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- 23:46 GHz Multiplier

Schaltungsbeschreibung

Dieser Verdoppler arbeitet mit zwei in Serie geschalteten Mischerdioden im R 400 Hohlleiter.
Das Eingangsignal {23 GHz100 mW) wicd ouf der Hohlleiter-Schmol;eile iiber einer SMA Buch-
se und einer 58 a Leitung ous Cu-Folie auf den Dioden Mittelpunkt gefihrt. Die verdoppelte Fre-
quenz wird Gber den Hohlleiter ausgekoppelt. Da Fin unterhalb der Hohlleiter-Cut-off-Frequenz
liegt, ist Fin om Ausgang nicht mehr vorhanden. Ein Kurzschlussschieber und drei M 1,5 Ab-
simmschrauben erlauben ein optimaler Abgleich. Als Dioden eig:en sich BAT 14 im Micropill
Geh&use. welche vorsichtig mit Niedertemperaturlot auf M 2,5 Schrauben oufgeldtet werden. Ein
symmetrischer sowie ein mechanisch sauberer Aufbau ist die Voraussetzung fiir einen guten Wir-
kungsgrad. Da die Eingangsimpedanz nicht genau 50 q ist muss die'Anpassung om Treiberver-
siérker Ausgang korrigiert werden. Optimal ist den Verstarker und Verdoppler in einem Modul

zu vereinigen.

MAS5 Rbstimm.  Finx 2 Outpyt
schrauben

INPUT - /

DIODEN

. R100
KURZSCHLUSS - HOHLLEITER
SCHIEBER
Messwerte
Eingongsfrequenz : 23,5 GHz 17...20 dBm
Ausgangsfrequenz : 47 GHz 5...8 dBm
Conversion Loss  : >12d8

48
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76 GHz Station

Peter Riml, OE9PM]

The 76 GHz-Station is very similar to the 47 GHz station in DUBUS /89, The mixer diode

however functions as a x5 multiplier. The diode used is a BAT14-123, Output power is some
uWatts only. Noise figure is estimated at about 40 dB. The diode current is about 40 mA during
transmit and 3 mA during receive. Carrier frequency of the second station has an offset of 145
MHz (IF-Frequency) and both crystal oscillators are modulated in F3. :

Antennas used are dishes with 35 cm diameter and an estimated gain of 46 dBi. Maximum range
so far is about 3 km. Thanks to Hubert, OE9HHY, for the precise machining.

Die 76 GHz Station ist in gleicher Weise aufgebaut wie die 46 GHz-Station (DUBUS 3/89). Die
Mischstufe arbeitet gleichzeitig als Verfiinffacher. Als Diode wird die BAT14-123 verwendet. Die
Ausgangsleistung liegt bei wenigen uW und die Rauschzahl wird iiber 40 dB liegen. Der
Diodenstrom betrigt beim Senden ca. 40 mA und bei Empfang ca. 3 mA. Die Tragerfrequenz der

Gegenstation ist um 145 MHz (ZF) versetzt, Die Quarzoszillatoren werden frequenzmoduliert
(F3) fiir Fonie bzw. umgetastet (F1) fiar CW. .

Als Antennen sind 35 cm Parabolspiegel im Einsatz. Mit ihrem Gewinn von 46 dBi erlauben sie
eine Reichweite von max. 3 km. Besten Dank an Hu bert, OE9HHY, fiir die Frisarbeiten.

DUBUS 4/89 18
78 GHz TRX BLOCKSCHALTBILD OE9 PMI
0sZ. :  VERVIELFACHER VERSTARKER
H.
FeH o> g = He Hee He e o
2xBFWI32 J3n . - ~40dB 3310 BFI99 BFRI0A BFR% ¥ » BFG3% BFQ 3%
MA
Diodensitrom
ZF 1eb MHz
VERVIELFACHER
[ x HesHmr < Hz Hxe
78 GHz

AUFBAU IN DER PARABOLANTENNE

Fi BAT I% MG6F 1302 - Ffi. BXr21

i

Technical Reports: 76 GHz Station by QESPM]

Figure 1/Bildl: Block Diagram/Blockschaltbild

HYPER SPECIAL M]LLIN[ETRIQUE Années 2001-2002

page 422




-

Figure 2/Bild 2: Mechanics/Mechanik -
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" A 75 GHz Transceiver

Bob Johnson KF6KVG

This transceiver is assembled from mostly commercial parts collected over time at electronic flea mark

Some critical and scarce items were loaned by Will Jensby WOEOM. Here are the technical details of
completed system.

Specifications are:

Frequency TX and RX: 75,600 Mhz

Power of transmitter: +8 dbm :

Effective receiver LO frequency: 76, 160Mhz o I o
'Nmseﬁgureofrecewer approx.20 db - o Vi i, s o e D gt ‘
Antenna gain: 45 db g ) *
Antenna beamwidth (3 db ): 1 degree _ “
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The block diagram shows the major components and their relati;)nshjps.‘lt starts with an oven stabilized
10 MHz crystal oscillator, which controls both transmit and receive frequencies. This insures fre
stability better than 100 Hz at the 75ghz ports. Both TX and RX  bricks (phase locked oscillator-

o~

-

multipliers) are locked to the 10 MHz reference. The TX

brick base osci ﬁifator runs at 1260 MHz, followed by a X10 multiplier and filter. The 12.6 ghz product at

4.

quency: |

10 dBm levéT{_ isf})oosted to 20 dBm using a‘Fujitsu amplifier. A Milliwave active frequency tripler is next,;l
increasing ﬁ"'éhéé_"ncy to 37.8 GHz. The 20 dBm power generated , :
by the tripler exits in WR28 waveguide. A tapered waveguide section, formerly part of an HP multiplier,

narrows the E-plane down to a slot where it butts onto a point contact diode flange. One side of the flange

sees the 378:AGHz drive, and the other side exits the second harmonic 75.6 ghz into a WR 10 guide. This
guide bolts directly onto a WR 10 transfer switch which feeds the 8 dBm @75.6 GHz out to the dish

antenna.

The receive brick, also locked to 10 MHz, produces 1190 MHz. This is multiplied and filtered within the

brick to yield 9520 MHz at 10 dBm. An Avantek active frequency doubler then = kicks this up to 19.04
GHz with a 10 dBm level for driving our harmonic mixer. (Or also
talled downconverter) The fourth harmonic of 19.04 ghz becomes our effective LO frequency of 76.16
GHz. Conversion loss is about 20 dB. This mixer is one of the scarce parts, and the fragile diode inside
tan die with no known cause. Mixing product from 75.6 GHz signal and 76.16 GHz LO is our 560 MHz

if frequency. A low noise if amp with 28 dB gain boosts signal noise to where the R7000 S-meter gets off

the bottom stop. When receiving a weak signal as during antenna pointing, we rely on the tone heard in
$SB mode. This is also the narrowest band width for the R7000 and gives the best S:N ratio.

The system runs on 12 volts, converted to 10 v. and 24 v. in a séparate power unit. A toggle switch

connects power to bricks, amps, and multipliers as needed for TX or RX. The antenna is a

inch dish with a WR12 buttonhook feed.

10 MHZ

OVEN
CRYSTAL
OoSc,

P

precision 12

12" DisH
453b GA)N

Doz
Pl peTive 117G
%O = TRIPLER [ 8s .
/RGO0C MHZ
- el W|e38n.
17,6 6ep2 87‘8 Gz
WRIO v\\h
SuiTeH
) +
RX BRICK AYANTEK | . | DioDE X4
—» 1190 MHZ |- acTive |6 HARMenC %Ms
e DovBrER ik 2
+)o +lo
19,04 GH=

BLOCK = DiAGRAM
75 GHZ TX/RX

{)

560 MRZ
IF

TO

R7000 RX
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Technical Reports: Transverter

by DI9BY, Rainer Bertelsmeier

Technical Reports

OE?._E_E..«&. Str: 20, D-2000 Hamburg 50, FRG

- Bild/Figure 1: 7

\ %
R A e .

.Hw.m,:mﬁw.amw for q 6 GHz

Michael Kuhne, DB6NT
Birkenweg 15, W-8674 Naila 2

6 GHz Transverter

Kurzfassung: Der 76 GHz Trans-
verter besteht aus einer SHF-Bauy-
gruppe, die mit einem Subharmoni-
schen Mischer mit einer Beamlead-
Diode bestiickt ist, und einer 9,486
GHz Oszillatorbaugruppe, die iiber
einen Verdoppler den Mischer
speist.

