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NARROW - B A N D F I L T E R S
for the 23 em, 13 em and 9 em Band

by D. Vollhardt. DL 3 NO

The fo ll ow ing article IS to dtlscribe th ree and li ve slage narr ow -band liller, and 10 give thei r
passband CUrv98

1. INTRODUCTION

Now adays. more and more wmicooductofs are being used in the frequency range between
1 and 4 GHz ; l irslly. th is was only the case in Ihe recei ver stages, however, they are now
etten used in the transmit signal pal h and lor the driver slages . Very otten, sufficient
ertenucn is no t paid to provid ing sullicient selectivity . The d isadvantage 01 Ihi s on t he
rece ive side were diSCUssed in (1). On 'he transmit side, similar w ideband problems are allen
encoun te red . There is a danger thaI InsufflcienUy suppressed harmonics . unwanted
conversion products and sse sidebands (image frequencies). as well as unwanted spec trums
from ATV Iransmission s cou ld cause dllficullies 10 c tner services if Ihey are ignored in l he
fut ure. Th is is, 01 course, also valid whe n using lubes. since me requi red . or advisable sup­
p ression 01 spu rious signals is not always ach ieved even wh en amaleurs are using manu­
facl ur ed cavity power ampli fiers.

2. DEMANDS ON SELECT IVITY AND INSERTION LOSS

In the case 01 a receive utter. il is sulltcienl for th e image trequency to be suppressed by
apprOlli mately 20 dB; tne inse rtion loss shou ld be less Ihan I dB , In Ihe case 01 a converter
us ing a fir sl IF of 28 MHz, a utt er is requi red Ihat prov ides 20 dB attenuation 56 MHz below
the req uued freq uency. This demand is not too great.

II . how ever, not on ly I lle low er sidttband, bUI also the local oscillalor Irequency are 10 be sup­
pressed by 40 dB . th is will requ ire a correspondi ng suppression already al 28 MHz below th e
req ui red frequen cy, in tne case 01 a 28 MHz sig nal. Suc h dem and can only be fulf illed when
usi ng mul ti -stage filt ers: one is. how ever , easily able to accepl a somewhat higher insertion
loss 01 1 10 1.5 dB . Since Ihe SIgnal processing lor the 23 cm, 13 cm and 9 cm band is usually
based on a 2 m lignal, the selec tiVity et a spac ing 01 144 MHz should also ellhibit sullici enl
suppression ,

3. INTERDIGrTAL FILTERS

So -cenec in lerdigltal IiIters represe nt Ihe least amounl 01 mechanical construcl ion sin ce Ihe
reso nance elements inle rco uple dl rec tty so thaI inlermedlale panels are no t requi red . as well
as virtually no coupllllQ elements. The input and outpul coupling can be made with
mecha ni ca l components Which are vi rtually tne same as me actual resonant etementa. Such
Il lIers allow larQ8. reieuve bandwidlhs to be aChieved. However, they ellhibll exceuent Charac­
teneuc s when des igned as narrOw -band ttltera, as is sho wn in Ihe measured values,

-, - A VHF COMMUNICATIONS 1/ 1978



By using available alu minium pro Wn, a ecnetrucucn melhod has been lound Ihat allows
such 1iI1ers 10 be easi ly manufactured lor th e SHF bands. No milling is requ ired. and with Ihe
exception 01a litt le skill , on ly simple loo ls such as a drill , tap. I iIe etc. are required , II one has
access 10 a lathe, the rest 01 th e h lter can be pre pared in Ihree 10 lour hou rs. The coarse
Ir equ en cy alignmen l is made with the given leng th 01 Ihe resonanl elements, and Ihe 'inal
al ignment is made at the hot end with the aid 01 a 5 mm align men t screw. The inpu t and OUI­
pu t coup ling are made wilh th e aid 01 coupling elements. whi ch are very similar to Ihe
resonant elements. and are directly co nnec ted with Ihe aid 0 ' a 3 mm screw to Ihe inner con­
ductor 01 th e coaxial connecto r (Flour. 1)

M'l- .
~o t1 b

L,I l '

, ...J-.

eo....m,U""
G.~'~

.-i.15t 1

f

'oj r-'"
Ilt l :

"'t-
I
I
I
I

-r1, -:1
I-,

,,-

'''''.GOd
B~"Gth M

j i__
l3!O.t:

- dIQ,D-

,- -

,

length l

27dlo._ 1_'- ,-- I

B :I ~ ,_)5_--'-, I'~
f i ' ~ 'nG t1 3

I
l ergth l I

I, -~ "'...,..,,"",
~ ;::;~:~4- -Ill ~5~~1

1.1_ _ _ ~ .... _=J

'''J.z! t . I '
~ d lo , D -

Fig. 2. : Coupling . It''''.nl •• ~

") On ly dri ll when the liIter is to be aligned to 10 - t4 4 MHz
Not required lor 9 em

A VHF COM MUNICATIONS 1/1978 ·3 ·



<t. CONSTRUCTION

Hollow aluminium profiles having a rectangu lar cross section are used as - cese- 01 the
tillers. These are readily avai lab le al hardware sto res , The narrow sides are provided w ith
ho les 01 .. mm d ia. and 5 mm threads alternately , o r provided with holes l or the coa xial
sockets. It is more practi cal lor th e center lin e and Ihe center orm e hlter to be marked and 10
then mark the pos it ion 01 Ihe other resonant elements Irom the position 01 Ihe center
resonant elemen t. Alter this, the ho les sho uld be slighll y counlersunk so that Ihe dr ill doe s
no l slide away. II is advisab le lor holes 01 app ro ximately t .stc 2 mm dia. 10 be drill ed at Iirst .
Alterw ards. they can be drilled out to the nominal valu e 01 .. mm. This means Ihat all hol es on
the cen ter line have now a d iameter 01 .. mm.

The two outer holes can no w be dnlled ou t to the required di ameter lor Ihe coaxial se<:kel.

This is tcuowec by tapping a 5 mm thread in lo Ihe two" mm ere holes at each side 01 Ihe
center ho le. Alter littmg the coaxial soc kets. II is necessary lor the bur rs to be remov ed on

the inside of the protne . This i l not very simple, and care must be taken not 10 spo il the
su rface onto wh ich the resona nt elemen ts are to be mounted . Th is process Will be very mu ch

simp li lled whe n a new , well -sh arpened drill is used lo r making the" mm dia ho les. in o rder
10 ens u re th at the ho les are not pressed in but cut cleanly. The burrs of the outer holes can
be removed Quile easily. however, a 1001 must be made lor the olher holes. lor instan ce. by
sharpening a lon g sc rew driver and cun lng ol lhe bu rrs care fuli y.

The ho llow prof i les can remain electricall y ope n at bo l h ends as lo ng as the IIUer is not in the
d irect vicini ty of the tank circui t 01 the po wer ampillier .

In o rder to achieve a low insert ion lOllS. it is importa nt that the ohmic losses are kept as low
as po ssib le. Th is mean s that the reso nant element s sho uld be mounled to th e inside 01 th e

profile at low resistance . This means that a smooth . c lean surface co nnec tion is reQuired and
a good su rface pressure . Th is is ach ieved by screwing the" mm lerews tighlly. and the
lo rmer by cou nter-sinking the reson ant elements on lhe tapped Side so tha t they only
possess an edge 01 approx imately 1.3 mm (FIgure 21

0 1 cou rse . this can be eetnevee easily when using a sma ll lathe. II one has no access 10 suc h
a lathe , a certain amount 01 peuence is reQuired w hen using a relatively line Ilat l ile and
seve ral sheets 01emery clc th to ensu re th at the su rface is at r igh t angles and is as smooth as

po ssible. A vice sho uld onl y be used lo r d rilling, lor Imer work. a small braCket or simi lar
sho uld be u sed

Both Ih e cond uctiVity and surface Quality 01 the resonant elements is important wilh respec t

to toss. For simpliCIty. round brass bars can be used lor these elem ents . since It possesses a
very un ilorm surface. The small d isadvant age 01 the rel ahvely poor co nduc tiVIty can be
avoi de d wh en the brass part s are coppe r-p lated betcre mo unting . w hich IS not very dl l llcult

Experiments have sho wn that suc h copper p lating reduces the insertion lOllS by approxima·
tely 0.2 ea.

11 is so me what more eleganl for the inpul and c utout cou pling . as well as the reson ant
elements to also be made Irom aluminium . II is, however, nece&S8ry in Ihis case lo r the sur ­
face 01 the elements 10 be po li shed . since l uc h aluminium rod il ulually damaged due to lis
eottness . This is ach ieved usi ng a wat erpr ool emery c lo th 1360 or l iner ). This can be don e by
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plac ing a 4 mm rod in an elect ric drill on to which the elements can be screwo.J one alter
ano ther. By adding a little oil. the elemen ts can be po lished to gi ....e a umio rm mat surface, 11
would be possi ble to polish them still lu rther , but this would on ly hs....e en cpncer ellecl snd
will nol improve the elec trica l charac teristics, The required 5 mm and 4 mm ere . nu ts and
5 mm dia. aluminiu m screws are a....ailable readily in hardware stores . which means that all
cri t ical pa rts 01 the l i lter can be made Ir om Itle same material. This is ad....antageous with
respect to co rris ion under unfavorab le ambient cond i tions.

Another possibility wou ld be to copper -plate the pro files in addition to the elements. This
shOUfd cause no problems l or a good gal ....anizing wor kshop, Experime nts on the prototype
l illera have shown tnat the improvemen t in conductiv ity can reduce the insertion loss by a
max imum of 0.4 dB. Anoth er possibi lity would be in using II lillie silver between the elemen t
and th e aide 0 1 the proli le.

Virtually any connectors can be used . The proto type Il llers were partly equipped with BNC­
co nnec to rs and partly w ith N-connect ors. The mounting o f such and simi lar ccnnectcra is not
d ifficult. A hole 01 10 mm diameter is drill ed for the BNC-connecto r type UO-1094/U instead
o f the 5 mm threaded holes lor the luning screws . The connecto r is panel-mo un ted using me
supp lied nut. In the case 01 N-connecl ors, it is necessary lor lour 3 mm dla, tapped holes to
be d ri lled lor mounting. The ceoner hole will probab ly requi re a som ewha t di llerent d iameter
accordin g 10 ttle manulacturer. It shoul d be only jusl big enough that the N- (or C) connec tor
is provided with a good ground con tact.

After co mple ting the preparations. the reson ant elements are mou nted one atter another
comme ncing at the center and screw9d lightly using the 4 mm diameter x 10 mm cyli nder­
headed o r coo ntersunk screws, The Input and outpul cou pli ng elements are provided wilh a
centra l hol e 0 1 2.7 mm dia. at th e 'upper end. as well as with s 3 mm dis . thread at the side
in to which the inner co nduc to r 01 me coax ial eoceet is clamped laler. Afte r th is, they are
mounted into the prolile atter the resonant elemen ts.

Before mounting the conducto rs Into place. the inne r conducto rs are leng l hened ei ther by
solderi ng a meta lli c tube (ho llow rivet 01 2.5 mm di a" or brass tube trom a ball -point pen). or
a piece 0 1 copper wire (silver-plated) 01 approximately 2.6 mm in diameter. A lengt h o f appro­
ximat ely 8 10 12 mm Is requ ired so that the inner conductor can be clamped togeth er w ith tne
3 mm sc rew 01 the coupling element aner the connec tor has been mounted Inlo place,

The tab le gives all mechanical details lo r eighl prototype fi lters lhat should be construc ted 8S

shown in Figu re 1. These values are the dimensions 01 the aluminium ract angu lar proliles.
and th e len gth s and di amete rs of the elements, as well as the ir center-to -center spacings
within th e cavi ty , The non-variabl e dimensions 01 the round elements ere given in Figu re 2.

The table also gives the 3 dB bandw idths. the inse rtion losses at the given center Irequency
10 (e.g . at 1296 MHz, 2304 MHz, and 3456 MHz), as well as the stop-band atte nuation at the
Irequenc ies 0 1 special Interest (e,g. 10 minus 28 MHz, 10 minus 56 MHz. snd fa minus
144 MHz ). The stop-band attanuatio n 288 MHz belo w 10 is better than 60 dB in the case 01 the
three- stage l ilters and better than 80 dB in the case 0 1 the l ive-stage Il llers, Finally what the
type o f surface the prototype Iilters have is giv8fl: A _ brass elements in aluminium prolile.
S • all parts trom aluminiu m, and C ,;, surface 0 1 elements and pro li les copper-plaled .
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Fig. 3:
FIII. r no . 1 (23 em)
hor . SO MHz/em , .... 11. 10 dB/e m

I

FISI·I:
Fln.r no . 4 (23 em)
h . 10 MHz/em , ... . 10 d B/em
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Fig. 4:
b t.nd.d d l. ple w.m. r no. 1
upper line: 0 dB r.'. r. nee
h. 10 MHI/em ..... 2 dB/e m

Fig , $:
Filler no . 2 123e m)
h. 20 MHz/e m, ,,, , 10 dB /em

Fig. 1:
b t.nd.d dllpley IHl er no . of
upper line : 0 dB rel. r.ne.
h 2 MH z/em . .... 2 d B/em
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4.2.1. Sandpa.. AIt.r lor It, a 23 em Sand ( 1152 . 1296 MHz)

UnfOrtunately , lhe aul hor 100M no ideal alumInium profIles lor Ihe 23 cm band at hardware
sto res , which meant l hal Ihe dimensions 01 lhe 5·stage filler wIth 340 mm in lenglh was
somewhat unhandy , However, the 3-slage '1ller wIth a length 01 230 mm was QUlie acceptable.
Alum inium rec tangular lubing o f 60 x J.4x 3 mm waa used. wh ich POI&eI8 Ihe Inle rnal dlmen·
sio ns 01 54 x 28 mm. Filters No.1 and No. 2 are 3-.lage IiI ters having a di llereni degree 01
co upling, No . 3 and No. 4 are 5-.la~ lille,. using Ihe same basi c design. by which Ihe
co upling has been varied slightly using dl llerent elemenl d lameler , The prolotype IllIe,. 2. 3
and 4 pouesa brass elemenls mounted in an aluminium prolll. , Pro lotype I lller No , 1 is
comple le ly made l rom alummium. AI 1'1" been menhOned previously. lhe insertion lou could
be reduced by 0.2 10 0.4 dB by UN 01copper·pliling ,

Filler No , 1 Is an excellent receive l iller , e.g lOr use in Ironl 01 • mixer; I lll er No. 2 II
especially designed lor use aa a Iransmil l i ller, and Is just .. suilable lor Iil ter ing me output
signa l 01 a loca l oscUiato r chain , since Ihe lilt er can . Iso be tuned 10 1268 MHz or 1152 MHZ,
Agur.a 3 10 5 show the aelectivlty cUNe. 01 Idle,. NO. 1 and No. 2, as well as lhe pauband
range 01 I llI er No . 1 (en larged ), Flgur.s e . nd 7 show the aelect lvity CUN es as well as Ihe
passband rallQ8 01 the 5-llage 1IIIer NO.4 in a IImilar manner. This filler possesses a very
sleep slope, and is lherelor. suilable lor suppressing spuriool signall Irom ATV transmllters
which are operating in Ihe IreQuency range 01 1250 · 1280 MHz accord ing 10 tne band plan.

The hi gh esl selectiVity is c ue.ec by IIUer No, 3. however, II pOllesses an inse rtion 1011 01
2.3 dB, AI a l requency 01 10 1 20 MHz. Ihe attenuatio n amoonll 10 mor e Ihan 60 dB , This
means thai Ihis fille r can be used With success for suppressIng RADAR in .erte renee which is
becoming mo re and more prevalent However, Ihis is only poSSIble when the RADAR
Ireq uency is nol d irectly w ll hln lhe amateur band

t

"I'
.~.......'00 ·eo

"..

•

..

Fig. I : Sll.ctlYlty curva. 01 ttl a 2S em bandpass flltar
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Since the dlfferenl ac;al.. used in l he oscilhscope traces mBke II d lffl cull 10 make direct com­
pa risons, the swept frequency CUrYM are given again in the ume scale in F~ure'

Some of lhese CUrYM _re mede using a swepl Irequency syslem, whereas olhers were made
poinl·for·point using an aulomatic measuring syslem and printed out numer ic.ly. The
spec i fiC anenUiltlOn velues Ihal are gi ven in the Ilble were nOI taken Irom the swap t
frequency curves, bul measured wi lh the aid 01 an I ccurale signal O8ne'alor and Ihermal.
coupl er powermeler .

4.2 .2. Sendpe.. Flher for the 13 em Sand (2t80 · 2304 MHl:1

Alumin ium rectangular tub ing 01 40 II; 30 II; " mm c.n blI used lor l he 2304 MHz IUtef ; lhe Inner
d imen sion s are 32 Il 22 mm. This reKl lts in a lenglh of APPrOllimalety 250 mm even for a
S-stage fitt er. The rMOnInl elements are 26 mm long . and the inpul and outpu t co upling
elements are 25 mm . The olher dimensions can be laken Irom the lable.

