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Wllh kind 73s

your's

.., this ecwaon you 'NIl flnd the dncnPtIOfl
of •~ prNf1'lPld.... lor thtI 2 m
band u.ng 1htI5 3030 . This trllnSlstOfII
neejust anothet IOw-nOIsedeV;cebut.lO­
gether with the 3 SK 97, the Ilrst type of
• new tllTldy otNmICOtIduCtors:

OuaJ-Gale GIllIum-Arsende FiekI-EI·
led TranMtors tOO GaAt·FETs). Ilso
eallec:l MESFET trom m.la l aemcon­
dUctor fJeId-.tled translslor, ha.,. a
melal gate. ..paraled lrom lhe bulk 01
the semiCOndUClor by a Schottky bamer.
This se miconductor lamily highlighlS the
increasing us. 01 lhe ..3-5 t8ChnoiogYM
wtliCh impll.' lhe UN 01 NmiCOndYClor
matenals made trom one or more of the
group 3 elementl of the Penodlc Table
(boton B. alurTWWUm AI. gallium Ga, In­

dium In) with one or more of the group5
Mmentl (rvtroget"l N, phosphorus P, Ir·
S8t1IC AI. anllmony Sb) ,

Whef.a. mICrOWave GaAs-FETs ••hI·
brt the lOwell pou!ble noise flour., they
ar. rrlglle and ••pensIve (cet'&mIC
case II; the new OG-MESFETI e:em.1I'l
I ptasbc cue wtllCh leads 10 I lOwer
pnce lnet I lOwer frequency IImlt The
manulllctur. of the 5 3030 (TI ) gives
dati al 1 GHl (NF typo1.7 dB, gAln typ
lOdB).

In our ne.t editIOn we Will publish. pre­
amp 104' the 70 em band wllh the S 3030
Who wantlto try II II 23 em, and lor lhe
METEQSAT Irequencies ?
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Charles Woodson. W 6 NE Y

Coherent Telegraphy Transmissions

Part 2: Practical Aspects

Thl. two-p.rt . rt lete I. published with the
kind permll.lon 01 the ARR L.••nd I. bUed
on . n artic le In the " .y end Jun• .clItion.
of CST. P."1 of th is . nlele d..c:,t~ th.
cone-pi of co~t telegr.phy lr. " aml..
lion. and P. rt 21, to dnc:rl~ how thl, can
be mKle In practice.

CoMren' CW operltll)n imposes two batec
tequ.t'..-nents 'I the lranstnltlng encl . FIrst, the
keying mutt be eIone WI n the time frames
established by • stable frame relll4'ence

These Itames must be sufficiently regular 10
enable the rece iving atatlon 10 determine ec­
eutltely when they occur. Second. the carner
frequency muat be stable within I hertz or so
during the l:Ontaet. induding all keying periods.
1M time/rames can be stablJlhed by • It.
queney standard WIth the reference ligna! be­
ng Qvided by CMOSorm toproduee pulses
wtlK:tt define the trame. Many CCW st.IItiOna
UM Ilandards such at rhOM deIcribed by
~Iey, attnough Il1Y comparable standard
would do.
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To keep the framea aceutacta within 1120of •
penod lor 10 -windows- pet second requires a
stability laC10rof 11720.000Hz per hour olcon­
tact . Since the standard mentioned Is accurate
and stable 10Ie" than 1 part In 107 over the
requ ired period, it exceeds the required accu ­
racy easily. A station standard suitable tor
sUpplyi ng the t o-Hz keying reterence and the
CCW l ilter Irame relerence l, shown In Fig . 7.

KEYING

Figura 8 ' hOwl ' Simple I yltem that may be
used lor CCW keying. I have adapted both the
Heath Hl).10 (5) and me Aceu·Keyer (fI ) lor
CCW operation. Tha ACC\J.Keyer II superior
because olll1 1·bjt memory. At pre sent. I use
an AKB·1 keyboard. which II available WIth a

." I, -sv ."to' Hz - framng m.
( A ) 11 4 1 ""
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FF 2N2222
TranstT1lt k~ng,
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1/ 2 71. C71. -

." q lO-Hz-fromu'1li!reot. ." ."
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" ~, 4 k1
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In 2N2122 r::FF FF 2N5401

.-': " .' ,
OZ 02

'" ~ Transmit keo~ing
13 74C74 ... mall. -150

Fig •• : Two Ilmple CCWhal'td key....

The key mUll be kept closed unUIthe beginning ol . ' rame, determined by the Iram ing
relerence signal. Once Iransmlsslons Is Initialed. althOugh the key may be opened.
the Iransmit1et will rema in keyed until the and oltha Irama period Is signaled by the
fram ing fefereoce. The keyer at B Includes a one ·bit memory which make, coher ent
keying by hand much mote con venient When the key i' closed. the Iirst fljp-llop I,HI
and rema ins Ht even If the key Is opened. When the clo<;ll; pulse arrives . the second
nip-llop II Ht. which causes the flrs110be Cleared un.... the key Is suaclosed . Il)IOUr
rig UI8I inverted m keying. use the 0 output.
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CCW option, I've also used a KIM-1 comput er
lor generation ot CCW and ASCII . The compu­
ter uses its Internal liming clock to generate an
Interrupt at the beginning of each Irame period.
The clock Irequency must be adjusted precise­
ly lor such use .

Hand sending 01CCW Is diflerent Irom ordi­
nary random-Irame CW and takes a while to
learn, This Is becaus e dots, dashes and spa­
ces can only occur In pre-established Irames
and we are accustomed to Initiali ng dots,
dashes and spaces whenever we wish, With a
bit 01 practice, the initial send ing errors decrea­
se to near that of the error rate 01 ordinary CW
keying , You learn to hold the key down until
you hear a dot or dash start and then you are
able to send In rhythm with the frames tor a
word or phrase. A keying monitor is a must l

TRANSMITTER STABILITY

The receiving lilter passband requires that the
transmitted Irequency be stable during the
contact period . This is perhaps the most diffi­
cult peramerer to be met lor CCW cceeeucn.
For a CW signal time lrame of 0,1 second, a
14-MHz signal must be slable to within 1 or 2
Hz. High-quality crystal oscillators have such
stability except when a varying toad Is placed
upon them, as when a transmitter Is keyed .
During keying, the frequency 01 a typical trans­
mitter crysta l cscnreicr will shift approximately
50 Hz. Under ordinary circumstances this
wouldn 't be roncee.but lor a CCWslgnal, this
would mean lossol reception because the shilt
is more than live times the receiving liIter pass­
band and would equate to a 2o-kHz shift of a
regUlar CW signal. Such Shilting produce s an
amus ing situatioo. When copying with the
CCW filler In the presence of strong lnteeteren­
ce. the interlerlng signals sometimes appea r
to swish up and down the band during keying.
Even il they cross the CCW frequency , the ti­
me they are In the lilter passband Is small. The
result Is that they have relatively little effect 0fI

the CCW signal itself , However, Ihese lnterte­
nng signals - through cross-modul atioo,over­

68

loading early receiver stages, and their effect
on AGC - can (and often do) cause problems,

Transmitter stability has been achieved by
using hlgh-quality crystal oscillators which are
not keyed and which are lol lowed by several
stages 01 amplifier s and buffers to null ify the
loading effects 01 keying , A schematic diagram
01 such a transmitter-exciter Is shown In
Flgur. 9. The power output of this exciter Is
about 0 .1 Wand it has been used by itself (with
an antenna matching network and keyer In the
linal stage) and as a VFO replacement. Tests
have shown that after a ac-mmute warm-up
period the oscillator is stable within a hertz
during keying and remains eo ror over an hour.
The crystal tun ing allows VFO-type operation
over a 2o-Hz range. To tacnnete stability , very
linle power is drawn lrom the oscillator and two
stages 01 isolation are used to minimize the
load on the oscillator by later stages . In most
situatiOfls, par1iCularly when the rig Is lett on all
the time , me N 1500 compensatlOfl capacitor
and corresponding trimmer may be omitted
and a lixed capacitance value added In parallel
with the rest 01the units. When the temperatu­
re compensatiOfl trimmers are used. they are
adjusted while measuring the operating Ire­
Quency at two diNerenl temperlltures, say, 68
and 56· F (20 and 30" C). One trimmer Is ad­
Justed to decrease capacitance and the other
to Increase capacitance by a like amount The
frequency Is measured at the two temperature
extremes again and this process continued
until the oscillator frequency Is the same at
both temperatures.

Anolher method 01transmitter Irequency sta­
biliza tion Is to use PlLa10 control lhe frequen­
cy of oscillators and use a highly stable oscilla­
tor as a reterer ce lor the Pl l. Adirect-conver­
sion receiver emplOying this technique was
described by McCaskey (7). Maynard used a
5.0- to 5.5-MHz synthesizer output and a 9­
MHz-frequency standard to control an HW-5
(8). I have used a method which mixes the
HFO, BFO and VFO frequencles 01a double­
conversion transceiver (5 8-30315 8-401 com­
bination) , locking the result by controlling the
VFO frequency (9). A slmple scheme (shown
In Figure 10) Is used lor locking the VFO
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(LMO) of an SB-303 receiver by uSing the blJilt·
in variable capacitive diOde CircuIt employed
lor FSK operatiOn. A high-lmpedance volt·
meter connected to point C canbe used to mo­
MOl' the IOC:il; condrtion. During operatiOn. the
VFO is n.ne<:I sIowty across the frequency Of
the standafd; trequency lock occursabOUl250
Hz aboYe and below the relerence frequency.
0"Ice locked. the crystal oacillatot c:ontrott the
receiver frequency and it tan be set more ec­
curatety than the VFO. The crystal OICIIlator

5451400 HI

W6NEY Sc i,_.
TP_--i--ft')c ,.= .... ~ ,,,.r. _ I

" .10 :
Thll method _y be uMd 10 lock lhe UIO of 1M
popuIW HMttI SB""" of ~ulptMnt.Poll'llC
11 1 1.., poll'll whlch 'l uMd 10 monitor !he Iodt
condition.

SyntheSiZei'
1'0000 -' 600000 HZ

1 '.9000 Hz..

TO

can be replaced by a 5.0-to 5.S-MHz syntheSi ·
zer which i' controlledby a suitable reference
frequency; Petitl'las designecllUCh a synthesi·
zer which opeI1Il.. 1n lClo-Hz steps (10) .

Abk:ldt diagram of the transmitter curTentty In
use al my illatiOn Is ahown In FIgura 11 The
12.9-MHz cryaaJ OSCIIatOl' Isdesigned lor high
stability. Similar 08Ciftatotl are used for Qpera­
bon on 21 ancl28 MHz. Thesynthesizer is coo­
trolled by. l-MHz OSdIlatOl' similar 10that des·
cnbed in Flg.7. The two OsclRators run conti·
nuously and are tonnac1ed to the doubly ee­
lanced miller. but the 1.·MHz stage lollowlng
the miller Is keyed .This allOws break·in opera­
tion on the same frequency.

14 Of9 000 HI
,OW

W6NEY

Fig. 11:
Block d llgrlm ollhe
1'I"emmM used by
!he author . n.. two
OSCIIlMora run conti­
nuoully torIm~

,..."., CCW'1w1 IlHlllty



VHf COMMUNICATIONS Zifl2

RECEIVER REQUIREMENTS

In addition to the CCW filter, the receiver must
eKhibit stability on the order 01 1 Hz over the
length of a contact and have a tuning reseteo ­
Iity which Is less than the bandwidth of the ur­
ter . Searching for a signal while using a tnter
bandwidth of only 10 Hz requires almost 200 ti­
mes as long as it takes to tune a band using a
teter with a bandwidth of 2.1 kHz. II the phase
and Irame size were also unknow n, it would
take over 1000 times as long to tune a band
searching lor a CCW signal as II takes to look
for an ordinary CW signal. That Is why current
practice Involves agreeing on a precise Ire·
quency and Irame length in advance. Adequa­
te stability is easy to obtain with good crystal
oscilla tors in receivers when tempera ture has
been stabilized by a long warm-up period and
a stable environment edets.

Figure 12 is a block dIagram 01 the receiver
currently in use at my station . Rough tuning Is
done by adjusting the HF crys tal osci ltator and
the BFO, which have ranges 01 about 800 Hz,
to the desired frequency. The VFO 01 the CCW

tiller center frequency reference (tour times
the center trequency) is used lor fine tuning
ove r a range 01about 25 Hz. An IF strip similar
to one designed by Hayward (11) provides
performance superior to others I have used.
8est results are obta ined when the AGC Is
controlled by the AGC output of the CCW lilter.

xerterc Sekine , JA 1 BLV. uses a crystal-con.
trolled FT-901 and also has built a 2980 · to
3080·Hz RC VFO for use as the reference for
the center frequen cy 01 the CCW lilIer. Oscnra­
tors In the transce iver have been stabilized by
using temperature compensation methods
and high-stability crystals,

THE FILTER

A pract ical coherent digital filter may be seen
in FIgu res 13, 14, .nd Hi , The firSl CD4066
A6 Is used as a switching miKer while the se­
cond cont rols the sample and dump functions.
An audio signal outpu t may be derived from a
digital mixer (such as shown In Flg.14) driven
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by the output lrom the two channe ls. The
Signal is !he dltlerente between the two and
can be made singllt-ended by using an op
amp. or both channels may be led 10 AID con­
verters lor computer Input. A frame reteeence
lor Ihe CCW Itlter Is shOwnin Figure 15

A MICROPROCESSOR·
CONTROLLEO FILTER

The logiC diagram 01Figure 16 Is that 01 the
computerlzed system which has been used at
my sla tiOn. The switching mill8f1 are essen­
tially the same as those used IrIthe litter des­
cribed previously. A compu ter program ceo­
trois the AID conversion and dump luncl ions.
Computer control 01 the miller has been em­
ployed , but use Olan operator-controlled VFO
is a convenience . The 1-MHz Internal clock is
stabilized and used to deline the CCW
Irames. Phase Is "djusted by the computer
program. This Is doneby operator command.
The operalor indlCales an advancement or re­
tarda tion of thelraming phase in 10 rns incte­
ments by pressing a computer key. t have ex­
perimented with a compu ter program to adjust
Iramlng phase automaucalty , but have not yet
lound • satislactory way to mainlain framing
phase lOCk dunng breaks in the 0$0 caused
by aRM or pauses. Between contro! 01 the
sample and dump lunctions, Ihe computer
also converts the received Morse signa ls to
ASCII code and translers the ASCII code to a
CRT Character display tenninal or printer .

WEAK SIGNALS AND NOISE

The reception 01 weak CCW signals is quite
dltlerent from tha i of ordinary weak CW si·
gnals. Under standard conditlona. as the CW
signal gets weaker, CAN or C RM remain as
" no algnat.. output and we eventual ly end up
with a noiae level dependent upon the band­
wlcIth 01the l ilter. With CCW, noIM I, a series

01 - dots .. In Irames and varies random ly in In­
tensrty. With the CCW lilter, OUtputis IImiled by
design to one Irequency and a weak signal is
characterized by missing and elltra dots ran­
domly milled WIth Ihe desired signal.

Frame phase adjustmenl is important becau se
If it is not accura te, a blurring althe dots and
dashes into adjacent Irames occu rs. ThIS
makes the Signal unreadable and It mighl go
unnotICedil ills weak . When rece iving a serie s
of dots (a standard part of a CCWCC). youcan
tune lor maximum contrast between dots and
spaces. With a strong Signal. even a 10 %
phase errQIcan be nolicecl . A stighl lead error
causes a weak maMl Just befortJ each dol or
dash while I lag error results in I weak maMl
just affM the dot or dash.

OPERATING PRACTICES

Under lavorable conditions, it Is olten conve­
nient to operate the CCW filter at shorter than
optimal frame periOdl . Wllh 0.01-second
trames. the bandwidth Is around 100Hz and
phase adjustment makes lillie difference. AI·
though selectivity is reduced and signal leve l
decreased by 10 dB,this method Is used dur­
ing Initial signal c1etectl()f1. Once a Signal is
lOCated, phase adjustment and longer Irame
periods may be used to optimize reception.

Phase llJnlng may be used Instead 01llJning a
band oflrequencles. This It accomplished by
USing an agreed-on Irame Ieng1hand trequen­
tv 01operation and tuning lor proper phase by
adjusting the litter phase. Ooce phase adjust.
ment is dose,the Irequency may be line tuned
as well. Present practice calls lor sending a 15­
second , tream al dots to help In frame acqu isi­
tion. It.. steady carrier 0110 seconds duratiOn is
an aid when fine tuning 10frequency.

