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A FREQUENCY MULTIPLIER FOR NARROW BAND
3 em BAND COMMUNICATIONS

by R. G ril ll; , OK 2 VF and M. Munich , OJ 1 CR

The deSCribed varac to r mu lt ipli er II deSigned to multiply. crystal -controUed Signal by nine to

produce a narro w-band transm ll "gnal In the 3 em band Th,s mull,phel can be enven. lo r
Instance . by module OCO DAOO5 PI tha i " able 10 proyuje 100 10 200 mW I' 1152 MHz
Accordmg 10 the diode. COns lr utl,O" and ahgnmenl. the multiplier w,1l crcccce 10 to 40 mW

In the 10 GHz band al th ,s d r,ve ievet II the 96 MHz C~lal 0 1 Ih ' l module IS frequency ­
modulaled w ,lh a deviation 01 approx ,mately 05 kHz . an FM-Slllna l 01 app roximately 500 kHl
de via tion Will be obtained al t0368 MHz

A transm itter consrructec uSing thiS frequency multiplier rep resents an alternative 10 the
wldeband Gunn OSCillato r techno log y. and possesses the IId~antage that the transmIt Ir e·

quency II adequatoly known and stablv Withou t contro l roccs and calibrated ecetes . It II
possible wh en uSing severer. sWltchab!e CryltdlS, whose trecoeecree are d istribu ted acco rdi ng

to the band ptan g l~en In (2) . to ha~e somewhat IIml led commun Ication poss, b,hl,el With
w ldeb and etauore.

II a receiver IS a~a l la bte that can be tuned o~er Ihe w ho le 3 cm Imlleur band. commun,cal,on
Will be po SSibl e Without bei ng limi ted to I 30 MHz or 100 MHz system There Will be no pro ·

blems With compa tabl lity, and duple.. ope ration Will be poSSible wh en two antennas are uHd
(or one an tenna With Circu la to r) as long as thiS IS not to be made on the same lr aquency A

sys tem uSing on ly one antennl and I Simple wa~egU lde , w. tch (which 's to be desc ribed In

one 0 1 the ne..1ed d,ons 01 VHF COMMUMCATlONSI . Wi ll be smaller and more po rtable ThiS
Will , 0 1 course. limi t com munlcahOn to the slmpleJl mode. which " usual In ama teur rad iO

COmmuniCation, anyw ay

fig , 1: frequency multlpl"r lbt nlne,_tttI oulPUI bandpa.. flltar to!' Iha ) em band

2. CO NS TRUCTION

Flgur. 1 shOWS the comple te verec tc r mu lhpller lor the 3 cm band It 15 cons truc ted trom an
appro x. 190 mm lon g piece 01 R l00-wa~&gulde (WA 90 or WG 16) With the lo llowlng parll
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A variable sncrt-orccu seal, the waveguide at Ihe figh t-hand 5Ide The multiplier t5 bUill up
coaxially and II located to me lett 01 the ,hort-Clrcu ll plunger . IIII provided with, small box
lor the ma lChlng tnmmer ,nd a connector lor the Inpul lrequency Two mel,lllc mat Ching
screwl are 10 be lound lurther to the lell 01 thiS Aller. lurther piece 01 waveguide, the tw o
tUni ng screws 01 a bandpass Ill ter and the output Ilange WIU be eeeo In the photograph 01
the autho"l prototype given In Figure 1. only one 01 the mat ching acrews and one 01 the
tuning screws were reqUired However. tn the VHF COMMUNICATION ', laboratory It was
lound that maXimum outpul po wer could only be aChieved when uSing 'II lour screws

Flvur. 2 gives mechanical detail, 01 the muillpiler With II'Ie exception 01 the lew given com­
ponent., all parts are constructed u"ng brass, Wh iCh hal no l been '1Iver-pllled The parts
are assembled uSing soil solder Atl ent,on Ihould be paid Ihat no solder IS present on the
in ner su rl aces o l lhe wavegUide

The maIO body 01 the mul tiplier lhe wavegUide WIth liang. , II Ilrslty prepared The overall
dimenSion 01 195 mm II no t entreat All leng'hs are gIven Irom the center line 01 the tnner
conducto r 01 the cceoer mult Ipli er. ThiS Inner conductor crotruoee In'o the wavegUide
through a hole 01 6 4 mm diameter, Th iS hole IS marked '''slly , al ter whIch the slot 01
7 X2 mm is measured On Ihe lo wer Side. as well as the hOle, lor the two matChmg eceews.
lhe ltl te r and li s two l un ing screws on the upper side

It IS espec ially Important lor the hiler to be cons truc ted In • pre crse manner ThiS hiler was
ta ken Irom (3) where II is menlloned thai a magntlymg gtass Ihould be used 101 marking and
counlersmklng Ihe POSlllons lor these tuntng screws The lollowlng values can be achieved
Insert ion loss 0.3 d8 . band wld lh With a censtent nopre 80 MHz, 3 d8 band wldlh 120 MHz.
attenua tlOn.t a spacing 01 1 GHz app eox. 40 dB .

Aller d lllhng , It IS posSible lor tne threaded bu,hlng" the eight I ,ll er pms and 'he Ilange 10 be

SOldered In one process The author did nOI proVide any threaded bushings or counler nu ts
lor the mal ch lng screws In hIS prototype. but used a Ih readlng In the wavegUid e 1M 5 X OS)
wh iCh prov ided a tlghl I II 10 the Berew

A sncrt-ceccu plunger II made Irom a brass block 01 15 mm In lenglh Il lS not prOVided wll h
co ntact springs, but made 10 that II IllS l ight ly, The III shou td be 10 good that a certain
amount 01 l uc l,on il lelt when moving II In the wavegUide. The plunger II IIxed In poeurcn
using a M 2 screw .

Flgur. 3 gives de\al ls lor constructing Ihe coaxial multIplier and ItI mput matchmg Elec lrl­
call y speaking . Ihe const ruc tion is very simple, A matching C"CUlt comprISing a Irlmmer to
ground . a senes Irlmmer. and a d isk capacitor to ground ia 10 be lound between the coa Xial
input connecto r lor 1152 MHz . nd the Inner conductor 01 the mu ltiplier ThiS Il lollowed by
tne d iod e which il connected be tween the Inner con ductor and the ground euter body The
in ner COnduclor II ISOI.ted lor DC-VOltages, A 4 7 kU r.Slstor belween Inner conduclor and
ground II u&ed lor selec llng Ihe operiling pOlnl 01 the d,od• . It IS accommodated In Ihe box
logether With the two matching IfImmers An alignment scr_ " mounted be lween the diode
and the wavegUide wh iCh lorm l a capaCitance to th. inner conductor . The lOner conductor
Its.11 p ro l rudM 4 mm Into the wavegUide wh ere It rep reH ntl a coaxIal / wavegUide tranSition
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II will not be polslbl. 10 produce Ihese partl without Ihe aid 0 1 a lalhe The outer body . A.
IhOlJld be mad. l "slly by prO"'ldlng the centrat hole 01 6" mm d,am.ter, ••tendlng Ihll to
12.5 mm lor the disk capaCito r, prO"'ldlng Ihe Ihree threaded holes lor mountmo Ihtt bo. , and
Ihe two holes 'or the d,od. mount and IlIgnmanl K rew

Th. Inn.r conductor . 8. II la thed from a round bar 01 .. mm dlametar, Th. metal dllk 01

11.5 mm diameter lor the cececuc e 18 SOldered mto prece tater. The part 0 1 Ihe bar abo .... Ih.
disk 18 lat hed down to 2 mm dlameler, the cen ter piece to 3 mm dlameler, wmcn II men pro ­
vided wll h a 810ping tran811,on to Ihe lower 4 mm portion , W,lh thll part , a" mm Wide po rtion
is lathed down to approx lmalely 2,5 mm dlamet.r. mtc whiCh the ' lOfted PTFE part .0. II to
be placed later . II IS no w necelsary lo r Ihe cente, portion 10 be hied or milled lilt, Ind l or I
hole 10 be made for the diode The lable gl ven ,n FIgure" was li ken trom the MICROWAvE
A.SSOCIATES Dall-Book Ind g,...es the d,mens,onl 01 Ihe diode. ThiS Inlormatlon should be

used when manulaclurlng the parts SO Ihatlhe diode has I Ilghl I II. howe...er, thll no lorce II

necessary since II is very seos.nve to laleral and pulling lor ces

- .-, ., w

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

'g • "1+o~ .: ~;f,f.-l*'f ...I .r OAAOI1f ," 1

I -.' ".,.
FlO· 4;,. 0· ·.. ." ..,

I . Dlmenllonl 01_"U ".] lhe dloOe II,"
I • OOH ... I •••..~ ,..

The tw o PTFE part s MC" and MD. are provided to mou nt Ihe Inner conductor concen lrlcally
w ll hin the ou te, body, and the plasllc 10 11E (Ir lacetate Or HOl taphan , 0.' mm thick) lorml the
p r.... iously rnenlloned di sk cepecucr.

Thlill l oll owed by manulaclurlng part s F. G and H, al well as an approximalely 8 mm long
Ipnng, The diode mount part F II Ilotted lour tlmel In lhe Ih,nne, part and Ihould l it well
mto the hole In the outer conductor A whiCh II hall provl d&d With a lIat surface, and hall With
a tme Ihread, Part G should also III I lghll y inlO the cyllnd rtcal ho le m part A II no tool il
available to provide the M .. 5 x 0.5 thread, a threa d 01 M 5 • 0,5 mm can be used II il th en
necessary for the dlmenllonl 0 1 partl A, F. G and H to be change d correspond ing ly: the d ia­
meter 0 1 part X remains, however. at .. mm .

The only parts thaI are now mlnmg are the two part , mad. trnm melal plate: I and K, Thele
parts are not cnncat It is, 01 co urse. also poSSible 10 use an available case, The lower portion
III mounled. uSing tnree screwl, 10 the ou ler body A. II II prOVtded wtlh Ihe mpul conduCl or
(8 NC or Imaller) Ind lhe grounded matChing l ' lmmer. Part K II Ihe cover. wht Ch Ihould be
pIO\lided w llh I ho le l or alignment 01 the serte.l"mmer.

" ~ e...~oo..n J"ncl_ C~'l.nt. M,no"IJ CI"'I ' Sn i P to.... c..t~!f HII' r
¥Ott~ tljIIClllncl fit";. t,tl '~ , t'aq...nc, ,..,_t_nc•

•• ... ... _. _.
• '0 ... _.

I~ m,n
_. ...

lAA ·," I~ '" '" ." " p' " IOn_ "~ ,OO ~ 11OGH, TOCrw ~C

M.... -MI!lO '" ." ." Olp' " • 0' "~ "~ 2OOGH, IOOCIW ~C
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3. FURTHER INFORMATION

3.1. Su lta bl. Trlmm.r. and Olod..

Two tubular tftmmer. haVing a ma~,mum capacitance 0 1 10 pF are used In Ihe 1152 MHz
malchmg CirCUli In the aulho,.. ceetcwce. alr ·spaced Iypes were used

VOLTRONlCS VOL AT I. L.

How ever . the 10llOWlng are also ' Ullab le

JFO Elec tromCI Com ponenl . Co . wee MVM 08 · 10 pF ,
or Iype AT 5200 0 8 · 10 pF

II Sho ul d be . however. po",ble l or It 10 be conllruc ted uSing cerarmc tubular lflmmers
(Philips). Since these were used In the 1152 MHz module ceecnbeo In (11

The diOde. used were manulaclured by MICROWAVE ASSOCIATES. which deSignale them as
SNAP VARA CTOR diodes The preVIOUS lable gives l ull speci l ical io n. 01 the rwc type . thaI
can be used AI Ihe end 01 1978, Ih. COil ol l hne diodes wllhoul la ~ ....ere

MA-44140
MA-44 15O

OM 131,- each
OM 166,- each

It IS. 01 co urse. possible With me 411d 01 IheM . pec il icali ons to select equlvollen l diode Iypes
Irom c tne e manu lac lurers , e,g as mentioned In (.) BXY 41 (Ph ilips) or OH 292 (ThOm'On·
CSF). 0 1 course. It is Ihen necessary lor Ihe d, llerBnt ease shape to be taken InlO con' ,de­
raton. wh en conSl ruc llng me multiplier ,

3.2. M• • lmum Pow . r

II the ccnstrucuon and al'gnmenl (as well 81 the 1152 MHz signal '1ar. co rre ct. Ihe mui ll plier
wi ll opera le wllh an elllclency 01 between 10 and 15 ,. . In The VHF COMMUNICATIONS'.
labora lory. an ou tpul power 01 IS mW ....a. ob lamed w llh an Inpul power 01 100 mW. end
Ihe au lhor was able to measu re up 10 .0 mW al 10368 MHz al an mput po wer 01 .pprO ~ I·

mately 250 mW

The ques llOn 01 Ihe ma~lmum po wer tha t can be Uled. cermet be an swBred easily I inc e the
mUlmum permISSIble Inpu t po wer II dependent on several lacto r. The ,....0 mOil Imporlant
are . Power dlSSlpal,on and breakd own vol lage ol lhe d,ode

The m a.lm um permiSSIble po we r dISSipation Pd,ss 01 a seml conducl or can be calcul ated as
touowe:

where TJ IS me maxunum permiSSible [uncnon lemperature.
Tcase l he case temperalu re which II dependent on cooling and
amblenl lemperature.
Hit the heat reSlllance be' ....een juncllon and Ihe case

In 'he case 01 dIode Iype MA -44140. T
J
.. given as 200 C. and HIC as 70 C/W If on. assume.
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thaI II IS pou lble to mamta ln the caM temperatu re at 60 C by cooling, the malumum po wer
di SSipation can be ca lc ulated al

p 200 C - 60 C
dl sl - 70 "CIW ' w (MA-4415O- 1 4 W)

The question IS now whether 11 II possi ble to dlUlpate nearly 2 W 01 d,u lpat lon heat Via the
thermo-tso lal ed Inner conducto r on one I lde, and partt F and G on the Ol her Side. SO thai
(only) 60 Care matn talned as cese temperat ure 01 Ihe diOde Not only the construction bu t
also the mate rial (Copper is a be ller heat conduc tor than brall) and Ihe quali ty 01 con­
struction pley the ir part

The last comt IS Illustrated by the 'ollowmg When Gunn OSClllator l t lrstly became popular.
the ed itors received a large number 01 compl aints regarding reported poor Gunn elementl ,
that 8lthib, ted del enoratlng values alter a short 1Ime, and tlnally co mplele la ilure These were
typi cal cases 01 poor Installation and /or unlavorab le co nstruction, where the Gunn element
became e. cessively hot and 'mall y 'ai led

We hope that Ihe micr owave speci alis ts among our reader l will eltCu.. thi S some what e. ten ­
' IVe descriptIOn, ho wever , the au thor and the e(htor l Wish to take thtl opportunity 01 not only
In trOdUCing Ihis technology to ne wcomers to 11'111 I leld . but also to o tter lI'Iem the advan tage
0 1 the exoenence (and mtSla keslthat have been made In the pasl

A lurther l im ll 01 tne maxim um permissible drive pow er II the breakdown voUage 01 lI'Ie
urooe. II is not poSSible - at least lo r radiO amateurs - 10 calc ula te Ihe ma. lmum permlllible
Input po wer It orn the data Sheet valuel Thll il becaule, liratty, the vol lage value dilleri lrom
diOde 10 d 'Ode lbetween 25 and 45 V lot diode type MA·... t40 l. and secondly Imce the unpe­
caece 01 Ihe ceoe tl nOI know n ThiS IS very dltpendent on the l uning and drive power ,
wh ich means that onlt can on ly make tne lollowlng coecrc e.cn :

11 is nlt cessary 'or the I lt st ahgnment 10 be made With a drive po wer thaI is lar belo w th e
estimated maltlrnum With improve d alignment. the drive power can be Increased and the elh ­
clency measured at each step The IIml l IS achieved when the elllClency or output po wer
droPS wllhout carry109 ou t any allgnmenl

It was no t poSSible 10 establish tne maltlmUm permiSSible Input po wer lor the delcrlbed
multiplier.

