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SPE E CH PROCESSING
P RACTICAL CIRCUIT OF AN EFFICIENT A F CLIPPER

by D. E . Sc hm it ze r , OJ 4 BG

INTRODUCTION

T h e t he ore tic al conside r ations for t h e di m ensioning of AF ampli tud e l im it e r s
( cUppe rs , having favou rable c ha r-a c t e r-tat t c e we re covered and certain pa rt s of
th e c i r c u it were desc rib ed in ( 1) . Thill article is to describe a c om plet e c lipper
circuit wit h practical assem bly on a printed circu it boa r d . The circuit com 
bine s , in t he simpl e st possible m anne r, a pream plifier having a bandpass ch a e
acte ri sHc, a ba lanced limite r th at does not go into saturation a n d an active
low -pus filter that exh ibit s a very low ove r sh oot in spite of t he steep llkirt
of th e attenuation c u rve.

1. T HE CI RC HIT AND ITS CHA RAC T E RIST ICS

F ig . 1 s hows th e c kr-cui t dia g ram of t he c lipp e r . An inte grat e d ci r c u it type
CA 3046 and t wo transistors a re use d. T he oper a t ing voltage c an be in the
r ange of 9 to 18 V, th e current consum ption only amount s t o a pp roxim at e ly
1. 7 rnA . The maximum gain of 2500 ( 68 d B ' is suitabl e for use wit h dynam ic
m ic r opho ne s whe reby II signal-to - no ise ratio of ove r 50 dB is a ch i e ve d . A 11
mited and fil t e r e d output volt a ge havi n g a peak-to-peak va lue of 3 V i ll avallable
a t a s ourc e impedance of app r'cx - 50 n.

1.1. PR EAM PLIFIE R WITH F ILTE R

Three Ind ividual trans i sto r sy stem s of t he integrat e d circuit CA 3{)46 a re used
for the p r eamplifi e r and t he first l ow- pa s s filter. They are desi gna t ed in Fig. I
all T I, T 2 a nd T 3 . 'I' he mrc r cpbone signal at connection point P t 13 Is am
pl�fie d in t he first tw o t ransistors. The s ign al Is then fed to the galva nically
c oupled act tv e l ow-pass filte r wh ich s u pp r-eaae s a ll non -required n-equenc te e
a bove a pp roxima tely 3 kH z. T he base b ias voltage o f tra nsistors T 1 s nd T 2
i s taken via th e voltage d ivide r c om prisin g R ll / R 12 from t he em itte r of t r a n s 
i s tor T 3. 'l'oge t he r wit h the negative c u r r e nt fe e d - ba c k of the firs t two t r ans 
retore a nd t he mentioned galvani c cou pling be t we e n tra n s istors T 2 and T 3, a
very good s tabllIza tion of the operating polnta of uieee three t r-anatatora result s .

- ,
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The Re link R Ile 1 suppresses any RI<' voltages induced into the microphone
cable. The very low capacitance value for the coupling capacitor C 3 of 270 pF
forms, together with the connected resistors a low-pass filter that attenuates
frequencies lower than 4 kH2: by 6 dB per octave.

The active low-pass filter is formed by the resistors R 7, R 8 and R 9 together
with capacitors C 4, C 5 and C 6 and transistor T 3. The dimensioning of such
low-pass filters was given in (2). In addition to this, the coupling capacitors at
.the input and output of this circuit ( C 2 and e 8 ) are dimensioned so that fre
quencies of less than approxinlately 300 Hz are attenuated. The actual limiter
is therefore fed with a signal whose bandwidth and spectral energy distribution
is most favourably dinlensioned for the highest speech intelligibility .

1.2. LIMITER

Transistors T 4 and T 5 form a differential amplifier which operates as a ba
lanced l im it e r . Under rest conditions, e. g . without drive, the current flowing
via the emitter resistor R 16 distributes itself equally to the two transistors.
Prerequisite of this is that the two t ransistors have virtually the same char
acteristics, which is the case with the integrated circuit used. It is therefore
not advisable to use individual transistors for the construction of this clipper.
According to whether a voltage of positive or negative polarity is fed to the
input of the limiter stage ( base of T 4 ), the current distribution will be shifted
in favour of transistor T 4 or T 5 . When feeding an alternating voltage to the
base, the current distribution will alter with the frequency of the alternating
voltage. With a signal of 100 mV peak-to-peak or more, transistors T 4 and
T 5 alternately take over the whole current which means that one of the trans
istors will always be blocked. The current through transistor T 5 and thus the
voltage drop across the c ollector resistor h a s more or less a squar-ewave form.
The input signal is therefore available at resistor R 17 in an amplified and
limited form .
The value of resistor R 17 is sufficiently low { 10 kn ) that transistor T 5 also
receives enough collector-emitter volta ge when it takes over the whole current
flow . This means that the limiter cannot be saturated. Except for this, the
limiter circuit corresponds to the description given in ( Il.

1. 3. SUBSEQUENT FILTER

The iow-pass filter subsequent to the limiter stage suppresses any harmonics
caused during the limiting process that are in excess of approximately 3 kHz.
Since this filter is fed with a equar-ewave voltage, it should not only exhibit a
steep skirt but also only a small over-shoot, Any overshoot condjtton would
cause overrnodulation unless the mean depth of modulation was c o r r e s pon din gly
reduced. Active audio filters exhibiting the required characteristics were de 
scribed in detail in (3) so that they need not be mentioned in detail here.

At the output of the filter ( Pt 1 l, the limited and filtered audio signal is avail 
able at an amplitude of 3 V peak-fo -peak, This means that the modulator, or
a ve ractor diode for FM, can be directly driven. The input impedance of the
modulator stage connected to the clipper output should be at least 5 krl. If the
terminating impedance is too low, the output stage of the filter will be over
loaded. If the clipper output is loaded by a large capacitance -, e. g. by a long
screened cable - a neutralizing resistor of app rox- 10 0 to 500 f( should be c on 
nected in series with the output capacitor e 14. This is necessary because an
emitter follower stage, as used in the filter, tends to oscillate when capacitive 
ly loaded . However, the built-in ne ut r ali za tion formed by th e base r esist o r
R 22 should be sufficient for most applications. - 3 -



To conclude the circuit description. F i g. 2 shows th e overall frequency response
of the clipper circuit at low levels.
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Fig. 2: Overall frequency response of tIlB clipper
2. CONSTRUCTION

The described clipper is built up on a printed circuit board having th e dimen
sions 90 mm x 65 mm , This printed circuit board, which has been designated
OJ 4 BG 006 , is given in F ig. 3. which also shows the corre sponding component
location plan. The c lipp e r board can be mounted to a 13-pole connector and
used as a plug-in module. Such connectors a re available from the publishers .

2.1 . SPECIAL COMPONENTS

T 1 - T 5
T 6

T 7

integrated circuit CA 3046, manufactured by RCA
Be 108, Be 148, Be 168 , Be 183 , Be 238, 2 N 3904 or
a similar silicon NPN audio tran sistor having B ~ 100
atlc=2mA.
BC 158, BC 178, BC 213, BC 308 , 2 N 3906 or a
similar silicon PNP audio transistor .

3. INSTRUCTIONS FOR OPERATION OF THE CLIPPER
3.1. OPERATING VOLTAGE

The clipper c an be operated from DC voltage sources of between 9 and 18 V
by altering the value of resistor R 24 . Furth e r modifications are not necessary.
It is only important that the operating voltage of the limiter and preamplifier
stages - that Is the voltage measured across capacitor C 15 - is between 8 .8
and 9.0 V. This value represents the nominal voltage , e. g. with n ew batteries
or at the nominal power line voltage. The following table lists the value of
resistor R 24 as a function of the operating voltage:

R 24

18 V

15 kS1

- 4 -



The p ower supply vol t a ge fo r the c lipp e r s hould be well filtered, but not stabl 
Hz ed , Thi s 18 especially the case for battery ope r ation . The clipper s hould be
fed with the same voltage a s the modulator and transmitter output stage. Thia
has the foll OWing advan t a ge: Wh en th e ope rating vo ltage falls , the drive r an ge
of the t r an s m it t er and modu l at o r- stages wU l be reduce d whic h m eans that it
t h e AF drive remained c ons tant . overmodulatlon could be caused. However,
since the operating voltage of t he clipper is also r edu ced, the AF out put volt 
age o f the clippe r will also be de c r e a s e d s o th a t any p r ed etermine d drive level
is m a int ai ned .

3.2. AWGNME NT OF T H E GAIN

The p r eamp lifica tion o f the cli ppe r i s adjusted once for the microphon e to b e
used so that a s light lim iting occurs when speak ing Into the microph one at
normal volume at a distance of 10 to 20 cm , This means t hat no dyn am ic com 
pression wUl occ u r but only t hat th e h i ghest amplitude pe aks will be limited .
This d egree of clipping is suitable for communi cation un der low nois e ope r a t in g
condit ions; it limit s the- bandwidth of the signal and ensures that overmodulation
canno t oc c u r , bu t does not fo r c e the receiving s tation to Haren to clipped spe ec h .

Un de r poor com m un ic a tion conditions, it is th en only ne c e s s a ry to s peak louder
and /or to speak closer to t he m icroph one in order to obtain compressed speech.
Since t h is i ... a natura l reflex un de r poor operating conditions, the o pe r a t in g o f
a corre ctly adju st e d c lipper i s extremely fool-pr oof.

If t he microphone is to be used at g reate r di s tanc e s , a micropho ne tra ns fo r 
mer could be u s e d.

4. E DIT OR IAL NOT E

It has been foun d th a t some integrated circu its CA 3046 possess a r e la t i ve ly
high noise level and are th e r erore not suitable Cor u s e in this circuit. The In 
tegrate d circuits o ffered by t h e publishers h a ve b e en sele ct ed for their low 
noise characte ris t ics .

5. AV AI LABLE PART S

The printed c i rcu it boar-d DJ 4 BG 006 , t he s emiconductors a s we ll a s a kit of
pa rts a re ava ilable Cr om the publis hers o r their national representatives.
Ple ase see advertisin g pa ge .

6. RE FEHENCES

(I ) D. E . Schmitz e r: Spe e ch P r oc e a eing
VH F COMMUNICATIONS 2 (1970). Edition 4. P a ge s 217-224

(2) D. E . Schmitze r : Active Audio F llters
VHF COMMU NIC ATIONS 1 (1969 ), E dition 4 , P a ge s 21 8 - 225 + 226 -235

(3) D. E . Schmitzer: Steep -skirted Active Audio Filters
VHF COMMUNICATIONS 2 (1970). Ed itio n 4, P a ges 210 - 216
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DEMANDS r.IAlH: O N A DALLOON - CARHI ElJ T HA NSLA T OR

by D. Vollha r dt , IJL 3 NQ

INT HOD UCTlO N

The Interest she ....n in our article de s c ribing a simple balloon -ca r ried t r an s
lator (I) has It' d t o this more ..xt e n s tve desc r iption o f the Germ an ART OB
system and the e:ll:per i enee that has be en gained du ring more than 40 fl ights
that have been m ad.. by them . This article is ba sed on a lectu r e given by t he
author at th e No rth - German VlU ' meeting in 197 0.

T h e s uc ceeses a nd fa ilu r e s encountered durin g t he 40 odd ART OS fl igh t s over
the last fe w y ea rs h a ve a llow e d a number of p rimary a nd s econdary de m ands
to be laid down t hat are made on a balloon-car ried t ran s la t o r a nd its a ux i liary
e qu ipment. The more t hese demands are rea lized, the greater wil l be the effi 
ciency of th e syate m a s a whole .

T he following gen e r al demands are vali d for balloon -carrie d translato r flights :
1 . The lon gest pos s ible fli ght at th e highest altitude .
2 . The t r an s l ator shoul d po a s e s e a ve ry s en s itive rec e i ve r a nd p owerful trans 

mitter system . T he t r an sm is sion bandwi dth should b e greater than 200 kHz .
3. It s h oul d p rovi de n on- fa ding t r a n s m i s s i ons, wh i ch m e an s th at e xacn v omni

di rectional a nt en na s are r e quired.
4 . Co r rec t opera ti o n of the e qu ipm ent m u st be gua rante" d at temperatu r e s be t 

ween _40 oC an d + 30 0C a nd during heavy r ain . They s hou ld not bc damaged
by a hard landin g.

S. Re co ve r y o f the equ i pm ent m ust be gu a rent e eo at all times ,

The im po rtanc e of de mand I . is underl ined in Fig . I wh ic h s h ows the maxi 
mum cove rage atta lna ble a t t wo d iffe r e nt a lt it ude s , It ca n be s ..en that t he
cove r age is fa r greater when th e tra n s l ator i s a t an alfitude of 2::. km than at
the lower alt it ude of only 10 km , The give n co ve ra.ge represents that a ttainable
under nonn a l conditions at nonnal antenna h eigh ts a nd doc s not take any tro 
pospheric effects into consideration. In p r-ac t ic e , t he cove r age is som ewhat
g reete r , In a ddi tion to t hi s , t he c overage c an be s lightly shi ft ed ....hen th e
balloons are launched from diffe r e nt locat ions. etc .

It can b e seen t hat it is very im po rtant fo r the translalor to ln- kept above an
a ltitude of 10 km fo r t he l onge s t possible pe riod . Be-l ow t his aU lt udt' . th e cove-r -,
age d oe s not ju s t ify t he e xpt 'n s e o f la unch in g suc h a p roject. Thi s i s t he reas on
why pre vi ou s ly di scus s ed p rojects , s uc h a8 t he use of ai r c r a ft , .... e r-e not used,

At t h e mom en t , it if> not po s sible to coupl e two balfoorr - c ar-r-I ..d translators
( .. . g . one in North e r n a nd one in Sout her-n Ger-many ) to increase the cove r a ge ,
The present output po we r l evel of the t r an s l at ors a nd t h e orn niedi r e ct iona l
ant ennas wo ul d not allow low - no ise transmissions betw e e n t hese two tr-an ela
t o r s . The antenna gain and t h e r ec ei ve bandwidth of a g r ound s tation , which
is dim en sioned to rece ive only one s t at ion , re sult s in a l:Iy!:lh.'m gain of app rox
20 t o 30 dB, wh ic h would b e mi ssi ng during th e t r ans mi s sion from on e ball oon
t o a nother.

- 6 -
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The question is now how to achieve th e longest possible fl ight at t h e highest
possible a ltitude. Fig. 2 shows sever-al typical flight cur-vee lor A RT OB flights.

A RTOB fligh t No. 39 ( May 7th, 1970) is shown in Fig. 2 a s a da sh ed li ne.
This flight exhib it e d th e highest ascent s p e ed t hst could be ob tain ed with a wel.l.
filled balloon . The r e su lt of this was, however, t hat t he balloon bu r st befo r-e
r eaching an a ltitude of 20 km , T h e equipment fa ll s rapidly after the balloon
burst6 - espe c ia lly wh en only a sm all parachute is used - which means t hat
t he flight time a bove an altitude of 15 km only amounted t o 15 m inute s . By
carefully dim en s ion ing the fill ing a nd payl oad, which is only possible u nder
non - wind conditions on t he ground , it i s p o s s i bl e fo r the balloon 10 s tart with
o nly 100 t o 200 g of a s c ent terce , It i s true th a t t he balloon only r ises slowly
a nd it is e nda n ge r ed by obetecles , h oweve r , the balloon wil l bu rst far later
due t o th e r edu c ed pressure inside the balloon. T his result s in a flight cu rve
ha vin g a useful period of appr-ox . 60 m inute s at an altitude above 15 Ian. ThE'
fl ight curve o f th i s is given as the continuous curve in F ig. 2. In order to
a chi e ve even l on ger per- to da, it is necessary for gas t o be r el e a s ed lrom the
ba lloon at a c ertain e.It itu de, It wou ld then be possible to l a unch a well-fil l e d
ball oon which would r apidly obtain a useful hei gh t where som e ol the gas could
b e released be fore bu rst ing so tha t t he a scent is reduced until pos s ibly a vi r 
tual ly s tationary condition Is achieved. It would t hen be possible that the balloon
only bursts alter a long period at a n a ltitude ol approx , 25 Ian which means
that a n o perating period ot two to lou r hou r s could be obt ained a t an altitude
in excess ol 20 km .

The demands 2 and 3 a r e Stoll-explanatory an d need not be m entioned in detafl
h e r e. All th ese demand s lE.'8d t o a numbe r of spe cia l demand s on t h e uuxtliar-y
unit s o f t he translator.

2. SPECIAL DEMANDS

1. An altimeter i s r e qu i r e d .
2 . Some m ean s of controlling t he a ltitude is very advisable .
3 . The we ight of the equipment should be a s low as possible so t hat the balloon

n e e d only be fill e d to a low degree . This reduces the l oading on t h e balloon
envelope a n d thus delays t he t ime of burst.

4 . A mea ns o f di r e ction finding is requ ired t o Iocate the translator during t he
flight and on l an di ng. This is t o ensure that the cqc t pment can be recovervc .
It is extrem ely important that the a pproxim a t e landing site is known befo re
landing since it is very difficult to locate the translator a lt e r landing at any
conaide r-able di stanc e. This allows the rough location t o be esta blished from
where the actual sea rch fo r the equ i pment can be m ade .

5 . T he a ntennas should also be- able to cope wit h a hard land ing so t hat the
be a con signal i s still radiated e!!ectively afier landing and , of cou rse, be
cause one doe s not wish to re-con st ruct antennas befo r e each l aunch.

6 . T h e a ntenn a s shoul d be as amn i - d i r e ctional as poaaibl.e ,
7 . A certa in a mount ol redundancy should b e p rovided so that the failure of

one pa rt will not cau s e the whole e qu ipm ent t o la il and . fo r in s t a nc e , make
it impossible to r e c ove r the equipm ent . Thi s means t hat t wo b ea c on trans 
mitte rs should b e provided as we ll as s a lety ci rcuits for s wit ch ing to r-e
serve circuits should a fsUur!! occu r •.-



8 . Sin ce the accuracy of the required distance and dire ction measu rem ent s can
b e adv.. r sely affec t ed by interference , low-Inte r fc rl'n c c channels s hou l d be
pro vi de d for t hi s pu rpose.

9. Since the p revailin g wind s in West Germany are weste rly , a n d since we
ca nnot e xpec t t hat ...quipm e nt that n ys ove r the East G c r rnan bor de r wi ll
be r eturned, 11 Is ve r y a d visable for a separat ion device to be provided.

