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A 4 ELEME NT YAGI ANT ENNA FOR 23 cm

by H. W. Bt nd e r , DC 8 XH

The described antenna ta, of cou r-ee, no t sutt a bj e fo r e a rth-moan -ea rth (ENE)
or o t he r lon g di s t a nc e communications. However, the handy a -e lem en t antenna,
which la s how n in Figure 1 in t rue s c ale Is very u s eful fo r exper iments ( e . g.
w ith the 23 em converter of (I) . ro r demonst ration purposes and tor l ocal c on
tacts. Th e a nt enna is 11 9. 5 mm lon g wh i ch a pproximately corresponds to a half
wa ve length. Ac c ording to (2) the ma ximum ga in is approxima t ely 6 dB, re ferred
t o a ). /2 dipole .

The 4- el e ment Vagi antenna fo r 23 e rn Is a n all-metal cons truc tion. The boom
is a 129 . 5 m m long rectangul a r b r a s s rod of 3 mm x 6 mm. The element s are
made from roun d brass r ods of 3 mm diam e t e r . The boom 1s provided with
four 3 mm holes for the e l em e nt s as well as with a slot for the nange of the
angled BN e conn ec t o r . T h e bo om , the fou r elem ent s and the socket are s ol der 
ed t oget her, pre fe rably u s in g hard solde r. A ceramic t r immer c a pacitor (tulNlar
t rimmer 4. 5 pF ( e . g. Ph.ilips 222280296067 I, conne cts the inne r conduc tor
of the soc ket with the radiato r e lement, Th e c onst ruc tion al dia gram in "' tgure I
and the enlarge d ph otog r a ph in F igul'C 2 s how thi ll a r r angem ent which, in p r in 
ciple. represents a ganuna matc h. T he trim mer i s soldered 28 mm rrom the
end of th e r adiating e lement a nd is adju s t e d fo r maximum reading on a field
stren gth meter or fo r m inimum stand ing wa ve r a t i o on a r-erlectcmeter-,

F~ . 2: The \IlI m mll match of the 23 em anttllOll

REFERE NCES

(1) L . Wagne r a nd H . W . Binder: A 23 e m Conve rter with hot-carrier d iode mb:er
In th is edit ion o r VH F CO M MU NICATIONS

(21 K. Rotharn mel / An t e nnenbuch
Deutscher MiliUirve r la g Be rl in , 7 th edit ion, P a ge 333
'I' elekoem oe Verlag St uttga rt , 3 rd edition , P age 270

- 132



All elements ore hard 3 mm die. bra ss rod
50ldere d \ / elements)

' 0.' I

~e
"<, 3 x 6 ll. 129.5 b-e ss

.,
~
~
~

I 100 :!: O.5 I
~

".,~
ff'"M

1--'." •. .

'--- 108'°·' I I

~
Oifamic

l
hbulor DC 8 XB

d ,""""".,
~

r J,.
•. -

I 114:!:O.5
--S:!:l

Hard soldered

Sk:* SOWn into the flange
of the BNC socket

lmm die. si",,-,,"plated wire
if mrm'ef too sh:lrt
for d rect conr«tion

Fig. 1: Dimensions of the 4 element Vagi antenna for 23 em
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A 2~ cm CONVEHTER WITH nOT-CARRIER DIODE MIXER

by L. Wagner, llL 9 JU and H. w.Btnde r, DC 8 XB

INTRODUCTION

The t'ollowing 23 em converter is equipped with a hot-carrier diode in the input
mixer and with silicon transistors in the oscillator and IF -preamplifier. The
frequency range of 1290 to 1298 MHz i s converted to an intermediate frequency
of 144 to 146 MHz. The current requirements are approximately 35 mA at 12 V.
The mechanical construction is extremely simple; it il; only nece s sa ry for the
single -coated PC-board material to be cut to srae, several holes to be drilled
and for a cur-tain amount of soldering to be made . The intermediate frequency
in the 2 m band and the weight of only 200 g make this conver-te-r- extremely
suitable for portable operation, e. g. during field days. Figure 1 shows a photo
graph of the converter.

Fig. 1: The 23 em co nverter

1. CIHCUIT DESCRIPTION

The converter. whose circuit is shown in Figure 2, consists of three main
sections: the oscillator, the UHF portion and the IF-preamplifier.

1. 1. OSC IL L A T O R PORTION

Two different methods can be used to obtain the required frequency processing.
Either: 57.6 MHz x 5 " 288 MHz x 4 " 1152 MHz. or: 96.0 MHz x 3 " 288 MHz
x 4 " 1152 MHz. Inductance Ll , capacitor C 3 and the input capacitance of
transistor T 2 form a resonant circuit for the oscillator frequency of the over
tone crystal oscillator equipped with transistor T 1. The resonant circuit com 
pr-iaing inductance L 2 and trimmer C 5 at the collector of the frequency multi
plier tr-ansistor- T 2 is aligned to 288 l'.fHz. Since the subsequent varactor mul
tiplier possesses a very low efficiency, an efficient transistor type must be
u,wd for T 2.
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The varactor diode D 2 receives the 288 MHz drive via a matching n etwork
comprising capacitors C 6 and C 7 and inductance L 3 which is also aligned
to 288 MHz. The resonant circuit for the multiplied frequency of 1152 MHz
comprises a >0./4 stripline circuit ( L 5) shortened with the trimmer capacitor
C 10. The var-actor- diode is coupled to this circuit via trimmer capacitor C 9.

An idler circuit for twice the input frequency ( 576 MHz) comprising inductance
L 4 and trimmer capacitor C B. as well as resistor R 7 for generation of the
bias voltage for the varactor diode, complete t he frequency multiplier circuit .

1.2. UHF-PORTION

The stripline circuit L 6, which is shortened with trimmer capacitor C 11. is
re s onant at the input frequency of 1297 MHz . The input signal is galvanically
coupl ed at low impedance fr om the antenna socket pt 1. T he mixer diode D 1
is connected to a somewhat hi gh impedance position on the input circuit . T h e
local oscillator frequency of 1152 MH z is inductively coupled on to the coupling
link fonned by the connection piece and the diode itself. The intermediate fre
quency voltage is fed via capacitor C 12 to the IF-preamplifier whereas the
re s i du a l UH F voltages are shorted by C 12 . Capacitor C 12 is home-made , and
has a capacitance of approximately 10 pF. A meter is provided for indicating
the diode cu rrent . T he full scale deflection is 1 rnA . It is connected vi a choke
Ch 1 to the IF line .
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A hot-carrier diode type TIXV 305 of Texas Instruments is used as mixer diode.
This diode receives so much power from the oscillator circuit that a direct
cu r r ent of between 0.5 and 1 mA will be indicated. Hot -carrier diodes (I), or
Schottky barrier diodes as they are sometimes called, possess a metal-semi
conductor junction, which makes it virtually impossible for any charge carrier
storage to take place, instead of the normal PN junction of normal semicon
ductor di ode s . Th i s mainly results in extremely short switching times. In addi 
tion t o t hi s , these diodes can handle approximately ten times the input power
as the previously used point contac t-d iodes, of which types 1 N 2 1 and 1 N 23
are best known. Since on ly majority c a r riers are responsible for the conducti
vity in hot-carrier diodes, their irrtr-in sfc noise is somewhat less than that of
point contact-diodes. For frequencies in the order of 1300 MHz, the difference
is not too impo rtant. T h e converter can therefore also be used with a mixer
diode of the 1 N 2 1 series if t h e holder is c or r e s p on di n gly altered.

1. 3. I F - P R EA MP LI F IE R

In order to obtain a low noise fi gu r e without neutralization, a dual-gate MOSFET
is used in the IF - pr ea m plifi er. Gate 1 i s connected t o a resonant circuit eom 
prising L 7 and C 15 which is aligned to 145 MHz . This resonant circuit re
ceives the intermediate frequency from a low-impedance tap on the resonant
circuit. Gate 2 is connected to a fixed bias voltage . A 145 MHz resonant circuit
is also c onne c t e d t o the drain electrode. This resonant circuit comprises in
ductance L 8 and trimmer capacitor C 18. The output socket Pt 2 ( BNe ) is
connected to a tap on this resonant circuit.

2. CONSTRUCTION

An idea of the construction is given in the photograph shown in Figure 3. Base
plate and side waIls are made out of 1.5 mm thick, stngle - c oat e d epoxy PC
board material. After the base board has been provided with the holes shown
in Figure 4, the four side pieces are soldered to the base board. It is also
necessary for the corners to be soldered. The cover is later screwed on to
four tapped bushings that are screwed to the base plate .

