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A CONVERTER FOR THE 13 em BAND EQUIPPED WITH
TWO PREAMPLIFIER STAGES AND AN ACTIVE MIXER

by J . Dahm • • DC 0 DA

1. INTRODUCTIO N

The previously described con veners tOt rne 13 em amateur band (2304· 2306 MHZ) have been
eQuipped Wllh diode ml . erl l passlv8 mi llers) whIch have been tono wec by a subseq uent low

norse mterrnedrate preamplil le' (ReI 1. 2. 3). Onl y the converter ceec noee 1M (2) was provided
w ith . prsamplll ,er Slags. It IS deSCribed In (S) how d,Il,cull II " 10 obla,n me theoretically
cess.ere senSitIVity ,n prac l lce wh en USOO9 ell ternal preamplll ,er. (4) It II meretcre lavorable
10 rep lace the passwe miller by an acti ve Ham,lsl et ml • • r , smee a converSion gain Will be
presenl In thiS case ,ns lead ot a conve r, lon 1055,

On.y lew amateurs have made eJlp8f1menls With lfa"Slstor mUler, Virtually nothing IS 10 be
found even In the leading US-magazines such as . ham reoro - and -OST_, Since low norse
lr anSlsto rs With suft, c,en t gain at 2300 MHz afe now available economlcall v, diode ml .ers are
not abso lu tely necessary lor appllca!l Onl on the 13 cm band
The Siemens tranSistor type BFA 34 A posse sses very tavorable spec,l,cat,ons The men utec
turer gives 8 ocee hgure 01 4 dB at 20 GHz at a collec to r cu rrent 01 3 mA and a collector
emI tte r vol tage 01 10 V, The values 4 4 dB nOise hgure and 10 dB ga in at 2.3 GHz were given
In (5). 0 1 course, these values 8re only Obtained With an ophm,zed Input and output metcn
,no

A receive converter 2304 MH z f t 44 MHz II to be desCribed, which possesses two selective
p reampli ller stages and a ml .er eqUiPped With the BFA 34 A. The o&Clllalor CirCUIt IS con 
struc led In a Similar manner to Ihat deSCribed 1M (6), and IS deSigned as a separate mod ule.
Figur. 1 shows the ph ot ograph o t the converter and OSCillato r module.

Fig . 1: The 13 tm conve "er WIth II . oscma to , modu le lbe low)
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2. CIRCUIT OF THE CONVERTER

The circui t diagram 01 the receive ccovenee IS gl~en In Figur. 2. It will be seen that II~e

coaKiaj }.I2 tmes are used that are capacltl~elv tuned at the center (maN. vcrteqe). The Il rst
three CIrCUits (L 2. L 3, L 4) are ahgned to the reqUired Irequencv. the o ther two (L 6, L 8) to
the oscillator frequen cy.

All three t ranerstors (BFA 34 A) operate with the emit ter dlrectlv grounded . wh ich means tha t
t he operating pomt adj ustment made bV trimmer cctenuemeters IS not stabilized With respect
to Voltage and temperature veneucoe. Whereas the operating ~oltage 01 the whole convene r
can eeenv be slabillzed, the gain and norse ligure Will de terio ra te With eNlreme temperature
fluctuations. lor Instance. as encountered in portable and mobile ope ration. II this IS the case,
a SImple resiSlol network can be calculated lor the base ~oltage as was gillen in (7 ) so thai
the couectcr current IS sulilclenUy stable With respect to temperature. In Ihe author' II case,
this b ias 1I0itage cneuu wall no t used amce II reqUired a higher OReratmg 1I0ltage. e.g. 20 V.

As was recommended In (5), transistor T I IS aligned lor the tcwest norse Ilgure, whe reas
tranSistor T 2 ISadjusted lo r maxtmum gain . Siemens publishes the lollowmg vetcee :

UCE • 10 V; Ie • 3 mA lor the lowes t nOlso Ilgu re at 2 GHz
UCE - 6 V; te - 15 mA 'or maJllmum power gam (lranSlt l requencV)

The autho r opera tes T 2 only With an 'c 01 6 mA, in order to obtam higher currents, It IS
necessary for the eouectoe resis tor 10 be reduced from 1 kU 10 470 'I.
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Mixer tranlll stor T 3 IS aligned 10 Class B without OSCillato r Signal (co llec to r current JUSI
VISIble on Ihe meter. In o ther WOlds several ,.A j, The OSCIll ato r Ilgnal Will Inc reaM Ihe
collecto r eu-reot 10 Mveral mA, WhiCh represenlS a good md,ca loon lor tne l uning 01 the
OSCill ato r bandpass filler and tor the couplmg to L 5 Any UHF-com ponents In Ihe collecto r
AC-voltage o f the rmxer Will be I ho rted oul al Ihe co llector by uSing a d iSC capaci tor 0 '
app rox. 10 - 15 pF (value uncnncar and only Iype 0 ' cececuc - 01 Imp ortance ). Th l$ ceoecncr
forms, al the same l ime , the CirCUlI capaci tance 101 t4 5 MHz. The ou lp ul s'gnal IS 'ed via a
50 U tap 0 ' me IF mouctance l 10 10 the OUlpul !lOCket An IF preampll l ier IS no l requ ired m
11'115 concept smce tne three Slages posse!l!l sul hClenl overall gain o f 2S - 30 dB

The bandpass I llter 'or tne local oSCllialor 're quency comp"Slng l 6 and L 8 's poSSibly not
Ideal wll h respect to me Inserl,on loss The author IS quue sure Ihat some 0 ' Ihe OSCillato r
energy IS los l due 10 Ihe coupJmg from L 5 10 tne 2300 MHZ ClfCUlt COmpll5mg l4 How ever ,
smc e lhe loc al osc lila lor CIfCUlI prOVides al leasl 10 mW at 2160 MHz 11'111 IS no t Impo rlani It
IS more ImpOrtan l lhal the mixer IS provloed With a c lean local oscilialor Signa l

3. CONSTRUCTION OF THE CONVERTER

Part ly smgle-coated and parUy double-coa ted PC·boar d materi al 01 t 5 mm In th lck ne!l!l was
used for me prOIOlype The consl ruc t,on al d iagram given In Fig ure 3 and Ine subsequ en l
phOlog raphs g,ve bo lh the d imenSions and construc l,on deta Ils The aulhor recommends lha l
o7 mm thick brass prate be used for construc tion. smce Ih,s eases the prob lem 01makmg tee
~ lh rOU9h cc nrects - for the eeunee cc eeecncos. and mean s that II IS only necessary 10 so lde r
on one Side . The case can al so be SIlver-p lated bet cre moun lmg tne erecnomc components
(al though the au thor' s prOlol ype was notl , The 10Uowmg tab le gi ves the di menSIons Of Ihe
1.5 mm Ih lck PC·board p ieces

Pari s reQu ired DimenSIon s Coaling

2 138x 27x 1 5 Sing le
2 138x 95x ' 5 Single

2 92 x27x l ,5 Single, 92 x27x 1 5 double
2 84x 27 x 1,5 smg le
4 49x 27 x1 5 double

As can be seen from the d,mens'ons, me mne r heigh t 01 tne converter IS 27 mm p cv bre
coated PC-board malerla j IS only used 'or Ih e Intermediate panels wh iCh are adjacent 10 RF
levels. No meta l su rfaces are presen t on tne ou lslde Of Ihe converter m c rcer 10 aVOid tn et
ground connections are made on Ihe oulslde Instead 01 the InSide.

The Signal /rom tne an lenna II IntKled via a N·connect or and the coupli ng link l1 The
ouler ccndec tor 01 Ihe connec to r II soldered around Ihe edge wllh Ihe Inllde o f the case In
order 10 ens ure a ec-meuctence ground ccnnecnce al me cc reect Impedance, The co up ling
Imk L 1 II 16 mm m leng th ( + 5mm bend l , 5 mm Wide and spaced apprO. lma tely t.fi rnm
Irom L 2. Since the resonance 0 ' thiS 11f51 cec uu has been found 10 be very Sharp , II "
poSSib le Ihal the mput coupling IS nOI uuue Ideal. however, thll can also be caused by Ihe
coupling 10 lhe f,rll IranSl510r . Unlor tunately . Ihe au lhor does nOI possesl lhe ex lenSlve
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measurmg eQuipment necessary to optimize the converter completely. The aulhor and the
edi to rs wou ld be gra telul II one 0 1 our readers could determme the Ideal dimenSions so that
they can be published.

AU live reso nant cavities have a square cross section (27 mm) and are 49 mm long , The hall·
wave mner conductor IS made trcm 7 mm d,a , brass tube, M 3 (3 mm) brass nu ts are pressed
In to the Open ends 01 the tube and soldered mtc place . The nuts should be placed deep
enough Into the tube so that the edge 01 the tube protrudes app ro.,mately 1 mm Iurther .

Aller IIling Ihe ends 0 1 me tub e net. the edge 0 1 tne lube Will be tcrcec cn tc the tmned
co ating on the Inner surface 01 the Chamber and lor m a good ground ccrnect all around the
edge 0 1 Ihe lu be,

Hlgh -quahly cerermc spmdfe !r lmmers With a eacacuance 01 0,3· 1.7 pF are used as tuning
capaci tors , The trimmers are SOldered 10 the ocrtom 01 the case , and the ir hot endS are
placed 1010 the cen ter holes 01 the ;.12 cnccrte . but not soldered. It no trimmers are available
With such a low cececttence. the metal surlace 0 1 higher ceoecuaoce spindle trimmers can
be rem oved and the ce rarmc part placed Into the Inner conductor, The ceoacuence between
Ihe spi ndle and the conductor wdl lhen be sulhClently small . 01 course, It IS also poSSible 10

use a nne $Crew and metal crsc to achieve the reqUired ceoecrtence.

Holes sho uld be prOVided In the mtermedre te panels to prOVide a llghl lit lo r Ihe tranSistors, A
thin , silve r-pla ted copper lOll strIp IS solde red 10 each emitter, which IS rolded down on bo th
sides and soldered 10 ground sur tace alter the tranSisto r has been Inserted 1010 place, ThIS
ensur es Ihe sho rtest ccseere gro und Connection and a senstecrcry " through con lac tmg .. at
thiS POSition.

The lapp ing pamt lor Ihe base and ccnector 01 the preamptrner stages IS appro. ,mately
12 mm Irom the COld end. In the case 0 1 the mi .er, II is app rox. 10 mm Irom the COld end . A

ce ramic enec cececucr 01 appro• . 220 pF is solde red to the resonanl Ime and the connection
to the transis to r is made uSing a 4 mm Wide Silver-plated strip 0 1 copper loil. This means tnet
the narrow tranSistor ccneecuens have Virtually no et rect . The operallng voltages are l ed Via
j,/ 4 chokes to the crsc eececucre. The col d end 01 the cho kes IS connected to the teed
Ih rough cap aci tors 01 100 10 200 pF.

A teno n leed through should be used lor the co uphng trom L 6 10 L 4, which IS then crovrded
with 4 mm wide coupling strips bent as sho wn in Figure 3,

The couector 01 the mi.er tranSistor IS led mtc a separate cham ber lor me IF resonant CirCUIt.
A crec ca cecuor 01 1010 15 pF IS prOVided directly adJacenl to the tranSlslor eoneecnon on
tne Inte rmedia te panel. The variable IF inductance is connected 10 thiS ecsruon . The output
co upli ng IS made 2 turns Irom the cold end via a capacitor 0 1 680 10 1000 pF. A e.ec
ca~aclto r 01 app ro.. 1 nF IS soldered 10 the bo ttom 01 the chamber lo r bypassmg the IF
cucurt.

The base vouaqe diVide rs comprising tne tr immer potentiometers lor allgnmenl 01 the cures
cent cu rrents ere accommodated In their own chamber and are prOVided With the Ind,vl dua l
operalmg voltage VI. leedl hrough capaci to rs 01 1 nF. ThiS ensures Ihat no unwanted co uphng
IS made f rom chamber 10 chamber, and Ihat no tendency 10 OSCilla tion e.,sts, Alter the
co nverter has been completed , M 3 (3 mm) brass nuls are SOldered 10 the corners 0 1 all
chambe rs and are uattened 011. The cover should be tmned around all holes and then
screwed Into place With tbe aid 01 22 screws .

• 198 · ~ VHF COMMUNICATIONS 4/ 1976
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T 1 • T 3

L '

BFR 34 A (SIemen.)

Brass pla le . appro _ 14 mm long, 4 mm WIde. 1 5 ·2 mm apac,ng 10 L 2

L 2 - L4 . L 6.L8 SMIte_I
L 5 copper lOll appr 4 mm wide . 12-15 mm long , solde red 10 leUon leedlhrough
L 7 1,5 mm dla (15 AWOI . d...er·plaled copper WIr• . 14 mm high.

eoecec appro_ , 2 mm to L 6 and L 6
L 9 15 mm d,a (15 AWOl .,I....r ·plaled eepper ..... " e. 13 mm long.

spac ed 1 - 2 mm Irom L 8
L 10 6 turns 01 1 mm d,a \18 AWOl slI...er ·plated copper wire .....ound on a 5 mm cOIl

lorm.r with VHF core. COil spaCing 1 mm . lap appro _. 2 turns lrom COld end
L 11 - L 15 i.l4 chOkes 010 3 - 0 4 mm d,a (27 AWOl .namelled copper wife.

3 l urns .....ound on a .. mm tormer slightly pulled out . NII-supporl"'g
L 16 6-hole 'e",t choke (Phllipsl

S ceramiC crec capaCIlors ,thout connec:hons 01 appro_ 220 pF
1 ce ramiC d iSC ceoacuo- ,thout connections 01 appro_ 12 pF
1 ce ramiC d iSC ceoecuo- ,thout connection. 01appro_ 1 nF
S ce ramiC spIndle t fl mmell 01 appro_ 03 - 1 7 pF
6 ce ramiC 'eedthrough CaP<lCl lors 'or tolder mount",g as small a. possible 0' appro_ 150 pf
3 ceramIC 'H(Jthrough cap.8CIIOII lor IO lder mounting , appro_ I nf
3 1nmmer potentiometer • . I kU , .paclng 10,5 mm
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4, ALIGNMENT AND OPERATION

The alignment IS commenced by adJustlOg the qu-escent cur rents 01 the tnree tranSis tors as
was descr ibed In Section 2. Alter thiS. the local OSCillator module IS connected and the
resonant CirCUits com priSing L 6 and L 8 are ahgned lor maxIm um current 01 the mi xer
tranSistor , Aller a119n'"9 the IF errcu« at 145 MHz, It should be pOSSible to hear a conercer
abl e in cr ease In netse on the 2 m receive r. It IS nec essary lor the Cover to be mounted In to
place l or th e tmar alignment 01 the i./2 CirCUits and a stable Signal shoul d be present at the
an tenna inp ut. In the case 01 the eutncrs prototype, an overall gain 01 app ro xima tely 28 dB
w as prOVided at an operating ...ol tage 01 12 V; the overall galO dropped by app roximately 2 to
3 dB at the band limI ts.

The resona nce o f the Input CIrCUit and the last 2160 MHz bandpass hlter had been lound to
be ...e ry sharp . How e...er. no tend ency to OSCillation was lound even after the cover had been
rem oved lnsplte 01 the author's good VHF loca tion, no strong repea ter or SSB stations on
th e 2 m band had been heard to brea k through. No unwanted conversion products had been
observed lr om a tetevrsron transmitter located only 3 km Irom the autho r.

