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THE 70 cm FM TRANSCEIVER »ULM 70..
Part 2: The Receiver

by I. Sangmelat.r, OJ 7 OH • H.J. Franh , OK 1 PN . H. BenlJ'Iogllo , OJ 0 FW

Part 1 01 this article gave a description 01 l our poss ible variants 01 this UHF FM Iransce lver
lor the 70 em band (Edltlon 2/77). The concept 01 the receiver has already been 8ltplained
together with the block diagrams. The receiver module is used in all lour variants , wi th allght
modUleallona lor the synthesizer version D.

A photograph 01 the comple ted receiver board is shown In Flgur. II. II Is possible lor this
board 10 be u90lld on Its own, since i ls audio output is in the order 01 100 mV. Some leal ures
of the ci rcuit are 10 be discussed In deta il together wilh the overall circuli diagram 01 the
receiver given in Flgur. 7.

This is lollowed by the constructi on details lor the PC-board and ellgnment Information lor
the receiver module.

2. CIRCUIT DESCRIPTION OF THE RECEIVER

2.1. Olclltltor Ind Multiplier

The cscrne tc r must be stable enough thlt the trequency error only emcunta to one 10 two
tenths 01 the receive bandwidth. e.g. a maximum 01 3 kHz. In me case 01 normal temperature
and voltaga fluctuation, In order to ensure that It is not necessary to keep retuning the
receiver. In principle. it would be possible to use a VFO, however. it would be very expensive.
Especially Ihe temperature compensation would require special meesures. and considerable
patience and time. Onty a crystal-eontrolle d oscillator is suitable lor a really reproduceable
unit.

In order to obtain this in the easiest possible manner end with the grealest reproducaabill ty,
an osci llator circuli was selected without Induc tance where the crystal oscill ates In a paralle l­
resonance circuil. This circuit represents a compromise between switching and pulling . In
many transceivers. oscillators Cln be found that Ire diode-switched and possess ten or more
crystals. However. they are very dilticul t to modulate end It Is virtually impossible to pull the
Irequ ency using veractor diodes. On the other hand, lhere are good VXO-circults equipped
with a single crystal (1) that are so ennreuu 10 switch that It would be simpler to use a sepa­
rate oscil lator lor eech crystal.

The crystal frequencies are in the order 01 16 MHz and afe thus In the chel peat price range.
Unfortunately. these crystals are not available with dellned Irequency-pulli ng Characteristics.
The lowest crystal Irequency requi res three trequency mUltipliers (x 27) In order 10obtain tne
70 cm band. Inspile 01 the bindPi SS l ill er coupling between Ihe Sliges. It is not possible to
completely avoid spurious signals.

The crystals are connected to the collector 01 the oscillato r translslor T 10 via switching
diodes . The collector current I lo~ through the diode thai is connected to the positive
operati ng Voltage via lhe 5600 reeietc r. The other diodes are blocked and are only ellective

• 130 - " VHF COMMUNICATIONS 311 917



"•h
o ~ •... ao _

~ VHF COMMUNICATIONS 3' 1gn

i
I
I
z•
J
•t

• 131 •



f
i
l

f•i
J
I

• 132 •

------

if , Ii

I ~
I ~ '.'ir

II r:;{"I ...."I 'fi- i _ -" , \
• .... I

Ii

••.,
I n

~: II

" , ­
" o.­••I .. ~ ...

I' <

"

, ,

A. VHF COMMUNICATIONS 311977



with their blOCking ca~citanc. of .pproximat.ly 2 pF. Thll capacitance tog.ther wlltl Ihe
circuit capacllanC1l meana that .ach crystal reQuires ita own ...arlctor diode lor pulling. Th.
point between the varacteN' diode .nd ttl. Crystal II th. hlghelt Impedlnc. (holl"t) point 01
th. circuit. li the cryst.11 are connected to • • Ingl.....ractor diode at thil point , the coupting
wlU be so greet that it will not be possibl. to tun••atillactorily. Th. oth.r, r.tati....ly low
impedance polM 01 the \'Irecto r diod.. ar. connected tog. th. r at the baH 01 the osclliitor
tranilitor.

When using an int.rmed iat. Ir.qu. ncy 01 10.7 MHz, the IreQu.ncl•• required lor the tranl mit
and receive mod. ar. very n. ar to .ach oth.r. II the bandpau lilterl 01 the multiplier ctlain
ar. aullicl. ntly wide, It II ponlbl. lor the oscilla tor I,. qu. ncl" lor Iranamin. r and rec.i....t to
be generated In the 11IM O8Cillator chain . Such a transc.lvet' wal d"igned by OJ7 OH Ind
has been in operation aince 1975. The clrcuit.xtr.ct gi....n In Flgure • IhoWI how the rec.i ....
mix.' and transmit ampliller input are connected in pa'allel II the output 01 th. last lIIter 01
the multiplie r enain . The rec.i.... mix.r Is connected ...11 a IInIII capacit.nc. 10 that lhe b.nd­
p.ss liIt.r la not detuned to .ny degree wh.n the mill.' I. Inl ctlv.

UHF- ( 13
+Ub(on receive)

preampli fier ~'- I F

it
: appro><

lpF
(,~O

+UD(continuous J
Oscill . and

(51; k ~ -{J;~Transmitter
multiplier tn q

flog. I : Conneetlon 01 tha oaclllllor 10 Iran_m., and rac.t".r In ttl. Ilmpl. "....1otI . ,..

On the other hand, the transmit input must be matChed, .apeelalty when it il led vIa • co.xlal
ca ble. This mean. ttlat the flrat Itag. 01 the tranamln.r may not be Iwitched off in the receive
mod • .

Where minimum alze . nd COlt ar. not the most import.nt crit. rlon, Il l' recommended that
sepa,.t. oscillator chain, be uled lor trenlm lner and rec.lver: the lII te,. Cln be aligned lor
more narrow-oand operllion Without ,weep mealu rlng l)'Item and thll re,ull, In I... 10..
and hlghe, ga in. Since the recel"e mixer r.qulrea I... RF pow.r th. n th. tran.ml t ampUlier,1I
I. possi ble for the rec.lv. oscmator 10 be run Irom I... current. The currenl drain t,ln be
redu ced to approx imat.ly 12 mA Including multlpll.r by u.lng high Impedlnce emitt.r
,..llIora, whereas the lut multipli.r 01 the tranamit 08ClIIateN' requir.' .pproxim.tely 7 mA on
ill own In order to obtain the requ lrw<! power OUlput.
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The osclll.tor In the type B tr.nsceivlr Is *QUipped with lour crystals which can til; pulled by
at least 100 kHz on tM 70 cm b.nd. In order to .chi...... Ihi., Ihl luning vollagl must be
variable be tween 0 and aV. A vOltaQ8 01 av I. also r*Qulred lor the stabilized opsrahng
\/ollage for the operallng poin l of th. oscillator and mul tlpll.r.

II a tuning \/011808 of 30 V I. availabl. , • .g. Irom a DC-DC convenar or from a power supply , It
will be possible to double the pulling rang. 01 the crystals to 200 kHz. This would me.n that
.ach crystal could co....r a channela 01 • 25 kHz I ystem. This reprelSntl lransc.i.....r model C.
hOW9\ler, It will be necessary for th. ch.ap var.ctor diode type BA 138 to til; replaced by Ih.
mo re modem type BB 139. The latt.r type .llhibits a higher c.pacitance variation In the upper
voltage range. The tuning curves 0 1 both typel ara given In Agur. I . 11 wlll be teen that both
curves hava a limllar steepness at low VOltages, but thai Ih. BB 139 Is mor.Unear.

o

),

•
u-

Fig . • :
TunIng eurt e.
oltha ..raelor diode.
8A na end llll 131'

An all lern.' v.riable frequency oscill.tor (VFOj can be connec ted vi. conneclion pt 6 .nd •
fifth $wllchlng diode. II this VFO Is abl. to give an output lrequency of 48 MHz. the ",.t mulU·
plier can operate In class A. The otelll.tor vollage need then only be approxlm.taly 0.1 V
(A MS) . Ho~r, if th. outpu t fr*Qu.ncy ol th. VFO Is In tM ord.r 01 24 or 16 MHz, it wil l be
necessary lor translltor T 9 to . 'so multi ply In tha VFO mode. In Ihls c.... raslstor A 42
should be unsoldered Irom th. baM ; the VFO must then provide . \/Ol lage 01 apprOllimalaly
1 V.

2.2. UHFSta~a

The two UHF preampli lie r stages are \/!l1u.tty tha sam. as thOM 0 1 tha con....n.r dascribad In
(2); how.....t , only a slngl. resonan t circuli could be used between Iha l irat and aecond IIage
since no mora room was .vall.ble. AI can be seen In the photogr. ph glv.n In Figura 6, .ir­
spaced alrlpllnes are used In order to obl.ln the highest posslbl. a so that Ih. Imag.
r.jection la U high a. possible wilhoul uaing metal chambera. For thl. r.ason, th. simplicity
0 1 printed IIripUnes wu not used. Funhermora. air-spaced altlplinH have the adv.ntages
that the connection poi nts for the collectora can be shifted u r*Quired 10 thll it Is a.sy to
obtain the best compromise be tween gain and selectivity. TM .ntanna matching can allO til;

op timized ..sily.

The $lri plin. tr.nslstora AF 279. and npscl.Uy AF 279 S .ra known 10 havI a tandency 10
serr~sclltatlon due to their high transit Ir *Qu.ncy. Howev.r. If ceramic disc c.pacltors with
thick co nnection wires are soldered In with ....ry shon connections lo r bypassing the base
(multl-I.yer c.pacltora are not sultabl.) .nd II Iha ci rcullS . r. nOl too loosely coupled , no
tendency to oscUlation will be observed when using th. delcrib8d construc tio n. In ord.r to
reduce this atilt tunher. the UHF-prumpUlle r Is operated Irom . stablllz~ volt.g. 018 V.

- t34 - A. VHF COMMUNICATIONS 3/ 1977



The transislor type 2 N S1191. used as miller and In Ihe last trtprer . Thl. Iran.l.lor e_hib il l I
hioher tra nsit IrllQuency than the well-known ty~ SF 224. Since Ihelocal oscillalor freque ncy
I. very near 10 lhe receive Irequency, Ihe bandpa.. 11I1ar afler Ih. lui multiplier and th.
resonanl li ne circu it previous to Ihe ml_.r ar. virtually al a three-sl aoe IlIte r. Further deta ill
are 10 be oi....n regarding this In the alionmeni. In order 10 avoid this coupli ng , a dual-gate
MOSFET was l iso tried al mixer. However, It required appro_lmately IIWI lima. Iha olcllli tor
power due to the higner Input clpaclt.nca (appro_. 8 uF) and due 10 the high.r oscillator
volfage reQuired (appro_.l.SV), WhiCh would result In a corrnpondinoly higher current drain .

!O 90 lODd850 &0 70
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2.3. IF Amplifier

No very high demand. Ire placed on Iha cryltal liIt. r, AI preMnt, aven cry"al l ittars lor tha
50 kHz spacing (appro_. 30 kHz bandwidth) ara .till ..11.lactory lor 70 cm acl lvlty .

The dual-gate MOSFET T " works 11'110 a very low-impedance reaonant circu it (low L/C) In
ordar 10 keep the oaln low. Tha actual talk 01 thil I tage il lhe matching between the high
Impeda nce crystal lUter (2 kO) and Ihe low Impedance inpu t 01 Ihe Integra ted IF-clrcult
CA 3089 . The automatic glin ccntror via gate 2 Is actually not requi red lor FM operation, but
It e_tends tha tIInge 01tha S-meter, without e_tendlng the circuitry (MIl FIgure 10).

The Integrated ZF eircuu CA 3089 pone.... a dll1arant Inpul Circuit than glvan In (3). It WI'
lound Ihal the cu,.,.. lor sensitivity, limi ting and operation 01 the squelch in the manulac­
lurer ', dala theef were only valid when the Input was tarmlnated with 50 O. The wldaband
noise genereted in Ihe IC Is ao very graat already wll h the lermln etlon 01 .averal 100 0 Ihat
the IC goes Into limiti ng . In Iha circul i given In (3), Ih ls ll compensated lor by Ul lng a corr..­
pondlngly high gain prevlOUI 10 the IC, .lnce the limite r amplifier proc..... tha .trongest
Ilgnal. FlgUN " ahowa the pri nciple 01 tha noise and f'lIQulrld . Ignal .pectrum lor Ihe
variOUl opetlltlng mod.. In Iha lorm 01diaorams.

,\ VHF COMMUNICATIONS 3/1977 - 135 •



t
•

...,thout Il gnal

10.1 lIHz

,
107 MH I ,-

10 7 lIH z

----------r -----
U

10,7 MHz

Crystol
101t,,

•

u

101 lIHI 10.1 lIHr

The 'Irst row ShOw8 the operating moda as used 11'1(3) with high Impedance Input: The noise
I, limi ted even without input signal. The greater the signal, the more the noise will be
suppressed . By the way, the wldeband noise g.nerated in the IC co....rs the whole frequency
spect rum Irom zero Hz up to the transit trequency of the amplifier.

The nol,e l rom the recetver Input Itages i' relati ...ely narrow-band due to the usa ot the
crystal fltt.r. II this nolsa Is amplified 10 that It II stronger than the intrinsic noiae ot the IC, it
will suppress the wldeband noise Of the latter as can be eeen In the center row 01 Figure 11.
II a signal II allO present In addition. the relationship shown In the right-hand drawing ot the
center row will result. Since the demoduilled characteristic il wider than the lUler bandwidth ,
more noise will result at the output in the IIrsl case (top row) than In the second (middle),

The noise can be reduced stilt lurther when it does not go 11'110 limiting (Figure 11. bottom
row ). In thll case, II II possible Ihal AM-Interference (Ignil ion Interference) will be audible. on
the other hand, signals In the noise will also be audible. Ttlil Is ....ry interesting lor amateur
radio appllcationl Iince ccmmuntceucn can IIlII be possib le, ....en wllh r.pelillons. II Ilgnal­
to-nol" ratlOl 01 down 10 3 dB, where.s 10 dB il clasl8d as the lower IImll lor prolesslonat
communlcaUont. AI can be seen in F1gur. 12, Ihe AF output ...ollage remalnl practically
constant with Increasing Input 'IOllIg., wh.reas the noise ...oltag. decreasel. A signal -to ­
nal.. reuc at 20 dB Is obtained wllh an Inpul voltsge 0' 0.711'.1 It 438 MHz. Ttlll dilgram was
measured on a prOIOtype 01 a 20 unit serlel. al a Irequency d....iation 01 5 kHz and a modulal­
Ing Irequency of 1 kHz.
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The squelch in the ic CA 3089 8...alua'n Ihe widen.nd nolae. II, as In lhe cas. 01 the prayioul
ci rcuit, Ihe narrowband noise w ith the bandw idth 01 tha crystal liller is prr-talant. it wil l not

oper8l. co rrectly. For this rl 8l0 n, • limp" enecn equipped with t' ln,istor T 6 ha. been
ad ded . This lrans istor compare. the voltage It Ihe S·met" output of 1M Ie (11) with .
variable DC-voltaQe. II no AF-earrlar il pretenl, curranl will flow via tranl'slor T 6, and tha AF
amplifier In the IC is blocked li la connection 5.

A 10.7 MHz crystal can be soldered Into plica Inill ad of res iltor R 25, II then rapr.senll •
reecnem circuit w ith . high a and replac., the LC ci rcuit, whiCh ,Illi rema ina in ilS place ,
This does not Increase the sensit ivity but the audio output.

