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..SUEDWIND « - A 2 m FM HAND·HELD TRANSCEIVER
WITH 80 OR 396 CHANNEL SYNTHESIZER AND

TOUCH·KEY OPERATION
Part 1: Circuit Description

by J . Becker, OJ I lL

1. CONCEPT

Ills extremely difficult to maintain stable frequency control in handheld (Walky·Talky) tran s
ceiver, due to the large variations In ambient temperalure, and In their liability to mechanical
shock. This means that crystsl control mUll be used , especially in the case 01 miniature
equipment. II more than a lew Irequencle, are to be used. this would mean that it will be
necessary lor a synthesizer to be used to generale • large number 01 frequenCies having.
constant channel llpacing Irom a single master crystal . The seleclion of the required fte
quency is made digitally. II operation is to be made over the whole frequency band and the
required frequency should be selectab!e Within a few seconds, It II necessary to use a synthe ·
stee r havi ng a very l ine channel Ipaclng. In other words having a large number 01 channell .

The synthesizer oltha ~SUEDWIND. transceiver to be described In this and the nell.t edillon
01 the VHF COMMUNICATIONS il Iwitchable in 5 kHz I tepl, Such a 400 channel Iranlcelver
lor the FM mode 15 JUII as versatile as a FM trenecerver equipped wilh a VFO. The bandwidlh
01 a FM receiver ensures that Ilgnall thai are 2 to 3 kHZ from the center Irequency can be

demod ulated correctly . In the case 01 the prev iously menlloned 5 kHz Ileps, the me omum
Irequency error to the partner Italion will be a muimum 012.5 kHZ,

The Iynthesizer is equipped with C·MOS Integrated circuits. which ensures a low current
drain. Another leature are the 10uch-keYI lor the mOlt Important funclionlluch es treosmu 
receive switching, calling lone. trequency change up or down, channel indical ion and
squelch . Furthermore, special anenlion has been paid to the mod ulation quality and the
edernal appearance 01 this very handy transceiver. The S-Meler has a virtually ca-nneer
relationlhlp in a range 0166 dB. which meanl that the receiver Ie allO lultable lor loll. hun tl
(OF).

The following specllicalionllhow the results that were achieved with Ihis concept in practice ,

1.1, Specillcatlon.

Output power at 12 V DC:
Overall elliclency:
Currenl dra in on transmit:
Current drain on receive: (LED-readoutl approll. . 25 mAl
Squelch sensi tivity:
SenSitivity lor 10 dB (S+N)IN : (4 kHz devlallon)
Input voltage lor 20 dB (S+ N)IN : (4 kHz deviation)
s-meter virtually logarithmic In Ihe range 01:

a,95W

" "225 mA
40 mA

0.08 ~V

0.20 ~V

0.4514V

0.1 10 200 ~V
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> 65 dB
iii: 46 dB
184 mm_ 74mm _ 28 mm

680 ,
179 mm _ 75 mm _ 28mm

600,

Suppre••ion 01harmon ics and ' PUriOUI lignal.:
Ad,acent channel. and with in band :
In the range of 0 to 1.2 GHz :
Dimen.lon, ln case A:
Weight with c:ase A and ),/ 4 telescopic antenn a'
DIn'lElnsion, In caseC:
Weight with case C;

The following can be connected ;

Ex tern el 'upply wit h 10.5 to 16 V: elect ronic vol tage divlaion and . tabllization buil t In Micro
phone lor mobile ope ration. with remot e con trol 01 PTI. calling tona and frequ ency selection .
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2. CIRCUIT DESCRIPTION

2.1. Receiver

As can be Men in the block diagram given In Flgu,e 1. the receiver is a Imgle-conv.rlion
superhet with a 10.7 MHz IF and LC·dlscriminator .

This has advantages Over a do uble-eonvallion superhe t. haVing a better large-l ignal behavi
our and lower number of ci rcul ll: howevar. il hal the dlsadvan taga In that tha limiting IF
ampli l ier at prnent req ul,.. a greater cu rran t dr am , Thll il. al I. a,1. valid lor those
integrated Circuits that ara able to pro vida a rel iable S·meter ligna' that inc r.asel appro lti
mately logarlthmic ly _ in other word . dB-linear _ together with the reGelved held . treng th.
The diatonion 01 tha lingla co nversion luperhet II very low. as only one lingle hlgh-quaUty
monolythlc crystal fi lter is used lor narrow ·band selectivi ty.
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In co nHast to the proleu iona l techn ology , a crystal diSCrlmlnalor il not uae<l, but a more
Ilmpler LC-demodulator , Measurements ha~e Shown that Ihe lignal· to-nOlse ratio of the
demOdulated audIO IIgnal II not better whan using a mora ex t.nlj~. cryslal dl l criminat or . In
facl. when using a crystal In the dllCflmlnator ci rculI. II will no long.r be pollible to use a
field strength dependenl squel ch and the S· meter characteristic 01 the integrated IF·ampli ' ler,

The dynam ic range of the RF·circuit was extended by 43 dB . uSing a lour-staga control. A
limitation 01 lhe signa l pravi ous to the crystal utter, which will cause IntermOdulatio n
product s only occ urs at Input voltages In excess of 0.25 V,

2.2, l ra nlmltter

Two conc epts were also discussed lor lhe transmitt er : d irect generahon 01 the requ ired Ire
Quency using two separate osci llators (VCO) for Iran smllt.r and receiver , or conversio n of the
tran smit Irequency Irom the common VCO and the intermediate frequen cy . In the lirst
meth Od, Ihe control ' ignal lor the transmi t ampil li er chain will not recei~e any unwanted
con~e r,ion producls thai can appear wllh a spacing of .t n x IIF of the requ ired IIgnal and
the ir harmonics. However , the reason why Ihe second method was sl lil used In the - SUED
WIND_ transceiver Is because the harmonlCI generated In the tran smit ampU'ier chain and
Ihelr ccnversicn products appear In the output spectrum of the transm lUer at far higher
levels, and because the l iiterlng of IMae also allowed the spuriOus signall in Ihe VICInity 01
tne required signa l to be also suppresllfl(3 lIutflc lently , II a min iature conl tructlon IS also
requited, the room requ ired by the compleI VCO modUle wllh respect to an integrated sell 
excited transmit miller Is an impo rtant consideration. The latter oilers at least e power ga in 01
ten times, wh ich means that the VCO need not be designed for a high pow er output, but
exclusively for a low reslduallrequency deviation (1).

2,3, Sp ac'.' Faatu r..

New developmenll In tne _SUEDWIND_ cirCUitry are the RF gain contro l In the receiver, tha
modulator ha~Ing a 10w-dlstortion, dynamic control 01 30 dB, and I ubaequent balanced limit
Ing, as well I! a digital Interpolator In the frequency selection logi C. This mull ipl/es the
number of channels 01 the synthellzer from 80 channell wn-n ullng a 25 kHz Ipacing to 400
channels when using a Irequency spacing of 5 kHz. The high comparator frequency 0125 kHz
ia maintained in this case which resuUs In a correspondingly short transient time of the
frequency selection on changing channel. (repeater Shi ft) . A con~anUooal 8O-channet synthe·
sizer can be obta ined by delet ing two integrated circulls.

The operating points and amp litudes are given extensl~e ly in the circuil d iagrams (figures 3
and 4), They 00 nOl only l impll fy the lun ctiona' check and alignment dunng the construct ion ,

but allo allow comparisons to be made when design ing the dlllerant circuill . For thl l reason ,
lhe text is to give details regarding posmons that ere crillcal to design and adjust, as well II

mfIntloning pouible alternatives and ~arlat ions of the individual modules together with
measured ~arues.
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3. MECHANICAL CONCEPT

Belore di scussing th. ci rcUit in more detail. thil 11'1011 Mction il 10 give an Impression 01 the
mechanic,l COflSlruclion ol l he transceiver.

The etecucmc mOdules are dllt rlbuled cntc two PC-board l so Ihal one accommodale. all
C-MOS Inl egraled clrCUllS with ElSSOClaled AC-clrcuill, as well 81 Iha 25 kHz releren ce
sou rce : an other I tagel are accommOda led on the RF/AF board. Thil Mparl lion make. II
easy to carry oot mOdlficationl on the logIC port ion I I I Iller dale, lor e..ample , when new
interelllng lSI-eir cuits beCOme availabl e on the markel. The act ual RF-part 01 Ihe ci rCUit
remama mt act and ia ready l or e..per imenl atlon using dillerent types 01 logic , Two inte r
co nnec tion plan s are prov ided to ease wlnng ,

3.2. C...

Three designs (A, B, C) have been made lor the eeee. All 01 IheM use lhe same basic
constru cti on using a C-Shapad chaSSIS. onto which the operating controls are mounted , and
a U-shapad cover. The RF/NF board is screwed to the chassis Ira me, which also accommo
dates the NC-battery , The logic board. on the other hand . is mounted on a th readed bar so
tha t it can be lo lded out when ready lor operation , This means thai bOlh boards are access
Ible trom both sidea,

The lh ree d,llerenl types 01 case diller In Ihe methOd 01 makmg me chassis teame. They .re
given more as "umpl.. so that the reader Isk.. me del lgn 01 such a Iranseeivef into ccnei
oereuce. In lhe caM 0' mOdels B and C. the same PC-boards are uMCI With veri ion A (Fig
2a), the antenna I,ner, RF-output rect il ler , and DC-vonage CirCUit are accommodated separa
tely on a third. small PC-board at Ihe baM 01 the Iranscelver. Funhermore . a dltterent relay
(Siemens Mln ipol) il u5ed , The Iramework lor caMS A and e only be manulactured in a work 
shop (approximately lwo days work lor type e .) The aUlhor i, will ing to provida a copy 01 the
works-hop drawing in eXChange l or an addte ' Nd envelope wllh lAC.

In the caM 01 type C, which is to be deSCribed in pan 2 01 thi s descript ion In del all . it is
poSSible l or lhe case to be home-made . A plasllc case is not to be recommended, smce the
squel ch sensit ivity 01 the rece iver will deteriorate.

3.3. Operat ing Controls and Connections

Mosl 01 Ihe operating control l are accomm odated on the upper side 01 tha ..SUEOWINO~

tran sce ivar: the microphOne-loudspeaker (fi gi'll) . combined S-meter and RF-outpul meier,
anlenna ccorectcr . volume and onloll Swil Ch as well al Ihe SWllc hes lor ,epealer-shlll snd
in lerpolatlon, The two mountmg screws on bolh ,ide, 01 the meter (FIg. 2b) are elso tOUCh
keys (sensors) lor the IreQuency selecllon, calli ng tone, I quelch. and channel indIcalion . wue
the case types A and B, Ihe y are to be lound 10 the right ol l ha S-meter,
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Fig. 21:
Photogrlph of It'll luthor ',
prototypl (C"I tyPI Al

SM tllrlt..-pol,

.."@ dPTT ••1S 0

[00000000]g
"~ -
, 0 -

2, 9
',4 00 ~

UU 0,, 1 4 8 11201,(l

Inv... ' f'd ~M' i IV"
0" -.H ED

The Irequency Is Indicated as channel number Irom 00 to 79 lolling two 7-I8Qment LEO reec 
outs . They are located In me tree area In Iront 01 the anten na connector and are provided
with an optical urter to Increase con trast.

A sensor key is also provided at the top 01 the lelt-hand side pane l for the PTT-ewnch: an 8
posi tion miniature l et 01 switches Is mounted 3 cm belo w this wh ich allows the repeater Ihllt
to be selected .

A con nector Is provided on the rel r panel 01 the unit lor mobile Ind stationary ope ration .
Connections are pr ovided lor a mob ile anlenna (SO 01 , or a power amplifier, lor e)(ternal
power supply, charge current 01 the accumulator, AF-output. e)(lemal microphone. and
remote co ntrol 01 the three sensors.
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4. CIRCUIT DETAILS (FIg. 3 and Fig. 4)

The 80 main ~nMII wllh a It~~cy spaclOg 01 25 kHz co~r the EurOPRn band 01
1« .000 MHz to 145.975 MHz corrMPO"dlng 10 chanMI. 00 to 79. Ind can ~ ..lectltd In I
.1Ow or fht mode upwlrds or downwlrdl. On switching on the tranteeiver. the priOrity
channel. whICh Is Ml«:ted with MVen brido- on tN! ..lector IWltch (2 x~. ... Ftg 3) Will
be wnmedlately available, The two loNgment channef tMdOUtt Will onty light up (when the
b!"nlt-ln accumulator I' In OP«ltlOn) II~ or both senlOt k..,.. IdJ.cent 10 the s.m.ter are
touched . They will go OUI 'Oaln I'NO MCond••tI.,.....rO. '" order to Ulltl banary current.

If the r.lrmoal .."lOr A is touched. the squelch Wilt IWltch a lt.rnal"y on Ind on .ftarw.rdl
In the c... 01 the foremost ..nsor Z. the 'r~uancy ..lactlOn proc", """II be acl lvated at •
lpet>d 01 lwO ~nMI. per MCond. Thi••pa«! il 100 . Iow if a I.rg. part 01 Ih. band II 10 be

co~red; for thl' reason. I '..I . peed or 10 ch.nnel.fsec i. provIded "",he n ..nsor 11 i.
louc hed I t lhe "me tIme .

II one h.. passed Ihe channel, II i. nol nee.aary 10 relun. over the "",hoi. band . II il on ly
necessary 10 briefly release lh. Z·.....sor Ind lhe c hl " "el ..Ieelor Will run in the OPpoilie
direction on reactivating ,

The fre q ue ncy selecllon 'I blocked In Ih.lrlnsmll mode.lnlle.d 0 1 th il . I ca lling lo"e 011 .15
kHz will be rad ialed on dept.nlng lhe Z·..nlOr key , The A·..nlOr ralainl It. lunCllon 01
aCllv.tmg the ~nnel rfll do ul.

Fo r repeater operaUon, It il ponlble lo r Ihe receive Ir~uency 10 be shlftlKl in In up""'lrd
dlrKtlon by n • 25 kHz, Thil II d~ by enlerino Ihe t~Ulred Ihlfl U n • 0 - 79 .. I BCO
digl l u.ing the lower 7 of lhe a mlnlalu,. IWIIches on the~ pan" ollhe Iran~r. It lhe
uppir ,wllch Is on , the shift will be I6ded in lhe ltlln.mll mode. wh ich mean. thai the Iran i
mit Ind tKeM rreq~ 't' In.,."ed . For normal repMler operltiOn. the etgf'll Iw ,tCt\n
I,. ..I 10 00100100, which can be ....Iy remembered. Ind corrnpond. 10 I Irequency sh ,ft
0 1 2" • 25 kHz • 600 kHz. II l,.quenC:'M In e.c.u oliN! upper bind Iimll 01 146 MHz rnull
In error dUring the Irequency ..lecllOn. the klglC CirCUit Win sh ift IheM down by 2 MHz baCk
tnto the lmat...r bind. The lED-rlNdoul. Will IlwlYS Ind, ca la the I ctual tranlmlt or racl1~

'requency .

More 10 the operation 01 the sh it! and Inte rpol atIOn IWltch : In lhe _R_ (Repe. le r) posItion. the
shih Will be operative as delcrt~; In all other positionl. lhe tranlmll Ind raceive Irequency
will ~ idltlt lcal (1Imple.). In poe.t.on. R Ind O. o pe ra tlCO witl be m&d. on the 80 main
chlnnel• • where 99 " 01 the 2 m operation Ilk" pllCe, In the Interpollhon POllhons • 5 10
... 20. the carrier frequency ,. Ihltled up by 5. to , 1S. or 20 kHZ However , the LED readoul i.
hlrdly UMble. llOce the diglll 0 1 the two na lghbourlng CtwlnM t. are Indica ted one above the
oUler. When using the deSCribed logic encun. il i. nol ponlble to Interpolale In e xca.. 01
104S,915 MHz. co rresponding 10 chann.1 71i1 ; lor this ra..on , thetrl " l ca iva r does nOI hlva 400
channeJ• • but only 396 .

Ul ually , II only la kes lboullen mlnules 10 get used to the operltio" 0 1 tha Ihi ll/lnterpolallon
I wilch and the two sensors A Ind Z, Arter thil . II II ulually pollible lOt any tlQu ltlKl Ir.
quency to be ..!ected in leu thIn to•. evan In the dark ,
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4.2. Fr.qu.ncy PI. n

4.2.1. PtI... Control Loop (PLL)

The VCO (Me Fig 1) opera'.. in the rangt 01 'vCO - 133.3 to 1M 3 MHz. in ottler wo rds
10.7 MHz belOw the 2 m band Ttl.. f~u.ncy ia converted ao.n In lhe PLL-mt •., I 104
(SO 42 P, F.gu.. 3) to fU - 0 ,$ 10 2 ,$ MHz. wtltctl il th. upper hm,t lha l can De "'1&bIy pro
Ceued by C-MOS Clrcu,ls. The hel.,Odyne frequency 0' 132.8 MHZ .. getWf".led If'! a crystaJ
conlrolled oeclnalor (T 114) wllh diode doublet , The ,nl~I'I' lreq uency 01 the logic
ClrCu,try IU I' amplified in an anllv'lenc4I g.t. (1204/2 . Flgu" 4). II operal.. al an ,nvert,ng
operalional wnplilltlf as a mull 01 the l..aback via R 227; 11$ opera,,"g point 'I appro_,ma
Ie ly h.ll the opera1lng voll'ge .

The lO-c.lled varia ble d lvi/Hr 01 Ih. PLL II • ~fH counter (2 _ 4S22) lh.t hal been pr."1
wllh Ih. inlernal ch.nnel numbel'l N _ 20-99 II will counl lrom Ihen on In 11m. Wllh 'u un til
o II .chl'v.cl. • rter whic h II will lump back 10 N The co unler gen.r.IM .n impul.. whICh il
led 10 Ih. Ireq uen cy . nd ph... comparator ••ch tim•• cou nt 01 0 II otIl.1lned, The pul.. !,.
q uency II ", ...rore Ie - fU + N, thll II compared to • 25 kHZ r"erence signal I,.f whic h II
o btained from. 200 kHz Cryst.1 oscillator (T 204, FIgure 4) wllh lubsequen l divide r (+ 8), Th.
lo u rth lUp-Ilop 01 Ihe d ivider -IC 74 C 93 c.n be used ..p. r. t.ly . • nd II used 10 control the
coun t d ir. ct lOn d uring Irequenc y selecllon (1M Figure 4),

The Ir'Quency . nd phase comp.r.lor (I 211: phase comp.r.lo r II in 4046) 11 .C llv.led by Ih.
lima H q u. nce on the e utout Ilopel 01 Ilgn.', Irel .nd 'e. .... lon9 " ' r. f > 'e. • high I.vel
(- + 9 V) Will be pr.sent at the o ulpu t (pin 13): if Ih. Opposlt. il Ih. ca..: fe > 1,.,. Ihe VCO
frequ.ncy will be 100 hig h, .nd th. ou tpul will rem"n at low- level t- 0 V). Wh.n lhe two fr. 
q uenci.1 eoinci/H. bUI 're' il in ~.nce 01 tna ph... 01 'e. Ih. phase compa r. to r will
provide po.,I'.... impulses .t p,n 13 h.ving • pu l.. duty faclor proportiOnal 10 Itle ph...
d iN.r.nc. The OPPOSIte WIll be 1M cue when ttle ph. .. 0' Ie I' In .dv.nce of ,,,' The
OUtpul vol~ ill fltl.red in tna loop fIII. r compnl,ng R 253. R 254. and C 219 and eo ntroll
Ina vce Ihus clO$lng the phaM control loop The ph... comparator outpul will rema,n .1
h.gh Im~ when the two freqlAnc... 'ret .nd 'e ,tlO COInCide In phase. The Ml«"ted
tuning vottAOt" ItOred In C 219.nd woll not change

The IC 4046 generales. control l'Onal aI Pin t wtllCh Wilt be .Iw.ys .1 low laval when lhe
phase comparator i. generating correctIon pul.... Under lOCked ConcI,lions ' r., - 'e- lJr.' 
1fB. It Will be .1 high level. II il IhUI poss,bl. 10' the Iransm ," er 10 be bloc ked un lll Ina VCO
lock. in U"ng • RC-fliler link

The zene r dIode 0 205 ens ures. th.t vee doas no l d rop 10 Ih. Im.Q' ,.nge 01 Ih. logic IF
when Ih. voltag••cross e 219 Is low- IVCO < 132.8 MHz - 0 ,5 MHZ (2). In Ih,s C'M. Ih. PL.L
eonlro l wou ld operate in the wrong d irection the vce Will 'un 10 the lower Ii mll When
adJul tlng Ihe vee with the .Id 0' C 155, It il nec.sury Ihat ch.nn.1 00 II nol lOO n• • r 10 Ih.
th res hold of th. z.n.r dIode, Iinc. Ih. pha.. co mp. rato r must ge n.,at. Imp ulMi 01 lInile
widlh as lOOn .s ze ner Currenl Ilows. in o rder 10 m"nta,n lhe voll.~ ac rOI. C 2 t9 ThiS
c.u.... " pp le on Ihe luning volt.ge, .nd Ihu l 1••dS 10 spurious Unea in the lpectru m Ihat
. ppea r at ::: n _ 25 kHz sp.clng Irom 11'1. w. nled lign.l (Figur. 5) TheM lpurlOU' "n..
should r.mlln below· 60 de
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Fig. $: Trl nl ," 11 IPI<:""''" al chinn.' 00 (I. nl a nd chann.11I (rlghl l.
Seal.: V.rllea l: 10 d B/dh, . _ Hor llon'I' : 20 IoH I /dlv. M...... '.d wllh hp 1.1 TIISS4 B/..S2 B;

M..I ...rlnD bl nclWIdlh 300 H" ' ,ac e Ipeed 0.$ I /dlv. Vld.o fm.r Iwtlch.d a ll.

