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ABSTRACT

This thesis presents the Demonstration of Microstrip Antennas. The project show
implementation and quality testing of a rectangular and circular microstrip antennas difference
material by construction the antenna on the small print circuit board on two type are epoxy and
duroid. The frequency bandwidth are 1-3 GHz and input impedance are 50 2. The thesis also
propose to put material on construction antennas, the material are glass, paper and plastic which

fourd that have effect to the microstrip impedance . ,
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min

W=V, -V, (2.29)
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(Voltage Standing Wave Ratio : VSWR)
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VSWR = I;f“—‘”‘ (2.30)
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149 (Standing Wave Ratio : SWR)
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(2.64)

4 . 4
ek, 9 §1auveInan luedIN A

-
A
M(r') fo pomwmurinvesnssue WA i fivnaaingadiiia

o o o/ T g A ®
Tushmeudadu Tasldunmesfindliih (F)aunuidlssnnaaunuuiman amse
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%(6, +1)<ée, <6, (2.86)
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Characteristics of Insulating Materials*

Diclecuric Constant’ at Dissipation Fuctor® at Diclectric PC Volume Thermal
Strength in Resistivity in Expansi Moisture
(Frequency in Hertz) (Frequeacy in Henz) Volts/Mil at Ohm-cm at (L.incar) in Softening Absorption
Material Composition 7(*C) T e ax i’ 2.5 x " 10 e It s x 254C 25°C Pans/*C Point in °C in Percent
Ceramics:
Aluminum oxide 2s .80 8.80 R — 0AX033 0000 30 0.0010 — —_— — _ — _—
Barium titanate’ 26 143 — 6o it oS - 0.30 0.60 s 1030 - 1400-1430 . 0l
Calcium titanate 28 1677 7.7 16S 0L.UXx12 00023 = 10 [ATENSTI — 1510 <i.}
Magnesium oxide 2 2063 905 BUREL IR <3 - - — _— — -
Magnesium silicate 25 597 Sue Sw0 — 0AXNS A0 4 0.0601 2 — - > 9.2 x 107 1350 01-1
Magnesium titanate 2 139 (K5 13.8 13.7 0004 00005 00017 0.0065 — — —_— — —
Oxides of aluminum, silicon,

magnesium, calcium, barium 2 (XN — 5.90 —— 0.001 ) —_ 0.2y — —_ — 7.7 x 1078 1325 —_
Parectain (dry process) 25 RX 504 — — 0,075 0.0078 — — — — — — —
Steatite 410 a8 577 57 5.7 — o7 04006 Q.00 RY — —_ - —_ — —_
Strontium titanate 23 23 232 — — 00002 0,000 ) — —- ’ 1 (STl - 1510 0.1
Tianivm dioxide {rutile) 26 100 {4 — — A0 3 10.(XX025 x = . — —_ —_ _-

Glasses:
lron-scaling ghass 24 XM R0 7.99 784 0.0 s 0009 (NG (T VI R TR B — 10" ae 250° 12 x 7 484 poor
Sada-borusilicate 25 4.84 4.84 4.82 4.05 08036 QLX) (0.00S 4 ORI —_ 7 3 107 a1 250° S0 x §077 693 _
100%, silicon dioxide (fused guartz) 25 R R/ 378 3.8 LA | 0002 0.000 06 0000 25 410 (0.257) > 5.7 % 1077 1667 —_—
Plastics:
Alkyd resin 25 4.76 4.55 4.5 — 0.0149 00138 0.0108 — — — —_ — —
Cellulose acetate-butyrate, plasticized 26 .30 .08 20 — o8 0.017 .02 —_ 250-400 (0.1257) —_ 11-17 % 10°% 60-121 2.3
Cresylic ucid- formaddehyde,