3. COMPONENT DETAILS

T 1, T 2:
T3:
Tot:
T5:
T6:
T7;
r a-r ic.
01-05:
06 ·09:
010:
o 11:

11:

AF 279 (5)
2 N 5119
40641 (or 4(673)

2 N 2222
BC 307, BC 308, BC 213 or Be 415
2 N 5179 or 8FY 90
BF 224 or BF 199

1 N 4151 0r 1 N4148
SA 138 or B8 139
1 N 4151 or 1 N 414e
C 9 V 1 - zener diode

CA 3089 E without lOCket

A. VHF COMMUNICATIONS 3/ 1977 • 137 -



Cl .CS.C12:
C4i:
C 51:
C50:
C54:
C60:

5 pF .ir~c.d trimmer (ltonMrJ lour Plnl
S pF ceramic or plutlC 10,1 trlm"..- 7 mm dl8,
13 pF e.tamlc or plasl iC lOiI trwnrner 7 mm dl'
e .. twiltlld. L • 8 mm
7 .. twtltlld. L • 7 mm
9 .. twtltlld. L • 9 rnm

g'"t cs, Ulm 70
t ID

L D H~l,.,

All ca~cito,. With ....I~ up 10 0,3~F .r. cer8tl'lit eee . bUd or multl·I....' typn. Larg.r
....I~ (1 ~F. 221&f}.,. tanlll ium drop-type taj)Kllorslor 18 V.

Ch 1: 220 iiM 1Ub-n!lni.ture """'It. cho ke tor 10 mm "P«,ng
Ch 2: 470~ 1Ub-n!.nl&ture"'nt. chol<. tor 10 rnm spKlng

All ""IIOrs tor 10 mm lPKing

R2I:
R 31:

L 1, L3, L5:
L2.L4.LS;

10 kD trImmer potentlomet.r lor ver1lcaJ mounting. 1!>K.ng 5/2 .5 mm
-wro.. .33 kD lor 100 IiA met.r ( la liD lor 220 .,A·m.ler)

2 mm dl'. Illver-pl'led copper Wire, 41.5 mm long. bent .. Ih own below
1 mm di• . I lIver·pl' led copper wire. 38.0 mm long. bent .1 Ihown below

Ll.lJ,L'- .. l l,lo,L6_ __ .l

" ' •._,
I l.c:,: ..: :•

l+t

0/
-=--1 ,

jr.,

All Itreene<l coila .,.. COli' ' 1 .v.,I'ble lrom the pub lishers ,

L 7; 20 tuma 0 1 0.2 mm enamellild copper w,,.. red core.
(0 • 70) In • screen,ng can 0 1 10 .. 10 mm

l8: 9 IUrM Of 045 .MmeI.., Copper" WI'• • blue core.
(0 • otO ) In scr...lflO tIIn 0 1 10 .. 10 mm

L g. 10 tums ot 0.13 11110. COYeftI(J anameUIld coppe r wlr.
L · 2,5~. scr..,..ing can 7.5 .. 7.5 mm

L 10. L 11: 2turnl 01 o,a mm lilvoer-pl.ted eopper WI" wound on • 3 mm lormer .
Mlf·lUpporllng (~l tO 1,1 Into the boardl. T.p on L 10: 1 lu,n

L 12; 4 IUFnl 01 0,45 mm dl'. an'mellild copper Wire,
bright 0"" COte. It,.."ng can 10 .. 10 mm

L 13 3,5 tuml 01045 mm dl', .n.mellild co pper wlr• .
brIght gr... cor., 1t' ..,..lng c.n 10 _ 10 mm

L 14: 11 lurn, 01 0.3 mm dl', en.melled copper wire,
blue COte, acr..nlng can to .. 10 mm

L 15: 10 lurnl .. L 14

Cryt,t.1 ' iller: 10.7 MHz, b.ndwldth 15 to 30 kHz. ".nd.rd dlmen llonl .

Cryst.11 a 1 · 0 4: HC-18JU dlreclly soldered Into pl.ce without socket.

ApprO_ lmat. cryt,ta l l,eq uancy • Inpul l requ~ mlnUI 10.1 MHz + 27
The ....ct crystal l,.quancy IMpendl on the dlOdet and the v.lue 0 1 taj)Kllor C 73.
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4. CONSTRUCTION

The rece iver module I, accommoda ted on I 136 mm • 90 mm large double-coated PC-board
with through cont aclS. FIgure 13 I howl thll PC-board with compo nent localtonl, and
FIgura 14 the component side. With Iha e.cept lon 01 the rlng -shlped Inl u lated 1, lands, th ll
side remainl coatltd and ..rve. 81 ground l urtace. All connection poinll Ife on the outer
edges. The crystals are soldered Into place I ince the size 01 tha ca.. Is nol lulliclent lor
using co nventlona' crystal sockets. Howl..,er , thort plug-In coll ar, can be soldered to the PC­
boa rd Into which the crystal s can be placed , Tn. aud io output ampli fier II to be loun d on m e
transmit board I ince it I, combined With lhe modulator .
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The nominal lrequency 'n of the receiver cryllal ll calculated I I tcncwe:

I • Cen ler Irequ ency 01 Iha required range - 10.7 MHz

" 27

Also give 10 llowing detaill: parillel resonance . load 16 pF, HC-HIIU.

In orde r to enl ure Ihal Ihe orde red cryl1.1 really olclllain al III nomlnll frequency . II II
necessary lor the ca pacl lor C 73 to have a certain value according to the varaclor diode used.
This i' C 73 • 68 pF lor Ihe BA 138, and C 73 • 33 pF lor the BB 139. Tha o.clilator Itabi-
IIty and pulling ranga ara practically aqual with bOth capacitance valu however. the output
voltage with C 73 • 68 pF i' lower than with lower capacUanc. valu For thl, reason. the
BB 139 il recom mended,

Despite of Ihese matching measur es . the olcUla lor Ireq uency will vary by ± 15 kHz relerred to
the outpul Irequency due to the varlou' tolerances. For thl, reason. il i' neeenary tha t the
crys tal freq uenc ies 01 the meet Importanl channell ara not placed at Ihe edga 01 the VXO
range .

Utf'l ' 0
ax

•.."......"

/,'"/1"1',,,
I I" • ""II

;;-
,"', ,r----jl-­...... 1

'Ig. 15:
EItlrnal cOfIMdlon,
of ttte reclh'I, board
lor' allgnmlnt

5. ALIGNMENT OF THE RECEIVER

5. 1. Selora alignment. chec k Ihe componen" and the ir poIllionl.

5. 2. After thll , check aU soldered jolnll and ensure that no , hort-ci rcuitl a ra made by alt·
cesslve IOlder. Reme mber Ihal any Ihort clrculls in the vicinity 01 the emitter and baH
co nnections of tran,ll torl T t and T 2 will Immediately deltroy the Iranl i,tora.

5. 3. The com plete board il now connecled al lhown In 'Igura 15,

5. ... Co nnect an operating voltage of + t2 V and mealure the overaU current. It Ih ould
a mount to apprOltimately 55 mA ~ 3 mAo

5. 5. Measure Ihe vollage betwee n co nnec tion point Pi ll and gro und : the value I hould be
8." V ~ 10%.

5. 6. The current at 01'11 of tha Iwitchlng Inputs Pl 1 • PI 4 lhould amounl 10 approximataly
5 rnA Independent or the ope rating voltage . I inca lhe baM voltage divider i' led with .
s labl llzed voltaga . When the cryltal lor thll cha nna l hu bM n SOlde red Into placa, the
cu rrent should incre ase to approximately 7 mAo Rolate the 1(1) kC potentiometer I' re·
que ncy luning) and see whether the current Jumpe to other values , or whelher the
oscillation ce..... II '0, thl, would Indicate incorrect capacltanca values or faulty
diod es.
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5. 7. Measure the voltage drop acrolS reilitor R 39 and aUgn Indu clancel L 15 for a dip.

5, 8. Align L 1410' maximum voltage drop acroll rel lll0r R 36 and align Inductance L 1310r
a dip.

6. 9. AUgn inductanca L 1210r maximum 'IOltaga drop acrolS rel iltor R 33,

5.10. The voltage drop acro.. Ihe mi.er lr1nlllto, T 3 la measured lor allgnmant 01 the lalt
bandpass IIIter compriling L 10 and L 11. The alr-Ipaced trlmmar C 1201 the lalt
resonant lif'll circuit la Ilrltly aligned lor minimum capacitanca. The trlmmars C 49 and
C 51 01 the oacUlator liItar ara aligned lor mallimum currant liow via T 3 (appro • .3 mAl .
A clear dip In lhe miller cur,ent (minimum 1.5 mAl will be Obterv«l on rolatlng C 12.
The correct allgnmenl I' Ihen on the slopa 01 thll dip loward' lhe lowar capacitanca
value, at approllimalely 2 mA ml.er curr8(lt.

A 10.7 MHz caclllator I, directly conna clad to tha ba.. 01 the mi.a, tran, i'lor lor al ign ­
ment Ol l he IF ampl il ler, and the two IF circuit, compri,ing Induclancn L 7 and L. 8 ara
aligned lor mlJlimum S-mate, reading . Tha AF-oulput II than connecled 10 a low fre­
quency cecurcsecce or FET-venmeter and the demOdulator coli L 9 aligned until tha
demOdulato, cheraClerlsUc ahown in Figura 11 ia obtelned when tuning Ihrough the
cryatal liIter bandwidth. Thl l tuning I' nOI critica' Iince only a part 01 Iha charactar lsti c
Is used .

Finally, a signal generalor or a 70 em anlenna la connecl ed and Iha li ne ci rcuits com ­
prising the alr-apaced tr lmme,. are aligned alternalely lor basi senlltlv lty.

5.11. Alter compleling the aUgnmenl , trimmer capacitor C 1. C 8 and C 12 should tuI.,. appro­
lI imately ltla same position. II C 12 diffa,.. thll Ihouid ind icata an Incorr8C1 aUgnmant.
alnce this can be aligned to the oacmalor lrequency. In thil ca... Ihll Ir lmmer will be in
ita end position.

5.12. Flnally,the la,t bandpalllil ier 01 the olclllalor chain II aligned with trimmers C 49 and
C 51. The hlghea l miller alope la obta ined with the opt imum osclllalor amplitude. and
Ihua lhe highest polSlble gain.

To be continued : part 3 will Include the mechani cal conltructlon and Wiring , and part 4 tha
Iranam lner.

I . REFERENCES TO PART 2

(1) K.P. Tlmmann : A Variab le Frequancy Cryltal OscUlalor (VXO)
VHF COMMUNICATIONS " Edition 211969, Pagel 87 ·94

(2) J . Dahms : R~lve Con.,.rter 432/28 MHz
VHF COMMUNICATIONS 5. Edition 3/1973, Pag.. 180 · t84

(3) H.J. Franke: Inpul Module and FM-Portlon
VHF COMMUNICATIONS 5, Edition 4/1973. Page, 212 - 219
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SELECTIVE FREQUENCY MULTIPLIERS

by H.J. Brandt, OJ 1 ZB

Frequency multlpUc.ll lon II the Old.., method of oblainl ng al abla , variable oscUlalon and
inexpe nsive crystal oscillators l or the VHF band. SSB technology hal Iddltd the frequ ency
synthesis principle end modern integrated clrcuilS have brcughlthe PLL-ol c illalor.

The Irequency conver,ion pr inc ip le " yery economical w ith ru peel 10 the cu rren t drain and
the number Of S1agn ~uired and i' aultable lor . ach modu ll1ion modi, telling .slde the
disadvantage 0' the number 01 crys'all. The number 01 possible spurious Ilgnala i' relalively
lOW. They are mIIlnly dependent on the type 01 Irequency sYnlhesil uled. and on the Illler
provided l ubMlquen l lO the mll.r I lag8.

The PLL methOd requir • • a low amount 01 liltering. However, the current drain can be con­
slderab te, especia lly when TLL or even ECL Integrated ci rcui ts . re used. The I purlous
rejection il depend ent on the Irequency rel ponN 01 the control loop and lIs gain, as well as
on Ihe elfecllveneu 01 the osc inato r buller " ag", If the eonecr loop i. broken , or not eteere.
unwanted emission s can occur With in l he tunIn g rl nge of the VCO. This means that I
suitable mon itoring ci rCUi t Is nec..sery.

When utlng frequency multiplicltion. Ihe number 01 poulbl. spu riout Ilgn.'. mer..... to­
gether with tn.lrequency multipl ic.llon teeter . However. If alch . l lge 1I IImil ed 10 a doubl ·
ing or tr ipling. the relat ive spicing betw een the reQuired and lhe unwanted harmonlCI Is
grail enough to enaure a good tlItering with I min imum 01 ci rc uits. Thu s Ihe . purlo u.
rejection o f a multipl ier chl ln Is not co ncentrated on a single critica l filt er. but I. spread ove r
tha select ivity It Ihe outptJt 01 each Individual Slage. The.. 111gel cln be alig ned limply lor
max imum OUtput I I In. requ ired frequancy with lh . aid of I n ablorptlon wavemeter . Thll
maant that frequency mu ltiplicat ion I. I very uncrillcal and clear meanl 01 oblalnl ng Ihe
required ou tpu t Irequency .

1. WIDEBAND MULTIPLIERS

Wldeband multipliers are Virtually unknown tc rad io amateu rs although they can be very
interesting for cert. ln I pplicaUont.

A push -pull rect if ier ci rcui t hll been wall known lor . long lime (Flgur. 1): in th il ci rc uit. ona
cyc le of the .I,....wave vol lag e il inverted WhiCh cau..s I doub ling 01 the Inpul lrequency. II
the full bandwidth II no l reQuired . the higher harmon ic compo nenl el In. outpu l can be
suppressed with the .Id of capaci to r C. Tha pau lve doublers offared by mlny manulacturerl
lor ell iending the frequency range of Ihe ir . Ignal generltorl operata accordi ng to thl.
p r inc ip le . Their dimenllonl are ollen only hall the size ol e malchb oll .

Linear In legl1lled ci rcui ts have been aVlliable on Ihe market lor lOme lim a now thll allow I
doubling 01 the frequency by quartering th. Inpul signa l (Figura 2). This theory II bl sed on
the lormula~ wt • 1/2 (1 -t cos' wI) . Thll melln. that when I cotinul functi on II qUl r.
tered, • con"lnt IIl lue (DC) and a cosl nua lu ncllon with twlca the Irequancy i. ganerated .
The circuit Ihould nol be ove rdri llen In ordar 10 enlura • good output w. velorm. With IOma
types. It i. recommended thel an ellternll bllanclng be made.
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The Input signal 01 these wid.band doubler••nould be .. sinusoietal u po.'ible. However,
the autho, ', eltperlence h•• shown lhlt the ."uneut rejection 'a not belt., lhan 25 to 30 dB,

Thl, mean. tNt additional Hllctlvlfy In th, lubMQulnt ,'ages mUlt be provided .

2. SELECTIVE MULT1PUEA S

2.1. U•• 01 BIpoIe, T'I.,alllor.

lithe available lignll 'I nOI large enough 10 open I blocked l'lnllllor, il will be necessary to
use. multiplier operating with. certain qui.acent turrent. Flgur. 3 ,how, • lultabtl ci rcu li.
The circuit seem. similar to • conventional A·l mplll i.r, hOWIVltr, 11"1, "m itte' res istor I,
selected 10 high tha i tile collector altemeling currlnt wUl become gr..te' thIn Ihe collector
OC-Current under drl.... condition• . The DC-vollage I. kapt con.tant dua 10 the bue voltage
divider. However, tna DC.vottaoe al Iha am inar resi.tor inc rea,.. , whi ch meaM Ihat tha
operaUng poInt 01 the tranamlner 1. shilled 'rom clan A 10 cle •• B or ~.n c lan C by th.
drl..... Th. amin.r bypus capecllor maintaIn. the DC-voltage dur ing currenfl... condi lion• .
Under theM condition., the ..me cUpped .ine-wave curva will be althlbl led a. was .hown In
old.r manuals w ith respec t to clas. C ampllfle,. and multipliers equipped With tub.s, The
current flow anole can be adjusted using the .",mer re,i,tor RE 10 that th e ci rcui t can be
optlml;r.ed lor doubling or trlpllng.