4.2.2. Oper al lng Dal a of Ihe PLL Stage.

An ant lva lence gale (e.clusi ve-or) has been ..reetee as ampli fIer l or 'll.since II reqUIres less
current in th iS mode Ihan en in...erter , NOR and NAND circuit. A current 0 ' 0.3 10 0,8 mA has
been measured in comparison to 1.1 10 1.3 mA et 0.25 10 2.5 MH, and 8 V. Furlhermore.lhe
output signals are steeper .

The 200 kHz Iransistorlzed osc lll .tor (T 204) only requ lre l 0.2 mA o A gale-olcillalo r would
requ ire 1 to 2 mAo Due 10 Ihe Insertion 01 A 221, I $Qul r...w. .... charlcle rlS'IC II obtlmtKl at
the co llector. Bolh setl.. or par.llel rMananca cryslall can be used. In Ihe case 01 :teri..
resonance , C 217 - 270 pF, C 218 ·470 pF; bridge' on Ih8 PC-bo.rd is bro ken . nd an move 
tence LS Is pro ...lded . In lhe c.se 01 p.r.llel resonance wilh • 30 pF load, C 217 • 47 pF,
C 218 • 100 pF. II is not necessary to utm Ihe Irequency sinca lh e ma_imum et/eel will only
be 1.7 % at the lina llrequency.

The frequency di...ider and co mparalo r mod ule Itquipped wllh ICI 4522 (2. ), "'046 and 74 C 93
requ ires 0.7 to 3 mA at 'll • 0.5 to 2.5 MHz and 9 V ope ra!lng ...ol lage. The ...arl.ble di vider
(2 x 4522) operales reliab ly down to approxlm.laly 6 V, but 1'101 the ph~... compar. lo r in the
4046. At tne upper band limi t, lhe phase comparalo r will recei...e ImpU'!t8s Irom the co untar 01
only 0.2 ~ duration . ThiS me.ns th.t not .11 ICa type 4046 oparlte r'Jhably. 1'101 even at 9 V. II
is ad ... i$8ble to use ci rcuitl m.nufactured by Fairchild or Moloro~. (3\. A monollop 4528 01
max , 20 ~ can be Inserted between the dl",lder and phase compa ralo r (input 'BI 10 Increase
Ihe lenglh of the pu'ses,

The 66.4 MHz oscUlalOr (T 114) Is also a cri tical module. 11 Ih. cv ertcn e crystal il really In
seri.. resonance al the nominal Irequency. il I. possib le lor ItI I 1S1ic capacl lan ce Co 10 be
compensaled With C 156 at 6.8 pF: Ih is r..ulls In a br idge cirCuit co mprisi ng Co. C 156 and
Ihe two secondary winding. 01 L 116. The eo....nt. g. ol lhll Illhal when L 116 II conSiderably
deluned. the osci ll . lo r will not oscillat. wild ly (LC-osclttahon). bul wi ll e. hlbil no tlce.ble non 
oscillation areas al bolh ,ides Of thelnmmlng range. II. however , the crystal IS lu ned 100 lOw.
a, Is the case lor oscmalor ci rcui ts whet. Ihe cry".' repla ces the base by-pass cececttcr. it
is nece ss.ry tor a pulling c.pacltance C 157 10 be provided . In Ihll case, rl may be I l vorable
10 dele le C 156.
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4.2.3. Frequency Selection Logic

The Ihree tenlOr keys A. Z, . nd PTT . re l ed 10 SChmllt-lnggers (I 201: 409311.2.3), Ihat are
acti vated al a touch resislance 01 approll imelely 2 MO . This v.lue can be ....nee with Ihe .Id
of A 202. R 204, .nd R 206. The fourth Ir lg ger gate operales .s cloc k osc illa to r lor the fr ..
Quency scanning counter (I 205, I 206; 2 II 4(29), In co nju nction wllh R 210 and C 206. As
long al the tr igger I 20113 hal LOW level at lhe ool put (ilow counti ng mode) . C 205 will be

recharged in parallel with C 206 via diodes 0 201, and 0 202. II sensor key A Is aCll valed ,
C 205 wi ll be disconnected: I. st co unti ng mode.

In order to save current, the two 7. segment LED readouts and their decod ers (4511) are
co nnec ted In series. The intermedl' te level U, /2 is generaled In the ...ol tage dl ...lder comprts
ing T 201 • T 203, R 228. R 229 In this caltt, lhe currenl dillerence 01 the two readoul , is
accepted by T 201 or T 202 according 10 which 01 Ih. posi tion' II iIIuminatmg lhe largast
number 01 seqments . II would ,Iso be possible for an operatio nal . mpli fier to be used inslead
0 1 Ihe three Iransislora that It able to supply the 25 mA (5 mA par legment). The resislances
A 230 · R 238 operate as logic te...er conven erl l rom 0/9 V to 0/4 .5 V. 0' 4.5/9 V logelher With
the pr oteclive Input diodes of ICs I 209. I 210.

The read out It activated via the OR·link co mprising 0 203, 0 204. A 207 hem tensor A or
sensor Z (in receive mode ). or by the ellierna l voltege supply . The circuit compriling R 209,
and C 204 ensure e delay 01 2 , belore Ihe readout II SWItChed of! , A non·inverting swi lc hing
ampli lier (1/4 I 204: 4030/3) ensures tha t lhe I lowly la li ing ...oltage across C 204 does not
Iwitch 011 the units first and Ihe lens aflerwards,

The ten a dig it 0 1 the required channal num ber (WIth repeat er Ihill) muat now be Increased by
2 belore it can set the van.ble divioar . Thil can be aChieved ul lng tha thr.. rem.inlng g.tes
of the control log ic, since the range is liml led 10 0 10 7. The foll owing can be l aken from the
cod ing plan :

A' • A

B' - ~
C' - B ll C VC lle
0 ' - a x c er n'

The , valla ble g.lel are .ul fici ent II the second poUiblhl y II used 10 oblain 0 ' .

R_I P..... lecl ion

Z C B A Z' 0 ' C' B' A'

0 0 0 0 2 0 0 1 0
1 0 0 1 3 0 0 1 1

2 0 1 0 • 0 1 0 0
3 0 1 1 s 0 1 0 1

• 1 0 0 • 0 1 1 0
5 1 0 1 7 0 1 1 1

• 1 1 0 • 1 0 0 0
7 1 1 , , 1 0 0 1
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4.2.4. 01;1Ial Frequency Int .rpoialor

The VCO will be tuned to a Ireq uency between the two main channels II the lIarlable dillider
In the PLL II provi ded with two di l le renl d ill il ion raUol N, and N, at conllnuoui alternation. It
the alternat ion la 'a. t enough, e.g. In time with the co mparato r Ir eQuancy Ie, the loop Illler
will lorm a mean luning \/Oitage that correspo nds to the changed IreQuency rsuc N• Ill: ' rel .
wh ich Is between N, end N1 ,

The carry-In Input 10' the transf. r l rom the 10wer-IIllu. poallion mallei II pouible to Increl"
N by 1 In the Ihift-adde r (4560). Figur. 8 shows the pul.. plan l or a dllll.ion 01 N in t / 5
sleps; l or N • N • 0.4, lor inllanca, tw ice N • 1 (carry In • HIGH) and th'ee I,mel N (carry in
• LOW ) are fed to Ihe veneore dillider. 11'1 thiS case. the twice HIGH are spil t In orde r to obtain
the rap id change I nd thus low residual ripple 01 the VCO con trol lIol tage, The pulse plan lor
N • 0.6 and N • 0.6 are the tnvertec form 01 N • 0.4 or N • 0,2; II la therelora sullicient l or
the latter two to be lorm ed. The IC 74 C 90 (I 214) contains a • S-dillider and the required
l ime tuncuons are presen t at its outputs Band O. The IC I 215 co ntains 3 p and 3 n-channel
MOS transislors Of these, two pairs are uaed as inllerle,. The thi rd n-ehannel MOS is used 81

squelch-SWitch ; Ills driven trcm sensot A li la the vacan t lourth IIIp llop In the 74 C 90.

Fig . 8:
t.rry-'n pul,. plen (III.,)
lor dlgll.llfequ.~ lnl. rpo llllon
.11". 'hllt -.deler

The usabil ity 01 this simple method II Ihown in studyi ng the spect ra given In Flgur. 7. AI was
to be elt pected, the same speClr um I' ob lalned lor N • 0.6 a. lor N + 0.4; tha same II vaUd
l or N • 0.2 and N • 0.6. The interpotation spurioul . ignals have a conltanl luppr..l ion 01
ii: 65 dB down on the required aignal throughout Ihe whOI. 2 m band ,

I .~

,.',"' I

£, " I.

~
' ;"

III
I '1'. I

'Ig. 1: Sp urlo..... ' 11 " In 11'1. 1I.n,mlt , peenu," d.... 10 Inl. rpo l. lton .
L.It: ch. nn.l to I • IS kHz (N • 60.6); Righi: ehtnne l40 t • 20 kHz (N • aO.ll:

olherwl. . ......ur lng eo ndillon, .. In Fig. iJ
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4.2.5. VCO

The FET o.ciUato r (T 113) operatel in a dra in circuit with 100... Inductive coupl ing to the
resonant circuit. This arrangement com bines a high a together with a minimum 01 ccmpo
nen ts dr l'l en with RF current. In the Irllt<luency range 01 0,3 to 3 kHz, a reaidual Irllt<luency
deviation of 30 Hz at 3 V and 20 Hz at 6 V and 9 V tun ing vollage were meuured usin g a
RACAL 9009 modulation meter. Thla residua l Irllt<luency deviallon Increased on connectmg
the modulator and the phase co ntrol loop. but remained less Ihan 50 Hz al Ihe output Ir e
quency. The output coupling capaci io r C 150 can be aligned for mlll imum output power.
However. Ih ll pos it ion il 1'101 critic al, and it II more Important to check lor a reliab le com
men cement 01 osci llation at channels 00 and 79.

4.3. Modu lation and Dynamic Rang. ol lhe PLL Conlrol

4.3.1. Dyn amic Conl rol Amp tlll.r

Th is circuit comprises the aCllve components I 103. T 109 - T 111. The Inpul sig nal Irom Ihe
mi crophone Is prOVided With emphasis (4) and amplil led to a consiant peak-lo-peak value 01
1 V (Flgur. 8). The module may l eem compli cated. but II ollel'1 I rl pid, low-distort ion control
w ith virtually Irans ienl-lree operation with def ined edJustable Vl lu.. and good limi ti ng
balan ce . The ma'lImum gam IS given by the rene 01 R 134 10 the conductive resistance RDS
01 T 111. The IIm,t of the linear co ntrct rang e. and Ih us ,he limi t threshold. is adjusted wllh
the aid 01 R 132 (Vmin • R tJ,4 + R 132). Tranalstor T 110 is firstty used as co ntrol prObe,
atterwards. its base-emitler d iOde will hmil the signal loge'her witl'l lhat 01 T 109 Resist or
R 135 improves the balance. which remains inlact e'len at high o'lerlo ad.

The ran ge 01 the linear dynamic cont rol ShOuld comci de to Ihe range 01 vctce VOl tages 10 be
ellpected. Laroer 'Io llages ere mostly short Inlerlerence peaks. and these I hou ld be IJmited
Without aUering the gain nOllceably. The co ntrol speed can be slowed down by using larger
'IaJues ot C 139

The noise level at the output 01 the amphller IS < 2 mV (peak-to-peak), whIch co rresponds to
a raho 01 > 54 dB The operatio nal amphfler delermlne, tl'le upper frequency limit at Vme~ '

Beller reSUlts are prO'lided when usmg more modern ampliliers luch al the RC .131 , which
is pin-compatible With type 741. however. the a'lalilble aignaHo-noile rene il limited to
apprOll lmately 40 to 45 dB due to the phase -locked cec metc r.

This 's Ihen 10Howed by an I clive lowpaSi Mer I I det cr lbed In (5). It il detigned to have
3 dB emphasis al 22 kHz and a - 3 dB cuto ll IreQuency 01 3,2 kHz. Thil meal'll tha t it it
matched 10 the Irequency response 01 Ihe micr ophone-loudspeaker capaule (l ee Flgur•• i
. nd 10). The calling lone II Injecled at the input 01 the Iiller (at ll ). It II tlken Irom the VCO
porlion 01 the 4046; the Irequency-<tetermin ing Impul ses are C 220, R 225, and RT. In the
reeel'le mode. the active Mer II switched oil with the aid 01 D 108.

Mod ulat ion and frequency co ntro l Of the v eo afe made using l eparate tuning diodes. This
allOWI I constant IreQuency dev iat ion to be obtained o'ler the whole band: the calli ng tone
devialion emounts to 4.1 kHz al channel 00 and 3,9 kHZ I ' channel 79(... Flgur.11).
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FIg. ' : I"f\ueftu of ttl• ..u. _ ttl.......tiOII

treq-, ,.qIOft"l~

_ ...... C 1M. III 1211

\

...__...........

• • •

".~~

. -.-. ::r "

Fig. ' : Co"tro! ch8'ect.....UC .1 ttl.
eI,,,,mIc~,.._

--._ ....-, • .d·_ ..... ·~j,Hr....:...~ , 7'........ II
• , ..."OJ 8 1L ~- .<or' .',TIr-0 -,--~,-,,- , I

• W'::t:tttr i I \ fj
/ --~ -+-t--,-•
~-- iI ' . ,r1!-..-.... I

// ~ ... ..
• ,

" • 0

•

•
•

.,

Fig. 10: I,,,.,..... of ttIe fr..,.nc,
r,~ of ttIe IftOcIYletor

FIg. 11: Y,........ ,,,"" I~I" wtttI cell",
ton. . CtI."...1 to; I\of.' ..H. /eI....
0I1\oef oat••• 6lI fit. •

The trans.trIl lime 01 lM veo alt., <:rY.ngmg Iroqu.n<:y i. ()ol.rm.nod. Indo potMSenl 01 Itl.
crY.nn.1 numbe, N. by lhe limo <:on"anIIO be c.llculatltd Irom C 21i l (R 2S3 • R~I. How
ever.•1 also c.lu... a shi" 01 lhe 10" branch 01 lho modulattOfl CUN" given In Fi;ur. 9 as a
function 01 lrequency, A shor1or tran•••nl limo ....111 caUM a hlgho' lOwor modulation Ir.
Qutrlcy umu.

W.,h Itlo o.d 0' the limo con.tanl 01 C 219 l R~. tho phaH <:ontrol Clrl::1,1l1 II aligned for
Cflliall d.mplng . Ihl' rne.sn. Ihat .1 i. abl. 10 loc" .n a. Quickly a. possible. bul w.thoul ever
'hOOt. Thi. I• . hOweY.r. only poulblelO' on. cer1.ln N. •n .cklillon 10 Ihi• . Ih. amplliud. and
lho po.lllon 01 lho emph.sl. In Iho modulat.on Iroqu. ncy respon.. in lho lIic.nlty of tho low.r
IreQuency lim.t ar. alto d.pendenl on th l, : A great.r (Io.....r) value 01 r""10' R 254 re.ulls In
.. "rea'or omphUI& in chann.1 00 [19j , Th. lollowln; tranaient limn 'null ....h.n u.in; Ihe
..roclltd CompromiM:

Channel, 00= 79 46='0

Up
Down

0.45,
0.18 ,

0,1S.
007.
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The add it ional liIler compriSing R 255 and C lAS is provided 10 luppr... the pulse-type con
trol commands lrom Ihe phase comparalor tram lhe tun ing vollaoe. One usually lelect. C 148
II R 255 .. (0.1 - 0.2) II C 219 II R 254 (6). IIlhe fillering rs ree oreal, the r••iduallrequ.ncy
deviation will be increased.

......1. RF and IF Ampllfl.r

Most of the RF lelecl lvity is provided l or Iranl mlner and rec.I.... r usinO tne common anl.nna
htter which comprises. high a reson.nt enecn wilh Ir.p lor lha im. g. Ir.qu.ncy (l ta l .
C 101, C 102). This two -pol. is e. sy to align and pro... ides • higher image rejection and.
tower noise ligure Ihan • two-stage bandpa u ' Iller 01 Ih....m. O . Th. signal is procelled at
low imped. nce up 10 the mill.r. in order to keep Ih. danger of unwanled coupli ng a. Iowa.
possible with th. min iatur iled conllruction uMd, For thi. reason. an anl.nna pr. amplil ier
circuit as described in (7) was used as RF inpulslag. ,

Figura 12 gives details as to the signal 1. ....1present in th. rec.lver, l.roer ....rlal lon••r. on l ~

to be expeCled with the dual-g.t. MOSFET mix.r, Th. op inion. diller greally regard ing the
mos l favorable operating points . MeasuremenlS made in Ihe author' s own ellperimenls ualng
a MOSFET type 40673. show.d that the best receiver senlil ivity w.I oblained when Ul lng a
positi.... b ias voltag. lor gale 2 01apprOll. 1 10 2 V, and a lOurca rel istor of apprOll , 560 0 , .s
describ.d in (9), CapacItor C 110 was ..1.Cled 10 Ihat sefles resonance .1 Ih. IF rHull1 in
conj unction wllh theVCO netw ork (l 11 5); Ih ll then results in mUimum con....rsion gain (8) .

Th. ov. rall gain is mcr••sed 10 such a levet In Ihe JF-pr.amplif l.r (T 105 ) thai Ih. noise J..... r
cOlnc id. s WIth Ih. lim it ing threshold ol lh. lOA 1047.

OJ 8 IL

{rystal 1101

~
-T>U~ .. iF

l•.• I
- . .. ..·1'01 ,..'11"

I I 011
II I _ 11 "- .~ O,r ~v .......

lA l e U _1

..- .~ O,. ~'" u ....-10 Ge.a..;;a ~., l.I.v '".....110 """.. ~.,

Fig. 12: Le...el pi," of Ih , tKelver

~ .,.., ..'

."..,,,.