I
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After this. the st r-ipline circuits given in Figure 4 are cut. They are provided
with a slight rounding at the flat end which is soldered to the stator coating of
trimmer capacitors e 10 and C 11. The (somewhat longer) input circuit is also
provided with a hole for the inner conductor of the BNC input socket. The two
mentioned trimmer capacitors and the input socket are now mounted. The BNC
socket is provided with a 4 mm thick intermediate spacing ring on the top of
the chassis which can be made of any material. Since sockets are used for
single-hole mounting. the ground connection is made via the nut on the coated
side of the board . Due to the intermediate ring. the thread of the socket does
not protrude beyond the nut.

The input stripline circuit is placed with its hole on the inner conductor of the
input socket to which it is soldered. The rounded end is soldered to trimmer
capacitor e 11 and the bent end to the nut of the BNC -socket. The 1152 MHz
circuit is soldered in the same manner to trimmer capacitor C 10 and to the
ground surface ( copper coating.).

A 3 mm wide . thin metal strip is used for mounting the diode which is in a
glass case with wire connections. The metal strip is folded and the loop formed
in this manner clamps one connection of the diode directly adjacent to the glass
body. The two ends of the metal strip are soldered to the input circuit 14 mm
from the trimmer capacitor. Previous to bending. the metal strip. which is
also given in Figure 4. is 26 mm long. The other end of the diode is clamped
under the screw of the home-made disc capacitor C 12 also directly adjacent
to the glass body . This capacitor (e 12) consists of a metal disc of approxi
mately 10 mm diameter which is fixed to the ground surface by a central screw
with an intermediate dielectric formed by a 0.1 mm mica disc ( or 0.05 mm
of teflonjPTFE). This screw must not come into contact with the ground sur
face. The copper coating is therefore removed for a greater diameter than that
of the screw. The coupling capacitor e 14 and choke Ch 1 can be soldered later
to the provided soldering tag. Following this. all transistor sockets. IF output
socket ( BNe), meter. crystal holder and all other components are mounted.
The photographs provide further information as to the construction. Finally.
the converter is wired according to the wiring diagram given in Figure 5. In
stead of the feedthrough filter F 1. two bypass capacitors of 470 pI<' each and
a ferrite wideband choke or several ferrite beads can be used.

SkU

Fig. 5: Wiring diagram
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2.1. COMPONENTS

T 1: BF 224 (Texas Instruments Gennany)
T 2: 2 N 3866
T 3 : 3 N 140 or 40673 or 3 N 187 ( RCA)

D 1: TIXV 305 (TIl. HP 5082-2817 (Hewlett-Packard)
D 2 : BA 149 (AEG-Telefunken 1 cas-actor- CT .. 6 pF at UR " 2 V. 1 N 5461 A

L 1: 9 turns of 0.3 mm dia (29 AWG) enamelled copper wire. close wound
onto a 6 mm coil former with VHF core . (For 96 MHz crystal: 5 turns)

All other inductances are self-supporting and made from 1 mm dia ( 18 AWe 1
silver-plated copper wire.

L 2: 2 turns on a 7 mm former. coil length 6 mm
L 3: 4 turns on a ~ mm former. coil length 12 mm
L 4: 1 turn on a 7 mm former. coil length 8 mm
L 5, L 6: Stripline circuits according to Figure 4
L 7: 4 turns on a 8 mm former. coil length 12 mm, coil tap I turn from ground
L 8: 4 turns on 8 mm rcrmer, coil length 12 mm ,

coil tap 1. 5 turns from drain end

Ch 1: approx. 2.2 JJH. ferrite wideband choke ( Delevan)

F 1: Feed-through filter (AEG-Tfk) or as mentioned in the text

C 5. C7: 1. 7 - 6 pF air-spaced trimmers for screw mounting
C 8 - C 11 : 0 .7 - 3.7 pF ceramic tubular trimmers

( Philips 2222 B01 20 005 or 2222 802 20 001 1
or 0.8 - 6 .8 pF ( Philips 2222 BOI 20 006 or 2222 802 20 002 )

CIS. C 18: 3 _ 30 plo' air-spaced trimmer ( Philips 222280320001)

3. ALIGNMENT

Transistor T 3 is not inserted for the preliminary alignment. The operating
voltage is fed to the converter via a m A vmete r-, A sensitive rnA-meter ( 100
~A ) is connected in series with resistor R 7 and transistors T 1 and T 2 are
inserted into their sockets.

If the crystal oscillator is not oscillating, a total current of approximately
5 rnA will be indicated . The crystal oscillator is then brought into oscillation
by trimming the core of inductance L 1. The total current will then rise to
approximately 30 to 40 rnA . The crystal frequency should be checked. especially
when using the crystal frequency of 96 MHz. because it is possible that another
harmonic has been aligned. Besides the use of a dip-meter. the 96 MHz signal
can be monitored in the FM range of a broadcast receiver.

Next, the 288 MHz circuit should be aligned with trimmer capacitor C 5 and
the matching to the vat-actor- diode carried out with trimmer capacitor C 7 for
maximum current via resistor R 7 and the IJA-meter. When using a 57.6 MHz
crystal. it is possible that the fourth harmonic ( 230.4 MHz) instead of the fifth
harmonic is selected . For this reason the frequency should be checked at in
ductance L 3 with the aid of a dip-meter or Lecher-line. After this. the JJA
meter in series with R 7 can be removed.
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The t,lA-meter is now temporarily connected instead of the built-in 1 rnA-meter.
The trimmer capacitor is adjusted to approximately half its capacitance and
the more sensitive meter is brought to full scale deflection by aligning the
Idler and 1152 MHz circuit with capacitor C 8 or C 10. After this, the built-in
meter is reconnected and the alignment carefully corrected. Since the circuits
interact, it is necessary for the alignment to be repeated several times using
trimmer capacitors C 5, C 7, C 8 and C 10. The diode current should then be
between 0.5 and 1 ma ,

If necessary, the capacitance of trimmer capacitor C 9 can be altered in steps
after which the alignment is corrected.

The crystal is removed from its holder for the alignment of the IF preamplifier.
A 2 m receiver is connected to the output socket and transistor T 3 is inserted
into its socket. In order to ensure that the MOSFET is not endangered by static
charges, the shorting spring around the connection wires should not be removed
until the transistor has been inserted into its socket. The disc capacitor C 12
is now temporarily connected to a 2 m antenna and the 2 m receiver tuned to
a signal of approximately 145 MHz. The input and output circuits of the IF
preamplifier are aligned for maximum field strength indication by aligning
trimmer capacitors CIS and C 18. After this, the antenna can be removed
and the crystal reinser-ted into its holder.

Finally, it Is necessary for the 1297 MHz input circuit to be aligned. To do
this, a 23 em antenna should be connected and the subsequent receiver tuned
to a signal. The harmonics of a 2 m or 70 em transmitter or the calibration
spectrum generator described in (2) can be used as signal source. It is only
necessary for trimmer C 11 to be aligned for maximum field strength as in
dicated on the Svmete r-,

4. EXPERIENCE

The described converter has been used in the Munich area and constructed by
a number of a m a teu r s . Bc Helm ke , DL 7 HR was awarded the first prize of the
23 em stations during the Bavarian Mountain Field Day in 1969. Using this con
verter, he was able to operate a 23 em contact over a distance of 230 km ,

The converter was measured under laboratory conditions by H . -W . Binder,
DC 8 XB, and was found to have a noise figure of 8 Je.

5. AVAILABLE PARTS

Various components for the described 23 em converter are available from the
publishers or their national representatives . Please see advertising page.

6. REFERENCES

(1) Hewlett-Packard Application Note AN 907: The Hot Carrier Diode:
Theory, Design and Application

(2) K. Eichel: A Simple VHF-UHF Calibration-Spectrum Generator
VHF COMMUNICATIONS 2 (1970), Edition 4, P a ge s 240-243
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INTERDlGITAL BANDPASS F ILT ER FOR 23 ern

by H.J. Franke, DK 1 P N and Rc Gr-iek, DK 2 VF

1 . INTRODUCTION

Interdigital filters are not too well known to radio amateurs. Interdigital comes
from the latin and means "intermediate finger". Such filters usually consist of
A./4, coupled resonant line circuits whereby the shorted end of one A./4 circuit is
near the non-loaded end of the next circuit. Passband frequency, coupling and
the Q of the circuits and the resulting passband curve are dependent on t he
mechanical dimensions .