The DC·YOltage value, g iven In Figur. 3 ara onental lon valu•• lor the de,ign 0 ' the baM
vol tage divider In order to ensure a good temperature .tability. A retitlor 01 10 to 100 C i.
connected between collector and rnonant circuil in order 10 auppreA any tendency 10 para ·
metric oscUlatiOn .
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If l u lflclenl d rive II available, the pr8vioualy described baM von.g. divide, ca n be deleted
and Ihe op timum ope rati ng poln l adjull.d with the aid 01 the lower t.al, tor and ermtter
r••lllo " Thia laves. number 0' componentl and resul ts In the circui t given In Figure 4
whiCh no longer req uires an emitter ,...1'10' and the operating point ia adjusted with the
ba....min.r rwlator ABE. A n-oatw. voltaoe 01 0.4 10 1 V II generated I cro.. Ihis r••rate r
under drive conditiOns due to lhe baM current. This can Nilly be measured ullng • high­
lm~.nee ~l!If by p(aCing • Iow-e.~cltanee RF chOtte in Iront of lhe probe. The ....Iue
of ~'IOf RBE ro, • certain oPerallng polnt Is. of COUI'M. dependent on the f,en lillor . The
collector circuit rs conneeteCI .. w.. thown lor Ftgur1! 3.

Flgu,. 5 ahowt the ,,*hon~ip blttwMn the resill'~ value 01 Re or RBe and the output
VOltage or output power 01 the mulllphef'. The most lavorable value t. det.rmlned wlll'llhe 'Id
0 1 a trimmer poten tiometer and the next I'llghelt ....lu. 01 the Itxed rniltor i, then uMCI in the

eirQJit. A ....llIe betow !hI' optimum point could IMd to a deteriOration 01 tl'l. multlpli.r . tl t­
eleney due to Iolera~ and temperatura .fleets.

I

.... .
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2.2. SelecUye MulUplier equipped wtth • Flekl ftlKt Tren" alor

Figure • ah~ ttle circuit Or a mult iplier d..igned by DC 1 MK using a junclion lield efleet
IransiSlor . Thia eircuu operates with a cer1ain qu iescen1 currant and is therelore suitable for
multiplicat ion 01 low RF voltages. The N·channe l FET generates a negaUve bias vottage
acro ss the reaistor Rg. It Should be pOssib le to optimize the operaUng pOint by alignment 01
Rg, however, thl, wa, rwttried by DC 1MK.

1M
Rg

In

F-C:J-o 'In

1M
Rg

3. SPURIOUS REJECTION AS A FUNCTION OF THf PROVIOfD SELECT IVITY

figure 1 ahowl the bu ic ,pectral disp lay 01 the output aignal 01 a mult ipliar chain. Several
Unes will be seen on both aid.. 01 the requ ired frequency I. N ch 01dlNerent amputucle. Their
apaclng corresponds to the Input l requency 01the mult ip lier chain.

Thia spec trum I, generated, for inatance, when a 18 MHz aignal ia doubled 10 36 MHz, and tha
18 MHz component Is rwt completely auppressed. The ne.1 doub ler then reeelv" a 36 MHz
signallhat la modulated with the 18 MHz algnal and thu a generatea a 12 MHz aignal that ia In
tum modulaled wi th 18 MHz. and II the selectivity la not autlicient alao at 36 MHz. The ned
doubler then generatea Ihe required Irequency 01 144 MHz, wh ich ,a modula ted in turn with
18 MHz, 38 MHz and 12 MHz compOnents, In addition to thla, the harmonic, 01 144 MHz ara
also pre'ent In the output algn,1.

I I I
21

' Fig. 1: Output apectlulII 01 a "-quaney lIIu tl lpUar t"al t'l
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The German Post Off ice lays down a maximum apur ious outpu t 01 2511-W lor amateur radio
transmitters with operlling frequencies 01 over 30 MHz: and up 10 2$ W ou lput power . At
h igher outpyt power 1..,.ls. the spurio us r.jectl on 01 .t I...t 60 dB Is required. For t". r.d,O
.msteur with limited mealUrlng l acllitles. It Is ...ery Interesting 10 know what amount 01 fitt er.
Ing la required In order to achieve a eportcu • • nd h. rmonlc slgn.1raject lon 0160 dB.

Th••uthor .nd DC2 CV h..... worked tog .t"er to gain .xperl.nc. with mul tlp ll.r chaina lor
several projects . A .pectrum analyzer lor Irequenclq up to 1200 MHz: and a dynamic range of
70 dB was ..... it. bl. tor th. spurious sign . 1measur.ments. The resulll ar. now to be des·
eneee.

3.1. Frequency Doubler wIth SIngle Reaon.n' CIrcu It

Th. Il,..t measurements w.re made on s IreQuency doubler chain with a single resonant err­
Cul t . t the output 01 each stag• . Th. co nstructio n was m.d. as dea<:ribed by DC t MK and
equ ipped with FET doubl.,.. slmnar to that shown In Figura I , This cirCUIt was th.n lo llow ad
by a power ampllfiar (see F1guttl I ). The spurious slgnar re;ect ion amounted to .n ..... r.g. 01
43 dB . In order to obtain bener resu lts. sev.ral cl rculls were built using. II pou lbla, Inexpen.
slv. bipolar transistors .

IB

I ,I ,I ,
" • ~ '" ~ '"

:~
,
~ t'lo ~s- lip. +V... 1111 .;-, , ,

'"Br14~ Ir1~ 1 ~ '" .r1~ ,.' • ..t? f-<
• ,. 1MJU6

'" \2 \C: \t: 2.51011,
I

' D,u" " "
,,

De IHK /OJI

FIgura , 'hows a frequ.ncy multiplier chain using I" e circuits shown In Flgur • • 3 . nd ..,
However. In order to Incre.se the selectivity, the output , ignal I, led to the subsequ.nt " age
via . ,eries resonant circuit. This .rrangement ha, the advantag. that the matching between
both , t.ges can be .ligned contInuously u,ing two Inductances,

How.v.r, measurement 01 the spur ious sIgna' r.ject ion w.s .... ry disappoInt ing . Th. r.sultl
were not better than tha t 01 the cnccn shown In FIgure 8. Att.mpts w.r. mad. to Incr. ...
the selectivIty 01 the pa.f8l1el circui ts using hlgh.r capacl tane., and the serle. ci rcui ts by
u,lng lower ~citance, Th. output power WU not iceably reduced. but thera '0'1.' no
noticeable .ffect on the spurlo u. relecti on . The .... Iu•• gl...en in Figure 9 co rrespond to th.
final result.
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On allamlning lhe Ipurioul rejection al Ihe base 01 Ihe second doubler, il wal lound Ihal a
very slrong component 01 the Input frequency (18 MHz) was 11111 preMn" It seeml thaI the
combination 01 parallel and 18riel resonant clrcu itl wal not Ible to suppresl lhe input Ir.­
Quency or the doubler sulficlently.

3.3. Frequency Multiplier with Two-Stag. Sandpa.. FlIt . r

In Ihe mean!ime, DC 2 CV h.d ConltruCted a frequency multiplier chain Irom 24 MHz 10

144 MHz using two It'Q81 l imU. r to that lhown in Figure 3. A capac ltlvely coupled two-It.ge
bandpasl l ilter il used lor ..Iactlv lty. The Inductances .re enclosed In Individual screened
cans which .re screwed on to • copper eoetee ground surlace, which 18rv.1 It grou nd lor
the whole circuit. The lPurlOUI rejection of over 60 dB W.I achieved Ullng thll conetrucncn .

Atter this success, the author .110 mod il ied Ihe lirst two doublers 01 hll ci rcul i lor bandplSI
!ilter coupling (Flgur. 10). Although the Inductancel were unl creened end were mou nted
simply on a copper-cc.led bo.rd, .nd allhough the grou nd conditlonl w.re moal certainly
not so ideal as DC 2 CV's const ruction, a spurious rejection 01 over 60 dB W.I allO mea.ured .

Figure 11 shows the ballc Inl tallatlon 01 the multiplier ch.IO In • TEKO boll type .. A. The
18 MHz crystal and uaoclated trlrhmer are mounled in the bottom lelt-hand corner. A VXO
and VOltage ltablllzer c: ircui! 'or 7.SV are mounled beside thi, . The d..ignat ionl VI to Vp
show the positIOn ol lhelranlislors when the circui t Ihown In FIgure 10 II uNdoThe pOl itlon
01 the Inductances II given In Ihe term 0' circl... The ground l urlace runl around the edge
01 the board Inclu(hng the VXO.

Wilh th ll aUlhOr', prototype, the lu I doubler wu not modified lor bandpaaa Im.r coupling 10
that the board did nol need to be modif ied. Due 10 thil , the 72 MHz compOnltnta were
Ilronger than neceaaary In Ih. output l ignal lpeclrum. How~r, Ihll wit not 100 Important
since they will be suppretHd by lhe 2 m bandpass l iller (1) at the output of the tranamitter.
BandpaSllllter COYpling will be used for all lreQuency doubler atlgea for luture conllrucUonl.
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7,S -Y-Slab.
18 MHz
YI O
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o ~
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o 0
1 ~4MHz
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l 6MH z

Vp

Vz

o 144 MHz
o

o
o

72MHz

If one compares the liller circuits 01Figu res 9 and 10, it will be seen thai only two exira capa­
ci tors are actually requi red. How8\'er, the circul i 0' the second bandpass tuter stage with III
cececruve Input and output co upling Is l ar mora llul lable lor suppressing lrequ aneisl below
the required harmonic than a series resonant circuit. The good result obtain ed using teeee
bandpa ss l illers show, how Important It is 10 auppraS!l the Input frequency 01 the lrequency
mullip lle r Ilage In order 10 obtain 8 good spuriOUll rejec tion.

In orde r 10 slmp li ry the daslgn 01 the band pass l ilta, l or any required frequency, Flgur. 12
shows 8 frequen cy-independent diagram where the capacitance values are not given but thei r
reacnve Impedance. The requ ired valuel lor the application in Question can be calculated
' rom tneee valun. The InductanCll! should be designed lor resonance. This circui t is valid lor
ope rati ng voltages in the order 01 10 V and lor currents 01 approxi mately 5 mAo

A capaci tive current divider circuli Is used lor coupling the subsequen t bipolar transislor onto
the seco nd bandpass liI ter ci rcuit . This means that a part 01 the resonant circuit current II
tapped of l and l lows through the trsn sistor Input. This leads to lower capacitance value thin
will be present with the cepacltive vollage divider and the lower capacitance can be very
large under some condi tions and posses..s I consldereble int rinsic inductance.

zscn

1
9011

loon

t n

OJ 1 ZB

• 150· ~ VHF COMMUNICATIONS 311977



4. DISADVANTAGESOF TOO LOW A COMMENCEMENT FREOUENCY

To finalize, the dlladvantages 01 using too Iowa commencement frequency lor the trequency
multiplier chain are to be discussed. When using Ine.:;penslve 9 MHz crystals, the l irlt
spurious line above 144MHz lalls Into the business radio band and can be sufficiently st rong
to cause Inter1erence to neighbouring buslne.. radio . yl teml. A few Individual cases 01 this
heve been known when using an Inlermedll1e frequency of 10.7 MHz. It may be good prectlce
to use even a three-stage 1iI1er for the first frequency multiplier In order to suppress the
adjacent spurious lines.

A turt ner disadvantage 01 using a commencement Irequency of 9 MHz was lound when con­
structlng the 70 cm repeater DB 0 TR 11'1 Rosenheim. Since the spacing between transmit and
receive trequeneles using the European standard amounts to 8.5 MHz, the lirsl spurious line
9 MHz below the transmit frequency overloaded the receive con verter. This problem was
solved by modify ing the Irequency multiplier chain lor a commencement frequency 01 18 MHz,

5. REFERENCES

(1) H.J. Brandt : A Simple Bandpass Flltar lor the 2 m Band
VHF COMMUNICATIONS

LINEAR AMPLIFIERS for 2 m and 70 em

Dealers enqui ries welcome to
UKW-TECHNIK Jahnstr ,14
0·6523 Baiersdor1(W,Germany)

Clean linear operation due to
optimum biasing and use 01
CTC transistors BM 70-12 or
CM 40-12 resp.

Band
Output
Input
Curren t
Size (mm)

145 MHz 432 MHz
SO W 40W
10 W 10 W
10 A 6 A
130.:; 56 .:; 200

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

Telephone (09133)·855,856 . Telex: 829887
Bank accounts: POitsche<:kNorn barg 30 455 - 8~

Commarzbank Erlang.n 820-1154
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A SIMPLE BANDPASS FILTER FOR THE 70 em BAND
by H.J. Bra ndt, OJ , ZB

t . IHTRODUCTION

Th•• IIltar operates acCOrd,ng to the ..me pr ,roc,pIe • • the 2 m bandpaa lo iter OttICribed lfl
( 1) SlflCe the ,lomen5lon. 01 the cue .r. conlldet".bly mo•• f.vor.bIe IOf the 70 em b,lrod.
better frlter chlractenst,C& IF\lro lhe 2 m vef"SlOn wet, 10 be e.peeled HowevI_. th,. '. roOI
com ptellly lrue In pracllCI

t .t . Loc.tlon of the ConnK1 o,..

It w•• fo und when conllrucllrog thl fir" pro totype thaI II wu root poulble lor thl conf'OlClOI"I
to be placid anyw-he.e .eq ulred . II reproducible cha'acte ri. hc••rl to be ob tained , Furt he r·
more. thl narrow .ides 0 1 thl boll arl no t IIrong l roough lo r thi• . For Ihi. realOn. 8NC.
connectors with lIange should be uNCI. whic h .re Ih.n mounled oro the ba.. pl. t. 0 1 the
lilter boll .

1.2. Spur~uI R. aon. ne. 1

Line cl rcultt .lways ha............1 tIIOn.nces. Wllhoul C.paCltl.... load . such reaon.Inc.. will
occur a l .11 odd multip'" 0 1 '1.. / 4 In the c... 01 Ihl 2 m bendp... l,lte r Ih. Io l"lt .puriou.
r. ao n. nce was in ellcesl 0 1 1 GHl due 10 th. Ia'ge C.paciti.....ho rten ing 01 thl line eucou.
.nd wa. Ihe.elore 01 no import.nce.

In the c... 01 the 111"11 prolotype of fhe 70 cm l01I... Ipprolllmltely the ..me hne length w• •
uNCI .. on 2 m but the capacltl....~Ing wu redu~. The Ill"It spunous~ wu In
the orcMf 01 1Xl1) MHz. in other wordl .t the thlrcl harmonic of the 70 cm blind , It wu
poulble Ullng a low induetl\l9 groundIng 01 the Inmmer cap&Cllors IOf th.S r.aonance 10 be

1h 1"1d 10 apptOlumalefy 1700 MHl . whICh II in lhe order 01 the fourth harmonic. A1llnemptt
10 tuppr... thiS spurious~I~were wllhou t 1Ui:c... In the cue 01 thIS Simple. I)'m~
trical '.Uer construction. In order 10 ensu,e tha i Ih iS r-.onance wu II IN.t berw.en lhe
fou rth and IItth harmonic. 11 WII on ly po",ble 10 ' Ihe in,.,., Conduc lor 10 be Ihorten.cl
'''ghtly and to accept I t1ightly higher InNrtion lou.
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2. CONSTRUCTION

The u me li......r·pl.ted OOK I, used lor Ihe 70 cm Illler al lor the 2 m 1,lter delcribed In I t ).
The d im llfl l ioo l are 94 mm K 50 mm K 25 mm hi$lh. The loeelion 01 lhe panl II given In
Flgur. 1. The two line circuits are constructed from 2 mm diameter, silver ·plated copper wire.
For . bandwidth 01 10 MHz, th ey are spaced 16 mm from another. Tha Input and cutcct
coupling is made ul ing 1 mm dia . silver·plaled copper Wire. This input coupling il pieced
from tne Inpu t Or output eocket to me 50 0 pOll tlon on Ihe resonant l ine, wh ere It Is
so ldered Into place. A emeu coil (3 turns, 3 mm inner diameter, epprnx. 4 mm long) II to be
found et one end 01 the input and outp ut co upling that is solde r8(l to the inner conductor o t
the SNe connector. These inductances represen t fillers lo r higher frequenciel .