....-..,..,
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II the RF....ol tage al lh e ccuector 01 T 105 allelnS 1 V, Ihe contecr ampUller T 104 will
co mme nce operating as a peak.value rechher, This will cause Ihe vollage across C 109 10
inc rease and will shi ll Ihe ope rallng poinl 01 the dual-gate MOSFET (gate 2) Inlo a range
having a more linear gain : The con ....rsion slope Will be reduced . and the large-signal cace
blli ties will be ImprOVe<!.

utne vollag. (C 109) approach el 6 V. diode D 102 will lhen change Irom lhe blo cked to the
"ow range. 0 102 and D 103 are PIN-dlodes Iha, have a behaVIour 01 ohm iC reSISlors al Ire·
quencles in excess 01 1 MHz. The (teal) RF-r8lillanCe depends on lhe cnect currenl Ilowlng
throu gh tne diode The fOllOWin g il valid for Ihe BA 379 :

II /rn A , 3 0' O(aIU -Oj

s 12 220 2500

In me MSUEDWINDM Iranscelver, Ihe PIN·diodes are connected al ccneeneete currenl
dividers : At low signal levels, Ihe lo tal RF·current Irom T 101 will flow via 0 103 at lhe Irans
former L 104; a' anlenna voltages In excess 01 5 mY, T 104 WIll prO"'lde dlrecl currenl via
D 102 and thUS open 8 leakage path lor the RF-curr enl 10 ground ... ,a C 106 and C 107. The
current th ro ugh 0 103 dec reases al Ihe same lime nearly to zero stnce the vollage ecross

R l OS + R 106 will relurn 10 UCEIII (T 104 ).

The battery cur rent requ ired lor the PIN-diode cont rol il not lost. but Increales Ihe collector
current 01 T 101 and Ihus improve. lhe large-lignal handling capablli tiel 01 tne preamplil ler
Slage (7) , The ...alue oi lC (T 101) con trols T 102 ...ia the base cunenllO tha t the ...ollage at the
emi ller 01 T 102 remains constanl al 6 V. The cunentlc (T 101) then varies bet ween 29 V +

(330 + 680) 0 and 2.9 V + 330 0

A fourth ecntrc t tuncucn results Ir om the inc reasing damping c t tne ccnectc r load re" sl or 01
T l OS when lhe base-em itter palh 01 T 104 becomes more Bod more cc ec ueuve. R 111 li mIts
thll co nt rol efleet 10 Ihal Ihe AF-d,ston ,on laclor does nOI become too greal due to the miS'
match 01 the crys tal llller.

When using lhe se measurel , the con trol charac leris lic showo in Flgur. 13 15 oblained ,

F'9 .13:
Conlrol ch"~I.rl.lic
ol lh. VHF/IF circuli"

_...' .....

" :g• ·..
f/• .• I

.1. is", .., .. ... .. ...- ;
I' • ..... ,....... ..... ,

"-r- C-
• ., ,,- t-r-

• 1---
• " C-s. 0)8 Il

~• •· •
• I I

•.. .. • , , • • • • • • •
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4.4.2. Dlacr lmlnator

The limiting IF-ampli fier and FM-demodulato r are accommodated In the Integratftd circuit
type TDA 1047 and generale a S·mele r algnal over app roxlma lely 3.5 decadea of the Input
lIollage In a similar manner to the well·known CA 3089 that requi res 40 % less current. The
s- meter characteristic and thr eshold of the Integ rated squelc h are very dependent on the
design of the disc riminator circul i . Several typical resutts 01 measurements on demodulator s
with and without crystal are given In Flgur. 14 and the eescctetec table .

I I'l.C1~.n~

".

19. C1 2e.l2p
p. lk l

fIj"V 1Jcj _ elv

,

-: c
•

2 r
0, •

/
•

I

OJ 8 1L

." C , ' I.C UO ... ~"~

_. ..- - -.." '''' ~ .....- l~GII) " _ Ii" - ~
_.......

1.2 ..0 " 0." v. ~ , ",v .~ . ' OH,

" O.lIV. 11.1~VJ ~.,

)=
1 ,:10.... .~

• 0.,1 v. )5~VII~'" ~ ~v I" ~V1 1 .. . ... .~

" 0,20 v. II .' ~VJ IU ~VJ 1 ,:10.... "'H,)
C,.,.,.. • us v. 71 ~v .. ' 0 "'v r\- ' • ".~ ..~

Fig . 14: e h. ,act.rlltles ollh. TOA 10411i11n; dIM.r.nt dllcrlmlnl tor clrclilll

For co mparison, a KVG crystal d iscriminator with a hum p spaci ng 01 ::I: 50 kHz supplied
0.11 V aud io signal (peek-to- peak) at an IF-inpu t vollllge Of 1 V and ::I: 4 kHz deviation , and a
Japanese IF-circ uit exhibi ted only 22 mV (with C 119 • C 120 • 33 pF).

In the section of the cu rve directly elter the limiti ng threshold, the slope 01 the S-me ter
voltage (U..) and the squelch-s wi tching volt age (U,.) inc rease with C 119 . C 120 end R,_ ,o
at resonance. Two examples of U,. ara gillen In Figura 14. Tha cernoouretor slo~ UAF/dev,
wil l increase with the a (L 1' 1, C 121); the matching resonance im pedanca R.. 'e is adjuSled
with the t ranetoensncn ratio w, : WI ' The a Shou ld not be too great so that the hump spacing
is suffic ient to compensate lor the temperature response 01 the resOn.llnce IreQuency 01 L 111
and C ' 21. A suHiciently linearized S-meter characteristic with simul taneous high sensitivi ty
01 the squelch was obtained by add ing IranslSlor T 106; the emiller diode 01 T 106 II con
nected In aeries wilh the meter and com penlltes lor the rapid Increase of U,. at low S·val ues
(Figur. 15) . The grealer the vatue 01 C 119 - C 120, lh e nearer the squelch swl lching
thresh old wtll be to the - 3 dB limiting th reshold. The integra ted ci rcuit TOA 1047 atso con
lains a l unin g-dependent squelch, which, however, has tendency to Inatability in the narrow
band FM mode when using high a discriminators. It is I wltched en with the aid o f R 116 :;
100kQ.
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• cr en

.. ~

•
Fig. 15: Con trol volta". U,. lor tquelch tnd I-"" tl l;

IK'~ d......lon 01~ _ler: 1 (NIl 0) to 10

The RF·clrCUlti In the Iransmil amp h/ler are bu ill up I' • relaUvely high 0 using I minimum
01 componentl in order 10 ensure lha' the requir~ Mlecllvlly tlk.. up al 11111. room • •
poss ible and is e.ly 10 aUgn. In contra,1 10 normal prlchee, the drrver i, matched 10 the
power amplifier lIage using I l ingle·".OI resonance llanalormatlon logether w ith the ••ri• •
c. paellor C In; the output , llge 01 Ihe Ifenan,,"., I lao onty use, one I'PP~ Inductance
L 121.

The extrect Irom the Circu li d iagram given In Flgur. , e POise"•• three eddiUonal ceramIc
disk capacitOrl over the circu lI diegram given in Figur. 2: C 186. C 185, and C 1&4. Cap_cilor
C 170 has been suppl emented With alargl' C.~Clt.nc. C 186 having a lower a , in ordar to
inc rease the damping 01 the Pj-network C 171/L 119/C 170, which couples the driver to the
power amplil le'. Without then capacitors, a I luctuating . wldeband base ""'IS not iced in the
spectrum 01 some units. wh ich Indicated a tendency of the transmit amp llf le, to paras it iC
oscillat ion . CapaCllOJ1 C 185 and C 184 torm a Pi-networlltogethe r With the inductance 0 ' the
relay con tac t and the conductor lanes, wh ich prov ide. a IUJ1he' harmonic suppression In the
order o f 10 dB.

,.. ". l~ llI'll_.c
co. ,.. .,
2l~I ""I I ISP

,,~ .. ..J
I _ LIn I~!112( 112 .. ..' c..

r ' ,IlJ
,", 4 -40 p..,

OJ 8 IL j.
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The higher the power gain 01 the l lnal transistor . the lower Will be the current drain at a
certain output power Po. For thil reason , tran ilitor type MRF 227 II used 'or T 116. because
itl power gain il 2 dB greater than type MRF 607 ulld prev iou.ly , Furthermore, il l metal clle
II connected to me eminer, wh ich means that there are no heat dlllipaUon problems , The
output power, and thus the current dra in can be ad!usled by align ing tr immer capa citors
C 174. C 173, and C 172.

4.8. AUll mary Stage.

With the ellception ot the power amphller . tages, the tran aceiver il led with a ereennee
operat ing voltage 01 9 V. The I tabillzer cir CUit designed lor thil i l equ ipped With tranl ilto~

T 120 - T 123, and has the lo llowing Ipecilicahons: Impedance .. 0,07 0 I Minimum voltage
crtteren ce across T 120: Uc - Uo .. 0.5 V 1 tntr ln lic current requlrementl .. 0.6 mA. In the
case 01 integrated " Ih r"-Iegged~ stabilizers 01 the LM 76 L _._ or LM 340 LAZ/... IIrlel. the
co rresponding specificat ions wou ld be : :iii 0.6 0 1 2 V 1 3 mA ,

The electronic distr ibution netw ork comprising 0 107 and T 107 enl ures that the buill -in NC
accumu lator is always co nnected when the transceiver is operated lrom an ellterna l lO urce,
Thill en llurel thlt a smooth tranlitlon take. place and that prOlection il provided aglinlt
incorrect polarity and faHure 01 the ellternal power l upply. The charge condi tion 01 the
accumulator il monitored : a LED (0 117) will be actlvaled 8S soon as the accumulator voltage
falls below Ipprollimately 10,5 V. This LEO II mou nted between the loudspeaker IWltch Ind
antenna connector.

II an ell ternal dynamIC micr op hone IS to be used. the builH n capsule will be I wi tched oU
electron ically. This is made wltrl the aid 01 I FET (T 108) hiving I low co nductive realstan ce.
It blockl as soon IS connection AIM il grounded. The I cuumulltor can be charged with I
dellned current via the same co nnec tio n. independent 01 the eICternal supply 01 the traes 
cetver,

The transmit/receive swi tching il made electr onically using Ihe .ensor-amplilier I 201 /2 and
T 117 - T 119 The antenna and micr oph one -loudspeaker are SWitched using polarIZed relals.
which receive short current pulles via C 175

The mec hanica l co nSlruCho n, wiring Ind alignment 01 the Iranscelve, .re 10 be described in
ttle lOllo wlng edil ion 01 VHF COMMUNICATIONS

METEOSAT-CONVERTER - as described In Edilion 3/1978
Inputlrequencies. swlt chable: 1694,S MHz and 1691.0 MHZ
Intermediate frequency: 137,5 MHz (14.4 MHz on request)
NOIM figure. single sideband: typ_9 dB
Gain: typo18 dB
Microwave and IF-bandwidth : 5 MHz
Operating voltage : 12 V, I l ab.
Cur rent drain: < 100 mA
Accommodated In weatherprool cast aluminium boll.
Price : OM 885 .-

U K W - TEe H N I K • H. n. Dohlu . oHG • J.hn. tr . . .. 14 • 0 -8523 BAIEASOOAF •
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A DF·RECEIVER FOR THE 2 m BAND EQUIPPED WITH
INTEGRATED CIRCUITS, CRYSTAL FILTER AND S-METER

Many OF·hunt (foll; hunt) enthusiasts Ihlnll thaI . s -meter Is not neeespry on a OF·recelver,
however, II is the opinio n c l l he author lh al a minimum dip with Ihe aid 01 • s-eerer I, l ar
better than aCOUltle.t lly. A OF-receiver I, to be described Ihal .nowl • beari ng 10 be lak en
8Viln when on ly 1 m Irom the . IOllw Ir an, mlller. Inapite 01 Ihe good senSItivity . Bod '.rga
ce ntro! range, the ci rcui try ia nol e.lensive and 8 relalively small PC-bo,Ird il used. The moal
Important components ara only lou r If, n, lll ora and three tntegra ted Ci fC UlIt . IS well al •
cheap crystal tuter . The photograph given in Figura 1 ahows the OF-rfCefver completely ready
lor operation includi ng . nache d, l lell ible HB 9 CV anlenna.

Fig. t : A photograp h 01 11'.8 luthor', prototype

1. CIRCUIT DESCRIPTION

The circu it d iagrem II given In Figure 2. It will be aeen that a modern . high-gain , end
tcw- nc tse dual-gete MOSFET type SF 900 II uled In the VHF slIge. II II pOlilble to still OF
hunt under high I lgnel level cond it ion l In th e direct vicin ity ollhe transmitter, because gate 2
01 the SF 900 cen be blued with the aid of an . xt re battery tc • 1.5 V. In addi tion to thl' . a
potentiometer of apprOKlmately !SOC Q II provided at the antenna Inpu t. whiCh ailo wl the
Inpu t signal 10 be attenuate<! unlll no desenl it lutlon OCcul'l. 01co urse, these two methodl
are only effect ive when Inductances LIto L 3 are screened 10 that the input transistor I' no t
br idged and when a VHF·Ught cu e is UN do
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A push·pull mixer and variable osclilator are accommodated in tha Integrated circui t SO 42 P.
These ci rcui ts are led with a stab il ized voltage via the Circui t comprising T 2. Tuning Is made
using a min iature variable capaci tor having 2 ~ 12 pF, 01 which only one set is used. A 3 : 1

redu ct ion Is prov ided on the variable capaci tor: II an addit ional reducUon 01 6 : 1 is used. this
will be l ina enough lor tun ing .

The 10.7 MHz IF-signal is preamp ill ied in the field-ell ect transistor T 3. matched to the crystal
l ilter by L 6 /l 7, and l inally l ed to the wideband ampli lie r TBA 400 via l8 I L 9. This tnree
stage ampli li er has a balanced input and output , 75 dB gain (measured at 36 MHz) and can
be contro lled by 60 dB at pin 6. Tha rectified voltage 01 the demodulator diod e 0 2 is l ed to
this pi n, as Is the s-meter ampUfler equipped with transistor T 4. The S·matar can be co rrect
ed using the trimmer potantlometer used as emitter resistor. A epectet teetuee 01 this receiver
is the potentiometer in parallel with the s-meter. This allows the required reading to be
adjusted accord ing to the distance to the tr.nsmitter .

The Inte gr.ted AF-ampl il ier type TBA 611 B l inally provides an audio power 01 1 W to a 8 Q

loudspe. ker. II a switch ing connec tor is used. it is possible l or . n earphone to be also
co nnec ted (not shown In the circuit diagram).

Accord ing to the operating peri od , either large or sm.1I batte ries can be used lor power
Supply, The author's prototype Is equipped with si ~ . baby~ cells having a nominal ....ol lage 01
9 v, and one ~mlgnon~ cell (1.5 V) lor the neg.ti....e gale bl.s vol tage 01 T 1.

2. SPECIAL COMPONENTS

T 1:
T 2, T 4:
T 3:

I 1:
12:
13:

01 :
02;

Crystal tuter:

L 1:

L 2:

L3:

BF 900 (TaX8slnstrumentsl
BC 108 (C) or BC 413 (C) or similar AF tr ansislor With high curren t gain

BF 245 C (TIl

SO 42 P (Slamans)
TBA 400 (Siemens)
TBA 611 (SGS)

C 7 V 2 zener diode
AA 118 or similar germanium diode

FILTECH : 6 dB bandw idth : 13 kHz.
80 dB bandwidth : 35 kHz
Ultimate selecti .... lty > 100 dB:
Insertion loss < 4 dB
Input and output Impedance : 2700 0
Dimensions: 20 mm x 12 mm )( 13 mm high

6 turn s 01 0.8 mm dla. sil....er· plaled wire wound on a 6 mm lormer,
sell- supporting , anlenna tap : 1 turn Irom the co ld end:
G t -ree: 0.75 turn s Irom the hot end

5.5 turns of 0.8 mm dia. sliver-plated copper wire wound on a 5 mm coli
lormer with VHF core. In screening case 12 mm x 12 mm )( 15 mm high

1 turn wound at the cold end 01L 2

Induct.nces L 4 to L 11 ere wound with slranded coli wire 01 10 x 0.05 mm In special coU
sets available lrom the publishers .
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L 4 18 turns
L 6. 18 turn.
L 8 20 turns

LtO.L 11:

L 12:

L13

L 5 10 tum. wound cete L ..
L 7: 20 turns wou,.,d on to L 6
L 9 2 turn. wound onto L 8

18turn.

3.5 tur n. 010_8 mm dil _snver·pllled wire on 5 mm lormer, VHF co re

2 turn. o t wIre wound on lh. cold erld 01L 12
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Memory keyer wit h lour Inde·
pendent memorl • • of 256 Bit
e.ch. Can be combined to
obtain • memory length of
1024 BII.

MEMORY KEYER
MK 1024

-• pu. hbultont lor Mlecl,on 01 memory In<! "I.t. '1'" Ind " 00
• SquI." m'lhQll 0' Mm,·aulomal,C
• Bu"l· ,n Otc,1I110fw'lh va..abl, 1" quI "Cy Ind volum,
• BUIll-in 10ud.PM_" I' w,lI II .OC.', fO' 1.1 .oel~"
• BUIIl-,n ",n.,,,or o. fllay '''',,'ch,ng
• 1.4...w" Ch'''9 1IO"o'e' T......,.to. mOde 1SO V I 2 A Rel.y moo, 700 V I 0 5 A
• Operalong VOllIge 220 ·240 vAC. 0' 8 ·14 V blnery
• D,men, "on, 140mm . 60 mm. 185 mm
• We.ghl 2,3'g

3. CONSTRUCTION

The Circuit can be co nSlfucted uSing
the PC-b oard shown in Figure 3, The
dimen sions 01 this single-coaled
boa rd are 150 ~ 50 mm The TBA 400
i. somewhal cri lical due 10 ils eno r
mous gam. and Ihu s liS tendency 10
osc.ueuen. II IS therelor e necessary
lor all ccneecuo es 10 be kepi as
sho rt as possible in ils vic ini ty. and
Ihe 10 nF capaCito r between con
necllon s 1 and 4 is IOldered directl y
across the Ie (TO 5 meter case) . As
much co ppe r surface as possible
should rema in on the PC-board as
gro und surface.

Potentiometer. P 1 and P 4 are
mo unted on the trent pane l at SUi t
able positi ons. Ihe anlenna Inpul IS
in the fo rm 01 a BNC connecto r lor
me HB 9 CV antenna . WhiCh can be
mounted on lOP 01 the case The
outer elements 01 the anlenna are
made Itom Ile!llble meta l striPS Irom
a metal tape measure . and have been
painted black 10 tha t other co mpe
titOrs cannot see to which dlrecllon
one II hunting . Ot course. lhere are
sul fici en t possibi li ties to e~ l end Ih,s
baSIC d8lugn to any further requi re
men ls .
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A MODERN RECEIVE CONVERTER FOR 2 m RECEIVERS
HAVING A LARGE DYNAMIC RANGE

AND LOW INTERMODULATION DISTORTIONS

Although Ir ansullor technology hal tcrcec 0 1,11 l ubes tt om receiver Clrcul ls , the large'llgnal
handling capabllill.' o l l ubel have 111 11 to be ob tainecl in prolenic ni i ~uipm.nt. although.
number 01 ci rcu It. hive been descr ibed that pone,•• l uHiclenlly hlgtl per1ormance. The
following article i' to descri be a recalver input ae<:hon (convert.r) thaI possesses very h igh
'arge-slgnal capabili ties. which is jU11 •• sui table for cer eeccucn of 2 m co nvefter. , or l or
construction of lingle-conversion superhet, lor 1." MHz or shortwave. II I, only nece•• ary
lor corresponding circ urta tc be added or deleted from Ihe SySfem bOard. A further I••lur. 01
th is inpu t ci rCUl i i, an eWeienl no iM blanker th.1 does no t dillort under l.rg. · . ig n. 1 ccn
dillonl . and ia ab le to supp rell pu lMotype inlerference, suc h es trom vehicles or radar.

