
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.

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=PL9Ox3wpnB0kpOb7NdpHAK-jDpsZm3Xedx 
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• Dish antennas (Illumination-angle, gain, sidelobes, …)

• Feeds (Horns, Helix, Dipole/corner-reflector, …)

Application to Real-World Products/Design
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Review material from prior Episodes

Due Date:  ??



Patterns, Beamwidth, and Gain

𝜽𝟑𝒅𝑩 ≈ 𝟓𝟎𝒐
𝝀

𝑳

Beamwidth Directivity Gain

G ≈ 𝟐𝟎𝟎𝒐 𝟐 𝟏

𝜽𝒆𝒍 𝜽𝒂𝒛

L



EM Wave Reflection



Microwave 1-D  “Slot Array”



Microwave  2-D  Slot Arrays

For Doppler Storm Tracking in Aircraft

𝜽 ≥ 𝟓𝟎𝒐
𝝀

𝑫
G ≈ 𝟐𝟎𝟑𝒐 𝟐 𝟏

𝜽𝒆𝒍 𝜽𝒂𝒛



Home-Lab Indoor “Antenna Range”

Measurements  ☺

1 m lower

-67 dBm

6 m distance

-53 dBm

Should be in the Far-Field, which 

for this “electrically large” 

antenna means a distance of:  

𝑫 >
𝟐 𝑳𝟐

𝝀

Need line of sight and minimal 

multi-path reflections

We measured -14 dB at an elevation 

angle of  𝑡𝑎𝑛−1 −1𝑚/6𝑚  = -13o

Receive antenna

is a wideband 

log-periodic

Transmitter is LiteVNA 

in CW mode at 5.75 

GHz

E field is 

vertically 

polarized 

here !

Receiver is TinySA Ultra in zero-span mode at 

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

=
𝟐  𝟎. 𝟑𝒎𝟐

𝟎. 𝟎𝟓𝟐𝒎
= 𝟑. 𝟓𝒎
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RXTX Voice / DataVoice / Data

d PrPt

Ae

𝑷𝒓 =
𝑷𝒕 𝑮𝒕

𝟒 𝝅 𝒅𝒏
𝑨𝒆

Gt

Microwave Links and Received Signal Power
(from Episode 5)

n=2 for free-space 

with line-of-sight

Make these large for 

maximum range

 Highly directional antennas !

 Use Microwave frequencies (if n=2)



Gain and Ae vs Antenna Type
(from Episode 5)

Single (half-wave) dipoles are relatively isotropic

  G ≈ 1.6 (2 dBi),  and  Ae ≈
1

𝜋

𝜆

2

2

Dish antennas can have large effective apertures 

and very large gain at microwave frequencies 

   Ae ≈ 𝜋
𝐷

2

2
 and   G = 

𝐴𝑒

𝐴𝑒𝑖
=

4𝜋𝐴𝑒

𝜆2

D



RXTX Voice / DataVoice / Data

d PrPt

𝑷𝒓 =
𝑷𝒕 𝑮𝒕

𝟒 𝝅 𝒅𝟐
𝑨𝒓

Friis Equation(s)

Radio Design 201:

𝑷𝒓 = 𝑷𝒕𝑮𝒕𝑮𝒓

𝝀

𝟒𝝅𝒅

𝟐
Original Friis Equation:

𝑷𝒓 = 𝑷𝒕

𝑨𝒕 𝑨𝒓

 𝒅𝟐 𝝀𝟐

Classic Friis Equation:

Small wavelength is “better” Large wavelength is “better” ??

G = 
4𝜋𝐴𝑒

𝜆2
Remember: 

𝑮𝒕, 𝑨𝒕 𝑨𝒓, 𝑮𝒓

(in free-space)



System-Level Examples

Credit: NASA

𝐏𝒓  =  𝑷𝒕  
𝑮𝒕

𝟒 𝝅 𝒅𝟐 𝑨𝒆

         >  𝑷𝒏𝒐𝒊𝒔𝒆 = 𝒌 𝑻 𝑩 

Pt = 100 W 

f =8.4 GHz

𝜆 = 0.036 𝑚  

3m dish

Ae=4.9 m2

Gt≈ 48,000 (47 dB)  
(@ 70% aperture 

efficiency)

𝐏𝒓  =

𝒌𝑻𝑩 =

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

𝑺𝑵𝑹 = 𝟕𝟏 𝟏𝟗 𝒅𝑩  

1.0E-14 W  (-110 dBm)

1.4E-16 W*   (-129 dBm)

*Rough estimates based 

on web search results

Goldstone 70m DSN dish

Credit: NASA

Mars Global Surveyor*

Ae ≈ 3800 m2



Rover Relay Operations
Credit: NASA

Mars Global Surveyor*

https://descanso.jpl.nasa.gov/DPSummary/MER_article_cmp20051028.pdf

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

UHF was used for most proximity data transmission.

Why?

DESCANSO Article  10

https://descanso.jpl.nasa.gov/DPSummary/MER_article_cmp20051028.pdf
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Discrete Array Beamwidth Derivation



2 –D Array or Dish Beamwidth



Feed Antennas
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Prime-Focus Dish with LPDA Feed

Log Periodic Dipole Array Feed

(600 MHz – 6.5 GHz)

Bolton “Long Ranger” Parabolic Antenna



Inexpensive Dish with 
1.4 GHz Dipole/Corner-reflector Feed



Experiments in Modifying Dish for 
10 GHz Satellite TV

LNB with circular 

waveguide feed

Alternative/Preferred “Offset-Feed” Type Dish



Advanced  Phased-Array  Designs
(Microwave Aperture Antennas)

https://solarsystem.nasa.gov/missions

/mars-cube-one/in-depth/

https://arstechnica.com/information-

technology/2021/11/starlink-unveils-2nd-

generation-satellite-dish-and-new-wi-fi-router/

https://www.youtube.com/watch?v=iOmdQnIlnRo

www.scribd.com/document/94178930/5-

3-Radar-Sensors
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Future Episodes

Transmission-line Theory

Smith Charts

Microstrip

Microstrip Circuits

Radar or uWave Transverter Project





Thanks For 

Watching !
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   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 )  


  ≈