Abstract: The 76GHz transverter
uses a subharmonic mixer with a
beamlead diode on a teflon substra-
te. A 9.486GHz LO feeds the mixer
via a doubler and waveguide high-
pass filter.

1. Design

Das LO-Signal (9,486 GHz) wird in
T1 verstiirkt, mit T2 verdoppelt und
liegt am Mischer nach dem Hoch-
Pass mit ca. 20 mW an, Der Hoch-
pass ist als Ausfrisung im Hohllej-
ter realisiert und verhindert die Ein-
kopplung von 9 GHz Signalen in
den Mixer. Die Einkopplung in den
Hochpass und vom Hochpass auf
dem Mischer erfolgt liber Koppel-

stifte (siehe Bild 9). Der Mixer ar-
beitet mit der Beam-Lead Diode
HSCH-9101 (siehe Datenblatt) und
ist auf einem 0,125 mm dickem Te-

}

for 76 GHz by Michael Kuhne, DB6NT .

SHM

76 GHz

DB 6 NT

Bild/Figure 2: LO-Doubler and 76 GHz Mixer
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; - Technical Reports: Transverter for 76 GHz by :
Technical Reports: Transverter for 76 GHz by Michael Kuhne, DB6NT _

Michael Kuhne, DB6NT

LL¢148

. ANBTRE

flon-Substrat aufge-
baut. Die Auskopplung
auf den Rundhobhlleiter
erfolgt am Ende der
Stripline (Bild 9). Der
Hohileiter ist eine 2,6

" mm Bohrung im Ge-

hiiuse. Der notwendige
KurzschluBschieber

page 129

kann als Blechstreifen ) P o m °

oder als M3 Schraube 56N W DU 792 b E. 00

ausgefithrt werden 3 nnD xn.d‘ _wa. 12v k4 E

Bilder 9, 12, 13). m < ]

( ) =5 o1 cbn.mm. 1s2s 2 ~ [

v

1. Design @ |rs06 % _UD A ‘
® ..51.2. = E% mm q ®

The LO-signal on 2 x10pf * + 2xLLE18 _

9,486 GHz is amplified e N . )

in T1 and doubled in +v8 Lo PTT Hixyerdimsle

+42V Info

: T2. After a waveguide
i highpass a power of 20
mW should feed the
subharmonic mixer.
The highpass is reali-
zed as a small milled
nut in the waveguide. It

+6V

Bild/Figure 7: Parts Layout for IF-Board

inhibits the feedthrough of 9 GHz power into the mixer. Coupling in and out from this nut is made by
coupling pins (see figure 9). The harmonic mixer works with the HSCH-9101 beam-lead diode and is
realized on teflon substrate (0.125 mm thick). The ouput coupling is made by the free end of the output
stripline (figure 9), which couples the ouput power into the 2.6 mm cylindric waveguide. The shorting
stub can be constructed as a small metal plate or as a M3 screw (Figures 9, 12, 13).

HMGF
. " ; _ 1202

M&F w
1302, !

i ey v D

Rild/Figure 6: Parte Layout far LO_Daubler

Bild/Figure 8: IF-Board mounted
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Bild/Figure 12: Waveguide Shorting Bar Bild/Figure 13: Waveguide Shorting Screw

2. Aufbau und Abgleich

Vor dem Einbau der Mixerplatine ist der Abgleich des Verdoppler ndtig. An Stelle der Mixerplatine wird
iiber ein Semirigid-Kabel das Bolometer angekoppelt und die Stufen T1, T2 auf maximale Ausgangslei-
stung optimiert. Fiir eine gute Massckontaktierung wird die Mischerplatine mit Silberleitlack versehen
und mit M2-Schrauben angeschraubt. Statt mit Bonden oder mit EinlSten werden die Dioden mit Leitsilber
eingeklebt. Dazu braucht man ein Mikroskop. Zunichst wird die Kontaktfliche der Leiterbahn mit

:Bo:_omvm~o8>v_em==wus<o§naoa.zno__noa >E=nno=a3_aocoaw»§&o Kontaktierung mit
einem Ohmmeter gepriift werden. :

Die RX-TX Umschaltung sowie der ZF-Verstirker werden auf einer SMD-Platine in die andere Seite des
Gehiuses eingebaut (Bild 9). Der ZF-Verstirker ist breitbandig and kann fir 144 MHz und 432 MHz
verwendet werden. Die RX-TX Umschaltung ist fiir ein IC202 oder FT290 ausgelegt (+ TX auf dem
Innenleiter: 1C202 mug umgeriistet werden!). Das Dampfungsglied ist fiir eine Leistung von 1 ... 3W.
dimensioniert. .

Der TX-Abgleich ..n_om Mixers geschieht durch Anbringen eines Kupferfihnchens zwischen der 19 GHz
Einkopplung und der Diode. Das sollte mit einem selektiven Leistungsmesser oder Spektrumanalysator
liberwacht werden (MeBmittel). Die optimale Steuerleistung fir den Mixer wird mit P1 eingestellt. Dabei

sollte der Diodenstrom einige mA betragen. Dieser Strom kann durch ein Instrument auf der Frontplatte

iiberwacht werden.
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Technical Reports: Transverter for 76 GHz by Michael Kuhne, DB6NT

Fiir den RX-Abgleich wird die LO-Leistung auf 19 GHz durch Verkleinern der Betriebsspannung
zuriickgenommen und der Arbeitswiderstand der Diode vergréBert. Der Strom betrigt dann ca. 0,6 - 0,9

.- mA. Der LO-Pegel wird durch Beobachtung einer Bake optimiert. Die Einstellung erfolgt durch einen

variablen Widerstand in der Betriebsspannungsleitung des LO (BS170).

Die Montage der Baugruppe erfolgt direkt auf der Innenseite der Riickwand. Die Hohlleiterbohrung und

die M2 Flanschgewinde sollten mit duBtyster Sorgfalt ausgefiihrt werden.
S —— ; Die LO-Bau-
gruppe 1Bt sich
ohne weiteres
durch Abstim-
men der Resona-
tortdpfe auf 9.5
GHz abstim-
men. Der letzte
Vervierfacher
arbeitet dann als
Verdreifacher.

2 -
Construction
and Tuning

Before the mi-
xerboard is in-
serted into the
cabinet the LO
power on 19
GHz has to be

Bild/Figure 14: Close View on the Beam Lead Diode

i : optimized. In-
2 . ’ . stead of the mi-
xer board a bolometer mount is coupled to the LO-board via a semirigid cable. The two stages are tunded
fot maximum output. :

After having tuned the LO the mixerboard is glued into the cabinet with silverpaste and tightend by M2
screws. The next step is thé mounting of the beam-lead diodes. Three techniques are in use for this problem:
bonding, soldering or glueing. For amateurs glueing is the most adequate technique. Looking at the board
with a microscope you have to put some silver paste to the track on the PCB. Then pick up the diode from
‘the package with a wet toothpick and apply it into prepared piece of the track. The gold plated ends of
the diode are facing the track! In the same way the second end of the diode will be glued. Take care that
the ends of the diode are completely covered by the silver paste. When the silver glue has hardened check
the connection with an Ohmmeter.

- The TR-switch and the IF-amplifier are on second PCB, which is mounted into the other side of the
aluminum cabinet. Two holes (1.7mm dia.) serve as a feedthrough for DC and IF. The IF-amplifier is very
broadband and can be used on 2 m and 70 cm IFs. The output line takes the switching voltage for a FT290
or 1C-202(+ during TX). The input attenuator for TX is rated for 3W maximum.

Tuning of the mixer for transmit can be done by attaching small pieces of copper foil at the coupling point
€rom the miver to the waveguide. A.spectrum analyzer would be a valuable tool at this stage. The driving

DUBUS 2/1992 12

Bild/Figure 15: Measurement Setup for ro..?..t.o_. .

power can be adjusted with P1. The diode current should be some milliamps. This current can be checked
via a small meter on the front plate.

The tuning for receive requires the adjustment of LO-power for optimum sensivity.This adjustment is
performed by varying a series resistor in the B+ line of the LO-doubler (BS170). By observing a beacon
or a harmonic of an oscillator the diode current can be optimized. In this condition the current should be
between 0,6 - 0,9 mA.

The LO can be tuned to 9.5 GHz easily by turning the tuning screws into the resonators. The last quadrupler
functions as a tripler in this tuning condition.