1, GENERAL

Sens ilivity . large-signal hand ling capablli lles, and aelectivity are measures 01 the quality 0 1 I
receiver. Since mu ll i-pole crystal I lltera can .chi..... any requ ired aerectivi ty easily. an.nllon II
10 be pa id to lhe I lrst two characterilllCS . It hIS been lound Ihll 11 II especl. ll y d llUcull 10

develop Inpul c ircuilslhal are ,im ullaneousl y aen, il lve and have larg e-I lgna l capabili tiel. The
problems occur lng In th is respect and Ihe measuring melhOds were descr ibed In delail ln (1).

A new Iype 01 preamplllier with vary low noiae l igura (NFl was descr ibed In (2) that allowed
Ihe excenem Characterishcs 01 h lgh-eurrent SChonky diode milllra 10 be ulilized to th. lu ll In
a rece ive con....rter . In this case , illlhird order inlercept po int tIP), whiCh is used as meaaure
lor Ihe large-slgnal capabilities, was on ly decreased 10 lhe value 01 the preamplil lcat ion ,
since Ihe ml.er logether with III matChing Implil ler determines the overlll qua lity 0 1 the
Input c ircuit,

Al lirst, It may Hem poss ible to ach ieve an overall Improvement by only Increasing Ihe Inter
cept point Of the mlKer . It Is Irue thalectlye FET mill . ... are available wllh IP • 40 dBm, NF •
9 dB , Gp • 0 dB at PLO • 27 dBm (PLO • local oscillator power; Gp • power gain), hOW
ever , it Is virtually Impossible 10 ach ieve the wideblnd ohm ic term ination with an Inlerc.pt
po int 01 40 dBm , or eyen 30 dBm, when using a low-rea ct ive ampUlier with NF S 4 dB using
compo nents Ihat are now availabl. on the mlrkel.

The mal lmum Inlercepl point of lhe 50 0 ampU' lar obllinable with mOderlte melnl Is IP •
26 dBm. Thl ' means thai an overall IP 01 maKimum 32 dBm at Ihe miller Input II NF • 10 dB
Is possible when using a passive miller, which ellhl blll I , Ignal tOil 0' approximately 6 dB ,
When us ing lhe prevlousty menlioFled act ive mlll8l' , an OYtlraU IP 01 only 28 dBm wilh NF •
13 dB at Gp • 0 dB would be pou lble. The Inlercept point 01 the crystal liller has not been
taken Into cons ider. llon; unlortunately, th is IS not Inllnile, bul I, In the order 01 2510 30 dBm
according to the quality of the tnter. An Improv.menl over the Schonky miller wa, only
possible alter aptin lng Ihe miller output algnal Ullng power divldera 10 elghl l ubMquenl
amplif ier chains lollowed by power combiners which resu lted in an Increase 0 1 lhe IP 10

35 dBm. The <:osl 0 1 suCh • sy,lem I top ped further deve lopmentl In Ih ll d.,eclion .
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A low- noi se osclilato r Ilgnal II abso lutel y neceuery II the larg....lg nal capablllti.. provi ded
by the m ixer are to be uHd to the lu ll . Thi. can only be achieved by carel ul selection 01
I Ultabl e compon ents In the olcUlator and mult iplier cl rCUl tl, and il just as valid lor crySla'
con trol as it ia tcr a variable Olclllato r.
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Fig. 1: A Sctloltk'l' ml.., (conye rt", 0' Input clr<:utt with 1"11. dy". mlc ' . " 11 .

2. THE CIRCUIT

The ci rcui t 01 the receive conyetter il g iven in Figure 1 It II yery l imilar to th llt described In
(1) and (2) and posse.... the following lpecil icallonl :

Noise figure NF • 1.74 Q, 2,42 dB (IF-ampll l.er NF • 10 dB )
NF _ 1.68 Q, 2.27 dB (IF·ampli l,er NF . 6 dB )

Gain Gp • 20 dB

Third -order intercept poin!: With SRA-1 : IP • 1.75 dBm (measured: 0 dBm)
wilh SRA-1H: lP . 7.75 dBm

Input Impedance Rin : SO · 75 (1 (as allgnedl

Output Impedance Rout : SO (1

Image rejection (86-88 MHz) Gp (lim): - 90 dB I 1M Figu re 3

Osclllalor sideband noise: < - 160 dB/Hz at > 100 kHz , paCtng

Desensitization Pin max : - 12 dBm ,Q, 56 mY inlO SO g , see (4J
I ,e, 560 mY at 1M outpul 01 the converter'

Blanking luppreulon : 88 dB

Blanking speed : 25 n, With TIL-low-signa l
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"6 MHz: - , oe dBm Q 09 IoIV
58 MHz .. 90 dBm Q 7101V

116 MHz _ 72 dBm Q 5&IoIV

sa MHz 7'9dBm Q 25Io1V

ReqUired lP lOt IF·amphl.., 20 to JO dBm I

P~r r~,.n,.-nents . 15 V '.1 ....1 12 VI SUDd,Zed '10 mA
5 V. lI.blhz*C:l . 65 rnA

Dlmens,onstO mm . ' 52 . 77 x 4$

The 1ev.1 v"ues are g l...n ,n Itl. ' o rm 01. bloc k d,agram ,n Flogurl :2

- -- - - -- -~-- - 0-.. .~-:: .... .. -~:: ... u • ...... ."...
• ••• .. r- ..... ........ ... .... ..- • •• •••... ,...... 0' " ........ 0 " ... ......0'. ... ".u. ..., ....,

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

..... , r;;;;;'~ • 1 , .." . ,10 ••• ••• ' ' ' .

..... , _ - ...., ' " .._..-......._..- ...., . .... ,..-..- -_.._-..........._..._._._.....- _.- -1_...- ....._._ .....~_ . _ -.. -_ .._-_..
3. CIRC UIT DESCRIPTION

In lhe convoert... V'&l'Slon shOwn in '-'Gure t . lhe inpul SigNl il leel y,a 1M Mer F 1 I'IaYlng Gp
.. - 0 ,4$ dB . Th is is followecl by 1M two-stage prumplil .... ..... Ih Gp .. 21 dB and a nOl"
r'gu,. 01 1.3 ea . IS well ul,lter F 2 wlltl Gp • _ 2.3 ea . TM frequency response 01 the RF·
ci rCUi t up to tf1i1 point IS gt~ in Flgur. 3 .,th maXImum dnvtl. and. • 'th 20 dB~o.d

(upper cu.......).

The subsequent mixer . UI Ixh,b,tlhe lollo.,ng vllues.hen I SRA·IH 'I uMd

Gp .. - $.$ dB , NF .. 6 dB . IP .. 2fi dBm II In oscilillor pooNer PLO .. 17 dBm Q 50 mW. II
l he cheaper mixer SRA·' or IE·500 ia uMd inslead 01 the SAA·1 H. it II necessary 10 reduu
the osclllalor power PLO u.ing Ihe 11Iinualor compriling R " R 2. and R 3, Measuremenl.
have shown met an IP 01 apprOll imalely 20 dBm can ba achieved .lIh theM millers et PLO •
13 dBm ,Q, 20 mW. On Ihe ctner hand. n would be polSlble when u. ing the h igh ·power mlur
RAY 3 10 echieve In IP·value 01 approll imalely 29 dBm a' PLO .. 23 dBm Q, 200 mW Thi.
corresponds 10 an inpul lP In Ih. o rder 0 1 10 dBm. lIYen .tlhe ..me noiN Ilgura l

Th. m lur i. lollovoed by lhe d lpla_er F 3 th at ensur n • wldeo.nd 50 Q lermlO. ltOn. Th••
CIrc UlI ••• rKOmmended by OK 1 OF to (31 It providn a ben... ,,,mlnll lton l or the tmage Ira·
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quency flO + I.n • 116 MHz + 1« MHZ - 261 MHZ Ihen ....oul d be provided by Ihe l ub,e
event h igh-pOWer FET type P 8000 on .11 o....n. I mce the gete-source capacltence IS present
in perallel with lhe input impedence when used In e common gele CIrCUlI. The P 8000 II very
similar to type CP 643 described in (1) and il used In meny I tegel 01 th•• convener due 10 .t,
lavoreble cost. 11 the IF·trep compriSing L 4 , C 1 is construCled from conponent. Wllh co n
nec tion leads. it will block the required frequencies. but ....111 not .ullicienlly euow Ihe Image
Irequency of 261 MHz to pen due 10 the ina voidable serres induCl lvlly of the cepecuor• . ThiS
leads 10 an unfavorlble high . la nding-wave ratio 81 th is frequency and thus 10 a low overall
IP. A high winding c,plcUance of L 5 ....ould heve the same eu ect . Thls problem can be
solved by using e bypan capacilor wnnout ec nneeuee lead. lor C 1. The IwO t OO Q rellstor l
are soldered 10 the upper side with as shOrt COnnectlOnl es poSSIble: Ihe connection lengl h
0 1 l 4 is nOl cri tical.

The quali ty 01 dlplexer F 3 can be I88n In Ihe OSCillogram given m FlsJure 4 : The return los a
amounls 10 30 dB . which corresponds to a VSWR • 1.07.

FIlii. 3:
Frequ,ncy 'e"POO" 0' Ihe HF.,mpllll,r
Inc lud lnlil fIlte,. F 1 .nod f 2
H.: 20 MH, ld l, .• V.: 10 dBldl, .
upper curve wIth 20 dB o,erlo'd

f ilii. 4:
Inpul relu rn Ion 01 11'1 , dlpl.."
wllh lub..qu,nl P 1000
H.: SO MH" dl, .. V.: 10 dB/dl,.
uppe r eu..e : 0 dB line ill VIWR • III

The values lor l 4. l 5. end C 2 must be celculaled for lhe IF to be used. and I ccording 10
the value of lhe ceoecncr C 1 (I. rge .pread).

Ell.ample : IF • 29 MHz; C 1 _ 470 pF;

L ' •
1

~
- 64 nH

Wll h R 3 • 50 Q the following will be valid according to (3):

B • - 6,8 MHZ

ThIS resulll in :

u •
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Table 1 gi .." l he calculated component valu" lor lour dillerenl Intermediate l requenc.el .
together with ttle requ ired osci lletor frequency .

IF C 1 "' C2 l S C3 l . C , llO R' R S 'lO
(MHZ) (pF) (nH) (pF) litH) (pF) (II.H) (pF) (II.H) (0) (0) (MHz)

28·30 ' 70 54 26 1 2 10 3 .. 0,"1 390 se ... 2
' ''· 1'' .5 ' 70 275 '09 1.2 27 S .. del . 270 62 ... 2
10.7 ' 70 ' 70 ,.. '2 39 • ' 00 del. 270 62 66.65 II 61.65
9 ' 70 55S 266 '2 47 6 ' 50 del. 270 . 2 61.50 · 68,50

The co nve rted input lignarl are led via the edremely tinear mllching ampllf.er (1 5) and a
bu ller, wh ich i' "so equi pped wll h a P 8000 . The bu tle r Is provided to ensure that no leed·
baCk is made via the SWllching slopes via lhe interference channel receive r under nolle
blanking cond, t,onl,

Thi s is then loll owed by the noise bl anker I witc h com prisi ng , wi tching diodes 0 5 • 0 8 that
eKhibi lS e blanking 01 more than 80 dB wit hin 25 nl . The diode swi tch II co nl rolled by Ih a
swi tchi ng transislor T 1. which is In l urn conlrolled by a triggered Monol lop 1" LS 123. The
lull no i$8 blanker ci rcui t between the inlerlarence channel buller T " which il conMCled in
pere lle l to ttle malchln g amp li ller T 5, and the tr igger Circuit, wi t'l be deSCribed in delan in •
later pu blicat ion and will be a lurther develop ment 01 (5) .

The tw o matching ampli fiers with blanking swit ch ell hibl l Ihe lOllowing lpacUications:

Gp - 8.4 dB . NF - 3 .6 dB, Am - 50 0 , :t 0.5 %. Input IP _ 26 dB m. and output impedance

Aout - SOO.

In the oscillator circui t, a 58 MHz cryslal il ope rated at its thi rd overtone (Ieries resonance).
This is lollowed by II buller which Is in turn followed by a tow-nor.. freq uency doubler
equipped wilh Schottky diodel 0 1 and 0 2. The requ ired IlIlerlng II provided In the
bandpass l iUer F 4 belor e the 116 MHz lignal il ampli lled. This Is achieved in Ihe locsl
oscillalor ampli ller compriSing T 10 ami T 11, which 1, very similar to tha VHF·amphher cern
pr isin g T 1 and T 2, howellltr. Ih e 10w-nOIS. BFT 68 ha. been replaced by a BFR J.4 It in the
fira t atage , In additi on to this . the co llec to r curren ls are aligned for higher values . It mallimum
01 18 dBm - 63 mW are available at the cct cut 01 Ihe amplifier to leed Ihe mixer (R 1 _ O.

R 2 and A 3 - ""). This local osc illato r provides an extremely low -nolle olclliator signal wit h
a sideband noise 01Ie.. than - 160 dB/HZ al a spaci ng of more than 100 kHz Irom Iha carrier
Ir equency I

In order to determine the overall noise 01 Ihe converter, Ihe values of tha individual slagel
are inse rted Into the wall ·know n sum equation ;

Ftot - F, +
!L.:....!. + F~ - 1

G, G,x G, + G, G Gx , 10 n. l

The resu lt togelher with the nolM component, 01 the Indiv idual stag.. il given in Ihe block
diagram shown In Figure 2. where a rece iver having NF - 10 dB was a..umed a, IF ampllller,
The value, given In parenlhesi, are valid l or an IF ampUller with NF _ 6 ca. Thi l value can
be obl ained when the noi se blanker Iwltch Is followed by a cryl tal l lIter hiving a Gp _ - 3 dB
and an IF·amplll ier wllh NF _ 3 dB.
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The values given in the SQuare bracket s are valid when intermediate frequen cies 01 9 MHz.
10.7 MHz or 14 MHz are used wi th NF • 6 dB . The branking trans lormers have less overall
etteeuancn at these frequencies. L 10 can be deleted . and various Rand C values must be
changed (see Table 1).

II will be seen Irom the values given in Flgur. 2 tha i none 01 the amateur radio receivers at
present on the mark et pOssesses an inp ut IP tha t is able to ulil lze the large-lignal capabi lities
01 th is co nverter to the lu ll. This would only be po8Sible without limitation with a receiver
accordi ng to (1). For this reaso n, it is advisable lor the delcribed circuit to be used as Input
circuit l or a single-conversion supe rhet by connecti ng a low-noise variable oscillator to IIIter
F 4, The VFO must provide an output power 01 apprOll imately 1 mW (lor rne SRA·1H). When
an inte rmedia te Ir equency 01 9 MHz is used . it is necessary lor lilter F 4 to be recalcula ted for
a frequ ency of 136 MHz (4).

If, on the other hand , the ci rCUit Is to be used as RF-stages 01 a shortwave receiver, the pre 
ampli fi er can be deleted and bandpass I il ters lor the required reception range should be
inserted ins tead ot Iiller F 2. For shortwave reception using very short antennas , It may be
advisa ble to use a l ingle-stage pr eampli fier With approllimately Gp - 12 dB, which can be
switched in and out 01 circuit usin g two Reed relais.

The dipleller F 3 can be deleled In the shortwave mode . since the P 8000 matching ampfil ier
(T 5) provides a very good 50 0 termin atio n on Its own up to app rOllimately 80 MHz. il it is
ope rated with a drain current 01 30 mA,

In order to reduce the lower lim it frequency 01 the OSCilla tor ampli fie r, and the preampli ller, if
requ ired , it is necessary lor the emiller current chokes to be increased from I IIH to 100 IIH.
and the co upling capaci tors to 10 nF. tl two-hole co res Irom mater ial N 30 (Siemens B 62152
A a-x30) are used for the feedback coupling transfo rmers, the lower limi t Irequency will
amount to tess than 1 MHz, which should be sullicient lor any required oscilla tor and receive
frequencies,

1
"

r--------------~

"'.

'"

•

Fig. 5: ReCGmlMnded ' MHz IF·ampliller wllh ver lolll c:ryl ta l Ill"....
I ultable lor UI . wltllihe c:onvertar
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Finally, Flgu,.. 5 shows an eump'e 01 a 9 MHz IF-amphl.er in clud ing crystal lillert lor the
various modulation modes whi ch can be used in conjunction with the input circuit This
allows one to achieve the following at 9 MHz: Gp _ 27 dB and NF _ 6 dB . In the indicated
po sit ion , the crystal filTer XF·9 B is SWItChed Into ci rCUit wllh a bandw idth 01 2 .4 kHz , For
SWitching. two relals type RH·6 (Nahonal) are uled per ll iter . The energ iZing co ils are
connected In series The ,nd icated screening and decouphng method. shOuld be observed!

The th ree Input trans lormert Tr 1 to Tr 3 are used lor matching the cryslal I lller. to the 50 n
input: 500 0 lor crystal fil ter XF·98 and XF-9D, and to 1200 n for XF-9E. Attha output. It i l
on ly necessary lOT the imped ance 0 1 the XF-9E to be tran sformed down to the common valu e
0 1500 U (1r 4 ). after whIch a resonant cirCUIt With torOid COil transfo rms th iS to appro. lmate
Iy 2500 U tOT the dualilate MOSFET. r able 2 give, the lpecih catlons tor the torOid co res
when used In The CirCUITgiven in Figur e S'

T,

1
2
3
4,

Oia and Material Siemen s·No

R 6, 3 N 30 B 64290 · A 37· X 830
as Tr 1

as Tr 1 but
as Tr 1

R5.8.K1 B64290 -A38-X1

Turn.

4 «r

e ; 7

0,25 mm

0.25 mm

4. CONSTRUCTION

The converter can be accommodated on the dOUble-coated PC-board OJ 7 VY 002 with
through-contacts. The dimensions are 75 mm • 150 mm . In order to ease conllruction and
l ave room. Mert F 1 and F 2 (inductively coupled) Ir. mounted on the board, Due to the
smaller size In comparison to that desc ribed in (2), they possess I higher 1011 which in turn
causes a somewha t higher noise figure; on the other hand . it increases the IP-value . In Fig . 2.
the resu lts that would be obllined uling ..parate I lll ert as deSCribed in (2). are also gi ven ,
The image frequen cy reject ion is virtually the same. If a VHF·transmlller in the range 0 1 86 to
68 MHz is present With a signal strength 0 1 more than 90 dB ove r noise. it is possib le l or an
absorption Circuit similar to (2). Flgur. 8, to be used to increase the image frequency
rejection to over 120 dB I

After winding all inductances Ind Iranslorme,. according to the informallon given in (2). it is
possible 10 commence mounUng The components on the PC-board. IT is Important thll the
resistors 0 1 the 50 0 termination (2 • 100 0 ) in F 3 are toldered into place wit h me shortest
possible connections II th is dip!e.er 18 no l required. The resistors should be removed, L 5
replaced by a wIre bridge. and C 2 increased to 10 nF, When a noise blanker is nOI required.
II is pOSSible to delete T 4 WIth L 6 and C 3. and the 29 MHz output Ilgnal can be taken from
the coupling capaCitor between Tr 3 and T 6. In th is case. T 6 can be deleted together with all
subsequent circuitry. however, Tr 3 must be bridged using a 560 0 resistor.