The cescnbeo converter was compared by tee author to the converte rs desc ribed In (1) and
(2). Both a strong local beacon transmI tte r and a weak beacon Signal at a distance 01 60 km
at the band hmrt we re available The resul ts were seuetec tcry . even II the most favor ab le
ope ration has snu no t been obtained due to the non-availabili ty o f the measuring equipment.
The au thor IS sure that the senSitivi ty can be Imp roved stili further by prOViding a more
tevcreere match ing between the tranSistors and the "./2 cncmrs. In thiS respec t. the au tho r
recommends the lo li ow lOg moo-ncancns

The ba se and collec tor connections 01 tne tranSis to rs are placed on small tenon supports
p rOVided wah a small screw, and pro",'ded With copper tou strips . The chok es Will also be fed
to the SUPPOr1S It IS ccseere. uSing a plastiC too l, lo r me couphng to be optimized. ThiS
recom mendation IS Simila r to that gIven In (4). The au thor would like to hear from readers
regardmg their experience on fu rther development 01thiS conve rter.
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A CONVERTER FOR THE 13 em BAND
EQUIPPED WITH 2 PREAMPLIFIER STAGES

AND AN ACTIVE MIXER
PART 2: THE LOCA L OSCIL LATOR MODULE

by J . Dah ml , DC 0 DA

In the 13 em band . the frequency range from 2304 to 2306 IS used lor crystal-c ontroll ed vorce
communications In order to convert this nequencv band to an Inlermed,sle frequency range
01 144 to 146 MHz, a crvs tat-c ont -cne o loca l OSCillator Signa l 012160 MHz ,s required, A local
cscrneto e module prOVid ing thiS frequency 1$ now 10 be eescnoec When used as local
oscilla to r module. a 90 MHz crystal 1$ used . If th iS crystal !S rep laced by a 96 MHZ type . and
the resonant CIrCUI!S tuned slightly higher , the resul ting freque ncy will be 2304 MHz, ThiS
means tnat the module 15 also SUitable tor use as low- power traeamuter or beacon , Since ,Is
output power amounts to at least 5 mW With a DC Input power 01 12 V )( 50 mA. Figure 1

socws a photograph 01 the author's prototype,

1. CIRCUIT DESCRIPTION

The electrical Circuit IS Similar to the local OSCillator CirCUit OJ 4 LB OO3 (1). and that 01
OJ 1 EE (2) . The 90 MHz crvstet -osciuator 'requency IS tri pled to 270 MHz. and Mally doubled
10 540 MH z. ThiS IS touowec by two stralghl ampntrer stages. Sullicient power IS now avail 
able In order to drive a 'r equency quadrupler eqUipped With a Schottky diode. The power at
540 MHz should be between 50 and 200 mW The cutout power al the requued frequency Will
be more than 5 mW even when less etncrant tranSistors are used. The CirCUit wa s deSigned to
have mo re power than necessary In order 10 have a sctnc-em reserve In the case 0 ' teanarstc r

gain sp read and 10 allow for losses In ' i1 lers or long , 'hln coaoer cables between the loc al
OSCillator module and mixer

The Circ uit diagram given In Figure 2 sho ws that a bandpass 'Iller IS used aner each Ire
quency muu.pucatron process so that unwanted harmonics 01 the crystal frequency etc. are
nOI present III the output spectrum , The fwo 540 MHz ampli fier stag es have only been pr o
vrceo With rela tively Simple resonant cec uus In order to keep losse s at a minimum These are
made In the term 01 Slrlpllnes co nstruc ted ' rom Silver -plated brass strips . They possess a
sharp resonance,
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The subsequenl Quadrupler II tcuowec bV a l ingle reso nanl Cir cul i . but 'lnce Ih,s IS In tne
term Of a COblal ;./2 cncuu. the resonance " e_l reme tv sharp , An add iT ion al bandpass till er

'or the local csc.natcr fr equency " provided In tne eoeverter module

The current venee given 11'1 Ihe CirCUIT diagram lor Ihe indivIdual , Iage s are given lo r onen 
tancn. These values wer e mea sured In The aulh or I prototype when uSing tne Ira 'nsl510rs
g,ven In the CIrCUlI diagram , Th. V were measured as a ...o llage drop across Ihe ccuectoe
dropper reSlslo,... or acrOM Ih e emlller reslslors The oper allng poi nt, 0 1 tra nSIIlO,.. T 4 and

T 5 can be changed bV ekchang lng Ihe em iller reSlllor ,

Such a rccer-cscnretoe module Will Onlv operaTe ..,.llsl aCIOI)' when the Indi Vidual slages ha ve

been con'eQuenllV choked . de coupled. and bVpas&oed The h igher tne working Irequencv, Ih e
lower should be the cececuence values o f tne bVpass cacecuors so thaI the eenes resonance
frequency lo rmed bV lhe capaCllance and tne Induc tanc e 01 the leadS IS lo wer than the Ire
quencv 10 be bypassed , Values ot 100 pF and leM , ho ul d be used at IrequenCles In ekce sa of

250 MHz For ekample. the reacl ,ve Impedance 01 a 100 pF capacl lor a' 4J5 MHz I' onlv
366 U . ThIS means that Ihe vatues g iven In Ihe CirCUit dIagram are nOt 100 cnncer. The
resonant CirCUIIS should be luned With plastic -lOll tr.mm.,.. of 7,5 mm d,amel.r , Ceram.c

lr lmmers are less lavorable for eeverer rea son s. E.ther i./ 4-col ls o r lemle beads wllh J lurna
of enamelled coppe r wife sho ul d be u&oed as chokes

2. SPECIAL COMPONENTS

T1
T2
T3
T4
T5T.
D.
0 2:

BC 108 or Olhe r AF trans. Slor

BF 17J. BF 224. BF 199
2 N 5179. BFX 89 . BF 224, BF 199

2 N 5179. BFX 89
BFW 92 (Phi lip s, Siemens), BFR 90. BFR 34
BFW 16 A (Philips. Siemens). 2 N 3866

C 9 V I z.ecee
HP 2800 .2835. 28 17, 28t 1. 2900 tHew l. 1I Packard l

The Inductanc.. are mad . 'rom 1 mm d,a (18 AWOl Silver -pla ted copper wif e

L 1

l 2 . l 3

l 4 . l 5

r s. l 7

LO
L 9.

6 wms wou nd on a 5 mm co.l lormer With co re.
turns spaced I mm. hot end la Cing tow ard s the board

1,5 turns wound on a 5 mm 'or mer , sel l -supporting . spaced 4 10 5 mm abo ve
the grOund surlace , Ilt ln lo lhe holes on meboard and solder Into place ,

U-shape<l w.re bent around a 6 mm formef .
spaced 8 mm ab ove the gro und eurtece
Sliver-pl aled melal Str ip. O.S mm tr uc«. 5 mm Wide.
30 mm long . spac ed 4 mm from the , urf ace 0' Ihe bo ard

Brass lube 7 mm dla , 47 mm lon g. M 3 nuls sold.red 10 each end

11 mm long wire as lor Ihe COils, spa ced apprOIl, 2 mm 'rom l 8

hpplng po ln,,:
l6 13 mm 'rom Co ld end
l 7: 10 mm 'rom col d end
l8 dlod. 10 mm 'rom col d end . ho le lo r t flmm. , 21 mm 'rom COld end
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Connecl lon 01trommer C 8 10 the baM 01 T 6
12 mm sllver ·p laled coppe' wire 01 1 mm dla

L 10 6·hole temte co re chok.
L ll - L 13 seele~t

C 1, C 2 appro~ . 30 pF plntlc· lol l t' lmmer, 75 mm dla tphilips. COlou' red l
C 3. C 4 appro~ . 22 pF plastlc·t ol l t"mmer , 7 5 mm d,a (Phili ps. COIO!.l ' g reen)
C 5. C 6. C 8 appro~ . 12 pF plnt,c·10111" mmer. 7 5 mm d'a (Philips. colou' yellow)
C 7. C 9. C 10 appro~ . 6 pF plasttc -tod Iflmmer, 7 5 mm d,a lPhlll pS. colour greYI
C 11 0 J . 1.7 pF ceramiC spIndl e Itlmmer
C 12. C 13 appro~ . 1 nF ceramiC d,sc CapaCllo r. wlthoul leads
Crystal 90 (961MHz. tlllh overtone. :xl pF, HC·25/U 0 ' HC·6/U

O"'Ier capa cllors ceramiC disc types lor 5 mm spacong

All ' eslsl o,S are approxImately 2 mm In dlamele r. and appro~ 7 mm long

3. CONSTRUCTION DETAilS

A dou ble -coaled sc-ece-e IS used 10 cr ov.de good ground conditions . ThIS boa rd nes been
designated DC 0 OA OOJ and lIs d imenSIons are 165 mm X 50 mm (Flgu'. 3) The copper
coatmg on Ihe component Side 01 the board rema,ns inlact e~cepl 10' a small area around
the hole, Ihal It removed With the a.d 01 a 3 mm c nn. The actual conductor lanes are to be
lou nd on the lowe, SIde 01 the boa,d On onlla i llng the PC·board Into the caM. II II necessary
tor II to be spaced at leasl 5 mm Irom the nearest g'ound surf ace,

TranSistor T 5 and Its baH resIstor 01 to 10.0 ar. mO!.lnled on the lower .Ide 01 the board on
Ihe larger copper IUrface prOVICled lor th ll purPDH. Cauhon &nO!.lICl be laken IInce soldellng
I' 10 take p lace very near to the case 01 the tranSIstor, The soldew'IQ process should be

came<! out QUICkly and made With a ""all. 15 W sol ()eflng iron .

The colCl ends of the two ,trlp lme CorCu11I l or So6O MHZ are connected 10 ' Ound bypass capa·
CltOrs 01 6 to 10 mm CI.ameler, whose value II . as has been prev IouSly menlloned. relal l....ly
unCflhcal. The copper surface o t the PC· board and the contact lurface 01 the capacitors
should be t inned be lore solderong tt'IeM capaci tors Into p lace ,

The Ir&QuenCles 01 the crystar oscilialor and the mu lt lplierl or ampli lier I tages can be
checked With me aid 01 an absorption wavemeter. Further delalll regard ing the alignmenl
,hOul d not be necessary since the CIrCUit ol th.s IreQuency multiplier cha,n IS lailly unCflhcal,
and construc tIon Will probably not be allempted by beginners

The )./2 coa~ ial ci rCUi t is constructed from 1,5 mm Ih lck songle-coaled PC·board malerial on
one end o f PC·board DC 0 OA 003 Tne mner d imenSIons 01 Ihe bo~ amo unt 10 27 mm ~

27 mm X 47 mm. The 10llOWlng part l are reqUIred from PC-board maleroal
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Nu mber

2
1
1,

27)( 27.0)( 1.5
50 )( 27 .0 II. 1.5
50)( 34.5 II 1.5
50)( 30.0 II 1.5

Port

End pieces
Side cece on the board side
Side piece l o r BNe -connector and trimmer
Cover

The lar ger side piece lor the BNe-connector is solde red to the Iron l edge 01 PC-board
DC 0 OA 003 and Will protrude 6 mm below the lower surf ace 01 the PC-board. This ensures
tha t a spacing o f 6 mm 10 the nearesl grou nd surface is provided tor the whole local
oscillato r module. The board IS also well supported in this manner.

The A/2 inner conductor coostruc tec I rom 7 mm diameter bra ss tubing with a length 01
47 mm is mounted w ith the aid 01 M 3 nuts Inserted and SOldered into place Within the l ube
as was cescncee IOf the converte r modu le. and with the aid o f brass screws placed 10 the
cen te r 01 the end pieces, The eone ce 01 the copper coating should be slightly hnned ee tore
moun llng the Inner conduc to r.

The BN C-connect or is mounted With i ts wh ole tlange on tne Inner side 01 the larges t side
panel and soldered all around Ihe edge , The hole for this SOcket is spaced 11 mm Irom Ihe
edge c t me circu it.

The coaxial circuil should be luned wilh a high-quality spindle t rimmer wllh a low
commencement capaci tance 01 max . 0.5 pF. 01 course, II is also possible 10 use a M 3 or M 4
screw to which a eec has been soldered as was cescneeo in (2),

The Schotlk.y diode should be ccnnect ee wllh the shortesl poSSible leads 10 mm Irom the
cold end c t me A/2 inner conductor. Eilher a small screw or a qUIck. so ldering process can be
used . The e ther end 01 Ihe diode is led Ihrough a small home-made PTFE (Iell on) teee 
through in the inSide panel 10 Ihe trimmer on the last 540 MHz stnpnne . The 100 kU resistor
IS also used as support. This resislor (Without end caps) should also have Ihe sho rtesl
pOSSible ccnnecnons.

Finally. lour M 3 nuts shou ld be soldered 10 Ihe corners ct me quadrupler box and the COver
sc rewed tote place. The output frequency 01 2160 or 2304 MHz sho uld be measured With Ihe
aid 01 a coaxial resonator system wi th spindle tuning and measur ing diode as descrtbed In
(3). The ceecreee local osc illa tor module has been constructed many tim es and has been
lound to coerete WIth other SUitable transi stors. Due to it s small . elongated shape. I' is vel)'
SUi table lor mounting in available rece ivers and portable equipment.

4. REFERENCES

(1) G.5alller: A modular ATV tranermtter, part 2
VHF COMMUNICATIONS 5. Edl\lon 2/ 1973 . Pages 66 · 80

(2) K. Hupfer: A 2160 MHz local oscill ator lor 13 cm converters
VHF COMMUNICATIONS 6. Edil lOn 4/ 1974, Pages 246 • 247

(3) K. Hupfer: An SHF wavemeter
VHF COMMUNICATIONS 7, Edition 211975. Pages 90 · 92
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TUBULAR RADIATOR FOR PARABOLIC ANTENNAS
ON THE 13 em BAND

bV H.J. Grl em, OJ 1 SL

1. APPLICATION

A parab o li c reflector IS to be illuminated with the aid 01 a round wa~egUlde, A coanar
wavegu id e interl ace IS required ,I th,s found waveguide IS to be energized with the aid 01 a
coaxial cable. In studYing American li tera tu re (1 to 6). It was found tnet such arrangements
ha d been construc ted and used but that no general deSign details were prOVIded

For tms reason, a bastc research was car ried ou t 10 l ind oul the baSIC rad,allon geometrlcs 01
pa rabohc anlennas and to I ,nd SUitable teed systems ThiS was followed by deSigning an
ac tual tu bula r rad iator lo r 13 em to III an available parabolic renec tcr or 120 em d,s With a
focal POint I d.emeter (FlO) • 0.375.

The resu lt 01 these meas urements and experiments allow desu;!n dll ta,ls to be cercute tec lo r
all cmer parabo lic antennas. and mic rowave amateur bands ThiS means tnet 11 IS cess.ore
With a mm lmum of rnecnen -cet work. 10 Ill uminate perabobc reuec rors lor amateur radio
eccnceucne.

2. RADIATION GEOMETRIeS

2.1. Par abo li c Renector,

Ihe be amwidth or loca l ang le 01 a parabolic reuectc e IS mainly dependent on tne ratio FlO ,
Th is reretrcnst up IS sho wn In Figure 1 where F IS Ihe local ccmt 01 the parabo lic. and 0 the
d iamet er 01 115 aperture. The local angle 15 2 .. . since 'I IS measured Irom the cente r ccmt to
one " de, II Ihe local pcmt F IS no t known, It can be calculated tram the dram ete r 0 and the
oectn d according 10 the foll OWing formula 1.

D'F _ _ (l )

16d
The actuer cos.noes where tnese values can be measured are shown In the draWing g'ven In

Flgut. 1.

