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A SHF TRANSMIT CONVERTER WITH A VARACTOR DIODE
HAVING HIGH EFFICIENCY AND LOW INTERMODULATION

Pa rt 2: Frequency Converta, and OKlIlator Modul. 'or the 23 em Band

by H. FIecIlMr, DC. UQ

The descr ibed Ir.nlV.rter co nverts I n Input lign,l on In. 2 m band linearly to 23 em. The
requ ired 10000l oaclll, lor Ireq uency 01 11 52 MHz I, obtained ul ing a 96 MHz cryat.l oKlnetor
followed by numerous 'requency multiplier I tages (H. Flgur. 1). Tha mlnr operat• • I ' a
Vlrlctor power -up con verter; lit efficiency with ~pect to the Olcilialo r pc wer, 'I mainly
dependent on the eut-ctt frequency Ie 01 lh e diode. Figure 2 aha..... Ih'l relat ionship In the
case 01 an abrupt PN·Ylraelor I ' maximum drive 01 lha input I lgnll. The POWI' ralios given
in part , 01 th i, .rtiCle lor up-eonvertl,.. , .r. valid for 1011·1... dlDOel at low " gnal levall,
e.g. lor pa rametric drive 01 l he mixer. Howev.r,lf the mi ller II drl ....n 10maximum In order to
ecnreve the highest poaaible output power, the r. l. l lon lhip given In Figure 2 wil l be IIl lid.
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The Iocet osciUltor module lupptl.. an ou tpu t pow.r P, of 0,8 W at 1152 MHz, When ut lng
the given IIBrilctor diode exv 27 II It pouible to obtll n an RF ePllclency 01 T1RF • 0.7 due to
its cut-o tt frequency fc - 100 OHz. The outpul pow.r P~ et 1296 MHz, wou ld ther efor . be
0.56 W, wlthoul cl rcuil IOa&e$. An oulput power of 0.• W wat mealuted which relulled du e to
the use 0 1 a diode hail ing a lower eut-ctt frequency and due to the louet In the hl ter and
match in g cl rcUil:l .
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Th. output power W. I obl.ined I I .n Inl. rmodul. tlon rll io IMA1 ~ 20 dB lor Ih. 1l~1 Inl.r
modul.tion product In • two-ton. I..t. In thil c"', Ih. oulput powlr . t 1296 MHz amoun led
to 0,2 to 0.3 W and ,h. IUppruslon Ol lh. OlClII.tor frequ.ncy wu - 28 dB.

The tr.nl mll con....n.r eIIn be uMd on Its own lot mobil. or portabl. ope rallon, cr ' 1 .n ....
ei'.r lor . IUbeequent Unea r .mpli".r It.g• . It il . 110 poulbl. lOt lhe ' t. nl mlt conv.n.r 10

be uled ' 1 reoelv. convert.r, or for. ponion 01 lhe local osc ilialor lignal to be coupled out
to leed an ed.mal receiv. convert.r.

1. OPERATION

Th. olcllla,or compr l"l two separata mOdules : Ih. 384 MHz olclUator chain DC8 UG001,
and the powe r trlpler equipped with trl nl il ior C 3-12 In module DC 8 UG 002.

The cIrcuit dIagram 01 Ihil modul. II Ihown In Riure 3. Wllh the ellc.pllon 01 tha outpu t
I tage, the I8rTIlconduClor com plements and a lew dee ign de talil . the circuit il v.ry l imllar to
that described by DC8 NA in (41· The Ilgnal 1811'81 aMer Ihe I I~t ampl ilier Illge (T 4) amounll
to 40 ·50 mW Into 50 O. Thll II lhen ampUfledlo appro..lmalely 150 mW In Iranl il tor T 5 and
a ga in 01between 1.1 and 1.3 W II provided In T 8 according to Ihe opera ting voltage.
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The Clulpul Iran,form'hon with L 7, C 7 and C 8 ia loll owed by a tllgh·pau IIUer and a vari ·
able 10w-paIll (Pi) circuit. TheM two Mera proviDe add,I~1 selecllvlty lor lhe 384 MHz
carrier. A mulli...lage. crlilcally·coupled bandpau liller would. 01 cou..... be ben., In Ihia
po&lhon.~r , lor SimpliCIty and .... of conslructlon. II wa. nol uMCI here Agure 4
show' the measured OUlput speclrum 01 Ihl' module al Po • t .a W InlO 50 U. The apectrum
analyzer bandwidth amounled 10 0 10 900 MHz wllh a IClIe 01 tOO MHzl cm The harmonic
auwr....on W8I bener Ihan.tO dB ,

,

FlO· 4,
The Olltpllt .p.c:I'lIm
01 tho :\U MHI
local OKlltalof

1.2. Trlpl.r )14/1'52 MHz

The Ir ip lef ia equipped wilh Ihe eTC Iran'I.lor C 3·12 . Th,. Iran,lalor I' nol designed spect
I lc ly a•• Irequency mutllpher. unllkelhe RCA IranS'"0r 2 N .t012. bUI only cOila aboUl • Ihltd
01 lhe prIce. Power muiliplie... opeflle in er... C, and lhe currenl Irow angle f-J Delermlnes
the megnltude of the OUlpul voltage.

FIgure 5 ' hcNtI lhe charaeteflshC 01 a pOwer &mph"er In c.... C; It II onry dn\l8f'l by lhe
pea~ 01 lhe Input lignal, which means Ilvol current Impul... resull al the OUlpllt thai hava •
high harmonIC content. The selechon 0' lhe cur,."t flow angle ullflQ ,....tor RBE ailowl the
OUlpul aignal to be adjusted 10f mUlmum, The most lavorable \/Ilue is delermlned e..peri 
menially (6 ).

DC 8 UG
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Figure 6 shows the ci rcuit diagram ol lhls modul e. Aesiitor ABe Is in the orde r 01 150 U. The
Idler ci rcui t at the output Increases the RF elliclency . AesiSlor RO In Ihe OC-line Is used lor
suppres sio n of parasiti c osci llalions and Is very necessary. Its velue should nol e~eeed 5 n,
The match ing 01 the transisto r oulput 10 the 1152 MHz bandpass uner is made using a series
circu it with variable coupling capaci lo r. Due 10 its high capacit ive reacl ive impedance al lo w
frequencies, it lorm s a very goo d high-pass l ilter togelher with the input circuit ctthe band
pass I iIte r.

o,s .....

5 501\\1'/

1152HHz

n,5V/280m"
C6

DCBU Goo2
C5 , I

Il-'-20p

L6
l r-

Ro C7
C9 10or L2 C,

J. C2 L1 d
~~3

~, :;
L5~l' LL

i
J-~ 1: CL

Cl RaE~
C6 ~'z=

l'52 MHz

Fig. , ; Ttl. trlplllr modul, 3&4 MH1/1152 MHI DC' LIQ 002

1.3. Frequency Convert.r

The pr incip le ol l requency convers ion using varactor diodes was discussed in Part 1. In the
case 01 power-up converters, the relati onsh ip between the RF elliciency and the raho 01 tne
upper sideband Irequency to veeector CUI-oil Irequency is taken Irom the large-signal tech 
nology. and is shown In Figure 2. The up-convert er will , in principle, operate satlslactorily
with any varacior dlOda wnoN cut-o ff IreQuency Is In Ihe order 01 100 GHz. However, in order
to oblain a high RF eHiciency . it is eetter when diodes having an abrupt PN-Junct ion (pr o
nounced C/U dependence In the block ing range). or charge slo rage are used. when dri ven in
the low area.

In the ca se 01 slorege diOdes, It Is importanl thaI the I wi lc hing l ime il al ebc rt as pouible t 
1 ns) . and Ihal Ihe sto rage time is targe with respect 10 Ihe per iod durati on 01 Ihe RF signat.
The author's prototype uses a ato rage varaclo r diode manulaclured by Varian . The type
number is VAB 811 ec ; Ihe CUI-oil IreQuency is 7.. GHz, and II poueases a 1I0 rage time 01
200 na .nd a swilching l ime 01 1.5 ns. This diode has an inlerior eff iciency to the verectcr
d iOde BXY 27 manulactured by Phil ips due 10 Ihe relal ively low cut-o tt IreQuency and long
switchi ng time . The varacior diode BXY 27 has a charac lerisllC C/ U curve of a slorage diode
(Flgur. 7). It Is speci ally designed lor the IreQuency range in the order 01 the S-band and
provides RF efficiencies in the order 0170 "' .

It should also be mentioned here Ihal GaAs-d iod81 posse88 higher CUI-oil uequenciea , how
ever , they are not l uil able lor the conversion 01 high power levell due 10 Ihe highe r heal
resistance In comparison 10 silicon. Furthermore, it il very dill icu lt to manufacl ure I to rage
diOdes in GaAs, since the IIle ol l he minor ity carriers II 100 low.
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1'111. 1:
CIU clll.ecterl,tlc ollhl
".,.clor dlocwaxy 21

The fo llowing main Ilgnal' appel r In Ih' IrllQuency spectrum ol th, con~r1.r :

1. 1152 + ' IF - I, (liF . 2 m freQuencl..)
2. 1152 IOelllOKiII , lor
3.911 ' IF Harmonica of ' IF
• . 1152 + 2 Il IIF Con\l.~lon product
5.2 x ' . - 9 II IIF Intl rrnodull tlon product

' I : RllQulrllCl llgnl l
All t~u.nclM given In MHz.

Th, circuit dlllgl'llm 01 the convlrt" II ahown In FIgIl'•• The blndpus llller I ' tha out put
.n.u ~. that the IocIiI 08CiIIllor Il g nll I. IUPPreaMCl by 28 dB I nd th.t the unwanted co n
vlrtlon product It the MCOnd harmon ic of ,,... IF IrllQulncy by appro.lmalily 50 dB. n Il

ninth h,rmon lC of the IF and ItI lnll rmod ull tlon produ ct I re within the p...blnd ,.nge 01
the fill ." Thl' I, dUI 10 Ih' ha,mon lc relillon, hlp 01 th, Imate ur blndl . Accord ing to the
dr ivi 01 the ml.e" th... will be I Uppreued by 40 10 50 dB. However, theH Ilgnals will not
ClU.. any diff iCulti.. durl~ practical operation. since lhe producla will be more Ihan
900 kHz aw.y ' rom Ihe ,.qui~ I lgnal when Ul lng 12i6.1 104Hz.

Thll prob lem can be 101* complelely by using a lower crystal o.clUator I r~uency aM a
cor....po ndlngly hlgMr Input signal l requency. e.g. 144,1 104Hz ,Q 12i6.0 104Hz. A.ny other type
01 mixer for the 23 cm band h. ...lng ' 1'1 Intermediate I r~~ncy 0' 144 104Hz will allO poSH..
th ll signal l pectrum. uaually with Inlerlor suppr...lon valun.
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2. CON STRUCTION AND ALIGNMENT

Certain measuring unl" ar. ablOlut.ly n.c.ssary lor the construction 01 the trensve"er, and
It Is necessary that they be obta ined andlor constructed.

These are:

1. Multlmetef , or tube voltmeter
2. Frequency met. r from 200 to 1300 MHz (51. (7)
3. Dlpmet.r. or lrequency count.r up to 200 MHz
4. Pow.r m.ter up to 1300 MHz, or dlrect lon. 1coupler with low VSWR terminating re. l.tor

(M v. r. 1low· lnductlv. t•• i.tors In parallel).

For amateurs th.t do not hav. any .xperl.nce 01con.truction In the GHz r.ng., II I. reccm
mend.d that they c. rry out construction tog.ther with .xperlenced SHF amat.u,.. S.v.r.1
m.e.uring . nd aUgnment error. can be avoided In thl . mann.r. The ceere I. ngths between
the module. should be . s encrt a. pouibl. for matching r••lOn. (sho" . r th.n a tenth of the
w......I.ngth), or an ev.n multiple of . n electrlc.l lJ2.

Th. doub te-eoated PC·board DC 8 UG 001 (. .. Figure I ) I. consl ructed up to the Ilfth .tage
(2 N 4427) In the same m.nner •• mOdul. DC 8 NR 006 d.lcrlbed In (4). The following
chang.1 h...... been m.de:

1. Dlm.nslona: 160 mm x 70 mm lor the PC·board .nd the case helghl at 48 mm with 30 mm
Intermedl. t. p.nell.

2. Tr.n.l.tors T 2, T 3, and T .. h.d been repl. ced by the trani litor type.: T 2 . nd T 3 •
BFW 92, eFY 90, .nd T 4 • eFY 90. It I. neces. ary lor the tr. nl illor BFW 92 10 b.
sold.red 10Ihe ecncucto r .Ide of Ihe board.

3, The volt.ge of the z.ner diode la Increa. ed to 10 V and the voltage dropper rel lat.nce
.mounts to 82 C.

4. The collector re. llIor of T 3 amount. fa 27 C, 22 C for T 4. and 10 C lor T 5. The b••••
emiller r8l1.lor of T 5 II r.duced 10 620 C.

5. The t.p on the re.onant Une L 7 II now 11th. center.

The b••••nd the collector ct trilnl iltor T 8 (C 1·12) . re placed through .1011 In the PC·boerd;
anentlon ahould be paid that th. gl'OlJnd I Urf.ce II removed apprOlllmalely 2 mm around th.
"01. on the upper .Id. of the bo.rd; thll II made be. 1 ul lng a I harp knll• . For cooli ng, It I.
nec....ry for the tr.nl illor 10 be touching the board. Th. b....nd collector ecnnecuc ee .re
soldered on !tie low.r Iide of the board, whare. 1 the amln.r eoonecucne are loldered 10 the
upper aide. The required Intermediate panel II IOlder. d Into place dlrectty over Ih. c. nler 01
the Ir.nliitor. however. enough room mUlt be provided 10 th. t the tr. n. lllor Cln 1110 be
removed If required (culout 20 mm x 10 mm), Fu"her delall l c.n be leen In the photogr l ph
g lv.n In Figure 10, .nd Irom the componenl locatlon plan.

After Itudylng the polltlon . nd In.tanatlon 0' . n componantl , the mounting 01 tha compo
nent. on the board c. n beat be . I." ed by mount ing the r8lil to,.. caplclto,., and tranilitorl ,
• • well .a Ihe Induclancea up 10 lI.g. T 3. It la ablOlutely nec....ty to carry out a lunctlonl l
check of e.ch Individual Ilage belora mounting furt har componanta. The oacln.tor. for In
It.nc., een be checked with th. aid 01 a VHF·FM broadcast recelv.r, or I bl orpllon wave·
meter. The 192 MHz Ilgnll can . 110 be ch. cked with . dlpmeter I wltchad to tha absorpt ion
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mode. after wh lcl'1 it can be aligned 10 ma.lmum wlll'1 Il'1e eid 01C 2 and C 3 All er reson al lng
Il'1e 192 MHz ci rcu li., C 4 can be aligned lor m••lmum .Iller co nnecllng a power meier via.
coupling capacitor 01 150 pF, Tl'1e power outpul ,"ould be In Ihe order 01 10 mW Inlo 50 0 .
Tl'1 la meana that .. 384 MHz aignal is avaUable whlc l'1 I. ampli lled In IransiSlo r T 4 10 50 mW
Thla atep-by -step melt\od 01 mounUng Ihe componenll la nd Inte rmediale panels) and c l'1ec k
Ing I, now con llnued. A power Oulput 01 150 mW should be mealured al L 6; the 101.11 cun ent
anould be In the oroer 01 140 mA al 13.5 v .

~-.:..._-------..,
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Fig. 11: Co mP'O'"'nlloc. llofl1 In module DC. UO 001 . nllth, molllmpo,,.nl OI menelon,

Finally, transistor C ' ·12 I_ Installed together willi the assoc iated hltar circuits. Belor. check
ing fhe cveren operallon, fhe PC-board is aoldered on both aides wllh Iha CaM and inter
mediale Pllnell conalHlc ted lrom 0.5 mm thick braH pl,'a , and • BNC con~10' i. Ina'alled
81 the output. Arter Ihll . lhe output SIgnal il taken Irom trimmer C 7 and co nnec ted to Iha
power meta" and the 10,7 pF capaci to r 01 the high-pa.. IlIt er II d iliconnecled An output
power 01 t .• W ShOuld be prneol a' th' l pas'llon al1er co rrec t alignment 01 lhe Inpu t and
output c ir cu its . The 0....'.11 current drain now .mounll to 250 10 :HlO rnA The Il lter corner
na tiOn 01 h igh-paaa and low -pass uner is no w connec ted and the OUtpu l po wer aHgnea to
appro lt imalely 1.3 W by lIary lng the values or capaCito rs C8, C7, e9, and C 10, as well as
ahghlly bending induct ance l 8 , The comple led module can be provided wllh a cover wh ich
should be I prlng -loaded to ensure thai It il _II screened The high SIde panels enlure Ihal
no ca pacl hve effect s are possible.
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2.2. Frequency Tripier
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12: Layout of modula DC. va 002 wllh Iha rno,tl"'90tI.nl dimensions

The drawing given In Figure 12 and tha photograph glvan in Figura 13 giva both tha mech a"
n lcal dlmenalons and the position of the component. In the tripler. Thi. module comprises a
PC-board wh iCh Is combined with a two -stage l itter co mprising discrete alemenls. Flgur. 14
ShOWI PC-board DC8 UG002 of the tr lpler. The output coupling to the Irequency converter
DC8 UG 003 is made galvanically , wherea l lhe l igna l for the receive co nverter Is made
capacitlvely via a screw- mounted BNC-conneclor . The Inner conductor and the PTFE Insu
lalion have been ' ho rtened up to the metal part ol lhe co nnecto r.

