Radio Design 201 Microwave Circuits and Antennas
Episode 8 Phased-Arrays and Dish Antennas

Slides downloaded from: https://ecefiles.org/
Companion videos at: https://www.youtube.com/playlist?list=PL9Ox3wpnBOkpObINdpHAK-jDpsZm3Xedx

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

This video provides a relatively comprehensive overview of how phased-array and parabolic dish
antennas work. Derived from a university course, the material includes essential math formulas, but the
presentation is intended for a wide audience from students, to radio amateurs, to practicing
professionals. Several real-world examples are presented to provide a good grounding in this field.
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Today’s “Lecture” Topics

Announcements Topics

Review material from prior Episodes I:> Phased Arrays (Theory and Measurement)

Benefits of using Microwaves

Derivation of Beamwidth & Gain Formulas

* 1D Discrete Arrays

»  Extension to 2D Aperture Antennas

*  Dish antennas (Illumination-angle, gain, sidelobes, ...)
* Feeds (Horns, Helix, Dipole/corner-reflector, ...)

Application to Real-World Products/Design




Patterns, Beamwidth, and Gain
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EM Wave Reflection

Antenna Briefs #7 — Part 2 Undergrad EM Textbook View

Dielectric

Conductor
(e.g. wood, drywall)

(e.g. metal)

Reflection of Radio Waves

Ef B Ef Ef | Ef=0
(and Diffraction, Absorption, ...)
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Reflected E field, (with 180
degree phase change) ...

NOTE: Conductivity may be non-zero (or epison may be complex)
for lossy dielectrics, resulting in absorption too...

How is Wave Reflected from Metal ?

ETangential -> 0 at su rface Of metal (else surface currents would be infinity)

Applications of Reflection Theory
in Antenna Design

RF currents induced in “skin” (surface)
of metal, create reflected wave and

What would have been...
stop transmission into the metal

(Flip vert and then flip horz to get reflected field)
Incident E field
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https://www.harveynorman.com.au/one-for-all-
vhf-uhf-outdoor-antenna.html
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Reflected E field, (with 180 degree
phase change) ...
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https://en.wikipedia.org/wiki/Reflective_array_antenna




Microwave 1-D “Slot Array”

g e Y Ly Ay iy i S e M e SRR rigexpert.com/products/antennas/

Where to Buy

Xig€xpert

Gain 15 dBi

Polarization Linear (Vertic:

XE Where to Buy X BX RigExpert MINI-GUN RigExper: X DX reu-mini-gun.pdf X+ 4 Ask Gemini

Radiation pattern H-Plane 907, V-Plane 8°

6] 25 dxengineering.com/parts/reu-mini-gunZsrsitid=AfmBOort9ad7NRcUJSTWw1IWCwID4bwxRwVh4TcjzEbEKPZ... ¥

l))) ‘ Deliver To: USA Mounting 1/4" Screw

Change Location

RigExpert 5.8 GHz Minigun Directional UAV Antennas MINI-G... [ | 1 F y o A
*i*p** ) pa,mumi,.,,w“.m,su" $95.00 | 1 Dimensions 40mm x 25mm x 450mm

Estimated Ship Date from Ohio: Today

Recommended Parts Overview Specifications Documentation Applications Reviews

Ease of Installation PriceValue Appearance Quality

NI S0 BN S0 NN 50 NN 5.0

Customer Images and Videos




Microwave 2-D Slot Arrays

% garmin.com/en-US/p/116902/ * 000

GARMIN, ® supon O, @ @

SMARTWATGHES ~ SPORTS & FITNESS ~ OUTDOOR REGREATION ~ AUTO & HOME ~ MARINE  AVIATION  SALE

Aviation / Previous Models

GWX" 10

Part Number: 010-00676-00
Version

GWX™70

W

List price quoted is MSRP and actual price is determined by the dealer. Price is

shown without installation cost, additional parts may be required. For more
complete pricing information, including installation cost, please contact an

authorized Garmin aviation dealer.
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For Doppler Storm Tracking in Aircraft