From Ihe dimenSions 01 the given parabolic reuectce . rt w,lI be seen that the tocat angle
amount s to 135", Th iS angle sho uld be Illuminated as comple tely as possrbte by the prtmary
antenna. The 10 dB bearnwrdtn mottne 3 dB beamw,dth as 15 usually used) ot the promary tor
aJ(cller) antenna should amount 10 Just t 35 In the case o f our eJ(ample. If the eeemwrom IS
less than ttns. the parabolic -enectc r WIll nol be comple tely Illuminated , and tne elliciency
and antenna gain Will be less m an the max.mum available II, on the other hand, the beam 
Width 01 th tl p rima ry rad iator 15 greater. raosauon Will be made past the edge 01 rne parabolic
-euect cr . wh ich Will deterio ra te tne tront-to -eeca rat,o , and aisc decrease the an tenna gam , A
tavoreore compromise IS lound between an tenna gain ;Ind clean polar d iagr am when the
10 dB beamWldlh a t the pnmary radretcr responds to the local angle 2 'I 01 the reuec rcr u
tnese prereque.tee are wnunen. the gain !ormulas given tor parabolic antennas w,1I no rmally
be valid ,
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A dipole w ith renecrcr IS c uen lound as primary antenna for pa rabo lic reuectc rs It IS no t
easy when uSing such an arrangemen t to obtain the reqUired matc hing 0 1 the 10 dB beam 
Width to the parabolic reuecror to be lItumlnated as whe n uSing radla l lng swt eces such as
gil/en in (8 ). For thiS reason. wavegUide radiators such as horn antenna s should be used ,
Since the beamwldth can be eaSily determined wl lh the aid 0 1 the di menSions o f the aperture

2.2. Horn Radialor .

Flgur. 2 gll/es the 10 dB bearnwrd th 01 a so- called horn radiator as a tuncuon 01 Its aper tu re.
It WIll be seen tnat the beamwld th decreases on Increasing the aperture, ThiS diagram. wh ich
IS also giv en In (7 ). IS valid both lor round (A diameter) and square (A • Side leng lh ) cross
sec tions, In the case 01 a parabolic antenna With a local angl e 01 13 5 . a horn radiator also
haVing a beamwldth 01 135 Will be reql.lIfed , thiS corr esponds to a horn rad iator haVing Al i.
co rresponding to 063 The di llermg values l or tne H and the E-plane s wh ich were mentioned
In (8) are not 01 Interest here. With i. " 130 mm ...A.. Will correspond to 063 x 130 82 mm .

3. TUBULAR RADIATOR

Due to Its ease of construc tion . and Since tu bes are easie r to obtain than rectangular p rotues.
II rou nd waveguide as so-called tubular rad iator IS to be used Brass tubes are usually avai l
ab le in d iameters With steps 0 1 5 mm . It has been seen In the previous section tna t a memerer
o f apprc x. 82 mm IS reqUired. The dimenSions 01 the round wavegUide are now to be estab
lished .

3.1. Diam et er of a Round Wal/ eguide

Withou t gomg too deeply into the theoretical relationships In wavegUide s. the perm iSSible
diameters 0 1 a round wal/eg ulde are to be given whi ch IS to be operated In a Single- mode
range. Th is range is between the limit wavelengths 01 the H" and the Eo, wave , The diamete r
range for thiS IS giv en In equation : 2. and the nrst number of the nominato r is valid lor the
H,, -wal/e and the second number lo r the Eo,-wava:

i.
o · 1.71 to 1.31 (2)

It wi ll be seen thaI the dia meter In whi ch only Iha H,,-wave IS pOSSible. IS In Ihe range 01 76
to 99 mm fo r i. .. 130 mm (I .. 2.31 GHz).

Due to the increasing loss In the I/IClfll ly 01 the wavelength lim it, the d iameter 0 1 the wave 
gUide sho uld be as large as possibre, Without gOing mto the range 01 t he next hIgher
oscilla tion mode. in our case the Ea,-wave, For thIS reason, a d iameter of 88 mm (outer dia
meter 90 mm . wall th ickness 1 mm } was selected lor the 13 cm band , The H,, -wavelengt h
tim It the n amoun ts to 151 mm co rresponding to 1,99 GHz.

~ VHF COMMUNICATIONS 4 /1976 - 209 -



3.2. Wav aguide Wave leng l h

The wavelength 0 1 a waveguide III nOI Iden l,cal 10 the wavelength 0 1 a RF IIl~nal In tree
space , The waveguIde wave lengl h ' W 11lgrealer Ihan rn Ir" space The rela l,onlhlp bel....een
mese two values II \lIven In equ al Ion 3

'31),' w
" "(-I

'.Where I., IS the 1,m, I ....aveleng th 0 1 the l ~pe at ....ave unuer ccee.cereuo n.

A value o t t 51 mm wall cotameo Irom equation 2 all me 11m II ....a...eleng th lor ui e H I1-wave In
the case 0 1 tne eetected diameter 0 1 88 mm lor the l ube. Ihe cal cula ted ....avelenglh 0 1 the
wavegu ide amou ntl 10 256 mm (t ree-space ....avelength 130 mm ), Thll value II reqt,med laler
tor calculating tne lenglh 01 me lubular rad iator

3.3. Conltruction ollhe Tubutar Radia tor

It wa s men tioned In secucn 22, tnet lhe horn rad,alor should have an aperture at 82 mm
Accordmg 10 secnon 3 L. a wavegUide d,ameler 01 88 mm ....ould be lavor able A diameter ot
88 mm IS wlIh,n lhe per miSSible range belween 76 and 99 mm. and a horn-shaped aper ture 0 1
the reo .atcr Will no t be requlIed For tms reason , the reo.ero r has been called tubular
rad iat or .

The question was new whICh length sho uld be selec ted lor lhe rad iator smce var,oui con 
Ihct lng mlormahon was to be lound m the vaflOUll SOurces The vanous lenglhS vaned h om
2,. dawn to conllderabl~ low er verues. wh ich meanl that me mosl lavorab la lenglh h<ld to be
established wllh Ihe Bid 0 1 measu_ernenlS A leng lh o t 2 i. was chosen 101 ui e $larl 0 1 lhe
measuremen ts whIch co rresponded 10 a length 01 260 mm As WIll be seen In eecncn 4, lhe
measu eemeou sho wed thaI lhe optimum length 11 1./2. when referred to the wevecc.oe wave
len g lh I,w · Th IS resu lts In 8 mechamcalleng lh 01 129 mm lor the 13 cm band
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Figure 3 gives the dimenSions o t the ' lnal tubular radiator The Inter'ace between lhe coaxial
cab le (N-connectOr) and the waveguide mode IS c learly shown. ThiS can be Classed as a type
o f ...erncet an tenna (ground plane), howe ...ee. ItS leng th IS far ehcrter than i.l4 The spacing o f
ttns rad iat in g element to the rear panel o f the tubular rad,a lOI, and the length 0 1 the ac tual
elemen t are adlustable , The gl ...en dimenSion s ha...e been rcooo to be most favorable l or the
13 cm band In the fo llOWing measurement s

4 , MEASUREMENTS

The loUowlrlg measurements were made to estab lish the two most Important cha racte ristic s
01 the tubular radia tor ' the radiat ion d iagram and the matchi ng to the ccax.et cab le. The
radia tion diagram should fulf ill the demand 0 1 Illuminating the oe reecuc retrectcr so that
10 dB power reduction IS pre se nt at the edge 0' the reflecto r

These measurements were cemec out uSing an amplitude reflect ion measuring system
HP B755 haVing an Impedance o f 50 U. ThiS measuring system allowed both th e insertio n loss
and the rel u rn loss to be measu red Simultaneously The return loss co uld be read oil direclly,
whereas the Insertion loss was measured by measurin g the ettenueucn Ir om the tubular
radiator to an aUXIliary dipole placed severet meters away, It the spaCing between these two
antennas IS kept constant, the radiation diagram can be obtained by rotat ing the tubular
rad iato r In Its 8J.ISeS, and glVlOg the loss as a tu ncucn of the ...anocs ang les

4.1. Mel ching

Fig ure 4 gives the diagram Of the return loss over the frequency range 01 2 GHz to 2,5 GHz
The ama teur band IS Irom 2,3 to 235 MHz The measuring range for the retu rn toss amounted
to 0 to 40 dB wt ucn co rresponds to the V$ WR values g iven on th e right Side 0 1 the diagram
The reterence Impedance IS 50 U

The .....erncer antenna.. was Shi lled With respec t 10 the rear panel 01 the tubu lar radiator and
the length 01 the element vamtd With the aid 0 1 a screw In order to obtain the lowest VSWR
Within the amateur band It was Inleresling to l ind Iha t a high return loss COuld be obtained
at 2.3 GHz that could be shl tled 10 frequency somewhat uSing the c escneec means; howe ...er.
a peak 10 the return loss was also lound at 2 0B GHz that could nOI be ette c tee by Ihese
adJustmenls _By calcu lation, It wa s found that thi S resona nce was caused by the ieng th ct tee
tubular radia to r; Since the length 0 1 260 mm correspon ds to a wa...egulde wa...elength 01 i.l2 at
a 'r equency o f 2.08 MHz. ThiS dimenSiOn IOdlca ted a natu ral matchlrlg o f the tubular rad iator
to space, and furt her experiments were made to establish tunner ce reus.

In orde r to do thIS, the length o f the tubular radill tor was calculated so that It co rresponded
to exactly "1./2 of ure wavegUide wa...elenglh In the 2.3 GHz amateur band . ThIS resulted m a
mecnamcat length 01 t 29 mm The measurements made on tms radiator , and the results were
as expected , A resonance cond ,t,on eXisted at 2.3 GHl whi ch was not attecree by alignment
01 the energi zing elemenl , whe reas a second resonance poi nt could be ...aned By combmmg
th ese tw o matchmg pomts, It was ccseere to ob tain a bandpass cnerecrensnc wh iCh allowed
matched conditions to be ccrames over II far Wider frequency range than was the case With
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the 260 mm long lube The relurn loss amounted 10 apprO~lmalely 32 dB over me whole
amal eur band , which corresponds 10 a VSWR 01 1.05 (Figure 4). ThiS 15 a very good valu e
wh en one conSide rs Ihat the tolerance In the Impedance 01 cceoer cables amounls 10 5 'lito,
and uwe IS In the same orde r 01 magnl lude .

The descr ibed a~petlmenls were made In a large room whe re lhe radia tor was ei ther eble to
rad ia le freely th rough a w!nd ow . or against me ceiling (2 mI. In order to pstabhsh whel ettect
the parabo li c rellec tor wou ld have on Ihe matching. a melal plale 01 apprO~lmately one
SQuare meter was moved to wa rdS tile radiator . It was lound thl! .. slight fluct uation 01 Ihe
retu rn loss was Ind!Cated. which Increased me nearer the plate came 10 the aperture 01 l he
tubular reo.etcr . These Uuclual lons remained In the order 01 30 dB (min. 25 dB) up to a
spac ing 01 apprO~lma l ely 40 cm . ThiS co rresponds to a VSWR ot apprO~lma'ely 1 1. wh ich IS
sl ill an eecenen r value Ihal wou ld ncr be measu rable w!lh amaleur means. For tncse reade rs
mat have access to such a meaSl.ltIng system. II IS posSible lo r the ecrocrete en tenna
Inc luding parabolic reuec tcr 10 be measured and the optimum maTching oblalned by varying
lhe coa~lat element.
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4.2. Rad ialion Diagr am

The second task wa s to measure lhe rad iat ion diagram a. the tubular rad iator, whi ch 0 '
co urse could no t be cam ed out mooe rs due 10 reuecncns wrucn were found to considerably
crstort the radia tion diagram. On Ihe other hand . a small spacing between the tubular
rad ,al or and the aU ~lhary dipole could cause adjacent euec ts For thiS reason, the measu re
ments were made out -ct-cccrs.

The measuring d ipo le was mounted 4 to 5 meterll away ' rom tne tub ular rad iator and the loss
between the tubular rad iato r and aUXIliary dipole was measu red With lhe measunng syste m.
The tub ula r radia tor was rotated m Its veencer axrs A second senee 01 measurements was
made alter the tubular radiator had been rotareo by 90". The veencet plane diagram was
octamec 'mally by rota llng the tubular anlenna by 360

The result 01 inese measurements IS gl\len In Flgur . 5 It Will be seen lhat the Signal drop 01
10 dB WIth respec t to the maXimum value IS ob ta.ned at an angle ot app roximately 80 . ThiS
corresponds to a total beamwldth at t60 which IS somewhat more than th e Ideal \lalue
requved for the parabolic reflec tor of 135 . At 135 . nus value amounts to 9 dB which "
toreeatne. It should also be taken mto conSIdera tion that nus measu rement 0' the rad iation
dIagram was not made at highest precreron smce the measu ring arrangement was too Simple
lo r tr us Due to a lack 0' time. It was not poes.bre to repeat these measurements under
labor atory conditions.

It wa s foun d dUfin g these measurements thaI coneroeracrr more tim e would nave been
requuec Without sweep generato r In order to obtain the same result s For ms taoce. It the
measu rements were only made wrt tun the amateur band. the resonance posmon at 2.08 MHz
wou ld no t be meccve-ec. and thu s the cause 0 1any matching cuncuues.

5. REFERENCES

(1) K. Peterson : Precncet gear lor amateur nucrcwave communrceucns
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INTERDIGITAL FILTERS
tor the 24 em and 13 em band

b, R, au. ... OK 2 VF

In l~r dlg, lal bandPliSS hlt~r" ha ve~ dHo(;"bt'Cl on ill num~r 01 occanoons ,n 11'1 ,. magazme
A thlee-stage l,ller lor t~ ;t.. em band h•• alread, beer! <leK"btod try In• .arne a ulno ,
V.nous reh,rencn ....,,'. g'v." w,th ,espect 10 the t!'leo!) 0' O~r.I'on and calc ulal,on The
pracl,e.-' des'O" IS obla,ned how~r, mosltavOfllbly Irom the · Ta be Uen buc h M'''rowellen·
ba ndpanfl · (1) Th,S DOOk Of tabl"" provIdes all d ,mens'ons In llanda.(J,,1l!'d 'Ofm Ihal ar.

'8QUI'~ 'or the conslruchon 01 ,n 'erdu""81 m'Clowave bandpaHloile •• ,.." Ih 2 10 12 fl!l'SOnanl
C'fCU,II , p rOvIdIng a Cheb,chev Deha... ,our 0 1 the 10M In lhe passband ' anO. The 1,lte ' par.·
metef' a r. provided ,n I,ne 'I~p. '.'al,v8 banOW'dlh I I ""- 10 20 ""- I m,mmum re tutr! lOSS ,n
the pass band range (8 10 40 dB). and 81«I"C.1 leng th 01 the lone Mellor'll (7 S to 90 I TtHS
alia ..... ' an easy l'ans,I,Ofl I rom the e..'gn 10 con SlruchOfl phases Frequ."Cy ceoeooem
omml al,on yalues 10' the a s,mploty Ihe determ,nahon 01 'he mt»t ' I ...oribie d,mens,ons 01
me case lor each apphcaflon.

II h'gh demands are 10 be p laced on tee band .....«nn. nppre . relurn loss. and 'lope , an align·
me l'll on a . .....epl Irequency . y.tem ..... ru be reqUired In our case. ec .....eyer . 1.....0 rel . t,...ely

s,mpl e I,ller, haye been selecled that pro ... ,de sat,slac to ry pa5lliband eurv... a, long as Ihey
are caretull y co nstruc ted end alognt!'d al l he req u,rt!'d frequfmcy .