Ellperiments were mBde during measuremenl s on Ih_ prOlotype fille,. in ordar to " labUsh
whal eflect a copperplatl ng oj the inner and ouler COnducto,. had on the Insen ion lou. Ttwl
values have already been given. The main diflerences are to be found In the Insenlon Iou In
Ihe passband range, however, no noliceable diffe rence In lhe stop-band range wu noflced ,

As has already been ment ioned , no reall y hi gh selec tiVity values are required In the receive
mode in order 10 obtain the required Image rerecl lon . More important '- a low lnMf1ion ioN.
For thi s reason , a closefy cou pled 3-stage M er II recommended. Thla fillet" po....... a 3 dB
bandwidth 01 app ro ll imalely 29 MHz when not copper·p laled, and already pr ovidel virtually
20 dB an.nuatlon at lhe sse spacing 01 28 MHz. The InsertIOn 10M ia leu than 1 dB . The
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5-.lage hlter is more loosely coupled and provides a high selec llVl ty ell'8n .....hen no t copper­
plaled Ihat i. Ilatls laclory for Virtually aU applicatIOns. Since no . _pl lrequency syslem .....a.
available lor this l req uency. Ihe given values " re la ken trom lhe prlnl-OOl 01 anolher p ro­
18SSIOnai measuring sysl em , The r-..lhng CUFYeS are given In Figur. I When one compares
lhe deIlign ol l l ll~ No I 10 No." ..... ,th Ihose 01 flll~ No 6 and 7, II .....,11 be _n tha i II .....ould
nol be 100 dltl lCUlt 10 exlrapolate elemenl apacmgs and dIameter tor a 1,l1er havIng even
looser coupling Ttu. .....111 resu ll In a h iler haVing an InsertlOf'l lou 01 .... than 2 dB . and a
3 dB bandwidth 01 approxImately 12 MHl: Otherwise. the In lormatlOn gl¥en In sectIOn .. 2,' i.
valid

The ultimate sel«:hvlty al very hIgh trequene," was also eaamllled tn the use 01 hlter No , 7.
II .....as lound that lhe attenuation rema ined better than 60 dB up to 6(XJO MHz; on increasing
the Irequency sun lurther. the reclangular tube gradually becomn a waveguIde and more
and more drops In attenuahon are ob\I.erved

4.2.3. Bandpa.. Fib., to, th. II em Band (33 12 - 3456 MHz)

The aluminium prohle 30 X 30 X 3 mm can be used lor the 9 cm band With inner dl men.ionl
0124 x 24 mrn . Unlortu nately. these d lmenlionl are also not quile ideal . and th e large internal
..... ,d th means tha t the lenglh of a 5-.lage Iil ler amounls 10 276 10 300 mm . Ho.....ever. th e
advantage is a readily available, slrong casing lo r the I iller.

The resonant elemenls are on ly 15,3 mm in length and Ihe mput and output coupling
elemen ts 17 mm. The spacings and dlamelers are given in the l able lor I ,Uer No , 8. These are
tor a htler lhat already shows an OYer-crlltul cou pling Thll hal led 10 a certain amoun t 01
flpple and 10 a widening 01 Ihe 3 dB bandwidlh, which il given on lhe r ig hi -hand l ide 01
FIgure 9, II the cemer frequency OllUCh a ..... ide hiler is aligned 10 lhe operating lrequency. il
Will nol be J)OSSlble lor lhe Ielec l lvll)I to be high 28 MHz below the center treq~. Th ll is
lolerabl e as long as a 28 MHz SSB Iystem II nol used . .....hlch •• hardly h"ely m lhe case 01 a
9 cm system.

However . In order to g ive lOme twaaic desIgn deta,ll for a nIItfo .....-band I,tter lo r 9 cm , spac ­
,ngs and diameters are g'¥en In lhe lasl line 01 the lable wtnch have beeo eal rapolated from
the values 01 11Iter No .. (23 em) and No . 7 (13 em) Unlortunalely. ,t was nol POSSIble lor the
authOr 10 ccetrrm these design va lOM In pract ICebelore pobl,Uhon 01thIS article

s. INFO RMATtOH REGARDI NG THE ALtG NMENT OF THE FILTERS

The ali gnment 01 muth-slage liIter. '1 I lt ll simp le II the couplmg of lhe cirCUits IS under­
c tl t lC8l. and when lhe dImensions guaranlee that Ihe IrequenCln 01 each Itage are In the

vICmlty 01 the reqUited frequency. The Iilller II the case dli8 to Ihe given elemenl leng l h of all
' ,Il ers , and lhe lorme r is the caM With IIltelll No , 3 and No. 7. Such 1,llelll only need to be
lermlnated WIth 50 U and alignttd in &tM'Iral runs lor ma ximum out pul power .

II less attention il to be paid 10 the bmlt poSSible selec llvity With in the passband range, or if a
lower Insertion loss . or a wider bandwidlh is requir ed . It is nete5118ry to try and oblain a
cnl ica l coup ling (I lat passband) or a sll ghlt y ove r-cnncet couplmg Th.s II the case wll h h lt ers
No, 2 , No . 3, and No. 6 For the most optimum alignment 01 theM I,Ua,.. a .ignal genera tor
WIth axact trequency adJuSlment WIll be reqUired In additIOn to a cooec t term lnahon , and a
ce rtain amounl 01 patience.
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Of COUrH. the alignment can be made I. , more limply Ind quickly when ulirlQ a , wept·
freQuency Iystem , Thi ' i, vir1ually il\avoidab le 10' alignment c t ove'.-cntically coupled lil te,.
w ll h mo,e Ihan mree It~. FOr1unalely Ih ll i' not ve ry orten nec.....ry in practice ,

Fo r ama l8\lr radio applicaliOn,. one does nol usually reQui,e a p, ee::iliOn flUe,. bul mo,e the
h iOnest possible anenuahon al a cer1ain l paci rlQ teem lhe required Irequency . and the leasl
possible insert ion loss, An ideal 'Ial l op. 0' pel1ee::lly I ymmel,ical slopes are nol ulually
necessary (unless you are designing Itllerl ' o r pubncsncn. hi II,

Anyway . il Is hardly ever the case thai reac tive com ponenll are not present al lhe input and
ou lpu l and are com pensated for In the overaU system. The main impor1ance il to obtam a
clean signal by all ernately IrimmlrlQ lhe alignment sc r~; IhlS can beal be made wIth the
filler connected 10 the I yslem via coa~ial cables that are then aho l1ened or lengthened by
u4. If one also has the posSib ility 01 checki ng lhe suppressIon 01 an unwanted Signal, lhe
vatues given in the table I houl d be reached or bettered.

The author would like 10 thank H, Gunkal. OJ 5 ZE, W, Sauerw tll n , OL 8 JT and especially
G. Sch warzbeck, OL I BU, for the ir greal al , islan ce especially wll h r65P6Ct 10 the meltlu,e'
ments o n the '1llers under profes siona l co ndi tions,

Antenna rotating system as described In lIn 01 VHF COMM.

U K W • TEe H N I K . Hans Oohlus oHG
0 ·8523 BAIERSOORF . JahnstraBe 14

Telephone (09133) • 855, 856 . Telex: 629887
e.nk Kcounll PoIlloCh«:k Nu r n~'g 3O .S$ . M8

Comme rlNnk En••n a20-1154

We have designed an antenna rotating system lor
h igher wind loads. This system is especially suitable
when it is not possible to install a laUice mast. The
larger the spacing belween the rotator platforms, the
lower will be Ihe bendmg momen t on the rotator .
This means that the maximum windload 01 the
antenna is no longer limited by Ihe rotato r. but only
by the strength of the masl itself and on its
moun ting . Please request the prices either lrom your
National represen tative, Ordirect from the publishers.

This system comprises :
Two rotator platforms
One Irust bearing
One KR 400 rctetcr. or other rotator.
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SHF TRANSMIT CONVERTER WITH A VARACTOR DIODE
WITH HIGH EFFICIENCY AND LOW INTERMODULATION
PART 1: ntEORY OF FREQUENCY CONVERTlON w rTH NON.UNEA,A REACTANCES

by H. FlKknef. DC ' ua

Until rec«ltly. liMA, tranamllcon~ (sse. ATV) lor 1M 23 em and 13 em blind~ Virtu ­
ally all used tubes IUd'I as the 8255. 2 C 39 Uswlly. • power mi••' .. used 10 thai. reDO"'­
able power output is provided dirK!1y arter lhe millef. DiOIM mi •.,. that ar. uled in 'lICei.,.

convenal'1 could also be used in Ira,.",,1 converters. but Il ia IIOInewhal dlMlcult 101' the radiO
amallt(J f to amphfy an output 0' aWOKlmatety 0.1 mW up to NYefal lens of w. n• . Thia Iwo­
ptrt article Is now to dMcribti how outpYt po_leYefl 01 apprO"lma'ely 1 W c.n be achieved
in a mhl:.' .tage at very lOw inte rmodulation levels wllhoul ullng lubn. Th,. 'I possible usmg
• power up-converter , SuCh circuit. hoi.,. been used in proleaaiona' UHF·SHF tech~y lor
Quite some l ime , but are ann virtually unknown lo r amaleYr radiO applications. A &lmira,
ci rcuit was g i~ in (1).

Part 1 of this article ia 10 d••cnbe the principle 01 freq uency conv. rsion uaing non-hn.ar
reaclance. , and pan 2 will deacribe • tranamil converter '''' MHz 1 1296 MHZ comprising
three modules. The local osc illator 01 thia Iransverter operales lrom 12 V and pro vides at least
0.5 W al 1152 MHz. Thi. mea ns that an ou lput power 01 appro ximat.ly 0.3 W i. available at
1296 MHz lor an input dri.... 1.....1 01 approximately 0.2 W al 144 MHz. The infermodulafion
rejection will be better Ih.ln 20 dB and apurioua aignals will be suppreaaed by more Ihan
46 dB In the buill·ln liIter .

1. INTROOUCllON

In contra.t 10 ohmic rttSi.ta~, rNC1Inces, bolh ClPKlti.... and Inductl...., store energy.
Non--hnear~ a,. Ihus non-linear stores that ar. lormed. lor Inslance. by the junction
capacilance of a aemiCOnductor dlOM, or by ulurlltion of an tnductance ha...,ng a ferro­
rNlgnetic core .

WherM' non-!Inear resistaneel COfl'lef1 a portIOn 01 Ii'll generaled or convened AC-vollagl
inlO heat, non-hnear reKtancn Corwert 11'111 energy at Virtually no lou, which means Ihal a
freq uency CCIf'I\II8f'Iic ~. in principle , PQUlble WIth an .Htt:iency 01 100 %. When converttOg
the lreq uency USing non -linear .nergy storag• . it ~ ew.n poutbll , under certatO condition s.
lor I po_r gain to be achieved. II Cln be d.lined a. lhe ralio 01 lhe Inpul s ignal power to
lhe ou lput lrequency power, or ol lhe cam.r frequency power to the output Ireq uency powar.
The enargy required is supplied by the carriar Irequency. Of l ignal lrequency vollage.

V' raclor. a re mainly uNd a. r.aclances in l uch s~l.ms. and ...irtually always Schollky or
PH·varactors in the lorm 01 junct ion or Sforage varac lOrl. In Ihe cue 01 SChollky and
Junct io n varacfor diOdes, Ihe vollag.-d.pendent capacitance 01 a biaNd Schollky or PN·
juncfion II uNd. In the cue 01 a I lorage varac lor, the diode II conlrolled belween the flow
area and the blocking direction 01 a PN-junClion al su ch a apeed Ihal lhe minOfl1y Clrri.rs
Injecled inlo the neig hbouring condUClor are.. cermet recombine (I). The conducti.... area is
the ar.a outside 01 lhe junction; minority Clrriers afa electrona in a P-.emiconductor and
Vice ve..... Recomb ination il Ii'll procell by whiCh Ir.. aleclronl ara replaced In lhe holel.
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Storage varacto... are led so thai lheir characteristic curves (capaci tanc. as a functi on 01
voltage) is mo«I abrupt and thus mora non ·linear than wou ld be the case with Juncti on
veractcrs. Such a charact. ristic curve Is given in F1gur. 1. II w ill be Men that the charg.
storage due to Ih. non·recombination 01 th . minority carrie... provides. theoreUcall y. an
inlinitely large capac itance when driving It Inlo lhe Ilow ar.a, This cauMl current pulses with
a high harmOrtiC content that are responsible lor the high ett iClency when used for Irequancy
multiplication and conve...ion. Furthermore. the r. lationship between the diode voltage and
Ihe diode charoe caused by the current is cubed In the case 01 an abrupt PN·Junct iOn. This
means that. theoretically speak ing . no int ermodulati on product s can occu r, In precnce. suc h
mlxe... otter intermod ulation r. jectlons in th. order 0140 dB.

-.---
Fig . 1:
CSp.c: ItBflC B· votIaga
ch. rK1 arl. lIc of.
I lo r. tiI8d iode

2. P,.,NC,PLE OF FREQUENCY CONVERSION

-,...

I,
I-c. I
I

: :
!-HI--e Dt lUG

One must dit!erentiate between two ditterent lypea of frequ ency conve ne ... or mixers: up·
ccover te ... and down-eonverters. Up-converte... convert a relat ively low IrltQuency I, (e,g ,
144 MHz) with the aid 01a higher Irequ.ncy f, (1152 MHz) to a new Irequency (1296 MHz). In
lhe case of a non -inverting up·converter. Ihe new frequency repre sents th. sum 0' both these
frequencie s: f J • t, .. f

"
In the case 01 inverted up·conv .rtere. lh. output Ir .qu.ncy is Ihe

difference between these two Irequencies: I• • f, - f ,. The ci rcuit 01 the mixer is designed
so that power is on ly converted to the requ ired frltQuency,

It has been found thai tne inverted mixer circuit has a tendency to inslabili ly whereas. Ihe
non· invert ing converter operates in an absolutely stable manner , (2). 11th. inv.rted mix.r is
the relore no lOnger considered. our anentio n can be co nc. ntrated on non -Inverting up- and
ccwe-ccn vene.... The lollowing designations are valid in subsequent conslderahons:

Input signal fr ltQu.ncy I, (e,g, 144 MHz)
P,: power et t,

OscUlato r frequency I, (1152 MHz)
P, : power at f,

Outpu t l requency r, (1296 MHz)
P, : power at I,

The po wer conve... ion using non -li near reactance mixers can be calculated according 10 the
power di stribution laws according to Manley and Rowe. This was described In a general
manner in (2): it gives the distribution raUo of en ,nl inlte number 01 powerl in Ih. case 01 just
8' many independent l requenci. s. No differentiation sho uld be mad. hare between Inpul and
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outpu l power, bul on ly lhe amount 01 such . The tollow'ng reiahonsh,ps are valid lor non­
invert ing up-converters '

P,/P , • I , ll , 111

Pv'P, • I,ll, (21

w'lh I, • I , + I,

The oulput pow er P, is gre ater Ihan the power ct me in pul signal lo Ihe same rettc as the Ire­
quency . The outpul power il also greal er Ihan the osc illa lo r power P"

In the case 01 down-converterl , it will be seen that a 1011 will be e_h,blled at the same ral ,o
as the power gain In lhe case 01 up-<:onvert ers For Ih,s feason, conversion uSing non-linear
reactances is only used w,th up-eo nvert ers. and non-hnear res,SIO,.. are used lor down ­
co nve rters .

II il th erel ore advisable to COncent rate on non-Invert ,ng up-eonverte,.. . II equa llons (11 and
(2) are used toge ther w'lh • 23 cm up-converter, the 101l0WIng relal,onshlps w,lI result

P, /P, • 1296/ 1« • 9

In the case 01 an Input Irequency 01 14. MHz. a ccnversron gam 01 9 is ob tai ned when
relerred to lhe output Irequency . The loll owing co nversio n gain rector result l between the
osc Uialor power and oulput power:

Pv'P, • 1296 /11 52 • 1.1 25

These ideal values are valid under two cond,tlons:

The reaClance must have no loll (c ut-ot1lrequency 01the d,ooe tc v,rtually ,nl,n'te);

The circutt should only conve rt power al Ihe three Irequenciel.

Without di scussing whether thi, can be realized in pr acti ce or ne t, Ihe lollowing valu.. result
aS ll Kample:

An oscillator power 01 P, • l .a W is available . Th is means that the lheoret ,cal output power
01 the Irequency converte r il :

P, • P, _ 1.125 • t .8W

The required inputligna l power is then :

P, • P, /9 • 0.2 W

The overall eff ic iency of the CirCUl i , e.g. the ratio 01 outpul power to the sum 01 the input
powers ii, 01 cou rse, t .

In a sec ond eumple, an input lignal Irequency 01 28 MHz is to be conSidered. In lh'l case .
me co nversion gain 01 the eecutatcr power 10 output pOWiIr il lower (1296/ 1268 - 1.02),
whereal , the signal power P, can be lar less, tP, ' P, • 1296 /28 • 4a.3). Th is mean s lh at one
requirel tess drive power lor the lame output power, but more osc illa lo r power. Sinc. the
local OSCill ator power can on ly be obtained WIth co nliderbale . f1ort and Iince s lideband
$pacing 01 on ly 28 MHz requ ir.. a cons ide rable amount ot selec livl ly . and sinc. such selec ­
tivity w ill red uce the elficiency, Ihe UM o f an inpu t signal 01 144 MHz IS lar more lavor able.
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In a th ird example let us study me relationships lor the 13 em band wtoen USing an inpu l
signa' 01 144 MHz, a local osci lla tor frequency 01 2160 MHz IS reqUIred The reno P,I P, ­
1,1f, _ 230412160 _ 107. which we have deSignated RF elllClency, II leu la" orablfllhan In
Ihe case 01 ee 23 cm eeoo. The reqUired input l ig nal power is thus one six teenth 01 th ft
cutout power. In the case 01 a local eecmeto r power 01 , W, the loll ow lng Will be 'IlIhd

PI - 0 .06 W and P, _ 1,07 W.