The Import ance 0 1 • atable crystal osc i llalor IS Illustrated clear ly when one co nSiders that the
crys tal I requency II mulhphed by 108 li mes A frequency vartallon 01 100 Hz al 96 MHz Will
cause a deviation 01 t o kHz in the 10 GHl band ThiS means that the OSCilla tor CirCUlI mUl t be
e.amtn ed wll h rltIpect 10 tnetcc r lollow lng characterls llCI

• Mlcr ophOOICI (mechantcal stabllltYI
• Templtra tu re behaViour l thltrmal I tab,lIty)
• In te rfe rence noise acrOS!l the varac lor diOde (Inlerterence modulatlonl

• Oscillalor noise

From tne appncencn I lde, we are to dillerenllale bet ween IwO quality Itepi
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• Operation In wldeband Ff~ and und er llne -ol -slght co nditions
• Narrow-band FM or CW and l or non·llne-ol -slght commumcetrons

In the tnet case, it ha s been lou nd tnet It 15 onl y e ucroonomce that can cause uuerterence II
is su tlicient lor the oscillalor and modulator to be separaled Irom the rest of tne transmlller
and for II to be construc ted In a mechanica lly sia ble manner tn Its own case WIth some
the rmal insulation , The ther mal atabihly is Iimlled to ensunng that the OSCi ll ato r doe s no t
cease operation due to low temperatures, Unwanted modulahOn is aVOided by ensuring thaI
the vere ct cr diode is only loosely coupled to the OSCilla tor, so Ihal several vcus 01 AF-vo ftage
are reQuired to ob laln the required IreQuency deviation , ThiS means Ihal !nterlerence voltages
in the mV -range Will have no ette ct The non -hnear modulation cha racterisllcs caused by nus
is not important lor voi ce communications

On the oth er hand , all po SSibilities must be used lor the second appucauon. In thi S case, Ihe
crystal should be p laced in a crys tal oven and should be aged lor eeveeer waeks 01 ope ration
In an oven . Wtth respect to the no ise, two recent publications should be menucnec:

In (5) tha crystal OSCillator deSCribed by DC OOA !n (I), 15 usad as an e_ample lo r a
hig h-noise oscillator , and the author gives a cescnouce 01 measurtng equipment lor experi ­
mentally measurtng Sideband noi se,

Mr. B , Neubig. OK 1 AG Col KVG) is to di scu ss crystal oecmeto rs in detai lS in one 01 the nex t
&dlllons of VHF COMMUNICATIONS. The most Important points are: The crystal loading
shOuld not be as low as lor csciua rors havtng a maximum long-Ierm stabillly: the osc i ll ator
cncuu must be iso laled lrorn the limiting tce cucn - one should therel ore use two-stage
c lrcui ls ;
the most tevoraore tran stslors are high-power juncti on FETs such as the P 8000

ThiS ccnciuoes this erucre . even though the author was not able 10 provid e as complete an
emcre as he would like . However, the lollowtng refe rences allo w in terested readers to obtarn
l urth er details lor construc tion 01 a hig h -quality 10 GHztransmlller.
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A 3 CM PRIMARY RADIATOR FOR PARABOLIC ANTENNAS
by R. Grlek, OK 2 YF, and M. Mun ich, OJ 1 CR

The dra wlnO given In Flgu r. 1 shows all reQulfed dimenSIons 01 the dopol. radta to r Ind fe·
uec tc r wh ich .f. p laced dire ctly In Iront 01 the open·."d 01 I so·called X-blind waveguide
A 100 (Or WR·90 Ot WO-16). Th is rad,ato, 'I place<:! through the cen ter 01 the parabolic re­
flect or from the back so thai th e ,horte ' dipole ia placeo at the loca l POint This is nOI only
s impl.r mechanically . bul II lar more eleganl than whe n uSing. horn ,.d,llor and wl vegulde
led aroun d the para bo lic rel lec lo r,
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The 10 dB beamw idth (Il 01 the radiator assembly amoun ts 10 apprO~ lmate l y 60". which
make s It more suitabl e 'or parab oli c rel lector s having a local ang le between 60 and SO", The
author uses It in parabolic rellect ors 01 50 cm In diameler, having a local d istance 01 17 to
18 cm (fld apprcx 0 ,3 ) (I•• Flgur. 2)

The des cribed primary radia tor is taken Irom (2) and has been lu rlher developed In di SCUSS­
ions with M , Hamel, OJ8 VY, and Dr, D. Evans, G 3 APE, and recal culated l or Ihe amateur
frequencies in the 3 cm band

The operation 01 thi s radiator is simple : the two dipol es (_radia to r_ and - reuecto r- ] are
soldered to a metal surface that is placed in the Open end 01 the wavegUide parallel to ItS
wide si de, When uSing the usual TE,o-mode In the waveguide, the a -vector is parallel to the
dipoles wh ich means that they WIll be energized by the radiati on . II the meta l surlace is
mo unted symetrically in the waveguide, both dip ole halVils w ill be energized equally , The
na rro wing 01 the waveguide In one plane is used lor impedance matchmg , it also Improves
the radiation diag ram be decouphng the wall ing 0' the wavegUide h om the drpotee. The Impe­
dance 01 the system is also dete rmined by the msertlon depth 01 the metal surface into the
wavegu ide, and by the spacmg 01 the dipo les trom Its open-end, Fur1hermore, an iris in the
narrow part 01 the waveguide, and two matching screw s in the straight part op tim ize the
ma tch in g The two matching screws are aligned lor lowest VSWR , or ma~imum I leld streng th
in conjunction With a local station.

It should be mentioned thai all part s are made Irom bra ss, and can be silver -plated, alth ough
th is is not absolutely necessary . It is impor1ant, howe ver , that any residual solder between the
dipo les and the metal sur1ace is removed, as well as between thiS surlace and the waveguide
Also, it is necessary 'or the narrowing o f the waveguide to be exactiy symmetric al.

REFERENCES

(1) J . Griem : A Tubular Aadiator 'or Parabolic Antennas in the 13 cm Band
VHF COMMUNICATIONS 8. Edition 4/1976. pages 207 • 214

(2) S, Silver: Microwave Antenna Theory and Design
McGraw -Hili Book Company, New Yor~
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AN SSB TRANSMITIER FOR THE 13 em BAND
EXPERIMENTAL SYSTEM USING ENVEL OPE ELIMINATION AND RESTORATION

by R. V. G. n. , VI( 5 OR

The technology o f SSe -signa l pr oceu ,ng uSing the en vetope elimination Ind "~stOfallon

method was eeseneee tor VHF amaleur, In (1). Of Klrf Memzer. OJ4 l e. • d.Oded the
requ ited adapter uSing . freq uency d lv,de' , whll: h then allo wed I SU~Qu.nl frequency
mu ltip li cat ion 10 lhe reqUired UHF or $HF band Th" could be made With the .'d 01 eceven­
t,ona l veractor mu lhplle,. (2) The author u,ed Ih,s system 10 obla,n • sse transmitter lo r the
13 em band and was able 10 obl_m 4 W 01 SSB-signar II 2304 MHz ,n th" e.penmental
system.

Thl' was su ll,el.nl to cover the 1885 km path Irom Adelaide to Albany (VI< 6 WGj uSing l he
sum me r - c uct-concmoes- present on February 17, 1911 0 1 cou rse , thiS amazing d,slance
hal nothing 10 do w ll h the I.gnal proce$llng melhod , bUI there II ha rdly a Ilmpler me' hod 01
obtain in g SSB-I.gnall at a use lul power level than when ullng thiS lyMem. For thl' reason ,
th IS ernere IS 10 provide a rel resher regarding ' he pr,n c.ple and to eeecnee tee Iransm,tler
used It should be underlln.ed, Ihal thll ., only an e_perlmental SySlem, and Ih,s IS Ihe reason
Why no att empt has been made to prOVide lull cons truCltonal data The most Important de tails
are 10 be show n and di scussed, and ~veral phOIOS Ihal wefe made by VI< 5 RT provide an
impres sion ct me author' s e_penmen181conltruCI,on

1. BL OCK DIAGRAM

The b lock diagram give n In Figur. 1 sho ws me modules and Illters used A lranscelver
KWM 2 or a FT 101 B afe used as SSB e"Cl ter at 21 MHz The hear l 01 me ccnsuccnon . the
processor. IS 10 be described in deta il In sec llon 2, The lre Quency 01 the subseQuenl crystal
cscrnator is selected ec thaI a frequency 01 2304 MHz IS ob tained In Ihe 13 cm band aller
mul ti plyi ng by si.., The lIneaf power empntrceuc n II made at a IreQuency 01 384 MHz. wh ere It
can sh ll be made eaSil y II IS po SSible. l or Instance. 10 use Ihe linear amplif ie r described by
G Freytag OJ 3 SC (3) The oufPUI power depends On the lP8clllCahons 01 11'18 subsequent
Irequen cy multiplier. A MICROWAVE MODULES varactcr Inpler MM V 1296 can be used lor
tne tripling lrom 384 MHz 10 1152 MHz II IS only necessary l or II 10 be luned aomewhal
low er . Th is verector trlpler can be dflven up 10 an InpuI power 01 20 W, so thal an cctcct
level 01 10 W et 1152 MHz can be obtained

E;j"..,••
;;; : !' ~. J,;::;1 {'7":::"'~,~
" '.f sss~ ..~,~ ..~, l;;::J

'~""§"O' 8"-""iZ}' {]".."'"s ,.. ...., .... , ~ ..~, <J
:.. '-'Of .. "Of ~ ~
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The following frequency doubler from 1552 10 2304 MHz IS 10 be deSCribed In detanm sec tion
3, since il is assumed that any addilional mf ormatlon in this area is sun very welcome II is
extremely important lha' bandpass hllers are provided in trent of and between the frequency
mullip l iers so tha' these are only driven With a Single trequency

It should be mentioned that module OJ6 ZZ 006 (4) can be used as transmi t mixer from 28 to

384 MH z. and an interdu01i tai converter (5) used as receive converter

2. THE PROCESSOR

The principle of operation was deSCribed in detail in (1) and (2). BaSIcally . the input SSB ·
signal at 21 MHz is split inlO Its amplitude-modulated component (envelope) and Its phase­

modu lated component (FMJ. Both these Signal components are now separately processed :
The PM-signal is divided by six . lind the resutlmg frequency of 3.5 MHz cossesses only 1/6 ot

the origmal phase devtencn . ThiS Signal is amplitude-modulated WIth the sepllralely amptified
envelope and fmally mi xed With a crystal -controlled frequency cr 315 MHz to ob tain the ou t­

put frequency of 28 MHz, Aller this. the new SSB-Slgnal tha t possesses only 1/6 o t the phase
deviat ion , is amp lified selectively unti l the reqUired level is ob tained tor Ihe subsequent
module.

Figure 2 sho ws the ci rCUit diagram of the processor The 21 MHz SSB-signal (the frequency

ma y be in the range Of 21 ,0 to 21.5 MHz) is fed 10 the Inpu t at a level of app rOXimately
100 mV and is amplified to apprOXimately 5 V by tr ansistor T 1.

An en velope demod u lator eqUipped With diode D 2 removes the AM component. and the AF

signal is fed to the AF amplifier (T 5). which modulates the PM-Signal in the stage eqUipped
w ith T 4 . Diode 0 1 is provided fo r bias Voltage generation tor transistor T 5.

I' ,.,.,.

"
1

Fig. 2 : The 2112. MHz SSB proc. ..o r with. dh,ll ion ' I elo, 01 Ilx

T

"

"
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The signal amph/led In T 1 IS also led vIa a bandpass tuter [L 1. L 2) to the I,rlt IIml le r to 3.
D 4). After llUb!leQuenl amp llilcahon (T 2) and limi ting to 5, 06). the 21 MHz PM-'Ignal ls l ed
to a pul se shaper (T 3), The square wave "gnal I' now dIVIded by SI. In I ctua l teet . I tandard
TIL Circ ui l l should be sull,c lenl It an Input Irequency 01 21 MHz, However . tha auth or used
Sch ollky -nl ClrCUlls to be on the ule IIdll

TranSistor T 4 operates as an erecucorc sWllc h thaI IS drIVen by the 3.5 MHz square wave
vollage The curreot flowIOg via T 4 drives the AF voltage at the base 01T 5. so tha t the enve­
lope is modulated co te Ihe 3,5 MHz lignal

Tha combined Signal IS now led via a 10wpaSlI,lter lor suppress-on 01 Iha Sl. th harm OIllC 10
the mi.er eqUIPped With tne FET T 7. Tha cryltal oscili i tor eqUIpped wllh T 6 provldel a Ire­
quency 01 31 563 MHz. whIch allows a dillerence Ireq uency 01 28 063 to 280 MHz to be
littered out vIa the bandpass II1Ier com prlslOg l 7 and L 8. wh iCh IS Ihen amplllied In the lal l
tw o stages

2.1. Component . lor th e Proce..or

Tl .T2. T8
T 3 - T 5
T6
T7.
T'
01 .0 3 -0 7,

0 '

RS 2003 (Japan). AF 106, AF 127 or ol her GermaOlum-PNP-AF transillor.
2 N 706 or 11mliar S,lIcon-NPN·VHF tran Slator
SF 173. BF 224, BF 199 or Similar VHF trl nl lstor
MPF 102. SF 245 or Simi lar FET
MPF 121.40673.40841 or " mltar DG·MOSFET

1 N 914.1 N 4148 or Simil ar SIlicon-planar SWlld" ng dIode
AA 112. AA 118 or SimIlar GermanIum diode

All mduClances are wound on a 6 mm COIl l ormer With HF cora. USing 0 4 mm dl' enl melled
copper w ire

II :
l3:
L4.
l6:
l 7, l8

L'

20 turns.l 2, 22 turns. spaced 15 mm Ir om another
41urns on l2
22 turnl. L 5: 4 turnl on L 4
15 turns
22 turns; spaced 12 mm Irom anOther
22 lurns; l 10 3 lurns on l 9

2.2. Conalruct lon

A PC-b oard was developed lor tne processor CirCUli g iven In FIgure 2. Ih ,s PC-board II
sho wn 10 f lgu,. 3 Ifs d imenSIon s are 145 mm • 70 mm and II IS doubla-COlled Only a lew
th rough-contacts ara reql,llred . and tneee are mlde dUring the mounhng 01 the compo nantl
by solderIng 10 the upper and lo wer Side 01 the board These poSItions Ire marked in the
componen t location plan (f igu re 4) by smlll CrOSS81 ScreenlOg 01 Ihe whole prOCellOr I nd
betwee n the IOd,vldual stages IS essenllal to ensure Ihat no components 01 the onglOal SSB­
signal are present I I the output. For this reason . the Pc-coa rc IS div ided Into II I chl mberl
uSing screening panel s (FIgure 5) and IS the " aoldered into an RF-tlght case Thi l ll done as
tcuows:

The IIde 01 the PC-board havm g the large ground l url lce II 10 be dellgnated al upper or
componen t s!de. The lower l ide IS thu s the Iide With th e lew conduct or la".. All cceeecnon
hOi.. are dri lled Ir om the lower Iide
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Alter th ts. the IIoCreemng panell are manulactured al Ihown In FIgure 5. they are then pro­
VIded w ll h meglvon hollIS , and l hen soldered on to Ihe componenl erce o l lhe PC·board

ThIs IS l ollowed by wInd Ing the COIls (cOIl da ta gl~en tn secllOn 2,1) and me wlnd,ng, ".ed
wllh a hll ie l asH::Irylng adhe,'~e Be' ore I llung the COils wIth . dual ' COmponenl adhesl~e . on8
sho uld ensure thai the gIven spacI ngs are co oecr

ThIS IS fo llowed by lI'Qulpp lng me stage s InPUI ampll her. limIter . and treQuency d'~ldet .

ConnectIng lhe operating vo ltage, and Inlec tlng a 21 MHz SIgnal. Alter coarsely aligning Ih e
Inductances. the OperatIon 0' lhe dIvider is checked uSing a co unter or by monlt o fln g

It is now pOSSIble lor tee reSI 01 the CIrCUli 10 be co nslr uc ted

Alter mou nting all lhe componenls . the module IS Inllalted Into a metal 'ramework equ Ipped
wIlh BNC-connecIOIll and an ope ratIng vollage 'ttedthrough ThlS 's loll owed by the IIl1gn·
men!.

2.3. Alignmen t 01 the Proc. ssOt

A co nstan t input level at 21 MHz IS Important so Ihat the lim Ite, operates co tlecUy and l hat
l he modulalor Ihu s recel~es an approx Imately conslanl voneae. Aller allgmng L 1. a vonaqe
01 et least 5 V and max , 6 V should be measured at TP 1 WIth lhe aId 01 an RF· (lu be) vert ­
meter.