Silver. plated solder 'ags are uSftd lor the low·induct,ve grounding 01 the trimmerl . These tag l
are screwed to the base plate and bent back over the nul as anown in Flgur. 2 Alte r th ll . the
tr immers are mounted InlO place . The conneclion 01 the rotallng plelel is then connec ted to
the bent so lder tag and soldered tote place.

OJ 1 ZB

, ,
C.ro.. 't plol .
01 . .... tr".... r

It ''.'''. r "QUl' l
1'1 . 101 d,U

~ll't'"O I d~~~~irri~~~~./Tr l!n...r COMIC I'M
_ Sold. r
_ S,l••r.~lll l 'd sold.r

1119 bllll Ql'ourocl nu l

_ 8Q,. plCl t.

Fig . 2: COnltrvdlofl detelle 01 the 1o• •1ndudl..e grounding 01 lh e trl """e' It paanJon A In I'/g .

The cold end 01 the tine ci rcuits Is I lig htly lIa llened and placed Intc bent sllver·pla t8(l solder
tags. These are held in place by the inner mounting screws 01 the BNC conneC IOrl. The line
c ircui ts and solde r tags are then IOldered together. The l pacing between l he tw o line c ircu its
II adju sted easily by bending the IOlder tags al required. The ~ulred noles in the base plat.
are shown in Flgur. 3. and Flgur. 4 g ives Ihe poIit lon 0 1 the alignment ho las in th. cover
plale .

2.1. Main CompOn. nts

1 Filler bOK, silve r·plated, type 94 .60.0
4 Solde r tags
2 air·.paced tr immers 5 pF lor chusis mounling
2 conial socketl type BNC With I lanoe
Silver.plated copper wh.. 012 mm dia and 1 mm d,a
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3. ALIQNMENT

Th, same .Ilgnment method ahould btl uMd a. "I" deterlbed lor th, 2 m bendp.lu liller in
( t l. Figure 3 shows the Ml.cUvity c urve • • mHaUr~ on a ._pt-l~uency Iptem whe n
ahgn.a lor mInimum VSWR In th, range 01~ MHz to 440 MHz
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fig. I : Phalogrlpll 01_ 01' "'e lull'lOr'1 prototyp..

As can be seen In Flgur. 5. Ihll lecond and third harmonic Of Ihe 70 em band Ire aupprlllllld
by mer e Ih an 50 dB. Sulficillnt luppreslion is also given tor tha lourth and fi fth harmoni c.
These .r. dependant on the spu rioul r••onanC8 81 1900 MHz. which will be ahilted somewhat
If Iher. are any dlHerences In Ihe mechanical ecnstrocuon . Th18 11118f represenlilhe optimum
01 what can be Obtained with mll'al plate and wir• .

Spurious resonanc•• have been I problem with .arli.r publlcationl and deSCrIption s 0' lillef'
with fllson aniline. (Relefences 2. 3). The reject ion in '~CIlSl 0117 00 MHz could only be im·
prOVed by providing I coax ial low-pass l iller w ith . cut-o Il freQuency in 11'11. order,
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It w i ll allO be seen In Figur. 5 lhal th. utter also luppr..... an lub·harmonlCI 01 th. 70 cm
band , as ...... 11 as any un.....an ted harmonics 01 the 2 m band Thil advantage 01 11'1. bandpasa
IiI te r ..... '11'1 respect 10 a lo.....·pa.. nner is especially impOrt.-nl lor tranlmillers usIng a
Ireq uency multlplicahon princlple . In crillcal Iccahons, the aupp r...ion 01 tha TV b,lnds III

and IVIV could be 01 aulslance.

Th. Insertion IOU 01 tha 1,lt. r amounls 10 0,4 dB . Th. 3 dB IrltQuanc ies ara In lhe orde r 01
415 MHz and 450 MHz. A pho tograph alone 01 lhe authOr'a protolypes il givan in F1Qu,e t ,

4. REFERENCES

(1) H.J. Bra ndl. A Simpla Bandpass Fitter l or Ihe 2 m Band
VH F COMMUNICATIONS 7, Ed/flon 411 975, Pages 244.249

(2) H.J. Dohlul: eoaxial Low·Pass Fillers lo r VHF and UHF
VHF COMMUNICATIONS 2, Edit ion 3/1970, Pagel 166 · t7S

(3) K, Mai.....ald : A Bandpass Filt er lor 145 MHz using PrIn ted Inductancea
VHF COMMUNICATIONS " Ed il ion 411969, Page. 205.208

NEW I NEW I
POLARISATIONS SWITCHING UNIT for 2m CROSSED VAGIS

Ready-to-operate as deSCribed ,n VHF COM MUNICATIONS, Complele In cabinet ..... '11'1 three
BNC ccnnectcre. Especially de'lgned lor use Wll h crOlsed yagls mounled a. an _X_, and fed
wll h . qual-I.ngth leed81" . FollOWing .i.. polarisation. can be tel8(ted : verneer. bcnzcntat.
Clock..... lse ci rcu lar , anllclock..... I•• Circula r, ,lanI45· and slant 135· ,

VSWR: ma ... 1,2
Pow er: 100 W earner
Dimensions : 216 by 132by 60 mm ,

Insert ion 1011: 0.1 10 0.3 dB
Phase error: appro... 1·

• 156 -

U K W - T E C H N I K . Hans Dohlus oHG
0-8523 BAIERSDORF . JahnstraOe 14

Telephone (09133)·855.856 · Telex: 629 887
Bank accounts PoslKheck Nurnberg 30 4M · Me

eomm.rzb.lnk Erlangen 82001154

~ VHF COM MUNICATIONS 3/1977



VAGI ANTENNAS

Principle 01 Operetlon and Optimum Design Criteria

by O. Hod l, DLI wu

Vagi antennas are well known In the VHF and UHF l lald since they .lIow • directi onal
an tenna with relllsonable gain to be obtained In a Ilmpl. manner. However, one " olten dis·
appoInted with home-made Vagla. and 8'1' 1'1 sometl m•• with tho•• available on the mark el .
Thla arti cle is to show how design errOr, can be .void..:!, and whi t performance " 10 be
expec ted .

1. UNIFORM VAGI ANTENNAS

This type 01 antenna was origi nally descr ibed by H. Vagi In 1928 (1). and pOllUlIed ne.rly all
,.... leafu,es of mo<lem Io~ Vagi an'.nn• • . The theory 01operation was not understood until
much later, One 01 the beSt worka regard ing th ia anlenna was pub lished in 1939 by Ehren­
speck and POhler (2); they published measured vIlu.. 01811.traordinary precision. Ehrenapeck
and P6hler showed ellperimentaHy that I rad io WIV. 'I propagl'ed along I Yagl atructu re
with reduced phi " speed, Ind ell itl the antenna In a Ilmllar manner a, II it were ex:l \i ng a
tube. The director chain has tha behaviour 01an I rti licial dielectr ic, and thera II a direct limi·
larlty to dielectric antenne , (3).

•

" ------

•

fig. 1:
V.etor dlagrlllI
0111'1. ' 1.ld ,,~
In ••Ial direction
01a Vagi anl. nnl

{I, : curr. nt In tI'la ,adillor,
10: curranli in Itle dlr.et011l1

The vector diagram lor the l ield streng th at a di.tant point on the anlenna ax:i. II llao vary
Info rma ll ..... II I, proport ional to the resulti ng vector ol l ha currenl. In the indi vidual elemantl.
Since the current and phase angl•• In a parasiti caUy en. rg lzed antenna cannot be ..Ieclad et
will , the diagram given in Agura 1 does not allow any quantllalive Informilion. However, the
illustration shows clea rly thai the resulting vector will nol be increaled afte r a certain point
by add ing further alements when Iha pha.. angln ara givan. but wil l even decrease.
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The delay component of an element and tne current enarglZed Into It ara beth allered to­
getner witn Its lengtn, wni Cn means tnlll two demand s are opp osite In tne case 01 long
antennas: In order to limit tne pnase snill, it is necessary lor Ihe element s to be shortened
until linally no noti ceable current Is able to Ilow. Tnis means thaI the lengtn and gain 01 a
Yag l antenna Is limited.

Ehrenspeck and Pt)hler , as well as meet 01 the other antenna specialists. ellamlned unllorm
Vag i strvcturee. that Is antennas having co nstanl director spacings and lengths. The lollowing
can be summarized lor Ihls type 01 antenna :

1. There Is an oplimum value 01 the pnase speed and tnus the tOlal delay 01 the wave Iront
lor each antenna length. The most lavorable delay increases with Ihe antenna lengl h. how ­
ever, only up 10 a value 01 app rOlllmalely 105- or 0.3),. This is oblained al an anlenna
tength between 3), and 4 ), and remains cc netant tcr longer anl ennas.

2. The phase speed V along a dirK tor chain Is dependent on the lengl h, Ih ickness and
spaci ng of Ihe elements . The,e ara an Inll nile number 01 combtneuons Ihal lead 10 Ihe
most tevcrebre value of V. When using etement spacings of 0.4), and lass. me same
mell imum value ollhe gain witt be achieved .

3. The mexfmum gain possible is on ly dependenl on the anlenna lenglh if Ih e mosllavorable
value of V has been obtained.

4. No noticeable gain Increase will be observed at grealer antenna lengths Ihan 6), : the
maxi mum gain value of a conventio nal Vagi stru cture is in Ihe order of 14 dB. Flgur. 2
shows this relationship, as welt ss measured values 01 several anlennas available on lhe
market. and also some home-made antennas. The number given In the designation gives
Ihe number of elemenls.

•
I D- •f-,:,: :• ~-

-. §-"
0 --D ,

~ - - !.-· -
~

. • •• .
• • • •· i. .

1-- •:: ii: •I-- ~? i
" V •

/ f•
/

, /

Ot 6wu

'" -, ,
Fig. 2: a.'n of l."l .nt.nn..... function of th.lr I.n"th
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2. NON-UNIFORM VAGI ANTENNAS

Since the above Information II valid for uniform Yagl structurel , Ihll led to eltperlmenlation
wil h non -uniform entennal to obtain fUrlher Improvements, Due 10 the large number of para­
meters. further eKperimentallon Is very dillicult However. II has been found thaI II Is more
favorable for the delay to be concentrated In the vicinity of tne radiator and Ihll to be
reduced tc werce the end 01 Ihe anlenna (3. 4). The curren f ccmccnent of Ihe elementl
should also be reduced logether with Ihe distance from Ihe radialor (4). Both effects cen be
oblalned together when using a continuous reduction of Ihe element lenglhs and Increase 01
Ihe spac;lngs.

These measures have Ihe effect of reducing the minor lobes and widening Ihe main lobe with
respect to these of a uni form Vagi anlenna. Mu imum gain Is oblained as a compromise
between directivity and suppression 01the minor lobes.

It Is also necessary for the disconiinuities al Ihe open end oflhe sntenna and al the radiator
10 be COmpensaled since Ihey can lead to interference elfecls on the travelling wsves Ihat are
prevalent wilh _lIodeslgned antennas.

II Is true that lhe above considerations have been part ially assisted by compu ter slmulalion.
however. It has been found that further eKperlmentation is alwaya necessary. For this reason.
the proved knowledge about unilorm antennas. which are a good epprcxtmattcn also for Ihe
mean values 01non-uni form antennas. are eKtremely uselul lor use as basic values.

Even Ihough, it seems that the maxlmum Increase in gain to be eKpected Is apprOKimately
1 dB . over that given by Ehrenspeck and POhler, even atter all Improvements have baan
made. This means Ihal the maltimum gain Ihat can be achieved with a single. conventio nal
Yagl entenna. should not be much higher than 15dB.

This shows Ihat ed ram" eeutrcn Is required when higher maximum gain l igures are given In
some pub lical lons. e.g. (5, 6). Usually these are then gain figures Ihat have been calcu laled
Irom th e beamwldth. or values Ihat have bean falsmed by ground reuectroo. Errors In Ihe
order 01 3 dB are Quite common. Gain measurements are 10 be discussed later In Ihls article.

After co mpleting the manuscr ipt for this article, the Information given in (9) became available
10 the autho r. In this article, controlled end reflection was used 10 obtain a furthe r, small
increase 01gain, however, the design seemee to be very ermcer.

3. HOME CONSTRUCTION OF YAGI ANTENNAS

Home ecnatrucucn of antennas Is Slill vary r_ardlng, especially when large antenna arrays
are to be constructed . Model anlenna systems on the 70 em or higher bands limpli fy the
design . and the final resul ts can be recalcula ted for the required Irequency. However, anyone
who wi shas to const ruct well-known designs, 10 modify them, or 10 recalculate Ihese for
ether Ir, quencies should know Ihe allec t 01 all construc tion parameters on tha operation of
the antenna. Seemingly slight deviations can cause a complete lailure I

The lmpc rtant dimensions are: antenna length. element spacings. elemenl lengthS. elemenl
diameter, and also the thickness ollhe boom,
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3.1. Elemenl Lenglh end Olemele,

Figure 3 Ihows the depend ence 0 1 lhe elemenl lenglh el e lunCl lon 01 Ihe element dlemeler
lor rellector, redieior end dlreclors (meen velue lor en directors). when lhe Olher dimenlions
01 Ihe antenna are elready known . It mey be surpriS ing 10 Me tha i u II not Ihe an lenne lenglh
and element &pacing Ihal II used al paremele r but only Ihe number 01 elements.

The reason lor Ihis is in the reciprocal releUonship bel_n Ihe phase delay and ele ment
spacing (1), Since the meet lavorable del ay remains precl lcetly con,llnt wll h long anlennas
(as wes al ready menttonec in secUon 1). the curvel for tne same number 01 elements coin­
ci de , Th l' I' no longer valid lo r I hort an tennas (::Iii 1.52) bUllhe app rOlllma tion II uselu l In all
cases.
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II will be seen Ihal the .I.m.nl diamelar dependence ollha dir.Clor lengl h increaN' wllh Ih.
number 01 elements, and i, lar greater Ihan Ihal 01 the radiator and reI lector _Thl' L' becauN
Ih. radialor and r.flector are r.sonant circuit, ope rated Virtually in resonan ce, whereas Ihe
di rector, are IIrOngly detuned capac.hv.ly , On incr.a,lng the dlame l.r, lh. a will d.crease.
which mean, th.t lh. oeluning mUSI be lu rther increased in order to oblain Ihe um. phaN
posi tion. When using Ih. M mi-Iogarlth mic scal. used here . il i, .asy to see Ihat a ,hortenlng
0 1 approximately 7 % in lh. cas. 0 1 the radia to r and reuectc r and approximal.ly 14 % In l h.
case cttne diracto,. is requir.d whe n inc r.asing the .I.m.nl diamet.r by t. n l im...

The curves 01 con,ten t reectence 01 an individual dlpote etement. as tak. n Irom an anglneer­
ing tab la, are given In Figura 3 a, dashed lln.a. Th. ,olld lin., are experim.ntally derl ...ed
curves 0' constant el.ment perto rmanctl , It wUJ be seen Irom Ihe gre.1 , imilarlty in Ihe curve
lhal it is mainly ilS reaClance lhal la import.nt lor the operation 01 an .lem.nt. Thi' mean,
thai when it ia r. p laced by an .Iement h....lng a dl llerent di.m.ter, the original reactance
must be resloted, The real componeni 01 the impedanc., e.g. loIS and radialion resi,tanc.,
have a v.ry amall d.pendenc. on lhe length and diameter in the ... icinity 0 1 ).12.

The lengl h ldlamet. r diag ram is Iher.lo r.....ry advan tageous wh. n m.king calculation, lor
elements 0 1 dill.ring diameters: th. valu.s 01 langth . nd di.m. ter (I " d,) should be lound lor
lh e kn own elemenl , through this point anOl her curva " Interpola ted parallel to the n.aresl
curves given in Ih. d iagram and the new values lor the diamete r dt and leng th I, read 0 11 al
l he required poin t.

Jl the element lengths diller nOliceably. this c.lculation must be m.de lor eaCh elemen l . It "
usually .ulliclent to calcu l.te th . d ll1erence between Ih. old and new .....r. g. I.ngth .nd to
correct the indlvldu.1 .Iern."t leng ths correspondmgly. By the way. the length tol.ranc. 01 .n
individual .Iemant is relatively la rg. a. long as th. m••n v.lu. is m.int.in.d WIthin abOut
0.5%.

