Antenna Briefs #8 -- Antenna Design (plus EMC)

Slides downloaded from: https://ecefiles.org/rf-design/

Companion videos at: https://www.youtube.com/watch?v=_Gj hiMrdok (Part 1)
and https://www.youtube.com/watch?v=MfF jCdBgS8 (Part 2)

This material is provided by ecefiles.org for educational use only.

This final episode in the series focuses on antenna design, with underlying theory covered in the Part 1 video. Practical
issues are also covered. In addition, the related subjects of radio frequency interference (RFI) from electronic products
is touched on, and some electromagnetic compatibility (EMC) mitigation strategies are offered. Part 2 goes into
additional detail on the vast set of antenna configurations possible and offers suggestions for designing your own
antennas by showing and talking through a large set of examples. Given the size of the subject(s) details on design
equations are not covered, but references are offered at the end for further study.

Essential Theory (Dipoles)

Z'Pge Class Microwave, PCB Log Periodics

Avnascon sy b of e arca fw of the more i From: "Broadband Antenna Probe for Microwave EMC Measurements", 2018 IEEE 27th Conference on
. Electrical Performance of Electronic Packaging and Systems (EPEPS).

Fig. 2. 3D EM simulator model and PCB prototype of 8-20 GHz
LPDA antenna
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2-Page Class Handout

Antenna Examples Directional Designs
Antennas come in a nearly infinite number of shapes and sizes. Here are a few of the more
common ones. Note that many commercial designs are variations or combinations of these.
3

“Non-directional” Types

1) Yagi-Uda

Antenna Impedance Features
J 2) Log-Periodic
1) Halfwave Dipole

—‘ 7340 Ohms Relatively isotropic. simple construction

2) Folded (halfwave) Dipole 300 + j0 Ohms Similar to dipole. Higher impedance. 3) Comer Reflector
Sometimes used in simple vertical arrays.

J Similar to dipole. Ground-plane often
abbreviated (e.g. case of cell-phone is
ground plane)

Quarterwave Monopole

Physically shorter than quarterwave
4) Short Monopole monopole. but requires resonating coil 5) Helix
o o and/or matching network.

Similar to short monopole. but resistive
input impedance. Can be engineered to

5
5) Loaded monopole be nominally 50 Ohms.

6) Linear, vertical array
Simple useful design at low freq (e.g. (tower-mounted dipoles)
6) Simple longwire <30 MHz). Often used for shortwave
e 44 4 receIvers.

S Simple. low-cost. Popular for indoor
7) Simple large loop ¥ UHF TV antennas in "the old days”..
or smaller resonant loop Resonant loop used in KeyFobs today.

Physically small with large effective 7) Parabolic dish
aperture. Used in portable AM broadcast
receivers and other LF to HF products.

8) Small ferrite-core loop

9) Microstrip patch > Simple. low-cost. Useful mainly at
high frequency (e.g. good for GPS).

Inverted F, small 50 Ohms Simple. low-cost designs for PC boards. R
loaded patches. etc. May use high-K dielectrics to make 8) 2-D Phased-array
antenna much smaller than a wavelength.
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Moderate gain (10 dB)
Good front-to-back ratio.
Relatively simple construction.

Similar to Yagi-Uda, but
broadband. Lower gain
and less directivity

beamwidth of 90 to 120 degrees
‘with excellent front/back ratio)
Often used in cell-towers.

Gains to about 12 dB. Good
illumination pattern for dish
antennas.

Circular polarization. Moderate
gain, and good illumination for
dish antenna.

Concentrates power toward
horizon for max range. Used

in public-safety (police/fire/etc.)
Used in cell-towers when array
embdded in comer reflector.

High-gain, narrow-beamwidth.
Simple, low-cost construction.

High-gain, narrow-beamwidth,
rapid-steering. Relatively high
cost.
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Design Requirements

Frequency, bandwidth, and size

Main use — Transmit, receive, or transceive
mpedance

Directivity and Gain (pattern)

Polarization

nstallation (feedline, siting, structure, environment)
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How to Make a (decent) Antenna

* Impedance

 Polarization

* Installation
feedline,
siting,
structure,
environment)

ECEFILES.ORG

* Frequency, bandwidth, and size 440 MHz, 5%, 30 cm (1 ft)

e Main use — Tx, Rx, or transceive Yes ©

About 50 Ohms

* Directivity and Gain (pattern) Not very much (2 dBi)

Linear (horizontal or vertical?)