The alignment 01 lhe ClrCu,ts comprIsin g L 2 and L 4. wh ich are dampened by the umuer
dIodes, can be made WIth the e.e 0 ' lhe vonmeter connected 10 lesl po tnt TP 2. and reduCtng
l he 21 MHz Inpot vo llage lemporafl ly to a lo wer value In order 10 obt aIn a read ,ng lhal II not
IIm,led

The crysta l OSCi lla to r IS aligned WIth the vo ltm eter co nnected 10 teet po,"t TP 3 . and the
transient performance checked

Allenlton Shou ld be paId dUflng the subsequenl allgnmenl 0' tl'le mIxer lind OUlput ampllller
thaI Ihey are not ahgned to tne crystal OSCillator Ir equency by mIstake Aller thtS, II III
possible lor the signal 10 be led 10 the 28/384 MHz trans~erter

3. ANOTHER VERSION FOR THE 23 em BAND

SInce the same prinCIp le and des.crlbed con,lruCllon can be used WIth a lew moo l, .cal lon,
lor the 23 em band . a lew detaila are now to be gr...en regard l"g th IS II IS. 01 course . 'ar
easlet to obtaIn the itnear power ampllllcat lon In the 70 cm band . " d subsequ en tly lrlple l h.
I req uency Ihan to generlle Ihe SSB -SlQ"lla d irectly at 23 cm

The same concept remams. and It " only ne cessary lor the ' requenc le, to be chang ed

In the processor, one will no lo nger div ide by 11_. bUI by tnree . The correllpo nd lng ••tra ct
Irom me CIrCUli dIagram 's given in Figur. &. whIch II Inser1ed between T 3 and T 4 in Fig 2

The Cryltal osc i llalo r IS prOVIded with a 3S 166 MHz cryslal so tn et Ihe - mteemecrate Ir e­
quency- 01 7.0 to 7.166 MHz II CO" V9r1ed to 28 166 10 280 MHz. No lurther modll,cahons
musl be made 10 Ihe components or tndu ctances

~ VHF COMMUNICATIONS 2/1979 ."



.sv
3:1 divi der

lk

14 S 113

7

II p

lkS

Fig , II: A 3:1 di_ ldtr I , pl. e•• thlll :1 dl_Id•• whl n 11'1'
pr oc;••tI)r I' 10 b, .....d 10' th. 23 ern bi nd

In the l o ll owlng lr ansvert er. th iS Signa! IS ml~ed With the local oscillator rrequenc~ 01 404 MH z
to th e n ormal 70 em range o t bet ween 432 and 43" MHz The outpu t power 18 l hen amplified
linearly. and then l ed 10 the frequency tnpler .

If there is sutncentrmerest. II Pc -boa ro W ill also be cescueec lor thl' vereron.

4. DOUBLER 1152/2304 MHz

The main oenenercns 01 thiS module are given In Flgur. 7, The resonator panels are made
from 4 rnm copper p late. base and cove. fro m 2 mm coppe r plale . The who le doubler can

be mounted in a cast alum in ium case similar to thaI used by MICROWAVE MODULES The
au thor used BNe -conn ector s. bu t according 10 hIS experience at 2300 MHz. It IS adVisable to
use n-cc neectc re

A jJ 4 co axret CirCUlI is crovrcec for the Inpu t and outpu t rrGQuency. They are connected to ­
gether w ith the aid or a coupling lin k which IS provided With a 4 mm wide brass striP as
coupli ng capacitor. ThIS coup ling link IS passed through a third chamber In which the multi­
pli er d iode type VSE 66 P l Mutiard/Phlhps) IS accommoda ted The d iode IS mounted With one
!l ange in a heat -conduc tive p in , and the other flange IS prOVided With a cap haVing a s tnp­
shaped ccnnecnce to the coupling link

The input cou pling at 11 52 MHz IS made galvanicall y With the aid 0 1 a tap The output
couplin g at 2304 MHz is made capa otively uSing a d isk 01 apprOximately 6 mm diameter to
the inner conductor 01 the connector The degree 01 co upling is vafled by screwing the con­
du c tor in or OUI. The ph otogr aph given In Flgur. 8 gIves an approximate Imp reSSio n or the
construcuon 0 1 thiS module

The au t hor hopes that nus met hod 01 SSe-procesSing ror microwave trequences Will m­
crease acllVi ty on these bands. and wou ld like to hear your experiences
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f ig , , : Autho. '. p rnl olype of Ihl t flqul ne , doubl., .'th 4·5 W ou tp ul po.I'
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INTERDIGITAL CONVERTERS AS TRANSMIT MIXERS
by U. Mall wlb:, OK 3 UC

Receiv e ccovenees eQuipped wi th PIlSSIVfI ml .~fS IIfD also SUitable lor use as transmit con­

vertees. An e.amp le 01 this based on lhe Intp,d'9,tal convener ( 1) IS now to be cescnbee lor
the 13 em cand

Out
o 2304MHz

SSB

DK3U C

Fitil 1

10
oPTFf - toll ([...10p) 144MHz

SSB

~==:::J::l[~jtJ 401 -!;r 0 r-J~W ,1

10 ioVGr~
o 2160MHz~Sl

The osci lla to r po wer al 2160 MHz IS II dec isive tacrc r lo r the output power. An cscutatcr
power o f 25 mW was used by th e aulhOr but several hundred mW can be used The second

cntenon is the type and mstauanon 01 the mixer d iode 0 , A diode type P 081 B IS sho wn in
Figure 1 whIch is bu ill into a d iode type 1 N 21 CIIS8 ThiS encoe IS manufactured by Pere ­
me tr ic roo.: however, other Sch oltky d iod es SUCh liS SAW 95 (Phili ps) sho uld be SUitable, The

IF-s ide 01 the d iod e must be bypassed wIth a SHF byp ass-capacitor 01 appro~im8lely 10 pF

(PTFE-Ioil), The bias 01 the dIode is ali gned uSing A I lor ma~ lmum ou tp ut power, and the
drive using A 2. It is posslbl fJ lor lhe coaoar cables to be di rectly sol dered to the approp riate
resonator to save ccrmecrors

The euthcr also tr Ied other types 01 d iOdes In lh is ml~er exv 38 C, exy 39, and 153/24

(10 GHz diode man ulact ured by Marconi); ho wever, the OUlpul po wer levels were app roo­

mate ly 4 d B less than that ob tained With SchOllk.y orcces
0 1 cou rse. II IS not poes.bre tor lo ng -distance ccmm oerceucn to be made With outpu t po we r

levels 01 between 0 ,1 and 100 mW - according to th e diode type and osc ill ator po wer How ­
ever, II represents 8 good star t on thiS band, and suc h Interdlgl tal mi~ e r s are SUl lable lor

alignmenl app lications and lor communications ove r IIne -o l-sight paths 01 several lens 01 km

REFERENCES

J Dahms : Interdlg lta l Converters lo r the GHl Amateur Bands

VHF COMMUN1CATIONS 10, Edihon 3/1918. pllges 154 - 168
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SSB·TRANSMIT MIXERS FOR THE SHF BANDS
b, A. Heldemenn, DC 3 OS

Th.S and the following .rheln ar. 10 deKtibe • Simple methOd 01 generat,ng an sse ..gna'
fOr the SHF amateu r binds at 13 em. 9 em . 6 em, and 3 em In order to oblaln rep rodUCible

module. Ih81 8111 also SUllable lor portlble operahon. the m'.ef .1 10 be bu,1t up USIng. pc.
board constructIon Ihal 00et not reqUlr. an.,. .._tenl lye alignment The com plete Ci rculi "
equipped wllh 1ef1llCOnduclor, In add 'hon to 'h.S, no ._pensIVI SHF Iranilitor, ar. used In

the frequency multlplle,.. and mll'e,.. . but only cheap pow., vlraetol'l . whiCh ar. Ivadable
Irom the au thor, For Ih" reason, Ih'l ccece pt IS mosi cert a,nly nOI the molt faYorable lor all
co nditions and It will not be able 10 repl,ca I 13 em l,.ed I tat,on eqUiPped .....,lh Ihe ....ell ­

proved 2 C 39 tubes (1).

No mtormancn is 10 be g iven regard ing Ih e local osciUalor Since • sull ic ieni number h.s
already been pub lished suc h as (21. (3). • nd (4), However. • ner m.ny di scussio ns. the author
ha s go l the impression Ih. t it wou ld be .dviUble 10 deSCrlbe sUillble v. rlclor multip li ers
For thi s reason, further dell il s Ire to be given rega rding Ih e co nstruc tion 01 Irequency
doublers l ot 2160/2304 MHz. 3312/3-456 MHz . and 2592 MHz (. 10368 + 4), as well as Irlpler,
lo r 3312/3-456 MHz. 10368 MHz, Ind trIp ier, lor 3456 MHz. 10368 MHz ou tput freQuency

1, FUNDAMENTALS

In or de r to otter the reeder. better underlllnding 01 lhe operlhon of the desc ribed m•• ."
th IS Metlon .1 10 gi ve a short description 01 t"- theOry In an unmlthemahul ma nner

The phlSe speed 01 a ....... on a ltne (e g eoalUll or mlcro-Slnplil'l8) •• dependenl on the
longlludlnal ,nduellVlly and Il lera' upaCll.nce componenl [L ' or C') The 10 1l0 ...Ing 'I v.ltd
lo r the SO-ca lled prOpagl t,on conltanl jJ

jJ • 2~ • \~,
where ). II lhe line wave length II v • I .. ).. Ihe lollOWlng wIn be obl . ,ned

, . 2~ I

'1/ t, ' • C"

ClplCI I.nce components . Ihe low er w ill be IheTh iS means the larger the mduClJvlty Ind
phase spee d v

The pha'e shi ft ..\q caused by a Ime 01 length I is IS lo ll o...s

• 2~11 • 2:'11 • lV~,
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II will be seen Irom th is equenon . that tbe phase shill 01 a wave is ersc dependent on the
cececnenee componenl The enecnve ceeecrtence co mponent o f a mlcro-strlpllne becomes
vol tage-dependenl when used wllh versctor d,odes , ThiS means Ihal Ihe phase shill lHr IS
also voltage-dependent . It is possible when uSing a li ne wll h vonaqe-cepenoent ceoecmve
ccmoonent (line wIth one or more veeector diodes , varectc r in the lorm of a slflpline) lo r Ihe
phase 01 a earner wave 01 frequency 10 (e,g 2160 MHz) 10 be shilled In lime With a connected
modulation Signal c t trequency fm (e g 144 MHz). which means that Ihls line can be used as
phase modulator ,

The conversion 01 th is phase mod ulation !fI to the reQl,med amplitude modula tion (modulation
• conversion) can be mace most easily In the lorm 01 a decoupled line (3 dB hybrid , mag ic ­
Tee). Fo r th is purpo se. the earne r wave II led to a 3 dB d'~lder , attar which bOlh signals are
shifted by a cons tanl phase engle, In addilion 10 Ihls. lh e phase modulation is added 10 one
01 Ihese signals f inally, the unmcc orateo and phase -modulated signal components are
added According 10 the phase shi ll between these two signals, an ampli llcatlon (1'\" • 2 na.
n . 0 1..,.) o r reject ion (hq - (2n t 1):'1. n _ 0 1" ,.) will take place This means that an
ampli tude modu lated signal IS present at the output o f thiS cucurt liS the cceversron producl
mlo i n ' m (m - 1,2, .,,; n - 0 ,1, ...1, For 9Kpl lnallon , the vector diagr am lIalid lor the outpul
lIo llage is gi llen in Figure 1

a is Ihe vecto r o f me non -phase modu lated Signal componenl

-: - A a.r.p (j 2:'1 101 )

~o is the vector o f
ph ase ang le qo

~

Ihe signal co mponenl thll t IS smtreo wllh respect to a by lha constant

~

b is me vector ptrase-moculeted With tm
~ ~

b bo ell p ( J h q cos ( b: Iml ) )
~ ~

The l o llowing is valid lo r vector a -+ b o f the output lIo llage

. ~

The amplitude modulat ion , which IS the vanenon o f the outpu t voltage component ,\fa t b l

as lunct ion ct me phase angle hq , can be seen easier in the vector diagram given In Figure 1
than in this eQuation ,

A co nsiderab le adll anl age 01 Iht s mi ller Wit h respect to o ther CirCUitS IS Ih at the earne r fre­
quency 10 can be suppressed by co rrect selec tion 01 'h to :'I . In p-e cnce. a compromise must
be tounc between camer suppression and elliclenc y, It Will be seen in the vecto r diagram
and in Ihe abovtl equation Iha t Ih e oulput sig nal -: -+ Salso pos sesses a phase mod ulati on In
additio n 10 the am putuce modulat ion Th iS phase modulatIon can be suppressed by
elltend in g me sing le-pole moootetcr to the push-pull mode . The drstcrtron tecrcr 01 push­
pull moouretc rs is also less, wh ich has been ccntrrrned in the lutho(s own expenments. 10
tne cas e o f a push-pull modulator, vector it also has II ph ase modulation component The
associated vector di ag ram is g iven in Flgur. 2
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'.
6

"iii . I : YKlo l dl'9"'" 1o, Iht
o ulput "'Olt.~ 01 1M
,lngl,.po"- modul.tor

"'t. 2: V'tIOI d i,gll'" 10' ,h,
oulpu' ."olllg. 01 .h.
p"''' -pull modula To r

Tnt> followmQ II valid lor the output IIl.,nal 01 the pUSh -pu ll modulator

• •.. , 2 A ·u + 2 ' \ 'i C01 (2 :t lml) [ ' (2 f '40)[(cos 2 ) e~p I :t 01 + '2

II w ill be c learty seen In Figure 2 and the above for mula that the phllse modulaTion 01 Ihe
outpu t signal has been removed How ever, 10. C01t1 reasons only ' Ing le-po le modulator. are
to be described whose 13 em and 9 em vers ioni have been In operation wilt! grea l luccess
OV(!I II cons iderable period 01 li me , To c lOl e lhil theor et ical conSidera tion, Figur. 3 showi a
bl ock, dIagram 01 bo th types 01 mixer

. "'...Phase -- ~,- modulator l- I--

1"

'. M81ChInO- f- Lowpau
netwo rk lii ter

.~

Lowpasa Ph...

I lilla r 1 I- modulato r 1 !
'. MatCh ing ""0 •- network and '0 - "'~- I--

phase shlhe r

I Lowpass PhAH I
liller 2 I- modulator 2

- ~
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2. L INE AR TRANSMIT CONVERTER FOR THE 13 cm BA ND

Aller considering Ihe theo,etlcal conslde'ailons 01 SImple h.,.brld power-mllers In the
previou s eecnon. the aulhor is now to delCrlbe the practIcal COnltruc tlon 01 l uch a t 3 em
transmi t converter. For selectlVlly reasons, a local eecuretcr frequency 01 2160 MHz II to be
used togelher with an !nlerme<h.te Irequency 01 144 MHz For rep rod ucIbili ty reaSOnl , it is
advised lor lhe transmit co nverte r 10 be co nstructe d in PC·board technology, uSing Ihe low ­
loss PTFE glass fIber malerlal OurOld RT 5870. wIth a thickn ess d • 1.57 mm al d,ele<;l rIC (51
elperlmenls using nOrmal epOlY PC·board male,.al resulted In considerably poorer resull s.
and the author cenno t re<;ommend use 01 thIS mate"al The strlpllne CirCUIts can easll.,. be
reca lcu laled fo r ot her thicknesses (ag d • 0,79 mml The compiele CIrculi 01 the Iranl mll
co nverte r II gIven In Flgu r. 4, Flgu r. 5 shaWl me PC-board

The co mpo nents are as loilowl

C 1:
C 2:
C 3:

r-.
R

L 1:

o

90 pF plastIC 'all tnmmer (red )
1 nF ceramic d llk capaci to r
Home-made capaci lo r, &e8 Flgur. 6

5 pF ceraenc tubular tnmrner

100kQ

2 turns 01 1 mm dla "Iver·pra l ed copper Wlr. wound on a 6 mm d,a
coi l lor mer WIth core

BXY 28 (Phlllpsl

oc J as
"IV. • : Clreul l of. lin.., powa, ml.., to, Iha 13 e m ba nd

I,

H'

"

oc J as
Fig . 5: PC-bo ar d ollha IInaa, powa' mi•• • 10, Iha 13 e m band
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The LC-network ComPriSing L l and C 1 •• uMd a. mat ching na lwor k lor the .nt.rmed,ate
freque ncy 01 1044 MHZ The aubsequent Nfl" CirCUit 01 )./4 hn.. opera'.. a. lowpess 1llle r.
and en.ur.. thaI no 2160 or 2304 MHz 8flergy •• peased Irom lhe phone moduialor to the IF
c,rCUII The phase modulator compr.... line L and varactor d.ode 0 A BXY 28 d iode " uMd
her. and dlQOe types BXY 27, 38. 39. 40 prOVide lar .nl.,1()I' r..ull. The COfl~ 01 the

phase moduLetoOn 10 the rllQu.rll(J amphlude modulahon lmodulehon • Con....rSIOn ' ) w,' h
SUppi'nMd earner 12160 MHzl ta k.. pleice .n lhe connecled hybfld The came' IUppreulOO
and depth of moduLehon ... lunc tlOn 01 the phaM angle q. II . Iogned u..ng r,.,,,rner T, The
li.ed ca.,.c,lon C 2 and C 3 are uted .. DC-.tolat,ng c&PK,IOrl .n order to p,ovlOlt the menl
la vorab'e DC oper-a t.ng po.nl 0' lhe va,aclor "",11'1 the aid 01 r..,.lor R In add,hon to 11'1•• .
ca"'Cllance C 3 p'ov,(jet a I1eI.Md lermlnahon 01 Ihe IF neT""o,k due 10 ," hogh reeClove
Impedan ce aT 144 MHz The PC-board co nll ruCloOn 01 the mi• • ' COOllde,ebty .,mpl" '" con­
, lrucllon. Figure 8 show. deta .l. regArd ,ng lhe mounltng 01 lhe vara clo, and the .,an" ' lon
Irom BNC 10 moero-slrlphne. " log u, e . 7, • • and • tho"" pholog,aphl 01 the aulhO, I prOlolvpe

DC3 as

o

"

Frel'lgr

BNC- fL ange
connKtor

. go .