No sig nllicanl ettect ol th••I.m.nt di.meter on tne gain cou ld be observed With antenna, up
to .. ),. DI.metel'l l rom 0.003), to 0.015), were . ...mined . However, a 1011 0' gain was ob­
served wi th very thin bran .Ieman ts. whi ch was prob.bly caused by skin . If.ct losses.

3.2. EHect of tha Boom Dlam.lar

Vi rtually no infonnahon can be found on the .lfact 01 th••lem.nt mounting. Som.tlme. It is
menucnec that . pproximately 2/3 01 the boom diameter thould be .dded lor .Iements Ih.t
pass throu gh a metallic boom .

Exper i ment s were lirstly made by comparing calculated and measured rason.nc. pOSlllons 01
varlous anl.nna, in order 10 obtain tha requ ired Inlormation . how....er. thi, was really in­
acc urate and only showed a gene ral tendency.

For this reason. th. author dec ided to carry oul hi, own measuremants. Th. daluning 01 a
match ed Ihree-elemenl ant.nna on alt.rlng Ih. dlam.t.r 0 1 the (long) boom in Iha Vicinity 0 1
the dir . ct or was compensated lor by reluning the di rec tor . ThiS reaull.ci in th. curve gl ....n in
FIgura 4. whICh ahould be ,ufllcienlty accurata lor praeltca' application. No .lIeel 01 the
shape 0' Ih. boom (ci rcula r. rec tangular, or U-shaPltdl could be found Tna elament diametar
seem. to ha.... linle Inll u.nc. a, long as n remains belo w bOOm dl.met.f.
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The matching 01the radiator to the leeder cable Is a critical point in the construction 01 para­
etuc anlennas .

Many pa rameters 1'18\18 an effect on the radiation reslslance 01 the dipole element : its lenglh .
length and spacing 01 the adjacent elements and also their pcstttcn 10 another. Only tncse
directo r. thet are speced turther sway Irom Ihe elemenl (director 4 and onward) have relali·
yaly unre ettect. The relationshi p I, ...l rem,ly complex. Generally speaking, the feed point
Impedance 01 Ihe rad iator will be reduced on dec reasing the spicing 01 the neighbouring
elements, end the Intrinsic resonance crmeee elemenls approaches the designed Irequency .
How ever , under certain ci rcumstances, Ih ls tendency can be reversed with very small element
spacings. A l i,.t d irect o r in the direct vic inity 01 the radiator wlll have a simUer ellecl as an
element 0 1 a lo lded dipole. Jt Is possible with correc t selec tion 01 the parameters for a lolded
dipole 10 be matched to either 240 0 or direct to 75 O. It Is only necessary lo r a systema li c
experimentation 10 be carried cu t.
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Two simple methods have been pr oved in pract ice: the antenna to be op timized Is used as
transm it anteona connectecl 10 a very long teeeer (3 dB loss or more), or IS receive antenna
connectecl to a good terminating resistor . In both cases. the antenn a Is tr immed lor mextmum
received voltage. The fine sllgnment Is then made with the aid 01 a reuectcm eter. il reQuired .
In th is way , it is not poss ib le lor the antanna to be matched co rrectly, but be comp letely
cetuneo .

3.4, O.ln Me••urem ent.

axe ct measurements on antennas are very dill icu lt , especi ally gain measurement s, The
demand s made on such measurements are given In lEC 138 and DIN 45003. Especially the
measures given in this standard to avoid interlering ground reuecnoes are usually completely
Ignored In the case 01amat eur measuremen ts. Usually , II Is only poSSible lor us to be able to
measure the matChing, and the hor izontal po lar diagr am, e.g. the E·diagram in the casa of
hor lzonlal po larisatio n. Sinc a Yagi antenna s possess a relatively close relation ship between
the E and the H·diagram as can be seen in Figure 5. this allows a certain cri terion lor
estimati ng ttle gain. II the measured values are. however , placed in the gain nomogram (6),
one will obtain a theoretical upper limit of the gain, but these values are most certainly too
op timistic lor practi cal appltcatione. since the diagram anumes no-loss antenn as with out
min or lobes. It is especially with very long antenn as tha t the minor lobes Increase with leng th
and thu s the losses,
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3.4.1. ENect of 1M Minor lobel on t/'I. Olin

The b"il 01 III g,lin " lImit" lak~ Irom the polar d'lgram '1 thl bumwldlh 0 01 th. m'ln
bNm (Ingl. between the 3 dB potnll). The anl~nl il then ....umed to be In the c~tar 01 a
~ Ind !hII rlhO 01 the surface ll1umtnaled by Ihe main beam to Iht SUrflce 01 Iht
com~I' tpIWfe (iKllrop iC rad.alor) II ..tablilhed In lhe caM 01 the ume Inpul power. and
negllg.ble minor~. !tie ga.n COIncKMI to 1M rKlprocal of the surfKe ratIO.

Sl~ the energy flOw denS ity II not constanl w.lh ln lhe ma.n IDba. correchons will be

required lor trw .IlKI~ surfac. arM according to 'he auume<l ttlape 01 lha beam. TM
lat"t gain "ImaltOn lormull g.....n In (8) il u follows :

0 1 • 32 In 2/(~E ... lZ: ' HI

In orelar 10 oblilln iKIl'ne idea; ot the magnllud. 0' Ih. louea cauMd by minor Iobel. a SImila r
considerahon wu a"empled lor a typlcal Vagi dlagrlm I'" FJgu~ I ).

Dl6 wU

.....:
Tpe.1dl." ,_
" 1 "'191 1"-­
wltI'I on. mInor lobe

Auumed il I main beWn Of0 H • 24" (3 dB potnts at .t 12'") and mil'l()f'~ With a max.mum
II , • .t 36' and ~N • 12". The diagram is USUmed 10 be roUitionel1y Iymmetrical With
respecl 10 the axil, • 0· , whiCh il virtually tnlll lor IQnIOl Vagi an,~nu TM IrM S on 1M
tyrflC. 011M aptMi~ for lhe belmwkllh can be calculated .. fOllows: S • 2 n (t -COl ,)

""llnbNm;

M,nor lObe:
" • 12": SH • 0 ,138

SN ·S... - s.,.. o,n

This m,lnl thIIt the minor lobeS cover ~e limes the lurface Ir.. 0' trw main bum I Since
one cln Istume Ih. minor lobe 10 be In Ih. lo rm 01 I lunnel around th. nlrrower mlin
beam. Ihll II noliurpriling .

In order to kee p the calculation II Ilmpl. II possible . th. 3 dB lurflC. hll been Issumed to
be the . lfee ti.... tyrfle. , nowe....r. line. only tM rallo 0' Ihi Surflces to Inoth.r Is 01 Inleresl,
II Is a"umed that Ih. error II no t Important.

The lo tll .nergy Ilow- P Of ttl. Intennl il dIStributed onto th. main lDba (PH) and Ih. minor
lobe (PN) In ,.lltionlhip 10 Ihe" surtac" mult,plied with the Yllu. of tM minor lobe sup­
p.....lon (NN), t/'Ius PH/PN • NN x SHISH
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Since P • PH + PN il conilanl . only a corresponding ly reducad component 01 the tOlal
energy 'I available lor tha main beam, and Ihe glin will be reducad to the some reno.

The dec rease in gain amountl 10:

G
R -

Wilh ou r example wll h SN/5H • 5.6. Ihe foll owing .1 vllid:

R

5.6 (7.5 dB)
10 (10.0 dB)
20 (13 .0 d B)
50 (17.0 dB)

2.0 (3.0 dB)
1,6 (2,0 d B)
1.3 (1.1 dB)
1.1 (0.5 dB)

II will be seen thaI wh.n the minor lobe supp r.ssion II only 7.5 dB . 1 In thil c.... h.11 Ihe
energy will be -10$1- In Ihe minor lobes and the maximum glin wilt be reduc.d by hall.

It one a.,umes Ihe tenowing data lo r the prototype antenna: " E • " H • 24°, and NN •
13 d B, lhe loll owlng gain calculaUon will result:

Gi • 55 ,7 • 17,5 dB (ral. Isotropic radillor)

GO • Gi - 2,14 dB • 15.36 dB (reI. dipola)

GO reel.• GoIR • 14 .26 dB (ref . dipole)

This valu. coincides well wll h the measured gain values 01 long V.gl anl.nnal . For clarih·
calion, II should be noted that the above . ...mple il very typical, howev.r, lhe poI.tlon and
widlh of tha minor IObea vary. Tha tendency ii , howaver, very clelr: the a!tact 01 the minor
lobes inc reaMI together with the dIrect ivity . II II also nOI polllble lor Iha back beam and
higher-order minor lobea 10 be alwaya neglecl ed.

Precl icel .xperience gained lince l irsl ly writing thil article t.nd to indicate thaI the glin car­
culaUon acco rding to the Tal/Pereira axpr...ion (8) ara IOm.whlt lew . The glln formula
according to Kraul given In the l ame paper IG • 4 It ("1 x ",)] aeemingly coincl d.1 with Ihe
measurements more accurllely, In the above exampl., GO red . would be 15.34 dB.

When plotting the polar dlag rama and making comparativtl anlenna rna.auramanll, It la vary
Important that a good mllchlng 'I made. MOil racelver Inpull cau... conaidarabla mllmllch
to the l eedar wh ich can cauae a detuni ng ettect on Ihe antanna wh. n uamg thort leeder
leng th• . This can be avoided when ualng a 10 dB all.nualor.

The au thor used an expari~ntll arrangement lor tha pr.lImlnary ellparlmarola ualng an
aluminium boom of U·lhaped prOfile. The .Iementl w.re told.red into brall blocka and
could be Ihlhed along tha boom. The dim.nsloos ara v.ry handy wharo l h... allperlmerollire
made in the 70 cm banci. Tha datennined lenglhl and lpaclnga w.,.. than Illed in a card
Index .
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T.. larg. relllctiOn· lree anlenna m.uuring range 01 Ih. German Pa.t Office wal ~II","
.vallabla lor • •act measu reman t• . A typIcal e.ampla I. !hat a 2 ~ long un ilorm Vagi con.
Ilructed according to data given by Ehranspeck indica ted a ga in of t t .O dB .nd Ihu. Ihowecl
only. devlalion 01 0.15 dB Irom I" nomina l valu. given In Figur. 2 A 1l)-elemenl Vagi 01

I" ..ma length derived lrom this I/'lOwad a gain 01 11.5 dB wIth a tlMmwidlh Increaa Irom
34'", wllh mInor lobe IUppreuion inc,...., by neerty 10 dB. In eom~r1MM' . a sariel produced
anl...,na av.ilKlle on the market of twICe the length only prootlda<l 0.5 dB mora ga in.
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FURTHER DATA FOR CONSTRUCTION OF HORN ANTENNAS

FOR THE 10 GHz BAND

by T. K6lpln, 0 1< 1 IS

Severa l mechanical d imension s were gi ven in (1) lor the const ruc tio n 01 horn anlenn• • lor
the 3 em band . Construchon JUlt using lhe.. dimension s 'I not Ilmple. several other value,
are rfIQuired lor cuning the pialII' and bending . The,. velu...re 10 be given in the lollowing
lable. They are bliNd on Information given in (1) and are thu s valid l or a me. n ope rallng
frequency 01 10,3 GHz. The 'eed 'I mlde With • WR 9O-wavegulde. which has the Inner
dimension s 01, .22.86 mm , b - 10.16 mm.

SilM 8 Lenulh L He;Qhl HA He<Qhl HB ""91." AAgI. 1l S,de L.lIllll'1
mm mm mm mm <Mg'" \Moll'" mm

,--4
.L '[

TL..~J

1. IU SO.S 2112
15 715 5oS.1 3es
IS &51 631 .,.
11 llU 11.3 lie 1
l' 101,1 80.0 sa,
HI 1212 au 11'2
20 ee.o 100,8 151'
21 1!21 113,1 Ille S
22 111" 121UI :I'M 1
23 11n.2 ," 3 :)2ll2
2" 21'1 15$ 7 . , . 1
~ 24U 17'82 ~5

~

rr::::~._· l
L •

L .. I
J

'"' J<...
7H".,"'.,..,
,."...,
"". 2. 7
SoIl 1

OK liS

,..
.53...
111."
"""ll
201,0

,."
3310

""....

.....,...
'J<
OS •..,
".
723

'"157
no
'I'

...
'"~os •
.",..
725,..
11 0

".78.1.. ,
'"

...,...

."&2,1

""""'U O
213.3
210 7

''''"..
""

The calculations were made with the aid or a programmable Cl lcula tor SR 56, and Ihe value.
have been rounded lor practical application . A 20 dB horn ha. been conal rucled according to
these dimensions Using a doubla-bent plaia and a coyer Ihat ha. been IOldered Into place . In
order to ensure a un lvenal validity. more dala 's g iven lh,n .bllOlul.'Y necaS$lry lor co n­
,truction 01 the nom anl8nnal.
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(1) B. Heubusch, Dr,lng . A. Hock, H. Knauf :
Introduction to Microwave TechnlQua. Ind . Ducr lpUon 01 • 10 GHz Tran sceiver
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A TRANSCEIVER FOR 10GHz

Part 2
by 8 . Heubu.eh, DC 5 ex . Dr.ll\9 . A. Hoek, DC GMT · H. Knauf, DC 5 CY

2. GUNN OSCIlL\TOR

The microwh'a oteill. lor IS the mai n module 01 any tr.n~...., lo r the 10 GH: band . In ord.r
10 OOI'ln long. hne--ol'liQhl pallna, 10 GH: l raNCel~'" .r. practIcally only lolled in lhe cert­
able moo• . ThIS means lho1t only ban.,... elin be uM<l l or the PO""" supply. and Nt only
M"'"condl,K;tor e4ements can be lolled In pt'1I'1C1p6lt. • Klys tron could be uMd. but II not con­
ihCMrltd h.~ dull 10 the ..t~i.... pOwef' IUPPIy requl~

Fu l'Wj. m. nt. lIy spuking. lhe,• • r. two main 1'Ntttw)d, 01otltllinlng a f,.quency In the 10 GHI
ba nd .

• Frequ ency multiplication Irom the 2 m or 70 em band, e.g I." MHz II. 72 • ' 0368 MHz
• $ell-e XCited osci llators in th••• m. OH, band

Th' l l rll pOSSibility 15 very 811. lenalv. and la quite difli cull due 10 Ih, amount 01 no ise Ih.1

Inc r••, • • with each frequency multiplicat ion. For this reason. II I' not considered her• . Th,
second method can be r..l ll~ e..lly Uling e Gunn oacmelo, I nd provldel I IlJllici e nUy
I llble frequency with I m inimum 01 eHort . The ope rl tion 01 the Gu nn el~ent il well known
I nd il therel ore not to be diaculMd In det a il here. A very IImple mic rowlye o.cmetor cen be
conltruCI~ USIng I Gu nn el~ent IiYtloM o utput po wer end frequency I tlbill ty II more thin
suHiclent lo r communiCa tlOni in the 10 GHl bind

A caYlty rnonetor il obtl lned when I we~uide il clONd ullng I conductive panet The
lenglh 0 ' Ihll reeonInt ClYlty &hould cort'ftPOnd to hltt • wavelength When eM'OIl~ With I
wa ve. both current and vottao- field lo r lteld'ltrength lield j e re tor med ..I~n in FIgure 11

[:: :::: " t:Tl
UIE)

II HI

~ -----
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11 a Gunn element i. placed in a sullable position in the r. lOnator. It w ill lnergize lhi.
oscil lat ion. The result ing trequ. ncy I' primarily d.l.rmined by Ihe geometric d lmen' lon . o t
the cavity. The capaCitances . nd induct.nc.s 01 th. Gunn .Iemenl alao h.ve • certain , but
rel8lively sm.1I effect. Since th... are d.pendent on thl operaltng vonage. th.y can be u..d
for erectronrc tuning 01 the oscillalor. II the oscillator i. to be woee ove' Wider Irequency
ranges. It w il l be nec.ssary 10 vary the dim.nsion. 01 Ih. re. onalor. Sinc. Ihls I. dllllcu ll
mechan ically, It Is usually the ~ elect rjca l d im.nslons~ that .r. alter. d, lor examp le, by Insert ­
Ing • metal pin . Thi. incr..... Ih. induc tance or the reBOnator ; iI , on Ih. other hand, a
di.lectrlc pin I, inserted Into Ih. resonalor . thl, wil l . It.r Ihe capaCllanc• . A chang. 01 Ih.
relOn.nt Irequency ot the re&Onator will take plac. in both c.ses. Exper imenll have .hown
th. t when u.ing metal ICr.wt for tuning th it can often lead to frequency Jump. dUI to
contact d lff iculliet to the ouilid. 01 th. caVity, which can only be avoided when uting a
rather .xt.nsl.... construction. T.Il on (PTFE) ICrttWI h.ve been found to be v.ry . uitable. and
eucw • very clean , conl lnuou. tun ing With high r.produClbility. The lOst ot other plaaUc
material, II usually too high and the oscil lator will etten not .v.n olcillat• .