10. The powe r supply for t he beac on s hould ha ve an e epecfally lon g life s o that
it Is a ble to operate fOl' several day s durin g l on g sea reh Ijelll:;;lons.

2.1. A D I)JTIONAL WISHl-;S WITH RESPECT TO T H E AU XI L IA RY EQUI PMENT

Such eqc npm ent is t o be cove r e d under this heading that Is not abeolut ely ne 
cessary fo r t h e s a fety of the equipment, but mo r e t o assi s t the ope rat ion and
utilization .

1, T he equ Ipment shou ld be a ble to be qu ic kly prepar ed fat' the next launch so
that the frequ en cy of launche s c a n be inc rea s e d . T'hta me-an s that antennas
must be abl e t o stand a hard landing, redlargeabl lO batteries as well a s
ea s tly a c cess ible test points for a rapid checking m Ulit be p r ovided .

2. The measu r ing syat em s o f the control station Oil t he ground shoul d be easy
t o oper ate , a nd where possible automatic , since only 011 (,' pe r ecn i s usually
avatlabte, T hll:l wo uld include such items a s a n a ut omat ic recor-der- for the
a ltitude measurem ent wit h in jected time mar-ker- s

3 . Ad dit ional co,h·d info rm ation should be trans mitted on a certain freque ncy ,
besldcs; the IdentfIic...non ( t' . g . A RTOFl), indicating the ty pe of transla to r
lau nched . It III l h., ., only ne"essary fo r interested stntions to> tu nc to this
f r e quenc y in order to obt ain in format ion as to ", h(,n. ill what di r e ction, and
with wh ic h r ranstators ( fr equ e ncies) the ballou n has been launc he d, Sin ce
failu rt,s can nc (' u r on the banoon, equipment or nnt ermas, it I,; advisable t o
be able to switc h th i s infor m ation s o thai th" cor-r-ect r-ode can be select ed
just be for-e ta kt' - o ff.

4, It s hould alao bc pos s i ble to pass on the e valuated pos lt lou da ta of the balloon
h -om the con trol s t a tion to th" r-ccovc ry pe r :<onne l du ring th " night. Thl,,;
information should ue gi ven over the beacon t ran srm m-r ';0 t ha t the re ceivers
o f the roeovo r-y per sonnel need only be tuned to OIl(' beacon fn' qu enc y , but
are still kept In fo r m e d f"t'gard in g t he n ight a nd po sition o r the balloon . T h is
mean s tlm t the r-ecover-y s t ation only requ if·c s a recei ve r with direction 
findin g ant enna, and, of course , a ve hicle. Unde-r- sucb conuntons , it may
be pOlilil blc to fin d mor e volunteers for thc ,·e ('overy . A ny wa y , thll:l is very
good p r actice fo r fox huntH ( D'P-Event a ).

5 . Of {'ou r"e, communtc atton fne il itie l:l must a l s o .' x l st l",tw.,. ," thc c ont rol
s t a tton and the r e c o very pe rsonnel after landin g. T hi ll ("11.'1 bo e ctueved u sin g
s ho rt wave m obil e stauone s ince t he landin g point i s not alway s within t he
VHF rangt' of Ih , · cnot rol stat to n . O f course . it is po Hlil bl e fo r a number
of VH F stations to r-e lay th.. infonnation back to the cont rol etattcu.

6. Oue to the fact tha t the t ime of launch Is not usually known v~'ry m uch in
advanc e , a powt'rful two met r c 5SB station Is advt sabb- lUI wen as a s ta tion
o n on e o r t ill' shor-twave band s who i s able to Info rm intor-cated a mateu ,'s
ablul launching phtnl::l t hat a r-e not within th e range of t he VIH' s tat ton. S ince
m ost of the balloons a n ' launched on Sunday s . t he must tavcu rab!e sked tim e
for such transmissions wou ld be Saturday e v C' n in g or Sun day m orn ing.

- 9 -



3. DETAILS OF THE LATEST ARTOB SYSTEM

The block diagram of a rnea»uring and beacon system that is being tested at
present is shown in Fig. 3. The heart of this system is a AM transmitter
which is followed by a low - pa s » filter so that the harmonics arc not introduced
into the 70 ern command receiver. A pulse generator controls electronic switches
which cyclically switch the identification. altitude and type of translator coding
to the modulator of the AM transmitter. The identification is supplied by a
coder. The altitude information is provided by a altitude-dependent audio fre
quency . The dash information indicates the type of translator.

The automatic run of the beacon signal is as follows:

,
Rx "on"Altitude ToneARTOB

- ---
20, -----~i------

A 2 : 850 - 1500 Hz

The dash -information is made in A 1. The coding is given in the following table:

Num be r of dashes Type of translator

I
2

3
4
5
6
7

2 m/2 m
70 cm/2 m
23 cm/2 m
12 cm/2rn
70 em/2m + 23 cm/2 In

as 5 but with extended night time
free

The altitude measuring system actuates a switch at an altitude of 500 m which
switches on the transmitter and receiver ( 70 em FM RX) and the balloon se 
paration unit. The"e are only required if the equipment is not wirking normally.
This ensures that the transmit -receive link for remote measurements. direction
finding and for command usc is in operation and that the balloon scpa rattng ex
plosive is not live on and after landing if it was not used during the flight.

A 20 minute delay circuit switches the beacon transmitter from continuous
operation to pulse operation 20 minut e s after passing an altitude of 5000 m .
Due to the reduction of the power consumption, it is possible for the beacon
transmitter to be operated for a period of approx- 100 hours.

The voltage stabilizing circuit should also be mentioned. This circuit is de
Bigned to avoid the previous problems where the voltage of nickel cadmium
batteries dropped with falling temperature and caused some difficultieH with
the identification.

During the normal. automatic run controlled from the pulse generator. the
command receiver i s switched on for a short time during each cyde . If a
signal is then received from the eontrol station. the automatic cycle is broken
until the information has been passed to the recovery personnel. In addition to
thi s , it is possible to actuate the gas valve and the balloon separation device
via the command receiver. During the remote measurement. the beacon t r-an a
mittcr transmits a measuring tone.
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Fig. 3 : Block diagram of the measuring module and eeeeen

Fig. 4 : The ART OB balloon Iystem
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Finally , Fig . 4 in dicat e s the arrangement of the various u nits that are attached
below t he balloon . The s pacing between the indi vidual a ntenn as Is ve ry important
in order t o a c hieve a certa in a mount o ( decoupling. T he c love r l ea fs ba ped arr 
t ennaa are "big wheel antennas " a s we re used du ring fl ight No . 39 (o r 2 m ,
70 em a nd 23 em. Unfo rtunately t he se very effective a nt e nnas are not a bl e to
withstand a hard landing. On the other hand. the turn-stile ant enn a made ou t
o( stee l tape used for t h e b eacon te very robu st. Howe ve r. th ey flatter some
wha t during a rapid descent. which causes a c ertain amount of fading. If. how 
ever. at a later date. t he altitude ca n be c ontrolled with the a id of the gas
valve an d the balloon s e pa r a tion device allow s accur-ate landings to b e made.
a Iarge r- parachute could be used without da nger 1(, property on landing. T hi s
could ease t h e ant en na problem t o a c on s i de r a bl e de gr e e .

To e nd t hi s description , we would like to ment ion th e t ransla to r rr-equenc y
r-ange s th at are in use in Germany. T h e se list bo th t he A RTOB (Northe rn
Germany) and BARTOB ( So ut her n Germany) tr cqcencte e.

ARTOB Translators Ground s tation t o balloon Ba ll oon t o ground station

T emperature be acon: 145.75 MH z :t 5 kH z

2 rn /2 m
70 c m / 2 m
23 cm/2 m

Beacon: 145.7 28 MHz

144 . 08
432 .0

1295.0

144. 12 MHz
- 432 .3 MHz
- 1295.2 MHz

14 5 .92
14.'5.3
145 . 05

145 . 88 MH z
- 145 .6 MH z
- 145 . 25 MH r,

De tails from Dr. 7 H R )

BARTOB Tra n s l at or s

2 m / 2 m
7 0 c m / 2 m

2 m/7 O e m

Beac on I : 145 . 638 3
Beac on 2 : 145 . 470

G round s tation to balloon

144 . 13 0 - 144 . 230 MH "
432 .0 - 4 32. 3 MHz
145 . 6 Mll z :25 kHz

145.970 MHz
145 . 91 0 MH z

Ba ll oon to gr ou nd station

145. 839 - 145. 7 39 MH z
14 5. 2 - 145. 5 MH z
432.5 MHz ±25 kHz

4. EDITORIAL NOT ES

We have hea r d (r om Timo Ekko, OH 1 SM. that sim Bar ba ll oon t ran sla tors
have a lso been la unc hed in Fin land. These ba lloo n s , which have been given the
na m e IL MA RI, ha ve been laun ch ed eucce a s fully on th ree occasions . The e qu ip 
ment wa s const ru cted by P a u li T (lry ryla. OH 2 DV . with t he a s s i stance o r Rolf
B1ichstrOm. OH 2 BEW.

ILMARI 1 was launched on 28 May 1967 in the vi c inity of Hel sinke and wa s
equipped with a be acon transmitter having a n output powe r of appr-oxirnat ely
100 m W on 144 MH z and 432 Mll z.

ILJ\lAR! 2 was launched on 19 May 1968 from T am pe r e in Centra l Finland . Th e
tran slator roc et c e d A 1 and A 3 s i gnals on 432 . 30 :t O. 1 MHz an d r-et r-an srnttted
th em on 14 5 .6 MHz. At the s a m e time. a beacon transm itte r wa s op e r a t ing on
14 5.98 MHz . T h e fl ight lasted a pp roxim at ely 2 hours . App r oximately 12 different
F inn ish as we ll a s s e ve r a l Swedish VHF amateurs we r e able to make contact
v ia t h is t ranslato r .
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II..MARI 3 wa l launched on I June 196 9 . also launched from Tampere and
equipped with the same tran . lator. Howe ve r. a far greater number of Finnish
and Swed ish staUons were a b le to c om m unica t e wit h e ach oth e r than Wall the
c ase with the second l aunch . A large number of 80 metre m obile s tationli as
well a8 an ai rt:rah equipped w ith an 80 metre station were used for the re 
cove ry .

II..MARI 4 wa li pl anne d to be launched tn July 1970. It Wa li planned t o ca r ry a
1296.85 MHz translator which wali to be transposed to 145. 6 101Hz. Howe ve r .
the e dito r s have not received any Informat ion as to wh ether this fl ight wae
suc cessful .

It i. Ie lt that If m ore cooper-at to n
d eal cou ld be done t o further thi s

ARTOB addreas:
Frith He rbs t. DL 3 YBA
3 16 1 BURGDORF
MarktstraBe 64
We s t Germany

....'.Ill"'''''·'·...".,.:..

was m ade on an international baels. a great
relatively new mode o f a mateu r comm unication .

HARTOB addr-e• • :
Berndt Berndt He lm ke . 0 1. 7 II R

110 51 MINT RA CIIING 109
West Ge rm any

RAOIO COMMUNICATION
HANOBOOK

e,
·
·,,

,
•,,
,,

D&utsch& a .nk Erlangen, KonlO . 76 32S
Poel td'leckkonto Nu,n!1&,g :J)4 li6

• We Ighing 2.5 kg (5 lb.), it contains 830
pages packed full of up-tc-dete led1nic:al
information

• Circu its and techtlology covenng t l'le
whole ratlge of amateur rad io from basic
prltlc: iple s 10 SOphll licaled sse and
RTTY eQuipmetll.

• MOf"e thatl 30 yeers of exceneoce have
gone Into the pr-od uct iotl of this eltcellen!
handboofl

• Hard-bound fOf" many years of fallhfu l
service

't'boo RSGB bave _. 1 u dlO ...,..ra.. lMu- p.. iCell
.... 10 ~~r prIM &lid poM&l cur... . TW
..... prien ..illl e(lecll""", Wan~ t.e. 19'71. an:
RA DIO COMMUNICATION IlAS0600K OM ». __
VHF- tollY -M ANUAL •••••••••• • DU I).~

The Bedro Comrnunteencn Hsndbook is ever
lable. from:

UKW·BEAICHTE • H. J. Dohlu ll , OJ 3 QC
0-6 520 Erla ngen. Gleiwilz er Suesse 45

w estern Oe,mllny

The VHF-UHF Manual is out-of-p rint at the moment. The reprint of this
manual will not be available until Aprll 1st, 1971. Any orde r r eceived
previous to th is date will be made at the old price .
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AN INEXPENSIVE POWER AMPLIFIER MODULE FOR
200 W PEP ON 144 MHz USING TWO PL 504 TUBES

by V. 'rnue, OJ 7 ZV

1. INTRODUCTION

At the moment. double tetrodes YL 1060 ( QQE 06/40) or tubes of the 4 X 150/
250 series are used for 2 metre power amplifier stages when power levels of
150 W PEP or more are required. However. the double tetr-ode s are very ex
pensive and the mechanical considerations that must be made when building up
a 4 X 150 PA stage are extensive. In the latter case. it is also necessary to
obtain expensive special sockets and a cooling blower. A further disadvantage
of the 4 X 150 is the high plate voltage required by this tube.

Experiments made by D. Seidel, DJ lOP. and the author have shown that a
PEP output power of 200 W can also be obtained with two PL 504 (horizontal
deflection tubes designed for monochrome television receivers l in push-pull.
PL 505, PL 508 and PL 509 ( horizontal-deflection tubes for colour television
receivers) were not suitable.

A power amplifier equipped with these inexpensive tubes, which are readily
available in Europe, can be operated from a low plate voltage of 600 V. Con
ventional consumer electronic components can be used. However. due to me
relatively low plate dissipation power it is not possible for these tubes to be
run at peak power continuously as in the case of the 4 X 150. This phenomenon
is well known in shortwave SSB transceivers using similar horizontal deflection
tubes. This means that the PA stage is not suitable for operation in the AM
(A 3 ) and FM ( F 3 ) modes, except when the input power is drastically re
duced. which is hardly worth while. For amateur SSB operation ( A3j ICAS l.,
on the other hand. this module represents a very high power output together
with a simple construction.

One disadvantage of the PL 504 PA stage is the relatively low power gain of
approx- 10 - 13 dB when compared with other tubes such as the 4 X 150 with
a power gain of 20 dB. This means that an input power ( PEP) of 10 - 20 W
must be provided for the control grids of the two PL 504 tubes. This is the
reason why a driver stage equipped with two PL 81 tubes is provided in the
described power amplifier. An amplifier equipped in this manner exh.ibit s a
power gain of appr-ox. 26 dB. This means that the fu ll output power of 200 W
PEP is obtained over the whole 2 metre band with an input dr-ive power of only
0.5 W.

This relatively low drive power can be obtained from a transistorized exciter
equipped with an "Overlay" output transistor. The transmitter concept used by
the author, which has a combination of transistors and tubes, is shown in the
block circuit diagram given in Fig. 1 together with details of the power level
values.
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Fig. 1: Bloc:k di"ll...m of the 2 m SSB tnnunitter
2. CI RCUIT DE SC RIP TION
2.1. TRANSIST OR DR IVER STAG E

T he output stage of the p reviously m entioned transistorized excite r is now to
be described. T h e circuit diagram is given in Fig. 2 . Th e autho r used the
" Ove r l ay" tran s istor 2 N 3553 of RCA , however, type 40290 is e ven more suit
able fo r opera tion from an operating voltage of only 13.5 V. The fina l amplifier
operates in a sta bili z ed class A cond it ion , wh e r e its ope ratin g poin t is deter 
mined by a 2 N 370 2 t r a n s istor . T h e 2 N 3702 tra n s i s t o r is a silicon PNP trans 
istor manufactu red by Texas Instrument s. T he operating point of thi s transistor
and t hus the op erating point of t he output transistor is adjusted wit h the 1 kn 
potentiometer. The l owe r t he ( positive I voltage on the wiper, the h igh e r is
the current passed by the transistors. On e contact of t he trans m it -rec eive relay
separates t he pote ntiomete r from g round so tha t the base voltage i s increased
to 13 . 5 V where b oth s tages will be bl ocked . Th e RF tra n s i s tor m ust be pro
vided with cooling fins. It Is also a dvi s a ble t o provide a b rass sc r eening pa ne l
t h r ou gh which only th e base lead is fed into th e f r ont chambe r . T he em it t e r
connection should be soldered to th e ba se circuit g round a m a ximum of 2 mm
b e l ow the t r ansistor case. T he ba se c onn ecti on should aiso be kept s h or t be 
cause s uch RF pow e r transistor s e xhib it a ve ry low input im pedanc e . F XC is
a wid eband fe r roxcube choke ( e. g. 431 2 02036701 of Phil ips J.

40290
(2N3SS31

'"

..
'''''''<1..

•

':J'"
o.

". HH
I-li I ,·

2 N 3702

OJ 7 ZV

T,...""ll I ' .. "
Fig. 2:

Tramiltor linellt amplifier
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2.2. TWO·STAGE POWER AMPLIFlER

The tubed two- stage linear amplifier for an output power of 200 W PEP can be
fully driven by the previously described transistor amplifier. If a SSB trans
mitter having a PEP output power of appr-ox. 20 W is available, the power
amplifier can be operated without the driver stage. When driving the two PL 504
tubes with a power of 8 W PEP, an output power of approximately 150 W PEP
will be obtained. The circuit of the two-stage power amplifier is shown in Fig. 3.

2.2.1. DRIVER STAGE

The inductivity of the input coupling L 1 is brought into series resonance at
145 MHz with the aid of t r-Imm er- capacitor C 1. The grid circuit of the push
pull driver stage operates with trfmme r capacitors C 2 and C 3 in series with
the tube input capacitances; the grid bias voltage is fed via resistors R 1 and
R 2. The screen grids are connected together, by-passed and fed with a sta
bilized voltage of 150 V. The push-pull plate circuit with trimmer capacitor
C 8 and inductance L 3 is connected to the plates via a short piece of flexible
wire.

2.2.2. POWER AMPLIFIER STAGE

The output power of the driver stage is fed to the grid circuit of the final
amplifier via a coupling link comprising inductances L 4 and L 5, using the
variable capacitor C 10 to bring the circuit to series resonance. Due to the
high RF voltages at this point, the grid bias voltage is fed via RF chokes
( Ch 2 and Ch 3). The screen grid connections are connected together and
provided with an unstabilized, but low-impedance voltage of 300 V. This voltage
also feeds the plates of the driver stage .

