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Module 1 Foundations
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Module 1 Foundations, cont.

Impedance and matching
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Module 2  Antenna Types

Dipoles and monopoles
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Zmono = §Zdipole Dmono = 2Ddipole

Canonical patterns
Antenna |F(0)] D Oup
Isotropic 1 0 dBi —
Short dipole, loop sin 0 1.76 dBi | 90°
A/2 dipole cos (5 cosf) /sinf | 2.15 dBi | 78°
A/4 monopole same, upper half | 5.15 dBi | 39°
Loops
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Qmin = W + E
Slots (Babinet)
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ZslotZdipole = % = 3.55 x 104 Q2
Zsior, ~ 485 Q  (M\/2 slot)

Patches and apertures
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Measurement

Gaur = Gsta + (Paur — Psta)




Module 3  Arrays and Beamforming

Module 3  Arrays, cont.

Reference

Array factor
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F(0) = EF(9) - AF(6)

Beam steering
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Ag¢ = 360 X sin Og

B = 0 (broadside) B = —kd (endfire)

Beamwidth and directivity
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Gain and scan loss

G(eo) = Ge(eo) + 1010g10 N

Ge(6o) = Ge(0) + 101log; (cos )

Amplitude tapering
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Taper SLL Oup Mt

Uniform —13.3dB | 13.2° | 1.00
Taylor n=4 | —28.3 dB | 16.8° | 0.85
Hann —31.8dB | 19.1° | 0.75
Blackman —50.5 dB | 21.7° | 0.66
Chebyshev | by design | 22.9° | 0.62

Grating lobes
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Squint and quantization

Af ~ —% tan g
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Null steering
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Constants

¢ =2.998 x 10° m/s

no = 376.7 Q

€0 =884 %1077 F/m  po=4r x 107" H/m

47 st = 41,253 deg®

Decibels

Xag = 10log,, X (power)
Xag = 20log, | X| (field)
dBi =dBd + 2.15

3dB = x2 10 dB = x10

6 dB = x4 20 dB = x100

VSWR, reflection, and loss

VSWR | |T| | RL

ML

1.0 0 0

0

1.5 0.20 | 14.0 dB | 0.18 dB

2.0 0.33| 9.5dB | 0.51 dB

3.0 0.50 | 6.0dB | 1.25dB

Wavelength
f A Where
300 MHz 1.00 m | scaling anchor
915 MHz 32.8 cm | L7 dipole
2.45 GHz | 12.2 cm | L10 patch
10.25 GHz | 2.93 cm | PHASER
Typical gains (sanity check)
Antenna G
Isotropic 0 dBi
A/2 dipole 2.15 dBi
Patch 6-8 dBi
Standard-gain horn | 15-20 dBi
1 m dish, 10 GHz ~ 38 dBi

Course array (ADALM-PHASER)

N = 8 elements

d=14 mm~ \/2 f=10.25 GHz