The ,nl erd' g, la' " Iler lor Ihe 24 cm band co nSISlS o l l h,ee reso nant CitCUltS and an Inpu t and
oul p ut coupling No luning IS p rOY'dt!'d The author correcled the passba nd cu rve on Ihe

protolype by bene"ng Ihe re lO nanl c,rcu, ls lowardS or Irom Ihe cou phng 10"" also Ihe
lengl hS .....ere ,nc reased s" ghtly by plac'ng drop s 01 solder 10 the app,oproa 'e pen. 1'ons The

" ller 10' the 13 em bind has Io.... r-onent CltCU'IS, a lun'ng sc r_ 's prOY,dt!'d al lhe hot end
01 each I l age The r~ll lng PI"band cu ....... are g ,ven ,n Figure'
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The 3 dB bandw Idth 01 bo th Ill ters IS m the order of 100 to 120 MHz and tne mser uen loss
amounts to a minimum 0106 dB In tne case 01 the 24 cm utte r and 10 1 dB In the case 01 the
13 cm IIIter. Th iS means that Ihese Interdlgl tal band pass nners are vet')' sc.teote lor use m
tre nsmuters. especi ally In the case 01 frequency mUltipliers, They are also adVisable be tween
rece iver p reampntrars and mlUtrS How ever , the bandWidt h IS too large lo r an ette cnve
suppression 01 the Image norse at an in term edi ate IreQuency 01 30 MHz (2), Once again It Will
be seen th at a higher intermed iate Irequency 0170 MHz, 100 MHz or 144 MHz ha s advantages,

1, MECHANICAL CONSTRUCTION

Fig ura 2 sho ws pho tographs 01 the IIUers In ready-to -operate cond ition. In the case 01 the
13 cm tuter . It Will be seen that the tu ning screws are I lxed With the aid of a steel wire (paper
clip), The narrow sides 01 the nrters are open, but can be sealed . ., -equ.red.

Figure. 3 and 4 show the ccnetrucncn steps 01 th e 24 cm hlter. The material IS always
alum in iu m p late. There are two dllferen t thIcknesses reqUired : 2 mm and 4 mm. The cuts
(net -sew . file ) are placed one above the o ther In the lo rm 01a sandWich and are drilled IirSl ly
at the co rners (2.4 mm dla). The ho les In the base p late are p rcvroe d With 3 threads. all other
ho les are dri lled oul 10 3 mm . The holes In the cove r pla te are coun tersun k SUitabl y lor
accc mm cdatmq the M 3 counte rsunk screws. Aller IhlS, the filte r IS screwed together and the
seven o ther ho les are dri lled In the same manner. Alter Ihe Iilt er has bee n completely
sc rewe d together, I' IS pOSSible to cnu the two holes lor the BNe soc kets and 10 prc vrce
them wllh a UNEF 3/8 - thread FInall y. the BHC soc kets are screwed Into place and the co ver
IS removed The Inner con duc tors 01 the connector s are soldered to the Wide coupling links
Spec ial solder and nux sho uld be used
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The In le rnal parts ot tne 13 cm " ller are made Irom 1.5 mm thick aluminium plate (Flgur•• 5
and 6) The base and cover comprise 5 mm thick aluminium pla le wh,ch has been milled out
10 a deplh 0 ' 3 mm If IllS no l possible 10 make thiS IIlIer In thiS manner . ,tiS also poss'ble to
use a sandWIch constrUcllon In Ihe same manner as lor the :<'4 cm Illler In th,s case. a 2 mm
al um in ium plate IS used lor tne base and cover plales together w, th a 3 mm spaCing plate
OtherWise. the I llt er ,hould be conSlruCled In tne same manne, as 'o r me 24 cm 1,1Ier

The mosl astounding lealu re 01 l toe deSCllbed ti llers " Ihe Coonsiruct,on 0' me rescnatc-s
uSing aluminium pla te. II thew pla tes are made Wllh Ihe a,d 0 1 a saw and tue . recl angular
st rlpllnes Wllh a relat ively rough surface WIll resull which reec root be s,lver·pla led ThIS
seems 10 be very much In corolrast 10 Ihe previously deSCribed 1,ller arod 10 the demolrods
made In (1) . Howe ver, tne eu thcr Wished 10 eslablish whe ther II IS pon'ble 10 construct
e tncre nt "iters lor amateu r radiO apphceuon uSing ~ hobby eceeuucucn- mel hods The g,vero
measu red val ues coro'lfm that ttns IS clearly rne case The '1Ilers are also so light Ihat they
can be u sed In po rtebre sla t,ons, which IS also vel)' important '01 aeeetnor raotc on the eucre
wave bends

2. REFER ENCES
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BALUN TRANSFORMERS for 23 and 13 em
from SEMI ·RIGID CABLE

Coa ~la l i ./2 balun tr ansforme rs are req Ulf ed 10 f transfo rm ing a balanCed Impedance 01 200 U

to 50 U unbalanced This IS requ ired . 10f msl.nce. when conne<:IIng a rolded dipole to

eoaoer cable Unfor tu nate ly. the mechanlcsl lenoth " so small tor the 23 em and 13 em UHf
ba nd thaI It 1$ d lll,cu it . II not Impossible. 10 btlnd nOfma! coener cable 10 lorm suc h balun• .
Fo r Ih.s teescn , sem i-r ig id coulal cab le With PTFe (lellon) c.erectnc and co pper tub ing as

' ''lIald ., normally recomme nded lor UHF antenna! Such semH,g,d cables are available In

varIOUS d iamete rs, and a SUI table type 101 Our application has the lollowlng speCl f,ca llons

Outer d iameter
In ner conductor

Sil ve r· and copper
plaled steer
Min . bend ing rad ,us

3.58 mm

0.9 1 mm d,a
6.5 mm

impedance

cececueoce
Propagation speed
VelOCity tactor
Ma ~ . opera llng vOllage

5011 !. 1 U
96 pF/m
4 80 nSlm

0695
SOOO V DC

Th iS Cable " designated SA 3, and co rresponds apprO~ l malel y 10 type 421·668 manulactu red

by Ampheno l, or IS Simil ar 10 RG·UI The lOSS and RF power value s are to be compared to
the best k nown RG·cables In the roll ow lng tebre

Cable Att enuation per 100 m at (MHz) Ma~ , Power (W) at (MHz)
deSlgnahon 100 '00 ' 00 1000 3000 100 200 ' 00 ' 000 3000

AG·8 , AG·213 ' .1 8.1 12,3 " .. 975 68' ' 50 '30 "'AG·1 41 (SA 3) 99 " " 39 18 1100 1200 830 ' 50 '20
AG·58, AG·58 B " " 32 53 113 300 200 135 80 ' 0

When comparing me very small diame ter 0 1 thiS seml-rlgld ca ble , u IS easy to tee w hich
ad vantages th iS more e~penSlve ca ble has ror ou r appli cat iOn.

The lo ll o wlng d imenSion s are req Uired lo r iJ2 Ira nsrormers for the three UHF ama teu r bands

alt er taking the velOCity teete r In lo conSldll rlllon

70 cm ba nd
23 cm band
13 cm band

2397 mm
80,4 mm
45,3 mm

1. AVAILABILITY

VHF CO MMUNICATIONS oilers a kll lo r manulacturinO SuCh balun tranSformers for 13cm,
24 cm an d 70 em . Th iS kit comprises one piece o r 1 ;, l'or the teeoer). and i.l2 (lor the acl ual

bal un ), The prtC8S are o,ven If' the prlce",t
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A POWER AMPLIFIER FOR THE 23 em BAND
EQUIPPED WITH THE 2 C 39 TUBE

EdUota

A mixer w ith subseq uent three-slage amplifier was des cribed In (ll. which was made from
metal pla te. These metet pla les can, of cou rse. be made Bnd soldered together at home . but ,t
1$ lar Simpler 10 manufacture and cons truc t such an amplifier when lathed and milled part s
are available. For those readers haVing such facilit ies, a hnear ampli ller l or 23 em " 10 be
cescncec In thiS arncre. The amphllBr is eas~ 10 construc t and provides clea r and precise
l uning . and femBlns slab le 8\18n dUring continuous ope ration at maxrrnurn power.

1. FlF· CIRCUrT

The cathode CirCUl i 01 the amplifier ,n the torm 01 a PJo!ranslormer can be designed lor
432 MHz or 1296 MHz SO tha I thiS slage may be used as frequency multiplier or as straigh t
through amphller . The pla te feed s a round cavi ty resona tor which IS tuned With the aid 01 a

cececeve plunger. The ou tput coupling IS also made capacltlvely With the aid 01 a BNC 
connecto r that can be adj usted mto or out 01 the cavity A compensation pm IS prOVided on
the opposi te side to ens ure the most lavorable matchmg

The speCi fica tions for this family o f tubes given , fo r Ins tance . m (2) are valid fo r m e operatmg

VOl tages an d pOwe r values . In the trip ler mode Wllh a pla te voltage of 600 V. the output power
at 1296 MHz Will be app rOlllmately tnet 01 the drive po wer at 432 MHz.

Flgur• • 1 and 2 show the photograph of an early p ro to type usmg a d ll! erent system 01 tu nin g
and co mpensa ting sc rews . The two stages had been mounted 180" With respect to another
and ellhiblt the fo llOWing ecec.ncencne at a plate vo lt age of 570 V.

Tr ip ier 432/ 1296 MHz: Pow er gam (a1 8 WI: epp rox. 1 (0 dB)
Throu gh -amphl ler : Low-pow er gam (measured at Pm • 1 mW or 50 mW):

At 'a • 25 mA : 8 dB 1 At la • 50 mA: 10 dB 1 Al Ia . 100 mA : 12 dB ,
High-power gain (at Pin . 8 WI: outpu l power apprOlllmalely 30 W

1 dB bandwidlh : appro x. 8 MHz (sutucrent lor ATV) 1 3 dB bandWidt h : epprox . 19 MHz

When USing both stages as a sl ralght-through amphller at 1296 MHz, Ihe lull outpul po wer of
30 W at a p late \'Ollage 01600 V (40 W at 800 V) can be achieved With a drive 01 mall , 1 W.

A prmc ip le CIrCUlI diagram of the two stag es mcludmg cetncce cirCUlI. heate r chokes. and a
simple po wer supply is given rn Flgur . 3 A time-delay relay to ensure that the pla te Voltage IS

not SWitched on unt il one mmute has elapsed. has not been crov.oec. and only a SWitch fo r
the pl ate VOl tage supply IS shown . In the case 01 the stralghHhrough amplif ier . the wiring of
the ca thode and heating 01 the Il rsl stage sho uld be carned oul in the same manner as fo r
Ihe second slage. Since eecn stage should be prOVided With lIS mdlvldual varIab le grid bia s

vo lt age. an IndiVidual heater wmdmg on the power transformer sho uld be prOVided fo r each
tube. Th e constant-vollage tw o-po le used In thiS ampli fier was already deSCribed In the 70 cm
ampli fie r descnbed in (21. A more detailed cescnpnon 01 lhe _grid bias voltage supply lor
g rounded grid ampll ile rsw was given In (3).
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c i
C,
CJ
C4, C 5

Ll

L 2, L 3

Tripier 43211296 MHz

220 pF
6 pF cererruc lubular tnmmee
3 pF cerermc lubular tr immer

Feed -Ih rough capacllor
approx 100pF, see Ie_I

1 turn Of 1 mm (lie wire
wound on a 8 mm 'ormer

7 lu rns 0 ' 1 mm dla wire
wound on a 8 mm lormer

Ampll,.er 1296 MHZ

47 pF
3 pF ceramiC tubular t flmmer
deleled

part 16

wi re 1 mm d,a

appro_ , 4S mm long

(Me Figure I )

Irenetcrmer 600 V (800 V). 200 rnA DC-cunenl , 2 _ S 8 V / 1 A AC-cu rren!
Choke l or the pla le vollage II1Iermg

3. MECHANICAL CONSTRUCTION

The deSIgn 0' me cathode CirCUlI. lhe anode resonator and the cutou t coupling was made b~

OJ 2 LI The mechanical construction was fu rther developed b~ OJ 1JZ and Improved In
several p rOlotypes so lhal Ihe luning and rne Oulpu l coupling could be aChieved mo re easll~

Flg ur• • shows the lalest deSign 0' lhe anode CirCUl I, and Fig ur. 5 I hOWS tha ca thoda Circ uli .
The compensating or tun ing scre w II gUIded In long tu bel 10 that an easy. and stable allgn
menl.1 pOSSible. It IS adVisabl e lo r all bra ss pa rts to be Illver-plaled

The parts 0 1 lhe reson ator are sho wn In FIgur. 6. The surfates o f Ihesa partl should be very
smcotn on the Inner Side ParI S " prOVided w llh a groo ve 'or the con tac t sprmg (part 22)
Th ll IS shown entarged In . A•. Pari S II IOldered on to lha g ild plale (pa rt 2). Part 4, the plale
ecn tact rmg. IS also p rOVided wllh a groova lor me ccmect spring Part 4 mull be scrawed
onto lhe anode pta le (part 3) In an msula ted manne r Thll II made uSing an Insula lmg diSC
(pa rt 21. nOI shown) made Irom PTFE (Iellon) 'Oil and 6 Insulallng parts (part 19, The pla Ia
vol lage " cermected 10 thll conlact tlng . which IS net at RF-polent lal

The UNEF 3/8 th readed hole In part 2 15 prOVided lor lhe output eNC soc kat The tu n ing
pl unger IS screwed Into the M 7 (7 mm d,a ) th readlng _Part 3 I' pr OVIded With a hOle With M 4
(4 mm ) Ihreadmg 'or a!tgnment o f Ihe com pensa ting pi n , The par ts reqUired lo r lun ing and
compensatio n are sho wn 10 Flgur. 7. ParI 11 should be IOldered 10 the lOner conduClor 01
Ihe SNG soc kel and then slid lOla lhe Insul a,,"g cover (part 12). The probe (pa rt 8) tnen
mnceoces part 12. and Ihu s pari 11. Bot h gUides are prOVided WIIh ,loll allhe Ihreaded end
so Ihal Ihey p rOVide a certain amounl 01 locking
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Fig ,S, CathOd. Iidl 01 thl I.eond prOIOI~pI . wUh III dlletln 'il,
In lllialing rln'il lnd eontlet I p rln 'il
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The ca thode Chamber lo r tne ca Thode Clrcud and healer chokel II Ihown In Flgur. ' In lhe
case 0 1 the au Tho r s prototype . th's II mace tr crn SQua,e ·l ubmg a t 30 k 30 k 1 mm jparl 131. to
wh Ich a part 15 was sOlder ed to each end The cov er (parI 14) II mounTed Into pla ce w Ith lour
M 2 {2 mm) screws , Holes l or the mput BNC soc cer. tnmmar cececuo - C 3 and the leed 
thr ough eepecrto rs tor the hea ler l (C 4 and C 5), Trlmme, capacl lo , C 2 IS mounted al the

end dlfeclly ad jacent to The mput soc keT Inductance L l Ipan 16) IS soldered to C 2. The
b racket (pan 17) IS prOVIded l or the 70 cm mput. Choke l L 2 and L 3 ar8 loldered 10 part T6,
(o r 17) and pan 18. as well as to the t&edthr ough capaCIto rs , These are not really sl,lItab le lo r

1300 MH z, In other words whe n thelf cececuence II more than several 100 pF, ceearmc
tubular cececnors a t apprOk 100 pF should be connec ted In parallel WIth The shone st ccse
Ib le connectrcos

-------t-., cee

" I

00

r--"-

i 1
I

Li~, ,:,
@

@
•

0111Z

Fill t JI"r1' lor ' If eoo"",

Fma lly . Figur. 9 ShOws the cooling duc llng made 'rom rectangUlar mateflal t40 k 40 k 1 mm l .
The msulallng ring (part 25) to ensure tha t the anode recretcr III moun ted to the cooling duct

m an alH lght manner; the wedge (part 26) .. also shown . The lalter IS glued mto parI 24
occcsue the reo.atcr to ensu re that The cooling alf must !low through the rad Iator. In the

case 01 the twO-Slage amphfler . the cooling a,r du c tlng " lo nger and prOVIded With two

cutouts

AU pa rts eequrreo are given If'! the loll owlng parts hll.
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Part Number Oes";Jnal,on Malenal