It is important to provide a co nsequent RF.tlghl screening 0 1 the board ilsell. al well 8S
indIvidual screening Or the oscillato r. mlur and inpul amphfler. Since the Schotlky diodes in
the ml••r generate Irequency componenTs up 10 several GHz (1)when SWItching 50 mW oecu
lalor power , special allention must be paid that th is is nol radiaTed For th is reason , all von 
ages are fed in via feecJ through capacito rs. and s-hore temte chokes.
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Intermediate panell 01 30 mm In heigh t m i d i from 0.5 to 1 mm th lek bra.. or lin plata h l VI

been fo und sui ta ble. They t hould be IOld.~ inlo pilei I ' lha posItion, lndieeted In Ih.
componen t IocIhon plan. A 40 m+ high melal panel i ' IOldered inlO pilei .round the lidO_
0' tn. baird 10 tt...t the upper edO" of th. paM" Ir. of lhti urn. Might. On lhe Iowa' l id.
Or the be.rd, an .pproximllely 85 mm high L-thepeel ICrMning panel 'I provided along Ih.
Wide ground conducto r with . bend I' lh. COrM' in o rda r to u ti' lo r pin 7 o l lhe ring mix.r.
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II all upper and lower edges 01 the plates are nol 01 the same height alte r the soldering has
been compleled , Ihis can be obtai ned using a Ille or emery clo th.

II Is favorable when Ihe cenlral screening panels on the upper side are soldered into place
alter the lrimmer capaci tors and resisto rs. Al ter completing the board (CAUTION: R " R 2,
and A 3 should not be soldered into place until the align menl i. comple ted), Ihe side panel.
should be soldered into place al the edge of the board; do not l orget 10 drill the requi red
alig nmenl and power supply holes belo re mounling I Alter Ihi. , the screening panel on the
low er side of the board can be mounte d. More culouts must be provided in the screening
panel l or the lower side 01 the board at positions where conduc tor lanes are crcesec .
However, these should not be higher than 0.5 mm.

It Is nec essary ror tran.istors T 5 and T 6 to be cooled and this Is achieved using two
brackets made from copper or aluminium plate and screwing these 10 the transistors. This
can be seen in the photograph 01the aUlhor's prototype given in Flgur. S.

Tapped bUShings are soldered into place at the corners for mounting Ihe two covers. The
case can be made AF.tight by gluelng 0.1 mm thick copper loil into place, whic h is spring ·
loaded using 2 mm Ihick foam plastic. Alt er screwing mtc cteee. this ensures that the copper
foil is well grounded to all edges of the case.

..
I

Fig. • : A ph otogr . ph 01 11'1••ulhor'. p rololy~

4.1. Compon.nll

component values are valid for the 144/28 MHz version equipped With 58 MHzThe given
crystal.

T 1:
T 2:
T 3 · T 6:
T 7:

8FT 66 (SiemenS)
BFR 34 A (Siemens)
p 8000 (Texas Instruments)
2 N 2219 A (various manufacturers)

T 8. T 9 :
T10, Tt1;

P BOOO
BFA 34 A
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D " 0 2:
0 3 ·08:

Aing mix er :

Filler F 1:

HP 2800 or limllar $c hOllky diOde

1 N 4148 or similer ,ilicon , witching diOde

SRA-1H or SAA·l (MCl) or 1£-500

Trimmer :

t t :

56 pF transer trimmer with 2 p,nl

6 tu rns 01 1.2 mm d,a suver- plated coppe r wire, wound on. 9 mm former ,
10 mm long . betw een the I l.tor, 01 the trimmerl (sol der qUickly I)

Filter F 2:

Trimmer;

L 2, l 3 :

12 pF tronser trimmer With 2 pins

6 5 turn s 01 1.2 mm e.e. silver-pla ted co pper Wire, wound on a 8 mm larmer,
15 mm long , hot end soldered to the st. to r 01 the tr immer , lap 0.5 turns teem
the cold end ; l 2 wound cloc kwise, l 3 wound antlclockwise!

Filt er F 3:

L4

C 1;
C 2:

l 5:

L 6

L 7;
L 8:

2 lurns of 0.3 mm dia ename llecl copper wire in apecial coil set (64 nH) wUh
core (FI 05 I 7) but Without co re cap and screening cover

470 pF ceramic disk eececucr wlt houl leads
see text, orient. t,on value lor 29 MHz: 26 pF (standard value 27 pF)

see texl; orientel lon vetue lor 29 MHz: 1,2 I-IH, 10 turnl 010.3 mm dil
enamelled copp er wire wound in a single layer In specia l een ser With co re
Ind cap . but without screening cover

19 turns of 0.3 mm d,a, ename lled co pper wire, wou nd in two layers ,
In special coil set, WIthou t screening co ver

8 turns 010.3 mm (118 , enamened cop per WIre, lingle layer, Ol herwi.. a. l 6
2 turns 010.3 mm dla. enamelled co pper wire, otherwise as l6

Filter F 4 :

3 x 9 turns 01025 mm enamelled copper wire , wound together on toroid
co re R 5.8 K 1 (Slemen! B 64290 - A 56 - X01)

2 x 13 tum! 010.25 mm dia. enamelled copper wire, woun d looether on
10roid core as tor Tr 3

.s Tr 3

4 + 2 x 4 lurns 010,12 mm dia . enamelled copper wIre wound logether on
two -hole co re as Tr t : 4 lurns below. then 2 x 4 turns woun d logether on lop

as Tr 2

Tr 1;

L 10:

Tr 2:

Tr 3:

T, ,

Tr5,Tr6:

Tr 7:

Two ce ramic diSk capaci to rs each 012.2 pF and 8 2 pF

19: 6 Iurns 010,8 mm d" . sil ver-pla ted co pper Wire wound on • 7 mm tormer :
sell-suppOrting, soldered Into p lace In vertical pOslUon ; a coil lormer 015 mm
di., and 25 mm long With co re Ow 3,5 x 1301 FI 01 u 8 is placed Into Ihe cal l

0,47IloH; 16 turns 010.25 mm dia enamelled copper wire wound on a 100 kQ
resistor of 2.8 mm dla., coil length 3,5 mm

R • 1, m • 4; n • 11 turns 01 0.1 or 0.12 mm dia, enamelled copper wir e.
see Figure 6; R wound l irslly with the endl 10 Ihe left, l ollowed by m and n,
both with the ends to me right ; connec t one end 01m to the I ta rt 01 n.
Two-hole co re Siemens B 62152 - A 8 - X 17

A . 1. m . 3, n • 5 turns of 0.15 mm die . enam wire , Otherwise al Tr 1

Tr 8, Tr 9:
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2 lemle beadl

2 Ilx-hole core chokel (designaled al RFC In the circu.1diagram lor powe' l upply hne)

Other Chokes: Minialure le rrile choke, (Delavan)
SX1I'H.l.3.3Io1H,4X22I'H

Trimmer between T 8 and T 9: 2-12 pF plas hc tcntnmmee (yellow)

8 cera mic diSk cececucrs wIlhoul lead, . approx , 1 nF
t ceramic disk ceoecucr withoutleadl. 470 pF (C 1)
2 ' eed throu gh capacilors 011 nF,lor 10Ider mounling
3 tan tatum drop-type capacitor, to I'll / 16 V
All olher capacItor,: ceramIC dilk capacitor, for 2,5 or 5 mm spacmg

All re, islora: carbon. lor 10 mm I pacing
4 trlmme, potenllometers 1 kO lor venlcal mounting With spacing 5/2.5 mm
1 cryllal 58,000MHZ, HC-18/U cr HC-2S/U dlra<:lly soldered 10 the board wlth out aocket
1 tnmmee r" 'l lot 220 Q for vertical mounllng Wllh 5/2 .5 mm spac.ng

5. ALIGNMENT

The only eQulpmenl required lor alignmenl are a 29 MHz receiver and a mA-V-meter Wll h R i:;

100 kO In lhe 5 II range (20 kON). The operaling poinll 01 the preamplilier and cecmetor
am phller ar. I lrsl ly adJusled to the nominal values. The mA-metar i ' then conna<:led in series
with the collector line. CAUTION : TM adjullments alla<:1 another due 10 the lemperalure
leedback circuit ' The quiescenl current of Ihe matching "anllo rmer T 5 ,hould be adjusted
to 30 mA,

The oscillator I, now aligned to the reqUired level 0117 dam ,Q 50 mW ,Q 45 V (peak -to-peak)
in to 50 O. Thi' il made by ,oldering twc 100 0 reliltors wllh snort leadl to one end 01 a
short place o f 50 0 cable and connecting Iha vonmeter via a germani um poi nt-contact diode
(e,g. OA 182 or 1 N 21) with one con nec llon to the inn er conduclo r and the othe , 10 lhe
ground 'hleldlng 01 the cable in parallel with the termination. A capacitor of 10 nF should be
provided a, integratio n capaCitance lor Ihe recti l ier ci rCUI t. The other end 01 the cable Ihould
be conneCled wllh ahort leads (leu Ihan 2 mm length) inlo poIltion lnataad of R 3,

The oscmato r coupling tr immer 01 10 pF la I lrstly adjulted lor min imum cap3cllance , The
oscillator i' aligned with Ihe aid 01 indu Clance L 7 so Ihal a secura commencement of cseu
reuen I, guaranteed . (apptOx . 0.25 tuma of Ihe core Irom ma.imum). Induclance, L 8 and L. 9
are aligned lo r maximum voltage on lhe voltmeler. The couphng ttl mmer , hould now be
Increa' ed In capacitance until Iha maIer Indicat.. 2.15 II DC. Ind the detuned Circuil,hould
be realig ned with the ai d 01 Inductance L. 7.

The cable ,hould now be removed Iro m the OOerd and resiltor, R 1. R 2 and R 3 loldered
Into plac e. The conducto r lane from pin 1 01 the mixer 10 Ihe viCinity 01 R 3 shou ld be
removed . alnce it'l on ly requ ired when Uling a $RA-1H. Il lhe SR"-1H ia lo be used, a coupl
ing capaci to r 01 22 pF should be in'tallad 10 thl l It la conna<:l ed to pin 1 of Ihe ml.er wilh
tI':e aid 01 tM direct "ripUne (shown II , da,hed line In lhe componenl loc al ion plan ). In th il
case , the line to Al l A 2 ,hould be cut. The 4,7 pF capacitor 10 the buller lor Irlnlverte,
operation 'hOuld be soldered dlta<:lly to pIn 1 of Ihe ml.er on th. Iaw.r , Ide 01 Ihe board ,
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II the vol tlg. at t~ olCiUator output 01 the mi.er i, menured with the l id Of I RF probe . it
will be Jess thin previously measured due to the lim illng eNect 0' the diOdes. How.....r, ,ince
it is the switc hing currenl lhat i, required lor the large-. ign.l charaClenIUc•• thl ' measure 
ment is not importan t I

After compleli~ Ihe alignmenl 01 the oscillalor. Ihe input 01 the converter I' connecled to an
antennl and a conllan i 2 m signal. e,g, Irom I beacon lrlnl miller. II tuned In on the lub
sequent 10 m receiver, FlIle,. F 1 I nd F 2. as well IS L • and L 5 In Illter F 3 are now aligned
lor mulmum fi.ld strength. A transformation 01 the preamplifi er input impedance 10 rne
impedance ol lhe teeeer cable can also be carried out when aUgning F 1. The lIanding wave
rali o (VSWRI Should reach a min imum al thi . point Iince a power malchlng Is used wllh Ihis
type 01 preamplif ier. In Ihe case 01a 50 0 leeder. bolh trimmers should neve Ih. same capa ·
crtence. whereas wll h 60 or 15 0 cabl.. the Inlennl trimmer will hi ve .llghtly lell
ceceeneece. Thi, Is only valid. 01 course . when the anlenna il perfectly malched 10 the
leeder cable. e.g. wil h VSWR • 1-

Indu ctance L 6 I. aligned together wilh the noi.. bl.nking enecn. The noi.. blInking , wllch
is working correctly when a 80 dB 2 m-Ilgnal disappears on groun ding Ihe Irlgger input.

Finally. Figure ' shows how a transmit mhl.er een be connec ted to the olcllla tor outpul ol lhe
described recel.... converter.

H
.1SV

1n
1n

11b MH z H- TX mixer
P8000 . l. (SO [2 coaJl

Y or I tr lp line)

122,!,! " { 10;1
t tc z m OJ 1 VY
50 0 coax

HI-r---riT~
~" ,
1pH I

',"

8. REFERENCES

(1) M. Martin: Empllnger·Elngangsleil mit groBem Dynl mikbereiCh
CO-OL 1975. Edil ion 6 (Jun.,. pages m · 336

(2) M. Martin: A new type 01 preamplif ier lor 145 MHz and (J2 MHz recel....rs
VHF COMMUNICATIONS 10. Edition 1/1918. plges 30 - 36

(3) J. 1(8ltler : Mltchln g CirculI. lor SChOt1ky Ring Miu r.
VHF COMMUNICATIONS 8. Edition 1/1976. plge. 13 - 18

(4) M. Mart in: Rluschanner UKW-Qszillalor lur ein Empllnger-Elngangstell
mit groBem Oynlmlkbere ich
CO-OL 19n. Edit ion 10 (OClober). pagel 361 · 389

(5) M, Martin : Ole SI6raull astung
CO-OL 1973. Edition 11 (November). pagel 658·663

A VHF COMMUNICATIONS 4/ 1978 - 229 -



MORE DETAILS ON RECEPTION OF THE EUROPEAN
WEATHER SATELLITE . METEOSAT«

Due 10 the greal inlerell In this satelli te, mo re delalls are to be given reglrd,ng the Irans
mit led images and eoou t the levels 01 proc...lng thele image• . a . aie in formatio n was give n
in (1) and (2) In the laal edit ion 01 VHF COMMUNICATIONS. As was mentlo n",d In (11. the
METE OSAT weather sate lli le is located above the tntereectrcn 01 the zero merid ian and the
&Quator 81 • he ight 01 approximately 36.000 km. II. Image processing system I lwly. IHt lhe
same ••eucn 01 approximately 33% 0' the total l urface 01 the earth ., can be seen In Fig. 1•
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This so -called raw Imaoe originate. I rom a rad iomeler, a .ystem thai cannot realty be cl aued
as a camera. It is more like a mirror· lelescope that . can. the earth over a per iod 01 25
e unute• . A mir ror system distt ibul n Ihe received rad iation inlO Ihree specual range. end
re/lects t hese 10 Ihree detect ors Ot ..nsor s. One 01 the.. IS senSItive 10 (vjaible ) Ughl (!lOO 

1000 nm ), all8COnd 10 Inl rared rad iai ion 8110500 -12500 nm (heat rad iation ). and Inethird 10
Inlrared radial lon al 5700 to 7100 nm (hydrogen ablorplion band).

The signal lrom tne selected detec lor is ampli fied. M ered . ana log·d lgltall y convert ed and
slored . Sines the eart h only covers an angle 01 18· at a dIstan ce 01 36.000 km. the stored
image will conlain 19 part s spac e 10 one part 01 the earth I Urlace, For thil reason. the lecto r
01 interest Is electronically ellpanded by 20 l imes 10 that a conllnuoui transmISSion 01 digItal
image signals 01 th e earth is made to Ihe groun d I taiion .

HIGH-RESOLUTION DIGITAL TRAN SMISSION AND PROCESSING OF THE RAW IMAGE

The main ground stanon 01 the METEOSAT satel llle II located sou theas l 01 Frank.furt in Well
Germany. The receIVed raw imaga is ttansmlUed by a cable 10 the Opera llonl Cen ler o f the
European Space Agency in Darmstadt (ESOC). The Images are Ihen led 10 one 01 the largesl
dale proce.ing aysteml in Europe , whe re they are geomel ricall y cc rrectec . calibra ted and
evaluated . In order to oblain an idea 01 Ihe ell len i 01 Ihi s lalk, one I hould know Ihal
METEOSAT supplies one image every hall hour in the villble and inlrared range (water vapor
images Ie. 'r$;luenlly). The Images in the viSIble lpecl ral range co nlill 01 5000 lines 01 5000
points per l ine. in other words of 25 mill io n image poin". EaCh image point has one 01 &4
possible brightness slep s. The In l rared images are lormed of 2500 Unel 01 2500 video poin"
each , whereas the Inl ensity Iniormallon 01 eech po lnl Is coded inlo 256 sl eps. The wal er·
vapor images, " naUy, co nsist o f 6 25 mil li on po inls a. the inlrar ed Imag... bUI eaCh POIOI i l
_only.. coded in 64 lIeps.

It Shou ld be mentioned al th l, po inl , Ihat the previously ment ioned numbe r 01 im.ge poinl.
wou ld allow a theoretical reso lution 01 2,5 km in Ihe vil ib le range. and 5 km in Ihe inl tared
range. These optimum values are valid lor the area d irectly belo w the satanita (GUll 01
Guinea).

METEOSAT AS TRANSPONDER

The raw imaget are prOCftMd and evaluated in a number 01 WI YS In the Darmstadt dati pro.
cessing syslem to make them mor e sUlla bla tor weath er research and lorcast ing. METEOSAT
is also used as transponder (relay transmitter) lor dl,lribuUo" 01 , elacled image, to meteor o
logical centers, research Inst itutel, and other lnterelled part ie' Ihroughoul Europe . Thel e
selected Im~ are transm illed to the satellite Irom the ground , talion near Darm,tadt Ind
relransmitted from the ..teUite 81 lrequencies of 1691.00 MHl and 1694 50 MHz. II il Ihe..
transmiss ions thlt Ire 01 Inter..t to rad io amateurl and amateur weather obse rvator ies

DISSEMINATION - DIVISION OF THE RAW IMAGE

The imag.. ttt.at can be received el Ihe two gIven Irequencies. are tegments 01 the onglOal
image in the so-called APT lormat. The processed raw image is sphl i"to 24 equere Image' at
Ihe ESOC in Darm stadt in the case of images In Iha vllible range, or Into 9 sectors in Ihe
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case 01 Infrared image,. Figur . 2 , how' tne imagel&gmenl, for imag.. In the visi ble spec tral
rang e. and Figur. 3 the farger area s lor inl rared imlges.

FIfI· 2:
1"'111. ' . I1"" nls In
Ih. vl, lbl, ".

Fill· , ;
'''''II. ' -e",.nt, 10'
IR-I"'I II"

Each 01 these sectcre I. provided w llh a data 1m. giving date . lime (GMT). type 01 Imag.
(v isib le • VIS, infrared . fRIo image segment (e.g. CO 3 • tenlrl l and Ea, lern Europe). as
well IS cOded Inl ormallon wi th reecect to Image Quality . When required , Ihe compu'er syslem
Will also provide coord,nale lines w l'h a spacing 01 10" and / or con'ours 01 contlnenlS or
countries ,

These imagetl are now transmilled on th. two Irequenc ies 01 1691.0 MHz and 1694.5 MHz
accord ing 10 a Changing l ime plan . Normally. only IA -Im.ges (0 and E) .re Ir.nsmilled durIng
Ihe night, images in the visible renge (VIS) Ite added 10 lhem In the morning and . ven lng
hours (especially segments CO2 and COO Iha' are Importanl lor Eur ope ). whereas during the
day li me mainly VIS-images (C) are Iransm illed.

WHAT IS APT ?

APT s'ands lor Aut omahc Picture Transm iSSIon and " a wor'd -wlde Image ,ransml SSlon
eyetem used for op llcaflmechanica l Image product ion. In ctner words IS used wi th a relal lvely
slow Iransmission speed . In princ iple. It Is Similar '0 slo w-scan TV al used by rad io amaleutl.
Hcwever, Ihe METEO$A T Images I r. ,rl nsmi lled With a higher r. so lution - both wllh respect
to Ihe number 01 Image poinis. and 10 Ihe number 01 grey steps . The APT-Iormal used lor
transm ission 01 METEOSAT ,mag.. II sho wn In Flgur. " The glv.n time. co rrespond 10 a
speed o f 240 tines per minute. w llh 840 Image po inle per Un. (40 wh ll . points, and 800 UMble
Image po inl. ). A lotll 01 3 minutes and 33 second. are required per Image Inctudlnlt' the
300 Hz commencement lone . 5 , 01whit. and 450 Hz completion to"e, The transmission tim e
plan provides a pause 01 27 1eC0" dS between each imag• . whi ch mean. that I r\8W Image is
I ransm ltt ed every .. minute• .
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TECHNICAL REQUIREMENTS FOR RECEPTION OF M£TEOSAr IMAGES

A professiona l rece ive I tatio n lor Itle METEOSAT transpo nder Irequencies 1691.0 and 1694 5
MHz is shown in form 01 • block di.gram In flgura 5 EitMr ph.sed array an1enn•• with .
side length 01 1 m Jl 1 m (Rohde & Schwarz) or parabohc dlshe. 01 2 to 2,5 m diameler are
used . Th is I. fo llowed by • low -noise preamplifier equipped with severar bipo lar or OaA. ·FET
I lages. a frequency coovertee 10 137.5 MHz. FM rece iver wllh subsequent AM demodulator
and low pa' ililler, and f inally an image eeccreer. The moallmportanl speciflcallona are g iven
in this block diagram.