Home-Lab Indoor “Antenna Range”
Measurements ©

E field is
vertically
polarized
here !
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e 6 m distance 1 m lower
Transmitter is Lite VNA -53 dBm -67 dBm

in CW de at 5.75

gHz moae a Receiver is TinySA Ultra in zero-span mode at

5.75 GHz with -50 dBm Ref level and 5 dB/div vert

Should be in the Far-Field, which
for this “electrically large”
antenna means a distance of:

2L  (2)0.3m?
D>T =m=3.5m

Need line of sight and minimal
multi-path reflections

We measured -14 dB at an elevation
angle of tan~1(—1m/6m) = -13°

E g ..
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Microwave Links and Received Signal Power

(from Episode 5)
G, A,
% %
Voice / Data ——{ TX »» RX |—— Voice /Data
Pt d Pr

Make these large for
Pt G t‘// maximum range

— 417 d" A e = nghly. directional antem?as !.
T \ — Use Microwave frequencies (if n=2)

P;.

n=2 for free-space
with line-of-sight



Gain and A_ vs Antenna Type
(from Episode 5)

Single (half-wave) dipoles are relatively isotropic

G~ 16 (2dBi), and 4~ 1(4)2

T \2

Dish antennas can have large effective apertures
and very large gain at microwave frequencies

2
D A 4TA
Aezn(g) and G=-—=—=




Frus Equation(s)
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Radio Design 201: Classic Friis Equation: Original Friis Equation:
2
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(in free-space) Large wavelength is “better” ?? Small wavelength is “better”
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Remember: G = ’E




& . Credit: NASA

System-Level Examples

P,=100W
f=8.4 GHz
A=0.036m
3m dish

Ae=4.9 m?

G,~ 48,000 (47 dB)
(@ 70% aperture

] efficiency)
Goldstone 70m DSN dish

Ae =~ 3800 m?

*Rough estimates based

Pr — 1 . OE- 1 4 W (-110 dBm) on web search results
kKTB = 1.4E-16 W* (129 dBm)

SNR =71 (19 dB)

: : * Assuming System noise temperature T = 21 K, downlink bandwidth= 500 kHz (e.g. 500 kbps BPSK)
Credit: NASA



- Credit: NASA

Rover Relay Operations %

Rovers included a UHF whip antenna, and a Microwave dish.

UHF was used for most proximity data transmission.
Why?

While the monopoles are nominally lincarly polarized with a toroidally shaped gain
pattern, the structures on the spacecraft create significant distortions to both gain and
polarization. This is especially true for ll\e RUHF, due to the al obstructions (mainly the
LGA and PMA) present on the deck. tion pattern, as measured on a rover
mock-up in the JPL antenna range, is shown in Figure 3-10.

Telecom Subsystem Hardware and Software

Figure 3-10 shows the Rl HF antenna pzntern in polar LOOI’dlllale\ with the concentric
L.Tld nmrker\ 0 to 170 cht) and the radial

Mars Exploration Rover
Telecommunications

spec t variations in returned data volume
from pass ( orbner merﬂlgln) to pass. The ‘data- »olume variations result mainly from

* The elevation profile of the orbiter and thus the pass duration,
*  The azimuth profile of the orbiter during the overflight, and

*  The rover orientation (tilt from horizontal) on the surfac

G10 spacer Al Monopole

G10 spacer-washers, 4x

Brass Monopole mount

175170

¢ 3-9. Rover UHF antenna.

] Taylor Andre Makovsky 'Andrza melerii c
e 3-10. Rover UHF antenna pattern as measured on a mock-up at 402 MHz. Ramona Tung, Polly Estabrook and A. Gail Thomas ¢ i

anberﬂOOS =
https://descanso.jpl.nasa.gov/DPSummary/MER article cmp20051028.pdf



https://descanso.jpl.nasa.gov/DPSummary/MER_article_cmp20051028.pdf
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Today’s “Lecture” Topics

Announcements Topics

Review material from prior Episodes Phased Arrays  (Theory and Measurement)

Benefits of using Microwaves

Derivation of Beamwidth & Gain Formulas

* 1D Discrete Arrays

»  Extension to 2D Aperture Antennas

*  Dish antennas (Illumination-angle, gain, sidelobes, ...)
» Feeds (Horns, Helix, Dipole/corner-reflector, ...)