JO,~--;

- -225-
I ''::Hf-

fig . 13:
PhotOGraph of tha
aUlhor'a prolotype
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'It, '4;
!"C-bolrd DC'00 002
lor till Irlpler

'--- - - - ,,- - - - -
2.3.1. Components lor DCI ua D02

L 6

o5 to 10 0

C 3-12 CTC

l6:

RD:

T 1:

RaE:

C 1: PlasUc loUIrlmmer 2 - 22 pf (Philips)
C 2: 15 pF air-spaced trimmer (tron ..r)
C 3: 1 pF ceramic
C., C 8: 0.6 ·6 pF tubu lar tr immer (Ph ili ps)
C 5: .. . 20 pF cerem lc Ir immer
C 6: 1 nF leedlhrough Cap,lciior
C 7: 100 nF ceramic; connected on the ou tside
cc.C 9. C 10, C 11: ... lIlu,trat ion,

l 1, l 2: prlnled Inductance,
l3: 1.5 l urn, 01 1.2 mm dis. ,Uver -pilled copper Wlr. ere.. wound

on a 8 mm lormer
1 turn. Ofherwl .. IS L 3

EstabU,h value e..perimentatly. appro... 100 to 200 U.
" . W, carbon resistor

The constructIOn commences with the culli ng 01 , II parts and drill ing lhe hoi.. acco rding to
Figu re 15. The spacing between the bue plate and the PC-board is maintained using 2,. mm
~cer• . Trimmer C. Is l lrstly mounted eere the base pla le, atter which the base pflle and
lhe drilled board (a 10 mm hole for the l ran. i. tor and a 6 mm hole lor trimmer C . , are glued
together with the aid of the rwc ,pacers, The liltar panel With cul out I' soldered 10 Ihe blM
plate (100 W soldering iron). alter which the , Ide panel' are aoldered 10 the PC-board and
ba.. pla te. The Imer Un.. and allgnmenl , crewa can now be mounled. aa well aa Ihe Inter
mediale panel or Ihe lilte'. Ahe, IOldering Ihe fronl and rear panel togelher wllh their BNC
connectors Into pos ition. il I' pouible lor the tr immers. Induc tance,. r..i, lo r, and capaCItor,
to be mounled. Trlmmet' C " I' con nected to lhe line crrc uu and Ih. coupling plafe soldefed
Into pla ce. Fina lly, the tran sistor is mounled Into posi tion.
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2.2.2. Alignment 01 the Tripie r

A SOO mA-meler il co nnected in se,i&l with tne po wer lupply Une. and the cutcvt II con
nected 10 I power meter. The ban dpau ' iller il exl remely selecllve, and it II thul necelsary
to I lrstly bring it 10 resona nce . For th il purpo se, Ihe mod ule II driven by I 384 MHz lignal
and 8 rneximurn ccnec tc r current 01 300 m.... il selected wilh Ihe aid 01 Ir imm er cepecuore C 1
and C 2. Final ly, the bandpau Iiller il brou ght 10 rel onance whereby the Icrewl Ihould be
spaced approximalely 0.8 mm from Ihe IIne l , The po wer meter or d irect iona l coupler I hould
now bring In Ind icat ion In ItI mOlt ..nl it iye range. Alt e, Ih l l , the idler ci rcuit (C 8 ). C 4 . Ihe
coupling Capaci to r Cc and the input and bandpau !il le r ci rcuill Ihould be aligned alternllely
unlil the m....lmum cutout power has been obl ained , II the trip ler il wor king correc tly , Ihe
cu rrent drain will be In the order of 260 m.... I I 13.5 V Ind the output po we' will be 0,8 W.
After alignment, the cover ollhe l iller shou ld be sol dered inlo place.

An ou tput power 01 5 10 00 mW I hould be presenl at the out put con necto r lo r the receive
m ixer accordi ng 10 Ihe po l il ion of the adjuilible BNC-connecl or .

- - - - - - - 75 ------ -
Ag . , IS: Double -eol led PTFf: baird DC • ua OOJ

2.3. Frequency Connrt.r

The Irequency converter module is bu ill up on I double-coated PC-board man ulaclu red Irom
PTFE (teflon). PC-board DC 8 UG 003 hal d imen l ionl 01 75 mm x 60 mm. and II I hown In
Figure 18. FIgure 17 I t'IoWi the mec han ical and elec trical delai ll of the module. wh Ol e
d imensions are 61 mm x 106 mm . The low er l ide of the board is loldered to a ba.. plate 01
1 mm thick brass whi ch Is used al a heat l ink for the varactor , and l or Inc reasi ng Ihe mecha
nical sl abUlIy. Hole l 01 3 mm diameter are drilled at the positions ml rked ..... on the blse
plate and are cou nter-s unk In Ihe d irection 01 the bosrd . (See . A_ in Figure 17). After thil.
both parts a,. solM red together by allow Ing Ihe soldar to flo w Ih rough the non -cou nteflunk
aide between the board and Ihe bl .. plale.
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au tho r', pro toty pe

After th is, the holes I re drilled, the Inlerml dl l te panel to the Wier II acldered inte pll ce. Ind
the cu tout tor ltMI BNe-connector of Ihe 1152 MHz Input I. mounled InlO piece. The pene ls
01 Ihe CI.. I,. now con.tructed from 0.5 mm thi ck bre.s plete (,.. Figure 15), snd provided
with the requ ired hoi... It I' recommended thll the tubulsr tr lmme,. be l ilted InlO Ihe b. ..
p llte I nd IOldered Into pllce .t thl, point, . nd .110 the BNC ccneeetc r lor the lo cal olclli llor
elgnlL The .'de panele Ind IlIler parts cln now be IOldered InlO piece, Thl' I, msde In the
lime ml nner as with the tr lpler. This Is 101i0wed by mounting Ihe lront end re.r panel s; I
minimum of solde r should be uHd with in the IIl ter.
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Now, the t 44 MH: cl rculta are mounted inlo place, the tubullr Ir lmmers Ire solderecl to the
resonenl 111'181, and Ihe cou pling plalel l re moun ted into polition. The vlractor i, mounl ed In
a spring- lo aded bran bUlhlng which II placed Ihrough the bolrd in Ihe deslgnlled polltlon
and sol dered to Ihe upper and lower aide, (see delall ~ a~ in Figure 17). In Ihe case 01 Ihe
S)(V 21 the buahlng will comprise a 3 mm dla. tube having an Inner diameter o f 1.1 mm ; thl,
I, available in many hobby sho ps. Alt er the varactor has been mounted, il Is then possi ble lor
capa citor C 3 10 be co nnected with III rotary platel to the PC-board and tha I tationary pla'ea
to Ihe verecrcr . Thll ia done by either soldering tha Itato r tag 10 Iha diode quickly ullng a
very hot soldering iron , or with the aid 0 1 a Imall Ilo tted bUl hing (see detail -a-). Attention
must be paid to keeping the ccrmectiona al Ihort al poss ible I Finally , Inductance L 4 il
soldered to C 3, and rel iltor R to C 3 and ground ,

2.3.1. Com ponentl for DC. UG 003

Cl. C 2. C 3, C4 :
C5. C 7:
C 6:

CC. C 8• C 9:

L l ,L 2,L3:
L 4. L 5:

L 6, L 7:

0 :

R:
Skt t :
Skt 2. and Skt 3:

Ceramic tubular trimmer 0,6 - 6 pF (Phll ipI )
Plastic lo ll t rlmmtll'l 2 - 22 pF (PhiUps)
1.5 pF ceramic dilk capacitor
see Figures 17 and 18

pr inted I lri plln"
5 tuml 0 1 1.2 mm dia , lilver-plaled copper wire wound on a 6 mm ter mer.
lenglh 8 mm, L 5: Coli lap 1.5 turnl Irom tha co ld end
see Figure. 17 and 18

Si orege or Junction veractor with a tranait Irequency in the order
0 1 100 GH: , Ptol > 2 W; e.g. B)(V 27, VAa 811 EC, 1 N 5155, 1 N 5152

100 kO: 0,5 W, carbon

BNC UG 1094/ U (lo r lingle -hol e mounting)
BNC UG 290170 (Ila nge mounting )

2,3.2, Allgnmenl ollhe Frequ ency Converter Modu le

The co mpleled modu le la now driven by the 1152 MH: local OlcUiator lignal and a t 44 MHz
aignal or maximum 30 mW, The output lignal II Ihan measurad selecli valy at Ihe output.
which can be done with the aid or a receiver .

The 144 MH: Input I. now aligned lo r a min imum Ilanding wave ratio, which II followed by
opll ml : lng the bandpan l ilter for tha requ ired output algnal. Aftar ona ha, e. labll.hed that
Ihe required Ilgnal la preeent at the output. all ctrcurte are aligned alternately lo r maximum . It
will be necassary lor the co upli ng platea and C 3 10 be varied during th la alignment , The
aerie. cl rcui l compriling C 5 and l4 wil l aflect the aupprellion 01 the ninth harmonic 01 the
Input algnal. C 5 ia aligned lor min imum out put at thla Irequency. Thil Ihouid be made ul lng
a recelver tuned to tha Irequency. However, II luch a receiver II not available, It will be aulli 
c lent when Ihe pol lt ion of C 5 eemereee to that of C 7, Thil circuit allows the nin th harmonic
o f the Input frequency to be l uppr eaaad by appro x.imately 10 dB.

Flnalty. Ihe transmit convaner II dr iven at higher and higher level with the 144 MHz algnal
until the outpul power no longe r Incr eaaea (aaturatlon), The inpul power at thil point wHi be
in the order or 0.2 to 0.3 W, and the outpu t power at 1m MH: wilt be between 0,4 and 0.5 W
alter carrying out the l ine aUgnment II the varactor B)(V 27 hal been Uled , Alter th il , It il
posalble lor the cove r of the tmer to be mounted Into place,
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TrtpJ.r OC I ua 002
Spectrum: Figure 19
P, - O.8 W lnlo 50 U
All harmonlCS lUpprasaect
bener Ih . n 56 dB
ANlyz. r bandwidth :
350 10 2100 MHz at 200 MHz/ em

3. SUMMARY OF THE MU SUA ED VALUES

The descrIbed tranSITul con....nlH' and local OICllI.tOI modul. __ ~surlCl u..~ •
spectrum .nIo lyl ilt~ hp 8$1 B and a " lermal power meler type hp m A. The ~.ur4ld

spectra . r. g lVilt"l In the fo llow mg phOtOi (F~ur.1 " , 21) All measurements _Ie mada a '
13.5 V. and m&Jl lmUm output po......r. Tl'Ia mOl' Importanl ~Iuflng ....lues can be lumma ·
rlzlCl a. fo llows'

314 MHz loeal oacmalor module DC • ua 001

Spectrum : Figure"
P - 1.3 W
All harmonlCl auppraued
bener than 40 dB

As. 11: SpKtru... of tI'I4o trip'" f ig. 20 : l pe>c:ltvm t of thl eon", nar

F~u.nc:y con ....rt.r DC. UQ 003
Speclrum 1: Flgur. 2O
Analyze, bandwidth: 800 · 1800 MHz al tOO MHz/ em

a1152 - - 28 dB, a ll52 ... 2 . ' IF - - 50 dB
alP• • 0." wmtc 50 U

Speclrum 2; Figula 2 t
Analyzer bandwidth: 1291.1 · 1301 t '""Hz al 1 MHz/ em
f l - 1296.1 MHz wll h PI _ 0 " W
Upper .peel ral line _ 1 • 144 1 MHz _ 1296.9 MHz

a - - " S dB
Lower l peetral lina - 2 • 1298 1 MHz - 1296.9 MHz _ 1m 3 MHz

a - - "S dB
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Intermodulat ion reject ion lor the I lrsl inte rmodulatlon prod uct 2 'a ± 'b

Th is measurement was ca rried out by OK 2 OPX on another prot olype 0 1 the lransmil con 
verter DC 8 UG003 equipped with lhe BXY 27 verect cr . With a local OSCil lato r power 0 1 1.7 W
and an input power 01 0.7 W. the Intermodutatron rati o was delerm ined to be . l dB I Theo
ret ical pa pe rs (1) regard ing l he inlermodu lation ralio 01 verec tor up -converters alate Ihal tne
Intermodul ation ratio will nol be worse than 19,6 dB even when Ihey are driven up to satu

rati on (P3 mul , aa Is shown in Figure 22. Practical measurements usuall y ex.hiM better
values.

1

0,
DC BUG

0 I
P h "' •• 'l ... . PlI

1' ;1;':81'"0 11 11111 .
-

iii. w i'0
III II

0 I ' ,+- 111:11 ' II- - -
I I P j

0 --.I I PI ... ,
-

1111"1' I I

s

e,

J

,

0 02 00' 01 05

fig . 22: Intermodull llon rl llOI. I lu nctlon 01 drIve

The autho r would li ke to Ihank the Inst ltu le lor High Frequency Technol ogy 0 1 the Technical
Uni versity 0 1 BraunSChweig as well as OK 2 OPX and OJ 2 WIN lo r their assisl ance and pr o
vision 0 1 the requ ired meas uri ng eq uipment.
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HARMONIC FILTER
lor the ULM 70 and ULM 70 S TRANSCEIVERS

Even a WI U con ltrutted and well aligned 70 em Iran lmlner Wilt produce lOme harm on iCI . It
i' especia lly impo rta nl 10 t UPPle.. the Ilfll harm on ic which '1111 Into thl UHF ' .levi,ion
banel. A bandpau IiIta' wa. M leclld 10 Iha' il il .Iso POlllb ll to Inlnulla harmonic a 0 1
, ... MHz that Ire gen.rlted In tha I.,' frequency mu lltplie'. Th. (l lndy.ntaga 01 'hi' circui l il
that very h igh freq uencies wil l not be l upp ressed dUI to ground Indl or ca pacilive coupUng
be tween the input and output. However, it II not very Importanl her. l inel Iha Irlnlil Ir.·
Quency 01 the output tranl itlc r il only in Ihe order 01800 MHz.

In order to simplify Ihe wiring 01 the ULM 70 lranse.IVlr, lhe a nlennl changeover r.'ay hi'
been Incruded in lhe harmonic 'l ite, module. Ther. ar. two polllbili ll.' 01 connecting Ihe
l i ller mtc the circu lI:

a) An lenna relay connecled direcl ly 10 the antenna circ uit (F"'ure 1al :
Advant ag..: !eM lou in Ihe rece ive mode . and Ihua higher Mnlitivity ,
Disadvantag.ee : greater lou In lhe tranlmlt mode. l ince the relay and antenna lOcket
cau.e two pOint l 0 1 dllContlnU lty. wh ich mull both be compenu tlkJ lor ul lng Ihe oulput
trimmer 0' the harmoniC l iller . Thll mean l that the aligned l ilier will not be balan ced .

' "

,-~"{} ~~

'10 ·1. Fig. 1b

4;J-_,

b) Harmonic I llter between anlenna lOCket and relay (Figure 1bl :
Advant . g..: addItional telect lvlty during recept ion. leu power lOU in the transmit mode
beeaute 1M Input tr lmm.r 01 the harmon ic ' i ller can compensate lor the capaci tance 01
the relay, The oulput trlmm.r only needl to compen" le one poii'll 0 1 discontinuity· be
tween It'll Ihor1 cable and the antenna lOCket.
Disadvantage: Anenuatlon 0' Ihe input Ilgnal.

Both methOdl can be realized ul ing tM PC·board OJ 7 OH 002 .ho....n in Figure 2 Fig ure 3
shows Ihe IiIter mounted Into veraion b 01 the transceiver. Thia compri... Ihe PC-board (A).
mounting plate (8), aide panela (C. 0 , and 0a). inlermediala panel IE) and cover (F) , Partl A
to F are made lrom double-coaled epa.y PC-board mater ial. 1,5 mm thick , The metal part l
can be cut l rom lin plated Iteel Ullng I hears. For dr illing . the lIn pla le il clamped between
the two layers 01 PC'board mate rlalao thai II II held "curely.
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PC-baird OJ 7 OH 002 II . , mm It 33 mm Ind II doubll-COIlld , Conllruc llon il IOm. whl l
I lmpllflild II the hol.1 I r. prov ided with through-conil cil . Th. two trlmm.rs Ir. I Irlplced
(Tron..r) tr lmmera with I mlxlmum ca plcllince 01 7 pF; IheM po.... . pinl wilh I Iplcing
0 1 7.5 mm . ThelwO Ind uClinc.. Ir. mid. from 1 mm dll . IUw r-pllled wlr. ; Ih. y I re wound
Id.nllcilly, but In op posil...n... ul ing I • mm lorm.r, I nd I r. bo th 8 mm In I. nglh . The y
I r. IOlder«l InlO pllce as , ho wn In the drlwlng, . The coli tip II 10 be fOund I pp roxlmlllly
hill . turn lrom the cold end. Th. following NIUonl1 r. ll i, Ir. ' uitlbl. lor I nlen". chlng.
over ' WitChing: RSL 12, ASO 12, o r AS 12. A. ll Yty~ AH· 12 1, 1. .. IUlllbl. du e to the pli l lic
callng .