Tlme-relerence signals lrom station SUCh as
WWV may also be used 10 adjust the keying
and relerence frames of CCW receiving tilten.
Such adjustment must take into accounl Ihe
electromagnetIC distance 01the "andard, sta­
tion to the r.ceMng stallOflas wella. the eiee-
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tromagnetlc distance between communicating
stations, This procedure allows phase to be
lixed and the operating to be the primary para­
meter which must be considered . Com muni­
catio n between statIOns located in Japan and
Calilornia has been successlully accompli­
shed using this technique, It is, however, a
more dillicult procedure to follow than phase
tuning ,

CONCLUSIONS

CCW oHers the possibility 01employing some
interesting operating techniques. Suppose
Amateur Radio stations 01the world agreed to
operate at frequency multiples 01 10 Hz, This
would provide 20 .000 channels at the bottom
200 kHz 01a band . II operators lu rther agreed
on sending in frames synch ronized to 0.1-5e­
cone! UTC time pulses, you COuld set the
framing (about a 0.03 second delay) to cor­
respond to the distance 01 the stations you
wish to con tact , say 6200 ml (10,000 km).
Once this is set, a check 01the channels may
be made lor a station at the desired distance.
Generally, you could detect signals at ctsten­
cee 01 5000 to 7500 mi (8000 to 12000 km)
withoutlurther adjustment. Imagine rrncroorc­
cesser con trol over the enti re procedure and
the automatic detection 01stations a particular
distance away I

Coheren t CW is a uselul technique which im­
proves communications effectiveness in ex­
cess of 20 dB . This factor can be used to offset
poo r propagatlon conditions, small or poorly
located antennas, or low-power operation , It

VHFCQM"'UNICATlQN S 2182

has the potential to be as revolutionary to CW
as SSB has been to phone communicat ion.
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VHF CQMMUNICATIONS 2/$2

Editors

Using the Dual-Gate GaAs-FET
S 3030 in a Low-Noise Preamplifier
for 144 MHz

Thl. new dual-gal . gall ium-araenide FET·
tranalator haa been manufactured by
T s Instrum.nls In an X-paCk plaatlc
e These tranalSlora combln. the ad·
vantagea 01Ihe low-nolae GaAs eemtec n­
ductor material wi th the veraatlle, and eaay
to u" ci rcuit ry of dual-gate FETa. Anolher
advantage la thai they are Ine. penalve.

The tranalator was Introduced In th la
magazIne .. the S 3000, whi ch was speci ­
fied up 10 800 MHz. This tranalstor will no
doubt aoon make Ita appearance In TV·
lunera. A profe..lonal version specl fl.d
wit h guaranteed dala to 1 GHz la the S 3030
wh ich la 10 be uaad In th la artic le to cc n­
struct a tcw-nctee pr . ampllf ler for the 144
MHz band . Two auch ampll flera were con­
structed, and the m...ured noJs. flguras
wer. 0.9 dB and 0.5 dB respec tively .

1.
CIRCUIT DESCRIPTION

has littleettect cntne noise figure. rneveice 01
A 1 can be changed If the source VOltage
should vary more Ihan 0.3 V from its nominal
value, For safety reasons, the operating von­
age Is limited 10 10 V using a zener diode.
Since a higher operating vOl lage does not de­
crease the noise IIgure, it Is not worthwhIle
endangering the transistor by cvervcttece
(spikes), just to save the COSI 01 the zener
diode. II required, the operatingvoltagecan be
lad to the preamplilier via the coaxial cable,

With respect to the AF-circultry it should be
mentiOned that It is only possible to achieve
the low-noise figure when using high-Q reso­
nant circuits. short stralghilines to the transis­
tor, and providing a good UHF-bypass 01
source and gate 2. Ascan be seen In the con­
snucncn instructions, the amplifier Is a hybrid
between PC-board and chamberconstruction.

2.
COMPONENTS

At lirsl sight. the circuit given InFigure 1could T 1:
be apraamplilierequippedwith a BF9000r BF 01 :
981. However, the symbol shows that It Is
somewhat differenl, being a type 01 junction L 1:
FET with two gales. The required negatlv,
gate voIlage for gate 1 Is obtained as the von­
age drop across me source resistor A 3: Ap­
proximalely 1.8 V across 180 0, which means
that adraln current 0110 rnAlsllowlng. Gate2
Is provided with a positive bias voltage, which

S 3030 (TI)

10Vzenerdiode

7turnsoll mmdia .sllver·plated
copparwirewoundona 10mmdta.
termer.Self·supportlng, and spaced
at least 5mm from the PC·board.
SoldereddiraetlylotrimmerC 1and
ground.Coli tapdirect allhe
connectorat approx. ' .5turns.
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1" = Rt. 100BZX83 C10

IOn In

H H 22~H
out

DF9RL In
Rl L2 , ••001 Mk C2 '°9 ··

C3 1n DRS O R7
H 13p - -53030

rev
Cl R2 C4 0

56k
In50 R3 53030180

Symbol : rot Ir.cj

Fig . 1: n... t 4ll MHI ptMmpftftwPfO\'kSMa notMfIgu,.down 10 0.1 dB." cerl beteel NmOtety
or dlred....cI eM be prowlOed wI!h ..~ to Nduee.ICM~g8ln

l 2: 5 lurnl 011mmcre .silver-plated
copper wire wound on. 10 mm
former .Coil length appro .., tzrem .
Se!l.supportJng.1PK8d appro• .
5 mmfrom the PC-boarcl. Coiltap
appro... . 1.5 turns from tf"4c:okt end.

C 1 Ai"lPK«!lnmrnet' WIth t'NO
c:onnectlOl"ll :Vak.ltl6 pF

C2: /ur·1Paced tnnvnet with two
(:i()l"iMClions:Value 13pF

C a.c 4 : 1 nFceramlCdisecapacnors{Chip).
value orcnncet

The other ttl r.. capacitors are cerami(: diSC
types 100alPKlno 015 at 2.5 mm.

Rnillorl: c:omposita carbon. rating 0.33 W

Cue: TII"N'Ied metal cue Of74 1174 II; 30mm

Connectors: Pre'erabty N-conn.. at least
ONC
7.

3.
CONSTRUCTION

Plea.. rNCIthiS pan OIlne artlCkt beforecom­
menong COt\ttructlCW'l. since wa do not wish
you to copy the negative expenenon we hoIve
'*I dunng the ""'On 01 hs~fier. h is
~ tor tNt transittor to be handled with
the aame car. at I, valid lor other MOS cern­
ponent, and a.A,-FET'•. The gr••test dan­
ger I, from hlgh·VOltage static Charges. which
can occur In conjunctiOn with synthetic floor­
It'lg. c:Iothing. and other material,. Another
dangef II an ell:ceuive heabng during the IOJ..
dering P'OC"I. For thiS reuon, the transi.tor
" 80Idered Into the completed CIrcuit a. the
last c:ornponent, and tokIeted in10 pI.ce quick­
ly USW'Ig a mnmumoIlO6der.
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Fig. 2:
The aaAI-FET I, mounl ed
on the 1<:,...,1"9 panel
~h¥-.nt~ lnput.nd

output elre",lll :~u'e.

and 'II,te 2 COOn«:tlon •
• ,. m.de to chlp-<:'~

choreon the' panel

~,

"'"
OF9RL OOl

Battery or low-voltage solde ring Irons should
be used Without danger. II such type. are nol
a....ilabl., It Is advlaableto disconl'leC1 the sol­
dering iron from the power supply belore sol­
denng the transistor Into place.

Ill, good practice 10connect the ground of the
PC·board to the ground tine of the Ae-oullel,
and 10 ground oneself, twHZerI, IOldenng
iron etc. belorelouchlng the FEl.

The double-coated PC-board shown In Fig . 2
Is dea!gneted OF 9 Rl 00 1. The dimensions
are 72 mm by 72 mm, whld'l me.nathatlt can
be enclosed In a matChing metal CfISe. A
lICl'eenlng panel should be provided between
the IWO Inductances; thi$ I, alllO conalruc1ed
from0.5mm tinplata.Thispanel Issolderedto
lhe SIde panels and alOng the PC-board. Be­
loreinstaillng the panellnlO place, a small hole
should be provided lor the drain oonnectlon
(2.5 mm die .) approximately 11 mm high on
the panel, and between both trimmer connec­
tions. The two chip capacllors lor source and
gat. 2 .... now soId.red to the P41nel so that
the translslor can be soId.red into place with
direct, short connections. II should be possibl.
lor the drain and gale , connectiOl"ll to be

mad. dlrec1Jy to lhe air-spaced lrimmers with·
out bending. A wire connection is made Irom
the Chipcapacilors 10 lhe PC-board.

All ground connectiOnS are made so thaI lhe
component leads pa.. through the board , al­
ter whICh they ara SOldered on the upper and
lower side otlhe board . Thellangel oltha cce­
)tial connectors should also be soldered Inlo
place 10 ensure a good grOUndconneclion.

4.
ALIGNMENT AND
MEASURED VALUES

FirStly check the vOltage drop aero.. th.
source resistor R 3. Illhe measured value dll ­
refS by more Ihan 0.3 V from lhe given value
(SpprOlC . 1.B V), resIstor R 1 should be elt­
changed : II the VOltageetcc Iow ,the value 01
R 1 should be reduced, and vice versa,

It is now possible to connect the preampliller
between antenna and receiver. Align the pre ­

71



Fig . 3: PhoCogr.ptl of 1M tlrlt protOlY~. Rernot.IMdlng• • nenullor Ind ell.. Nd 11111 not ~n
proltlded . Thll prololy~ WII uMd tor the prel lmlnlrymNsu~11

amplili er lirstly lor maximum noise (II no signal
Is available). Alter this, align Ihe preampl ifier
carelully lor besl Signal-Io-noise of a weak
beacon signal. Il lhe preamplilier breaks nuc
oscillation, Ihis will probably be caused by lhe
poor malchlng between tneoUlpul ol lhe pre- .
ampl il ier and the Inpul ollhe receiver . Since
Ihe gain is usually 100 greal lor mosl applica­
tions. the anenualor shOwn as dashed lines in
the CIrCUlI diagram can be provided. and this
connected Into the signal path between the
output of Ihe preamplifier and the input ol lhe
receiver. II il ulually sullicl ent to provlde an ai­
lenuator of 3 dB to avoid any tendency 10 oscil­
lation . In pradiCe , the coallia! cable between
preamplilier and receiver usually possesses
enough attenu81iOn In order 10neulrallze the
preamplifier . This Is especia lly the case when
the preampl il ier Is mounted at the antenna.

Too much gain will deteriorale lhe large signal
handling capabilities 01 the receiver withOut
bringing any advantages. This is especially Ihe
case when the preamplil ier is connected to the
receiver with a shOrt cable or direct In such
cases. an an&nualor shOuldbe connected be­
tween preampl l!ler and receiver , and this can
usually be uplO 10 dB WlthOul redUCing the

eo

noise figure ollhe system. T.bl.1 shows sun­
able anenuatO', lor an Impedance 01 50 0
construded using standard values ,

Attenuat ion R. R S -R 7
dB " "

3,15 18 270
6,14 39 ISO
9.54 68 100
12,4 100 82

TI~1 :

Sulll~ I Uenullor four"'90lft 1n pl-elrcultl
ul lng ltand l rd ....1.lor Itll ull

Alter good construction and oPtimum align­
ment, the noise figure of the preamplifier will
be only depend ent on the tap on Inductance
l 1. If the required measuring equlpmenl is
available. the moal favourable tapptng poinl
can be determined . In all cases il will be be­
tween lurn 1 ancl 2 lrom lheCOld end ,

The lollowing values were measured on Ihe
prototypes (wllhout attanual or):

Gain : 28dB
3dB-bandwidth : 13MHz
NF: O.S-O.9dB
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Jan Mart in Nading, LA 8 AK

Switching Logic for
Feeding Preamplifiers

The 1pp'lcatlon tNl '-d to the dev~opment
of thne clrcultl WII the controe of my 144
MHI: pr"mpUlIer withOut mlklng any m0­

dif ication 10 my trln~v.... Such I circuit
eIIn be very alm~• • but due 10 the bIld ex­
perience rMde by mlny friend.. It w•••
cided to u.. I~ .n.nsj.... circuitry. The
circuit should matt. It vlrtUlilly ImpoutbM
'Of the t ransmit """gy to~h the prNn'l­
plltter. whit• ...., laultl oc:c:ur. With I lmpier
circuit.. .uch KCkt.nt. can occur eeee­
IIoNlly It the opM'atlng vott.ge Should t.lI.
If ,he PTT·Une II broken. or wNn' rel.y II
delectlve.

TwoQra.llllire 10be d..cnbed from the large
number considered. The IWltching OfCUll
ShOWn In Figure 1 II pert of the two subse­
quenl CKCUlIl (FIguf" 2 and 3.) The QrCUIt i,
designed thaI the preampltflel' is ,WItched on
when""y A. Isnot energIZed. When the PTI ·
line lJom lhe tJansmner II grounded. relay A.
WI. be energized and WIn connect the Inlenn.
rel.y to the tr.ntcerVef output comector. In
thI, case. the lr. necetver output can be con·
nec1ed via a power ampli fier, or direct 10 the
antenna via a bre ak contact on the preamph­
fler relay.

Uthe line 10 the transceiver I. broken and relay
A is not energiZed. the transmit energy will be
converted to hut In relistors A 1 and A 2
(Figure 2). 0( dlreetfy 'ed to the outpUt In lhe
Circuit~n In F~u" 3. The tan.,- dreul1l1 to
be preferred in prKtic:e. although ther e i. no
reuon why the cirCUIt given In FIgure 2 ahould
nee operate correctly.

ReSlSlors R 1 and A 21hou6d have the towest
nductJvIty possible. A. rltlng of 0.25 W ahoulcl
be sutlldent lor the lew seconds required be­
lore notlcing the fault. The met ... reading and
LED wiIIlndicale when lheetreulll, not operal·
W'IQ OOfTec:tIy.

A. Reed-relay should nee be used,,"'y A. Itl

Figure 1, but a oonventJl)lW ~aphIc relay
type IUC:h II a Trts 1S4or 1In'IIar. RIIIstor R 1
IS • shI.n: rntStor lor the "*_. whOM vllue
IhouId be selected to QbI.aln the dnlred de­
ftection on the meter . II. tor INlance I curren!
0180 rnA. is required, rt II advtsab'e 10 ahunl the
metlf lor 100 rnAtunSClIeMlleetlOl1.

oI2Y

~
, ,
" .I. ... o.

1.10 , ' MOOllJ- -
FIg. t :
Thl, COflIfolMel rnonltormg clrcult can'" uMd to
Kh...... the re6lIy,wttdlln<g~ In Rg. 2. or the
dlocM.wttchInfg~ In FIg. 1 " t I, the ahulli
"",,tor for the "*"'." :I~ A S ground the DC
wften the circu it .. , wttched off.



Fig . 2:
In th ll CN.~Y 11lritchlng.~I.'-' e.bIeI Aand B
CfI" be of Iny ~1,I1r«t length. n.. ot ...... lh'..
cl bl•••r. )J4 1n length. TM maximum pow« rltlng
., dependsnl on 1M COI .. II I rilly. uNd.

'Ro A
i -- - - - - - - -- --~ e (Pll.n l The CircuIt il enclosed in a case made from

PC-board materia l. The dimensions ar. 100
mm by 60 mm by 35 mm. Ali can be seen in
Figure .t , the case ISdivlded into tt1ree cham­
bers . Whereas femt . <:hoke. are good lot k)w

RF.vottages. )J' lines are preferable tor high
RF4eveIs. These are made from thin 50 0
coaxIAl cable RG· 17W and have the loalow·
ing lengthS:

uno Length

A .,required
B )J 4

C )J4

0 >J2
E )J 4

F >J2
OJH a, requlred

The IOllow1I'lg should be noted with respec110
the circuit shown If1 Figure 3, which is used
WIth success by the author:

Fig. 3:
Thi s l itoglnl diode Inllnnl
Iwltchlng wIII.'led upto
• poWef"v~ oI 10 W. TM
8 ... 1.2 II It, older Iwh ett.­
Ing di ode which CIIn "
replaced by the 11'IOI'.
mocMm typn l!!IA 2.3 Of'

B'" 2.2.

