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R. G. Sanson. ZL 1 TeG

An Inj ection-Locked O scillator
for the 10 GHz Band

If Gunn o"lIIalora. aa co mmonly uaed for
Iran ac. lvera on the 10GHzend 24 GHz blnda.
I r. locked 10 I atlble freq uency aou rce then It
la po aalbl. to operate wllh narrower bind­
wltha than the uauII WBFM. Thla enlblea
ali llon pe r10rmlnce gllna ofm~ Ihan 10 dB.
Th. atl' lon'a operallng frequency la l l.a
guarantee d. Thll I rtlc" deecrlbel methodl
of In/ectlon-ioc king Gunn olcllli iori to I
more I 'lble low-po wer reference I lgnll.

1­
EXPERIMENTAL

In early lestl . II was foond lhal an e_tern.lll i
reference l ognal of as litTle as - 20 dBm IS SlJ"I '
Ctent to achieve lockIng ot a normally tree·
running Gunn dIOde OSCillator . The lock range
was arOlJM 0,5 MHz , ImprOVing 10 over 5 MHz
when lhe ' eterence lIOIJrce IS 0 dBm or more
When locked . lhe Gunn OlClllator 15 very dlfflClllt
to FM modulate InSlead. the reterence s'9nal
can be modula led With NBFM. WBFM or poSllbly
FMATV . The GUM OSCIllator Will 18Ilhtully track
lhls lignal resulli ng In e_cellent linearity and
liabIli ty

A point to note II thaI wrth lhe onset or injeCtion·
lock. the output powe' ot lhe Gunn osc illator

2

deereasel . becom ing a minimum at the poinl
where III n.lufal runmng IfeqUeny il sel lo the
aame as the r.lerence signal Ireqoency, Morll .
tonng lhe output power Ievet by means 01rT'liJrer
dlOda cur,ent 01 a typical tfanscorver sel·up
al\Owl .asy adJUslment and conlirrnahon 01
rnrecll(lfl·lOCklng

Use 01 • r.t.f.nce source on a subharrTlOOlC
lreql.Hlncy. or a 'comb' rfeqUency generator
r. fer.nce . Iso appears posl ible , This could
be ul.'ul lor locking on 24 GHz or conltructlng
a syntheSizer lor these bands ,

2.
CONSTRUCTION

Th. mechanICAl arrangemenlScan be Men In the
sketch (fig. 1I The method ot leedlng the
r.l.rence &lQnal 10 lhe GUM OSCIllator IS not
very entlcal It can be in,ectecl at the caVIty or
outllde 01 the caVity. A 2 - 3 mm probe can be
Irffed through Iha wall ol lha waveguide line lrom
the osci llator . ThIS can be lashlOl'!ld Irom soma
18m1·ngKl COIlllat cable or a panel mounl SMA
connector lOIdered to lh. waveguid e. Altema­
tl.... Iy. the inJ8ClIOfl l ignal can be coupled to th.
Gunn oscIII" tor wilh a lerrl le CirCulator or wave.
gUide hybrid JUnction.
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FIg. 3; Pholog' . ph oltt>e .ulhor '. prototype

It II very ealY to relrollt in/flClion -locktog 10 en
ellst'ng WBFM Gunn tranaee/Yef Ht-Up. The
aulhOr'l tfaNlCltl ver ClfCUltry fesembles !tie
des'On deSCribed In (1); !tie block schematIC II
shown in tlg, 2 and tha photo 01" g . 3 gives some
idea of how It could be moun led dlfectly beh ind
the antenna paraboloid. The tona lignal and
modul atIOn CifCUIts feed tha fa fefence SOUfce
10 provide modu latlOrI when transrrW lng The
GUM oscillator is power ed WIth a hied supply
voltage (sel lor mallmum RF OUlpu t power).

3.
OPERATION

InJ8C\IOrI·lock IS estabiisheCl by adJusIJog the
Gunn osclila lor tUMlr19 10 thaI lhe frequ eocy
passel thaI of Ihe relerenca sourca When the

•

VHF COMMUNICATIONS l f90

Irequency II close , the Gunn OSCIllator Will jump
onto frequency and femaln in lock over a fea ·
sonable adJuslmenl fange . When outSIde thil
fange, 11 will jump away 10 a ~W Ir88 running
frequency. Within the locked range !tIere il no
'pulling' Of deviation trom the liable reference
frequency. Locking i, ot>aer\lad With .lIther a
receiver or by momlonng the behaviour of the
mller diode curren l (output POW&r).

4.
REFERENCES

(1) Rellhol&r,J., Dl6MH
A Transceiver lor the 10 GH.t Beod
VHF COMMUNICATIONS Vol, 11,
Ed . 411979 , p. 208 · 215
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Dr.Eng. Jocnen Jirmann, DB 1 NV

A Spectrum Analyzer for th e Radi o A mate ur
Part 3b : C ircuit O ptions and
Ancillary Eq uipme nt

6,
EXTENDING THE ANALYZER'S
CAPABILITY

The spect rum .nalyzet' as described , being a
modular Iystem. il capable at being extended
II sodeSired , The modlhcallOns and add-on units,
tried so lar, are al loliowl: -

- CllIbrlllon Generl lor: Thil generales a
60 MHz eryllal-controlled , Iow·hamlOnic
cootenl lesl·ll9nalal a power 01- 30 dBm;

- Pr' l elector : ThiS I tlPAratel lhe two inpul
ranges 01 lhe Inalyzet' Ullng aulomallcally
telected higMow pass Illlet'l.

- Low-Nol.. HFilF Siage : Thll II I mod ,ti·
elbon of \he eXlltlng HFflF modYle with an
addlllOflallF pre-amplifier , Thil IfTlproves the
noi""!9ure 01 lhe analyzet' from 22 ee to
12 dB Thil enablel lhe analyzer 10 luncllOfl
as I senslllVe mealUremeol recelVet'.

6.1. The CIUbrl l lon Generllor

ThiSuM II buill Into IhI anatyzer In order 10make
a l iable lignal (In lerml 01 bolh amplitude and

IreQuency) readily available 10 thallhe analyzer's
Ilf18arl1y anc:l level eahbrallOfl can be checked
ThiS is qcrteI l imple cal,bra llOfl generalor whtch
can lak. Hl9ral lorm l For example , II shouk:lbe
POSSible 10 produce acom~rator wtllch has
a NflU 01 IIgnall 01 equal ampil iude spaced
Irom each other by lhe frequency ctthe lunc:la·
menial. AI lhe ampli tude eallbfatlOfl of a lingle·
Irequency generalor II eaSilycemec out. USing a
callb raled 1~IllII...,ener810r . thIS was the pre­
ferred eounon.
AI Ind,catlKl by me cahbrallon-generalor 'l
echernenc (I tg. 16). Ihe Quartz OSCIlla tor IS 8
Ihree·l ermlnat capa cI"ve CirCUlI whICh has a pnp
tranl il lor BF 925 (or BF 970 , BF 979 } as the
ad,ve elemen t The oulpu f lignal II laken lrom
lhe -cold end* Of Ihe lank coi l and filtered via an
LC Iow·pau hiler before II i. attenuated 10
- 30 dBm by means 01 • relllllve 50 II pad
The exect adjullmenllOan OUlpul01- 30 dBm IS
accompl Ished by means of a vanable emltl&f
,ellllanee, The exacl Irequency I' uncnhcal.
the aulhor used • 60 MHz cryslal working in lhe
3rd overtone

The few componenll are eallty wIred ",atsnesl*
style 1(\10 a small screened enclosure, lhus
obvla ll"9 lhe need for a pnntlKl CIrCUlI board

5
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A mos' important Item is, that the ertenu etcepad
should be totally screened in a separate com­
partment within the Unit' s houSing. This measure
witl prevent oscureror harmonics Irom bei"Q
passed via 'he pad, dlreclly 10the outpul socket,

Calibrahon can be carried out, eilhe f by means
01 an RF mmvonmererwith a terminating resistor ,
or wllh a professiOnal signal generator having a

calibra'ed, stepped outpot arteouatce. The milli­
vonmeter allows the - 30 dBm to be se' directly,
The signal generator Is set to - 30 dBm and led'0the spectrum analyZer. The level oj the spectral
line at 60 MHz is no'ed and lhe signal-generator
removed. The cehbrator Is then eceoectee 10 the
analyzar and ils outpot adjusted lor the l ama
amplitude as lhe signal ganeralor 's using 'he
preset pot'meter.
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6.2. TM Pr. Mlector

The spect rum analyzer . so ter etoscnbed. poe ­
seas" 110 del,n,l. arrangemenll lo r the chotee
01 inpvl rangello IUl t an (unknown) lignal . It can
be delermined by de·tun ing tile 2nd oac~lator In
one di rection and 1101Ingwhk:h direction the eo­
served signal moves on the neee As Ih,apractice
il a Ilnle haphazard. It was decided to place a
low-pass and a hlgh·pass !Iller before the HF
tnpvlstage.

Thesell iters are sWllched WIth tile range I Wlleh.
The Iow·pass has • lImit Irequency 01600 MHz
aodthe high-pass a limi t Irequency 01900 MHz.

One thing must be made clear, howeve r, the
Inclusion 01a I,lter In Iront of the meer Inevitably
has a deie l.rOOl eHect upon the IllpUl l requency
respon se 01 lhe Instrumenl and also upon Its
match to SO 11 normnal Impedance. Using
malchlng pads 0111 the Input and output of tile
filter ol1ers some imprO\l&lTl8n1 but only at the
e_pense 01a stili further reduced sensl tiYlty .

Ideally, such a 1,lter would be buill wllh either
COB...ial or I tnphne technology . The large d,men·
siOns PJ41, required lor the com pone nts olauch
structu res. lake up a grea t amou nl of space and

In the case ct. the lull COB...ial teetu1OlOgy IS
constfUCtlOrnlllydlHlCUlt to Implement

Fig . 17 lhoWs a much more reall illc approaetl
to the preselector proble m. Bolh low and hlgh­
pall Illterl use. Inlhally . concentra ted elements.
Ihe values 01which can be obtained trom manu­
taetula", tables (Siemens. Telelunken etc) Of

calC\.lla ted With a pocket calculalor (program·
mable) and a lilt ... program lrom Hewle" Packard
The Inductances used In thiS way, work out lo be
abou l 10 nH II il. ol ecorse. a_tomatlC met
paraslllCinductance, musl be xecuc an absolute
minimum

The practical reahsaHort 01 me low-pass nner
is relatlyely Simple . SIX leadless plate capac Itors
0182 pF and 10 pF Bre arranged as lhoWn In l ig _
18 and spae«l by ca 35 mm They are soldeled
to a ground plane, e.g. 11001 01 a bta .. or un­
plat. nouslng, and are used as soIdel -tag sup­
portllor the inductor s L6 to L10. The dlfMOSiOn
01 tile inductors may be obtained from lhe table
given in l ig 17. The exect capaCitive values ale
achieved by IOldelll'lQ·in emea-vaure ccoveo­
tlonal capaci tors across me plal e cececucrs
USing e_tlemely ebcrt connectlonl. The M er
cons lrucllOOal tayOUl need not be hneal , the

•_.,., L2

'"
fig. " :
Aclu" liz" dr_ I"'lI ollhe
"'......or con'tJvc11ona1
hlghllghlt.Only lhe HF.I . ......ol
com~ol••' . ahowo

7



VHF COMMUNICATIONS 1/90

," F', F,'

~~ 0' 0' 0'~'
~

••

'. r 11
'G~'·4$O ••• 11

+< H I[WO

", DB1NV •.- ee
H

J.
L9

0.1..,
."

Fig . 11: Modilled I 'I IF I",pll lle, (,>lr,cl tro", Ilg , I ) I _ 485 % 3 MHr , G .. 20 dB

torm shown In lig , 18 lulfll s the two requirements
of having a short path between the inpoVoutpuI
connectors whilst. at the same lime . having a
direct access to the high-pass 1,IIer via the
change-over SWitch diode .

The high·pass "ller with inductor s L1 to L5
represents. aClually, uie limits 01 what can be
achieved with discre te components. wire and tin­
plate , It may be seen in Ilg. 18 that L2, L3 and
L4 together, lorm a kind 01 inter-digital structure
and are coupled at their hot ands by two ceret­
lelled 1 pF capaci tors, These are normal wired
types using very short direct soldered coonec­
lions. ChIp capacitors ere not as robus t mechani­
cally and would break or crack il the housing were
10be ueseo.
The inductors L1 and L5 serve, on the one hand,
10 pass DC supply current to me PIN-diode
SWitches and, on the other hand , they lorm , to­
gether With the 5 pF trimmers. an adjustable
matching network. lor Ihe high·pass Illter , Now

only the alignment slands in Ihe way Of a more­
or-less "flat" response curve lor the lil ler in the
Irequency range 1000 to 1500 MHz .

The low and high·pa ss branches are selected
by meansola PIN-diode switch in the signal path.
As the a"enualion 01 the 8A 379 PIN diodes is
!8lrly low atlrequencies around 1 GHz , the Input
01 the unused IiIters Is shunted to ground with a
'u rther PIN diode ,

Finally. the author would like to point out met
this input liIler module should be regarded only
9S 9 basis lor ellperimenl 9S the behaviour 0 1

Ihe high-pass is very much dependent upon indi­
Vidualmethod 01 coesuuctoe. II a sullable sweep
generator Is not available , or the necessary
patience 10 align it without one is lacking, another
solution may be contemplaled . The lirm Mini­
cncuus (Frankfurt) have relatively lavourably­
priced high and low-pass Illlers lor this ' requency
range. The price lies between 100 and 150 OM
according to whether solde'ed-in or plug-in

,
.._--,- ..-

Fig , 20 ;
... '.."'pI, ' In.l 'u ...."1
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ver.lOn. are purchased SWitchingbetween them
can be earned out With either PIN dIOdes Of,

conventIOnally. With coa _ial relay., The author.
howevar, has no el(penence 01their use.

11.3. An IF Pr. Amplif ler 10 Improve sen.ibi llty

The or.glnal concept used a 465 MHz IF amphher
to compensa te lor the Illter anenuatlOn anet to
decouple the IIrst Irom the second mll(81. The
outcome 01 this dimenSIOnIng I. a reatty poor
analyzer noise-Ilgure (ca. 22 dB), Meanwhile,
e_penments were carried out With a widebal1Cl
IF pre-ampl!fier between the hr.t mi_er and the
flr.t IF litter , A BFQ 69 was used, as may baseen
In I lg . 18 USing SMO capacl lor. and resistors
01 Ihe 0204 eenes. thl' amphtler can be lined
between lhe terminal pins 01the mll(er and the IF
M er. For thll , the origInal tracks musl be removed
end the new amplil ler Inslalled on the track side
01 PCB DBINV 006. A leacllest plate capacitor
SOldered to the ground-plane I lde serves as a
support point lor the supply VOltage terminatIOn .

FolloWing lhe Installa tIOn ol tha IF pr.·ampll"er,
the senSltlvlty 01 the analyzer III Improved by
about 10 dB The «neemoourarcn per10rmance
was no worse than anticipated, That len the
ImpressiOn that most 01 the Intermodula llon IS
cau!i8d by the Ilfst mll(er.

The higher senSllIVlty, however , does bring some
dilladvaniages along Wi th " FIrst 01 all , the
demands upon the RF soundnesl 01both cables
and screening enclosures. Secondly . the number
01 SpUriOUS Signals, produ<:ed In the Instrument
and vIs!ble in the display , mcteaeee. Some ot
these sporlOUl SlQnals rise lIOITle to dB above
the noise Hoor They have been caused by the
mll(lng 01harmonlCslrom lhe IIr.1and the second
mll(ers These had prevIOUsly boon burled In the
l"IOIse lloor pnor 10 the Inlroduc l lOO 01 the IF
preamp 1\ really IS oebatable, whether the In'

creased SenSItiVity II necessary or whether an
add-on selecllve amphller would solve many
measurement problems In a better lashlon

Interested 1n AMATEUR TV ?

. . . • t hen you n e ed CO - TV Ma g a z in e

CO - TV Ma g a z i n e is t h e Qu a r t e r l y journal of the
Br iti sh Ama t e u r Te l e v i s i o n Club. The clu b caters
f o r a ll as pects of t el e v i s i on i n c l Udi n g amateur
t ra nsm iss ions , b roadcast r e c ep t i on , v id e o tec h­
n iq ue s I sa te l l i tes , SS TV e t.c .
De t ail s of membe rs h i p may b e obta i ne d by se ndi ng
a s ta mp e d addr e s s e d envelope t o:

- BA Te-, ' Gr e n e h u r s t' . P in e wood Ro ad
Hi g h Wy c omb e , Buck s HP1 2 400, U. K.

9
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Manfred Salewski. DC 9 00

SAT-X
Receiver for the Satellite IF Band
900 - 1700 MH z

FIll. I : Oul-doorunll and ..' . 1111. r_I",.r

rSAT - X 1=::::'::

With Ihl I dv l nt 01 Ihl Illevl l lon lale llite.
ASTRA and OLYMPUS a new lpoch hal been
ope ned . Whereas Ihe pr l vlOUI co mmuni­
ca lio n I . Ie lilll . co u ld only be properly
rece lvld with. el le l . t, 1.2 m dlshel and
.peclal low -no ls l conve rte r., a d lah d iam e ter
01onl y 60 to 80 cm Is now r.etulred, togelhlr
with . standard co nvlrtlr, Thll il l ufflclent
10 I nabll Ihl HSprogramme. from ASTRA to
be recllved, an wllh Vlry good quality'

The m,nlmal conllgu'atlOn 101 a poIarlS4lhOn
plaMl (- 8 programmes) ,s shown In Ilg . 1 n
cons'st. ollhe Iollowlng compOnenlS: -

60cm patabo!lCdish
IF - 245 mm, 0 _ 600 mm) with adJuslable
pOla, mount

2. Cortuga led !eedham ito be !riled lalet wllh
dual·plane poIllrlser)

3 low'noIsedown-convertet{ F _ 15dB ma~.)

4 Satellite recewer 101 the SHF IF trequeocy
0.9 to 1.7GHz

The home conSlruC1,on 01 a parabolIC dish an·
lenna with an adjustable polar moun!. corrugated
leedhorn and low-norse convertet ,s rot easy and
at today '. low priCes. hardly worth the e HOI1 . The
reieotee tad,o amateu' conSlructor, howflver. II In
a POSition 10 save himIfill some mooey and also

10
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Fill 2:
SAT·X lecelver
(DCIlDO OO11

gam ••pel'lence It! lhe aalelhte lecephOfl tech­
nology, by making his own tece wer.