4, Teile/Parts

Beam-Lead-Dioden sind vom Siemens, HP (z.B. HSCH-9101) oder Alpha zu erhaiten. Ct max. 0,15 pF
Medium Barrier. Leiterplatten fiir Transverter vom Verfasser und fiir den LO bei Dirk Fischer, Neuer
Graben 83, W-4600 Dortmund 1, Tel. 0231/105752

PCB for the transverter from the author and for the LO from Dirk Fischer (address see above).

§. Literatur

DB6NT: LO fiir 24 GHz und 47 GHz, DUBUS 4/1990
OE9PMJ: 76 GHz Transverter, DUBUS 4/89

. OE9PMJ: Hi-Q Filter fir mm-Bénder

. Hewlett Packard: AN-992: "Beam Lead Attachment Methods"

-
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| Frequenzverdreifacher: 2:‘33>76GHz B

Der Di denverdreifachier arbeitet mit einer Varak-

tordiocdlim Beamleadgehiuse. Die Schaltung ist .

‘in eine=1 kleinen Alugehiuse eingebaut, und be-
steht #1 wesentlichen aus einer Leiterplatte
(RT/dw= %d 5870 / 0,125 mm O) sowie einer im
:GehdusStingebrachten 2,6 mm Bohrungdie einen
Rundh<ileiter bildet.

Bei eirm¢ Ansteuerung von ca. 90 mW bei 25,3
iGHz kouten mit der Varaktordiode A 92220-5 (
.GaAs) drRussischen Firma ELECS Ltd. 1,5mwW
‘bei 76 iz emreicht werden ( RA ca. 5 K Ohm ).

(Vertriebin DL IMT GmbH. Heinrich Bau-
mannst -9 Stuttgart ).

- Anmerkngen:

1. Die€leiterplatte sollte mit Silberleitkleber und

‘ 4 I Schrauben in das Gehiuse montiert

werxen,

‘2. Aufauhinweise in DUBUS 2.92 Seite 2..14
: beadten.

-3.  Leiteplatten sind bei DB 6 NT- Gehiuse bei

DG |KBF erhiltlich.
Abgleith:

- Mit angechlossenem Powermeter oder Indikator
wird bei A‘nsleuerung von25,3 GHzdie Ausgangs-
leistung dirch Abstimmen des Arbeitspunktes RA
sowie duth Anbringen von "Abstimm fihnchen"-
optimiert.Dazu wird an geeigneter Stelle Silber-:
leitlack wfgetragen und nach :r;t_s;;é:liﬂder
Trockenz:it durch Abkratzen auf max. Ausgangs-
leistung getrimmt. Mit dem KurzschiuBschieber
(M3 Schrube ) kann die Anpassung aufden Hohl-

leiter eimpestellt werden,

 Bild/Figure 21: 76GHz Tripler

Bild/Figure 22: 76GHz Tripler PCB

RA

76 GHz mixer for spectrum analysis

To have reliable means for tuning a mm-
transverter, a spectrum analyser for the output RS0 ‘

frequency is required. This may not be part of the ,—%j
amateurs junk box. But if a standard analyzer up to:
1.5 GHz is available a simple premixer allows for
spectrum analysis of the higher microwave

frequencies (figure 1). A Gunn oscillator (MA or .
NEC) serves as a cheap LO for this mixer. With a INA

dimpfungsglied

23 GHz LO the 24 GHz and 46 GHz bands can be | , e
observed: 24192 - 23000 = 1192 MHz IF and

47088 — 2 x 23000 = 1088 MHz IF. For 76032
MHz a 25.0 GHz LO is required. That produces an

- IF of 1032 MHz.

|  Tripler: 25,3->76 GHz

f’I‘he tripler uses a varactor in beam-
‘lead package. At .a drive level of

90mW at 25.3GHz a russion GaAs- |
varactor A92220-5 from ELECS
Ltd. produces 1.5mW at 76 GHz with

an R4 of 5kQ.

Construction and Align-
ment

|
| -
|

i

Fasten PCB with 4xM2 screws and :

some silver glue into box. Look for
more hints inDUBUS 2/92,p. 2...14.

Connect powermeter and optimize

for highest output power by chang-

-ing R4 and adding tuning stubs
. which can be made by silver glue.
Adjustshorting bar of the waveguide
“with the M3 screw.

23 GHa Guwn Oszillator

(2564, bei 764.)
nec
‘MA
+5V

a1-26k

> [————r
Sfc Ut Pusm -n-(,sq{gr

2Um

Figure 1 : SHF-premixer for spectrum analysis
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Milimeterwellen komponenten zu 76GHz Transceiver,
38Ghz 80mW LO Amplifier, 38>76 GHz Verdoppler und 76GHz Mixer

Erich Zimmermann, HB9MIN CH - 4578 Bibern

Einleitung

Heutige 76GHz SSB Transceiver arbeiten mit Oberwellenmischer. Deren Rauschzahl
liegt in der Grossenordnung von 20dB und die max. Ausgangsleistung bei -10dBm. Ein
verbessertes Frontend ist zum Uberbriicken von grosseren Distanzen oder bei Versuchen
mit schlechten atmosphérischen Ausbreitungsbedingungen (zumeist an Kontests!)
uneridsslich. Es werden Transceiverbaugruppen vorgestellt, die beim Senden und
Empfang eine Verbesserung von ca. 10...15dB bringen. :

Wegen technischen Problemen gelang es nicht den Mischer bis zum Drucktermin
fertigzustellen. Er wird zu einem spéteren Zeitpunkt in der DUBUS veréffentlicht.

~

RXLO
Signalaufbereitung

Antenne
RX NF =12dB
TX Pout = 5dBm
SSB Signal
aufbereitung

(CASM)

Bild 1: Einsatz der Komponehten im HBO9MIN 76GHz SSB Transceiver

38GHz 19dBm LO Leistungsverstarker

. Dieser Verstarker hat im ganzen Konzept eine entscheidende Bedeutung. Er ist
~ notwendig um dem Verdoppler bzw. dem Mischer gentgend LO Leistung zur Verfiigung
* zu stellen. Die Rechnung ist einfach: Der 76GHz Mischer benétigt 5dBm LO Leistung,
~somit sind mit 12dB Verlust des 38/76GHz Verdopplers, bei 38GHz 17dBm

~ Steuerleistung erforderlich.

Ein weiterer identischer Verstarker lasst sich zusammen mit den 38/76GHz Verdoppler im
- Sender einsetzen. Damit erh6ht sich die Senderausgangsleistung von -5dBm
. (Sendermischer), auf ca. 5dBm (Senderverdoppler). Siehe auch Bild1.

. Leistungen im Bereich von 100mW erbringen die heute erhéltlichen MMIC’s problemios.
- Die rel. hohen Preise, minimale Bestellmengen, Verarbeitungsprobleme und Risiken
_ verhindemn deren Einsatz nicht nur im Amateurfunk. Deshalb wurde eine andere,
- gunstigere Ldsung gesucht, um mit kéauflichen Halbleitern  und ohne zugriff auf
- Chipverarbeitende Techniken oder Labors einen Verstarker zu realisieren: Zwei aus den
\ Gehausen ausgebaute PM- HEMT Chips, werden in eine diskrete Verstérkerschaltung
- auf RT-Duroid integriert. Das Resultat lasst sich sehen: '

e Ausgangsleistung 80mwW
* Verstarkung 10 dB bei 80mW Ausgangsleistung.
e 12dB Verstarkung im linearen Bereich. '

Mehrere Verstarker sind aufgebaut worden und sie arbeiten zuverléassig und stabil.
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Eingang . Ausgang
10dBm , L 18dBm
K-Stecker e _ . K-Stecker

FHX13 Fujitsu ~ LP7612 Litton

Bild 2: Schaltbild 38GHz PM-HEMT Verstérker

Beschreibung, Konstruktionsdetails, Beschreibung der Arbeitsvorgange

Der gesamte zweistufige Verstarker, inklusive Stromversorgung-fiir Gate und Drain, ist
auf einer 125um dicken RT-Duroid Leiterplatte aufgebaut. Dank den neusten, kleineren
SMD Komponenten benétigt die Stromversorgung nur noch geringen Platz. Als Verbmder

*eignen sich die bis 40GHz spezifizierten K-Stecker.

We|tere Detalls zu diesem Verstarker werden in den DUBUS verdffentlicht.

Zusammenbau der Leiterplatte ins Gehause:

D_le mit den notwendigen Durchkontaktierungen versehene Leiterplatte wird mit EPO-
TEK®H31D Leitkleber, unter Anpressdruck, ins gefraste Messinggehause geklebt und
wahrend 45 Minuten bei 160°ausgehartet.

