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Summary

o Introduction to the Sinuous Antenna

o Sinuous Antenna Design

* Standard Sinuous Antenna
* Non-Conventional Cavity Backed Sinuous Antenna

o Analysis and Simulation Results

e Performance

o Conclusions
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Introduction to the Sinuous Antenna

The operation principle of the Sinuous Antenna is described in the following picture:
o Multiple folded dipoles
o Self-complementary structure = frequency independent performance

o The UWB behavior is realized by means of dipoles that resonate at adjacent frequencies
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Introduction to the Sinuous Antenna

The electromagnetic sensor should have the following capabilities :
UWB Functionality

Controlled HPBW

S45 Polarization

Light Weight

Small Dimensions /
Direction Finding Application

Covering Sector of

— each Antenna

O O O O O O

Elevation Plane Sinuous
Metallization

N

Dielectric Substate Back Cavity

URSI GASS 2020

g
=
Rome, Italy, 29 August — 5 September 2020 IAM Ate k

/ \
o) A S v
ﬂl]ll"lﬂl' Nt

:_g R
&%_]

s

,.A._ A

URSI GASS QOQO

x=t*cos\ —1Pa sin\ =«

y=t=*sin\ —1Pa sin\m

Parameters:

Ry <t <R,

R minimum radius
R, maximum radius
T, expanction factor
6 arm thickness

a arm angular width
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Introduction to the Sinuous Antenna S CASS 5050 ‘

4-Arm Sinuous Antenna Properties:
o 2-18 GHz
Controlled HPBW

© t
. . In R_
o S45 Polarization . p
x =t+*cos\ —1Pa sin\m +6
o 6 cm Diameter In(z,)
In (RL)
. . D
y=tx*sin| —1Pa sin\m +6
ln(Tp)
. o . Parameters:
The goal is to lower the minimum frequency operation R.<t<R
. . . . . 5 p
maintaing the same diameter considering: R, minimum radius
e S11<-5dB R, maximum radius
e Gain > -5 dBi T, expanction factor
e HPBW < 120° & arm thickness .
a arm angular width
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Free S.pac.e Sinuous Antenna — Substrate 2SI GASS 5050
Investigation

AL

The best choice is Rogers RT5880LZ

= Arlon CuClad 217
— Rogers TMM 4
—— Rogers RO3206
——  Rogers RO3203
Rogers RO3010
— Rogers RT5830LZ

Guadagno (dB)

1 3 6 9 12 15 18
Frequenza (GHz)
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Free Space Sinuous Antenna — Meandering

Classical Sinuous Antenna Meandered Sinuous Antenna

The meandering increases the
electrical lenght of the arms
introducing a corss-pol
contribute
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Free Space Sinuous Antenna — Meandering

Meandered Sinuous Antenna
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t*xcos\ —1Pa sin\mw 18 Ry <t <Ry
ln(Tp)
() ()
p P
16 [*|1+xpcos| &+| —=1Pa sin|\m

in(z,) In(zp)
In <Rip>

t*sin\ —1Pa sin\ @ +4 Rs<t<Ry
In(7,)

T.rJ',r}i

)

t * cos (—17’0: sin (n

ln(Tp) In(p)

)

t t
ln(Rp)> ) ( ( ( ()
16 [*[1+xpcos| §+\ —1Pa sin|m

t * sin <—1pa sin (n

Parameter:

R <t <R,

R minimum radius

R, maximum radius
T, expanction factor

6 arm thickness

a arm angular width
Xp meander amplitude
& meander number
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Free Space Sinuous Antenna — Meandering

HPBW on the Azimuth Plane _ _
Classical Sinuous Antenna

Elevation = 0°

250

2001

1500 [

6'3 B [deg]

100

50 ' : : : :
1 3 6 9 12 15 18
Frequency (GHz)
Parameter:

R, maximum radius = 60 mm
T, expanction factor = 0.79

6 arm thickness = /10

a arm angular width = /10
X, meander amplitude =0

& meander number =0
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Meandered Sinuous Antenna

250

200F

IAMAtek
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Elevation = 0°

1 3 6 9 12 15
Frequency (GHz)

Parameter:

R, maximum radius = 60 mm

T, expanction factor=0.79

6 arm thickness = 1t/10

a arm angular width = /10

Xp meander amplitude = 0.05

¢ meander number = 40

elt

@®® ELETTRONICA GROUP



Free Space Sinuous Ant Sharp end el
ree >pace sinuous Antenna darp ends URSIGASS 2020

Optimized sharp ends

reduction of the sharp ends t, [mm]
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Free Space Sinuous Antenna — Sharp ends oS GASS 2020 ’

Optimized sharp ends

For tp > 10 mm the
increases the gain at
low frequency and the
flatness in band

f (GHz)

Realized Gain (dB1)

1 4 7 10 13 16

tr }mm)

| Fm,
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Free Space Sinuous Antenna — Substrate

Dielectric Cylinder Loading
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di=5.5 en=1.5
d2=5 gn=2
ds=4.5 e3=2.5
dsa=4 €ra=3
ds=3.5 ers=3.5
de=3 g6 =4
d7=2.5 €7=5
ds =2 es=6
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Free Space Sinuous Antenna — Substrate

Loading

URSI GASS 2020

gld.B (deg)

Meandered Sinuous Antenna

Elevazione 07

— : :
| —+—5845
N ——FPO _
| —— PV
=—=Min
- ——=Max .
- — =Tracking
- _
{ ;'EGQ‘:T!\;-Q.:_.:.-:ETE;;;: —
SR> =7 S ==
1 3 6 9 12 15 18
Frequenza (GHz)
Parameter:

R, maximum radius = 60 mm
T, expanction factor=0.79

0 arm thickness = /10

a arm angular width = /10
xp meander amplitude = 0.05
& meander number =40
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Meandered Sinuous Antenna with dielectric

250

loading

Elevazione 0°

—+—8545
—— PO
—— Py
-—-=Min
-—=Max

= = =Tracking

] 0 12 15 18
Frequenza (GHz)
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Free Space Sinuous Antenna — Substrate
Loading

S45 Realized gain comparison

10
Reduction of the minimum
working frequency from 2.9 to
1.5 GHz
— Optimized
Standard
= -5t
w
o)
=)
Zo10]
=
Q
o
15|
6 9 12 15 18

Frequency (GHz)
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Optimized Cavity Backed Sinuous Antenna TS GASS 5000

Meandered Sinuous
Antenna Circuit

Dielectric Cylinder

Polyethylene Loads
(FOAM)
Dielectric RG5880
2mm

Polypropylene-

based magnetic
absorber
(PP1000)
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Optimized Cavity Backed Sinuous Antenna

Boresight Realized Gain

Elevation = 0°

10

=

Gain (dB)

I
Lh

-10 1

-15 ' : ' ' '
1 3 6 9 12 15 18
Frequency (GHz)
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Squint HPBW
: — =]
8 . Elevatllon =0 : : Elevation= 0°
250 : : : :
—+—845 '.
6 F up |1 —+—845
VP —+—HP
i '. —+—VP
4 200 || -
27 .
Oawwk
2F
At
-6
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Conclusions

v" Introduction to the Sinuous Antenna

v" Design
. . CST dsi
o Substrate Investigation Y a
o Meandered Shape ’ s
o Dielectric loads
o Cavity Backed Sinuous Antenna
v Simulation Results :
o HPBW on the Azimuth Plane L5
o S45 Boresight Realized Gain |
o Squint )
u)gliﬂ \\.: EZWW‘MM %
! e ’ Frequ:ncy(Gll-lzz) ? "
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Thank you for the attention!

Any questions?
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