The plate circuit of the power amplifier is in the form of a >../4 Lecher-line
that is shortened by the push-pull output capacitance of the tubes. The connec
tion to the plates is made by a short piece of flexible wire in order to avoid
mechanical tensioning due to heat-expansion or contraction from reaching the
tubes, and to facilitate tube replacement. The telescopic form of the Lecher
line allows it to be tuned for resonance.

The plate voltage of approx- 600 V is fed to the tubes via the high-voltage
feed-through capacitor C 18, a piece of flexible wire, and the re rr-oxcube choke
Ch 4. In the author's prototype, however, a simple feed-through was used to
gether with a high-voltage capacitor instead of the recdenrougn capacitor.

The output coupling link, made from a well -insulated, thick copper wire, is
spaced only a few millimetres from the Lecher-circuit. The inductivity of the
output link is brought to series resonance at 145 MHz using the variable capa
citor C 17. This results in a very low loss and allows any possible slightly
reactive components of the terminating impedance ( antenna) to be compensated
so that the dip in the plate current coincides with the point of maximum output
power. The degree of coupling is varied by altering the distance between the
coupling link and the Lecher-circuit.

All resonant circuits of the two-stage final amplifier need only be aligned to
the centre of the band during the initial tune-up. The output coupling also only
needs to be aligned for optimum on one occasion. Since the drive power is
sufficient, it is only necessary for the drive of the driver stage to be adjusted
to the maximum permissible value on changing the frequency. Variable capa
citor C 10 need not be varied.
16 -



F'" 3: Circuit diagram of the two ftage l i~ .mphl;'"
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2 . 3. POWER SUPPLY
2. 3 .1 . PRCYfECTIVE CIR CUIT AND ISOLATING TRANSF OR MER

The power supply built into t he two stage final amplifier d oes not u s e a tran s 
fonner; t he required h igher voltage is obtain ed by voltage doubl ing. T hi s mean s
that a p rotective c ircuit must be provided which only allows th e powe r supp ly
to be s witched on when t he power line lea d c a rrying the h i gh e s t voltage to gr ound
is connected to t h e PH . I phase) connection and t h e protective ground connection
to MP. I middlepoint ) . This is made using r elay ReI. 3. IC the connection is
correct, relay ReI. 1 w il l be actuated and it will be possible for t he final arn 
pUC1e r to be s wit c hed on with t he aid of switch S 2 . rr this i s not the c a s e ,
the s wit c h. wU I be non -effective.

In Ge-rmany and in a number of other countries . the electrical author itie s r e 
qu i r e a galvan ic i s ola t ion of the consume r from t he power li ne. Th i s mean s
that r adio am a teurs of t he s e cou ntries must pr ovide an i s ola tin g transformer
in front of the powe r supply . Of course t he p r otection circ uit wi ll the n no l onger
be r equired. This t r a nsformer Is s hown in th e circuit diag ram given in F ig. 3.
The primary of this i s ol a t ing tran sformer c an . of course, b e dlm e nsion e d for
an inpu t voltage of 115 V wh ich ma ke s it suitable fo r op e ration in North America
and in oth e r areas wh ere a powe r line voltage of 220 V i s not ava Ua bl e .

2 . 3 .2 . TUBE HEATING

Sin c e se ries - h eate d tubes a re u sed. it is advisable fo r th e heate r circu it to
be buil t up in a similar m anner to t ha t found in t e l e vi s ion r e c e ivers . Sin ce th e
s e ries-c onnec t e d heate r-s of these 4 tube s requi re a n e ffective AC volta ge of
approx. 97 V, s om e form of voltage·dropping mu st be provided. A capa citive
and th u s low-los s mea n s of dropping t he voltage i s used.

The capacitanc e o f the dropper resistance is c alculated for 50 H z in t h e follow
ing manne r :

U
f

in V total heat er
voltage I 97 V )

'..35 E] If in A • ee riee -beate r-
C • ., .-,,- cu r rent 10. 3 A )

II .)'1 - (-ill- R
f

in .n. • r e s illtance of t h e
h e a ter circu it

C in >.I F • capac it ive dropp -
in g res i stance

In the case In question, the value fo r C 21 was found t o be 4.8 j.lF. The se 
l e cte d va lu e of 4.5 /.IF can al s o be used on 60 Hz networks . The capacitor must.
of cou rse. be u ni - pola r and be dimensione d for at l e as t 220 V. If a d r i ve r
stage i s not t o be incl uded. th e heater of t he P L 81 tube should be replaced
by a 500/7 W resistor in orde r to ensure t ha t the grid bias voltage Is s ufficie nt .
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2.3 . 3. GRID BIAS VOLTAG E

Since no m o r e tha n - 100 V a r e requ i rcd as g rid b ia s vo ltage. it is quite fa 
vourable to u s e t he 9 7 V heate r voltage dropped by C 2 1. The additiona l loadi ng
i s negligible . The bi a s vo ltage sou rce can be of h ig h im pedance b e c a us e no
grid currents a r e exhibited . T he g rid bi a s circuit ccn efsta of a halfwave r ec 
tifie r ( d iode J) 2 I, a simple RC -fUter link ( H 8, C 24 1, and two trimmer po 
tentlom et e r-s ( P 1 and P 2 ) for t apping off the t wo different voltages. The relay
conta ct r eI 2 of the transmit -re c eive r el ay Re I. 2 teoietee the potent tom e tc r
from ground in the rec eive m ode so that the bias volt age Increases to a peek
value o f over 100 V which bloc k s the tub e s .

If t he tube heating circuit is b r oken, the negative bias voltage wil l inc r ea s e to
appr-ox , 300 V. For- this rea s on, d io de D 2 and c a pacitors C 23 and C 24 are,
for aafe ty rea s on s, dimenaion e d for thi s voltage.

2.3.4. 3 0 0 V PLAT E VOL T AG E, 150 V STABILIZED VOLTAGE

T he driver stage requires a plat e vo lta ge of 300 V which i s also used as the
scre e n grid s upply for the fin al amplifi e r . This voltage i s obtain ed from the
p ower- line vo ltage by half wave rectification using di od e D 5. An He link com 
prising r esistor R 6 and capacitor C 22 ensures t hat high - frequ en cy vo lta ge
peaks t h at sometimes occur on t he pow e r line vott age do not rea ch the power
s u pply . The fUter c a pacitor C 27, which i s provided w ith 8 discha r ge r e s i s tor
( R 1 1 I, filt e r s t he voltage . u estsr cr R 12 s erves e s a fus e . Its r at ing i s so
low thai it blows vi r tu ally im m e d ia t e ly under- short c i r cutt condtt ton s which
causes t he voltage supply to be b r oken . This h appens so quic kly t hat the tubes,
di odes and pow e r line fuse ar- e- nut affecte d .

The s t a bfliz ed voltage of 150 V requl t-ed fo r the screen g ri d of the driver stage
is obtained fr om a ne on st a bflf z e r t ub e OA 2. Thi s volta ge is t aken via the
dropper r ea tstor- R 15 from th e plate vo lta ge of 300 V.

2. 3. 5. 600 V PLATE VO LTAGE

T he pla t e volla g e o r 600 V, r e qu i r e d for the fina l a m plifie r , i s obtained by
voltage doubling Crom the power li ne vo lta ge u sing ca pac itor C 25 and diodes
D ~ and 04, The RF -filter link R G/C 22 is also e ffe ctive he r e . The filtering
is m a d e by th e series -connected ca paci t o r s C 26 and C 27 . The parallel - con 
necte d reststcre equaliz e t h e l eakage cur- r ent s and dischar-ge t he capacitors
afte r sw ttchlng off.

A protective re s i s t o r- is also use d In the 600 V l ink a s a ruse ( R 16 ) .

2 . 4 . METERING

Tw o meters are used : One in t he pl a te cu r rent path o f the powe r amplifie r 
that has been s hunted for a full s ca le de fle c tion o f 8 00 rnA - and one that has
been shunted fo r 250 rnA for the plate cu r r ent of the drive r stage and t h e sc r e e n
grid cur-r-e-nt of the power- amplifi er. Ir tn« latter metcr should indicate a ve ry
high current, this will indicate that tilt' po wer amplifie r s ta ge is not provided
with pl a t e volta ge bu t only with s c r-een grid vo ltage,

The power a m plf tf e r- meter is p r o t ec t e d by two fur-t he r- s-es t stor-s ( R 18, R 19 )
f rom the high voltage wh ich could m omenta rily appea r acro s s t he shunt r e s i sto r
u nd er s ho rt circu it cOlldit ions. The values of t hese r c e tetor-s depend on the
s ensitivity a nd n,.dsta nc e o f t he meter.
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2.5 . RELAYS

Thre e relays are u s e d in addition t o the relay fo r the prot ection circuit: Relay
ReI. 2 as transm it - receive r e l ay fo r the volta ge s in th e t ransmitter. relay
Re i. 3 as antenna relay and ReL 4 to short th e in pu t of th e r ece i ver wh ilst
transm itting. Re lay Re I . 4 i s accom moda ted in th e powe r a m plifie r stage nea r
to the coaxial s ocke t for the r e c e i ver. All th r ee r elay solenoids are con nec ted
in se ries. The relays used by the au thor require a total of a pp rox . 120 V wh ich
is obtained from the plate voltage o f 300 V using a voltage d ivi de r comp rising
R 13 and R 14. The transmit-re c e ive switch Is a contact ( or a switching t rans
i stor ) in the VOX ci rcu it o f t he excit e r .

3 . ME CHANICA L ASSE:r.IBLY

The t wo - st a ge linear amplifie r is com bin ed wit h the power supp ly to form one
un it ; h owever. th e isolating transfonner is not inclu de d . T h e dime n s ions of th e
l ine a r am pli fie r only am ount to 25 0 mm by 15 0 m m by 12 0 mm. Figu r e s 4 t o 7
allow an impre s s ion to be gained r e garding t he cons t ruction. T he ass e mbly is
made in a con ve ntiona l man ner on an a lumin ium cha s s is; the ec reentng pa n els
are s crewed int o place .

Figu r e 8 shows the a r r a n gem ent of the ch a s s is piec e s . The whol e p ower supply
( with out i s ol ating transformer J ill acc ommodated on chassis part A. The m e 
cha nical assem bly of the power s upply nee d not be d e s c r ibe d because it is
depen dent on the mount in g and connection material avail a bl e . However, Fi g . 7
a ll ow s a general impr e s s i on t o be ga in e d . The only im po rta nt po int is t o ensure
that c a pa c it o r s C 21, C 23, C 24 , C 25 and C 26 are insulat ed from the ch a s s re
and further insulat ed so that th ey do not r e p r e s ent a shock ha za r d .

The c ha s s i s pa rts u. C , a nd D ( Fig. 10, II a nd 12 I are sc r ewed onto th e t o p
of pa rt A where they r epr e s en t scre en ing pane l s and part of the c abin e t 'r e s pe c 
tively.

T h e tube socket s with most of t he RF c i rcuitry a r e located on bo a r ds 1 a nd 2.
The l oca tion o f the board s is given in Fig. 8; t he di mensions and r equi r ed hole s
in F igures 13 and 14. The boa r d s are m a de (rom single-coated PC- boa r d ma
t erial and arranged so that t h e c oat ed side is on the s ame side as the socket
connections . The copp e r - c oating c a n tne ro rcre be used as the ground area t o
which the individu a l gr oun d connection s can b e sol de r e d . T he m ountin g b r a ckets
( Fig . 15 ) are scidercu ont o th e board s s o t ha t tilt.' l a tter c a n b", sc rew",d onto
the c hassi s part s A t o D and solde red together.

3 .1. CHASSIS PART A

The a s s em bly i s com m enc ed by m aking the h ol t' s gi ve n in Fig . 9. This en su re s
th at me holes fo r t he othe r chassis pa rt s are acc essible and nut bloc ked afte r
in s t a ll in g the pcwe r su pply u nde rne ath c hassis p a rt A. No holes a re give n for
mounting the pow e r supply c om pone nt s , s i nce th is de pe nds greatly on t he avail
a ble component s a nd mounting facil it i e s .
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3.2 . CHASSIS PARTS B. C , D

These chas s is part s a re prepared as shown in Figure s 10 , II and 12 . The
va r i a bl e capacito r s C 10 a nd C 17 are built onto c hassis part B. Th r e e c oaxia l
soc kets a nd a control voltage s ocket for t he relay voltage are provided on P a r t
D . Be s id e s the m ounting hole s , c hassis part C o nly receives a large hole through
which the coaxial cable is run. T hi s cable will t he n connect the ou tput coupling
link t o th e anten na r e l ay Rel. 3.

3. 3 . BOARD 1

T his s ingle -coated, en -etched printed c i rcuit boar d accommodates the c om po 
nents for the dri ve r stage. It i s dri lled a cc o r d in g to Fig. 13. T he ceramic
noval- s ocke t s ( for P C - board mounting ) a re now solde r ed into place on the
c oppe r -coating with th e bent ca thode and grid 3 contacts so that th e c ontrol
g r id connection s po int t o the po s ition s s hown in Fig. 13. T he screen grid con 
n ections a r e all joi ned toget h e r . T he cent r e of t he scre en grid conn e ct ion is
connected vi a the bypass capacitor C 5 to th e copper-coating.

Wherea s t he g r id ci rcuit Is m ou nted onto the grid connections with the s pindle
trimmers, t he plate ci rcuit is buUt up on a sma ll board in the vicinity o f va 
r iabl e capac itor C 10 . The a dditional boar d, which can be seen in Figu res 5
a n d 6, is solde r e d on t o boar d 2.

3. 4. BOARD 2

This board shouid be p repa red a c c o rding to F i g . 14 a nd the ceramic rn agnoval
soc kets ( fo r P C-boa r d mounting) soldered int o place so that t he two cont rol
grid connections are at th e same l ev el a nd point In a n upwa rd direction. Thl'
soc ket is solde r ed into place wit h connections 3 and 8 ( cathode and gr id 3 l
wh ich are bent out wards and connected together- with 2 m m dia. wire . Connection
9 of both sockets should be s hortened 8S far- aa possible. The t wo control grid
connections of e ach socket are jo in e d together. T he sta tor connections of the
spindle t r im m ers C 11 a nd C 12 a re conn ected to the com mon grid connection
with t h e he xa gonal portion pointing in an u pward d irection . The grid inductance
L 6 i s s ol d e r e d betwe e n t he two rotor conn ec tions. Choke s Ch 2 and Ch 3 are
a l so mounted u s ing short conn ections.

3.5. L E CHE R-LINE CIRCU IT AND OUTPUT COUPLING

F ig. 16 shows th e indi vidu al parts of the Leche r - c t r cu n a nd the output c ou p li n g
lin k fo the li ne a r amplifi e r . Th e t wo t e l e scopic pieces of t he Lecher - circuit
m ust h a v e a good contact to anot h e r . This c an be ensured by sawing t he end
of t he tube 4 t o 6 timea a nd pressing it together or by soldering on a spring
loaded contact; such s pring-contacts are often to be found in old microwave
equ ipment . e , g. a s the cathode contact for a 2 C 39 tube .

The t hin t ube s of t he Lecher - circu it are solde r e d onto t wo ceramic support s
so that they a re s p ac e d 24 mm from the chassis. The flex ible leads for con 
nec t i on o f t he tube plates a r e also soldered to these supports. Since t he tubes
wi ll gel very hot, a ttention should be paid t o ensure tha t a very good contact
is made to the p late s . It necessary, the connection caps should firstly be de 
p r e s sed and then s ol de r e d onto the tubes.

- 2 3 -
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3 . 6. RELAYS

The r e lay ReI. 3 a nd ReI. 4 are ac c ommodat e d in t he s pace between cha s s is
parts C and D. Re l ay Rei . 4 is uaed t o s ho rt t he r e c e iver In pu t 80 that the
l imited coupling atte nua tion of the antenna relay ReI . 3 do e s not en dange r the
r e c e i ver input . The type of relay used for ReI. 4 is not c r itic al. Convention al
r elay types o r a r e ed - contact r e la y as desc rib ed in (1) can be used .

It Is recommende d t h at t he t ransm it and rece ive path be checke d using a r-e
nectom e t e r aIte r connecting the r elay.

3 . 7. CA BIN ET, COOLI NG

The c hamb e r on top of the Lecher-c i r c uit i 8 clo s e d with a b r as s o r a lum inium
pl ate which shOUl d be s crewed in s ix p ositions.

T he whole linear amp li fie r should b e cove red with pe rforated a luminium plate
or wire mesh . T he high temperatu r e gene r at e d in the !i na l amplifier c a n be
reduced using a small blowe r . Su ch a blowe r is not c o mpl e tely necessa ry durin g
pu l s e -ty pe SSB operation, espectauy s ince it ha s virtua lly no effe ct on t he
cooling of t he anode plate. E ven with ambient t em per a t ures of 33 ° C , the li near
amplifie r was found to ope r ate perfec tly without blowe r , although it becam e
very hot . A good a i r circul atio n should be provided.

3.8 COMP ONE NTS. COI L DA T A

L 1: 3 turns of Insu fa ted wir e wound onto a 8 mm fo rmer, self-suppo rt in g
pla c e d into L 2.

L 2: 6 tu rn s o f 1.5 mm d is. (15 AWe I wou nd on a 8 m m rorme r , self
su ppo rt ing. coil l e ngth 15 m m ,

L 3 :

L 4 :

L 5:

L 6:

3 tu rns a s L 2, 3 m m s pa c ing betwe en turns.

2 tu r ns a.a L I, pla c e d between t h e turn s of L 3.

3 turns •• L I, placed between t he tu r n s of L 6.

6 t u r ns a s L 2, 1 mm spacing between turn s .

PA l ec her line: ( Fig . 16 I 3 x 1. 5 sq. m m, 23 mm long a t th e pla t e conn ec t ion s ;
followed by 4 5 m m long brass tube s of 4 mm outer diameter fina lly 50 m m long
brass tu b e s of 5 mm inner and 6 mm ou te r diamet er w it h spring loa ded cont acts
at the fron t ; far end s h o rte d wit h a coppe r strip of 12 x 45 x 1 m m.

Output coupling link: 2 m m diamet e r ( 12 AWG) in sul at ed coppe r wire fo r m ed
8 S shown in Fig . 16 .