The advantage of interdigital filters over coaxial filters is that they are more
easily constructed and require little or no alignment. In spite of this, the good
characteristics of these filt e r s such as low passband attenuation and h igh attenu 
ation outside of the passband c a n be reproduced w ithout problems after c on s truc 
tion. The main reasons for this are that striplines are used which have a pre
dictable behaviour. Prerequisite is, however, t h at the stripline circuits of the
filter are correctly dimensioned with modern calculation methods. This is hardly
possible for the amateur and must be left to experts (1) and (2).

2. DESCRIPTION

The described filter possesses three stripline circuits. The arrangement of the
circuits, which remind one of interlaced fingers, can be seen clearly in the
phot o gr a ph given in Figure 1. The two ( thicker) outer lines are c onn e c t e d to
input and output sockets and a re used for in put and output coupling. The strip
lines of this filter are round and therefore do not really coincide with the de
signation. However, one always talks of striplines when the field i s c onc ent r a t e d
to the spacing between the lines ( which are mostly flat) and one, or somet ime s
even t wo neighbouring ground surfaces. This is clearly a contrast to coaxial
circuits where the field is m o re o r l e s s homogeneously distributed around t he
inner conductor because it is enc losed by a roun d or square outer conduct o r.
The desc ribe d filter is provided with a well-conducting cove r which means that
the resonant line circuits possess two ground surfaces.

A similar filter and a fou r - cir cu it fil ter for 70 cm were described in (3). In
this publication, the narrow sides remain ed open. However, the base plate,
cover and longitudinal walls were exten ded past the coupling conduc tors, so
that no radiation losses could occur.

3. CONSTRUCTION

T wo such filters were c onstructed by Hc Jc Er-anke, OK 1 PN. In order to make
the filter completely screened and waterproof ( Field Day) , the narrow s ides
of the described filter are closed. The casing is l on ge r than described in (3)
so that the coupling lin e s are not affect ed by the narrow-side walls .

Figure 2 shows all constructional detail s of t h e fi lt e r . The case of t h e filter
shown in Figure 1 has been milled fr om an aluminum bloc k. No rma lly, t h e
5 mm thick s ide, ba s e and cover plates a re in dividually made fr om m etal pl a te
and s crewe d together. Of c ou rse , at t ention m u st be paid t h at a good e l e ctrica l
contact e xists betwe en t he lon gitudinal walls and t he c ove r s so tha t the RF
currents can flow fr om c over to cover ( e . g. from ground to ground ).
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Fig. 1; Three-circuit intenl igital filter for 23 em

The inner conductor diameters are 3/8" and 1/4". If such metal rods are not
available it is necessary for them to be made on a lathe. They should be
silver-plated, whe r e a s the casing can consist of aluminum. Both BNC or type
N sockets can be used. The inner conductors of theBNC sockets just do not
reach to the coupling lines which means that a short piece of copper foil of a
few millimeter in wi dth must be soldered between them .

4. MEASURED VALUES

The passband curves of two different filter arrangements are shown in Fig. 3.
The measurements were made by R. Grtek, DK 2 VF. The wider passband curve
with the passband sag due to the over-critical coupling was measured in con
junction with a filter that M. MUnich. DJ 1 CR made from the original descrip
tion (3) . The narrower passband curve was measured with the filter given in
Figure 1. The differences are , as long as only the narrow portion of the 23 em
band is used between 1296 and 1298 MHz, not important . The insertion loss of
both filters only amounts to approximately 0.5 dB .

Further examinations by R. Griek have shown that the shape of the passband
curve and the value of the insertion loss at the centre frequency remain intact
under non-load conditions or with a short-circuit behind an attenuation pad of
at least 6 dB.
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In addition t o this , it was found that the spacings between th e inner conduc t o r s
and thei r length s hould be maint a in ed a s accur at ely as posstbte to the value s
given in f'igure 2. Slight const ruct ional tolerance s can • if such accu rate m ea 
su r ing equipm ent i s available - be compensated fo r by shorten in g or Ie ngthen ing
on e or more of the inner conductors . The lengthening of s uch a line c a n be
made by p r oviding a washer . It Is po ssible fo r a continuoua a li gnm ent o f the
circuits to be made when s c r ew s a re p rovided in the l ongitudina l wa U oppos ite
t o t h e non -loade d ends of th e line ctrcctre . T h e de sc ribed rater can, howeve r ,
be used wit h out having to be m easured if the given dimen sions a re followed
wi th II. max imum t olerance of app roximately 0. 3 m m ,

5 . AVAI LABLE P ART S

A complete filte r a s we ll as a kit wU hout connection sockets is a vailable f rom
the pu bli s h e r s o r t h e ir nation al r e preeent attvee . P l e a s e see advertising page.
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A GROUND STATION FOR SATELLITE COMMUNICATIONS
VIA oscan 6

by Dr .A.Gschwindt, HA 8 WH

The following article de sc r-ibe s the ground station of the Budapest University
de signed for operation in conjunction with the OSCAR 6 satellite which is planned
to be launched by AMSAT in late 1971.

A t r-ansrntt c r-ecerve ground station is to be described which enables the trouble
some frequency variation caused by the Doppler effect to be eliminated. It is
planned to have this station operative during the summer of 1971.

Using this system, communications will be just as easy as on the shortwave
bands. The stations can work on the same frequency during the pass of the
satellite . No frequency variation will occur during communication. If the station
is lost due to interference, fading etc,, he will be on the same f'r-equ ency .arter
the inte r-ler-ence has ceased,

L'nfortunately, very little information was available regarding OSCAR 6 whilst
planning this ground station . Even now, it is still not clear what repeaters will
be carried or when it. will be launched. For this reason, the VHF -Group with
HA 8 WH only planned the ground station and Doppler correction system for
operation in conjunction with the linear 432/144 MHz r-epeater- of OSCAR 6. In
order to carry out tests succ essfully during the operation of OSCAR 6, it will
be necessary for us to find other well-equipped stations to carry out common
experiments . Since the expected orbital height will be approximately 1000 km,
most of the useful station locations will be within Europe .

1. FREQL'ENCY VARIATION BETWEEN TWO STATIONS
DURING THE SATELLITE PASS

The linear transponder of OSCAR 6 will receive signals from earth on the
432 MHz band, wiil amplify them and re-transmit them to earth on the 144 MHz
band.

The frequency variation "aused by the Doppler effect therefore occur!'! twice:
Once on the earth to satellite path ( .1f1 ) and once from satellite to earth
( A ra ). If the receiver is equipped with an automatic rr-cquoncy control circuit
( AFC }, it will be possible to eliminate the frequency variation of both paths
as long as the signal remains within the hold range of the AFC circuit and as
long as the station transmits continuously . In practice such an APC circuit would
not be able to hold the frequency long unough to allow communication to take
place.

A more reliable correction method can be realized uHing the carrier of the
telemet ry transmitter onboard the s atellite which will b", audible throughout the
whole satellite pass.

2. BUILD UP OF THE STATION

The block diagram given in Figure I shows the principle of th", station.
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The frequency correction is made in the fo llowing manner: The frequency va r ia 
tion tl.f2 occur-ing on th e satellite to ground path is eliminated by t he automatic
phase control ( APe) circuit of the rece iver. The frequency variation tl fl re
quired fo r the transmitter i s , o f course, three times greate r on 432 MHz than
on 144 MHz . Also the fr e qu ency va riation tlf2 must be opposite to the variation,
d f2 ' T his m eans that a 1' l ~ -3 ~J2 when:' the m inus sign means opposite and
not negative.

Let us now consider the behaviour of the station; th e telemetry transmitter is
operating in the A3 -mode,

The fo llowing parameters are available:

Ie
H' l
IF,
IF3
110
ri
r,

carrier frequency of t h e telemetry tra n s m it t e r
fi r st int e r mediat e frequency
second intermediate fre quency
third inte r-me diate f requency
l oc a l oscillator fr e quen cy of the converter
phase locked oscillator fr e qu e ncy
out put frequency of the exciter

The incoming signal from the satellite i s m ixed with the loc a l oscillator fr e
quency of the converter producing the first intermediate frequency 1Fl:

IF 1 " fc + L\fl - flo; fl o < fc + .1 1"1

11"1 is now passed to mixer 2 where it is mixed with t he phas e -locked frequency
f1 t o fo rm IF2. If it is assumed that f1 > I F1 ' this will mean:

IF2 " f} - ( fc + .1fl - flo)

The frequency f } varies together with the incoming signal due to the phase
locked loop.

The output signal of the t ele m et r y receiver ( IF3 ) feeds one input of the phase
detector, the refe r enc e signal the other. After phase com pa r i so n, the phase
( and thus fr e qu en cy ) of t h e phase -locked frequen cy 1"1 is controlled using thc
error s tgnal ,

Frequency fl will re new the Doppler frequency variation:

1"1 IF2 + fc + ,1£1 - fl o

where 1"1> IF 2.

