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¢ Advanced Receiver Research

¢ 10 GHz Gunnplexer

¢ WBFM
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Path Loss Charts. This path loss is ONLY the part due to atmospheric attenuation/absorption. Based on Lieb formulations
Prepared by Brian Justin WA1ZMS. Calculated for Sea Level (standard pressure).
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Path Losses (@ 78 GHz

& Free space pathloss =20log(4nD /1)
¢ For D =300 km, A = 3.8 mm, Free space loss = 180 dB

¢ From Brian’s table @ 5 ° Dew Point, additional loss of 0.18 dB/km
¢ Atmospheric loss 300 km x 0.18 dB/km = 54 dB

¢ Total path loss = 180 + 54 = 234 dB
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Receiver Noise Floor (@ 78 GHz

¢ Noise Floor (dBm ) = 101log (k x To x 1000 ) + NF + 10 log BW
& For To = 290 kelvin, system NF = 6 dB and a 1000 Hz bandwidth
¢ Noise Floor = -174 + 6 + 30

¢ Noise Floor = - 138 dBm
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Power at the Receiver

¢ Maximum transmit power per FCC regulation = + 55 dBm EIRP
¢ Gain of decent 12 “ dish on receiver end = 45 dB
¢ Received signal level = (55 + 45 ) — (234 path loss) = -134 dBm

& Signal 138 — 134 = around 4dB out of the noise
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dish gain 45 dB




gn Criteria

@ Transmit power +55dBm

o Receiverdishgain 45dB | |




MIXER ANTENNA
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FT 818 and TM 255 IF Rigs
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DB6NT Mixer Boards

DB 6 GHz

DBENT
76 G
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Surplus Frequency Multipliers
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DB6NT 38 GHz Doubler
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Mixer Diode
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Homebrew Mixer
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Surplus 12” Dish
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Edmunds Scientific Dish
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The W1GHZ. Online Microwave Antenna Book
Paul Wade W1GHZ (ex NIBWT) © 1994,1995,1996,1997.1998,1999,2000.2001,2002.2003.2005,2006

Table of Contents

Preface -30 September 1999

Part 1 — Practical Antennas

1. Antenna Basics - 25 September 1998



12 In 0D .242 Endgate
CASSEGRAIN ANTENNA DESIGN CALCULATOR

WIGHZ 2004

ENTER INPUT PARAMETERS HERE: (Bold bive numbers)
Frequency 134.250 GHz

pl= 3141333
mim Inches  WWawelengths

Dish diameatar 300 118 1343
Dish £D

Fesdhom equivalent fD

Feedhom diamster 447

Fesdhom Phase Center [negative = inside hom)

2235

@18
Feedhom illumination halfangle T
Redge (prime focus to fim)
Space attenuation for main dish 6.31

Eltmliiu'ifur'ui'hj.u] dish 0.9s
Suwggested illumination faper= 12211
Enter desired illumination taper : 12.11

With desired taper:
Feedhom illumination halfangle 30.1 degress
Feedhom equivalent fD 0.93

Minimunn subreflector diameter 1019
Subreflector focal length L 863
Subreflector §0 0.85
d_sub/Dl_main
Maximum subreflector efficiency [ Diffraction loss = blockage loss)
Feedhom blockage halfangle




SPECIFICATIONS:

432-6WL
420 To 440 MHz

23 dB Typical

E=22° H=24"

Folded Dipole
Feed Impedance. ......ccocoeeeeeeees 50 Ohms Unbalanced
Maximum VSWR.......oeeeee 1.2:1 Typical

Input Connector

Power Handling

Boom Length / Dia 146"/ 1"
Maximum Element Length 13-7/8"

Wind area / Survival .................. 0.85 Sq. Ft./ 100 MPH
Weight / Ship Wt.........oocoec 46 Lbs. /7 Lbs.




45 dB of gain with M? 432-6 WL Yagis

¢ 1 antenna = 18 dB of gain
¢ Togetto45 dB of gain, 45— 18 = 27 dB improvement
& 3 dB of gain for every doubling of array

® 27/3 =9

¢ So you would need an array of 29 or 512 antennas
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27 dB Horn Antenna
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Sage Millimeter 75 GHz PA

.
!
’ . '-
. ? il’ .
: —
L.
‘~\)!, -1 =
., . ,\\-._t..

26

.\
—3
P/

VHF



Mixer output (@ 78 with 432 MHz IF

== Keysight Spectrum Analyzer - Swept SA

i

; Avg Type: Log-P
Bocker 1 78'192001000 m G Trig: Free Run Avvgg:szl'ZfMggHngr

Atten: 6 dB

IFGain:Low

Ref Offset 30 dB
Ref 0.00 dBm

Next Pk Right

¢ LO 5 dB greater than USB ——
Next Pk Left

s gy s 2.0

¢ Don’t want LSB at all Marker Deta

R et |
MKr—CF
e i A

MKr—RefLvl

Center 77.760 GHz Span 2.000 GHz

Res BW 3.0 MHz VBW 3.0 MHz Sweep 1.000 ms (1001 pts)

STATUS
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WGFIL Example

Waveguide Filter Systhesis Program Post Coupled Filter Center: 78190.401 MHz BW: 1000.000 MHz
copyright (C) 1989 Dennis Sweeney WA4LPR Fractional BW 1.28 % Guide BW 2.03 %
Version 1.1 Equal element minloss

Post diameter Cavity length
Filter type: Butterworth : 0.0163"
Chebyshev : 0.1008"
Equal Element : 0.0313 Caution: D/a > 0.25
Enter # of desired type : 0.1112"
0.0313 Caution: D/a > 0.25
Filter structure : Post 0.1008"
Iris 0.0163
Enter # of desired type :
Do you wish another design

Enter waveguide width (inches) .1240

Enter # of elements : 3

Center frequency in MHz = 78192
Bandwidth in MHz = 1000

28






STOP 82.666% GHz

1999 GHz

68 dB
6,868 dB
CRSR 78.