Flgur.. 12 . nd 13 ,how. Gunn oscilla tor cons tructed according to this pr inc iple. Il l. basad
on a recommendation of Or, O.ln E....n• • G 3 APE,

One of the two conducti.... walll has been removed and formt an aperture (Iri.). thr ough
wh iCh the AF-eoerOY il fed to th. w.vegulde . Th. MCond PInel i. v.riab le and I. uMd lor
adju.tlng the resonanc.. The dlmenaion. ar. cr iti cal. and any d.viatlon. can cau.. large
frequency d....iatlon• . Th. r.lOnator can . Ithe, be made 'r om a piece 0 1 wavegu ide or
solder.d tog.ther from ind l... idual pieces 01 brass plate. The lafter II somewhat dllflcu lt due to
the large amount of tolder lng , The metall ic mast of Ih. rnonator .hou ld be •• grea t ..
possible In order to ensur•• good ahort- term "ability with 'espect to temperature nee­
tueuoos .

Since Ihe Gunn elemen l I. eXlremely low.impedlnc. in operatio n, II virtually r.pre..nll I

.hort-Clrc;uil lor lhe wavegu ide. Ttll, me.nl tha t it mu.t be vIrtuall y mounted on Ih••hort­
ci rc ui t pan.l . Sinc. th l. II nOI pouible for mechanlt,ll and .Iectrical reaten., th. d.tcrlbed
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cavity resonator has a length of one complete wavelength. The Irequency-oelerm lning length
is now the spacing between the panel and Gunn element. In practice , It has been found lhal
it Is advisable to keep this distance IOmewhat smaller than given In Figure 12.

J

Counte r ny! MS

Ciunn , l,m, nl

PTFE d,u

2
'.,,

1: :t, ,'.,.
-+

PTF( d,sc
2 5 ~nnd 'nlo pili "

--,---,
E]=::j9l>-i--,.J _

Waveguide f lange

2 Diode holder

J Tuning pin

4 Shor t-circuit piston

5 Iris

F1g . 1S: Qunn o,elll,tor 'nd eonl lNCtlon

Tha Ireque ncy is then somewhat too high and the requ ired frequency can be adjusted using
0.5 mm or 1 mm thick brass space,. between Ihe Ilange and trte. These space,. must have
the same shape as the flange. II Ihe Irequency Is 100 low, a ccrrecuce II virtually ImpossIble
with normal means. In this type of construction, the ehert-clrc ult piston has litt le ellect on the
frequency 0 1 oscil lation, but has a great elfact 00 the output powe, . For practica l operatio n
later, It Is better that the piston be replaced by a f illed short -circuit panel at the correct
posit ion .

The following is Important lor mounting the Gunn element:
One connectIon Is grounded , normally the minu. pole ; the other connectio n must be con­
nected to ttle elllernal operating voltage. Thl. Is usually fed In in the form of a bypass
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ceceencr. whose dielectric Is • thin plaltic IoU; PTFE (Tellon) II recommended . Since the
Gunn element can oscillate together with any Inductance, e~ternel Inductances ere very
dangerous, I ince parasitic oscltletion cen occur at conl iderebry lower Irequencies. whi ch
could then deslroy the erement. For Ihl, reeson. the oacmetor should be bypassed with
low-inductive disc capacitors direclly edjecen t to the OlcHietor.

3. POWER SUPPLY AND MODULATION

Accord ing to the menulacturer. and the power raUng. Gunn elementl requi re operallng
voltage, In the order 01 7 V to 10 V. This voltage should be stabilized since any varialion 01

the opereling voltage will cause nuctuationl 01 the out put lrequency. II e banery vollage Of
12 V is available, a simple Itabllizer cir cuit compriling e pass tranllalor end zener diode will
be sullicien!. The operating current dreln !lowing through the Gunn elemenl emounll to e
mallimum 01 50[) rnA et en RF power 01 50 mW. II one ia utillied wilh en output power 01

5 mW which is sulficient for communicetionl even over greeter dlltanc.., the current drain
will only be epprOllimalely 200 rnA. A sulleble Itabilizer circuit i, given In Figur. 14

T1

Ie 140
OC~M' 001 -I u ~ !), '. ~

,
h' " . Cl C

"
ltlO}I-

"
-,

"0 II
hI

"
"

The fact that small voltage variallons at Ihe Gunn diode cause Irequency variations means
that it I, possible to use this l or Irequency modulaUon. The 'upply voltage la thu s led via the
secondary wind ing 01 a transformer and lhe primary sidell connecled 10 the moduletor .

A Irequency deviation 01 more then 50 kHz will be obteined with e modulating voltage of
apprOlllmelely 0.2 V.

A loudspeaker Iranslormer from en old trenalSlor redio can be used es modulellng trana·
lormer. The Iow·lmpedence winding (loUdspeaker connection) i, connected to Ihe modulator.
The operating vorlage of the oscUlator II led vie Ihe hig h-impedance winding. Thl, ci rCUit
allows a clean end clear modulellon, whose quality il conllderably beller than when using en
ope rational ampilli er, Flgur. 17 ahows the circ uit 01 a l ultable modu lator which II able 10
comple tely drive even the higher-powered Gunn elemenlS. The new Integra ted ampUfier
TOA 1037 e!lows an e~tremety almple ceee trucucn: normal dynamic microphones can be
uNd

It Is neCeu.sry for Ihe modulating cable to be grounded with respect to RF vollages in ordar
to evold parasitic oscillation. In order to enlure thaI the bypaSI capaci tor does not 'hort out
the hlghe, moduleting l requencies, III tepacuance Ihould not be greete, than 4.7 pF. This
capaci to r should be mounted as naar to Ihe oacltlalor connection aa possible.
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4. PREPARATIONS

Before Iwltching o n, it il yery Importan t to ... whether tM Gunn diOde I, co rreclty pllced
Into the holder, l ince the wron g polarity will d"tro y the Il e ml nt, The ope rl ting Yolt.g. i,
' irsll y . dJusted to thl lownt Yltue (lpproJC , e to 7 V). Since the c urrent d rl ln YllUH 0' y. rlOUI
Gunn diOdei lIuetuete gr Ntly. no orlentatoon y.lue u n be glYen ' Ot the c urren t drlln. How­
....-r. It shOuld no t be more thin 100 mA In the cue 0' 5 mW etlmente. II the YOltao' il then
carelully inc,....." the current will li", tly Ii.., but will then till on If'CrNllng the yolllQl

• 174 • A VH F COMMUNICATIONS JJ1!i~n



further. The requ ired operati ng point il to be round jua. belore ma..imum cutrent. A limple
diode probe can be uMd to check to see whether oscillation takel place. Thi l diooe probe il
required later .. ml..er. The microwave diod e (lUc h aa type t N 23 ) la placed In the center 01
the waveguide. On. pole II connected vi• • bypua capaci to' to • m.ter. Flgur.a 20 .nd 21
give detaill 01 SUch I probe thai can be very uMtullor adJultmenl 0 1 Gunn olcill l tO".

T, flon d,se

'--- - " "'--- 42

".

,

So"
~;:;;;;:¥:r~ sold.t'4

'"
•

....

!'lal.,.,o.( bfc.n 63

- ~-

1·4 diode mount

,

JE.. , • ,
1'18.0 • .),

..J ,

Bross 6l -$- + T,llon

Part 1 PartZ
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"

Bran n
Part 3

"

Part 4

s

Teflon eO llor 1205
prus.cl onto ploef

f)l

Bron 63

The oscillation Is firstty cheeked by Icrewing the Gunn oscilla to r and diode probe together.
At RF output powe rs In e_cess 01 10 mW, It will be neeesury lor an alt enuat or to be
co nnected between them , otherwl18 1he diode 01 the probe will be destroyed . II an indication
is shown on the meter on swi tching on the oscilla tor , th is wltl ind icate that lh e osc illa to r II
operative. The bias voltage Is now adjulfed lor mextm um output power Irom the eeemetc r.
The sncrt-et reuu piston il now adjUlted lor male imum power . Thil pol ilion Ihould be marked.
the pi ston I hoo ld be removed and a I hort-cl rcuit panel I hould be SOldered Into p lace at th is
posit ion . II the dimen l lons 01 the resonator have been maintained eleactly. one can be
assured that the osc ill ato r II operl tlve in the correct Ir equency range . A wavemeter Is to be
described In the nelet part 01 thla art icle that allowl the operating trequency to be cheCked
during operation.
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$. A SIMPLE TRANSCEIVER

The described Gunn osci llator allowa an alttremely aimple tranlCelve' to be conatruc ted , For
th is, the oscillator la directly mounted to • horn .ntenna . nd connected to the modu lating
and operating 'IOlllges. This repre.."ts the comp lete transmitter, In th. receive mode , the
Gunn element la used u self..ltCited mlxer and the frequency to be received ia mi.ed with
the Gunn oscillator frequency. The reaulling Intermediate " equency is then led to a portable
or car radio that haa been adjus ted to approltimately 104 MHz. Thla receiver is uHd aa IF
amputler .nd demodulator , Figure 22 , hOW' the principle 01 operat ion .

II04 HHZI
o 0

OC<I> MT

Gunn element

Bypass '<,
ccpccitor

" VHF- FMr eceiver

"/-ll-G~;-;~;;;;'r_~:: <,RF choke

4n7 I
8Vs 1Qb.

II the partner alall on has such a ' )"Item. It il poaslble lor duple. operation to be made, and
one will be able to moni tor one 's own modu lallon in the receiver. The tranlmit Irequenci.. 01
the two stallons must differ to the amount 01 the Intermediate frequency. e.g. 104 MHz.

Since the Gunn element la not an Ideal miut, the sensitiv ity 01 the systam Is nOI very good ;
the no ise !lgure Is In the ordar 0' > 2SdB. Inapite ol thil, radio communicatio n can be mad,
over distances 01 mere than 10 km, and regular communica tion, take place over distances of
more than 100 km.

S. AVAILABIUTY OF MICROWAVE COMPONENTS

S.1. Gun" OkJd' a

In add it ion to the wen-known PlnHY diod... there are a numbe, 0' diodes manufactured by
other manulacture,.. IMI are availab l, Ineltpenaively. NEC manu'actum diodea 10' 30 mW
and 60 mW (dealgnallon : NO 7. X-band , center frequen cy 10 GHz, 30 mW; NO 7, X-band,
canter frequency 10 GHz, 60 mW), AI.e type DGB~ A. 15 mW X-band , and type
DGB 6835 C, 50mW, X-band , PhiUpa manulacturea type CXV 11 C. x-eene. 15 mW.
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The maS! ....Itabilt type 1 N 23 II ..,.lIabie Vlrtu.lly rterywhet1l The ..ner foUow;ng the
deaign.lion indlCIIt. tNt noi.. hgu~ .nd the further lhe letter II in IN alphabet. the ~,
will be the no-. 'IOU,.. Si~ tM ....lun 01 the diOOel .pl'MCl con~. It ill
recommended that ......,..1 dIOdes be purehaMd In oreter 10 Ml«t the arM ha v.,'", In. best
Char. ctaristlcs : highest lront-to-back r.l lO. highest dloda eu~l. low.t noi.. AlthOught~
look a llka. the diOdes type 1 N 21 or 1 N 4UI .,. not ....'t.b.. Sinea they _'a constructed 10'
d,t1.,.nl frequenctes.

u . w....egu.. CompoMnla

Professional wawgulde components . ,. onen to be found on the surplus m.rket, Of cou rse.
bra.. tubIng with a rectangul.r CroM-MCtion can also be uNd, and oll,n 'ept'HenlS lhe
most Ine. pensive solution , How.....r, tha dimensions .,. oMen d,fI.,ent Ih.n th. t 01 the
s tanda rdized profession.1 w....eguides making combinations dlfllcult.

REFERENCES

(1) SIEMENS AG: Linnr, SCh.llungen. O.t. Book 1975m

(2) 0" O. E...ans : Lacture.t tha VH F·UHF Conven tion In Munich

To be continued .

••
MEMORY KEYER

MK 1024
Mamory kay., ...,lIh lou, Ind , ·
pendent memoria. 0 1 251 Bit
,ach. Can be eomtMned to
oblaln a memory Ia~th 0 1

_ 102. BIL
• Pu. " b u110 nl 1o, M lacl lO" 01 .....mory Ind ttlrt . r-..t I~ ttOP
• Squ.." ..... ,1'IOd 0' "",,-Iuloml!,e
• BUIII· ,n Ose ,I'- ,O' W,Itl ...I'lible I,aquenty ,nel VOlu .....
• Bulll · ,n 101Kl1PH~lr II Wi ll II ,oe~" 10 ' • • , ,pal~"

• BUIII· ,n l" nl lllOI 0 ' ~IIY I wlle",ng
• M.. I Wlletl,ng powll r"n, ..IO, mOClI ISOV I 2 " RI II~ mo di 700 V l OS A
• Opa'IMg VOlta;. 220·240 VAC, 0' e . 14 V blnl ry
• O,mln"on, 14()mm • &0 mm . 18S mm
• Wl lg hl 23 . "
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LINEAR CAPACITANCE METER
by R. A.ula" DC I PC

This capacitance meier II very simple to conslrUCI and's lu ltable lor measuring capacllinc• •
in the range between appro ll lml 'ely 2 pF and 1 ",F with an accuracy 01 :t 3 ,. . even capacl·
tors with . certain polarity can be measured. The scale 01 the meter need nOl be changed if •
moving coli mele, wilh • lu ll-I Cl le deflect ion 01 100~ or t rn.... 's uNd. ,inca the capaCllance
acal. i' Un••r. The wir ing II kept to • min imum by mounllng the range SWIlch directly on the
PC-board .

' 1'1. 1:
Ttl. lnla"rated timer CIrculi
HE 555. with an-mal cIrcuit
l or u. . .. M_ ftop

,.-

I , ......

I ,",,..,"1' I .~ I
I i,
I ,_, .~
, l
I CI<t,,.. "...

. ~

IL. -._.-1,. _ ._-1

.
, I

,---,----<> -5 IS v
L._._._...,

NESSS I
,-,-,,= +--;1,.,.....

I,
[r

,

1. OPERATION

The capaci tance mete' I, very Il m ple alnce the crilical operaUng luncUons ere comb ined In
the Integ raled Iimer circuit NE 555 (1). Figur. 1 I howl tha ope ration Ol lhll Inlegrated circuli
In Ihe lorm 01 a block d.ag ram Ihowlng the . lliernal connecllonl for ope relion as a mono­
t teble mullivlbrtlior. The pu lses thown In Figure 2 will be generaled. The pu lae width I, II
dependent on the AC-Unk at conn8(: liOna 6 and 7 and il as 101l0wI :

'to - 1.111RltC ( ' )

In ou r caM, A II a Iwitcha ble . lixed r. l ilt or, and C II Ihe capacllance to be mealured. The
lactor 1.1 " determined by the Integ raled circuli and can be taken Irom Ihe data aheet.