"".2:
PC·bol rd 0' th.
Ill rmonlc IllIer I nd
I nllnnl ' 111'

~(
{ ,....... not ....._- ..

·ot '.

I : $ - $ .. .~•••
II . ® ' I_

I . U"~' t3

L ..=H .
OJ 1 OH 001

too" .......

F::~

•
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The components are mounted onto me PC-board Irom both sidel. The Ilrlt componenl to be
mounted il lhe relay , Due to the Iymmetrical construction. It Is poulble for the componenll
10 be mounted on Ihe opposite l ide when the /tIler is 10 be used lor other equipment.

After mounting the relay , side panels C, 0 , and 0, are soldered eround the edge 01 the main
board so thai It protrudes by approximately 2 mm. It is necesaary lor part B to be provided
with a small slot lor Ihe solder pins 01 the relay : a ItOI il provided on the c tne r side lor the

coaxial cable. Aher this . it is pouible lor the case 10 be sealed and the inlermediate plate
soldered into place; it is not necessary al IhiS position for the tolder joints to be completely
~waler-tjghl~. The cover II bent so that it sits firmly onto the case.

I! the PC-board does I'IOt pceseea through -contacls. the ground holes should be slightly
larger 10 that a wire (or copper loil I l rip) can also be placed through the hole and soldered
into place on the inside and oUlside. II is now possible for the trimmers and the ind uctances
to be aoldered into pla ce. The coil tap and me coaxial cable are connected to Ihe induc
tances beto re soldering into pla ce, Alter Ihis. it is only necessary for the coil tap to be
connected to the relay and the ouler conduc tor o f the coaxial cab le toldered 10 panel B.

In order to obtain the required passband curve. me coupling capacitor (1 pF ceramic disk
type) can be toldered 10 variou s positions on lhe inductan ces.

A NEW 23 em LINEAR TRANSVERTER FROM UKW-TECHNIK

LINEAR TRANSVERTERS urr 1296/28 and urr 1296/144

These 23 cm transvertere are completely ready -to-operate and are enclosed in an att ractive
cabinet. The receive converter comprises a I lve-i tage intardigital I l lter, a low -noise pream pl i
fie r with 3 x BFR 34 A. and a sensitive IF preamplifier. The transmil converter comprises a
puah-pull tranSlslor mixer and th ree-alage linear ampli ller. The sama slabla local oscillato r
module is used lor both transmit and receive.

SPECIFICATIONS

Maximum drive :
Output power :
Carrie r and image rej .:

Ncise Ilg , (smght-lideband):
Overall gain :
IF-bandwidth
Operating vollage:
Dimensions'

0.5 W
0.3 W Iyp,

20 dB mi n,

4 dB min ,
JOdB
2 MHZ

12.S V ± t .5V
255 • 75 • 200 mm
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THE ULM 70 S

A FM Transceiver lor the 70 cm Band with Synthesizer

by I. Sangm•••'ar, OJ 7 OH

Orig inally , me 70 em Iransa ll ve, ULM 70 w.. designed lOt lOCI' opera tion within 11'1, Ulm
.,•• of West Germany, '1 • conltructlon prOject to inC f.... IcllVlty on Ihe 70 em band. The
compac t transce iver , howe ver , was lound 10 be ide,1 lor hoUd.y UN and Irlvelling 01
course, the limitation 10 • lew crystll -co ntrolled channer. WI I • dl..dvanlage

Comple,e freedom 01 freq uency ..lecticn I, ollered when using I .yo!h"il.r. The construct 
Ion and alignment II well .. Ihe lnlll lll i ion inlo an operlllo081 ULM 70 ., to be dftcnbed in
det ail. The construction 01 the .ynthelil" i, no more dllhcull Ihan that 01 • superha' \o'FO;
hOwlvlr, the li ne r would alUM far mora mechanical probleml when OM co nl idl l'l lhe acale
. nd slow motion drive ,

The problems encoun t.red with the Iynthnizer are due more to the untamihar ph... control
technology. However, th l. II a low- Irequency techno log y th.ll one soon becom•• accuslomed
to. In order to .... the Iran.lllon, special Importanc. hal been paid In Ihil article 10 provid
ing d.lalled allgnm.nt in'orm atlon . Many POlntl "',. m.ntloned which need not be laken mte
con.lde ra li on normally, No gr.al demandl are pllced on the required measuring equipment
A low-frequency oac llloacope w lthoul DC-coupling. I 50 MHz l requency counter, and a high
imped ance mu ltlmet.r I re l ul llcl.nt.

1. CONSTRUCTION

Th. block diagram ol th. I ynth.slz.r was glyen in edi tion 2/1977 01 VHF COMMUNICATIONS
At that ume, the crystal oeclllato r 01 the rec. iyer was used in order 10 COnyer! lhe VCO Ir..
quency to the dly idab le Int.rmedlate Irequ. ncy, Th. mod ule deIc!lbed here only dltle,. Irom
the or ig inal concept In t!'tat it po . """ It. own crystal oacillator. Thil mean. tha t the modifi
cation. to the completed Iranaee iyer alll kept to I minimum and thlt lhe synlhnlz.r module
i l allO . uitable fo r use In o lher equipment

The . ynthesizer il connecled to the VFO-lnput. 01 11'1. 70 em IrlnlCei....r. and the I wltch
p laced into the ~VFO~ poIl tlon. Th ll munl that it II also polilbl. to ching. I tom lhe locil
' req u.ncy 10 any 'requency IilIlecled on the Iynl~lzer by juet changing l he polition 0' Ihls
. wi tch .

Fig ure 1 shows the Irequency p lan , wh ich II mainly determ inecl by t he requirement 01 compa
Ubility wi th the original tranac.ly.r: Tha olcill ato r mUlt proyid. I requencl.1 In the order 01
48 MHz which .re then multipl ied by n ln. In the tranicelyer. Of courlill, it wou ld , no dou bt.
h..... been rT'lOllI eleg.nt to generat e the I inal frequ. ncy; howeYer. thll would cau.. '" higher
cu rren t drain lor la. ler Irequ.ncy d lyide,. end count.rs , The number 01 selec table chann.ls
wit IImi led 10 100. Il ls poss ible ullng an additiOna l I wl lch 10 oblaln 120 channels, ho WeYflr,
100 chann.ls with a spacing 0' 25 kHz will normally be sutllci.nt if the band limits haw been
correctly selllC1ed. If channel ~OO~ corrnponds lo 431.000 MHz all European repeater Inpul
channel, wilt be covered and th. lrequ. ney range will be up 10 433,475 MHz , The ATV band
commenc.. above 11'11. , In order to .-.c.ive Ihe output frequencl" 01 lhe rep..le,., Ihe Ir.
qu.ncy range II anihed by 7.8 MHz upwardl, and by 10.7 MHz downwardl
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Since th. VCO lreq uency II multiplied by nine, it II necessary lor It to be .hllled In steps 01
25 kHz/ 9 • 2.m kHl . No furth., divid. ,.. .,.. to be lound bet ...."" veo and edjullabl.
divider , which ITlMn. thllt 2.m kHl la .Iso th. lrequ. ncy of the pha.. comperator . ThiS i, ,
...-ry lOw, and aud ible freq UM\Cy I The lower lhe lrequ.ncy, the mor. dlnteu lt it will be 10 lill.r
It ou t. Ho......,." It has one ad'tanlage 01 being In the aud ible lrequ. ncyr~ In that It can be
CheCked more ....Iy. 25 kHz int. rt. renoa ca n be tar mor. complicated , which 1'1.. been lound
In tne caN of .......,.al older cs.va~". In order to IUpprna the low Irequency int. r
ference .. well .. PQUl~, a Nmple-hold phaM detector Wlttl compenaa ho n 01 the r.mp
¥Olt-ae I' uNd.

2. CIACUIT DtAGRAM

Flgu" 2 , haws the complet. circuit diagram 01 trle ~ntne.il"' . Th. control loop operat" in
a cloCkwl.. direct iOn. The VOltage-controUed oeeill.tor (VCO) In ttl. upper left-hand port ion
ot ltMI diagram poaMUea ltMI only Inductanc. 01 the module Thil II an alr-ap.Cftd coli con
atructed Irom enamelled copper wire which I' lilled onto a ceramic lormer with lacqu.r to
gtIther with the lMdbaCk winding . Thl, mean, that It II firmly lixed, which la hnportant Ii nca
only low-freqyency int.rf....nce up to apprOll lmately 200 HI will be controlled ,

The co......nd fin. ad justment 01 tha veo I. m.da with tha aid 01 two varactor dloda • .
Since . n Int.rmedlat. frequency of 10.7 MHI I. relatively low for a 70 em tran lCelver, Iha
VCO II also able to provlda the loc al osc illator , lgnal lor the reca lva mixer. Tha PC-board II
provided with three potentlometal'l lor frequancy adjultment of tha veo to tha center ' , e
quency 01 Me h of tha banda .hown In Figure 1: . Tranemlt. , . Aapetl"" , and . Trlnscelva
Ree:.pUon ...

.... .. VHF COMMUNICATIONS 2/1978



A VHF COMMUNICATIONS 2/ 1918 · 81·



The highe.1 'reQuency I. req uired in Ihe -Iranami l_ mode . and for Iht. r..son lhe circuit
. witched in vII. diode 0 11 . ho uld have Ihe 10we.1 r&Siliance.

The mOdulal 1on i. led in aller Ihe resl.tor A 60 via capacitor e 50. The required AFvoll.ge i.
very . ma n. and for Ihi. reason Ih. cha racterilllCollhe diode II practically linear . The vollage
divider co mprising A sa I A 59 Ihould have al low a r..i.l.nce a. pollib~ .inc. A 60 ' orml •
voltage divider logelher With A 59 'or .ny Interterence voltages Ihal may be presenl on the
. wilchlng lines . In addilion 10 Ihll , capacllor e 5 I. connecled In par.llel which would caule
Ihe hlgh -modu lalion Irequenclel 10 be clipped II a high-Impedance clrcuil were used .

The olhe r pair of v.r.ctor diod.. (02. 031 II equipped wllh lower capacll.nce types , TheH
varactors aUow the frequency 10 be v.r1ed by .pproltlmately • MHz (on 70 cm). The control
vortage II Connecled 10 Ihll point.

Du. 10 Ihe large co mponenl 01 the varlClor diodes in th. resonant clrcUi l ca pacitance. a
large lemperalure dependence Ol lh. frM-runnlng oscilla tor il 10 be .ltpected An eltact com 
penNllon will not have very much succen due 10 Ih. non-linearity 01 the charact.riltlc . Th.
Iwitching diodes e 9 10 e 11 provide. partial compenuUon, The r"1 of Ihe compenlliion
ca n be m.de using ce ramic Irimmer C . IN 7501 by v.rylno Ih. pa rallel capacllo,., A Ime
alignm.nt II possl bl. by I llgnlng lhe polentiometers . nd Irimmer. in oPpollte direct lonl .
However. Ihil II only nec....ry when the temperalur. ring. i. do ubled or tripled, al In Ihe
caM 0' moun tain li.ld dayS eiC. Stabl. ope raUon I. offered batw"n 0 Ind + 35"C with luffi
cienl relfl Ne wtIfIn using the given circuit.

The buffer I~ . re simp~ AC-.mpllfiers , Tranliltor T 2 II m.tched at the inpul and driv"
Inlo a low imped.nce of 330 g , Thil il l ufficlent lor ca ble Ienglhl up 10approltlm.lllly Hi em.
II the Iynth..izer II 10 be Inll. lI.d in a Hpllrale ca bine" it I. recomm.nded Ihlt I wldeb.nd
reson.nl circuit be provided .t the colleclor for matchlno to 50 D COlltl.1 c.ble. and Ihe
tranamlt receive switching de l.ted.

The bu tf.r .~ 0' the loop II only IooMly COUpled to the vee. Since II i. driving InlO I
mllt.r Input capacitance 01 apprOltim.tely 10 pF. it II pou lbl. for the collector r..istor to be
high-Impedance .

A dual g.t. MOSFET II used al mixer lor th. loop. The type II uncritica l due to the low fr. 
quency. Unfortunat. ly. It wlll alwlyS be nec....ry tor lhe aperlling point to be .ligned wllh
the li d 0' R 21. A notmlll lranl illor will not have . ufficlent o.coupUng belween lhe mixer
Inpy ll. and when ul lng the applied harmo nic mlltlng Circuit. would even au.. an
Inlerl.r.nc. lignal In lhe vicinity 01 Ih. VFO Ireq uency. The crystal osclll. '.. In par. II . 1
resonan ce . t approlt imately 16 MHz. In thll manner it i. pouible 'at only the altenueted har 
monics 10 be paned via the buffer 10 the VCO. The cry.tll OKlilator can be pulled by one
cha nnel ul lng v.raClor diode e 16. which m.an. that il II poNible 'or Ireq uenci.. to be Ht
to an Intermediat. ch.nnel ap.IClng elttemally .

Th. mixer Is lollowed by I wldeband r. sonant clrcuil comprili ng e h 1 , e 2• . which i.
aligned to approltimately 1 MHz. A hlgh-galn .t.g. equ ipped wllh .n AF tran.i. tor Incr•••••
the 1ev.1 01 the IF .ignal 10 lull operating voltage deviaUon. Capaci tor e 28 ha. been lou nd to
be v. ry Important. This apecltor la connected ditectly to lhe out put of lhe divider and llIte,.
out . 11 higher lreQuencles th.,originat. trom the v.rioul QlCmalora . The lrlggering point 01
the li,.1 divider would be undefined if this c.pacltor wa. not uled Ind this could cau.. an
oscilla tion noiM on th. veo aignal, which wou ld be independent 01 the ..I.cted cha nnlll,
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CMOS/ICI type 4017 with decoded outpUtl I rl uMd II di vide-by-ten adju ltable d ivide rlo . Thi l
simplifies the ci rcUit con l lderably: however, don not I llow remote con trol , II wou ld be the
ease when ul ing co nventional BCQ.controlled dIViders. Connectio n wir.. Of up to to cm are
permi"ible between the PC-board I nd the front panel . The most important advanlage il that
it is outpuls that are connected here , and not tensitive inputs thlt mUll be lilter.cl Indi vi
dually. In additIOn to thi l . Ihe inputl 01 CM05-1C1 Ire liab le to be deltroyed by eltcell
voltaoe. al l he inputs ; IOf thi s rea son, they I hould be gr ounded I t low impedlnce.

Thll II done II the Inputl 01 the NANG-gltl by rllliitorlo R 35 and R 36. The glle com blnel
the eeieetee div ider outpUll. Atter all Ihree dIviders hive counted up 10 lhe selec ted digIt, the
reeet-une will be activl led. This will occ ur mall certainly within half I cycle at inpulIrequen
cies up to 1.5MHz,

The reterence frequency fOf the phall di scriminator ia generated in 15 (CO 4(60). Thla IC
conta ins an osci lla tor and severll bInary dlviderlo . The cryltal Irequency II allO kept .. low 81
pOSSible in order to sa.... current. The NAND-glle IiIters out the impulse l rom thl div idar out
pu tl (Irom eight), 10 that the ret lo It the output I mo unll to 7:t . The short IC tlvl impul.. i l
negltive going Ind I wi tches on tranSiltor T 7. Thia allows capacitor C 45 to charge virtuilly
up to the lull operat ing 'tOllage . The cepacltor dlschlrg.. Itsel l via R 49 dUring the rest of the
cycle. Thi . provides the required sawtooth volt. lor the di scriminator ,

This sawtooth voltaoe il led to the IOUrce 01 the p... I Wltch (T 8) dUring the time the reset
signal drives the gate . These time. a,. very short : '1:300 to 1:400 01 1I2n 7 I , which meanl
Ihal a good RF-FET II required. In addi tion to thil , the through-resistance I hould be 81 low
a. ponible 10 that the 1I0rage clplcllance at the drain can be al large II pouible .

This sim ple end small..t type 01 a phase detector hll, 01 COUfM, a diNdvantaga: II il in tact
no mor e than I mi ..ef , wh ich meenl that harmoniC co nversio n il possible. II the u mpling
Irequency II helf Ihe reference Irequency, the pha.. detector will work jUlt II well .. il lhe"
f req uencl.. were equII, It II only lhe Ilope and the Interference suppreuio n that will be
dlffflfenl. In order 10 suppr.... the sub-harmon ic lrequency, • considerable .mount 01 selec
tiVity would be requ ired In the IF amplil lef, One third 01 the frequency il l upprlKMd lulh
c lan tly by the Simple resonant c irc uit that no d,llicultlel .re to be eltpec ted here.