Danach werden alle SMD Bauteile besttickt.

Die als Interface zwischen der Leiterplatte und dem K-Stecker dienen zwel kurze
Stiicke Dielektrikum mit Innenleiter aus EZ-47 Semiridkabel. Vorsichtig werden sie in
die Bohrung (& 0.97mm) der Gehausewand eingefiihrt und mit der 50Q Streifenleitung
verlGtet.

Nach Abschluss aller Lotarbeiten wird die Stromversorgung Gberpriift.

Nun werden mit einem Sklapell die 0.5 ximm grossen. Schlitze fur die Chips
hergestellt. Mit Verdinner wnrd der Verstéarker grindlich geremlgt und mit Pressluft
ausgeblasen.
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bemo_ntage der Chips:

FET Gehause auf ca. 250°C aufheizen und vorsichtig den Gehéusedeckel entfernen

e Mit Prapariemnadel alle Bonddrihte von den Bondstellen des Gehause I6sen. Dies
muss mit &usserstér Sorgfalt geschehen! ’

e FET Gehause auf ca. 250°C aufheizen, mit flach zugespitzter Nadel, Chip vom
Gehauseboden lésen. _

e Chip mit Zahnstocher von Gehause entfernen und in reinem Alkohol reinigen.

Montage der Chips

e Im Zentrum der Aussparung, an der Stelle wo die FET’s eingeklebt werden, ein kleiner
Tropfen EPO-TEK H31D aufbringen. FET Chip plazieren (zB. mit Zahnstocher) und
leicht andrlcken. Derselbe Arbeitsgang fiir den zweiten FET. Ausharten des Klebers
bei 160° wahrend 50 Minuten.

e An den Klebestellen der Gate-, Drain- und Source Bonddrahte kleine Tropfen EPO-
TEK H31D aufbringen ' .

e Bonddrahte an die Kilebestellen andriicken. Die Bonddrahte miissen an den
Klebestellen mit Leitkleber bedeckt sein, ggf. einen Tropfen Kieber zugeben.
Besonders die Source Bonddrihte sind moglichst kurz an Masse zu legen. Ausharten
des Klebers bei 160° wahrend 50 Minuten.

e K-Stecker montieren. (Vorsicht: Das mit den K-Steckern versehene Verstérkergehduse
darf nicht mehr erwarmt werden, dies fiihrt zu dessen Zerstérung!!)

Inbetriebnahme und Abgleich

e Speisespannung anschliessen und Drainstrdme der FET's (ber den 10Q
Widerstanden messen. -

e Powermeter anschliessen, Verstarker mit ca. 8dBm ansteuern. Abgleichen durch
optimieren von Position und -Lange der Stubs. Sie sind nach erfolgtem Abgleich
dusserst vorsichtig mit geringsten Mengen Létzinn (Niedertemperatur Lot) anzuléten.
Der Stub am Ausgang dh. am Drain der LP7612 ist erst nach dem Zusammenbau mit

dem 38/76GHz Verdoppler auf maximale Ausgangsleistung zu optimieren und erst
dann anzuléten.

EZ-47 Semirigid Ig?se}:flit:rr
. I=3

Klebestellen Sin .
: gle Layer Chip Cap.
Sourcebondwire 0.5pF, gelotet
PM-HEMT Chip

mit Bondwire

Kupferbandchen verzinrit
0.4x1.0mm, geldtet

«—
Tuningstub

Klebestellen der
Gate bzw. Drain-
Bondwire

K-Stecker
Gehéuse

Aussparung im RT-*
Duroid 0.5x1.0mm Gehéausewand

‘Y

Bild 3: Konstruktionsdetail 38GHz Chipverstarker
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38 auf 76GHz Verdoppler mit 5dBm Ausgangsle|stung

Um fir den Mischer 5mW LO Leistung zu erzeugen, stehen verschledene Verdoppler
Typen zur Verfligung, die  alle ihre Vor- und Nachteile haben::

° PM-HEMT Verdoppler: - nur mit MMIC méglich. Gennger Umsetzverlust ca. 4dB,

e Varaktorvervielfacher:  geringer Umsetzverlust ca. 8dB, bei nicht optimalem
: Arbeitspunkt unstabil und Rauschen

. Diodenveﬂrdoppler einfach, unkritisch, preisgi]nstig, Umsetzverlust ca. 12dB

Far Funkamateure ist der Diodenverdoppler nach C.P- Hu von ‘Honeywell, trotz der
héheren Umsetzverluste, am besten geeignet. Als aktive Elemente dienen zwei
handelsiibliche und prelsgunstlge GaAs Beamlead Dioden (HSCH 9101). Die prinzipielle
Anordnung des Verdopplers ist in Bild 4 ersichtlich. Das Eingangssignal gelangt tiber den
K-Stecker, dem Tiefpassfilter zu.den Dioden. In dieser Anordnung der Dioden werden die
ungeraden Oberwellen unterdriickt und die geraden tiber den Hohlleiter ausgekoppelt.

' Bild 4: |
Milimeterwellen Verdoppler
" nach C.P. Hu von Honeywell

Finp

Tiefpassfiter  Ausgang: Hohlleiter R

Beschreibung, KOnstruktions Details_, Abgleich

Angestrebt -wurde eine moglichst einfacher Aufbau. Dies lies sich trotz mehreren
Versuchsaufbauten, aus elektrischen oder konstruktiven griinden nicht realisieren. Wir
bewegen uns hier in der Milimeterwellen Technik, dh. fur ein gutes Produkt ist ein
gewisser Aufwand unerlasslich. Kommerzielle Produkte sind nicht sinnlos in gefrasten
und vergoldeten Gehausen untergebracht!

Der Einsatz von mechanisch empfmdhchen Beamlead Dloden im Hohlleiter erfordert
einen stabilen Aufbau. Um die sie in den Hohlleiter einbauen zu konnen, besteht der
Verdoppler aus zwei zusammenschraubbaren Teilen, einem Kurzschlusschieber- und ..
einem Multiplierblock.

Damit die Verluste méglichst gering sind, wird der Verdoppler mit dem K-Stecker direkt
auf den 38GHz Verstarker geschraubt. Das Tiefpassfilter, es verhindert das Abfliesen der
Oberwellen in Richtung Stecker und ermdglicht auch das Anpassen der Dioden. Zur
Veremfachung wurde auf dieses Tiefpassfilter verzichtet. An dieser Stelle tritt eine 50Q
Leitung aus einen EZ47 Semirigid Kabel. Das Bauteil mit dem Innenleiter (im Bild unten
rechts) wird seitlich eingepresst. Danach kann das Dielektrikum, von der andern Seite
her, dariiber geschoben werden. : '
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Die in der Breitseite des Hohlleiters eingepressten Diodenhalter ermdglichen . eine
zuverlassige und reprodumerbare Kontaktlerung der Beamlead Dioden an den Hohlleiter
Innenseiten.
‘Nach Abschluss dieser Arbeiten wird der Mlscherblock mit Alkohol gereinigt . Als néchster
Schritt sind die beiden Dioden mit der richtigen Polaritit mit EPO-TEK H31D einzukleben
und wéhrend 50Min bei 160°C auszugeharten. Zuletzt wird der K-Stecker montlert und

- der Multiplier- mit dem Kurzschlussschieber Block verschraubt
Beim Abgleich wird wie folgt vorgegangen:
Spektrumanalyzer oder und Leistungsmesser am Ausgang anschliessen, Verdoppler m|t
38GHz Verstarkr ansteuern.

. Kurzschlusschieber und Ausgangsanpassung des Trelberverstarkers wechselseitig auf :
.maximale Ausgangsleistung optimieren. Erzielt man 5dBm Ausgangslelstung bei 18dBm
" Steuerleistung arbeitet der Verdoppler optimal. , _

' 4
Diodenhalter
eingepresst - N

2 1.50mm

@ 0.4mm
L: 0.4mm-

’ Dielektrikum aus
K-Steckergehéduse rretrhig: . |
2 mm, Einpressstift Ms,

L: = 0.0mm 2 1.5mm
Innenleiter ;

Bohrung @: 0.95mm
Dicke der Wand <3mm

Klebestellen

Presséitzbohmﬁg,en
2 1.50mm

Bild 5a: Konstruktionsskizze des 38/76 GHz Verdopplers, Schnitt A-A.