|:> Application to Real-World Products/Design




Prime-Focus Dish with LPDA Feed

Bolton “Long Ranger” Parabolic Antenna

@ Amazon.com Shopping Cart X @ | Amazon.com Shopping Cart X @ Amazon.com: Bolton Technical Lor X +

<« > C 25 amazon.com/gp/product/BO8FBN5LI7/ref=0x_sc_act_image_1?smid=A3H9JF60QF5L9G&psc=1 Q D 3

. $199%
- 4 Bolton Technical Long Ranger
N Top About this item Similar Product information Reviews = Antenna (BT974822) |... Add to Cart

It works great with Cellular Signal Boosters and cellular Wifi Routers

*Cellular Signal Boosters and cellular Wifi Routers Sold Seperately

Log Periodic Dipole Array Feed

(600 MHz - 6.5 GHz)

Spec Sheet Electrical Spec Mechanical Spec Radiation Pattern

Item No. BT974822

Frequency Range MHz 600-960 1700-2200 3000-6500
Gain dBi 8-15 20-28 10-26
Polarization Vertical or Horizontal

< Horizontal

Beam width deg
Vertical

VSWR
Front-To-Back Ratio

Input Power, maximum

Impedance




Inexpensive Dish with
1.4 GHz Dipole/Corner-reflector Feed

@ Exploring the Nooelec 21dBi Sate! X + @ Amazon.com: Nooelec Satellite M X +

Cc 25 youtube.com/watch?v=0kRbvtm3BfE R > C 2% amazon.com/Satellite-Applications-Parabolic-Frequency-Bandwidth/dp/BOCACGKYBV/ref=pd_sbs_d_sccl 2. @ ¢

O,

= YouTube

Eaond _— & Nooelec Satellite Mesh
——1370.00MHz) S Antenna Bundle for Inmarsat,
1420,00MHz) h . Iridiqm,.& Hydroggn Line )
Applications. 20dBi Parabolic
Antenna w/ 1.4GHz Center

———1655,00MHz) SN e\ Frequency, 300MHz+...
—1680.00(MHz] 3 S

—1470.00(MHz)

LR
\ \\\\\\\\\‘

| :

\\\\\

Exploring the Nooelec 21dBi Satellite Mesh Antenna

@ i 9 @ Qv Y703 G P>shae 4 Ak [] Save

29K views 2 years ago #HamRadio #TechMinds #SDR

In this video we take a look at the GOES Parabolic Mesh Antenna from NooElec. Centre frequency is around 1.7 Ghz, but with a bandwidth of more than 200Mhz we were able to
receive signals from Inmarsat and decode them.

...more




Experiments in Modifying Dish for
10 GHz Satellite TV

e A Alternative/Preferred “Offset-Feed” Type Dish

C % ebaycom/itm/3 M9 aQ % =) = ®

3 YouTube Search

BUY 1, GET1AT 5% OFF (add 2 to cart) see s slisibieitsms and terms

39 Inch KU SATELLITE DISH ANTENNA For FTA
LINEAR Inb 36 X 39 For 97 95 GALAXY 19

ELECTORICA

95.6% positive - Seller's other items - Message seller

&

Ku Band Geostationary Satellite

US $124.99

as low as $42.64/mo with Klama. Leam more

Condition:  New ©

N

Quantity: 1

Buy It Now

Add to cart

7

d to Watchlist

and a Small, Modified, 6 GHz Dish

Additional service available
() 2:veatprotection plan from Alistate - $9.99

4y This one's trending. 88 have alieady sold.

4y People want this. 121 people are watching this.

"2 3 A

Using GTMEDIA V8 in Blind Scan mode with small dish antenna

" Megawattks ¥ S
g 14.1K subscribers GBI Editidec & 31 q? 4> S ﬂ Promote 4 Ask

1,181 views Mar 19, 2026
This is a follow-on to a video where we overviewed the menus in the GTMEDIA V8 Finder 2. In this follow-on video, we illustrate modifications to a Long Ranger dish

LNB with circul
antenna to make it work at 10 to 12 GHz and then take the setup outside to find Galaxy 16 (and/or 19) satellite(s) using the GTMEDIA V8. Several details are shown that

o
may not apply to everyone, but hopefully they are interesting, and the use of Blind Scanning is highly recommended for all. Special thanks to the Claude Al for useful ""r " r d f d
discussions during this project - especially for recommending the formula for estimating the focal distance for the LNB feed mounting position :-) a' e gul e e e