The frequency variation of f 1 is inverted i n the t hi r d mixing process. At the
output of mixer 3, the frequency will be:

ft - fl " ft - IF2 - fc - tlf1 + flo

Thi s frequency will be in the 144 MHz band which is multiplied t o t h e required
output frequency in t he 432 MHz band.

The frequency t r iplin g provides a Doppl er frequ en cy variation that has both the
c o rrect magnitude a nd direction and represents the pre-correction fo r; the earth
t o s atell it e path .
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The frequency transmitted by the ground station Is

T he frequency fo r ema ins constant during r ec ept ion. Ir the I r-equenc I.. ~ It o r
110 or 1F2 vary, this w ill eau ee th e ou tput frequency to al so vary . Thi s m e ans
th at very s table cscmetcra mu st be used to eliminate any unwa nted fre qu e ncy
variation of the t r a n s mitter.

The transmitter Is then t uned by th e va nation of th e freque ncy f t of th .- exciter.

The Dop ple r ccr-recttcn is a.... Ucha bl e ; when th e correction eyetem hi SWitch ed
of!, a cryatal oscillator with t he Irequency fl t ake a over and 1s Introduced into
the phase -locked l oo p .

In oa r- system , we are u sing . cohe rent detector fo r reception o f th e telemetry
signals In orde r to elimin a te the "knee" eHect of an e nvelope d et ecto r .

T he r e cepti on of the communication s and oth e r c ha nne l s In addition t o the tele 
metry signa l is obtained by c onn e ct in g one or more receivers to the second
intermediate frequency IF2 '

Of cou r se, it would be possibl e to tune th e transm itter by vary ing th e frequency
of 1F2; how e ver, i n th1s c ase the telemetry and other r ec e i vers connected to
I F2 wo un d ai llo be shifted in fr e quency .

T he tun ine r ange of IF2 m ay not be ereater than 1/3 of the bandw idth of the
c hannel. For a Channel bandw id th o f 50 kH z : 16. 6 kH z . II t he phase loc ked
loop i 8 o perating cor rectly, th e phas e-lock of th e loop wUl remai n synch ronized
when tu ning slow ly. In t his case , the e xcite r fre quency ft wo uld remain con at a n t ,

2. 1. OPERATIONAL EXAMPI,E

L et us assume that the eetenue 18 tran smitting on fc c 145 . 9 Mll z a nd receive r;:
on 4 32 .3 MHz .

The Incom tng freque ncy I fc • ~ f) J is c hanged in the ccnve rte r to 29. 9 MH1.
( IF) ) by mixing it w ith th e local oscillator frequency of 116 MHz I flo I. If a
trequ ..ncy of 7 MH z i& choee n for IF2. a frequency of 36.9 MHz would be re 
quired a, £1 ' The frequency or IF] depends on the communications receiver
used for reception of t he telemetry signal. If It is assume d to be 450 kHz and
the phase - loc ked l oop is opersting correctly, the r-efer-ence frequency wUI also
be 450 kH z.

At the outpu t of th e th i rd mtxe r, a signal of 432. 3+ 3 " 144 . I MHz will be
p resent . T hill means that th e outp ut of t he e xciter will be
ft· 14 4 . 1 . 36 .9 MH z " 181 MH z.

Aft e r pa uin g t he tran sm it s ignal through m ixe r 3 a nd t he tripll'r , t he r equ i r e d
output f r-equency o f 4 32. 3 MHz wUl be ava ilabl e togethe r with a ny fre quency
shin necessary to com pen sat .. fo r th e Dopple r fre qu en cy variation.
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2.1.1. ANOTHER VARIANT

It is pos s ible fo r another frequency p lan to be used in conjunction with the
previously described station:

L et us assume that the satellite frequency Ic a nd th e frequencies of IFI (29 .9
MH..:) , lF2 ( 7 MH z) and f 1 ( 36.9 MHz) r emain as in t he first example.

If the Doppl e r frequency variation is inverted in the converter the fo llowing wi ll
be valid:

T he frequency r equired from th e exciter unit will th en be 144.1 - 36 .9 MH ..:
= 107 .2 MH ..: . This signal i s converted in m ixer 3 to one third of the ou tput
frequency ( additive mixing) which i s then tripled to the required ou tput fre
quency . The previous f r e qu en cy plan would be more useful if high - level mixing
is em ploy e d in mixer 3.

2.2. SYS T EM ACCURACY

The theoretical ac curacy of the Dopple r-shift cor-r-ect.ion system is dete r m ined
by the ratio of the t r a n s m it and receive fr equency. If they have a direct har
monic relation ship t o another, the error will be ze ro.

In the example described in this article. the relative error will be:

3 x 145 .9
432.3

1. 01

This m eans that the error is onl y in t he order of l~a. or an error of 10 0 Hz
in the corrected system fo r an original error ( Doppler shift) of 10 kHz .

3 . REFERENCES

(1) A MSA T : OSCAR 6 - Technical Description and Project Status
VHF COMMUNICATIONS 3 (1971) . Edition 2, Pages 93 -97

4 . EDITORIAL NOT ES

Dr. Gschwindt would like to cooperate with other groups i nt e r e s t e d in satellite
communications. Would any interested persons contact him un de r the follow ing
address:

Dr. A cGschwtncn, HA 8 WH
Microwave Chair
Bu da pe st T echnical Uni ve r sity
BUDAPEST XI
Oar-ami Ern6 ter 3
Hungary
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BASIC DIGITAL CIRCUITS

by D. E. Schmitzer, DJ 4 BG

Recent articles on electronic keyers, automatic calling systems, frequ ency
counters, RTTY decoders et c. show that more and more di git a l c ircuits are
being used in amateur radio equipment . This interest is du e to the falling prices
and inherent reliability of integrated digital circuits.

In order to assist the understanding of digital techniques, some of the basic
functions are to be explained that are required r epeatedly . Even very complf -.
cated digital equipment can be split down to such basic functions.

1. PREREQUISITES

Since the same components occur' again and again and the circuit itself is not
so important as the function, one usually n eglects the actual circuitry of re
sistors , diodes, transi stors etc . This means that one limits on eself to a block
diagram indicating the individual digital functions. Several of these symbols are
given in Figure I, and are explained in the following s e ctions . In all cases, a
phase reversal i s designated by a point a t t he output ( see AND and NA ND or
O R and NOR) . Gener ally speaking, digital circuits c an only differentiate bet
w een two conditions, namely "voltage" and "no voltage" . These t wo conditions
are used to b e a s sociated with the binary numbers ONE and ZERO. In our case
the "no voltage" condition has been as signed to the O -condition and "voltage"
to the i -c ondttton , This a gre ement must be defined further in order to under 
stand available components: In the case of TTL-ci rcuit s ( T ran s istor~Transistor 

Logic/operating voltage + 5 V l , voltage level s of + 0 .3 V and approximately
3.5 V app ear at the output . Th e lower voltage level corre sponds to the O-con
dition and the higher, more positive voltage to the I -condition. This system
where the more positive voltage corresponds to 1 is called " positive logic" .
If the opposite is the case , on e will be using "negative logic" . In addition to
this, different voltages are used for 0 and I-conditions a ccording to the differ
ent circuits. Due to the popularity of the TTL - t e c hnol o gy, this article is to
devote itself to po s it iv e logic at the given voltage s.

2 . BASIC F UNCT IONS
2.1. INVERTERS

The simplest digital operation is inversion, e . g. when a O-signal is fed to the
input, a l e a i.gn al. will be present at the output, and vice versa .

The symbol for this is given in F i gu r e la and a detailed circuit of such an
inverter in TTL technology is sh own in Figure 2. It c a n be seen that it is a
type of series push-pull s t a ge c omprising T 3 and T 4 which is d riven via trans
i s tor T 2. A further transistor ( T i l is connected in an unusual circuit to the
input of transistor T 2. If a positive voltage is fed to the emitter of T 1
( logic-l 1 or if left disconnected, a current will flow from U+ via r esistor
R 1 and the base -collector path of T 1 to the base of T 2 which is driven . The
result of this is that T 3 is blocked and T 4 will conduct so that the voltage
at the ou tput will fa ll to the residual voltage of T 4 which is in th e order of
0.1 - 0.4 V (logic -O). If, on the other hand, O-potential is present at the
emitter of T I, the current from R 1 will be diverted to the input and T 2 will
b e blocked .
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This means that T 4 is a lso blocked and T 3 wil l conduct via R 2. A positive
voltage is then present at the output wh ich is to the val u e of the voltage d rop
across R 4, T 3 and D less than the operating voltage (+ 5 V) and i s t hu s in
t h e order of 3 . 5 V ( logic- l ).