1 1 Resonator rmg Bran 58 lube 100. 5 mm, 1 Gnd pla le Brass 58. 3 mm Ihlck

3 1 Anode crate Brass 58. 3 mm thick

• 1 Anod e con tac t ring Brass 58
5 1 Grod ccn tecr r ing Brass 58

6 1 Tu ning plunger Brass 58
7 1 GUIde lor lUning plunger Brass 58
8 1 Compensalmg pin Br ass 58
s I GUide lor compensahng pm Brass 58I. I Knob lo r par I 8 Brass 58
11 1 Ou lput coupling for BNC socket Brass 58

" 1 Insulatmg cap lor output COupling tenon (PTFEI
13 1 Calhode chamber Brass lube 30 • 30 . 1 mm
14 1 CO.... ar lor part 13 Brass crere. 1 mm lh'c k
15 , COverslor ends of pIllt 13 Brass cre te . 1 mm th,c k
16 1 Calhode Inductan ce L t lor 23 em Brass pla te. 0 5 mm Ih ,ck
17 1 Cathode con tact bracket fo r 70 cm Brass plal e. 0 5 mm lhlck
18 1 Conlact collar lo r healers Brass pla te. 05 mm thIck

"
6 Insu lat ing par ts Tef lon tPTFE),. , BNC-con nect or s UG·l094 IU

" 1 Insu lat ing d iSC 70 mm d,a • 025 mm Tefl on (PTFEJ

" Con tac t rmg lor grod and anode brcnce wire 0 2 mm d la
wou nd on 2 mm termer,. I coollng-alf duct Brass lub,ng . 40 • 40 • I mm

25 1 Insulatmg " ng Tellon (p TFEt

26 1 Wedge PVC

16 ScU!WS 2 6 mm • 6 mm

8 Sc rews 26 mm • 8 mm

4. REFERENCES

( 1) R. Ju x and H O'llberner A transm,t m,.er and Imea r ampli fier l or 23 cm

usmg four 2 C 39 tubes
VHF CO MMUNICATIONS 7. Edil ion 3/ 1975 . Pages t 46 -160

(2) A, reutom A stnptme po wee ampll lter l or 70 em usmg a 2 C 39 lube

VHF COMMUNICATIONS 4 Edlt ,on 311972. Pages 144 - IS7

(3 ) O. Vollhardl Gl ltervorspannungserleugung fur Gl lIe rbasls·Stu len

mi t ge8rde lem Sleuergl ltet
UKW· BERICHTE 12. Ed,tlon 211972. Pages 105 · 106

l oll W Ral'le A rela tl ....ely s,mple hnear transmll-con....erter I rom 144 MHl 10 1296 MHz
VHF CO MMUNICATIONS 8. Edlloon 211976. Pages 66 ·79
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DESIGNATION OF THE MICROWAVE BANDS
AND WAVEGUIDES

b~ A. l antz, DL 3 WR

In the las! 30 years. numerous d,llerenl syslems 01 deSigna ting the microwave band a have
resu lted uSing lellers, Whereas the deSignation 01 the mic rowave bands L, 5 and x IS Virtually
common throughout lhe world. the man ulaclUf8rs 01 microwave eqUIpment have devel oped
di llereo l deslgnallon syslems lor the o the r bands. In .orne ceeee, there IS danger or
contUSion , lor Ins tance . when the same tetter I' used lor dillerenl bands, No real ter m 01
logiC seems 10 ecst In any 01 the deslo,ulI,ng systems - II 5etlms that the de SIIOI"al,on lellers
have some lorm 01 historical origin

Also lo r wavegUides. several d,llerent deSignating systems are us.ed With the a_ceplton 01
the Aml:trlean JAN number'. the numerical designations used at least show some form 01
system atic order. The numencat deSIgnatIons according to the American EIA and IEC ccr ue.e
bOth mtormanon aoout the wav~ulde even when thIS III Coded the EtA number prOVIdes the
lon gesl Inne r dim enSion o f the wavegUide m one-hundred th o! an Inch, whe reas the IEC
num ber p rOVIdes the mean freQuency Of the fundamental wave range m GHztlmes len ,

The lo ll ow mg table thal lI de rIved from the magazine MCOMMUNICATIONS INTERNATIONAL .
- edI tion February 1976 - shOWI the veneus deSIgnation system., It also prOVides the Inner
d imenSions of rectangular wav~uldel converted Into millimeter , II IS recommended that
these d imenSIons be measured when It IS poSSible to obtain wavegUIde com ponents,
especIally on the surpluS mar ke t, It should then be poSSIble With the a,d 01 the lable to
evaluale the mdlvlduat parts

MEMORY KEYER
MK 1024

Memory keyer wilh lour Inde_
pendent memorle. 01 25& Bit
each. Can be combl nad 10
obtai n a memory length 01
1024 en.

•-
z ~

~
c

:I:
<•,

o Hw
f- • .!c •
~ • =~

~

lo: N
~

:> ~
Q

-• p h b...llon. 'or &elect'On 01 memory.nd I I.rt , reM I .nd 1l0P
• Sq l. me thod or Hm'· . ...lomll 'c
• e... ,II·,n O'C,llalo r w,lh vl fI.b lt 'r.q.... ncy .nel vOl...""
• e ",III· ,n 10uClspe.~.r II we ll .. 1O(:~l l lor 1 . 1 Iptl'~"

• e ...,II·I'" lren""0r o r rell y I WltChlng
e M, . IWllc hmg po wer Tranl '" 0 r molll 150 V / 2 A Alily modI 100 V / 0 5 A
• O~r' l , no vOIIIQl n O · 2.-0 v AC, o r 8 - lofV llarltry
• O,mlnl ,oni 1.-0 mm . 60 mm . 185 mm
• WI ,g hl 2 J kg
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MIXER AND PREAMPLIFIER NOISE AT SHF
by D. VoUhardl. DL :I NO

Sermcc nduct cr techno logy has made tremendous advances In the SHF range In the teet le w
years. The resvu of thiS II thai row-norse Iranslslors are available to the $HF·ama teuf a t ,eas·
cneere pr ices How ever , a large nu mber 01 such Ira n , lst OfS Bfa ct tereo on the market, an d "
IS d lll.cull 10 selec t a IranSlslor with the best pnce-to-pe rtc rmence relation sh ip.

Tabl. 1 prov ides « ucrmatron wh iCh sho uld be able to atd eetecuon 0 ' a sui table type How 
ever. •, IS on ly poSSible to selec t a realty s. 'lislaclory ' ,an81810r when the individual nO'S8

components 01each stage arB known and lak en ml0 conSlde rallon The !ollowlng Inlormalion
can be cl assed 8' . contin uation al the Inlorma lion given In (11),

It can be clas sed 8S being sel l- explanatory Ihat Ihe ,eqUired ,ec.l~e ' lMlns"'~' ly can only be
oblaln ed u sing 8 Irequency ccnversrcn sySlem, and Ihll Ih ,s con~ers,on from high 10 lOw Ire
quenc les II made In • manner Ih.' the original freq uency band II no t in~erted ThiS will bill
the ca se when the local OSCi llato r fr equency IS spaced balow Ihe req ',lifed I requency range 10
Ihe vetce o l l tllll h," inlermed,ale Irequency.

1. THE MIXER

It is SchOlll(y diodes that are main ly used lor mixer s at SHF. and such d,od as are a~a,18ble at
economica l cnces. The upper Irequency IIml l a t Iranl lslor mIX.rS IS In the order ot me 13 cm
band, When compared wllh me sil icon d iodes 01 Ihe 1 N 21 /23 'a moly. Scho ttky e.cceeneve
the advanlage 01 bIIImg more reliable and robust. Numerous measurem ents and expen menlS
ha ...e shown tnet SchOltky d iod es alway s exhlbll the n011lll hgures g,...en tn Ihe dala shee ls.
whereas only some individual d iodes 01 the -E••nd _F. 1 N 21123 d'ode types are able 10
o fter I UCh good ....Iues . It sho uld. however. be menhoned lhat such Silicon d iod es 'hen
usually only requ lr. a re lal l...ely low d iod e cu rr.n t 01 30 - 100 ,lA. whereas SCho ttky diodes
usually require 300 • 8OO !lA. and IOmehmes upto 1.5 rnA, In orde r to ope rate sat,slaclor,ly , In
a recent art ic le (5). II was men lloned. how e...e e. that a po rtion 01 the required d,od . current
can be imp ressed by a poIlhve DC Voltage . Wll hout dlsadvant.ge,

Hewlett-Packard diodes o t 'h e 5082·.... ser,es. mcludmg the spec l.1 mi xer d iodes 2213 istllp,
l ine ) and 2713 (cased) eXhibit a norse figure 5.5 dB al 2300 MHz (13 cm ban d), which seems
to be a ro wer IImil 10' mixer d iodes. Cheaper types such as 2215. 2350. and 2817 (gla55 case)
are in Ihe order 016 10 7 dB; however, even cheaper types nol ac lu all y deSigned as ml xe,
diodes such as me 2810. 28 11 etc . are usually not more lhal 1 10 2dB mle riou , . ll lhe case
shape 01 the t N 21 il reqUired lor rep laceme nl reasons. Ihe BAW 95 series manufactu red by
Phil ips can be used ,

There are usua lly tw o tccm ctes. given In Ihe dala sheelS . Ihat are etten ove rlooked One 01

tnese ind ,cales that lhls vllue Indlcales the _Slngl. I.d.band n011lll hgure _, which Will bill d ll
cus sed tate r, and Ihe c mer states tha' thiS n011lll Ilgure Will only bill valid when me muer "
tcncwec by a correctty mal ched low-nOise IF stag. With a total n011lll Ilgur. 01 mao, 1 5 dB
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In Ihe case 01 a cheap mlker diode, poorly matched to an IF amplil.er with analise Ilgure 01
3 dB , It II eaSily possible 'or Ihe tal a' nOise IIgure 10 be 10 to 12 dB, ~n when Ihe deSign
an d malch,ng oj the RF-Clr CUll ry II Ideal Since diode m'kers have a conver"on loSS, any
deler,orallon 01 the norse Ilgure 01 the I,rs l IF Ilage WIU be lully e"etllve on Ihe overall nO'68

IIgure. On Ihe other han,,!. Ihe UM 0' a IUllable IranSISIOr In Ihe Ilage dlreclly alter Ihe ml .er
Can bnng an Improvemenl 01 2 10 3 dB

On Ihe 2~ cm ban(,- I' IS possible 10 mcruM lhe leovel Ollhe reqUired I ,gna' ullng a relallvely
,nekpe nl lve preamplllier 10 Ihal lhe ..gna' II Iltonger rhan the mller noise SUCh preampll 

I,ers are .kpens.ve to r lhe 13 cm band , and 'mtualty Oul 01 the quesllon at presenl 'or tee
higher Irequent..._Very low-nOIM, hlgh-gaon tranllstors are now available on Ihe markel lor
the Inlermed.ale 'requency, al well al the amaleur bands cere 500 MHz A good ekample 01

tneee " Ihe 8 FT 66 (see I,rsl part 01 Table 11_

whitt nerse

~
I
I ~i

I
Pr ,

I ~m
"I

/ '. I "", .' , ,

! - .

Ol HO

Pr
' llnagt IS lg

,- .
f ig , 1: No... power .. . lunct lO" o 'lr-.queney

Abo ve : Noi.e gener.11M' ."" c:ompe"HIIO" 10 ine l . ... Ihe uppel
Irequellc:r I,,"" (1m," e"d 1m• • : Ireque llc: y """"1

Selow : Noi.. power t.ke" by reee,ve l on u.. r.-qull " .net
Im.ge lreq uellc:y p...b.nd r. nge

'esc - IIFIIF al weU al ',n -'00<•',n

We are now 10 d,scuSI Ihe lerm _sing le I ideband nOlle IIgure- II ' I known, thaI .n Image

Irequency II atw-ays generated on a Irequency converl,on pro<:"S In our case , the 10Uowing
frequenCI" Wilt be rece.vee

ln tne case 01 2 m and 70 cm receivers. tne Image reJecllon II ulually lulllc,enlty high due 10

Ihe use 0' eeieeuve preampli',er siages and an ontermed,ale lrequency of al 'eaSI 10 MHz
r nererc-e. a IIrOng Image Signal can produce a Ilgnal In the IF.range, however , It IS not able
to cerencrete the nOI58 "gure to any deg ree ThiS IS eut erent at tne higher GHz bands where
the anelnna II olten d irectly connected to Ihe rmxer. LeI uS conSi de r Ihe cceornons present
when measuring tne norse t lgure 01 a mlker (Flgur. ' )

If no scec.er selec llvlty II croooeo . me mlker Will ekhlbl l a passband curve bOth lor Ihe re
QUiled and Image lrequency , Thll meanl IwO equal powers are laken lrom the white ecree
spectrum, In which case II IS completely ,mmateflal whether slng le-clt ade or balanced (push
pull) mlkerl are used
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Thll meanl thaI Ihe measuremenl IS 3 dB -tee good · , and II IS Ihe double sideband no-se
I lgure ' hat has been measured, and oct 'he loogle 81debend meesureroent at the required
trequ ency. nus show , thaI I' IS easy to coram a nOise Ilgure 016 '0 9 dB lor the requ ired
Irequency , There I re millerilhal use a I Ultable phase rela' lon,hlp (Similar prinCiple to phase
5S B) , or u se I high a 0 1 Ihe miller ClrCUl' (Similar ' 0 IllIer SSB) 10 ,uppress Ihe unwanted
Sideband . or a' least allenuale II 10 a great d8Qree SUCh mi llers are uled In prO'esslonal
cc mmcmceucns. bu l I' IS Virtually ImpoSSlbl. lor mem 10 be obtamed by radiO amateurs
Usuall y, wldeband mi llers are used lor .Ima'eur .Ippllcallonl (Relerenc"" 1 10 51_ How ever,

m ill ers have been described Ih.l l can be consl ruc 'ed usoog ama teur meanl (Rei , 6 '0 8 ),

2. IMAGE NOISE AND PREAMPLIFIER STAGES

An Image reJecllon 0 1 .It leasl 10 dB should be prOVided by SHF converterl . nOI only due to
Ihe l upp reSSIOfl 0 1 Interierence s.gnals. bUI In order 10 ,mprove Ihe l ingle Iideband "nSlllvlly
'hreshold , However , Ihll selec llvlty shOuld nol be prOVIded dl recUy between .Intenna and ere
amplil ier since the .mag. nOlla componenl 0 1 the preamplilier would 11111 be ple$&nt at Ihe
miller. il lS bett er wh en 'h IS $alec llvl ty IS made," the miller CllCUlI . Since II no real Impedance
ma 'ch IS prOVided et 'he Image frequency, no Image nOI58 will be gonorated. Th ll II
Impor lanl when the mi lle r II u'ed wllhOu' proamplillor , It IS me re tevcc-ebre even to loose 1

10 1.5 dB on Ihe inpuI Ilde , II It II posllble '0 Imp rove the no-se l.gul1'l by 2 10 3 dB by IUP
preSSin g tne Image nOI$&, II preempbt.e r stag el are prOVided. 'he miller nOise becomes lell
importanl al wi n now be &88n.