Unes A and Bar. enclosed in chamber ' , lines
C. F.and Hin ch8mber 2. and lines D, E,and G
in chamber 3. A Iow-capacitance PTFE teee­
through Is provlded on the panel between
chambers 1 and2 on10 whicttthe componetllS

D 1, FIFe " and C 3 ar. tOIdered.
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Fig . • :
Recomrnended con'tructlon
of the circul i 'Ill".., In F1V.3

The described diode switching and preampll.
lier feed can be used lor AF ·powef levels upto
approximately 3 W . II provides an isolation of
aboul30 dB althe receiver lnpul. A loss 01ec­
prOlClmately 0.1 W (at 2.8 W) ia preS8fllln the
transmit path before sWltcnlng . These values
wete measured with • Bird ·Wattmeter 43 in
the lOW range.

Since the OUtpullevel ol lhe 8FT 66 preampli·
fief used by the authOris high due 10lhe gain of
between 20 and 30 dB, It Is possible '01' a se­
cond receiver 10 be connected 10 the second
OUlput ..Aux,RX..,

The circuit was tasled with a maximum of 10
W,andsevererfaultswere simulated by break­
ing the , 2 VandPTI -lines. NoIncorrect coer­
atiOn could be observed.

The antenna relay oltha mas t·head preampli·
lief should be SWlIched In parallel With the
operallng voltage 8S can be seen in Flgur. 5 ,
A second relay K 2 is used In order to keep the
transmit power level at the preampr.1ier inpu t
below the limIt value 01 10 dBm (10 mW).

An IsolatiOnof at least 40 dB will be necessary
at a transmit power level of 100W. Thscannot
be ach ieved by a shol'1-drcult (especlalty al
VHFIU HF) but with a gooct 50 n termlMllan .

Finally a rete regarding the overall gain : lithe
teecer lollowing the mas t-head prea mpli fier is
not too long , the overall ga in Is etten high
enough that local stations overload the recei­
ver . Th is can be avoided by reducing Ihe ga in
to _ suitable level or by provkling an 8nenuator
in front of the receiver, or by disabling ooe of
two preamp/Iller stages .

Fig . 5:
Type.! circu it tor swi tch ing.
rntIlt-mount.d prNmpllfter ;
contacts • and b 'hould~
,.,ably boI ln two dm_ 1
r-',y.

­.-..-:t-- + .:..,,-i:81V\-

••

..
~~.,.. -----~f;>-
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Klaus J . SCh08pf. DB 3 TB

A VXO-Local-Osci llator for 144 MHz
Transceivers

'J:"-

A loc.1 Dlelll. tor frequency 0' . Ith.r 135 to
137 MHz (g MHz IF), or 133.3 to 135.3 IotH.z
(10,7 MHz IF) I, required tor to«MHzl"n,·
ce lv.r. . $ever,1 d lffer.nt methoda .,.
I v. llabl. for .chl.vlng thl l : Superhet YFO.
ph. ...locked olclll,tor, synthes izer, or
VXO. The fi~t olclll.tor. have the diud·
v.nt.g.th.t, lemper'lure-compenu t.a ,
and me<:hanlcally ,tabl. VFO I, requlrlfd.
Bolh PLL·Y FO end synthe. lzer•••hlblt the
well·known problem••nvolved with yeo•.
V.rl.bl. cry stal Olclllalor. (VXO) do not
po..... th,•• problema, end .r. , Isovary
low ·nola. Ol elll.tor•. Until now, they hne
not been usec:l .1l1. nalv.ly, prob.bly be­
C. UI . of the hig h COlt of th e cry stal• •How-
• v.r I the prOblem of co st ca n~ avoldttd by
u, lng cheep Ckry,tel, . The low co st of
the cry,tal, th em selve, mak e, It worthwUe
to carry out a frequency multiplication by
fi ve to obtain the requlrttd frequency.

1.
CIRCUIT DESCRIPTION

As shown in Figure 1, 8 crystal oscillalOrJ are
built up using a Clapp-clrc:uit, and the required
Irequency range is selected by connecting the
operating voltage to the appropfiate ceeuetcr.
01course, the operating yoltage must be well
stabilized and be t ern-tree in order to obtaIn a
clean output signal.

The crystals are pulled by the series- impedan.
ceo comprising the pulling Inductance Z and
the parallel capacitor of 6.8 pF. far enough
Irom the nominallrequency so lhatlhe requlr.
ed pulling range of 50 kHz can be obtained
WIth the aid of the Ylllraclor dlOde. The pulling
ranges of the Individual oacllla torl overlap by
at least 25 kHz.

Fig . 2:
A. I t-.b", Ind hum-","
tunl"i volt~.e-n be
obl,lM(! ull"i I ,•.., 713

12 + 10 V
+ 12 V

f
~A 1Bk
723 ,

5 DIL
_ In '7 k

I O~ F - u
lOV l.
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The tuning Is made with the aid01verectoe dlo­
dea type BS 109. The luning voltage U. is In
the range01approx. 2.5 V 108 V•and mUll ,lao
be stable and hum·lr... This can be obtained
using the stabilizer clreuit oompriaing the ~
723 stabili zer shOwn In Figure 2. This Circuit Is
only used lor the tuning voltage and the power
sUpply of the olClltatore .

Fig. 1:
Only 0 ,", o l lhe lOll' 01
-'ghl crystal OKmalor,
I, . hown In the circuIt
d lagrMl

[]
~[B]

[g

The oscillators are fol lowed by a buller (T 2) ,
which allows. very weak coupling 10 be made
10 the crystal oecm,lora via 1.8 pF. and also
enSUfes that there Is no reaction from the suI).
sequent frequency muhlplier. The active fT.
quency muhlplief I, eQuipped with lr.nsillor
T 3. A eaplICltlvely-eoopled bandpass liher I,
provided in the coIlec1or cirCUit In order to ee-

M
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Fig. 3: PC-~rd DB 3 T8 001 I, double-eo.led . but doe. nOI po..... It'lrtlUglw:onUiets

lain l he required bandwidth 01 2 MHz, and 10
suppress Ihe unwanted spurIOus lines 8' a
spaCing of approximately 27 MHz .

The signal palh Isseparated after the lrequen­
cy multiplier lor the trllnamlnar and receive
mil.rs. EaCh Is provided with i1. own amplilier
slage having 8 bandpassfilter at the OYlput lor
further spurious rejection. The output level i,
then approl( ima taty + 10 dBm (across 50 01.
This is usually sufficient lor driVing most
mill.• rs...

2.
CONSTRUCTION

The eight crystal oscillators, butler, frequency
muttiplier, and tne two output ampliliar. can be
accommodated on • common PC-board as
shOwn In Flgur. 3. The dimensIOns 01 the pc.
bOardare 120mm II85 mm.andthe upper sur·
Ise.l,ln the form ole continuous ground sur'
lace. All connections that afe grounded must
Iherelor. be soldered to the upper side cttne
board.



Measurements have shown that the noise 01
the output signal could be reduced by approxi.
mately 3 dB by using a transistor type BFS
55 A. For amateur applications, however , the
cheaper trense tcr complements BF 224/BF
199 will be sufficient. Anention must be paid
that these types are correctly Installed.

cr »

~
27k

AA112 / ~A
1N30

The coils are wound according to the tollowlng
Information and connection drawings . The ee­
ginning and end at the winding are coated with
solder, wound around the appropriate con­
nections ener which they are soldered Into
place. The soldering process must be rather
quick so that the coillormers are not damaged.

2.1.
Components

T te -T tn; BFT 66 (Siemens) , or, If not
evenabte. BF 224or BF 199

T 2· T 4 b: BF$ 55 A (Siemens) , If not
available, BF 199 (see text)

D1a·Dlh: BB 109{$iemens)

1 piece integrated stabilizer !!A 723 (OIL)

Ceramic disk capacitors for 5 mm spacing ;the
lemperature compensation values given In the
circuit diagram must be observed .

Non-ribbed coli formers with an outer diameter
01 4.3 mm are used lor all colis. The cores are
M 3.5 x 0.5, and screening cans of 7.5 x 7.5 x
12 mm high are used.

8 pieces pulling colis -Z- : 23 turns of HF·
stranded wire 8 x 0.03. Core ; orange

1 piece coli _p_: 13 turns 01 0.2 mm ere. ene­
melled copper wire; coupling windirnjl; 2 lurns ,
core : orange

8 pieces coil - B..: 4 turns of 0.4 mm dia. ena­
melled copper wire. Core: violet

All resistOfs lor 10 mm spacing .

Crystals : Case Hc;..25IU or HC-181U.
Frequencies : sea Table In section 3.

Fig. 4:
It I lmpl. AF· lndlUlor l ul"'b l.
tor IUllnmenl

3.
ALIGNMENT

A frequency counter and two Simple VHF·lndi·
caters as shown In Figure 4 are reqUired. The
Irequency cconrer Is connected 10 lestpoint
TP, which can be used later lor connecting an
internal frequency counter . The wiring Is
shown in Figure 5,

The Irequency ranges are selected one ener
another and are aligned for the lower necuen­
cy limit With minimum tuning voltage (approx .
2,5 V) according to the frequency table . The
frequency counter remains connected during
the subsequent alignment.

The frequency range 145 to 145.25 MHz Is
now selected and the tuning Voltage reduced
tomlnlmum. An AF·lndlcatOf Is nowconnectad
to the outpUts AX·MX and TX· MX, and all reo
sonant circuits are aligned for maximum out­
put . If available, the bandpass Iilters can be
aligned wlth the aid 01a sweep generator to the
required Irequency band.
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' 1O ~ ' 12V TP
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' 12V

Tun,ng

- t '"
S tatloliJ "

}l " 723

VCXD
DBJrB 001

., ' 2 . J 0' oS . & ' 1 '8

Fig . S: Wlrlnv ot the "'hole toeal oacm.tor

Crystal Frequencies (MHz) Frequency al U, (min)
RarlQe{MHzl IF - 9MHz IF . 10.7 MHI IF ·9MHz IF _l0.7 MHz

144 .000 -1 44 ,250 27.085 26.750 26 .995 26 .655
144 .250 -1 44 .500 27,135 26.800 27 .045 26.705
144 ,500 -144.750 27,185 26.850 27 .095 26 .755
144.750 - 145,000 27.235 26,900 27 .145 26 .805
145.000 - 145.250 27.285 26.950 27.295 26 .855
145.250 - , 45.500 27.335 27.000 27 .245 26 .905
145.500 - 145.750 27.385 27.050 27 .295 26 .955
145 .750 - 146 .000 27.435 27.100 27.345 27 .005

Tab'-l : FrequencyPlan

4.
REFERENCES

T.Schad. OJ 8 ES:
Temperature-Compensated Osclilator
with VarletOf' Tuning
VHF COMMUNICATIONS 5. EdItiOn 211973.
pages11&122..



Thomas Morzinck, DO 0 or

A Receive Conve rter
for the 6 cm Band

. How w.. lt durtng the eont• • t , .

. Phantu tle I e . pec l.lly the enormou .
pll.-up on 6 em I.
. PII.up on 6 em 11, .
. Of cc urse. two . tatlon.ln only ni ne hou r.
.......

INTRODUCTION

Thi. ucnncue conversation clearly describes
the present situation on the so-called 6 cm
band, whose nerrcw-berc section is Irom
5160 105762 MHz.

The reasons for the low actlvlty - and not
only on e em - are, 01 COUrM, well known , and
are not 10 be discuued In ttlll article , Withthe
exception of oneof them . If someone Is inter·
ested In thl, lrequency range and goes looking
tor some constructional article,. he will lind
very little, whether thl, Is for conve rters, or for
frequency multipliers (4). For this reason, the
relerences at the end of thiSartIClewill give , e­
vera! uselvl publiCallon, lor constructions on
this band.

MUST IT ALWAYS BE WAVEGUIDE?

Mechanical work is very diffICult lor many ree­
ders . especially when such things as a lalne
are notavailable . On the ottler hand, a mecha·
nleal construct1OO Is often the only poss lbillty In

order to become active In the SHF.range at an
acceptable price . Thi, is especia lly valid for
the reprodUCibility of constructlOOal artteles
The question whether a converter functIOns IS
usually decided by the noise Ilgure, which is
the most Important cntenum lor converter con­
structors . Unfortunately. It increases on in­
creaSing the frequency, especialty when one
attempt, to reduce the size 01converters using
..normal .. technology to achieve higher ue­
quency ranges . More regarding thi, problem
was described by Dahms in (7). and Heide­
mann ln (3).

For this reason, the constructIonal artIcle pu­
btl,heelby Neie (1) was not suitable for me, er­
though no external oscillator chain wa' requi r­
ed anet one could be able to avOid the ..two­
bOll- construction With Inlermediale connec­
tions.

The remaining wavegulde-corlstructlQrl l eee­
crlbed in (2) and (3) have been combined by
me. and the result, er thi, combination are
now to be described Indetail. The construction
Is mainly based on detail s given by Kuhne (2).
and It Is only the Input coupling that has been
replaced by the wldeband wavegulde-coaxlal
tran, itlOndescribed In (3).

The operation will be seen easily In Figure 1:
Both the Input signal Irom the N-eonnector,
and the oscillator signal generated In the ve­
ractor multiplier ate lUlereel oul in hlter 1. or 2
respectively and led 10 the central mi.er
dIOde. The IF-output COUpling Is made - as
usual - via a bypass capacitor (e 1). A sun­
able IF-amplifier Is. lor instance. one of tholtl
descnbed In (of) or (7).

"
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SPECIAL FEATURES

In contrul to the c:onstruttlon In (3), the varac­
lor .~ II Integrated lr'lto thew.~. The
mostlmp)rtant mocIIfic;atlOn II the CirC:\llt of the
multJpller 119>whiCh mutllplin by fIv• . Thts
IS now vety ..~ Since It can be driven by a
standard 1152 MHz oscillator chain. which Is
most certainly alrNdy aV8J1abIe In the Ihacks
01me-t UHF·$HF amal""" Inorder to obtain
the ~ed local oeciIItor frequency of 56' 6
MHz nec:euary tor an IF Of1« MHz, It .. only
neceuary 10.xchange the ge MHz crystal tor
one of 93.8 MHz,fhe; fllQLMed aJlgM*l1 cor·
rec:tiOnt at 1123,$ MHz ara very IIN;n, and will
alwaY' be WttnIn the alignment range ot the
_ond ..............

A further l)tl1Ql'lCe 10 (2) .. the turW'Ig screw
betWeen var.etor dlode and waveguOe Iermt­
natiOn. ThII conMterabty Irnprovn the eNl,
ciency and prcMdn. higher mi• ., diode cur·
rent. A tvrtnet "vwnem ponlbilrty uSing •
screw between Mer 2 and the v.r~Of dIOde
wasIound 10be WIthout ett.ec. and can there­
lora be deleted

CONSTRUCTION

A ahOrtpIeOI 01 R 70 (WR 137or WO·' .) was
used u w.v~. ThelMet' dlmensionlar.
now to be given to thai any Inl.....ted c0n­
structor can make It from 1 mm 102 mm lNck
brass plale, llhe I, notable lo Obtaln . tui l' ble
waveguide. The Inner dlmenl lons I re: 34.8
mm x 15.8 mm . All Important dlmenl lOnl can
be lak an Irom Figura 1. and need not be dis­
cussed her• .

IMPORTANT COMPONENTS

V. ractor dIOde: BXY 28 01'BXY 38 (Philips)

Mixer diode: SAW 95 (Phillpt)

C l ,C 2 : Home-made plata capaCllat with
PTFE -foil (rMybe wrth glass hbre),
apprOIl; .0.13 rn'T1 thick
Size : 3011; 18or22. 10mm

C 3 : 6 pF plastIC IQittnrNnel", 7.$mm dll..
(Phlllps:grey)

C 4,C 5: 6 pFcerimICtubullr irimrner
(Philips)

C6: ChipceplCltOtlQOo1000pF

t t : 1 tumor 1 mm<N Jl/Ver-plated
copper wire wound on I 4 mm
1Ql"mef. se/t-1l.4JPC)rtlng

l2: Brasntnp1411;$mm
0 .5mmthiek, mounted eppro. ,
5 mm 0"1'" the ground IUriece

FURTHER OETAILS

The light tiner Wlr" shOuld bl1066ered InIO
place. Thil" fOUOwId by~ the nuts lor
the t.4 5 lUning SCf.-.s to IN outside or the
WIIYIQUidI. This is midi as loIIows:

A t.4 5-UnId II cut IntO the Wllvegulde lind I
nut lOgItt'Iet with "' l lumlnlum ICI"IW ICI"IW'
ed Into piece 10 thalli frtt lJQhtIy. II il now pos­
l ible lor the soldering procel l to be Clmed 0U1
without dlnger.