RG58 coax

On my (upstairs) floor
Not much ®
Carpet/wood underneath



Essential Theory (From Episode 5)

Radiation
S

No radiation
from transmission
line (fields cancel)

Voltage Source sets Currents Launch Fields induce
up currents in tx antenna E and B Fields voltage/current
in rx antenna

NanoVNA

(Transmitter, receiver, display o
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Essential Theory (Dipoles)

== ¢ ¢

Transmission Line

Sorta Dipole
m N mn 222
m N m N é

Short Dipole

Rphy + Rrad
+jX

Transmission Line and Antenna Circuit Models
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Essential Theory (Monopoles)
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Sorta Monopole
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Short Monopole

Rphy + Rrad
+jX

Transmission Line and Antenna Circuit Models
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Essential Theory (Loops)

“ A
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Transmission Line Sorta Loop Small Loop A/4
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R,ny + R
— — — phy * Trad Resonant Loop

+jX

/YN Y'Y\ YN Y Y L

Transmission Line and Antenna Circuit Models
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Real-World Examples and
Considerations

Monopole/Dipole
with

Coax or Twin-lead

Optional Obtional irregular
zlattChinkg B:Iun “Counterpoise”
etwor

e Radiation resistance decreases with the square of length for “short” dipoles
(length < lambda/2).

 Efficient antennas generally need to be > lambda/10 in size.

e But there is no magic number, especially for receive operation.

* Nearby objects (closer than lambda/2) can have strong effects.

From this channel:
Radio Design 101, Epilogue 1
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Unintentional Transmitters and
Antennas
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RFI From High Efficiency Lighting

See: "Wireless Communication Problems
in Energy-Efficient Building Construction",

2016 IEEE International Symposium on In-building RFi
Electromagnetic Compatibility (EMC)
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Household LED Bulbs and SMPS

Some A19-base LED bulbs can be similar or worse, turning household wiring into a large
distributed antenna transmitting broadband noise from 50 to 500 MHz and beyond...
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Lots of other sources also exist — Anything with fast rise-time waveforms and inadequate
bypass/filtering and/or shielding !
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How to NOT make Transmitters / Antennas

* Provide good supply bypass/filtering
Use PC boards with ground-planes and SMT components
Use twisted-pair, ground-paired, or shielded wiring

Test product/system for Electro-Magnetic Compatibility (EMC) compliance !
Encase product in shielded enclosure if necessary
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Common Antenna Designs

Antenna Examples

Antennas come in a nearly infinite number of shapes and sizes. Here are a few of the more

common ones. Note that many commercial designs are variations or combinations of these.
————————————————————————————————

“Non-directional” Types

Antenna

1) Halfwave Dipole J

|

2) Folded (halfwave) Dipole

3) Quarterwave Monopole J

R-jX

4) Short Monopole R<<36. X large

5) Loaded monopole _E R+j0

Varies
6) Simple longwire | Widely

Varies
7) Simple large loop Widely
or smaller resonant loop :

8) Small ferrite-core loop % R+jX

9) Microstrip patch 50 Ohms

Inverted F, small
loaded patches. etc.

Features

Relatively isotropic. simple construction

Similar to dipole. Higher impedance.
Sometimes used in simple vertical arrays.

Similar to dipole. Ground-plane often
abbreviated (e.g. case of cell-phone is
ground plane)

Physically shorter than quarterwave
monopole. but requires resonating coil
and/or matching network.

Similar to short monopole, but resistive
mput impedance. Can be engineered to
be nominally 50 Ohms.

Simple useful design at low freq (e.g.
<30 MHz). Often used for shortwave
receivers.

Simple. low-cost. Popular for indoor
UHF TV antennas in "the old days”
Resonant loop used in KeyFobs today.

Physically small with large effective
aperture. Used in portable AM broadcast
receivers and other LF to HF products.

Simple. low-cost. Useful mainly at
high frequency (e.g. good for GPS).

Simple. low-cost designs for PC boards.
May use high-K dielectrics to make
antenna much smaller than a wavelength.

Directional Designs
3

1) Yagi-Uda

2) Log-Periodic

mer Reflector

5) Helix

6) Linear, vertical array
(tower-mounted dipoles)

7) Parabolic dish

8) 2-D Phased-array

ECEFILES.ORG

Moderate gain (10 dB)
Good front-to-back ratio.
Relatively simple construction.

Similar to Yagi-Uda, but
broadband. Lower gain
and less directivity

Good "sector-coverage" (i.e.
beamwidth of 90 to 120 degrees
with excellent front/back ratio).
Often used in cell-towers.

Gains to about 12 dB. Good
illumination pattern for dish
antennas.

Circular polanization. Moderate
gain, and good illumination for
dish antenna.