Fig. ' b : U .....nff"t of • • He conroee lor 10 the ItO'C.o·.I'IpII,..

). VHF CQf.4MUNICATK>NS 2/1979



fig 7;
Photogr.ph of the
...thor ', prolofype
l1.n....11 con w• ...,
'44'7304 MHI

fig , I :
l .Ild C S .r.
d.pr....d onlO rIl.
w.r-e:lor .. ,lne'
pl.,11c Hr...
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3. LOCAL OSCILLATOR SIGNAL FOR 2160 MHz

The mOil lavorable relationsh ip ....llh respect 10 e lhcl e ncy and I purloulllgnal l uppresSlon II
ob ta ined ....hen the 2160 MHz oscillato r li g nll II obla lned by dou bling I cl.ln 5-40 MHz I 'g nal
twice, Only the !Wo pawer-doublers Ire 10 be d' lCull@d here . Ilnce the 540 MHz IIg nll WI I
obtaIned in I OJ" LB osc,llltor CirCUl i la deKrlbed ,n (2). and amphfoed to 2 10 5 W ,n I
modilled OJ 3 SC Slnp a.m.ll r to (6) The c.rCUII 01 the l ubMquent doubler Irom 540 MHz to
1080 M Hz .aahown in F6glolr. 10

10

BN( 1

DC 3 us
C2

. ,. 13

( 3 (·(';y,N-l
L2

D

RBNC2

( 4
e

.....,) ~-20 - _-22
I_il_
I(5 I

6
(

10

20

I L4
1.--L...J

D
I

540-1080

DC 3 as

540MHz L4

L3
R

L2 ( 2

C3

1080MHz
L1 o(-~

(1

Fig. 10; F~ dowbloer~I1HO MHI• •~w " _ abo., e nd c:ireuM iItI all'a",

The components a re I S 10UOWI

C: Coupling pllt. from OS mm th iclI, " mm w.de co ppe r plate

L 1- 21ums 01 t mm dll, sltver -pllted wile on a 6 mm former . Mll-su ppo rt,ng
L 2 2 tuma 01 1 mm dll, IHver-plated wire on I S mm lo rme r. Mil-s upportIng

L 3 0.5 mm Ihicll coppe r pille. Width 4 mm , helghl 9 mm
L 4, 0.5 mm Ihic ll copper pille . width 5 mm , height 1 mm

R: 100 110

0 : VEe 81 11. BXY 35. BAY 66 (Phil ips )

All trimme rs : 0.5·3,5 pF cerlmic lub ull! Irlmme,.

BNC 1, B NC 2: BNC ccnneetcrs lor s ingle- ho le mounting

AccordlOg to the Vlrlctor diode used. e lhclenc!elln the o rde r 01 50 10 60% ca n be e~ pected
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Two ClrCUllS are no w 10 be described as doubler I rom 1080 MHz '0 2160 MHz. In me case 01
the Iltst version (Figure. 11 and 12), wh ere coalual Input and output ClrCUI ls Consl ruc ted
from PC-board epoKy malerial are used . ellicien cies in the order 01 50 to 80% can be
obtained , The second version (F igure ' 13 and 14) is Iar simpler 10 construct. but the erncten­
cy IS only 30 % .

DC 3 05

1)&OI'IHZ

INPU T

PC -board "'QlI" a l
·'"91, · ( oal l d

7~" " ~ ' Q h

,n ' tr no ll,

h= '",,,,I,,nLA
8' aulu b,b . O ~ ....

PTH_Flng

Tr"" ..tr 1- l,p
~4 n yl

\ 11 1, . c.... ...t~ 16 .. ", nOli
OS",'" ( opPt r " '<P. ~ .. " .. ,d'

BO"IlIlU,l ~.l 5"'1Il " nntr con duclor Ill oynt,d (OnUnl"( OIl ,

F,I"y, IOCI f or
d ,od, · onOd.

30"", h"ln
,n l tr" olll

M21 " ul
IOldtrd 11'1 0 ~ 1 Q(

2160 "'1HZ r--fl..lllj~
QI,I TPU T

Bran IYb.e.l", ,,,
. ,Ih 115 I h"o d , n ~

,nlt , naU,

FIll. 11: ConltNCllon oj a co..lsl doubl., 10' 0/2180 MHz
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" - 16 . , "' - '~ ~ _ _ 15 ..

BNC 2
2160MHz OUT

l J , I
l :6 I ~

II
I 2

1
2 I

CJ
LI

DC 3 as
Fill. 13 . : Co n, tru(tlo n 01lh, ,•• qulncy do ub le. 1080/2160 MHz

ol 2
R1080MHzTr1 l1:t-'Ji'1 JVV""'-+~"'->-~Ho l4

1 1Tr 2

DC 3 as

FIg. 14
Photog•• ph ollhl
l ulho, ', proloty~

eon,l' uc tld I I .hown
In Figur . 13

Part s lor the rtoubler given In Figure 13

L 1 0,5 mm thic k COpPfI. prate. length . 34 mm, w idth . 5 mm. he ig ht . 6 mm
L 2: 1.5 mm (l IB, sil ve r-plaled copper wrre. leng th . 25 mm, heigh t . 6 mm
l3: see f igure 13c
L 4 • l 6: 8 mm dlB , brass, length . 22 mm

T,l ·1r 3

R ,

o
BNC I , BNC 2:

Plasl lC fo il tr immers, Tr 1 22 pF (green). Tr 2: 12 pF (yellow).
Tf 3 6 pF (grey)

app rOldm ately 20 kU

BXY 27

BNC connectors lo r Single-ho le mo untmg
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Attenlion shou ld be paId during eonatrucuon 01 varaClor multipliers Ihal l he curren" A. all
reqUired harmotl lcs o l lhe fundamenlal Irequency ._a able 10 Ilow via the varac lor dloda This
demand IS au lomatlcally lUI/tiled when ullng muillpllers In • so-called parallel CirCUlI (vars.on
1), Th iS IS not Ihe case With senel dou blers (verSion 2) In thiS case. the LC·netwo rks com­
prisi ng Tr I , Tr 2, L " Tr 3, and L 2 are used 10 mal ch tne diode 0 10 Ihe inpullmpedanca 01
SO U al Ihe InPl,JI frequency o f lOBO MHz Since IhlS cirCUit repraMnll a low pass l i ll er , no
current can now Ihrough the diode al a 'r eQuency 01 2160 MHz A conSiderable Improvement
in eUlci enc y resulllKl afte r Ihe aeries reson anl cucuu L 3 / C 3 was con nec ted to the Input
side 01 Ihe oeoe by uSing an open 'i../4 strlpllne luned to 2160 MHz Tha most la vorable
tapping poin l on tne lt~t hne 01 the three-I tage Interdlgl lal I llter I hould be selecled accord­
ing 10 me di ode type used

4. CO NNECTION AND ALIGNMENT

The alignmafll of Ihe m•• er and mulltplter w,1I not be dllhcull •• a c lean 540 MHz I,gnal IS
availab le UStng a simple po wer meIer (termlnallng ree.stcr With diode and /o r coupling lo r a
wavemeter). Ihe Ilrsl doubler (540 MHz 10 t 080 MHz) IS allgnod, tcncwec by the second
doubler (lOBO MHz to 2160 MHz ) The allgnmenl 01 th e IIrSI double' should not be altered
dUri ng th e ahgnment 01 the second (paraSlhC oscillallonl!) For spuriOus Signal conSider­
al ,ons (spectral componen ts due to the ph ase modulallOn), the m••er shou ld not be used
w lthou l a sUllable I lIl er (7) al tne oulpul Simple, slng le-S1age Inlerdlgl lal hllers have been
l ound very Sl,lI lable lor IhIS, For allgnmen l 01 Ihe ml.er, the local oSCIllato r I tgna' 01
2160 MHz IS coonectec. loge lher w'th apprO.lmately 1 W power Irom a 2 m Iransmiller , and a
suueore power met er connec ted via the oulput !lllt!! 10 the outpu t. W,l h the local oscil lator
SIgnal at 2 160 MHz prMent, the 2 m mal ch lng network compriSing L 1 / C 1 " ' l ratly aligned
l or m in imum YSWA A 2304 MHz Signal should now be present III Ihe OUlpUI. Trlmme, Tr II
now aligned lor ma.,mum c utout power , Fina lly . me ou tput CirCUit and Ihe output coupling 01
th e second dou bler should be correctec The alignment 01 Ihe output I l lter can on ly be
op ll mlled when a spec trum analyz er IS available In Ihe case 01the aUlho r 's 13 cm transml"e'
aligned wlthou f the aId a ' a spec trum analyzer, ccmmcmcencn With DC 0 OA over a d lst.nce
01 62 km look place Immedia lely wlthou l any d llhcu"tes Late r measurements showed Ihat
Ihe 'a llOWing values were e. hlbtled when usmg lhe smgle-stage hlle'

Inpul power:
Output power lsI double':
Output power 2nd doubler

Output power rmxer
Spurious Signal '
Spunous Signal :
SPUriOUS signal :

540 MHz
1080 MHz
2160 MHz

2304 MHz
2160 MHz
2Of6 MHz
2448 MHz

33.0 dBm
30.0 dBm
285 dBm

248 dBm
- 0,5 dBm
- 150 dBm

5 dBm

It Will be seen Irom Iheee specl hcallons Ihal an addthonal, or beller hil er PI mUlt be used
when th e muer 15 10 be dlreclly connected 10 lhe anlenna Illhe ml .er IS to be toucwec by a
selec tiv e power amplil ier equipped wllh lu bes (1), a good sing le-s lage hlter wIn be euttrclen t .

Fmally, It shoukl be mentIoned Ihalth,s m,..r tS also very SUitable as ATV modulato r due 10
li s targe IF bandwidth Irom DC to several hundred MHz. SuccessfUl A 5 / F 3 e.perlments
mad e by Ihe author In conj unc tion wllh me 10 GHI verSion 01 IhlS mille , (wh ich II 10 be
ceecneee In a laler edi tion) confirm IhlS
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TECHNOLOGY AND FREQUENCY PLAN FOR REPEATERS

IN THE 23 em BANO

by T. Morzinck. DO 0 aT

The West -German PTI has been I,sumg licences 10' 23 em ,epeate., ,mce 1976, Although
these repeaters are ' 1111 nOI very well kno wn . Ihey .re 01 m,erest lechnlcall y They allow Ie"
Qualilled amaleu,• . and those Wll h .. limited budget 10 lake part In mtc,owave communlc a­
l ions and gather e xpenence With rela tively s,mple m••nl

Such acl lv,ly i' atso very impo rl ant wllh eespecttc dfl fendmo these amateur bands

1. FREQUENCY PLANNING

The selectton 01 Ihe Inpul frequenCies was made In con junCTio n w,th 11'18 European band plan
lor the 70 em band The task was to allow communications uSing. verecror tllpler ,1'1 con.
Juncllon w,lh a 70 em FM IranIC.,vef, For example , repea ler channel R 74 (70 em 431 150
MH z) is tnpled 10 channel R 24 (23 em : 431.150 MHz . J 1293 450 MHzI ThIS means thaI
Ihe channel spacmijj In me 23 cm band IS three ' ,mes lha' ollhe 70 cm band

The repe al er output I reQuenCles are 33 MHz lower. ,n the ranijje 01 1260 MHz 10 12£2 MHz
ThiS relaltvely large lrequency spacmijj has a number 01 advantages ,n practical operation II

IS pOSSIble. lor Instance. to monilor on8's own Signal Over the repea ler Without problems

2. ANTE NNAS AND POLARIZATION

uem no w. horizontal polarization has been selecled lor 23 cm repealers. Since such hor, zon­
tally polarized omnidIrectional an lennas such as slots. Big Wheel (21. and halos are so cern­
pac l at thIS frequency tha ' they can eaSily be mounied on the roo l 01 a car However , hOrl ­
zcntat po lari zation was mainly selected lor cce rence tOijjether With lI.ed stations, whose
an tennas are usually hOfizonlally po laflzed

Most antennas on thIS band are usually sulllc,en lly w ldeband. ltIat they prO"',de a good mat ch
In the Ir ansm,t mode even al 1293 MHz In ' he case 0 1 narrow ·band Vag's . a drop-oil 01 ga,n
may be ncncee ,1'1 me recewe mode at 1260 MHz

3. COM MUNICATION

Mob ile operation ,n the 23 cm band does oller some ne w characteflSllC• . especially smce th e
lad ing due 10 mu lti -pat h commumcahons IS elllremely last Vlrlually no mterterence was
lound If'I the ..,'tlnlty 01 Muenster In Northern Germany. and what lillie there was. was caused
by spc ratnc Interference Irom radar , tahons With the e_cephon 01 Ihls. ' he band I' very
-peecetut- . It was. how ever. necessary lo r the repea ter DB 0 YM ' 0 be prOVided With a . radar
trap- to ensure Ihal the repeater is not bl ocked lor hours by such Interlerence

Commumcalions over 'hiS repeater are very leisurely due to the relatively lOw actlvl 'y II IS
un lort unale tha t the repea ter II no l popular With many ""ous 23 cm amateur. whO mImi'll
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opera te SSB In a ' req uenc y range 01 between 1296 and 1298 MHz. emce especIally the se
amateur, wou ld be able to help oHlers to become act l~e on th l' band , and gl~e other, 'he
benelll of the.r expenence

4. ACCESSORIES

4.1.1. The mosl SImple means 01 oblalmng a transm It , 'gnal " 10 use. ~aractor Inpier tn
cc muncnc n ..... ,Ih a 70 cm tranam tner Such ~aractora neve been cescneec In Ih lS magaZtne.
e g the veractor Irtpler by OK I PN (1) whtch was ~ery , .mp le to consl ruct In addItIon 10 th" .

' uch I r.p ler. are also a~allable on the mar ket ready-to-operate

4.1.2. II no 70 cm tranernute r 1& hallab'e , ,I would be pOSllble 10 l irally tnpre a 2 m ' tonal In
o rder 10 obta.n tee inpu t frequenCies on the 70 cm band However , speci al altenhon mu&1 be

p"lId to , creenmg and flltermo . "nce lhe lundamental frequency at 2 m w.1l be 143 700 MHz.
.....hich is c utsme Ihe ama teu r ban d IllS necessary 10 pro~.de a litter (3) euer ' he 70 cm / 23 em
multtptier In o rder to ensure that any residual "gnal Will not cause in terlerence to 70 em

'epealers

4.1.3. The mos l eleg ant manner wou ld be 10 use a I ransmlt ml.er that ec nven e th e Ir e­
Quency range 144 10 ' 46 MHz lin early to 1293 10 1295 MHz (4) It IS only necessary to chanoe

the usual 96 000 MHz Crnlal 10 one 0 ' 95 75 MHz, II IS also posSIble m thl' case lor the cscu­
tetcr frequency to be coupled 01,11 lo r a receive mi.e,. ' 0 Ihat II IS posstble to momto r the
in put trequenciea

U,uall y. the first tw o poSllblll lles Will be 'ulllcI&l"l1 ' or most application, The Ih ree posslblll ­
l ies are g l ~en In tne term 01a block diagram tn Figur. 1,

70cm V.ractor 0Iranamin 8r trip ler

DO 0 or

· 98·

2 m
I-- V.racl or - - Varacior ~T. Irlpler

Filler Iripl er

2 m f- L""" Mi• • r W'T. osc illalor

Fig. 1: Thr•• polllblli ll.s 01 prod uc ing lh. lra nl mlt l!<;t na lln tha 23 c m bind
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4.2. Receiver

4.2.1. The meet Simple means is 10 use an a~a!labte 23 cm/2 m ccrwe rter The somewhat
lower IreQuency does no t usually cause any problems since it I' with in lhe tri mmer range or
the inductances or capaci tances

A tremenocc s numbe r 01 con verters has been cescneee. and II is only necessary to loo k
th rough the last tew years 01 VHF COMMUNICATIONS to l ind a SUitable CIrCUlI.

