l Adventures on 122GHz

Noel Matthews G8GTZ
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With thanks and acknowledgement to
G1EHF, GBACE, GBAGN, GOFDZ , K6ML RSGB 2022

and the 122 projeciogroup Convention




Where I1s 122GHZ!

AVHF
A 50, 70 and 144MHz

AUHF
A 432MHz

ALow microwave bands up to 10GHZ=="
A1.3, 2.3, 3.4 and 5.6GHz

AHigher Microwave bands up to
100GHz

A 10, 24, 47 and 76GHz

AM”“meter bandS above 1OOG HZ The(ﬁls_?golrznv?lggeti;:_En;/iI:I(X]TrgeBtJrc(:)&géTFlsé%C
A 122, 134, 241GHz and above




Some bands are easier than others!

A23cmshas always been a A10GHzhe next step after 23cms
stepping stone ALots of designs and surplus
A Lot of activity and designs A24GHz: too difficult until
A13cms not so easy, until Q0100 recently!
and UMTS A47GHz and 76GHzaefinitely
A3.4GHz some surplusnica harder
A5.7GHz no surplus AAbove 100GHg top bands!

A Just too difficult until.....
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122 GHz for all!




VK3CV 122GHz transceliver

AA single PCB based around the
Silicon Radar TRI¥0-002

ADesigned for use in car collision
radar systems

Al+Q receiver output

AFM only transmit by modulating
the 1.9GHz reference

AFSK CW andelscribertand WSJT) s | b \
AVery simple to get on the air ) S NNE

AOutperforms simple mixer systems 1 R IR a0
ABut no SSB AR =




VK3CV board R.F. architecture
10MHz

reference Silicon Radar TRA -120-002
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Getting the VK3CV board ready for use

MIC input

PTT and KEY
switch connections

ﬁ ’ . v " % P Yy A ’ M) _A\' 3
Y LN b | G ] 2\/ pOWeEr input

CH A/B switch
connection

Rx 1Q outputs = P|CKit programmer



Operating on 122GHz
_ GHz | 100km

AAt 122Ghz all paths ateoS 10 -152
A Trees and buildings cause significant
losses ’ ) 24 -160
AK factor = 1 (optical) 47 -166
ADEh beam widths ~ .25 degrees 80 171
Initial alignment and mechanical -
stability 123 -174 ITU-R
AFrequency stability 134 -175
A Hi Stab or GPS locked 241 -180
ACNBES aLJ] OS t2aa Aa azyte ommensin T8 77613

100km worse than 10GHz

ABut atmosi)heric loss is a major
Issue at 122GHz

Attenuation by atmospheric gases and
related effects

Radiowave proi; gation



Atmospheric loss at 122GHz

Specific attenuation due to atmospheric gases
. : (Pr =1013.25 hPa; Temperature = 15°C; Water Vapour Density = 7.5 g/m?)
A Above 20GHz atmospheric losses become an issue = AR s R

A Water vapour loss can be more than 1dB / km
A Bit of a problem in the UK!
A Must be added to the free space loss

A 40km path
A Free space loss = 166 dB
A Atmospheric loss = ~ 30dB!

A Oxygen resonances at 60 and 119GHz
A Just clear at 122GHzuse higher part of the band
A Less loss at higher elevations!

A Low Relative Humidity (RH) is not by itself a
measure of low losses

A Low RH on a hot day can still mean high water content
and loss.

A Dewpointis the critical measure
A Air temperature at which saturation occurs
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U Radio path estimation using SRTH data (c) M.J. Willis 8C

Help About

| | Input Data | Terrain Map | Site Database | Rladio Refactivty Data | Tabuleted Data | Zone Map | Mechanisms | Area Coverage | Site Evalualion
e It Fomat
v Degrees Minutes Seconds
Decimal Degrees
! 0GB Gid Reference
Calculate

' Maidenhead Locator

Locations Radio Parameters
|091KF42UG Frequency (GHz) 122
1091EE26HQ TXMast Heigh m] {20
X Mast Height (m) 5.0 G
Renge (364 ym Humdy () [0 )
Beaing [266.1  deg Temperature (C) 120 o
- - (Back bearing 85.7 deg) Pressure (m8) 1000.0
Path must be Line of Sightd3 =
Flose Kfactor (v Fixed |1
Results

Gaseous Loss: 25308

- -
r I RXASL: 151 m Diffisction path loss: 131 dB
I g g ro u I S g O O TXASL: 198 m Troposcater path loss: 243 dB

Line of s loss 191 DUeing pathloss: 278 8

2
Range (km)
Overall path loss: 191 dB Profile Control

A Cliff edge not plateau

A But no oxygen loss reduction in the UK!