Ch I : Ferroxcube -wldeband choke . e.g. 4 3 12020 367 01 ( P hilips )
Ch 2. Ch 3 : 15 turns of 0 . 3 m m ( 29 AWG ) enamelled coppe r wire wound

ont o 8 r e sistor o f 12 kfl/0.5 W
Ch 4. Ch 5 , Ch 6: As Ch 1

R 1. R 2: 56 k fl
R 3 lkf~ /lW

R 4. R 5: Acco rding to the vo ltage and cu r rent requ i r em e nt s fo r r e lay Re l.
R6 3.3n/4W ( o r -2 res i sto r s 6.8flj2 W )
R7 50 n jO. 5 W
R 8 1 k ll'0 . 5 W
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C 4,
C 6,
C 8
C9
CIO
C II,
C 13,
C 15,
C 17
C18
C19
C 20
e 21
e22
C 23,
C 25,

R 9, RIO, R 11: 27 kl?/4 W ( or 2 resistors each of 51 kl?/2 W)
R12 3 .3rt/O.5W
RI3 10krt/0.5W
R 14 5.6 kl?/0.5 W
R 15 6 krt/6 W ( from 3 resistors of 18 kfl/ 2 W)
R16 1l?/0.5W
R17 0.1l?
R 18, R 19: Protective resistors according to the meter

PI, P 2 : 25 kn/O.5 W lin. trimmer potentiometer

Si 1: Fuse 1 to 3: 3 A, slow blow

C 1, C 2, C 3: 3 - 30 pF air-spaced trimmer ( Philips COOS CA/30 E
or WN 40 163 )

C 5: appr-ox. 2 n F ceramic disc capacitors, 500 V
C 7: approx. 2 nF fe e d -t h r ou gh capacitors, screwfitting, 500 V

as C 1
as C 4
3 • 20 pF shortwave variable capacitor

C12:asCI
C14:asC4
C16:asC6

5 - 25 pF shortwave variable capacitor
180 pI<' or more, ceramic feed-through capacitor 1.5kV
4 IJ,F/350 V electrolytic capacitor
as C 6
4.5 IJ,F/350 V metal-paper capacitor
0.5 IJ,F/350 V metal -paper capacitor

C 24: 2 x 15 /.IF/350 V, electrolytic capacitor
C 26, C 27: 300 /.IF /350 V ( electrolytic capacitor for television

receivers or photoflash, 2 of 150 IJ,F)
C 28 .. . C 31: approx- 4 IJ,F/IOO V

D 1: according to the voltage and current requirements of relay ReI. 1
D 2 ... D 5: BY 237 , BY 103,1 N 4007 or other silicon diode for 1 kV/O.8 A

VI, V2: PL81
V 3, V 4: PL 504. Experience gained in northern Germany has shown that only

those types of PL 504 are suitable that possess a straight
wire to the plate cap.

V 5: OA 2, 150 C 2 or similar.

4. PRELIMINARY OPERATION AND ALIGNMENT
4.1. OPERATING VOLTAGES, HEATER CIRCUIT

The first item to be checked is the operation of the incorrect-polarity protection
circuit if an isolation transformer is not to be used.

The non-load voltages of the power supply should now be measured. They should
correspond to the following values:

u = 620 V
a Ug2 = 310 V
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The grid bias voltage w ill only obtain this value if the heater circuit is con
nected. The series-heater cur-r-ent should be checket a t th e same time: it should
amount to 300 rnA . If the heater current is too small, metal -paper ( MP )
capacitors of 0. 1 or 0.25 u F can be connected parallel to C 21.

4.2. ALIGNMENT O}<' THE DRIVER STAGE

The grid circuit of the driver stage is coarsely tuned by measuring the grid
current of one P L 81 with the heater switched on, but without plate, screen
grid, and control grid bias voltage. In addition to this, the adjustment of the
coupling inductance L 1 is made for maximum grid current. Trimmer capacitor
C 1 is also aligned for maximum grid current.

Whilst measuring both grid currents, trimmer capacitors C 2 and C 3 should
be carefully altered so that both grid currents are equal. Of course, the re
sonance condition should be maintained.

F in a lly , all operating voltages arc fed to the driver stage and the plate current
is temporarily increased without drive to 250 mA with the aid of potentiometer
P 1. A fter this, a quiescent current of 100 rnA should be adjusted.

After decreasing the drive power by appz-ox , 20 dB « 10 mW) the plate circuit
of the dr-iver- stage and the grid circuit of the final amplifier are aligned by
making a grid current measurement of the PA tubes which are only heated and
not provided with any other operating voltage. The coupling links L 4 and L 5
are adjusted for maximum grid current. A resonance condition must be achiev
able with capacitor C 10.

4 .3. ALIGNMENT O F THE FINAL AMPLIFIER

After t he grid currents of the final amplifier have been aligned to equal values
by carefully adjusting trimmer capacitors C 11 and C 12, the drive .ts switched
off and the DC - s upply voltages are connected to the final amplifi.er-. With the
aid of potentiometer P 2, the plate current of the final amplifier tubes is mo
mentar-Ily increased to a value of 400 rnA, after which a quiescent current of
75 rnA is selected.

At reduced drive, it is now possible for the Lecher-circuit and the output cou
pling to be tuned for maximum output power. Finally, the final alignment is
made during a very short period of fu ll drive. This PEP-drive condition should
not last lon ge r than 30 to 40 seconds, after which a r elatively long cooling
period should be allowed. The tube plates and plate connection will glow red
during this short period.

4.4. NOTES REGARDING THE ALIGNMENT

The following table gives a summary of the adjustment values of the driver
and final amplifier stage:

Plate voltage
Screen grid voltage
Plate quiescent current
P late current at full drive
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Driver stage
300 V
150 V
100 rnA
250 rnA

Output stage
600 V
300 V

75 rnA
800 rnA



The plate volt a ge wil l fall to appr c x . 570 V under fuU drive cond ition s .

The author m easured the followin g PE P values of th e output powe r 8S a runc ,
ucn of t he plate cu rrent of t he final amplifi e r:

la (rnA)

75
10 0
200
400
SOO

Pout (W)

o
4

16
50

200

Wh en speakin g into th e microphone, t he ( r e l ative ) indication of the RF outpu t
voltage should fluctuate betwe en 1/3 and 1/2 of the outputs indicated wh e n reed
ing with a sinuso idal single -tone s igna l.

If one is able to meaeu r e the intennodulation ratio, it i s poas tbl.e fo r the
operat ing points t o be corr e cted. In a ddition to thi s, the valu e of the scre en 
g r id re sistor R 3 in flu e nc e s t he intermodulation ratio. It i s therefore pos sibl e
for a more fa vourable va lue t o be found by measurement s in indi vidu a l cas es.

Mo reover, when a d ju s t in g final amplifier t u be s that are not inte nd e d by the
manufa ctu rer to ope r ate in cla s s AB l , t he following information will be of
interest:

The fina l amplifier h i only driven by the r-eatdual. c a rrie r and t he g rid - bia s
voltage is reduced (from th e highe r value) until only a ve r y slight gain inc rease
i-esuns . T o ma ke thi s m easu r e ment, the RF out put volta ge should be indi c ated,
fo r inst anc e using an absorpt ion c i rcuit .

5 . NOTES

Since the describ ed pla t e ci r cu it of t he fi nal amplifier Is not ab l e t o guarante e
a harmonic s u pp r e s s i on o f 6 0 dB, a ba ndpass or low-pass filter , e . g. a s given
in (2 ), should be place d In t h e ante nn a feeder.

Moreover, it Is only fair that s uc h a high-power fi nal amplifie r s houl d be
c h ec ke d tho r oughly with respect t o th e in termodulation ratio of the fin al am 
plifier and th e total bandwidth o f the exciter sign al. A s pu r -i ou s signal that is
not suppress e d by at lea st 60 dB wh e n spaced 20 kHz from th e requi r ed signal
s hould not be amplifie d t o 200 W ,

6 . LIT ERATU RE

(1) E. B e r b e r ic h : A Coax ial Relay with a High Co u pling Attenuation and Good SWit
VH F COMMUNICATIONS 1 (1 969), Edition 2, P a ge s 124- 125

(2) H cDohju s : Coaxial Low-pas s F il t e r s for VHF and UH F
VH F COMMUNICATIONS 2 (1970) , Edition 3, P a ge s 166 -178
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VHF transmitter with
dr ive r

VARIABLE F RE Q UE NCY Op:mATION ON 2 ME T!tES
USING T HE VFO OF A SHORT WA VE SSB T RANSMITTER

by F . Beer-sen, DK I YZ

Sinc e it is often t he ca se that a shortwave SSB t ransmitter is avaflable in
addition to a crystal -cont rolled VHF t ransmitter, the author has developed a
sim ple cIrcuit which a llow s th e variable Ireqaency oscillator of the shortwave
transmitter to be used fo r feeding the VHF t ransmitter. This results in vari
able frequ en cy ope ration on t he 2 met re band, without having to p rovide a se 
per-ate VFO for t he 2 met re t r-a n s mit te r- o r to purchase or bu il d a complkcated
SS B t raneve rter- , The VF O of a modern SSB t r-ansmttte r Is no r mally very stable.
On t he other hand, the r equired measu res t o obtain t he s am e fr equ ency stabi
l ity whe n using a VHF-VFO o r to construct a SSB t r-ansve r-tez- would be more
extensive. This means th at t h e followin g accessory could be very useful in
achieving this a im : VF O ope ration on VHf" in the most inexpe n sive and eaaiest
manne r .

1. CIRCUIT DETAILS

The p rinciple of t h i s VFO a cces s o r y can be seen from the bloc k diagram given
In Fig. I . T he var ia bl e frequency ! r om a SSB transmitter V F O is m ixed in a
balanced modulator with t h e fix e d frequency of a crystal oscillator. This is
followe d by filte ring out t h e f r-eque ncy range o f 24 • 24. 5 MH 7. wh ic h is eubse 
quently a mplifie d . T he VH F tran s m itte r is equipped wit h a switch th at a llow s
t h e ( 8 MHz o r 6 J\.ffi z ) crystal to be disconnected a nd th e control g rid of the
oscillator tube to b e connec ted to a wideband p r e a m plifi e r . This wide ba nd am 
plifier increases th e l e vel of t he a uxilia ry fr e qu e ncy so t ha t it is s ufficient t o
d rive t he oscillator t ube into class C . The desc s-Ibe d c i rcuit is ba s e d on a
variable fre qu e ncy o scilla tor o f 5 - 5 . 5 ~niz , as are u s e d in SSB tra nsm itte r s
equipped wit h 9 J\.ffiz crystal fil ters . Thi s means that the crystal oscillator must
ope rate a t 19 MHz in orde r to gene-rate an output f r e qu en cy of 24 .0 - 24.5 MH :t .
Of course, othe r VFO fr e qu encies aa we ll as other crystal- cont rolled rr eque n 
ctes can be u s ed .

s , ? +1, v
I-jl~

fYS'<JlOS<"1e\Qf ~1C' 24-2'5 2'-2'S I I = T
I ~ I\ "'H. '9 "'H, =~'::$ ~'!'- i -I-~ --T! so,T L ~:: _
I '"j' ,.,,"", t zrt a i I - - ' ~u~- -;-
~~l~:"'_~==-=-_-=-==-_-=----.J_J 'S. ,. U
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,
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2. CONSTR UCTION
Fig. 2 : Circuit diagram IIf the VFO COIWerter

Fig . 2 shows the circuit diagram of the converter. The wid eband amplifi er
s ta ge in th e VHF t r an s m itter i s no lo ng e r gi ven In F ig. 2, be cause the dI
mension ing de pends greatly on the transm itte r used , and. l.n some cases. it
may be possible fo r it t o be deleted comple tely.

The p rint ed cir c u it board DL 7 HR 001 11'1 availabl e fr om a p r e vi ous public a 
tion. The c ry stal oscillator (T 1 ) of the original circuit was modified for
19 MHz and t he bandpa s s fil t e r of t he a m plifi er s tage s (T 2, T 3 ) were dl 
mcnetcne d fo r a frequ en c y ran ge of 24. 0 to 24 .5 MHz. In the ori gi na l deac r-ip 
tion , th e balanc e d mixe r a nd the t wo -stage amplifie r we r e accom moda ted on
t hi s boa r d . The u s e of this PC-boa rd is t h e rea s on why ge rmanium transist o r !>
are used; on t he other hand, there a re no important t e c hnical r-eaeo na for using
silicon t r-anai stor-s in this application.

The printed cir c u it boa rd DL 7 8R 001 i s given In F i g. 3, a s is the co r res 
pon ding c om pone nt location p lan. A photograph of t he conve rte r is give n in
F igure s 4 a nd 5 .

3. COMPONENTS

T I : AF 11 5, AF 135, A F 106 , 2 N 1502 A
T 2, T 3: AF 11 6, AF 13 7, A F 121 , 2 N 37 0 o r s im Uar
T 4: 2 N 2926 , BC 106 or sim il ar
0 1 t o 0 4 : AA Z 14 o r 4 x OA 154 Q

All inductances are wound on 7 m m di a m et e r c oil form e r s with 6 mm core.

Wire: enam e lled copp e r wi r e 0 . 5 mm diam et e r ( 24 AWG )
L 1: 12 t u rns L 5, L 6. L 8 , L 9: 15 t urn s
L 2: 3 t u r ns at the c old e nd o f L 1 L 7: 3 turns a t the c old en d o f L 6
L 3 : 1 tum at the cold e nd of L 4 L 10: 3 tu rns a t t he c ol d e n d of L 9
L 4 : 15 turns

It may be ne c essary fo r the resonant ci rcuits comprising inductanc e s L 5, L 6,
L 8 and L 9 t o be dampe d w ith 10 kn r e sistors .

4 . A VAILAB L E PA RT S

The p rinted cir cu it boa r d DL 7 HR 001, th e semic ondu c tors, crystal , a pa rt ia l
kit and a com pl et e kit a re available from t he publlshers or t he i r national r e 
pr-esentat f v e s ,
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Fii. 4 : VFO accesso ry with prin ted eircu it boMll D L 7 HR 001 from .bow.
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A 70 em TRANSMITT ER WITH VXO EXCITER

by E . Be r b e rich , DL 8 ZX

A 70 cm tranllmitter ill to be deac r-ibed t hat i s suitable fo r both AM and video
t r enemte e tcn s . T he exciter of t h is tra n sm itt e r is based on a 27 MHz VXO
sim ilar t o that de s c r ibed in ( I) . Such a VXO was fo und to be e xt r e mely fa 
vou r a ble s inc e , firstly . c rys t als in this frequency r ange a re available inex 
penetve ty with spacings of 10 kHz a nd. aec ondl y , because the Ireqcency multi
plication factor of 16 result a In a wide fr e qu en cy variation ranee . The block
diagram given in Fig. 1 indicates t he frequency processing and other details
of th e t r-an srnktte r- line up. The 2 m etre band is avoided during the frequency
m ultiplying proces s so that no spurious 2 metre s ignal i s present when working
duplex 2 m/70 em or when operating 1n conjunction wit h a frequency t r ans l ator
( e. g. ARTOB o r OSCAR 6 ) . The l a s t four stage s a re e qu i pp l:d with t u be s; t he
powe r amplifier s tage equipP'-"d with the EC 8020 is cathode -modulated. The
fo u r-li tage transistorized modulator poaee a s e a wideband char-acte r-Iatic s and can
the r e fore he usee for amateur television t ransmtastcns , The v id eo signal is fe d
t o the m odulator via a 4 .5 MH z lo wp as s filter. In the voice mode, t he modu
la tor i s fed via a two stage pr-eampl f ff e r-,

,
P£P

" 0 ., Butter ., ., GB
I-

PA
~c27.... I4-\z: - 1OB..... MHz - 216•....Mftz f-- t 33 MHz f-- t33 MHz t33 MHz
433 MHer 21L Bf 173 ECC91 ECC9\ EC. " 0 EC eozo ~w

video signal0--
lowpass
tilter
f:4.5MHz

ATV Moo
~O-l.,S MHz

AM T12-TtS

Microphone A'
amplifier f--- -' DL 8 ZX

f ig. 1: alack d iavr-m of me 70 em tranlminer for AM and tell1Yili()l'l operati()l'l .

1. T il E VXO EXCITER

F i gu r e 2 s how s the circuit d ia gr am of the VXO exciter. The osc illator stage
opc r-etcs in a common -conector confil,'lJ r ation at the crystal frequency. The
swttchable c r y st a l s an d the frequ en cy pulling rea ctanc e L 4/C 4 are to be found
in th e fe e dba c k link between the emitte r of transisto r T 1 and a tap on the
27 MH 7. r e sonant circuit c om pr-Iaing L I, C I and C 2. The resonant c olle ct o r
ci rcuit comp ri s in g L 2 and C 5 1s t uned t o a fr e qu en cy of 108 r.fH z . Du e t o the
la t-gc Ir-equency spacing and t he very low reacti ve capacitance of t he rranstator-,
p r a ct ic a ll y no r e action on th o ba s e c ircu it can be observed when tu ning t he
couectcr ci r cu it .

The c olle c t o r ci r c uit fo r ms a bandpass rn t e r together with the base circuit o f
t he following stage . T h e very low r-e e ctive tran s i s t o r T 2 operat e s a ll a bUffe r .
App roximatel y 250 mV are available at 106 Mliz on the 60 n tap or the collec t o r
resonant ci rcuit.
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Fig. 2: CirC1.ln diagram of the VXO excite r

T h i s VXO circuit will also be suitable for o p era tion on t he 2 metre band if
29 MHz c ry s ta l s are used and the resona nt circuits dimensioned 80 that the
5 th ha nn on ic i s selected. How e ve r, pull ing range and ou tput voltage will be
lower.

Of co ur se, diode s can be use d inste a d of the sw it c h for s e l e ctin g th e crysta l s.
A su it a bl e circuit w a s given in (2) .

If a va racto r diode ( e .g . BA 1 24 or J N 54 72 A ) is used instead of t he variable
capacitor Col . it is possible for the transmitter t o be u s e d in the FM mode 8S
desc ribe d in (3 ) .

1.1. ASSEMBL Y OF TilE VXO EXCITEH

T he VXO excite r circu it g iven in Fig. 2 can be bu ilt up o n a printe d circu it
boa rd with the d ime nsions 70 mm x 40 rnm , Figu re 3 s hows t h e p r inted circuit
board D L 6 Z X 001 together with t he component l oc a tion pl an. T he p rin t e d cir 
cuit board c a n be enclo s e d in a m et a l c asin g a s shown in F i gu r e 4 . T he ba nd 
pass filter comp rising inducta nces L 2 a nd L 3 is accommodated in a c om m on
screenin g can. Inductance L 1 ig etsc screened. Fu rther- o c ra n s of the con 
struction can be seen in Figure 4.