-1,

™~
T
(5}
o
(=3}
o
(=3}
—
[
—
==
—
w




Mixer output (@ 78 with 2304 MHz IF

we Keysight Spectrum Analyzer - Swept SA 7| [

X
Ref Level -9.00 dBm
N

Avg Type: Log-Pwr
EE PNO: Fast (,. 1rig: FreeRun Avg|Hold:>100/100
IFGain:Low Atten: 6 dB

RefLevel
Mkr1 75.888 GHz 9.00 dBm
Ref Offset 30 dB
3 dBIdiv RZf -9.00 dBm -10.403 dBm ot s
Log - 1 '1
Attenuation
[6dB] |
| SR TSR
Scale/Div|

3dB|
|

Scale Type
Log Lin

Presel Center

B | ey s o

Presel Adjust
0 Hz

More
1 0f2

Center 75.888 GHz Span 6.000 GHz

Res BW 3.0 MHz VBW 3.0 MHz

Sweep 1.067 ms (1001 pts)| o
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Mixer output (@ 78 after Filter

== Keysight Spectrum Analyzer - Swept SA

X

! 3
Ref Level -10.00 dBm : Avg Type: Log-Pwr TRACE
NFE PNO: Fast () Trig: Free Run Avg|Hold:>100/100 ‘::

IFGain:Low Atten: 6 dB

- Ref Level
Mkr1 78.192 GHz -10.00 dBm

Ref Offset 30 dB
Ref -10.00 dBm -16.594 dBm

Attenuation
[6 dB]

| R S S|

Scale/Div
3dB

R T 2mre s |
; Scale Type
|Log Lin
Presel Center
Presel Adjust

0 Hz
IR = B V|

More
Center 75.888 GHz Span 6.000 GHz Late
Res BIW 3.0 MHz ; VBW 3.0 MHz Sweep 1.067 ms (1001 pts) -

MSG STATUS
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Close 1n view

- KE;EW:!NHH Analyzer - Swept SA
X! 02:32:5¢
Marker 1 78.192001000000 GHz Avg Type: Log-Pwr '

NFE PNO: Wide (, 119: FreeRun Avg|Hold:>100/100
IFGain:Low Atten: 6 dB

‘ NextPeak
Ref Offset 30 dB Mkr1 78.192 001 GHz

iv 2 -12.106 dBm
ls. gésrdn Ref -12.00 dBm DG i

Next Pk Right

Next Pk Left
b s 50 |
Marker Delta
[P gy

Mkr—CF

Mkr—RefLvi

More
10of2

Center 78.1920010 GHz
Res BW 9.1 kHz VBW 9.1 kHz Sweep 1.000 ms (1001 pts)

MSG STATUS
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DRIVER

AMP
ACTIVE

MULTIPLIER
ACTIVE
MULTIPLIER

ANTENNA

BAND PASS
FILTER




78 GHz Ver 2 rig in Arizona
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W70QQ0Q 78GHz Ver 1 r1ig 207 km path
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DRIVER

AMP
ACTIVE

MULTIPLIER
ACTIVE
MULTIPLIER

BAND PASS

ISOLATOR

CIRCULATOR

XMIT
ANTENNA

RCV
ANTENNA




78 GHz Ver 3 rig ready to go
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Rectangular Waveguide Sizes

Recommended Inner dimensions of waveguide

Waveguide name
g frequency opening

RCSC* IEC A inch[mm] B inch[mm]

0.0325

WGE29 R1400 110 to 170 GHz 181.583 GHz 0.065 [1.651
[ ! [0.8255]




81,990 GHz

USB 122,256 GHz
40,266 GHz

LSB 41,724 GHz
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Digil.o Synthesizer Board
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SYNTHESIZER  |SOLATOR BAND PASS  ACTIVE
SOLATO FILTER  MULTIPLIER MULTIPLIER

ACTIVE ACTIVE
MULTIPLIER MULTIPLIER

90-140 GHz ~ ANTENNA

BAND PASS MIXER
FILTER




=10%

=50%

=100%

=100% + 200 m visibility fog
=100% + 100 m visibility fog
=100% + 50 m visibility fog

Frequency - GHz



Path Loss Charts. This path loss is ONLY the part due to atmospheric attenuation/absorption. Based on Lieb formulations
Prepared by Brian Justin WA1ZMS. Calculated for Sea Level (standard pressure).

122.8GHz Atmospheric Loss vs. Dew Point
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Path Losses @ 122 GHz

& Free space pathloss =20log(4nD /1)
¢ For D =100 km, A = 2.5 mm, Free space loss =174 dB

¢ From Brian’s table @ 0 ° Dew Point, additional loss of 0.45 dB/km
¢ Atmospheric loss 100 km x 0.45 dB/km = 45 dB

¢ Total pathloss = 178 + 45 =223 dB
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122 GHz Power at the Recelver

¢ Mixer output —6 dBm + 49 dB dish gain = 43 dBm




Receiver Noise Floor @ 122 GHz

¢ Noise Floor (dBm ) = 101log (k x To x 1000 ) + NF + 10 log BW
& For To = 290 kelvin, system NF = 11 dB and a 1000 Hz bandwidth
¢ Noise Floor = -174 + 11 + 30

¢ Noise Floor = - 133 dBm
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¢ Kuhne MKU 76 G2
¢ Kuhne MKU LO 8-13

& Just add waveguide switch

and antenna to be on the air
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