The Image reject ion 'I very dl ll.cull when an IF 0 1 28 MHz IS used lor 23 cm or even 13 cm
co nverters. The spac oog belween req Uired and .mage IrequenCles Will Ihen only amount to
56 M Hz. Even me use 01 Ihe higher Irequency 01 144 MHz With an lIs dlsadvanlages (break.·
Ih rough 01 Slrong stallonl, o r pr OVISion 01 too much proamphllcahon) IS not able to prOVide
any consi derab le Imp rovemenl 0 1 Ihe Image reiecncn. elpeClally when a wldoband concept
haVing Pt·networkl (2)11 used Measurements on I Uch converte rs have Ihown ' hat the Image
reJechon only amccots rc apprO lllmately 2 dB when ul lng an IF 0 1 144 MHz The band Width 01

the row-norse preamplll iers deSCribed in (9) and (10) amounts 10 more 'han 500 MHZ and II
Iherei or e not able to prOVide Ihe reqUired lingle Iideband no,se I lgu re. II no addi tional Iil terl
Ire employed , ucte 3 dB 01 senll 'lvl 'y II snu lost ,

Beior e spen di ng money on row-norse IranSlllor l , It II lmportan' Ihat the . weakest· pOint m
'he cham IS lound Thl' was handle(lln (1 1). and the lollow,"g have been taken ' rom section
4 0 1 tnet arttcle

Co rr espOndIng to:

Flot • F, + !l..=.!
G,

F, _ I
- >
G, II G,

... (II

Fa>
Flot • I . _ 

G, + ... t21

Where F is Ihe nOise teeter ol lhe stage . G IS the ga," teeter 01 the stage aod Fa IS the add, ·
' Ional nOI" teeter Fa • F - 1.
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In Ihls manne', II IS easy 10 eslabll sh Ihe nOise co mponen l 01 Ihe 'ermlnat,ng 'e, 'slo" wh ich
can be less Ihan 1 In the case 01 ,ad,o astr onomy and ....Ielhle an lennas Thll wal also d'l'
cu ssed In deta Il In (1 1),

Fu rthermore, " IS posSible '0 see the norse component 01 Ihe Ilf lt and eacn aubseqvent
stage, It Ihouid be remenoereo Ihal the nOise recto r or add,l,onal nOIse lact o" as well as the
gain and gain teeter are numenca t value s and are no l tdenllcal With Ihe dB values Ihat are
e tten used and wh ich are used In Table 1

Co nverS ion between norse lacto' and nOise I lgu, e, as well as between ga in and ga in lac lo,
where dIScussed In detaIl In (111.

How ever Ihe above lor m doe' nOI allow UI to determme Ihe nOI5& ccrnoc nenu Irom tee
Signa! and Image cbannets. We only know rear Ihe lota l norse teeter Ftot IS teeter ~ greale r
tnan Ihal md, cated on the nOise gene ra'or when a double SIdeband nOI5& l,gure '5 p resent
mstead 01 Ihe s,ng le Sideband value feqUired Fer th iS ,eason leI US 'ew" le equauon ~ 101
two p,eamplll le, slagel and use a block d iagra m (Flg ur. 21 10 e. platn th e reial ionsh,ps

1st prpQmp. 2nd prea mp

"11,2

-- f\ - Demcd

Image channel , .
(1IIg) + Fa? (lsl g ) + FaSSB (ISlg )

G, G, • G,

Fa In (', mage)

G,. G,

In ctner words me lolal nOIM teeter II comprised o l l he nOIM componenl 01 Ihe lel mlnal ,on
resis te r (Gene ralor or anlenna ) al Ihe amblttnl temperature p lu, add,ltona l norse teeter 01 the
I,rst slage, pl us add,llonal ocrse rector 01 ' he second S1age d iVided by Ihe gam 01 Ihe lilS'
Sl age, pl us Ihe addi lional nOIse rector 01 Ihe ml.er d iVided by lhe gam laCIors 0' bOlh pre
am ph fle ' slag85. In me case wh ere no selecllvl ly .s p' ov lde In the Image channel, Ih,s Will
mean Ih allh,s Will occur twice so Ihal lhe Iota! nOise I lgu re " IWICe Ihl l value,

These cons lderal,ons shOw clea rly why me Image selec tion mu" be made belo 'e 0' In the
rruxer lIage. II a I I1Ier II placed between the an len na and the I"st p,eampld ler stage, me
.m age nOlle WIU be supp ressed Ihal originates trc m the lermlnahng r8'5lsto " however , me
preampll l ier Will gene rate nOll,e In the Image Channe l which Will be passed 10 the m,. er ThiS
can be aVOided II a trtter IS used In I,onl 01 me rmxe r, and when . eerecnve preampll lier IS
employed
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T,,, Manu fact u re. If - VHF - UHF 1300 "''''z 2300 Mfil One-all price
Frequanq "' G "' G "' G (Ck;l. 19 75 )

(M Hz) (d B) (d B) IdBI (dBI (d B) (dBI OM net

K 600' KMC 30 ' .0 3J · · · - 120.-
K 600' KMC ' SO r .a ea · , · · 120.-

K 600' KMC 30 TO 35 · · - 150.-
K 600' KMC ' SO t .a " - · · · 150.-
K 6007 KMC ' SO

"
20 · · · - 150.-

BfA 34 A. Siemens 30 20 ee ... b e l ow 14,-
BFA 34 A Siemens ' SO 2' 20 ... be l ow 14,-
BFR 34 A S,emens ' SO 2.2 " ... b 81 O W 14.-

MT 21t6 Fair ch ild 'SO r .s " - - · · 120.-

08T7 A~8 n lek ' SO "
re · · · · 67.-

BFT 66 Siemens 30 ' .0 " · · · · 43,-
6FT ee Siemens ' SO t .a " · - · · 43 -
8FT 66 Siemens ' SO "

20 · · · · 43 -

MRF 901 Motorola ' SO " ts ... belo w 35-

GAT I Plessey - - · as u · · 78 -

GAT 2 Ple!l5fly · · · " u 3.' • 180 -

BFA J.4 A Siemens · · · 3.2 12 " 10 14,-

BFR 14 A Siemens · · · 30 13 co n l l !i ,-

MRF 90 t Molorola · · · 23 10 3 , t 35,-

DC !l403 AEI · - - 2 ' 13 32 s e 280 -

AT 2645 A Avanlek - · · 23 " 3.0 12 185-

AT 4642 Avanlek · · · 22 " 27 10 245,-

AT 464 1 Avantek · · · t .s " 23 t r 350,-

AT 463 1 A,vQntek · - · t .a rs 23 t t 464 -

BFA 49 Valvo · - · 3 0 12 ' 3 • 98 -

FMT 4578 f a lfchlld e e Ion g e r a vail a ble

FMT 4575 FS'fch ,ld ' SO '3 ea 20 " 26 12 139 -

FMT 4005 Fa<rch ,ld · · - t.a te 2' 12 221 ,-

fM T 4000 f a irch ild ' SO '0 " t s re 23 13 481.-

:2 SC 1236 Toshiba · · · 2.3 13 32 10 HlO,-

358,.. Hewl.-Pack .
29 E/Opl,on 100 · - · 25 12 3.3 e.s ,, -
21 E/22 E/26 E • · · · 27 t t " e.s 78.-/89.-/57,
61/62 E/Opt, l00 - - · 2.2 " 26 " 310,-
66 E/ Opl1 00 · · · 22 13 2' to 139-

NE 02103 NEC (- NE 02107 - V 021) 2' u 36 , 66 -
NE 41705-2 NEC t- NE 41703-2 _ V 912 BJ 26 " 3' to 82.-
NE 41103·1 NEC (_2SCt336 _ V9 12Aj 2.' 12 35 s s 102,-
NE 57803- 1 NEC c- /05· 1 - /01·1_ V9 13 AJ 23 " 26 tos 260 -
NE 22207·3 NEC C- V 222-3) al 4 GHl a-s , · 27 t t Grade 0 139 -
NE 22201· 1 NEC C_V222· 1)at 4GHl35 7 · 27 u Grade 0 450 -
NE 24406 NEC (V 244 C) al 4 GHl 30 tc · 22 " 1040,-

BFA 91 Valvo I ' SO " ta 36 10 "
, .-
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3. EXAMPLES

Several c recncer e.amples are now 10 be calculated m Ol del to show how thiS theoret ica l
,n lormal,on '5 pu l Into crecece. A Wldeband rntxe r '5 assumed 115 Image nc. se componenl ' 5
laken mto cons.deration by addmg the muer -nOlse component twice 11'5 also assumed Inat
2 dB are rost btolween p reamphller and ml.er due 10 an ellicent :!oelec ll vlty This IS laken mto
conSlderal.on by USing a teeter ol I n In the numerator ThiS IS s.mpht'ed m equallon (3) 10

F 1 F
(

f 'l ;» 2 .,6 .F IISSBtOldl - • a I ' - - • (4)
G G, > tGI )

If two preamphlll,lr stages ate used , the w here c t uqual lon (4) Will be reqUired II on ly one pre 
amphl.er stage.s prOVided. Ihe par is g iven In bracaets can be dele ted

II shOuld be taken Into con Siderahon mat the operatmg poml for m ln.mum nOise does nol

usually ccrocioe With tha I lo r Opllmum ga in . Th,s '5 not only valid lor the coll ecto r cUf/ enl .
but also lo r the ,"pul and Oulpul ma lchmg It IS dependent on the l pec dlc combination 01 the

slagos. w hiCh IS the most favourable cont,gu ratlon to ob tain Ihe lowesl tot al nOise lac lor It IS
eomeurn es advantageous 10 use Il rmxer With an ,nlerlOl nOise teeter but higher gain. espe 
c .ally w hen II III cheaper , When uiling tw o preamont.ee slag es. II ' Il alwayS ad Visable to align
lhe I Irsl stage lor norse ma tching (min , nOIStl) and the second stag", tor po wer ma tChing
(rna> gain ), The norse and gain values given in Table I are valid lor noise ma tching, and have

been ek trapolated lor the 13 cm and 23 cm band s Irom the Typical daTa given by the manu 

tectu ree. AlthOUgh Ihey vary trcm IratlslSlOf to transistor . It can be cieesee that the no.se
ligUle w. 1I mcrease by I dB and Ihe gain by 2 dB rn the power ma tChmg mo de . In Older to

avo.d conluslon. the addlhonal nOIse teeter Will be given as Fa whe reas Ihe ocrse I lgure In dB
Will be gIVen as usual as NF NF SSB IS the nOlSO I lgur e 01 Ihe IIgnal path IWlthout .mage)

The gain In dB IS given as G. atl d the numerical gain lact Ol al GF

3.1. Eumplol lor 1296 MHz

a} M,ker NFSSB 10 dB IF a mu
nOIse -m atching , NF 2,3 ee IFa

p reamphl,e r stage w llh

10 dB IGF 10)
tr aneetor MAF 90 1

.fS7 ~ e.e ee
10

.'c·:....;'~6C·'-"91 _ 0,7 _ _
Flotal

b ) M,ker as a) bul uSing power ma tched preamplilier BFA 3.f A With NF • 4 2 dB (Fa 1 6)

G 14 ee IGF 25)

,.
Ftot al .. 1 + 1,63 ..

1 Ii k 9

25
. 3 78"::' 5.8 dB

With NFSSB

lB dB IFa •

BdB IFam.~

0,5): G • 16 dB
5.3); oOlae-ma lched
(GF • 40)

FMT 4005 preampll tlo r w ll h

16.53

40

,.
Flot al • 1 .. 0 ,5 .. "'-'-'';;;"'-'-'' _ 1.924 ~ 2.85 ee
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d) Mixer as c) but with two-stage preampli fi er , First stage ncrse -metcbed MRF 901. second
stage power ma tc hed BFA 34 A :

Fto ta, • 1 ... 0.7 ...
1.63

'0 • 2 x 1.6 x 5.3

10 x 25
• 1.927 Q 2.85 dB

e) Mixer With NFSSB • 6 dB (Fa mi x • 2) With two stage preamplif ier. Fir st stage ncree
ma tched FMT4575, NF • 2 dB (Fa . 0 .58); G • 16 dB (OF . 40): seco nd stage
power-matched MFA 901 w ith NF • 3.3 dB (Fa • 1.1 4); 0 • 12 ea (OF • 158) ;

Ftotal • 1 ... 0 .58 ...~ ...
40

2 x 1.6 x 3

40 x 15.8
• 1.624 Q 2.1 dB

f) Fina ll y Ihe mixer cescneec In (7) combined With the Iw o-stage preampli fie r verSIon gi ven
In (9) . The mixer exhibits a high Image reject ion wh .ch mean s thaI the image norse com

pcnent as well as the loss of 2 dB in th e assumed fi ller bet ween preamplifier and mIxer
can be deleled. The mixer NF is gi ven NFSSB • 5.5, wh ich seem s to be rather
opt lm!Slt c . The pre ampli fier is said 10 exh lbll e overall gain of 20 dB wl fh a NF • 2.3 dB .

which can therefore be cla ssed as a Single stage.

Ftotal • 1 t 0.7
2.55

... - . 1.725 ,Q 2.4 dB
' 00

3.2, Eumpl.. for 2304 MHz

a) Mixer With NFSSB • 10 dB with one no ise-matched BFA 34 A. wrtnout uner In Iront 01

mix er so that full image norse '5 p resent. NF • 5.4 dB (Fa . 2 46). G • 12 dB
(O F . 15.8) ;

Fto ta' • 2 ...
9

1 -+ 2.46 ... 15.8 · 8.12 ,Q 11.1 dB

b) Mixer as a) but With filler in trent of mixer and power-match ed BFA 34 A. NF • 5.4 dB
(Fa . 2 .46) ; 0 • 12 dB (OF · 15.8) :

2 x 1 6 x 9
Ftoter • 1 -+ 2.46 ... - 5.26 Q 7.2 dB

15.8

c) As b) but w.th addi tional preampli fier stage With no ise-matched BFR 14 A. NF • 4 dB
(Fa • 1.5): 0 • 11 dB (OF . 12.6) :

Flotal • 1 ... 1.5

- 240 -

2.46
. - +

12.6

2 x 1.6 x 9

12.6 x 15.8
• 2.84 Q 4.55 dB
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d ) MI..er with NFSSB - 7 dB (Fa ml .. - 4); second pr.ampllher po wer matched BFA 34 A
Firsl p r.amph',er MAF 901 wllh NF - 3.1 dB (Fa - 1.04); G - 7.5dB (GF _ 56)

F 04
2.46

10Ial - 1 . 1. .- .s.s
2 .. 16 . 4

5.6 . 15.8
- 265 Q 4.2dB

e) Ml.er as d); second preampll lier power-matched MAF 90 1; I lrsl preamphher nOIlMI·malch·
ed V 222 ·3 with NF _ 2.7 ee (Fa - 086); G- 11 dB (OF - 126) .

Fl o lal - 1 • 0.86 •
1.57m - 2 .. 1.6 .. 4

12.6. 8.8
2.1 Q 3.2 dB

II wil l be &88n ,n these • • amples and ,n Table 1 thaI It IS possi ble 10 obtain good eeoem... lty
val ues wh en using two preamphller stages. ca relul se'ectlon 01 me tranilltor• . and that th '.
need no l be too e..pens.....e.

4. FURTHER DETAILS

A d iscussion 0 1 Ind ,vldua' de Sign parameler• •s not to be Inc luded ,n Ihls I rhcle. How e...er , II

Shou'd be remembered Ihat Ihe given nOIM I lgure ... . IUM lo r nOIse malchlng Will only be
obtaIned . whe n no select l...e C,rc ul t. are pro"'lded belor e lhe Ilr st pre.mpll fle r stag. (selec h·
Vlty alway. bflngs losses). Suc h losses must be kepi to I muumum as was cl early staled In
(11). Ho wever, Ihe eelectr... lly sho uld be pro""ded as soo n as poSSible 'or crOSS mod u'a llon
reasons, I' pOSSib le In Ihe collec to r ci rCUli 0 1 me fIrst preamplil ier stage .