T h e variable capacito r C 4 and the c ry s t a l s witch should be c onne cte d using
s h o rt straight wire s to the c onne c t ion point s on th o: P C board .
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Fig. 3 : frintlld circuit board DL 8 ZX 00 1 of the VXO exciter
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Fill_4 : Photograph of the VXO ellcite r

1. 2. COM P ONENTS

T I:BFI15.
T 2 : SF 173.

SF 224 .
SF 224

S F 173

L 4:

•L 1 : 10 tUnIS o f 0 . 6 m m d ta, (23 AWG ) silk - covered c o ppe r w i r e on a
4 .3 m m coil former wit h c e r-e, Sc r('t'nmg can : 12 . 5 m m :K 12.5 mrrr x 18 . 5 mm

L 2. L 3 : 5 t u r ns o f 0. 8 m m dia. ( 20 AWG I s Uv e r - pla t e d coppe r wire wound
on t o coil fo rme rs 8S fo r L I with VHF c ore. Spac ing bet ween t he
c ent r es of t he 2 inductanc e s : 12.5 m m
scre e ning c an : 25 mm II 12. 5 mm II 18 m m

I S tu r-ns of 0.25 mm dis . (30 AWe ) sil k - c overed c opper wire on a
coil fo rm er an d cor e as fo r L I.

1. 5 : 6 . 5 tu r ns . wire , c on fa nn e r a nd core as for L 2

All c r y st a l s a re HC - l S / U tYI'CIi.
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1.3. ALIGNMENT OF THE VXO EXCITER

The inductances L 2 and L 3 are preliminary aligned in their unscreened cOn
dition to 108 MHz with the aid of a dipm ete r-, The cores should be inserted by
approximately half. The operating voltage should be connected so that the trans
istor capacitances attain their operative values. After the preliminary alignment
has been carried out. the screening can should be mounted into place . Induct
ance L 1 can now be preliminary aligned. The final alignment is made for
maximum output voltage. The frequency variation range at 432 MHz amounts
to approximately 100 kHz for each crystal. If the previously mentioned frequency
modulation attachment is to be used. this can be adjusted by monitoring the
signal on a VHF-I"M receiver tuned to 108 MHz .

3. FREQUENCY MU LTIPLIER. POWER AMPLIFIER. MODULATOR

Figure 5 shows the circuit diagram of the 70 cm transmitter with modulator
and power supply. The 108 MH" signal from the exciter is fed to connection
point Pt 10 from where it is fed to the two push-push doubler stages ( VI.
V 2 ). These stages are fed in push-pun. The parallel-connected anodes, how
ever. operate in push-push which means that frequency doubling occurs . The
balance of this arrangement ensures that no uneven harmonics arc generated.
The subsequent driver and power amplifier stages are equipped with modern.
high-gain triodes . A bandpass filter Is provided between all stages; the cathode
circuits of the last two stages are series resonant circuits comprising a cou
pling link and a trimmer capacitor.

The amplitude modulation is made by driving the transistor T 15 which repre
sents the cathode resistor in this circuit . The operating point is adjusted with
the aid of the base resistor.

The modulator tran sistor T 15 i s fed via the driver transistor T 14 from a
differential amplifier comprising transistors T 12 and T 13 . lf transistor T 12
is fed with the video signal. no phase reversal will take place. whereby when
driving tr·ansistor T 13. a phase reversal ( and 6 dB gain) will result . Accord
ing to t h e polarity of the output voltage from the t elevision camera, the TV lAM
switch should be connected to either T 13 or T 12 . The 6 pF capacitor for t reble
lift is soldered to the base of the non-driven transistor.

The power supply provides two DC voltages in addition to the heater voltage:
approximately 300 V for the power amplifier stage and approximately 150 V for
the frequency multiplier and driver stages . The rectifier arrangement operates
as a bridge circuit for the 300 V supply, whereas the 150 V voltage is obtained
in a pu eh-pul) rectifier circuit using the two diodes whose anodes are grounded .
The transistorized stages and the VXO exciter are fed from a stabilized 12 V
voltage source. A 12 Vzener diode protects transistorT 15 from excess voltages.

"

Fig. 7: l ower view of tho 70 em transmitter - 37 -



Fig. 6 : Photograph of the 70 em transmitter
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Fig. 8: Dimensional drawing of thll 70 em tran smitter

2 .1. ASSEMBLY OF T H E TRANSMITTER

The R F portion of t h e transmitte r comprising the four tubed stages is built up
on a chassis measuring 200 ill lon g; 30 m m wide and 35 mm high . T he chassis
can be made out of brass plate or copper -coated PC -board material. The photo 
graphs Fig. 6 and 7 showing t he author's prototype and th e dimensional drawing
given in Fig. 8, provide details as to c on s t r uc t i on . Screening panels are mount 
ed across the tube ba s e s of t h e t wo 433 MIl" amplifie r stages V 3 and V 4. All
trimmer capacitors are aligned fr om above . All feed-through capacitors are
located on one side . T h e inductances L llL 2, J. 3 and L 4 are accommodated
on coil form ers; inductanc es L .5 to L 8 a re s e lf-supporting, L 9 and L 10 are
resonant line circuits. The t ube ba s e s a r e m ounted by s oldering their cathode
( V 1, V 2 ) or grid con nection s { V 3, V 4 ) t o th e g round surface and fixing
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with dual -compon e nt adhesive. Tubes V 2 and V 3 are provided wit h scr-eening
c ans that are made out o f thin t in or coppe r plate and c onn e ct e d by t wo s ho rt
pie c e s of thick wire to the ground s urface . T he feed -through capac itors r epre 
s ent co nn e ction point s Pt 11 to Pt 18 . T he modulato r. l owpe s s filter and power
su pply are bu Ut u p in a conventional manner and connected t o these points. T'hc
wideband m odul at o r should be well screened in order t o avoid RF injection .
T ransistor T 15 should be provi ded with cooling fins.

2 . 2 . SPECIAL COMPONENTS

19

I-

fl

V I , V 2: EC C 9 1, 6 J 6 ; V 3 : EC 8010; V 4: EC 8020;

T 11 : BC 108. BC 18 3. 2 N 3903 o r similar silicon A F types
T 13: SF 115 ( possibly also 81" 224, BF 173)

2 N 1613. 2 N 221 9. BSY 84
BC 160. 2 N 35 02 . 2 N 2905 A ( s ilicon PNP, Ic m ax: 0. 6 A )
ZD 12 o r BZY 92/C 12 ( 12 V/l W z ener- diode)

2 turn s of In sulated copper wire wound ont o L 2
8 turns of 0.8 mm dia , (20 AWG) silver-plated c oppe r wire wound on to
a 6 mm dia. coll fo rme r . clos e wound . with VH F c o r e .

L 3 : 3 tUITlS o f 1.2 mm dia, ( 17 AWG) silve r -pl ated coppe r wire wound onto
a co il former with core as for L 2.

L 4: 4 tUrTI S with centre tap, othe rwise as L 3
L 5: 3 turns of 1. 2 mm dis . ( 17 AWG 1 s ilver -plated copper wire wound onto

a 6 mm former, s elf- supporting
L 6 : I turn of 0 . 8 mm dia . ( 20 AWG 1 insulated coppe r wire.

s ame di rec tio n as L 5. spac e d 3 mm from hot en d.

L 7 : as L 5 '::::::~::::::::j' 1..t
L 8 : as L 6. in th e s ame axis a s L 7 r I
L 9 : 90 mm long piece of 1. 2 mm ( 17 AWG) ~

or thicker s il ve r - pl a t e d copper wire.
bent according to sketch .

LID : Wire as for L 9. 30 mm long, s pac ed app r'ox , 5 mm from L 9
L II, L 12: 23 turn s o f 0. 25 mm dia . (30 AWG) s ilk - c overed copper wire

close wound onto a 4. 3 mm c oil fo r m e r with c o r e .

T I D.
T 12.
T I '
T 15
D 10
L 1:
L 2:

ce 1. Ch 3 : Ferroxcu be wi de ba nd chokes (Philips 43 1202036701 )
e n 2. Ch 4 10 Ch 7: It.j 4 cho kes of O. 5 mm dta, ( 24 AWG ). 17 cm l ong, woun d

on a 5 mm former. close wound, s e lf- su ppo rt ing.
C 3 to C 8 : 0.6 • 5 . 1 pF ce ram i c t ubula r trimmer s ( P hilips 2222 802 96067 1

3. A VAIIA BLE COMP ONE NT S

The P . C . board DL 8 ZX 00 1 and various component !; are available from the
publf she r-s o r their national repre s entatives. Plea s e s e e advertisin g page s .

4 . R E F ERE NC ES

( 1) K. P. Timmann: Variabl e F r e que ncy C rystal O s c illator ( VXO 1
VH F COMM UNI CATIONS 1 (1969). Edition 2. P a ge s 87 - 94

(2) G. Laufs: A SSB -Tran s c e iver with Silicon Tra n s i s to r Compl ement
P a rt 2 : The 9 MH z 'r'ranecetver

VHF COMM UNI CATIONS 2 (19 70) . Edition 2. Pages 65 - 75

( 3) E . Ha rme t: Na rrow Band Frequency Modul ation o f
Overtone Crysta l Os c il lato rs

VHF COMM UNICATIONS 2 (1970). Edition 1. P a ge e 28 -30
- 39 -



A SIMPLE METHOD OF MEASURING THE f.'R f.;QUENCY DEVIAT ION

by c. c-e-, VE 2 AQX

Wh ereas the method of m e a s u ring the modulation dcpth of amplitud e modulation
{ AM ) with the aid of an audio gen er-ator- and an o scill o scope is well kn own by
most amateurs, a s im plc method of measuring th e frequency de via t ion of f re
qu ency modulation ( 1"1'.1 ) i s v irtually unknown. F or thill reason, such a m ... th od
is m ost certainly of great in t l:'r e st to VHF -UHF ama t ..urs since 1"1'.1 itl ga ining
popule r-Ity, especially on th e UHF bands.

l. FREQUENCY MODULATION

The radiated RF energy r ema in s con s t a nt in t he FM m ode whe r ea s the I r-equency
is va ried in step wit h th e m odula ting audi o frequency . At a modu tar tn g f requency
of I kH z, the t r a n s m itted Ir-eque ncy varies a r ou nd the m ean fr equ e ncy ( un mo
dulat ed c a r r i e r frequen cy) 1000 times per second to the va lu e o f the frequency
deviation.

The freque ncy spectrum of an F M signa l modulated wit h a sinusoidal Ir-equency
c an be de s c r i be d in a etmllar- way to AM a s a car rier fr eque ncy and stoe
(band) freque ncie s . The spacin g of t he side f r equcnei...s to anothe r cor-t-eaponde
t o the m odulating frequt-ncy . T heoretically s peaking a n in fin it e num be r of side
fr e qu e ncies are generat e d; th e les s that are t ran a m itt t' d, th e h igher will be the
d i st o rtion of the modulatin g f requency . For tngh -qualny F r.1 t r-an s m rss to na , t he
bandwidth must be l a r ge e nough that all side Ir-eqaenci ea are tr-an ernit t e d a t a
minim um of 10/. of the am plitude. For voice tran s missions, it is su ttictent wh en
side frequencies of more than 10% of the unmodul ated c a r r i e r Ir-equen cy nm plt 
tude are radiat ed ( 1% of th e power) (1 ) . T h O' following rel ationship 1s valid
for the required bandwidth B in kHz :

B = 2 x ( U + fmod )

whereby : D is the maximum Is-equ en cy de vt ut lon in kH z and
fm oo is th e highest m odulating fr e qu ency in kH7. .

The sum of a ll power le vel s o f all s ide frequenc ie s and th e carrie r fre qu e ncy
is the c on st ant transmit power l e ve l. The am plitu de of each individual side
frequency as well as that of the c a r rie r rr-equcncy is dependent on th e m odu 
lation index M. T he depende nce can be shown graphtc an y as Bes seI function s
as Illustrated in F i gu r e 1. The amplitude of the carrier fr e que ncy and th e first
26 side frequencies can be read o ff as a fu nction of t h e m odulation inde x M.

Without modulation ( M • 0 l , t he c a r rie r frequency pos s e s ses the fu ll a m pli tude
1 whereas all side frequ enc ies have the ampli tu de O. On m odulatin g with M = 1.
the a mpli t ude of the c a r rier I r-eq uency will fa ll to a pproxtmatety 0. 77; th e fi rs t
s ide fr e quency obtains a va lue of 0 .45 , th e s econd O. I I etc . It c an be seen t hat
th e c a r rie r fr equency am plitude pa s s e s zero fo r the fir s t time at M • 2 .4 .
Alte rnately the zero passes of th e carrier fr", qu",ncy a mplitude corrl:! s p on d to
m odulation indic es of 2.4, 5.5 , 8.7 etc. The fr equ ency deviation can be c al 
cu lated from the modulation inde x and the know n m odu lating frequen cy Irncd in
the follow in g manner:

D • M x fm od (with n and Imod in kHz )
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2. FREQUENCY DE VIA T IO N MEASUREMENT

Practically speaking, the frequency deviation measurement is not as complic at ed
as it may seem from the fundamental consideration s of the p r eviou s section.
The siml'l<est method is to modulate the transmitter with fmod " 1 kHz . A very
narrow band r eceiver, tuned firstly to the ca r rier fr equ ency, will indicate an
amplitu de minimum when the m odulation in dex is M = 2.4 and thus the frequen cy
deviation is 2.4 kllz . On increasing the frequency deviation further, a sec on d
a m plit u de minimum will 1.>1" obse rved when M = 5 .5 or 0 = 5.5 kHz is obtained .

The simplest method of making the measu rem ent is to use a receiver equipped
with a CW filter; the S meter can be used for indicating the signal amplitude.
The author used an FM receiver which was equipped with a Q multiplier con
nected to the IF amplifier. Of course, the Q multiplier was well screened to
avoid RF inj ection . By increasing the degree of feedback to jus t b efore the os
cillation threshold, the bandwidth is so narrow that practically only the carrie r
f requency is passed . A valve voltmeter ( VTVM ) with RF-probe or an oscillos
cope can be used for indication . No calibration is necessary . It is only impor
tant that the frequency of transmitter and receiver a r e s t a bl e enough that the
carrier frequency r emains within the pass band of the CW filter Or Q multi 
plier. In addition to this, the receiver must have such a narrow bandwidth to
ensure that the aide frequencies are not evaluated in the indication . If only an
SSB receiver is available ( B = 2.4 kHz ), the modulation frequency can 1.>1" in
creased, for instance, to 2.5 kHz . At M = 2.4, 0 will be 6 kHz and at M = 5.5 ,
Il will be 13.75 kHz.
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Fig. 2 : Output voltage of the a mult iplier It the
lim ,.,0 pass of ttl, c:arrilll'. Modul8tinll
frlquency 1 kHz . timl -'e unc:Ili~

Fig. 3 : SecoOOZlll'O peu Fig. 4 : Third zero ~. X-deflection in~
by fllCtor 2

Figures 2, 3 and 4 show t h e phot og r a phed oscill o s c op e t races of the Q mul ti
plier ou tput volta ge at t he fi r s t , second and t hi r d z e r o pas s o f the c arrier
signal . P r a ctic a ll y . t hi s can be ca r-r- ter- ou t by s lowly inc r e asing the low -distor
tion m odu lallng voltage from zero and m e a s u ring t he input voltage of the m o 
dulator a t each zero pass . If the appropria t e f r e quency deviation is d r a wn gra 
phically aa a function of t he audio voltage in put t o th e m odulator, it Is pos s i bl e
fo r th e frequ en cy deviat ion corre spon d ing to a gi ven au dio volt a ge t o be r ead off
d i r ectly . If a va r i able. calib r a ted audio gene rat or i s availabl e, the f r e quency
deviation can be dete t-mtned wit hou t calcula tio n with t he aid of the g r aph given
in Fig . 5. More accurate and more extensive values art' given in th e table wh ich
lists t hose modulating frequenc ies by wh ich the firs t a nd second zero pa s s of the
carrier vol tage will occur fo r the variou s fr-e quency deviation values .

Fi rst z ero pa s s (M • 2. 4U48 ) Second zero pa o:; s ( M .. 5. 520 1 )
Frequ en cy de v . AF s ignal F requency dev , AI<' sign al

in kHz in H:t in kHz i n Hz

I 416 5 ' 07
2 631 10 1815
3 124 7 15 27 18

4 1663 20 3625
5 2079 25 4530
6 249 4 30 5430

7 2911 35 6340
6 3326 40 7 250
9 374 2 45 8 160

10 4158 50 907 0
15 6237 35 9975
20 8316 60 10880

25 1039 5 65 11 78 0
30 124 80 70 12690
35 14 550 75 1359 0
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Fig. 5: Frequency deviat ion 0 as a function of th e modulating frequency fmod at the first and
second zero pass of the carrier frequency

3 . RE F E RE NC ES

( 1) H. Koch : T r an s i s t o r s ende r
F' r-a nzf s Ve r lag, Munich, 1969, F requ enc y m odulat ion section

( 2) D. E . Schmitzer: I s F r e qu e nc y Mod ul a tion Advantageous on the
\ 'H ,,"'-L:H F Bands?

VHF COMM UNICATIONS 2 (1 970), E d itio n I, Pages :n~2 4

VHF CONGRESS WEINHEIM (W . GERMANY) 1971

We would like to point out that the annual VHF Congress is once again taking
pl ace in Weinheim, near He idelberg/W. Germany. This year the conference is
to be he ld on the 18th and 19th of September. It offers continuous lectures by
outstanding Eu ropean VHF/UHF/SHF amateurs as well as facilities for discussion
groups on diverse topics appertaining to amateur radio at the higher frequencies.
We ex tend a cordial welcome to all VHF/UHF amateurs.

SUMMER HOLIDAY

The Publishers and the Material Sales Department will be taking their summer
holiday during the month of August 1971. Since we are not ab le to dispatch
or der s or answer queries in this per iod, some delays could be encountered in
receiving your orders or answers. If you require item s within this period, please
order them well before hand.
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A SYNT HE SIS VFO FO R 14 4 - 14 6 MHz OR 135 ·137 MHz

by G. Be r-gmann, DJ 7 JX and M. Streibel , DJ 5 HD

INTRODUCTION

The following article is to describe a variable frequency oscillator whose fre 
quency is generated a c c o r din g 10 t he frequency s ynthe s i s principle by mixing
a variabl e o scillato r fr e quency ..... ith that of a cryst a l o s cillat or. The bl oc k dia 
gram gi ven i n Fig. 1 sh ows the frequen cy p r oc e s s ing an d t h e stage s of t h e
synthesi s VFO, which c onuist s of two moduje s , On e m odul e com p r i s es the va r 
iable freque ncy oucHlato r- of 11 t o 13 MHl and a buffer s tage. T he other module
consists of t he crystal osc Illator- ( 66 .5 or 62 .0 MH,. 1, a frequency doubler
stage ( 133 o r 124 MH « I, the pulih -pull mixer s t a ge and a n a m plifier stage
tun e d to the required ou tput frequ en cy range of 14 4 to 146 MH z or 135 to
137 MH<: . A ph a s e reversa l s tage previ ou s to the mixe r an tI a volta g'.' s tab i 
liz.e r- fo r the powe r supply of t he var-Iable fre qu ency osctjjato r complete th e
second m odul e .