_ _ _ Bal'ClwdTh of lhoe _

If ell'cu,1

•...
Fig. 3:
COftlrol "ah•• dYractlrtallc:
dun"" ca...... lIgnmInt

HQWe\ler, even hell the frequency WIll not CIIuse problem l when the procenn are Li ken Into
considerehon during tuning : It is assumed that the VCO CIIn be tuned 10 I ny frequency With
lhe aid 01 the trimmer. 11 th il i l the CUI, thl locking processes shown in Fll;furl J Will be
observed. The sampling frequency zero wi ll result when the VCO and Ihe cryl lal OIelnalor
frequenCies co inc ide. To the lett 01 Ih il , unwented locking Irequenciea e..llt towardl lo wer
v eo fr equencies which correspond 10 en imegefrequency. and are usuelly very unstable . The
co rrecl locking point is the one with the highelt v eo Irequency.
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The N mpled Ind ItOred vollig. II led vii I lOurc. follower (T 9) 10 In Inv.ned voilig.
I mpllfier (T to) . The IOUrce lo llow. r ~uir" I P-rype Iince Ihe Input voltsg.. Ir. in lh. vici
nity Of the opertIfing volllg., An I djuilible compenUllng volllgi II lild 10 th. collector 01
Ih. Inve rte r lite polen tiomele r P . , This n.ulrllizM Ih. Int.ri.ring rniduII u wlOOlh vollig.
Ihel II pessed vii Ih. hloh-Imped .nce locking ,..IlIor I nd Ihe clrcuil ClplclllnCII 10 Ih.
I lo rege Cipaci ior when the Iwilching FET II locked , Of cou,.., thll II not I ble 10 provide a
comple le luppreaalon li nce the lIw100lh voll.ge will h. ve • dillereni ' orm In Ihe main
brlnch then In Ihe neutrl llling etecun 10 Ihet e dille reni chiriclerli lic re.ull' . Ho_ver, Ihe
tundlmenlal oecWl llon 01 2.77 kHz cen be red uC«! by Ipproxlm.lely 20dB which II the mo. l
Impo rtl nt conside ration .

A rllldull Inte riere nce voltlg. 01 Ipproxlaml.ly 1 10 2 mV (pelk-ta-peek) II prIMnl Icro..
,..lllor R 504 . When thll I, compired wllh the tuning voltlQl vl'llllon 01 2 V pelk-tO-pelk
req uired lor tuning 2.5 MHz on the 70 cm band, Ihi. will mull in In unwlnilld Irequency
dev lltion 01 625 Hz. When ul ing I !"IOmlnal frequency deviation 01 3 kHz. Ihla wou ld . till be
ludlble , However, no great dem and s are pll ced on Ih••ubseQuenl loop filter,

A pert of the loop lilt.r II a' re.dy inlegreted InlO Ih. phaas delKtor. Th. p... r..lllor of Ihe
switching FET 'orm s a low-pa.. 1iI1er fogelher with the Itorage clpacllor. Th• • ffective pi"
rlllllinc. II up to @ times grelle r than givln In Ih. dl tl shlet due to th. Ihort Iwitching
t ime. A limit frequen cy 01 I pproxlmefely 1,2 kHz WI I meuured. II lhould not be fower Ihln
thll , be cauM an oscilillion 01 up to 600 Hz can IPPlar dUrlng the lock-In proe....

The Plrt 01 the loop liiter made 01 dllCrele componenll compri... three II nkl: I low-pa..
liller (R 55. C 043) with a cut-c rt frequency 01 tOO Hz, e Ilg -lllle r (R 55. R !Ie. e . 9) wllh I
l upprellion lrequ en cy 3 Hz Ind a litl frequen cy 8 Hz, I nd fina lly I furthe r low-pass Iiller
compril lng R 57, e 6 wllh I cut-ctt lrequ ency 01 7 kHz lor fillering 0 1,11 needle l and high ·
lrequency Interie rence trom Ihl dlgltsl IIl ge• .

The loop liIte r would dampen Ihe oscUlation appearing during the lock·ln proe... too greally.
end lor th il reuon a port ion i, bridged ul lng I nllpha.. dioctel . They Will conduct 'or Ilgnall
thlt are oreatlf Ittan the threshold voltage. In Ittil e.... lhe IoId rllilto r a t the Inverte r (R 54
In par lnel wlltt R 53) IOl1Tl1 I low-pan lilt. r tOQllher with C 48 WhOM cut-off lrequ en cy I'
now ten limn higher In the orde r 1 kHz.

Th. PC· board pone.... a voltlge . tablllze r for all c rlUCII I lage• . It II IlpeClilly Impo rtlnl
lor the Iwitchlng volllOel lor Ihe nlnge po tenllomatarl to be well tmered. Trenl illora TIt
and T 12 Ire used Inlleed of zener diOd.. which would CIU" too much noise " thl.
po lltion. Llrger fm., cspacltora I re nOI pouibll on the Iwilchlng Un... olhe rwlse lhe
tra n,mil·receive Iwllchl ng would tlk. 100 long For the ...me rlllOn. Ihe Vilul 01 cspecilo r
COO I ho uld not be grHter thin O. t IIF.

3. COMPONENT DETAILS

T 1:
T 2 · T. :
T 5:
T 8:
T 7. T 10-T 12:
T 8:
T 9:

· 90·

BF 244 B ar BF 245 B (pay I llen iion to connec lion dll grem I)
SF 22. or BF 199
RCA 40822 or . Q641 or IImUIr dUI I-gl te MOSFET
Be 237 B or BC 413 B or li mllar NPN-AF Irl nl il tor
Be 307 B or BC . 15 B or limilar PNP-AF Iranllilor
J 310 (SlIiconlx)
E 176 (Sihconlx)
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BB 104 (or BB 204 - bend up Ihe COflnec llon leedl)
BB 121 A (Inlermetal1l or BB 105 A (Slemenl)
1 N ""51 (Intermete U)
8.2 V diode (BZY 85 C 8 V 2 or similar)
HP 2800 or limllar SCho"ky diode
Zener diOde 1/3 W, value ... alignment inltruchonl
BA 138 or BB 105 A (Siemenl)

CMOS 4017 (RCA and other manulaclu rera)
CMOS 4023
CMOS 4060

01 :
02,03:
0"' ·011 :
012:
013,01"':
015:
016:

11 013:
I "':
15:

L 1: 11.5 lurnl of 06 mm di• . enamelled co pper wire and 11.5 luml of 0.2 mm dla .
en.melled copper wire wound on • cer.mic lormer 01"'.5 mm dia.• 10 mm long
or . It no l available. polystyrol coil lormar 01 '" mm dia.• claM wound .

Ch 1: 120 1OH.lpaclng 20 mm

C 4: 4.5 ..20 pF cer.mlc dip trimmer or pl.lliC loil irimmer, grHn
C 33 • C 35: 6 • 30 pF II .bov., foillrlmmer red
C 4t : 7 035 pF" a . bove
C 45: t80 nF cer.mlc multi-layer cap.cllOr
C 48: 47 nF, otherwise II C-45
C -49: 2.2 ...F pl'ltic loll capacilor 25 V

All electrolyt iC ClPllcitol'l: T.nt.lum drop-type ClPllcltOI'l for 111 V
AU to nF capacitora: ce r.mic dlak types lor 5 mm spa cing. 8 mm di• .
AUother caPilCitOrt: ce r.mlc dilk types wllh low TC: l pacing 5 mm, 8 mm dia.

All res illOrJ, for 10 mm spacing. RC 07, 0207

P l · P 3: 10 kQ trimmer polentiomelera , horizootai mounting, ap. cing 10/5 mm

P -4; 500 Q. olhe rwise II .00....

2 rolary Iwitches, li ngle waler , 12 posilionl
2 knobl wilh numbe red poaitlonl.t· t2"

01 : 15.6853 MHz, HC·-43/U or HC·18/U (lor soidenng)
~ caPilcUance : 111 pF

02: 15,5705 MHz, Olhe rwi.. II a 1
0 3: 15.2890 MHz, olherwi.. II a 1
0 -4 : 1.-42222 MHz, HC.e /U, load c. pacll. nce : 80 pF

4. CONSTRUCTION

The PC-board OJ 7 OH001 01 Ihe Iynthellzer II nearly aa large II Ihat 01 Ihe lranlmmer
OJ 0 FW002. However• • U co mponenll are mounled horlzonlally 10 Ihal Ihe heighl 01 Ihe
mOdule , hould be Ie.. th.n 10 mm II am.ller trImmer c. pacilorl h..... been uMCI. '~lIre '"
ahOwa the conductor I. "..• • nd '~l,Ira 5 the component localionl, The cryltala are mOllnl.cl
Into place ualng IhrH I. yera 01 doub ....dh..l.... ca rpe l I.pe. Th. ground ilOl.UOfl shou ld be
especi.lly noled : the grounding lollows Ih. , Ignal palh on lhe componen t , I()a 01 lhe board
.nd Is In the form 01 an S. The ground llOl.lIon i, _peci.Uy important belWHfl lhe cry,I.1
osclll.tor and lhe veo. anet between lhe buller II,g., 'nd lhe output. It il pouible lor .
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screeni ng plat. to be so ldered int o plac. Two ho i. , are planned for , uppo rt ing the ecreen
ing ca n. One hole i' di rec tly adja cent to the v eo Induclance, ' Ince any \/lbrlllon will halle the
g reat. , 1 effec t here.
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5. ALIG NMENT

The lollow ing components should sti ll not be installed :

MiKer :
Loop amplil ier :
VCO:

R 17and R21
R 51. R 53. and 0 15
R 1

C 48 should be soldered in to place temporerily and should amoun t to 10 nF.
The bridge of the utter should also be open .

The Individue l stages are now broughllnto ope ratIon in the follOWing order :

5.1. Connec t power supply 10.5 V I SO mA with overload protection . Connect stabilized voltage
to 0 12: 8.2 V ± 0.2 V, Alt er connecting U .;. (10,5 VI. 8,8 V =0,2 V should be present at
Pt 225.

5.2.Check the DC·voltage con di tions of the buller stages : the current drain shou ld be appro
Klmately 2 rnA (not critical).

7 I-
5-. ~,o, ~tlo6c

'CO
I "••, l oop- Hp"

f' l tlr f " -0 Bvller $ta.,,1

~~ '" ~ Tro,l\$",,1_. .
1 04' . 1X 11 l el ln

., PC- board
Trl1M tf ,v. r IlX .J

f
."":;

Il.Pto,ltr IlX

> 1mn$",,1

g. ~

-
,

5.3. Connect the VCO accordi ng 10 Flgur. II , Align potentiometer P 1 to apprOK. 3 kQ, Place
the swi tc h In the . transmit~ posit ion . $elect the value of R 1 10 that the VCO dra.....s app rOKi 
mately 4 mA oThe oscil lati on should cease on shorti ng the trimmer . and the current should be

redu ced . Connect a counter to the RF-S output and align the VCO frequency to 48000 kHz
with the aid of C 4. The loop voltage UL sho uld then be aligned to 3 V_Switch to repeate r
rece ive and align R 2 without changIng the position of the trimmer to 41.700 kHz. S..... ltch to
transceive rece ive position and allon potentio meter P 3 to 46 BOO kHz,

5.4. Check operation 0' the crys tal cecmetcr. It should dr a..... a mulmum of 1 mA cur rent , If a
Ir equen cy counter with a high · impedance Input Is available (loosely coupled to the base). It IS

possible for the crystal frequencies to be aligned at this time. If not . they are aligned alter
operation ol tha loop is com menced by counti ng the VCO frequency.

5.5. Ali gn the dra in current 01 the mhter by selecting a suitable value for R 21 untIl 1 to 2 mA
results. The current var iat ion on switc hing oft and switching on the cryltal oscillator l il mo re
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impo rtan t than 1M sctUilI cur~nt. II the source YOlts g. il '-II thin 1 V. it will be nec..ury
lor R 17 to be reduced to 150 kO and a l ult.ble ....11.1. lor R 2t to be Mlec ted . g'ln. Thil
allows a It.bla opctrlt ing point to be selected even wh.n l ub perform.nce tranl ilto... ara uI.d .

An oacilloseope Ihould be connect.c:l to the dr. in to chec k operltion. The intermed llte tre
quen cy 01 .pproximltely 800 kHz should be vllibl. with an . mplltude 01 . pproxim.tely
200 mV on v.ry lng the tuning volt.ge With the lid 01 PL' Thll ahould be Incr.ued to • Ievel
01approx im.t.1y 1 V peak-to-pa.k .t th. output 01 th. divider .

5.'. Check the inpyt divider .nd mat logic: Check th. dlvld.r OUtputl with th. 'Id 01 tl'll
oscilloscope. If the r...t logic II oper.tlng , only outputl -0- to -2- on the divide- by-1ClO
dlvld.... (1 3) will Indicat. Impul..., Th. Imputse at output .3_ and tl'll mat impulM are too
lhOn to be vilible on old.r or ch••par olclllo.copel.

5.7. Check the reler.nce crr-t. 1olcillator and align to 1." 212 MHz.

5.' .Check the operat ion ol th...w1ooth g.n.r.tor :
The volt.ge &Cross the ch.rge capaci tor I hould h. .... a ch.r.cteril tic Ilmilar to tha t Ihown In
FIgure 7, e.g. an .mplitude 01 .pproxim.tely 1.5 V pe.k·to-peak. and not billow 8.5 V. The
needlel of the glle vol"ge 01 T 8 should not bII gr••t.r th.n 9 V, in ord. r to enlura thll the
g.t..tource peth doH not conduct. Thi, II .void.c:l by operating Ih. CMOS-IC from. voltage
ot app roxim.t.1y 9.2 v. It may be neceuary lor the valu. 01 R 33 to be incr. alld som.what.
How. ver, the adjultment il not critical lince the I hon reNt Impul... ar. ulually not lully
. ffectad due to circuit capacl tancel .

_.::-=-_-=-_ -=__Sov r[~ =--:..:-:~:QS\l
- - - - - - --l5\1

u

,-

Ga. I,

,,,
FIg, 7:
Vonage eharae lan, tlc
aerOIl C 45

5.'. Alignment ot the loop ampUlle r;
5eltK:t the voltage value ot the zener diode 01 5 so th.t • u wtOOlh volt.ge al Ihown in
FIgure' la PrMl!lnt a t the collector miltor (R 54 ) 0' th. In....rter, wh.n the veo 'I aligned 10
the . nd 0' the ba nd. With l ub-pe rformance FET, it will be necessary lor one to thrH unlver
..I diod e ' to be connected In aeri.. In the lorward direction , wher.al with FETI with OtlNt
vol..g., In eKoeaI of 3 V, a l ult. ble zener dlod. Ihould be telected.

_____ _ _ ___lO.5\1
L:,u _-- -..- - _n ""_I --- ,------- u~ IS\,""""""-

U - ") lR,

- -'5,-
' lg . , :
vona,. charadarl.11c
itT 10
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1.10. AdJu.tment of tl'le loop g.in .nd VCOcenter freq uency:
Remo.... potentiometer Pl. .nd clOM tl'le loop bridge. An MClIIoscope .nd • voltmete r (R _
100 kO) .re con nec ted InltUd 10 tl'le potenliometer pol itlon. A lock·i n prou .. I. Men on
.... rylng Ih. VCO Ireq uency inlte. d 01 the pr....lou. OICU1atlon. Typlc.sl oscilloscope tr. Cel
when th e freq uency II 100 high or too low are m own In Figure'

I
u

•

" CO t OCl hl~h

~." _ . ""''' ' ''' '-''''r r I r I I~-".........
100%

Figure to l hows. diagram of Ihe proceue. when rol.llng lhe Irlmme, . Du. 10 the diOd.lin
the loop tnter. tl'le lock·ln r. nge II nearly .. I. rge u tt•• holding r.ng• .

- .---

1

W h . ....

'00'....

Chan n.1 _50.. m ould now be 1. lecled In the transmit mode. Trimm. r C -4 Is now . djuII.d 10

Ih.t Ihe oper.tlng po int I. In th. center be lween the two lock·ln polntl. Norm. lly, thil doe l
not coinc ide to the mean ....11.1 . of Ih. u wtoolh ...oll.g• . Th. loo p Yol tsge .hould d.yla••
• pprox lm.tely nalfw.y to the loc k·ln polnls on switching to ch.nnel -00· . nd ·99• .

TI'le I Wl tChlng range will only . mount to 'bOut 1/-4 to 1/3 Ol lh. lock·in rang. , 'ltc.pt when
.11 01 the component toler, ncel . re unf....or.bl. I t the Mme time. Thil me.nl th.l lhe loop
ga in II too high. Th. IoIid relillo r 01 Ihe Inyen.r II red uC«! by p,oYlding • luilible r.s ilt or
R 53. At the same lim., the yoilig' 1...... 1will be Incr••Mel 10 that on. II abl. to ope r.te In •
more linear portion 01 Ih. Y. r. ctor dlO<le che raclerll llC. II the rel idual collector ·e miller
yoltag . of T 10 Is redu ced to below 0.5 V, It wUl be neceuary lor R 504 to be deere."d In
....11.1• .