Lei us recon Sider e..ample It) .n 3.2. I nd assume Ihll the Im.ge fIIlJecl,on preVIOUS to Ihe
mi.er were only 10 dB . Thl' means Ihat tne ...alues 0 1 lh e .mage Channel would . hll be el/ee 
I I...e 10 Ihe ....Iue Of 10 %, . nd Ihls wou ld caule me no .se I lgur . 10 delenorile /rom 32 10

36 dB . In the case of an Image re lech On 01 20 dB.' Ihe resu ll'wo uld be 3 25 dB . The bet te r lhe
preamplif ier , lhe bet ter mu st be the .mage reJection . One may qu esl. on the valid ity 01 the
assumed 100 'II rerecnon 0 1 th e .mage chann e' prevIou s to Ihe m•• er. Howe...er. lhe pOSSib le
errors du e 10 Ih ls eseumptron are ...ery small so tha i lhey are of no pracl lca l SIgni ficance On
the o the r ha nd the assumphon thaI the Image nOllloe 01 the ml .er IS tull y ellechve IS ralh.r 100
pesSim ist iC 'Ince Ihe m••er Will -see- conS.derabl. r.ac ll ...e componenl. ot the aasumed '11l.r
at Ihe Image Irequency.

Furthermore, one mu st remembe r thaI lh. spread 0' Indl",ldual I rans.slo" 01 one Iype can be
as g rea l as :!: 0 .5 dB from lhe gl ....n values (usually to wards higher .....ue' !J. The same II ...alld
lOr the gain .

We shoul d also conSider lh. beha ...,or of nOIM generalors II lhelr upper freq uency IIm, ls
Very cueo compensallon networks af. pfo... lded to ensure tnal a usable no,se spec trum .s
a...allable . 1 h.gher freQuenCle, ThiS o lten CIU'" the aClual nOise power 10 file belor. lali ln g
0 11 al the upper freQuency IIml l More e..pen.I.... nOI'. generalors ollen pro ...'de a freQuency
dependent co rrec tion tebre. bu l .ucn in formation ' s usually lost, not only on tne . urplus
markel . Th' S means that ca re mu,I be laken In Ihe ",IClni ly o l lhe upper IreQuency 11m,!. o tne r
Wise mealUfing errors 01 se...eral dB can occur, The lame II valid lo r tne ptovmon 01 highly
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serecnve Ili ters between the norse generator and test obj ec t, On one hand, un favou rable
leng ths 01 cable (multiples 01 i.141 can cause conSide rable falSifi cation 01 the termin ating
Impedance 01 the norse gen erator. on the othe r hand, such a II1Ier would prob ablv provide
co nsi derabl e dillerent concmoos than when connect ing the object later to to the antenna It
IS atw ays eovee eore to check the results 01 measuremen t made with norse generators by
measufl ng the Signal- to -nOise ratio 01 a weak Signal One IS e tten confronted wi th surprises
in th iS respect.

II sho uld be sell-ellplanl to ry th at the 101l0wIOg mtcrmanon should be always ercv.ceo . and
no t only l or SHF-converte rs ' NOise figure, overall gain , 3-dB-bandwldlh , Image tejec trcn. and
If cces.bre also cros s modulation reject ion and large-Signal handling ,

Fina lly a up on aligning for best SlgnaHo-nOlse rat io: A receiver w ith FM dlSCrlmlOator should
be used as IF. Tune In a weak earner at the noise th reshold . In th iS range an RF Signal -to 
norse Improvement of 3 dB Will bring an Improvemen t 01 more than t2 dB o f the AF Signal.
Ttns means that one has a cl ear ind ication 01 every Improvemen t 01 the senSitIvity .

5. REFERENCES

(1) In formation Bookle t - Betne bstempe e e-eete - :
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(11) R Lentz: NOise 10Receive System
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VHF SERVICES SUITABLE FOR USE
AS PROPAGATION INDICATORS

by T. Bln sn , G 3 eve I OJ 0 SO

1. INTRODUCTION

One etten reads o f VHF broa dcasting slal,ons In the 88 MHz to 100 MHz band being mont
ta red lor ind Icating improved co nditions lor tong distance VHF commurnceucne. Unfort unate
ly. this does have a number o f disadvantages Since each 01these VHF-FM channels has been
alloca ted 10 a large number 01 d,lIerenl transmit ters spread throughout the ecntment. Under
imp ro ved conditions usually a number 01 etenc ns Ire rece ive(! al the same time so that

idenl!llcallOn IS d lllicu ll, even II th is " net me case I' usually takas some time to Ident ify the
country concerned lei alone the transmiller. The same IS true lor Band III TV-lransmissions,
Also the lo wer VHF-FM channels are 100 la r freq uency-w ise !rom our two meter band

However, there are a large number 01 aeronaut ical beacons and meteo rological broad cast
sreucns in ccnnnuccs service just below Ihe two meter band that could be very useful lor
in di cating Improved conditions, These are 10 be spli t Into two catego ries: Firstly Ihe h,gh
powe r eercneoncer and meteorological broadcast station s.

2. TYPES OF RADIO SERVICES

2.1, Meteorolog ical Broadca. l .

Most 01 these broadcast stat,ons operate on a 24 hou r baSIS, but theIr actual geographical
location is not published exac tly . A list 01 the European meteorological broadcast stations lor
the aeronaut ical service are as tcncws:

Area Identl flcat.on FreQuency (MHz) Hours 01ope ration

Amste rdam Met broadcast 12620 0606-2208 GMT
Athens Volmet 127,80 co ntinuous
Barcelona Volmet 127,60 co ntinuous
Belgrade Volme t 112.30 0600-1800
Bordeau x RadiO 126,40 ccnunueus
Brind isi Vol met 12760 conhnuous
Brussels Brussels 127,80 continuous
Copenh agen vcrmet 127.00 continuous
Frankfurt Volm et 127.60 continuous
Geneva Met broadcast 126.80 con tinuous
Hannover Bremen vcimet 127,40 continuous
Helsinki Volmet 128 40 0400·2200
Jon koplng vctrnet 127,20 0530·2100
Lisbon Volmat 126 40 continuous
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Area Idenlll icat ion Frequency (MHz) Hour s 01operation

l ondon South VOlmet 12860 0600·2 130
Mon ·F ri: 0800· 1600
Mon-Frl : 1600·0800
Fri -Mo n: 1600·0800

l ondon North vcrmet 126.60 0600·2 130
l on don Volmel 128.60 I 126 ,60 21.30·0600
lUllembourg LUX 11400 0450-2150
Mad rid Volmal 126.20 conlinuous
Marseill e Radio 127.40 conti nuous

119.75 contin uous
Milan Volmel 126.60 ccntmucue
Oslo Volme l 128.60 0415·2330
Par is RadiO 126.00 ccnnn ucus

125.15 conll nuous
Patscnerkoter Volmal Radio 127.00 conunuccs
Rauchenwertn Wetlerrundsendung Vienna 122.55 0630· 1800
Rome (Ciampinoj VOlmel 126.00 contin uous

Sevilla Vol mal 127.00 ccntm uccs
Shannon Rad io 127.00 conti nuous

Sto ckholm VOlmel 127.60 0530·2100
Sundsvall Vo lmet 127.80 0600- 2100
Zag reb VOlmel 127.80 0630· 1900
Zugspit ze Vol mal Broadcasl 126.40 Apr ·sep: 0900·1630

Innsbr uck Oct-Mar: 0900-1SOD

Zur ich Mel Broadcasl 127.20 conli nuous

2.2, .... ron.utlc.1Terminellnfor matlon S.rvic. (...nSI

This service c rcveee airc ral l w ith air1leld inlormatlon bUI is not usually available on a 24
hour basis. The inecrmenen is allen transmilled via ell istmg radio nav igation fac ili t ies

The range Is usually less than thaI Of the meteo rological stalions, Where VHF is give n, the
ind ication will be given in voice, whereas the ind ication will be made in morse code (A 2)
when a VOR beacon and th ree letter caUsign are ind icated, A li st ct mese services in Europe
is gi ven on the nex t two pages:

0 1 the verious tcr ma 01 radiO naviga tion Iecurtres, only the VHF Omm RadiO Range (VOR) and
r eeneet VOR (VORTAC) are to be considered , Th iS is because only these are loc ated In the
freq uency range 01 mtereet. Such transl'TUSSlons co nSlsl 01 a co ntinuous earner frequency In
co njunction With a second phase modulated earner. whose phase dillerence to the reference
ca rrie r to Ihe magnel lc bearmg 01 the 8lfcr aft from the beacon

The idenlil ica tion IS usually mad e In Morse code In the A 2 mo de Soma ot these VOR and
VORTA C beacons are also amplitude mOdulated With voice aeronauhcal mto rmetrcn In the
A 3 mode.
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Location klenl,l ,c.l,on Frequency (MHZ) Hours 01operal lon

AmSlerdam VOR/PAM 1178 0608·2208
AmSler dam VOR/SPL "0_ 0608·2208
Amsler Cam '.lOR/SPY 1133 0608·2208
Amsler dam VOR/TS 1139 O6OO·me
Alhens VHF 123'0 conl,nuous
BerM (TtQflll VOR /TGL 112 3 0!>0ll·2300
Berlin (Tege.) VORIHVL 113 3 0!>0ll·2300
BerM (Tempe/hOI) VOR/TOF 1l' I 0500-2300
Bremen VORI BMN 111 6 0$00-2400
Cologne·Bonn VOO,I<BO '00' 0500·2400
Copenhagen ll<aslrup ) VHF 12215 0600-2200
Copenhagen (I<aSl rup) VHF 122 85 0600-2200
Copenhagen (I<aSl rupl VHF 122 15 '200-0600
Copenhagen (l<asl rupl VH F 12215 con l ,nuous
Dusseldorf VOR/OUS 1159 0500·20&00
Dusseldor f '.lOR/BAM 1136 0$00·2400
Franklurl VOR/CHA 115,5 0$00·2400
Franklurl VOR/FFM 1142 0500-2400
Franklurt VCA/MTR 111.1 0500·2400
Franklurt VOA/ TAU 116 1 OSOO-24OO
Frankfurt VOT '00 ' OSOO·20&00
Geneva (COln l rln) VHF 122.15 OSOQ-23OO
Goleborg VHF ",eo 0600-2100
Hambu rg VOT '00. 0500-,'00
Ham burg VOA/HAM 113 1 0500-,'00
Hamburg VOR/LBE 115 t 0500-,'00
Hannover VOAtHNV '00' 0500·2400
Han flCl ver VOR/OLE 1152 0500·2400
H. n flCl....' VHF 12185 0500-2400
He's,"kl VOA /HEL 1148 ...,..2200
HeIS,"kl (Malml) VHF 122.10 0500-'900
I<lotOPlO VOA,I<UO 1138 0500-'900
London (HflaltlrQWl '.IDA/BIG 1151 0500-2200
London (Heathrow) VOR/BNN 1t2 ,3 0!>0ll·2200
London ~Healhfow) VHF 12185 0600-2300
London (GafWlCk) VOR/MAY 111,9 OSOO·2200
Lyneham ILS/LA 2494 con llnuous
Malmo (Slu rup) VOR/SUP 1130 0525-2300
Manch esl e, (Barton) VOR/BTN 115 6 0500·2250
Manchesler l Barton) VHF 121 95 0500·2250
MunIch VOR /MUN 112,3 0$00·2400
Mu n,ch VOR/ERO 113 6 0$00-2400
Mu n,ch VOR/ WBU 116,1 0500·2400
Nurnber g VOR/NUB 11' 9 0500-2400
Oslo (Fornebu) VOA/FBU 112 9 0530-2300
Oslo (Fornebu) VH' 123 10 0530-2300
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Locenc n Ide"t,' lcall on Frequency (MHz) Hours of ece-euoe

Par iS (Cha rles de Gaull e) VHF 128,00 eoenoucus
Pari s [ Le Bourget ) VHF 120.0 ecnnn uous
Paris (Ody) VHF 126 50 co" t,nuous
Rome (F,umiCI"oj VOR/O ST 114,9 0700·1900
Rotterda m VOR/RTM 110.4 0625-2055
SI. Yan VHF 122.7 Mc n-Pn. 0600-1800
Stoc kholm (Arlanda) VOR/AR L 11 2,7 0600·2 100
Stockhol m (Bromma) VHF 122 45 0600-2100
Stutt gart VOR/TGO 112,5 0500·2400
Stutt gart VOR/LBU 109,2 0500-2400
Sundsvalt VOR/SU N 113,1 0600-2100
Tou ssus-Le-Noble VOR/ TSU 1082 07oo·21ClO
Vienn a (Schwechat) VOR/ WGM 113,5 0600-2100
Vienna (SChwechat) VOR/BRK 111,2 0600·2100
Vienna (Schwechat) VOR/TUN 113,C 0600-2100
vterma jSchwechat) VHF 122,95 0600·2100
Vienna (Schwechat) VOR/SNU 115,5 0600·2 100
ZUrich VOR/TRA 11 4,3 0500-2300
Zur Ich VOR/KLO 116 4 0500·2300

Due to the large number 01 tnese slat,ons even In Europe , .t wou ld take 100 much space .n
the magazine to bring a lis t 0 ' these lac lht,es, A compl ete hst has, however, bee" prepa red,
and such a lis t wi th execr geographic al iccenon of all such beacons In Europe can be
prOVided lor a small fee If suffiCient Inte rest IS shown, Ihe editors would be onlV too pleased
to brmg tr us lis l in VHF COMMUNICATiONS,

3. REFERENCES

The about ,,, 'ormat,on has been taken ' rom vanous oll,clal aeronautic al publica tions publish
ed In Europe.

FOURTH FRENCH EDITION OF VHF COMMUNICATIONS
There are now lour French eornons of VHF COMMUNICATIONS avail able , Please contact the
publ ishe rs or ou r French repre sentative l or more detai ls :

Mlle. Ch, lstlene MICHEL · Les Pli les F·89117 PAALY (France)

Please in lorm vcu r French speaking Ir ,e"ds 01 these omnibus edit ions 0' VHF COMMUNI·
CATiONS.
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A SENSITIVE 500 MHz 10:1 PRESCALER
AND PREAMPLIFIER FOR FREQUENCY COUNTERS

by J . Grimm, OJ 6 PI

The Inc reasing act,vl ty on Ihe 70 em band means that frequency counters with an upper
frequency nrrut 01 500 MHz are becommg more and more mteresllng A 500 MHz crescarer
was described '" (11. However, In Ihls cresca'e e. Ihe Inpu t frequency was diVided ,n three
Integrated cucuus by 2. by 10. and f,nally by 5. nus no w seems 10 be a very ex tensive manner
of ob tamlng the overall frequency diVISion eanc o f 100:1 Relatively mexpenswe cre scerar s are
now eveueeie tha t allow a Irequanc)' diVISion 01 10 1 In a smgle Integra ted CirCUlI. The
Pressey SP 8515 and Fairch ild 11 C OO are examples ottms new generation ,
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1. CIRCUIT

The described c-ee cete. uses the 10:1 diVider SP 8515 whi ch opera 'es typ ically up to
500 MHz . and some up to 600 MHz. A preampli fie r IS necessary In front 01 the «ec oeocv
civroer wh ich is able to Increase the RF vol tage to be counted to the level reqUired by the
crvrcer. The Integrated amphtrer module OM 185 manufactured by PhilipS was selected sin ce
It IS dl !llcult. when using an am plif Ier CirCUIt WIth eescrete components. to cma.n a Virtu ally
constan t chaeectensnc 01 the gaIn from tne lower HF-range up In to the UHF.r ange. The
OM 185 IS a wldeband ampntrer In thln·film hybnd technology WI th 27 dB gain up to 860 MHz,
The combination ensu res that the p reecerer module is edremely aansltlve.