For thi l r. ..on, .nd 1110 th.t the . ul hor h.d.
good lunctlon lng comm. rcl.1 1. I. nlte in ­
I t. I1 , tlon lor complrllonl .nd t.lt purpoU I ,
1.ldUy I Vlnlble, he dec ided to lIke the ti lk
I nd mIke hi l own SAT receIver. In Iddil lon ,
I n EeB bUI compu ter wi th I t. 12 Vopere ­
tlonll l upply voltlge, • PALRGB eurOClrd
(homl mlde)logelher wlth In RGB monitor
were I lia I Vlnlbre. In order to uUl ll e thel .
pOlilblUUel 10 Ihe l ull end 1110 to keep down
Ihe complex ity of th e project , the foll owing
concept w. 1 evolv.a.

1.
CONCEPT

Fig. 2 lhowlthe SAT-X rece.Vef bYIII on a two­
s<led eurocard PCB (DC9DO OO t) and supplied
via a VG-c:onnec:tOl . rray,ECB bus When the
ECB bYs il used. me 35 V luning voltage must be
separalely supplied The COf'Illructlon may be
carned oul With easily-available cornponen ta
The cirCUlI ccocect WIS kept very Ilmple but
thll dld nol preclUde the uee 01a lew SMD com­
porlefltl end altogelher very l ahslaclory results

wel e obtained The uml can be operated 110m a
separa te DC supply . tl deslled

As the cnt,cal Inpul luned clIculI, use pll nted
inductora and wOlk et a very low Impedance. me
coosuucton .s uncomphcated and does not
requite much screening and other mechamca l
work _The lunlOg IIearned Olll by a polenbomeler .
ovel the range 900 10 t800 MHz sece one ollhe
Ilansponder, operales w,lh d,rfelenl sound­
carrier aepal8\10nl. or WIth mUltiple sound
csmers, a tacility haa boen added 10 SWitch Irom
-eutcmenc- to "manual" ThiS enaotes all eeter­
lite ', radIObroadcaslilo be luned 10

2.
CIRCUIT OESCRIPTIO N

Fig . 3 ahowa the ClICUlt schematic ol lhe complete
recetvel

2.1. HF seeueo

The received SIgnalot 109 to , 1,8 GHz tram lne
dISh antenna and burlt-m cooverte nej. la IrallS­
laloo to the trequency 01 the ,,, IF. 900 · tBOO
MHz In the converter Il ia tilken via an F-lOCket10
the SHF ampllh., Ie t and amphfled In • wocle-

u
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band amphher lnd UC10f I L2 and L3 lorm, w'th
the vareap dIOdes 01 and 0 2, an ,"pul band ­
pass " Ilel w,th coupling v,a l5, The ,nductOfS
L1 and L4 101m a stop hllar whICh rejects all
"mwanted out-ol -band Signals The pl'e-se(ected
l ignal is again amphl,ed by IC 2 end then fed via
C II to the emillel 01 the m,.el IranSistor The
oscdlatOf II also coupled to th,s emiller v,a C 12
and the prlnled IndUCtOI L6,

The SHF oSCiliatOf, conSisllng 01 L7103...05
and T3, has bMn taken la'ge!y lrom that sug­
gested by YU3UMV In VHF COMMUNICATIONS
111981 , in hit TV tatell,le receiver InslallatlOn
article , The combination T2JLEO torm a constant­
currenl IOUrce whICh determines Ihe working
POInl 01both lhe oscilla lor and lhe ml.er. Poten­
tiomeler P2 servesto set the working potnt Ol lhe
SHF osclllatOi - the temperature drift cherac­
terlshca 01 Ihe LEO being uaed to thermally
slabil,se the oscil1atOl_ This oscillator works
e,ther 440 MHz above , Of below , the h i IF banet
thus prodUCIng a 2nd IF 01 440 MHz. Thil high
Irequency 2nd IF II, howeller, uncrlhcal in con­
tlderation 01 lhe allainable ampli!lcalion and
high liability , Other advantagel ollhis high IF
ampllher are that It QUI'e eaSily produces a
definite banctwl(\\h 01 appIo., 18 to 25 MHz and
also the danger 01 undeSirable spuriout Ire ­
Quencletls minimised

FOf the tecep11Ol'1 01 communlcatlOl'1 " 'ell, les ,
luch as EUTELSAT, INTELSAT, whlch work In
the IreQUency range 10.9 to 11,8 GHz , the SHF
OlcillatOf lhould ocerete abova lhe 1st IF (900 to
t800 MHz) te . 1340 to 2240 MHz, Should the
osollalOf's Irequency lie below the tfequency
oj receptlOl'1, i.e , 460 10 1360 MHz, a Double
receplJon 01 various channell due to Ihe cect­
lator'1 harmonics (920 to 2720 MHz) il poillble
II lhe Inpul band nuer is not aligned abtolutely
correctly, In addlllOn, where the screening II flO(

adequate, interference w,th normal TV recept ion
can also be e.peeled because the osciliatOf
II working in the UHF band!

Anuming thai the receivel' is to be built only lor
the 16-channel ASTRA satelhte (thiS entails a
reteptlOf'l band 01 1200 to 1500 MHz) the local
olcdlalor can operate below the Input Irequency
01760 to 1060 MHz. In IhiS atea , resultt can be
obtained uSing norma l transistOf types auch as

the BFW 34 whICh a'8 used In UHF antenna
pr..ampl lll8l"l

At I tlll higher IreQuenCles, IranllstOfI w,th amall
Inter-elec trode capacitances and higher IImlt­
freQl.i8ncles mull be employed Usable resuns
have been obta 'ned by lhe author w'th lhe BFa
69 and BFW9' , Stili cener ale the AT 41485and
AT 42085 (Allantek) whlch halle a IIery low noise­
IIgure (1 ,4 dB) and are lavour ably prICed They
can work in osclllatOf clrCU11S up 10 6 GHz w'thout
any problems and neve. wl\h • collector currenl
0120 mA , a limlt·lrequency 0113 GHz

S,m,lal con_ideralions apply 10 the IIarlCap
d,odes , The stray capacitance at the larga sl
tuning voltages plays B large part here . Normal
UHF lypes, such . 1 the BB 405, w,11work In the
ceccu under diSCUSSion, but only w,th !he most
carelul cons lluctlonal methods will they operala
sall, faclorilyal 1600 MHz, The BB 505 b, or lhe
latel BB 801. on the other hand , can be readily
ul llised .

Artel the muer, connected In a glounded-base
conhgurabon, lo llows the 1st IF slage w,th the
Ilrst 1,lle l L8IC 20 and transiator T4. As lhe
..tellile lranarM s an FM SIgnal and the FM de­
mooulalOf IC 5 has a very wlOe ltynamlC r80Q8
15 - 500 mV HF), the prov,slOl'1 01 AGC can be
dispensed With,

lithe level is too high at this poml,thelF becomes
da-tuned and lnOIe broad -banded, For thll
reason, the workIng poInl ol lhe lit IF stage hal
been made adjustable v'a P3. When setting the
slage gain , a ccmprormse mus' be tound between
bandwidth changes dunng tuning, and sens,tllll\y

The IF lignal ls taken Ilia C 27 to !he band I,lter
L9tC 26 and 1101C 29 and 011 to IC 3 and IC 5,
the FM demodulator driver stage , The IIery con­
IIenient SL 1452 is used here as It also contalna
a + 4 scaler and a Quadra'ure demodulator ,
This module 18 deSIgned IOf the Ir8Q08ncy rBI'IQ8
30010 1000MHz ata mInImal HF Inpul voltage 01
abou l 5 mV. The dividet scales the Irequency
down to tome 110 MHz. The Quadratura CirCUit
L11tC 36 is IUned 10 thISIrequ8llCY,

AI Pin 5 01 rc 5, the demodulated base-band
Signal appears and Is texen via R27 to lhe errutter
loIlower T5 , The emitter 01this transisto r cames
the de-emphaSis circuit. Tfanlisler T6 enables

13



the base·baM l'Vnal 10 be Inverle<! or remai n
uprlohlin polarity. al required In normal opera·
lion. r.e to - I.. .. I",. bridgeJ21Icomplele<!. The
base-band signal II then Inverled but Ihe Iync.
pullel are ceeove. When . however. the local
OSCillalor hes under the Inpul signal . or with
ano lhe r satelil le modula ll()r'l plan . the bridge Jl il
completed and lhe base -band II rendered up­
...hl

Also . al ptn 5 01 IC 5, the AFC voltage II taken
VI8 R22/C 37 and processed In IC 6 ..... the
stabil ity 01 the SHF OSCIllator IS. In lact. WKY
reasonable. onty • very IIr'np1e AFC Cll'CUo1 il
requited. The AFe IUfWlg von. II generated
here . whlch, 8OCOI'dlng '" the ba....band IIOnal
polanty. II taken VI8 bodQes J3 or J4 and II
dtopped across R I.. COUfller 10 the tur'llng VOlt­

age Thil lends k) keep the frtIQUeI'ICY of the
SHF LO stable

The b8se-bt1nd SIgnal al MP 2 II availablft lor
futtI'Ief processrng. il reQUlI'ed. lor e.-ample Il'l a
decoder' or a satelille broadCasI receMtl' . Thrt
SlgI'\8l 18 taken via C 58 and C " 5 10 the VIOeo
and audIO Itages respectIVely .

2.2. The Video Slav.

The SIgnal radiale<!tromthe satelhle transponder
IS modulaled Wllh a 50 HZllller18ced argnal. ThiS
IS balanced in a galed-eonlrol cllCUllln the video
ampll '''''' , First. the Video SIgnal (FBA5) II In­
ver1edby 180" by T7. taken 10 the IOUnd·rell!lC1lOn
ClrCUll l l5iC 60. and !hen on 10 18 AdJU!ltlng P7
delermines the video OUlpul ampli tude TranSlI '
lor T9 1s the FBA5-ou tput driver lIage. The output
Itgnal II laken via C 67 and IC 11 (To A 2595)
Thts CItCUlt il a pulse-separalor lamiliar in currenl
ccccr-rv receiver s. Togelher wolh lhe Illpflop
T121T1 3, a I mall (2 /, s) sampling pulle et hne
frequency ISproduced at the base 01Tll which il
COIncidenl wil h me nega llve Uank 01lhe H-Iync.
sign81, The met red output, including Ihe mcmen­
tary lfla ngul8r va lue. i!l taken Vi8 R66 to Ihe
lransillor Tl 0 which 'un Cl lonl as I Iynchronous
detector . The triangul8r Signal acrOIS C 64 , 10­
gelhe r Wllh the interl aced ligna. (also in ph8se) II
amplltled in lC 10, inverled, and lhen taken to
the emi ller of the Ilral video I laoe T7. In Ihll
manne-r. lhe interlacing il b81anced out

l4
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II an unprocessed signal ia required al the video
OUtpul (descrambhng ope-rallOtl), C 63 II wired
in. This makes available an ampli fied FBAS
Signal (wllhou1 sound carri&r) . together with an
50 Hz Interl.llCeSlgn81.

2.3. Aud'o St1tge

As a result 01 the dlffenng 11andards lor the
salelllte program. IOUnd C8mer1 can he any­
where betwflen 6 and 8 MHz Il'l the CQInpOIIte
ba....band Signal. Up 10 lIVe IOUnd IUb·carners
could be transmrtted lIlTIultaneoully, The aound­
carner IIgnal lllaken VIa C " 5 10 the balanced
mI_er IC 7. The oad/lalor L13 operal.. .., the
16.7 k) 18 ,7 MHz range, The IO\.II"d-IF 01107
MHz II available allC 7 pIt12.

The lIOUnd-IF IIg08I is 18ken VI8 the cet"amc lIlter
QF 10 the demodulator lC 8 The AGe vonage
outPut ptn 12 Ie 6 is littered by R36IC "&R35
and laken 10 the V.IlflC8P 06, Thra provlSlon

changes the sound carner accordtng 10 the
channel lelected . The lOIn! carner lelectoo
can also be carned out manually by S1 before
betng selected by P5. BridOl!II J5 and J6 select
lhe char.llC!enstlCl 01 ltte sound de-emphaSis.
erther networ1I R4J,'C 5<t or R«'C 56

Integraled Circuo1 IC 11 contains . COIncidence
amplrller wh ICh l\IIo1Cfle1 off the sampled control
VIapin 7, thus reduclng the VIdeo gain when there
IS no usable video Signal available , thIS connec·
tlOn is also used al IC B to control the audiO
mullng The voltag e on pins" and 5 oi lC B (TBA
120 U AF amp) is I\IIl tched off VIa 0 7 lI'1UI
CUffing the sound output II J7 is open , the mut ing
CirCUlI is I\IIl lched out of circu tl. Finally. tC 9
amplilles the de-emphasised sound to lhe output
lev&! 01300 mY.

3.
CONSTRUCTION

Belore proceed ing with the loading 0' compo.
nenll on to lhe SAT· X preted Circuit board
i l lg. 4). both lhe F·sockets must 11111 be IOI()ered
InlOone hall 01the screening bo_ (screwing lhem
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Fig. 5:
CompletltCl r.ut.....

lfl .. oat good enough~. ltHs tln-p1ale (fig. 5 ) is
Ilrstly soldered on 10 the PCB with lhe long side
lacing outwardS The de-coupling eecectors
C to. ts. l6 101l0w

As lhe construction 01 tuned CirCUits eboye
1000MHz becomes QUite critical . the author has
It'IOOrpOrated the InpUt Illter L2Il3 and the SHF
LO COUpling InlO the PCB The yancap 0I0des
DUn must be lOldefed lfl Wlth the shortest
pou.ble leads . CMherwrse lhe necessary l,nea,1lY
and Mn$ltlVlty In the upper Irequency part 01
lhe tuning range WlIIbe compron'used (a..11'1. 6 ).

The mduClor LS forms lhe coupling element
between l2 and l3 and ConSiSts 01 two turns of
0.5 mm Cul wire wound on a 3 mm lormer Th.
gold.n ru le tor all the components In the SHF
signa l path Is to kftp the connec1lng Inds
10 the components . s shoo .spossible.

As lhe Clrcu,t IS constructed on a normal doubleo­
coaled epo xy-glass board to keep the COSIS
dOwn. a small amount of "sell-supported" coo­
struction canno t be evclded. The PCB losses
would otherwise be 10 grea t. that al these Ire­
quene"l. the OSCIllator would nol operate
cleanly . Therefore.l7. compns,ng 1 mm Slivered
wore. 5 mm long (approx.), II M1f-SUppotllng
tyinga maxmum 012 mmoverthe lufface 01 the
board and soldered as d,rectty as pclhIble (max
lead I8nglh 2 mm) to the ends 0/ the vaneap
dIOdes. The ends of Rl 1/R12 and the conoec­
tiOns0/ T3 are arsc treated In the same manner

The author proceeded wlth Ihe SHF osCilialo,
constructIOn (fig. 7) In the IoIlowlng manner : ­
Flrsl . T3 has liS eminer lead bent It 90" cIown­
wlrd, and IS pushed Ihrough the board . The
roeg.allV8 end,OI 03..'[)4 Irelleo SUitably bent and
allO lMer1ed Ihrough the MTilner hole in the
board Between the free encl, of OJ Ind 04
comes L7. All connectIOnS Ire then soldered .
bolh ends or T3's emlner beIng soldered , The
,hon.ned ends 01Al 1 and R12 are than SOldered
to Ihe (unsuppcH1ed) base lead 01 T3 and C 1S.
AIIO. the collector 01 T3 and C 16 arll soIde'ed
In a IImlla, lashlOt'l Then lollows 05 . C 17.
RFC 3 and RIO. The slider 0/ P2 II Ihen con­
nected to C t6wlth a length of Wlre.

The tnduelors La to l I0 consist of 1 mm Slivered
Wl,II wound on a 3 mm twost dnU.

0",.
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lnduc10r L8 IStapped one turn Irom the cold end
by Capacllor C 19 also 1,5 Mnl Irom the cold end
by C 21 C8pac1torC 27 is taPPe<llnto L9 appro_l­
mately at h centre tum . C8pac1tor C 30 il
lapped ,"to L10 appt"ounately 3'" tum Irom the
cold end All COIls should be wound Il'1 the same
dlrecllOll , Thedemodulalor Induc10t L11 conSiIlS

01 '" turns of CuL0 5 mmWlr.wound on to • '"mm
dla cx»-Ionnef , l>tled Wllh • t~Tlt. cora and

endosed In • sere.flIng can The WIf1(l!f1gs hera
must be very ligh t

The RF chokM tRFC 1 to RFC 51 COOSlst of
0 ,'" mm CuL wwa (see c:omponen1 plan) wound on
a 25 mm twlsl-dn1 shan and mounted sell­
$UppOrtIng abova the board w,ttl the shortest
possible solder leads

3.1, Compo nenl Lilt

TranSIstors · Integra' ed CirCUitS: O<>de.

n : BFW34a 11..13 MSA 0304 (Avanlek) 0 1.- 0 5: BB S05b
T2: SC ,,, 14: 780' D6 BB 405 b
T3: BFa 69, BFW 91 15: 5L '452 (Plessey) 0 7. ,0 11 . 1 N 4148

AT 41485, 42085 16: TL082
T4: BFW 34a 17: 5042 P ZO l : ZP08,2

T5IT12: BCS48 18 : TBA , 20U Z02, ZP05,1

T6: SC"'7 19 TL OSl
n Be 328 11 0 ' TL OSl LE03mm red
TO Be 875 (Oar1) 11 1· TDA 2595
T9!T10 Be 878 (Oar1.)
T11fT13 SC '"

Tnmrnen and pOts

P l · 10k POCI "'mm
P2 100 11
P3 "'7 k upngh t
P4 "' ,7 k uproghl
P5 , 22k PoII 4mm
P8 47k uproght
P7: 47011
P8 47k

TIO-plal e bel_ 145 _ 35 _ 30 mm

au 112' F panel socket
au 3 BNC panel sockat
au4 Cll'\Ch

va - 64 pole
From-panel hOldertor 19- 3HE par1lront panel
Par1 tronl panel3HE,.4cm W1de

CoIls:

LLL4:
L5:
L6 :
L7:
LB."Ll 0
L11:
L12:
L13:

L1 '
L15:

alched
2 turnl CuL Wire 0,5 mm, 3 mm In! dll

e'ched
5 mm long 1 mm lilvered wire (10 mm lor 10 under IF)
2.$ turns 1 mm Silvered Wire , 3 mm mt. dla
41urns CuL 05 mm Wire, 4 mm COI l lormer Wllh leml e core
RFC (Or) 33 "H
18 turns CuL 025 mm Wlr. , 4 mm coll lorme r With lefliia cora
10 turns CuL 0 25 mm Wlra,4 mm COIllormel With lem'. cora

RFC (Or) 22 " H

17



HF·RFCa'

Dr 112:

0' 3
0"
0. '
0"
0<'
0, ,
o-s Dr 11
QF

5 turns Cul 0 4 mm wi,e, 3 mm mt.ee
10 turns Cul 0,4 mm wl,e. 2 mm mt. dill
35 tum, Cul 0 4 mm wire. 3 mm In\ d,a
5 turna Cul 04 mm wire. 3 mm In\ dIll
1.5,.H
12/15 ,. H
33 ,"
l00,.H can be replaced by WIfe bridges
cererruc lIIler MUfala SFE 10 7 MA