The per iod duraUon t, Ihown In Figura 2 II dependen t on Ihe Irequency 01 the olcllialor
which trlgge... conn8(:tion 2 of the Integ riled circuit via a pulse Ihaper. The mean value 01
the voltage I' obtljned from the ratio 01I, J t, and th. operatlng voltaga Uo_

The res ult I,:

(2)
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u DC 6Fe

u,,"1-_H-_ +L_...J...J......_

Fig. 2: OUlput pul... 01 1M Yonoflop

II equat ion (1) I, placed lntc equahcn (2j , Ihe lollowlng will be obtained :

1.1 11R I C.UO
Urnean •

I,

This mean s thf,t Ihe mean vi lua 01 the voltage resu lt ing 'tom Ih. pulse chain 'I directly
proportional 10 I"" ca pacItance to be me.sured . The mea n voltage ia now Indicated on a
moving coli meter that Is able 10 Integrate the pulse, . In order 10 achieve this , It la n. callery
for the frequency of the trigger oscilla tor 10 be sultiei.oll y high: In our case 500 Hz.

DC6FC 002 Bereich/Range
• ,

f , SOO Hz S s
, a ~~

PI3

)1 ~

Rl ee R2 RS , •15Dk M 10' ,. 12 V

T1 2 NE • co LQmA

2N2646 T2 I C35 555 PI6 ,., I Rl2M- I " '"- Cx "Ct On R' _ C2 PIS PIt.ell,. R3 100 100 R6 M R13
P"

• e e~

PI P2 P3 " ' ) "
" • "PI2 •

Pt1
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Oper aUng voltage :
Ope rating cu rrent:
Measuring ranges
(lull-Ic ale):

Flgur. 3 , hows lhe Cl rCuil dllgram 01 Ihe complele clpacllance m.ler . A unlJunCllon Irl n­
sisior (T 1) i. used as 0sc:1II110r, which produ ces nlrrow pu t... wilh I lrequency of IpprOIlI·
mlle ly 500 Hz. The frequency Is d.pende nl on lhe RC-Unk R 1 I C 1. Trln. l.tor T 2 cony.rt.
Ihe pUIN S to Irigger pul.... ,ultlble lor the integrlled Ilm.r circuli NE 555. The RC·link
calcula ted according 10 aq uallon (1) con.i.l. 01 the range re. ls lor. R 7 to R 11 Ind Ihe ca pa­
cllance 10 be m.asured. which Is connec led betw&en con nec tions pt 5 and PI 6. The m.l.r
haying 8 lull·acale deflecti on oI l mA Inlagrelealhe outpu t pulae, . Trimmer pote ntiomeler P 1
Is proYlded lor aUgnment 01 luU-acll. eeuecuon. Since Ihe cirCUit PONeIl.S an Inlrln.lc
capac itance of approximately 25 pF, It Ie necessary lor the zero polnl 10 be co mpenUled In
11'1 . two lowest ranges 0 1 100 pF and 1 nF. This il mlde el.clricelly ul ing resillora R 12, P 2
I nd P 3. Potanticmel.r P -4 II I'SO prCl'l ided which IIlOWl the connection lead capacltancel 01
disc an d rotary cepacitora to be compensa ted lor In Ihe moat ..nlltlv. measuring range. Thil
po lenUom.ler II accesa ible elliernally.

As can be seen In eq uat ion 2a, the operating vollage Uo I nd the Irlgg. r lreQu. ncy. or Its
pe riod duration tz have an eu ect on the Indicat ion . For thl, r. ason II Is nee....ry lor mem 10
be atable .

2. SPECIFICATIONS

12 V. stabili zed
appro x. 40 mA
1. 100 pF
2. 1 nF
3, 10 nF
4. 100 nF
5. 1 I/oF

Smallest capacitance vllua: ap pro x, 2 pF

3. CONSTRUCTION

The circuit shown In Flgur. 3 I. accommodaled on I PC-beard having the dimen.lonl 55 mm
II 70 mm. Flgu,. -4 shows this I lngle-coaled board Ind the compo nenlS locaiioni. The board
has been des lgnlled DC6 Fe oo~ . Th. aulh or 's prototype Is accommodaled in I TEKO bOil
tooeth er wilh a amall power l up ply. Figure 5 $hows I drlWlng of the lron t pInel. The large r
the meter. the mere accur lte will be the m. as ured valu...

3.1. COmpoMnl D.tslls

T 1:
T 2:

11:

R 7 -Rl1 :

C 1:
C2. C3:

2 N 2646or TIS.,
Be 237 or olher NPN·AF tran si.tor

NE 555 V (SlgneUca)

ca rbon reslltOrs, 1/6 W, 2 %

-4 .7 nF plast ic loll cepecllor, spacing 7.5 mm
Ceramic diSC capacitora

~ VHF COMMUNICATIONS 3f1977 - t81 •



P 1;
P2, P3;
P4 :

Meier:
SWitch :
Cliblnel:

10 kO (or 100 kO lor 100 lAA·meterl trimmer potentIOmeter, spacing 10/5 mm
100 Q tnmmer potentIOmeter, &paCing 10/5 mm
5 kQ potentIOmeter

100 IAA Of' 1 mAo40 mm ... 40 mm Of 60 mm ... eo mm
2 ... 6 change-over SWitch, 6 mm aha"
TEKO PI P3

!.

OC6FC
00' 0 • G• • . .,

• G•
0 • •• • ", •

~:~.~ ~ ,~~ ~
p~ PI~..

~
~ 0e-, B-*u ,

G)~ 0-
o •

~~• Ill . •

"

~ (~
~• A~~ Tl -=;;;

l (OJ-fOil ~ "-=-• • "< ........ -mJ;;o

.. NuIlPI,,nkt ..
lOOp Z.ro

0 '" C),o.1\ ----" ' DOn'.mA

0 CX
@ e

DC6FC 00' (.J.. ..
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4. ALIGNMENT

The o,clliator I, Ilrstly align~ to 500 Hz :t: 75 HZ by 'll.changing r', I,IO' R 1. "Itar thi, . a
'tyrollall. capacitor 01 10 nF :t: 2.5 '" (Siaman.jlhOuld be connected to ttla input and cc ten ­
tiometer P 1 aligned ' 0' lull ,cala In maaluring ranga 3,

This Is lollowed by adju,tlng tha z.ro points In tha two lowar rang., With trimmer rei litor,
P 3 and P 2. P 4 'hould be In a cantral polltlon. The alignment I. than complat a.

5. REFERENCES

(1) Signatl cs data and applicati on sheet lor timer S55

(2) C. Hall: Dlrect.reading capacitance matar
Ham RadiO Magazine, Vol. 8 (1975), Edition 4. Page ' 32 · 35

MINIATURE VHF·UHF RECEIVERS
and Scanners for Both Profession al

and Amateur Applications
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THE AFC LOOP
A Simple and Cheap Method of Obtaining

Stable VHF Frequencies

by Q . HoffschUdt, DL I FX

Nowadayl , the requited loctIl oscillator • •gn al il ulually u..ng Ir equency synthesiS or .n •
PLL-oICIUalor. A PLL-oscillalor ia normally prelemtd du a 10 lha bellaf speclral purity 01 lhe
output l ignaLSuch an oscillator usually opera'.. • , Ih. reqUired output lrequancy (VCO, and
uses. phase or frequency ccntror lOOp. In tne case 01• phase comparalor, me res,dual error
is only a phase error. and Ihe relallvl accuracy of Ihe output frequency corresponds 10 Ih at
of the telarred lrequency, il Irequency (llvi(lltr. ar' uud in lhe co ntrol l yllem. In Ihe casl 01
a frequen cy comparator , the residual arror will always be • freQuency arror . For th ll raason,
tne trequencv control lOOP is ma inly only used in automallC frequency conuct sySlema. suc h
as ollen found in VHF/FM broadcast receiver. where an lutremely high IreQuency accura cy is
not required , II the control loop is correct ly designad Ind when modern lnl8graled CirCUits
are used , the residual freQuency error can be so small lhal it is more than sulhcient lor
amateur rad io applications. There are also a number 01 interesting pouibil illes lhal are not
poSSIble when using a phase locked loop: voltage-Itnear tumng (LMO), generation 01 any Ir e­
quency spa Cing, as well as conatant IreQuency ahll! lor repeater operllion. Such a Irequency
control lo op is to be discussed and exp lained in Ihls art ic le,

OLI U."
I>HW~H

@:j,•."...
Fill . t : Block dlag,.m 01 the I rltqu8lloCr _ lrol loop.

Th, ~tlomet., .. ",Nd lor Hn8.r-.oIl8118 tIlnl",. 8 .01l8ve dl.ld8r
co"nec1ecllo UREF .. "'Md lor lIeneritlOn 01 8 tertlln Ireq"'l lloCr 8p8elng,

1. PRINCIPLE OF T1iE FREQUENCY CONTROL LOOP

The con,ldered l requency control loop Ihould cover a range of approximately 500 kHz in Ihe
2 m band. A block diagram Is given in F1gur. "

Jt will be teen that it Is the circuit Or a PLL-oscillator. The lrequency of the oscillator (VCO) il
miXed With a crystal-ccotrolled frequency. and the r..ulltng output frequency led 10 a dis·
criminator. This converts lhe difference frequency 10 a voltage that iafrequency-proportlonal.
This la then ted and filt ered In a low-paas filler which la not ahown In the diagram. Thil DC­
voltage is leel 10 a tomp.lrltor Ind compared 10 In external DC-voltaQ8, The outpu t voltage
o f the comparator Is used 10 lune lhe oscillator 10 the nominal Irequency.

Thl, means that the outpulfrequency la not only locked to a cryalel-eontrolled frequency, but
also 10 a oc.VOltlge that can be vlried within a relatively wide range. The frequency liability
and accuracy that can be obtained are mainly dependent on the charlcterillic. 01 Ihe dll­
criminator uled a, frequency-voltage converter,
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2. ntE FREQUENCY DISCRIMINATOR

A monc-stebre multivibrator (Monollop) is suitable as discrimln8l0r . An example 01 lhls Is the
Integrated TIL-elrcult type SN 74121. The operation of this lC can be explained With the aid
of the pu lse diagram given In Flgur . 2.

r-J r-J l ,~, ',,,,

J L........J L ..,,, ,'....--.
""'==~-'~. --,

. ..... . w '.."" ,' .

Fig . 2:
Pulle dleg ra m of lite
frequen cy d ltc rlmlnalo r

II a pulse Is led to the Input. a pulse having a constant length will be provided by the output.
The length 01 the pulse Is dependent on the AC·link conn ected externally.

u • U. ,
I,

(1)
I, T I,

I • 1
(2)

I, T I,

U • u, x I x I, (3)

The mean value U ot the output VOltage Is direc tly proportional to the input Irequency. thus
the operation 15 stric tly linear, If the relerence DC-vol lage at the comparator is varied Unearly,
or in steps. the frequency 01the veo wlll lollow this Unearly, or In steps,

3. FREQUENCY SHIFT

The poss ibility of providing a consiant Irequency shill 01, lor tnetence. 600 kHz lor repealer
ope ration. Is shown In Flgur. 3. In this esse. the reference frequency Is placed between the
two req ui red bands. A control loop that has been designed for the lower band (repeater
Input) can also be made stable lor the upper band (repealer outpul). Since the output fre­
quency lies abo.... Ihe cryslal frequency. it Is neceSlary for 8 phase reversal 10 be carried out
at some position in the control loop. This can be carried out most favorably at the discr im i­
nato r by switChing between output a and output t5 (Inverted outpul). The conditio ns are
shown In Flgu,. 4,

r-'! r 2..:1. OLi n
._ -1-I11III__ ,."...... ....-'............ .......' ..'".
Fig . 3:
Po..lb lllty 01 oblaln lng
a oo nata nl l,e q uenqo I hlf'!
(e.g . &00 kHI)
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FIg. 4:
f11l le llo n,hlp, at Ihe pul..
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Irom a toO
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According to (3) the following is valid :

Uo II I , II I , • U o II I , }( t,

i; II " • I, II I, - 0

since I, + I, • 1If, and i;' - I, :

(111, - I,) • I, - t, II f, - 0

1 - t, II I, - I, II I, • 0

I, II (I, + 1, 1 -

f, + I, _ 111,

The sum I, + I, I,thus &qual to the cons tants 1/ t, and Imounts to 1.6l1-slor 6OO kHt. This
means Ihal the AC·lInk at the discrimi nator determines the Irequency shllt. In practice,
Ihis can be selected within a wide range. The e.acl position 01 the reference Irequency
(crystal Irequency) Is nol enucer. Theoretically. II c.n be between the hIghest frequency 01

the lower band and the lowest frequency of the higher band , Howeyer, In order to . chieye a
good lock· ln behaviour on switching between theM two bands. the relerence frequen cy
should be approllimately in the center between the upper Ind lower band.

4. CONSIDERATION OF lltE ERRORS

4.1. aanaral

Since the output frequen cy 01 the circ uit Is dependent on the Irequ ency of a filled (crystal·
controll ed) lreQuency and a yarlable (disc riminator). the fOllowing conllderltions are to be
made lor the mallimu m discr lmln ltor Irequency, which II usually the most unlavorlble c....
In our .umple It II 500kHz. In order to ob lain some Idea 0 1 the I tability of Ihe output fr. ·
quen cy. all values we,. recalcu lated ' or . l reQuency 01 150 MHt , Th' In,tebllity 0' the
reterenee Irequency Is not conllde~. The glyen Yalu.. also provide a m• • aure ahowing how
much the values 0 1 the 'requency control loop are Inferio r to that 01 a comparable phase·
lockecl loop.

4.2. OllcrlmlNltGr

4.2.1. Effact 0' the OperatIng Yolt ag,

Accord ing to the dati sheet 0 1 Ihe S N 74121 N Ihe yarl.llon ol lhe pul" dur.tion amounta to
7 II 10·'N. II Is easily possi ble ul lng modern means to It.blUze the ~ V voll.ge to within
10 mV. Teking thla Into conllderation , Ihe resulli ng erro r il a function 0 1 tha operating
vo lt.ge and amounll to 35 Hz. Thla corraapondl to. r. I. U.....rror 01 2.3 .. 10·'.

4.2.2. Effect 0' the Temperatura

According 10 the dala 11'I881. a ma..imum temperatura dependence 01 1 II to·"/C is pre..n!.
The calculaled lemperatura rllpon.. Is thul 3.3 II 10·'/C. If the l ime con"anlla" provided
with a certain temperature coe ltlclent. Ihis Yll ue can be Improved furt her,
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4.3.1. Offaet·Voltlige end Curren'

It la only Ihe temperature dependence 01theH p.8ramete,. that Is 01 Interest lor the l requency
Itabillty, It Is assumed that the temper,ture dependence II 10 IAvrc. Thil value II usually not
exceeded aven when ullng Inexpenalva comp.arltora (operallona l ampUlier,). II 5 V DC·
voltage I, requ ired ,t the comparator Input to obtain I tun ing ranga 01 SOO kHz. a vollage
varialion 01 10 IAV will eluse a frequency varlaUon 01 1 Hz. corrllpondlng to a relahve Ire·
Quency verlatlon 0' 0.067 x 10·'rc.
The temperature dependance caused by the OflHt current I, 01 the , arne order.

6. Ue I 6. Us I, In the oraer 01 50 IJ.VN ; thl, mean, : an operating voltage variation 01 1 V will
ha". the same effect II 50 IAV input voltage variation. II it is once again allumed that 5 V are
required 'or !he tuning range 01 SOO kHz. the OIpendence 01 Ihe opefl ting voltaga on the
comparator is calculatad to be 0.33 x to·'tv.

4.4. Effec' 0' the Releflnee Vollage

I' the d iscriminator and releren ce ara fed 'rom the ,arne voltaga lOurce. no additional arror ,
will occur In addition to tha above. since tha variation 01 the raleren ca vottage will have the
ume magnitude as It'll variation 01 the output vonage 0' tha discrlmlnl tor. This malna thlt
no dilleranee vollage Is axhibited at the complralor Input .

