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10 GHZRoverRIg Reqguirements

A Portable

I Light weight

I Quick single person setup

I Mobile powered (12V car battery)
I Toss it in the back of your car
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A Stable, accurate frequency

A Stable, accurate, easy pointifyzc El)

A Hundreds of kilometersange

A Fun to Use

A Upgradable to 10/24 rfg



10 / 24 GHRoverRIig Requirements

A ALL OF THE ABOVE !!!
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I Stable, accurategommonfrequency

I Stable, accurate, eassgpmmonpointing Az¢ El)
A Same dish size requires 2.4x more accurate & stable pointing

I Crossbanaptions for 24 GHz QSO setup

A 24Tx/10RX
A 10Tx/24Rx

A Hundreds of kilometersange
A Fun to Use



Typical Rover Rig

A 2M multimode IF rigdg, FF817, other QRP transceivers)
A Transverterfunction: Txattenuation, up/down conversion
A Transvertemlternatives:
I DB6NTHKuhneElectronics) and DEMI (Down East Microwave)
(assembled or kit)
I Can build out of surplus modules
(e.g., from HarrigarinonDVM-10 radios)
I Or homebrew using more modern MMICs

I For our time frame and for ease of entry, §
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Mechanical PlatformAzEl pointing, level, tripod), T/R control, power supplies, battery
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10 GHz Loc#&sc

Stable, accurate 10224 MHz Local Oscillator (insatesvertel) is a key challenge
Main Issue is stability (temperature and voltage drift)

Accuracy and repeatability are valuable, too
i LGQa NBlIffte yAOS (02 0SS lotS (2 2dzad RAIFT Ay
i But you can get started by using beacons and fellow rovers as frequency standards
hKX &@SIKX ¢S ¢yl RSOSyYyd LIKIFIaAS y2raasSs ;
I Reciprocal mixing can be a problem on mountaintops, not so much in the valley
Some solutions:
i LO s provided in DB6NT and DEMI rigs, but is often upgraded and/or locked by purchaser
i SurplusW o NBckstIY00 MHz cavibscto ~100 MHztal, multiplies that by 6 to 10224,
Rextal, re-tune, regulate voltagetyp -20v supplyjandimprove thermal insulation.
Can locktalto 10 MHzref ordo direct frequency synthesis (DFS) from 10 MHz ref.
i Synthesizer at 1136 or 3408 (DEMI A3#hod of the AAGIW/KKG6MK 3600 synth),
lockto 10 MHz refmulti 2 mMnHHn 0659al Ed OKY AyasS & wlBIt12 gt




A LNA

10 GHz Amps

I Terrestrial noise level plus min. feed loss is ~250 K
I Afew dB NF (=500 K) is OK for entry leaglKlarris LNA)
I 1 dB NF (=75 K) Is better (many sources)

I Feedlined 2 a a

I RRa (2 aeéeaitsSy bc.

I Place as close as possible to antenna to minimize loss

A PA

I 250mW entry level ég, Harris LPA)
I 2-8 W opens new doore(, Harris, AlcateKuhne DEMI)

IF Radio ¢

144.1 MHz

Dish Antenn
LNA
4—41- T/R
> Transvertelr . Switch| = 10368.1 MH
PA

Mechanical PlatformAzEl pointing, level, tripod), T/R control, power supplies, battery

AN



10 GHz Ant, T/R, Power

A Antenna
i Mmy¢é¢ 2FFasSi FSSR al O
i Cheaplfree, 3bs
i 32dBi, 4 degreébeamwidth@

10G
I Homemade rectangular horn feed
Template for 11.49 dBi horn for 10368 MHz i Copper flashing cut per W1GHZ
TR template, soldered to WG flange
T A Antenna T/R switch
"1 % A TIR control/sequencing
L A Power supplies (+12, +16, -20,
relays) from battery or AC inverter
Dish Antenn
LNA \
IF Radio #——""% Transverteir > ‘ ST\fvl?tch 10368.1 MHz ‘\

PA

Mechanical PlatformAzEl pointing, level, tripod), T/R control, power supplies, battery

AN




Rover Platform

A [LEFT PHOTO] Heavy Duty (Hercules) tripod
A [RIGHT PHOTO] Homema&ieEl mount on telescope tripod
A52yQi dzaS | OKSILI opYY OF YSN} (NXALRR.
A Leveling and pointing system (elevation & azimuth)
I 1-2 degrees stable (dish acts like a sail in the wind)
I Calibrated scales are really nice
I Easy and quick to setup or stow (lightweight, modular, quick assembly at each rover stop)
i Baeé FyR ljdzA O] G2 LRAYG o6a! NYadNRBy3I¢ NRG2N
I Carries load of antenna and (most or all of) rig

Mechanical PlatformAzEl pointing, level, tripod), T/R control, power supplies, battery

AN




10 GHz Block Diagram

180 off set 10diGslh
10GHz Rig Dish Gain = 32.5dBi

, _ -3dB beamwidth = 4.2 deg
(single conversion transverter)