VHF COMMUNICATIONS 1190

Aellstora:

R , 22011 "20W R 23: 470 k A45: 3.9 k A 66: 6.8 k
R 2 22k A 24 ' 3.3 k A46. 10 k A B7: 270 n
R 3 22k R 25: 8.2 k R47. lk A 68: 10k
R 4 27k R2B : 10k R48: 16k RB9 : 2.2 k
R s ' 0 k R 27: .." R49 4,7 k 1!20W R 70: 2.2 k
R , 220 II 1/20W A 28: 470 II R SO: l SOn R71 : 331
R t , lk ChIp R 29: 82 B R 51 1,5 k R72: 47k
R , lk ChIp R 30: 16 k A52: 5600 R 73: 'O k
R 9 3.9 k "20W R 31: ' Ok R 53: 6600 R 74: 6,8 k
RIO 4.7 k 1120W R 32: 220n R 54 1,2 k R 75: 1.5 k
Rll. 2.2 k 1120W R33 220n R 55: lk R 76: l OOk
R 12 ' teo n 1120W R 34 lOOk R 56: 330 II R 77; 47k
R13 lk Chip A 35: l OO k R 57: 33 fl R 78: 271
R 14: lOOk R 36: 33k RS8 : 27 n R 79: 12k
R 15: 10k A 37: lk A 59: 47 11 RBO: 6BO U
R 16: 10011 1120W R 38: 330 11 R OO 4,7 k R81 : l SOk
R 17· 7511 ChIp R 39 4.7 k A 61: 39k R82: 330
A 18: 10 k R 40: 1k A 62: 6.8 k A 63: 56k
R 19 10 k R 41: 10 k R 63: 56 k A84 : 10k
R 20: 220" 1120W A 42: 47k R64 ' lBO rJ A85: 10k
R2l 330" R43: 5,l k (4.7 kJ R 65 ' l SO k A 86: 3,3 k
R22 330k R44 : 680 11

Capacitors

C 1 ". C22. To C43 62. C64 : 'OOn
C 2 470p ChIp C23 470 p ChIp C 44 62. C65: 10· 22 ,.
C 3 ". Ch,p C24 470 p ChIp C 45: 27. C66 : 10·22,.
C 4 1 n Chip C25: 470p Chip C 46: 4.7 ,. C 67: 220n
C 5 1 n Chip C26 1 n C 47: 22n C66. lOOp
C 6 27 . ChIp C27: 56. C 48: rcce C69' 33.
C r 470p ChIp C2B 2 ·12 P Tnmmer C 49 10, C 70: 160p
C , 1 n C29 2· 12 P TrImmer C50 1 n C 71: 220 n
C 9 470p C30: 47. C51: 330p C72 IOn
C ' 0 470p Plate C31 : 1 n C52: lOOn C73: lOOn
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Cll 3', Ch.p C32 A.7 ~ CS> '0. C" A.7 n
Cl2 '2, C33 '" C.. 22n C7> 22n
Cl3 '70, Ch<> C34 33, C" 22. C7. A.7,..
Cl4 '70, • C35 'OOn C56 47n Cn. 'OOn
C15 t n ...... C36 ,., CST '. C7. '00.
C •• , n ...... C37 'OOn CSIl 47. C79 47.
C17 33, C38 ' 70n C" 220. C.. 220.
C •• 'n C3. 47. COO 27, C81 . ,.
C t 47, C.. 390, C., 220. CO2 '0.
C20 2·12 pTnmmer C.. SIl, C62 A.7 n COJ '0,
C2 ' 22, C42 270, COJ 47. C . , n

• ~ I trlClly reQI.llred II VHF c:onIlrUClIOOal practICeS"e obserVed l

4.
ALIGNMENT

Aller the conltructO'l of the compIe le N teilite
TV receiver . nd chec ked lor Iolcleong and
WIIIt'lg del«:ts. the alignment can commenc.
ThlI reQUIred tnl~ IS al toIIows

a trllfllqlOl' YQIlmel.,
... oacrloac~,

." HF·FM ganar,1OI' and
morulor or TV tel WIth ." AV W'lpUt

Fnt of ..... HF 1nn'lmen. COIla arid IldIuIWI
(. xe-pl P7) w.~ 10 .,... mod-rWlge so­
trbOtI , Potmet. P7 IS lurned tully docIIWIM
AI bnOgat. • •e-pl n , .... remD\led AI MP 1.
an oecrlloacop. or • VTVM II connected (not.
hig h ltT'IpedInca point)

FotIowlng 1tMI. ." FM·modula ted (at 110 10 kHzl
A4() MHz IIgnal II appM<IlO the mput 01 13 VIII
a 2 pF capacItor , Cod L 11'1 tumng slug II ltwn
Mned until 25 V appears al MP 1.

The test l ignal II men appl ied to the bas. 01
T4, Trlmmerl C 29 and C 28 ar. turned . in that
order, un'" the vortage al MP I haa beftI'I lellored
to 2,5 V.1M Hf MnSl tlVlty bell"lQ llowlyadJU"ed
by maan. Of P3, 10 achoeve thrl result

The I. sl IIgnal II lhen appI.ed 10 the em, tter
of Tl and C 20 adJUsted 10 the aloremertllOl"ed
vaJuM ThlI~t is cont.nued WlItl the r.

luning 01C 29. C 28 and C 20 . •n that seqli8nce,
checking with an OSCilloscope that me symmelry
of the Af sign,1 althe videooutput 'l mainta.ned

PrOVidIng thaI the SHF OSCillator has been
constructed correctly . the LED '11'111 IIlumlnale
PotentIOmeter P2 .s then turned dockwI" until
the LED is JUsl .xhngullhtMJ P2 il then lurned
back about' qU<ll1er tum

A correctly tuned Ul"Ilt~ IndIcale a ur'Iltormly
d1l1ntlUtacl roM on 1he mQnItor COONC'lacl 10....-.......
The SHF IlgNlIIS theo laken Irom 1he OU1er untl

10 the anpul of the lececv.r Normally . t thIS
. taglI. lrantmlUlOnS~ be appareot wtwt
Ihe~ .. u.d wtlh P I bu1 not~
Wllh good QUaIrty It .. adVrIa* 10 MIld Ihe
ASTRA 181e11le tor the 1t'II1..w 1Ul"Ilng procell

as tis rad.aled power II very high

Should no IIgnals be obMr"f'ed . the SHF oectIIalOl'
IhouId be corraeted WIth P2 tor the best (MIClI­

lalory COnddO'l and maxltnUm .mplrtuda FN
tu nll' 'Ig 151 earned out by lumng the ree.rvar 10
a mld·band salelil le prog ram , The lun.ng 01C 29.
C 28. C 20 and P3 ilthen lopeal ltd unli llhe bell
pICture has been recei ved In Ih. mea ntime, lhe
video ou tput ampl.lude mUll be restored 10
maxImum USing L 11. By careluUy tuning contrOl
P l , the IF can be checked lor lut'lll'lg symmelry
A correctly tuned IF resulll In lhe appe&ranu
01 white flecks when PI la d.·luned 10 the right
(.bove) ancI bIacl<. I~ when tl .s de-Iuned
10 the ta ll - by an equal amount

••



A weak lignal. or bad al'Onment, resuns In no
notae at all on a rec8lVOO FM video signal - a
complete con trast to the AF outpull Broken video
lines are In evidence as well as the IOrt oi llecks
WhiCh occur on video recordefl , These tr uer­
tel ences are particularly prominent upon strongly
coloured areas 01 lhe picture (high modula\lon).

When the HF ehgnment has been carned out
corlectly. the tUnlr'19 of the sound IF can be
commenced by Illst of all operw'IQbndge J7 . For
this. In manuAl (PS turned 1/4 Irom ACW·posi·
lion). the core 01 L 13 II I\Jrned lor ma_lmum
audIO output Then. L 14 la tuned lor maxrmum
AF amplolude At pin 12 01 18 mere Ihould be
a potential 016 V, By Iterating the tuning 01L 13
and L 14. the correct alignment can be accom­
plished . II an FM.slgnal genGfator gIving an cot­
put at 10 7 MHt II available. the alignment can
proceed WithoUt Any lrouble , During lis progress.
the bridges J 112 should not be completed and
the tell s'Onal.s applied to MP 2, n II to be en·
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sured that the tUning of lhe Ilrst sound carnGf
cccura at 6.5 MHt , By manuat lunlngof the tone,
USing PS - according to the satellite program ­
three to l ive various SOIJnd carriefl lhOUld be
received

The video Amplilier does nol need any special
allgnrTleflt With P7, the ampli tude a\ the output
Is adjus ted to appro_lmately 2 V".. The line­
IreQuency adjus tment P8 II adjusted 10 that upon
recep llOn. lhe SOIJnd muting openl cleanly and
the tone II heard wlthOUl distortIOn (bridge J7
closed),

The author has successlully used components
'rom old disused TV and video-Iecorder equip­
menl lor the cons tructIOn 01 several receivel s,
II thiS eqUipment Is nof older than Ib or seven
years. the chances are very good fhal the luner
contain. SMo componenWmodules, Many videO
recorder. are also l ilted With 1120 W resistors
which are very uselul lor thiS conllruetlOfl A

•••
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turthef poslllblilty lor obtalnong SY'lable con ­
ponent, are jUnk RF IXNlrds trom eleCtronIC
dealers

5.
OPERATING EXPERIENCE

The IIgnal. at the VIdeO alld audIO outputs are,
ot course . compaloble with standard AV inputs
01 a f'IOrfl'lal televiSIOn tel. With a , ullable VHFI
SHF modula lor , the I8lelll te programme CM
also be coupled IOtO a ecmeenc antenna In·
, taliallOr'l .

In orde r to check the prOJOCl', reliab ility 01reph­
C8tlOr'l. the author built l iva 01 the receiverS. as
described . using both SMO as well as COrtveo·
tcoer mooules , All CIrCUits e~hlblted identICal
behavIOUr during lun ing, Neven heless, there
were some dlHerences 10 eVIdence concerning
the senSitiVity. also It!ere was some tendency
lor lhe 44 0 MHz IF to break into sell-OSClliatlo.
TherelOfe, the SMD module, I"ted In the con­
pcoeru complemeflt are to be prelerred To­
gether wllh hve VHF modulators (Irom Philips
video recorders, the author installed the tive
receiver. into a 19" equipment rack , These
channels were led via live tunable antenna pre­
ampliliers IOtO a small 4-user domes tIC Instal·
latlOf\(I lg. 8l·

The aame progra ms w",o simul1aneously r.
celved on the live recftlVers USing the loIlowlng
. atellote stallOflS:

Super Channel
SAT 1 01EUTELSAT 1 F4 and Sky Movies.
MTV Europe and Eurospon 01ASTRA 1A

Although the recelvors were separated physl­
calty by only 4 cm Irom each other and wlthoul
any RF screening (I ii. VI. there wa, no evidence
whatsoever 01 mutual interference However .
each Individual Sat-receiver was pl"OVlded With
Its own 12 V voltage-regula ted power supply
(7812) in order to a'o'Old COUpling via the video
ampllhe,., For th•• purpose. the author hal
prOVided a 54-pole mulll ' poIe connector wllh
two 12 V COf'In8Cllonl, When only one i. In

operatlOr'l. the conoectlQfl' 13 a and 19 a can be
bridged . At pln 15 a lhe 3S V tuning vol tage can
be picked up.

The reception reSYlls beh.nd the house antenna­
terminal modulators wal e~ceptlOf\ally good.
The recept lOf\ 01 Video text. where present In
the lransrmssion. also pre.ented no communi­
cellons problems.

To complete the construcllon details, the 101·
loWingpoints musl alSO be e~pla'ned :

In the HF pan 01 the conduclor aide ollhe PCB.
the + 12 V track ShOuld be hltad allntervals With
add,tlOr'lal chip capacrtors 01appro~lrTl8lely 1 nF
to eanh. ThiSguards aga,nst RF COUpling taking
place via the supply ClrcullI

The 7 MHz soulld eerr-er can have a very t\lgh
noise level. II this is the caM. check the 440 MHz

2'
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IF CIrCUlI. Try redUCIng lhe value 01 R 28 lrom
<410 n to330 n in order towlden the IF resporlse

Should the VIdeocarner be audible in !he sound
output, an RFCol8 2 1010 ~H connected acroaa
R 31 will bring some Improvement

II lhe recever ISonly recoreo 10 be operatlOMal
on one channel, the SHF·,nput luned clfcu.l
can be ,emoved 110m the luning volt8ge 8nd a
<41 k trimmer mounled «rte the holM provided
J. II cereectee 10 the 35 V tUMIng VOltage The
Inmmer IS lhen tuned so lhal lhe cecon accords
e~8clly 10 the frequency 01 fhe desired Inpul
ctiannet.

6.
MOOIFICATIONS

To Improve the receiVer'l versahltty. the author
has developed a lurther pre-amplifier which II
l ined directly beh.nd the Input connec1or. Tt'IIa
glvel an elltra 6 dB gain wtliCh enables !he en­
lenna cable 10 be e.lended lor olher purposes.
ThIS pre-amplllier il also lined With an MMIC
(fig . 10): II servel also lhe purpose 01 de­
COUpling lhe receiver ITom lhe anlenna Inpul
cable , The double -aided PCB (fig. 11) Is lined
00 Iheplaln side With Inpu! and outpul coonecicee .
sUllably ltolaled Irom lhe copper 10il. lind me
whole module II then mounled directly 00 to Ihe
receiver·anl..,na Input socket and connected to
lhe solder Iracks .
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Dip/.Eng. Delle/Burchard. POB 14426. Nairobi, Kenya

Shortwave Reception
Based on the Thirties Principles
Part 1

Thll . rtlc ll II publllhid owing 10 III man y
IntlrlSUng no . I.lg lc ...ocl.tlon., Ind e• • y
to und e r.l. nd de li li. bUI nOI bee.u.. Ihe
edi tor I. of th e o pinion th l! o ur re. d e,.
nee....rlly h. ve the d••lre to co n.truc l HF
recelvlr. for AMree eplion . Th••rtlc le It10u ld
.voke.n~ymenl.nd give rI.. to mlny I fl••h
01under.tlndlng I nd • •cl.mallon 01". h. "1

Shortwavel uSing A3 modulation have been the
vehicle lor conveyance ol newl around lhe globe
lor more lllan60 yearl. Amphtudemodul .hon has
perSisted to the pt"esent lime In spite ol more
favourable meanl .nd will be certainly in wide­
spread use lor the loreseeable lu'ure. II is lor
Ihis reason that any investmenl In lerms 01both
time and money in thi, tec::hnology cannot be
trlvlalized . Also. il may be overlooked that the
liste ner'. investment. takan al a whole. il much
higher than the broadcasta r·• . It can be taken
lor granted. that II the broadcast wa. 'r.nsm ltted
in .ny other mode than AJ. It wou ld li mply not be
heard by III intended audience. Therefore , II
would appear to make I8flH 10 Improve thil
melhod 01broadc asl receploo.

Such improvements can certainly nol be made
II the rlCllV., i. lett Wllh yal mora knob. and

buttons With which 10 man ipulatelillers . eneoue­
tors, lime con ltants , chppe r&!ll mlters and su p­
pressor etc . The op\lmal receiver lor the normal
hste ner should, Ideally, have only. means of
selecting the requited Irequency a nd the n, wun­
OUI any lurther mea sures , rlClIVe the besl·
POSSible AF signal conSlsllni With the pt"ava lenl
radIO cond,ltOllS Thl' r&Qulleman!. Ihat IVen
grandma e&n operate the -eco , i. the twghes t
demand which ca n be Impose<ll Two pt"locipies
01 Ioog standing .,e to be recalled in thiS artICle
In order to de velOP lhe pOInl 'rne.. are : super
regeneration and the logarithmiC de modulator.
Other details WIllbe also conside red

1.
PECULIARITIES OF HF RECEPTION

1.1. Frequancy R.nlOl l a nd AdJl c.nt Chlnne l
Slleellvlly

The lhortw.ve "allOtll conSlae red to be 01
inlerest he In the Irequency ra"'ill 3 MHz 10
28 MHz . The so-called ecce bands (under
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5 MHz) do not. nowadays. have any reieverce In
lho nccce Tho lower frequencies ere usad
main ly lor regional reception . Ball er long­
eeteoce recepti on is 10 be obtained in the near
vicinity 01the MUF (Ma~imum Usable Frequency )
whereby an MUF 01over 22 MHz is hardly ever
expenenceo. The Citizen Band is. however,
viable on the 27 MHz band ,

According 10 several sources, the propagation
noise 0150 dB above the thermal noise of a 50 n
source at 300 K ernecceeeee below 5 MHz, is
causad by atmospher ic and galachc variations,
AI 30 MHz. II is lower at 20 dB , The frequencies
between mese extremes can be interpolated in a
linear tasnon. Man-made intel1erence can
exceec the propaga llon noise by some 10 10
20 dB. ntho latter is not taken inlo consideration,
lho receiver, 018 MHz bandwid th, musl have an
internal ocee 01 1055 Ihan 10 p.V t - 87 dBm) at
5 MHz and less than 08 p.V t- 109 dB) et 30
MHz. II opllmum recepncn is to be eceevee Wi th a
correctly tuned receiver and a sUllably metcnec
antenna.

1.2. Receiv ing Aer ial s

The high e~ternal propaga tion noise . in 'he srort­
wave raglons . makes the employmenl 01 ccn­
mal'y cui eenete. lor Ihe desired Irequencie s,
supertluous lor listening purposes, Since It is
much easier to design a receiver w,Ih a ue­
quency·independenl internet noise, tho anlenna
gain, at tho lower Irequencies. may be allowed 10
drop by as much as 30 dB One such aenal is the
CB groundplane, But lhis Is not a provisional
aerial. II is deSigned to match the equipme nl
m use and can. moreover , be inslalled With
slandard masts and suppor1lng stays on the
house root right co t 01 the way 01 man-made
rnterte rence sources.

The mtertereoce Signal/noise can be drastically
improved by the employmanl 01 direct Iva arrays
ThiS IS only necessary in special Clrcumslances
as such antennas requ ire a 10101real eetete.

1.3. Selecti v ity

The ec-cenee · lu~embou rg Enect " (an apparen'
non-linearity 0' lho transmission medium) has

24
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not, as yel, been reported on encnwevee. II
stations appear where they shouldn 't be , it can
be attributed directly to the receiver . These
problems have become more eecre With the
widespraad use 01 semr-corcuctors and , 01
course . with the sleady rise in the power used by
broadcast stations . Break-through lrom adjacent·
channel slalions , on Ihe image Irequancy or on
the IF Irequency, are easily recognised and lhe
measures to counter Ihem are well known.