F.e.lmll. v_ LOwpeu 1111"
HEU TM835,

GM I - 2e . 30 dB, MUIRHEAD 200 'II .. leclO Hz
PoI.HNlIon : lI"..r

~leoo Hz

1881,0

~,fiel' 1"",$ Con_ w,th 131.$ "00 "'.......1883 :t $ 101Hz ."' BP h11« ancI • f M·_

Nf ~ U dB Inen...101' Nf $ 12 dB
O &30d8 Nf :lil0dB B _ 25-,30kHz
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Fig. • + 7: We. the, plc;tur.. l .ken over Eu,ope on the 5.•.7& . 114.30 GMT

Such a system will not be real ized with amateur means . mainly due to two reasons: A multi 
stage. low-noise preamplifIer and matching Image recorder are most certainly out of the
price-range 01 most amateurs. and are virtually unavailable on the surplus market. However ,
experience has Shown that it Is possible to receive METEOSAT images using a simple r
system. For Instance, the photographs given in Flgur• • 6 and 7 were received by Manlred
Fullerer, DC 6 FM, in Bochum, West Germany, using a 2 m parab olic antenna Without pre 
amplifier, and a converter as described In (6) .

DemodulatIon of METEOSAT' a FM/A M SIg nal

The carrier frequency 01 1691 .0 or 1694 ,5 MHz are Irequency-modulated with a sub-carrier 01
2400 Hz. The maximum frequency deviati on is 9 kHz, which means that a tran smission band 
width of a maximum 01 26 kHz is requ ired . This means thet • (crystal) utter Is requ ired in the
IF ampli lier that eXhibits a 3 dB bandwidth 0 1 26 kHz, II a filler having a lower bandw idth is
used , modulation distortion will occur In the same manner as encountered during FM
operation. If, on the other hand , a I llter haVing too large a bandw idth Is used . thi s will
deteriorate the signal-to-noi se rene. There are a number 01 surplus lillers on the market
whi ch were used lor the old FM channel spacing of 50 kHz. These exhib it a bandwid th 01
approx imately 30 kHz,

In the FM mode , the AF signal- to- noise ratio will increase more QuiCkly Ihan the AF slgnal-to
noi$8 ratio on increasing the signal IS soon IS the threshold . whi ch il dependent on the
modulation Index. II exceeded . This is dellgnated as demodulation gain . When used In con 
junction wit h the transmit characteristics of METEOSAT; this means that at • AF signaHo
nctee-reuc . measured between the lilter and the demodulator In the IF-ampl il i. r, 01 15 dB. a
demodulation gain Of approx imately 20 dB will be added . Thil meanl that the audi o tre
quency video slgnel would have a lignal-to-noi$8 ratio of 'approximately 35 dB.
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The 2400 Hz carrie r recova~ allar FM damoduialt on . i. amplilud"modulal.c! wIth the vid-e
lignal. The max imum degree 01 modulation amount. to 80 %. wh iCh repre..nt. the whIte
level ; zer o percent modulat ion correspond to black level , Frequenci.. 01 0 to 1600 Hz ar.
prnent in thI AF-vkjeo lignal ,

In Ofder 10 1Ch~ the Itgnal·to-nCIl" rat io mef1t1oned. II .. nK....ry lor the wtOeO band·
wKiltl to be hml ted to t 600 Hz u..ng a Iowpa.. lilter. Such a towpall ' lit er I' alrNdy gIven In

the blOCk d~ram.

Final ly, 10 clOle thi, secttOn a practIca l measured value M Funarer. DC IS FM. wu able 10
obtain an IF SignaHo-notM ral lO 01 17 dB when ~ng a 2 m ~rabohc d l. h and a converter
as described In (1) and 161 With NF • 9 S dB , Th " ,""Ited In no l...l r.. wnagn

Am at aur Ree.ptlon or METEOSAT Imagea

Neaf1y no i...free signall were recei....cl in July 1978 by lhe author u..ng a Iystem. whiCh II
probably the minimum possIble (Figu ra ' 1 A paraboli c d llh ol only 1,2 m dll meter wal
eQuipped wilh a lubular radia lor .. descr ibed In (S). recal cul ated lor 1693 MHz. Ind the
received I lgnar was fed to an Inte rd igltal converter {FIgure II The converted I lgnal WIS then
fed to a horne-made FM-rllCelvar . The most Importa nt charaClerl.IIC' are g iven in Figure 10

However, the most decl si 'ltl contflbu tlon 10 amaleur reception coma Irom Or. K. aauer 01
Sluttgart Un r.oerwlty , Insl ltute 01 Physlca' Electron ics: Repla cement ot the video recorder by
an electronic reproduct ion I yllem lor ..telhte image. whi ch can be con.l ruc ted by rad IO
amateurl .
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This Unit can be SWItched to va,lous standards, and Is equipped wIth error detect ion and
correction circui ts . Since not all 01 th iS Is required by ,adio amateurs for METEOSAT
recept ion, a simpli fied version is 10 be dtwe1oped , which will be de. crlbftd in VHF
COMMUNICATIONS at a 18'er dale . For this reason, the l allowlng descr iption II lim ited to the
block diagram and. ahol1 description by Dr. Bauer,

AN ELECTRONIC DISPLAY SYSTEM FOR SATELLITE IMAGES

The di splay sYStem, who.. block diagram's gi ven in Figure 11. II l uil able lor all video
signals o perating according to the APT·system , This means that It Is sui tabl e lor all weather
sate llite transmissions such as in the NOAA and METEOSAT programmal. Tha Images are
produced In I1t8I lime - e.g, Within 3,6 minute. In the case 01METEOSAT - and are written on
the screen 01a 31 em TV·tube. In order to 1I0re the image, I camera is mounted on a tube in
front 01 (he screen 'so that ambient light Is nOl present, and the Image photographed in a
" ml lar manner to osc illolCope Iraces. The camera I huller remaina open lor the whole per iod
01 3.6 minutes, The use 01 pOlaroid camer al II very advantageoul. Iince the imaQ8 Is Imme
di ately ava ilable; for higher-quality images, 35 mm camera. or similar can be uNd,
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Shul ler
colltrot

The .ueho-frequency vIdeO 'lI~n.1 and lhe syl"lChroOlzmg Slgnall .r. modu lated on • 24kHz
subc8H1er In the APT-system. Oemodl,llahon II mad. uSIng. PLL circu,1whi Ch ••mull,neous·
Iy O8ner. '.. the lundamental lrequttrlcY I. lor phase-locked friOO. flng 01 lhe electronic beam
wil h Ihe synchronizing s,onall .

The video lignal II led 10 the ca thode 01 the TV· tube where u modulates the ampli tude 01 the

erecrrcn beam, • .g brigh tness. The pul.. prOCM.Sing and IriOO" circuit teed the deflection
SYllem lor horizon tal and vertlca, delteclion. and allO supply Ih. I l . rt and alop pul... lor
'Cluat lng thllihuna, 01 the c.mera. An audIble ligna' ia .C1u.tecl .1 the end of the im. ge . In
the cllle 01 molonzed camer••. II •• poNlbla lor lhe , ,1m 10 be tr.nsported aut omatIca lly. The
complete video display is abOut the l izi of • ..".U portable TV·receiWr 01 32 em • 32 em •
32 em and can be ()perI.led Irom 12 VDC. or 220 VAC.
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Flvur., 12 .nd 13 'f, two •••mp'" 01 ttl. Quality of the METEOSAT Imag.. lhat c.n btl
phOlograptled U,tog ttll' ,yst.m , FlgUf. 12 wn lak.n wlltl a pol,fOld cam.f'. whe,", lor
FlgUf. 13. pIal. cam.ra wa. used The t.,t patt.rn which wal also laken ...iathe METEOSAT
Nt.lllt. , lhows a few Ima ll geom.lnc 'HOrs, that ar. caused by ttl. curvatur. 01 the PICtUf.
tube,

• • • III1II1111 111111111

.\1 1111

" • . 13:(SAI.at~_

'~IfI.~'"of .... ,.......,......

RECEIVIN G TRAN SMISSION S FROM THE: NEIGHBOURIN G GEOSTATIO NARY SAT£LLITES

As wa, shown III FlOu,.. 1 of ITI. netghbouflng "'ellit.. 01 the ..me..,1eI ar. to be found
T(1' welt &nd 10" ...t 01 METEOSAT (at preHnt bottl American ..t.lllt ..). M. Fun.r.r,
DCeI'M. C&lculal~ that If th. grOYnd lIalion hal a gOOd cl.ar location , Nt.llitn With a
ly nchronlZed orb ll Will be ...ili bl. I I 1 1$· from that geographical lcallon. This me.ns that
geostationary ..1. llIt. a up 10 68· .......t and 82" ..,t will be ...ilibl. Irom Bochum 11" .ut).
which h., been prO"'ed in practlc" or in th. case 01a line Auglburg-N(;rnberg (11· ",t) from
&4. wel t to 86" ..,t. Accordmg to th. geogr.phlcal poI,Uon. and . ...et pOIiUon 01 Ihe
..tellite . it anould always be posslbl. to 'K.i.... at Ieall one ol lha n.ighbouring ..1. tUl... UK
ground . tations shOuld be abl. to recel .... both ttle GOES-SMC .."llIte at 1(J' Wand Ihe
American Nteilite ,t position Try' .nt m .ddition to METEOSAT.

II should be menllonad thll th. American GOES ..,.Ilit.. do not UN the MCOnd treq u. ncy
1$94 ,5 MHz. but use 169T.0 MHZ...c luli wely lor t,ansponder oper.tlon,
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EUVATION AND AZIMUTH POSITION OF THE ANTENNA

A method of calculating thl' was given In (2). After publishing this intormahon . DC 6 FM pro
vided the authOr with relerence (8) ....hich conllined a d.agram lor th.s It tS " mple to use and
is to be explained WIth the aId 01 an example.

e-
10 )j ..0 se 60 JO ec

lot1gltudt dtgrH S fro fll subso l tl(, lt DOll'll _ ._

40

e
~
• •••,
3
•
~10

~
~

"
Sub • ~.:L""~.L:;"">;i,",J.:~:"'''''~i;-J.:::'''~''''''''i:i,",-''';;F:...L';;f'C
, of t il It t
peonl

10

r..~e

FIgur e 1" can be used lor any geol lationary satelli te. However, It 1&very .a.y to use in con 
junc tio n with METEOSAT, lince the sub·satelhte point a. origin 01 the coo rdinale. co rres
ponds to zero deg rees 01 longitude, and lahlude II Is only necessary to go to the righ t by l hll
amount 0 1 long itude o f the antenna location, and to go up to the vatue 01 latitUde : the
azimuth and elevation angl es cor'llSponding to th is point can be read all directly. As an
8llample , let us selec t the antenna coordinates 10 f METEOSAT reception in Augsburg /West
Germany, Augsburg is approximately 11" easland 48.4· north, It is therel ote necesssary lor us
to go 11° to the right in Figure 14, and then appr oll imatety 48" upwards This point is marked
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m the dlagr.", and' ptOVtOe$ us wIth the follOWing angl.. lOt the an'~nI EIev.,1Otl angl. ..
34 ", az imuth angle .. IS" This means th.t 1M ant~n. must be POinted to • poin t in the sky
apptOxlmately 34°~t the hotl Zon and' 15" to lhe west o l iNe south.

.... an .umple 'Ot Sl.lion. located 10 lhe ......t 01 Ihe Greenwich m. nd lan. I.t us det.tmm.
tne valu. s lOt Livetpool. England. Coo rdmat81 lor Liverpool : 53° 20,$' N and T 52.8 ' W.
When entered Inlo the d iagram (Flgur. 14). Ihi, r..uU. In Ih. value.:

Q ... 4' to the easl

t .. 29' .1 ....."on

Sta llon. located south 01 th. equator IhOYld 101" the diagram .ccordlngly

PHOTOGRAPHS:

Fig_1.
Fig 6 • 7 '
Fig 8 .
Fig. 12 + 13
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A 1268 MHz-LOCAL OSCILLATOR MODULE FOR DF8QK-001

by U. Beckmann, OF • OK

This loc al oscillato r module lor 1268 MHz was mentio ned briefly in eeeren 2/ 1978 of VHF
COMMUNICATIONS, and i. now to be describe<! in mora detail com pl.'. Wl lh PC·board and
alignment details, Sinea modIfica tions have been made to the de.lgn In the ar•• of T 5 and
inductances L 8 and L 9, the modilled circu.1 d••gram, and inductance ....lues It. 10 be given
once aoain.

1. CIRCUIT DESCRIPTION

The ci rcuit 01 the l irsl lour $Ilges is very ,Imllar 10 that 01 module OJ 4 LB 003, The cryltal
oscilla to r frequency 01 70.444 MHz will hive been multiplied ,I. l ime. up to this point. as can
be seen in Figura 1, The main feature 01 the ducribed cncuu II the trlpler circuit using.
transislo r (T 5). The elliciency 01 thiS cirCUlI. which 's eqUiPped With. BFR 34 A, IScon,ider-
ably higher than hen using a tripler eQuipped ..... Ith a varactor dlOCle Th. malching at
422 MHz is made Ith the aid 01 a Pi· l lll . r comprl,ing inductance l 6, so that transistor T 5
can be driven In the most lavor abl. manner .....Ith the 25 mW that i. I vailible. An outpu t po ..... . r
of approKimately 15 to 20 mW is availabl e at 1268 MHz at the output 01 the t.....o·.tlg. iJ4
bandpassliller.

..

Components C e, l 8, and C 9 ar. used to match the collector 01 T 5 to the bandpass Iliter,
Since Irequencies 01 422 MHz and 8« MHz Ira pr••en t It tha collector in addition to tna
required Irequency, It i, necessary lor a t.rminatlon 10 be provided lor these il mUimum
eff ic iency i, 10 be obtainad , An Idl er circuit compri.ing Inducta nce l 7 and trimmer Capacitor
C 7 I' provided lor 8« MHz; l or 422 MHz, no idla r circuit i. provided 10 that the alig nm.nt
does not beeome too critical. However, the inductanc. 01 the ccnectcr cho ke en 7 is .ulll·
clently 10..... to ensure th at the 422 MHz frequency I. prlctlcally , hort·circuited.
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A clean output lignal il e..lremely impo r1ln t when a hybr id r ing ml..er II to be used, For thil
' eason, the b4lndpall M er II bu ll! up coa..lally using PC-board material on the ground (com·
ponent) ,ide ot tha PC·board The output POW8l' can be matched to the ml..er by IUgnln'" the
Input tr immer 0 1 T 4 , and by varying the spicing of the output coupli ng lin k,

2. CONSTRUCTION

The local oscil lator module '1 accommod ated on a doubl. coated PC·board Of 170 mm ..
50 mm. The components a,e mounted on the ground side 01 the eeeee. The posit ion 01 the
bandpass fme, box on the PC-bolrd II shown in the component locatio n plln, gl....n In Flg .2 ,
ThiS box cen be made from PC-board material or trom metal pille. III height Imoun" to
appro ximately 20 mm . The wire of L 8 II direct ly soldered to the coating 01 the I pindle
trimmers C 8 and C " The photograph gIVen in Figure 3 shOWI lur1her detlil l reglrd ing the
construc tion. The lour compo nents Indicated with I stir in the ci rCUit d i10ram that Ire in the
vicinity oltran,lltorl T 5, and T 5 itsall are soldered Into place on the conducto r side 01 the
board. Attention must be paid during th is that the Imall 1 pF capa cit or at the base 01 T 5 is
kept as encn as possible. The connection tor the amittar 01 tran sistor T 5 is mada using an
approKlmately 2 mm wide copper foil Itrlp. Choke Ch 7 II by·passed Ul lng a dilk capa cit or
(ch ip) without leadl . The ground l urlace around the hole lor trimmer C 8 II removad lor
approxlmataly 1 mm 10 that no Ihor1-clrcu lt occurs. All grounded componen" are IOldered
to the top and bottom of the bolrd.

Alter mounting the components. the PC-board shou ld be provided With apprOKlml taly 40 mrn
high I creenlng ~nell m.de from PC-board materia l or metal prlte,

Fli. 2: Compon.... t loullon . on PC-bol.d 01' I QK 002
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2.1. Component O.taUI

Silver-plaled copper wire 01 1 mm diameter II ule<llor ttle inductancea L 1 to L 7.

L 1:
l2, L 3:

L 4. L 5:

L 6:
L 7:

l8:
19. L 10:

Ch1·Ch4.
Ch5:
ChG:
Ch 7:

c,
C 1 • C 7:
c s-c 11:

4.75 turns wound on 8 6 mm eontermer with core (red)
1.75 turns wound on a 5 mm lormer, &eU·lupportlng .
spaced 2 10 3 mm I,om the board

1.75 mm luma wound on a 4 mm former. ..If·lupporting . apacad 1 10 2 mm
Tap on L 5: 0,5 to 0,75Iu'nl Irom tha Cold end .

As L 4. sell-supporting. Ipaced 2 mm from ttle board
25 mm long , shaped U Ihown in the co mponenl plan . spaced 1 to 2 mm
l rom the board

17 mm long , Irom 2 mm die , silver-pleled copper wire
32 mm long , Irom 2 mm dia , silver-plaled copper wire

45 turns through lenite bead
6-hole 1C0re, terrlla choka (Philips)
3 turns 01 enamelled copper wire wound on I 3 mm lormer, self -support ing
2 turn. 01 a 0,5 mm dla IUver-plated copper wire, wound on a 4 mm lormer,
aelf-Iupportlng . mounted on the conductor side ol l he board

Series resonant crySl al, 3rd o~ertone. HC HI or HC 25, 70.444 MHz

Plasli c foil trimmer. 7 mm dia., 22 pF (green), 12 pF (yellow). 6 pF (grey)
Ceramic miniature spindle tr immer 01 3 pI'

3. ALIGNMENT

No further details need to be given lor the alignment ol llagel T I to T 4, Tha amllter trimmer
of T 4 should be placed in its IUlly ant i-clockwise poSition , C 5 18t to hall capaci tance. and
C 6 and C 7 set to approximalely 1/4 , C 8 to 2/3 , and Mally C 9 virtually at l ull capacitance.

An absorption wevemeter IS now placed tme lhe box 01 the bandpa.s I lller and tuned 10 the
requ i,ed frequency 01 1268 MHz. Trimmers C 7 to C 10 I hould then be aligned 10 maximum.
The output frequency of 1268 MHz I hould be availab le II the eutput alter l ligning C 11. In
order to achllV$ max imum Oul pul power . It will be neeesury 10 align tr lmmera C 51 0 C 11
severl l tlmn,

Frequency Paul Pin Cunent drain Ounen.lonl
al 13.8 V in mm

130x 58 x 200
130 x sax200

lO A

8A
145 MHz SOW lOW
432MHz 40 W l OW

HIgh -qu ality tran i litor IIn. ar ampll /l.r. lor 2 m + 70 cm
Optimized RF-vox Ind bll. circuits Iwitchable

l or sse and FM/CW .