Concentrates power toward
horizon for max range. Used

in public-safety (police/fire/ete.)
Used in cell-towers when array
embdded in corner reflector.

High-gain, narrow-beamwidth.
Simple, low-cost construction.

High-gain. narrow-beamwidth,
rapid-steering. Relatively high
cost.




Thanks for Watching
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Common Antenna Designs

Antenna Examples

Antennas come in a nearly infinite number of shapes and sizes. Here are a few of the more
common ones. Note that many commercial designs are variations or combinations of these.
S ————————

“Non-directional” Types

Antenna

1) Halfwave Dipole J‘

2) Folded (halfwave) Dipole

3) Quarterwave Monopole J 36740, Onza

4) Short Monopole

5) Loaded monopole

6) Simple longwire

7) Simple large loop
or smaller resonant loop

8) Small ferrite-core loop

9) Microstrip patch 7 50 Ohms
~—L

Inverted F, small 50 Ohms
loaded patches. etc.

Features

Relatively isotropic. simple construction

Similar to dipole. Higher impedance.

Sometimes used in simple vertical arrays.

Similar to dipole. Ground-plane often
abbreviated (e.g. case of cell-phone is
ground plane)

Physically shorter than quarterwave
monopole. but requires resonating coil
and/or matching network.

Similar to short monopole. but resistive
mnput impedance. Can be engineered to
be nominally 50 Ohms.

Simple useful design at low freq (e.g.
< 30 MHz). Often used for shortwave
receivers.

Simple. low-cost. Popular for indoor
UHF TV antennas in "the old days"..
Resonant loop used in KeyFobs today.

Physically small with large effective
aperture. Used in portable AM broadcast
receivers and other LF to HF products.

Simple. low-cost. Useful mainly at
high frequency (e.g. good for GPS).

Simple. low-cost designs for PC boards.
May use high-K dielectrics to make
antenna much smaller than a wavelength.

ECEFILES.ORG

Directional Designs

1) Yagi-Uda

2) Log-Periodic

5) Helix

6) Linear, vertical array
(tower-mounted dipoles)

7) Parabolic dish

8) 2-D Phased-array

Moderate gain (10 dB)
Good front-to-back ratio.
Relatively simple construction.

Similar to Yagi-Uda, but
broadband. Lower gain
and less directivity.

Good "sector-coverage” (i.e.
beamwidth of 90 to 120 degrees
with excellent front/back ratio).
Often used in cell-towers.

Gains to about 12 dB. Good
illumination pattern for dish
antennas.

Circular polarization. Moderate
gain, and good illumination for
dish antenna.

Concentrates power toward
horizon for max range. Used

in public-safety (police/fire/etc.)
Used in cell-towers when array
embdded in corner reflector.

High-gain. narrow-beamwidth.
Simple, low-cost construction.

ain, narrow-beamwidth,
rapid-steering. Relatively high
cost.
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Design Requirements

Frequency, bandwidth, and size

Main use — Transmit, receive, or transceive
mpedance

Directivity and Gain (pattern)

Polarization

nstallation (feedline, siting, structure, environment)
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Real-World Examples and

38
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From this channel:

Radio Design 101, Epilogue 1

Considerations

Monopole/Dipole

with
T(r:ansmls_srlop L;“ed Optional Possibly irregular
oax or Twin-lea '
( ) Balun and “Counterpoise”
matching

Radiation resistance decreases with the square of length for “short” dipoles
(length < lambda/2).

Efficient antennas generally need to be > lambda/10 in size.

But there is no magic number, especially for receive operation.

Nearby objects (closer than lambda/2) can have strong effects.
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A Couple Key Points

Antenna size is proportional to wavelength A

f=1MHz A =300m
A== f=100MHz A=3m
f f=10GHz A =30mm

Designs can be scaled | ©

But watch out for near-field coupling, especially below 100 MHz ...
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Hertz Loaded Dipole and Loop

6 BUNSEN CELLS

%

Capacitively loaded 2.6-meter dipole

— Aisabout6 m
— fis about 50 MHz

Figure &—General Arrangement of Hertz Oscillator
and Resonator

Figure 3—The First Oscillator of Hertz. "Two copper wires, each 1 metre in length, supported on rods of
sealing wax. The large spheres are of sheet zinc, and are 30 centimetres in diameter. Base 260 x 7.5 centimetres

https://worldradiohistory.com/Archive-ITT/20s/ITT-Vol-06-1927-02.pdf
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Modern Dioles

; - e
A Naa
L
nnovation Qualit.*

Traditional Biconical Antennas
SAS-542 SAS-543

MFJ-1796
40, 20, 15, 10 m (+6 and 2m) bands
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MOHOPOIES (and Discone)

http://www.newscotland1398.net
/nfld1901/marconi-nfld.html

s ‘ﬂmmmww'uw 2

A typical mast radiator and antenna
tuning hut of an AM radio station it

https://en.wikipedia.org/wiki/Mast_radiator#
/media/File:2008-07-28 Mast_radiator.jpg

DX Engineering 5-BTV

ECEFILES.ORG with ground-radial plate
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Impedance Matching
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Antenna Tuners

Search across your channel

Radio Design 101 - Episode 2 - Impeda...