Intermodulation between several slations , which
are closely adjacent in Irequency, cause Signals
10 appear at Irequencies where lhere should be
no signal. A rece iver intermodulatlon -Iree input
ranga of 100 dB Is nol yel commonly,lechnically
leaslble bUI is eeeenuet lor Ihe senous listener ,
Using the above mentoneo receivQr Inlernal
norse 01 - 109 dBm would mean an tM3 01
+ 41 dBm. Such values, according 10 Oxner (5)
are nol yet oblalnable even wilh a SWitched
FET mixer.

1.4. No ise Figure and U..bla Sig nal Range

A receiver which is connectec to the stove
mentioned matched anlenna and has a noise
l igure 01 20 dB, would worsen Ihe inlerlerenca
s : n ratio by some 3 dB. Employing a much
smaller noise ligure will net be 01 Ihe slightesl
help. Receivar ccoeects whiCh start at the meer
ere nowadays the slate-ol·lhe-art technology .
Recaivar pre·amplilie rs are required where short,
temporary aerials are Irequently employed and
also to reooce radiation 01 ee eeer-oecmetor
signal.

A3 modulallon has no modulation gain , A re­
eewee signal input power 01 - 83 dBm Is reo
quired in order to receive 8 transmission at a
respectable 26 dB s : n ralio al lho receiver oul·
put. II Ihere is an inlermodulation- Irea range 01
80 dB, then lhe highes t input power - 29 dBm
must not be exceecee . The usable signal range
would be up 10 54 dB ,

1.5, l ow -Frequency Range and Olalortlon

A shortwave broadcast cannel be a high·
tldeltty system. A broadcastlransmlltar secere­
ttOn 01 10 kHz only allows a modulating Ire·
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quency range 01 up to 5 kHz as a theoretical
maximum. Such a limited euoe Irequency can
only transmit speech with an 80 % hdehty,
98 % loga tom·intelhglblli ty and 100 % inteili gi .
billty . In addition, as there is no such thing as an
ideal selecti on Illte r, even less than this must be
accepted , A bandwidth 01 only 3 kHz IS usually
cons idered as being h llSfactory for shortwave
broadcast listening The above percentages
then become: 60 %, 88 % and 98 % - a ceo­
siderabie de terioration ! Many commercial snort­
wave rece iver s do not even have a 3 kHz band·
width . The reception 01 low signal-strength
signals places a higher emphasis on the Iogatom­
inte lligibility than on the intelligiblhty, especially
when foreign languages are being rece ived . That
is why even the smallest Increa se In the overa ll
AF bandwidth is advantageous,

A pecunenty 01 the human ear is that .,Smean
frequency, as lar as speech is con cerned, 15
around 1.6 kHz . A balanced sound imp ress ion Is
attained when lowe r and upper frequencies lie
symmetrically disposed, in a logarithmic manner,
abou l this frequency. ShOUld the upper limit
have a Irequency of 3,3 kHz , then the lower
frequency 01 the response should lie around
800 Hz . Another mean frequency applies in the
case Of music ; name ly 1 kHz . In the above

e~ample Ihis would entail a lower limit frequency
01 300 Hz . The long lorgotlen "music/speech
SWitch" In AM radi OS did have an audio-physIo­
logical funct ion .

The modulatIOn Signal suffers bo th linear and
rcn-unear distortion even bercre modu lall on 01
the RF earner take s place in the radiOtransmitter ,
In ord er 10 obtain more lange and more punch , a
high but almost constant degree of modu lation IS

necessary, Mea sures such as response llmiling.
dynamic·range corrc resson. pre-emptiasrs and
clipping hav e to be introduce d Alt er the modu ­
lated signat is rad iated, II is subJecl to selec tive
tad lng caus ed by the vacillations 01the propaga·
l ion medium wh ich effect both the carrier and the
modu lation . Further Imperfection s to the modu ­
lation signal take place in the recei ver selecti on
and demodulalion processes, The hum an ear is
supposed to be able to recognise distortion which
is above about 1 % and phase reversals 01 180°1
octave especially II they occur in the middle Of the
heanng range . This starts to have a large Impact
upon speech intelligibility when the distort ion
nsee above abou t 20 %. With dynamiCdistort ion
caused either automatically , or by the hand of
the sound eng ineer, is nowadays so common­
place as to be disregarded by the lis tener.

Fig, I :
CIrCUlI 01. 1og.,llhmlc d. lllClor
tOf 1M . ..mln.tion of lie
ch. r.clfilellu.
IndllClor : 2 + aW, 0,35 Cul on.
VoglcoH lo,m . r 3131600000
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It may be concluded, that shOf1Wave broad·
casting is not Ihe medium lor the transmission ot
music ! Enjoyment 01 this lorm 01 entertaInmen t
requi res no eerneea with the speed 0 1light but can
be better lett to mont suitable media. These
e_tend from the gramaphone recor d. right up to
the Digital Audio Tape-recorder (OAT).

1.6. Aut om at ic Ga in Control (AGe)

As oppos ed to A3J (SSB) modu lation. A3 has
the advan tage that It has a rerereoce - namely
Ihe carrier - by whic h the magnitude 01 the side­
bands may be assessed. This facilit ates Ihe
amploymenl 0 1 an ectomanc gain control device
to regulate the variations in received signal
strength in order that a near const ant level of
eueo is presen ted 10 the loudspeaker. The
disadvantages 0' AJ. such as the unnecessary
e_pend,ture 01 energy in the ca rrier and also
the super1!uous redundancy of the sideb ands.
are so well·known that they will fIOl be gone into
any further ,

The normal AGC take s the form 0 1 a negat ive
feedback which is not allowed 10 be too respon ­
sive (otherwise there would be a tendency to
demodulate the signal - ed.) . It would be ad­
vantageous. it a shortwave receiver had a term
0 1detection which is inherenlly self.limlting in the
same manner as that whic h FM receivers employ

Fig , 2:lnpul . nd output w....lorm. 01••u~r­

.-.g.ner.tl..e " l-ctor
X: 1 " . d l.. ., VI : S Vdl ..., Y2: 5 Vdlv,
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- I,e, an AGC system Without any l ime constants.
Such a scheme is possibl e and will be e_plained
below.

FollOWing the forego ing review 01 a lew basiC
considerations , concrete pnneiples will now be
presented by which the reception of HF receivers
may be Improved.

2.
SUPER REGENERATION

This prinCiple has been kJ'lOWn fOr many decades :
a comp rehensive description has been made by
Barkhausen (1), In the past. super· regenerative
receivers. as simple shortwave and remere­
con trol receivers have played a Significant role
in the development 0 1VHF reception . The clrcUits
were moslly decidedly primitive, the charac­
teri stics sparse and the equipment radiated
interference signals into other services, With
the knowledge frOm (1), better cons ll'\Jcll on
techniques would have been possible, There­
'are , whal was already know n in 1934 will now be
repeated :

It has been the experi ence tnet every oscillator.
sooner or later , automatically starts to oscill ate
and then setlles down to a constant "nal ampli­
tude, This is the case, even il it Is SWitched on
in the absence of eiectncat pertu rbations which
would give the oscill atory tank circuit an initial
start energy An oscilla tor ci rcuit tor 40 MHz
Is shown in fig . 1 With a prospect 01 il s possible
use In a ehortwave receive r. Via the lranslstor ·s
G2 voltage , the cucurt can be SWllched on and oil
(quenehed) - the HF generator rotbeing needed
'or the time being The diodes connec ted to the
source crccrt can also be neglected lor the
moment.

In the oSCillogram of fi g . 2 it can be seen thaI the
SWitching poten tial is the upper uece and the
resul ting HF oscill ation is the lower nece. More
lhan a /-4S elapses belo re a noticeable HF ampli ­
tude IS produced . A further /-4S Is needed to obtain
a constant ampli tude. Atter SWltch-olt , another
/-4 s elapses until the HF energy comple lely
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FIg_3: 8uilcklp 01OKIIl.Uon.ln ••ul»'·r-v-......
If.,. clreult. TM . 1... po_ I. In 1M r.,.
- 40 d8m rl... 10 - t$O d8m.
1I;:lOGn.djv., Y1: 5 V dlv., Y2; 5 V dlv.

dllappearl . A precise analyli. ahowl Ihal an
Impor1ant Inchscemlble sequence 01 evenlS
occurs at lhe very on·set ol oscilla tions et me
ewncn-co. With Ihe degree olleedback coupling
applied in this case, abOut 38 QICllla\lons ol
the lank CirCUli are reqUired In order to obtain
• nse in ampltl1Jde to lhe value 01 " e~ 11 N ­
8.7 dB). The l.gu'e 38 is Ih. lnv.rse value of
Ihe Ioganthmic decrement 01 Ih. CirCU1!l The
OSCIllations slart in ecccrcence With an e-cneeec­
tenere. 88 long as the feedback is held conetent
By e_ceedlng the linear workmg ' ange 01 the
transistor, the leedback reduces , whiCh can be
recognised by the dlfferenl curv8lure of the
envelope, unlll finally il is just lulllCient 10 make
up IhlIloases in the tank CirCUli Thli lank CI'CUIt
OIClllahon il Ihen conslan t In amplilud. Upon
SW1ICh-oIt, Ihe ampiliude decr...ee. again in
accordance With an e-llJnctlOl"l, The OICiliallon
ladel away completely alt.. a certain lime has
,Iapled,

From the I ludy 01the mechanilm 01the build up
to OSCIUatiOlls, II is now known thai wllhln the
range 01 the e-Iunchon , every Inltantaneous
amplilude 8t a certee polnlln tllTlehas. dlSllnct
relationship to other inslan laneoul at other
pOInts in lime, ThiS allowl a rough eilimate to be
made 01 the inilial ampli tude : 1.3 Itl afler SWllch·
on, the amplitude has n.en to about • V -52
osciliahons have taken place by thll IIme_From

Ihll IMlormallon, II can be deduced that an 111IIIai
amplitude ol 4 ""V IS reqUired The active CIrcUlI
increases thISby a faclor of 10- 1120dB) unlilihe
IInal steady·sla le oscilialoon amplilude IS
achieved A lampllngilale could lample the RF
dlrecUy, or II could be done by means of a propor·
lional vollage derived Irom e reclltylng diode .
A ltV measu ,emenl device is thereby available
for e_amlnallon 01the swuch-cn period

A closer e_amlnaloon 01 hg 2 reveals a certarn
lack 01darlly in lhe leading edge 01 me envelOpe
whiCh is nol presenl In lhe Iralltng edge ThiS
leads one 10 the conctUSIOl"l that Ihell1llial voltage
II not constanl - II has noise supenmposed
upon II! Now II can be surmised, lhal when the
trailing edge decays 10 zero. II is at lha tlime when
the RF-OSCllla toon amplilude lalls under Ihat of
tne fIOIse , If now, the transislor Is ewecneo on
again bul, belorelhe l,alling edge has comple ted
III decay funclton, Ihe new start amphlude il
now the residual decay ampli lude of me lasl
impulse A conerenl RF wave·l raln is oblal~

bul lhl. lIme wlthoUllhe OOIse In Ihe leadIng edge ,

EJ18rT11nlng Ihe bulld'up 10 Ihe oSClltatl()r'l even
closer , II can be seen from Ilgur. 3 1hal the I,me
a_Is has been strelched so far Ihal the I Wltchlng
voIlag. appears to be QUite slow. Now , Ihe
details 01 the leading edge of me RF-OSCllialion
envelope can ba seen wllh more clarIty. The RF
generator was SWllched on and deltvers a certain
IMlal power , At - 120 dBm, i.e at lhe e_treme
righl 01the envelope, II can be seen thai a strong
t"IOIse voltage II in ....oerce AI - 110 dBm the
noise is lower and II Is finally a"&nuated unltl II
disappears al all tllghe, start pow.,1 (10 dB
Iteps). The lIart voIlage of hg 2 can now be
afl'lbuled to • I"IOlse vol tage 01 between - 110
and - 120 dBm, ThiS is apprO_lmately Ihe
thermal fIOIse power 01 ail Ihe 10.. reslslive
components 01the tank cirCUl I when me IranSlsto,
is SWi tched on

The leading edge moves to Ihe leI! when lhe
slart voltage i' Increased by a tactor 01 la,
assuming lhal the same units 01lime ar. used
The ti me taken 10 altaln a certain RF ampUluda
II a togarll hmlc luncllon of Ihe I lart po W. f ,
The dIode c ircul i of I lg. 1 follow ed by . Irlgg.f
and a low·pa.. fllt.r conv.rt s 11'1. super·
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regener.tI"e Ol em.lor Into • logartlhmle
damodulator with 80 dB, or mor. , dyn."de
range. Its characlerlstlCS were measured and
presented in flg . 4 They are ccue remar1<.able:

The ClICUlt amplll 'es immediately 110m lhe
Internal rcee level 10 a working power. here
5mW. II an amphlylng device Ol hlgher power is
teken, 'I can be enher 1 W 0110 kW (I), II only
raqUlres a lilli e more time .

2. It the amplitude il sampled et • certain l ime
,mmedlately loIlowlng swrtch-on but well
belore the on-set 01 saturahon, one hal a
hneer, highly -senSitive demodula lor bul
whIChdoes nol POSlllSSa barl ier poln l

J Measuring the t,me 110m sw,tch-on until a
certaIn amplitude has been reached , whICh
musl be smaller Ih lll lne l inal ampMude, orwt

hal a Iogaflthmic demodula lor whICh is
cepebie 01 working over a dynamic range 01
many decade s,

4 Following the swrtch-on, Ihe oacillahon ampli­
tude quickly incre8S8s to a higher level than
Ihe l'lOlse VOltage 01 lhe , by now, lully tunc­
hon'ng ecnve elemenl ,Allhough nhas not been
Ih8Of8tlcally e~amlnfld , measurement s laad
10 Ihe conclu SIOn thaI the CIrcUli hili a low
l'lOlae-hgure.

2'

The d,sadvanlages of Ihe super·regeneratlve
feedback cannot be overlooked :

1. The wor1<.ing Iraquency, Ihll super-regenerallve
leedb8cll iraquency and the aelec1ive CiICUlls,
bolh AF and 8udlO, are inhmale!y connected
w,Ih one-another, Variahon of one parameter
altlllS all the others ,

2 The Incoming sIgnal and Ihe 100 % modulating
super·regener8tive feedback signal, e~isl

IC9&lher at the deteclor inpul II Is therelOre
not possible 10 connect an anlenna III Ihls
polnt When connecting 8 slgn81Q8I'l8r81or, It
is deba table whether Ihe instrument's eneou­
alor or Its ALe cilc uils will receive the damage!

J. To enlUle slable operahon , lhe super­
regenerahve IlltIdback slage r&qUlres. SOUrce
whiCh possesses constant ch8factenSilCI, as
the effects 01 the internal resisl8nce and
phase angle In the tank cecut to..es are
elfec1ively eliminated, ThiS is lhe same prob­
lem thaI is eVldenl w,th highly-developed
antenna pre-amplll....s

4 P1acrng 8 pre-ampll/ier betlore lhe stage will
probably deteriOr81e bolh the M ae ligure
and Ihe dynamic range.

S, The demodulaled audIOIraquency can have,
as a ma~,mum , the bandwtdth of hall the
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aupel'~allve lee<lbac:* lrequency and
thli is ne"ief1he1n1 (lfWy a lrKlJOn of 1he RF
I)andwldlh lncr....-.g lhe w.ty II boughC
at lhe prICe of a deQ IfI lhe bandwl(fth

F..-.ng tM l&4*~atrvoe fMdbedo,

Irequency trom 0Ul of tM -.00 -.. don
not.~, preMf'll any grNl p"obIemI

k'I 1Jll~ oflheM~, trliIr... QUIl.
a lew UMI lor rhII ryp. 01 dltmoduIatof pow«
ancl~r~ mea5Uf1lfT'llif'ltS. a1 a l'Ied Ir.
quency, '" h courw of af'llenn& and rad!ab(ln
. Ilpertments. Damodulakn lor ~rum ana·
Iy:.. and panoramIC racetv.fI - allO lor lha
lhorlwave receMlr 10 be dMcnbed beloW

3.
LOGARITHMIC DEMOOULATION

The InnU4lf'l(» of lha r«;t,l.... CIl'CUI1 upon the
demOdulab(ln Of AM th regard 10 "arrty,
~. and AGC hardly ev..- IUbjllctl
lor d11CU111On. TUIen (6) hal Done alQC of \IIIOl'1l,

'" tNt ..... and lound COl"ISIderall(lOl liIrhdl ....
worthy of a MCOf1d look

Ther. IS. hrIl of .., !he QUnbOn Of the rilCb'....
bme cxntant, The usual dloc)e atl'angremenl hal
a rltMfYOll' c:apKltor '" ordel' k) bnc)ge the lJt\"Ie
betweent\IIrIO RF malllfna ThlI .. efl«;tJvlfly peak
rllCbhcaloon, The lime OOOIlanl IhouId be tmall
enough 10 loIIow 1M hoghnt audoo IrllqlLMtnCy
In OOf'IlrU'l 10 IhII il the ~tor
whch II last enough to toIIow the RF impuI...

'" the modulated wave lorm . Thli 'nuns. or
COUI'H, In QU'te (Moren! etlarKtOt'111OCS Pur.
anode oemodulaloon .. not ,.ally necnaary
Owtng 10 the NIectrv. CIrCUli belora lha raC1,h....
,I 'I not HIY 10 aller the ampl, tude of lha RF.
A peall, rectll,er II la ll enough 10 IQllolll wch
ch ang.el . Unde, these cond'tlOnl , • Un••r
ract' '' ''' (leIlver. (I" loFtlQO·lr ee audto A I, mulla·
neoul presence or an unwanted carner Will,
how....... . produc. dillortlOn - IhI Iraqoancy
d,ffer wce~eenwanted and unwanled carner
w,n appear directl y II"! the outpu'l togethar wllh
thal , 'especlIye modulabOf'll A quanlltatlve
ana/ySllll aV&l1able ,n (6)

1'1,..5: Audio 61l1ortlOft In the toprlthmlc-..ocs.r
" tor 'I m _ 0,1
X: 200 ,.. dlY., \'1 : 10 mil dly., \'2 : 2 II d'Y.

Eyen worse 18 the case lor aquar. law de·
modula\lon : th,. a ffllctl all dlOd•• WOrll lrog With
very sma ll RF voltage. The a udIO, 8Y8n In the
absence or spunou' log".l., II already dlltOf1ed.
The mod ulal lOn of an unwanted carner II pa r­
bcUl&rty pronvnetIl - a common enough deSIgn
' a ull '" cheap portabIa ra(J1(» II the radtO \I
tumed so Ih8l the tarrot. an'~ II poro led 10
me optimal directIOn lor lha receptIOn 01 a weak
b'an&mlS5lOfl, the • : n ,a llO may bec:omI' ......
worM than belot. ,

11 would appear thaI a detaetlOl"l charaetanallC

which II distorted '" the IOVarM directIOn . also
produceI a r.....,.. eflaC1 Tna ~arlttlmlc

charKteoslJC II capIIbIe of auppr.....-.g the
modu!aloon 01 the unwanled carner completely
II d not. however , gel tid OIlhe cIo fference 10f'll .