Kurzschlussschieberblock  schnittA-A | - " Muitiplierblock

Ausgang
Flange

1

1

1
Kurzschlussschieber Diodenhalte ! K-Stecker

]

)

Bild 5b: Konstruktionsskizze des 38/76 GHz Verdopplers, Seitenar‘msicht.
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Mischer

Als erstes wurde ein.,Durchblasemischer* mit einer Beamlead Diode aufgéba.ut.
Wegen  den vermutlich zu hohen Zuleitungsinduktifitdten im Hohlleiter, flossen

3dB tiefer als bei einem kommerziellen Oberwelle
ist seine Ausgangsleistung zu gering. . :
. Diese Typ von Mischer wird nicht weiter verfolgt. Es ist da
Dioden arbeitenden Gegentaktmischer Zu realisieren.
Auf Grund der vielfaltig zu I6senden techn. Probleme . liess sich dieser Mischer
nicht bis zum Manuskript Termin: realisieren. Er wird zu einem spateren Zeitpunkt
in der DUBUS verdéffentlicht. - : i

s Ziel einen mit:zwei

ZF Ein/Ausgang
Vorstrom

LO Eingahg )
UG-387/U Flansch RF Ein/Ausgang

UG-387/U

Diodenhaiter eingepresst

Bild 6: Versuchsaufbau »Durchblasemischer” '
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" The GBACE Transverter for 76GHz
By John Hazell, GBACE by

A detailed résumé of the talk at RAL, April 2000

The 76 GHz Transverter can be divided into three building blocks:

1 The local oscillator up to a frequency of 9.5 GHz.

2 A means of controlling oscillator stability and frequency predtclablhty
3 The transverter using the DBENT design.

~ The finished project then must be tested for frequency compliance.

- The local oscillator up to 9.5 GHz:

Figure 1. shows the local
oscillator blocks. There’s nothing

The Local Oscillator to 9.5 Ghz new here. Microwavers will be
: familiar with these circuits and it
: DDK 004 is typical of a 10 GHzLO
| Oscillator Multiplier system, albeit with a re-tune to
T oL P 9.5 GHz. In detail, the well

known DDKO004 board is used but
in my construction the transistors
used are 2 x BFS17 and 3 x ,
BFR92. The output tuned circuit
at 2.4 GHz is slightly modified to
use available tubular timmers at
SMA cable to transverter module | the expense of slightly worse
harmonic content, -40db, but the
G8ACE Figure 1 increased output power of 25mwW
allows for a simplified WDG001
‘board. The arystal is not used in
the DDK004 board and the input
drive is coupled to the first emitter via 100pF and the second transistor emitter is bypassed with
1000pF instead of 22pF. With the transistors used, plenty of signal is available at each stage.

Apart from the first stage which already has a damping resistor across its tuned circuit and the last
transistor, 10R is included in series with each transistor collector to help with the nasty side effects
of the transistors bottoming with large amplitude signals.

The WDG001 board is simplified to use 3 GaAsFETs only, no MMIC. With 25mW available
drive, the MMICis replaced with a 3dB pad.

My own measurements suggest the multiplier stage (I use the Birkett surplus types here)
requires an input of around SmW to achieve satisfactory output for the following stages using the
NEC NE325 GaAsFET. A long flexible cable is used to connect the 9.5 GHz LO signal output to the
transverter in the dish, so an sma isolator is used at the output of WDGO001. 40mW drive is
available at this point.

The oscillator itself employs a modified DF9LN OCXO module. The modifications were to
add a second, isolated output to supply the phase lock loop and varicap tuning for frequency '
control. The proportional oven used to heat the crystal and oscillator circuit was also modified to
use a readily available and inexpensive NTC Thermistor from Farnell instead of a PTC type. This
requires the interchange of two components. The small thermistor was passed through a hole in

—1WDG 001 Multiplier|—Isolator |
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the heater plate for good thermal contact with the heater transistor bolted to it.

There are two points to consider with the oscillator, First, the coupling of the varicaps...,
this should be as light as possible whilst enabling adequate control range since any noise on the
control line will impair the quality of the signal. Higher stability in the oscillator will enable lighter
- control. Measured at 76GHz, the pull range of the LO is 160 kHz, a compromise between lock
- time at switch on and signal quality. The PLL can be disconnected from the oscillator and the

varicap control volts are then taken from across a red LED used as a shunt regulator.
' A further point to note when testing the module is that if a low temperature is used, ie

40°C, the dissipation of the circuitry may exceed the heating control setting and the frequency will
continue to drift.

The Phase Lock Loop (PLL)

The PLLis no substitute for a less than stable oscillator but it does bring useful benefits. Its
inclusion was to aid testing for operation within the UK allocation. The rf output of the transverter
is so small that use of a wavemeter is not possible for measurement. All testing for frequency
compliance must therefore be done in receive mode. Use js made of the WAG6CGR PLL system

known to microwavers for its benefits in 10GHz operation. The block diagram of the scheme used
is shown in figure 2 below.

A frequzn_CY |
standardis a ' . .
necessay Oscillator detail
rerequisite o =

t'?h e PLL for Incorporating WA6CGR Phase Logk ‘Loo
stability and - :
acﬁggg’ For Select
po 3

operation, I use

y 3
a Racal 5MHz FreEI PLL l_IO DDK004
12v unit obtained un

at a Microwave Mllltlphel‘ 100 Mhz
PRT : | :
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A diode push -push doubler, together with a
benefit of 10MHz over 5 MHz is that I can directly
Droitwich locked reference. It also eases the 10%
TCXOrused in Cell Phones can be employed instea
benefits, tests showing the final frequency should
other than 10MHz are often found and calibratio
programme, to be found with other information
programming the frequency dividers used in the

CMOS 74HC04, provides 10MHz outputs. The
substitute other 10MHz sources including the
harmonic production necessary in the PLL. A

d as the reference. This will still give worthwhile
be repeatable to within 20kHz at 76 Ghz. TCXOs
n will be more difficult with these., A Basic

at the WAGCGR website, -allows for correctly

PLL. Points to watch are: select your crystal for a
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muitphmuon ratio to 76GHz, which does not result in a very low comparison frequency in the PLL,
Also the programme allows for near correct frequency operation and, again, this offset error, if
any, can be minimised by optimum crystal frequency selection. The original PLL circuit uses 74162
ICs for dividing and these are now hard to obtain. Whilst they allow easy decimal programming,
the readily available 74163 can be used but just use binary programming instead. The divider
counts in my unit can be modified by diode switching for operation on 76032MHz, used in initial

tefsbng, and 75976MHz, the preferred UK narrow band segment. The LO. crystal must be changed
of course, :

 The DBGNT Transverter

The design and construction notes for the Transverter are to .be found ih Dubus.

It is not necessary
therefore to detail
: the construction
DBONT Transverter but just to
: mention design
9.5G - - 1: - 76G changes. The
1o~ X 2 Multiplier X 2 Multiplier Mixer f_4 M COREANS B
' ) T _ from 9.5GHz to
Waveguide Waveguide : 19GHz and the
high pass filter | high pass filter second from
: 19GHz to 38 GHz.
12v | IF Unit with Tx/Rx switching | The NEC transistor
DC > & PSU | was used
throughout. This is
: different to the
devices specified.
FT 290 It is entirely
Transceiver adequate for the
GEACE first doubler where
. no tabbing
Higure o adjustments were

required for adequate output power to drive the second doubler via the high pass waveguide fiiter.
In fact the first doubler operates to well under 1mW of drive, so a lossy cabie to carry the 9.5GHz
signal from the main LO. is of litde consequence.

To obtain 38GHz at enough power for the Anti-Parallel Mixer is a challenge. The anti-
parallel mixer has the advantage that it requires drive at one half the LO frequency so packaged
GaAsFETS can just about work here. The mixer diade requires around 5mW to start it switching
and little more than this is achievable from the NE325. Constructors are therefore recommended
to use the specified device for this doubler. Typically, from my measurements on 24 and 47GHz,
the rf output is ~20db or more on the amount of LO applied to the mixer. The DSB output power
measured at R.A.L was in the region 40-50mW. More LO power should hopefully improve the
output signal to the levels achievable at 47GHz ..... an area for further development.