50% a-cetlulose 25 4.51 RR R} A2 (L036 0.055 0.051 .08 1020 (0.033") ax R I x 078 >125 1.2
Cross-linked polystyrene 28 .58 00010 n.ann (00019 — —_ — —_ —_ —
Epuxy resin (Araldite CN-S01) 25 kR u.09 0.034 027 — 405 (0.125%) >3.8 x 107 4.77 x 107> W (distortion) w14
Epoxy resin (Epon resin RN-48) 23 332 RAUI — 0.0142 0.0264 0.021 —_ — — — -— —
Foamed polystyrene, 0.25% tiller 25 — a3 1.03 <(.AXK12 — 0.000 1 — — — —_ 8S low
Melamine—formaldehyde, a-cellulose A ‘6.0 493 -_ 0,041 0.085 a.103 — J0-400 —_ _— 9 (stable) 0.4-0.6
Mclamine—formakdchyde, 55% filler 26 55 — — 0mis (420 — — — — 1.7 x 1078 —_ 0.6
Phenol—formaldehyde 25 395 AT 3.55 0.0280 0.0380 00438 00390 300 (1.125%) " 30-40 x 107 <135 <0.6

(Bakelite BM 120) (distostion}
Phenol—formaldehyde, S0% paper

laminite 26 460 404 .57 e 0.034 0.057 0,060 — — —_ -— — —
Phenok—formaldehyde, 65% mica,

4% lubricants 24 478 4.72 47 — 00082 oons (U] jed i — —_ _ _— — —_
Polycarbonate - 96— — — 0010 - —_— — 04 (0.1257) 2 % o 7 % 10 % 135 (defiection) -
Polychlorotriffuorocthylene a5 2,42 23 2. Rt (.48 2 -- 0.8 Q0053 — o — — -

(441



Characteristics of Insulating Materials* (cont’d.)

Diclectriv Constant® at Digsipation Factor® at Dicleetsic DC Volume Thermal
Strength in Resistivity in Expansion Moisture
(Frequeney in Henz) (Frequency in Hertz) Voh/Mil m Ol-eme ol (Lincar) in Softening Absorption
Material Composition T(C) 0t W 3x it 2.5 x ' [ It 25 x 10" 259 25 Parts*C Point in °C in Pescent
Wiixes:
Beeswax, yellow 23 283 245 2.3 0.4 2 (i3 § 010 w75 - -— - — 45-64 (melts) —
Dichtoranaphihalenes a8 2UR 293 284 [N} FiR o7 037 — - 3503 (inclts) nil
Palybutene 25 2. 2.0 2.7 - [IXT TR N Tt ERR R R (X1 2L - — — — .
Vegetable and mineral waxes 2 23 23 225 - o004 w0 0,000 46 — — — —_ 57 -
Rubbers:
Buty!l rubber 25 225 235 235 — nonlo QU010 tLKKIY — _ -— _ — _—
GR-S rubber 25 2.90 282 275 — 0.0120 QARG (LIS 7 —_ K70 (0.04r) 2 x 10" - — —_
Gutta-percha 28 253 247 240 - 04042 0.0120 (1.U060 — - 0 —_ — -
Hevea rubber (pale crepe) 25 24 24 215 — [N 1% 3 Houso 00030 - - . — -— — —
1levea rubber, vulcanized (1K) pts
pale crepe., 6 pts sulfur) 27 274 L4 R - (Lt o (X EIH 0.047 — — — — — —_
Neoprene rubber ] 620 4S8 .00 1.0 0.038 .00 004 0028 UK (0.125%) K x ot — — ail
Organic polysulfide. fillers 23 t1 k) 16 136 0.3 0.28 0.22 010 -— — — — —
Silicane-rubber compound 25 3.20 .16 3.13 - O30 0.4032 0.7 — —_ — — — —
Woads:?
Babsa wond 20 137 1.30 1.22 00120 0oty s (1N} 1) - ! 3 —_ — —
Dougtas tir 25 1938 1.8 1.R2 178 0420 [TIXY w027 0us2
Douglas fir, plywood 25 1.90 - - i.6 0no2g - — 00220 — = — — —
Mahogany 25 223 .07 1LL.BR 1.0 0023 0.032 0025 0no20 — —_ —_ — —
Yellow birch 25 .70 247 213 I.87 [IX1a 0] [{XI21H] (L33 0026 - — —_ - _
Ycllow poptar 23 175 1.50 1.4 0nme nos 0.7 - — — — —
Miscellancous: -
Amber (lossil resin) 25 263 —_ 26 — (0056 —_ 0.0090 F 2300 (0,1257) Very high — 2K -
DeKhotinsky cement 23 3.2 —_ 2.96 — 0024 — 1$.024 — — —_ 9.5 % 107 R0-8S —
Gilsonite (99.9% natural bitumen) 2. 2,58 2.56 - — L1 6 0.004 | —_ — — — 155 (melts) —
Shellae (naturat X1.) 28 347 kRt 280 — 0.031 00X 0.0254 — — ' — RO tow after
baking
Mica. glass-bonded 25 7.3 — — — a3 — — — - — —_ — —_
Mica. glass. titanium dioxide 24 9.0 — - 0.0026 — 00040 — —_— — —_ N <5
Ruby mica 26 54 5.4 5.4 — 0400 3 1.0002 00003 - RN S600 5 x — — —
(0.04r)
Paper, royalgrey 25 29 277 2.70 — 0.038 0.066 0.056 —_ 202 (1,1257) — — — —_
Selenium (amorphous) 23 6.0 6.00 .t H.% <0003 <{)4X002 0.000 18 0.0Mm3 _— — — — —
Asbustos fiber-chrysotile paper 23 RN - - - 0A2s - — — — — - . —
Sadium chloride (fresh crystals) 25 5.90 _— .90 < 2 -— — <AL S — —_ — — —