Choose day carefully to minimise

atmospheric losses
A Aim for 0 degrees or below TN
A Average UK grey day is°®+9 |
A Texas winter day =6° Dewpointat 19°C

Watch weather and pressure forecasts i
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Or use the GBAGN weather box .
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Stand -alone (Arduino Mega 2560)
Real-time measurement of location and date -time

Real-time measurement of pressure, temperature
and relative humidity

Real-time path propagation loss using ITU -676 model

Real-time mm-wave radio system performance indicator

Logging to SD card of weather and radio system performance data

Help screen for key functions



Antennas?

AExternal antenna coupled in to
by placing on top of the chip
secured by 4 * M2 holes

AVK3CV project designed a ZOdB
horn and aChapperafeed o

AUsing the VK3CV horn paths of
5km can be worked in the UK...

AOr it can be used as a dish feed
AlLens antennas
ADish antennas




Experimenting with antennas

A122GHz antennas not readily
avalilable orebay!

A Clearly time for experimentation

ASignificant gains from dishes
AIf the reflector is true
AMesh dishes do NOT work! o
AMHHDI T 61 @S 3IFdzA RS
AOptical reflectors should work

AGood quality satellite dishes do
work well

A 60cms = 50dB+ gain at 122GHz
A~ same as 32mt Goonhilly 6 at 2.3GHz!




Dish gain is significant at 122GHz

D=60cm (2) D=120cm (4’)
GHz Gain (dBi)  Beam (deg)
10 34 3 40 15
24 41 1.3 47 0.65
47 47 0.66 51 0.33
80 52 0.38 58 0.19
123 56 0.25 62 0.13
134 56 0.24 56 0.12
241 61 0.13 67 0.06

Chart by K4AML



Antenna Testing

ASimple near field test range

A11,126.66 MHz source driving an
HSM8101 diode generates a low level
signal on 122GHz

A Diode mounted at focus of WD40 can
base!

A Rxrplaced ~10 metres away

AUsed the VK3CV 21dB horn as a
reference

ASDR# with AGC turned off

AGood for comparative tests which
seemed to model real live results




)




Optical dishes

AExperimented with Edmunds
optical dish

AGood mirror surface but too
deep

ACassegraimorked best

AToo much blockage with direct
PCB feed :




Fresnel lens

Ex Philips 49GHz 150mm MVDS lens

Fresnel opage magni fierso



Using lower frequency dishes

T———

ASuccessfully used 50GHz dishes

AG8GTZ Nera,
ACoupled in to circular w/g

AG1EHFE NECPasolink

AFedsubreflectorwith VK3CV horn
through back on dish

ACurrently experimenting with a
7/6GHz dish

ACoupling in to w/g does not
seem critical




122 GHz board key jack

Improvements to VK3CV ) U%gz

AFrequency stabilitganmust be
Improved by replacing the ehoard
10MHz TCXO

A GPS bpps
A 10MHz doublevenedTCXO
A Reference level can be critical

Al+Q filtering

A Theoretical 3; 4dB improvement from
1+Q combiner

AData modes .

é Cw and—l_elscriber N FM signal with modulation index
\é\gﬁ:l]; lASI\I/In)g over modulated FM (reduce; adjusted to produce AM-RC signal
A SSTV JT modes only use 1s* USB component

Ah LISNI} X o

(base frequency + tone)

Methodology suggested by K6ML



First QSO 1.1km19/7/2020

AG1EHF/P to G8GTZ/P —
AWalburyHill to Coombe Gibbet
ALoSpath

ADuring 24/47/76 contest
weekend

AVK3CV horn to horn




2.0kmg 27/8/2020

AFirst real QSO
AG1EHF to G8GTZ




AG8GTZ

A30cm offset dish fed with
VK3CV horn

ASDR# omxr at 144MHz

AG1EHF

ANECPasolinks0GHz sub
reflector dish

AFed by VK3Cthapperakt
rear of dish




First G to GW QS@&/8/2020

AGS8GTZ/P to GW1EHF & GWA4LDR/P
A30cms dish > 40cms dish

A4dkm sealriver path through the
12t arch from the left!

AConditions:
A18 deg C
A 61%r/h
A 1015mb

ADewpoint = 10.4 degrees
A But only a short path



17km pathg Oct 2020

ALoSbut very misty / humid!