The ea m. II now carried 0 1.11 in the rec. l.... modes. HoWfter. the trimmer Ihould net be
.ligned lu rthe r, and .ny .lIgnmen l carried out only wllh Ihe potentiomelers,
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5.11. Optimizing the Interf erence euppreeetcn:
The transmit signal Is monitor ed on a 2 m or 70 cm race iver, most la...o rably in the AM mode
on the s lope 01 II'le crytJtal liller. The aud ible oscillation is reduced to. minimu m with th e aid
of potentiometer P • . The osc il lation shou ld be virtu.lly Inaudi ble on Increasing the ....Iue 01
C 48 to the ....Iue g iven In the c ircui t d iagram . Th is is usua lly able to reduce it to the level 01
modul.tor noise.

5.12. Test for stable operat ion :
The ...alue 01 capac it o r C 48 firsUy rema ins al a low ....Iue. This is because control osc illa tions
cou ld occur in the caw 01 too high a gain (see 5.l 0.) and make tr imming somewhat cutrcutt.
The value Of C 48 should be temporar ily in creased lurther .nd lurther in order to n tablish
the beha ... iour 01 the ci rc ui t and it l lendency to osc il latio n. This is noted typ ically on swi tc h
Ing between . t ransmit~ and .receive~ . Alter l in ing the nom inal ...alue 01 C 48. it should be
checked whether the contro l ...o lt.ge ....rle s greatty. o r In jumpl on .... ryin g the oper. ting
...oltage between 10 V to 11 V. The cont ro l vol tage musl jump back to the orlg inal ...eiue w ilhin
• qu art er of a lI8Cond atler co nnec ting the operati ng ...oltage , touch ing the veo lines . and
any sw itc hi ng process. A slow control sho WI Ihat it II too ne.r 10 the limits 01 the lock-i n
r.nge.

The board lhOuld be checked lor poor cont.cts and col d soldered Joints. It is permissible lor
a gong -type tone to be heard on h itt ing th e PC-board. but no crac kling sounds .

..... .,..,.
er, ..... loiIo' _
''''IN'' '---'I

....-
(,,.'(11 ,., ,, ~. ~

I~ "e_"' 1

(m.h." ... .... _'I tIot ,1It _.

''''''CIt . ' lI'I'. ""'d'"G IUI ....~. I
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6. INSTALL..ATION AND FINAL ALIGNM ENT

II the synthesizer is 10 be inslall ed In Its own case. no l urther prob lems are to be expec ted.
However . room is somewhal limited in Ihe origi nal cabi net 01 the ULM 70. The ICreening
plale will detune Ihe VCO, as will Ihe lower cover 01 Ihe cabinet to a lesser a degree.
Figu re 11 shows how the synl hesizer Is InslaUed inlo the origi nal cabinel o t the ULM 70. The
mounting p late ctthe tran smilter and receiver Is raised by 2 mm.

6.1. Th e 103-Ghenn el Ul M 70 Trenecelve,

It III possible 10 co ntin ue to use the original trent panel 01 Ihe ULM 70. The two channel
select or swi lChes are mocntec besides Ihe volume co ntrcr on the lower row . In the upper
row , one 01 the 2 x 5 pOle rotary switChes remainS as mode switc h adjacent 10 Ihe 10 kQ
potentiometer 01the line tuning .

Figure 12 shows the recomm ended Inlerconnect ion of the modu les. Since sutllcient room is
not availab le, It is only pOssible lor Ihe cryslals 10 be all swilc hed and pulled togel her. Now
tw o modification Instru ct ions. If Ihe ULM 70 Is to be exlen ded using the synthesizer 10 a 103
channel tra nsceivar:

The modulallng voltage is taken Irom the IreQuency devlaUon potentiometer on Ihe Iransmit
board , An aud io-voltage Is also present her e In the receive mode . which must be shorted out
using a switching tran slator .

The base voltage divider 01 tne transmit crystal oscillat or musl be dilConnected Irom Ihe
+ 10.5 V line and connected to ccnnecttcn 101. This Is becau se the ' Witching Inpull , re
supplied Irom this point with 10.5 V Instead 01 Irom + S, Otherwise . Ihe tran,mil osci llalor
wou ld inlerfere in Ihe receive mode.

The bullt·ln loudspeaker should only be used al home. When 01,11 01 doo rs. usually a higher
volume level I' required and Ihere la some dange r 01 micr olonic leedback, since the PC
boa rd 01 the synthesizer is l ixed rig idly to Ihe Irame ....

•
DJ eev 001
~.-

, • I • " "

•
OJ 0 f 'W 002_.,....

. ,

..
"

..

Fig , 12: In' .rconnectlo n dl.II,.m 0111'1. 103 ch. nn.I I, . nloC. lv. , ULM 70
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F1g.1J:
Front pille' 01~
tra nKelwer
UUI 70.

8.2. Porta ble Trlnee.lv., ULM 70·S

A combined mic rophone-l oud speaker fa r.comme nded lor po rtable operat lM , I" add llion 10
thl . , Ih e ~\/.I 01 the loudspeake, Ir om the Ironl ~n.1 allows more room tor the
cornpcnente to be mounted mOre " ..1'1'. Flgur. 13 glvel • recommended 'ayoul which II

especially suitable lor ute with . carrying h.ndl.'c~iu:;;;{j;g~1ii-;;;~~~l
lC:>ULMlOsl Will II TU ~( h.l1 ~t

~ .. ~ O O
o ou~.~ :

0"Q~~Q.Q

"i , - - - - - - - - - - - -
I

'It· 15:
'Olltlon of 1111
'C-tIoerd DJ 7 OM001
chI""" I lIllnllll nl

No c ryltal-eon frolled en.n"_', WI'. prov ided in ad dition 10 Ii'll lyntheliZl r 10 Ihat 11'1. two
rotary Iw itchee could be removed and Ih a ', place tIk I " by Mp&tlll l ine tuning pollnl lO

meterl l or IranM'llt and rece iYe. Figura 14 I I'lowI how 11'1... should be connected. A slid ing
. wltch I' provided lor , witching the mIla' from 5- metlr to ~n.ry cl'lec k. Thil type 01switc h·
ing I, more Ilyorable Iha" the aut omati C I wl lchl ng In conjunc tio n wllh the Iranl mit rece ive
relay , since it la poulble to obNrve tha 'aduct lon 01 the vol tage In the tranam lt mod e. This
Ind ica te. tar more clearly the charge co ndi tio ns 01 the accu mulal or. Ihan tha abtolute voltage
value Which il very ditl icul110 read Ot!.

11.3. Final Allgnmanl -

The 'ollowlng method 01 aUgnment hu proved 111811 In pract ic. : A acr.ned cabl. II toldered
10 the loop bridge and a telt lOCket con nec ted on th. rea' pan.I, It il now poulb1e for the
eceeer voltaoe, and thu s the position of Ihe I wi lchlng range wilh in the pu lli ng range, 10 be
checked with the aid of a h igh-Impedanc. mu lt imeter.

The module II aligned .. folioM wilh tha PC·board fo lded oul a, show n in Fig " ,. 15 The
control vortaOCt I' then measured aI channel -85.., Atler , witching 10 channel ..00.., trl mmer
C" Is now adjusted until the u me vol tage I, pre..nt a, wal prel ent I t channel . 85... Atte,
lolding back the board Into th e :.1M, th. con trol voltage I hould ,.Iurn to Ihe orig inal value lor
channel ..00 . ,

Small correction. , for Inl tanc. to compan..t. lor th. Influenc. Of Ihe cabine!. can be camed
out by adJutling the potentlomete,.. through hoi.. on the cond uc tor ,ide 01 the board . It may
also be neceuary for the Interlerenc. l uppreulon to be co rrected with the aid 01 potentlo·
meter P ...

....
7, REFERENCES
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A 400 W POWER AMPLIFIER FOR 145 MHz

EQUIPPED WITH THE 4 ex 250

by J . Knller, OK 1 OF

Insp ite o f the greal advances made in semiconducto r technology . the vacuum lube sti ll has
lis applicat ions at high power levels. The most Importanl advantages wll h respect 10 transia
tor power amp lif iers afe the more favorable price-re lationsh ip and I certain tolerance wil h
respect to overload and mismatCh.

The described power amplilief can be ccnstructee without having an 8~tensjve mechanical
workshop; only metal cutters . hand saw, dri ll and 8 higher-powe r solde ring iron are requ ired .
No bend ing or lathing prcceeeee are required.

t. ELECTRICAL CONSTRUCTION

1.1. Grid Circuit

Virtually all ellciters or lranscelvefs used today possess output powe, levelS in Ihe order of
10 W, wh ich is more Ihan enough to dr ive 8 Ietrod e lube in a grounded cathode ci rcui t. For
th is reason , II Is not neceasary for the gr id circuit of the PA tube to be construc ted in a tow 
lou, and thus narrow-band manner . In fact. th la wou ld be a disadvant age, alnce it wou ld
Increase the tendency to osci llation unnecessarily. In addi tion to Ihls, It wou ld be necessary
10 retune the gr id ci rcuit any time the Irequency was changed. Allent lon should be paid that
the input VSWR 01 the power amplifier ia virtually 1, and Is independent ot the dr ive power,
which varies continuously in the SSB mode. This is especially impo rtant when the lasl atage
01 the exciter is equ ipped with a tran aistor amplifier. This beeausa Ihe Iranslstor could eaally
be overloaded with respect to its ccuector volt age II the input matching 01 the po wer
amplifier was poor, and then operate as a clipper . This would lead 10 sl rong dialort ion and
splatter, This, o f cou rse, would have nolh ing 10 do with the subseQuent tube amplifier, whi ch
would, however, mosl certa inly be blamed tor it.

MQI ( ~ lng link Tvbf

Inllv l l\ " flg, 1:.." 19nM lS O Input circUlI . !ttl

!(1 r SlPF :c. ''" equl'u lenl dl.g...., 01

1
20P upro.1kO the Illbe Input

The inpul ci rcui t used la shown in Figure 1, The capaci tance Cin reprelMlnts Ihe Input cece
ci tanee ot the tube which possesses an ohmic component Ain due to the l inlte elect ron delay
between cathode and gr id . This elleetive resistance la very dependent on the gr id voltage and
anode current, and thua ltuetuales with the drive. II one were to match Ihis resiSlance to the
input using a Ioss· leas tran sformation link , thi l wou ld mean Ihat the inpul impedar,ce 0 1 the
power amplifier would also be dr ive-depen denl. For Ihis reason, a mal ching link Is useet thaI
is dampened using a series resislance (R 1). The largest part of Ih e driv e power is conve rted
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into heat in thll ruillor. The inductance l t and capacilance C 1 edend the grid cirCUit 10
lorm a PI·Huk wllh an Impedance 01 50 C ; the a amounll to apprOlllmalely 14. which ralults
in a bandwidth 0 ' approumilaley 10 MHz. Meuuramanta have sho wn tnatlha inpul VSWR il
less than 1,2 when varying Rln between 500 U and .. . A Pi·I,ller il also very lavorabla at th'l
posi tion, lince II will suppress any harmoniCI Irom the allcllar tar bener than whan uling a
Ilmple parallel -resonanl cirCUli .

1.2. Anoda Circuit

The task 01 the anode crrcurt is 10 tranalorm tha oulpul Impedance of the tube to the Impe
dance 01 th e antenna feeder. In eccmon to th la. II Ihould provide a certain amount 01 eeiecu
'Il ly so thai any harmonics generaled in the tube are lullicienlly luppressed , In the short wave
range. tranl'ormalton linkS compriSing coecentre tee components are virtually always uaed In
prinCiple. Ihi. il also poaIlble al 1.5 MHz. but auch low Os Will relult Ihel Ihe efficiency of
the circuit will not be grealer Ihan 60 10 70 % . For thi s reason . tha heal l04d,ng of the com
ponentl w~1d be 100 high. especially al hIgh power levell, In the past. power ampli fiers were
otten conllructad uaing .Lecher. lines and similar .ysteml which were ollen nol ICreened
and rad 'ated a conllderable amount 01 energy. and nol Only the lundamenlal.

High etficiency levels in the orde, o t 90 % can be achieved using coallial ci,cullS. In thll case ,
eu eleclrlcal and magnellcsl I,eld lines ara conlalned wl lhin a closed melal cage so Iha l no
unwan ted radlalion il 10 be ellpe<:led , 01 COUrM. only a lJ 4 slage can be used lor Ihe 2 m
band. smce a lJ2 reso nalor wou ld be 100 long.

This means one has the old problem 01 how to gro und Ihe Inne, conduc to r in a low-Ioas
manner, and 11111 be able to lead l he plale vollage to Ihe tube. FIgura 2a I howl Iha ccnven
t ional errcun: in the case, the lsolallng capacllor Ct II connecled 10 Ihe ground end 01 Ihe
inner co nd uc tor. In thi l case ot a p lata alle,nallng currant 010.3 A and a rHOnalor a 01 50, a
RF cuttenl 0 ' apprOllumalely 15 A will Ilow al ttll. potl tlon, This means Ihat a lou 'HlSlance
01 1 U al thil posi llon w~ld already convert 225 W AF energy InlO heal. It il lar mora lavo'·
able tor the ilOlahng capacito, to be placed In the viCinity 01 tha tube , as il Ihown In Fig, 2b
In this case . only tha plata alte rnallng cunenl 01 Iha tuba Will Ilow via Cj and the relallvely
lOw reactive current 0 ' lhe tuning capaCitor C 2. For Ihil reason, Ihe capaCltanca a t CI can be
l ar less than In the case ol lhe CHcuil shown in Figure 2a The dlsadvanlage is, howeve"thai
ttle anode choke is in the vici nity 01 maltlmum RF voltage and its induchvity must therel o ' e
be grea le r than tn ttle ' ,ral vefl ion.

---ClC
H~

"a.h :
Co"v."lIo".IIII,.pIIU
01 th . '''n.r c: onckoc:tor
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Now 10 Ihe outPut coupling 01 the AF·power lrom the coaxial circuI" The,e are v.rioul
melhodl of do ing thil , how.....r, the inductiv. coupling ullng a coupling loo p II most a.tan
,ively uMCl due to its limpl icity 01 conlttuctlon. Thi' il u~.lly ach ieved ul lng • link in ..riel
with . varl.ble capacitor (e. in Figura 2b). Tha talk 01 thia CIPICitor ia to lorm a ..ri.. raso 
n.nl circu il In conjunclion with the inductlyity0' the output coupling link, Ihua compen..llng
lor ita r••cti.... imped. nce . In add ition to thia, il il poulbl. uaing thia link 10 vary Ihe tra na
form.llon ratIO (Apl.I. 1 Aanlann. ) 01 Ih. anode circuit within ca rtaln umne: Ihe rem.ining
ru ctlv. componenti can then be easily compen..ted lor with Ihe aid 01 C 2. Thil po..lbi
IIty c.n be import.nl in pr. ctlce becau" il .lIows Ihe ..me power ampUIl.r to be .ligned lor
op timum . Iflclency• •. g. hlgh..t outpu l pow.r, lor the v.rlOUI operating mod.., For ax.mpl.
cIa.. AB, without grid currllnt in lhe SSB mode lor maximum Iin.amy: er... AB. lor CW .nd
FM wh. ra linearity la not Import.nt but a higher outpul power can be achilved. Bolh mod..
Or operation telMJlt In dltlarllnt OUlput Imped ances lor Ihe tube.

Tha eompl. te circuit dlagr.m 01 the VHF portion 0' the power amplilllr II glv.n in F~url 3, It
will be aeen th.It Ihe Inpul II 10llow.d by a VSWA bridge (HF-unit aV' llable on the mark.t),
which I, mounled Inlo the author'l prototype. Thil .Ilowa the alignment 01 C 1 lor minimum
VSWR. In .dc:llllOn to thil , It la alao poaalbla 10 check Ih. VSWA 01 the . nt.nna in Ih. Mbar.
teet- mod • . The drl.... power la led vi. coulal r. lay A to th. grid erreon . Th. induclanc. L 1
(aee Fig ur. 1) II ne t In Iha toem 01a componant bul II ' ormed by tha grid co nnec tion. re. la·
tOt1 R 1. and lhe connection wlr.. 01 the cou pling capacito r C 10. The grid bial voltage il led
via Induc tance L 5; the sc,...n grid ia by·paued with Ihe aid 01 c. pacitors C . and C 5. in
addition to lhe by-pass capacitor provided on the lube sockat All auppty voltag.. ar. led in
yia leedlhrough capacitOt1, in ordar to IInlur. th.t no VHF ene rgy il led to the power lupply.
The ou tpu t powet' .Irom L 3 il led via relay B .nd a directIOnal couplar 10 Iha output 01 lhl
pOWer .mplill8f. Thia directional coupl. r II a I lmplilled ....fIlon 01 th.t used in lhe measuring
unit described by DE 5 THL. In (1). Thil ia uled to align Ih. power ampli".r lor maximum 10"
ward pow.r into the antenna feeder .