£Cl
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Paolycthylene

Palycthylene-terephthalate
Polycthylmethaerylate
Polyhexamethylenc-adipamide (nylon)
Polyimide
Polyispbutylene
Polymer of 95% vinyl-chloride,

5% vinyl-acetale
Potymethyl methacrylate

Palyphenylene oxide
Polypropylene

Polystyrene
Potytetraluaracthylene (Teflon)

Polyvinyleyclohexane

Polyvinyt formal

Palyvinylidene Nuoride

Urca-formaldehyde, cellulose

Urcthane clastomer

Vinylidene -vinyl chloride copolymer

UK anitine-formaldehyde
(Dilectane-100)

1% phenal-formuldehyde

1% polyvinylhloride

Organic Liguids:

Aviation gasoline (110 octane)

Benzene (pure, dricd)

Carbon tetrachloride

Ethyl alcohol (absoluie)

Ethylene glycol

Jet fuel (J1%-3)

Methyl aleohol (absolute analytical
grade)

Methyl or cthyl siloxane polymer
(100 ¢5)

Monomeric styrene

Transil oil

Vascline

20
7

)

19w e 19 19
fo = = s
- 4 X

19 19

v

6.5-7.1
R L

A58

2R8

1,94
2.8
2.7

245
41
208

hod

19 19 19
v B~
= %

19

9

|

[T

|
v
"wd

2.40
2.0

2.6

R
.ot
284

1.92
224
217
6.5
12

24

239

254
208

<OAXKI2

n.ole
[1X} 31
0u2R
0,003
AKX )

amso
00440

0.0007
<LK S

W07

<0.1XK12

<{AKN0 2
0y
w17
0027

ans?

00061
0,060
0.0160

<{.1x0 |
<0 00004

(IR
0.030
0.0

0.20
<U0 3
<(LOOD

<0003

<0 XK |

00002

020

00003

HBUORD

<ty
<(LIXK2

<UAX0 2
0013

0.050

00180

G033
0.077
0.8 )

0000 1
<0000 |
<(LIXK2

0.862

LI43

0038

LK RS

<0.0004

(L0003

0.075
[XR N

K47

(L5 9
[1X) $h )

[IREIN]

0.4XK133
OLIRX 1S

D 1K
[INTEY
0SS s

0.40072

00026
0052
0008 §

(M 4
<%0
00004

(1,250
L.k}
o.u0s s

.64
XM 6
0020

28

000066

QAN 6

0083
0.01s

0012
0.0006

0ho1s

<0000 |

1200 (1.0337)

4000 (0.002")
a0 (0.1257)
570
600 (0.010°)

990 (0.0XY)

500 (0. £257)
650 (0.125%)

S00=T700 (0.125%)
K= 2000
(.0057--0.0127)
K60 (0,0347)
20 (0,125%)
375 (1L.OKRS™)
450500 (0.125%)
00 (0,125%)

R0 (0.068°)
277 (0.125%)
400 (0,125%)

300 (0. 10K0°)
300 (0. 1007)

o!?