4.5. Frequency Error of the Control Loop - Residu al Error

AI was mentioned in the IntrOduct ion. a IreQuency error wilt alwl y' be praHnl as r..idull
control arror in the CUI 01 I IrlQuency control loop ,

The frequency control loop can be assumed to be an amplifi er with leedback hnk as shown In
Figure 5, As in the elM of an amplif ier the follow ing relat ionship exists:

fb • 1
1 +llxG

F" , OLt Fl

FIt. 5: Thl fr....nc' tonlrolloop
.. Impllliar wlltllalClbaek

where Ib • leedback l i etor
wnere a • fractiOn 01 the output vo ltage used lor leedback;
In our ceH the ratio 01 the discriminator output vonsge 10 the vareclo r diode vottage
required lor a del ined tun ing 01 the oscUiator.

o • Oaln 01 !he comparator wlthoullHdback (OPln loop) ,
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II i' known thai lhe interfe rence eflectl will be reduced to lhe value 01 the 'actor lb. If the
control loop is dfl,igMld correc tly the lollowing values can be assumed:

G • 200.000; (I •

,
Ihu.lb • 1 + 200.000 ... 5 x 10"

If the oscillator Is detuned due to ekternel eltects (e.g. temperature. load) and the control
loop Is open . Ihla detuning ettect will be reduced by lector 5 x 10" when the control loop Is
connecled. For Instance. this corresponds to 1 MHz to 5 Hz.

5. SHORT.TERM STABILITY

The aho rt· term atability la main ly dependent on the Quality 01 the VCO. Ita Short -term behavi­
our la, however. that 0' a een..xclted oscUiator. and c.lnn ot be Improved when using a
contro l loop having a lOw cutol'-Irequency. Since the frequency plan lor the SSB mode mu.1
be made In a differenl manner due to the liller method mainly used. the described syslem
only has practical applications lor Ihe FM-mode.

II. FINAL CONSIDERATIONS

The .bove cons iderlliona have l hown Ihal a variable Irequ8r'lcy 0' lulliclenl . ccuracy and
'tabllity can be generated with a moderate amounl of clrcuilry. The Irequency control loop
lhOuld therefore be advantageous when Irequency bandl are to be tuned linearly. or In
delined lIeps.

A prototype covering the frequency fIInge 0' 145.0 to 145,825 MHz: In 25 kHz lIepS lor bOth
repealer and ,implex operation. proved Ihat these conslderallon. are correct. The whole
control loop (without vollage divider for the relerence voltage and vollage Illbl1lzer) '0'111
InllaUed In a can having the dimeniloni 100mm x 52 mm x 30 mm. The currenl drain
amounted to approximately 35 mA II an operallng voltage of 9 V which mean, that the cecu­
lator I, suitable lor un a. osclUalor module in a portable FM-llation .

FOURTH FRENCH EDITION OF VHF COMMUNICATIONS
There are now four French edition, 01 VHF COMMUNICATIONS available , Please contact the
publJshers or our FrenCh representallve lor more details :

Mlle. Chrli liane MICHEL · l ei Pilles . F·8!11 17 PARL.Y (France)

Please Inform your French apeakmg friends 01 these omnibus edltlonl 01 VHF COMMUNI·
CATIONS.
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NOTES AND MODIFICAT IONS

1. NEUTRALISATION OF THE 500 MHz PRESCAUA DJ ePI 005

A tendency to oscill atio n was observed with some models 01 the 500 MHz prescale, OJ 6 PI
005. II Is observed when the Input connector is unlermlnated as • lUckerlng counter read-c ut
In the order 01 250 MHz, and is even visible when the supply voltage of the OM 335 has been
switched off. This ettect was firsUy thought 10 be caused by low-quali ty SP 8515. however, It
is caused by especially good type s. II will be seen In the dala sheet that the maxtmum eenet­
l ivity of Ihe SP 8515 is in tha ord er 01 250 MHz. For this reason. the manul. cturer. (Plessey)
state thaI a tendency 10 oscil la!lon In Ihia frequency range is poll$ib la.

Any tendency to oscillation can be neut ralized simply by placing a resistor between Ihe input
of the SP 8515 (pin 10) arid gr ound. The reslslance value musl be found eKperimenla lly for
each individual Ie. Aller swil ch ing oil Ihe supply vollag e 01 24 V, one commences wil h a
vetce 01 100 kO and me value is reduced until a Slable 000 read-oul is available on Ihe
counter. Even wilh Ihe lowes t possible values In the order 01 15 kO. the sensitivi ty 01 the
prescaler will hardly be affected: lor instance trom 2 mV 10 3 mv al 400 MHz.

In add ition to these measures, the lollowing should also be observed:

The outer conductor 01 Ihe coaKlal cable between the Input eccket and board OJ 6 PI 005
should be grounded at both ends .

The output 01 the module should not be co nnected to a high impedance Input . but di rectly
co nnected to Ihe counting gate (usuelly a 74 S 00).

Since Ihis tendency to oscillation was not observed with any SP 8515 types used in the proto­
types and belore publication of Ihe art ic le, no room Is available on the board lor th is
dam ping reslslor . However, il can easily be mounted on either side 01 the board betw een
pin 10 and ground.

Another unwanted effect Is that a harmon ic 01 low trequencv signals wil l be Indica ted al input
vo ltages over approxi mately 1 V. This over load enect can be avoided by using an eKlensive
co ntro l ci rcuit using PIN diodes. In order to avoid this. it should be nOled thai the preecaler
should be driven with the lowes l possible voltage, or via an attenua tor,

2. A TRANSCEIVER FOR THE 10 QHz BAND

In the case 01 the Gunn diodes type 008-68« A suppli ed by the publishers. Ihe anode Is
connected to the heat sink (I lange). This side must be connected to the minus pole 01 Ihe
power supply. II the output voltage h om the modulator Is negat ive. a galvan ic coupli ng 10 th is
Gunn -ele men t will be possible. II not , a tran sformer mUll be used as descr ibed by DC 0 MT.

3. DC 8 NR LINEAR TRANSVERTER 144 MHz - 12M MHz

An output power 01 maximum 1 W can be oblained by tuning Ihe co upling links in Ihe linear
ampillier to lhe reQuired Irequen cy. This can be obtained by pro viding amall copper loil strips
01 approxlmalely 5 mm x 10 mm to the hot end 01 the coupl ing link a, which are Ihen luned by
altering the capacitance of Ihese strips to the screen ing wall s. Induc tance L 3 should be
tuned to 1152 MHz, L 5 and L 7 to 1296 MHz.
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MA T ERIAL PRIC E L I ST OF EQUIPMENT
described In Edit ion 3/1977 01 VHF COMMUNICATIONS

OJ 0 FW 001

PC·board
Semiconductors
Mlnik.ill
Mlnikil2

Crystal filler
Crystal

Sel 01crystals
Complete k it

RECEIVER

OJ 0 FW OO1
OJ 0 FW OOt
OJ 0 FWOO1
OJ 0 FWOO1

OJ 0 FWOOI
HC·t8/U

HC·1B/U

OJ 0 FWOOl

(double coated. lhru-conlacl sj
(10 tran Sistors , 1 IC, 11 dIodes )
(7 coUse's, 21errill cho kel, 5 Irimmer cap• .)
(50 ceramic bypass ceps., 2tlnlalum caps"
18 ceramic caps., 53 r.alstor. , 1 tr immer
polenhomeler)
(10.7 MHz)
Channels R 69 • 72, R 72 • 75. R 75 • 78.
R 78 ·81 , R81 ·84, R8.4 ·87, cry" l ls each
Any fou r 01 above crystall

with above parta (Incl. • • t 01crystala)

Ed. 3/11 77

OM 32.­
OM 79.­
OM 52.50

OM 38.­
OM 30.-

OM 16.­
OM 60.­
OM 21$.-

OM 77.­
OM 11.-

Ed. 311177

OM 6,50

OM 9,50

(wI thout plan)

(without plan )
(1 TDA 1037. 1 Gunn d iOde oeG 6844 A.
1 diode 1 N 23 E)

DC 0 MT 001/2 with above parta

OCOMTOOl
DCOMTOO2
DCOMT

Kit

DC 0 MY 0011002 POWER SUPPLY and MODULATOR lor Gunn·O aclllator.

PC·board
PC·board
Semiconductors

OJ 1 ZB 002

Kit

70 em BANDPASS FILTER

OJ 1 ZB 002 (1 silver-pteted case• • ,Ilver-plaled solder
lags. 2 trimmers, 2 BNC connectors. Silver­
plated copper w ire )

Ed. 311177

OM 41.-

DC 8 Fe 002

PC·board
Semiconduc tors

Kit

CAPACITANCE METER

DC 6 FC 002 (wlt l'1 printed plan)
DC 6 FC 002 (1 IC, 2 Iransistors)

DC 1 FC 002 with abo.,.. Plrtl

Ed. 311177

OM 9­
OM 10,­

OM 11.-

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

We. t-Germ any · Telephone (0 9191) 91 57 or (0 9133) 855, 856

Blnk I ccounl1; : POi tacl'1eck NOmberg 30455--858 · Commerzblnk Erllng.n 820-11S4
Stadtaplrkuae Erlang.n 54)1 .• 51 · Aailf. i.enb,ink Ertangen 410.0&0
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COMNI R-1010
1120 Channel VHF Alrband Receiver with Synthesizer

FEATURES :
• 1120 channels tOt NAVI COM wllh 25 kHz spacing
• Euet frequency selection 01 MHz and kHz
• Electronic dig ital r••dOlJt
• Sm.U and handy
• Extremely M nslli .... double superhe t
• For AC and battery oper, tion (Connection cables provided)

SPECIFICATIONS :

Frequency range :
Rece ive channell;
Channel spacing :
MOdulation mode:
Sensilivity :
Bandw idth :
Intermediate frequencies:
Osclll8lo ,.. :
Spu rious and Image rejection :
Control Ume (AGe ) :
Built-In . ,htcl lve nolae blanker:
Inpu t connector:
Temperature range:
Audio output:
Built· in loudspeaker:
Operating ...oltli~ :

DC-cu rrenl dre ln:
Dimensions :
Weight :
Supplied accessori.,:

.\ VHF COMMUNICATIONS 3/ 1977

108.000 ·135.975 MHz
1120
25 kHz
AM (A 3)
< O.SIIV 1 20 dB (S -+ N)/N
15 kHz
10.695 MHz / 455 kHz
t et: PPL-aynlh • • lz. r, 2nd : crystal
Belter then - 60 dB
0.1- 0.5.
e.pecially designed lor mobile use
50 C, 80 239
- 2O"C to + 6O"C
> 1.5 W I < 5 '" distortion
8 C. approx. 60 mm dia.
13.8 V % 15 '" I 220 VAC 50 Hz
0.8 A
160 x 56x 250 mm
approx, 3 kg
Power line cable, ballery cable ,
lelescope anlenna, mobile mount
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NEW ANTENNA ROTATING
SYSTEMS from UKW-TECHNIK

Anlenna rotating system . 1 described In 1/19n of
VHF COMMUNICATIONS

. , .. - -

•

!--1
I

1'101.10. UIlW MIOl l_
AC VOlTage 220 V I 50 HI
Vott19- 10 tOtIIlOI" <t2 V I 50 H.
V_11oaO 1000 kg
Torq... , II ml<p .. ,n,S"'m
Br' k' tOtq...

120 mkp .. 11n,2~
&.ncl.ng _t

ltl5 mkP .. ,et' 1 N",
M_ dl '..-

3lI to &2 ......
RO\.IIO' ~t . 12 1 kg

We have designed an antenna rotating system for
higher wind loads. This system Is especially suitable
when it Is not possible to install 8 lattice mast. The
larger the spacing between the rotator platforms, the
lower will be the bending moment on the rotator.
This means that the maxImum wlndload of the
antenna Is no longer limited by the rotator. bul only
by the strength of the mast ilself and on li s
mounting . Please request the prices either from your
National representative, or direct from the publ ishers.

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

!lota "" UKW IOOll
Ale VOltage 220 V I loO Ii.
VOlt. 10 f'Ol.IOt ' 011 V 1 !oO H,
v~'c.. IoaO~ kg
TOfQU" »mlofl .. 2.~ III'"
8 , . k.to,q..-

" 0 ...kp .. 1373. lim
get'od'''G _

250 "'kll • 2(52 ! Nm
M..'G t..
.a to rt .....

'Iot.lor -..Ig~t 2'lIkg

~,

••
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WIDEBAND OMNIDIRECTIONAL DISCONE ANTENNA

• Frequency renge :
• Gain :
• Impedanc.:
• Powe r raUng :
• Polar isation :
• :Connec tion:
• VSWR:
• Weight
• Dlmenslonl :

• MI llIria l:
• Mount ing:

80 ·480 MHz
3." dB 1 )./4

50 Q 80-480 MHz
500W
V,rtlcal
SO 239 In wlte, proof c...
< 1.5 : 1
3k,
Heigh t : 1.00 m
Diameter : 1.30 m
Aluminium
2 mul clamp' prov Ided

Horlzonta' Rotlltor KR 400
High pr ec ision rotioior
lor 50 Hz
• Long 11ft
• Reliable opel1l l10n

KR 400

200 k,
196 Nm ")
40 Nm .,

38 ·83mm
60.
370­

6 wi,"
220 VlSO Hz 50 VA

27011180 12l
4.5 kg

KA 500

ca . 400 kg
197 Nm "J
<40 Nm ")

32 · 43 mm
38 -63mm

'"180" (+ 51
e wir••

220 VJ50 Hz 30 VA
4.5 kg

Vertical Rotlltor KR 500
Eapec l.lly des igned for
~r1lc. 1 til ling at anlenn• •
tor EME, OSCAR etc.

Type
Load
Brake torque
Torque
Herlz. tube diem ,
Mut diameter
SPHd (1 ...V,)
Rotation angle
Control cabl.
Lin. yolt.~
W.lght

Type
Coed
Brake torque
Torque
M••t diameter
Speed (t rev.)
Rotation angle
Conirol cable
line voltage
Dimen sioni (mm)
Walght

oJ 1 kpm ,Q 9.81 Nm
Both rolafol'l dellgned lor 50 Hz o~r.Uon .



I. irr\ CRYSTAL FILTERS OSCILLATOR CRY STALS

~ mIII SYNONYMOUS FOR QUALITY
V «>)1 AND ADVANCED TECHNOLOGY

NEW STANDARD FILTERS

CW-FILTER XE·9NB ••• teble

SWITCHABLE SSB FILTERS
for a fixed carrier frequency of 9,000 MH z

XF-9B 01 XF·9B02
8998.5 kHz for LSB 9001 .5 kHz for USB

See XF-9B for all other specltlcaUons
The carrier crystal XF 900 Is provided

fI"T~ ..411 .,... "iIe ..«> ..... ..--- sse sse ... ... ... CN,......_....- , • • • • •
3 d8~ :l.4 kHi 2.31l:H1: ....... UkHz 11.15 11M.I 0.4 kHl

• dB t.1CtowldIh ....... 2.4kHz 175kHz 1.0 IIHI ,........ O.11ItU- < , ... <z... <, ... < , ... < , ... < o.l cII- - <3... < 1 1 d11 < 115 dB < U dI < U cII < U eII
z ""'. ""'. ""'. ""'. '300. ""'.r__

C 30pf 30pf 30pf 30pf 30pf 30 pf
(1:150 ell) 1.1 (1:1IOcII) 1.8 (&IOdB) 1.1 fl:lOdB) ,. UOclS) 1.1 (8 10. 2.2-- &83d8) 2.2 (&10,, 2.2 Ce.lOcIt) 2.2 UOd8)2.2 came..

........- > .ldB > l00ell > 100 dl > 101)dI >..... >.....

XF·M Met X' -18 com~" wlttI XI' ClO t , XI' liI02
.

x'·GNB complel. wtth XII' llO3

KRISTALlVIRlRBElTUNB NECKARBISCHOFSHEIM BMBH ~D Hl4 ~.rtMotchoho""'". Po" t.cfl 1
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