3. lOSSES ENCOUNTERED WHEN USING STORAGE DIODES
FOR FREOUENCY CONVERSION

AMer describing Iha theory 01 a losslesl , non -in" ertmg up-convert er using non -linear eeac­
lances , Ih is sectio n is 10 di scu se the losse l encountered when usin g real 'Iaract or mixer s and
10 d lscuse the ir effect on me elflc iency , These losses can be I plit tote two areas

l osses in lhe external ci rcui l

l osses in the "a raClor itself

The losses occuring in me exlernal cirCUli are caused ftnllrely by the a 01 the Itl ters and
ma lching circuits , These can be broughl 10 a min imum using good UHF orecuce. selecting
Ihe right malarial, and by using large, I mooth surfaces The losses Within tee varectcr d iode
can a lso be split into two groups:

Losses in the bloc king range

l osses in the pass range

When ope rating In Ihe bl ocked area, Ihe d iode can be assumed 10 operate With lis Junc tion
capac i i ance in paralle l With an ohmic rel iliance (3) A porllon 01 the RF enftrgy is eeove -teo
in to heat in thil res illance. The value ol thil com ponent il dePflnden t on Ihe cu rrenl

In the forward. or cu rren t lIow difechon 'IafiOUS types 01 losses oc cu r

Recombination 1oUes:

The se ar e caused by lhe Iin it a Ille 01 me minOrity caHierl In the I low area This means tha t a
po rt ion of Ihe min ority carrie rs recom bine and cause a DC-current which CaUI4I1 mese 10llel
together WIth the eoe rectec OC-'Io ltage (d iod e I) . A correct eerecncn 01 the 1l0rage hme t.
wi th respec-I to the pe riod du rahon 01 the RF-vollMJe can brtng an imprO'lemenl here, namely

I. > tHF

Hysteres is losses :

These were examined in (3) in detail , They are caused by the etter-ettects 01 the re!lId ual
cha rge on swit ch ing Irom lorward to blocking dl recl ion and can be min imized by coreecr
se lection 01 Slorage time and SWitching time ,

l osses due 10 co t"lduct''Iity modulation :

o"erdri'l en diOdeS cause a modulahon 01 Ihe cOt"ldUCllVl ty, whi Ch causes addi tional heal 10 be
generated by the current

The losses occuring in the flow range cannot be avoi ded With sto rage d ioda s. The im prove­
ment 01 the eff iciency obl ained by using Ihe abrupl capaCity-volt age Charac teris tic in the I low
range always providet better results than when ul ing Schottky or junction varaclors onl y
bia!l&d in their block ing range (4) .
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Whltn constdefing unavoldabl. louea, It il neceu.lry lor the Indl...ldual parametars to be

..lected 10 that ma.imum .ffici.ncy il oblained . In Ih. e-M 01 power up-eon....rt .,.., • good
RF efficiency '1 .. P)/P, II lOughl In contra.t 10 parametric Iow-. ignal ml••r. (e.g, .... r. ctor
up-eon....rt.,.. In rece llfers). Thll mean s Ih.1 frequ.ncy I, (144 MHz), which h• • flO effecl on
thll efficiency, mUlt pro...lde a co nllderably higher drive 10 the varac lor Ihan volt.g.. f, and
I, . Such operatIOn I, described a. param.tric operation ullng the modulated l ignal lOurc.
as pump. Itl power II used to gradually co mpensa le lor lhe 10..... The reaaon lor thl. w.a
d lscullaed In (' 1and I, as lollowa:

Lest .ttort I' requ ired . t low Irequenciea 10 prod uce high pump power. tt\an at high.r
Irequencies.

fht1 impedance 01 the varect or I, lar hlgh.r at lower Irequenc l.. Ihan al highe r trequenci..,
whiCh mean. that leas power il required lor Ih. sam. ...oltage drive.

A mlxer 01 th is type Clin be co n.l dered 10 be • non-Inv.rting up-conv.rter pumped . t IF 1. ....1.
II the ....rector I, dri....n at I, and f, at the same high level, on. wilt I. a.... the range 01 par.­
metric operation , which muat allO be conaidered dur ing the carculation (S). Suc h ml.er. Ir e
Clille<! power up-¢Onlferters,

lOA

DC 9UG

D

I

c

"

4. BLOCK DIAGRAM OF TliE MIXER

The block diagram 01a ml.er eq uipped with ...erector diode la given in Figure 2. The diOde il
led with oscillator powet" at Irequency I, via I two-It age Iiller F, which . Iso match• • Ihe
generator impedance 0' 50 0 10 the Impedance 01 Ihe Vlrlt ior. AI Itle u me lime, Ih. lo. d
resistor RL is matched to lhe diode via. two--s l.ge lill.r Fa which il aligned 10 the output
Ireq ue ncy 1,_ w.n-proven circuitl used by Irequ.ncy multlpll. rs were used her• . Tn.
capacitor C in Mfin with tn. diode bloc ks the inlermedla te frequency I, (I ign.t frequ.ncy)
lrom tha AF circulls . The IF l ignal i. led 10 th. dlod....i•• tr. nslorm.tion circuit F" Thil ca n
conaiat, lor insl. nce , 01 two reson.nt circuita, or . n .ir-spaced coil .1 chok••nd ul ing •
toroid tr.nl lormer for imped.nca converaion.

sccn e mixer was ...mlned In (1). Th. lollowing I....or. bl. v.lu. a wet. oblained uaing a
Itorage diode type ,",A..S97 E (cul -otf Irequ.ncy 153 MHz, br.ak-down voltage 63 V, mean
Clip.8citance 12 pF) al a I lgnal Irequency 01 t, • 70 MHz and an osc illator frequ.ncy I, •
2300 MHz:
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RF effICiency '1 '"' PI /P, '"'
3 dB bandwidth .
Lower sideband :
Second upper sideband :
Harmonics 0 1 the IF:
Inlermodulalion rejec tion
(twcrtone) :

50 '" wll h PI '"' 28 dBm
12.5 MHz

- 53 dB
- 39 ea
- 60 dB

'" ee

,Q 06 W

Due to the low IF, an IUlllhlry ci rCUli was provided lor I, .. 1, /2 .

These measured values were used as orlenlillon vllues dur ing Ihe OeYelopment 0 1 I mill er
lor 1M 23 cm band . It was reproduCIble in virtuilly all polnls, One can therelore aDume Ihst
I t least 50 '" 01 Ihe osclllitor power is co nve" ed in lo outpul power. The signal Ireque ncy
power and resl ol l he oscillalor power are converted InlO heal.

In principle, such mi llers can be designed lor all amateur band s in the UHF and SHF range ,
They I re especially interesti ng lor apphcat ions in Ihe 23 cm and 13 em bands , Pa" 2 is 10

describe a miller complele wllh local OSCl llalo r lo r Ihe 23 cm band , and developmenl and a
description 0' such a co nverte r lor 13 em IS l iso pllnned tor lhe lu lure
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A LOCAL OSCILLATOR MODULE FOR 200 mW AT 1152 MHz
b1 J . O.hm. , DC 0 DA

The local oscillator module to be cescnbec here can be easily constructed. With Its ou tput
level 01 approximately 200 mW , It is eurtebte lor II large number 01 appllcalior,s, It is. lo r

mstance . su itable lor driving the 8255 tube in the DC 8 NR transmit converl er described in (1);
lube V 1, whIch is used in this trensverter to increase the ou tput level of the OSCilla tor module
DC 8 NR 006 10 the required level lor mIlling. will no longer be required ilthe desc ribed tocal
oscillator is used . tnsprte 01 lIs higher output power, the new oscilla tor chain is mo re simple
and easier to constru ct : only one power tranSistor IS used . no parte are to be found on the
tower side 01 the board. and the narrow '1../4 coaxial circ uit has been replaced by a ).12 strip­
line circuit. 01 course. the local OSCillator module sho wn in Flgur. 1 is provided With screen ­
ing panels made trom 110 plate or PC-board material. The scree ning IS completed in a RF­
tight manner by mountlOg the base plate With lhe aid 01 the eigh t scre ws sho wn 10 the photo­
graph . and providing a top cover A subsequent bandpass titter co mprising two ),/ 4 ci rcu i ts.
as wa s descnbed in (2). is used lor selechvlty When constructed in this manner. the un ­
wanted second harmoni c 01 the verac tcr tnoter (768 MHz) will be suppressed by more th an
GO dB

Another application Will be 101 the 3 em band : The module could be tono wec by a Irequency
multiplier (nine times) to end up WIth a Irequeney of 10368 MHz. A tu rther application wou ld
be to provide a low power tran smitter lor 1296 MHz.

II a 92 MHz crystal IS used Ins tead of the 96 MHz crystal. an ou tpul freque ncy 01 1104 MHz
wi ll be cbtamec whi ch IS sonebre lor dr ivlOg a frequency multiplie r to 3312 MHz, This fre­
quency w ill be requuec lor 9 cm / 2 m trensvertere. Finally. II a crystal 01 105,66 MHz is used.
one will obtain a Irequency 0 1 1268 MHz which is SUitable for 28 MHz/ l 296 MHz applica tions ,

--

1. CIRC UIT, CO NST RUCTION ANO ALIGNMENT

The cucurt diagram 0 1 the module is given In Flg ur. Z The nest lew stages o t the oscillator
chain need not be described m de tail Since they are very SimIlar to the loca l osci llator module
ce scucec In (3). The crys tal oscillator frequency 0 1 96 MHz is doubled twic e and the po wer
level at 384 MHz amputred In three stages The small power tranSIsto r C 1 • 12. wh ich drives
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the verectcr tnpler via a mat ching network, is to be lound In Ihe last stage , A veractcr diode
type BB 105 is used wh ich IS used extensively In UHF television tuners. The oulput etrc uu l or
1152 MHz is a capacilively shortened '/../ 2 air -spa ced str ipll ne.

II b ridge 8 r 1, which usually grounds the crys tal. IS disconnected , II IS possible for an addI­
t ional cucuntc be provided lor narrow band frequency modulation , A sUitabl e crecuu for fhis
w as desc ribed in (1),

Flgur. 3 shows the component locations and the conduct or lanes on Pc-ooaro DC 0 DA 005 ,
The di mens ions of th is board are 195mm I( 70mm : it is double-coaled but does no t pos sess
th rough contacts. The ground su rlace on the compo nent side 01 the board remains virtually
in tac t so that a large ground su rlace is avail able . The copper coating is only removed wi th
the aid 0 1 a 3 mm cte . drill where holes are mad e through the PC-board to lhe conduc tor
lanes. Th is fype o f construction ha s been des CFlbed a number o f limes in th is magazine,

Su llicient room is provided around the edges so thaf tm plale or Pc -boarc malerlal can be
ectoeree in fo place and used as sc reening panels ,

2. COMPONENT DETAILS

T 1: BC 108 or other AF tr ansistor
T 2: BF 173. 8F 199
T 3, T4 : 2 N 5179, BFX 89
T 5: BFW 30, BFY 90
T 6: C 1 - 12

0 1: B81050rBA1 49
02: C 9 V 1 zene r d iode

With the el(ceptlon 01 L 6 and L 11, all inductances are wound Irom 1 mm ere. (18 AWG)
silver-p la ted copper wi re .

L 1 : 6 tu rns wound on a 5 mm dia contermer With VHF core,
Spacing between tu rns: 1 mm; hot end lac ing the board,

L 2, L 3 : 1.S turns wound on 5 mm for mer; pulled out to tn me hole spac ing
on the boa rd , spaced approl( imately 5 mm Irom the board.

L 4, L 5 : 1.5 turns on 4 mm lormer; pulled out to trt the hole spiilcing on the board ;
spaced approx . 2 mm Irom the board surface. Tap on L 5 apprOl(, 3 /4 turn.

L 6 : Resonant line 1.5 mm dl a (15 AWG) si lver -p lated coppe r w ire;
straighllength : 30 mm , ends ben t back and ptaced through holes
on the PC-boa rd so tha t a spa cinQ o f 4 mm results,
Tap : 11 mm straight leng th fr om tne co td end

L 7 : 1.5 tu rns wound on a S mm termer . pulled out to lit the spac ing
on the board , spa ced approx . 2 mm from the board

L 8:

L 9 :
L 10 :

L 11 :

1.5 1urns, 5 mm te rmer . close wound,spaced
app rOI(, 2 mm Irom Ihe boa rd

1.25 tu rns on 6 mm lormer, pull out slightly

O,Sturns, 5 mm l or mer , tj -eh aped bant towards the surlace o f the boa rd ;
bent approx . 1 mm Irom the ground surlace.

4 mm Wide copper stnp . straight length 60 mm , end s bent back at 90" and
soldered 10 ground so that a spacinQ 01 4 mm results The trimmer capac i to r
is sol de red in the middle 01 th is line at the side, the tap for the trimmer cepe­
crtcr 10 Ihe verector is apprOl(imatety 13 mm 0 1 straight lenglh to one end of
the strlpline: the tap lo r the BNC-connec tor apprOI( 10 mm straight length
from the other end ,
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The tr immers fo r the idler errcuu. coupl ing and tunin g 0 1 the sl fl pllne L 11 small cerarmc
tubu lar tr immers, appro.., 4 pF mall , cecec ueoce (Phi lips)

All othe r tr immers p laS!lc 10 11 or ce ramiC dISk tr immers 01 1 mm d,a (PhI lips. Stellner)

All rnislors II posSIble caplelS carbo n resistors lor 10 mm spac ing All bypass and coupling
capacI to rs : ce ramI c d isk types l or 5 mm spacing

ReqUIr ed are Iurther; 4 pieces. 6 hOle core (Phlhps 4312 020 361(0). 2 plOCtIS 1./ 4 chokes con­
struc led Irom 0,5 mm dla. (24 AWOl enamelled coppe r wife wo und on a 3 mm lormer ,
sell-suppOrt ing. wira length app ro.. 195 mm

It Is nec ltSlI8ry dUtl ng the ali gnment lo r all tr Immers, commenCIng wIth The ccuector tnm mer
01 T 5 to the tunIng tr immer 0 1 the output sl rlplln e creon, to be ali gned severa l nmee auer­
na le ty lor maxrrnum outpu t po we r FUr1he r detail s regarding the alignment 0 1 l uch lIages
have been g iven in the var ious re ferences In the preliminary all gnmenl proce ss. It is
ad visab le lo r a bandpass htter lor the output Irequency to be used . Ihe I lll et descr Ibed tn (2 )

IS N tls lacto ry , A sensi tive pOwe r indIcator limphhes the ahgn men t 01 lhe mod ule. even If It IS
not cahbre ted The absorp!lon Irequency meter descrIbed In (4 ) IS 0 1 great asslslance since
all l req uenciltS present in Ih is local OSCIlla tor module can be measu red

3. REFERENCES

(1) W Rahe: A RelatIvely SImple Linear Transmll Convef1er I rom 144 to 1296 MHz
VHF COMMUNICATIONS 8. Edlhon 211916 , Pages 66 -19

(2) J Dahms: A Three-stage Pre ampli fIer lor 23 cm
in th is ed it ion 01 VHF COMMUNICATIONS

(3) G , Saltier: A Modu lar ATV Transmllter
VHF COMMUNICATIONS 5, Edthons I an d 2/ 1913
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LOOP -VAGI ANT ENNA S

1. INTROOUCTtON AND GENERAL DESIGN DETAilS

The elemen ts 01 Yag l anlen nas can be In vanous torm, - lhe most common '8 the hnear type

uSing st raig ht element• . Ther. ar• . how-eYar, also the quad anlennas (sq ua ' e, Wllh ,IS der ."
yat lVeS "no 1009 (round) and delt a loop (triangular, HilS artIcle " 10 d,scu" the rmg loop
Vag i .nlenNl Such loop Vag, an tennas pouess elements haVing • Circumferenc e 01 one
wavelength.

Controv....y has • • •, ted to r many y••rs between the normal. linea, Vag' Ir.lflrmly and that 01
the loOp Vagi and o ther quad antenn••. PubhcahQn l givmO pra ctical lUile (2. 3) and lechnl cal

compariso n. between both types 0 1 Vag, an lanna. ha.... only 'ended 10 Incr.aM the coot rc­
.......y . Normally, the selection of an antanna is. howeYe,. mild. acco rdl"g 10 I UCh pra c lice as
mechanical construc tion possib ili t ies, appearan ce 01 the anlenna , o r cos t This art Icle is 10

bring attention to a new paper (4 ) wh ich g ives detail ed design dfllalls lor loop Vag is With
optimum gain.

The au tho rs describe a very Simple design procedure. conetent element spac ings and

element d iameters ara used . The spa cing of Ihe renect or could be inctfilaMd somewhal (5). in
order to improve the front· to·back ratio

.......

• "

...... •
•

Fig . 1; .. Loop-Y" aMen... aec:otltln" 10 (4), with 100ft th lc ~ne•• 28,
loop dlameoler 2b. loop .acln" d. and anlenna lanoth L

Figur. 1 shows the general torm 01 a loop Yagl antenna This article is now 10 diSCUSS design
details based on Ih is :

Usually the basic paramel er is an lenna glin o r antenna leng th. Tha curvel given In Figure 2

(Irom 4) show the bandwidth and ga in (in dB) as a furrctrcn 01an tenna leng Th

Accord ing to lhe requ ired bandw id th . one 01 the Three d /b curvt's IS ll8 lecTEt<l . which IS nor ­
mally d /b • 1 fo r amateu r rad io app hcahoni. Atle r Ihis. Table 1 whIch wa. alao goven In (4 ' ,
is u sed to obt'ln the raloos LI~ an d b/~ lor the requited d /b ratio
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Fig . 2:
0..." curv•• to!' Loop-Y.gl '1'1"""" KCo,dlnll 10 C4). Th. I ' , nd.,dl u d Inl ,nnl I, " glh lIA ......11 .
from ttle ,~ul...cl 1I,ln . According 10 I~ ''"Iul.ed bandwidth, ,... ~ul'.cI Cu"'" d lb I, ..I.e' a d . All
011'1.,'1.1...11 ,~uf"d un be lak.n 'rom labl, 1

Ed . The bandwidth mentioned abo ve and uted late. on in Ihi, paper should not be con fused
with the convenhonal bandwidth 01 an antenn, al'ld match ing system (- 3 dB bandwid th )
Meant is the transmissiOn rarn;J8 01 the loop Vagi struclur. lor . specific w.ve type . Th.
- 3 dB bandwid th 01 the ,nlenn, is conSldaf.bly narrowar. However. d/b • 1 is usually l ulll­
cienl lor amateur application• .