1.3. Powlr Supply

The volt.g.. required lor Operating lhe power aupply .r. :

Plate Yoll.~ UPI: .pprox . 2000 v. m'll. app rox, 400 mA
Sc reen gr id voltage U02: + 360 V. max, 25 mA
Grid bl•• voltage U01 : - S5 V, for blocking - 130 V
Heater voltage UH: 6.0 V -, 2,6 A

Since Iha ga in teeter 01 • letrode il vary dependent on tha acrean grid voltage. it il nec....ry
lor il to be l tabllized In the Iinur moda . II Ihe power . mpliller II .110 10be uH d In cia.. AB•.
iI will be necessary lor it to be drl....n Into grid current: In Ihil Clla, II will be neceaury to
p. y . tt.nllon 10 ' low impedance ol lhe UOl lOurce 10 th.ttha grid curren t gen.r.led by tha
drlva doe l not sh ift tha oper.ting point 01 lhe tube Into er... C. AI een be Hen in Figura • .
Ihese voltages . re at.blll l ed with l aner dlodel. Neon It.bilila,.. . ra tIOW • Ihing ot the Pllt;
il ia av.n dangeroua to UN them In the voltaga IOUrce lor the screen grid. firstly. il thay wara
10 becoma defective. thl. could c.u.. 1111hovers within Iha tuba due to axc...ive O. volt'ge
.nd MCondly neon tubes with p.r.llel c.pacitors tend to OKillate .nd cau...n unw.nted
modul.tion 01 the power .mpllllar , LOll 0' amateurs h..... wondered why tha lr .~na l w••
sever.1 hundred kHz wide .....n though they were driving the power .mplillar tuba at low
level r Anyw.y. the use 0' lener diodeS II probably aven cheape, th.n uI.ng neon lUbes .
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II will be seen lhat two pow.r Ir.nllonnerl . r. used Tran,former Tr 1 il uNCI lor prOVidmg
the requi red YOII.ges lor lhe he.ler, conuot grid and rel.y_ The Quincenl plale current I,

adjulled ul lng Iwilch S 2 ; In the " and -by mod., the full negaliv. vollage 01 apprOIl , - 130 II

il fed to lhe grid Ilia a ccntect on relay C. II we. round Ihal dlod. noise 01 PA lube wal Ihll
audible In lhe receiver insp il. of thll block ing cirCUlI. end lhere lore lhe K rean grid w..
groynded add lhonalty Ullng e lurther contact A Ihird conlecl IWllch... lhe alliel blower 10 Ihe
full AC-IIOll. during Iranl mil, whereal Ih. speed and Ihul noi.. level II r.cruce<! dUtlng
reception with lhe aid of Ih. dropper r...lllor AD- The radia l blower workl .1 lull power at .11
limes. The meier M 2 can be Iwilched with the aid 0 1 53 to me.lure lhe co nlrol and Ic, een
grid curren t. According to Ih. mel.r. n may be oeceuary 10 cheng. the v.lu. ollh. res illor,

.... CoIn be lIMn in lhe dale , hM I 01 the 4 ex 250, 11'1. pili. ,nd K rean grid vollages Ihould
not be connected unlll 30 MCond, atter , wllching on lhe h.al.r. For thll r••lOn, a Ihree
polilion I wilch we, seleeted lor Ihe main on-off IWIlch S 5, Tranllormer Tr 2 il nol connect 
ed to the power line until po, lllon 3 ha, been ..Ieeled , end will connect the ope reling
voltage lor the relayl to the requ lrl'd IIOllag • . tl Ihe power amplille r il 10 be connecled to •
power line whoN lUt ing don nOI like t1lnlienl .urg.... it will be neceeNry 10 provide Iha
l urge suppressor comprillng RI I S 6. Thi, I, allO to be recommandl'd 10 provloe a llow
cherge of the pial. electrolyti C' ,

tn Ihe aUlhor ', prototype, a bridge rectilier we, used lor lhe high lenl lon lupply, Thll hallhe
adlla ntage 01 e low-load dependence of Ih. pl.te lIollege and e reduction of the hum leval by
lector 3. II a lrarulormer wllh an output lIolleg. 01 appro. 1600 II la not .veilab le, II will be

necesaary 10 use lIoltage doubling or tripUng.

Meier M 3 can be IWltched wnh tne aid 01 S 4 lor measu ramen l of Iha plate vollage or
cu rrent. Zener diOde 022 enlurel Ihallhe lull enode lIoUege cennol be led 10 tha Iwitch and
cause leak.ge currentl ; thil would be eud ibla In the receiver el a lIollage dlKharge .

C 1, CS:
C2, Cr
C3:
C 4:
C5:
C 6:
C 7 ,C8.C9:
C 10:
C 11:

R 1:
RS:
RO, CO:
AM, M 1:
M 2, M 3:

L2, L 3:

Coaxlel tetrode 4 CX 250 B or A
Socket Eimac SK-8OQ or PhiliPI B 8 700 70 With chimney

Alr...~ce<! lIarlabl. ca~Ctlor. mex. ca~clt.nc. 50 pF
tee tellt
Feed lhrough ca pacitor 1 nF/3 kll
Ceramic disk capacitor 10 nF/SOO II
Plastic IoUca~cltor 0.41 ~F /400 II
Ceramic dIsk capaCi tor 47 nF/30 II
Faedlhrough capacltOl'l with .crew mount 4,7 nF/!IOO V
Ceram ic disk ca pac itor 2.2 nF/SOO II
Ceramic disk or tubular cepacllor 27 pF

4 pieces carbon reeil lors 10 a ll Win per.lIel
Wire-wound r"lllor 47 a,50 W
08penoenl on th. blower used
01 ltanding-wall. meier
, rnA meter/300 a
teelell l
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L4 :

L 5:

Relay A:
Relay 8 :
Relay C:

Rad ial blower :
Allial blower:

9 turns 01 1.5 mm dia. silver-plated copper wire.
25 mm inner diameter, 35 mm long
15 turns 01 1.5 mm dia. enamelled copper wire,
15 mm inner diameter, 40 mm tong

MO coall ial relay 95 1, 12 V

Dow -Key OK 6O-G 2 C, 12 V

Siemens relly with lour changeover contacts. 12 V +

e.g. Airf low 26 BTM
e,g_Papst No. 3OSO, Cv - 1 IIf 1 300 V -

2. MECHANICAL CONSTRUCTION

The lollow ing mechan ical constru ct ion info rmation does not go Into the Iinest detail, but ia
more to describe the construction 01a well -proved prototype. The power amplilier can be just
as easily constructed In I dillerent manner Iccording to tha Individual ideas and requ ire
ments of the user. It is only Important that the given dimensions are maintained with in appro
lC imately 10 %, otherwise the power ampill ier II very uncritical.

Figure 5 shows a photograph 01 the power amplifier stage from the anode side. The screen
ing case has the lollowing out side dimensions: length 312 mm. width 112 mm, height 120 mm.
It is soldered logether Irom 1 mm bra.. plate . The lollowlng indi vidual pieces are requ ired :

2 pieces 372 Jl 120 mm Irontand rear panel
2 pieces 120 lC 110 mm side panela
1 piece 370 II 110 mm chassis
1 piece 110 lC 4S mm Intermediate pinel
1 piece 370 lC 110 mm upper cover
1 piece 135 lC 110 mm lower panel
1 piece 234 lC 110 mm lower panel

Flgur. a shows a drawing 01the power emptltier In more detail. A bra.. tube 01 25 mm outer
diamete r and 1 mm wall th ickness Is uNd lo r the inner conducto r 01 Ihe anode cir cuit. The
grounding disk (SO mm die.) Is aoldered to the ground end 0 1 the Inner conductor, and one
plate 01 the ISOlating capacitor Cl iO the hot end. PTFE (Tellon) foU 010.25 mm thlckne.. can
be uNd as dielectric; the four mounting Icrews 01the capacitor are Inl ulated uling bUlhings
const ruc ted lrom PTFE, which are available as accessor ies lor power Iranslstors.

A surp lua component with contact springs was used In the author 's prototype al anode
connect ion . No doubt, l uch a part will not be avanable, however, II can be r. placed using I
bracket wlth tension screw similar 10 that used for connecting rubber pipes. Allent lon I hould
be paid , however, that the tube 'I not mechanically loaded. The stationary plate ol th. tun ing
capaci tor C 2 il also made Irom 1 mm thick bra" plale and 'I mounted using a number 01
Interco nnected ceramic supports. The variable plele uses a 2 mm thick brass disk of 45 mm
die . This is provided with a threaded hole in the cenler and fb.ed to the shaft (6 mm metr iC
thread) wllh the aid of I counter nut. It ' I recommended thlt a stop be used to ensure that
the mailer plat.. cannot touch and caus. a short -c ircu it of the high tension volta" e. A modi
fied SNC connector lor single-hole mounting hss been modified lor use as bearlng_ The
Inside 01 the connector was removed and a brs.. lube 0' 8 mm outer , a 5 mm Inner dlsm eter
was soldered Into place , and subsequently a 8 mm thread was cut Inlo II. The author pro
vided a l ine thread with a pilch 01 0.5 mm. However, th is has been lound to be too line and
requ ires Nveral turnl 0' the knob to l ind maKimum. A normal 8 mm thread wil l ther.fora be
better.
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Srau Icr~ and nut l Ihould be uMd lo t IU mechan Ical connectl onl I inci I IN I Icrewl
would h.at up con , lderably due to the Itrong magnetic l ieldl pre..nt in the reaonator . Fig . 1
,howl a CiON-up photograph 01 the mOlt important part l 01 tha anode co nn-e:tlo n 10 the
tube, and Figure' ,hOWl a ,ide view 0 1 the power emphl" r lIage in the lorm Of a draWing .
Br... profile II uMd for mounting the co",er (10 mm wide and 2 mm th ick ). The ~cing be
twHn the mounling hoi.. thould not be too large (appro• . "0 mm). In order to enlUre that
the UN II VHF-tight , There il l utt lc", nt room a",all.ble under the chlllil lor mounting the
VSWR-brldge Ind the Input couill reley. Figure . I hows the grid circuit 01 the tube . AU lour
uthode connectlonl are directly soldered to the tube lOCket . The lour pa,.lIel-connected
reei,tora R 1 are mounted on a metal bracket.

'10. I : Pholograpll of the grid clrcllit

3. ALIGNMENT

Firstly a VfIry Important warning : It wi ll probably be letha l to touch th. anode voltage of thll
power amplilief' at any time . aelore touching any part 01 the cirCUit remember to

1) SWitch Off the power IUpply
2) discharge the high-voltage circuit
3) enert-enecn the h igh -voltage Un.

The Input 0' lhe power .mpUlier il now connected to an ••cller. It i l ad",iuble lor the output
power 0' the e.citer to be ",ariable ,
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A dum my- load VHF wattmeter should be connected to the ou tput. II not available, Ihtt po wer
amplil ie r shou ld be ccnnec tec to an anten na Allo w me lube to warm up lor a per iod 01
approximalely 1 minUle (Tr 1), al ler whi ch the pla te vollage tranllormer (Tr 2) can be allO
swi tc he d on. The plate current meter sho uld 1'1 01 Indicate any cur ren l flow . Swi tch contact
(..PTT.. in Figure oi) should be grounded and lhe quseecent currenl ollhe plate adJusled w il h
the aid 0 1 S 2 to read 80 10 100 mAo

The exci ter is now switched on and ils po wer inc reased un lil the pla te currenl jus l starts 10

r ise. Capaci tors C 2 and Cs are now alig ned allerna tely lo r max imum oulput po wer . II is then
po ssible l or the dr ive po wer to be increased un til a plate current 01 approxi malely 300 mA il
indica led. Att er correcting C 2 and CS, an ou tput power 01approximately 350 10 400 W should
be indicated. Finall y. l he deplh 0 ' the anode cur renl d ip should be checked : wilh the aid 01
C 2 lake the pOWer amplifie r oul 01 resonance temporari ly and measure me anode current. II
shoul d be approximately 10 '" h igher Ihan at resonance, II it is co nsiderably higher. this Wilt
mean t ha i the ou tput coupling is 100 loose; in thiS case, inductance L 3 should be placed
somewhat nearer to Ihe inner conductor, or a new, larger OUlpul coupling link mounted in to
posi tion. If the dip is. on Ihe e the r hand , too shallow, It wil l be necessary 10 do the opposite.
With th e mOSI lavorable outp ut coupli ng , the plate cur ren t dip and me point 01 max imum
ou tput pow er shou ld be aChieved etthe same posi tion 01 C 2.

The gri d c ircuit is now aligned : The VSWA bridQ8 et Ihe inpul is switched 10 ~ re l u rn po wer..
and C 1 adjusted lo r minimu m VSWR. II Ihe indicated VSWA is worse than approximately
1.2:1, the connection wires 0 1 C 10 (Fig ure 3) should be shortened When aligned co rrectly.
the po int 01 min imum VSWA and max imum plate current w ill be present et the same posi tion
0 1 capacitor C t . It Is 1'101 necessary lo r the grid ci rcuit 10 be tuned on changing trequency
w ithin th e 2 m band. II the plate ci rcuit is aligned l or maximu m at t 45 MHz. one wi ll still
obtain more than 80 '" 01 the maximum eu tcut po wer at t« or t4 6 MHz.

4. MEASURED VALUE S AND EXPERIENCE DURING OPERATION

The lollowing values were measured on the aut hor's prototype and are give n in me tollowing
table :

Withou l drive Class AB t Class AB2

Plal e voltage 2200 V 2000 V '900 V
Plate cu rrent 100 mA 300 mA 4lO mA
Dr ive p ow er 0 4W 8 W
SCreen grid current 0 , mA 20 mA
Contro l grid cu rrent 0 0 ' mA
Ou tpu t po wer 0 395 W '2OW
Overall elficiency 0 66 % ,, %
Inpul VSWA < 1.2 < 1.2

The given values were measured wit h sing le- tone drive. The outpul po wer was measu red
usin g a water du mmy-load wattm eter , type 334 A.
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Unlortunately. no inlermodulatlon rahOi could be measured a.inc. lhe aulho r did not haye
access 10 seen measur ing syllema, Howeyer . loca l alations alwsys reporlltd the algnal to be
narrow-band and clean, For a.ample. II la possible in a -.pacing 01 60 kHz or mora 10 work
duple• . even allull oUlput power In cia" AB 1. The decoupllrn;l between Ihelwo anlenna. i.
approximately 60 dB (one anlenna hOrizonta l. and Iha othar vertical wil h a spac ing 01appro
ximately 10 m).

The descr ibed power ampli fier ha. been used by me author lor mora than IIH" yeara. and I.
ahU using the original luba. II haa been lound 10 be yery robusl and railible even during Con
tinuous operatiOn in the FM mod• . By Iha way. Ihe neutraUzatlon ot Iha power ampli llar il so
good that II will not oscillate eyen when the input and output are ccee .

5. REFERENCES
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ELECTRONIC CONTROL OF ANTENNA ROTATORS

by J. K.,t1er, OK 1 OF

This se ries of artlcl" II to describe . number of I CCIIiOry control unlls lor anlenna rolator,
that will Increase in complici ty and ISOphiallcation, They eu allow. programmed, and euto
malic control 01 an entenne .rra, and allow It to be br ough l InlO Ihe required or .llIlIlllon

pos ition. Such programmed antenna rot.lIon . ystema are not only required by radio
am.leu,., but " ao lor atereo VHF· Ff.t Iilllln8,., lor TV-recept ion where • I. rge number 01
prog ra mme. ,,.. Iv.Uabl. and lor mlny more applica tion• . It II nOI very pl• •••nt to pre" •
button lor severa' minute. and will until the meier ahOwl Ih. co rrect direct ion .

Part 1 01th il aeries II to deacr lbe I retallvel y simple Icceaaory lor the control unit. The •• rl••
will be co mpleted by describing I system ullng BCD·lnputs that allows the almullaneoua
co n tro l of an azlmulh and elevation rOlator wilh the aid 0' a compul er. Thla will allow eutc 
metre tra ck ing of a aatemta (OSCAR). or the Moon (EME).

1. PROGRAMMING AN AZIMUTH (HORIZONTAL) ROTATOR

If the di rect ion 10 the I tation II known . wh ich la the CAse when operlt lng vie I d lltlnt
repeatar. having a Iked with a known partner, or when receiving a VHF-FM I lereo Iranaminer,
It II very advisable for the rotator to be programmed In lOme manner and for the required
direction to be selected by press ing a bullon.