..

1-''''' - '.

I I I i
' ... , .: '" Io9-tlhmlc detec lOl'~l'.. no ",1_11c

yoIufne I:onllol
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In additIOn. the unw anled carner mu,t be , mailer
than the wanted carrier - otherwi&8 It will be the
wanted carrier that will be lhe one to be sup.
pressed' Thl' lOtI oJ effect Is well-known from
the Interference suppreSSiOn qualiliu 01 Fr.
quency Modulatron (FM). Thl' aaped may be
seen Irom the ClJrvU 01"g. .. where the ,imllarity
to a good FM receiver can be clearly appreciated
- the only dillerenee here is the absence oJ •
kink In \tl8 characteri,tlC (a. is Ihe can In FM
detect ion).

The loganthmiC demodulator does, nowever,
distort the detected audio and thi, can be seen
from fig . 5 ThiS gIVes a worse Impression than
It actually sounds when receiVing a ,peech
signal. The OSCillogram displays an audio tone
whiCh has been demodulated Irom a carrier
haVIng a modulahon degree or m • 0 ,5; the
resuil ing distortIOn IS 12.5 % . The distortIOn
n,es to 25 % II the modula tIOn deOrM i' in­
creased 10 m .. 1.0 (lull modulatton), n Will be
shown later , Ihat a part ial compen.atlOn lor Ihl'
distortion IS poSSible USIng QUite SImple mtI81lS,
The advantages 01 loganthmiC demodulatIOn
,re so overwhelming lha l they cannol be Ignored
They allow the cons lruclion 01 recervers With
reasonable RF selectIVIty and yet pollelS lhe
ability to perfectly suppress unwanted carrie rs.

A lurther advantage is that the delivered eoec
is completely Independent ot the Slgnat strength
01the received signa l, This may be surmised Irom
figure 4, but flgur. 6 shows clearly that this is an
Inherent property 01the logarithmic chara cter istiC,
In lime t, and t2 • .l/'l8 signal strength rises by some
10 dB but lhe demodulated audIO rema ins con­
stant ,n amplitude . Such, receiver has no un
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tor euiomeuc volume regulation CirCUitry' ThiS
avalds completely the dllhcultles aslOCiated
With the choice 01 time conslants whICh is en­
countered in norma l AGe ccecects. LoganthmiC
deteclton cannot . nowever, offer any tort 01
protectIOnlor seloc!lve lad,ng and Ioal 01carrier

Figure 6 snow. also a form ol lran'ITu" er modu­
latIOn whiCh Is compensated in IUCh _ manner
that the demodulated output Irom the receiver
i' drstcrtce-t-ee. Thi, highbghll the reqUirement
lor an e~pOnentlal mOdulahon characterlltlC. This
is not dlll lCult to arrange and would be SUitable
lor use in a communiCation system emp lOYing
!he principles now under discussion , It the
reodulenon is so arranged that Ihe peak ampli­
tude is twice that 01 the qUieter passages !hen
Ihe minimum ampl itude " hall thaI 01 the QUiet
amplitude , This ensurel that in the presence ot
an unwa nt9d transmiSSion , Ihe wanted l ignal il
enhanced 10 its mal{Imum capab, lIty In order to
ma intain the reclllylng actIOn.

The liltener ollUCh _ tecewer Will notICeImmedI­
ately lha t in the eceeeee 01 slllnal the output
noise level is very loud Indeed Thllll analogous
to Ihe recept ion by FM Without the mut ing IACility .
When a signal is tuned In , the noin cleere_nl.
Streng signals may be completely nee 01eeee.
weaker signa ls have background 001&8, Fading
alters the IntenSity 01 the noIM but !tie output
volume rema ins the ume. Naturally, I mullng
cirCUit can also be devised tor th iS type 01 re­
ceiver,

Griese & Burchard (2) have employed thil
transmit and receive pr inciple In a commercial
broadcast system,

To be co nti nued
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Dr. Eng. Jocnen Jirmann. DB , NV

Coaxia l Cera mic Resonat ors ­
Interesting Compo ne nts for the
Frequency Ran ge I to 2.4 G igahe rtz

Coa.lal e-ramlc ru o natora a~ ab la 10 pr~

• • nt ....ry high Q ci rcuit. In a compec t lorm
lor oscillator. and fIIt.r.. Thl. ro le wa.
lu llllied by tM demanding nature of the co­
a. lal r..o nator In tM frequ.ncy rang. 900
10 2400 MHz. Th l. opena up th e pro. pect 0 1
more c ircuit po s.lblUtl•• for 23 cm radio
equlpm.nt and METEOSAT rec.I....r• .

DIelectriC resonalors labrlC8led Irom Zircon­
I,n·t,lanlum ceramiCs have made large inroads
inlO the ' ield 01 Gigahertz oscilla lors in recenl
years These ORCs (DielectrIc Resonator 05'

clllalo rs) are now standard compon enls In
microwave lechnology. Tha employment of
lh,s lorm of resonator does. however, become
cumbersome below I GHz whel e Ihe dimensions
(eg 60 mm dla, 2() mm helghl) oHer no real
advantage over normal coa xial resonalors ,

1.
CERAMIC COAXIAL RESONATORS

FQf a good yaar now, coa xial rasonators have
been available whiCh are able 10 oHar an ax­
tremely compac l lil lar at ', aquenciel in Ihe 1 GHz
range. Optically, they resemble a large !emle

bead Wllh • 6 mm dlameler , • cenlre hOle 01
2 ,5 mm. and lenglh5 10t 5 mm, They e,e Silvered
almost comple lely - only one end remaining
ueeoetee The componenl lhen IQfms 8 coaxial
conductor whICh i, lhOr1<lICUlled 81 one end
and whiCh 1I11lledWllh ceramIC.

Given that lhe ceramIChal a dielectriC constant
01 37 ,8, the characlensllC Impedance can be
calcula ted to 8 ,5 II lind the veloclty Ill ctor 10

6.15. This means that e quarter-wave resonator
et 23 cm is only t o mm long. Tha a Is In the
region 01 500, whiCh, lor a componen l of these
small dimensions, Is a very good figure, li s
lemperature characleri.IICS I t me frequency
01resonance are under 3 ppm/I<.

In order to oblaln a technical appraisal ot mese
deviCas, the author obtained the Iollowing
stcx;:k ilems IrOm Siemens (1) : - Resonators
type 869500 - 56025 - A115 and 869500 ­
S6025 - Al SO lor llSO MHZ andlSOO MHz
raspectlvely - lhel e lylrog clousl to the 23 em
band , For an Item price 01 OM 15 lor 10 or more
resonalorl , the,. W88 nolhlrog to pl'evenl 8
comprehenSive In a' 01 these interesting com­
ponents,

aefore the descrlptlOfI of relOfla lors In vanous
cIrculi conhgura llons I. begun , Ihere Will now
be a lew basiC considerations lInking the reso­
nators With the ClrCUIIS mto whiCh II Will be lnte­
graled ,
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A. onty the "hoC" eotI of the relOl\8lor II accH­

..ole, the HF enet\1Y can onty be lapped Wllh
~Ne or 1f1OUct.ve c:oupWlg Snoe~lJYe

~~ CIPKl1ances 01only. tracllOfl
01• pcoIaracl. II .. mostly !he cua lhaIl'OJcWa
coupllngUWIg • eoiI .. more c::onvenenl

The rnonalof 1UrW'g can be -"ected by rnMI"lI

01 • hl9 h qu.lIty lrW'r'Il'T* cap«:l1of connected
~!he IflI'lel' and outer conducting surtKft
- !he Iurq ral. belng ca - 100 MHz.pF
Should a more detailed . ..pIan&bOn 01 ltllI
ca lculahoo be reqUired . II .. ptOYIdI<l If'I the
appeodI. The resooator can be pulled upward.
In Irequvocy with a ha.r,pm mdUClor InMt1ed
betwltMlO Inner and outer conductors, but lhe a
" dra.hc.lly reduced

2.
A 1 GHz SELECTIVE AMPLIFIER

The lest amplrI .... used. slandBrd 1Orm. a BFR iO
(;IfC\lll If'I wt-.ch !he stnplloe rnooalofl .......
replllced WIlt! ceramiC retor\llora

VHF CO MMUNICATIONS I JW

The Inpul llgOBl II coupled If'I VII l1 (fi g. 1) 10!he
I"., rnonalor ThIsrnonalof II luned WIth• $ pF
leflon capcrtor T..... IOlulIOfl II not an IdHI OM
.. a 3 pf QIaII'tubuIBt trwnmer would Y*d-- .......
The BfR g() 11''''''''' .. led .... an ......,..
~ dMdef ( I pF h.ed and a 1eton $ pF
v......l · Thec::oIlecIor IIde aIIo UNcI~
(0UIpuI) coupling ""* !he Io.t II BQMI fNteh«l
If'IductrveIy 10 !he oulpul rMOMtor. The com­
pIImerItaty UN 01 both If'IducItvtI and capBCll.ve

coupling r"",,1 In a Iymmelncal tul'llf'lliJ I.
spon$4t . The OUlpul reaonator II also tuned WIt!'1
a 5 pF 'nmmet'.

The lollowlng le ll rnull. were obt ained lor lhe
CIrculI work ing a' 1050 MHz Ullng a 1 15 GHz
re lOnat or : -

GRinG - I OdB
Banc1wldlh B • 25 MHz (between 3 dB poInll )
5elKllVlty A. . 25 dB al j; 50 MHz

4OdB al .IOO MHz
35d Bal - 100MHz

II more MIectMty it required, alurthet resonalor
can be added 10 the oulpul CIICUfI. The CiItuIl
then bec::omeI IhBI Ihown III fig . 2 , The two

•
Ll

" "
BFA 90

"

0'
' F(

"
LZ

DB1NV Af\ onCl or
11SO MHz '60

AtlonClor
l1S0!"1Hz

. 11V

ll , U ,:l lu . nl OICulon :l mm 'o ,me"
H II'IUppclf'ling

RFC: I lurnl 0.1 Cul on:l mm '01'_ ,
H1"lupporling
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" B~ Q 90

" " " ,
" I,

II (K l2

" 0'

'"
H". 470

Q. \OnQtor 1- Rnono1or

DS1NV l1S0 MHI ,.. 11S0 MHI

C. : :I • .m.-~ ... ",wo 30. I • twt.11Id · l1V

flg ,:I : U. lng Il>Indp... nlilt 10 Improve I mplltllf Nlecltvlly

reeonat<n are coupIecI looether ullng. "frttetlQtl
of • pic:olarad" capacrtor formed by two con­
duclotI in doH pro. lmrty. As e.peaed. the gain
was lOmeWhal redueed but lhe seIeetMIy mucI'I
Improved, The following lesl rasults war. ee­
lalned -

GainG • B.5 dB
BandWIdth B • 12MHz (between 3dB polnls)
Selectll/lty A,. . 30 dB al % 25 MHz

45 dB at ± SO MHz
65dBal :t: 100 MHz

The photog raph of Ilg . 3 snow s the I.perlmflnlal
conSlructJOn of the amplIflfll' ClI'CUIl . The cyllndn­
callorm of the rnonalots can be claarty seen as
well as the tel\Otl luning trimmer.

The luthOt' allO lned 10 IUMlllule Ille BFA 90
with a CF 300 but thll proved probIema!lcal,
Pert\IpS • fHOar rrwghl 11I1(S a prac:llCll lOlullQtl
01 how to malch lhls hlgtHrnpedance OW,
FET In such a ClrC\lI t l

3.
A 1.3 GHz OSCILLATOR

n.. poIIlbl~t... 01 uang c.rarnlc r~l<n

. 1 fraquenc:y detemwwog elements WII e.-

penmented WIth Ullng the Circui t In Ilg . 4 A 1,5
GHz c.rlmlC retOnator I' tuned by ' 3 pF glas.­
tubular Inmmer and coupled ..... a 1 5 pF ceoeo­
tor to the COlkK;Iol'of • BFA 90 connected In the
common-bate mode In Ihe usual manner, the
leedback ul,hlUlhe tranSlstor 'l lnlemal cepec­
ty . the em,"er Irltnl'l'\8l" adJUltl tile leedbac~

phase. The RF--vY llell!raeted bymeans ol .
coupling loOP In doH pro.,ml!)' to the "hoi " end
01Ille relOnalor . The lollowlng data was obta Ined
nomlhil ci rCUIt: -

Output power p. • 1 10 mW ACCOI'dmg to

"""""'0
Tur"ngrange t • 1200 ...1380 MHz
Frequency dnft t,I _ < I MHz WIth supply volt­

age change of 9 " 15 V
< 100 ~Hl WIth an amblenl
lemperature change of
20" . WC.

Fig 3 (righl) il' photograph 01the tonllructlONll
detalll of Ihll ••pellmanlal OSCi llator A narrow ­
range tunabla veo lor a 23 em synthesller can
be made uSing a Iool8ly coupled vancap and
whiCh pOSN.... good charaetenSIICS Tile
high a and 1M low 1hor'!·lerm dn" ensures low
OSCJNelOt phase rlOlM

TlwlauthOr hope.lhel Ihls artICleWIn prompl the
0-allQtl 01 • MW breed of 23 end 13 cm
ayntheiller. Al the same lime perhaps. the Ilflt
lrenactlivet lor ltJeM band! WID appea r
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4.
APPENDIX

In order thal the QUaI1et·w..... reeonalQt ll'IIIy be
~~ ita "Mturlll" frequency of fMC­

nwa, an ax1emal tuI'W'Ig c:apcltoI' II requHd
To lind an optJmUm ",alue lot the capK1tOr. the
JoIlowng defflatJOn II oflerecl · -

TM Ch&rac18flsbC Imp«1ance or • coaxial line
1,II1<! """' 1'1 • dieleCtriC of relal lVe pe!'TTlInlYlty I , I'
g,Yen ,n (2) paoe 2520.

WMn the line .. ahorloQfCUlled at Its end . the
input mped&nce etOO'dlf'lllJ k) (2)~ 2328 ..

'IWf'lere I .. thI mechInICIII length ol the ..,. w.j

). thew~ In the ll'IIIte>nel ...

'"'). • >"· V• • -v:
The inpul Impedance

60 0
z, . - ·'n -

\'c. d
60"' -J - ."v..

o 2rr I v'f.
-· Ian ---
d ...

where 0 i, .he • • Iemal d.ameter and d the
lfltemal dl8rTl81er.

\ ' I ,

nIt well knOwn thoIl.l lM end ole ahorl-QrCUlltcI
coa..1aI line haYIng. wavelength 01 under W4,
h I the lfl9U1~ Of • ~h between
)J4 and iJ2 has • capKIl,.... Input mpecl~
In ordel' kI u.. an .~emaI~ 10 tune the
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On O\j l

"
"S

1,

BFIl 90

. uv

,.,

,,'

f ig. 4 ,
OM:1I"or U.... _ ....IC
~,~

C.:"'~.l

DB1NV
Or O .)) ~ H

AF e

23 cmline 10 lin e~lIcl )..14, it musl be CIIIClJIIIIe<! 10
equallhe make-up impedance but with oPposlle
Sign: - ,

Xc - - J;;;C
211' · O.88cm Vr.

.""
"om

6
60 In -

25

- 1.34 pF

c -

....
c •

1
- J

h I Xc

1

J 2 11'l~

USIng a simillIf reckOflll'lg , II capao1Of of

C - ·t35pF

WOUld be requlfed lo tune !he u me rM Ofllllor 10
1152MHt .

wtI.re C - veIOCIty 01 lighl and l _ cn.,

The requir.cl tuning capecrty canbe calculateda.
loIlOws: -

Subthlullng the practlC<l l dala concerning the
1.5 GHz resonator. l. - 37B. 0 _ 6 mm, d _
2.5 mm, I _ 8.B mm, the tuning capactlor for

worlung 1111296 MHz ill calculated as lollows ' -

5.
REFERENCES

(1) Druckschrifl der Firma SI.m.ns :
K.famlkresonalor. n lOr Mlkrow. llenan­
wenclungen.
Lle'.rprogramm 1987

(2) D. Nuhrmann :
Das groBe WlIf1Ibuch ElaktrQnlk,
Franz ls·Vertag. 5 Auftage 1989

2 rl vr;-,
- 0-' 001

," -d2 lf c 60
c -
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Philipp Prinz, DL 2 AM

41-Element Yagi for the 13 em Band

The Incre••ed .ctlvl ly on l he 13 cm b. nd
prompled Ihe . uthor 10 delCrlbe • 13 cm
.nlenn. whiCh he con,l rtlcled .ccordlng 10
the celcul.llon, .nd prin ciple, pro mulg.led
by DL6WU (1). A ,'mil.r enle nne l or lhe
23 cm bind, but wilh 44 element., h.d . l'e.dy
been con,l ruc ted . nd with very h l i,l,clory
,..ult• .

The anlenna conSlsls 01a boom, a plale rellector
and a ra~Mllng dIpole lilted with a balun and N·
sockel . 39 director" an overhead support boom
lor rigidity and mast-elamp Flgur., 1 and 2
provide a complete overview

The boom ullillHIS aluminium, 10 mm aquar.
crcee-seaon. 1,5 mm tubing The dlreclors ar.
macetrom 2 mm welding rOds(hard) ,

Fig, I :
Oon" "" thl.13 ~m·
b. ncl . nl . nn.
lndool.,

OL2AM

40

.......
,1 • •• >1, •• ••••, .. . .. .

"I
. .. .. . .. ow.

Fig. 2:
Side .1e....llOn 0' ,he 41_
elemenl Vsgl lo, ' he 13 ~m

"""'



VHF COMMUNICATIONS 1190

OL2 AM

((

• • "hl'" L !> •

1wI 1....

~ :

70

_..M ~i
r- f- - ~- - - '-j

r . t lfoe:lo .

61 5

'-\- _ 1
\ 1

,- I Dl2 AM

,

j 1
s

o ,

,- FlO· 5:
....I et-mpa WIttl mount l""
pI.l•_1'4<'.'

-- '_ l"

dl 'ac.o '

- " 01.\

I.

. ...ce••

'" 1. 2\

\
..d i • •o. ,. ' I.e....