Advanced Phased-Array Designs

(Microwave Aperture Antennas)

Automotive Radar — Status and Trends

Martin Schneider

NA SOLAR SYSTEM
~J7  EXPLORATION

https://arstechnica.com/information-
technology/2021/11/starlink-unveils-2nd-
generation-satellite-dish-and-new-wi-fi-router/

Bistatic 77 GHz DBF front end with 8 patch antenna
columns for receive and 4 columns (fed by a power splitter) for
transmit

ﬂ Starlink yn: DISHY DESTROYED!

Engineer Joel Steinkraus uses sunlight to test the solar

arrays on one of the Mars Cube One (MarCO) spacecraft. b O nn 2 @ & Yolbe SJ O

77 GHz DBF radar

Test vehicle with 77 GHz DBF demonstrator (also

in right bottom corner)

www.scribd.com/document/94178930/5-
https://www.youtube.com/watch?v=iOmdQnIlnRo 3-Radar-Sensors

https://solarsystem.nasa.gov/missions
/mars-cube-one/in-depth/
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Future Episodes

Transmission-line Theory

Smith Charts

Microstrip

Microstrip Circuits

Radar or uWave Transverter Project



Radio Design 201 #3
Microwave Circuits and Antennas

Project-oriented Learning
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Thanks For
Watching !

MegawattKS - YouTube https://ecefiles.org



https://www.youtube.com/@MegawattKS
https://www.youtube.com/@MegawattKS
https://www.youtube.com/@MegawattKS
https://ecefiles.org/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26


   𝜽  𝟑 𝒅 𝑩 ≈   𝟓 𝟎 𝒐  𝝀 𝑳


  ≈    (   𝟐 𝟎 𝟎 𝒐 ) 𝟐  𝟏     𝜽  𝒆 𝒍     𝜽  𝒂 𝒛


  𝜽 ≥   𝟓 𝟎 𝒐  𝝀 𝑫


  ≈    (   𝟐 𝟎 𝟑 𝒐 ) 𝟐  𝟏     𝜽  𝒆 𝒍     𝜽  𝒂 𝒛


  𝑫 >     𝟐   𝑳 𝟐 𝝀


    t a n  − 1  ( − 1 m / 6 m )


  =      ( 𝟐 )   𝟎 . 𝟑 𝒎 𝟐  𝟎 . 𝟎 𝟓 𝟐 𝒎 = 𝟑 . 𝟓 𝒎


   𝑷 𝒓 =    𝑷 𝒕     𝑮 𝒕  𝟒   𝝅     𝒅 𝒏  𝑨 𝒆


  ≈ 1 . 6      


  ≈  1 𝜋    (  𝜆 2 ) 2


  ≈   𝜋  (  D 2 ) 2    


     A e   A  e i =   4 𝜋  A e   𝜆 2


   𝑷 𝒓 =    𝑷 𝒕     𝑮 𝒕  𝟒   𝝅     𝒅 𝟐  𝑨 𝒓


   𝑷 𝒓 =  𝑷 𝒕  𝑮 𝒕  𝑮 𝒓    (  𝝀  𝟒 𝝅 𝒅 ) 𝟐


   𝑷 𝒓 =  𝑷 𝒕    𝑨 𝒕     𝑨 𝒓      𝒅 𝟐     𝝀 𝟐


    4 𝜋  A e   𝜆 2


   𝑮 𝒕   ,   𝑨 𝒕


   𝑨 𝒓   ,   𝑮 𝒓


   𝐏 𝒓   =    𝑷 𝒕          𝑮 𝒕  𝟒   𝝅    𝒅 𝟐


          𝑨 𝒆


  >     𝑷 𝒏 𝒐 𝒊 𝒔 𝒆 = 𝒌   𝑻   𝑩


  𝜆 = 0 . 036   m


  ≈


   𝐏 𝒓   =


  𝒌 𝑻 𝑩 =


  𝑺 𝑵 𝑹 = 𝟕 𝟏        ( 𝟏 𝟗   𝒅 𝑩 )  


  ≈