2.2. AND GATES

If the in put transistor T I is provided with more than one emitter, as shown
in F igu r e 3, it will be possible for several signals to be ope r a tive . Even if
on ly one of the inputs is at O-potential, the whole current of R I will flow via
this input and I-potential will be present at t h e output. It is only when all in
puts are at I-potential that the output c an c hange t o O. This circuit therefore
behaves as the inverter described in Section 2.1. with the additional condition
that all inputs must be of I -potential t o obtain the opposite a -potential at the
output. Such circuits are designated NAND-gates ( NOT-AND). The fun ct ion of
such a NAND-gate can be expl a in e d a n d remembered as follows: A I-potential
wil l onl y no t ( N) be present at the output when inputs I AND 2 AND 3 etc.
are fed with I-potential. Such gate circuits are available with t wo, three, fou r ,
five and eight inputs which means that circuits can be used where I-potential
must be present at up to eight different inputs before t h e output potential shifts
to O. This means t ha t up to eight conditions must be fulfilled by :i circuit b e 
fore a-potential appears at the output to actuate a certain function.

2.3 . OR GATES

If an inverter is connected before each input of an AND-gate ( Fig. 4), a dif
fe r e nt type of c i rcu it r esult s : If only one input is a t l vpot e nt fal ., this will cause
I-potential to appear at the output because the inverter before the input converts
the I-potential to a -potential at the input of the AND -gate breaking the AND 
condition where all inputs must be at I-potential for an output of O. Such cir
c uits are called OR-gates because t h e following is valid: when l cpot e nt fal is
present at input I OR 2 etc .• I-potential will be present at the output. This
means that it is possible to actuate a certain function when one or more con
ditions are fulfilled, namely when a I-potential appears at one input.

The author uses such a circuit i n a somewhat extended form in a calibration
spectrum generator that is to be described in a later edition of this magazine.
In this calibration generator, the individual signals of 100 kHz. 50 kHz etc. are
not fe d via inverters but via an inverting gate to the AND-gate. as shown in
Figure 5. If one input of such a gate is at Il-potential, this will cause r-poten
tial to appear at the output so that the subsequent gate is not affected. The
signal S at another input has t h e r e for e no effect on t h e output signal. Different
conditions exist when input I i s not driven; in th is case. the signal at input 2
( an alternating voltage fluc tuating between 0 and I - po t entia l ) switches t he
voltage at the output of the gate and will control gate G 5. The switching pro
cess is inver t ed by gate G 4a or G 4b and t h e NAND-gate G 5 will operate a s
an OR -gate .

Since it would be very clumsy to place an inverter in front of an AND-gate to
obtain an OR-function, components are available t h at combine these two func
tions in one circuit ( F i g . 6). An additional inversion occurs with these cir
cuits which are designated NOR- gate s ( NOT -OR ).
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3. STORES AND COUNTERS

Storage elements also pay an important part in the digital technology. The flip
flop represents one of the simplest storage elements. Several such circuits are
to be explained from the extremely large number-s of possibilities that exist.

3.1. R-S FLIP -FLOP

The simplest bistable or flip-flop circuit is obtained when two gates are con
nected in the form of a cross, as shown in Figure 7 . If one of the free inputs,
e.g. "R", is momentarily placed at O-potential, a l ~signal will appear at output
"Q". Due to the interconnection of these two gates, this condition will be main
tained until input "S" receives O-potential. This will cause output "Q" to be
switched to I-potential whereas Q returns to O. It is therefore possible for a
certain condition to be selected by feeding a shor-t pulse to the appropriate input;
the condition can then be maintained indefinitely.

3.2. CLOCKED FLIP-FLOP

The simple circuit shown in Figure 7 has the disadvantage that one or the other
input must be driven according to the required function and that the storage
occurs the moment the input signal appears. Any change of the input signal can
change the stored state. This can be avoided using the circuit shown in Fig. 8.

By adding an Inver-ter-, one can ensure that only one input is fed with the appro
priate signal. Using intermediate gates, it is possible to ensure that the input
signal is only passed to the actual storage element ( the interconnected gates)
when a I-potential is present at the clock input. As soon as the clock input
returns to 0, all outputs of the intermediate gates G 3 and G 4 will r e tu r n to
I-potential and no longer have any influence on the contents of the store. The
input voltage at input "D" can vary at will , it will have no effect on the stored
information. Only a new I -signal at the clock input allows the stored informa
tion to be altered.

3.3. MASTER-SLAVE FLIP-FLOP

The circuit given in Figure 9 can also only be set via one of its two inputs
when a I-signal is present at the clock input C. Since this circuit consists of
two interconnected flip-flops ( G 5 and G 6 as well as T I , T 2, G 2 and G 3 ),
it is able to react in a specific way to the clock-pulses at C when inputs J and
K are not driven. A pulse fed to C would, with the present circuit. for in
stance. switch Q to zero . The condition is stored after the pulse has been
ceased at C . The next pulse at C returns Q to I-potential. This means that
two pulses (0-1-0) are required to obtain a 1-0-1 transition at the output.
This represents a (frequency) division of 2: 1. When connected in series,
such circuits can therefore be used for frequency division in steps of two.
When four circuits are used, a divide-by-sixteen clrcuit can be formed.

3.4. DIVIDE-BY -TEN CIRCUIT

By suitable interconnection of the stages via the J and K inputs ( which have
not been used up till now l. it is possible for all stages to be reset to zero
after the tenth pulse. This means that the output signal will not be I/I6th of
the input signal but l / i Oth . A frequency division of 10 : 1 is therefore obtained
in this manner ( see Fig. 10).
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Suc h a c on fi gu r ation Is a vallable ae the int e gr ate d ci rcuit SN 74 90 N wh ere all
functions are made on a s ilicon ch ip of about on e squ a re mUHmet r e. The
SN 74 90 N comprtse a more than 50 transistor system s and jUllt a s many re 
s i s to r s . In ad dition to the previously m entioned char acte ris ti c s, t hi s integrated
circu it i s provide d wit h r e set Inputs which allow it to be reset to ze r-c, inde
pendent o f the stat e of th e di vision p r oc e s s and pu l se, wh en a I -signal Is p r e s e nt
a t this input . This allows t h e frequency divider to be di s a bl e d ( sw it ched off)
without removin g the ope r a t in g volt a ge. T h e h ighest in put fr e quency at which
th e c ircu it i s a ble to ope rate is given as over 10 MHz by all m anufacturers.

4. NOTE S

This a rticle d oe s not c la im to be c om pl e te but is de signed to at l e a st provide
a few ba sic fund ament als eo t ha t on e i s better able to unde rstand digital cir
c uit ry.
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A WIDEBAND PREAMPLIFIER FOR FREQUENCY COUNTERS
UP TO 60 MHz

by W. ~ R . Kritter, DL 8 TM

TTL integrated circuits of the SN 74 • • series and equivalents r equire a square
wave drive signal of approximately 2.5 V. This means that a preamplifier and
a pulse ahape r- will be required in a number of applications in order to drive
frequency counters equipped wit h these components. The bandwidth of the pre 
amplifier must at least cover the frequency range up to the highest frequency
that can be processed by the frequency counter. The output signal of the pr-e
amplifier must have a square waveform with a rise time less than the maximum
permissible rise time of 10 na for TTL counting decades . Since higher input
voltages can be applied, the preamplifier should be provided with some form
of att.enuator-,

1 . CIRCUIT DETAILS

A suitable wideband preamplifier is to be described. It was designed for opera
tion in conjunction with a frequency counter having an upper frequency limit
of 60 MHz. The gain of the preamplifier allows input voltages of less than
100 mV ( typical is 35 mV) to be measured in the subsequent frequency counter.
Due to the continuously variable attenuator, the input signals can be as high
as 4 Vrms - The circuit diagram of this preamplifier is given in Figure L

The three-stage amplifier is built up in a similar manner- to an integrated TTL
NAND-gate. The various stages are directly coupled and are fed from the same
stabilized voltage of 5 V as the frequency counter. Since t he operating voltage
is accurately determined, it is only necessary to adjust the operating point for
optimum balance. T wo resistors having a tolerance of 5% ( RIDS, R 107 ) are
required for this.

,""

0101 0102
hp 5082· 2811

DL 8 TM 00 1

cror
pt '01 0.11-'

R~l

220

C~2

" "

PtIDS

Output

C104
3301J16V

Pt 106

Pt.