Fig. I :
Fleneetor .-..dIetOf• • c:ou~
of dirKton end""" 'blrw;.............."
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Thri r~ll)f CXJmPflMI a bent 2.5 mm~ --, ~Ihmm Dlalance Poaltlon
wwe wtMchmusl be IIdher lec:quIlrllCl Ol IlhIerllCl mm
The b&Iun lr-.1Otmef IS also IUhIoned from
50 II cabte CDPI*' 1Cl'...-.g mantle - a ttW'I RetIec1o< eeee
...,1lOt'I ISprel..,.1ld WIth about 3 5 mm (11& The ......"" 61.6112.5 ,. ,..•
PTFE doeleclnc hal a velocity lactor of 0 7 so 0" , 61.5 ,. 38.0

Nt the cable manu. ..« mm long . including the ",. 2 60.7 23.' 61.5

l,ayllCl .,." 10 preparatOOfl for ICMOeong (... 0. 3 59.9 ,. 89.5

1113·3) "'. • 59.2 32.' 122.0
o lf . s 58.' 36.' 158.'

The 'allector .. rn.oa froma1urT\11'1lU11l gauze plate "'. • 57,e 39.2 197,6
01 about 2 mm~ Wllh a rna:llmum tloIe "'. 7 57,' '0,8 236.'
doamelarQl 6 mm (... lig,.) "'. • 58." '2,5 280."
The 2 mm , I'" rnal Clamp and the weldeckln "'. • 58.' 44 .8 325 ,7

mounllng ptala (25 ~ 4, with 6 ~ 10 II 60 IPtlCet" 0., 10 582 46 ,S 372 ,2

a,. 10 be '"" In Ilgura, 5 and II They proteCl 0 " 11 58.' 48,1 420 ,3

lhe 1Il'tl.,. anlenna lorwllJ'd and perpendiculllJ' 0 " . 12 55,7 .... 470 ,7

10 the plane 01the maSI 0., 13 55,3 51,S 522 ,2

Th. dl/ectora ar. CUI according 10 the measur.
0 1r.1 4 55.2 51,S 573 ,7
011 . 15 ... 51,5 625 ,2

ments ... down in labl. 1 and hied down 10 the O.r, 16 ".7 51,5 676 ,7
.~acl length. The ends are then ground to • 0.' ,17 .... Sl ,5 728 ,2
corwcallaper 01F,18 .... SUi 779,7
The hoIea lor lhe d.rllctorl .r. mealUred and 01f.19 " .2 51,S 83 1.2
mar"'lICIa, .~aclly as poHIble With a "eel rule , Ir'l Dtr 20 .... 51,S 882 ,7
accorda nce w.1tl tabMJ 1 The holeI are !hen Oi' 21 53. 51,S 934 ,2
d~. Ullf'lll a ~.pr..., WIth • C8 15 mm 0.' .22 53.' 51,S 985 ,7
twlSl-dfllI They ar.!hen~ weth a 1,9 mm 0.23 53.' 51,S 1037 ,2
~ The holeI llJ'e !hen '.-narllCl out so that 0.,. 53.3 51,5 1068,7
the dlraacw roctI can PHI lhrougtI wttn a rorc. Ow 25 53.3 51,S 1140,2
hl The "'WI polnt to walCh . that !hey we ItllllCl Ow,. 53.2 51,S 1191 ,7
c.ntrlllly .. !he bOom n. nx1I may be dr!V«I ., 0.27 53.' 51,S 1243.2
..... ". ~Qlgr.... . UNd . tlMy OIlha Ow,. 52.' 51,S 1294 ,7
ho6n llJ'a.,..,...."entty 'Mmered OUC too IarglI SO Ow 29 52.' 51.5 IJ.46,7
tNt tt'le dirKtOt' lill; too 1OOMIy, lharI !hey muat Ow 30 52.' 51,5 1397,7bo ...... OIr 31 52.' 51,S 1449 .2

The balun ..-.g, Mfni.ng.d cable , mosl be very 0..32 52.' 51,S 1500 ,7

carefully benl in Older hi "'lnks .r. aVOIded II 011.33 52.3 51,5 1552 ,2

•• mealWrllCl , mar"'lICI and CUI to l iZ• . It II II'Ien
0.,.34 52,1 , 51,5 1603 ,7

bent ov.' • 12.5 mm tw'SHlnll lhall. The two 01F.35 52,0 51,5 1655,2

ends 01 Ihe man lle are brought logether on th. 01r,36 52,0 51,5 1706,7

h lng plate 01 the N-soc....l end soldered Inlo Orr, 37 51,8 SUi 1758,2

place The two inne ,. ara aold.,ed 10 lhe radiator 0 11 ,38 51.8 51,S 1809 ,7

te,m.nal, (The bending 01the rad.ator I. C8med 01f,39 51.7 51,S 1861,2

OUllnthe ..ma lashOOfl - pllor 10the soIdellng)

~ compIeled ,adI8IOlib,alun a uembly can be
Iftled Ir'l 1SOla\lOr'l by mean. of a iUllable r. T.... I :
f\ec1Ornelar The VSWR or tt'le '.tum IosI IhouId Allthe ..........~Inf d'"*"MInI of OUAM.bo-._ 13---..cI V."
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The N-lOCkel .. MCUred 10 the boom with two
MJ • 25 wt\Ic:tt .1eO~.. through 10 mmspecetI

The masl clamp lhown In fig . 5 II made Irom
2 mm hn·pla'e and.1 benlllCCOl'dlng to lhe masl
dimensIOnS II was lound Ihal a lenoltl 01 nn­
plale 0160 mm wal SUllable lor a masl 0130 mm
dlamelflr. n II welded on 10 a mounting plaIa
haVing alangth 01105 mm and provided wllh two
85 mm dla holel A apacer musl be Insefled
between the clamp and lhe back-plale m order
lNl the M8 • 25 mm htng scr_ head, do nol
lQUI lhe mall tno. pr~Ing ~ lrom being led
Itlrough the c\IIrnp h II. of COUrM. pOUIbIe 10
!,1M a dOSQrded1~ mastdamp

The end ol lhe boom. and allO lhal ofltl SUJIpOr'l ,

II drilled and then lapped WIlt! • 1.48 Itl read 10 ,
depth 01 25 mm, The rel lect or, com plete wll h
mounl>ng plale and clamp , " then screwed on 10

the boom and tts support Figura 7 II'lOwI lhe
arrangement.

Altogether , the assembly 1$ really aasy 10 com­
plate. II il Ilnlshed WIth a &prayed-on coal 01

plashc ~Inl

The VSWR proved 10 be 10 good Ihallhe VIllidlty
01 the mea surement and lhe functIOnIng 01 the
Bird 43 lhro-Iine meier were bolh needle Illy
brOughl into ques tIOn.

REFERENCES

Hoch , G,. 018 WU:
e.tremety Long VaOI An1ennas
VHF COMMU NICATIO NS . Vol. 14.
Ed , 311982, P . 130 · 138
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Joop KUlJntJ6s. PA 2 JOK

Control Circuit for the METEOSAT
Multiple Pictu re Store

FoIIow.ng thti conalruc11On at thti M ETEOS AT
r~ Inlta1lo1llOn w,l" the mull,ple plctur.
11Ot. (I). !he protllem IbI rllfT*lW'Ig wu l'lOW 10
get the dnor*, pICtur.. IfIlO !he numtlefI 5 10
10 memol ....... !he pICtur.. are tr.-.moned
~ 10 a detll"hC. plM (dlsMmNlIOn

1Chedu6e1, .::wne tort ot !lining ortUll IMmI

10 be '1lQUIl'*' The first IflOUghti cenl,*' ..-ound
!he IImet DnCl oOed ., 121 ThIs II dnven frOm
lhe 2"'00 HZ oeoIlIIOf IlQneI at !he FMAM COI'l­
verler (3 ) SIre. It-. bmer musl be con l,nu&lly
,eset when lnolhe!' plClUI. II aboul lo be ltored.
lnolhe!' lOlullOn had 10 be found Anot her coo­
SIOtHlbon had 10 be. Ittal only the COIfec1 plClur.
had 10 lood 'IS way 11'II0 \tie SlOt • ., order thai •
well"., uquente 1,1m II not fUIIled . ThI, could
OCCUI ...men e,lher \tie deslled progra mmed
PlCtUI., IclI .orne reason Of OIhe1. does no!

a r"..... Of wn.n II does arnve It II roc toIIowecI
by \tie nII ll1" sequence

ThIi tolkM'ing clrculll 10 be delCnbecl ..,.
IlTlved It all., many 'lperlrnent, ....:I modi·
flcallon,....:Ilhe prototype w., ,...11ed on a
pIf1Of1ted ,tnpboard. IIwould ptObaOfy hive
Jooll,ad com~eIy dlnerenl It " hid been
devetopad from I clfcu" 1dN....:I N I,tra!9hl
a.IY upon • pOnied cwc",11 ~d. For t" l,
,.Ison tM circuit Ihould be revlrdad. ,boY.
III. IS I be-', upon which 10 develop I llnel
OM. T~llorl . Iyen pert, ot II Cln be UIM
with confidence.

!My otter the IoIIowtng pou.btlll'eI

• IndlC8110n 01 the memory in UN by means01 •

7·18ljj1ll8l1C dIsplay

..... - '"' c.... ..
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Fig , 2:
'"-rlOt.11d .trlp boerd.nd wirIng
ol lM co nlrot . nd Ind lu llng
.~I.

• Aulomllhc SWitching between ,n!rll- red, waler·
vapou r Of visual piCtures , as these piCture
types have dlNenng contrasts.

• The poISlbillly 01 a ChOiCe IOf readlng'ln the
1,lms from tour piCture 1ypM. namely : 02. Of
COJ, Of 02lC2D, or Irom all pictu res , Also the
POSSlblll1y 01 !als. ptetures appe ll rlng In the
him Is Inhibited When uSing 02IC20, the
pictu le is stored In 02 (inl ra-red) et night and

.....
" . " I'.,

•• , o·

.........., ..'" -~,

In lhe dlly-hme , C20 (viSlble ) pictures are
slored,

The new d,ssem,nllllon schedule. eNeclllle
19th June 1989, could also be taken partially
into account: accordingly. !tg, 9 has been modi'
l ied togelher With Ihe tll ble , The C2D pICture.
are not sent often enoug h (81 the preeent lime)
and thel elor8thISpart 01the cirCUit is superfluous.

Fig. 3 :
Block dl.gr.m
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Posit ion FUrlClion

I Sync . penod counter with second pulse
2 Normal posrloo (4-mln . pulse atler penod counter)
3 ReselSme4-",,". counter

02 pIC1\.lr..

COO pc!u'" (CO2 vefSlOl'1 shown III photo)
02 und C20 pctures
All ptCtures

METEOSAT rllCe!Ye Chan. 2
Aulo-sWltchlng chan l lchan.2

Summer pic1ures
Winler pictures

PIClures in the vIsible range (VIS)a~ wate r-vapour (WV)
AuIO-swltchlng VIS!IR
PIctures In the Inlra-red range (tA)

2
2
2

3
3
3
3

••,
s,,,

I

2
3

1
2
3

•,
2,
2

1
2
3

FIrSI plCtur.
8olnplCtur..
Second plCtur. I

ThisSWtteh is only
opera trv. when SWl1d13is in
pas l or pas 2.

Switc h•• 1, 2 and 6 are toggl••wlt ch•• wllh an active cent ra po sition

Tlb.. '

1.
REVIEW

Thlt phOtographs (lI gs. 1 and 2) 01the und wife
laken and processed by meauthor. They Ihow
that only a handful of lfItegraled CifC\,Ilts w..
employed lor IhIs prOjeCt 10Q6'1her WIth • per1o­
raled stnp board. a conlalner, an indicator and a
couple of swllches, As lhe CIfCUlt .chernallC w..
brOilen down Into Sill parts lor conven.ence. the
block dlltliJram olltg 3 servel to show how they
are pieced logether , The SWl letles shown In IIg. 3
have the IlJnctlonS IndICated in table 1 above.

2.
CIRCUIT DETAILS

METEOSAT 1 Ci rcui t (Fig . 4)

Th., part 01 the CIrCUlI consilt, 01 the dlviderl
240 and 2400 together With lhe dtgl tal read-OUl.,

of me pICture memory, The dIVIders use two
CO 40401 and they deIrver the seconcl pulses
and the 4-lTIInute ltT1pUlses , The4-fnlnUie counter
is reset tromhltetl ' 13 Thtt SWitCh is comblned
With the one whiCh M1'lhlt 1S II4 lT1lnUIe counter
(see METEOSAT 2). The outPuts and dIv1SlOl'l
lactors lrom lhe CO 4040 used here are :

0 5 - 16
0 6 _ 32
0 7 _ 64
o 8 - 128
09 - 258
01 2 - 2048

The dtglla l read-out COOSIStS 01 a full adder ,
CD 4560 and a dIsplay driver CD 4543, ThiS is
actually an LCD drlver but II also lunctlons as an
lEDdriver ,

The CD 4560 receives, al lis A Inputs, me BCD
code ol lhe pin connec lor A Ill , pins 31, 32 and 33,
Pin 29 goa. high when lhe Iecond memory card
II being read-oul ThiS S11i11'lQ1 II also present
et inpuls 81 and B3Where 51, adOed 10 lhe BCD
code of lhe A I"PUlS , The display 2 (ltg. 3) '1
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"""" .-
'l~ J : ... :; :=..r--..-.. ,

," ..1 :-.!!.. .
tJ .~ .. j[ ,

.........."......, .. .. ...

:-r:-.4 .
tl==--'·~.· .,• •
~. J

I ... ..... .......... .

l

f3>...--f... .....J-.l

- ......" It,, ..., ., - , ..
r-~ -

c:orotrolled viii !he carry-oul of !he co ..seo 01
wtlIet'I only !he Mgmel'1t1 B and C M' UMCl The
vM.oe 01 R3II depelon upon the type of da$p6ly
... UN II""," to torltrOl 1M bnghtneU of
daIPlay t . 14 • birr IlgNIIII atM to deIrYet more
CUtfenl. an ~., (U8 E) it lINd in order to
reI~ the burden on!he Co ,,56O

METEOSAr 2 CIrcuit (Fig . 5)

TheperiOd. lour mtnuln to one hour Ir. counled
her• . The 'lrtl segmenl begIn••boul 2 min•
• tler the full hOur. The ~tnning 01 • " -mlnul.
perIOd 1111 between the . top .nd IhI; . t. 11 ton.
from METEOSAT - II hIS 10 be H ' by , wllch
113 (Itg. 3) . Th cou ntar I"all I, H I VI' , wllch
1/1 .nd 112 : If .wr tch 112 I. clolecl . tl'll coon"r
,ICIIYII I pulll~ .. mIn, - thl' i, the norm.l
condIllOft " . however. ' Wltch 1/1 it doHd. •
, .1 Ir.... of puiMs II recerv«l SWIICh 51 mull

be • type hlW'IQ llYN pclItbOnI

•

"" .. ....
~
--..-...._......_-".-- - ---- -~._--_._. ---- ......­,. -

fhI; LEO. 011 and Dli Ni Ye ' d .en( coklu,
to the resr of !him ... 0fC)er to IlgNI !hi reoepbon

of 02 pclurn. Ao-n. ."...,w.,. . r. used ... order
10 relive thllOad onthe outputs 01!hi CO 40 17
which Il1o musl drive Olhef ClrC\llII As 0 18 II
unablllO be dnven. to the lime tw>IiInce u the
other LEOs . by the currltlllUpplled by USO on lIS
0Wfl . U80 1M U8C .... IddIId In pa'allel . Aner·
I'IIIIVeIy. 0 18 could be I.....,. VI' ' IS own r..
"tiara to lhe plu• •,.~ .",INd 01USIng Rtl

METEOSAT 3 (FIg . 6)

Thl. pari 01 the circuIt c.,ri" OUI th. eelecnen
between Ih. firs t plclur••ndlor the teCOfld
plc1u,., When , wllch 211 I, clOsed . the Ilrsl
pIc1ur. (02 Of C03) I••IOfecl Swllch 212 doe.
lhe Nme lor the MCOncl pIC!""e The .wll ch II
identical 10 the one In the METEOSAT 2 part 01
the (ITa-! 14 IIg 6 1hoWI. both contacts CMl.,
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'le, s . MU IEOSAT 2: Dlvlde by IS .. ' mlnul"

also be cIosecl . \his resu lls ., both Ihe fll'sl and
the saoond pc1ute belng stored I'mUllaneoutly

METEOSAT " (Fig. 7)

Th•• l' the hour counler lor the IeIeCtoOn Of !he
C20 PlCIura . Th.s VISIble pic lu re . in the lormat 01

the 02 PlCIure. is Iransmltted In M ETEOSAT
channel I . only every 3 hours (In summer alto­
gelher 4 limes da,ly). It appear. to be IIregu larly
disposed in the d,sseminallon tchedufe in
channel 2 but It doesOCClJr morecneo. II can then
be seen Ihal between chang ing channels, a C20
picture is rece ived every I V. hours, By these
maans. It IS poSSible to read-m a film comprisi ng
02 pic1ure. by nigh t and C20 picture. by day,

At the output 3 of the CO 4017/1 appears an
hourly pulae whICh drIVes the hour counter , The
LEOs 02' ,,0 26 indICate !he hours 0 24 IndICate.

4.

the GMT hours 0, 3, 6, 9.12, IS. 18 and 21 - II IS
easy to see lhal they are" drviSlble by 3

Whllsl between hOUr, O. 3. 18 and 21 the 02
PICtUres are read-lI'l • ., fact. every 1 'h hours.
whereby II'l !he I,rsl hour, ItMl lransnllSSlon Of
the 42nd m.nute . and In Ihe Ihlrd hour . the trans­
miSSIon Of the 10th rTllnute is Iaken. In alllhree
d,sseminabon slols . a pICture is reacHn. ellher
a 0 2 ora C2D.

DUring hours 6. 9. 12 and 15. C20 picl ure. are
read·in. At the 6th hour, It is poSSible 10 read -in
!I 02 pictur e via , wlIch 5 (,ummer/winter),

Dur ing the f,rsl hour. all piClures are cverwnnen
unl il the C20 "om rrsnute 58 has been stored .
FolloWing Ihe slop tooe of this picture. LEO 024
8l(llnguishes and 0 25 illumlna les Al lhe same
I.ma . an H Signal " r8Cerved al both InputS Of
U150. ooe tram an hour counter. Ihe other from
lhe 2 m in oulpul Of lhe CO 4017/1. This H Signal
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fNdt.Jn the fo/Iowlng plCtur. InIO !he ne.t
IMI'I'lOI'Y '1M MElEOSAT 5)

LEO 026 II illuminated dunng the ItWd hour
and when JO m,nutes have elapMcI. LED 016
goes on (METEOSAT 2) and the C20 trana­

rl'IIUIOtl on et\Inr'IeI 2 amvn TM IIQnal "
taken VI& 1Wrtct13C to one of the ll'lpAaof Ul sa
AI 1M ..n.... Mel Itands an H~ tor 1M
Il'wd hour Duong dwfligIhC houri oMt. 20C and
QI ....~ ovet 10channel 2 T"'" can alIO
be accon~ manually WIth1WItCh ..