AG8GTZ
A47GHz dish
ARemoved w/g adapter

AFed VKChaperralin to circular
waveguide

video
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Udsgtise 119 Oopwhon 24 S
Ovesall path loss: 161 &8

A Air temp = 1 degree (felt much colder)
A Ice on the ground!
A Dew point-3 degrees]

A 26.kmLoSpath
A 1091GI25 Coombe Gibbet
A 1091GC68 Stockbridge

A Dish alignment is an issue as 1091GC is not on
the horizon

A Used LEPhlatlights

A Signals were about 14dB SNR in 220hzb/w | & &,

A just readable on FM 143 9 S
: : 43.968.70 e ——
A CWw is an issue for both operatdrs ’

A BTW- Remember the signal levels

143.975 143.980 143.985



25/2/2022¢ 36km and UK record

AIO91KF42UG to I091EE26HQ
A52SayQi 221 &L=
ABut is 36.4.09ath 0

Height (m)

Range (km)



WX condx

AChilbolton weather station
was exactly half way on the
path

AAlthough it was warmer, the
RH was low

AThe Dew Point €1.6 degrees
ARH 47.1%
ATemp 9.1 degrees
APressure 100mBar
AWater 4.1 g/m3
AGas loss 23 dB for the path
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Antenna alignment

AG8GTZ was in bright sunshine

AFlash from bathroom mirror was
seen at 36km!

AGS8ACE 20 wakRhlatlightwas
visible over the path

AStable signals on optical and
122GHz over 3 hours

gtz mirror at Thruxton_112026

G8ACE / G1EHF equipment >




.............

Results

A Multiple equipment at IO91KF

A G1EHF
A VK3C\x and Rx
A Finningleyopticaltx / rx

A GBACE
A High power dioddx¢ 5 mw
A VK3CVx
A High powerPhlatlightbeacon
A OpticalTx/ Rx

A All stations hadHelscriberon 122 and optical

144.007.796

A (1328éAGC|_IIEZsignificantly stronger than G1EHF or | X3 | gy T |

A Completed one way FM QSO and edsyscriber =
copy - ok

A Two way QSO with G1EHF for the UK record
A Helscriberand very, very slow CW

A Probably at the limit for VK to VK without real

CW or data modes :
video



Opera data mode

AWSJT on FM is suboptimal

A GONBD suggested at the RSGB convention
to try Opera

A Opera is a slow rate Manchester.encoded
a2y Kk 2FFe YZ2RS
A Can decode down t20dB s/n (?)

A https://wiki.microwavers.org.uk/Digital
modes _using_Opera

A Software no longer supported
A Version 1.4.1 only
A User interface is interesting!

A PC com port fed in to the key input
A 144Mhz shift FSK!

A Rx audio fed via sound card
A USB dongle
A IC705 etc



https://wiki.microwavers.org.uk/Digital_modes_using_Opera

Opera tests Nov 202022

ATests over the 27km path Coombe
Gibbet to Stockbridge

ADew point as +5 degrees
A Much higher than tests 1 year ago-at
3 degrees
APath did not go on VK to VK FM
A Barely readable on CW!
A Very interesting to compare with
previous tests on this path
Aldeal test for Opera

A Definitely got potential to break the
36km record

= X

| CIGEE)
_ - v All Spots

14:36 50701 G1EHF-P TEST TX -16 dB
14:27 50701 GALDR-P 51 003 +0 dB
13:59 50701 G8CUB 55001 -19dB
13:57 50701 G8ACE-P 52 002 -10 dB
13:36 50701 G8GTZ-P 51 001 -11dB
13:14 50701 CQ DE G8CUB 1091GI -8 dB
13:09 50701 CQ DE G8CUB 1091GI -9 dB
12:46 50701 1091GI25UU  -15dB

12:34 50701 GBGTZ DE G1EHF -16 dB

B 2|

13:14 50701 G8CUB de G8GTZ 30 km -8 dB in
13:09 50701 GBCUB de G8GTZ 30 km -9 dB in
12:34 50701 G1EHF de G8GTZ -16 dB in

B |

|G8cuB 020 41

jcay jeRE s~ | JESEN BYE | 15cH|
ADIF

England (EU)

ar Mode — ~WFall-| - Beacon
ON



World recordd.

ADBGNT & DK5NJ
ARecord of 157 km on 134 GHz
AOne way on 122GHz
A900 and 1,200mt ASL
A-16 degreedewpoint

AVK3CV record -
A52km QSO by VK4GU and VK4CSza=
A350mm offset dishes
A-5 degreedewpoint




Summary

ANot able to beat the world
records

ANo mountains
ADewpointtoo high

A dzi 6SQ@S KER I
t SIENya I t2ad |y
amazing hobby is all about!

T FTdzy I YR
Qa ¢KI U UK

X<