However . it ISadvisable to redesign the hybrid r ings lor 1260 MHz

The inte rdigltal Iilt er ccoverter (5) IS recommended lor newcomers. emce It w ill not oller any
cn trcumes With respect to align ment. operation. and senSitiVIty For those amateu rs who are a
lill ie It ightened of the highly mec hanical concept. It IS pOSSible lor the base pla le and cover
to be ma de Irom PC-board malerial. the side panels from brass plate (08 mm or lhicker). and
10 mm ho les drilled lor the Imgers, The lingers tnemsetves are cut 5 mm longer than given,
are pl aced through lhe holes In the side panels . and SOldered on the ou tside (1) 50 tnat
the finge r is soldered 10 the side panel around the edge 01 the bar ,

When using this meth od , It is very easy to Orientate the lingers correctly, and II serves a lOt 01
pro blems Ihat wou ld othe rwise requi re lath ing, The cove r is then mounted tote place and
fixed , using a larg e soldermg Iron opposi te to tne li ngers or tunmg scre ws, and on the
oppos ite side, e,g at approximately 10 POSitIOnS ThiS means that u is poSSible to remove It II
It becomes necessary to exchange the diOde

4.2.2. II a 2 m receiver is not to be used. and one Wishes 10 use a 70 cm receiver also lor
reception, a 23 cm170 cm co nverte r will be reqUIred, ThiS converte r can be co mbi ned With
th e verectcr tr ipler to construct a complete trensverter

As lar as nus is known by the auth or . no COnverter has been described for conve rsion 01
23 cm to 70 em. A local OSCi lla to r frequency 01 828 MHz (92.000 MHz x 9 828 MHz) is
requ ired to convert 1260 to 1262 MHz to 432 to 434 MHz. It may be 01 interest to know that
the same local osc illat or can be mul tiplied by lour to obt ain : 828 MHz x 4 • 3312 MHz: the
required loc al osc ill ator frequency tor 9 cm conv erters . It may not be ponible 10 easil y
convert th e well -known 23 cm/2 m converters for iii 70 cm output Those readers With a
ce rtain amo unt of excenence could mod ify the DL 9 JU I DC 8 XB (6). wh ich has been lound
very sui table lor th is app licatio n. Fundamentally speaki ng. srtenucn should be paid thaI th e
bypass capacito rs at the IF·side 01 the diode are not too large. in order to ensure th at the
intermed iate Irequency 01 432 MHz is net bypassed, Only a low-noise amphller with Pi-matc h­
in g (BFR 91. BFT 66) is ecuebre as IF-preampli lle r, By the way. the output Ire Quency in th e
23 cm band will not correspond 10 that 01 Ihe 70 cm channel. II would there fo re be necessary
to prov ide the 70 cm receiver With a further crys lal In the Ir eQuency range 01 432 to 434 MHz.
Th is crystal can be saved when Ihe transverler is only to be used on one frequency The
crystal l or the local oscillato r trequency can be found using the following equatio n:

C I I I I
· ReqUIred 23 cm frequency - Outpu t frequency 70 cm

rysta requency or toea OSCillato r · 9

II there is su ffic ient interes t. the aulho r wou ld be Willing to descr ibe a SUItable conve rter lor
23 cm 1 70 cm operation. II you are Interested in such a conve rter, p lease mto rm the edilors.
our your natio nal representative.
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4.3. Tran .mlt S..... ll ch lng

Of course . it is arso pOS!lIble lor a good ccex.er relay 10 be used . however . they tand 10 be
very expensive In this I requency range Another possibili ty IS to use a second antenna . whIch
IS In many cases cheaper than Ihe ralay and is very compact al thiS IreQuency ,

For those readers tnet alrea dy possess an an tenna . It IS poSSible to provide a simple an lenna
spl lll ing CirCUlI. This will provide sullicien l ractauon between transmillef and receiver at th e
relalively low teansrtut powers used lor repeater operation , ThiS IS cc nsuucted usmg an Inter­
dlll,tal IIIter and providing a lurlher cu tout connector 81 tne center finger where the diode IS
usually con nected. Th is is then ecooectec 10 tne antenna. one resonator IS then aligned 10
lhe Iransmi t Irequency. and tne e tner to the receive Irequency . Transmitt er and receiver are
then cc rmectec 10 the associated l inger. The principle o f ccerencn is shown in Fig ur. 2

In add Ition . the an tenna splt lllng I itler ersc operates as bandpass hltar. which means that II
may even be ccseere 10 del ete Ihe requi ted bandpass hlter . 01 course. such a Simple tuter
ceonot be compared With the dlplexers used in repeater steuons However . II has been lound
more than SUitable lor rep laCing a coallial rela y.

Fig. 2:
A . impl. ',,".m lt/rlc. ln .plltt"

5. BRIEF DESCRIPTION OF THE 23 em REPEATER 08 0 YM

The baSIC cencepuon 01 a repe ater is well known . The concepl 01 DB 0 YM will be seen in
FIgure 3 The repe ater has bee n consi ruc ied Wll h amateur means, The repealer was deSigned
especially for Its app llca llon and does not possess any modil led pro'essional communicatIon
modu les The lo llow ing intc rmetrcn is 10 be gi ven 'or tncee readers thaI may be mterested in
uSing the receiver or tranemuter concept l or tnerr own applications:

5.1. Rece iver

The princip le used in me recei ver 01 obtaining Ihe tw o requi red frequenCies from a sing le
OSCillator. has proved l t5811 in prac tice, In Ih lS manner. one IS able 10 save several stages and
the alignment is simpler. In addi tion 10 this. Ihe l irst IF IS spaced qUlle some way Irom any
high- level frequenCies In the 2 m band. Alth ough the receiver in DB 0 YM is prOVided w il h a
wideba nd crys tal filter Sui table for a 50 kHz spacing . It was lou nd l hal Ihls was 1'101 sul hcient
lo t the Ins tability and frequency drill 01 70 ern transceivers used In comunctron wllh varac tor
triple" due to temperat ure lIu cluations.

ThiS meant that il was necessary to prOVIde an AFC-c ircUlI In the repeater receiver despi te
use 01 Ih e w ide IF.
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Thl Glvln 'r~ulnclll

rlflr 10 tho ' l uHd
11 thl rlpl l tlr DB 0 YM
(ch l nnl' R 2'"

Othlr lr lqul nc"-I Cl n
bl caleull tld II follo.l :

RK l lvl r: Input'r~ulnc y

minul 10.1 MHz ; 13
• Crylllllrlquincy.

Trlnlmlll lr: S.....0111
gIVI ... In IICllon 5.2.

constructors should tneeetore ellamlne the temperature response 0' thelf local oecmatoe and .
II necessary. msreu an AFC CirCUlI. especially when hll ers lor a 25 kHz spacing are used ....
the 2nd IF. ConSiderable temperature fluctuations are present for mobne and portable
communications. whi ch can cause conSiderable drillS !

An available 2 m receiver sl fl p Without local OSCillator can be used for the IlrSl IF-mill er and
2nd IF-demOdulator modules (Figure 3), II IS only necessary fo r the cvcwts aligned to
144 MH z or 135 MH z to be realigned lor 110 or 100 MHz, This is achieved by tnc reas tng the
number 0 1 turns by one or two . or increasing the parallel capacitors. ThiS can easily be
achieved With the aid 01 a em-meter. The IF-CirCUIts 10 the converter can also be modified m
the same manner ,

The crystal osc illa tor ' requency can be coupled ou t aller the crys tal OSCIllator from the rccet
oscilla tor module and led via a bu ller and _ If required _ a lurther ampli ller stage to the pre­

vrous 135 MH z input 0' the receive mcccre.

Special attentrcn must be paid to the crys tal OSCIllator, If thiS OSCillator 15 on ly 500 Hz trom ItS'
nominal frequency. this frequency error wi ll be 6,5 kHz in the receive mode ! ttu s is lar too
high wh en a crystal uner fo r a bandWidth of 20 kHz is used In the receiver.

5.2. Tran emltter

A 70 MH z crystal was used In order to keep the CIrCUit as simple as pos~lIble . and to prOVide a
clean. tcw -bnrmcmc output signal. A ctean output signal was Oblalned wuhcu t problems
using bandpass fill er coupling , II was somewhat more dill icult to obtain a c lean frequency
mod u lation 0 1 the crystal csctuatcr. For this reason . the transmitter has been modilled in t he
meanti me to use a 35 MHZ crys fal. U is now pOSSible to obtain sufllcient lrequency deviation ,

5.3 . Ace e..o rle.

The only spec ial accessory is the so-called - redar trap_ . This trap does no t blan k radar In ler ­
terence . but only di llerenhales between a raotc earner and mterterence. and only SWitche s on
the Iran smltter when the former IS presen t
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5.4. Antenna Dipleur

The de sign 01 this dlplelter was based on the Simp le an lenn a sphtte r described In section 4 3 .
and was l urt her de~eloped In eeveret prot otvces. The nner conSIS!S 01 severat resonator s In
each pas sband directi on and po ssesses conSiderably higher slopband velues These repealer
diplelters are . o f cour se. much more exteoe.ve. and are on ly deSigned lor tne special appli ­
cations In a repealer station For thiS reason . lh ey are nct tc be eeeenoec in detail here ,

AI Ih ls POint. lhe author would like to lhank lhe foll OWing emete ur s lor lhelr eeeetaece and
advice du ring the construction 01 lhis repea ler 0 Aland, DB lOX; R. Heidemann. DC 3 as.
8 , Lenz . DCSDF. andW Franke. DF SOW
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A FM TRANSCEIVER FOR THE 2 m BAND
Part 2: The Transmitter

by J . K..U.r, OK 1 OF

4. THE TRANSMI T AMPLIFIER MODULE

Accord in g 10 (1) , the ou tput power 01 the synthesizer IS 14 mW. WhlCh mean s thai a three­
slage amphfler would be lulllCl8nl 10 cbtam arr output power 01 10 W Th,s alilumes thai an

average po wer gain 01 to dB per stage ca n be obtained , The author cecrcec . however . to use
a four-slage amphll er In orde r to compensate 101 tranSisto r spread and 10 all ow the prOVISion
01 neu traliZing networkS It is then poSSible lor hIgher power tranSlsl ors 10 be UMld. and to

ob laln Ou tput powe r level S ,1'1 lhe order 01 2S to 40 w

4.1. Cir cuit of. 10 W c'. ..·e Am plll le,

The CirCUli diagram o l lhe FM Iran , m,l amphl,er ,. gi ven In f lgur. 11 The 145 MHz .,gnal to

be ampli fied il leel 10 the 50 U ec nnecncn Pt 361 and II led via me Iranslo rmat ion lin k C 1 ­
l 1 - C 2 to the I lrsl stage 01 th e amph l ler Aeslstor A I IS connecte d at the pOint 01 highest

Impedance and is prOVided 10 acce pt any e ~cesa drive power . The selec tion 01 Its resistan ce
value is d iSCUssed In the _Alignment PrOCed ures _ In sec tion 4 4 The IMput tranSisto r T 1

ope ra tes In class A and thu s prOVides the mallimum pOSSib le gain, as well as a relat ively
dri ve-Independent Inpu t Imped ance The network comp rlSlMg l 2 . C 3. and C 4 II used to
match Ihe second amp lil ler stag e; tranSistor T 2 IS biased 10 c lass B With the aid at a base­

vol tag e divider. wh ic.h reduces its dflve powar reQUirement (compiHed With c lass CI, The
operall ng vo ltage la led Irom PI 362 via l 3

The su bsequen t ma tchlMg link l 4 - C S - C 6 then Ir ansl orms the Signal to an output Impe­
d ance 0 1 SO U at Pt 363 Thi S 50 U porn ! belween me tw o po rh on s 01 the amphtle r has the

lOll owlng advantages

Firstl y It IS thu l posSible lor bOth po r1lonl to be uN(/ separately . smce each hal a 50 U Inp ut
and outp ut (the PC·bOard rl de SIgned so that II ca n be sepa raled at th is polnl), Secondly. l he
alignme nt process IS Slmplrl led g reatly (al Will be desc flbed lalerl The d isad vantage is th e

ed ra componenl l req uired : one Induclance and tw o Hlmmer l . wh ich could be saved II a
d irect cou pling between the stages was used

The tr an sformall on lin k co mpriling C 1 - C 8 • l S matchel the SO U inpul pt 364 to I ranl.l tor

T 3, ReSisto rs R 2 and R 3 are pr ovided lor neu l rallza tl on : alth ough they red uce the gain 01
the l ta gel som ewhat, they do avo id pull ing and hysterel ' s el lee ts and prOVide neulralizatlon .

The matching belween Ihe two c lass·C po wer amph her tr anStllors T 3 and T 4 is made With
the a id 01 l 1. C 9 and C 10. The operating volt age II led Irom Pt 36S and Pt 366 and I' by·
passed and hltered With the atd 01 Chokel RFC 2 and AFC 4 It IS not necessary lor these
vo lt age. 10 be led via the con tac t on the tra namlHecetve relay, Imce T 3 and T 4 Will no t

have any Cu rrenl d rain under non -dr ive condi tions The ou tput network comp fl581 1 9, C II
and C 12 ; the task of th iS network is to I rsnalorm the ou tput Impedance o t T 4 to 50 U a'
outp ut Pt 361 01 the amphlter. Ae i litor A 4 .S prOVided 10 Iim ll any collec tor voltage peak S al

T 4 to permiSSible levell If the I ran amllter were to be used aCCidentally wtl houl antenna
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01 course, a ccns.ceeeore naemomc ecec trum w,1I be ganmaled due 10 the non -hnear , etese-c
operation 01 the po wer amplifier , Thi s w ill not be suff ICiently attenuated In the ou tput net ­
work. s.oce the ' ,rst harmonic (290 MHz) IS m the mIlitary a.rcr a" ec mnwmceuc n band of 225
to 400 MHz, the second m the 70 ern amateur band . and the third and fourth m the UHF-TV
band be tween 470 MHz and 860 MHz, thiS mean s Iha l an additional low -pass filt er IS neces­
sary . A SUitable un er is given m the lower righ t-hand co rner of Figure 1" ho weve r, no room
IS provided 00 Ihe Pc-ocaro lor this. It IS ecveecre lor Ihls filter to be combmed With the
antenna re lay to 'or m a separate mod ule , smce the mis match 01 the tran!>ml t·r eceiye relay
can also be compensa ted lor dUri ng the alignment 01 the hlter.

4,2, Con struct ion 0' the Transm ll Amplll ier

To aid Construction , the author has desillned the ccuore-coe tee PC-board OK t OF 036.
whose drmensrons are 170 mm x 40 mm : no through -contaCIS are prOVided

The upper side 01 the boa rd IS in the form of I contin uous gr ound surface. All co nnec tio n
wirM o f the components tha t are grounded are soldered to the upper and lowe r Side 01 the
boa rd (exception : the plastiC foil tr immers), All other holes ere co un tersunk slightl y (approx
3 mm d ia.), In order to avo id encrt-ctrcuus to the gr ound surface. The component roceuons
are g iven in Figur. 12

Due to th e rei af iyely high AF cu rren ts, cerarmc dis k capaCitors o f at least 8 mm In diameter
and 0,8 mm leads should be used for th e 1 nF bypa ss capacitors In the driver and output
stage. Suc h capaci to rs may be dl fhcul l to obtain due to the trend to mmi aturl zatlon , As alte r.
native, chi p· type disk capac itors can be used, and provrded With connection wir es 01 1 mm
diameter, silver-pla ted w ire. A capac itance of 470 to 680 pF ISsulllClen t

Althou gh the described amphller does no t mdlcate any tendency to OSCilla tion even w,thout
being completely screened (Fig ure 13: Photograph of the aUlhor's proto type) , i t is adYlsable
to do so . Not only wou ld thiS evcre a direct rad iation o f unwanted harmonics, but also suc h
RF radi alion could cause mter terence to the synthe sizer . It IS Iherefore advisa ble to provide
the boa rd with an app roximalely 30 mm high screening panel around the board made Irom
0.5 mm thic k metal plate, and 10 teed tn the opera ting vortaqes via teed -th rough cececucre
( i:: 1 nF) . The spaci ng between the lower side 01 the board and tne lower edge of the screen­
ing is given by the dimenSions 01 the cnver and ou tput tranSistor , and amounts to 4,5 mm .