Impedance Matching networks. This is
the second half of episode 2 in the Radi...

Radio Design 101 - Episode 2 - Impeda...

Impedance Matching networks. This is
episode 2 in the Radio Design 101 series...

Radio Design 101 - Episode 1 - Transc...

This video covers the design of bandpass
filters, including the concept of quality...

Radio Design 101 - Episode 1 - Transc...

This video overviews radio / wireless
transmitters and receivers, circuit...

NanoVNA - Antennas and Tuners

Using the NanoVNA to illustrate the
operation of antennas and antenna...

NanoVNA and TinySA for Radio Design

Using the NanoVNA and TinySA to
illustrate how radio / wireless devices...

NanoVNA - Measuring RLC Componen...

Using a Vector Network Analyzer (VNA) to
measure and understand RLC parasitics ...
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Planar/PCB Antennas

[ETOKO | ceisiirises

TYPE DAKC, DAG
DAKC

Unit : mm

Features

* Compact, Low-profile

* Rectangular microstrip structure, offset single feed
through ground plane and substrate.

* Use of low temperature coefficient ceramics gives stability
under changing temperature conditions.

* RoHS compliant

SELECTION GUIDE FOR STA
TYPE DAKC
R E RERRYME ORI R

Range of

Receiving

Frequency
(MHz)

#DAKC1575MS74 1575.42+1.023 1580.5°

Center
Bandwidth
Frequency
Hz) (MHz) Min.

4

33-16 924
s o K 1038260

PPOCCOCOCCCCC O
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Directional Antennas

D3 YouTube

>

pl ) 408/1728 " B % @ OS5 D

Teardown of Kathrein 1800/900 MHz Antenna For Mobile Phone Base Station

KATHREIN Dual-band Panel [ 824-960 | [1710-1880

Anemnen - Eecioric | Dual Polarization Cx ] x
Half-power Beam Width [ 65° |[ 63
Adjust. Electr. Downtilt 22
Integrated Combiner [ ¢ 1]

XXPol Panel 824-960/1710-1880 C 65°/63° 14.5/16.5dBi 0°~10°T/2°T

742 151

Frequency range )|
824 — 880 MHz | 880 - 960 MHz | 1710- 1880 MHz

Polarization | +45° 45 | +45° —a5° +45°, —45

Gain | 2x14d8i 2x 14.5dBi 2x 16.5dBi

Horizontal Pattern: |

Half-power beam width |

Horizontal Pattern Vertical Pattern
2° electrical downtilt

Internet: hitp:/Awww.kathrein.de

WKATHREIN Warka K . Antnn_Kathrain.Qiraa 1 —2 . PN Rav 10 04 44 .

ECEFILES.ORG




Directional Antennas

NA SOLAR SYSTEM
N EXPLORATION

HP Keysight G281A Waveguide to
Coax Adapter, WR-187 to N(f), 3.95-
5.85 GHz

Engineer Joel Steinkraus uses sunlight to test the solar
arrays on one of the Mars Cube One (MarCO) spacecraft.

n Used

https://solarsystem.nasa.gov/missions

"+ US $126.00 /mars—cube-one/in-depth/

b o) 33:30/5558 B & Youlube NJ 3

Starlink Teardown: DISHY DESTROYED!

ECEFILES.ORG
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Body Area Network for Bio-
Sensors in Space-suits

From: "Wireless Propagation Measurements for Astronaut Body Area Network", 2013 WISEE conference.

https://www.nist.gov/pml/time-and-frequency-
division/time-distribution/radio-station-wwvb

Credit: NIST

LCVG liner (tricot)

LCVG water
transport tubing

TMG cover
(ortho-fabric)

TMG insulation
layers
(aluminized
mylar)

assembly

Liquid cooling
and ventilation
garment (LCVG)

micrometeoroid
garment (TMG)

Fig. 1. General Structure of EMU spacesuit [5]

Fig. 3 Side view of top hat monopole antenna

ECEFILES.ORG

has electrical properties similar to that of a real space suit (Fig.
9). The tube is 0.70 m long and has radius of 0.095 m. The air
gap between the skin and the inner surface of tube is around
0.045 m, which is comparable to the space-suit.