A 2m IF is used for simplicity and the circuitry chosen is that used by DBENT for his
24GHz MKITI Transverter, the only changes being to substitute a BFG67 IF transistor and HP PIN
diodes, these being readily available from Farnell. Additionally, an LM317 Regulator is
incorporated, utilising the PIN switching control voits to set the local oscillator drives applicable for
best Tx and Rx performance. . |
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- Testing foropérah‘oh on the correct frequency

The lower frequency part of the LO. chain can be checked In the usual ways .... a frequency meter
at the aystal frequency, wavemeters, etc, at the higher multiplication stages, depending how
your shack isequipped. There should not be a problem at the higher end of the multiplication
chain (crystal x 768 ) but if there was an error its effect would not be insignificant. The UK
prefered namow band segment is 75976MHz which does not relate to anything useful in frequency
from the lower bands. :

, At the outset, it was decided to use a crystal for 76032MHz, the European segment,
- which relatesdirectly to a harmonic of 115 MHz in the old tradition, 1152 sources usually employ
96MHz crystals and my existing unit was already phased locked to provide a harmonic at
10368.101MHz, the nearest the WAG6GCR PLL division ratios would allow me to get to 10,368.100
As the 76GHz band is 7.3 times the 10GHz band, a harmonic could be calculated to exist

on 76032.740MHz. With the LO and the source locked by the PLLs, a signal was found (with
reliefl) at 76032.740MHz At the Sandown Convention, a 9.5GHz muitiplier block was found that
would fit an edsting Ferranti brick oscillator. Harmonics were produced from this brick using a
G3PYB diode generator previously described in the Microwave Newsletter. This enabled signals to
be generated from the calibrated Adret, this time using a base frequency of 105.5225 MHz
muitiplied by 720 to reach 75976.200MHz The LO Crystal was changed and the signal found
immediately. By changing the Adret in 10Hz steps the received frequency was found to move in
7.2kHz steps. With the first test on 76032 and now this one, it seemed fairly conclusive that
operation in the 76GHz band had been achieved. Measurement at RAL 2000 verified this, GBBKE
has constructed his system using the TXCO referénce option in his PLL which, in my own tests,
showed a frequency repeatability of between 10 and 20 KHz between operating sessions. During

our compatibility tests we found our signals were just 15kHz apart on this band as we prepared for

a first QSO.
References:

- G4DDK 004 Source Microwave Handbook Vol. 2 page 8.13
G3WDG001 Multiplier Microwave Handbook Vol. 3 page 18.101

" DFOLN OCXO Dubus 3/97.

WAG6CGR PLL www.ham-radio.com/watcgr/mwpll.htm
DBSNT 76GHz Transverter Dubus Technik IV Page 366
GB8ACE website wWww.microwaves. mcmail.com/

(Editor’ note: Our thanks to John for this and the following article on 76GHz. We hape it
encourages others to have a go!)
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FREQUENCY JITTER PROBLEMS AT 76GHZ -
~ by John Hazell, GBACE -

Editor’s note: The problems described below have been experienced by a number of
UK operators using UK manufactured crystals in the well-known G4DDK004 local
oscillator. Permanent cures have been effected by ordenng new crystals from Eisch
Electronik in Germany.

Two crystals were ordered together for my 76GHz project, one for 76032 the other for
75976. Both suffered extreme “jitter", i.e a very unstable note. What I then had to do
was establish whether the source I was listening to was the culprit or whether it was
the LO or both. What made matters worse was that I had PLL circuits attached to all
and so I confused myself initially thinking these were causing the problem, the PLL
showing also some coherent jitter. So it was the same old story! Was it the cause or
just the result of the jittery crystal. In fact is was neither and now seems of little
consequence as it’s still there with the problem fixed.

. The turning point was finding a varactor multiplier block for 9.5GHz at
Sandown. Attaching this to an existing multiplier-less brick, allowed me to use the
Adret as a source on 76GHz. This eliminated the original source I was listening too
and it was just the same note now with the Adret.

Not soon enough, I eventually tried the crystal free running and sure enough I
still had jitter. I tried several circuits to be certain but all were the same. Isuffer
from the problem that, when there is a problem, it must be my fault! So having
exhausted tests and also by this time having used G3PYB's 9.5GHz oscillator on my
transverter to listen to the Adret, with perfect results, it was time to confront
Quartslab. They of course said their crystals did not suffer this sort of problem.
However I wrote a long explanation of what I had found and returned both crystals.
First, they sent one back for me to check. As far as I can tell they heat the leadout
wires close to the crystal can for 10-15 seconds with a soldering iron. This takes the
stresses out of the connection wires to the crystal. Clearly they do know about this
problem and how to fix it. What they do not have is test equipment which will allow
them to see it.

~ So if anyone out there has a crystal that jitters, a bubbly note, which is clearly
going to be worse the more it is multiplied then send it back with a note about the
problem. Microphony they do know about but that's a different effect. What is
interesting is that I was just unlucky! The 105.5225MHz crystal driving the brick

source at the end of the demo bench during my talk at RAL 2000, instead of the Adret,
is urtreated and does not seem to suffer the problem. It seems the problem is purely |
. random. I ordered the 105MHz crystal before I realised it was the supplier’s problem |
. and it had been despatched before I could contact them. They confirmed afterwards |t

had not been treated.
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Higher band actlwty report for Finland and Japan
" Michael Fletcher OH2AUE

Some microwave hlstory from leand

operators we have, there is quite a lot of mmr,owave actnnty on the bands. During the
seventies there was a little activity on 2.3:GHgz using:converters and multipliers, but the first
band to really take off was 10 GHz. This was due to the G3JVL transverter design pubhshed
in the RSGB Rad10 Commumcatmn magazme

This de81gn by Mike Walters vggg: regrqduced and also modified to su1t local condltlons on

10368 and many nice QSO § ere using this bilateral converter. The typical outputs
were in the order of 1 VmW-» gga %e 510Lse ligures around 9 - 10 dB. IF's were on 21 MHz, 144
MHz and 432 MHz, during yario & fxments There is a clear analogy here to the current

d:16;GHz. The G3JVL transverter was replaced with various
rter’s;a 'ham designs over the years to come. The hlgher outputs
lqnge,r distance QSO's and also allowed new propagation modes

fsi’fifgs

to be usedv 'hke rain scatter and troposphenc scatter.

Earher on, these modes were only possible by using the G3JVL to drive a TWT. These
amplifiers were very scaree in the eighties and very few hams had an opportunity to
experiment: ‘with powers ifi" ‘the 10 W range. During some of my own experiments almost 20
years ago we made séifié -very interesting one way QSO's over different non line of sight
‘paths and. double’and triple reflections off masts and other obstacles

QRV: OHZAUE-with homebrew 76 GHz transverter 7nd JA1ATI antenna
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Finnish hams gain access to 3.4 GHz ‘
Since those times a lot of development has.taken place and even new bands have been
opened to Finnish hams, like the 3.4 GHzband. We. actually lost the narrow band section of
the 10 GHz band for a few years, but due to our active Finnish Radio Amateur League
(SRAL), this was made available again a few years back. The 3.4 GHz band is probably the
quietest band with only two stations active in Finland. This is sad as there is an abundant
amount of 4 GHz band hardware ava:lable even on the Finnish market: microwave radio
equipment, TWT's, waveguide, parabohc dishes etc. Even commercial C band (reception)
hardware is easily modifiable to 3.4 GHz}Theére has been some C band (uplink) equipment
available from Russia over the years and,ﬁns: should have increased the 5.7 GHz activity, but

.even then we only have about fours stationsactive énithis band.

2,3 GHz band surplué

after 144 and 432 MHz and is often
is a lot of surplus microwave radio e
transverters or at least parts thereo
GHz transverter covers 2304/2320/24(
flick of a switch. This rig is based e
friend of mine and is built arou
are needed for i unage and LO*: cti

24 GHz and 47 GHz actwn

24 GHz has seen a boost in act1v1ty i the re:
stations actlve on this band, most aremnmngrb

24GHz SCALAR HORN

. 7IJ '

H12;'

- 10®

- 14—

/2.46
254 . |

472 348

5 ———3  Oct 1994
2l JAIATI

HYPER SPECIAL MILLIMETRIQUE Années 2001-2002 page 145




DATSL_ 9L 2

Y20 dem -
Xiloteg/en I_ 227

24GHz SCALAR HORN B

g AT arr_2

E =i m—— — Poad - o

=z Vacdl e IS T N e ¢

5 > 3 9250 (~udb) s : \’v-' {-3dB3

o Fa L 3 : 4

> /

£ /,A 138 Degrees _‘_‘ m‘bmo) 7 (- 10a8)

s \

=

‘:-’e,
™
. :,3'
-r’*"—

Recently many stations have been upgrading to 300 mW an 700 mW with some commercially
available high gain amplifiers. Also LNA's have been implemented dropping the noise figure
to somewhere between 2 and 3 dB. The availability of 23 GHz band microwave radio surplus
has also aided activity as the filters are retunable to our 24 GHz band by either omitting the
filter cavity screws and force-tuning the filter to our band with only the coupling screws @ or
by simply denting the cavities on the narrow waveguide size to increase the resonant
frequency. The surplus Gunn oscillators, that also easily tune to cover our 24 GHz band, can
be swept via their varactors so as to form a simple sweeper. This, accompanied with a
directional coupler, or even just a ¢irculator, can form an effective analyser using a diode
detector and oscilloscope for dlsplay