Thin coa xial cable (AG-t74) is used for the input and output connections of the ampli fier .
Th iS cab le is SOldered to the corresponding pomts on the lower Side of the board

T 1, T 2:
T3
T4

Cl ,C4, C6,C7:
C2,C 3,C5.C8:
C 9, C 10. C 11. C 12:

· 106 .

2 N 4427 (Motorola . RCA); T 2 with cooling fins
B 3·12 (CTC)
B 12· 12 (CTC)

ptasnc foil tflmmer 60 pF. 10 mm d,a (yellow)
PlastiC Iou tnm mer 20 pF, 7,5 mm d,a (green)
AIf ·spaced trimmer 30 pF (Tronser)
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L 1, L 7;

L 2. L 3. La
L4,L 5.L6.L9
L 10. L 11:

AFC 1. AFC 4

5 turns 01 , mm d.a Silver-pl ated copper wire. Inner dl ameler 6 mm.
sell -supporting, leng!h to mat ch ho les on me ec-ece-o
3 turns. cmeewse as L 1
4 turns. oth erwise as L 1

72 nH, 3 tur ns. 10 mm long. o therwise as L 1

S.~ ·hole cor e. 2,5 lurns (VK 2(0)

4.4. Alignment 01 the Trln,m inl'

The wi re bridge be tween Pt 363 and Pt 364 should be le'l disconnected at first , Insl ead of
this, a o.ece o f coa~ i a l cable is connected Irom Pt 363 to a VHF power meter. or, II not
avai lable. via a SWA-meter to a 50 U lermi natlng resretcr lor power .oo.ceucn . Connection
Pt 36 1 's now connec ted with the cvtout 01 the syntheSizer and Pt 362 via an amme ter 10 the
Operaling voltage 01 -+ 12 v,Trimmers C 1 to C 6 are now adlu sled In sequence alternately for
maximum output power The resistance value 01 A 1 is selec ted so that apprO~lma te ly

500 mW IS provided at ou tput PI 363 at the given Input power level. This IS the case at a
current drain at Pt 362 o f appro~,malely 120 rnA If A 1 IS dele ted , an output power 01 1 W will
be obtained at a cnve power 01 5 mW

The SWA -meler is now ccooecree between the syntheSizer and Input c t tne power ampM ler,
Trimmers C 1 and C 2 are now aligned alternately so that a minimum VSWA. and ma~lmum

output power (or current drain) oc cur at tne same position.

" is ravc rabte for alignment o f driver and power amphller II the ou tput power can be
measu red selectively since the high harmoniC contenl will cause the power meter or SWA·
meter to indicate Incorrect values, For this reason. II IS advisable 10 align the towpass Il ller
com pri sing L 10 and L 1t at this l ime.

To achieve thi s. the tnput o f the icwcaee hiler 15 connected via a SWA-meter to the octcut of
a 145 MHz source haVing a lOW-harmoni c con tent (e. g signal generator , or anoth er 2 m
trensrmtterj . II is also pcssibte to use the synthesizer descnbed In (1). II the SWR·me ter IS
sullicien lly serernve. The ou tpu t o f the an tenna relay should be connected to a 50 U terml'
na tmg resistor or a good antenna jVSWA 12), L 10 and L 11 are now aligned alternately
lor best mp ul-VSWA by pulling or dep reSSing me Windings ct tneee Inductances

The ou tput of the syntheSizer is now again connec ted 10 Pt 361. the bndge PI 363 · 364
connected. and the air -spaced tnm mers C 9to C t2 aligned In the 101l0WIng manner :

C 9: 80 % capaci tance, C 10: 45 'Yo . C 11 and C 12: 60 %
Connection Pt 367 is now connected 10 Ihe mput 01 the low-pas s filter, and a VHF·power
me ter or SWA·melerl50 U termination 15 connected to the antenna output. Connections
PI 362. PI 365 and Pl366 are now connected in paraltel and to a power supp ly. which shou ld,
If possi b le. possess current hmltmg at apprO_lmately 2 A II this is not the case. the alignment
Should be commenced at an operating voltage 01 8 V (only Pt 365. and Pt 366). Trimmers C 7
and C 8 are aligned alternatel y for ma~lmum current drain o f the driver, and C 9 10 C 12 in
sequence alte mately tor ma~imum output power.

ThiS is tcnowec by carrying out the same prOC9SS at an operating vollage 01 10 V, and tmalty
80am at 12 V, The adjustment of C 1 to C 6 IS net alle red .
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0 1 cours.e, enenncn muSI be paid durmg Ihe alignment procesa thaI the two power tranSIS­
to rs T 3 and T 4 are sulhClen lly cooled Thll meallS tha t all app roprla 'e heal slIl k and beat ­
conduc ll ye pasle mu st be used

5. THE MODUU TOR

Smce Pl l lyI'I theslzers possesa a 'IOl1age-controlled OSCillator (VCO). whoSe output
I requency IS more 01 IeH hnearly O&pendenl OIl Ihe tun,ng VOl tage , 'I II ealY 10 doreetly
modul al. thiS OSCillato r Th ll II ach!8'Yed by e,the r p rOYld'ng a separate . additional yaraClor
di ode. or to supenmpose the mod ulation lAC) 'IOlIaoe on ttle tun, ng 'IOIlage IOCl l rom ttle
ph ase-comparator I tage The Illst method prOVides a relalovely conlt.nt I requency dev,a "on
over Ihe who le Irequency ralloe 10 be ..Iected. and Ihe second 1'1" lhe advantage tl'lal It can
be obtained w,th 8 mrrnmum 01 componenl,. QI course, II II'lOuld be considered tl'lal ally
modulatIon repr es&1lls an Illterlerence to Il'le balance 01 the ph...-coencr CirCUli and 11'1'111

cause ba lallClng (I ranSlent) proceuet It II now a Quesllon 0 1 !I'le design 01 tee cootrcr
CirCUlI. especially the loop l iller , to determme the elleets 01 luch bala llClng p rocesses , ,e
which - lOOp respo nse- the Pt.L-cncurt possesses Gellerally apeakl ng, Ihe fo llow mg points
are yalld

• The sho rte r rne time constants in the co ntrol cnc cu. Ihe be t ter the lower modu lati on Ire­
ccencres 11'1'111 be ccorrcnec (limlled).

• The Pll-loop shou ld react apenodl cally III the case or rapi d mterterence YOltages, wh. ch
means Ihat It should nOI reqUIre a long IranSlent " me With a dampened periodiC cecu­
tenon, SIIlC8 th iS would emphaSize cert ain modulat ion Irequenclel

• HIgh· lrequency (and no ise) componenlS OIl Ihe tun ing yollage line 10 l he VCO 11'1'111

generate a large in ler/erence-I requency devia tion, Since theM 11'1'111 nol be controlled Th"
11'1', 11 cause a considerable IIlcrease 01 Ihe ou tpul Ilgll al spec trum

The l yn l h8Slzer desc ribed In ( I) eah lblll a favorable response w,th respec t to mlerf erence 01
tne co ntrol CirCUlI; .t does no l requlle long l, ans.,,1 lomes and .s Iherel or. Mutab le lor d"ecl
modulation Flgur. 14 glYM Ihe mea1llJred modulal lon ctl4lrac tenshC 01 Itle control Circuli as
given by lhe des loner ' thIS shows l he requlled AF·m od ulaloon ",o"a98 as a lunctlon 01 the
modulallon Irequency The cu,.... Indlcales a l . vorable characle nsllC w llhln me AF·bandw.d lh
01 300 Hz 103 kHz. and no un wan ted resonances are IIldu:aled

DC10""
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The task 01 the mO<:!ulalor IS now 10 compensa te lor the Irequency response o f the I vnl he ­
siler In th e eucre bandwidlh 01 300 HZ to 3 kHZ Frequancies In e~cess 01 3 kHz shou ld be
aftenualed TtI8 bl ock dIagram 01 the modulalo' II gi ven In Figur. 15. and Flgur. HI glvel a
eucurt 0 ' the IreQuencv-delermlnlng netwo rkl The calc ulallon 01 the requored componen t
val ues was made Ul lng a BASIC-pr ogramma In conju nctIon w,th a d lg,tal com puter HP 9830

veo

OKt,V"," T'E'tpon >iohW'lobSE'nkung : Al'\kopplU'lg
oc tlve 10'000 5S I 9 mpr..o S lS I cOJPl"9 I

I ~· I' "= '(In = 'On I t 0,u1 47k I

-~~-=-"-=- T---1!>- --+--=--:---l!>-=---:+ II -r---=---1 --
SkI) Sk I) Sk6 := ( 4k7 _ 4k7 _ I _ I

..I. 2n2 I : 10" O~ 'T I : 1n I

5.1. Ci rc u it oj the Modulator

As ca n be seen In Figure 17. tha aud iO vo ltage Irom tha mlc, ophona II fed via connec tion
PI 371 to a RF-fllter compriSing R 1 and C 1. and Ihen to me mput stage T 1 01 the preampll ­
uer whIch is connected In the lorm 01 an amllter tcnower Thl. I lage has an input Impedanca
a! apprOllimatelv 1SO IIU. which means that It II also pOSSIble lo r high-Impedance (crystal)
m lCfophones to be used The other tnree S1agM o f me preampltlter eqUipped wllh T 2, T 3,
and T 4 are DC-coupled and prOVlda a vol lage gain o f apprOlumate'V 150 11m... whICh meln.
Ihat an Input sensit ivity 01appro~ 5 mV (AMS) r&sull s In • Irequency d8Ylal lon 01 5 kHZ The
amp li f ied audiO voltage and the ligna' trom the calling- tone ganaral o, ere combIned in rne
network via A 12 - C 5 and A 13 - C 6 and then led 10 the subsequenlltmller

Tha CirCUit 0 ' the caili ng- tona generalor seam. IOmewhat e~tenllva (Wlan-b rtdge osci llato r).
however. only one Inductance II reqUlled and If possesses . very good Irequency and
amplitUde stablllly, wh ICh ISespeCially Importsnt In cOnJunCIIOn wllh mObile operation With Itl
e~treme lemperalurellucluatlons The ' requency-dalermln lng components are C 7, C 8. A 15 1
A 16. and R 17 I A 18 The sine -wave SIgnal IS led via C 11 10 c.eoe Oland 02. whIch lorm a
proportIOnal DC-vonage whi ch Inlluences to a larger or lesser degree FET T 5. whi Ch I.
sWll ched as a variabl. res lslo,

Th l. ensures met the feedback o f amp lifier I t is adjusted aulomallcaliV 10 thel OSCIU8l10n
ampli tude tS held constant. furthermore, thiS rasull s In 'ess dis to rtion of th e output voltage
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Fig . ,.: Componlnl loe illoni on PC· bol.d 0 11 1 OF 037
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Fig. 20:
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The most lavorable Irequency devlallOn can be adjusted WIII'I the aId 01 A 14, and the exacl
I r8Quency wlIh R 16

Ttle operat,ng vOllage lor Boe calling- tone generator " SWitched on via T 6 on depresSing the
ca ll1ng' Ione button . at the wme lome. the transm,lIar IS SWitched on v,a d iode 0

The limiter ccmpnsee R 25 and crocee 0 3 and 0 4 (Figure 17j, The threshold vOllage 01 the
di ode s WIll not be ecmev ec under normal drive ccncu.cre. on ly when an excessive Inpul
vo llage IS obtained w,1I Ihe I,ml tlng be actuated. and Will avoid an excessively hIgh 'r equency
cev.atrcn 01 the transmiller The harmOniCS 01 Ihe AF-slgnal genera led ,n th,s manner are
suppressed In the subsequent ecuve low -pass hlter whICh 's decoupled With the a,d 01 T 7
ThiS htl er comproses C 17 to C 19 and R 31 10 R 33 itS Irequency-del ermlnlng componen ts. as
well as the emitter '011ower T 8

Components R 36 and C 20 prestlnt tee 'IfSt AC-hnk lor lupprniion olltle h'gh-Irequency AF
componenls . Ih,s 's decoupled via T 9 'r om lhe second link comprISing R 391C 21, capacitor
C 22 provtdes a galvaniC meutancn 01 the modulator Ir om the tun Ing line to the VCO. and
resisto r R 40 prOVides a lulllc'ent outpu t Impedance 0 ' the mOdulator 10 met the dynami C
benevrcur 0 1 the syntheSizer III no l IIllected

The vol tage supp ly to the mccuteror ill madtl via PI 375 and pasl I rani ialo r T 10. which ,a
p rOVided With a base voltllge Ihat tallab,hzed In 0 5 and well nnereo rn R 43 1 C 26 and R 44 1
C 27. II IS not neceasary lor Pt 375 to be conoec tec to the operall ng voltage in Ihe receive
mode: all t ime constants 'n the modulator are des'gned 10 Ihal It t, ready lor operation a
maXIm um 010,1 S alter depresSing the err-b u ttc n

5.2. Conllruct lon

For ccnstrucuon 01 the modulator. me duthor hilS des'gned the Single-coated pc 'board
OK I OF 037. The dlmem"ons 0 1 uu bod rd are 1to mm x 40 mm The component local lon,
are gtven in Figur. 18 II ure ca lling -lone gener;l to r I' no t reqUired. II " pcss.bre to cut Ihe
PC-board alOng the dashtld hne Flgur. 19 sho ws a pho lograph 0 1 me autho r's pro totype

T 1. T 2. T4. T 6. T 7. T 9 Tl0
T 3. T 6. T8
T5

I I :

0 1.0 2. 0 3.04

0 '
R 16. R 19

Res isto rs " 100 su
ResIsto rs ;> 100 kU

. 112·

BC 109. BC 4 13 or IIm,lar
BC 179. BC 4 15 or Slmtlar
BF 245 A

741 e Nor TBA 221 B

1 N 41 ~ 1 or IUnlla r Ithcon diOde
8 ZX 97 I C 8 V 2 or othe r 82 V l ener diode

Tflmmer ccteouometees. lor hOftlontal mounllng .
Ipactng 10/5 mm

10 mm Ipactng
12.5 mm IpaCt ng
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Electro lytlCs Tanta lum drop typeS 10 V DC

C 7, C a 0 I IlF plasl lC lOll capacitor. spacing 10 mm

All other CapaCltorS :l 0 hlF; Ceramic d isk. o r muil l- layer Capllcl to rs

The alignmenl 01 the described mOOule il limited to adju stment 01 the amphtude and Ire ­
quency 01 the call1ng·lone generator . Otherw ise. the c,rCUlt Should opera te Immedi ately
Although a conSiderable amount 01 calcu lation was used 10 obtain. cc rrect r.e I lat
I requency cneractertenc 01 the modulator piuS synth esizer. thi s is mainly dependent on the
Subjective conSlderahon 01 the IranSmllted Slgn..r. and IS I.rgely dependent on the eucre.
phone used. Ceramic or crystal micr oph one s ohen tend to emphaSize the hig her Irequency
compo nents. whereas dynemlc types often p rOVide too lillIe 01 the h ighe r I reQuency co mpo ­
nents. wh ich ohen leads 10 the comment th.t the pe rln er statio n repons a lOud Signal thet II .
hOWilver, dllllCIJIt 10 undersland

The described mOOulator can be met ched rel'hvely eltlly 10 an available micr oph one. 1/ more
10w· lreQuency componen" are required . the vllues ol l he couphng capaci to rs C2. C 5. C 15
and C 22 ShOuld be Increased . the higher modutllion frequenCIM c. n be emphesized by
varying the value 01 C 21.

Finally. the calculated and measured overaU Irequency response II given In Flgur. 20 . the
devi.hons between Ihese are C' Used by componen' lo ler, nces 01 the frequency-determ Ining
com ponents

IS. REFERENCES

(1) G Heek e: A Synthesizer lor the 2 m Band In C·MOS Technology
VHF COMMUNICATIONS 10. Edlhon 3/1978. page l 130 · I ....