The greltest problem .. the mount lor the
mi. ... diode In the wavegulc:ll, wt1ich Is not100
.eceuible due 10 the hlter.

However, this dllfiCulty CfIn be SOlved quICkly
uling the lollowing tJ1Ck:
A hOle012 mm In dillmeter Is drilled directly co­
posI te lhe hole lor C 1, whIChmust becentrlll to
(he later position 01the dlode. 1tI, now possible
lor the diode mounl to bllCt'ewed light wtlh the
IM:J of In t.t 2 screw lind I'M through tt1ls hole.
Thewavegulc:ll cannow be healed lrombelow
Without worrying IIbout the IhlftJng oIthl dIOde
mount. Ofcoorse, it Is neces..ry lor the cor­
respondIng IOrileeln the wlvegulde Ind lhe
lower Ilde or the dIOde mount to be solder­
pIII ted beforehIInd, lind this IhouId not be too
ttIick.otherwiMthemountcoukl beaned I The

11
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'00 mW at 1123.$ "HI
vlllhl, d reul t

screw can be remo ved after Ihe soldering pro­
cess - the mount should then be In il s correct
POSItion I

For mounting the modules ..IF-preamplifier.
and "vsrllc1Of mult lplierllnpul circu lls..
(FIg ure 2), it Is necessary lor two brass plates
010.5 • 1.0 mmthickness 10 be hard-soldered

to the waveguide lor uee asmounting flanges.
After carrying out the metal work, It Is possible
101 the PC-boards to be placed sligh tly uncler
these brass p1ales and soldered Into place
using. 100 W sokIering Iron. This canbe seen
in the photograph of the authOr " prototype in
Flgur . 3.

Fig. 3: Photograph ollhtl author'. prototype eon~...
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AUGNMENT

In,.e:t an oteiIalOf power 01 approUNlle!y 100
10200 mW al 1123.5 MHz. The inp,IIClfCUltsol
the varK10f mutlipler should~ aligned WIIh
lhe aid 01 a"", (mA)-melerconnected ~tween
l..tpotnt 1 and ground. AI further aJlgr'Vnents
are rNde lor ma;umummb.er diode current
s.v.a1lndlcaf1Onl 01 mill er diode current wi.
rnun on tl..Inng the lCrew 01 filler 2. The cor­
rect max imum rnulled In the authOr', proto­
type . t a sllghl Insertion depth of the M 5·
lCl'ew Into the waveguide.

WMn COfl'ectty aligned 105760 MHz. the posi­
tion of the acrew of filter 1 wilt only be 'lightly
dlfle rent from thaI ofMer 2 '

MEASURING RESULTS

The noI.. flgur. 01 the converter w.. me.uur·
e>d 10 be 9 to 10 dB when UU1Q a random
diode type SAW 95. Funtw measured values
can~ seen in Tabl. "

""""_ MIX'" dIodecurrent
1123.5 MHz . XV38 BXY 28

120mW 4mA 2.5 mA
7llO mW 4SmA >SmA

The mNsurement up 10 120 mW w.. made
an.,. reduang the Input power. but without
reafIgnment.

Aner~ the mlxerdtode.nd luning both
hlt.. to se l 6 MHz . an output power 01 appro­
xlma lely 65 mW was measured al the input
sockat (1 123,5 MHz in; 700 mW, varaClor '
BXY 38j ,

FINAL NOTES

Several things can be ImprOved on Ihl . con­
vef1er .nd the mBIfllhing would be the varaetor
multiplier. " a short-drcUll plunger and • diode

mounl!t1a1 can be . M tld vertICally wer, 10be
used , I amIUr'lhI.l the ,Noency COUld be m­
cr.ased to mora than 10 %. The IFoOUtPUl
coupling usmg. bypus capac:rtor ••Ito los­
.y. andlhe ChOka output c:oupIingused In (3)
ahc:M.*:I be able to InCI'NM the MnSlllV'lty .

The authOt~ ~ka 10 thank Roll Hetde­
mam. DC 3 OS tor hi.....st.nee dunng lhe
measurements.
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Uli Mallwitz, DK 3 UC

Experiments with a 10 GHz
Frequency Multiplier with
Interdigital Filter Coupling

In (1 )DK 1 uvcselcrlbedlfrequlncytrlpllr
from 3456 GH.z to 10368 GHL UnfortuMlt..
Iy , thll trlpler exhibited high converllon
10... The lu1hor then clrrled ou1 experi­
ment. to Improve the poor efficiency.

In addlllon to thll, attlmptl wire m.de to
Itao U•• the Improved frequency multI­
pllir Ilmuitaneoully .1 up-convlrter for I

10.3 GH.z n.rrow-b.net communication
Iy.tlm. The 144 MH.z band W'ltO be used
.a Intlrmedl. tl frequency range.

••
IMPROVEMENT OF THE
FREQUENCY TRIPlER

The eonveflion loss of over 10 dB COUld !'lave
sev....1causes:

, ) Unsurtable diode
2) Unsuitable matChing
3) Inc:orrecI oper.tmg point
4) High losses I t 3.4 GHz

The nameless cheap diOde manulactured in
England that lool<.s like the 1N23 11 acne pooc­
la' and Is used extensively, It should cceeete
well In the 10 GHz band (DC 3 a s ). Due to the
wide-spread use 01this diode, the description
Is to be based on it.

Since lhe matching and opera lll'lOpoints have
been SOlved in a similar manner to cmer eee ­
cnptiOns. one must assume tl'latthevatues are
approximalely cceect...

With respect to the h'On losses at 3.4 GHz. a
com parison showed t!'lat this Is where the pro­
blem ~es . Namely. an Interdigi tal lllt er miker lor
the 9 em band as described In (2) was equ ip­
ped with. Schott ky diode HP 2600and driven
with a known power; the resulting diode cur­
rent was f'lOtad. The same diod e was then In­
stalled In the In l... diQital filter arrangem ent
described In (1) alter whic h It was driven with
the same RF-pow... . The resulting diode cur­
rent was more than ten tImes less I

The experiments were repeated with various
drive powers and uSing other diod es . They
shOwed C1ear1y that the losses in the Signal
path !Tom the input OCltY\eClor to the diode
were too high.

In 0tCIer to avoid.r~bOnand'or a sitvef·
platIng of tI'le lih... partS. the design described
in (2) was used to drastally reduce the los·
aes. Altet carrying ovt 1 lew modihcatiOnS.
wt1iCh ar. to be desctibect '-tet. ttllS resulted In
a design that proc:IUoed a diode current as was
.xhibilad In the origInal 9 em Intetdigi1al con­
verte r.

1.1 .
CONSTRUCTION OF THE TRIPlER

The photograph 01 the author 's experi mental
prototype (Fi gure 1) ahows the waveguide
part at the top, the interdlgi1al liller with Input
connector lor the 3456 MHz Signalet the cen­
ter. and the 144 MHz clrcui1lor the up-<:onvet -
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ler belOW. Further details are givenln FIg . 2.
All three lingers are made Irom non-sliver­
pla ted , polished bra ss; two are 01 10 mm dia­
met er, and ere 16 mm In length , and lhathlrd Is
12 mm In diameter and 16.5 mm long

The spaCing Irom the SMA-eonnec1Of to the
third linger - which supports the tripler diOde
- wee teken from lhe original design. It may be
noticed thaI the finger lor the diode hal been

•
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capKltl""" by~.Mdto ground
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Flg. S:
Circuit d l~r.m 01I"'. frequency trtp~r l

up-converter..

Flgu,. 4 shows the output wavegUide with It,
three holes. the ShOrt-Clra,lI! plate and the
stanclarclllange (the length 01 57 mm is valid
When using. ChOke flange), The Circuit dia­
gram given in Figur. 5 shows the double Pi·

link lor in}eCting the IF-t lgnaL ThiS 's required
lor the up-conver1er. which It to be deSCribed
later,

Special car. must be taken when assembling
the part. shown In Figure 3 : The surfaces that
torm the bypass c:apaeilor must be tlat the I,n­
~r must be at. right angle to the Ilde pieces
so thaI the diode ia nol damaged laler. The
same is valid lor the transition 111"lOfH'/dlOde.
This finger has a dia . ol12 mm and may nol be
IonQef ttlan gven. Several constructIOnS
showed that the diameter was somewtlat enu­
cal ; this was caused by the impedance ollhls
fi""",.

1.2.
ALIGNMENT OF THE
FREQUENCY MULTIPLIER

A 3456 MHz signal al a power level between
50 and 500 mW is now led 10the $MA-<:onnec­
tOl' (see F-gure 2), and the int8l"diglta llill8l" is
aligned as descnbed in (2) . After insertIng
saews S 1 and S 5 into the waveguide by ap­
proximately 5 mm , II ShOuld be possible lor a
power level 10 be ind iCaled when using a
diode probe at the output ol the waveguide,
The int9tdigltal fill er resonatOl' shOUld be now
opti mized by alternate alignment, In conjunc­
tJOn with sa8WS S 1 and S 5, and the trimmer
R. Theprototype did not ShOwany abnJpt tun·
Ing behaviour; the output power could be
aligned con tInuously with all 01the tuning ele ­
ments. However, this can be dillerent wtlen
us ing other diodes. .

An output power of 27 mW was mea sured at
10368 MHz with a drive power 01120 mW .

If this mUltiplier is to be inatalled in a wave­
gui de group, It is advi sable for a fine align­
menl 10 be made on screw S 5 after co nnec­
tion . SCrews 3 and 4 thai were given In (1)
have been found 10 be superflUOUS In alltesl
senes, whereas screw 2 was necessary with
several ell amples, It is therelore advisable to
provide these holes, and to use the m as re­
quired.
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turned around in order to have •• aligrYnenl
screws on the same side . SInce thts fino« is
dampened eonsiderabty, this hal no adverse
effect. This ftnger it alto InSUlated galvanically
and Is bypassed 10 ground uSing • home­
made bypaSScapao101 (Flg u,. 3) .Acapacrtor
made in this manr'l8fwl. have. capacitance of
approll imale!y 10 to 100 pF acc:ord1ng to the
dielectnc The llf'ogef is accessible tor DC-<:ur·
renlS vi. lhe M 3 'screw, 10 that a trimmer
potentiometer can be conroectecllor ad,IUstll''9
the op8fatJngpotnt. Usual values are between
20 and 100 kO .

i



2.
FREQUENCY TRIPLER I
Up·CONVERTER

This elllension Of the trlpler has already been
shOwn in FIgure 2 and ... Flgur. 6 shOws the
opened prototype trom the other side .

The components 01 the 144 MH z circuit lire as
lollow1:

L 1, L 2: Slurn,oIO.B- , mmdia. sitver-plated
copperwirewound on 8 6 mmtor­
me', sell-supporting

C 1; Home-madedisk capaCitor
• 1 ahown in FlgUf83

C2: PlastiCtoil trimmer . 60 pF (Philips,
red, largetype)

C 3: Plastic loillrimmer, 45 pF (PhilipS,
yellow, largetype)
- may not be required 1-

C4; C&ramiCdlSkeapaCltor4,7nF

A: Trimmerpolenliomelet 100kQ

Coaxial connector lor 3 GHz:
SMA , $MC. orother suitable connectors

2.1.
ALIGNMENT OF
UP·CONVERTER

Flrsttyearryoutlheallgnmentdesctibed In 1.2.
The outpu1lrequency 0110368 MHz can be in­
dicated by using a previOosty aligned filler lor
this frequency together with a detector. or with
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the aid 01 an existing receiver (e,g. • -eunn­
ple.er_)logelher with an aftenualor 01appro­
)llm.,lly 80 10 '40 dB.

The 1« MHz IF-signal ISnow led to the roo­
du~ III powerlevel of AWOlt. 150 mW, atler
wtMctIlCl'rN1 S 5 and S 1, and~ pol~

met. RIhoutd bealignec:l tor maxrnum output
power. ThI Inmmet capacrtOfl C 2 and C 3
ahouId be 1nMf1ec1 10 I'\atl~ance dunng
IhII.'~t FnaIy, C 3 should be aligned
lor ma;umurn required signal. and C 2 tor belt
fNletw1g (lOwest VSWR) between 2 m-tr."..
mtttet and m..... module .

The 1oIow.ng va'ues were meuuted on thlt
.uthof·.~:

OIeibtor~(3408 MHZI ' 120mW
DnvePQWef(l « MHz): lSOmW
TrIptecIfrequency(10224 MHz ): 27 mW
10368MHzlUbseQvent to DB 6 NT·f1lt.,;

8mW

Ellpenmenll made with higher powltr1lt J.loe
MHz h..... shOwn until now that aaturlllOrl er­
lectl occu r al approximate ly 0.7 W. OK 1 ZD
carried out Illperiments with • diode type
DH 636. Thil diOdewent Inlo aaluraUon., ap­
proximately 2 W et 2 OHI, which mean. Ihll
t\aldly any conversion gain wu prqent, and
only 7 mW COUld be rT'IMSUfed at 10368 OHz.
Aft..- reducing ttw drive power 10 0.5 W. hi
output powef IncrHsed 10 ~JdrT\flII'ty 20
mW I TheM Illperiments are k) beoonclnued I..

,..7:
PfopoMl for • frtq'*'C'y
multiplliM mi•., wtth M
., In the 23 ctl'I Of' 13 em.....

2.2.
ANOTHER IF

The up.convef1er can also beoper.ted WIth an
inlennedialte frequency In !he 70 em Of23 em
band. FOf !he len.., an IntMdlgrtai hiler can
also be used aIIF..,.. .. e MIettive coupling
tothe nuer diode. Such a ClI'CUI1i1 indicated in
Figure 7.~ trequeron tor an IF in the 13
em band are gIvM'Ilnbrackell.

The mlf'llmum complement il one coupling and
one tuneable linger, MCh. In Ofder 10 use onty
one profile , the IIt'9'fIIOf the IF ant greatty
ShOr1ened . ThII JT'INI'II that a p1eteeapacrtor il
reQI.llrEld tor hnng It 10resonance.

3.
REFERENCES

(1) K. D. Broeket", OK 1 UV:
Vafaktorve rdrellaCher 3456 MHz II 3 ­
10368 MHz
DUBUS, EdItion 111980, pages 22·23

(2) J. Dahma, DC 0 DA:
Interdigllal Convert.,. tor the GHz
AmatllUr BancH - Inlerdlg it&l A lters
Extended to Form Recetve Converters
VHF COMMUN!CATlONS, Volume10,
EdrtJon3l187e,~ 15+168



VHF C9!>4MUNIC"TIQNS M12

Sepp Reitnoter, DL 6 MH

A Straight-Through Mixer for 24 GHz

In recent year., a large number of radio
amateur . ".ve become act lv. on the 10
GHz band . 11 will be . ..n, • • peclally
during cont • • t. , that there I. a con .lder·
abl. trend to th. .. higher frequencle• . 01
cour.., not all equipment I. hom..mad• •
Th. 24 GHz band ha. been available to
amllteur. for lO me year. now, but doe. not
enjoy thl . popularity ,

In the cue of 10 GHz, the relallvely Inex·
pen, lv. - Gunnplexer. ha. done much to
Incr. ... activity on thl , tMlnd, In the ca.e
of hom..made equlpm.nt, the 'c>ellled
' trllght-through mixer " a. become poplr
lar due to the , urprl,l ngly good re.ull. ob­
t.ln.d with It. The author de' crlbed . uch a
mlx er tor th. 10 GHz band In VHFCOMMU·
NICATIONS (1). thill. now to be lollowed
by a .Imllar de.lgn lor a tr.n. c. lver lor the
24 GHz band, which has proved It' elf In the
field .