The ci rCUit d iagram 01 the module IS sho wn In Figure 1 The ECl -ou tpu t Signal 01 the fre
quency diVIder SP 8515 IS converted to TTL-level With the aid 01 a level converte r stage
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eqUipped with a PNP tranSISlor. Th iS means that Ihe output [Pt 2) can be directl y connected
to Ihe co unl lng gale (usually a SN 74 S OON) of the trequency counter. 0 1 course, II IS
necessary that the counter IS abl e to counl up to 50 MHz For o lder coun ters whose Ire 
Quency li mit IS In Ihe order o t 30 MHz. II w ill be necessary tor a run ner 10 1 diVider eqUipped
wllh an IeSN 74196 N to be connected between the prescater and the counter. A SUitable
crrc urt IS also given m Figure I .

One disadvantage of the integrated ampll il er OM 185 IS the reqUired operaltng voltage 01
24 V. II IS ccseere. however. to operate thiS ampll i ler at a lowe r vol tage o f down to 12 V:
however. the senSI!tvlty wi ll decrease. Simple methods of obtamin g 24 V trom an available

power supply are to be discussed In sect ion 5.

2. SPECIFICATIONS

As can be seen In FIgur e 2, a vol lage 01 0,9 mV IS suttrcrent for measuremenl s at 150 MHz.
whe reas 2 to 3 mV are surncrent for a reliab le count In Ihe 70 cm band , The given value s.
wh iCh are valid lor an ope rating vol tage 01 24 V I 5 V, can diller slightly. II the amplifi er
OM 185 IS only prOVided With 12 V (iowesi limit). the reqUired input voltage Will be appr oxt 
malely doubled .

The inp ut impedance 01 the amplifier amounts to app rcx . 75 U. and the reqUired operal lng
cu rrent IS in the order 01 35 mA (24 V): appr OJllmalely 70 mA are reqUired at 5 V.
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3. CONSTRUCTION AND COMPONENT INFORMATION

All components 01 the cre ecete r module are mounted on a PC·board haVing the dimensions
60 mm JI 40 mm . The Pc -ooarc IS double-coaled in order to ensure good grounding
conditions. Through-contact s are prOVided In order 10 assist the construc tio n , II a PC·board
IS used without th rough-contacts. It IS necessary lor the co nnec tions 01 the components
marked with a . X~ in the component locatrcn plan to be soldered 10 the top and lower Side
01 the board . Figur. 3 shows a draWing of thiS board which hIS been deSignated OJ6 PI 005
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Ph' lIps .110 manufac tu re another verSion 01 lh., amph/I.' under Ihe deSlgnal,on OM 335

Bo th ampll lu, r types can be uMd '1'1 Ihl' mo<lule tt 'I no t possible 10 ,nsen the ampllf,.r lhe
wr ong way round smce they bo lh h..... an asymmetnc connection pin con luilurahClfl.

The ....lu. 01 the bypass capacitors lor the d, ...,d.r SP 8515 'I no t cnhul In lhe ra nge 01
approJ. 10 pF 10 1 nF. It 'I only Importanllh., the WI'. length• • r. kepI to. minimum

A laroe numbel' 01 S,hcon PNP lr_n...tOrl un be uNCI In lhe level convef1er, The author ha.
uMld bo lh typeI BF 324 and BSX 29. bu t If. MlltOrs BCY 71 04' 2 N 5n1. Be 213. or Be . ' 5
should allO be SUitable All have ll'le ume COOnKhon dIagram E·eoC, tf the connec:honl .r.

chllnged. ,1 WOUld also be PQUI~ 10 ute tt'le Sf «0 tB-E-eI_

24 V 5 V
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4. ALIGNMENT

The Input 01 lhe presealer mOdule Ihould be connecled as near al po..'ble 10 Ihe tnPUI
soc kel 01 Ihe frequency counter via .. IhOrt piece 01 coa xial cable The ou tput voltage of tne
nL-level converter IS aligned wll h Ihe 100 U tnmmer po tenliomeler so that a reliable
frequency mdatlon IS g iven at Ihe lowesl Inpul vo llage. It has been found Iha t Ihe mOSI
favorable adj ustment IS usua ll y appro xima tely tocr Irom Ihe l ully an llclockwlse poli lion. The
po l en t,ometer IS Ihen let! In 11'111 pOl ll lon ,

II II sell-exp lanatory. thaI the prel caler II on ly coupled to Ihe frequency to be measured aa
loosely aa pOSilble. In order 10 pro tect the mput o f Ihe preamp"',er agalnl' 100 high an Input
vol tage. I' is pos llble lor two Scho tl ky d,odel (e g HP 2800) 10 be connected In enupneee at
the mpu t 0 1 the ampli f ier module. How ever, II IS more reliable when an euerwatcr ' a useo.

The author also made experlment l ullng the FaIrchild 10: t diVider t t C 90 togelher With the
p reampli fie r OM 335. However. lhe resu lts were not salla factory stnce the tntegraled CirCUlI
t 1 C 90 only operated In a relat ively limited Inpu t vo l tage range, No frequency coun l was
made above or below Ih,s range, and Ihe lau lt seemed to he wll h the 11 C 90 . On Ihe o lher
hand , Ihe uppe r frequ ency IIml l was In Ihe order of 750 MHz.

5. 24 II SUPPLY

A trenetormer Winding of 8 10 14 II IS uauall y avaIlab le In the pOwer supply tor Ihe 5 II operal
Ing vol l age of me TTL Clrc ui lS. II .. relal lvely easy 10 nt nam Ihe required 24 II DC by vo ltage
muiliplicatlon Irom thts vo llage , " a voltage o f 12 to t4 V is available from the tranlformer. a
voltage do ub ler Circ ui t as shown In Flllur. 5 I hould be usee II only 8 to 10 V AC-vo llage are
avai lab le. a vo ltage tnprer CirCUli as sho wn m Flllur. I wou ld be aUltable , II II nOI nec essary
10 slabi llze the output vo llage, The power zener diOde ZL 24 wllh dropper res,s tor II only
used for IImlhng the vol lage to 24 V,
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Two Pc -o oere s have been designed lo r the 24 V supply : OJ 6 PI 006 (65 mm Il 50 mm) tor the
yoltage doubler and OJ 6 PI 007 (70 mm I( 55 mm ) lor the volt age trip ier, Figu re. 7 and 8 give
the components locations on these boards. and Fig ure 9 shows photographs of the author's
pro to types,
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8. REFERENCES

(l ) G Bergm ann, M. Streibel : A 500 MHz Prescaler and Preamphl ler lo r FreQuency Coun ters
VHF COMMUNICATIONS 6, Edition 4/1974, Pages 238 ·245
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CALLING·TONE DECODER AND OSCILLATOR
by R. Reule', DC & Fe

Several semiconduc to r manufac tu rers oller complelely m'eoflled slereo decoders whIch

regenerate Ihe reqUired 38 kHZ lubC8mar In 8 pnase-rcckec locp (PLL) , The ac tual oscIllators
operate at twice the freq uency (76 kHZ). and the 19 kHZ pnc r tone prOVided In the multlple ~

' Ignal is used 85 relerence IreQuency I ' lhe phaMl ccmperatc r. Such. CirCUlI was ceecnoeo .
for Instance. In (1). These CtrCults can a'50 be used lor cmer lreQuenCles. such as lor .
1750 Hz calling lone , The a dsr"a' CirCUitry " ,.811'1' Ilmple II an LC·c,rCUlI " no l used as ,1'1

Ihe case 01 the CA 3090, but a AC-lInk as In l he case 01Ihe j4A 758 (Fairchild) .

A lamp (LED) Will Indicate when the 'r&quency 10 whIch me ClfCUlI IS aligned IS present The
re lallve ly short calling tone can also be slored. which means Ihal the Indlca lor lamp Will
con tinue to hght unt il the sto rage IS cancelled , The osc illator o f the PLL. -Clr CUIt can be used
as call in g -tone osci ll ator In the transmit ecee A modu le uSing thiS dual-mode as
carling·to ne decod er and oscillato r IS no w to be described . 1111 accommodated on a 4S mm ..
35 mm PC' board and requ ire s very lew componenlS beSides Ihe In teg rated CirCUlI.

1. OPERA TION

The pr mClp le 01 ope ralton II no w to be descrIbed With the a,d 01 the blocll d,ag ram 01 the
Integrated c ircui t liA 758 (Flgur. 1) and the CirCUl I d iagra m given In Flgur. 2 The oscillato r
(VCO) osci llates at lour tllnes the required Irequency. wh ich IS determi ned by the RC-lInk
connected 10 Pin 15. With the CirCUitry gi ven m figure 2. the OSCillator can be lu ned to
IreQuencles between appro .., 5.2 and 9,2 I1Hz. WhiCh co rresponds to an actual Irequ ency
ran ge of 1.3 to 2,3 11Hz. The capacl ior C 3 I ho uld be a plastiC 1011 type (Styro ll e..). A he hcal
po tentiometer should be used lor the trimmer resistor P 1. The IreQuency II diVided tWice by
2 and then appears at connec tion 11 In a Iquare-wave iorm With a rat io 01 e..actly 1:1. A
tw o·stage low pasa li ller at Ihe mput and output 01 tra nSlltor T t I l lter s out the high IreQue ncy
co mpo nents and leed s the amplil led lundamenlal frequency to a buller siege (Impedance
COnverter) accessib le at pin 6. The output Signal can be taken Irom pm 5 (sinUSOidal) and led
via PI 4 to the tran lmlt modulator.

Pin 1 01 the int~rated eteeuu il connected via PI 1 to the hot end 01 the vol ume control 01
the receiver . The composite Ilgnal (1'10158. VOice . carling ton e) IS ampli fied ,1'1 Ihe I nt~ra'ed

crre uit and passed 'rom pin 2 to pin t 2. It il then led to bo th a ph ase and amplitude delector .
II the desig n lrequency II p resent, the phase-loc ked loop WIll 10011 In and the YCO- l reQuency
wil l coinc ide to lour tlmel the reqUired Irequency Thll Will cause ailO Ihe amphlude deleclor
10 be actuated and Will SWItc h on a lamp or a relay via the mternet dnver . Thll cu rren t II
available at pin 7. The lamp or re lay dr....er can be ehcrt-cucurteu and can crevice up to
100 mA o In Ihe case o f LEO mdlcators . It Will be necessary to provide a cu rrent limi ling
res,stor.

The calling tone mdlcatlon can be sto red by prOViding a DC-leedback Irom pin 7 10 pin 10. In
o the r words via the driver , The Ind lcal lon wil l rema,n un til pm 9 II grounded via a decoupltng
d iod e. II th e sto rage tac ili ty IS no t reqUired . diode 0 2 100 4 Will no t be reqUired
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The bandwidth 01 the Pll-circUit only amounts to apprOJumalely 100 Hz which means that
the frequency o f tne calling tone 01 the pa rtner eteuon must be relatively accurate . On the
otner hand. the low ban dwid th reduces the poss,blll ty o f the CIrcuit being actuated by the
voice signal, or unwan ted ton es. In addi tion to tnu. the calling tone must be present l o r a
per iod o f 0.3 10 I s. so tnettne Clrcu' t is able 10 carry oct a positive evaluation. The actuation
time is dependen t on the level ct tne mpu t voltage. and Irom the value 01 cepacrtcr C 4,

Aller the phase-loc ked loop has locked mtc place. II '5 possi ble l or the frequency 10 vary by
± 500 Hz lrom the nominal trequencv. ThiS means that the ca llmg tone need no t be too stable
In the Ireqeency. as long as the commencement frequency is correct .

The senSitivity 01 the decoder CirCUlI can be vaned by exchanging cececrtcr C 2. The given
val ues are valid lor a capacitance o f to nF. At higher values, the senSitiVity Will be higher.

2. TECHNICAL DATA

Operating vol tage :
Operating cur ren l wllhout lamp:
Sensll'vlty (RMS) :
Input Impedance:
ActuatIOn bandWidt h Iat 1750 Hz):
Ho ld band WIdth (at 1750 Hz):
TUning range:
Ope ra ting range by changing C 3:

Output vol tage (1750 Hz. SinUSOidal):
Output Impedance :

Fig. 3:
PC-bo.,d DC e Fe 001

·254 •

10 to 16 V
app rox 30 mil.
approx 100 mV

35 kU
approx 100 Hz
app rox 1 kHz
1.3 102.3 kHZ
1.3 1050 kHz
approx. 200 mV
1.5 kU

f ill · ol,
Pho to ll..ph 01 the
a " lhor', proto lyp e
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3, CONSTRUCTION

The CirCUli 0''''' In FiQur. 2 ca'" be accommodaled .a.,l., 01"1. PC-bOard 0 1 "S mm .. 3S mm
The compOnenl ~hOl"lS ol'ld PC·bOard OC 6 FC 001 ar. show'" ,'" Figu r. 3 A photograph 0 1

Ihe oulhors prolOtype IS O'ver! '" Flgu r• • W,l h the e.c&phOl"l 0 1 11'1& ,.eque"'c., determ,,,,,,,,O
RC· li"'k , the cons lrUCl1On IS u",cr ,t ,u l

3.1. Compon.." s

11

T1

0'
0 2 0"
p,
C3
C I ,C2.CS

AU ctner cap aci tors

~ 7!l8IF.,rcM d)

Be 108. Be " 13. or otl'l&r AF tr . ",.., lor

Any LED
1 N ..148 or o t,.., ..hCl)l'l d'ode

20 kU. 10 tu," hehcal-po tent'ometer IAmphenolj

33 ",F styro lle. (Sleme"'s)
Ceram,c capaci tor,

ra"' lalum dr op-fype elec troly hc,

. , REFERENCE S

(11 J l<esUer A sterltO VHF/FM recel ~e r WI!h frequenC., , .,nlheliler
VHF COMMUNICATIONS 7, Ed '100l''l211975, Pages 66 - 77
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I..~ CRY STAL FILTE RS O S CIL LA TO R CRYST A LS

omIII SYNONYMOUS FOR QUALITY
v~);1 AND ADVANCED TECHNOLOGY

NEW STANDARD FILTERS

CW-FILTER XE-9NB see table

SWITCHABLE SSB FILTERS
for a fix ed carrier frequency of 9.000 MHz

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

See XF-9B for all other speci fica tions
The carr ier crystal XF 900 is provided

Fille r Type XF-9A " ... I "-90 I XF·90 XF'" xF-9NB

Applicat ion sse sse XM XM FM ew
T"nsm,!

Nllmbel 01 crystals s e 8 8 8 8
3 dB bandwid th :2 4 kHz 23 kHz 36 kHz 4 8 kHz 11.5 kHz 04 kHz

6 dB band Width 25 kHz 2 4 kHz 375 kHz 50 kHz 12 0 kHz O.5 kHz

Ripple c 1 dB < ZdB < ZdB -c eee < 2 d8 < 0 5 d8

Inaerl,on loss < 3dB c 35d8 < 35d8 < 35d8 < 35 dB < 6.5dB

Z 5000 5000 5000 5000 tzoc 0 5000
Term lnllhon

C :lOpF :lOpF :lO pF :lOpF :lOpF :lO pF

(6 5Od8 ) 1.7 re GOdS) 1 8 (6 6Od8) 1 8 (6 6O(8) 1 8 (6 6Od8) 1 8 (6 60 dB) 2:2
Shape rector

(6 60 d8) 2 2 (6 80 d8)2 2 (660d8)22 (6 80 d8) 22 (6 60 d8) 4 0

Uilima l., rejecti on > 45 d8 I > HlOdB I > 100 d8 > 100 d8 > 90 d8 > 90 d8

XF·9A and XF·9B co mplete wl lh XF 901, XF 902
XF·9NB complete wIth XF 903

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH 41>D 692~ Neck. rb il chof l heim . POII I.c:h 7
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