10368 6 10224 =144 MH z

v v v v

IF Rad|0 Rx Rx 144 MHz IE 10368 MHz BPF Rx RX O
144.1 St \.82 % =3 'H \.Sj_/‘
0" — e

v 10368 MHz
v >
X Tx 10224 MHz LO X i

RX sigsin blue -40dB
TX sigsin red
Common sigs inblack
LO sigs in gold
\ ............... >® > N Ot Sh own:
10 Mz 10224 L0 - Pesky detalils like attenuators or amps to set RF levels

Reference

_ - T/R control and power supply
¢eLIAOFIf aadzNlLJ dza¢e RSaA3dy OFy dzaSyY
- DEMI TC kit for Satten/S2
- Surplus Mixer, filter, 25W PA and ~3 dB NF LNA from Harris BAMM
- Surplus SMA relay for S4; SMA relay, circulator or splitter for S3
-/ 2YAARSNI dzLJAN} RAY3 t! YR [b! X o6dzi R2YQ
- LO alt #1: Retuned brick (neual)
- Can get on the air without locking it, but do voltagg and thermal insulation
- Can be locked to 10 MHz using WAG6CGR design or DFS from 10 MHz, or other
[h FfG 1 HY ' oH OmMmMocO 2NJ YYcayY oootny0 &



T/R Sequencing Reguirements

A Required Interlocks To Avoid SBHEstruction

I (Depletion mode devices) Gate Bigshiefore/after Drain Power (+)
i (Power Amps) Power and Bias before/after RF input (from IF rig or driver stages)
I (PA out, LNA in) PA to Ant before/after RF output

A Rx toTxsequence (inhibit IF TX until end):
PTT on>Ant TX, Gate Bias|>PA Drain|>enable IF TX

A Txto Rxsequence (inhibit IF Tat beginning):
PTT off>disabld-TX|>PADrain>Ant Rx,GateBias

A Many solutions: relays, one shotsjcrocontrollers
I Get advice from some one who has done it and lived to tell the tale

A Also make sure that:
I Your IF rig TX inhibit method works w/o spikes
i ,2dzZNJ LC NA3I ¢- LIRGSNI 2dzi O2yUNRBEt R?Z



24 GHz

A Similarto 10 GHz, but double conversitnansverter.
24192 RI€ 20448 LO = 3744 first IKPCOMmModule mixer, amps)
20448 = 2 * 10224 source (PCOM module internal 2x)
3744REocnn [h T wmnn &aSO2yR LC 6 ¢
A 10224 LO stability is even more important
A 3600 LO should be stable, too
A Locking to 10 MHz even more useful
A Could use smaller dish for same gaib&amwidth

A Simplest version uses barefoot PCOM up and down convertel
GAGK | OANDdzE F 02N F2NJ d¢kwé

A Upgraded version adds 24 GHz LNA (DB6NT, other?), Rx BP

A Upgraded version adds 24 GHz PA (surplus, DB6NXBPF
and T/R switch (waveguide or SMA)



24 GHz Block Diagram

v

180 offset di /
i Dish Gain = 40dBi [ >
24 G H_Z ng Beamwidth=  2.2deg f ™. ™
(double conversion transverter) >
24192 6 2x(10224)= 3744 MHz
144 MHz 3744 53600=144 MHz
IF Radio Rx Rx 24192
fﬁ MHz
S1 S2
OOO ./ \.
)y JRTRTOTSSPRTSPPOTSSPT WS .
L_z\/\/\_} ¢ Simple 24 GHz rig omits BPRs,
Tx Tx { LNAand PA and usesa :
RX sigsin blue -40dB proIeemerereettt L circulator instead of a switch
TX sigsin red EPCOM down convertegr i :
Common sigsin black
LO sigsin gold
144 F :
10224 LO  amplifier? MHz i
(20448 MHz LO) / 2 3
Tx
Rx 3
10 MHz % 3744 MHz IF % b
Tx
Reference :
PCOM up converter : §24192 MHz BPF

3744 MHz filter / splitter circulatoror switch C A A A

- PCOM modules for up/down conversion (3744 IF, 24192 IF, 20448 LO, internatib0biy

- 3600 synth / mix board for up/down conversion (144 IF, 3744 RF, 3600 LO)

- 3744 MHz LO leakage & image reject filter (pipe cap or retuned PCOM?)

- Split 3744 common to RXxusing switch, circulator or splitter.

- 3408 or 1136 synth and x3 or r8ult to get 10224 for PCOM LO/2 inputs

- Two loads on 10224 requires splitter; may require amplification

- Simplest 24 GHz rig uses a circulator instead of grey area (no ext. LNA, PA, BPFs; a few hundred
mW out and higher NF); can upgrade with PA and/or LNA; PA requires S3 instead of circulator



To Po Po Po I

MAKHNO DIT 4&aCf A

Shares common dish antenna, so that once 10 GHz QSO is accomplished, we are
aimed correctly for 24 GHz QSO

24 GHz is 2.4x harder to point for same size dish, but about 7 dB more gain
Replace dish feed with 10/24 dual band feed (pictured below)

Uses same frequency plan and RF blocks as previous 10 and 24 rigs
Control for cross band (10tx/24rx, 24tx/10rx) as well as same band (10 v 123