CONCEPT

Several different concepts for the 24 GHz
band were built up and tested by the author.
Whenmaking acomparisonbetweenexpense
and efficiency, the describedstraight·through

mille' concepl has been found 10 be Ihe most
favorable. Figure 1 shows the complete, rea­
dy·fo-operatemodule.The caseIs made out01
PC-board material and accommodates all
components necessary lor operation , llcepl
the battery. The waveguide module Is shown
in Figure 2

Posi tio ning or the MIxer Diode

Ellperiments wllh straJght-through millers lor
the 10 GHz band have Shown that a very high
sensitivity can be achieved in the receive
mode. hOwever, the transmit power remains
low,This reneIs even more criticalwhen USing
such a mixer lor the 24 GHz band, If a special
construction Isnot used.The reasonlor thisre­
latlvely low transmit powe, is the miller diode,
mounted betweenoscillator and antenna.

If the diode Isplacedout 01the E·field,which is
at Its strongest at the center 01the waveguide,
It will not absorb 80much power. which means
that more Is available lor transmit epcucenone.
One must only pay attention that th. miller
diode receives sufficientoscillator Injection for
recepllon so thaI the receive sensitivity Is not
deterioraled. This means that. compromise
must be lound for each cscmator power level
between transmit power and diode current
(approll. 0.5 to 3 mAl. ..
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This seems to have been achieved in the case
ol lhe descnbed mi~er. When vsing a 12 mW
Gunn diode, 4 to 5 mW are available in the
transmit mode. Ouring e~periment. made by
the author on straight·throug h mi~er1 where
the dIOde was in the center 01 the waveg u1de
(In othel' words at the positiOn 01ma~im....m E·
l ield ), a higher conversion current was gener·
ated . Howe ver . only tran smit power levels In
the order 01 100 10 200 I4W were available.
Even with theM low tran smit pOwer, II wal
posSIble tor communlCation to be made over
distances of 30 km (Iine-ol ·sight) , lIYen it lhe
signals were weak .

CONSTRUCTION

Flgur. 3 shows the cross sectiOn 01 the 24
GHz straight· through mi~er ; the cross'l8Ction
drawing Is not Qult. COfTect, butallQws the eon­
slNCll on to be d.scribed easily. The end 01the
wavegu ide Is terminated with a short -circuit
plunger. Th. p1ung.r II provided with a I.yer 01
Sellotape In order 10 avoid intermittent can­
tacts with in!he waveguIde.The max imum FlF·
outputof the OSCIllator Is adjusted with this .

Tuning

A PTFE lUning pin can be Insened Into the re­
sonator Chamber with the aid 01. micrometer
screw between the Gunn diode andthe Iris at
the ottIer endof the reson ant Chamber.

The steel pin of this micromeler II softened
and driUedout In order to lnsert the tvnlng pln .
A brass block ilsoldered onto the waveguide
for mounting the micrometer screw. Thi s block
II provided wilh • suitable hole tor this. The
micrometer Is clamped ul lng 3 mm screws.t
th. alde.

Irll

The iris with an aperture of 3.5 mm diameter II
mounted directty in the w.veg....lde. In order to

11>2

do this. slOlS are sawn Into the broadsld.s lnlO
which the iris Is placed and subsequently sol­
dered . The stolS may only be as thick as the
metal plate 01the ins . Normal metal sawblades
provide • cut width of appfOkimately 1 mm ,
whiChmeanl that Itle ins can be Just al thiCk. II
It cannot be inserted tightly. II l hould be
rubbed ClOwn with emery clo th. Attention
should be paid during the soldering process
that no solder can llow Into the waveguide " .
sell .

A rectangular slot can be used In the iris in­
stead 01 the round hole . In thll case. a slot is
sawn Into the narrow sldel 01 the waveguide
and a metal plale soldered In Irom both sides .
The spacing between both metal plates should
amount to 3 mm In the wavegu ide.

Length 01 the Resonator

The spaCing between cen ter 01 the Gunn
diode and the Iris Is selected 10 be somewhat
Ie" than )"J2. Wavelength ~ 01 the wavegu ide
A 220 (WG 20) amounts to 15.25 mm at the
center frequency of lheband 24 .1 GHz;this re­
sults In the theoretical value 01 7.625 mm lor
0.5 K ~. Howe ver . In order to provid e I C8f1aln
tuning rlnge lor the PTFE pin • • SPICIng 017
mm has been selected. In the drlwing, the
spacing Irom Gunn diode to PTFE pin Is 4 mm ,
and 3 mm lromthe PTFE pin to the Ins. This Is
thus I tota l of 7 mm . This dimension Is critiCal,
since the Irequency range to be achieved is
dependent on this

FI9.4 :
Olm.nalona of lhe mix.,. dlod . BAT 14-121.
which C." be uHcl IOf the l requency range
betwMn 2t.l end 40 OHt. Optimum nol a.
nQ\lr. la pnwIcMclllt .... MCUlllt or~
012 mW.
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Mixer Diode

The mixer diode Is spaced 314 At from the iris.
wh ich amounts to 11.4 mm . As previously
ment ioned, n is not mounted In the cen ter 01
the waveguide. The spacing from the Inside of
the waveguide 10 the center 01 the diode
amounts to 2.5 rnm.

Three matching screws are provided in trcm 01

the mixer diodewilh which the diodecurrent of
the mixer can be adjusted. The author used a
mixer diode type BAT 14-121, wh ich Is manu­
factured by Sieme ns (Flgur. 4). A good recet­
V9 senSitivity was provided et a mixer current
01 approximately 200 itA. Under labo ratory
condiUons, It was loond thai an input power 01
- 100 da m provided 8 good indic alion on the
s- meter.

Fig. 6: Th, byp... e.p.cIIOri lor th. Gunn Ollelll. lo r (len) . nd th. ml• • rdl~ (be low c.nter)•
•• w.n •• the fOlder llg I trlp c.n be • ...., clelrly.

103



Byp••• c.p.cltor.

The RF-bypass Of the GUI'V'l VOltage, and lhe
Inl~.t. frequency 01 30 MHz tall.en trom
the miller diode IS m80I WIth brass pIIt..
wt1ctl .,. ....ted from the waV'8gUlCle WIth
the aid 01 mICalayers,

It mountang plat. ISprovided on the klwtr IIde
oIlhe waveguide. Threaded hOleS of 3 mm In
d~met., are dtilled Itl this plate tor mounlJng
the bypass capacilors. The insulating COIlart
are usually used lor mountll'lQ power IrI1\SlS·

'en

FURTHER DETAILS

AI can be seen In Figure 3, fhe screws lor

mountl/"lQ the OUlYl diOde and the "net diode
neve been dnlleclat tt*r ends.

It MlCfOWaw Anodat.. - Gunn diode Iype
MIt 49628 was ayaMlbleto the authof.
ttsmain specfleallOnll! 22 GMzare'
P_ - 10mWtlJ.. - $.0 V(typl. or
8,OV lmax Yl.. - 200 mA (max) ;
case : see Figure 5

As canbe Men InFlgu~ e, llOIder I8g IttJP is
provided on the low., tide of !he mounting
plate for all connectlOl"ls. The wlnng of the
transceiver tor 24OMzII given In the bkldtdla·
gram given In Figure 7. Flgur.' shows IInally
the intemal constructlOl"l.

Homradiator1orpe.rabollCdlShescanbe used
as antennas. The author descnbed suitable
parabolic antennas lor 10GMzand 24 OMz in
(2) .
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Fig. 8: Internel "I.... of thetrlne.:.I"... ehowlng the ,tr,lght-through ml..r (uppe r l.tI) ,
bcNord for yotlege .t.bUlI... , modul.tor, .nd tone a-.tor (upper right),
el well'lthe IF·boIrd lbelow). The loud.puk, r I. mounted on the . Ide PoI'*
th.t hI' been removed.
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Portable Antennas
operatIng accordIng to log·perlodlc prIncIples
LP 212 m - LP 3,'2 m - LP 5J2m l P 317G em .nd l P 5170 em
Two, three. and live element portable Three and five elementpor1at>le antennas
anlenna"01144 MHz. 10170 em.
Gain 4.2dBd, 7dBd. and 8 dBd reapectively. Galn4.5 dad and 8dBd respecUvely.
Price. : LP 2I2 m: OM 29.80 Prle• • : LP3I70em: OM 39.00

LP 312m: OM 49.00 l P 5170 em: OM 49.00
~ l P 5/2 m: OM 79 .00

A ~technik Terry D, Bittan -JahnSlr, 14 · Posttach 80 ·0-8523 Baiersdorf
Tel. 09133/855 (Tag und Nachl )
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Dynamic Range of 2 m Transceivers

Part 3: Modifi cations to the
IC 211 and IC 245

Th, Introd uc tIon to thl•••,1•• 01 artlcl••
w.. gIven In Editi on 1182 at VHF COMMU­
NICAnONS. This .xplai ned In det,lI why
the dYNlmk rang. or Ir.nsmin. ,. mUll be
II gr••l II po.alb", and 1.p1aIMd thl,
wtth the aid 0' I.ampl••• A com~r1.on of
vllue. melI'u~ on wall-known commer·
clal 2 m tf'llnacelv.,. mow.d tN' lhef'll
WI' a 101 to be de,iM In thll f'II'JMct. Part 2
01 Ihl, HrIn ot . l1lc.... which WI' pu­
bllatMd In EditIOn 1it12. gay•• num~ of
modlflCllllona to tI'M 18 700. In the TS 700
the prob"ms we,.. CIIult'd by undHlred
Au..modul.tlon 01 the carri,r. In ICOU Ie
21' and Ie 245. like In mo.t other tl'llnacel­
vera. the nol.. I, CIIuHd by uncM.lrwd
phil ... or '~uency-modul.Uon ,

The measured noise sideband. of • number of
Ie 21 1 .nd Ie 245 transceiv.... . r. given In
Flgur. 1.The continuous Unes showIha mea"
sured valu'S belor. modification, and the
dashed lIn•• afterwards.Transceivers Aand B
ware me. sured both belore ani:lafler the de,­
Cribed modillcations. In the case ol ttanscelver
C, the veo was replaced by a hlgh-quality (I),
home-made oaclUator. The other transce iver. :
0 , E, F, and G were only measured belore or
after the mocMlCatlOn.

The veo of the transceiver aeries Ie 211 and

",.

IC 245 ell:hibil ttle usual weakness 01commer·
cially available transceivers: The veractor
diode Is led via a 47 kQ resistor . The output 01
the phase comparalor IS lOw-impedance and
has a relati vely low noise component. How·
vee. a considerable noisevoltage Ispresental
the varactor diode, wt1Ich IS caused by the
leakage current. ThIt vol1age has a 1ft compo­
nent, whiChcauses a correspondingly varying
vol1age drop KrOSIthlS resistor,

The easiest IOkJbOn to th iS problem is to teed
the varaetor diode !rom a Iow-impedance
source,which can be easily achieved. ills only
necessary to connect an AF-dloke In parallel
with the 47 kQ resistor. Arter carrylI'loQ out this
mod ifiCation, the noise sidebandswm be con­
siderably reduced, and the main component
will now come trom the phase comparalor. In
order to suppress this noise, III' necessary10
build -up a passive litter a, ,hown in Flgur. 2,
and to Insert Itbetween phase comparalor and
vco.
The li lter shOwn ha, an output Impedance 01
awox1mately 1 kC at to kHz and wlll comple­
tely short out the noi.. ca used by the leakage
current. fl wll lallO suppr.,,1he noise Irom the
phasecomparator suffIQenlly to ensure thaI it
wil have no ellect on the noi.. sidebands.
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Fill. 1: S lde bllnd nol.. OI Y'MOUI fr.nKeI....... IC 21111C 245. M•••utlng bandwidth: 3 kHz.
ContlnuouI II". . : Origlnals'I" , d••ned II".,: ,ft.r modification

The Imer causes an additional phase shift in
the control circuit which can lead 10 instability
and pool' Iodc-lncharacteristics. However. this
phaseshiftcan be compensatedlorby realign­
Ing the trimmer potentiomete r in the ecwe
loop filter 10 th.lthe control circuit locks Incor­
rectly. There are variOus different versions 01
the Ie 211 ancllC 245 transcelver, and this
potentiometer Is 10 be found In dIfferent posi.
tiona In the unit In order 10 identIfy the correct

1*-1 "" '41
: 33~ : - '.'CO

-~<. ~:
- <, ISfloil S9SZ ~ _

Fig. 2:
Thl, 'UlI' . hould bt; InII I U.cl betwMn
ph••• c:ompllrllor and yeO

potentiometer, one shOuld study the circuit .~.

traa given In Flgur. 3. Ills designated A 28 In
this circuit, and otten it is found that lhe bell
Iock.in charadenstiC1 are Obtained with this
potenllometer adjusted 10 one of 11. amn po.l­
lion• . The active Mer should be soldered with
shortconnectionsdirectly to the vco-eeece.
a. can be teen In FIgure".

The VCO 01 many IransceiVef, will neve been
modified already by the manufacturer. This Is
In the form oIa AC-nefWOfk 01470 0 11 nF.
wnlch widhaye been Inserted Into the source­
circuit 01 the oscillator transl.tor, These two
compooents are accommodated on the con­
ductor side 01 the PC-board. alter breaking the
requIred conductor lane. Figure 5 show. this
ICOM-modificatlon,a,welle, the modifiCation
recommended by the authOr, In the form 01 a
circuit dIagram,

The manufacturer', modification reduce, the
Yalues oflhe noisesideband, byapproximate­
ly !5 dB when compared with the Original ".t•.I.'
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This can be SlHKl Irom the measured side­
bands 01transceiver, A, B. and E In Agure 1.
ICOM probably wanted10 reduce the oscillator
powef WIth thl' modlliCatlOn Inordel' 10 reduc.
the RF-von.ge ecrou the varlClOrCllodtl.This
In tum wiI reduce the leakage currentthrough
the diOde. and aubMQuentIy!he \I'Obgedrop
aerou the 1.7 kO resistor. An... earryIng out

the recommended modilicatlons IIslOO in thIS
artiCle, the ICOM-modiflcatlOn will no longer be
reQuired. SInce the vonage source 01the ve­
ractordiode will.~hlbil.ucha low-Impedance
lot Iowet frequencies that the 111 oomponent of
the leakage current win not be able to eause"""--
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This ptlFtlll d~rlm01tlMI VCO s"ows bot h
the ICOM modlfatlon, I nd 1M modil tei lion
r.commended by lhe IUlhor

II should be noted that two componenls are
somewhat critical: The 10 II-F capacitor should
have a low leakage current, since such leak ·
age currents can have a high noise compo­
nent. The authOr uses tantalum e1ec1ro1yt1C1.
The RF-choke shoold be a good VHF·type.in
other WOfds. It should have a high a 150 that i1
does not deter\cH'atethe a 01the resonant cir·
cull . The inductance and capacilance values
are not critical, since any detuning of the aSCiI·
lator resonant circuit can be compensated lor
by correc1ing the core 01 l 1. A choke made
from one layer 01 enemelled copper wire
wou nd on a 1.5 mm dlameler lerrite rod 01 10
mm In length has been found to be very suit ·
able.

The author has taken such chokes from tran­
sistorized VHF!UHF TV-tune,.,. A );4 COil
would also be suitable.

A disadvantage 01 the recommended moclJlt·
cations should all50be mentioned : The lock-in
lime is increased IOf large trequency varia­
tions. This will be notiCed as a short delay be-­
tween transmit and receive when operating
split frequency op&r81lon (repealer operation).

Th,s disadvantage can be avoided byconnect·
lng a palr of IN 4148 diOdes acrou the 33 kO
resistor (dashed linuln Figure 2) . The authOr
has no! tested such diodes in amateur trlna­
ceivlfl, but In a diNerent application where
last locking was required. Such solution work­
ed ellcellenUy. For these diodes to work. the
output lmpectlnee of the phase comparator
mull be much emaner then 33 k, which Is the
case lor IC 211/1C 245. It is wise to connect an
oscliloscope to the comparator outpu t when all
modi flcallons are done . The AC component ot
the output from the phase comparalor should
be below 0.5 V (peak), also when a consider·
able audio level is present at the buill·1n loud·
speaker, or knocking at the transceiver to
simulate mobile usage.
The AF-ehoke should be constf\lcted In a
mechanically stable manl'\8f . Sinee a mere­
phonic effec1 Will be causaci if Its hot end is
vibraled by a high pressure lrom the built·in
loudspeaker, or during mobile ope ration. The
slow reactiOn 01 the phas e control will then
lead 10an unr eliable Iock·in characteristic. Ills
therefore advisable to glue the cho ke wllh an
adhesive having good AF-eharacterlstics (low
tan delta). The adhesive shoul d be approllima·
tely 1 mm thick. It represents the dielectriC of a
IIray capacitance. and ilitis made too thin, the
high capaCItance . and high electric ' .eld
strength in the dieleclric will causa Ioasas and
thus increased noise slclebands.