In Finland, it is already possible to generate a pileup at 24 and 47 GHz :-)
For 47 GHz, JA1ATI has developed an excellent bandpass filter. See drawmgs for more
details.
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47 & 76 GHz

An interesting feature of getting started on a new band is that you invariably seriously
consider building two radios for the band in question. In this way you can always ensure that
you can make a QSO on that band too ! -

It is quite difficult to find a fellow ham that has similar enough endeavours to build
equipment with simultaneously. For my most récent achievements I have been fortunate to
be able to construct equipment simultaneously with an old friend of mine, OH1KHH. During
last autumn and winter we constructed equipment for the 47 and 76 GHz bands. We live
about 100 km apart, but this has not prevented us from getting equipment constructed,
aligned and going QRV.
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« OH2AUE and his portable 47
GHz transverter

7 and 76 GHz ham band QSO's in Finland were held this spring. On 47 GHz
ddea 10 km QSO on SSB with ‘excellent signals over a line of sight path and on 76
only a "calibration” QSO of 1 km. The system parameters for 47 GHz should

e-a 50 km QSO possible on CW. On 76 GHz we should be able to do the same with our
current hardware and the antennas I have. o ' =
: I ' To 457 dBi
IF trans eiver Dish Antenra
FT290R/IC202S ERA-5 booster BRILA low noise : Service Meter:
144 MHz SSB /cw - amplfier  IFamplifier - - VYoltages, Oven,
Transceiver ra— Mixer bias
Coax ww.d.
20dB/
IF
fow |°™ - Cany Coax | scH9521
reloy mat ching, SHM mixer
pad mixer b ias *
‘ A
: Wavegude
¢ ¢
] 4 -
1rF vOx. Tx/RX .---.i’l Power St.pply . 12648/
v swit ching, mixer : TG ’ ‘Bo V,(g, v;:;p g S ;7::4
Nkl TR P T FeseE et » Bias (4.9 V),
T/R bias cont rol ] i TR V T/R tripler
Coax
. [Adjustable
o {Vane -
“|Waveguide |.
Attenuator|:
76032 AHz Crystal Cantrolled Narrowtnrd Transverter o

2104.201/ Ai chael Retcher, OH24 UE

' CF176.032181:
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On the Finnish surplus market there is very little hardware for t
imetre wave bands though and components for the actu
either manufactured. yourself or searched for from the surplus marke
world (UK, US; Germany mostly).The 47 and 76 GHz mixers for our
ourselves for example. It certainly helps to know someone in the machi
serious millimetre waver would ideally have a small milling machine,

a stereo microscope. These are all big investments even if these instrume
second hand or surplus, but boy, would life be easier if you had them ngh
corner of your shack ! i 3

Laser Comms

It is also worth noting that there is rapidly growing interest in optical communications. Most
activity is around modifying laser diode devices(laser pointers, laser EAN code readers etc.)
to have modulators allowing CW and even AM. Using AM: modulation makes the use of SSB
and other linear modes possible via the AM modutation: For detection, only an optical
detector and VLF receiver is needed. K3PGP has done a lot-of work with this type of
modulation and his designs are often the startmg pemt for the laser communication
enthusiast.

. Actual detector devices vary, usually being silicon: detectors, but also photomultiplier tubes
are being used. These detectors would also be suitable for detecting the AO-40 satellite
infrared laser that carries 400 bit/s BPSK modulation. During the AO-40 launch campaign
tests in French Guiana last Autumn I used an OPT210 device for copymg perfect telemetry
from the 834 nm IR laser on the spacecraft o -

Typically opt1ca1 detectors are,greceded mth lenses of 10 - 20 cm diameter or, as in my case,
celestial telescopes are, used The advantage here is the readily available pointing
mechanisms. The blggest hallengé with laser communications is pointing! OH2HOT has
developed a dirt: chewp, ot ~f'g mechianism based on cheap Chinese door hinges and a couple
of micrometer heads;.sie- the.  drawing for more détails: For cheap optical "gain", a simple
Fresnel lens as usecL;H 6ver,head projectors will provide ample aperture. -

Azimuth micrometer

<l Of

\o|

i E\

1]
H
» ii 1
" Aluminium, steel :
or plywood Camera tripod mount
(1/4" thread)
- " Elevation mierometer

Azimuth
micrometer

Laser module & sighting scope

| - lIElmnﬂonmmun

Loading spring )
Design: OHZHOT
Drawing: OH2KTB

Elevation micrometer

OH2H
OT Laser Pointing Mechanism

A lot of work has also been done in analyzing different plastic materials for filtering
purposes. There are also very narrow bandwidth commercial filters available, some quite - =
cheap too.

i
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Excellent 24/47/76 GHz antenna design from Japan

Aword «r two on the 76 GHz'dishes: these have been designed by JA1ATIand use

commerdal prime focus TVRO dishes-that originally were fed witha backfire helix at 12 GHz.
The dishes have a very low /D of about 0.25and are very suitable for Cassegrain type
feeding. [n JA1ATI's design, the hyperbola subreflector distance can be aligned and locked
easily. Also the feedhorn focal distance can be aligned easily. The mechanical construction is
clearly visible in the photo. The actual feedhorn is a dual mode feedhorn for low sidelobes

and is precision machined with a CNC spark eresion machine.

AE

sition

47GHZ M ,D:aif‘vuoda)l_-l_pRN i A
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Technical characteristics of the 35 cm 76 GHz dish:

The feedhorn -3 dB measured beam width is 86 degrees as can be seen from the plot. For the
35 cm dish, the measured sidelobe level is -16 dBr with a main -3dB beam width of 0.7
degrees. The gain is measured at 45.7 dBi using a reference gain horn antenna. All
measurements are made on JA1ATI'shomemade antenna test range setup. This system uses
a precision potentiometer for angular resolution and an Analog Devices logarithmic detector
for wide dynamic range detection. 1 kHz AM modulation on the test source is used. This
same reflector with a 47 GHz dualmode feed demonstrates a 1.2 degree-3 dB beam width
with a 40.1 dBi gain at 47 GHz. JA1ATI has also designed a 24 GHz dualmode feed for this
dish, but as I already have nice dishes for 24 and 47 GHz, 1 only use the 76 GHz feed at the
present time. For aiding pointin ‘JA1ATT has also implemented a laser pointer holder
structure on the hyperbola threaded section. This would also be an ideal opportunity for -
constructing a dual band rig 76GHz/474 THz !
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with Laser Pointer

These fantastic dishes are quite popular in Japan and they are being used by several hams
for making long d.lgﬁ‘ﬁﬁﬂﬁ O'sifi Japan. Most line of sight paths end up on the slopes of”
Mount Fuji, near Tokyo. There are some mountains across the Tokyo Bay area that make
excellent testing sitess Most millimetre wave work in JA is on NBFM audio and, surprisingly,

" FMATV. ATV has been quite hot:in Japan for many years now, but the most serious DX'er

still goes'f6r'@W and SSB of course.
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Powér generation at millimetrewave frequencies

Most rigs in Japaneand Finland use bilateral subharmonic mixers, usually being of the LO
) doubling ty] e w1th two antlparallel diodes: ngmg excellent LO rejection. JAlATI is taking

75G Tripler 8/Mar/2001
" R e ™
N M T B 5
% 16 [+ MDT MFMK3V t -6 i
3 . t : |
w 14 ; s i
- 12 -10 !
E T H f
m 892 51 g i
T 10 -12 4
75’ - ¥ > {
a8 4 o 14 8 |
-3 Fi1 et (3] !
o » --: ’ T [+ ,
6 [l -16 i
FHo =H- i
4 OIS 3 -18 .

21 22 2 24 25 26 27 28

input (dBm) 25.226GHz ..o

¢ his 50 mW 75 GHz tripler . JA1ATI 50 mW 75 GHz tripler output power
~VS. mput power

A1A est

JAIATT is bulld.mgwa‘ (¢ mpletely n@w high- performance 4ransverter that uses a waveguide .
relay. The tripler FM.cutput is fed via the relay to the anténna waveguide feed assembly. For
reception, a balanced subh onic mixer is used with:an IF of 1280 MHz, a very popular IF

in Japanese designs. The'tfipler needs +15 ... +18 dBm of drive at 25 GHz. This may be
achieved with homebrew P-HEMT amplifiers using higher output level devices for the output
and regular FHX035 or equivalent. dewces r-the driver. JA1ATI will be using a surplus
power amplifier for the driver v up to +27 dBm. The amplifier is linear, so
control of the drive level is easy, tl ane attenuators are also available and
.constructing your own certainly are not afraid of the metal work.