Fig. 1: Circuit d illgram of a wideband pnIIImplifier and pulse shapllr for frequency ecunte-s
of up to 60 MHz
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If the preamplifier ia to p r ovi de the required r i s e time for th e pu lses even a t

60 MHz , only very fa st transistors may be used . The transistor type 2 N 709
used he re has a storage time t e of maximum 6 ns , Othe r 6wltchlni transistors
such aI> 2 N 706 and 2 N 708 (ts ~ 25 n s J, or 2 N 9 14 ( t s ~ 20 ne 1 o r 2 N 23 68
(ts ~ 10 n s ) have be en found to be un satis fa c tory .

A two-stage voltage divider with varia bl e attenu ation is connected to the input
of t h e p r ea m pli fier. Each voltage d ivider consists of a d iode and a r e s istor.
If the d todea are opened by the volta ge a djusted at the potentiom e t er, t hey will
only exhibit a very low forwa rd resistance which m e an s that no voltage d ivi s ion
will take place. The in put impedanc e of the preamplUie r in th i s con dition vir
tually consists of the t h ree pa r allel-c onn ec ted resistors of 220 n and t hu s
amoun t s to approximately 70 n . Thi s means tha t t he input s ignal can be fed to
th e preamplifier using a coa xi al cable.

If on the other hand bot h di od e s a re blocked, a double voltage di vi sion occurs
a c r oss th e capacitive re sistance of the diodes a nd the ass ociate d 220 n res is
tors . The Schottky (hot c a r r i e r ) diodes type Hp 508 2· 2811 posse s s a c a pa citanc e
of 1. 2 pF whi c h corre sponds to a resistanc e of 2 .2 k O a t 60 MHz . This means
th a t the in put aignal i s di vi de d twice by 10: 1 at 60 MHz whi ch r e s ult s in a
tot a l attenuaUon of 100 : I. At l owe r f r e qu encies, th e ca pacitive re sis tance is
hi ghe r and the voltage di vision cor r e spond ingly g reater.

With the diodes bloc ked, the input impedanc e of t h e pre amplifier Is vi rtually
only given by the r e s is to r R 101 and t hu s a mounts to a pproximately 2 2 0 n .
Th is means that th e input impedanc e c an vary between 70 nand 22 0 n acco rding
to the position of th e attenuato r potentiom eter.

2. CONSTRUCTION

T he p r e amplifi e r as s ho wn in Figu r e I is ac c ommo dated on a printed c ircuit
bo a rd of 80 mm by 30 mm , The c onn e ction s have been kept very sho rt; t he
transistors should be soldered into pl ac e so th at the bottom of the ca se is not
m o r e than 3 mm from th e surface of th e P C · bo a rd. The printed circuit bo ard ,
wh ic h is designated DL 8 TM 001, is gi ve n in Figure 2.

F~ . 2: Printed circuit board D L 8 TM 001
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A coaxial cable or socket can be connected to the input pt 101/Pt 102. The out
put pt 105 is connected to the input of the frequency c ount e r with the aid of a
t h ic k , short wi r e . In addition, an equally low-inductive connection must be made
from pt 106 or direct from the ground surface of the preamplifier to the input
of the frequency counter . Only DC i s p resent a t t h e potent iomete r wh ich m eans
that it c an be located anywhere r e qu ired.

2.1 . SPECIAL COMPONENTS

T 101 - T 104: 2 N 709 ( Texas Instruments)

D 10 1, D 102 : hp 508 2-2811 (Hewlett-Packard) o r similar Schottky diode s

All resistors should be suit a bl e for 10 mm spacing.

C 101 ,
C 102:
C 104 :

C 103: P l a s tic -fo il c a pacitors lor P C - boa r d mounting, spacing 10 m m
Ceramic disc c a pacitor of approx. 22 nF
Tantalium-Electr6lytic capacitor of appr'ox- 330 /-IF/6 V

Fig. 3 : A photograph of the prototype count er preamplifiar

3. CONNECTIO N T O T HE FREQUENCY COUNTER DJ 6 ZZ 003

The described preamplifier is especially well suited to th e fr equ ency counter
m odul e des c r ibed in (1) . F o r use in conjunction with this frequency counte r ,
connection pt 105 of th e preamplifier should be connected to P t 1 of the counter
module, the ground conn ections interconnected and the +5 V connection P t 103
connected to t h e +5 V line of the frequency counter. The 1.2 kn r e s isto r b et 
ween t h e counter input and the +5 V line as well a s t he simple pulse ehaper
compri sing the t r ansi sto r BF 224 should be removed.

4 . AVAILABLE P ART S

The printed circuit board DL 8 TM 001 and th e semiconductors are available
from the publishers or their national representatives. Please s ee advertising
pages.

5. REFERENCES

F. Weingartner: A Four -Digit Frequency Counter Module for up to 30 MHz
In this edition of VHF COMMUNICATIONS .
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A FOUR DIGIT FREQUENCY COUNTER MODULE
FOR FREQUENCIES UP TO 30 MHz

by F. Weingartner. DJ 6 ZZ

The necessity of knowing the exact frequency is not only important to satisfy
the regulations of the amateur radio licence but is a sphere of special interest
for a large number of radio amateurs . For many VHF-UHF applications it is
imperative to know the frequency exactly: for instance , moonbounce and meteor
scatter. This counter can be connected to the VFO or some other point in the
exciter or receiver where the frequency multiplication factor is known. This
article is designed to at least satisfy the measuring requirements of radio
amateurs in the frequency measuring sector. The economic price of this module
makes it of interest to a great number of amateurs.

Figure 1 shows a photograph of the frequency counter module which satisfies
the requirement of providing an inexpensive counter that can be constructed
extremely easily. It comprises 22 digital integrated circuits of the TTL-series
SN 74 •• N. a I-MHz crystal. four transistors. four digital Nixie indicator tubes.
several capacitors and resistors as well as a double-coated printed circuit
board with through -contacts . The latest professional counters use 7 -segment
numerical indicators that are at present still more than five times more ex
pensive than nixie tubes. They have the advantage that no high-tension supply
of about 170 V is required and of a longer life. However. this is of no import 
ance for our applications since the life of 30.000 hours rated for Nixie indicator
tubes under normal operating conditions is most certainly sufficient.

Fig. 1: The four-.d igit frequency counter module OJ 6 Z Z 003

If a selected integrated circuit SN 7490 N is used as first decade counter. fre
quencies of up to 30 MHz can be counted. In spite of the fact that the counter
is limited to four digits. it is possible by switching the clock to measure down
to the 100 Hz position. If a frequency of 12.3456 MHz is assumed, on", of the
following numerical sequences will be indicated:

12.34 MHz 2.345 MHz 3456 MH z
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The accu racy of the frequency c ount e r is on ly depen dent on the accuracy of the
I - MH z crystal standard wh ich c on t r ols the counting intervals vi a t he time base
circuit ( c lock ) . T he c r-ya ta l c an be ze r-c-beated to a fr e quency standa rd trans 
m itte r wtth the a id of a t rim m e r in t he same m a n n e r a s a calibration ep ecrrum
gene r ator.

In o rder t o ke ep th e dimen5ions of the relatively expensive dou ble -coate d P C
board with through-c ontact s to a minimum, a power s upply, p ream pl Uier and
pu l se s hape r Ci rcuit ha ve not be en provided on the matn board .

The i ntegrated powe r s u pply described in (1) Is well s uited rc r t hia a pp lic a tion .
A very simpl e putee- ehe pe r for th e frequency to be measu red is to be de sc ribed
in th i s article. Th is m eans that the basic module Is able t o carry ou t fr e qu e ncy
measurem ent a with input l e ve l s of 2 V to 4 V peak -to - peak. A wldeba nd pream 
plifie r suitable fo r oper ation with this frequ enc y counter te described in this
edition of VH F CO MMUNI CAT IONS (2).

In the form de ac r-fbed in this article, the publ i she r-a buil t up and used the
counter for m e asurements on a two metre transistor t r ansmitter by c onn ec tin g
it t o the IF-output o f a two metre converter. T he cou plin g attenuation o f the
antenna r elay ( 4.0 dB ) provided sufficient IF -voltage a t 28 MHz to op e r a t e the
frequenc y counter without preamplifier.

l. P RIN CIPL E O F OPERATION

The principl e o r opera tion is to be explained in conjunction with the block dia 
gram i n Figu r e 2. An introduction t o the operation o f digital ctrc un e is given
in "Basi c Di gUal CircuU s" (3) in this edition of VHF CO M MU NICATIO NS.