The m ain c on s ide ra ti on during th e const ructtcn of this eynmeete o s c ill ato r was
that variable frequ ency os ot jja r c r- s po sse s s a sufficiently high degree of frequen 
cy stab n tty up to a fr e qu ency of a pp r'ox , 12 MH 7. without havin g to p r o vi de ex 
tensive measu r e s to a chi e ve th is a im . D Ul' to the fr equency conv e r s ion with a
c rystat -cont r-oned fr e qu ency , the frequ enc y stability rema ins p r actically th e
sam", at the output treqcency . Ho wever, it is nece s s a r y fo r the crystal and
image frequency to be suppressed by resonant circuits or filt e r s a nd for the
most favou rable dy n amic characteristic to be chosen so tha t the conversion
product s fall ing within the frequc ncy range of inte r e s t are kept as low Ill> po s si 
bl e , With the desc r ib ed o s c ill at o r , the combination fre qu e ncy fo r med from t h e
rourtn h armoni c of the cry s t a l frequen cy ( 266 MHz ) a nd t he tenth h a r m on ic of
t he varia ble f requency ( 110 - 130 1\1H« ) i s t he lowest ordinal numbe r fall in g
wit h in the 2 met re ba nd. Thh:l did not cause a ny interfe r e nce in the au thor 's
case . Acco r din g to m ea s u r em e nt s made by the a uthors , the auxil iary frequency
ot 133 MH 7, is suppt-e s sed by more th a n 60 dB .

The synthe sls VFO requ ire s lin op e r ating voltage o f 12 V. An RF voltage of
appro" . 0.4 V at a n im pedance of 50 n is available at the out pu t . Th i s m e a n s
t ha t It Is s uitable for feeding a st r-arght-eb rough, a m plttude-modutated trans
mitter. fo r cxam pl e , equipped with the following s tages: SF 224 ~ 2 N 918 
2 N 38 66 - 2 N 3553. F i g . 2 shows the circuit di a g r am of s u ch a t ranermtte r
as an exampl e , T h e p r- e vi ou sly described tra n sm itters DJ 1 NB 004 (1) and
DL 3 WR 003 ( 2) can a lso be \lsO;'d in a similar m anner if the ini tial stages a r e
modified to 145 MH «.

With a n ou t pu t fr e quency of 135 to 137 MHt t his s ynthesis VFO allows t he two
mixer stage s oI a SSB t r ansmit-rec eive converter 9 MH ,,·1 4 5 MHz t o b", d rive n .
Fig. 3 show s a bl ock diagra m of such a configu r ation, This m c a ns th a t this
synthe sfs V I,'O can be used t o gethe r with th e SS H transm it ter and rec e i ve r- mo 
dul~·" DJ 9 ZH 001 (3 ), DJ 9 Z it 003 , DJ 9 2R 00 5 (4) and DJ 9 ZR 006 (5) .

I. C IRC UIT UKJ' AILS

Fig, 4 s how s the circuit diagram of the actual VFO module. The variable os 
cillator (T 10 1 ) i s provide d with a stabl ll z ed ope r-a t lng volta ge of 8 .5 V.
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Th e fe edback i s made v ia a c a pa cit ive t a pp in g on t he res onant ci rcu it so t hat no
ta pping points ne e d to be soldered on to the coil . T he freque ncy -dete nnining
compone nt s a r e d ime n s ione d so t ha t a reserve of epp ros , 100 kll z t s a vailable
at eac h band limit . Si nce home - m a de in ductances ha r dly ever possess a r-e ,
p r od u ceable t empe rature coeffic i ent, it is not pos sible fo r TC com pens a tion t o
be made. It is, howeve r , favourable for all frequ en cy-determining c apa citors
t o have a TC value o f approximately zero ( bl a ck point).

c"',,"
I-t

R~8

680

+--+-1~1lJ
Cl'3,"

HJ2
SF 22.

R'"
560

cueJ.J
R,'"5B>

RR101

"J21:'" l '"J-lST (}~
'"-50p

With the give n d ime n sioning, t he output voltage of the o scillator modu l e has a
very l ow hann on ic content , which simplifies the subs e quent suppressio n of spu
rious waves conside rably . The buffe t- stage equipped wit h t r-ans tsto r T 10 2 Is
only loo s e ly coupled to t he oscillator via capacitor C 11 0 and is not e quipped
with a reson ant ci rcuit. T he buffer stage is p r ovided wit h the full operating
voltage of 12 V. The output s ignal of the V1"O Ie available at connection point
P t 103 at low impedance ( aporcx. 25 n ).

T101
SF22.

B-F\,OJ 5 HO 001

CW SF 22.
""T""

cm
8.5 ',1 T""s lab

PI'"
Fill. 4 : Cireuit diagram of VFO and buffer (OJ 5 HD 00 11

T he cIrcuit di agram of the second module comprisin g crystal oscillator , mixer,
a m plifi er and voltage stabiliz e r i s given in Fig. 5 . The c rystal oscillato r ( T 20 5)
is followed by a frequency doubler ( T 206 ) and a n inductively - cou pl ed bandpass
filte r for filt e r in g out the a uxilia ry frequ "ncy . The sou r c e electrode s of the
two jun ct ion fi eld effect transi s to r s of the push-pull m ix er ( T 202, T 203 ) ar-e
driven via the coupling link L 20 9 a nd t wo il,;olating capacitors ( C 20 6. C 207 ) .
T his is m ade in push- push .

The varia ble frequency signal is fed from conn ection point Pt 201 to a phase
reversal s tage equipped wi th the field c rrect transistor T 201 . At t he sou rc e
conn ection of thi s transistor. th e signal is 10 ph a se wit h t h e input signal, a t
th e dra in conne cti on , howeve r , th e phasl:' is shi ft e d by 180° . Since the two
r esi sto r s R 202 and I{ 203 are equall y great, both gate elect r o dc s of the mixer
stage will rec e ive the same amount of signal In pu s h - pull . The t r immer poten 
tiomet e r P 20 1 in the source cir cu it of the mixe r sta ge is us..d t o balance the
opc r-a ttng points. The push - pull d rain circuit possesse s two t rimmer c apacito rs
whic h a llow t he r e s o na nt circuit to be balanced . T o ge the r wi th t he resonant
circuit comprising L 202 and C 211 . t ne pueh-puf.l d rain circuit Io rm s a band 
pass fil t e r tu n ed to t he output fr e qu ency of 144 to 146 MH z or 135 to 137 MHz .

46 -



W
'

c

B-
t
:
:
t
'\

B
C

10
8

~
2
N
7
0
8

,
a

B
F

16
7 c

a

T
20

4
BF

16
7 M':1

~
"CO

C
21

5
21

6
[

?f203
IR

Z
07

2
2

nl
8.

2p
I

.."r
'

xi
s

I
27

0
I

21
7

Ilr
n~6'

O
I I

D
2:;

"
Zo

o
9.

1

C
21

2 '"
L

20
2

II--
-t-- if

21
3

c;'l
'"

2
13

p
I

L
2

0
3

lR
__

I
12

2
k

I

•
:"
'.

Z0
1

\I:
'T IN

[

o
m

r2
, O

ln

P
I

,· .1,

C
2

'4
I

"'
tU

n
I

_
_

_
_

_
~

L
~

T
W

7
l

BC
10

B
D

~~
.t;

~97
BF

2t.
5C
J
s

~r
;
)

BF
2t

.t.
I

s
tC

D.
T

IS
88

S
--

0
T

IS
3<

'
R

2
17

'"
C

c2
09

2
-1

31
'

RO
l1

6 "'

L
20

7
L2

08

" 'I
R

21
S, "

e2
20

T-2
2

n

6·
12

V

"w
e

e2
2

1
22

p
=

"'"
1"o

" '"
R2

13
~

22T
m

11
nJ

.
]

1
~'l

li
C
~

9
,

U

'"

R
I2

12
O

l.7
k

O
J

5
H

D
00

2

T
20

1
~

B
F

21
,5

.p
' • n ~.

c
zo '"

"
P

I
2

01
o--

J
~

11
-

13
M

H
z

~. 3 a

"0'1
""

0
10

0
k

1k

I
R

2
0J ".

0

cl
~~
l-
r

& s- .~ "• .'~
e
m

~
r
-
-
-
-
-
-
-
-

0"
"

T
'"

it
I

T
20

5
P

t 2
0L

_
;

I
2

N
70

8
e

-m
:

T
20

6
c.;;

;m,
~

11-
~

I
T

ra
"'"

ie
c

2
N

70
8

,_
"

"
,,

"

a
,e

m
T

T
I~

4
I"

::.
.

~!
I

E
I

• Ii
I

g
I

./>
~

I
"



The subs e qu ent amplifier sta ge with transi st o r T 204 is a s t raight etbr ough am
pl ifier which means that a transistor with a very low reactive c a pac it a nc e is
required. At t he ba s e of th i s tra nsisto r , a n abso r ption circuit ( L 203 /C 213 )
i s prov id ed which is tuned to t he auxilia ry Fr-equenc y of 133 MH z o r 1 24 ~rn :t .

Th is suppr-eeeee t h e auxil ia ry fr-equency in a ddition to t he other measures by
an a ddit ion a l 15 d B . The ou tput cou plin g lin k L 20 5 p r-ovlde e a RF voltage of
approx ima tely 0.4 V measure d at an impedan c e of 50 n at ou tp ut Pt 203 . The
r!'-'sonant circu it s are coupled and tuned so that the out put voltage remains
approximately constant cve r thl' whole frequency r-ange of interest .

2. MEASURED VA L UES

Several prototypes of the de sc ribed aynth e s ia vt-Owe rc measu red by the aut h or s
with r espect t o t hct r- fre quency s tab ility a nd supp res s ion of th .. au x il ia ry fre
quency. The following value e r e p r-es ent mean valu es resulting from measure 
rn ent a on seve r-al oscillato rs. 15 mtnvtee a fte r sw it c h in g on , the rr e quency dri ft
am ount s to a pprox im at ely 50 H:t/ 5 min. In cont inuous ope rat to n,a lon g'-t e rm d rift
of m a x imum 200 Hz / hou r Waf! dete rrr uned 16 hours a fter s witchi ng on . Data ob 
taine d over a pe r i od of 3 hou r s a ner switc hing on is s how n in F i g. 6.

_

..1\ I
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~" I---.

"' -
-

.,
I I

-H OJ • ~D

, " " " ' ; " '" 'Z) ." , ~.,,,.. ..

j .
~ JC

11 :
-x

•

r
Fig. 6 : M88surtd fr9queocy drift of the VFO

A value or m ore th a n 60 d B wa s ml'asurt'd [or the s upp r c u s ton of t he auxi liary
fre que ncy o f 13 3 MHz when referr ed to t he output frequency of 14 5 MH z. Wi t h
out cove r . t he auxilia ry fr e qu e ncy suppression .....a s only 50 d B, wit h c ove r but
without th e prt'viollsly m entioned a bsorption circu it it amoumed to 4 5 d B . Wit h 
out cove r and without abs o r ption circu it. the a uxi lia r y I r'e qu enc y i s only 33 d B
weake r- t han the r e qu i r ed freque ncy .

Wh en alt ering the operating volta ge by ± 1 V, a frequenc y va ria tion of ± 10 11>\
resulted .

3. CONST RUCTION

A s a l r e a dy mentioned , the sy nt he sfs VFO c Ollsh;t8 of t wo m odul e s which are
s h ow n in th e photograph given In Fig. 7 . T he Vl'O m odul e with vernie r d rive
i f! sho..... n to the left. the c rys tal oscillator a nd m i xe r module to th e right. The
cove r s o f bo t h m odules ", e re r em o ve d fo r the photograph .
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Fig. 7: Ptlotogrlph of thlt c:om plete synthllSis VFO

3.1, M OD U L E DJ 5 HD 001

T he p rint ed circuit boa r d fo r the va r i a ble frequency o sc illato r and bu ffe r s tage
has been designated OJ 5 110 00 1. This P C - bo a r d with li s co r r e s ponding corn 
pane nt loc ation pla n Is s hown in F i g. 8 . T he dtrn en s tcn e of this p rinted c trcu u
board are 78 m m x 45 m m . T he phot og raph and d r awing s gfven in "'i g. 9 a nd 10
allow further deta il s of t he const ruction to be st''''n. An a lready available va r·
ia ble c a pac ito r wa s used wit h sin gle e s ided suppo rt of the shaft. However, a
capa c it o r h.aving be a r-In g s o n bo th sides would b ", m ore suitable . The autho rs
found that the rnechan lc al conne c tion t o the ve rn t e r d r ive , h owever, all owed
sufficient stabil it y .

In another pr ot oty pe of th e VI"O. an ineXperH:livt' FM -broadca l:lt capac it or of
2 x 15 pF was used an d th e two stators jo ined toge tbe r , Due to t he differe nt
c a p acitance values, it wa s ne c e s sa ry to vary som e compon e nt va lue s 1n the
V VO. These are given in s ecnon 3 . 1. 1. in b r a c kets . T he stability o f t hi s va r
iable c a p ac it o r with bu ilt - in 3 : I ve rnier wa s fo und to be ve-r-y good . Howe ve r ,
a n exlemal vern ier is m o s t certainly r-equired in addition .

As c a n be seen in the ph oto g r a ph s, tile variable capac tto r- il:l m ounte d on t he
printed circuit board DJ 5 lI D UUI with til", aid of a sm all bracket. Th i l:l mean s
that it is possible to a c eommcdate it in a 45 m m h i gh c a llin g. It should be
noted , that the thicker the metal wall s of tht> c asing, the lower will be the
dependenc e on sh o r-t - t e r-m temperature variatio ns . The two operating voltage s
are fe d into the casing via feed -through ca p a citors of 4 .7 of, the RF voltage
Il:l fe d to the second m od ul e us ing a short pi e c e ot eoaxia l c a bl e .

3. I. I. SPECIAL COMPONENT S FOR OJ 5 110 001

T 101 . T 102: BF 224 ( T t' XIl.l:1 Instruments Germ any)
L 101 : 1 . 6 ~ H ~ 16 .75 t u rns of 0 .6 mm dia. ( 23 AWG j s il k -cove r e d , enam e lled

c o ppe r wire on Q ce r-armc coil fo rme r ot 9 m m dla . , close wound, glued
int o place, h a rd.'n~rl an d aged , Without core. (2 . 9 ~n " 27. 5 t u rn s }.- ..
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Fill. 8 : Printed circuit board OJ 5 HD 001

Fig. 9 : Phot Ollraph of the VFO module (OJ 5 HD 001)

Fig. 10 : Vernier d ri.... of the .....riable capac itor
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C 101: 5 - 50 pF air-spaced variable capacitor, e • g , Philips capacitor
222280415007. ( 2 x 3 - 15 pF connected in parallel)

C 102: 3 - 25 pF air -spaced trimmer (the same with other variable capacitor)
C 103: 22 p F", TCO (not required with the other variable capacitor)
C 104: 15 p l-', TeO ( not required with the other variable capacitor)
C 105: 56 pF. TCO ( 33 pF )
c 106: 150 pF. TCO ( 100 pF )
C 107: 3.3 p F', TCO ( likewise

A spacing of 12.5 mm is provided on the printed circuit board for the resistors.

a. 2. MODULE DJ 5 HD 002

All components of the crystal oscillator mixer module are accommodated on
the printed circuit board OJ 5 H O 002. The dimensions of this printed circuit
board, which is shown with it" associated component location plan in Fig. 11,
are 125 mm x 65 mm , The construction of the mixer output filter requires a
short description: Inductances L 201 and 1.202 are soldered to the printed cir
cuit board with relatively long connections . In this manner. they can be seIf
supported beside trimmer capacitors C 208, C 209 as well as C 211 above choke
Ch 201 . A piece of wire Is soldered exactly to the centre of inductance L 201
which is then soldered to the corresponding point on the printed circuit board.
Fig . 12 shows the construction in the fo r-m of a drawing. Further details can
be taken from Figures 13 and 14 .

Philips spindle trimmers can be used instead of the trimmers used by the
authors ( which are available from the publishers) a s long as the spindles are
shortened by 4 mm at both ends and additional holes are drilled into the printed
circuit board for the ,,;pindles .

Screening plates on the component side screen the three circuits: crystal os
cillator with frequency doubler stage, input circuit. mixer and amplifier stages
from another. The dimensions of these plates are also given in !"ig. 12 . The
edges of the plates are soldered together and joined to the ground surface of
the PC-board by small pieces of wire. A ceramic feed-through is provided in
the longest screening plate. via which the auxiliary signal is fed from connec
tion point Pt 205 to the mixer stage. Capacitors C 206 and C 207 are oonncctod
between this feed-through and their positions on the PC-board.

The cover shown in Fig. 15, containing holes for the alignment. completes the
screening measures necessary for the spur-Ious frequency suppression. Short
tappcd bushings whi.ch have been soldered to the scr-eening walls are used for
mounting the cover.

The resonant circuit with inductances L 204, L 207 and L 208 are preliminary
aligned using a dipmeter- before T 204 or T 206 are soldered into place.

3.2.1. SPECIAL COMPONENTS FOR DJ 5 HO 002

T 201, T 202. T 203: SF 245. BF 244 (TIS 88. 2 N 5245
T 204: BF 167 (AEG-Tfk)
T 205. T 206 : 2 N 708 or similar
T 207: BC 108, 2 N ~704. Or similar silicon NPN transistor
0201: Z F 9. 1 (ITT-Intermetail), BZY 85!C9Vl (AEG-Tfk) or 1 N 4103
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Fig. 11: Printed circuit board OJ 5 HO 002

Fill. 14 : Enl.rvement of the mix... output filter
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Fig. 12: ConUruct;on of the

miller output t iltvr

. -
Fig. 15: Cover of module

DJ 5 HOOO2

, j
When nol othe ewlac stated. all inductanc .. s a r e made fr om 1 rum diamete r
( 18 AWe) sttvo r - pl a t eu copp e r wi n' .