This is fOllOwed by calcul.llng the wavelength ). lor the center c t tne requ ired band .

With I In MHz, ;. will be In mm.

, . 300000

I

II is possible aller cal culating the ).·Yaiull 10 calcula te value b. lo llowed by lhe th ick neH 01

Ihe lOOp ma teria l 2 a. and I inally lhe spac ing between the loo ps d . The number 01 elements
inc luding ref lec to r is obtained by d ivid ing the app roxime le anlenna leng th by spac ing b ..,. • 1 .,. O.S 01• 0.25

Lh bt ,. U i. bt ,. L/ ; b/' .

0.73 - 0.87 0,146 0.78 - 0.98 0.142 0.81 - 1.00 0.140
0.88 - 1.44 0,145 0,99 - 1.45 0.140 1.01 - 1,40 0.138
1,45 - 2.55 0.143 1,46-1 ,99 0.138 1,41 - 1.80 0.137
2.56·3.36 0.142 2.00·2,51 0.131 1.81 - 2.18 0,135
3.37· 4.03 0.140 2.52·3,28 0.135 2.19- 2.55 0,135

3.29 ·3.92 0.134 2.56· 3.17 0.132
3.18 · 3.65 0.131
3.66 ·3.84 0,129

llbl. 1: 0.1111" d.tll(l r loop-Vill i I""nn.. l ec:ordl"1I10 (4)
l I b .. 0.01: L I, t"' I"llnnl length
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E••mple :

The w....elength co rresponds 10 235 mm in Ihe caM of • loop Vagi w,th • cent.r IreQuency 01
1275 MHz. Al an .ntenna leng lh 01 3,5;' tne lowest b.ndw,dth II in lhe order 01 10 %. or
130 MHz . and the ".In is . pp roxlmately 15 dB (Ed pr. sumed 10 be dBI)

The r.tio d /b • 1 is I.ken Ir om T.ble 1 al l . 3,5;' : b/ ;' • 0.140

It is now po ssible 10 cal culale the loop radiu s: b • 0,140 x ;. • 32.9 mm

loop diameter 2 b - 65.8 mm , and loop circumlerence C . 2" b _ 206,7 mm

With a - 0.D1 x b. the lollowing will result:
ma lerial thickness 2 a - 0,02 x 32.9 mm • 0 66 mm
Spacing betw@en loops: . , d /b • 1. il lollow s tha i d _ b _ 329 mm

Number of elements Including reuectce: N -
l

d
3H

d

8225 mm

32,9 mm
• "

To summar ize, the lollow lng .... lue• • re oblalned

Frequency :
Bandwidth '
Gain :
Antenna lenglh:
Number 01elements:

1275 MHz
130 MHz
15dB I
e pproe. 85 cm

"

l oop di.mel&f ;
loop circ umlerence:
M. ler ia l t trtckneee:
loop sp.cing

65.8 mm
206.7 mm
0.7 mm
32.9 mm

Table 2 contaIns dala lor a sho rt and a long loop Vag' anlenna lor bol h the 2 m and Ihe
70 cm amateur band , The elements can be made Irom meta llape, lube , or so lid rod It IS only
necessary lor the d,ameler .nd lhe Ih ickness 2a 10 be malnl.ined , The metamc boom c. n
pass through the ceruer 01 Ihe loops .nd Ihe loops be mounled using Insulaled aupports. or
the loops can be di rectly mounted 10 the metenrc boom .t Ihe point 01 min imum ...o lt. ge
maximum current). Such an .ntenna is sho wn in Figur. 3.

A sophisti ca led method 01 making such an anlenna would be 10 use pr inled loops on PC­
board matene! Howe...er, it would then be neceaary l or lhe ettec t 01 Ihe board m.terial on
the resonant IreQuency to be determined. and taken inlO consideralion . II an in lulaled boom
is used. il wilt be poSSib le lor tn e elemenls to be moun led SImply USing . dual -component
g lue. Further delalls regarding loop Vagi antennas we, e g l....n In (5) and (6).

Parameler 2 m band 70 cm band

Gain (dBi) > 11 " > 11 "Loop radi us (mm) 2.. 279 96 .,
l oop th ickness (mm) • e 2 2
Elemen t spacIng (mm) 2.. 279 96 .,
l oop cucumtereo ce (cm) 18 1 17. 60 ' 60
Anlenna length (;') 1.7 • 17 3

Anlenna length (cm) 320 780 1056 201.3

Number 01elements " 29 " "Bandwidth (MHz) " I. ., 56

lIbl. 2: 0••1g1'I a ll 10, Loop "8g1 81'11.l'1l'i8'••• b• • I. lor ..p.1I1....1'I1.
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2. A LOOP YAGI ANTENNA FOR THE 23 em BAND ACCOROING TO (7) AND (8)

Such a loop Yagi antenna lor the 23 em band has been marketed in Eng land l or severer years
and has proved to be popular . A pho tog raph 01 this antenna is sho wn in Flgur. 3, The manu ­
tecturere gi \le a gai n 01 20 dB lor such an indi\lidual antenna , The construction detail s gi\l en
in Flgur. " show that constant loop spaci ngs are no t used in th is case but d illering spacings ,
as is o lten the case with con\lentional lo ng Vagi antennas, In add ition to the loop -rel lect or , a
rect angu lar rellector comprising a metal gri d is used. The element mounting is wry simple :
lhey are directly screwed to the boom. The balun system used is \lery cl9'ier: it consists 01
semi-r igid coax ial cable (9) having an impedance o f 50 U and is led vre the boom alte r a
length 01 approx imately /../4. It is then SOldered th rough the mountmg screw 01 the rad iato r
loop so th at it possesses ground po tential at this po sition.

2.1. Construction Det ails

The co nstr uction 0 1 this antenna is Simple, but me dimension s musl be exactly maint ained .
The th ickness 01 the loop malerlal is critical. It is poss ible lo r it to be thinner than gl\len, bu t
the gai n w ill drop noticeably il thicker male rial is used .

Since an er ror 01 2.5 mm corr esponds 10 approximalely 1 % 01 the wavelenglh, or approxI ­
mately 13 MHz, tt is recommended when marking the ho les on the boom to always measur e
tro m the same po sition. It is possible, lor instance, lo r all poSItions to be ma rked Irom the
radia to r element. so that measurem ent error s ere not added

The loop strips (copper lor the rad ialo r, and aluminium for the o ther eleme nts) O\Ierlap, The
two ho les are drilled with a spac ing cor respondtng to the gl\len Circumference, The strips are
no t lormed in lo rings un ttl atter the drilling process.
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The radia lor loop. which IS manufaclured from copper striP ,~ a 3,6 mm hol e
th rough which the !Mlmmgld coa... ial cable IS passed , The rachalor loop remains open at the
to p and is then deprMMd to lhal It IS appro... ,mately 6 mm wider Ihan high The match ing
and gain 0 1 lhe antenna are dependent on thiS meilsure. In Olher wo rds on the length of the
balun. One end of the radlalor loop IS soldered to the ou l., conductor, .nd the other to the
Innet' conductor of the COoI",lal Clble In order 10 obl.ln the given g.ln. II's necMoMry to feed
the semlngld cable through lhe boom In order to do thiS. • ecr...... IS dfliled through length­
WIse and the Ir.. end of the coa... 1&1 Clble IS passed through 11 loop and cable . re then
tokktred 10 the head of the scr ...... aner the mosf falIOrable matc rllng and /or hIghest gain has
been determined by adjusting the length 01 the balun , An., placlOg thiS pan ftlrough the
boom. the helghl 0 1 the depreued radIator loop win be ~hat higher due to the scr......
head and Will then COIOCIde .pp-roltlmately With the ....IS01 the other loops

Flnatly. the copper radlalor , .n scr......s. and all toldered IOlnts shOYId be protec ted wIlh a
SUitable polyurethan-lacquer .ner which the whole an tenna can be peotected With a ccnven­
I ional lacquer.

, &3Sm me.e
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The described anlenna can be stacked in th e vert ical or hor il on tat plana, or even lour usee in
an array , Many ellperiments made by 0 8 DtC and 03 JVL (8) have shown that 3 ), IS Ihe
most lavorab le stacking distance. This co rrespo nds to apprOJ( im81ely 70 cm in the case 01 the
23 cm band. It is known that ma sl tubes mtertere less with the radiated held when they are er
r ight angles to the polarilafion plane, For this reason . the mou nllng struc tu re lor a l our ­
antenna array should not be square but in the term 01 an H,

The power div ider /combine r shown in Flgur. 5 is Suitab le lor matching and co mbining two
antennas, This unit is designed lor an impedance 01 50 U. The tw o 50 U leeder cab les 10 th a
antennas can be of any length , bu t their electr ical length musl be equa l. The leader ceere to
the station should also be 01 50 U impedance. ItS lengl h is not entreat .

A po wer divider/ combiner lor four antennas operating acco rding to the same princ iple is
shown in Figure 6 In th is case. lour iden tica l antennas can be com bin ed onto a Single teeoer
cable, o r lour iden tical power output stages to a Single ou tput.

2.3. App licat ion . at Other Fraquencl..

Both th e loop Vagi antenna Shown in Figure 4. and the power di Vider/comb iner can also be
construc ted lor the 70 cm . or the 13 cm band, II is on ly necessary . in the case 01 the antenna.
lor all dimensions to be recalcul ated in relationship to wavelengt h. In the case 01 the power
d iv iders/ combiners it is on ly necessary lor the length L 10 be recal cu lated, As IS given in (7).
Suc h re-d imension ing has been successlul.
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A NEW TYPE OF PREAMPLIFIER
lor 145 MHz and 435 MHz RECEIVERS

by M. Mart in . OJ 7 VY

Very rapid advances hay. been made in Ihe 18.1 1_ years in Ihe deve lopm ent 01 eemtcco­
du ctcr• . II seemed lhal the Ilald ettect 1ranl'stor (FEl ) was gening mora and more popular
ovar bipolar transisl ors. especially With respec t 10 the cut-crt freQuency. and noiae al UHF
and SHF (a.g . GA-FET 01 NEe or PteaseV), However, tee bi pola r tra nsit lor ' a 11111 01 Impor­

tance In recei\ltl lechnology. especially I lnce a new type 01 feedback allow. them to be made
more linear and ••hibi t leu noise Ihan • FET.

1. IHTRODUCTION

The mosl important criterion. lor judging lhe qua lity 01 fecelYers are the IIenl llly,ly and me
intermoo utal iOn rejechon. Sutl lcienl selec tIVi ty can be easily ob l"ned uSing crystal Itlle , l . A
high in lermodulatlon re/&Cl iOn can be best aChieved using high -level SCho tt ky ml• • r. and
matching amplillert between mill er and cry, lal filler (1J. Inpul CIrCUits can be bUi ll usmg Ire ­
quency separallQrl l illers lor separating the output components 01 the mIller oscll ialor I re­
quency 10 minus receive IreQuency l in - 1Ft 10 Ihe amp lif ier and fo + fm IF, to a 50 U
resistor .

SUCh ci rcu its possess an sse noise figu re F _ 10 Q 10 dB and a Ihlrd order intercept pomt
(IP) 0 1 app rOll. 30 dBm (Ihe term IP was ellpl amed in detail in (1)). There are mill er. aVllllable
Ihat possess an IP 01 40 dBm Q 10 W I (450 5J. bul Ihelf applicat ion s are IImtled due 10 lhe IP
list 01 Ihe crystal l ilterm which is In lhe order 0125 10 28 dBm Since lhe mlUII norse IIgure 0 1

10 dB can be improved easily using a preamplifier . and since the overall IP 01 lhe syslem IS
redu ced to lhe value 01 lhe preampll l lC8l1on minus selec ll vlty losses, on ly as lillie preamphh­
calion as necessary should be used . If Ihe gain is IIlied al apprOll lmalely 2'0dB. tl'M! mill er
noi se IIgure componenl will be approximalely one hundred lh 01 Ihe overall nOtse IIgure. th us
0.1 in Ihe case of F _ 10. which is sul flciently low

The overall IP would be 10 dBm with the reqUIred high IP 0 ' the preampli fie r_ wh iCh repre ­
sen ls an excellen t value in ccmpenercn to many 01 lhe commerc ially availab le Units th at
operate in lhe order 01 apprOllimately - 30 to - 20 dB m,

2. EXAMINED CIRCUITS

Up 10 no w. virtually only p raampli liers eqUIPped With FETs _ra used lor hIgh-performance
receivers . When using dual-gilte MOSFETs. In tercep l po int (IP) values of .. dBm wllh nOise
I lgu re F _ 1.8 Q 2.5 dB could be achieved Enhilncemenl FETI such as 50201 prOVided
somewha t bener values With IP _ 6,5 dBm and F _ 1 6, However. the best results were
obta ined using the preampli l ler g lV'ltn in Flg ur. 1 ThiS preamplif ier possesses me 'ollow lng
specllications:
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Oain : 0 - 18.5 dB (144 MHZ). 19.5 ee (440 MHz)
NOise flQure F," - 135 Q 1,3dB. F_ _ 16 Q 2,OdB
Third order intercept point. IP _ 14 dBm (14 + t9 - 33 dBm al The outpull
1 dB com pressio n : 18 dBm Q 63 mW ou tput power

lso la lion: 22 dB
Bandwidth: 70 to 570 MHz. see Flgu r. 2
Inp ul SWR : t 44 MHz: 1,4; 440 MHz: 28
Inlermodulat ion ·lree, dynami c range: 102 dB (see append l. )
Ope raling voltage : 12 V J 21,5 mA

l1p
l~H

..0

*IIp
T1
BFR 34A.

z-sen

Fig. 1: Law ·no/H ' 45 MHz a ncl440 MHz pr8.mpllfl.r wl1tl high Ilne.rtty

Fig . 2: Frequency relopOll" 01 ..... ampltfler aha""n In flgura I
Ha rtzant8l: 100 MHzldlvlM n - V.rlk.l: 10 dBld 'v'. 'on
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These ex cel lent \lalun reall il Irom the UH 01 • new Iype 01 IHdback prinCip le (2), by which
energy is led back 10 the Inpul 01 the tranSISlor In .nll pha!!>e uSing an exch ange leedback
winding in a Similar manner as used in • MelBner osci ll.lor This is oblamed wllhou t deteno­

rallng Ihe origi nal nOise I lgure of the tranSistor wh ich wou ld usually be the case when USing
cc rweono ner leed back circuil s. The Iinearil y increaH S in thiS manner as I function 01 the
teeobeck I, m . and n are leedback win dings 01 the lranslormttrs Tr 1 and Tr 2 1- Figur e 2)

The lo llow ing relalion ships I re vllid lor the dtl'Sign ol l he cirCUit

Gain G - m'
n _ m' _l _ m forlln -ZOUI

Rload of the tr . nSlslor - In ... m) Zoul lor I - I

In l he case 01 m _ 2, 3, 4, glins 01 G • 6, 95, 12 dB resuu. Ind load Impedances 01 3, 8,
and 15 Zout . By SUitab le design cr tne ci rcu it .nd c.sc. d lng \larious dillerent stages, VIrtually
any IP valu es and nOI58 ' igures ean be obtained , Since Ihe Input impedance co rr8llpond, 10
the impedance co nnec tecl to me output. Ihe low inpu t SWR values represenl • lurther
ad \lantage With respecI to FET preampli llers whose noile matchin g and Ihe rn uil ing high
input SWR cause an increase in cable atten uation between Ihe anlen na and preamphl ler .
Flgur. 3 shOws the Ir equency response 01 • BFR J.4A .mphller be t-" 0 and 1GHz using
var iou s types olleedback Ir ansformahon . The OdS hne is 10 be lou nd at Ihe cenler. Abo \le
th is, • li ne will be seen With 4,5 dB gain show ing Ihe Ireque ncy response 01 • stage With
m _ 4, n - 2 and 1 • 2; Ihe upper Irequ ency lim it 01 appro ximately 1GHz was reduced 10
600 MHz after nollc ing a tendency 10 osc illation aller connechng a band pa" h lter, Th iS was
neu lralized using a 1.5 pF cepecuc r trom ccuectoe 10 ground. The nexl curve shows I \ler, ion
Wil t! m _ 3, n _ 5 and j • t wilh 9.5 dB gain , wh ich IS lor a Iwo-slage cncuu as shown m
Figure 1. The upper curve ShOwS a \lersion wllh m _ 4, n _ 11, and I . I ha\llng 12 d B
gain and using 0.12 mm enamelled copper wire

fig . :I: Wld.Nnd . mp llfl.... _ 11tl dl"• ••nl degr••• ol l..-dbeck
Ho rbonte l, tOO MHz/d l'tlalo ll _ Ver1lc:el , 10 dB /dl" lelo n
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During a.penmen" 10 ',"d lhe bell me1hod 01 leedNCk Ira n. for mat ,on . II was I~nd th.1 lhe
bell r.aull. _ a provided .... Ing two-l'lol. lamf. COl.. tS.-men. 8 62 152 A e•x11. mat.r,al
U 11). Tra ns lormers ma n fac lu red .....ng IheM cor.... h,b,1 very low IoU. a close coupling
and ...e ry low . Iray Ind uc l lty. so Ihal lhe g. ,n .... Iun dalerm 'n.ed In pracl 'c. d, tl., ry lillie
Irom IhoM caIC...I.ted lheorel ,ca lly, The co rn .hould be WOUndas I how n in Flgur wllh the
Inpu1 winding 1 on the inaide. wind ing m abo'<'e ,I. . nd wind ing n on the o ul,i de w'lh the
largeal diameter ,

Fig. 4;
F~k lra...~r
tor wtodaband
a...plfl.,.