This art ic le Is to describe a module which Is designed as an accessory for an available
control unit ; It allows up to 11 dltlerent antenna dlrecl ion l to be stored . It was especially
develo ped for the UKW-TECHNIK rotato" (KR 400. KR 500. KR 600, KR 2000). bul il jusl as
aui table for usa wllh olher types which prov lda an electr ic I lgna l to enew the momentary
posi tion of the rota tor . The following requ lrementl were placed on the unit :

• Simple circuit without elltra power l upply
• Simple co nstruct ion , even for newcomers
• Simple progr amm ing
• Incorrect ope rat ion should not damage the unll
• As lew modi flcaUonl to tha origina l control unit as pOllible
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2. OPERATION AND CIRCUIT DIAGRAM

The operetlon 01 the desc ribed con trol un it II Ihown In Flgur. 1. Motor M at the rotat or
drilles both the ant.nna and the pOlitlon potentiometer R viI a gear train. Thll poten tiometer
tcrme a br idge circu it together with the nomlnal-vl lue potentiometer R t . The bridge II fed
Irom the DC-I/Olhlge lOure. B. The \/Oitage at the dlagona' pcentc n II fed 10 the Input of a
co ntrol amplifier. This .ctuatel a relay wh ich awitch" either the clockwlN or antlclockwlle
wind in g of the motor to the tranl l ormer. according to the polarity at the oulput 01 the br idge.
The molar will now run until Ihe vllue at R II tufficlenl 10 balance the bridge . The relay will
then be released and the motor wlllllop. II .......r., rotator dlrect ion l ere to be prog rammed .
It Is possib le fo r Nller,l reslslors R 1 to be connected In parille' and 10 connect Ihem Indi vi
dually using a awltch to Ihe Input of the co ntro l ampillier,

___ _ C!!'~0.L"~ •
,

' I
,
IQ)

'-------i'(l),
'-------"!,(J)__ _ _ oJ

,l _

•

Fig, 2: Circuit d.agre m ollha rolalor KA.4 00

Figura 2 ahOWI the circuit d iagram 01 the rolator KR 400. The volt.ge 01 the upper trana 
lormer winding is rectilled and atablll zed to I lIolllge 01 approx. 6 V In tranl illor a 1. Tran·
ailtor a 2 serves as cur,enilimiler. Thll lIoltlge II alllUable et clamps 1 - 3 where It lH dl the
position potent iometer R. Thil polltlon II, in turn , Indi cated on the meter . The tr immer
potent iometer VR 1 allows the meter to be aligned for l ull ·scale eeueeucn.
The lo wer windi ng drives the motor. II tha described accessory unit ia to be connected. the
dashed line should be disconnected and connectlona A and 8 connected to the prev iou lly
un used cllmps 8 and 7 on the rear panel 01 the contro l unit.

The ci rcuit dlagrlm 01 the prog ramming unit II Ihown In FIgura 3. The eenneeuen num berl
I re Iden tical to those gl ....n In Figure 2. II wil l be seen that there ar. 11 parallel-connected
nom inal-value potentiometers (R t to R 11), whose OUtPUtl are co nnected Ilia a 12-posltlon
pu shbutton uaembly (S t to S 12). II pos ition 5 12 II depressed, connection 7·8 (see Fig . 2)
wilt be I witChed th rough, Ind the rotator wUl be con lrolled by tha or igInal _lett_ and _right_
butt on l on the control unit. In IU other pos itions , these buttonl are out of crrcun. Thll II lIery
Impo r1 l nt I ince the motor Ihould n.....r be pro vld.cl with \/Oitag. to bolh wlnd lng l (4 and $).
If thl, were the caN, the winding would lIery lOOn burn out due to the elttremely high power
co nsumption.
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Fig. 3: CIrcuit diagram DI the programming un ll

The dllIerence between the nom ina l vatue 'rom R 1 to R 11 and Ihe actual value ('rom Pt 2
and a fUter l ink trom the rol alor polenllomele r) i, lormed In Ihe Integrated amplilier I 1. In
order 10 ensure tha i the circui l will operate with only one (posi li ve) operating voltage . Ihe
- g round_ potential (Pt 3) 01 the br idge 'a biued 10 + 4 V (_ Flgur. 1). The subsequent
circuit comprisi ng amplil ierl I 2 and I 3 represents I double-comparator which Iwltc h•• on
Iranalal or . T 1 or T 2 acco rd ing to whet he' the deYlalion il posit ive Or negat ive. The width 01
the qu iescent range within which bolh t,anllalo,.. are bl ocked can be selected with lh e lid 01
A 12. Thi s ensures lh at the rctetc r will no t oscillate continuously around I mean value.

The switching Iranaiators T 1 and T 2 actuate a relay lor awitching In the clockwise or entt
clockwi se wind ing 01 the motor. Both relaya are blocked wilh Ihe aid of break ccnrects. to
enaure thatttle relay cer met be energized until lhe other one Is retealad .

Since the motor represents an Inductive loed. flashove r wil l be pre sent on switc hing 0 11 Ihe
relay co ntacts. This la avoided ul lng 1.5 " F capacl lors in parallal to the contacts .

The alt ernating vollage Irom the low er transformer wind ing (see Figure 2) II fed in via PI 8.
Atter rect il lcation with the aid 01 0 4. and I lablUzatlo n using T 4, a DC-voltage 01 app rOK.
+ 15 V wil l be available. Thll Is used lor dr iving Ihe ampli liers. The prevloully ment ioned bias
Voltage of + 4 V Is generated In T 3. The quiescent current 01 the total ci rcuit II very low
(apprOK. 30 mAl, and the power tranlform er of Ihe co nt rol unit will not heat up eve n during
co n tinuo us ope ratio n. The valu e of the dr opper resistor AO Is depe ndent on the relays used .
It can easily be calcula ted al 10110......:

- 118 -

whereb y AA - DC·resiltance 01 the relay wind ing
UA - Nominal voltage of the relays in V
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3. CONSTRUCTION

In order to simplify cons truction, a PC·board was developed tor Ihe prog ramm ing unit. Its
des ignation is OK 1 OF 033 and is single-coa'ed . In orde, to Nve room , It is PQUlble lor Ihe
135 mm It 75 mm ler~ PC-bO&rd to be cut at the dl.hed II". end 10 UM I ·undwich. co n
strucuon. The two releVS er. nol rnoonled on Ih. pc·bO&rd, 10 lhl l vanous types can be
used. The component location s on the PC-bolrd ar. sho wn in Flgur. 4

" e
• • • • • • •

'" '" '" III

• • • • •
e----- ------ "

•

•

:t
T.

'"
'It. 4: PC·~rd OK 1 OF 033 ol th. proiramming unit

•
0 . ..

•<1>

Fig. I : An autl'lot""a prototype; ttla pu.hburtOft ••Itc h•••••
dir ectly eoIdered to th. PC·b oard

- 117 •



Operat !OnIIl amphller TBA 221 B (Siemens) or 741 CM

BSX 4&, 2 N 22 19 A. or 11mliar (SIlicon NPN. TO-5)
BC 108. BC 109. BC .'3 or limllir (SUIcon NPN. TO·18)
as T 1 with cooling Iln l

ZPY 4.7 or similar 4,7 V zener diode
ZPY 8.2 or simil ar 8,2 V zen.r dlod.
1 N -4007 or similar (30 V -, 1 A)
1 N 414& or simila r lilicon diode

11, 12, /3 :

T 1, T 2:
T3:
T.:

01 :
0 2,03:
D.:
0 5,0 8:

R 1toR11: Carbon apindle IrImmers (10 l um l ), 100 kU,
Backman Iype 78 P (lpaClng 7,5/ 10 mm )
Trimmer polentiomeler 100 12, I p.cing 1015 mm lor hor lzont.1 mounling

12-po.ilion pUlhbutlon ....mbly (on. ch.ngeover co nt.ct Nch)

24 V DC· ... I.y, ecn tect curr.nl min. 3 A+3O V -, 1 br••k .nd 1 m.k. cont.ct
• .g . Siemens V 23100· V 7213· F 104 (RD . 270 (2)

AU 47 nF Capacl lo rs: ceramic disk lypas

All 1 ~F capacitors : 25 V DC pl. lhc loil types
Suppreliion capacllorI1 ,5 I<f: 100 V DC pt.ltlc 101l1yp81

R 12:

S 1 to S 12:

Ret " Rei 2:

... OPERATtQN

AIIIf modifying the control unit 0 1 In. rOI.tor u du crl bed in MCllon 2., cl.mps 1 10 6 .r.
co nnecled both to the rot .tor and the programming unll; cl.mp 1 .nd 8 a... co nnecled to lh.
corr.spondlng contact l 01 . wl lc h S 12, Prel l bun on 12 . nd I wllc h on the co mror un l!. Th.
rotator should opera l. in thll polilt on Uling Ih. two I witCMI on Ihe conl rol uni t.

ThiS il followed by bringIng , lor Instance. polentiomeler R I 10 II. cenler posil ion (counli ng
the number ollurn.) and depre••lng S 1. Th. rot.lor I hould now run unt illh. meIer apprOIlI'
mately Indicates h.lf ae-Ie, R 12 il adju.led 10 Ih.t .ny oscillalion around Ih is point ju.t
, tOpa. In Ihls case, one can . Ilpeet • rftIOlution 01 apprOlllmal.ly 2,5 degr... . whiCh i. con.i·
derably I... than the bNmwidlh Of ..,." high-gain VHF . nd UHF anlannl I rrlys, .nd . hould
therelor. be ..tlllactory 'or most .pphcaltons, Thi. c.n be lollowild by progr .mming the 11
tr immer polentlOmel.rs on the required direction• .

II the d.lcribed programming unit I. 10 btl u.ed wl lh olher type . 01 rot.tors, it il poulble Ihal
gr.ater mochfieation . will be required . Attenti on ahould be paid 10 what tr.n.'orm.r IIOltlg. i.
ulled In Ih. control un it. If th is I. higher Ihln 30 V. 1I Will be nec....ry ror Ihe flIler capaCito r
al pt 7 to be replaced by l nother type wilh a higher yoltaOl rallng

FOURTH FRENCH EDITION OF VHF COMMUNICATIONS
Thera are now lour FrenCh edltlonl 0 1 VHF COMMUNICATIONS . YI II.b'e. Please contact me
publl.hers or cor FrenCh represenllilye lor more delliis

PleaH Inlorm you r French ape. klflg Iflend. 01 Ih_ omnlbu. edi l ions 0 1 VHF COMMUNI

CATIONS
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ATOM FREQUENCY STANDARDS and

STANDARD FREQUENCY TRANSMITTERS
by Mleh.., Klein, DK 7 UF

A large nu mber 0' arti cles have been writt en aboul standard- frequency gener.lo~. Many 01
these .Kcallenl art icl•• ha....e already appeared in VHF COMMUNICATIONS (1). (2). (3), which
we re based on cryst.' oscillatora.

1. INTRODUCTION

It ia poasible today 10 construct crySlal 01ei1l810r, with an accuracy 01 10" 0 Q . however ,
nol with amateur me.ns. f or Ihi s reeecn. Ihe author don nOI in lend 10 d••cribe II new
118nd, rd freq....ncy generator, but more 10 8l1pl_'" Ihe operation and appli ca tion 01 an atom
frequency . (andar d. The long-ta rm stability ollueh II .ystem ia In the order 01 10-11 . Finally,
the co nstruction 01 • standard frequencyltlme .ySle m i. to be described th,l has been in
operatio n auccesal ully over. consi derable period 01 l ima. Last but not least. the author is 10
co ns ide r the construc tio n 01 a controlable I landard IreQuencyllime beacon transmiller ,

2. HOW DOES AN ATOMIC FREQUENCY STANDARD OPERATE 7

A ru bidium (Rb 87) I tandard il to be conSidered tha i i. representative lor the various types of
atomic frequency standards . severet 01 the major manufacture,.. oller small. lightweigh t and
Inexpenl ive rubid ium standard ceue. We are l ure that the II,..t models will soon be operating
in amateu r radio circles .

The princ ip le 01 l uch a atandard is shown In Fig ur. 1.

Pho tocell

\
Resonance cell

I,or-
0-

OK 7 UF

6.8GH z Crys tal Control- - f--
module oscilla tor module

Output cb
Fig . 1: Principle oI a rub idium alom trequanc, . tandard
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The operation 01 Ihe Rb·87 gal cell . tandard il relatively comp llcaled and all dellllil are I till
not compl etely known.

The resonance cell II 1111ed both Wllh Rbo87 gas and a buN.r gaa When In a balan ced
ccoemen. I~ ar. ju.t as many atom l wtl h energy IIlte f t al E, Cond ,hon E, II lhe lIale
01 higher energy. The ga. cell i l now ill uminated Wtlh a rubid lum·....por lamp , In other words
il provided With Ihe energy f • h II I , Th" Iighl energize. the Rb·at om. and Ihey are broughl
to the higher energy . Iale f . Th i. i. call ed _pum ping eroc.... . The ellcl led Itom. Ihfln l all
from Ihe higher energy level 10 Ihe lower levell f , and E, ; however . they lend 10 preler th e
loweslllMll f l '

On ly the atoml al level E, I ho uld be energi zed b)' the pumpmg proc...., In orde r to actlleve
Ihll il II necessary lor a certain ell citmg energy to be aelec led Th" II achieved by I llt er ing
ou l l he unwanled partl ol l he l pec trum uling hiler F,

The energy balance In the rnonance cell il non-elliltent I ller Ihe pumping process There
are not an equa l number 01 al om l in I iale E, and E

"
II on lhe o lher hand one allowt Ihe Rb

aloma 10 be Irradi ated In an electromagnetIc held w'lt! a Irequency 01 10 _ 683466~ 1 MHz,
the balance will return. Thi. wi ll be observed tince neerly ell Ihe energy Irom Ihe rubidiu m
vapor lamp will be absorbed With in the cell under ba lanced condi tion. The Intenll fy 01 Ihe
tight from the gas cell po....... a minimum and il thu l • reliab le ind'CIIlor 0 1 the rMOn.nce
conditiont Ind can be uMCI in th e con trol CirCUlI. A more detailed block diag ram II gi ven In
Figur. 2.

1"Qgnl l ' t T....r"' oltQI l or
T ~lr"'01 I11 t OK 1 UF

1" ld gi n rnonllru t"'l

I I

I I RIlOI'lQnt. I I Ptlal a.. ,
IVQ~lol ''''

Cal'l/l"Ol tl!'tll' !

I I (Ii i I-
I

61 (jH, """ ~4Rf . gl n. rQlar .-- ' -lI ad IlIQtar r- -- ,ry UQ! olttl!Qta,
IftOd,M .."ltI 1,1'1, [al'ltral ..

The principle il Ihll lhe coni roi c irCUit paUlI! the frequency ol lhe crys l.1 OSClllalor, to which
the 6.8 GHz OSCi llato r il loc ked, until minimum pho tO·current ls obial tllld

The long-term liabi lity 01 such a Irequency standa rd can be In Ihe order 0 1 5 . 10 · " pel

monlh. O1her Irequency sla ndards can achieve Slablll l les In Ihe order 0 1 aeveral 10· " , now
ever are usually conSIderabl y mor e ed ensw e.
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In order to roughly estimate the I 'abill ty 01 l uch a I yl lem, two l uch I tlndardl were con 
nected to • phase measuring unit, The plolted diagra m O'llen In Flgur. 3 I howi the delllatton
ol l he I tandards to ano ther. The mean lIalu e. of lhe relal, ve phase delliallon are O'llen

•

••

••

•

._--
•

"

fig , :I:
Lon,Hlrm drtft
or Itla Rb 17.
S'andard

The following lIalues can be taken trom tha diaOram,

Evaluation periOd : 10 h
Relatilll time Deviation during lh" perIod 130 nl

130)( 10'"
10)( 3600

381 • 10-11

3. A STANDARD FREQUENCY SYSTEM

In order to utillz. an atomic frequency . tandard to the lutl. tha .tandard wa. I rn: lud~ In a
compl.t. l)'Item that doeI not only IUpply .tandard frequencies but al.e maalUrfl frequen
cies. l im. and other derived maOniludet. Th. heart of the IyItem i. a control prOC-..or. Th il
i. nee....ry .inc» the IyItem II dellgned to anow automatic evaluation 01 tha ••periman"
Other Important elementl are tha thrM bUlbar l)'Itam.: Data bUI, Order bu• . and Clock bUI ,
which run throug h the whole . y. 'em. The,. ara al.e. number 01 periphery un III,
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The system was part 01 a practical research project. however. the control processor was nOI
quite completed.

Further details are given In Figure 4:

Cleck

mcnrtcrmg clrcu, l

Alem. lr' lll,l. - CryS!llIOfCiHQler

stQnClQl"d 5 ·1) ·1

I I
Emlf;lncy EIIItr; . n(y

POW'" supply pe".r supoply

Fri llui ncy

mi l... Cont!"CI procn sor

Z ~

oI ,th SO ""lIIery
StClndClrd clcCk -

I
~~cu Punc ~. d tQ PI

IIle lllo l cop' rlQdH

P~QU

T,rllHncl
mltlf

OK 1 UF Clock "'. O'd,r T. I.proM" -
'"' .... ."