L 201 : 8 tu rn e on a 7 rum fo r-m e t- , centre tap, coil l ength 20 mm ,
self- su ppo r t in g

L 202: 4 turn s on a 7 mm fo r m er, cuil length 11 mm , s elf- support in g
L 203 : 11 . 75 turns of 0 . 6 rIlIn dt a , ( 23 AWe) sil k - c ove red e namelled copp e r

wi re dose woun d on a 5 mm dtarnete r- coil form er. coil length 2.1 rum ,
wi th VHF co re

L 20 4 : 6.5 turns. coil Icngth 15 mm , on coil form"r with core all [o r L 203
L 205 : 2 tu rn e of 0.5 rum diameter ( 24 AWe) insulated wire a l the cold end

of L 20 4 . ends t w is t e d togeth e r- a nd fed to the PC-board
L 206 : 8 .5 turns of O. 6 m m dia . ( 23 AWe) .silk-cove red enam ell e d copper wi re

close wound onto a coil fortner and cere as fo r L 203
L 207 : 5. 75 t u rns ont" a con fo rm er wit h c o rc as for L 20 3, coil Iength 11 mm
L 20 8: 5.25 t u rn s onto a co il forme r with core as fo r L 203, (,oil lcngth 11 mm
L 209: 2 tur-n s of 0 . 5 mm diameter ( 24 AWG ) insu l a t e d coppe r wi r e woun d on

the cold end of L 208 , ends twrsred togl'l h"r and fed t o t h c PC -board

With indu ct a n c ee L 203 , L 204 , L 206 . L 2117 and L 20 11 , the hot end of the coil
i s l ocat e d near th... P C - boa r d .

A spacing of 12 .5 mm has been provided fo r tho' resistors on the PC-board.

Ch 20 1 : wid.. ba nd re r rox c hok.. (Philipf> 431202036701 )
P 20 1 ; 5 k fi linear trimmer r-eststor for 10/5 mm spacing
C rystal: 66 .5 MH7. or 62. 0 MH7. in HC - 6 / lJ holde-r-
C 20 8. C 209 , C 211: 2 - 13 pF air s pal,ed t r im mer
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4 . ALIG NMENT OF TH I.: SY NTH ESI S VFO

Be side s a lign ing the requ i r e d Ir-equoncy r an ge , the va r iabl e oscillator module
DJ 5 HD 001 does no t r equ i r e a ny Iur-th e r- a lign m e nt . A dlpmete r is sufficient
fo r coa rse ali gn m ent . T he final alignment of the fre qu ency r ange is made l a s t ,
in conj unction with the complete synthesis VFO using a calibrated 2 - m et r e r e
c eive r. T he va riable oscillator is not in ope r-a t tcn durin g th e alignment of
m od ule OJ 5 HD 002.

F or the alignm e nt of module DJ 5 HD 00 2, only the crystal osc illa t o r is firstly
brou gh t In t o operation . This is done by conn ec tin g an operating voltage of 12 V
to connectio n point Pt 204 . The frequency of the crystal osc illator ( 66 .5 MHz
or 6 2.0 MH z) i s checked with the aid of a dip-meter. After this, the operating
volta ge is a lso conn ected t o connection point Pt 202 . In order t o align the auxi
liary frequency bandpass filte r with induct a nce s L 20 7 and L 208, the RF probe
of a valve voltmete r ( VTVM J s hould be c onnected t o connection point Pt 205
( ceram ic feed - through ) . Arter- aligning the inductances tor maximum reading,
a value of approximately 1 V s hould result .

F o r the following alignment of t he mixer stage , the c rys t al o scill a to r i s switched
off by disconnecting the opera ting voltage from po int Pt 204. The wiper of the
balanc e potentiom et e r P 20 1 s hou ld firstly be brought to It a c e nt r e position.
Conne ction Pt 202 remains c on nected t o th e operating voltage because when
opera ting In c on junct ion with fiel d effect t ransistors, loaded r e sonant circuits
c a n only be aligned when the FET s are in operation.

The primary c ircuit (L 20 1, C 208 , C 20 9 ) is a lign ed to th e desired band
c e ntre n-eqcency with the dtp-mete r : both trimme r s s hould e xhibit the same
value. T he ope rating voltage i s r e m ove d from P t 202 for t he a lignm ent of the
secondary ci rcuit ( L 20 2, C 211 J. T his c i rcuit is now aligned with the aid o f
the dip-meter t o th e ba nd I,ent re ( 145 MHz or 136 MHz).

T he DC value s at t he sou rce connec ttcne of transi stor!) T 20 2 and T 203 s hould
be e qual ; If t he wiper of po tentiomete r P 201 must be va ried greatly fro m it s
cent r-e position , this will indi c a t t' t ha t the t r an s i s t o r s differ g r e atly from an 
othe r. This wi ll mean that om' 01" t he o th e r should be c hanged f r om another-
tran s ist o r of t h e same type . 100 AA112

~I--r-~t-r--,

.l.Wdg

"
Fill. 16, Tuninil l id

F or t h e Unal balancing of t h e mtxer etagc t o ach i eve t he highest possib le a tten
uation of the D,u xllia ry fr-equen cy, a p rovis io nal tuning a i d is bunt u p as shown
in Fig. 1 5. The resonant circu it of the t un in g aid should be t uned for maximum
reading a t the resonant c ircuit L 20!;l /C 227 . The ground o f t he tuning aid should
be c onnected t o the PC-board ground nl:'ar to t h e output Pt 203. The 10 pI<' ca
pacito r te now placed on t he hot end of inductanc e L 204 . T hl' balancing poten 
t iom e ter P 201 a nd the a bsorption ci rcuit with inductance L 203 should be align 
ed fo r minim um rea ding on the tuning ald . In spite of t he low l'i!ad ing. t he
minimum can be easily seen .

5 . INTERCONNf-:CTION OF TilE MOl ll.'I.ES
Aft e r the two m odul e !> h ave been connected toge ther according t o Fig. 17 , the
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tu nin g range c an be ac t with the a id o f a caltbrated rece ive r . Aftt'r t his , the
p r o be of an RF voltmeter is connected t o connection po int P t 203 and 5011
res isto r connected betw e e n Pt 203 a nd g round. In th i li condition , the ,l('condary
ci rcuit o f the m ixer bandpass-fi lter i s a ligned with C 211 and t he output circu it
with L 204 in such a m a nn e r th at a p r a ct ic a lly e qu a l voltage is a c h ieved ove r
the whole fr e qu en cy r-ange of inte r e s t . T he \'ea il:l to r s hou l d b e remo ved afte r
t h i s . A c oa xi a l cabl e can now be conn ec ted b e tween the modul e DJ ,i IlD 00 2
and the tran sm it t e r . .J.. Transmit

: l
+ ' .1 . 12V

)
~ m PI 206 IPl 202 f

PI lOt .8.5 V s lab.
~ ,tl? ~""

OJ 5 HO001 OJ 5 HO 002 -
PI 203

~103
- -~ 1~ 20'

I I
Fig. 17: Inter(;Onnection of the two modules

For t e s t pu r po se s , it s hou ld be m e ntioned t hat m o dul e DJ 5 liD 001 p rovide s a
vo ltage of approximat e ly 0. 5 V t o t he gate connectinns o f the m i x e r u-e nstst o rs
T 202 a nd T 203.

A s can be s e en ill I"i g . 17 , bot h oscillators a rf:' continuou s ly e onne d e d t o th e
operatin g vo lta ge via P t 204 a nd Pt 206. In th e C: W m ode , the varia bl e Ol:lctJl a 
tor s hou ld be key e d and not the crystal o scillator . In order to do t his , t h e
connec tion betwe e n P t 20 7 a nd P t 101 sh ould be disconnect ed a nd fed to t he key .
T o net o nt o t he frequ e ncy and to t r a n s m it, t he who le >5ynt hesis VFO receive s a
volta ge via a contact on th e t r a n smit- rece i ve swltch,

6. A VAI LA BLE P A RT S

T h e p r int e d c rr cu tt bo a r-d s and va riou s compcm-nt s fo,' th e de sc r ibed syntnc 
si s VFO a re available from th e publi shers Or t h e i r n ational rel'rc fw nt a t i ve H. See
adve rt is in g page.
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TW O ClHCUnS FO R ACT OMATIC llANO SCANNING

P a r t 2: Auto m ..tic band scanner- with. >;;Iop device
and f r e qu e nc y indication

by E . G . H o f f s c h.ild t , UL 9 FX

IflOTHO ll l :CT IO K

Arter- the dcecr-Ipt lo n or a simpl e band scanner in (1 ) uits sec ond pa rt describe s
a more s op h ts t tc a t ..d band !:!canner, equipp ed with a n automatic I>tOP d.-v ic e wh ich
allow>; Ow l'WlI.llnulg p rocess t o be inte rrupted for a short pe riod or ti m e to
ena ble a s ta t ion to lw id. 'n t ifi" d. It is also equipped with a fr-eque ncy indication
mete r- which all o ws the approxim ate fr equency t" be read oft.

1 . A \JTOI\IA T IC BAND SC A NNER WITH ST OP DE VI C E
AKD F HE(.jl1 ENC Y INDICA T ION

Fig. 1 shows n photo gr aph of th i s ve rsatile ",u lom a t k band scanne r, T h e mode
swit c h, t unI n g potenti om eters a nd t h e fre quency indic a t ion met er wil l . i f tho
band s cann e r i s t o be inatal'le d in a recetver-, I", mounted on the front panel.
Thl' c ontrol pa ne l an d t he band ~eanncr circuit have bee-n combin ed hcn' for
d em on strat icn pu rpoer-a ,

1 .1 . C IHClIT 1l1';T AII .5

O f cou rse, th e circutt ry is more, «ompncar ed if the au tomat ic ba nd scann er Is
to s top for a short pC rl~"l fo r Identification of the ,'cTclv",d station. The c i rcu it
di agram of s uch a c on fl gu r-a t ion if; given in Fig. 2. The trant;is t"rl< T I and
T 2 to gethe r with t h.. a !:lsudated c om po ne n t s , {orm th e' astable multi vibrato r
c rr cutt in th .. same amnner a s for t he' sim ple ban d scanne r- c l r cult , T he' d if; ·
dlarge 01' capac nor- C 2. however. does not only occur via r e e rs tc r H 2. bUI
a lso "a':;6es via lh. , t t-an edstor- T 3 in t h" di"c ha rge circuit . If this t runststor
is b lo c k t·d . the d liill·g .. of r a l'a d tOl' C 2 will remain at th it! value; the voltage
a t the ba ,:; E' o f tran ,.; iHtol' T :l the i-etore r "main" (,on,:;t ant. Sine", this voltage
a lso controls tIll' va rector diode n 1 , the capac ttan ce will not lit' altered a nd
th O' sl'alln ltl ll: pro" .. s,; wi ll be ,.;top ped. T he dis cha r ge process o f C 2. a n d t huH
t h e scann ing of Li'" osdllator is c onti nu .;d again when l r an s i,;t o r T :I ronduct s ,

t!"';" ~~i '1'1""I' i'U" I ,. : I~::~'i;t " " litt:,,.i!,,,
11 I .: I" ····H·J "" ,.,lr.m· km"'iii,..... tl· "ml ... ··~l · .. .. .• u : . . ::: : : . I '"

, ~ .... ·. t!.: I:. .• Inll~ . .t : : •._•... ... ' .il ··.····.···•· I ' ..... ........ . .:::::::::::: .. : : . : : : : : : : : : : : :: : : : ~ : :: . : : : : : : : : . . . ::: :: :··········· ,··..•·· ···· ······l· .. IC·:.... .. . . ...··· ·· ·· .. ·1:·· ··· ····· ··· ·1··· :..... . .. ...... ..... .. : " , .:..... .. ..::: ::: ::: :: ::: ::: : ::: ::::::" :..... :::
::::::::::::::.: ::::::::::::.. . ::: :::........ ....... ... .......... ...: ...... ... : ,- . .......... . , .
::: ::::::: ~:::::::::: : : : . : : : : : : : : .. :::::
... . .. . . . . . . .. I · .. •• .. •.. ............ :: :..- .
••• • • • • • ••••• • ••• •• " • •• ••• • ••• •• •••• :. . . t •• • .. •........ .. . . : ............... . .•... ..... ~:: ... .. .•.. .....••.. !~::::
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The blocking of T 3 is made using a monustuble circuit ( sornetrmee called
monoflop) comprising transistors T 4, T 5, T 6 and th", associated capacitors
and resistors. Transistor T 5 conducts in its rest position since it receives
the required base cur-r-ent via the base resistor T 7; T 6 is blocked since its
base is connected to emitter potential via T 9 and T 5. If a positive pulse is
fed to the base of transistor T 6, this will cause the transistor to conduct,
whereby the pulse is fed via the coupling capacitor e 6 in opposite phas,," to
the base of T 5 . The previously conducting transistor T 5 is blocked by this
which is also the case with transistor T 3 because thi,,; transistor no longer
receives any base current. This means that the discharge of capacitor C 2 is
ceased, and the band scanning process is stopped. The stop time is determined
by the values of resistor H 7 and capacitor C 6; as with the multivibrator it
amounts to:

t = O. 7 x R 7 x C 6

The stop-pulse is taken from the control voltage of the receiver; if this is
positive, it must be fed to the base of transistor T 6, whereas a negative pulse
can directly block transistor T 5. Of course. it is possible to use the AF volt
age of the receiver instead of the AGe voltage . However. attention should be
paid that the AF level is not too great since the receiver noise could, under
c e r-t.em circumstances. cau sc the automatic scanner to stop. It is favourable
to provide a potentiometer with which the threshold value can lJe varied . It is
possible in this manner to vary the threshold so that weak stations do not ac-,
tuate the stopping process; for instance, when the receiver should only be ac
tuated by local stations. Transistor T 4 ensures that the charging of e 6 occurs
quickly so that the monoflop is actuated even by closely spaced stations.

The described circuit also allows a squelch effed to be obtained during the
scanning process . This is made by connecting the collector of transistor T 5
via the decoupling resistor H 11 and an isolating capadtor to a high iml'l.'dance
point in the AF amplifier. The audio amplifier stage is then loaded by H 1l.
The load is increased on stopping the automatic scanning, and the AI" level
will be increased. The optimum dimensioning of the isolation capacitor as well
as the most favourable position in the audio amplifier must be found by trial
and error; it is not possible to oHer any hard and fa st rules since every audio
amplifier is dimensioned differently. The AI" level should. in any case, not be
too great, otherwise correct operation of the circuit will not be possible.

During the scanning process, the frequency will be indicated on a meter. It is
possible for the S-meter to be used for this. The control is made via the field
effect transistor T 7 whose high input impedance ensures that no reaction occurs
onto the circuit. The indication allows the frequency of the station stopping the
automatic band scanner to be established and to be selected with the manual
tuning if required. The stop time can be increased by blocking transistor T ::I
manually . The maximum stop time depends on the leakage resistance of the
components connected to capacitor e 2. Transistors T 2, T 3, var-act or- diode
Oland the input of T 7 should the refo r-e exhibit large blocking resistances. If
one of these four semiconductors is too low 01' capacitor C 2 has a poor iso
lation resistance.

The manual tuning is made in a similar manner to the simple circuit using
potentiometer P 4. The fine tuning can be made with P 5,
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T I,
T "

T 5,

T 3, T 4, T 9,
T 7

T ,
T ll

In order t o a c hieve t he m os t linear s cale m arking, the wiper 01 th e tuning po 
tentiome ter P 4 shoul d be load ed with 10 k Q . F i g . 3 shows t he fre que ncy run
and the s cale response of the meter a s a lunction of the r ot ation angle of po
tentiometer P 4 .

T he o perating voltage i s maintained at a ve ry c on stant value of 10 .3 V usin g a
special s t a b il iz e r c i rcu it s o that Iluctuat tcn s of the o pe r atin g voltage have vi r 
tu ally no effect on the fr equency . T he circuit, by th e way , must be fed with a
negative voltage ; the plu s pole i s connected to ground ( P t 11, Pt 17 ).

In order t o e nsure tha t t he s canning proc e s s i s not s topped on th e s kirt 01 the
passband c u rve , a stop delay is provi ded by capacitor C 3 . The capacitance
value of C 3 i s essentially dependent on the bandwidth of t he receive r; large
bandwidth s require large r c a pacita nc e va l ues; when 'a s low capacitance va lues
are s u ffi cient at na r row bandw idt hs. T he most fa vou rable value differs from
c a s e t o case a nd should be fou nd by e xpe riment .

Although t h e sweep voltage is not linear, th e scanning s p e ed of the search
osc illa t or Is vi rtus lly c on stant sinc e th e n on -linea rlties of the varactor d iode
c ha racte r ist ic a nd t he s awtooth s ignal are opposite to another. T his is t he only
r ea s o n why the c ircuit does not require a tu ning disc r imina t o r ( AFC). It ha s
been fou nd In pracitc e that s i gnals at bo th hand limits ca n be tune d equally well ,
a n d do n ot require diffe r ent delay tim es . If, however, a di s c riminator is avail 
able, it i s possibl e for it to be u s ed if th e sea r-ch o scillat o r ill c or-r-e apondfn gly
d imen s ion ed . Conne ction point Pt 14 is provided fo r this purpose.

The o s cillator (T 6 ) is built u p in a sim il a r manner t o the s impl e band scanner.
If this osc il l a t o r Is not requi r ed, t he o scillator portion of the board c a n be
separat ed f rom th e r est of th e c i rc uit a t t h e ma rked position. The printed
cir cuit boa rd ( F ig . 4 ) o f thi s a utom a tic band scanne r Is de s ignate d DL 9 F X
00 2. It is 27.5 m m wide and the length is 147 mm without th e cec ut etor portion.
The a ssoc iated component loc a tion plan is also given in Fig. 4 .

2. SP ECIAL COMPONENTS F OR DL 9 FX 002

T 6: BC 107, BC 10 8, BC 183 , 2 N 2926, 2 N 39 03 o r simila r
silicon NPN ty pes

T IO: BC 178 , Be 213 ,2 N 3905 or sim il a r silic on P NP type s
: B F 244 ( 2 N 5264). HI-" 245
or s im il a r N-ch annel j unction FET

:2 N 708, 2 N 918, B F 224 , BF 173 , BF 115 o r similar
:AC 127 , A C 186, AC 175 , AC 187 K, 2 N 4105
( germanium-NPN)

D 1: HA 139, SA 121 , S A 1l 0 , 1 N 5462 a ( Mot. ) j appr ox . 16 pF at 2 V )
D 2, D 4: 1 N 9 14 ( or a ny silicon diode )
0 3: 1 N750, B ZY 65 {C4.V7, ZF 4,7 ( 4. 7 V eeri er- diode )

L 1: 3.25 turns of 1 m m diamete r (18 AWG) silve r -plated copper wire
woun d onto a 7 mm diameter c oil form e r with VHF core .