Several dozen IC 2111245 were modified ac­
cording to this description in Sweden and Fin­
land . Acoordlng to my knowledge, no pro­
blems have been encountered , The average
improvemen t at small frequency spacings
trom the camer is apprQlllmately 15 dB. This
means tha t the described modifications 'e·
duce the Intelierlng noise sidebands by the
same value as wouldbetheca" when I wilCh·
ing off a 300 W linear amplilier and operallng
the Italion -bareloot.. with only 10 W I

In the case 01the IC 211 , an improvemenl 01
approllimalely the same value Will be present
in the ,ecelve mode. This Improvemen t is lass
pronounoed In the casa 01 the IC 245 due to Its
Simpler input Circuit 01the receiver.

Part 4 or thla Mriel of artlc lea will d..c rlbe
Improva menta to the FT 221 transc alver .



Dr. Siegfried Behrens, DC6 NG

An RF-Probe for Test and
Measurement Purposes

III••ufflcl.nl to 1.1'" ,Impl. RF-probe te­
g.th.r with. 'lJbuqu.nt Oc.m.l.rto ••t..
bll,h wheth,r an aetlv. lour-pol. II eeeu­
I.llng or not. The .ppllClilion r.ng. I, from
VlF up to UHF. "th. voltmeter hI" high
ImjMd.nCI, It I. po••lbl. to Indlcat. unmo­
dul.t.ct RFovOlgg•• quit. accur.tely. 0".
",..,t Idv.nt.g. l. th.t no ground eennec­
tlon I, requl~. line. the hand capacity of
the u••r I, l uff lcl. nt tor grounding.

The concept Is baled on the clrC\Jlt given In (1).
Further information regarding the use of semi·
conductors 101' rectilicatlon and as a meier am­
plifier wer, fOUnd in (2).However. a meteram­
plif ier willnot be necessary as long as the DC­
meier has an Impedance of more than 50
kON.

The simple circuit Is shown in Flgur. 1. The
current eitClJllls completed by ttle Input impe­
dance 01 the meier, which is not shown.

. :rn ~
AAZ 10 56-68pFlsee toxt l

Insulation Metal tub e

-'R> '
11.
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Germanium diodes are used to rectify the RF·
voltage. These are types used for lew-tmpe­
dance rect ifier circuits, The lollowlng types are
especially suitable :

AAZ 10(Telefunken )
AAY 27, AA 116 (Siemens)
QA 90 (Philips)
1 N40

These are older diode types , and one will prob­
ably find the AA 116 eas iest. If a few 1 N 21
diodes are found In the drawer, then the probe
can be built -up with these.

Capacitors eland C 2 should prefer ably be
chip capacitors of maximum 100 pF. This ve­
lue may seem too tow, but It will gua rantee that
the cececnors still ccerete as capacitors at
UHF, which would no long er be lhe case with
capacitance values In excess of 1 nF.

A suitable construction Is shown in Flgur. 2.
The operation at higher frequencies depends
on a careful , and slable construction and in-

sreueton of the probe tip. and by maintaining
the shortest connections to the diodes. and
from these to the disc capacitors . All other
pans are uncritical. Do not forg et to use some
means of Ilxlng the cable in the probe SO tha t
the connectlons are not broken on pull ing ,

The author was able to measure RF-vo/lages
of between 30 kHz and 430 MHz with an error
of only 10 %, even though construction was
not perfect. Unfortunately , defined voltages of
higher frequencies were not avail able, and it
was not possible to determine the upper fre­
quency limit.

REFERENCES

( 1) Information on the Siemens HF·Multizel

(2) Information on the Resonance
Frequency Meier WAM
(Rohde u. Schwarz )

The "'TV·7011 I. ~IO .....II.bIe 'or broadcasting UM
between "TOMHz and 500 MHz, and. number of
such units are In continuous oper.liOn In AlrIc•.

The .lTV-TOll II I proleulon~ qUllily .lTV iranI­
mm8f lOI' the 70 em blnc!. It I. only n8Ce1HrY 10
connect. carner. (monochrome or colour) , ani.,.,.
III'lCI mlcroptlor'ltl . C.n be operateclfrom 220 VACor
12 V DC. The Itlndard unll oplKalel IOOOl'dlng to
CCIA, but Olher llandards are available on request

The ATV-T011 Is • furthe r lMveloprHnt of our re~·
IbIe ATV·T010 with belt8f specIlicatlonl, newerde­
Ilanr ~nd .mallet"d1mentlorla. It UH ' • new ' yl t",""
of YICleo-lOUOd oombl~lIon I nd modulatiOn. It Is
alto suitable tor mobile operallon trom 12 V DC or
tor fixed operallon on 220 VAC.
Prlee , , DM 2750.00

Colour ATV-Transmissions are no problem
for our new ATV-7011

Spec:l'lcallonl:
Frequeociel. <:ryslal-controlll(l:
Video 434.25 MHz. Sound 439.75 MHz
IM·products (3rd order ): blllter than - 30 dB
Suppreillon of OIC.freq, and Im&ge:
beller !han - 55 dB
POW8f-OUtpUl, unmodulaled lyp 10 W
De~very : ell slocl< to 8 week. (.tandard model)

k [)Jf;@Ilt!technik Te,,,O. B'hen . Jenns". 14 · Pos'een 80 · 0-8523 B. 'e" dort
Tet.09133 /855 (Tag und Nacht)
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Friedrich Krug, OJ 3 RV

A Versatile IF-Module Suitable for
2 m Receivers, or as an IF-Modul e
for the SHF Bands

Part 2: Matching Stage for the
Crystal Filter

Peril ofth. artlclew..published In edition
4/81 of VHF COMMUNICATIONS and d..­
crlbfil the concept ot the receiver, with
charlet.rl,lIea and pou lbllltl• • ot exten­
l ion, ..well •• the modul• • ol the Input cir­
cuit Ttl_ f lr,t module to 1M cMK rtb4Kt In d..
1II11 1. the match ing stage lor the cryatal 111­
terl . Thl, I, • '11'...,- Import,nt s tage 'or de­
lermlnlng the dyn am ic rIng. of thti ~.~
ver, , nd l or th l, r...on It Is to be d..crlbed
In moradetall i I tlrg. number of me..ur~
Vllu•••r. to be gi ven tor varioul type. of
lrlnl lator. and cryetal fUter• .

3.
IF·AMPLIFIER

The oompietetF·module compriael I number
01 Individual S1a"es, which are given In Flg.4
In th.form 01a blockdiag ram. The cirCUits are
divided onto lour PC- boards and screen­
ed In convenlional meter box.a. This allows
the IF-module to be used In a versatile man­
ner. Since the individual PC-boards can be
used MParately at requited.

The' first PC-board oontaint the matChing 1m­
pllfier. crystal finers lor the various band­
wknha,"well.. alow-nol.. amplifier, which
can be provided with a Notch rllter or a further
IF-filter lor improving !he ultima te lelectlvity.
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The second board contains the variable IF·
amplifier. the control voltage generator, and
the ootput coupling stages .

The third board contains the demodulators
and an AF.amplilier: and the fourth board ceo­
fain, the OSCIllator.for the BFO. as well as the
auxiliary oscillators lor the alignment 01the IF·
module.

The overall circuit. and component lOCation
plans 104' the boards Willbe gIven in Section 4
01this article . whereal Section 31, to describe
the Individual I tagel and their operation 80 as
10 obtain a better understanding olthe circuit.
A large number ol different Circuit, were e.­
amlned, and the most favourable circu it with
the best reproducibility (when using amateur
measuring equipment) was then selected lor
the appIlcatl()fl . The demands given In SectiOn
1 were to be lullilled al closely as posslble .

3.1.
MATCHING STAGE FOR
THE CRYSTAL FILTER

In the caseoll Superhe1 receiver IS shOwnIn
FIgure 1, the required IF-signal It Mered out
!rom the tlgnal spectrum at the output of the
mixer with the aid of aerylla1 filter , which provi­
des the main I8lect1vtty . The tlgnalls subia-
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qvent1yampIlfl8d In the IF-module, The crystal
tilt... ha'. hOwev.... only a defined~
Wlthln the passband range . wtlereu a low­
In!etmOdUlabOn nn... r~" a Mdeband
oM* terminatIOn - usu-Ry 50 0 , For ltlit
reuon, a mald'ing forTIC)Irfl8l' is~~

twoMnnn... and Mer, which~ P\aYe a tr..
QUWICY-tndependent input~ and
whOM output mpedara~ match the 1m­
pedata of the ft/'ler.

The Input mpedance of the amplIfier must be
as lnctependent as possible of the output impe­
dance. whlth II mainly given by the input impe­
cs.nce ol lhe tilter . Thi' can only be achieved
using Iow-reaetive Circuits. which meant that
feedback Circuit, such as uHd In lhe Input er­
C\III (Flgur, 3) canr'lO! be uMCS. FurthermOre.
the ampli tier and the lUle r delermlne the over­
.., Inlermodulallon and noisechafac;1eristic:l of
the whole IF-module. whlch means thai only
Iow·intermodulalion. and Iow-noise eorco­
nents can be used.

The.. problemS were descnbed vefY extensi­
vely by OJ 7 VY in 110): further inrormabOn
wa, gMn by Dl 7 AVin (11) and allO In (12).

3 _1 .1 . Dynamic Rang.

AccorCWIg 10 the etemandI gIVen In S«:bon 1.
the IF-module Ihouki procetIllgnaJsWtthin .
dynamic: ra0Q801100 dB wilhOut ln1ermodu l.­
lion , and be able 10 handle a maximum inpu1
lIOIUIQeof UO' __ 5OmVWllhOut limmng . The
llin... corrnponc:l' 10 an InpU1~ of p O' _
__ 13dBm,

The inl ermodulatton-Iree dynamIC range 10 I,
conSidered 10be the input level rl. thai is
between the noise floor lnet the Inpu l power
PO' et whiCh the Intermodullilon prodocts are
aquII IOIhe noise powe r Pft.

10 • P., - Pft

For Ihoae reader, Iha l only knOw noI.. 10 be
IOl'Mthing that comes out 01 the lOudspeaker
Of hNdphones, butatiI want10underttand the
IolIowtng~. II II suggested thallhey read
It'ltough the Dl 3 WR II'1ide In ( t 3).

' 14

In the case 01 a mlrlimum input VOltage 01
UO' _ • 0 5 ~V lor • usual Slgna l-to-noi..
r.1lO 01 10 dB used in amateur commuNca­
tlOnS. the I'IOIMlklor 'MIl be as fOllOwS when r.
'erred 10the I'IOIM vottaoe at the input :

U U. _ 0 • V
~ • VT8'" . , "

TtIlI corrnponds 10I nolM power Pft acrou
50001;

u·
Pft • so fto • 5xl0" 'W Q, - 123 dBm.

Thi' meanl IN I lhe maximum permissible
noI.. figure NF lorthe IF-module althe large st
bandwidth 0115 kHz will be

NF • .!:.. • 5)( to·1I
• 8 .33

kTB 4)(10')')(15000

Q, 9.2 es.
Since the IF·module I, deligned 10 loIlow •
passive mhter.the noIseligure thould be even
lowe<.

The Iargeallnpu1 power p.. II whIctllhe inler­
moduIabon reJiKtiOn amounts 10I"" • tOO dB
lor the maxmum pem'Illllbltl noiM figure 01
NF • 92 dB. can be cakulaled IlCC:OrdN'lg 10
the IoIoMng~bon:

p•• Pft + I"" • - 123 dBm + 100 dB •

- 23dBm.

The Ihird-<Irder intercept point referred 10 the
Input of the IF-modu'e mull then be al Jul t:

IP _ 0,5 1"" + PO' . 0.5Jt 100 dB - 23dBm
• + 27dBm.

Unfortunately. lhi, lrllercepl poinl couki noc be
KhleYIId Ullng the ~IChIngII. In the input
Circurt01' OJ 7 VY. AA IP ot 19dBm and lnoi..
figure of NF _ 4,4 dB were mea,ured when
utlng lhe FET P 8002. In order 10obtain better
speclficatlonl, variOu' malching ci rcuils were
e)(amlned IYllemallC8l1y.

In principle. In Input I lage of In IF'module
consi,ts of bendpul lin.... Implilier. and
erystaI Mer. Th6I ilshown in the bIoc:k diagram
gMtn in F,,",ure 5 The.n~bOn or gain G".
noiM figure NF. and the in1ercepl por.t IP



Fig. 5: Block dl-O'i m of the ml tch lng clrcutl

were examlf'HK! at the Individual components,
and In conjunctIOn with the Circuits and subse·
quently compared.

From the Individual apeclflcatlons , it II poss.
ible to Obtain an approximation of the overall
values 01 the noise figure NF• • and the Inte, ­
cept point IP., referred to the Input of the IF­
ampli fier . which are then valid for the Intermo·
dulatlon·free dynamic range 10.

These resullfrom the connection of the Indivl·
dual elements as shOwn In Figure 5and canbe
calCulated accord ing to the following equa­
lions from (12)aOO(13). The aMenuation olthe
bandpass coupling (Op,) , the gain 01the stage
(OPl). and the aMenuat\on of the crys tal lilter
(Op,) hava been considered. A noise ligure
NF, - 2 a 3 dB Is assumed lor the amplifier
follOwing the crystal filler ,

The follOwing Is valid lor the total nOise figure
NF...:

1
- -1

1 eN:,F1:' -~' • Gp,NF.... -.- -
Op, Op, Op, x OPt

... NF, -1
Op, xGP2 X GpJ

For the calcula tion Oflhe dynamic range , it Is
advisable to calculate the noise power Pn reo
ferred to the input In dBm:

P
n

• 10 lg NF!5l! xB x kT
1mW

. 10 1g 14 x 10·' l x NF. x Bj

NF•• Noisetigure
B - Bandwlctlh olthelllter lnHz
K • Boltzmannconstant

- 1.38 x lO'» WIIK
T - Ambienttempe,ature In Kelvin (K)

--...-'...•

The following Is valid for the Intercept point
IP... :

IP•• - 10 Ig (10- P " IO ... 10(0iP, -~Y'O

Since the Intercept point Is always given In
dBm, all values should also be In dB in the last
equatiOn.

The lntermodulat!on·lTee dynamic range 10
then resuns as:

2
10 • T liP. - Pn)

di,ectly In dB.

3,1.2. Bandpa ss Filter

The matching amplifier should only be driven
by signal. In the IF-range. A filter Circuit that
also provides a wideband mixer tem'linatM)r'l Is
In the form of a bandpassliller and wa. calCU­
lated In (14). Th is bandpass fille r talso used In
(6)) Is given In Figure IS. Itonly allows slgnats in
the IF-range to be passed to the subsequent
amplifier, All other signals such as the Image
and the residual OSCillator frequency at the out­
put of the mixer will be suppressed.

In an experimental circuit cons trvcted by the
authOr, a reslduatoacmatorSlgna l of - 1"dBm
was measured at the IF-output Of the mixer
SRA· 1I-l al an oacillatOf pOWer of + 17 dBm,
whichcorresponds to an .nenuation 01only 3 1
dB, The bandpass !Iller wm .nenulle this
signal by approxlmal&ly 3OdB, whereas the al·
tenuetcn of the required .lgnal onty amounts
10 Gp, • 0 .87 Q, - 0 .6 dB.



This InsertiOn loss will deteriorate the noise
ligure . whereas Inductance, l 1 and L 2 will
deterio rate the inter cept polnt. The Inductan·
cell are conSlrueted using the special coil set
avallablelrom the publishers. According10 the
poSition 01 the cor. in the coil , an intercept
point ol IP, • 42 1044 dBm resulted, Ellperi.
menlS made With otherferrite malenal, did not
PfClVlcM any ben8f values. This showl the 1m·
portance of the non-linear behaviour of ferrite
material. lor the IP.