B

24 GHz
waveguide

10 GHz
SMA coax




MAKHMNO aCft AL {

10/ 24 GHz ARy 5% as"

Merge of two architecture s, sharing the 10224 source Beamwidth = 42 2.2 degbeam

v

v

v

144 MHz
IF Radio 144 MHz IE 10368 MHz BPF ¥ 4@

L40, X f—o—

RX sigsin blue -40dB 10224 MHz LO
TX sigsin red
Common sigs inblack
LO sigsin gold

24192

10368 MHz

10224 LO  ampifier & splitter N

R~

i 24192 MHz BPF

(20448 MHz LO) / 2

TX

Rx
3744 MHz IF
TX

10 MHz
Reference

R >

3744 MHz filter / splitter circulatoror switch EEQM..E‘P.E?F.Y?E?!_.E 24192 MHz BPF

- Same as previous 10 + 24 rigs

- Three loads on 10224 requires splitters; may require amplification

- Simplest 24 GHz rig uses a circulator instead of external LNA, PA, BPFs
- Design control logic to support 10G, 24&mssbandeither way) T/R



10 Ghz Workshop

A 10 GHz Brick and Filter TunioigSunday, 428
I KK6DNY, AA6PZ, K1YQP, W6PDC, N6KLD, KB6BA, W6RXQ, K6CLS, K6ML
I Thanks to Paul, W6PDC, for bringing his VNA and tuning filters

A ~8 Bricks retuned to 10224

I Most gave +14 to +18Bmoutput

I Used SA, counter, scope, DVM, power meter; temporary 1X1él5

I Retuned cavitpscto 1704 MHzrepeakedmult out filter at 10224 MHz

I Most were MACOM/Magnum PLX88 internalxtal (from Harris)

i hyS SEGSNYylrtsX 2yS wmm DIT X 2yS S. I &)
A HarrisFarinonchassis conversions, waveguide filters

I Retuned or checked ~8 waveguide filters
A 0.7 to 1.3 dB insertion loss, ~80 MHzpassband
A About 110Mhzwide at-40 dB down, 15075 MHz at60 down (VNA limit)

I Rewired a couple of Harris units on the spot for Rx, one heard the beacon
A Also checked a DB6NT PA



Brick Tuning

10224 MHz @ +18Bm

Tune these four screws
X6Mult Out filter (10224)

freq mon

CavityOsc
Tune
(1704 MHz)

GND Xtal osclevel det

(rfp?;{:e PLL Error Voltage

cap before (set for-8 to-9 DC;
AC wave when not locked)

heater
temp sense
Xtal (106.5 MHz

it blows!)




10224 Bricks

A Nineteen 106.5 MHz crystals (for PLXU®) due by end of May

i Delivery at June meetlng or by other arrangement (840

i 2Aff K2fR Y20KSNJ GAYaASNIUA2YykidzyAy3IE o2
i CNAY fSIRa OPNBFHAKRDD damdpMN] SR 2dzi0  2A 3T
I Recommend additional internal and external foam insulation to reduce temp drift

I Recommend tuning oven temp to min drift pointxdél

A Brick Power Supply

I Brian/Duncan found Mean Well &I5A24 12VD4VDC converter
A $21 at TRC electronics dameco
A Looks clean on SA, sounds good on air tests
I Build and mount a20 V linear regulator at brick poweimns
A Filters out converter hash and wiring IR drop to avoid FM, spurs and valtdge
A" &S o (SN¥XY NB3Idz teimhdliequitbr BedaghOl v Q& Y dzf
A Replace old cap on brieROV (they often blow out)



10224 Bricks

A PreliminaryMeasurements of Temperature drift at 10224 MHz
I Wrongxtal package and temp, open cover, poor oven fit:
A ~8 kHz over 2@egF
I Rightxtal pkg, ?Xtaltemp, sealed and insulated brick:
A ~4 kHz over 2@egF

I Correctpkg& temp, correct oven temp, insulated brick:
A TBDin June

A Future project:
I Lock 106.®scto 10 MHz double oven ref for better stability

I Upgradéefor:
A Bricks(int/ext VCXO)
A DB6NT/DEMiigs ext VCXO)



24 Ghz Workshop

A 24 GHz Testingn Saturday, 427

i N9JIM, KD6W, W6RXQ, KEMGM, K6ML
I Thanks to Will for source, filtesitten, dncvtrs
I Thanks to Joel for 24 GHz SA

A Upconverterg3744 + 10224> 24192)
A Downconverterg24.2- 10224-> 3744 SA)



WR42/34/28RF OUTSMALO & IF IN




24 Ghz Workshop

Tested 13Jpconvertery3744 + 10224> 24192)

A IF Input @ 3744 MHz:
I +10dBm(most units)
I -5to-1dBm(some)
A LO/2 input @ 10224 MHz:
I +10.6dBm(most, some less)
A 24192 MHz RF Output varied from < 1 to 10/
I +22dBm(3 units),+20(3), +17.5, +14, +13(2), +10, -2idBm
I StrongLO leakage @0.4 seen in output
I Noimage @16.7 seen in output
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