Dielectric

Broadband Slotted Coaxial Antenna
Technology

Presented by: John L. Schadler

NAB Breakfast

Date: 4/8/2014




Slotted Coaxial Antennas Dle e(}tI'iC

RCA shipped first pylon antenna in 1952. Over 500 prior to 1982
ey
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How many slotted coaxial antennas has Dielectric shipped since 1994?



Slotted Coaxial Antenna Advantages Dle ectri(;
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Just a "little bit of paint”
is enough to maintain...

Advantages over broadband panel antennas

* Much smaller size
* Less windload

* Higher reliability
* Less connections
* Less parts

SRYEONEANTENNA. .

1966 RCA ad




Slotted Coaxial Antenna Advantages Dle ectri(;

Versatility - Azimuth and elevation patterns can be tailored to meet any covera
requirement without adding a lot of complexity

 Azimuth  Elevation
* Pipe size
« # of slots around
 Fins - directors
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Dielectric

Slotted Coaxial Antenna -Disadvantage

One disadvantage — Inherently narrow

Most applications — usage is only consi gle channel operation

The natural bandwidth — typically

%bw = Jn-1: x1
fo
Toda entation

increase the bandwidth of a slotted coaxial antenna

st the bandwidth to near 10%
e 10 channels for UH '




Slotted Coaxial Antennas Dle eCtI'iC
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Why are slotted coaxial antennas narrow-band?



Slotted Coaxial Antennas Dle eCtI'iC

Fundamental BW limitation imposed by cylinder

Remove
length
“dependence

Broadband slot
radiators

Frequency dependent len




Techniques to Improve Bandwidth Dle eCtI'iC

2 Categories

/]

Element BW System BW

Reduce “Q” Impedance Cancellation




Quality Factor “Q” Dle eCtI'iC

energy storeg

Fundamental form:
¢ pated

T

bw =
| VSWR + 1
- Qln {VSWR = 1}

VSWR is the maximum allowable within the passband

R.M. Fano derived the fundamer
bounds for narrowband antenn

Expected impro ndwidth for given Q reduction:

o%h T [1 1]
obw = —
" {VSWR+1} 0, 0,

VSWR — 1




Techniques to Reduce Q of a Slotted Coaxial Antenna Die eCtriC

* Provides elliptical or circular polariz:
e Lowers the Q of the circuit
* Increases the operatin

ion pattern from an opaque
ize and shape.

In 1827 his principle states t
body is identical to that from a hole o0

Who is this famous French physicist?



Babinet’s Principle Dle eCtI'iC

In 1946 H.G. Booker put Babinet’s Principle into antenna t

mpedance relationship

772

Zs = E
Zslp = an represents a real number,
(Rp + jXp)(Rs + jXs) is real
=>RsXp = —RpXg

Implies inverse relationship between the slot and

dipole Z and therefore will provide a level of
cancellation when added together in the same circuit




Babinet’s Principle Dle eCtI'iC

Quantify level of bandwidth improvement

T

r a maximum allowable VSWR of 1.1:1, the
In {VSWR + 1}

provement in BW is 3.8%

%bw =

VSWR — 1




Dielectric

Relationship Between Coaxial Pipe Thickness and Q

When a resonate circuit is
loaded the loaded Qs :

Can be viewed as parallel
plates with a capacitance
between slot walls
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Relationship Between Coaxial Pipe Thickness and Q Die ectric

In practice, C is not directly proportional to A of the

HFSS simulation — field intensity vs. pip ess of a slotted coaxial antenna

1%"” wall 2” wall

Fields inside the slot are istributed




Relationship Between Coaxial Pipe Thickness and Q Die ectric

The true relationship between coaxial pipe thickness and Q.i

pugh experimentation

y
[ |

f' Q vs. Pipe Thickess of Slotted Coaxial Antenna
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- For a maximum allowable VSWR of 1.1:1, reducing
2 wall thickness from 1” to .25” results in an
provement in BW of 1.5%

T

L (VSWR+11{Q, 0
VSWR — 1
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Multi-Sectional Phase Cancellation Dle ectric

* Feeding broadband panel antennas with a corporate feed
system is common practice
» Stable frequency response provi
pattern response
* Provides a level of impeda
* Multiple out of pha

>d coaxial antennas can
onalized in order to

be S
take ad
cancellatio




Dielectric

Multi-Sectional Phase Cancellation

Calculate the optimum phase relationship between sections for

Analysis:

[4,= RC of individual radiators or ant

n
o z r, e /B@-Do g
B=il

b, -

nN=nu

P 1ase offset into each feedline

adiators or antenna sections

For full cance

0= fork=12
L™ on fork =12,

Corresponding beam tilt produced by the p




Multi-Sectional Phase Cancellation Dle ectric

Beam Tilt for k=1,2,3 vs. Number of Layers

40 150
N -
5 30 \ 120
;% 2 BT=3
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10 12 14 16 18 20 22 24 26 28 30
Number of layers

30

Example : 24 layer
cancellation and for k=

it into 6 sections. For optimal impedance JE

.5 deg. per layer

* Phase offse . per section u




Multi-Sectional Phase Cancellation Dle ectric

How much bandwidth improvement to expect when usin
cancellation on a real multi-sectional antenna?

Measurement of a typical singl
slotted coaxial antenna sectio

* |Includes real slot ant
* Includes phase run ou

a response
feed lines




Multi-Sectional Phase Cancellation Dle ectric

3.9% BW

1.3% BW

680 690 710 720

Frequency MHz

== Typical slot antenna section ional typical slot antenna sections using optimum phase offset

For a maximum allowable VSWR of 1.1:1 ted enlargement in BW is 2.6%




Cumulative effect Dle eCtI‘iC

Cumulative effect of the techniques can boost th
slotted coaxial antenna to near 10%.

Method Improvement in Bandwidth
Natural Bandwidth 1.0%
Babinet's Principle 3.8%
Thin Wall Pipe 1.5%

ase Cancellation 2.6%

8.9%




Case Study Dielectric

Example of a broadband slotted coaxial antenna design
WNYT Glens Falls, NY TLP-12W/VP-R (SP)

* 12 layer antenna with 4 way split nal phase cancellation

* Manufactured in %” wall alumi
Elliptically polarized

9.5% Bandwidth

Frequency MHz

Channels 38 to 47 under 1.1:1



Broadband options other than panels Dle ectri(;

Slot cavity designs can have over 35% bandwidth

Antenna sectio Array

Basic building block

*8 bay sections can be
stacked into a larger array of
16, 24 or 32 sections

eSlot cavity radiator

eBroadband
waveguide to coax
transition

eInherently simple
and rugged




TFU-WB Dielectric

TFU-WB “Wideband Cavity Slot Antenna” ,

CH1 RFL SWR 100 m REF 1.1 1_:1.0957
2l 516.401|608
PRm
Cor 2_:1.0876
MARKER 1 740,043

514.40160B MHz

START 470.000 000 STOP 806.000 000

Tradeoffs compare e Larger diameter

Azimuth pattern flexibility
e Single slot
ntally polarized




Conclusion Dle eCtI'iC

The cumulative effect of using a




Dielectric QU estions?