F\9. I :
88l1Clpul f11t.,.1 lennlMIlOl'l
10( • rtng mb.,

".,
50

2.5J*l

C2
In

Amplif.,

Rr-son

-

hers were operated WIthout filter and 1emun·
ated WIth the OhmIC value of the nominal filler
imped ance~.

Various high-eurrent FEl.. and the FET
P 8002 also In push-pun wife examined lor
the amptifier It.age. The CirCuits are given In
figure 7. The measured valu4n tor the inler­
ceot poem lP re'etred to the Wlput, and the
l"IOIS8 figure are grven In Ta~ 2 .

The values lor lhe IP W4tre measured on se­
veral examp!el uSing two tignals having a
level of - 10 dBm eactl. and the spread is
g iven .

Power translstora with better lntermodulalion
behaviour have, however, usually poorer
noise figures . and were not eKamlned here.

The Input impedance z.. of the circuits shOuld
amounl lo SO Q and can be selected usingthe
transformation ratIO1r01the inpu t transformer
and ltIe transadmittance slOpe y' l '

Z. - ,"y"
For transistors WIth YI' • 20 mS such as the
P 8002 and CP 643. no Input transformer WIN
be reQUIred.

3.1.3. Amplifier

The noise of the ampIiher shOuld be .s lowas
pot.Slble. and the gain of the ampIritef Ihoukl
be tueh lholtthe fitter loss and noiH figure of
the tubMQ\Jent stages have kttle effect on the
ov-all noise figure. FurthermOre. the Intercept
point Ihould be a. high as possible. Since aM
amplifier elements possess. non-linear beha­
vIour• • poorer IntermodulaliOn rejectKln will
result a' highil81n levels due tothe higher out·
put amplttude, in other words, the result wHi be
Blower IP,

The higher output amplitude mean. that the
subseQuent l iI18f will be driven ",I higher level ,
which meal'll that the IP ol lhe lllter can no
IOngefbe neg lected. The IP o f the Illter lhoold
alway. be greater me n or eQual to the IP of the
amplifier relerred to Itsoutput.

IP, a: IP, + OPr (values In dB)

Forthe~measurements. the ampli-o
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Fig. 1:
.....urlng clre ult. lor
~chln9 Implm..



Vl-IFCQt.4MUNICATIONS eee

Component, No l, eFlg .NFI IP

P 8002
2 ,Q,3 dB 26-28dBm

circuit a

2x8002
push pull 2,3 ,Q,3.6dB 28 -31 dBm
circuit a

CP643
2.5 ,Q, 4 dB 25 · 28dBmcecun a

CP640
2 ,Q,3dB 29·31dBm

circuit a

P 8002 2.2 Q3.4dB 29·31 dBm
clrcui t b

The transadmittance slope y" is dependent
on the drain current and has a relatively large
spread In the case of FETs. The author mea­
sured the drain current requi red for Y21 • 20
mS at 9 MHz and a drain'gate voltage 01Uoa
• + 15 V on 20 dillerent P 8002 transistors.
The values spread from 10 • 19 rnA 10 10 • 36
rnA, whereas the majority was In Ihe order 01
26mA.

In the case 01the push·pull circuit, it Is neces­
sary for the transistors to be selected, since
the measured values 01the IntermOOulatlon re­
jection can only be obtained whe n using two
transistors having identical dynamic beha­
viour. Otherwise, the obtained values will be
only that obtained when using Individual tran ­
sis tor s.

All ampli fiers were designed to have the same
output power during these comparative mea ­
suremen ts .

The power gain Is given by the transformation
to the resistance R".., and the parallel -con­
nectec input resistance Al 01the IF-IUter. The
resistance R".. is the source resistance requir­
ed lor matching thelilter. II must be included,
because the output resistance of the transis­
tor Is far higher than the nomina! imped ance 01
the lilter.

The following Is valid lor matching : R..". . Al .

The tillers used ellhiblt various Impedances
within the passband range. For this reason.
the output resistance of the circuil was de­
signed for the lowest filter Impedance Z • 500
o 11 30 pF.

The filters with higher Impedance are matched
with the aid of impedance-converter clrcuits. In
the case 01a load resistance 01Al • 500 O. a
transistor P 8002 will ellh ibit a power gain 017
dB. The power fed to the filler is 3 dB lower
than the output power of the transistor, since
hall the power Is consumed In the source resis­
tance A..... This means that the gain per stage
only amounts to Gp2 - 4 dB.

The diagrams given In Figu re 8 show tha i a
higher gain will deteriorate the Intercept point.
The IP referred 10 the input , and Ihe IPOUl re­
ferred to the output . as well as the gain-per­
stage Gp are given as the funct ion of the col­
lector res istance A. The co llector resistance 15 :

A..,. x Al AlA • • - -
R..".+ Al 2

since matching of A..,. • AL is assumed.

Measurements were made on transistors
P 8002 , CP 640. and with two P 8002 con­
nected In parallel In circuit a.

The push-pull circuit was not considered in
Ihese tests and In the subseq uent considera­
tions beca use very lew amateurs have access
to measuring syste ms to select the para ­
meters of the transistors.

The parallel-connected trans islOfS were se­
lected to have the same gate- source Voltage
Uas at a drain current 10 of25 rnA. This measu­
rement can be carried out by most construc­
tors .

Two components that are importanlln obtain­
ning a good Inlermoclulallon rejection are the
Input transformer Tr 1. and the chokes . Trans­
former Tr , must be In the form of a wldeband
transformer with 3 x 8 turns of enamelled cop ­
per wire of 0.35 mm diameter wound on a 8 to
10 mm tOfoid core from highly permeable, los­
Sy ferr ite material. Suitable ma ler ialls. for In­
stance. N 30 (Siemens) or 3 0 3 (Phil ips) .
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Translormers using hlgher-O material are not
suitable since their penn&8b1l1ty varle' consi­
derably with the degree of magnetization. For
the same reason, bed Inductancetl wound on
a lerrite core ara used lorthe chokes.

3.1.4 Filter

Four different filler bandwidths are planned lor
the IF-module. Monolithic crystal fillers are
used;

XFM - 9$05 with' 2 kHz bandwidth
XFM - 9$0 ' wllh 5 kHz bandwidth
XFM - 9503 with 2.4 kHz bandwidth

as well as the conventIOnal crystal filter ;

XF - 9 NB With 500 Hz bandwidth.

u~·
GPJ • ' Otg R,lI P..

wherl At. Is the rIal part of thefilterimpedancl.

The IP Of the filtert was measured In the test
circuit given In Fig ura 9 using signalS In the
stopband range above and below the pass­
band frequency. The passband curva, 01 the
filter were aligned for the lowest possible ripple
by adjustIng l3, C 3. and C 4.The nominal 1m­
pedance of 500 0 for the Illter I' obtained at
the input with A 1, R 2, and C 3, or with the
transformation oll 3 and C 3 in the case 01m­
lers with a nominal Impedance 01 mora than
5000

The loRowing Is valid according to the KYG­
catalogue;

VR.. IR, - R;)
2.1

C3 •

l3 •

Ai _,1
21thR,

with a Iilter Impedance A, 1/c, .
The ovtput of the flit., La connected 10 a paral·
lei lC-drcull comprising l4 and C 4, with
which the reactive component of the filter ter­
mination can be realized. The OhmICccmpo­
nenlls mainly obtained uSing rellstor. A 3.nd
A 4 . This Clrcuil also allows the unwanted clr­
cult capacitances and the Input capaCitance 01
the source follower to be compensated lor.
The source follower operales as impedance
converter to the required Impedance of 50 0 ,
The measured values are given In rab le 3,

Since a large number 01 readers will have fil­
lers available, and may wiSh 10use these In the
IF-amplifier. the author carried out measure­
ments onavailable conventiOnal C1)'Stallilters.
Of Imerest are lhe Insertion loss GPJ and the
Intercept pointlP, referred 10 the Input of the Iii­
ters.

The Insertion loss ol the filter specilied by the
manufacturer can be measured lrom the input
and output vohage 01the lilter as

U~
Gp - 201g -U.
However. mos t filters require a translormatiOn
Circuit lor matctling it to the amplifier, which
causes additional losses. This must be taken
nuc consideration wtlen calculating the inse r­
tion lossGp" For this reason, GpJ was calcu­
lated from the power ratiO at the output of the
lilter to power p.. It the measuring Input.

OJ 3RV

Flg. t :
M.., urlng elreull lo
m.., ur' lh. IP ol th.
IlIler
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The IP I, extremely dependent on the 'errile
material used lor L 3, The same COil eet was
used lor thIs Inductance as used In the band·
paulitt8f,

Sinee ills dillicult 10define the IP al tha nuer,
the measuring method used Is 10 be described
in somewha t more detail.

Tl'loae Ilgnals that cause unwanted Intermo­
dulallOflproducts In a receiver are oulslde the
paUband range 01the liller.ll. good RF.pre­
.electlon I, assumed. the Inlerlerence Ilgnals
will only appear In the vicinity 01 the Intenne­
diale frequencyand willbe tt1lrd-order Interrno­
dulalion products. Seeond-order Inlermodula·
lion produe:ta can be neglected.

This was describedextensively by OL, 1 au In
(15).

The eltperiments were therefore made With
signals 40 kHz and 80 kHz belowor above the
center Irequency 01the liller. In the case of the
9 MHz lUter, these Irequencies are I, . 8.960
MHz. end la • 8.920MHz for the slgnels below
me center frequency, and I, . 9.040 MHz. and
fa . 9 .080 MHz lor thefrequencles In eltC8ssof
the cenl., lrequency. The third--orde' Inlermo­
dulation product (2 1,-fal will then fanwithin the
passband 'ange 01the filter . This canbe IT'IH­
lU,ed Nally as Inter1erence power P, at the
OU!pU1 01the m"suring citCl.llt, since the engl­
nal te" algnela will be suppreased In lhe lilier .
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The imped ance is not defined in the stopband
range of the tnter. As approltlmatoo. it can be
assumed thai the lilt9l"impedance la very high
with respect 10 the nominal Impedance ollhe
flIte' lo r the test sIgnals. SInce the amplifi9t In
the receiver, or the generators in the meaeur­
Ing set-up . ,e matched to the nominallmpe­
dance of the filter, a vir1uallyopen CitCl.llt will be
present, and the tes.aignal voltages U",will be
greate' than und9l' matched condi lion . The ac­
tual lest signa l power Into the niter Is thus very
low due to the high impedance.

The power present et the l ilt9l" In the case 01
matching was the,efore used as ,elerence
powe' P'" lor definition 01 the IP . The Inlermo­
dutationrejectiOn 1M is therefore def ined as the
'atio of the power at output P"", 01 the measu­
ring cltCl.lltlor a algnal haVing the reference Ie·
vel ln the passband range to interference po­
wer level P"

1M • P..." - P, (values in dBm)

The IP ol lhe filte' Is thua

1
IP .""2 1M ... P'" (values In dBm)

Ascan be seen from the values given In Tables
2 end 3, a dynamic range 01 100 dB can be
achieved. With R.,.. • 560 O. the followingva­
lues will result lor the circuit In FIg. 8c :

Oeln per stege GPJ • 5 .t:r. 7 dB , and en IPa 01
3OdBm.



The mea.urement 01 the noise Itgure was not
carried out, since this is only worthwlle when
made on the complete IF·module.

This result. In a IheOretical intermodu lation·
free dynamiC range 01

10 • ~ (28 ,7 + 126,9) - 103.7 dB

The lot\oWlng IP·I/alues were measured with
crystailltiers XF·9 NB arid XFM·9S05 at a teet
Iel/elof2x -10dBm:

The following equatiOn is I/alld lor calculating
the noise hgure 01the input stage with . liller
loss Gp, • 0.25 Q, - 6 dB and an IP, 0140
dBm, when using the equations gil/en In see­
ucn a.t. t .:

2.3 - 1 ...,,:;'''-7'.NF• • - + +
0 ,87 0.87 0.87.5

2-'
+ 0.87.5 x 0.25 - 4.25 Q, 6,3 dB

The noise power at the maximum barldwic!th 01
12 kHz Is thus :

Pn • 101g (4 . 10.,1 . 4.25 . 12000 )

• - 126,9 dBm

arid the intercepl point :

lPIOl • - 10 Ig (10.......0 + l Q'''' · :MWIO

+ 1Q'''' 1. 7-M)l110) _ 28,7dBm

Type 01Illtar

XF·9 NB
XFM·9S05

IP.,.IdBm
below

2.
29

IP.,.IdBm
abova

27.5
29

!On

,
--·····Ib;-·--_. T · _ . -- . --n._ . Do • IJ__ ll' _ RM 12

- . '"' '~t
<llll loT -C;; - iij - 1;.1

n.-o, : :

r.;;:;:J-rn,~. !,,

-e e-

RM12 =Un
'-ij--'-<;;>-+-f--:-':-<~~*,
:~

'TtI~~,.... ,,

"

..."
OJ3RV

~
., ... ,J'l r-=-ir

_ "

~J' _ CJ YY~ I111 .-0 _ In _

• I Tr 1--

-
Fig. 10: B.ndwldlh Iwltchlng 1000ly 1I1v«11or 2 channell'
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3.2.
CRYSTAL FILTER WITH
SWITCHING

The matet'ling amph".r is followed by the CfYI'"
tal Mers. The load impedance of the ampb ll8l'
II filled I I F\. - SOO 0 , whiCtI mean. thai the
monolithic tilt.. myst be """ ICheCl using •
transtonnauon CirClJit comprising L 3 and C 3,

DIode swrtehes comprising the SWllct'llng
diode BA 263 and relays AH·12 were • •aml­
ned lor l Wilctling the lit1er1. II the diode. ar.
driven With current values in excen 0110 mA
In SWitched condition, and blocking vOltag.Sln
eKcess 01 10 V In blocked corcmon. no dele­
rlora tion 01 the IP can be mea sured when
using these switche,. Since diode switches
hIve len capacitance, and ar. lar smaller.
they were originally used. Howev.... It was
found in the linal prototype that the decouphng
between the switchlng linea was not sufficient.
The Iddlbonal df'Cl.lrtry requIred lor Improving
lhie would be tooextensive, and lor this reason
relaY'were chosenas the Simplest toIu liOn 10
the problem. For thls reason•• "..." develoP­
ment wa. requi red , wt'liCh was ac:tMYed uaang
reillY'.

Tlw relays possess • relatIVely high capact.
lanctI of .. pF when in thei r rest posltlOn. and 9
pF when energized. SInce100' relays .ra ceo­
nected in parallel 10 the source resistance A"...
the lnlvoldable Circuit capacltanoe provId..
an addi tION! capacitive lOadof approllimatety
35 pF. Thil meanllhat it Isnot poulble 10align
all liner type. 10 an optimu m passband curve.

An addttionallmpedance transformation of the
amplifier output to a lower value, or the com·
pen satlon 01 the capacitancel using n· link .
will deterlorale the IP too greatly. The best re­
. ults will be oblalned when the completa l iUer
and matching amplifier are switched•• shown
In Flgu~ 10. The different insertion lOsse. of
the IUter can be compensated lor using R 3
and the tap on L 4, whiCt1 allowl the overan
galn 10 tM Indepeodent of the Mleded band­.......
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A 1ow-nolSe amplifier Is required atler the fij..
ters, which ShOuld noc be overdriven by signals
of 50 mV at the input of the matching stage, .1 It
iSla conform to the demand. gWen in Sect. 1.

Art output coupling such u used in !he mea ­
SUring circuit (Figura 9) don noc ellhiblt suff..
oenlly low noise c;haraeteristJcl. One could
assume that a duaJ.9ate MOS FET SImilar 10
the rec:ommendalklnofOJ 7 VY in (6) could be
used here.~, the disadvantage of this
Is tha t the filler module couldnot be u$fKl as an
independef'11 module due to the required con ­
trolVOltage. Furthermor e. the dual-gate MaS­
FET would be overdrtven in control led condl·
tion in ellc ess of 1 VIJr> '

II one conside rs tha gain· per ·stage, the
matching Iranslormation, and teter allenua·
non, an input voltage 0150 mV will result In a
voltage of 700 mV when ul lng the filte r XFM·
9505 into the nomlnal term inallng imped ance;
this would be appr oll . 2 VIJr> at gal. 1 01 the
FET I Such levels cannot be processed from
low-noise, con trollable DO- FETs such as
3N211 or BF 910 In controlled conditIOn Wltll­
out limiting.