(2) J, Kestler; A FM·Transcervar for lhe 2 m Band - Pan 1: The ge cerver
VHF COMMUNICATIONS 11, Edilion 1/ 1979. pages " '" 53

METEOSAT·CONVE RTER - as described In Edition 3/1978

Input lr equenc lea, awi tc hable : 1694 5 MHz and 1691.0 MHz
Intermediate l requency; 137.5 MHz
Noi se 'lgure. l ingle sideband : typ 9 dB
Gain . typ . 18 dB
M icrow ave al'ld IF·bandwidth : 5 MHz
Opera ting vollage: 12 V.•tab ,
Cu rren t drain; < 100 m....
Accom mod ated in weatherp rool call aluminium 00" ,
Price: OM 985,-

UK W • TEe H N I K ' H.na DohlUI oHO • J.hn.,r.... 1" ' 0 -8523 e.... IEASOORF .
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..SUEOWINO.. - FOR MOBILE AND OF·APPLICATIONS
by J . e ecke r, OJ 8 IL

1. MOBilE APPLICATIONS

A simple U -shaped bracket 15 eutuc.e nt lo r use 85 mounting clamp lor mobile operation
Th is mel al plate sho uld be co vered wit h plast iC or ma la rial to aVOid scralc hing the case, The
me chanical stop on Inserti ng Ina transceiver into the br acket IS the 13-pin connector (1) Very
little room IS requ ired. which means that the mounting bracket can be mounted in the dash ­

board behind a suitable cutout The transceiver can be inserted and removed easily II It p ro ­
trudes by apprOl\lmat ely 3 to 4 em ,

Flg ur . 28 g ives the w iring d iagram together w ith connection del ai ls lor a mobile microphone
and shows how a car radIO can be used as eoere amph" er, Inlerle rence was not present
msptte 01 the teet that the transce iver was mou nted in the di reCI vicinity 01 the ignition key ,

w indscreen wiper motor, and cable harness Special means were taken dUri ng the con ­
struct ion 01 the ~SU EOWINO. transce iver aga inst such Interference : A high-Quali ty mono­

'ythic c rystal tnter mounted on the RF/AF board in a carelull y sc reened position is able to
suppress the w ldeband interference SO that no pr ob lem s are presented oescrte the Simple
l C-d iscr im inato r (2, 3) , The vollage stabilizer With a ver y high stabiliZing teeter. and the RF

l i lter ing (1) at var iou s points in th e Circui t also IiIler out any rr uerterence signals tha t are led
in via the operating voltage ,

.. _h lo )Il' ...

l~

T
... . G '.. ..

•

.,.

.,. OJ a IL

Fl;. 21: Wiring dl,,,rlm for UI I" II Ihl ..SUEOWtNO. Irl"K .i".r I' mobil. IIllIon. II II 1110 pOlilbl.
for lhe olh.r '."Ior k'yl " Ind Z lor Iqu.lch, cI IlI" 1I to" . I"d KI" nl" g lo b. r.mote-co"·
tro lled I" ttl...m. ...., •• Ih. PTT.

The 30 : 1 microphone transformer is driven back to tr ont (see Fig , 28) and IS no t only used
lo r level matchmg to Ihe AF input 01 the car radiO, bUI also used lor isolation of the audi O
c irCUits 01 both Unit s and thus avoiding any unwanted gr ound loops The transformer should

be magnetically sc reened , In the case of some car rad iOS, illS possrbre lor the vo lume co ntro l
to also be used to fade in another loudspeaker, The base 01 the volume control is grou nd ed
via a resistor (22 0) , j tus poinl is o lt en fltd to th e AF inpul connec tor lo r the casseUe
recorder, or traflic inlormation deCoder . A re sisto r (Rv 01 e,g . 220 Q) can be usltd to match

the AF level when connecting in th is manner,

The interf erence level prov ided by the mobile antenna is greater Ihan would be the case m
open c ou ntry or when operal lng Irom the fixed etatro e. Th,s is especially the ca se In dense
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City Ir .,llc . It 's therelore advisable 10 use a" add ' I'O"al squelCh Irlmmer on the mObile
mount. e.peclalty when a filled reSlltor RI • 22 kU ll ) was I"slalled 11'110 Ihe tra"leelVer, The
dashed lines given In FIgure 28 also Ihow hOw a larger, e"lernal S·meler can be conn ected ,
II reqUired .

~
I

Fig . 2': Photog r.ph 01 th, . SUEOWINO. whe n ....d .. OF.rK "vtr tOGtlh" wlltl • HB ' CV ,n"nn,

2. OF-RECE IVER

The co mplct d imensions 0 1 Ihe .SUEOWINO. transce,ver allow a handy OF.recel ver 10 be
co ns tructed Figure 29 shOWS a photograph 01 a . ,mple conSfructlon lor Ihi. application : The
I, l nseei\ler is mounted In I 40 mm wide Iramewor k made from 2 • 1 mm alum,nlum crete .
eoverec wllh plasll c tcu. Th,. 'rlmework pro\lldes an eyelel lor mounting lhe HB 9 CV
antenna Below the Iranseel\ler, • gr ip Irom a I llm·camera lig ht is mounled w,lh Ihe aid of •
pho losla nd nut

At tne duector end 0 1 the HB 9 CV anlenna. Ihe SO 239 connector wal e.changed lor a 40 x
25 x 17 x3 mm large aluminium braCket whi ch II lhen creveee Wit h Ihe Interconnection plug
lor Ihe I ntenna coneecuoe 0 1 Ihe .SUEOWIND. Iranscel\le,. As can be seen in Figura 29. 81'1

additional BNC< onneclor was prO\llded In parlllel , so th l t the Infennl coul d stilt be used lor
o the r applicatlOfls. In orde r 10 obilin me Slme frequency response 01 lhe I"tennl, " wal
necessary 10 eecreese the \lalue 01 the 18 pF ClpaCltor 10 15 pF .
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A good OF-receiver must either have a very large S-meter range 01 approximalel y 110 ee (4).
o r the S-meter should be adjusted electrOnica lly so that variOus field streng lh ranges can be
ad justed (5). The range 01 the S-meter In the .SUEOWINO. transceiv er (2) can be increased
by 3 to 4 s-ccmrs (21 dB ) for d ire ction finding under high aignal levels. If l ransistor T 104 (1)
is sho rt-c irc uited, thu s redUCing Ihe sensihv lty otu-e recei ver.

The tree. silltn position 01 the volume ewrtc h can be used for th iS as IS shown In the circ ul I
given in Figure 30 The contac t wafer 01 Ihe mul h-po sll ion ewnc h is dIsconnected at PO!lItl on
_11_ . A mi niature reeretcr Rh on the conduc to r side of the board all ows the transmlUer to be
heard , even in this ccsmcn.

OJ 8 I L

A po wer amplifier equ.ppec With the integrated module Philips BOY 35 is to be described in
VHF CO MMUNICATIONS. This module allo ws the output power of the . SUEOWIND- , or other
Similar FM walky-talky 10 be inc reased to 15 to 20 W, and , at the same lime Increases the
spuriou s and harmonic reje ction to more Ihan - 60 dB ,

3, REFERENCES

(1) J. Be cker: . SUEOWINO_ - A 2 m FM Hand -Held Transceiver With 80 or 396 Channel
Synthesizer and Touch-Key Ope ration - Par! 1: CirCUit Description
VHF COMMUNICATIONS 10, EdlllOn 4/ 1978. pages 194 - 212

(2) J . Becker: . SUEOWINO_ - A 2 m FM Hand-Held Transceiver With 80 or 396 Channe l
Synthesizer and Touch-Key Operation - Par! 2: Construction, Wifing and Alignment
VHF COMMUNICATIONS 11 Edition 1/1979. pages 2 - 16

(3) J . Kestle r: A FM-Transceiver l o r the 2 m Band - Part 1: The Receiver
VHF COMMUNICATIONS 11, EdlllOn 1/1 979, pages 44 - 53

(4) OF-Receiver _HUNTER 2- manula clu red by semee

(5) M, SchmauBer: A OF-Receiver lor the 2 m Band EQUipped WIth
Integrated Circ uilS, Crystal Filler and S-Meter
VHF COMMUNICATIONS la, EdlllOn 4/ 1978, page s 213 - 217
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ATIENUATORS FOR POWER MATCHING
by E. Wiedem ann, DL • XI

One ollen teces the problem tnet the output power Irom an exeuer " 100 high to drive the
trensvener . power ampli fier , or frequency mull!plter When no mod,fl taIICI'I!! are to be made
10 the exciter (1), allenualora Will be requlled The calculaTion and oftSlgn , as well as Ihe

p rac tical conslruchon 01 unbalanced atlenuilors 01 PI and T·type. are to be de SCribed , 1'1 lhe
foll OWing article It Will be aho wn ho w Ihe calCu laTed resi siance valuet haVing the deSired

po wer ra llng can be realized uSing CompO'i te carbo n rM ISlor . woth power ratonos 01 05 W
which are readily available on the market

1. VOLTA GE AND POWER RATIO, IMPEDAN CES

RadiO eQuipment With ece ner mpul, and OUlpU!' usually halle an Impedanc e 01 50 \l . 60 U .

or 75 U , 11 IS necessary 10 kn ow me Impedance value l or our applicat ion . since tbe attenuator

musl be deSIgned lor the same ,mpedance Any Inlel conneclton cable used must also .~hlb"

the same Impedance so lhat no reuecnons cccw

The calculation 01 the allenuator s IS made ullng the voltage ral.o Uln IUOUI. where Uin ,s the

vol tage at the Inpu t 01 the ettenuetcr. and Uout 'S the voltage at lIS ou tpu t This vo ltage reuo
can be taken Irom the diagram In Flgur. 1 lI the po wer rene Pin /P out IS kno wn

15dB

,
I I I I

,

iii I I I 1/
I I 1

I I~
V I ~.l~"

I I
0
,

./ -, .
5

I I V --- lJ,1U..

J -J ! / . -i--r-P' -- .
02'~-f-

!,
5
Attenuatlon - --

10

50
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This is bes t soon in an example :
An exciter provides an output po wer 01 25 W. however, the hnear amph lle r only reqUires a
drive level o f 10 W, The problem II thus for which ratio the lIltenull lor shou ld be designed ?

The po wer raho is 25/ 10 • 2.5: thili value is selec ted on the verti cal scale (ordmate) In the
d iagram , and thiS line IS follow ed In ~hori lontal direction un til the Pm/Pout line IS reached
From th is po inl, a nne IS trac ed verll r.ally down to the Um/Uout hne. from here the line IS
then traced back to the oeomete homontally where the follOWing can be read oil , Uln /U out •
1 6; fu rthermore. It IS possible to read ofl the attenualton value of 4 ca.

2. DESIGN OF THE ATTENUATORS

The attenuetcrs are passive four-poles. hllVlng a defined inpul and outpul reSistance, At ttns
pomt . let US speak 01 resistances. and not 01 Impedances. smee we are talk ing about real
resrstences - Without reacuve co mponent _. The two most popular pra ctical construc l lons are
in the l or m 01 a PI or 'r -crrcuu. whi ch are now to be dl sculsed .

2.1. PI·Clrcu lts - Reslslance Value and Rallng

Figure 2 shows an unbalanCed attenuetcr uSing a Pi -CIrcu it. The resis tance values can be cal ­
culated easily uSing the follOWin g. simple equallons:

"' , 111R, 0 R, 0 Zou t x_·n -, 1

R, '0"
n' - 1

1' 10 .--
"A in U

Zout • Output Imped ance . Input Impedance 01 the equi pment to be connected (in U)

n • Uin /U ou l • Vol1age rat io (I ro m Figure 1)

In order 10 calculate the voltage rating 01 Ihe three reststc re, II is necessary to kno w the mpul
vo ltage Uin . the outpul voltage Uout and the vol tage drop in the attenuator:

UOUI
u". -

131

I' )

w ith U InV, P in W and Z in U .

- 118 -
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The ralmg 01 the resl stOf$ can be calc ulaled as Joilow s

PR,
UE'

R,

>U'
R,

UA'

R,

(6)

(6)

2.2. T·Cir culu - R..I.tance Valu•••nd Rallng

Figure 3 shows an unbalanced atten ual or uSing 8 T·cir cu lt The reslslance value. o f thll
c ircuit can also be calcu lated easily

R, R, • " - I, ­
n • 1

,OJ

R, • (10)

w ll h A In U. n • Uln /U out • Vo ltage eeuo.
and lout • Imped ance in U

We requ ire lhe voltages lor calc ulahOn 01 the rlt lng
The input Voltage Uln IS calcul ated from th e given power Pin
Impedance Zin (in th is case lin · lout):

Uln • \ Pin It t in'

and the Impedllnce, o r Inpu t

(11)

(12). -Uout n
The voltage drop in the lItlenuator IS

The ou tput vol lage results I rom the reqUired atlenuatlon li S:
Uon

.\ U - Uln - UOUI

Equations 11 and 3, 12 and 4, as well as 13 and S ar. Identical.

(13)
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In o rder to keep the ca lc ula tion p rin Cip le as clear a. poSSible. the cu rren" are to be calcu­

lated llrilly ancl the po_r rattng al terwards '

I, 0 t, ... I, (l. '

"

U,n .;. UOUI
(l SI0

2 R, .;. R,

U,n - ll (R, ... Al l (16)

"

0

R,

It II therel ore necessary to "r.tly c.alcul ate I" lollowed by I" and finally I ,. It'l now polilble
lor me power dlSSlpatton rallngl to be calculateet

PR, - 1/ K R,

PR, • 1/ K R,

PR, 0 I ' • R,,

(H)

(18)

(19)

ReQUirements

AI thl l POlnl _ should mention th.t the calCulation •• not • • bad al It teeml In prachce , th e

calculat.on II QUite ea,y, a. win be teen In Ihe foll OWing two eKamples

3, PRA CTI CAL EXAMPLES

Power .IIenuallon 10 dB

Output po wer Irom Ihe Iranamiller 20 W, Z.n - 60 U
Output Impedance .lout - 60 U

Voltage ratio Uln /Uoul - n. taken Irom Figure 1. n 3 2
(or calc ulated U.n/Uoul \ W - 3.16)

"on \ 26,,60 ' "64 v

Uout "". -n
"64
316

10 96V

,\ U - Uln - Uout - 3-464 - 1096 23 68 V

R, R, n • I
Zou,,,­n _l

6OJI~
316- 1

116 U

R, -

" 64'
116

60,, 316' -1

2 " 3 16

1034 W

85 U
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PR ,
\U ' 2368'

"WR, a,

PR,
Uoul' 1096'

1,04 W
R. '"

Total 1798 law

3.2. Sel.cUon eltha R••lliorl

Assum in g tnet onl y reerstcra havmg a po wer rating 01 05 Ware aVlllable. lhe 10How ing
paraUel values w,lI reeurt.

R, 116 U PR , I034W

10.34
Ihls Will resuu ,n at leasl '"'0"5 21 rMls ter s

The lollowlng resi stance value .....111 result

116 Jl 21 • 2436 U ; lhe nell' highest nominal prefened value II 2700 U When parallel-con ·
neellng 23 reslSlor. 01 2700 U . the rnulhng res" lance va lue w,lI be 117 U (th'l vl lue IS
wllh,n Ihe tolerance IIm,ts 01 lhe IMISlors) , Since l he attenuata' wilt probably be Ie<! from
bo th ends . I' Will be necessary lo r R, 10 be calCula ted ,n Ihe aarne way as A,. However , II one

end 15 defined as Input. ,I w ,lI be poSSible to selec t R. lor tne acl ual power rating

R, .." 66 W

ReqUir ed parallel res,stors "0'
ReqUired reslslance yalue 85 ~ 14 1190 U , nom inal preferred value 1200 U ,

Resullmg resistance vetce
1200 U

"
857 U

R, 1I 6 U PRo l ,04W

Parall el resislors '
104

0'
• 2

ReqUi ted resistance vane : 2 ~ 116 U 232 U . nominal pre ferred yalue 270 U

lli _ 135 U
2

n ilS vetoe ia nollulhciently accurate.