& x "

>5 x (o'

"
6 % 101

o'
1"

>5 x 10"
2 x 1M
| R
2 x !
o

e

1"

3 x o

19 x

10-*

{varics)

10,3 x

8-9 x

S3x

T6-RS %

6-8 %
9.0 x

1.7 %

12 x
2.6 %
1-20 x
15.8 x

54 x
8.3~13 x
6.9 x

s

[

103
o-*

s
w-s

w0

95-108
{distortion)
o (distortion)
65 (distortion)

23 (distortion)

70-75
{distortion)
19S5 (deflection)
W-116
{deflection)
¥2 (distortion)
64 (distortion)
(stable to 3X)
190
14R (detlection)
152 (distortion)

150

125
S0 (distortion)
54 (distortion)

=40
(pour point)

0.03
low
1.5
low

0.3-0.6

0.05
0.(K

<tl.1

0.06-0.08
0.42
0.08 015

144!



Soil, sundy dry

Soil, loamy dry

tee (from pure distilled water)

Freshly fallen snow .
Hard-packed snow followed by light rain
Water (distilled)

a3
23
-12
=2
-6
25

0.017
0018
0.12
0.0218
0.29
0.040

0.033

0005

L62
O 1
LR} EI0)
WK 29
W09
0157

0,2630

*Reproduced with permission of the publisher, Howard W. Sams & Company, Indianapolis, Reference Data for Engineers: Radio, Electronics, Computer,
Communications, Tth ed., by E. C. Jordan, ed., © 1985.

and

*The dissipation factor is defined as the ratio of the energy dissipated to the encrgy stored in the dielectric, or as the tangent of the loss angle. Diclectric constant and
dissipation factor depend on clectrical ficld strength,

‘Field perpendicular 1o grain.

ST
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microwave Iaminales

RT 1.5800

RT / duroid® 5880
Glass Microfiber Reinforced
Polytetrafluoroethylene Composite

RT/duroid® 5880 glass microfiber reinforced PTFE
composite is designed for exacling stripline and
microslrip circuit applications.

Glass reinforcing microlibers are randomly oriented
to maximize benefits of fiber reinforcement in the
directions most valuable to circuit producers and in
the final circuit application.

The dielectric constant of RT/duroid 5880 laminates
is uniform from panel to panel and is conslant over
a wide frequency range. lts low dissipation factor
extends the usefulness of RT/duroid 5880 to Ku-
band and above.

RT/duroid 5880 laminale is easily cul, sheared and
machined to shape. It has excellent dimensional
stability and is resistant to all solvents and reagents,
hot or cold, normally used in etching printed circuils
or in plaling edges and holes.

Normally supplied as a laminate with electrodepos-
ited copper of 1/4 to 2 ounces/ ft.2 on both sides,
RT/duroid 5880 composiles can also be clad with
rolted copper loil for more critical electrical applica- -
tions. Cladding with aluminum, copper or brass plate
may also be specified.

When requested copper-clad, RT/duroid 5880 com-
posile can be certified to MIL-5-13949 Type GRN ¢
Type GPN microwave malerial specifications.

When ordering RT/duroid 5880 laminates, it is im-
portant to specily dielectric thickness, tolerance,
rolled or electrodeposited copper foil, and weight of
copper foil required.

(See reverse for product data)



ROGERS L

RT/duroid 5880 Microwave Laminay,.