An... 4 FnInul... !he relay d~ out and an H
IigNI.a taken VIa gate UISC to th. Input 01C20
This dlrecls lhe toIlow'flg P!CIur. 1",0 the ,.,..t
memory The ne..1hou r pulsetrom th. CD 40t 1/3
Input 14 al' rtl the whOle MQUence 'II ovet' again
Irom the beglnnlflg

Ga lel U20A and U20B take care 01 the 02 and
C20 (day /ntghtl tranSFnllll()nS The combined
C20/02 output la ta ken 10 the aw,lch 3 &'3
(METEOS AT 5)

MElEOSAT 5 (Fig. II

l:>Io6etI 039 04 4. 1M irTverlet ut40 and 1M
AND ;ata UI6C. .. tomIa CIfCud 10 Pf'O'i'OI' an
H IlgnaI at output 10 a her a penod of 128 Me­
oncll Capacrtot C5 .. Charged by an H 110"81
trom Pt 131. KCOrdIng 10 VHF COM MUNICA·
TlONS. !hIS point can be found allM c:onnecloon
A til. pin 13 - ., IhII eircurl. rl toIows a dooM
Al IlIf'I 13 Of ha connectlOf\. the l1art IlgMI
appears TN! "ner II then rHd a'lIO the CUtrent
memcwy CIpIlcrtor C5 is dlscharg«:J~ R24 ., a
gre al., ttrne than the 128 aeconds lhal It look 10
charge (adJus l RN) Pin 3 01 th e eonnectlOn '"
is the llmer contact WhICh. when high . SWllches
In the ne ..1memory

SWitch 3 ..Iectl althe r 02. COJ. C20 /02 Of all
pictur.. in a him sequence In lhe 1,Im mode. alTer
a plctura hal been read-tn . an H IlgnII ahould
appear allM hmer con1aCt,

In awl$Ch PG*hona I and 2. 1M H SIgn&I at 1M
02 and C03 If'IPUII II ottered to the ;al.. U15A

and U 168 Wh<en thIS pectore hal WipMd and
C5 II ahl et\arQed. a H IlgnaI Ii preMnl at U15.',
Il"lpUl 2 and !he ,,,,,., con1aCt goes I'logI'I " Ihe
desired pICture has no! been rK«Y«l. It COUld
be th.lll C5 II WI !he diSCharged I iale and the
"met con1aet doea no! 00 high. It1UI the ne.l
~ cannot be employed " . aner a pr0­
grammed petura. no furthef pctura AmYM.

then U ISC WltI'l III outPul 10 goong high ' tier 128
aec:onds. lI'IIl,at.. an IftIflCial llart IlgNII VIa

UI6BanclUl$A

In swlten pos.loon 3. the ..me sequence occurs.
then the 30 mlnutelllQna' il led to Input 6 at AND
gale U I58 (SH descnphon MElEOSAT 4)

In I Wltch poall()1'1 4 . all P!C1urel 10 be receIVed
are fed to the memones Because sWI tch 3b il

Do, Nlghl
Mlnule. ,,, '" ,,, '" '" '", • • • • • •• • • • • •,.

" • • •,. • • •
22 • •
'" • •
30 •
" •
38 •
".. • • •
50 • • •
54 • • • • •
58 • • • • •

Nighl Do, Nighl

111 houl . 0 , • • " IS
,. 21

2l'ldhour . ' • 7
,.

" "
,. 22

3m hour • 2 s • " " 17 20 23

Hou... .,QMTr_.
"
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at grOUnd pol&rl!l8I , thti ClrCUI' lor ,"- 8",11081

, lart"o"..I '1 now nol 8tH to function

METEOSAT 6(Flg . 8)

Th.s part 01 tne CirCUlI ptCMdet trw au lQrnabC

I w,lch-over bet ween VIS· ancl IR plC1ur•• The
dlOd.. her" luncl lOl'1 at O R ga l... WIth , wilen 6.
IR. VIS or AUTOM canbe Mlected Ttl,. IS~••
played by LEOs 0 13 075

With lh" two 10 kll preH' pole nhomele r. , the
contras t lor the two types of pICture. can be ac­
IUlted The dIOde 0 77 II , eqUlf~ In order to
prevenl lhal the supply YOIIltQ4t reachn the '"9UI

01U8F when. 12 Y r".y IS '" UN

hbla 2 thows at what I,me t the relay ' witches
10 VIS Of WV p.c:lu rttS

My thank s .,••" ended to Chr,., PA 0 CVG. lor
his help III CIrCUli des'On
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3.
REFERENCES

(I) HlJlenbecher, H., Ol e NAO'
A DlgllAI MUltiple Image Slor.tor W••l"'"
Satelllta Images
VHF CONIMUNICAn ONS
VoI,1 7,Ed. l /I98S,P. 17 · 30 and
Vol_20. Ed~'l 988, P 1S2 ·1 51

(2) Gott wald Klaus:
T,merlZoom Unttlor the YU3 UMViOL6 NAO
Image Storage
VH F CQM MUNIC ATlON S Vol. 20 .
Ed 3/ 1988 , p , 147· 151

(3) Knoetll , Or. T.:
FMi AM CorNerter lot'FacSImile ~pll(ll'l

and Plc tUf. DIsplaywIth the YU 3 UMV
Plctur. Store
VHF COMMUNICATIQNS Vol. 17.
Ed 3l19El5.P. 169 ·' 72

MICRO-AMP with VOX/PTT
Low-noise GaAs-FET pre-amplifiers with
outstanding features and favourable
prices
z-rn mod el MC·2 OM 249.50
70·cm model MC·70 OM 259.00
These are two of the low-noise mast­
mounted pre-amplifiers of the

SSB-Electronic series
Ask for the Shortform Catalogue in
English (free of charge)
Obtainable for original prices from:

, _ _ VttI'.e--._ _UKW·'-..'....,O a,n...
~_V.a.14.0-"23""_. '_-(011 23)4 10, , .... . " •.,

52
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Martin Althaus. OF9 OA

Compact METEOSAT Converter

Thl. l.te.1de. l;n I. charac te rl l ed by II. use
01 modern, co.t.e ffec Uye component. and I

weU..proyen I trl pllne printed cir cu it boa rd.
Only one cry.tlt.controUMl Irequ ency multl­
pli er wal employed, which 01 cour.e mean l
two IFllor bo th METEOSAT channall . Tha. e
mea. ure. enable I yery compac l conyerte r
to be reali sed In a li n-p late houl ln; 01 on ly
111 mm x 74 mm x 30 mm . BNe-. ocket. are
u.ed lor bo th Input and output. It I. lcarcely
the ty pe of conve rt er th at one e..oc lale l with
earlier generatlonl (1), (2), and w ill certai nly
Inlplre lM> "~ form 01con.tructlon (ro bult
and co mpact) lo r ot her appllee ll onl l uch ..
po rtable and mobile operallon .

The newly developed r&Celller matches lhe eon­
vener and possesses both requlled receiving
channels 01 1340 and 137,5 MHz, IS weNIS a
third channel 0113762 MHl whiCh enables both
APT IrequenCIes 01 the NOAA weather IIllelllles
to be reeelll OO d.rectly, II has the same compact
dimensiOnsand Will be deSCribed In lhe nexl edl'

'''''
For experlltOCed UHF·am.aleurs using Ihlt mlf'll­
mum ol lesl-equlpmen t (Irequency counler,mulll·

melef) the conslructlOfl WIll present no problem s
The converter can - " the dnlled PCB. the
punched houSing and SUitable components afe
purchased - be comple tll(! In two ,o three hours
l ess expefienced amateurs should have , al teast
test equipme nt aVlulable and also take Ihe lime
to study the lollow,ng detailed constructIOn and
alignment deta,ls and 10 carry them oul step by
step The article was w,,"en lor Ihll type 01 con·
slructor.

1.
TECHNICAL DATA

Inpotlrequencloa : 1691,0 and 1694 5 MHl
Inlermed,/l le hequenc18s: 1375 and
134 0 MHz

• F . 1 7 dB (typICal): G • 26 dB (typICal)
• Supply : 12 1014 VDC, circa 80 mA
• Supply lead-tn via the IF cable or leed-thfough

capaCllors
PrOVISIOn lor an eXlernal pre-ampl l"er

• AF-conneetOfS' BNC-sockel s: 50 II

53
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2.
CIRCUIT DETAILS

Flgur. 1 shOws tI'Ie comp lete cirCUlI schemat IC
01 tI'Ie conyerter with the designalK)(l DF9DA
00 1. The Irequency processing dertved Irom a
crys lal oSCIllator il to be seen at the top 01 the
diaoram together with Ihe x16·!requency multi·
plier . The middle left etuie diagram carrie s me
input amplifier and mixer and below it tha small
9 V slabilizBf.

The input slage 01 Ihe converter (T 1) IS nnee
Wllh a O....s·FET MITSUBISHI type MGF 1502
but any Of lhe MOF·se';n types can be used

.wllhOut qua llhcatlOn. The lollowing 3-lIaoa
1,ller With elched IInpilnel l 8. l 9. and L 10
suppress.. lhe Image-lTequency et approx
1420 MHz by more than 20 dB . The cosl-eflec·
tM!! Ow·FET tetrode CF 300 wal able to be
used In Ihe mixer owing to the Iow·noise . high·

gain. hrst I tage. The In,ectIOO Il equ&ney II
taken via a I trrpllne 110m the laS! multlpllel err­
CUll l 1 and coupled Inlo gat . 1 of the mixer
Thil circulI rnulls In a mixer ga,n ofl1 dB

Th.IF filler in Itle drain CIrCUit w'th C 33. L13.C 35
il arranged as a Iow·pall hlter in order 10 sup­
press anycoupled· in SHF &nergy.ChOke Dr 41ies
In lhe OC·supply path when the supply II routed
via the IF-OUlput cable . Similarly , Dr 1 has been
provided In lhe supply to an opbonalexternal pre­
Imphlie, via the connecllng eeere.The pre·ampli·
har is only requ ired if a cable 01mora Ihan 1 dB
1os1 Is uled between the METEOSAT anlenna
and lhe converter .

The InjectIOnfrequency is derived Irom a 97.3125
MHz crys tal With a JFET (T 1) - . U 310 - In a
well·known Iow·noise ciro.1Il Tho tuned CirCUit
Wllhl1. C I .C 2 il tun8d lo theCryltal frequency.
The lIage using T 2 muilipliel the frequency x 4
and T 3. T 4 each double the frequency, Between
the lIages are 2·circuit bandlillers w,th lunll ble

DF9DA 001

Fig. 2:Com~llevoul plen 'Of Ih.throug'H :onIKted gle n ·l lb•• PCB DF90A 001

ss
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FlU. 3: The METEOSAT c:onver1 el , ..n Irom Ihe c:omponent , Ide

mcrO-II"plln.. IflMf1ed 10 lhoIt al L 7'1 tap a
dean II;NII al 16 limes thl! cry,tal,,~ II
avaIlable

3.
CONSTRUCTION

The conYttt1erI' able - .1 '''e.!1y mentoernecl ­
10be compIefed by an ••penera>d constructor In

lwo to Ihr" hOurs. prov!dll"lg that an oomponeI'Its
ar. tohand W,th a correct con,llUCtlOO by fOllOw­
Ing lhe delalled mslrUCIlOO', the con",.r1er WIll
IUoc;lIOfl Imme<Mlely following the alignment. Ila
!XX) MHz frequency counte r, a multm18ler, a
eoecuum analyzer.a microwave,ignal generatOf
and a !lOIle·laclOf measunng HI ale available,
thl!atlgnn'l8n1 can be carned OUlIfl a a.pedlllOUS
and IlCCUrate manner. ThI! converter can, how·
...,... , be aIlgned WIth the aid ollila METEOSAT
sognal c;:omInIQ tlrrectfrom lila anlenna

56

The c:omponentlayout plan lor lila 111 mm • 72
mm ttvough-COl'ltaeled glasa·flbre PCB can be
seen In 1111. 2 Thellep-by·S1ep procedure II now
deaclJbed a.aclIy

3.1.
The houllng componen lS afe placed In a cover
and soldered toge thel .The BNC·connector lOCk·
ell mU'1ha"'e lhe e.ceas PTFE·ilolahon remov .
ed so Ihal lhe c.nt'a pnl be dllKlty anclfully on
the awopnale PCB·track- when lhey.,e...,.,,·
lu&lly UMmblecl Now. !he BNe-Iochta are
screwed on to the bo.. - WIth the "anoe on the
out""

3.2.
Place the ~rd InlO the lIn'plale ffame and
align It horllOfllally WIthin Ihe haulIng Thli
COHee! mounllng al tha board i, e nl ured by the
recease' In the houSll19 The bOafd " pro­
VlllOnally apol·loIdflfed al two pcMnl, to the
houang Attet' anaortng oncemorathallF\ll board
I' honzonlal . (\ II soldered all !he way .,ound
ItS ~mel... to !he trame . On the B SIde 01 !he
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board. the etched choke DR 2 is SOldered to the
housing, Figure 3 1s a little advanced as the board
is shown as being already loaded .....Ith compo­
nents .

3.3.
Sokl er In all the chip capacitors after ch6ckmg
ca refUlly their values , Hall ol lhe chip capacitors
are placed Inlo the appropriate slots on the board
and soldered on both sides. The slOIl should be
checked on the B·slde 10 ensure thet there are no
shor1-(:ireults to grOUnd - remove any burrs with a
scalpel. The soldering Iron lemperature shOUld
nol exceed 300'" C othe rwise the chip capaci lors
could disintegrate

3.4,
No..... the d9COUpiing capacitors ShOuld be eor­
dered In, They are mar1<ed In the layoul plan
without a value given. Afterwar ds, lhe resl of
the capacitors sre soldered In according to the
layout plan , Care should be taken to select the
correct value and also that tar aeium capacitors
are inserted In accordance with their polarity.

3.5.
The Ilat connectors of the trimmer capacitors
are then bent at 90", shol'fened. located and
then soldered to the ground plane , The trimmers
C7 and C8 are SKY trimmers (black), all others
being green.

3.6.
Afler inserting the resistors, the crystal, the
oscilla tor transistor and both NEOSID-l ilters
are to be placed on the componenl side, The
connection sequence 01 these components can

be seen in fIg. 4 The unconnected third leg of
toe l ilter is carelully withdra wn from the COil
lormer. The U arc-escneer transistor 's housing
lab Is soldered to the ground plane, The resistors
R8 and R12, as opposed to the other resistors .
are nol connected with both connectlOfll gOing
through PCB but the ground connection IS taken
directly to the component side ground, The cor­
rect side Is marked In the component layout plan
.....ith a CroSI .

3.7.
Finally. the multlpli&r transis tors and the two
GaAs·FETI ara insened (l lg. 5). The transistors
T2, T3 and T4 must have their base and COllector
teads shOrtened to a length of 2 mm, The tran­
sisto rs are Inserted Inlo their resceceve holes
and soldered 10 the PCB conducto r tracks , Note:
do not milt-up the base and collector connector
leadsl When handting Ihe GaAs·FETs, care must
be elterclsed to minimise static damage by using
a grounded soIdenng·iron tip and also grounding
Ihe housing. Discharge the const ructor's body
belore handling these eevcee by touching a
grounded obJ&Ct (the housing) . The drain leads
01transistors T5 and T6, each have alemte bead
slipped on to them belo r. the FETs are soldered
in.

As the ecoverter was inlended originally to be
supplied remotely , the connecting leads of the
feed-through capaci tor C38 must be carefully
bent down .....eros and SOldered to chelle Dr 1 on
the component side Ofthe board

U 310
~..

e ele ®s...ne

'" uea
' om

eete ...;}- Dreln....,.
M(;r 1502....,.

Cele~ C)-e ...

SOUtce

. ;s.. ,

Fig. • :
Compo"_"" _..n Irom ebo,,_
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••ALIGNMENT

All tfwnmers mull be InSI&IIed KCOtdlng 10 the
componenl layout plan ; the II". posdl(lrll of
1M~ lie In the 'IlClI1Ity of 1M poliIbOn ...
C111«l II, ""*" Iunlng lhe rnull.pMr.latge av..
gengeI OCCUt , II CIIIl be assumed lhal an 1f'ICOt­

r.a allgtlment has taktlfl place.