Interesting:exper'in‘l‘én_ts;wiiﬁ 1
JA1ATI has also made some int’ergs

efficiency could be made by turhm\g a: or o)
can be bought from almost any store for-pe
‘degrees with a -17 dBr sidelobe level. -

The 75GHz antenna whic

Focus ' (75GHz)




Material Diafneter(D) Thickness(T) Optical focus Focus |
Acrylic*!  25mm 6mm 60mm 20mi
TEFLON " 75mm 28mm _—

e et

*1: -3dB Beam width : 9.5De
Sidelobe, : less than -17d

Mixer diodes for millimetre waves

One of the most common mixer diodes used is the HSCH 9521, b
found a limited source of Russian AA123B diodes that exhibit a typical no
with an incident LO level of1.1 mW. In contrast to the beam lead Agile d
in a ceramic pill package, ideal for direct waveguide assembly. Just need the.1
'help again. These GaAs epitaxial planar Schottky devices are specified for 18
operataon In our mixers, theHSCH-9521 devices have been glued down onto & :
using silver epoxy. This is most deﬁmtely a stereo microscope operation; and even then he -
success rate is only about 25 - 50 %. The pill diodes are at least visible with the bare eye, but
require precision machined waveguide structures to support it. :

Ham m|II|metrelsub-milllmetre wave symposium ?

Whilst the QRB's in Finland are still in the k]lometre range (thisis only a temporary affair

1), the QSO's our Japanese colleages are makmg 1.mpress1ve and are eurrently well
over 100 km and approaching the 200 km range ?

The are also active groups on 47 and 76 GHz in Germany and UK at least. Maybe one day we
could hold an international millimetre/submilliriéfre wave meeting somewhere in Europe to
promote the cause and exchange valuable expenence ,

Also the submillimetre wave techniqyes gLy interesting. Here the quasioptical nature of
signal processing is increased with réﬂécﬁofbdﬁlters, lenses.and mixers being.open structure .-
machined devices. I have a corner cube mixer design on the drawing board, but the ham
bands have yet to be allocated, not to speak of the mixer substrate and whisker material !

If any of the images in this paper are difficult to read as prmted the originals can be found
on the web pages below.

Michael Fletcher GHZAUE a7
www.oh2aue.pp.fi

AJAlATI jsubpage at wwv?fbh2aue.pp.ﬁ/ja1ati.htm
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At WARC 79, amateurs were allocated five new m1111metr1c bands - 47, 76, 120, 143
ancd 241 GHz. Although there is much still to be Jearnt on 24GHz and 10GHz, and indeed
lower microwave bands, it would be a very worthwhile achievement simply to make a qso
on these new bands. Very little information is available on. designs for equipment apg
mo=t of the initial work will be experimental, Here is a summary of some data and a
few ideas for 47GHz and 76GHz in the hope that it will encourage a few readers into
action building gear. Particular thanks are due to G3HWR for the absorpt1on data.

1. VARC Allocations :
' 47.0 to 47.2GHz exclusive
" 75.5 to 76.0GHz exclusive, 76.0 to 81,0GHz secondary
To news of availability in the UK yet.

2. frequency of Operation

‘For crystal controlled equiyment, a trequency of 76032MHz suggests itself, being
1152 times 66. No useful relation has been found for the 47GHz band (the nearest multi-

pleof 1152 is just outside the band at 47232MHz) and the only suggestion is to use a
multiple of 96MHz ie 47040 or 47136MHz.

A free running oscillator (ie a Gunn) on 47GHz would easily tune the whole band,
On r6GHz, this probably would not be the case and so it might seem sensible to aim to
operate fairly close to 76032MHz. .
9.2 Propagation

9.2.1 M:mospher:l.c Attenuation

On the centimetric bands, any optical path in the UK can be worked with even
simyle equipment. This would also be true on 47GHz and 76GHz if it were not for-
abssrption in the atmosphere. In dry air, absorption is mainly due to oxygen, but
significant addltional attenuation is caused by water vapour. What matters here is
the absolute mass of water vapour present in the atmosphere so that attenuation may be

moxt severe on a humid summer day than a wet but cold winter day. If the temperature is
below freezing the water content of the atmosphere is very low - this might be the best

time to operate! Some approximate figures for the attenuation and the comparative ones
for 10GHz and 24GHz are shown below. These do not include rain across the path, which
will cause the attenuation to increase very considerably at 47GHz and above.

Band Attenuation (dB/km)

(GHz) Dry Air Moderate Humidity High Humidity
10 0.015 » 0.02 ~ 0.03

24 . 0,022 ' 0.16 0.30

47 0.18 " 0.20 0.35

76 0.3 - - 0.4 1.0

9.2.2 Path Losses .
These figures can be combined with the free space loss to obtain approximate

path loss figures as a function of distance. These are plotted on the two graphs below
for 47GHz and 76GHz, The loss figures represent the loss between two isotropic antennas
over the corresponding distance. Note that the humid air figures are for high humidity.
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9,3 - Ideas for Gettig&~§tarted

The simplest suggestion is to use .a mixer diode as both a mixer (on receive)
a1d a multiplier (on transmit and receive) where the diode acts as a doubler or
tripler. Thus on 47GHz a signal at 23.5GHz from either a Gunn or varactor diode could
bt doubled. This might be implemented using some sort of coupler arrangement, made
£rom two different waveguide sizes (eg WG20 & WG24) with the mixer diode sitting in
tie junction. The IF could be taken from the diode to a conventional IF strip.

_ G3WDG points out that the output from a Gunn diode usually contains a consider-
abdle amount of the 2nd harmonic - it may only be 10 6r 15dB down on the fundamental.

Tlus a GD033 module could be retuned to 23,5GHz and a simple filter placed on the
oltput in WG24 to reject the fundamental. Thus a low power tx or local oscillator

is easily built.

For an antenna gain of 37dB, which corresponds to a 3! dish on 10GHz, the dish
gizes on 47GHz and 76GHz are 12 and 7 inches approximately. However, horns are quite
practical antennas at these frequencies and are especially attractive as no critical
feed matching is needed, The aperture sizes for a gain of 30dBi are 9cm by 7.5cm on
47GHz and 5.5cm by 4.5c¢m on 76GHz ~ similar in size to a 15dBi horn on 10GHz. These
sizes will give a beamwidth of about 5 degrees, corresponding to a dish size of 18

iaches on 10GHz,

The standard waveguides are listed in the VHF/UHF'manual, but an alternative

are the brass rectangular sections mentioned by ‘G3HWR

G3HWR has had some interesting ideas about waveguide for the new millimetre |

bands -
"Waveguide sizes are agreed
internationally for frequencies up to
at least 300GHz and for amateurs
with access to them, these are the
best to use.

For home built equipment which does
not require to connect to other
equipment, it is not necessary to
use standard waveguide and non
standard waveguide quite "adequate in
short lengths can be bert up from
sheet metal.

Useful extruded metal sections are
" available from the model trade, -
these are used by modellers to
represent the corresponding

steel sections ie., angle, I-beam,
T-beam and square and rectangular
box sections'

L

These extruded sections used by the model trade are available from R. M, Trading Co.,
{646 High Road, N Finch;ey, London N12 ONL, Telephone 01-445-6531.

Qttached is a list of the important properties of the four rectangular
sections and the waveguide obtained when a channel section is attached to a flat

sheet." -

For getting going on the millimetric bands, G3JHM suggests

harmonic mixing: F_, - 2x F

the use of sub-

= F... This will enable existing multipliers to

24GHz to be used fori§ 4 8GHz agwnconverter, for example. The sub harmonic mixing

enables a simpler design of mixer circuit to be used since the

frequency separation

between F i and Fl is much greater. This technique has been studied by several
vorkers ati87L, and ®RG (Alpha) and may be applied from 1GHz to at least 183GHz.
Don says he has a bibliography and copies of the relevant papers if anyone is
interested. In general, the realisation of the circuits is by using stripline
nounted symetrically in waveguide, with the base material being quartz substrate
but it may be possible to use polyguide or other microwave pcb materials.
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