UKW·TECHNIK / UKW·8ERICHTE • Hanl DOHLUS oHG ' 0 -8523 B A I E A 5 0 0 A F •
pOlnaen 10 • Jannal,. 14 • Tela fon (09133) 855 + 158 (Anrufb.a ntwo rter) , Tel• • : 82i ea7
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THE 10 GHz AMATEUR BAND
Considerations 01 Present and Future Technologies

Ba..d on 8 Lecture at lha 19n VHF Conven tion In Walnh alm

Activity on the 3 em amateur band he. inc r.ased ph,nt. stlcally li nee 1917, u un be seen in
the number 01 inl. ,n t in cont8ll, . Tnll '.vorable trend ia partly due to recent publicat ions
(ReI. 1·" ). but ,rIO due to Ihe fact thai components ar. a"allabl, al reasonable prlc••. The
availability of ready·to-operate mOdulI!" (Gunn-osc illalors. receive mill:.,• . horn IInt. nna, etc.).
has also played its partin Increa ling 8cli vl1y 01 thil amlteur bind , Now il il proba bly lhe lime
10 disCus . the possibil itie s and Ilmiis 01 the dilleranl system. and modes by co mparing them
and 10 underline lhe necessily of coordination to Inleresled ,adlo amateurs.

1. SIGNAL GENERATION IN THE 3 em BAND

The co mponentl th.t can be used for AF trequencv generation In the 3 em bend reqUire
various di llerent cn cuu technologies. and part ially very dillerenl operallng lechniQues. With ·
ou t going Into details. me various possibil it ies are to be dl S(:ulaad in the lollowing sections.

1.1. Gunn Oacmal or ,

Gunn elements ha.... probably played thti most importani part in th. rapid e..pansion ct aCII
vity on the 3 em amaleur band. Gunn diode s encw transml l and recetve oscilialors 10 be co n
structed simply and al relali vely low cosl. Signal proc.sslng using integreled cl rCUIls ensures
tt tat rad io equ ipment equ ipped with Gunn oscHialor, II v.ry compact. easy 10 con . lruct, and
If requ ired can operate for many hours from an accumulal or .

Such equipment il very l u/table lor portable operatio n ,

1.1.1. Simple Oaclll . tor . and Sel l·E..clted Mlu rl

The frequency slab il ily o f Gunn osc Uialor, II not 100 gOOd. I nd II eer etrccttcn II no l tevor 
able. they can ......n be . ..tramely unstable . For thll reason , wld.band FM.technology Is pre
valent , The IF bandwidth, are In the or der of 200 10 300 kHz Ilmilir to Ihal used In VHF·FM
broadcast ing , For Ihl l reason , a VHF-car radiO luned to 104 MHz ~ • MHz ISollen UMld a,IF·
amphfler (3). (5).

The Gunn oscillator can also be ~misul8d ~ as Mllf· e..cl l ed ml..er and thu' be uaed , imu ltan
eously in the transm ll and r.c.i ...e mode. Since the recelve frequency will be , hil led 10 Ihe
velue 01 the IF.frequency used , it I' nee. ...ry lor the p.rtner Itallon 10 use llle sam. Inl.r·
medlale Ir equency .nd lo r their Gunn oaclUator 10 be tuned to tlle receive Irequ. ncy 01 Ihe
ll rst etetrcn. Thi, Is IOmetlmes known a, Ille _IF , hih method ... and was allO daacnbed in (5).
However. Ihti Gunn ..lement i. . ....ry in..n.III.... ml ..er. w~lch can be 20 dB down on • • Irue
ml ...r diode operating correct ly.
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This loss can be avoided when a real mixer Is used and driven wll h the oscillator signal via .
d irection al cou pler. Such. co nst ruction was described In (6): however, two anlennas wil l be
required. A more elegant solutio n using only one anlenn a (In be co nstruc led In • Iranscelver
equ ipped with a circulator. Unfortunately, luch a ci rculator sti li costs apprOll; . OM 200,- .

One handicap remainl ..... il h . lI l heSt!met hods :

SIalion A can communica t. .....ith station B .nd .Iso Itahon C, how.v.r no communication wil l
be polli ble between B and C, un lMS on. 01 the tw o detun.. thei r oscillator to the vl lue 01
th. IF (100 or 30 MHz). or II bOlh by hail l hil amount (in the co rrec t direc!ion I). Wllh the type
01cons truc tion usually used, th is II only posslbl. by changing Ihe ettecuve dlm.nslon s 01 the
cavity resonator mech anically . in other wor ds by rolatln g either poorly or non -calibrat. d
screwa . nd plungers. What Ihil can m.an when silting on the l op of a low er in bad weather
..... Ith gUlty .....inds and drizzle, is besl ill uSlraled by I commenlary h. ard regard ing 11'1. I lrl l
GHz-conteat in 19n ; _At Ilrsl. sla tion X kn. ..... rough ly at whiCh Irequency he was operating .
however, et rer Ihe l irsl lew OSOs .....rythlng was co mple lely misaligned Whi le they were
shilt ing all over me band, ol her Itatlonl were chasi ng alte r tne _new..! carrier whiCh was
rath er weak. but was runn ing aro und all eve r the place ....... 0 1 cou rse. all new technologies
are dilli cu lt at I lrst : however, th is sla te olallama can not con tinue indeliMefy,

1,1.2. Gunn o.cmalorl with V.raclor Tun Ing

The flrst techn Ical improvements were provided by modu les tha t were descri bed In (3), which
used a tuning varactor In the resonator 01 Ihe Gunn diOde, This type 01 eteClrlcal lu ning i'
possibl e wilhin a range 01 at least 60 MHz, Also l he mill er diOde is integrlled in a Simple
ci rculato r in these modules. which means thal a smgle anlenna can be used wlthOul swll Ch
Ing . Such an arrangemenl po"e"u two main advantage,:

• Tuning can be made wllh Ihe aid 01 the verecto r vol lag. whi ch allo ws a Slmpl. bul
accurate calibration c t ine Irequency.

• The microwave ci rcuits can be mounled separately Irom the operating portIons and
remote-con trolled. This is not onty sull.ble lor occasional portable operation (especia lly in
bad weather I), but .ISO 'or I llleel-stal ion opera tion .

By the way, the bu ill · in varacto r cermet only be used in conjunction With a good .utomahc
Irequency control (AFC), but .rso used In conjunction '0'1' 111'1 a simple ci rcuit to allOW automatic
Irequen cy scanning, Furthermore , the Irequ.ncy modulation n.ed nol be forced upon the
Gunn element. bu t can be made u!lIng Ihe Vlracto r vollage in I senaible mann.r, righ t up 10
bandwidths suitable lor TV Iransmlu ion .

An electrical tun ing range 01 only apprOll . 60 MHz reQui,u a lower IF than 100 MHz il the
prev iou sly mentioned prob lem, 01 a mechani cal tun ing are 10 be avoided. Such a concept
using a 30 MHz IF. AFC, and wideb.tnd FM. is described In (7). Ou. to the handiness 01 this
syslem, hundreds 01 these have been sold In Germany and SWitzerland in Ihe meantime, and
S&Veral dozens are in ope ration dUring contesll

1.1.3. Frequ.ncy-slablllzed Qunn Oscltlatora

Varactor tuning Is also requ ired lor the ned lIep In the dlreclion 01 frequen cy IlIbllily . nd
reliable co mmunicatio ns. Thil OUers nol only the poasibi lity 01 lock ing one 's own Gunn eeeu-
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lator to the receive l ionai uSing a Irequancy dlllcrlmi nalo r (AFCl. bUI allO , II0wI tne tr,nlml t
siona i 10 be locked to a st'bla ralaranca sign,t in Ihe tr,nlmlt moda , II a phase discr iminat or
la ueeo . this Wilt than represent, PLL-system,

In the case 01 the ~Gunnprlkl r ~ br iell y del cribed in the prevloUI eecuoo. which Ir ,nsmits
and reee.vee Ilmui taneously. It il basically only necessary lor a pil ot I lgnal to be led to lha
anlenna thai has a lutl lcien l Irequency spacing Irom the nlce lve signaL This signal is !l lieted
c u t In a sepatate IF-ampl ihat and provides a telerence I lgnal l hat can be pro cessed ralltlvely
limply.

An other method II to ektract a small portion 01 the Gunn cscltletcr energy and to teed th il to
a separate milter, This method II also poss ib le 10' I ystems where transmluion and recept ion
are not made limultaneously. Something sim ilar il ment ioned In (3). and variOUI dlUerent ver
l iona would be poSSIble.

One may ask whethar luch edenlive ma.surel a'l worthwile. Thl anlwar is that the dlsad
vantagel of the more complax co natructlon ate no longer so dl llicult due to the advances
made In Integrated technology. and are mora than ollset due to the advantages of the repro
dUcibility 01 the frequency. Thll la espec ially ttve when the Iimit l of pollible anlenna gain for
the radio path have been ach ieved and when tha beamwidthl of the antennas era down to a
lew degree, .

Since the typ icel trequency drllt of the Gunn olcillato r IS delet ed when using PL.L atabili
zaUon. it is pouible for the bandwidth 01 the IF ampli lier to be reduced and for dell ned
channels, or pairs of channell to be designated . Such PlL-systeml are also being developed ,
and the re Is no doubt lhat they Will be ut ili zed on the 3 em tNind as they are It lower frequen
ctes. However. FM-Iyst&ms will pr0b8bly alwar- be used lince lhe requ ired frequency I tabi llty
and lo w-noise reqUited tor tha trua narrow-band modulation model 01CW al1d sse Will nol
be raaliz ed in th il way.

Practical operation 01 such equipment requlrel , however. that a frequen cy plan II agreed lor
the 10 GHz bal1d, Only then will compatabllity be guaranteed. It, prelim inary tNind plan ia
given in appendix II.

Virtually the tame II val id for IMPATT diode oscillators as was given in section 1.1. lor Gunn
oscillators. They are able to generale powe, lavall in the Wall-range, however, require
operating voltages between SO and ISO V. Theu elf ic iency 01 ,pprOltlmate ly 10 '" il hlghar
than tnet 01 Gunn diodes , as il lhe price , Thll compOnent will probotbly nol have a graa t
interest fo r amaleu r appli cationl In the 10 GHz band ,

1.3. Frequancy Mull lp llcallon ul lng Varactor Dlodaa

Signal generatIOn Uling Irequancy mull lpilcallon wlU become jusl al ImpOrtant on Ihe 3 cm
bend as on the tower microwave bands . Thil WIll nOI be just a few Microwa" lor Pll
Iystems or ......ral Mill iwatt for tha ' irsl mtxer of narrow-band receivers , but It will be also
possible for higher transmit powerl 10 be generlled than would ba economical when using
Gunn diodes.
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II wi ll be Men later ttlat real lon g-d istance communica tions are only pos'lble when using
narrow-b and lechniques, e.g. in CW and later also in SSB. The interest in th il term 01 3 em
comm unicatIOnS will most cet1ain ly increaN In the next lew years, however. du e to the teen
n icar compliCity, it will l irst ly be real ized l or l ixed-stall on operation. The Irequency range 01
10368 to 10370 MHz has been set aside lor the nanow-band modes.

For inllance, If one possesses a crystal -controlled 1296 MHz transm,ner lor the 23 em band
with say 10 W OUlput power, it is poaalble for I Irequency 0 1 10368 MHz to be aChieved with
an output power 01approx imately 1 W by Irequency mu lt lpli cal ion by eight In severar lIeps. A
similar result can be achieved when a 1152 MHz lignal is available, which Is otle n uN d as
local Ol cli lator lor the lower mlcrowlve bands. This Signar should be ampli l led up to an
output 01 10 W. and multiplied by nine (2 x 3 tlmn). The main problem in the reeuzauen ot
such Iransmltle,. Is the high pr ice ollha pcwer-veract cr diodes. however, Gunn diode, and
IMPATT diodes having a similar output power are also expensive I

A SSB signal can also be processed In a simila r manner. The method descr ibed In (10) where
a varacto r diode il used as pow er up-conv erter. oilers i n~e resllng POH ibll it l88.

The development o f the micr owave semiconductors cs the gallium arsenide l ield ellee t tran 
sistors (GIIAs-FETI) has been very rapid With in the last three years. At I lrll, auenlion was
mai nly paid to low-noise preamplifiers. There are lOme types available on the market that
oller a noise ligu re 01 approx imately 4 dB and .. gain 01 al leasl 6 dB at a frequency 01
10 GHz (Hewlatl- Packard HFET 1101). Unlortunately the cnce Is 11111 high (OM 370.- in
March 1978). and their use Is stili somewhat problemetic. However. it Is IIsumed thet such
transillors will be produced in large quantities lor tha 11 GHz TV I ystem. whi ch meanl that
they wUl also be available at a reasonabla pri ce to rad io amaleurs .

Recently, great advances have been made In the prod uction 01 power GaAs-FETI . however ,
Ihe high price will limi t their use lor amateur applicatio ns lor lOme time

1.5. Bum AmpUfler Tubea

This in clUdes ,.llex klystrons . amp lifIer klystrons and travelling wave tubes The smaller rell ex
klyst rons l uch as type 2 K 2S can only be ~aqU"zed up~ int o the amateur band with great
dilliculty and overloading them mechanically . The advanc.. made in Gunn techn ology have
replaced them completely. In addition to th is. there are only a law typas Ihat are able 10
oparate in the frequency range 01 10250 to 10500 MHz - l or example type X-13 that il able 10
generate some 100 mW. However, lhe stabi li ty II Inlerlo r to tha t obtained ullng good Gunn
oscillatorl , and an extensive power l upply II requ ired .

Ampl ifier klys trons are relatively narrow-band and do not usually operate In the amaleur
band . In contrast to thll. travelling wave tubes are extremely wideband, which meanl that
&everal types ope rate well In the amateur band . They would be able to IOIve a" the problema
01 a 3 cm amateur radio lIation with Ihelr gatn values 01 2S dB and output powe,. In the
Watt -range - If one II lucky enough to have one 1 It Is necessary to arlO have the matchin g
loca lizer. and a qUite complicated power l upply. At present , travell ing wave amplilte,. are
virtually non..xlstent in amateur rad io appli cat ions, and l or th is reason they are not to be dis
cussed in deta il here.
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2. PROPAaAn ON

2.1. Lin,-or·Slghl

Up 10 now, 10GHz radiO communlCIIl1On hAs rNllnty be m.oe overh~I-Slghl ~thl 5evet"al
mW 01 ou lpu t~ and ~.Ir....ty """II tIom anlennas af' IUffl(a.nt lor d.slances 01 up 10
.pprOllmal.ty 100 km. &ntabl. locallOtIs can be lou nd eDlly

II communlcallon II 10 be mad. o....r large r d ll l' r'lCeI , II I' .-..c.....ry 10 I tudy lhe ~Ih ullng
• ma p. Th, lopographiC 1..lur.. In Europe limll Ione-ol·lIghl com mUnlcal,on to . ppro...m.le'y
300 10 3SO km; and ,t ,. only • lew or the hlghell .Ip,ne peak. Ilwlt o tle' mot• . Furt he r del"'1
r. rd ino Ihis can be t<lken I,om F1gu,. 2, whICh g'v" lhe h~I-ligh l I'lOrrzon lor he,~hll

up 10 3200 m,

The h,ighl y.h.... above mHn .......... (MSL) .re glyen .. ordln&le in lhe cenler 01 lhe
g raph, P. r. bo llCly sh.ped cuI'vM run I,om Ihi. poInl 10 the hO'l zontal relerence line CO,,"
pondlng 10 zero m. TheM CUN'I rep,.sent lhe CUNalure or Ih, e.rth lor Ihe ..lected IC.I•
• nd cron the "'erenc. lin, . t the y.l u" + 0 .nd - D. wh ich glv, Ihe line-o l·lighl drltlnC..,
Fo r ,ump'e, one c. n ... 112 km Iro m ,In . llllude Or 1000 m; o r on the Olh,r hand , IwO
po int. haying a n allilude 01 1000 m would have a line-ol-IIOhl dlllince 01 224 km to anolher ,
Exa mpl.. reg a rding th is a r, given In appe nd l.. I.

When Ullng Ihll me thod under praCflCIII co nd ,l,on l, II 1'0111 be IMn Ihllill il nOl Ilmple to lind
two lOC.llonl 01 su ll.crent height h'Ylng I IUII.ble drllllnce Irom lnot"'r, lind alao ollerlng
the trne-OI-SlQhl palh WIthout oblt.c.... It IUCh • path 1'0" 10 be lound , rl would exhlb, ' Ihe
IOllow,ng palh IOU .1 a Irequency 01 10 GHz

a • 113.-20log2D

20 • d,llance between lhe antenn.. ,n km; allenuat ton a In dB

Thrl b'IIC ~Ih lou will I~re..e by ap prOltm.".y 0.1 dB/km ,n the case of th'Ck log (30 m
villblllty). In the case01 he.vy rain (12 mm/h).• 1oMor .pproxlmately 0 3 dB fkrn 'I , .-h.bltltd ,
wh,ch c.n InCreaM by 4 10 10 1,m.. durIng heavy ra ,n s.h~

11 should be conlidered. however, 1"'1 althOugh Ihlck log may cover the whole communi
caloon palh. ", .. Will h.rdly be the case With heavy rlln lhow'e,.

The ma",mum li~r.SlQht ~th lrom a height h In male,. above ",..n ... level c.n be
apprO ..,maled ,n th'l drrechon u'lng lhe follo l'flng lo, mula

o • 354x¥h'

Un,-ol -l ig hl ca n be cla!lN'd only .. the 10wer · loml!. Trop oapher lC Ov,r-Ihe-horlzon co mmu nI·
c.Uonl d ue to inveraion a o r dUCling also la ke piau in the 3 em ba nd Thil meth od 01 co m
muni cation can be classed a. the olhe r e ..lreme lhat a ilowl co mmunica lion 10 be mad e al
low power levela ova, ....ry greal d iltances, lar In I dva nce 01 aClual IIn. -oI-aiOhl. B,tween
Ih... two , ..tremel. a,. th. pourbltrll" 01 quui Iin.-ol·lighl prop agal lon us ing rellec hon.
re lr.ctlo n. and IrOposcaller, wh ich are used a..'e nl iv, ly by VHF a nd UHF amaleu,.. Th...
Iypn 01 p'opagallOn a ra to be d lK Uued bTlelly In Ihe lo llowlng MChonl.
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2.2. aun l lIf1e-ot-Slghl

In a calm lroposphere havlflg a flormal temperel ura dlllfibullOfl . humldlly and den"ty.
elect romaOfleli c wave. are bent to earth I lighily Ifl Ihe leis-defile upper ai r layer• . Thi.
means th at euch waves do no t fo llow . complelely IIralght line but renew the curvature 01
the eerth .lightly (11). Thll enect can be approximated mathematically by Uling a somewha t
greal er rad iul of the ..nh In the ca lcutal ion formuta Thil resullS In larger . line-o l-' lght
d ista flces- . This correct ion 'act o r lor the earth radius il designated . 1(.

Exten, iye measurements made in densely populated .rea. in the nonhern hem isphere have
ShOWn th at the statlltic mean x-veroe In th e order 01 1.3 II exhibi ted , The value 4/3 lIlian
dard lzed and has been accepted Internationally as basic value lor the calculation ollhe rad io
hor izon. Since th is p ropagaiion behav iou r cannot be ach ieved optically, the ter m Qual i Ime
o l -slght II to be used The maximum tine -o l-s ight Irom a height of h (in m ovar MSl in tha '
direction) is:

o • 4 ,12 V"R In o ther words epprox . 16 % grea ler than I( • I

Especiall y when plenning IIne-of-llght pa lhs that are marginal, it Is necessary to remember
th e I talil l ic characler 01 K. It I. not only polsible lor the value I( to be conside rably greater
than 1. but also lor It to obtain valuet 01 1.111' than 1 I Generally lpeaking . Ihe value I( lend, 10

red uce wit h increasing lat itude and in w inter. Furthe r det.,ls regarding Ihl' are 10 be found in
(12) wh ere a different type ol l ignal path analysis IS made.