The low er lrequency limit 01 Ihil type 01 Iran alormer leedback ca n be redu ced 10 leal tha n
1 MHz by .... ing sui lable co rea . nd l.rg. r coupling a nd by·pass C.P'C ltO~, .a _II 'a u" ng
higher induCfi... ,ty lor lhe em ,lIer chokas The upper eut-ett Irequency il in lhe ord . r 01
100 M Hz. t\owlwer. Ih'l me lhod ca n 11111 be used abO...e Ihl' Irequency ..." ng dlrec l,onal
couple rl •• Iof'Ig as Ihe de lay 01 Iha lign.1Ihroug h Ihe sen.... a leme nt II net 100 great.

f)gur. 5 lhowS lhe Ml8<:fl"" ty c urvn 01...." 0.... types 0' Ilite r Ihll ca n be used in Ironl 01 . nd
behind Wldeband amphhe ,., In o rd., 10 obl.,n the req "'lrad ,m.g. rej'8Chon lo r the rec.I....r• •
h iler . , s how n In Ag...,. I m o...ld be used between muer .nd amplll,e r, II Ihe linea rity In the
d ,recl ... Icinlty 01 II rong broadcaat Ir.namlllerl lhould no l be aufllcien f inap,t . of lhe high IP

.... 11,1• • • bandpass " lIe r aa s ho wn In Figur. 1 0' • high -p. ss IlIt.r .a shown In Figur•• c.n
be used. howewr, the noise IIgu'. will be reduced by ' he' .... 11,1. 01 the inser1 lon IoN 01 Ih.
I,ller .

Fig. 5; • •~ eu....... of the "n.,. aIlowft 1ft ,,!gu... . , 1, alld "
a...... a _ 0 .1 dB heac:al finer
HCM1ZOftttII; :10 lIIHl l dI\otaloft _ Va r1lCal : 10 dB /cIholaloft
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Fig . • :
' 45 MHz bandpaM l itle'
L: 5 lurn. 012 mm dil . , itWl ,- pl" &<!
copper wi r. , length 25 mm . 17 mm el"
Uise . 60 • ~ • 100 mm
In..r non 10.. . ' .34 dB
aelecliv,ly I ' 127 MHz: !500 dB
selecti vi ty I t 100 MHz: 76 ee
1 dB bandWidth: 2 MHZ
3 ee bandwidth : 2.7 MHz

Fig . 7;
'45 MHz inpu t cirCUit
L: .. lu rn, 01 2 mm ell' " Ive r-plated
COjJpII ' 0'1' 1'1 , length 12 mm . 20 mm d,.
I lig ned by pu thnll
cu . : 60 • SO • 100 mm
InN'tlan lou . 0.25 dB
..I.clivily I t 121 MHz : 14 ee
seleclivlly,l 100 MHz : 24 ee
1 ee band wid th : of MHz
3 ee bandWid th . 8 MHz

Fig. • :
130 MHz h'llh -PllU hll,r
L: 3 lurns 01 2 mm eli' , 1IVf!,- plallld
copper wir. , lenglh 8 mm , '4 mm eli• .
align tr imme r 10 100 MHz
cue: 60.50. lOll mm
. " enu. li on : ' ot S MHz: - 0.06 dB
134 MHz: - I de
130 MHz: - 3 de
100 MHz: _ 57 de
Slop band f. nge : _ 30 dB : 97 .103 MHz
SlOP band f. nge ; - 40dB : 99 ·101 MHz

If the amplifier is 10 be used al 435 MHz, It will be necessary lor l ilt ers to be provided at the
input and outp!Jt, e go a )../2 fitt er al the Input, and a bandpass ntter compfising two )../4
ci rcui ts in trent 01 the miller.

3. CONSTRUCTION

The ampli fie r can be construc ted using PC·board OJ 7 VY 001 whose dimension s are 45 mm II
35 mm (Figure i l· The 8FT 66 is placed thr ough a 4.9 mm hole in Ihe board al poi nt _ )1; _ , and
the tran sistor is directly soldered to the ground surface (as quickly as possible). When mount ­
ing the treoatorm er , the co nnectio n wires to emiller, collec tor and to tha disk capacitor
sho uld be kept as short as poss ible (lass than 3 mm ). The co nnectio n leads 01 Ihe 8 FT 66
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Should be sho rtened do wn to 2 mm . which is also yalid lor the emi ller and co llec to r con­
nechons 01 the BFR 34 A wh ich are bent up. The base connecncn 01 the BFR 34 A is d irectly
so ldered 10 lhe 1 nF d isk capacitor and is also used lor mounting , In the case 01 Ihe tr ans­
lo rme f a, allert liQn should be paid that the tw isted lap is tinned righl up 10 the wmdmg ,

prelerably atler wlndmg I and m + 1 are mounted The operahng points are adlusted With a
mA-meter In the associated collector lead : T 1 • 6 V J 5 mAo T 2 - 6 V J 13mA o Aller this,
lhe preampliher is ready lor operahon. Caullon : Due to lhe DC-leedback Yla lhe 27011

r"istOf. the adjustments wi ll interacl

•

Fig . • : PC ·bolrd OJ 7 VY 001

Fig. 10: Phot og' l ph 01 .... lulhor', p. ot oty Pt!
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The I iller connec tion can be made wllh Ihe aid 01 a shor1 piece 01 ccaxtat cab le, remember­
ing th at any add iho nal lenth 01 a dB on the input side will reduce the noise I lgure by tho
same value . If the amp lif ier is to be mounted al Ihe an ten na together w il h an an tenna relay
one can expect an inc rease In sensitivity in the order 01 3 dB even when a row-rosa cab le 01
21 mm di ameter has previously been used , E~amp le : 30 m RG 17 With 1 dB at 145 MHz.
add itio na l attenuation due to SWR • 3 : • 0.5 dB . no ise l igure 01 the FET pream plilier F .Q

2.5 dB . - 4 dB (and lar more wh en using Inle rio r cable). In comparison. the ampliller would
p rovide 1.3 dB plus inse rt ion loss 01 the l ilt er.

When Ih e preampli li er is moun ted al the antenn a. me input should be pro tec ted using four
antiphase Schonky d iodes, II th e oulput coupling capac ito r is deleted. Ihe supp ly volt age can
be led via the coaxial cable , which can be normal TV cab le or similar. In Ihis case , the
coupli ng capacito r 01 27 pF be lween the two stages should be reduced to 18 pF and a 270 U
resistor co nnected in series w ith I 2.714H choke at Ihe end 01 the cable. The coupli ng
capac ito r in me shack shou ld amoun t 10 1 nF. II a very cheap. longer cable having an
attenua tion 0 1 6 to 8 dB is used . it is adv isable for a BFR 34 A or BFT 66 amplifier With
w ind ing m • 3 to be used in fron t of the image reject ion Iiller.

Finally, it shou ld be mentioned Ihat th is amp li l ier is also exceuent lor use as a VFO amp li lier
lor h igh-level 5chon ky mixers requiring 17 dBm .Q 60 mW eecmatc r level. Due 10 Its very lo w
no ise f igure. this ampli l ier wil l not deteriorate the side band no ise 01 the local oscilla tor.

4. APPENDI X

Dynamic range 0 1 an amplifier (see (1))
Natural no ise thresho ld . - 174 dBm/Hz band width
Rece iver bandwidt h 2.4 kHz: 2.4 kHz / 1 Hz .Q 33.8 dB
Pream p lifier wi th F • 1.3 dB and input IP • 14 dBm
OdBm . 1mW at 50 0 ,Q, 223.6 mV
Sensiti vity th reshol d S • - 174 + 33.8 + 1,3 • - 138,8 dBm ,Q, 25,4 nV

Input power 01 two signals whose th ird order inle rmodulatlon products correspond to the
sensitivit y threshold :
Pin . 1/3 (2 x IP + S) . > 1/3 (28 - 138,9) - - 36.96 dBm ,Q, 3 .17 mV

rotermcecre ucn-tree dyn amic range: 138,9 - 36.96 _ 101,94 dB '

This means : Two sig nals 0 1 3.17 mV at the input 01 the preamplilier resu lt in two int er­
modulation produc ts 0 1 25.4 nV and thus correspond ing to the no ise uocr 01 me preamplilier
w ith F • 1.3 dB and a bandw idth 01 2,4 kHz.

5. REFERENCES

( 1) M . Mart in : Emplangere lngangsteil mi t groBom Dynamikberelch und
eenr ger lngsn Interm odu lat ionsveflerru ngen
CQ-Dl . Edi tion 6. 1975, page s 326 - 336

(2) Or. D,E, Norton : Anzac Electronics
High Dynamic Range Tranereto r Amphhers USing l ossless Feedback
Micro wave Journal May 1976
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ANTENNA SPLITTING FILTER

FOR BROADCAST AND 144 MHz

by J . K..lI er . DK 1 OF

Usuall y two antennas are requ ired whiln 8 car radiO and a 2 m mobile eteuc n are Installed in
a vehic le. Ellperiments have sho wn. howe ver. thaI the CI r radio w ill work just as well h om a
5/8 ), 2 m emenoe. Th is 2 m anlenna was mounted on Ihe luggage compartment 01 Ihe eutc­
mobil e. and the conventional ca r antenna (960 mm long wh en eJdended) used l or comparison
was mount ed on the Iront w ing. II was fou nd Ihat a ),./4 rod antenna lor 145 MHz mounted on

Ihe root Of the vtlhicle was co nsiderably better lor VHF·FM broadcas l reception (87.5 to
104 MH z), but shghlly worse Ihan Ihe ca r radio anlenna in me lon g and med ium W8118 range

The home-buill receiver (1) was used l or VHF·FM broadcast recept ion. and commerc iall y
available car radio lo r MW and LW.

ThiS erucre is 10 desc ribe an entenne spll lllng 1IIIer thaI allo ws a 2 m mobIle antenna (i.. /4 or
5/8 i.. ) to be used simullaneously lor broadcast recec trc n . Conslruc tion and alignment are
retal ive ly simp le. and no special measuring equipment IS requi red

L1 L1
n

1-
C1 C1 0-105 MHz

I CI
Antemo CJ ill Fig. 1:

I (-0 An enl,nn, IPllning

Ll ( 4 145 MH z IIl1er for broede..t12 III

LJ
1. CIRCUIT OF THE FILTER

The ci rCUit diagram o f the sp li tting uuer is show n in Figure 1. II Will be seen mat each 01 the
signal pa ths com mences w ith a pa rallel resonant CirCUlI. The circ uit L 1 / C 1 01 Ihe upper
path is tun ed to block the 2 m Irequency. whereas l 3 1C 3 IS aligned to apprO_lmately
95 MHz wh ich is th e center l requency 01 the VHF·FM broadcast band The upper signal path
represents a comple te low -pass hiler usmg a t-nn«: It possesses deeper slo pes. and an
attenuation pole at 145 MHz. The equivalent CIrCUlI diagram lor 95 MHz is given m Figure 2
The par allel cirCUit comprising L 1 / C 1 has an moocuve euect here, since ttus frequency IS
bel ow Ih e resonantlrequency o f 145 MHz, This results in a low -pass hiler in comuncncn With
C 2. which possesses a passband in the order 01 95 MHz. The resonant cirCUit l 3 1 C 3
isolates th e 2 m station connec ted 10 III Irom the VHF·FM broadcast Signals from the
antenna , and C 4 provides Ihe isolalton at the low er treccences l or the m('d 'um and long­
w ave bands,

L1 ,Cl L1, Cl

1 I CI
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~ LJ.CJ l2 C4 m~~1f-o
FIg ,3'
Equi.....nl e.~ult

die",.", lor 145 MM'

The equivalent CirCUlI diagram lor 145 MHz ,s given In Flgu'. 3 The resona nt cnccu com ­
prising l3 1 C 3 is tuned 10 95 MHz and has a capaCIltv8 elleel at 145 MHz Inductance l 2
e x. tends th e lower IIQnal path 10 fo rm a 54mBS resonant e l fe!,..1 whICh lorms a low-loss pa lh
for 2 m freQuencieS 10 the an lenna Flgur.o4 shows the atlenuahon curves lor the I lgnal pa lh

I-II. and Flgu,. 5 lor path I·UI The lowe r passband a l appro.umalaly 60 MHz ,s 01 no p,ach ea l
use. but results 'rom the cucuu used A two -po le com~r1 smg lour reacti ve Impedances (L 3.
C 3, L 2. C 4) always has meee resonance co smons (m OUf case TwO SfIF'M and one pe.a uer
rltSOnance).

••

..
j

J a
OKl OF

I
I
I
I
I,

• " ~. r •

,
I
I
I
I

I
I
I
I
I
I,
~•

OK 1 OF

Fig . 4: Ananuliion ( 1,1,... . ,..th I • II Fill. 5: ""a oul lion tu.... palh I • III

2. MECHANICAL CONSTRUCTION AND COMPONENTS

Flgur. 6 shows a ph o lograph 01 me anlenna spil lter It IS enc losed In a TEKO box type 372
w hich has boon p rovided With lour Independent chambers All COIls are wound on 6 mm dla
r rohl ul COil lorme rs using 1 mm o.e sllv8r -pfal8'd copper Wil e EaCh 01 these co li ro rmers IS
provided with a brown co re The component values are as follows

Calcufafed Insfalled

L1 41.8 nH 2 fu rns
L2 54.9 nH 2 lurns
L3 36 .5 nH 1,5 turns

C I 25 ,2 pF 27 pF
C2 33 ,5 pF 33 p'
C3 16.9 pF 39. 39pF

C ' 43.9 pF 47 pF

Dis k o r tubular ce ram Ic capac l fo rl are SUitable , Fo r po wer levels In e.eMS 01 appro. ,mafely
25 W. it is necessary lor ceoecnors 10 be used lor C 3 and C 4 th ai have a lulltclenl break ­
do w n voltage (100 VI. and NPO·ceramlC should be used
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3. AU GNM£NT

The alignment CIIn commence atler the filt er has been wired and the co...., mounled into
place . It Is nol necessary lor th is to be made in the vehicle in co njunctIOn . ,th the mobtle
antenna , bul may be made in the radIO lhack.

F,rslly. co nnechon I should be connected to a VHF·FM broadent antenna . anet connecl,on III
10 the br oadent receiver . A strong lignal in the order 019S MHz II F'IOW' seleeted and induc­
lance l3 is altgned for minimum held stre ngth, ""er thi s, poslhon I is term lnaled . ,Ih a 50 Q

resistor and connection III via a refleetometer to a 2 m transceiver, Inductance l2 is no.
aligned IOf best I tandlng . ave reuc at a Irequency 01 145 MHz, TtI il complet" l he alignment
ol lhe lower paltl o l ttle lil ler.

This is lollowed by co nnecting poaihon I 10 a 2 m antenna and connec llng the 2 m trans­
cei ver 10 II. A strong signal sho uld be lound in the vici n ity 01 145 MHz and tha alig nment
co rea 01 both inductances l t tuned allarnately tor min imum l ignal strength. Since the stop­
band attenuation is in the order 01 eo dB . il may be necessary 10 make asked . ,th a local
sla tion in order to obtai n a signal 01sullicie nt I leid strengl h.

If one should lind tha t ttle co re 01any 01 the coils must be comple tely inserted or extracted . it
. iII then be necessary 10 inc rease or reduce the nu mber 01 turns 01 the COil in quesllon by
approximately a qua rter or hall a turn so that resonan ce is obtained reliab ly.
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... MEA SURED VALUES

0 1 dB

< 11
"6 dB
15MHz

1" 4 to 146 MHz
1..4 to 146 MHz
95 MHz

The described sphtllng I llter was measured In a prolesSlonal laboral ory uSing a IIgoal geoe­
retor and level rece iver . The 101l0wl"g values were deterrrnoed.

