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Microwave Topics

¢ Devices

o Amplifiers

¢ Locations

¢ Test Equipment

¢ Transmission Lines
¢ Connectors

¢ Software

¢ Antennas



2.4 GHz Devices

¢ Cordless Phones




2.4 GHz Devices

¢ Video Senders
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2.4 GHz Devices

o WIFI
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2.4 GHz Devices

¢ Bluetooth and ZigBee




2.4 GHz Devices

¢ Wireless Cameras




2.4 GHz Devices
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2.4 GHz Devices

¢ Satellites




2.4 GHz Devices

¢ Microwave Ovens




Signal Bandwidth
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Polarization

¢ Linear
e Horizontal
e Vertical

¢ Elliptical
e [ eft hand
e Right hand



Mis-Polarization

¢ Linear

e Horizontal e Horiz. vs Vert. (20db loss)
e Vertical

¢ Eliptical vs Linear (3db loss)

+ Elliptical

(circular)
e Left hand
e Right hand

¢ Left vs Right (20db loss)



Amplifiers

o RF Amplifiers

e Low Noise Amplifiers (LNA) for receiving
small signals

e Power Amplifiers for transmitting




Amplifiers

¢ Location
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Amplifiers

¢+ Bilas-Tee (Power Injector, etc)




Obstacles at 2.4 GHz

¢ Anything Solid
e Trees / Leaves
e Buildings
 \Water?
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Water Vapor
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Test Equipment

+ Wave Meter ¢ Frequency Counter

o =
El-
E
-

4 =
-

T BB
-8
El
“1

S T



Test Equipment

+ RF Power Meter




Test Equipment

¢ Signhal Source
e \VVCO
e Harmonic Multiplier
e Gunn Diode
e Video Sender
e Cordless Phone



VSWR

¢ Directional Coupler




Transmission Lines

+ Waveguide




Transmission Lines

¢ Coax

Quter
conductor

¢ Insulation
Inner conductor




Transmission Lines

+ Microstrip ¢ Stripline
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RF Connectors

¢ RP-SMA




RF Connectors

¢ N — Connector
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Antennas

+ Waveguide Antennas




Antennas

+ Waveguide Antennas (Horns)




Antennas

¢ PCB Yagi




Antennas

¢ PCB Patch




Antennas

+ PCB Log Periodic




Antennas

¢ 1/4 Wave (31 mm)




Antennas

¢ Helical




Antennas

¢ Collinear




Antennas

Ic Cylinder

¢ Parabol




Antennas

¢ Corner Reflector

-cardboard with pasted on foil- to suit / - :
;:EHZ WiFi Blllj.letunth ZigBee etc 4 —— = Check ideas =~
, y L1g / vwww.ushwifi.orcon.net.nz
Subtended angle ( here 90 ) & size : g
easily modified for enhanced gain or
noise rejection etc. LOW COST!

CORNER REFLECTOR ANTENNA g R — . ¥ I

A ~100mm a side cdfaoard & foil comer reflector, modified after template at => www. freeantennas. com/projects/Ez-10/NB .
This showed ~6dB gain when tested with a WiFi PDA, & verified with & ZigBee XBee module ( Picaxe driven)



Antennas

¢ Dis

5 PDAwith Socket
FV card at focal f§
(- 75mm out) of cheap
320mm diam "paraholic" w
This wok 320mm diam
B85mm depth to centre

Verify focal point position hy
perhaps bringing the suns

I reflection to a a point - line
the wok with aluminium foil
for the trial if it's matt as here.

Of course the parahola formula

ion can be used too

~ 75mm from centre

Floppy disk case ( € = centre depth )
malkes comvenient cradle

& allows swap outwith cell

phones eic too !

” Respect
Spring paper clip allows phones have 35k
secure but quick fit to dish et
Clip holied to back of cradle -
pack out with plastic eic 1

i Although hard fo falk Like this (unless you've
a BlueTooth headset ) in marginal locations
irward text messages at least can get thru’ |




Link Budget

AntennaAGain (dB) Antenna Gain (dB)

Free Space Path Loss (dB)
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Transmission Line Transmission Line
and Connector Loss (dB) and Connector Loss (dB)

Transmitter Power (dBm) Receiver Sensitivity (dBm)




Link Budget Software
Atz

RF Link Budget Calculator

Antenna'Gain (dB) Anterina Gain (dB)

 Input:
Frequency:

Transmit Power:

Cable 1 loss:

Antenna 1 gain:

Distance

Antenna 2 gain:
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Cable 2 loss:

[17 2|

Recemer Sensitivity: | 38 = dBm

Free Space Loss: 1158 dB
Receme Signal Strength.  -48.2 dBm

Transmission Line
and Connector Loss (dB)

Transmission Line
and Connector Loss (dB)

3

Cable Loss Calculator et .‘

Cable Type: ILMR195 vl
Cable Length: | 2 ﬂ meters

Mo. of Connectars: | 2 jl

Loss per 100 meters: b1 .Fﬂ dB ﬂ ® D
(at 2450 MHz)

Transmitter Power (dBm) Receiver Sensitivity (dBm)

Total Cable Loss: 1.7 4B




Software

¢ Fresnel Zone (60%o)

FRESNEL ZONE CLEARANCE CALCULATOR

%\ f di x d2 . PR
= — ‘calc in miles
r=72.1 freq x fotal dist

Distance & (D1} in Km Distance B Frequency in GHz

L Tom)

Convert It Equals

The 1st Fresnel Zone is
55 to radius,

55 to radius, to radius,




Construction

¢ Measurements for a 3-1/4” diameter
e Probe Length = 1.21” (31mm)
e Set 2.49” from back of can (63mm)

. j mlﬂ Dlilll.:_ruql, FI' F' o s



Multimedia Software

¢ Conf (NetMeeting)
e \Windows Start Button
e Find “Run” on the menu
e Type In “conf” and press enter

¢ Sends Voice and Video over a
network — in this case, wireless.



Testing Methods

¢+ VSWR

Collect
Signal

with PCB
Yagi Antenna

2.4 Ghz
Cordless
Phone
Signal
Source

Directionally Feed Antenna
Couple with with Power from
Signal Source Signal Source

Monitor Forward
and Reverse Power
to Determine VSWR




Testing Methods

¢+ VSWR Measurement
e FP = Forward Power
e RP = Reverse Power

1+sqr(RP/FP)
VSWR = ——-mmmmmom
1-sqr(RP/FP)

Definition: impedance mismatch between
transmission line and load



Testing Methods

¢ VSWR Measurement Example
e FP = .18 mW
e RP = .05 mW

1+sqgr(.05/.18)
VSWR = - ———— - = 3.25:1
1-sqr(.05/.18)



Testing Methods

¢ VSWR Mismatch Effects

VSWR | Antennalmpedance Q2| Gain Reduction Gain Reduction
(10 dB antenna)

0.00%

4.00%
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