1.1. COU NT ING GA T E

The input oC the fr e qu ency cou nt e r ( Pt 1 ) is fe d with t he s teep, limited s qu a r e 
wave signal of u nknow n fr e quency provided by the pulse ahape r ,

The c ounting ga te c om p r1 s in g int e grated circuit IC [I allows the pu lses to pass
to the c ou nter ci rcuit a s l ong a s the clock pulse is at I -pot ential . It the clock
pu ls e retu r ns to 0, the gate will be blocked, t he count Is complete and the
r e s ult will be indicat ed wh ich means that the counting period c orrespond s to
1 rna, 10 ms or 100 rn a according to which clock time has been selected .

1. 2. TI ME HASf;

T he time base ci r cu it comprises t he integ r a t ed circuit s IC 1 to IC 7. The Cre 
quency of a I -MHz crystal oscillato r ( l C I ) is passed through Clve Crequ ency
divider ci rc uit s o r 10 : I each ( Ie 2 to IC 6 ). All frequencie s sel ected by the
clock s witch M ( l e t u s assume 100 ms in the following) con s is t oC an I and
O-potenUal llignal. T he s e s i gn a l s d i ff e r in length . Since t he cloc k pu lse m u st
be too me cr I -potential , the clock fr",qu f"ncy i s divided once again by 2 : I in
the nip -nap circuit comprising Ie 7. T h e exactly sh a pe d c loc k pu lses r equi red
are generated in this manner Cr a m the prcv~ous signal, which in our e xample
c c n e t s t a a t a 100 me I - s i gna l and a 100 m s O-signal .

- 161 -



1. 3. COUNTER

/

The pulse counte r consists of the five counting decades IC 10 to IC 14. The
same digital circuits are used a s in the time base . After the first counting
decade ( IC 10) h a s received 10 pulses, it wil l pass an impulse to the next
decade and return to zero . After a further 10 pulses, a s econd pulse will b e
pas sed to the second decade ( IC 11 ) and so on until the hundredth pulse wh i ch
is passed on to the third decade comprising IC 12 . This process, which corres 
ponds to a frequency division of 10, continues until the gat e is closed.

The contents of t h e counting decades IC 11 to IC 14 are then available for stor 
age. Since the c on dition of each counter decade is available in B CD-c ode , e. g.
as a I or O-signal on each of four flip-flops , fou r conne ctions exi s t between
each decade a nd t h e associated buffer storage . After t r an s pos in g t h e information
into t h e storage, the counting decades are returned to zero by the reset pulse
( I-signal at the reset inputs). Th ey are then prepared for the next counting
process.

1. 4. ST ORAG E

The sto rage configuration c onsists of four integrated st or a ge compon ents IC 15
to IC 18 . E ach of these integrat e d circuits consist of four flip -flops wh o s e inputs
are connected to the BCD outputs of the c ount in g decades . The cont ent s of the
c ounte rs are t r ansp o s ed into t he buffer storage during the storage st robe pu lses.
( I-signal a t the special strobe pulse inputs J, and a r e stored u ntil the n ext
strobe pu l s e is received. T hi s storage ensures that the varying conditions exist
ing during t he count a re not passed on to the indicator tubes and indicated.

1. 5. DECODER AND NIXIE DRIVE R

Four integrated decoder a nd Nixie driver components I C 19 to IC 22 a re c on 
nected to the output of the storage . The BCD-code is converted in a matrix
into the decadic numerical system. This m ean s that t h ey are provided wit h
fou r inputs and ten outputs . Each output is also provided with a transistor for
switching the n eon tubes .

1 . 6 . NEON INDICATOR TUBES

The numerical indicator tubes are s o called cold cathode types that operate
without heater. The 14 mm high digits ( 0 t o 9) are made vi sible by discharge
in a gas environment. Each of the digits can be fired by grounding its cathode.
This is achieved with the previously mentioned decoder and Nixie drivers.

200300'DO( V)

The 10 cathodes have a common anode which is c onn ec t e d to a positive op er 
ating voltage via a dropper re sis tor as w it h other neon tubes . According to the
ope rating voltage, these fou r dropper resistors must have one of the follow ing
values:

( kH ) 150 100 33

With most tubes it is pos s ibl e to operate with a n operating volta ge of as low
as 170 V a nd a dropper resistor of 27 - 30 kfl . The anode current per tube is
only approximately 1.7 mA, which means that the anode voltage supply of this
counter need only be dimensioned fo r approximately B mAo
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1.7. RESET AND ST ORA GE STROBE P UL SE S

These t wo 0~1-0 pulses are derived from the clock pulse that controls the whole
time base . They must be generated one after the other and in th e time between
completion and commencement of a count, e. g. whilst th e clock signal is O.
The four NAND gates of the integrated circuit IC 8 are used for this. The circuit
diagram is included in Fig. 2 since it contains a number of discrete components.

I- Clock ·1
L

J I r, I, I I r1

" rlI , , ,
0 I , ' ) I , ,.

I--b---l c , I--b---l c ,

Fill. 38 : Pulll8 sequence for controllinll the counter

Fig. 3a shows the pulse sequence of the counter in the time scale:
a) Reset pulse
b) Half clock time: Gate open ( 100 me, 10 ms or I ms)
c) Storage transfe r pulse ( strobe pul se)
and so on.

L DJ6ZZ
clock pulse J I I r-12113

0
L

l I I L" 0

L

l lT , base
0 -. • ~

L

~ U>0
0
L

U U' '9
0

L

~ nStorage
strobe pulse 3 0

L

J JReset pulse
0

Fill_3 b: Pulse dillll'"llm of the countBr contro l pulses

.Fig. 3b shows how the r-equj r-ed delayed pulses are gained via several intenne 
diate stages. The number at the commencement of each line indicates the con
nection pin of integrated circuit IC 8. The 1-0 slope of the clock pulse is changed
into a new pulse by differentiating ( 22 nF; 2.2 en l, re-shaping ( T J ) and is
lengthened in a monofiop (gate 9/10 - 8 and 4/5 - 6 l . Its differentiated fall
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elope r epresents the r-ee et pu l s e fo r the counter whi ch appeara after the s torage
s t r obe puls e with r e s pect to the counting time , The storage strobe pulse t here 
fore a ppears be fo re the reset puls e because it Is taken be fore t h e de lay m on o
nop.

2. CIRCUIT OF THE C OUN T E R MODU LE

Due to the u s e of integrated crrcutte, the circuit diagram is reduced to a pl a n
of the Interconnection s a s shewn in F igure 4. A diagram o f the logic fun ction s
wou ld have also been too ex te ns i ve . However, the giv en logi cal c i rcuits for the
various integrated circuit types allow one to follow the logical functions If r e 
quired. Figure 4 is especially useful for findin g the mea suring points on fault
finding at a later date if th i s sho u ld be neces s a ry .

2.1. C OMP ONE NT DETAILS

T he TTL circuits us ed i n th i s teequerc y coun ter are offe red by a la r ge numbe r
of m a nufacturers un der diffe rent designation s . The a uthor a nd t h e pu blis h e r s
used integrated circuit s m an ufactured by T'exe s Instrumente for their prototype
models . The de s i gna tions of T I a re SN 74 .. N. Oth e r com panie s u s e the follow 
ing designa t ion s :

A EG-T e le funken: TL 74 •• N
SESCDSEM: SFC 4 •• E
ITT: ITT 74.. N
National Semiconducto r : DM 8 • • •

SGS:
Siemens:
Sp rague:
P hilips:

TT j.lL 9• ••

FL 1 • .
US 74 .. A
FJ • . •

ICI,IC 8 :
IC 2 - IC 6 :
IC 7 :
IC 9 :
lCI0 - IC14:
ICI5 -1C lS :
IC19 -IC22:

T 1 - T 4:

D ID 2:

V 1 V 4 :

14

2

5
2

SN 7400 N
SN 74 90 N
SN 747 3 N
SN 7410 N
SN 74 90 N
SN 7475 N
SN 74141 N ( r epl a c e ment for SN 7441 AN )

BC 108. 2 N 2926 or similar s Uic on NPN AF transist or

1 N 9 14 o r ot he r similar silicon pl a n a r dio de

GN-6 (ITT I. Z M 1080 (AEG·Te le funkt'n) or similar ty pe a

standa r d Ir-e quen cy crys tal 1. 000 000 MHz, HC - 6! U, with
h older for ho r iz ontal PC-board m ou ntin g

trimmer capacitor 3 - 20 p F', 7 mm d ia . min ia tu r e ce ramte
disc o r foil trimmer

bypass capaet to r-s 22 n F ( value not critical J, 7.5 mm s pacing

plastic foil capacitor s O.lj.1F. Spa ci n g 15 mm

m in iatu r e disc or tantalium capacito r 0 . 4 7 j.lF.
Spacing 7. 5 mm ( value not c ritical )

tantalium electrolytic ca pacitor a pproximately 50 j.I F;
spacing 15 mm
DIP 14 sockets
DIP 16 soc kets
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• Ic-- - - - - - - - - - - 112.5 mm- - - - -!