Signa ' palh I-III :

Insert ion loss

Stand ing wave ralio
Sto p-band allenualion

3 dB bandwidlh

Signa' p alh I-II :

Insert ion loss
Insertion loss
Insertion loss
Slop-band atlenuahon

90 to 105 MHz
80 to 110MHz
010 JO MHz
1.... 10 146 MHz

0.1 ee
< 0,3 ee
< 01 dB
> 85 dB

In orde r 10 demonslra te l he ethciency 01 Iha descnbed sphlllng uner lhoe lo ll owing allperl ­
ment w as made : a rel at ively weak I lgnal was lun ed in on lhoe VHF-FM broadealt receiver
usi ng a 4 -element 2 m Vag i anlanoa , Even lhough a VHF output power 01 mor a Ihan 400 w
wa s led to connection III et 145 MHz, no de lerioration 01 the VHF-FM broadcast reception
was observed. However , tne coil lormer. at l 2 aod l3 melted ener apprOllimalaly IwO

m lnules of continuo us earner, aince tha I phtll ng I iltar II nol deSlgoed lor l uc h a high po wer
leve l. Alter exchanging l he inducl ances, th e e epenment was repeated uSing a power level 01

l 00W. .... tl er app rOXima tely len mlnules 01 conhnuoo s earner, the case o l lha hlter was 0 01'1'
handwarm and lhe Ind uc lances showed no adverw alfeets ThiS power outpul ean therel ore
be classed as lhe maximum po wa r ral lng uSing Ih is type 01 conslructloo. Thoe insertlOO loss 01

0,1 dB corresponds 10 a po wer loss 012 %, which means that 2 W WI" be converted te haal In

th is trit e r . Higher power leve ls ere very seldom used l or mobile ope ralion

5. APPENDIX

0 1 cou rse . It is possi ble lor the described splitllng hlt er 10 be deSigned lor o ther Irequency
ranges. It should. however, be nOled Ihat pal h I -III is ralal lvely nar row -band (mall , :!: 5 % 01
the ce nter lrequency) and ItS frequancy musl be higher than Ihat 01 palh I - II The equ at ions
required lor reca lculation are as rcnowe:

R
2Jr f,

1
( ,= 4:r 'fiL ,

R
41t f,
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where: R _ antenna impedance (50. 750)
I t - cot-ott frequency 01pa l h I -II.
I, - cenler frequ ency 01pat h I - III

Finally, an • .ample lor checking the calc ulatio n:

An 11 m C B mobile anlenna (27.1 MHZ) is also 10 be used lor a car radiO lor long. medi um
and sho r1 ·wave recephon. The passband range lor the car tad lO should go up 10 10 MHz 10
met the 3 1 m $her1-wave band Is in cluded , The Impeda nce III SOU . When uSIng the previou sly
mentioned equations, the lo llowing vatues wi ll result:

L 1 - 0.688 Id-4
L 2 - 0.294 Id-4
L 3 - 0.9331d-4

C 1 _ SO.3 pF
C2 _318 pF
C3 _272 pF
C 4 -235 pF

6. REFERENCES

P) J . Kesl let : A Stereo VHF/FM Receiver w ith Frequency Synthesizer
VHF COMMUNICATIONS (7). Ed ll ion 2/ 1975. pages 66 - 77
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MINIATURE VHF·UHF RECEIVERS
and Scanners lor Bolh Prolesslon al

and Amateur Applications

U K W • T E C H N I K . Hans Oohlus oHG
0 ·8523 BAI ERSOORF . JahnslraBe 14

Telephone (091 33) ·855, 856 ' Telex: 629887

2 ell. nn. 1mini...... VHF·FM 'H. I".,
F '~~ '&nQ!I 70·811 t.!~ . 140 ·170 t.!Hr
120mm .llOmm .nmm
""I....... M'lJI'IOtle'. twin..., ell •• 9&'
Pon,l),Io', 0' ....I. ' Iong two- IOIW_.,.. elll

• elll nn.1 VHf·fM k ."....-,.u,•••
f ,~.....e' •• nge 70·811 MHI , 1.0·170 MHr
112 mm. &ernm. » mm
"""""1, M'lJI'IOtle' , ben..., el\.e,9't'

1 e ll. " .... UHF.'M "'... lal.... . ac .....
F,.q~ 'Inge J!IO. S11 t.!HI
120 mm • liOmrn • 12 mm
"n'.nn•. ,,'plloni. bl tllry en.,o.,
A'.o .... '.b.... IWQ·enl nnll 'IC.... '
PoM'bol'l, 0' ,,,.IIII,ng "*0.,_ Mile"" eeu

12 c to.nn.l mu"'I ,," .'~nd ,.c••••,
F ,~".ntV 'Inge loe · 1311 t.!HI
112mm .&emm .)Jmm
""..nn•. M'on-. ben..., ell l'9't'

12 ell.",,~ _ ' 1",. VHf_I'M .H......
f ,.q.....cV .ange 7O-Il6 M!-iI .I4Q.I70 MHr
111mm .6tmm. 33mm
" n'. nnl ...'phon•. b. n.ry elll'~'

UKW 12 AM
MOd" I4I1,o n _ ,"
O'....n.'on.
Ac~,"

UKW 12 I'M
MocJ,,'. I'On _ '"O,rn. n. ,on.
Acc" to ' ,"

UKW 2
MOd" III ,on _ '"0, ......_.

ACCftlO' ,"
FN''''"

UKW 4
MOd" llhO/l moo. '"O'.......'on.
Acc_ . _

UHF 1
MocJ" 'I I'O/I _ '"O'....n.'on.
" cc..to,,"
FHI"....

UKW 12 AM

UKW 12 I'M



THE 70 cm FM TRANSCEIVER ULM 70
Part 4: Mechanical Construction and Wiring

by I. 8.lngmels t.r, OJ 7 OH I H. Bentl'log llo. OJ 0 FW I H.J. Franke, OK 1 PN

This pa rt 01 the desc ription allsumes th aI the reader requires Ihe cabinet end individual
pieces tn et are 10 be described . II , however , Ihe reader wishes to combine Ihe modules In
part 2 and 3 in a diNerenl man nar, he will on ly need lh e wiring diagram.

9. PA RTS REOUIRED FOR COMPLETI NG THE TRANSCEI VER

1 NiCkel-cadmium acc umula to r 12 V

Connecto rs:
Cn " Cn 2: Miniature coulsl connecto r.
Cn 3: BNe -connect or lor single-ho le moun ting
Cn 4: Banery con nec to r with swi tchi ng contact (e.ll · as DIN 45323)
Cn 5: AF co nnecto r lor microphone (e,g. DIN con necto r)

1 Silicon reenuer lor polar ity protect ion. eo . 1 N 4001
1 silicon diode, e.g . BAY 94 or 1 N 4148
1 cabi net. e,g. type 95 ' 6 . '~ (Ettinger , 8 M(,inchen 70, Florian-Geyer-Slr , 1)
1 250- J1A, -meter lor rect angu lar cutout23,~ It 7.~ mm
, relay. e.g, type 2 KH 3950 (HI-G d 'lta lia ) or AH-12 (National)

, 32-0 loudspeaker, 0.7 W, 40 mm It 18 mm

La 2: pil ot lamps 12 V 130 mA lo r illumination 01 the S-meter

P ' J S 1: 10 kU pot ent iometer, log " with switch, 4 mm dia . sha" (volume)
P 2, P 3 : 10 kU pot ent iom eter, log ., 4 mm shalt (tuning)
S 2, S 4. mult i-positi on swi tch, single waler, 2 It ~ conlacts
S 3: Sub-minia ture tog gle switch
S s: Toggle switch (ON.()FF)
S 6: Min iature slidi ng SWitch

1 luse O,~ A, slow -b low. 5 II 20 mm, mounted on the slidi ng swit ch .

10. PREPARATION OF THE CABINET, AND OTHER PIECES

The trent panel is li rstly prepared as shown in FIgure 22 , lhe rear panel as in Figure 23, and
th e supp lied mountin g plate as shown in Figure 24. 0 1 course, 11 Is possible lor the cu tcuts
for th e loudspeaker to be made in a more simple manner, Alter th is, it is necessary IOf a lew
sma ll p ieces 10 be made:

- 42 - ~ VHF COMMUNICATIONS 1/1978



'"~

I

-I I . ,-f ~'-~j"----++- '
I I ,
I ,. I,. " -<f

- r -f;}- - e- ~
-I-t-

,

I

"

"

"

t .'-$

,
'- ·I----!Tf-- -+- - .-- - ----i--d-!

j' ,:== ­
1"'-

e I~~I __f-i'=

I - - --t'...+-t--+--+--'--~--+-_'I

•

Fig. 22: HM ' end CUIOut, In ttl. 'ronl p8ne l

'1-,

•

'"
",

'" VHF COMMUNICATIONS 1/ 1978 • 43 •



c_ - 11'-
- ' n,l -

--'l. '~

ULM 10

..•.,
G-
"

-r-

... ' . , tl

: - -- ( o r--

I- ~~

I I
I I
I I
I I

f d'l!l 'T·P'-'= --=-- - - =----=-= - --"'-'"

.. ..
I

'1, 1 ..

I
LI

Fig. 24: TIl, mounting pl. l t

Two heal sinks construc ted trom aluminium or copper tor Iransi stors T 6 and T 7, which are
shown In Figure 25, assembled . Four spac ers as shown In FIgur. 25b manulactured from
aluminium or brass which are used for suppo rting Ihe receiver board . Sill spacers as shown
in Figur. 25e manu factured Irom soM aluminium or brass thai are later riva lled Into the
mounti ng plate, and suppo rt the transmit boa rd. Finally . two brackets are f&Quire<! with loam
rubber Insert. as shown In F1vur. 254, lor mounting Ihe eccumutetcr.

11. MOUNTING AND WIRING

Figur. 26 gives a cross sect ion showing how Ihe l ully equi pped and aligned PC-board s
should be mounted. The Sill spacers shou ld l irstly be rivelled to the moun ting plate and the
two heat sinks screwed inl o place. Transislors T 6 and T 7 are now provided with heat­
conductive paste. etter which the transmit board is moun ted. This is lollowed by fix ing the
rece iver boa rd lemporarily to the moun l ing plaIa and placing the nut s into the guide slolS on
the side panels 01 the case , It is possi ble, etter thi s, lor evel)1hing to be screwed tightly inlo
place ,

The f ront and rear panels can now be completed and screwed 10 Ihe side pane ls. All er thi s, it
is on ly necessary for the interna l wir ing 01 the transceiver to be wired as shown in Figure 27.
How ever, th is need not be descr ibed in detail , The fo llowing lou r photographs (Agure 28 to
31) should provldf suff ic ient Info rmalion.
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CALCULATION OF DISTANCE AND ANTENNA DIRECTION
FROM TWO QTH·LOCATORS

O. SChmidt, DL 3 OV

Method s 01 ca lcula ting the di stance from QTH·localors .....er. dncribed by W. Kraus (t ),
H, Jm kowski (2) and F. Land sl orfer (3). The ' ''sl mainl y used logari th miC tables becaUM elec ­
tronic calc ulalOr1 were 1'101 read ily availabl e al lhal l ime. The MCond concenlrated his eeic u ­
lalion instruc tiOns on the TI SR-5O C8lculalor. Howeve r, since her. are no w many olher
ca lc ulato r types on Ihe markel . the author Wished 10 descr ibe a method 01 catcuteuon Ihlt II
not designed around • speci fiC caicuia lor but can be used w llh any cai cuia lor Iha' can
process tr igonomalric lunctions. In contras t 10 (3). no deria llona are 10 be gi ven but br ielly
how tneee calcula tions can be made In prac tice

The fundamental Is. ot course. 1M ca lculation 01the graal Circle d,.lance between two poinll
on a sphere accord ing to spherical tr igonometry . How ever. before ttMt well ·known navlga·
t lonal formula can be utueeo . it is oecesaa ry to decode ItMt longitUde and latitude eccrer­
nates trom ttMtQTH-Locator . so that ttMt calculation of the great c irc le diatance can be made

1. DECODING THE QTH-LOCATOA

The ind ivi dual parts 0 1 the OTH·l ocator are as lollows:

Longltu6e signs (me ridians) ... m ,
I I

QTH-Locator F J 3 • •
I I j

Latitude aigna l I ,
11 ia now necessary for the lellers to be converted to numbers. This is done using the toucw­
Ing sys tem :

Cap ital leiter: RST U VWXYZAB CDEFGH J K L M

Number: -8 · 7 -6 ·5 -4 -3 -, · 1 0 2 3 4 5 8 7 6 9 10 11 12 13

For .1e , il is possible to directly extract the I lrll number o l l htt OTH· locat or (3 in our e.ample).
as long as the second number ia no t a 0 (1-9) . II it is a 0, it Is neceaury to deduct 1 from the
numeral . 1• . In ou r e.ample I - 3, but wou ld t - 4. lor Instance . with EK 50 d.

The second numeral of the QTH-Iocator can be tliken lor _m_ . Thil would be 6 in ou r
example. However, when It il a 0 , it ahou ld be chang ed to m - 10.
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2 2 2 0 0 0

• • e • • I • h
0 0 2 2 2 1 0

l • 10, I - 3, ~ _ 1

L _ u . I _ 4, P • 211.4 -5, m -l0. ~ -2

Tt'leven.. . . lor ~ . nd Pc.an be tak.n Irom the following tab l. :

V.lu. for ~ :

Lu' letter 01 Ont-kKat or :
V.l u. for p:

EIC.mpl. 1: FJ 36 g

11.4 - S, m -5. ~ - O

ElCempl. 2: EK 50 d :

Tt'le n••1 I tep II 10 convert theM numer all to location data. One mUlt dlner.nljat. be tween
ones own location Ind• • "0 " . nd the second location index ..1_ ,

Own lcceuon :

Second lee.-tion:

u _ «) + l.o _l.o _.!!2.
a 24

v - 2 . 11.40 +!!!£ ..~
5 15

... Ilo
• - «) + LI - s -2i

(1)

(2)

(3)

m. ...
y - 2 . MI +"5 - l5

The following II calculated Irom the relultl of equation l (4) and (2) :

")

(5)

2. CALCULATlON OF THE GAUT CIACLE DtSTANCE

Tt'le t..t step II to Insert the vatues u. • and z Into the general lormul. lor calcul. tlon Of the
grea t circle diltance, The ca lculator II now Iwilched to the degree mod. ..D· or ..DEO... In
orde r to enlUrfI Ihat those re.derl that ar. not used to l uch c.lculalion. do not make ."0,..
the calculation il 10 be mad. In two part• . and given In the sa m. way a. it would usually be
inserted inlo. ca lcula tor.

co. z. COS U . COl . + (i ln u • • in .) - co.d

a nd fina l ly:

Invcoa d. 1" .2 .. dill.nce inkm

,a,

(7)

Many carculators have . bonon mar1led "CO.-'. Inllead 01 ..Inv co.... a llO one will someti me.
see ..arc COl" . II I ta tute mil.. or naullca l mil.. are required the numeral 111 ,2 (km/deg )
should be replaced by 59,1 ISt.m llel ) or 60 (Naut.milel).

If the c. 'c ulalor II nOI able to IOlve par.nthet ica l probleml, or it II doel nol peasesl a
memory . It win be neceaaary 10 nOla down the .i n. or cos ine value with a... accuracy of I i.
declm.' positions ,
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The calculalion proced ure app8ars 10 be co mphcahtd . bUI can be carried ou l rapidlVetter a
hllie pra ctice . If IeYeral calc ulatlonl are to be made Irom a sIngle locallon. lhe ca lculatIon
Will be simpler s ince Ihe values u and v nee<l onlV be ca lculated once lor ones own icc eucn.
and ca n be Inse rted again and agaIn lnlo equallons IS) and (6) . The handbooka 01e_penaive
sc lentilic ca lculators etten give special program s lor calcula ting me greal circle dillance.
There are also a number 01 calculators lor martne I nd aeron3utical navlgalion that have 1'.00
prog ram, lor grea t circle ca lculations. In laci lhere are 10 manv SVllems Ihal Ihey are nOI 10
be men tioned in any de lail he re .

Jusl one more IIp:

The geograph ical lat Itude 01 Ihe NW·CQrner 01 a QTH·loca lor lield has Ihe value u (or Il ); Ihe
geographic longilude resu llS Irom v (or V) - 2.2 oecreee.

3. A COMPLETE EXAMPLE

Required is lhe distance Irom Erlangen FJ 36 110 Manchest er, England. IN 59 f .

Mo . 5 ""s · O
mo . 6 m, . 9
>., - 0 >. - 0
lo • 10 Ls • 14
10 .3 1, .6

1\, _ ' "' -2
" - 40 + 10 - 3/8 _ 1/24 - 49,S833, 2 _ 6 ... 6/S ... OIlS - 132000

• - 40 + 14 - 6/8 - 2/24 - 53.1666..., - 2 II 0 ... 9/S ... OilS - I._

, 1,80 - 1320 - - 11.40

COld
coo d

d
d

• cos (- 11.40) II COl 49 ,S633 _ COl 53.1666 ... li n 49.5833 • l in 53 ,1666
• 0.38 1006 ... 0.60937t • 0.9903 77
• co.' (0 .990377)
• 7.95S0288

Dista nce 0 • d II 111 .2 • 8646 km

4. CALCULATION OF THE ANTENNA DIRECTION

The following eq uations ca n be uMd II Ihe e. acl dIrec tIon 10 a ce rtam OTH·localor held ,.
req uired. tor inslance. lor long distance communicahon lesl l WIth narrow beam anlenna.:

l in u •
l in z .coa _

l in u
(5J u • inv s in (I I'J

The values 01z. Il . and a ca n be laken Irom eq uation. lSI. (3) and (6).
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N

Direction 0' the
81\9" from North

s

The angle u is rele rred to North, 81 can be seen in the iIIus l ralion , with pos i tive l ig n in •
Clockwise. and minu s lio n in an anliclockwise direct ion .

There is, however, one dillicu lty: The sine yalues ar. not inambig uous in that . ach ",alue
between 0° and 90" repeal t Itself between 90" and 160". Th is means thai one II 1'101 aure.
whether the angle il (I or (180 - u) . In moa' cases. th is can be determ ined by • Quick lOOk at
• map. but one can be mistaken 81 long distances.