Fig. of: ConllNCtIon ola Iraquel'lC, lt lm, belcon

4. A STANDARD FREQUENCY BEACON TRANSMITTER

Since ••ystem .. described In Section 3. would be 100 alltan, lve lor an Individual radio
amaleu r, the author augglIIta that It ,hould be made acce..lbl. In Ihe form 01 a controllable
beacon trlnamlner. The moet Important part I' an _Inleili gent_ control computer that I' able
10 recognize orders and to proc... them. even when their lormal I' nol Idenll cal 10 its order
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program. II Ihould. lor Inl u nc., be Ibl. to recogn lz. + + + 'I' ll + + '1 + + + '1'.1 + + + ,In c.
the lan.r ia one 0' ItI programm.d ord.", W. oc oot Inl.nd to dilicu n the redund.ncy 01 Ih.
compul.r h.,.. However. we would Ilk' 10 gl.... . n ....mpl. 01 l ucn commun lcahcm wilh a
compYI.r:

dlO'tg dlOYg dlO'tg d. dllu p.. k

dllaa dl 1.a dllu d. dlCNg
good morning om. Ihll I, me Ir.qu. ncy m...urlng beeccn dtO'tg. your report II 589589589.
when I ask you qu..llon" pl nl w.r only wllh +++ '1''' +++ or + + + no ++ +. . .... n
when gl...lng conlrol ord." pl do 001 lorg.1 Ih. + + + al Ih. commenc. m. nt and and 01
the order.
do you req uire an Inlorm. lion I hH I

dUaa d. dlOvg PM k
dlO'tg d. d1 1.. ++ + '1''' + + + pM k
dl1aa d. dlo...o r.lhl, 11 the inform.tlon Ih..t:

lollowlng measu r.m.nll are polilbla:

001 me••uremenl 0 1 your tr. nl mlilion Ir.qu.ncy
002 m...uremen l 0 1 your lrequ. ncy devlaUon
003 me..ul1lmerlt 0' lhe lpeed of your rtty Ilgnal
004 Iranlmin lOn 01 a uflbratlon lone 01 1000 Hz.

accuracy + , . 10 ...p ·12 (carrl.r: 1$ , wlth/wllhout modI.
005 Iranlmiulon 01 a 45,.(5 bd t....t
006 tranlmilBlon 01 a 00,00 bd te..1
007 t r.namlllion 01 a 75,00 bd t...1
008 tranlmlulon 01 a tOO ,O bd text
009 Irana mlNlon 0 1 an nell t. xl, you can Hleel th. lpeed requlr.d II tOOO bd II requ ired

gl.... th.order + + + 009/ 1000 +++
010 m,,,ul1lmerlt 01 th.1peed 01your nell I lgnal

pl. ... g l.... IN con trol ord'r1 directly .tl,r you call the bncon. w.i l untll lhe requ ired
lunctlo n II aetuBled wt'!en you . xpect a I lgnal lrom th. bocon , AlwaY' Iwitch 10 rece l.... all.r
..pM k_. you u nnot maka an . rror her. Iinc. the be. con will not Iwltch 10 Iranlm ll unl ll
your carrier II IWltched oft. In Ih. caH 01 Irequ.ncy deviation .nd IPHd m. ..urem. ntl .
wh.r. your car rl. r II required . the ca rrl.r Ihould b. IranllTlltted lor approxlmat.ly 30 I , or
you I houl d IPNk Into lh. microphon. in • normal ...olc. lor Ih. Irequ.ncy deviation
m.aaure m.n\. II you h..... dUficulli... or wh. n th. beacon reportl • I. ult, you can requ."
funher InfOfmll1on reg.,dlng Ihe lau ll by gl... lng Ih. order +++ h.lp +++ . pl......Ieet tha
requi red con lroi lunCllon.
dl1aa d. dlOvg PM k

dlOYgd. dn u + + +OOl + ++PMk

dll u da dlO'tg .lh. required tuncuc n wal th. rrequ. ncy meuuram.nt 001.
Ihe m..l uremen t relult wit 144800 050 hz +' · 50 hz. do you requlr. anolh. r me..urem.nl ?
dUaa d. dlOYg PM k

dlCYg d . dlt.. ++ na + ++
dUu de dK)vg IncorrKt ord.r, pl.... r.~.t p.. k
dlOYg d. dll .. +++ no +++ PH k
dlT.. d. dlO'tg Ik
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This may seem like something Irom science I lction but It is nearer 10 raality than you may
think . It is only neceuary to decide which lunctions ara requirad ainca tha ones mentioned
above are Just an example. II such an ettictent computer Is available. men the beacon could
be realized immedlalely. There may be l inanclal or licenCing problems to be solved but no
technical ones I

The author would like to hear your comments and ideas on this subje ct.
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Antenna rotating system as described In 1/77 01 VHF COMM.
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We have designed an antenna rotaling system tor
higher wind loads. This system is especially suitable
when it is not possible to install a latt ice mast. The
larger the spacing between the rotat or prettcrms . the
lower will be the bending moment on the rotator .
This means thai the maximum windload ot the
antenna is no longer limited by the rotator , but only
by the strength of the mast itself and on Its
mounting. Please request the pr ices either trom your
National representat ive, or direct trom the publishers.

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

U K W - TEe H N I K • Hans Dohlus oHG
0 -8523 BAIERSDORF . JahnstraBe 14

Telephone (09133) - 855, 856 . Telex: 629 887
8ank accounta: POlttcheck NOrnberg 30.55 • esa

Commerlbank Erlangen 820-1154
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LOCAL OSCILLATOR FOR 1268 MHz
Matching the Linear Transmit Converter OF8 OK 001

The module is not to be deacrlbed in detail , since 8 simil. r module has alreadv btHln describ·
ed by J . Dahms DC 0 0,1. in the lasl edilion 01 VHF COMMUNICATIONS. The crrc cu diagram ill
given in Flgu ,.. 1, and the following table co nlai ns the most important det ails regarding the
components. PC-board OF8 OK 002 heathe dimensions 170 mm by 50 mm.

Silver-plated copper wire 01 1 mm diameter is usad for Inductan ces L 1 to L 8,

L 1: 475 tu rns on a 6 mm COll lormer With (red) cor.
l 2 · L 3: 1.751urnl wound on a 5 mm lormer, Mil-supporting . spaced 2 to 3 mm

l rom the PC-board

l4 · L 5: 1,75 turns wound on a 4 mm lor mer, Mil -supporting. spaced 1 to 2 mm
trom the Pc-boarc

l6: as L2
l7: as L ..
La: straight line 35 mm in leng th , spaced 2 10 3 mm trom the boa rd
19: 2 mm dis. wire, 35 mm long
l 10 · l 11; 2 mm dia wire, 30 mm long , spaced 4 mm tram grou nd surface

Coupli ng link between L 10 and L 11. 1 mm dre., leng th 35 mm , bend as shown.

Ch 1 • Ch 4. 45 turns 01 enamelled co ppe r wire wound through a lernte bead
Ch 5: e-ncre lerrite core
Ch 6: 3 turns 01 0.5 mm dl a enamelled copper wIre wound on 3 mm tcrmee.

&ell-supporhng

Ch 7; 3 turns 01 1 mm dla Silver-plated copper wire wound on a 3 mm termer .
self -supporting

Components marked With a star in the cirCUit diagram are mounted on the low er, cond uc tor
side o f the PC-board. Choke Ch 7 Is bypassed With 8 lead-less (ch ip) ceoacnor Further
delalls can be soon in tne phot ograph 0 1 the aul hors pr ot olype Shown in Figu r. 2
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WIDEBAND OMNIDIRECTIONAL DISCONE ANTENNA

• 126 •

• Freq uI I'lC)' range:
• Gain:
• ImpedlnCI '
• Pow., ri ling :
• Po llrlNllo n :
• Connec tion:
• VSWR :
• Weig h!:
• Di~n.lon. :
• Mal.,lll:
• Mou tll ing

UKW·TECHNIK

Hans Dohlus oHG

0.8523 BAIERSOORF

1lO .4aG MHI
3 4 ee 1 )J4
000
OOO W
V."h~.l

so :l3i aoc kel in .". head
< l _ ~ : 1

'"H.lghl; 1,00 1'1'I ' 01....... '" 1.30 m
Aluminium
Antenna hN<l it put on to . 32 mm 11 V. O

,

Oil I'll'" end _u,ed by. Kt9W .

V5 \1r/ R

~ VHF COMMUNICATIONS 2/1978



NOTES and MODIFICATIONS

1. 400 W POWER AMPLIFIER EQUIPPED WITH 4 ex2&0. Edition 2/1178

A high-tenllon leedlhrough up.citor ia requlre<llor Ihil power amplilier (1 nF J 3 kV). Sinn
seen leedlhrough e-pacitors .r. not r..dily Ivallable, WI Niv. f.clivt<l • I.r~ number 01
requa••• for them : Such. leedthrough un besl be midi by ullng • Iow-capacllince leed 
through with PTFE intulatlon, and to connect I 1 nF 13 kV ceramic disc caplcltor 10 th,
inside and outside ollhe amplifier,

OK 1 OF

2. VAAACTOR UP-CONVEATEA DC . va001 • 003. Edition 2/1171

The trlpler module OC8 UG 002 PO"'''' two outpull : one lor I rleliver mi.,r and one lor
the tranamit mixer DC 8 UG 003. It i' nec . ...ry lor th l Irlnlmil mixer ou tput to be terminated
with 50 0 In the recli". mcoe. In order 10 Inlur. thaI addit ional noise ia ec t coupled to the
rece iver.

fuMhflrmor. , It "'ould be noled th.t Ih. lubul.r ap&CilOr "ialble in the phOlogr.ph (Fig 13)
01 Ihe 'uthor'a prototype ia not C 7 but C 5. Cap&citor C 7 ahould be mounled outside the
c....

DB1 PM fDC8 ua

3. ULM 70 Trllnsmltter OJ 0 FW 002

After alignment 01 20 tr.nsceiye ra, It Is poulble to gi". the lollowing Inlormation on the
transminer:

3.1. The oacUlator tranaiator ,hould be rep laCed by , belter type auch u BFY 90 or 2 N 918,
The fOllo wing voltage drop aero.. R 15 ahould be .chi."e(J '

with cryat.l ; 0.8 1: 0.1 V) Vollage difference mu at be 0,2 V
without cryatal : 0.8 t 0.1 V )

3.2. The cu rren" 01 the thr.. multipl ier tranaiators ahould r..ult In th. lollowlng "olt.ge
drops .croea the asaocl.tecl emlner realator :

R 18: min. 0,25 V (Dip ahould be min. 20 mV)
R 20: min. 0,50 V (Dip ahould be min. 10 mV)
R 23: min. 0,50 V 1: 0.1 V (Dip ahould be min. 20 mY)

II these ".Iues a nnol be achi."ed. T 2 and maybe T 3 ahould be repl.ced by bener typea
suc h .a BFY90. AIIO C 22 should be reduced from 15 pF to 12 pF.

3.3. The current drain I, 240 mA to 310 rnA .t an output power 01 0,9 1: 0,1 5 W,

3.4 . II the alling·tone gelWtrator OSClliatea Wildly it can be neutrahzed by connecting a
150 pF cap.ci tor between pin 5 and 8,

OK 1 PN

~ VHF COMMUNICATIONS 211978 • 127 ·



MATERIAL PRICE LIST OF EQUIPMENT

d.acrtbed In Edition 2/11178 01 VHF COMMUNICATIONS

...., ...
DC. UO 001

DC. UG

DC. OQ 00'

PC ·boatd

.....M"".o1

C'YO'"..
DC. UQ 002

",,--,

.....-M in ....

"
DC. UQ 003

PC ·board
s.m'C:OndVCI~

MI"'.,I..

U Nl.AlII \lAIIIACTOft U~-CONVf.RTlIII

LOCAl OIClUATOfl MOOUU:

DC. UG001 1~18(l. no Il'l,,,.qontae"l
DC. UO 001 (eIf_"~, 1 doode l
DC100001 110 tr--." '-"',,'" e.-. .:5 eoo~

.....th _ . 1 8NC-cor_1Ol1

(ftC.2SlU1...._.,....
TJlIPU:JIlIltOOUL..l ... MIU I tlU iii""

DC. UG ClQ2 l~_ ..,_, C'M1
DC. UO 002 (I 1_llorl
DC' ua 002 14 "'--. I~·tI'lfU . I c.,m,e

c.pK11OI' .:5 8NCcon~l

DC'UQD02 _ ..... ,..,.

MIXI III MOOUU 1M MIU 1 12. MHz

DC I LIG 003 (PT' E, double-cOill.c:l , no In.,,·eonlac1')
DC. UG003 II Y,'iC IO' exv 271
DCI UG003 1' 111"1..... . . 3 8 NC·eon1llC10IlI1

DC. ua 003 . 1ttIaboy. P""*

l!a. 2/1'71

OM 21 
O" ,, -

O" ,, 
O" ,, 
OM 121,-

l!eL 2/1'71

OM 10 
O" ,, -

O" ea-.
OM H .

leL 2/1'7'

OM 32 
0M 611 ,
OM sa-.
OM 1H .-

OM ~,

O" ,, 
OM 1' _
OM 1' _
OM 1' _
O" 33 
O" ,, 
OM 2M.-

I!d.211'7'

OM 28 
0M LW -

--.....-_.-'"

IV NlHfl'lllll !oI' 70 Cftl f M T'...IC...... ULM70 •

OJ 7 OH 001 (~~I.cl, th,u-eon*_. ...,thOu' plan)

OJ 701-100' (12 "."..,,~, ' 5d~ 5 CMOS·1Ct1
DJ7(lH 00' (1~_, COIltormeI' . 5" 2 .....11' ·

~. 1 pI.tlC loll . ll lum . _nd 27
c:.r....oc: capec:<fOt'I
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ANTENNA ROTATING SYSTEMS

SPECIFICATIONS

ART 8000

•

••••MU 1000

NEW I
KR OOO

KR400

•

•

T,,. 01 Rolator KA ~oo KR'" MXJl 1000 AAT 1000

L... ,.. ... ,... "'" "P.f1d.ng lo 'q.... '" ,... ,... ".. Nm ' l
Brake lorq ue sec ... ,,., ,... Nm ' l
Rotal lOtl torque .. eo ,eo "" Nm "
u..e d ,........, ,. .., ,. .., " -02 48 · 78 mm
SPMd (I ...... , eo eo eo eo ,
RotaI IQn angle ,,.- ,,.- ,,.- ".
Control e-ble • • , • .,-
""""'-" m .ll1O C 770 . 1110 o 4ZS • 2OI!l '" ot8O. JOG a mm
W-.gl'll .. .. 12'1 a.. "Motor ..,011. " "

.,
" V

ll,... '1011. 22OV /~HI nov I !IO Hz nov / 50 HI no v 1 50 Hz.. .. ,.. ,., VA

' l lkpm A 9 81Nm

Vertk al AolOf KA 500
Especially des igned lor ,..ert le , ' IIUlnt;j
01 anlenn.. tor EME, OSCAR ere.

T,pe
Load
B rake torque
Rotal ion torque
Horiz. tube dlam.
Mast mameter
Speed (1 rev .)
Rolalion angle
Control cable
line "o llege
Weight

KR '"
ca. 250 kg
197 Nm 'J
40 Nm oJ

32 · 43 mm
38 ·63mm.. ,
180" (+ 5' )

6 wires
220 V/SOHz 30 VA

4 S kg



KR ISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH
D 6924 N.ek.rbiachol.h.im • Po.tl.ch 1

i6iJ\ CRY STAL F I L TE R S OSCILLATOR CRYS TALS

~ m lU SYNONYMOUS FOR QUALITY
y~y AND ADVANCED TECHNOLOGY

NEW STANDARD FILTERS

CW-FILTER XE-9NB see table

SWITCHABLE SSB FILTERS
for a fixed carrie r frequency of 9.000 MH z

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

See XF-98 lor all othe r speci fications
The carrier crystal XF 900 is provided

Filter Type XF-9A I xr-se xe.ec I x'.go x'.ge XF.QNB

App licati on 558 SS8 AM AM ' M CW .
Transm it

Num ber 01 cryalals S 8 8 8 • 8

3 d8 balldwld lh 2 4 kHz 23 kHz 36 kHz 46kHz 11.5 kHz 0 4 kHz

6 dB bandwidth 2S kHz 2 4 kHz 3 75 kHz 5,OkHz 12.0 kHz 0 .5 kHz

Ripple < 1 ee < 2 dB c 2 dB < 2 dB < 2dB < OS dS

In_hon loas < 3 dB < 3 5 d8 < 3 5 dB < 35d8 < 3 5 d8 < 6.5dB

Z 500 0 500 0 500 0 500 0 1200 0 500 0
Tlllmmal ,o n

C 30 " 30" 30pF 30pF 30pF 30pF
(6:50 d81 17 (6 6O(8) 1B (6 6O(8) 1 6 (680d8) 18 (660d8) 18 (6.60 d8 ) 2 2

Shape recto r
\6 6O(8) 22 (680 d8) 22 (6 60 d8) 22 (680d8)04,0(660d8) 22

Ulhmate rllJec tlon > " 5 d8 > IOO d8 > l 00 d8 > l 00d8 > 90 d8 > 90 d8

XF·9A llnd XF-9B complete wit h XF 901, XF 902
XF·9NB complete wl,h XF 903

W~
_____________1
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