4.1.
Apply lhe supply polenllall 10 the feed·through
capacl lo fl and check the curren l coolumption
of the module - It must lie between50end 60 rnA.
The voll399-rltgulal0f oulputlhould measure 9 V.
1M dfa.n pol8nllal ot the' MGF 1502 ahou ld be
S V ancf the oal&-2 poIt1flbal ()I the CF 300 ia
ca 4! V Small clevlallOf'18 trom IheM~
CIIIl be .gnorecl but large drtferencn COU6d
I'Idcalt .ther a tlefectJve compononI or one
Wfongly .,.laJled

58
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II
r

4.2.Measur._ voItaige at lhe IOUt'Cle of 1 1and tum
the COil c:or. 10III ••trerne out poliIbOn. ancIlher'I
IkIwtyIn~. 'rVherIlhe voltage Drops by about
0.1! V.the aeoRalor II 0lIC;l1'!Jng. The 0S0Ila1Ory

Corw;lIt1On can. 01 COUf"M. be ChetJI.. by UWig a
trequency counter , It IhouCcl be ~ed 10 •
nominal frequency of 97,3125 MHz

4.3.
The al'Onment of the 1oI1ow1ng tuned CirCUits
mUlt be earned OUI InlultlVely. Firs l check lhe
ernl"er voltage 01 13 - II mealur.1 ce. 0 ,4 V

whtlfl the oscillator II not wor king and rise. to
0 ,7 V when lhe oscillilor II working and aD umlng
an optimal alignment of the Met. During !he
al'Onment, II mull be obHrv«Ilhat wlltl C7 ancf
C8 a dear1y-def1ned ma.l'rnum 01 !he emrtler
voII-oe IhoukI be obWned Il lhlI it noIlhe cue,
it is kke/y lhaI the arCUll hat been lUnecI 10 lhe
ItNrd narmonlC IOIIHCl of 1M Iourth
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......
Measur. the emitter voIlag. ot T4. and lune lhe
bandpass filter w,lh C 13 and C 14 lor • m• • ,mum

- . bout 0.7 V

4.5.
UIlng. autf1clentty Slrong METEO SAT 1lgNl. Of

that !rOm • Ilg!'\al gener.lOt', the resl of the
al.gnmenl " earned 0Ul. A.ssu1'l'W'lg thai the
ImTV".', C20 10 C30 ha ..... been lumed 10 !he
slli" poIlllOt'\S. shown '" the compoNM'll layou!
plan , It should be POSSIble 10 hear a I19nal In a
connected recerver , II noI . C30 should be car.
tUlly mi. ·tuned unl,1 II IS In omer 10 obta in !he
maximum ga in from the conve"er, the al'Onmenl
is commel'lCed Irom C20 and C2 1. Then, th. 3·
slaoe hlter IS al'Oned by lumng C2 7. C28 and
C29 The adjustment ot C2 8 is very cnncsr and
musl be carried out very Cerefully , Fina lly. with
Ihe luning of Ihe mixer with C23 and L13. Ihe
alignmen' 01Ihe con verter Is completed

5.
REFERENCES

( I) ROBIe. B . OJ 1 J Z
A ReceN. Converter for the GeoslatlOf'lary
Wealt\ef sal. II,I.s M ETEO SAT-GOES..QMS
VHF CQMMUNI CATION S VOl, 13.
Ed . 4/ 198 1. P. 207·21 3 and
VH F COMMU NICA n ON S VOl 14,
Ed 111982. P. 24·30

(2) Ba rtkowIak. B., OK 1 VA '

A l ow -noise METEQ SAT Con verte r wll h
aaAs·FET Preamphller and MI.er Stage
VHF CQMM UNICATIQNS Vol, 17,

Ed . 1/1985. P. 8 · 16

50 n Coaxial Relays

•

CX 600 N
Art .No .: 0504 OM89. -

CX 120 P
Art .No.: 0500 OM 43.50

...~ tor PCB Irl. tall.l tlol'l
FI'toq '... 500 MHz , """'. l5Q W•.......-on1oN
< 0 2d6'1 GHI •...-..on40 d8'TGHl.SWR I 0&'
1OHI , 11 · HIVOC. l20mAi13l1VOC

,
CX 140 0

Art.No.: OS01 OM 59.SO
2 x e.bllI connect , AG58U. I N-.cM:kel
F ,~ rangtl 2 !rIOHz! ..... ): Pma. 200W'5OO MHz,
'-"On los. 02 ClEl'2!r1 OHI : fSOI.11Otl 40 Clar
I OHI ; SWR 1 0&1 OHI . 11 . 111 YDC: 120 mAi
131lYDC

CX230
• Art .No .: 0502 OM 82.50

3.8NC_k.l.
FI'toq .... 15GHz :Pma.300W500 MHI;~·

loon 10M0 2 d&'!IOO MHI ; <tOI.I\lOfl 30 d8:5OO MHI .
SWR l 1i5OO MHI: 11 · 15VOC; 1110 mAI12VOC

CX 520 0
Art.No.: 0503 OM 99 .50

3 • N-.cM:kllt. , With f, -.c:ont.IC:l groundIng
FI'toq ~ 25 OHI, p,q. 300 W 1 GHz, _.
lIOn 10M 0 2 cl6 1 5 OHI, fIQlaI.on 50 ee I GHl
SWR 1 I I OHI . II • 15VOC . leomA 12VOC

I,
•

3. N._ kllt .
F' 1Iq .~ 1 5 OHI. Pm•• llOO W 500 Mf-Il . ..,..
..rtoon 10M 02 ClS'500 MHI . ..,..toon 35 ClS'5(lO
MHI ~ SWR I f i500 MHI ; 10 · 15 'IOC; 160 lOlA:
12 YDC

•
CX 600 NC

Art .No .: 0505 OM 84. ­
3. ubi. connect . AQ 51. 1 N·.ockllt
Freq '.roo- 1 GHI. Pma. llOO W'500 Mf-II : ..,..
H<tlOn IoN 0 2 ClB 500 MHI . '-'l1OI'l 35 Cl6 500
MHI , SWR 1 1'500 MHz, 10 · 15 VOC: UIO mA'

"vee
5'
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Or. Robert Domer. DO 5 IK

4-Channel 140 MHz Oscilloscope
Part 1: Salient Circuit Details

The oacilloacope to be deacribH wal ct.
v~ by the authot' over a per iod 0 1 M Vet". 1

y,,'I. It completety lulflll the demII~1whkh
u n be ImpoMd upon a modern., vrridetN~
oacillOKope In 1M upper pric. bt"acket. na
conltructlon may be readily undef1ak~ by
the • • petI~.cI a rlUlth r conatruc1or or by
th. prof..alonal with Ihe ~flt of a I ma n
o ullay In ta rma of coat. The dealgn h.. gken
Into ac co u nt th a po aalbilit lel 01 tUr1 he r
••tan alon a and optlona which may be r..
qulred a nd w.. th lrllorl COnl1ruc1ed ullng
the plug-In module conce pt. For the mec:~nl­

cal conltructlon a nd the cIrcu itry on ly re..:tlly
obtainable I ta ndard plr11 hive been ~I­
tl.cl .

1.
FUNCTIONS REVIEW

1.1. Shor1-Form Data

0-.,
• CRT a }( 10 em. Inlemal gncl Illumination.

16 S kV

60

• Ovettapp.ng ranges lor ....ICAI lamplltude )
and bIN baM

• Ad/USln'MInIS torbnIlance. locus. Ubgl1'\llbsm
and trace1OUlbon

• Trac.1lnd button and bancHimll (20 MHz)
. w"",

• Calt!)rallOnVObgeoutput02V_ 1 kHz
• AVTQ..ra nge fl,mctlOn(handl-oNoperatIOn)
• Outputs lor ttigger and IIIN bIi.. 1
• Universa l lOCket With prOVll ion lor I Wllched

e xternal XJY/Z preaentai lOn
• Power consumptIOn: 50 W
• Otmenaions (wllholJl handles) :

210.3OO}( 400 mm
• Weig ht apprO}(, 9 5 kg

Ver1ICal 5ectlon

• Banawdth 140 MHz. 4 chan, (max ), ChOpIBn.•
dlNerenbal inputs

• DCrang.:approx l00.lUledlv,
• SenSItiVIty: 10 mV 10 5 Vldlv , In 1·2·5 I1epa

plul vanab!e
• Input AC-DC·50 U
• Y Delay: 40 ns

Triggering

• Sour<» : chana 1 104 , a1terNle. rIUIlM . ext
•~: AC·DC-LF·HF
• SWllch: AUTOINORM
• Lev" : poaIneg lIank
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Horlzonl. l sec:tlon I nd lime b...

• Llmil lrequency in XIV operl liOn: 1 MHz
, Operational mode nOrlzonlal: TB1, mix,

lel reh, T82 , XIV
• Delay ""Ing: 1Q.tum potentIOmeter
• Vanable hold-oll
• Time base rl nges: 10 nl to 05 IIdrv, in 1·2-5

steps plus vanable
• Xstut!: coarse and line

1.2. Gen.,sl Con structlon.1 Con,lderation,

The mechlnlCal construction's boltl simple and
lunct lOnal. The upper hall .s OCCUpied in ee
middle by lheeathode rly tube (CAn. To lhe lett
of Itlia ar. located general operatIng .lemenls
(brilliance. ONIOFF etc,) and below lhe elements
lor lrigger adJustmenl Ind 10 lhe right, thOse
lor the lime base. The lower hall contains Ihe
pre·amplil ier plug-In units whereby In a simple
manner, new plug-in arrangemen ts are pouibl.

' .g, (electro-met8\' amplifier, clamp-ammeter
ampl,ller, etc.) - all unitShaving a common pin­
out 10 lsed In potentials and SIgnals 10 Ihe main
frame, Situated under the plug-in bay are
SWitches lor the beam selection and X poslllOn,

This clear. unc!u"ered Iront -panel layout IS made
possible becauseltle 0ICl11oscope', main trame
only contains control , lor oP8rahon and lor Iow­
frequency Signals , The use of more SWitches.
posseSSing a fawer number of wafers, can be
made to be more versllile and give grealer
oP8rational clanly lhan tha use 01 fewer e.pen­
siva multi-wall' unit, sceeer conslructlon•.
aUCh as concen lrlc time base SWitches lilTed
With locking arrangements, hava been excluded
lor bolh technlcal and ' Inancial reatonl . The
range awrlching lor Y ampl,liarl and time bas..
" earned out by I WltCheS vi' a micro-controller ,
Theore tically. alt the olher functions could have
been controlled by lhese means , uSing menu
inputl. but it has baan lound Ihat a minimum

... .. ...

1. ..1

••n •• •

2

_110 0 '

.-.....

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

:.}...­.....~.
';::l:=q-H--""

,,--I _ • ••,

2

3

4

,..-

' 111 , 1.1.: COmp.... con, lruetlornll block-dl-er,m .,



01 mechanlClll lunCtlon control• . w,th the apprO­
pnale IOSCflPllOtll, gIVe the bes l opefallOOa l
panellayOV1

1.3. Ci rc u li Overview

F~ut. 1.1. g.ves the block ~tam, In the pt.

ampIrlMtfI, the MPata!lOtl belwMn the logger
and Y-SIgnal (;It(:UIls IS carned 0U1 The block
"beam , wltch + togger-sou rce logIC" ()eletm\lOltl
whlch channel and al whal lime 1\ ,. swl1ched
10 ellhe!' the ltJ99'lt or !he Y bu. In aQdltlOO,
conlrol SIgnals lor other ampkh ..... are g_rated

hate and which also operate oy.... one 01 the
busses In lhe same mann.... as the selectl()t'l oJ
ellle rnal tngge r or the esteroet Y Input.

The multiplexed Y signal is laken trom the bus via
a orl ver stage 10 the de lay line and Ihe hna l
staga . Tha Ir igger signal. also multlplall9(j In
"ALT" operation. is lakan 10 the tr igger· and
X ampli lie r ancl is onl y ec eve in the XIV mode,

The IrlQ98r ampli lie t posselSes two' parallel
pathS. one tor DC and LF and one lor HF. By
ac llvallng the varIOUS pa lhs. the II1Q98I" COUpling
II ' Wltched oyer . The trJQget IIgnal II taken 10
lhe IIm8 baH and via an ou!pulll8Qe 10 the bacII
panel, Hefe. Itle IIgt'aI may be IIl lercepted IOf
lel l purpOMS: alreqoency count...., al e,

Thti l.me base cornpnses two IIITlIIarly ceo­
IIrUC1ed urnts . the I,rst II actrva ted by the 1r9Qet

IIgt'aI and the seconcl by altal"'"9 a certain oul ·
put voltage alllme base 1. By selecting the ouIWI
magOitua. 011llTlebases 1 and 2. Ot an anttvnebC
coupling. variOus swaepl'l'lOdes ata lonned in the
X-11"lOOe SWitching The tUTIe bases genetate also
lhe ou lpul 1I(In&ls lor the trace Ityback blan king
and the b!'lliiance con lrol eturlng segment high ­
hg hhng The I,me basel are ted 10 a Ievellh,lte r

62
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and then on 10 the CRT calhode. The Ian.... IS
biased 10 - 2200 V on 8CCOtdance With the
Wehnelt IY5tem

The X-moda swllchlng also Camet the XIV
selection COrtIIOI and 1M EXT-X laoUbes , The
appropnate IIQ08I II ptOCeSSed and taken 10
the CRT YI8the X-dnVet ampIIl...,.

The tange seIecbon II~I upon the IOpUl

selec10ts and the overtapping of the ranges on the
UPP8' and low.... edges 01 the lCteetl , It .. COtI­

trolled by the rTllCtO con lrot\er wtIldl possesses

a coupled etlataet8f geoeratOt. The Cha1aet8l'1
ale spI,t Into indl Y1dua l boll whieh carry both X

and Y Inlorma tlOO, During about 5 '" ol ltle sweep
lime . lhese Stgnal. lie dlraclly at the X or Y
amplil lers. The aWllchmg I. accomplisheel by the
WIC (Willa/Character ) IIgnal , DUring the charac ­
ter ove rlap , the Ilyback blanking Is rendered
inactive In order to avOId Intonerence to the
trace sweep. The powel aupply ganerales three
ol«erant groups 01 vollagel: The Iow·potentlal
suppli es lor amplifiers, micro controllers and
drive amphller.. the supply lor lhe eeecee­
Wehnell l ystem at about - 2200 Volt and finally
the HV of 14 kV tor h ca thOde ray lube. lntet­
l8fence-HOSltlY8 CIrCUIt pclIrlls are led l rom a
convenllOO8l seoes conllOlle<l regulated iX1WlII"
supply. the others (espeoalty the etnver ampIl­
liars) oblaln Ih8It iX1Wer Irom a SWl1chad-mode
powerSOJlply (SMPS),

The kJllow1ng chapl....s WI' Introduce lOdlVldual
CIrCUits and ellplaln trIelr eperatlOO. $lmplllIca ­
hona and geneta.ullOt'll WlI be macle which
WIll enable an eaSlet appreCIahon of the Circuit
opetallOO. The diagrams. there!Ote cannot
claim 10represenl the actual opetatlOOar CIrculi ,

To be conUnued
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BRIEFLY
SPEAK. G...

MR49

'iL '/ 'i r
....! •.,.L"'... ..

• .M
J OUOC II

.\
\

-
j - :~ -

rU
l oJ. '"

Ring mix. , .

W. hay. dIscovered • new.
r••lIONbIy pnced and quICk

supply lor nng mo•• • . Theflrm.
-T.. Tech". .. rltpfesented If'I

Germany by " rT'lIkfO lambda ".
MunlCh (089-1S20501_ The
T.. Tech nng m.x.,. ara. lewa.Inten1 S and putpOMS, IClenb­

cal 'IWlttl !hoM from MtnI Crcurts
bul ,et torontv he" the pnce
- .t tlrtOl' FOt.JlamPe••
2 GHz ""I. MR"9 COS1a
OM 78 00

DB8 NTOBl NV

Minlaluf. cry.ta' OSCm.IM'

The weII...l~ oeoII&lOt
TOO 52 whlctl has been Of­
fered by TEl E OUARZ lor
ye.r, In T08 hOUling . are now
obtainable If1 T05 packagll''O
Th.s .nleg raleel OSCIlia lor tl
lu,labie lor the supply 01 TTl
CllCUI1a WIll'! a liable source Of
clock pul... or ballC working
118qU8OClM .... opposed 10
conventlOflal solutoona. the
IoIbw.ng advantages are
oller .o -

OwIng 10 ,II Imalt conslructlOn,
" oilers. markedly lower pro­
IIIe and board space 'eQU"e­
menl The reduced 'NeI91'!1 al .
lOwS the module 10be SOldered
c1KectIy onto the ClICUII board
.t8f?V ~ed an,1ude

The TOO 52 Irt !he T05 hous ·
.-.g .. avSllabie Irt lour mode'a
Without dMdef, wtlh two. w,rn
teu and Wllh <tight dl'tlldefa

Frequency laogt!

500 kHZ _50 MHZ
Temperafur. ,ange
- !I5'CIo - 125'C

Tnose OK!IalorS wI'liCh ,n­
corpor.le a sta"-S1op luncl lOl'l
luthl. lor~I demands
(s hock. ....bf.hOtl). lhe IEC­
norm (68 par1-2 1ong·lerm tesl)

Na. Mlcro. a."a B. acon

England has a new n'lfCrowav.
beacon GBJOHM (GB30HM J
1092AJ 3"56 9 GHz. 10 walli .
ERP omnl Repo"s 10 G6KOA
QTH R "58-19<11 Birmingham.
England

06 KOA
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MATERIAL PRICE LIST OF EQUIPMENT

DF9DA Compact METEOSAT Converter Art.No. Ed. 111990

OF9DA 001 kit with all components 6510 OM 395.00
ready-to-operate module 3029 OM 575,00

DF9DA 002 The matching weather-.aleilite rece iver Ed. 2.11990

DF9D A 002 ki1 with all ccmconeots. with 1 crystertcr 137.5 MHz 6511 OM 445.00
Receive crystal lor 134,0 MHz (METEOSAT-cneonet 2) 6512 OM 34.00
Receive crystal lor 137.62 MHz (NOAA-9 and 11) 6513 OM 34,00
geady-tc-coerate modu le (With 3 crystals) 33'0 OM 690.00

YT3MV DSP Computer for Rad io Amateur Appli cations Ed. 2.11988-,
1 + 2/1989

Set 01PCBs. progr. EPROM wl l h authentic documental Ion 6004 OM 599.00
Contains: PCBs YT3MV 003 (bUS), 004. 005 , 006
(4 K), 007. 008 and 009 ; a programmed EPAOM
(operating system with Compiler , Edllor ). a set
01cop es of aU diagrams and componenllay-out
plans (in A4).the operating-system manual.

YT3MV010 Interlace tor K A-5600 Rolatorl Ed. 1+2.11989
PCB, prog rammed EPAOM, logether with A4
copies 01 circuit schematics and component
location plans 6003 OM 100.00

User ecnwere Several software packages complete with Ed . 3+4/1989
image exemoiee on 3.5" flOPPY disks 2+3/1990

6002 OM 145.00

k J7,):· berichte T. 8,n.nOHG·J. hn" ,. ' 4 . P.O.80' 60 · 0 -.5238.'."d""
Tel , West Germany 9133 47-0, For Aepresentatlves see cover page 2
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Plastic Binders for
VHF COMMUNICATIONS

• AttractIVe pla stic covered In VHF blue

• Accept, up to 12 ed,tlOnS (three volumes)

• Allows any reqUIred copy to be lound e."ty

• Keepslhe XYL happy arn:l contented

• Will be sent an ywhere in the wOrid 'or
OM 10 00 ,ncluc:llng surtece mall

Orde, your binder via the nallOna l r. p' 8ae n'at,ve
or d,recl ly Irom ' he publisher, 01
VHF CO MMUNICATIONS (S8e below)

Prices for VHF COMMUNICATIONS

SUbscription Volu me Individual copy

VHF COMMUNICATIONS 1i90 OM 27.00 • • ch DM 1."
VH F CO MMU NICA TIONS 1968 to 198 9 DM 2S00 each OM '"VHF CO MMU NICATIONS 1986 10 1987 OM24oo each OM 100
VHF COMMUNICATIONS 1985 OM 20,00 each OM 6 00
VHF COMMUNICATIONS 1980 10 1984 OM 18,00 each OM 450
VHF COMMUNICATIONS 1975 OM 12.00 each OM ,..
VHF COMMUNICATIONS 1976to 1979
(inCOmple te. on ly 3l<libon a) OM 900 each OM ,..
Individual copies ouI of eld6l'. Incomplete
volume., as Iong.s " ock lasls :

211971, 1/1972. 211972, 4/1972,
2/1973, 411973, 1/1974, 211974

PlastIC binder lor 3 volumes

We shall no! be able 10 repnnl edllions whiCh sre elder than 8 years .

All prlc.a lncludlng aurflce mall

When ordarlng 3 compllil Yolum ea, air.. blndar lalncludad l

each OM 2,00
each OM 2.00

OM 10 00

k ~berichte Ta"y D. B,t"n ' Ja hn" , 14. po"tach eo · 0 -8523 Ba'a " dorl
Tel w est Germa ny 9133 47·0 . For a eceeeeruenvee see cover page 2
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