One can. however, c le. rly del lne whelher the calc ulation " correct using the fo llowing
method: Arte' ClIlculatlng the angle a lot the required local lOIl selec l another location Ilighlly
further North. In o ther worda: x' . . .. 0 ,01. II the uconcl ang l8 n ' 'aleas than u. l lle !Irll
calcul ation will be co rrec t. Howe".r, II the second ...alu8 u ' 'I or••tee than the l irst (a) . the
fi rst value mu st be recalculated according to the loll ow ing formula:

For pOSitive values u : u · t 80 - u indl cated

For negative values u : II • (II indicated + t80) I( (- 1)

5. EXAMPLE OF AN ANTENNA DIRECTION CALCULATION

Own rcceuon: FJ 36 g - Seco nd loca tio n: ....., . 5 h

According to SectIo n " thelollow lng are calculated :

(10)

(11)

u • • 9,58333...
v • 13.20

l • - 10.2

I( • • 950
y • 3.0

This results in : d • 6,61. , 8 and 0 • 735 ,5 11m.

calcu lation 01 the angle Is al to llows :

lin u •
lin (- 102) 1( COl . 9 50 •

lin 6.61418
- 0 ,998475

(I - - 86 ,8353 .. - 87"
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Now the second calculation as a check:

sin (I ' -
sin (- 10.2) x COl 49.51

sin 6.61418
- - 0.998271

(I' - - 86.6302"

The second lIalue is IBM so that the firat value lor (J is correc t. Although the OTH-toeator
shows the seconc:I locatio n to be furthe r south than ones own tcc enc n. the anlenna direct ion
is 3 degrees North 01West I

8. REFERENCES

(1) Dr, W. Kraus: MOglichkeiten der Entlernungsbeatimmung von UKW·Funkllerbindungen
Amateurlunk-Magazln, Edit ion 1/1973, Pages 20 · 24

(2) H, Jir ikowskl: Berechnung lion Entfernungen aus OTH-Kennern
m it dem Elektronen-Aechn er
CQ-DL 48 (1975), Edit ion 12, Pages 707·709

(3) F, Landstorler; Bezeichnung des Stando rts und Enlfernungsberechnungen
CQ-DL 48 (19n), Edit ion 8, Pages 293·301

mall . 1.2
100 W carrier
0.110 0.3 dB

app rOll. 1"
216111t32l11SO mm

• S2 •

--
_.-

NEW I NEW I
Pol.rf••tIon. Switching

Unit lor 2 m
Cro...cr V.lI'.

Aeady. lo-operate as desc ribed in
VHF CQU UUNICATIQNS. Comptele
in cabinel with three BNC ccenec­
tors. Especially designed lor use with
crOM8d yagil mounted aa I n . X_ ,
and fed with equal ·length feeders .
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APPLICATIONS OF C·MOS CIRCUITS
by G. H••k. , DC 1 QW

Complementary C-MOS integrated circuits can be used for numerous applications in digi tal
electronics , They oHer a multitude of advantages and some disadvantages over TTL· inta·
grated ci rcuits . However, It is necessary to take the .pecilic Characterialics 01 MDS·le . lnlo
Coot ideration .....hen designing cl rcui ls around them . This arti cle is to di scuss operati ng and
other cril er ion ol lhese circults without going 100 deeply into MOS-technology .

1. DESIGNATJONS AND INTEACHANGEABILfTY

C-MOS circuits are offered by numerou s manufacturers. There ere a large number 01
standard circuils available lor basic log ic, and also highly-integr ated systems whi ch allow
co mplex circuits to be realiZed.

The standard circuil s 01 the var ious manufactur ers are nearly always interchan geable as is
e tten indicated in the sim ilar des ignat ion s. For instance , an inleg rated ci rcui t contain ing l our
NAND.gates is desig naled CD 4011 by RCA, HD 4011 by Harr is, HEF 4011 by Philips, and
Me 14011 by Motoro la. Further reners are added to give info rmatio n on the temper atur e
range, case, and ope rating Voltage range, The ine..pensive versio ns in plastic dual-in-nne
cases are sui table for amateur applications. The ope rating temperature range 01 teese is
between 233 and 358 Kelvin . corresponding to - 4O"C 10 + 85"C.

The integrated circu its designated 74 C... represent circui ts having the same lunct ion and
connec tions 01 the nL cirCUits with the same designat ions, However, it is seldom possi ble
lor the m to be directty e..changed , for instance, to reduce current dr ain. As win be ment ioned
later , it is also necessa ry to take the cuto ll IreQuency and Ihe di llerent input and output load
lactora in to con sideration ,

2. OPERATING VOLTAGE AND LOGIC LEVEL

MOS integrated circui ta operate over a wide operaling range; voltages from + 3V to + 15 V ,
and even up to + 18 V in the case ct the ceramic version WIth Its better heal di ssipation. This
usually allows use of an exiating 'IOltage source in the eQuipment. in con trast to TIL cirCUits
that require a atabi li zed input volt~ 01 + 5 V. Since it Is ncr usually necessary to stabi lize
the operating 'IOltage 01 C·MaS ICs, no di ssipat ion heat and power loss is consumed in a
voltage stabili zer cn ccn.

The wide operating 'IOltage range means no l ixed lim it values are present 'or the log ic
voltage levels 01 . 0- and -L. corresponding to _low_ and _high_; these are always relerred
to the operaling 'IOlta~. The lower switching level is at approximately 30 % 01 the operallng
voltage, and the upper lim it at abo ut 70 %. Both values are hardl y dependent on temper alure.
For instance. the fo llowing co ndit ions exist in the case 01 an ope rating 'IOltage 01 10 V: Low
rever up to approximately " 3 V and high level above about + 7 V, The intermed iate range
Irom + 3 V to + 7 V is not defined ,
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The extremely high impedance 01 lhe MOS-IC. rn u lts In low cur rent drain ThiS IS one 01 the
mosl important advantages 01 Ih ls IC la ml ly . The Inpul Impedance 01 such c lrc ulls IS In Ihe
orde , 01 10" 0 . The qu iescent po _ r consumption 01 Ihe p' ....iously menhoned IC wllh l our
NAND -g ales is 2.5 II 10'W al an oper.tlng ...ol tage 01 t 5 V, When I Wltchlnfjj. the po _ r con ­
sump tion increases ...irt ua lly linearly w llh IreQuenc y, At • switching Irequency 01 100 kHz and
an ope rating vol tage 01 + 15 V, me power d lsslpallon o l a gate amounts to I mW

3. EXTERNAL CIRCUITRY

3.1. In pul CII'C\II1

Due to lhe high impedances , the reqUired drive po we' 1.....1. are very low II II. ho we...er ,
import ant lor correc t opera tion that a suffl cien l voll.ge difference is a....II.ble , II an input I'
to be connected 10 low rever. II can be grounded 10 Ihe 0 V hne. On the other hand, II a hIgh
re...el i . required it can be co nnecl ed to the posi l l...e ope rallng ",ollage.

The inpul ...oltages may be as grea t as the ope rating ...ol tage bul no t ell ceed It In other words,
when using an operatinfjj vo ltage 01 + S V, the Inpul vo ltage l&vel should nol be greal er than
Ihis ....en lhough an operaUng vol tage 01 upto t i S V wou ld be permlUlble The lower
permissible Inpul voll .ge IImll is - 0 ,5 V. Neg.lt.... Inpul YOl lages can occur In conJunCIIon
with e llcessively Jong input lead s (high induc li... lty).

A"eotion shOUld be pa id lh.1 .U inpuls 01 the In teg r.led CirCUit are connected . o lherwl !l8
undellned condlUons can occur lhat can C. U!l8 unrel i. ble oper. lion. Thi. is qUite in co ntreet
with TIL ci rcuits where un ccnneetee inputs . re aulomatically broughl to h.gh level using
in ternal pull -up mislors ,

Due 10 the elli remely high inpul impeda nces , MOS-Ie l . re senl".I....e to hIgh ...oltages. which
can occur as sia liC Charges , For this reason , MaS-IC. are supplied packed in such a way Ihal
an conneclions are grounded 10 ano ther. Thi s il ollen done uSing melal ratt., or usmg a
b lack conducl.ve loam m.ler lal.

MOS-ICs are pro... ided with pro lectlve d iode sl ruc tu re. tha t usually m.ke them insensi ti ...e 10
such cha,ges; howeve" 11 is ad... isab le nol 10 touch Ihe pins o l l he IC wh ilsl placing il into liS
socket. The U5801soc kels il ...ery ad...isable, Remember. sialic ...o ll .ges in Ihe order 01 4 kV 10
15 kV h....e boort measured on pe rsotlS working in rooml wllh I ynl hellc floo tlng r

If MaS-tCs .re 10 be mounted on pl ug -in eIIn::Is .nd it is possi ble Ihal the inputs ere not
terminated when ellc hanging • eIIrd , il is ad... il8ble to connecl lhe inpu ts ...1. shunt reslStora
10 the posilive or neg ative Operahng ...ol1. ge.

3.2. Output Circuit

The powe r di ssipation of a MOS-IC shou ld nol ellceed 200 mw . For this ,••son , il is nol
possible 10' any low -impedance load s to be connec ted A sho rt-cirCUit 01 the outpull 10
.ilher Ihe po&Itive or negatl ve Opera ting ...oll.ge cou ld case . n ellcessive po wer consumption
tnet Ihe IC could be deslroyed by heal. C.pac ilive load should no t be more Ih .n SnF in order
to keep lhe charge curren tl within permiSSible Umlls. Input l . nd outpu ts 01 g.les may only
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be co nnected in parallel (for insta nce, to ob tain higher outpul currents) when Ih ey are wil hin
the same IC. The lan-out 01 50 In the case 01 MOS-ICs means that the ou tput power is
sufficient to drive 50 standa rd gates simu llaneously . However, It should be noted Ihat not all
MOS·inputs possess a lan-in 01 t . Occasionally one will see circui ts with a tan-in of 2 or
more. In th is case, it is possible lor only 25 or less circuils 10 be driven Irom a MOS-tC.
Further details on the Input and output load factors are given in the data sheets ,

4. DYNAMIC CHARACTERISTICS

The main disadvanl age of MOS·ICs over TTL-lCs is Ihal Ihey can only process low Ire­
qceecree. The upper frequency limits are dependen t on Ihe operating voltage since th iS Ire­
quency inc reases with vol tage . Typically , a trequency of 5 MHz is given al an operating
vol lage of 10 V. WhiCh will drop 10 2.5 MHz at 5 V. Mosl manufac l urers guarantee 1 MHz or

3 MHz. The maximum frequency can also only be processed when the short nse-nmes of the
input pulses. required in the data sheets. are memtamec.

5. LEVEL CONVERTER

In pr actice. it Is very otten necessary to co mbi ne MOS-ICs with other components in order 10
use the most favourable component lor each applicatio n. It is tneretore necessary 10 use
matc hing stages to in terface bet ween the various parts ,

5.1. rn, to MOS

When MOS-ICs are to be dri ven by TTL-Ies, and il is required tha i Ihe MOS-ICs are to ope rate
Irom the + 5 V ope rating voltage for tne TTL-ICs. it will be necessary to connect a resislor
between the TTL-output and the positive line 0 1 Ihe ope rating vol lage as shown in Flgur. 1

Tabl. 1 gi ves oeteue of sui tab le resistors.

If the MOS-tCs are to be ope rated Irom ope rall ng votlages 01 belween 5 and t 5 V. resistor R.
should be ccooectec to the higher voltage and tne resistance value selected to SUIt the
circu lI.

5.2. MO S to rn,

Since co nventional MOS-ICs are not able 10 provide sullicienl drive for TTL inputs. special
driver stages are available (e,g, CD 4049 or CD 4(09). It is Ihen possible 10 use di llersni
operating voltages .

5.3. Indusl rlal Control logic to MOS

Figure 2 shows an mtertece ctrccutcr matching industrial logiC to MOS.

5.4. MaS to Indust rlal Control Log ic

An Interface ci rcuit fro m MOS 10 a 24 V system is sho wn in Flgur. 3
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24V .10V

24V Industrial
220k IN914 ;1

Contro l Sys tems
150k ;: 4n 1 lN 914 T

MOS b

.10 V 1 + 24V

lkl '14V Industrial

T 22k I 1?' 2N6119
Con trol Systems

~

+ M05

.... A VHF COMMUNICATIONS 1/ 1978



5.5. MOS (12 V) to Eel (Sen• • 10 000)

Figur. 4 . hows a . Uitabl. inl.rtac.lor MOS 10 Eel-logiC.

1f-. ,-,,-----'-· ·-Uf:---~~~
f ill. t : L.....I co nurt" MOS 10 Eel

5.8. Eel to MOS

Complicated le¥el con....".,.. ara required when MOS-ICs ara to be en...en by ECl-ICs. The
in leg ra ted etrcuu MC 10 125 Is su ilabia lor Ih i• .

-v -U,
,ED

"
-i II -(-y
." Blpolor •

Fig. 5: On..." lor ' 11 LEO from MOl

5.7. MOS to Bipolar Tran . l,tor

Th. MOS-ICa would be loaded too greatly II lh.ir outpuls _ra directly connecled to tha low
impedanca of bipolar transisl ors. For Ihis reeecn, prolecti.... serial resistors in the e roe r 01

• .7 kU to 22 !olD ara used lor limiting base cu rren t. In o rder to obtain the requi red collector
current. transisto rs With a high curr ent gain should be u&ed, or .ven Darlington-cirCUits.

Figur. 5 shows an app lication lor dnving an lED. In this case , lhe fo llowing is valid

Rl • ...;.U~b_--,U=L~E D:::-_U=C=E~':::'''
ILED

R 2 •
Ub - USE mall

ILEO mu I 8 min

The var iou s data shee ts publish ed by Ihe manutacturers gIve lurt tMIr e.amples and eerec­

latIOnS l or intertace CirCUitS.
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S. EXPE RIENCE GAI NED WITH MOS-IC.

During ••pet"lmeot, made by th e author, it .....u to und lhe MQS-ltA e t ten proy!6ed belter
resu lt, al low freQuencies t!\sn . lor in. lence. TTL ci rcUlls A 'p&C lel sdYenlege is the high
rel isbi li ty ; but also the uncntlcsl operating 'tOllage reqUIrements, Cepac llors for redUCIng lhe
dynamic impedenc:e of the 'IOl1e08 _ree e,. Mldom requi red , Also curr""l spIkes ere fer
.... prevalent during .......tch lng processes t~ .....Ith TIl·IC,. The electrlCet end m.sgnehc
coupling to other parts 0 1 the cirCUli ' ere c;:orresponcli ng ly low. .....hiCh i' an ,mportanl conSi ­
detation in conjunction .....,th RF-c.rcUlt,

However, it IS d.seppointing Ihet the yatlHII g''t8n lor the rypK:.It culoff frequency seem o tt""
nol anainable in prachc• . Thi ' i' in contre,l to TTL-Clrcuoll thet 0""" procns conSIderably
h igher frequencies. For in,lance. Ihr.. programmable MOS frequenc:y-dlviders trom e wen·
known manufacturer we re tested and nol one wu ebt. to proceu the lilled typlca t Irequency
of 5 MHz . The actual limit Irequenc... were 3.5 MHz. 36 MHz end 3 75 MHz respectl....ly.

The integrated resistor·chade network ollhe MOS-tCs appear 10 be Yery elleel ,ve The author
has not desl royed a singte tC due to . tahc char~ even lhou gh no speciet p recauhons .....ere
laken .

7. REFERENCES

(1) COS /MOS Tad ay
RCA , 1975

(2) Semiconductor Oal a LIbrary. Vol 5
MeM OS Inlegrated CirCUIts . Molorole

(3) C· MOS Data Book
Harris SemiconductOf' Corp,

LINEAR AMPLIFIERS 10. 2 m and 70 em

Oeaters enqUiries welcome to
UKW·TECHNIK Jahn,tr.14
0-8523 Bal.rsdorl(W ,Germany)

Clean linea r operallon due to
opllmum blU Ing and use 0 1
CTC transisl ors BM 70-12 or
CM 40-12 resp .

Band
OUl put
Input
Curre n t
Size (m m)

145 MHz 432 MHz
SO W 4Q W
10 W 10 W
l O A 6A
130 . 58 . 200

. so .

U KW -TEC H N I K · Hans Oohlus oHG
0 -8523 BAIERSDORF • JahnstraBe 14

~ VHF COMMUNICATIONS 1/1 978



SIMPLIFIED MEASUREMENT OF SPURIOUS SIGNALS
OF VHF TRANSMITTERS

by H.J . Brandt, OJ 1 Z8

The author has already described how spurious ligna', e-n be determined in VHF Irani ·
miners (11. H. Bruckner, DL 2 EO, has deve loped. measuring l)'Ilem lor 11'111, wh iCh Should
be advantageous when const ructi ng and aligning VHF Ir,nlmltler, Ihal UN freque ncy con­
version principles.

1. MEASURING SYSTEM

The output l ignal 01 the transmitter 'a led 10 II dummy IOlId Ihat is connected 10 II croee
recll l18' and a row-pass I lll e, With II defined Impedance . The ou tput 01 the low-pass li ll ar 's
te rminated In the measuring receiver (see Figure 1) . The termination 01 the tow -pass uuer
mu st be Ihe same for RF and DC-voltages and should. most f....cr .bly. consi s' of an ohmic
resiSlor. AI highef power levell , SUitab le ananuators or II ~11.bl. coupling shou ld be used 10
ensure that the recl ilier il no l oyerdn....n .

OJ 1ZB
UKW· hoder r ~

M. su mplaog. f

VHF Tro nsmill er 1 ! IP ! r --;I.
H. osUrlnll

I"IDA I lPF I ~ RfC,lyer

Fig. 1: Prlnc lJM- of me"llrl", . y.tem

2_ MEASURING PRINCIPLE

A freq uency con versicn is made in the deteclor d iod e between tbe carrier Irequency 01 me
Iran, m iller and any spuriou s slgnall, In Ihe caM 01 a low-pass ' i ller wilh a cu l -o t! Irequency
01, for InllarlCe, 30 MHz, 811 I puri OUI I lgnall in lhe rlnge :t. 30 MHz from the CIIrrier l ignal
w ill be presenl al the oulpul of th is l iller, However_ il will nol be possible 10 lee whelher
these were above or be low Ihe or iginal carri er frequency. 01 course, Ihis can be delermined
by studying the Irequency plan of Ihe transmiller. For Inllance, II eny residual 136 MHz cecu­
tater sig na l is still present In the output Ir equ. ncy spect rum 01 . tr8ns mi ller usin g a 9 MHz IF
sysl em , Ih. osc ill alor signal will be indicat.d al Ih is spaCing Irom the requlrad outpu t signal
(1« ·136 • 9 MHz).