Since in-blnd signals With 50 mV subseQuent
to the ,",lIer are seldom - IhtI WOUld cones·
pond to 100 mV ,Q - 7 dBm (I) at the input of
the miller auuming • conversion IoN of ap­
proll. 6dB - it II pouiblelor a FET tobe uNd.
The advantageI. the simple gain adjustment.
"the FET II noc connected to the control von·
age, the galn-per·stage can be selected WIth
the aid of the tn. VOItage.t ga te 2. so that the
dlfler!ng .ttenuation of the fitter can be c0m­
pensated lor. The cirCUitIs given in Figura 11.

The solution with the largest dynamIC range Is
• transl ormation oI lhe 1IIIer outputlmpeda~
10 approll imately 50 0 and subsequently to
use a low·nol se amplIfier equipped with a tran­
sistor type BFa 69 with slig ht feedback . The
Ilgnal can then be directly taken l rom this
I tage with an Impedance of 50 0 and led to the
variable IF·. mpI ifl....

In order to .11Ow the IITlt module to be used In­
dependenlly, It I. necessary to lmpfOve lhe ul­
timate selecttvlty using another litter 10 that It Is
greater than the dynamlc range. The litter XF-



OJ 3 RV

" - ""1

FIg. 11:
Output coupling
0' lh,lllt.,.
ul lng I BFVl0

DJ 3RV

Flg.lh:
Output co upling
of tt.., ,,It.,.
Ul lng I BFQeI

H n~
~

. 15v, -
'"

m -BC415 ".
H - ·\5.....,. -.. ".... ~,., ,,. ,., 12.= ."- H

". ,,.

=-1-- ' 8002
BF069

,~~lw,- , •- - - - - -

HI •". ,.,.
H

". .. ",..., •••HI· I
•• m •

- I Flg.12b:
~ ,~a ll Simp" oper i ling polnt

• I djul tm.nt 10f'th,... BFQ II9

123



910 Is suHiclent lor this . The circuit Is given In
Flgur. 12.

A Nolch litter could be used instead of a crys­
tal lilter and such a filler Is to be described
later . However, this is only advisable at the
lowest bandwidth, since the crystal used In the
lilter cannel be pulled over a wide IrElQuency
range .
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MATERIAL PRICE LIST OF EQUIPMENT
described In Edition 211982 01 VHF COMMUNICATIONS

Ar1.Nr. OF 9 AL DOl

6716 PC-board

6728 Parts

6717 Kit

DB 3 TB

6718 PC-board

LNA tor 2 m u. ln g the GaAa·DG·FET S 3030

OF9RlOO1 double-eoated and etched , silvered

OF9RLOO1 1FET S 3030, 1Z-d lode , silvered wIre,
1choke, 2 air-spaced trimmers, ecerermc
capacilors, 7reslslorl, t unnec-metatcese.
1 N-sackel, 1 SNC socket

DF9RL 001 complete with above pa"

8-chllnnel VXO lor 2 m Transcelver a

OB3TB 001 double-eoaled and etcneo. silvered

Ed. 2/1982

OM 16,-

OM 59.­

OM 74,-

Ed . 111982

OM 21,-
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An Amateur-Television Transmitter
for Home Construction

- ,
.""'- OJ< La.",.~_. -

OJ1JZ 002 DJ4L8006- " DJ4L1I 007 OJ6 PIOO~
1"'-- - ~... ~ - "'-- _.-~"- --.- -- -Me. OJ 4 lJ 00:- ..- ~- I~ • •- ..... - T_1_1

I ..,,,-- .~.... ..- ~ •

I OJo:~ IDJ& PI00) --- DJ4 l l00)
.~-

~ ----r',.
• Vl'W C()W,lUNICATIONS 1--

-

VHFCOMMUNICATIQNS 4J19n
VHF COMMUNICATIONS 3/198 1
Thl. H t 018 edition . Is nslla ble
al DM 24.-

" 1973
2/1973
21 1976
1J19n

A television lransrnl"er buin Irom modules deSCribedin VHF COMMUN ICATIONS i.shown in lhe
above block diagram . Each functIOn is rea lised on an individual pc·board , each PC·board Is
buill inl0 its own tinned-metal boll , whiCh leads to II very clean operatiOn withoutunwanted ,tfav
couplingand WllhOulproblems caused by radialion. Eachmodulemaybe ll lignedandtestedon
Its own. All INs encourages the home con structor since It makes II easy 10 understand the diffe­
rent functiOns, and it finally leads to (I high-va lue ATV Iransmitler to wh iCtl , II poSSible video
sources (b1acklwhlle orcoIot ) maybe connecled.
FOfan amplification 01the trans mit power, 8 variety of linear amplil iers 101' the 70 em band may be
used (not FM . lInears.. I), whereby care sho1Jld be taken to adJu5tthe drive so that the output
power does not exceed hal1the PEP value ol the SSB mode .
The ATV modules listed have been published by three authora . The eescnpucra are deta iled and
will enable success ful duplication. They are to be fOUnd In Ihe following ed itions 01 VHF COM·
MUNICATIONS:

VHF COMMUNICATIONS
VHF COMMUNICATIONS
VHF COMMUNICATIO NS
VHF COMMUNICATIONS

ready -to-operate OM 115.-
kit, complete OM 92 .-
klt,complete OM 131.50

OJ 6 PI004
OJ 4LBOO3
OJ 1 JZOO2

Individ ual klta :
OJ4LB0011 kit,complete OM 98.-
OJ 4LB002a kit , complete OM 99.-
OJ 4LB007 kit, complete OM 90.-
OJ 6 PI 003 kit, complete OM 50.-

S.I of complete kits lor th e 70 em ATVtr en sml«er (wlt houl power empll fl8f')
comprising OJ 4 LB 0011, OJ 4 LB 002a , OJ 4 LB 007. OJ 6 PI 003,
OJ 6 PI 004, OJ 4 LB 003 . OJ 1 JZ 002 DM 895.-

k ~berichte re"Y D. B;""" · Jehnst'. 14 · Postle'" 80 · D-B523 Ba;e"-
Tel . West Germany 9133-855. Representatives see cove r pege 2



W[)=OlF • •
communications
offers ".

A System lor Reception and Display 01 Weather·Satellite
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VHF CQ"! MUNICATIQNS M2

ASy,te", lor Receptlo" and DI.pl.y 01Weelher·S.lelllte l"'~.. (METEOSAT/QOES, NOAA/METEORj
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2 ~........._ tor1 .70Hl
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_"""._10 17GHr)

3 "ETr:OS_TCon_. llOflIIIlInQ ~1WO_

(~_IF"\37S IPU)

• VHF~,,,-,, ,II'9I : 138-13111.'1'ir
to\llpul, 2<400 H.I~)

cew.-llQ1'lA u..~FAJ("""""'Ot'I\'
OC3NT (l()S..(lOlI (Kft 2)
OC3NT01Q-OI3

Com......uon . , Cl'lT .... only
OC:lNT(l()S..(lOlI(Kftl l.".",.
OC3NTOll.(ll&

Ccln'bin&1IOI'I C UII ~ FAX _ ..... CRT
OC3NTOOHI&

..--. It,ll~1on .. ,-..- OM OM

111119 1'-.boI1c"'-'_" ,,,.
111.-..-""'- +_. n .-UOHiCl-.tty__k11

~
T..... ' "'.-(.-.,-lO-<IP"tI1. OM 150 - 1or_._.-.,-lO-<IP"t_ "'-

l l1eeo OJIPlOl0 121,_ ,,.-

"'l Ml DJ1JZOO3 ,"-
111M2 DJ1JlOlM ,,~

"'-
"'"19 OC>""" ...-
IllllllO DC)NTOOol ~

"'-

."" OCSHToot 12&._

."" OCSHlOOI ".-."" OCSHlOOT ".-..'" 00""" Itlll , lor CItYonly 11&.-
~.. 1Ol2.CRT .. FAX lto._
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)llMI DC3HTO''''', Io<CIITon" ....£!:::..
l ilMI ""-
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'o'ol.lllllO
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New Coaxial Specialities
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GaAs FET Masthead Preamplifiers for 144 MHz and
432 MHz with PIT and RF-VDX Switching
$elective High.Power Masthead Ampl ifiers In weather·proof cast aluminium case complete WIth
mast bracke ts. Power supply and PTT via coax ial cable from ' hack uSing RFIDC Spl itter .
Insertion loss typic;ally 0.3 dB. -

7450
.. SO

OM 21~.00

OM 345.00
OM 275.00
OM 345.00

8QOWSSB
80QWSSB
500 WSSB
500 W SSB

,.,.,.,.
""

O,lI dB
08 0B
1 0dB
0,8C1B

SMV 144A
SMV''''''' O
SMV 432 A
SMV432G

Wlth RF·VQX:
SMv '" V e.see l !l dB 2OO WSS8 OM 279.00

RFrtlC ~n.,.:

PTT ••••..•..••..••.....••..•..••..••..•...•..••.•••••..••..••.••.••..• OM
vox OM

[)ImtH'lIlon. 1 2~. 80. 28mm (Wllhoutbl'aclIel. )

k OJW§ltechnik Te"" D. B,nan · Jehn",. '4 · Pos.eeh 80 ·0·8523 aale''-
128 Tel. 09133/855 (Tag und Nacht)



OM 8.50 per let
Apollo15: RooiWlg IWdley NIe
Apollo 1Ii : lnIo 1hltHIgIQndI
ApoIo 17: LMt YOyagI to me moon
ADOIO17: I.ut MoonWaltl-,.... .,.... '''''s.t " /5... ,,,.... ,'"

seta at 3 alld• • each - OM IU Spet' Nt
MN 0111 FIrM~on'" Moon - Apollo 11
I.1N 011. Fnt~onIheMoon - Apollol'
MN 01n FQt~ on!he Moon - Apollo 11
UN 0211 .......on \tie Moorl - ApoIo 12
MN 02I4 Men on trw Moon-~ 12
MN 02f7 "..,on1M Moon - ApoIo 12
MN 0311 TN Moon
ST01M Mwl In $pMll
51 0'" MM lnSpK!l
ST01n Man ln~

Sf 02/1 eantllrom SpKe - Amer1CII

Sets 01 5 NASA'IUdel
Sel l'" ApoIo 11:Eanh and Moon
Sel215 ApoIo 11; ,..., onthe Moon
Set "" ApoIo 8 and 10: MoonR.hMruI
S« 515 Fromc.Iltomla 1Dc.p~
Set &'5 ApoIo 12: MoonReYle/ted
Set 115 o.mw.I Ear1tl VltwI

Space and Astronomical Slides
Informative and Impressive
VHF COMMUNICATIONS now 011_ Mtl 01 pf\eI'I­
INUC:""'I'I*M during e. 0errWnI. Apollo , M.,;ner ,
and VoylgM~. .. wei ...... !rom IMdlnll--n-. _ llandWd lit.' CI'II. 5 em..... whdl_
trlllllllCland~

PYlOM '*- OM3 00 tol'poll and~

c••

EartI'lfrom~ - EutQPe

-$V..... jMAliner 10J
Mara 1 and 2
Mara InQ 1 and 2
JupI1er andSa.l..li1ft (Voyager 1)

OM 18.00 per let
Man on !he Moon - Apollo 15
Mainon 1M Moon - Apollo , e
...... on\tie Moon - ApoIo 17

" NO!
"N O!
MN 07

STOO
ST"
5f 10
Sf 11
Sf 12
ST 13

Seta of 9 slides each
MNOI M." on thll Moon - Apollo ' I
MN 02 Manonthe Moon - Apollo 12
MN 03 TMMoon
MN 04 Manon!he Moon - Apollo'"
5101 """ ln 59K'e
5102 E8rth Irom$pia - Arnetlca
ST 03 Earlh !rom SpIce - AfriCa
51 04 Earth !rOmSp.c:. - AN
ST 05 MtiI1l: M"",,,* eand 7
S10e Marl:Mam.r 8
Sf 01 Ellth trom 8pIce - EIJfOPI'

Set 1120: . Saturn Encountered- OM 35.00 per let
I . Sltum and Ii 1"IClOM . 2. s.tum from 11 n.-on.,.. . 3. Saturn from I ~.,.. . of saturn Irom
_ mIIorl ,,*- .5. Salum Ind RIngt from 100.000 mIH • 8 Saturn ', Rtd Spot . 7, Cloucl BtllllIIl
~. I , o..cloeel4l .,0, RhM . ,1.Cr,•.,.of RhM . 12. 11tIn. '3. TItan',Polar Hood .
14, Huoe cr,I*' on MimU • 15. Qlher IIcM of MIInU • 18.~ thI Ringl • 17. Unci« Ring.
1400,OOb mIlMj • 18. Below RII'lgI • 11. ~Bt,~~ ..F. r1ng . 20, laplful.

Set 2120: ..From here to the GalaxIes- OM 35.00 per l et
20 IIdM from Amerlcan CltIMrvltorlM IhowIng pIIIlltta. lPftal 0*--, "Ibu'I.

Set 3120: ..The Solar SYltem« OM 35.00 per set
1. So* 5r-*" • ~ , FormIIlion of !he PIaneW . 3 The Sun • 4.~ • 5. er..o.nc v..,.". •
8 00udI of VWIUI . 7. EartI'l . 8. Full Moon • 1 MIll . 10. MIrI : ClIvmDuI Mont Vol. • 11. Ma,.:
GfWld c:a.nyt;ln • 1 ~. Maf1I: 5Inuoua ChatIMl • 13. PtlOboI . 101 , .luDltef Witfl Moona • 15, Jup/1er Red
Spol: . HI. &alum . 17. Sal\lm RII'lgt • 18. uranua and Neptune. te. Plu1o. 20, Comet: lkeya-Sekl,

Terry O. Bina" ' Jah"stt. , • . Postfach 80 · 0 -8523 Baiersdorl
Tel , OS1 33/855 (Tag und Nachl)
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DISCR ET E
Appli·

MONOLITHIC I. Q U I V A L IE N T
CRYSTAL With imPl'dRnc:8 Ira ., alormallon wIthout impl'ldllnce lrlnalo rma lion
FILTER "" "'" r,... Term'N1t lorl c... t .... T""''' "8Iton C' M

XF·IA 55B ,...... ~DII30 pf " XfM-IS02 1.8kO il 3 pF 13
.F·IIB SSB XFM-'. 5OO Q Il30 pF " XFM-I8OJ 1.8 kO I:3 pf "XF·, C .... x,..·.c 5OO ull 30 pF " X'..•..04 2 7 kU 112 pF ..
XF·'D .... IAlI-1I0 SOO Dll30 PF " XFM-IIOI 3.3k\l 12 pF ..
XF·'E '" lAll-n: 1.2 kU 130 pF " n"-II. f1 2kU l! O pF ..
XF·tBO ' LSB XfM·IBOt 5OO 01130 pF " IFY·ISOI U1k0 113 pF ..
XF..802 USB llFM·.B02 soou II30 pf " n ....a07 1 8 kU l13 pF ..
• F·'8tO· SSB .,...... 1,8II;n n3 pF "
• N_ : 1 0·~ SSB-'I"" . 1Jh1l~ lac:1or eo dB : 8 dB 1.1

Dual (monoli th iC twopo lfl)

Matched dual pltl r (lOll' po")
X'·110; 8IIt1dwtdltl l S kHz. AT - e kO. CtIIMl 11

.. F·no; Bar'ldwld lh 15 kHz. A T . 8 kO. Cal'll 2 Jl 11

DISCRIMINATOR DUALS f- VHF COMM UNICATIONS 1/ 11119, pa p. 45J

lor NBFM X'·8OI Pull: Mp8,..Uon 28 kHz
lor F$KfR TIY XF.8111 PeAk separation 2 kHz.

r,... 6 d8 Ba ndWIdth Crytlll il Shllpe- Facior T.rmir~tlull CoM

XF·8M '0'"'' • &Od8 .6 d8 4.4 !IOO D 11 30 pF 2
XF·8NB 500 H' • 6Od t! '6 dU2.2 !IOO Q 11 30 pF ,
ICF-IP ' 250 H, • &O dB 6lJB22 50011 '" pI

,

KRISTALLVERARBElTUNB NECKARBISCHDFSHEIM GMBH
~4 N-ebrbl.chol. h.1m • Po.t1......1 • Tel. 0 7263 / 1301
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