C 10 : 6 - 30 pF ce r a mic m icro d isc t rim me r
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3. ALIGNMENT OF THE AUTOMATIC BAND SCANNER DL 9 FX 002

T h e alignment of the circuit is made in the following manner:
The stabilized voltage is firstly adjusted to approximately twice the value of
the zener voltage. In the "manual tuning" mode , potentiometer P 4 should be
adjusted to that stop which is connected to connection point Pt 2. If a fine tun
ing potentiometer ( P 5 ) is provided, this should be in its centre position. The
upper frequency limit i s now aligned using the core of inductance L 1. After
this, the tuning potentiometer P 4 is brought to the opposite stop and the lower
frequency limit aligned with trimmer capacitor C 10. These two alignment pro
cesses should be corrected repeatedly until the required frequency range is
achieved. In order to align the frequency indication, potentiometer P 2 should
be aligned at the highest fre quency for a small deflection of app rox- 0.1 rnA .
After this, potentiometer P 3 s hould be adjusted at the lowest frequency t o full
scale de flection.

If a manual tuning is not necessary, potentfometer- P 4 will not be required .
The alignment is then made in a similar manner observing etgnal s at the band
limits.

4. AVAILABLE PARTS

The printed circuit boards, semiconductors, coil formers, trimmer capacitor:;
and kits are available from the publishers or their national r-epr-e sentative a,
Please see advertising page.

5. REFERENCES

(1) E. G. Hoffschildt: Two circu its fo r Automatic Bandecann in g
Part 1: A simple band scanner

VHF COMMUNICATIONS 2 (1970), Edition 4, Pages 245-248
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PLASTIC BmDERS FOR VHF COMMUNICAT IONS

• Attractive plastic covered in VHF blue

• Accepts up to 12 editions (three volumes)

• Allows any required copy to be found easily

• Keeps the XYL happy and contented

• Will be sent anywhere in the world for DM 5,-
including surface mail.

Order your binder via the national representative
or direct from the publishers of
VHF-COMMUNICATIONS;

VERLAG UKW-BER ICHTE, n.a.ocuce
D-8520 ERLANGEN (West Germany)

Account: Deutsche Bank Erlangen 476 325
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Cor,..,e".",. 1o Ih .. ~ MHz IF-A ~' Modul. I)J ~ ZR 005
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A DlgU ~1 Di scrimln.'ur Acc~"."ry tOr FM Dc moduL>.tlM D. E. Schn>!,.c r . DJ • IiG eo. e. 1 05 -1 1 0

Experiment s with a Cry..al Discriminator n, ~; . Sc hmit,er. I>J 4 BG eo. e. 147_152

A Simple H MHz VFO f"r I' M T r~n.m i l\ c r . eo. • e. 206 -209

Sleep Skirled Ac tive Aud io Filler. D . ,;. Schmi,"e r , DJ 4 BG eo. • r- . 210_216

SI"'0ch Proce . ain g D, E. S" hrnitz~r. DJ 4 BG e• . • e. 217 _224.. FILTERS

Coaxial Low_Pass F iller< lo r VHF ~nd UH~ H. J . Vohlus, V J 3 QC Ed . e. '"" ".
S,o~p Skirt~, 1 Adl"" Au dio F il tcr . D. E . Schm ilzer. D.I 4 BG e •. e . "" are

,. MEA SU lTNG TECHNOLOGY

A Calibr~tl"n Spcctrum Gencr~tor lor Two Met,.... H. Gotting, m, 3 XW e•. e. 38 - olO

A Tr~n. istorized C..:tib<at ion Spectrum Gene r~'"r tu r l ~· " M~tr~" H.C~"'n g. m , 3 XW ,", Ed. e. 41_44
V. E. Sc hmitzer, DJ 4 BO

A Simplc VHF_UHF cento-auon Spcctrum Gen~rator K. Eic h e l , DC 6 H't eo. • e . 240_243

e. OTHEIl DESCRIPTIONS

An IF Diplucr I 28 _30 :,>IH. ) E. Reitz . DJ 9 .IT Ed . e . M -5 1

St ~ble Reference Voltage. H • .I. Fr. nkc. DK 1 PN e,. e. se-as
Eleclronic ~lly Stabilized Power Supply " lth DC · DC Conve rter K . I'.Timm~nn. VJ 9 ZR e•. e. 179_185

All c o pi e s or Vol ume 1 (1969) a n d V"lum~ 2 (19 7<» a r C s t ill
a vail " bl ~ . T"~ pric~ DI a "omplcte Vol ume i. OM 12,-
(.url~ce m ail) or OM 4. - for i n dh·i.lu~ l " "1'1£ .,

AMERICA'S

Leading

technical

journal

for amateurs

This monthly magazine has set a whole new standard for

state-of·the-art construction and lechnical articles . Ertensi¥!

coverage of VHF/UHF, Rm, FM. lC's. and much. much more.

1 Ye. , $6.00 (U.S .) 3 Yea rs $ 12.00 (U.S.)

WORLD WIDE

HAM RADIO MAGAZINE
Greenvil .... N. H. 03048

"~

w_
ESKILL PERSsotl SM5CJP
F<otun"V"rtd l
19400 Upplondl Vuby. Sweden

UNITED KINGDOM

RADIO SOCIET'f OF
GREAT BRITAIN

35 DouahtJ Street
lon<Ion . WCIN 2AE, Er!gIend

Orden to RSGB: 1 per 50/_ , 3 yell" 100/_. - 63 -



Price Li st of new equipment described in VHF COMMUNICATIONS 1/1971 and miscellaneous Ite ms
For earlier equipment , see pr ice list in edition 4/1970

OJ 5 HUtUJ 7 JA Sy"lh" ola VF O tor 144 MH. or 136 MH.
OJ 5 HI) DOl VFO and bu ff.. r
PC _bo ort! \)J 5 HI) 001 I ...it h priMcd pl an >
Mln l kll OJ 5 HO 001 [Ai ro pac"d Idmn,.r, •• ri.bl.. ccramlo coi Jlo r mrr)
Srml«m,lu~luro lJ J 5 HT> 001 ( 2 1<'."" l llto\"O >
V.... i.bl . co p. o ll o r 57 pF ( 24 x 32 x 28.5 mm I
Kit OJ S H1> 00 1 with a bo vc Ii.,..d n om p m"o'.

!I M H . I F /A F ponion
with rhokcs , " d Ir"" ,lormcr

"' .. ...,...cd 10
Inc ....a_ 10

OJ 4 fIG 000
PC· bo.....
S.mlc_u~'or

Kit
C........, io r.

0 1... I"X 001
f'C _bo.... d
Min iklt

'"

I'lJ S Il D 00 1
P C _boa '"
M",iklt
Srm k on¢li<:iOra
Cry",a l
~,

C rya..l..
01.. B z.A 001

''"PC_boa'"
M'"lkll
S<>", l oon duol o ro
~,

Cry. ' al l

Tra".mittor
Mln l kU

S<>'" lo",,""olor.
Tub.
'rvee

'"
OK 1 YZ
P C-boa'"
Min i kil
sa", l<-<>o""rlor.
~,

Cry"'. '
SpeoJ.al ot/or.
PC_board
P C-board
SIlk"" <lind..
5iHooo di o<l..

l'rio~ ~h""M"

IlJ Y 7.R 00 1
samlroncluolorl
Kit rrk~

OJ Y ZR 005
Now ,vall. bl.
l.ti,,11U1 price
Kit prl~~

Sp!c~h " r oe r ..or
UJ 4 8G .....,., ( ....ith pnn'M pia" I
OJ 4 BG 000 f I k . 2 ir.... I o n I
Il J 4 BG 006 ... itll abo.. Ii "" ~omp"'coi.

Sl~..... t 13 I"'~c , fOr r-c-ee..... IlJ ' to(; 00$

Band. canner ...tth at o p <lr vlU

OL 9 t 'A 002 ( ... it b prlm..d pI... I
OL 9 FX 002 t ooiltonner a"d 'rimmer .... ,ull ....~mkon<1u<tora)
il L !I FX 002 ... ith .bovo h ...d ~ompon~nu

Cry.tal os";11, 10<, m i xc r, a",pun"" ""Hu.. &1.bUlzer
DJ 5 ltD 002 ( ...itil prl'1ted pIon l
OJ 5 H1> 00 : f eol1fonncro, tMmm~ro , . 01 ~hnkr.. I
j)J 5 liD 002 ( 1 Iransi" o Ta, , <lIO<l< ,
66.~00 MHz (lIC-S / U) lor 145 MU. VI'O
OJ" 5 HO 002 /145 ... Ith~_ compon.... t.
81 .000 Milo ( lIC_S / U) to r US Mit< Vf'O
OJ 5 lID 002/13 6 ... llh .bo. .. compo. .....

70 " m lransminer ...ilh VXO

rn. 8 zx 001 f with prlntM p l,n l
1>1.. 8 Z){ 001 / VXO ooilfo"".. oe i , krunln~ ran .
m. 8 ZX GOI /VAO 2 iranal.ton
01.. 8 ZX OOI/VXO ,"'ith .b<>v. oom pon cnl'
17 . MH, (HC _18 / l.' 00 roQUC'" deli,err U w.. e.. )

Ill. 8 ZX OOI!TX 1 l ube o"., k<i o, "olllo,.,,\Or .el , cho k. s ri,
ter r il . bead s , lrim m . r ••t

DI ,8 ZX oOl/T X 6 Iran . ' ''' on, 4 dl"d..
EC !O lD
EC B02 0
OL. B z.A OOl!TX ...lth .bo.c c= ponoMI

Vf'O o!>'"rallon lrom 55B tr.nomin,. 24_ 24 .5 MIlo
DI.7 ZR f ...ith pMn.ed 1'1"" J
OK 1 YZ 001 f roUlo ........cl)
OK 1 YZ 00 1 t 4 tran.,"'or., 4 d iode.>
D K I YZ 00 1 ... ih ._ r__l.

111.000 Mib t . przi'" ordor _HC _B/ U l

01, !I GU 001 ...ith prin'ed pI...
OJ 4 B(; 006 withoui plan
400 Vp,l. v ,/0.7A
20 0V p .i.v./0.7A

S W SSH Ir.n.mitter
.... duo .. d to
reduc cd t"

DM 1 , . _

"M 11 . 80
DM 24. $ 0
DM 1 . 40

DM 8 . __

OM n.a
DM 43. I ~

DM 4.5Q
DM 18 . ~Q

OM 4,00
DM 13 . au
OM 41 . 8 0

DM ~..-
"M 11. ) 0

DM 31 .40
DM lB •• -
DM 89.110
DM lB . __

D" 69. 110

D"
4. _ _

IlM ! . --

D" 7 . 80

OM 14,80

0" 21 . 90
DM ~ 4, 20
OM 1 4 . --
DM 21. __

OM 1 07 . 10

OM B. OO
DM 2.7 0
OM 11.10
DM 33.40
DM ar. ~O

DM 3. __

OM 5•••
OM D. 30

"M 0.30

OM 92. JQ
DM 114.8D

"M 43. 20
DM 159. 30

VOL UME 1 (196 9) and 2 (1970) of VHF COMMUNICAT IONS
We would li ke to poi nt out that a ll previous co ptes o( VHF COMMUNICATIONS are s till av a ilable.
Since our magaZine conta ins only technical articles o( continui ng interes t and va lue , WE' ensure
th at back copies can always be provided lo r lat e r su bscribers. The price of the comple te Volu me 1
(1969) or 2 (1970) Is OM 12, -- each lo r surface mail o r OM 4, -- lo r IndiVidual coptes, The
at rmatt prices can be obtained from your national representative o r fr om thO' publishers.
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High performance equipment

from~ OJ'rml!!:
••.. •.. •.. • • ••• , i • • •• •: ; :;.. :: : : ':":' .' " , ,. Two Metr. Tr.nscelver SE eoo

A ••I,<;tlve two met.. treftlCelver for all ojN'ret't>g modes
having • Ye<y low no',. I'g ..... and extre mely h igh cron·
t'\'IOd" r" lOn re Ject ion .
T.... lre...ee l¥« operallon or n""",'e operat ion of " ....
mine r and 'Kelver ere po8l1bl • . T",,,,, m,n., and reCeiver
<:lin b<f Indlvldu,lIy , wltchd 10 the fol low ing mod.., cw,
lSB. US B, AM and FM. The uparale o perilion end the
po. , lblilly of se lect ing li the, LSB or US B make \h, "an,·
CIli'... r ' UIIBblt lor opermtlon with bal loon carried ' . ana l, tocs
or " I,lIlt...

Separlll C...,..181 filte r for ,..""miner ,rod "",,,iver. True AM "ling pl 'I'I.~.n gr id modu lll'o<I of lhe PA
tube . Bull, .". c lipper. Crystal d lletlmilWlto r for f M demoduillion. with Ie 11""\' ''11 _ Product del.clOt for S S8 ,
VOX and . " tI""rl p . RF Olltpuf .-nd S mtlte r . BUIlt ..." Int_".....I. y. Pow... I UPllly for 115 and 2'20 volt .. ... n
..... eeoc convert,.. 10' 12 vo lt . .. built in. Pr l..., OM 2725._

Price , OM 122,_

,
".........::. .

• • • I." I '.: ': :

Two Metre Converter OGTC 22
Hlgl! performence dua l-gate MQS FET co nve rte •. Very
I!lllh I .n"tlvlty e nd c.oss-modulatlon reJect io n. Hillha l t
po.. lbl.. lQu.IO~, I lgna l rej..ct lon by u, lng .. 116 MHz
CfYltal.

TO-cm-Convefter OGTe 1702
Hllll! perfo .m.nc. du~l!-gate MQS FET
con"ert"r. An exce lle nt 7O-cm-co n·
verte" V" . I.bl . overall 0.'1'1
witho ut ..ff" ctlng th" othe ' 8p" Cl f,.
cation 8 _ u81ng " built-In 60 ohm
T-Cont.ol 80 Ihl t the moal opl,m.1
amp lll lCllion ....tdling Can be maa.e
to the follo Wing receiver , Compl• •
tely ac" " fled 8l1ve ,_pla ted br .
ClIblnel . An 4J:2 MHz c;rc u," "
true Itflpllne Circuits w,/1I10 " ,,""'.
p ll t 'ng InPUt ....d O<ilPUt' eo ohm
6 NC eo n""ete.. Prlc., OM 221,-

144 MHzj432 MHz Trlpler
LVV 270
A v"""tor trlpl " 10' Input powe ..
of up to 3C Wilt . Fe. AM, FM Ind
CW opera tion . High fundame nta l and
harm onic .eject ,on due to the buill·
In. aelective bandp... fille . at th..
outPut , Compl.t.ly .c'ee ned , 81Ive._
pl"t..d br... Clb">el . All 432 MHz
circu lls a ' e lrue .triPlone circu lls
..,til 10 II . lIv", plellng
I" PUI . nd outPlll. eo ollm 8 NC co n
I>tlctors, Pr lc>e: OM 238.-

'44 MHz/432 MHz Trlnlvlrter
TTY 1270
Thll un ll rep .e . ..nt. _ 'n co nlunc 
tlon w'th • two metre ,"t,on - th..
q~lck..1 and simple" m.en" of be ·
co mlno ecnve on 70 ~m , II h.. b....n
..peCI.lly d.." ..loped 10' POrtab l.
o peretlon ,
No . nt.nn. SW llch lng II req ul,e d '
TIla " .... .,.,rter I• • Imply co nn. ct" d
be!w..n the two melre . t8l 'OI'I and
th" 70 cm " nten... . ComPI. l. ly
.cr. . ....d, . 11v.., -pt"l .d bru. cnlng
InPut and oulput, 60 ohm e NC con_
n.ete.. P.lce : OM l Q ._

Our catelogul gIving full speclflcltlons II Ivellable free· of-charge

KARL BRAUN 8500 Nijrnberg Bauvereinstra8e 40
R"p'uenUoI '''U : FI. ner :

Sw it.... ..nd ,
US A . nd C. ...a.,

Western Germany
Fl . D. Elect .oni..... . 4. Rue AIe.and•• .f ourl. nle•• Toulouse
Eouipe l S . A, 1211 O..._"e 24
S peet'um fnte . ...llon . l. P. O. 8<1. 87. Top.f ie ld . lol A 01983



/

CRYSTAL FILTERS • FILTER CRYSTALS • OSCILLATOR CRYSTALS

SYNONYMOUS forQUALITY and ADVANCED TECHNOLOGY
PRECISION QUARTZ CRYSTALS. ULTRASONIC CRYSTALS.

PIElO-ELECTRIC PRESSURE TRANSDUCERS

(

listed is our welt-known series of

9 MHz crystal filters
for 8 8 B, AM, FM

.and CW applications.

In order to simplify matching. the
inpu t and output of the fi lters com

pr ise tuned differential transfor
mers with galvaniC connect ion 10

the casing.

Filter Type XF·9B XF·9C XF-9D XF-9E Xf-9M

AppllC llt lon SSB AM AM FM CW

Numblill of Filler Crystals 5 e , , , ,
aendwidlh (&lB down ) 25 kHz 24 kHz 375 kH z 5,0 kHz 12.0 k!-lz 0.5 kH z

Pestband R.pp le < 1 dB < 2 dB < 2 dB < 2 dB < 2 dB < I dB

Insert, CHl Loss < 3 dB < as dB < 35 dB < 3 5 dB < 3 dB < 5 dB

Inp ut·O utput Z, 50011 5000 500 0 500" 1200 u 500Q

Termination C, J() pF J() pF J() pF J() of J() OF 30 OF

(6;50dB) 1.7 (660 dB) 1.B (6;60 dB) 1.8' (6:60 dB) 1.8 (6:60 dB) 1 {6:40dB}2.S
S hape Facto r -

(6,SO dB)2.2:(6:80 dB) 22 (680dB)22 (6;80 dB) 2. (6:60dB)4.4

Ultlmllte Att enuation > 45 se > 100 ae > 100 dB > 100 dEl > 90 dB > 90 dB

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH
o 1192" Neekilllrbitdlofsheim • POltfach 7
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