3. DETERMI NING THE SPURIOUS SIGNAL REJECTION

Aller I Witc hing on the transmitt er, Ihe measuring recel.... r il 1.,..l ly luned through the range
up to the cut-o tl l requ. ney 01 Ihe low -pass Iiller. All Ilgnall are noted and conl lrmal ion Ihal
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they o rlginale from the transmi tte r is made by keying the transmiUer signal. If Ihe signsl is
not alfected by the keying . this will indicate a spurio us signal in the measuring syslem rtseu.

This is fOllowed by measuring the DC-voltage at the output 01 the low -pass Ii Iter with the aid
0 1 a conventional DC-voltmeter and subsequenlly measuring the voltage 01 each individual
spurious signa l selectively with the aid 0 1 the measuri ng receiver (also in volt) . This voltage
rati o indica tes the spu rious rejec tion wit h sulficient accuracy and can be converted lnlo dB
using the usuallormu la: 20 log UDC/UAC.

4. MEASURING RECEIVER

Ideall y, the measuri ng receiver sho uld be a pro lessional selective level meter. 0 1course , on ly
very few radio amate urs wi ll have access 10 such a unit. Howeve r. with some patience a
general co verage sho rtwave receiver with S-meter can be used lor this appUcaUon. In order
to obtain a constant inpul impedance lor both DC and AC. an oh mic altenuator 01 10 dB or
20 dB is pr ovided in Iront 0 1 the Input. and the input 01 the anenuator il classed as retereoce
point for the measurement.

The indicated S-meter reading is noted when measur in g the spurious waves. The input vol t­
age co rresponding to th is readi ng is determined subseq uentty using the substitution method.

4.1. Substitution Method

As is indicated by the name, the spurious signal il subs tituted by a kno wn signal Ir om a
signal generato r which is then adj usted until the same S-meter reading is indica ted on the
measuring receiver. Good signal generato rs usually have a calib rated output atte nuator Irom
wh ich the outpu t vol tage can be read olf d irect ly.

·1 ~~~eedd Pod I

S-Hetet I

L __._._ J

1---:.:':g:;=11
K1 - lOdB SW aecetver I

0.5 - 30 MHz

Oszill otor Einslell botes

Oscill ator
Oiimptungsglil'd

~Variable Pod

IHF-Yol ImeIer
/If -Yoltmeter

~·_·_·_·-il

I
I
L_._._._J

helchter HeO sender
to hbroh d Signal Gen erator

Henempl iinger
Me asurin g ee ce teer
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F~ur. 2 shows how th is calibratio n can be realized in precnce . The oulp ut vol lage 01 the
oscillato r il measured at relal ively h igh level. and l ubseq uently reduced using a conl inuous­
Iy-var iable or switchable ettenoetcr. It was desc ribed in (2) how it is possi ble to e..tend a
simple signal generalo r using tnese ci rcuits . One way 01 oblai ning a dellOed atlenuali on
value is to use Ihe cOBltial anenuetcr plugs that are avai lable lo r broadcast and TV apptl­
cations (community syslems).

4.2. Ratatlv. M•••ur.menla

Even l or those amateurs Ihal are not InlerMled in ellact measurements. the described
method should also be 01 Interest lor Quick reienve measuremen ts. II IS lhus poSSible 10
check the effec t 01 Ihe alignment not only on Ihe requi red Signal but also on Ihe spurious
sig nals. II required, it wi ll be poss ible 10 provi de additi ona l traps or blocking hll ers lor cenem
spurious signals and to align these lor max imum ell eel

5. REFERENCES

(1) H.J. Brandt; Erkennu ng und Beselt igu ng von Sl/)rsch wlngungen in Transislorsendern
UKW-BERICHTE t6, Edition 2/1976, Pagel 109 - 116

(2) K. D6 t1 : Erweiterung der Anwendungsm/)ghchkeJlen emtactier Prulsender
Das DL.QTC, Edition 1011967, Pages 520 - 524

MATERIAL PRICE LIST OF EQUIPMENT
described In Edition 1/197801 VHF COMMUNICATIONS

DC 0 OA 005 LOCAL OSCILLATOR MODULE wllh 200 mW al 1152 MHz Ed. 111978

PC·board DCO DAOO5 (double-coated, no Ih ru-contacts,

wilh printed ptan) OM 20.-

Sermconcuctora DCO DAOO5 (6 transistor s, 2 diod es) OM 59,-

Mlnikit DCO OAOO5 (11 plastic -Io il trimmel'3.·3 ceramic
tr immer s. 4 chokes. 1 BNC-conn .) OM 26 .-

Crystal HC·25/U either 96.000 MHz, 105.666 MHz
or 92.000 MHz. Please specify! OM 34 .-

K" DC 0 OA 005 with . bove pa rta and 1 cryatal OM 135.-

OK 1 OF AW ANTENNA SPLITTtNG FILTER Ed. 111978

KII OK 1 OFAW (1 case. 4 coillormerl with core.
3 BNC-conn" 6 cersmic-caps.) OM 26,-

DJ7VYOO1 LOW-NOISE, HIGH-LEVEL PREAM PLI FIER tor 70-570 MHz Ed . 1/1978

PC-board OJ 7 VYOOl single-coa ted . with printed plan OM .,-
Parte OJ 7 VY OO l 2 transis tors , 2 1eni te two-hole-cores. 2 ferr ite

chokes. 2 ferrite bead s, 4 disc capaci tors.
1 tantalum electrolytic, 2 trimmer potenuo-
meters OM 32 ,-

Kit OJ 7 VY OO1 wi th above par1. OM 39,-

II requ ired 4 SChottky cnoces OM 30.-



NOTES AND MODIFICATION S

1. CONVERTER lor the 23 em BAND OJ 5 XA 004 (VHF COMMUNICATIONS 2/1878)

AM.r modifyIng the layoul accord ll"IQ 10 the luogesllons gIVen In ed lllOn 1rtr 00 paoe 59/60 ,
this con....rt er can also be uMd lor ATV ~gnal. on INt ~nd_ The higher IF (38 .9 or 50 MHz)
t10wever can CIIUM Mfies reson ance 0 ' Cllpa1:llor C 7 together w ith the coupling lnclucl '¥'ty
L 7. Close coupling wIth L 8 CIIU," • double -tuned bandhlter h1ivi"'iJ two resonances With .

large freq uency difference . Thus no 1l"'il1e ~nal millimum can be found Send an S,A.E. 10
the pubh&he" pleue lor • encurt d iagram With changed match ing between lhe miller d iodes
and the IF prumplill., ut ilizing the modern DG-MOS FET SF 900.

DJ4lB

2. UlM 70 - Parts 2 and 3 (VHf COMMUNICATIONS 3 and ."'771
When ordering the crystal. d irectl y from I manulacturer the lund,menl a' frequency must not
be ca lcu laled from the cente' frequency 01 the required range 81 g iven on page 141, but Irom
the frequency of the lowest channel in the required range. This is caused by the lacl thai the
Irequency can only be pulled to higher Channels. Since the publishers were inlormed 01 Ihis
on ly recently, lhe c rystals in the lui s osc illale apprOll . one channel high. So _ ask our

readers to o rde r crystal R 72 · R 75. not R 75 • R 78 l or ch. nnel 75, l or instance . This is v. lid
lor rec.iver and Iransmin.r Crys t.ls until apprOll . end 01 t 978

The C.paCII....... 01 2 pF of d iodes type 1 N 41"8 is high enough to cause mutual deluning 01
the crysl al oecillators. Benet sUlled ar. d iodes type 1 N 41S1. Pl.... send an S.'" E . to l he
pubhshert tOt" • fr-.of..cha rge a xCha"Q8 01 S d IOdes per kll . Kit s dellver1ld an et" March t st .
1978 .lre.c1y contai n the bettet dloc:tn,

Some c.... are reported thaI the crystal oec il latOt" does not d.llv er enough yoi tage lor l he
frequency mulhp" ' " to operat. properly. In suc h a case one should try several d lff.rent

lrar"lltlto rt pemaps WIth higMr gaIn lor T 1. The subMQuent I rllQuet\C)' Inplers ca n be
optim iZed by f'ndlng lhe bes t SUi ted value ol lha Imiller rlSlslOt" , OJ 7 OH

3. OSCILLATOR MODULE FOR THE LINEAR TRANSVERTER OF ' OK 001
(VHF COMMUN ICATIO NS 4/1117)

Th. required oecillalor power 01 5 10 10 mW II 1268 MHz can be la ken Irom a slightly modi­
f ied module DCO OAOOS (see this ed iti on 01 VHF CO MMUNICATIONS), Only Ih e slage wllh

Iransisl o r T 6 (e 1 - 12) hall 10 be lett oul.

OF 8 OK himself uses lhe fo ll owing osci lla lor chain : Cryslal 70.444 MHz w llh BF 199 - tr iple '
to 211 MHz (BF 199) - doubler to 422 MHz (B F 199) - ampliller (BF 199) - I rlp ler to t 268 MHz
(B FR 34 A or BFR 90/91 ). Thi s is fOllowed by a bandpau 1IIIer 01 IwO )./4 co axial reso nalors.

Please send an S."',E. lo r a copy 01 Ihe cirCUIt diagram also co nl," nang coli w ind ing dati

DL3WR

· 62· ~ VHF CO MMUNICATIONS 1/1978
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COMNI R-l01O
1120 Channel VHF Alrband Receiver with Synthesizer

FEATURES :
• 1120 channels lor NAv/COM with 25 kHz spacing
• Exact frequency selectio n of MHz and kHz
• Electron ic digllal readout
• Sma U and handy
• Ellfremely sensi tive double superhet
• For .I.e and ballery operation (Coo oec lion t.ibles proyided j

SPECIFICATION S :
Frequen cy range:
Rece ive channels:
Channel spacing :
Modulation mode:
Sensitivity:
Bandwidth :
Intermediate frequencies:
Oscillators:
Spurious and image reJec tIon :
Co ntrOl time (AGe) :
Buill -in effec tive nOI58 blanker:
Input connector :
Temperature fange :
Audio ou tput:
Bu i lt -in loudspeaker:
Operati ng VOltages:
OC-eurren l drain:
Dimensions:
Wl'igh t:
Supplied accesacmel:

108.000 · 135.975 MHz
1120
25 kHz
AM (,1,3)
< O.5 IlV / 20 dB (S + N)IN
15 kHz
10695 MHz I 455 kHz
lal . PPI...ynthesiz8r, 2nd crys tal
Belte, than - 60 dB
0.1· 0,5 1
Elpeclstly designed lor mobile use
50 a. SO 239
- 2O"C to + 6O"C
> 1.5 W I < 5 ,. diltort lon
8 a,spprOll. 60 mm d.s
13 8 V .t 15 " I 220 VAC 50 Hz
0814.
160 II 56 II 250 mm
IpprOll , 3 kg
Power l ine cable. batt ery cable,
telescope amenne. mob ile mount.

. " .
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OM 8.50 per set
Apollo 15: Roving Hadley Rille
Apollo 16: 'ntO lhe H~hl ands
Apollo 17: Lasl voyage 10 lhe moon
Aoollo 17: last Moon WalkS
Mariner 10

Set 9/5
setres
Set 11/5
Set 1215
Set 14 /5

Sets of 3 slides each OM 5.95 per ael
MN 01/1 FirS!Men on the Moon - Apollo 11
MN 01/4 Fi,., Men on the Moon - Apollo 11
MN Olf] Fi•• ! Men on the Moon - Apollo 11
MN 0211 Men on the Moon - Apollo 12
MN 02/4 Men on the Moon - Apollo 12
MN 0217 MlJnon Itle Moon - Apollo 12
MN 0311 The Moon
Sf 0 111 Man 'n Space
ST 0114 Man in Space
5T0117 Ma.n in Space
ST 0211 Ear1h 'romSpace - Am(lr!C8

Sets of 5 NASA-slides
Set lIS Apollo 11: Earth and Moon
Set 215 Apollo 11 ' Man on the Moon
Set 415 Apollo 9 and 10: Moon Rehearsal
Set 515 From CahlQfnll to Cap Canaveral
SeI615 Apollo 12 : Moon ReVISited
5617/5 Gemini EarthV_a

Space and Astronomical Slides
Informative and Impressive
VHF CO MMUNICATIONS now OIlOf. telS 01 pho,,­
laslH; ,IIOOSmade dUflng the Gem,,,", , Apollo , Mariner .
and Voyagef mtaslO<'ll, lIS well 8' slid" !,om lead'flg
OO&&IVOIOf'aS
TheY life ahll'ldll rd Jll ll 5 em • 5 em , lIdes WhICh orll
trllmed Mel annotated

Pncn plus OM 300 lor poat and packing

Earlh Irom Space - Europe
Skylab
Mercury and Venus 1Manner 10)
Ma" IVlklng 1 and 2
Mars Vlkl"1il. 1 and 2
Jupneeand Saleilites (Voyager 1)

OM 18.00 per set
Man on the Moon - Apollo 15
Man on the Moon- Apollo 16
Man on the Moon - Apollo 17

MN 05
MN 06
MN 07

STOS
STOO
ST 10
ST 11
ST 12
STU

Sets of 9 slides each
MN 01 Man on lhe Moon - Apollo 11
MN 02 Man on the Moon - Apollo 12
MN 03 The Moon
MN 04 Man on lhe Moon - Apollo 1-4

STOI Man in Space
ST 02 Earlh trom Space - America
ST 03 Earlh from Space - AfrICa
ST 04 Earlh from Space - A$la
ST 05 Mars: M8Ilner 6 and 7
ST 06 Mars: Manner 9
ST 07 Earlh from Space - Europe

Set 1/20: ..Saturn Encountered« DM 35.00 per set
1. Saturn and 6 moons • 2 Saturn Irom 11 million miles . 3, Saturn from 8 mllllOO miles . 4 Saturn trom
one mllllOO miles . 5, Salum and RII'IOS lrom 900,000 miles . 6 Setum's Red Spot • 7, Cloud Belli in
delail • 9, DiOneclose up • 10. Rhea . 11. Clalers 01 Rhea . 12. T,lan • 13, Tilan', Polar Hood •
1-4 , Huge crater on M,mas • 15. oeer tide 01Mlmas • 16. Approaching lhe Rings . 17, Under Rings
(400,000 miles) • 18, Below Rings . 19 . Bralded••F. ling • 20 lapelus,

Set 2/20: »From here to the Galaxles« OM 35.00 per set
20 slides lrom American ObservalO1'leS Showing planets, sptral gala~ies, Nlbula

Set 3/20: »The Solar System« OM 35.00 per set
I . Solar System . 2, Fotmabon ot tha Planels . 3 The Sun . 4. Mercury . 5 Crescent VIlflUS .
6 Clouds of Venus . 7. Earlh . 8 Full Moon . 9 Mars . 10. Ma,,: Olympus Moos Vol. • 11 Mars:
Gl and Can~ . 12. Mars: Sinuous Channel . 13, Phobos . 14, JUpltel With Moons • 15 JUplle-r Red
Spot . 16, Salurn . 17. Salurn RIOgs • 18. Uranus and NepTune . 19 Pluto . 20. Cornel: lkey. -Sakl,

k Il!m1Wberichte T. "y D. amen. Jahn",. 14 . Posuacneo . 0-8523 aarersoort
Tel. 09133/8 55 (Tag und Nachl)



CRY STAL F I LT ERS OSCI L LA TOR CRYSTALS

~ m))JJ SYNONYMOUS FOR QUALITY7® AND ADVANCED TECHNOLOGY

NEW STANDARD FILTERS

CW-FILTER XF·9NB see tab le

SWITCHABLE SSB FILTERS
fo r a fi xed carr ier frequency of 9.000 MHz

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

See XF-98 lor alt other speci fications
The carr ier crystal XF 900 is provided

FIlle r Type I XF-9A " ... I ,,-9<: ,,-SO "... XF-9NB

Appltea llon sse 8S8 "" AM FM cw
Tre nam'l

Number 01cryslall , 8 8 8 8 8

3 dB bend wldlh :2 .. kHI 2 3kHz 36 kHI .. 8kHz lUlkHI 0 4 kHI

6 dB balldwldth :2 5 kHz 2 4 kHz 3 75 kHz 50 kHz 12,0 kHI 05 kHI

Ripp le < 1 dB -c 2dB < 2 dB < 2 dB < 2 dB < 0 5 d8

Insel1,on 10" < 3 dB < 3 5 08 < 3 5 d8 < 3508 < 3,5d8 < 6,5dB

Z 800 0 800 0 800 0 800 0 ' 200 0 800 0
Termln a',on

C 30 pF 30pF 30 pF 30pF 30pF 30 pF
\t150dB) 1,7 (8 &laB) 18 (660081 1.8 (6 6OOB) 1 B (6 6Od8) 1,8 (86008)2 2

Shape l'Ilcl (ll'
16 80 0812 2 (680d8)22 (8OOd812 2 (88008)2 2 (8 8Od8' 4 0

Ult,mlllll rlltttetoon > 45 dB > l00d8 > l00 dB > l 00 dB I > 90 d8 > 90 08

XF·9A. and XF-9B complete Wllh XF 901. XF 902
Xf·9NB complele Wllh XF 903

KRISTALLVERARBEITUNG NECKARBISCHDFSHEIM GMBH *o 892 4 Nech,bi. dlol , heim . Po.tl.eh 7
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