PROPERTY

TEST METHOD CONDITION UNITS[1] DIRECTION TYPICAL VALUE[2]
Dielectric constant, ¢, IMHz,IPC-TM-650, 2.5.5.3 C 24/23/50 - Z 2.20
o -10GHz, IPC-TM-650, 2.5.5.5 C 24/23/50 2.20£0.02 (£ 0.01 available)
Olssipation facter, tan § IMHz,1PC-TM-650-2.5.5.3 C24/23/50 - r4 0.0004
10GHz, IPC-TM-650,2.5.5.5 C24/23/50 - Z ) 0.0009
Volume resistivity 1PC-TM-650,2.5.17.1 C96/35/30 Mohm ¢m z 2x107
Surlace resistivity IPC-TM -650,2.5.17.1 C96/35/90 Mohm XY 3x 10
. ) Testat23°C Test at 100°C
Tensile modutus ASTM D638 A MPa (kpsi) X 1070(156) 450 (65)
. Y 860(125) 380 (S5)
ulimate stress MPa (kpsi) X 29(4.2) 20(2.9)
- Y 27(39) - 18(2.6)
ullimate strain P % X 6.0 . 72
i - Y 4.9 58
Compressive modulus AST D695 A MPa (kpsi) X 710(103) 500 (73)
Y 710(103) 500 (75)
) z 940(136) 670(97)
ultimate stress MPa (kpsi) X 27(3.9) 2(3.2)
Y 28 (4.0} 21(3.1)
z 52(7.5) 43(6.3)
ultimate strain % X 8.5 84
Y 7.7 78
z 12,5 176
Delormation underioad ASTM D621
Testat 150°C
24 hr/14MPa(2 kpsi) % Z 1.0
Wale‘:absorplion ASTM D570 D24/23
“Chness = 0.3mm {0.051 1n.) ma (%) 0.9(0.02)
Thickness = 1.6mm (0.062 in.} mg (%) 1.3(0.015)
Specific gravity ASTM D792 — 22
}:eatfilslonion temperature ASTM D648 1.82MPa (264 psi) °C(°F) XY >260(>500)
Soecific heat Calculated Jg/K(BTU/B F) 0.96(0.23)
Themal conductivity Rogers TR2721 WIMVK(BTU in/it¥heF) Z 0.26(1.8)
Tremmal expansion ASTMD3386 o) - X : .
{10 K/min.) -100°C 6.1 -8.7 -18.7
15 -0.9 -1.8 6.9
(Vaives given are totai change from a 25 0.5 09 -45
base temperature of 35°C) ; 75 1.1 1.5 87
: 150 23 32 28.3
250 3.8 55 69.5

‘IS'W“WmemrMM entheses.
{2, Palersncey; intemal T's 1430, 2224, 2854, Tests were at 239C unless otharwise
foted. Typcal vatues should not be used for specification Smts.

ROGERS

Rogers Comporation

Microwave and Circuit Materlals Division, 100 S. Roosevelt Avenue, Chandler, AZ 85226, §02 961-1382, Fax: 602 961-4533 e e e

© 1831, 1994 Rogers Comoration

&©

Printed in USA.

TA® 200Ve NOMALion S NO INTBNGAG 10 ARG G0as NGt CIEale ANy WAITAIINS, SXDIEss O iMpues, NGIUGING a1y
wamanty of merchantability o fitness for a particular purposae. Usa of RT/duroid microwsve luminate in your
partiouiar applicaton may yield afferent results,

These products may requira a vaiicated axpon llcense issuad by the U.S. Deparanent of Commerce for expoit
of these materials irom he United States or Canaca.

RT/ durold i3 3 regi of Rogers C for s

Supersedes 892
TA06-094-5.0-AP

LTl
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A

2

7 | DIELECTRICS

. Delecm : & > Y/ 3 - F-Fm

lconstantand =~ "7 7T 7 i e T S
tolerance 220:0.02 |2.33£0.02 | 2.4-26 | 2.9430.04 | 6.1510.15 | 10.2£0.25 | 3.27 450 6.00 920 | 9.80
@10 GHz $0.04 $0.016 | 0.045 | $0.080 | £0.230 | £0.245
Loss tangent . " " m e
@10 GHz 0.0009 | 0.0012 0.0019 0.0012 0.0019 0.0023 0.0016 | 0.0017 | 0.0018 | 0.0017 | 0.0015
Thermal
coefl, of er o © ® ®
0° 10100°C {ppnvK) 129 -115 100 +16 -450 -390 +39 - -10 -38 43
Volume reslstivity | :