2.3. Tropo.pherlc Inv . ra lon

In a normal atmOlpher• . temperature drop. With inc rea" ng altitude, II there il a reva,..1
(Invtlrsion) 01 the lemperalu re or humidIty cneractensnc with height. II il possible lo r very
large values of K to be oblained, Allhough, principally lpeaking, these are Virtually the same
refrac tion processes as were described i fl eecncn 2.2., one ulually lpeakl 0 1 over-the-horizon
communication when these are in exc. .. of K • 2.

In exlreme cases, K cannot only be Inlini te (this wou ld be the case With a Ilal earth surlace),
bu t can also oblaln negative values. which wou ld corraspond 10 a concave curvature 01 Ihe
earth. In otner WOrds, Itrong Inve~ionl will rel um Ihe elec lromagnehc weves beCk 10 Ihe
earth ecnece.

Doubl. or multiple Ilyert hiving Illemele denSity vlrlatlon. are especially o f Interest I in ce
they are able to Iransmlt electromagnetiC waves al low lou in a Similar manner to • wev.
guide. Thi s is called tropospheric ducllng

These ellects are, 0 1 COUrM. nOI IpeCIt,C to the 3 cm band end have been described In de la ll
In (11). How ever.lhe fo ll OWing points can be Important lo r long-distance co mmunications at
10 GHt :

The main cha racleril l ic tor Ihe re lreclion a"ect 01 I layar il III denllty w ilh respecl 10 the
wa....lenglh of the wave Iront. This meanl Ihat th in layers 01 Mveral meter . in th ickness can
have a considerable ellect on 3 cm signall. wherea s they .re no t eb le to provide any notice
able relract ion lor 2 m or 70 cm signell. However, it is not possIble at thl ' lime 10 know It
such Ihln layel'! are sulliclen lly I till o r conl ll'luouS IO allow communicati on .
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In addit ion to the problem 01 h,vlng the correct height 01 the ,talloo .... llh respect 10 Ihe layer
in Que,lIon (....hlch is Irequency·mdependentl, considerable dlll.rences can occ ur dUring
3 cm communication, ....h.lh.r on. il able 10 radiate Into lhe leyer al • o.rro.... be.m.... ldlh
under a .levorable~ angle or 001.

Fixed ceeeccue antennas .... llh I.rg. dimensions wl lh respecl to Ihe w.velenglh (larger than
60 ern dlam.ter) should there fore be eble to be lilted vertically. Users 0 125 dB EME anlennas
have observed such eflee ts even in the 70 cm band t

In any case . troposph.rlc over-tha-hOrizon communical lOos can .110.... long-dist.nce commu·
nicallons even in tne 3 cm band, and .re therelore even more Intern tlng tor II xed lIallon
operatIon than occasional ponable ocerencn. Unlortunalely. mulhple inverlion. 01 the
requir.d height able 10 du ct the Slgnal.,e rather rar. , The path lou 01 this type 01 communi·
cation can be sever.' orde" 01 magnttude less lhan the normal lree·space Iou, whi ch me.n,
thai communication ov.r many hundreds 01 kilom.ter. can be made With just a lew mW and
mOderate anlennas,

Short ·term Inversions arll obseNed relalively oneo t to 3 houa .Iler sunrise or sunset. II Is
poSSible with the aid 01 these to alao cover gruler dislan c.., however, a considerabl. po.....r
reserve i. otten necessary , Thil II especially the case when Ihe layers are irregular or
disturbed by turbulent air In thi . case. only lorward scalier ....111 lakll place . A high ligoal
reserve II also necessary When the wave I' to be r.lracted on a slrong Slngle·lnverslon by
which Ihe wave is rellecled once or more limes Irom lh. unh surface, whiCh has consider.
ably more loss lhan water surfa ces .

Un lortunately. the necessary high-pressure arell all owing SUCh ioterllsliog propagahon
mOde, arll rare and only take pla ce every lew years,

2.4. Aellectlen

The la cl that wave Ironts are r.,lected on mounlains, Quarr i.., bui ld ings, et c . IS no t new . The
author has used th is .lIeet even on 2 m In the early' 95O's to make several . Impoulble. co n
lacls. With increasing Irequency, more and morll stru ctur.. such -s walls . towers , and even
lactory Chimneys can be used as pauiv. ret laclors. a mode lhat is used by many SHF
amaleurs daily.

The most important characterislici lor lhe reuecnon capabilit ies 0 1 obstructions II their size
wilh respect to the wavelength, Ihape. surlace smoolhness . s a lun ctlon 01 the wavel.ngth
and the conductiv ity ot th. surl . ce. The size is vlrtu.lly no cn terlon lIny more lor 3 cm com
munications. since even smllll lalhce masts represent e"acllve r.llecl ion surf.cea, ..peelally
due 10 Iheir good c,JndUCtrVIIy , The oPposlle is the case With surlllC8 smoothness; lor th l '
reason. alt wooded. or overgrown surla ces are unusabl. due 10 th.1f hIgh absorpllOn, II IS
only posslbl. lor rock surfa ces. Quames or sim ilar to be used as oatur.1 rellectors Commu
nication via reuecucn il very InlereaMg at 3 em, Slnc. leveral buildings, Church tow.rs,
masts , factory Chimneys. television tower• . ca,tles, etc . can be seen lorm virtually .very
rccetron .

For those amateurs thai have been using passive retlecticn point . lor 23 cm communic . tion,
it may b. of Intere,l to know Ihat the 18me reflectIon SUrl IC. Ihould provide lin .pproxl·
mat.ly '0 dB ben.r rellecUon It 3 cm Illhe surlace ia nol unlavorabl• . A slight ...rt icel I lllIng
Of thll 10 GHzant.nna can allO be necessary lor Ih is mod. 01 proplglltion.
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where

If one is able to estimate the size of the reflection ec-teee and the distance, it is then 'possibla
10 calculate the additional atten uation aa lor a metenrc flat ecrtece as follows:

d
aa • 8.7 ~ In -; - 30.7

d . distance to the reflector in m:
A - ettecuve area In ml

;

aa in dB

EKampl e; A gasometer is visible al a distance of 1 km having a metallic. but conve~ surface .
For Ihis reason, only 5 % of tne visib le surface of 8ppro~imately 50 ml are placed Into the
equatio n as ellective reuecncn eurtece.

' 000ee - 8,7~ln --30,7 • 8.7~5.99-30.7 • 21.4dB2'
Th is surprisingly low add it ion al loss should be added to the path loss that would be present
under IIne-of -sight conditions.

Even when appro~imately 20 dB ref lect ion loss is assumed for concrete towers or only an
ettecuve sur tece 01 4 % lor lattice towers, the additi onal losses of _only_ 30 to 50 dB are
exh ib ited , wh ich can be compensa ted for on the eQuipment side as is to be describe d in
section 3. Resonance effects on metall ic structures such as neon ligh ts, fences, lightning
co nduc to rs etc. can also considerably improve the reflection charac teristics .

2.5. Refract ion

At 10 GHz, the refraction on obstacles can be used far less than al lower freQuencies. The
signal loss in Ihe " shadowed" area behind the obstacle is more than one order 01 magni tude
high er than at 70 cm. In addition to this. most natura l obstacles are overgrown or
wooded. which means that considerably higher absorption loss Is e~hibited, E ~cept i ons to
this are towers or bu ild ings mounted on mounta in peaks having di rect line-of-sight to the
transmit and receive antennas. In such cases. however , it is vi rtual ly imposs ible to ditleren
lIate between ref lect ion and refrac tion allects.

2.6. Trop oacatl er

The forward scalier Of signals on turbulent conditions that are always present in the low er
atmOsphere is otte n used comercially at UHF and SHF for over-the-horizon commu nicatio ns,
Examples of th is are the link between West Germany and Wesl Berlin and several island-to
island paths. Since ettecuve radiated power levels in the order of to kW and more are
necessary for th is form Of communicatio n, th is mode Is limited. at present . to the VHF-UHF
bands, although it does become possible for 3 cm communications If appro~lmately 5 W and
a paraboli c antenna 0 1 2 m diameter are available.
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MATERIAL PRICE LIST OF E Q U I P M E N T
described In Edition 4/1978 of VHF COMMUNICATIONS

DL2 D0 001

PC·bOard

OF·RECEIVER

Cl lOO C01

Ed.4"'78

OM 11._

Ed.4/ 1t 78

OM 27.
OM 84,
OM 38,-

OM 39.-

58.000 MHz

OJ 7 VYOO2

HIGH·LE VEL 2 m CONVERTER

OJ 7 VY 002 doub le-coaled , thtu-confacfB
OJ 7 VY002 11 Irans illOrs. 8 diode,
IE·500 .
OJ 7 VY 002 ,rapaced, 1 lOti tr immer, 3 leed fhru .

3 tantalum , 9 ceramic without conn.,
29 ceramic capacItor,

OJ 7 VY002 S cOllk'l', 1 COll fo rm e , . 5 fernIe CO,".
.. toroid rings. 2 lemle beads. 2 lernle chokes,
COIl wi re. S trimmer pots., 3 1 resistor. OM 78.-
HC·18/U OM 26,-

......................H............................................... OM 288,-

Crystal

OIl

OJ 7 VY 002

PC-boa rd
Semiconductors
Rmg m iMer
M,n lk,l l

95,-

28.
7,

26.-

OM
OM
OM
OM

1268 MHz LOCAL OSCILLATOR Ed.4/1978

OF 8 OK 002 double -coated . with plan OM 18.-
OF80K OO2 6 tranSlstorl. l diode OM 18.-
OF 8 OK 002 11 trimmerl . 1 leedthru. 9 ceramiC. 1 tantalum

caps., t coi lformer with core. 1 cho ke.
4 lemte beads. l potentiometer
9 ceramic caps. 13 rel tllo,..
HC·25/U

OF 80K002
70,4~4 MHz

OF 8 OK 002

M,nlll,11 2
Crystal

OIl

OF 8 OK 002

Pc-boaro
Semiconductors
Mmlklt 1

SPECIAL OFFER TO CLEAR

OJ 9 ZR 004 2 m SSB TRANSMlnER •• delcrlbed In 4/1973

PC-board OJ 9ZR 004 ...................."""........ " .. ""..............""........... OM 15.-
Minik. il OJ 9ZR 004 Trimmer cap• . and COllfo rmeJ'l OM 17.50

"" OJ 9ZR 004 wllhout XF·9 A OM 30.-

"" OJ 9ZR 004 with XF·9 A OM 139.-

Binder. for three volum.. 01 VHF COMMUNICATIONS OM '.-

Verlag UKW-BERICHTE, H. Dohlus oHG
JahnslraBe 14 - 0·8523 BAIERSOORF

W••t·Germany · Te lephone (011 11) 11 57 or (0 91 33) 855, 856

Bank accounts: POllscheck Numtlerg 304M-858 · Commen bank Efl.ngen 820·1154 ·
Stadtlparkuse Erlangen 5-001,451 · Ralffel. anM nk Erlangan 410,080
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NEW tr om UI(W·TECHNIK : ATV·Trenlmln., ATV.70 10

The ATV·7010 is a complete ATV·lransrllltlar lor the 70 em
banc!. It i, only necessary to connect the cam.r• . micro- : r I •.
phone, anlenna and 220 VAC. The OIJlput powe, Is 10 W, • I
wh ich is sufficient lor communlcaUons uplO SO km eccord-
Ing to the location and anlenna gain. 01 course. it Is also . IV. 0

possible 10 COV.' la r grea ler distance. under good condil-
Ions. Delivery ell . alock 108 weeki.

•
I

A NEW 23 em LINEAR TRANSYERTE.R FROM UlCW.T£CHNIK : un 1291/21

Thi, 23 em Iran,vert., il completely r••dy·to-operate and II eneloNd in an an,active cabinet.
The receive converter comprises a rive-stage intardigll,llillet , • low-noise preamplifier wilh 3)1;
BFR 34 A. and • $erlli live IF preamplifier, The trensml! converte' comprises a push-pull Irln·
,iSlor mixe , and three-stage linear amplifier . The same stable loal oscillato, module 'a uaed
lor both t,ensmlt and receive ,

SPECI FICATtONS
franam ln a,

Reeelva,

Mallimum drive :
Output power:
Carrier and Image reJ.:
Noise lig. (lingle-sideband):
Qo.Ierall gain:
IF-bandwidth
Operating voltage
Dimensions :

0.5 W
0.7 W typ ,

20 dB min,
• dB min.

30 dB
2 MHI

t2 .5V :t .5V
255ll 75.200 mm

WIDEBAND OMNIDIRECTIONAL DISCONE ANTENNA

OIS COIWI- Ant,on,

• Frwqu.ncy range '
• Gain:
• lmpeoln~:
• Pow., ri ling :
• POlerlu tlon:
• ConnKtlon ,
• VSWFI :
• W. lghl:
• Dimen'ion, :
• 1.41;1"'11;
• Mounllng'

.. - ,
u .,

1lO·480 MHI
3 'oB /U'
"0
500 W
V. rtical
SO 23l1lOCkel in the helO
< r.s . I

'"HeIght . 1,0(1 m I Oil mal. ,: 1,31) m
Aluminium
Anlennl hee.c:ll, put on lO I J2 mm(1 ..... 'I
Otl, milt Ind Neurad by I IC~,

VSWR

.~.

UKW-TECHNIK I UKW-BERICHTE • Hlnl DOHLUS oHG • 0 ·1523 8 A I f R 5 DO R F
POltfleh to . Jlhnll,. 14 • T.r.'on (09133) .~~ + .~e (AnfURI.antwort.,) • T.'.,: 112t 111
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NEW DIGITAL 10 CHANNEL FM-SCANNERS
FOR SINGLE AND TWO-BAND OPERATION
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0..' ''0<,0.0'_'''''_

MINIATURE VHF-UHF RECEIVERS
and Scanners for Both Professional

and Amateur Appllcallons

U K W • T E C H N I K . Hans Dohlus oHG
D-8523 BAIERSDORF . JahnstraBe 14

Telefon (09133) • 855,856 • Telex: 629.887
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UIlW'
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UM' 1
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HEW
UKW • AM I-Ch8n.....
-"rtNond lc:. n_ l 1..,:M "'Hz-_..__.__.....-._--0 1__-._-_.._-

~'-~---........ .....-
~---_.._AQC.---------

....,.--_.-__ OI •• _U......

......... "'oY)-_....
to .... ,· , .
. .... '_10•
......u. ,I.,. ..~ u,__. ,IO.... 1I~,---_... ,....... ,,\10(.....__

COMNI R -l0l0
1120 Channel VHF Alrband Receiver with Synthesizer

FEATUR ES :
• 1120 thannel, for NAY/COM with 25 kHz IPKing
• fuet frequency "1~11On 01 MHz and kHz
• Electronic d lQitl l readout
• Sm.U and handy
• E;dremely sen llllvi double l uperhet
• For AC and ~tt.ry operatio n (ConnecUon Clb l•• provided)

U K W - T E C H N I K ' Hans Oohlus oHG
0-8523 BAIERSOORF • JahnstraBe 14

Telephone (09133) - 855, 856 ' Te lex : 829887
e..~ IICCOUl'lq Pc»~" Nuf'nbefg 3O "~· 15II
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rna... 1.2
tOO W camer
0.1100.3 dB

apprOll . r
216. 132.80mm

RHdy-tO-oplBII .. c)Mctlbed In
VMF COMMUNICATIONS. Completa
m c.biMt WIth ttl,.. BNC connec·
lors. EapeciaJly deetgMd 'Of UN with
t"*-Cl y~lS mQYnl!ld .. an .x_.
and led With equal·length IMder$.
FOllowing " ll polan.11OnS CAn be
selected : Verta l, h()rIzonlal, clock,·
Wise circular, antu;:lockwl" Circ ular,
s lanl 04S" and Ila"t 135"0

VSWA :
Power :
Insertion 10M :
Phase error
DImension,

NEWI NEW I
Polarlsatlons SwitchIng

Unlllor 2 m
Crossed Vagls• - •

--
----

ok ~•-'-
Ant enn a rotating system •• d..crlbed In 1I19n 01
VHF COMMUNICATIONS

We have designed an anlenna rotal lng system tor
higher wind toadS. This system is especially SUitable
when II is not possib le to inslall I lanic, masl. The
large, the spacing between the rotator platlorms. the
lowe' will be the bending moment on the rotator.
This means that the maximum wind load of the
antenna is no longer limited by the rotator , but only
by the strength at the mast itself and on Its
mount ing . Please request the prices either from your
Nationa l representat ive, or direct from the pubhshers,

This system comprises:
Two ro tator platforms
One trust bearing
One KR 400 rotator, or other rcte tcr .

U K W • T E C H N I K . Hans Dohlus oHG
0·8523 BAIERSOORF . JahnstraBe 14

Telephone (09133) ·855,856 ' Telex: 629 887
8AM< KCOUntl : F'oItKheck Hum'*; 30 4~ - 151
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NEW I
KR 2000

•

ANTENNA ROTATING SYSTEMS
.J
I
,

I•,

SPECIFICATIONS

I I llQI'lI & .""...,

T".. ., ..... "'" "'" ,,- IU ll t . " lilT 1000

'-- '" '" '" "" "" -,
PwId,rt; Iorque '" ,.. '''' "" "" .....,
8 ..... lorque '" '" ,.. '''' '''' .....,- ...... .. .,

'"
,.,

'" .....,_.- .." .." "." .... "." -Se-cl C1 ,.." ., .. ., ., ., I_...... ,,.. .,.. ,,.. ,,.. .,..
""""' - • • • , • -.....- 210.110 0 210 . 1100 ,.S. m 0 42$0 2010 teo . 3000 --" I I .. .. 12.1 '" -,
Motor ¥OII~ " " " .. .. v
Unewl'. m V / IOMr noV /llO HI noV JIO HI mV /IO Hz nov I ao H.l

" .. '" '" '" ".
Yenlul Rotor KA 500
Etpeclalty desIgMd lor wn,ca l tilling
01 antennas lor EME. OSCAR el c.

T,..
L....
Brake torque
Rotation torque
HorIz. tube d*".
Mast di.metltf
Speed (1 rev ,)
Rotation angle
Control cable
Line \loUlto
WltlQhl

KA 500
ca. 250 kg
HI7 Nm 0'
40 Nm ' )

32·43mm
38· 63 mm

'",eo- (+ 51
e ""ir..

220 Vl50 Hz 30 VA
4,5 kg
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1- ,\ ~ CRYSTAL FILTERS OSCILLATOR CRYSTALS

~~~ SYNONYMOUS FOR QUALITY
AND ADVANCED TECHNOLOGY

NEW STANDARD FILTERS

CW-FILTER XE-9NB .....ble

SWITCHABLE SSB FILTERS
for8 fixed carrIer frequency of 9.000 MHz

XF·9B 01 XF·9B 02
8998.5 kHz for LSB 9001.5 kHz for USB

See XF·9B lor . 11 other IpOClllcotlon.
The oarriot' crystot XF 900 I. provided

Ftt. Typli "'... "'- ••-ec "'..., "'. "'...
~ sse sse '" '" ... <:tv

T.-no

....-ot ........ • • • • • •
3 dB t.ridMdtl, 204kHz 2.3l1tlz u_ U IlHz 1U tlHr ...."
e ell _MtMdth ..- u_

3.7151lH1 1._ 12.0kHz 0.15 11Hz- <,... <, ... <,... <, ... <, ... < o.adB- .... e a... <UdB < U cIJ < U clt <UdB < ..Jell
z ""'0 ""'0 ""'0 ""'. 1200. ""'.T__

C .."" .."" .."" .."" .."" ..""
(1:&OdD) 1.7(&lIOcII) t.8 (1l1lOdB) 1.8 (lUOell) U (IUOdB) 1.11 (8:IOdB) 2..2-- (1I:80dSl2.2 18:lIOcII) 2.2 le:eoclll2.2 1l1lOdB) 2.2 ItUOdB) 4.0

Utllmel.~ > 415 dB > tODeII > 100dS > 10D eII >..... >.....

XF·gA wtd XF·88 comp!t;M with XFgol . XF802
XF·9NB complete with XFQ03
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