
X=0.10 007 0418
X=0.25 007 016

9GHz
025
0.24
0.23

12 GHz
3.08
3.08
294

12 GHz
0.23
024
023

15 GHz
3.02
3.02
290

15 GHz
0.2
0.18
02

17

18 GHz
3.03
3.02
290

18 GHz
017
017
0.16

Polyester Casting Compound wi/ Mica
Added in parts per weight(e.g.2:1:0.5)

w
(%}

325 ¢+

w oW
5w
WA . N

2.95 1

real dielectric constant
w

[
©
;

2.85 1
2.8

X=0.10
Concentration of Mica in parts

F°—3GHZ -=-6GHz 8- 9GHz -ﬁ-12GHZ—E—~15GHZ~E—1SGHZI

Polyester Casting Compound w/ Mica
Added in parts per weight(e.g.2:1:0.5)

0.25
£0225 1+

o
N

0175 1+
0.15 1
01254+ - - -

=]
-

maginary dielectric constan

0075+ - - - &

£ 7 < Q@

0.05

X=0.10
Concentration of Mica in parts

[o-3GHz =~ 6GHz = 9GHz & 12 GHz == 15 GHz == 18 GHiz




Clear Polyester Casting Compound
with Carbon Black
Real Dielectic Constant

21X 3GHz 6 GHz 9 GHz
X=0.10 354 356 348
X=0.25 540 520 495
X=0.50 655 620 5.80

Clear Polyester Casting Compound
with Carbon Black
Real Dielectic Constant

21X 3GHz 6 GHz
X=0.10 0.07 017
X=0.25 057 065
X=0.50 105 110

9 GHz
027
0.72
1.10

12 GHz
3.40
480
565

12 GHz
0.26
060
0.80

15 GHz
3.39
4.80
555

15 GHz
024
055
0.83

18 GHz
3.40
475
5.45

Polyester Cast. Comp.w/ Carbon Black
Added in parts per weight(e.g.2:1:0.5)

X=0.25
Concentration of Carbon Black in parts

-e-3GHz - 6GHz -8-9GHz - 12GHz & 15 GHz & 18 GHz

18 GHz
023
053
0.75

Polyester Cast.Comp. w/ Carbon Black
Added in parts per weight{e.g.2:1:0.5)

X=0.25
Concentration of Carbon Black in parts

[>-3GHz = 6GHz = 9GHz & 12 GHz -7~ 15 GHz <= 18 GHz ]




Clear Polyester Casting Compound
with Carbon
Real Dielectic Constant

21X 3GHz 6 GHz
X=0.25 340 340
X=050 475 460
X=1.00 527 510

Clear Polyester Casting Compound
with Carbon
Real Dielectic Constant

9 GHz
3.28
4.40
470

21X 3GHz 6 GHz 9GHz
X=0.25 0.06 0417 024
X=0.50 026 045 0.55
X=1.00 112 135 1.35

12GHz
322
435
455

12 GHz
025
0.46
1.10

15 GHz
319
435
443

15 GHz
0.23
0.40
0.93

18 GHz
3.20
432
4.40

18 GHz
0.20
0.42
0.73
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Added In parts per weight(e.g.2:1:0.5)

o
o

o
et

o ¢
o

X=0.50
Concentration of Carbon in parts
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Polyester Cast.Comp. w/ Carbon
Added in parts per weight(e.g.2:1:0.5)
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