(Mohm-cm) 10 2x10 2x107 106 2107 5x10° 3x10* | 6x10° | 1x100 | 2x10? -

. | Surtace resistivity
{Mohm) axior 2x100 4x10’ 10" 7x10 5x108 | >0x10' | 1x10* | ix10* | 4xt107 ~

H i

| Tensie  xaAxis 156 189 1700 120 74 135 | ™1916 2000 |® 22000 | P2a00 | —

‘1 modulus = 5 o @

(kpsi)  YAxis 125 185 1300 120 91 81 1916 | 2000" | 2200° | ~ 2400 -
Compressive "
modulus 136 120 — 360° 155 m 742 752 736 575 1—

z axis (kpsi) ,
Molslure :
absorption 0015 | 0015 0.03 0.1 0.05 0375 | 004 [P0010 | 006 | P09 | Tos6
D23/24 (%) (LM 0.05)

K
Thermat ;
Conduclivity 0.26 0.26 0.26 0.44 0.48 0.41 0.68 070 | 070° | 073 075" -

v | (Wim/K) oy
K : i ity .
Coelficlent  x Ax/s 3 22 15 16 47 24 16 14 16 16 | 187"
of thermal A .‘
expansion Y Axis 48 28 15 16 34 24 16 14 16 16 16%
0 1o 100°C -
(ppm/K)  Z Axis 237 173 200 24 17 24 .20 20 20 20 0%
Specltic Gravily 22 2.2 2.2 2.1 27 29 1.78 207 237 2.7 277

'O 0 D S 0 OOPOCDOOPDOOOOPOEOOOLOIOIOOEONEEOOROEOOIDOOOOOSOOOGOOLOEGSNOGSEOESNOEOENLOOEOLOSOOLOOSOIBDOOLOESES

1} Tesled by ASTM D2520D, 3GHz waveguids perturbation ‘eslimaled
2)  Young's Modulus

3)  Testing conditions: 50°C, 48 hours, 0.50" {12.7mm) thick samples

4)  Vakes represent a linear approximation of CTE for the lemperalure ranges given, excepl lor RT/duroid 6002 and TMM, which do have a finear behavior.
5)  Tested by IPC-TM-650 method 2.5.5.5. 4 .

¢
i
‘
!
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] A (Y \ A 4 \ o o
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4 L Q) -y QJ ar s
fazdounduszlisuamnnieaiieslavuedfudiulsedninisas Nounduusadu (Voltage

Y

Reflection Coefficient)
V
C=-L (1)
4
4' o o Q’ Y [ o
1o I = duilszaAnsmsasnounausiy
V. = ussduazfioundu, (Inad)
V. = usssuannszny, (Toad)
Zo
Vs Z1=70
(n) MIABIINITZAAIBURIALTA AR
~
AdUANNTZNY
= Zo
Vs @ § Z1=0
< .
A
atuazNiou

() nsanddwamnihdyanauuuiaisila
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AAUANNTENY
- Zo

1
R

Vs 7L

A

A 9/ o
AAUdTNBUNAY
(") Msastasmnihdygiamuvlaisda
q' Y 9
Ui 1 msdeAIMIzAIIMUNIY
d' o a AI 9 [y @ A J a
Pnaunsh 1 idudszanimyasteunduusesduiisnduuin uaasiusedu

9/ o o 19 A w 9 o @ o 9
ﬂznaunaumﬂﬁmaﬂu Llﬁﬂ'l!ﬂiﬂﬂﬂll'IﬂlﬂuﬁULliQﬂuﬁzﬂﬂuﬂﬁUﬂﬁﬂaUlﬂﬂﬁiﬁﬂu'll'lil

1 o (4 A [Y 3/ o Y 1w
ﬂ'lﬂ'ﬂﬂ'1!1]?)5l‘ﬁuﬁﬂlﬂﬂﬂﬁutli\'lﬂuﬂz'ﬂﬂuﬂau"lﬂﬁ'nﬂ‘lJ
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