5 »

Fig. 8 Transmitter and receiver are mounted directly on arm with initial distance
of 30 cm before the arm is inserted inside the tube.

Fig. 9 Measuring the total loss in small scale (arm).



Microwave, PCB Log Periodics

From: "Broadband Antenna Probe for Microwave EMC Measurements", 2018 IEEE 27th Conference on
Electrical Performance of Electronic Packaging and Systems (EPEPS).

Fig. 2. 3D EM simulator model and PCB prototype of 8-20 GHz
LPDA antenna.

Fig. 1. 2-11 GHz commercial PC board log-periodic [3].

[3] WAS5VIB, "Printed Circuit Board Antennas -
Log Periodic," Kent Electronics,
http://www.wa5vjb.com/products1.html

Phi (0.000 to 380.000)

Fig. 3. Measuring antennas from 10 MHz to 40 GHz with VNA
(Left). Stimulated gain cross-section at 14GHz (Right).

ECEFILES.ORG
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Thanks for Watching
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Some Good References

’ The National Association for Call Sign / Nz

" Amateur Radio Kog et

‘ A R R L Website Sear
R%R Y e O

Licensing,
Education & Regulatory & Public
On The Air Training Membership Advocacy Service Technology | Get Involved | ARRL Stor

ARRL Antenna Book

ARRL Antenna Book
The Antenna Book

gntgnna Mcdsiog koo The ARRL Antenna Book for ANTENNA
eginners ! nna |

Radio Communications BOOK
HF Digital 24th Edition . TN

Circuit Simulation Limited Edition

Four Volume Boxed Set
History Of QST

Arduino

Arduino2

ARRL Handbook 2020

Arduino3

End-Fed Half-Wave
Antenna Kit

Showcasing 80 Years of Antenna Know-How

Introduction to Radio The ARRL Antenna Book for Radio Communications is a single resource

[ ] . :
h tt p . //WWW- n EWS COt | a n d 1 3 9 8 . n et JecaverKit covering antenna theory, design and construction, and practical treatments and
projects. This book contains everything you need to understand how radio signals
/nfl d 1 9 O 1/ m a rCO n I_ nfl d ht m I Supplemental Info propagate, how antennas work, and how to construct your own antenna system.
L]

Use The ARRL Antenna Book to build hundreds of antenna designs: dipoles,
verticals, loops, beams, and more.

Presented in this 24th edition of The Antenna Book is persistent pioneering
development by radio amateurs, for radio amateurs. You'll find new and time-tested

ECEFILES.ORG



ome Good EMC References

IEEE.org | IEEE Xplore Digital Library | IEEE Standards | IEEE Spectrum | More Sites

ENIC; geeee
SOCIETY

A

3 ¢ IEEE

A
2

HOME ABOUT MEMBERSHIP CHAPTERS PUBLICATIONS EVENTS TRAINING/EDUCATION  STANDARDS COMMITTEES
v v v v v

EVENTS
CALENDAR

BECOME A
MEMBER

DISTINGUISHED
SCHOLARSHIPS

LECTURERS

WHO IS EMC SOCIETY?

The IEEE Electromagnetic Compatibility Society is the world's largest organization dedicated to the
development and distribution of information, tools and techniques for reducing electromagnetic
interference.

The society's field of interest includes standards, measurement techniques and test procedures,
instrumentation, equipment and systems characteristics, interference control techniques and
components, education, computational analysis, and spectrum management, along with scientific,
technical, industrial, professional or other activities that contribute to this field.

https://www.emcs.org/

ECEFILES.ORG

EMC/»FASTPASS ONLINE COURSES ¥ TEST EQUIPMENT ¥ RF CHAMBERS ¥ GUIDES ¥ CONTACT ¥

LOG IN

Q

EMC Technician Training

EMC Design For Compliance: Emissions
EMC Design For Compliance: Immunity
= Intrinsically Safe Hardware Design

Le ) _ Il pass emissions and immunity testing
FCC Wireless Pre-Compliance

Regular retail price is $24.99, but for a short time, we're offering the whole 8-
chapter eBook absolutely free!

The eBook has been downloaded over 10,000 times from engineers and
technicians around the globe.

Enter your name and email address below to instantly receive the download. We
will periodically send EMC tips, techniques and case studies.

Download the eBook Introduction Now

As Featured In:

NETWORK

Next >

https://emcfastpass.com/rightfirsttime/

INTERFERENCE
TECHNOLOGY
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