It II necessa ry lor I further reslstm Rp , 10 be con nected In parallel

Rp,
116 ~ 135

135 - 118
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A resiSlor o f 860 II tS selected

ThIS results In lhe foll OWing toter rn tltance

R, •
860 • 135

860 + 135
116 7 11

3.3. Calcula tion ola T·Anenuel or

10 log 48 . 6 8 ee (or from Figure 1)

An attenualo r. for malchlng an eXCller to a power ampli li er

Input power 2.5 W: Z - 60 '1
Exe-ter : Ou tpu l power 12 W. Z _ 60 11
The reQuired eltenuallon ISoblained as foll ow s

Pin 12
POUI E

ReQulremenlS:

Thll resu lts tn the fo llOWing vollage eenc from Figure 1

n Uln/Uout . 2.19 (calculated U,n /Uoul • \ Tr' - 2 19)

Uou l
Um

• , 268 V. ---
2.19

1224 V

R,
, - ,

Z ,' ­ou n + 1
_ 60 . ill.=...1

2.19 + 1
- 22.38 U

2 ' 60 . 2 • 2 19R, Zcx"l • n l _ 1 • • 6923 U
2 19' - I

Uin + UOUI 268 + 1224
I, • • 0243 A

2.R,+R, 2 . 6923 + 22 38

I,
Uin - I ~ (R, + R~ ) 26 8 - 0 243 (22.38 + 69 23)

• • . 0203A
R, 22.38

I, • I, + I. • 0.243 + 0 203 0 0 446 A

PR, • I,' • R, • 0 446' • 22 38 • 4 452W

PR, 0 I,' • R, • 0243' • 69 23 · 4 088W

PR, • I,' • R. • 0203' • 22 38 • 0 922 W

Sum . 9 462W • 95W

The Hlec tlo n 01 the resistor s II made al In e.ample 1 ul lng ava,lable. or ealy-Io -obtaln
r8SiSlOrS
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4. PRA CTICAL CONSTRUCTION OF ATIEN UATORS

JIll Immaterial lor prac tical operation whether the atlenuatOtS use a PI or T-Clrcu ll Thll de ­
pendS mainly 01'1 the resillors available For thll reason , It II o lte n advisable to calculale Ihe
reeutence values 01 bo th typel It il usually more lavorable to selec t a Pl-ClrCUl1 smee higher
reSlllance values reeun. thai can be ob tained by parallel connec tron of several Ind iVidual
reslsl or s,

For allenuatotS that are to be used at IrequenCles In a lcass of 30 MHz, II IS necessa ry 10 usa
cap less . non -heli ca l compoal te carbon raslstors (lOW-Inductance). Howevel . since these are
very all pen sIve and 1'101 read il y avadable. carbon reslllOtS haVing the usual lolerance and
power rat ings are to be used for all applications, elcept when pr tH;:ISlon allenualors a'e
reqUir ed In most casel, the parallel connection 01 saveral reSlllors usuall y compensates for
the tolerances, Since read ily avai lable reSlltOrS ara generally heli cally made, 11'1 Olher words
are Induc tive. Ihey are used In a billi ar manner, this means thai tne colour codi ng ISmounted
at one end With one resistor and on the other end With Ihe n.ll resillor and so on , assuming
tha i Ihe resistors are from the Slme manulactu rer , ThiS rnu lts In an Induc tive COmpe nUllon
and thu s I certa in amoun l 01 Irequency Independence 01 the allenualor 0 1 eoor.., th ll
becomes more and more Impo rta nt. the h ighe r the trequ ency

The resIStors shou ld be raled 101 the RMS power level. When only SSB (A 3 JI i' to be u,ed
Without c lipper. the reSistor s can be raled lor apprOl lmalely hail ihe PEP output power

4.2. Construc tion

II the ettenuator is not to be in,l alied Wll tll n lhe eqUlpmenl II is advi,able to mllall Ihe
reslsl or , In a small mel al bo x (1m p lale or braSl) and 10 use the case a, ground surface The
leads 01 Ihe resillor l I hould be as shcrt as possible An alumini um case II not very , ul tab'e
due 10 Ihe dlfflcult,es 01 aolderlng

Another possibility wou ld be 10 bend a metet atnp In Ihe term 01 an U. prOVide Ihll With Ihe
required holes and sol der lha een nectcra and lei lltor s mlo place The uppe r part ot tee case
can then be provided In the l orm 01 a furt her melal pla le and sOlderad 11'110 pla ce (FIgu re 4)

Fig , 4 , Eumple 01 e p. e cllcel e ne n"e lol
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II me allenuator is to be used al h'gher Irequencies . II IS recom mended Iha l me ind ividual
resis tor ne twor1l.s are accommodated .n dillerent chambers In order to avoid Ihal AF-energy
is able to -jump - the series reSistor FIgura 5 show, such an allenua lo r, In th iS use u rs
necessary 10 use a completely sealed case ,

4.3. Ta.tlng

The allenuatlOn value should be measured alter completing the allenualor ThiS can be
achieved by connecting a dellned DC-vol tage 01 say 10 V 10 Ihe Input connec tor and
measuri ng the vol lage present al the outpul The ratio 01 Um/Uoul can be lound In Ihe
dia gr am gi ven in Figur e 1. wh ich will Ihen give the appropria te allenu ation value.

However• •t IS neceuary du rmg these measurements that lhe cvtcc t IS lermmated With a real
ou tpu l Impedance Z, Otherwise one Will measu re incorrect values

II is nOI usually necessary 10 have h.gh -pr ecision allenualors, which means that deviations 01

:t 2 to 5 % will no t be Important. Furt her delall, were given in (2),

S. REFERENCES

(1) H. J , Olerlung Reducmg th e Output Power 01 SSB
Tran si slor ized SSB·Transmi llers and Transverters
VHF COMMUNICATI(lNS 9. Edll ion 1/1 977. page 37

(2) J. WlSmus and G Lauls A Cali brated Allenuafor
VHF COMMUNICATIONS 1. Edlhon 311969. pag" 169·173

Back CopIes of VHF COMMUNICATIONS

Please remember tha t we have con tinued to repri nt these ad,t,ons s,nce each .s like a sman
handbook .n «sen 00 not lor gel lhere are no news column, and other InfOrmahOn th at
becomes out-o f-date. and the magaz ,nes conla,n only fechn lcal arl,c les. most 01 which are
SI,1l stete-ct-me-aet loday, All baCk cople, are avatla!)le baCk to 1970 We can Oller th",e
volume, al tne follOWing pri ces

Any three ~olumes

Any Sl~ vollJmes
All n-ne volumes (1970-19781

OM 36,00
OM 6500
OM 95.00

UKW -TECHNIK 1 UKW·BERICHTE . Han s OOHLUS oHG • 0 ·1523 B It. I E R S 0 0 R F
Po st1ach 10 • Jahnslr, 14 . Ta lalon (091331 ISS + 156 (Anrulbaanlwortarl ' Tala. : 629117

- 124 • ~ VHF COMMUNICATIONS 2/1 979



MATERIAL PRICE LIST OF EQUIPM EN T
described In Edition 2/1979 of VHF COMMUNICATIONS

VK 5QR SSB on 13 em Bind lol ling Envelope Ellmlnilion and Ed. 2/ 11179
Rutcr.tion - 21 MHt / 211 MHz SSB·Proce lior willi
Sub.equlnt Multlp lle.llon by 51.

PC-Board VK S OR 001 Double-coated. Without tnru-ccotacts OM 24,-
Semiconductors VK SOR 001 3 germ . and 6 sili con tran Sistors , 7 diodes.

3 senetuv-tew Power TIL·ICs.
1 Inlegraled stab ilize r OM 54,-

Mmlkil 1 VK SOR OOl 7 ccnto rmers w/core. 4 'emle beads,
1 temte cho ke, 4 mmiatuf' chokes. 1 meta l
case, 1 'eedl ll ru cap.• 2 BNC connectors OM 34,-

Mm ik l1 2 VK 5 QR 001 34 carbo n resistor s. 40 ceram ic caps.•
1 tanta lum capac ito r OM 29.-

Crystal 31.583 MHz senes resonance . 3rd overton e, HC·6/U OM 25.-

Kit VK 5 QR 001 complete with th e a bo vi pert , OM 158.-

OK 1 OF FM·Tr.nlmltte, lot 2 m Metchlng Receiver DK 1 OF Ed.2/1 V79
0341035 and Synthe , lzer from OC 1 OW

OM 12.­
OM 79,-

OM 59.-

OM 148.-

OM 10.-
OM 17.-

OM 28,-

OM 53.-

OM 190.-

Double-coated. w/ out mru-cootect e. w/plan
22 N 4427. 1 each B 3-12 + B 12· 12
8 p lastic-f o il trimmers . 4 alrspa ced trimmers.
4 chokes. 18 ceram ic caps. 2 alu , electro­
Iytics. 3 teeotnru caps. 3 special !eedthru
caps lor lowpa ss tuter. 11 resistor s.
1 coo ling fins

complete with the above pert ,

OK 1 OF 036
OK 1 OF 036
OK 1 OF 036

OK 1 OF 036

OK 1 OF037
OK 1 OF 037
OK 1 OF 037

KII

Transmlttar

PC·Board
Sem iconductors
Mln lki t

Single-coated, wi th plan
f 1 transislo rs. 1 IC, 5 diodes
2 lrimmar pots.. 42 resistors. 19 ceramic
caps, 6 tanlalum caps. 2 ptesuc loil caps

Kit OK 1 OF 037 comp l. t. with th• • bove pa",

Ki t FM Tran, mltt.r OK 1 OF 036 /0 37 compl.t. wllh th e above pa " s

Modula tor

PC-Board
Semiconductors
Mmik it

NEW r 1 2 m Parabol ic dish kil available for METEOSAT and oth er !requenCles
complete w ilh tubula r radla lor Price on Reque st

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

W e sl -G ermany ' Teleph one (0 9191)9157 o r (0 9 1 33) 855 , 856

Bank accounts : Postscheck NiJrnberg 30455-858 Commerzbank Erlangan 820- 1154
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NEW I 1.2 m Parabol ic Dish. Available complete with radiator or as kit.
Sui table for use between 1 GHz and 3 GHz. Construction to be descr ibed
in the next editio n of VHF COMMUNICATIONS. Kit to include tools for con­
struction of the dish; with all parts cut to size and necessary holes drilled.
Price and furth er details on request.

WIDEBAND OMNIDIRECTIONAL DISCONE ANTENNA

VswR

eo " 480 MHz
3 .dB /~I.

50"
soc W

Vert 'Cl I
SO 239 toe lle' on 10. M.d
< 1 5 : 1

'"Helghl 1 00 m / D'imell' 1 30 m
Alum,nlum
Anlenn. hud II pUI on lo . 32 mm (1 'i."l
dOl mill .nd ..cu,1'd by. ICrlW

- I I I.. - I 1-- I I w 0... ...._"' ,.. - I-'
- I I -

u -,, ,

• Fr.c:l~ncy range
• Ga,l'l :
• Im~d.nce
• Power ,. hog
• Pol" ,...hOl'l
• Col'lnec llon

• VSWf'l
• Wtlghl
• Oime n" on i
• 1.4.1,,1. 1:
• MOUl'lI Il'lg

=
DISCO"*-MI,"",

~.(--=

UKW·TECHNIK I UKW-BERICHTE ' H. n l OOHLUS oHQ . 0-8523 B A I E R S a OR F .
Po . fi . c h 80 ' J.hn.lr , 14 . TlI.lon (01133) 855 .. l SI jAnrufb..nlwor1'fl . Til,. : 129887
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COMPLETE RECEIVE AND IMAGE PROCESSING SYSTEMS
FOR THE METEOSAT AND GOES SATELLITES

We are now able to offer a complete METEOSAT APT Recept ion System
for professional users. This compact, inexpensive system includes the
fol lowing modules :

• 1.2 m parabolic dish complete with radia tor
• SHF·Converter in weather-prool casing with noise figu re :iii 3 dB
• VHF-Receiver. especially designed for METEOSAT reception

• APT lrnaqe-processlnq system with either Polaroid camera system or
FAX·record ing.

Details on METEOSAT recepti on were given in edition 3/78 and 4/76 of
VHF COMMUNICATIONS. The basic pr inciple of operation of the two types
of image processing were also exp lained in these edit ions.

Further details and etters on request.

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

Telephone (09133) ·855,856 . Telex: 629 887
Ban k I ccounll POI I.chec k Nurn ber ; 30 455 • 858
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mall . 1.2
100 W car rier
0.1 to 0.3 dB

approx . , .
21611132:o:60mm

.,
• -

-I

--
-,-

•

NEW ! NEW I
Polarlsatlons Switching

Unit lor 2 m
Crossed Yagls

Ready-l o-operate as described in
VHF CO MMUNICATIONS. Complete
in cab inet w ith three BNC connec­
tors . Especially designed lor use with
crossed Vagis mounted .5 an . X..,
and led with equal- leng th feeders.
Fo llow ing six pOlarisation! can be
selec ted : Verti cal, horizontal. ctoce­
wi se ci rcular, anli clockwise circ ular,
slant 45" and 51anl 135".

VSWR:
Power :
mserncn loss:
Phase error;
Dimension s:

• 128 •

Antenna rotating system .. described In 1/1977 of
VHF COMMUNICATIONS

We have designed an antenna rotating system lor
higher wind loads. This system is especially suitable
wh en it is not possible to install a latt ice mast. The
larger the spacing between the rotator platform s. the
lower will be the bending moment on the rotator.
This means that the maximum windtoad 01 the
antenna is no longer limited by the rotator , but only
by the st rength 01 the mast itself and on its
mount ing. Please request the prices either from your
National representative. or direct from the publishe rs.

This system comprises:
Two rotator platfo rms
One tru st bearing
One KR 400 rotator , or other rotator .

U K W - T E C H N I K . Hans Oohlus oHG
0-8523 BAIERSOORF . JahnstraBe 14

Telelon (09133) - 855,856 . Telex: 629.887
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ANTENNA ROTATING SYSTEMS
•

••NEW I MU
KR 2000 ' 000 ••

• U • •••
~

••

SPECIFICATIONS

Il kpm Jl,IIlN",

T,pe 0 1 1'01.101' '" '" '" '" '""" MO 1000 ART 1000

'-' '" '" .. """ """ "~,t'lg IO'QIA .. rcoe ,.. "'" "'" "'m"J
8 '.k.1O.q .... "'"

.., ,.,., ,"'" ..., ...'" "J
RotahOtl 10<Que .. .. '''' ... '''' ...'" "I
UUl d ,......"" " ·OJ "·OJ ~3 · 53 33-82 (8·78 mm
Sr-dll ,.. ) .. " .. .. " •
Rot.hon 1"'01" ,,,. ". ". ". '"Control cab" • • • , • w"..
0""_1'1110". 27lh 180 o 2711 .1!1O" 34~ . 12S o .~. 205", . 1\0 • :lOO C'I mm
W",ghl .. .. " '" ,.. .,
Moto, .ol!~ " " "

., ., ,
L,nevoll. nov nioO HZ 2:10 V I 50 til nov f !lO H' noV /SOH' noV /SOH,

'" " ' 00 .'" "'" ".
V. rtlul Rotor KR SOO
EspecIally designed lor vert ical l liling
01 an lennas lor EME, OSCAR etc

T,o<
Load
Brake tor que
Aol ahon torque
Herlz , tube diam
Mast d,ameler
Speed ( 1 rev ,)
gctaucn angle
Conlrol cable
line voltage
Weight

KR SOO
ca 2M) kg
197 Nm 'J
40 Nm 0)

32· 43 mm
J8 ·63mm

" ,
180 t. 5)

6 Wlr "
220V/50 Hz 30 VA

4 5 kg

U K W • TEe H N I K. Ha ns Oohlus oHG 0·8523 BAIERSOORF



I.~ CR YSTAL FILTERS OSCILLATOR CRYSTAL S

~ m )1) SYNONYMOUS FOR QUALITY
y <Jl>'l! AND ADVANCED TECHNOLOGY

NEW STANDARD FILTERS

CW-FILTER XF-9NB see table

SWITCHABLE SSB FILTERS
for a f ixed carrier frequency of 9.000 MHz

XF-9B 01 XF·9B 02
8998,5 kHz for LSB 9001.5 kHz for USB

See XF-98 tor all othe r speci fications
The carr ier crystal XF 900 is provided

Filter Type XF·9A XF'" I xssc XF-90 I XF-9E XF-9NB

Apphcallon ss. sse AM AM 'M CW
Transmit

Number 01cryslal, s • • • • •
3 dB band width :2 4 kHz :2 3kHz 36kHz 4 8kHz 115 kHz 0 4 kHz

6 dB bandwidth :2 5 kHz 24 kHz 375 kHz 50 kHz 12,0 kHz 05 kHZ

Rippl e c 1 dB -c 2 d8 < 2 d8 < 2dB c 20B < 0 5 08

inserncn loIS < 3 dB < 35 oB < 35d8 < 3 5 dB < 35d8 < 6508

Z 500O 500O 500O 500O 1200 Q 500O
Termmahon

C 3<l p' 3<l p' eo p' 3<l " sop' 3<l "
(6 50 dSl l .7 (6 6Od8) I 8 (6 6OdB) 16 IS 60 dB) 1 8 (6 6O(8) I 8 (6 6Od8):2 2

Shape tactor
(6 BOd8) :2 :2 (68008) 22 (6 8Od8) 22 (6 BOd8) 2 2 (680d8) 40

Ultlmale rBIBchon > 45 08 > l00 d8 > lood8 > 100 08 I > 90 d8 > 90 dB

XF·9A and XF-9B complete w'lh XF 001, XF 902
XF·9NB co mplete wl lh XF 903
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