•

•
•

••I

Fig. 5: Print" circuit board DJ 6 ZZ 003, double~ted with through ecnteets
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3. ASS EMBLY

The f requency coun te r- m odule i s built u p on a d ou ble ·coated print ed c i r cu it
bo ard with through - c ontact s having the dimensions 150 mm x 110 mm. The
P C ·board i s designated DJ 6 Z Z 00 3. F igures 5 and 6 s how t he PC -board a nd
th e position o f the compon e nts. A photog raph o f t he prototy pe i ii given in Fi
gu r e 7 . The s olde red connections that can be s een are due to th e fact that the
prototy pe boa rd did not ha ve through-contact s . It will a l so be s e en t hat different
bypas s c a pac itors we r e used . T hi s is not c r itical as l on g as a low value Is
fo llowed by a higher on e . If a ll value s are too small, pu lses c a n appear on
th e operating voltage which c a n l e a d to spurious e ffec t s .

The indicator t ube s we r e di rectly c onne ct e d t o th e boa r d in t he prototype. Of
c ourse, they can be connected vi a relatively l ong l e a ds s ince they only handle
DC·volta ge s tha t are s wit ch e d at a maximum of 1 kH z .

Finally, 1t s hould be m entioned that for each IC~type ( and th e first c ount e r
decade) one was provided with a socket to a llow t h e integr a ted c i rcu it s to be
tested before s oldering int o place . The crystal oscillator ( IC 1 ) is provided
with a s ocket which a llows IC 8 also to be tested. T his Is a lso true ot the first
frequ ency d ivider IC 2 for testing all the SN 7490 N type s. Since the integrated
circuit ty pe s u s ed tor IC 7 and IC 9 only appear on c e . each is p rovi de d with a
s ocket. A s ocket s hould a lso be provided for the SN 74 75 Nand SN 7414 N types .
The last s ocke t Is pr-ov ide d for t h e first c ounting dec a de ( IC 10 l , e o that one
c an s elect th e re ste et IC if a nu mbe r of SN 7490 NI Cs are a vailable . The awttch 
ing s peed o f the firs t decade determines t h e u pper freque ncy limit of the whole
fr e qu e ncy counter. Sinc e t he values fl uctu a t e g r e atly ( typical i s 15 to 18 MHz J,
the s election Is very worthwhile . Of c ourse. it c a n only be c a r ried out after
the whole frequency counter i s c ompl etely ready for operation .

Fill. 7: Prototype of the freq uency counter modul.
- 16 8 _



The frequency counte r module only requires the few external connections s hown
.n F i gure 8 . The tra nsistor represent s a aimpke limite r to change t he more or
less sinusoidal voltage of the input sigrial to steep squarewaves that can be
p rocessed by the counter. The diode pr o t ec t s the base -emitter pat h against
overvoltages. The voltage of the signal to be measured Is decreased to 2 V
- 4 V peak to peak with the aid of t he variable d roppe r resistor. This circuit
can be easily built up on II Vera -type board if the connections are kept short.
A wldeband preamplifier up to 60 MHZ' with pulse snape e (2) Is also described
in this edition. If this preampllf1er is used, the extemal pulse ahaper- shown
in Figure 8 will not be reqctrec,
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4. POWER SUPPLY

The fr e qu en cy counter r-equfr-ea two operating voltages:

5 V + 0 .25 V
l70Vt0 30 0V

at 0 . 5 to 0.6 A
at 8 rnA

A ll was previously m ention ed , the integrated power supply described in ( I ) i s
very suitable. In fa ct it was developed to r such a n application . The author used
the stll!.lUlzer circuit shown in Figure 9 . It i s not so extensive but the c on 
s truction r epre s ents just 811 much work as the more extensive printed c ircuit
const ruction with the integrated voltage stab ilizer.
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Fig. 9 ; Power §uppl y circuit used by the .uttlor

5. CONNECTION AND OPERATION

Before connect ing the fre qu ency counter, th e po wer supply voltages should be
measured and a dju s ted where necessary. The d r opper resistors for the neon
indicator tubes should b e calculated and inserted into th e anode ci rcuit of each
tube.

The teat proc e dure i s c ommenced with the c rystal o sc Ul a t or which muet be
audible imm ediately on a r ece i ve r tuned to I MHz or a harmonic ( e. g. I MHz,
7 MHz, 28 MHz o r even 144 MHz I wh en a screw d r i ve r i s touching connection 8
of IC 1.

P lace a s econd SN 7400 N into the s ocket o f IC I and t e s t . P lace a SN 7490 N
into the soc ke t of IC 2. A 100 kHz calibration spect rum s houl d now be audible
when a ac r-ewdr-Ive t- Is touching c onnection 11 o f IC 2.

All SN 7490 N inte grat e d ci rcu it s can now be tes ted one a fte r the other in the
socket of l C 2. Solder IC 3, l C 4, IC 5 and I C 6 Into pl ace in the given order
and ob s er-ve th e calib r a tion spectrum.

The other stages c a n only be checked with the aid of an oscilloscope which
n eed not be d escribed here. The pulse diagram gi ven in Figure 3 and the cir
cuit diagram in F igure 4 aids the checkin g pro c e sa,

The stages p rovided with s ockets are the first that a r e activated after which
all integrated ci rcuits of the same type c an be tested. If the c om pone nt s are
working c o r rectly, th ere is no reason why th e frequency c oun t e r 'should not
operate immediately due t o the inherent relisbility of th e printed circ uit hoard
with it s throu gh contacts. However, wh e n each stage is checked s t ep by s tep,
one wtn be better a ble t o und e r s t a nd t he operation o f the count e r .
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Finally. a method of obtaining an indication of the decimal point is to be given :
Three miniatu re n eon lamps fo r 11 0 V are connected via a suitable d roppe r
r e s i s t o r to th e anod e vo ltage a nd grounded vi a a second wafer of the clock
s witch M 1 to M 3 .

The lamps are then mounted be tween the nu merical tubes so that the a pp ro 
prtate decimal lamp lightll . Howe ve r . since the a mateu r ulOually knows the fre 
quency to be expected. e . g. the kHz and the 100 Hz wh en calibrating the scale
of a VF O. t h e provision of a decimal point was not thought to warrant the e xt r a
cost .

6. AVAILABLE P ARTS

The printed circuit board DJ 6 ZZ 003 . the crystal standard. semiconductors
( wi th first decade counter Ie selected Cor 30 MH z I. Nixie tubes and a com
plete ki t a re available from t h e pu bli s he r s o r the i r national representatives .
P l e a s e see ad vertising page .

7. RE F ERE NCES

( 1) H. J . Fran ke and H . Kahle rt : Universal P owe r SUpply using a n
Inte grated DC - Voltage StabUl zer

VH F COMMUNI CAT IONS 3 (1 971. Edition 2. Page s 121 to 126

( 2) W . R . Krit ter: P r ea m plifi e r fo r F requency Counters up to 60 MHz
In this edition of VHF COMMUNICAT IO NS

(3) D. E . Schmitzer : Basic Digital Circu it s
In this e di tion of VH F CO MMU NICAT IO NS
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A NEW" METHOD OF FREQUENCY MULTIPLICATION
FOR VHF AND UHF SSB

by K. Meinzer, DJ 4 ZC

INTRODUCTION

This article does not represent a constructional description but more an Intro
duction to a new method of frequency multIplying SSB signals. Single sideband
operation has been gaining popularity on the VHF and UHF bands especially
since amateur satellites and MOONRAY have proposed use of the 70 ern band
for space communications.

Unfortunately the normal method of producing SSB signals by frequency con
version and linear amplification becomes Increasingly difficult at higher fre 
quencies due to the considerable amount of frequency conversion required and
inherent problems of spurious conversion products and intermodulation.

A varactor diode represents a relatively simple and inexpensive means of mul
tiplying CW signals to the UHF region but it is not possible to use this method
in conjunction with SSB transmissions due to the inherent non-linearity. Conven
tional frequency multiplication is also impractical due to the inavoidable distor
tion of the SSB signal.

To avoid this problem, the author has developed a method of frequency multi
plication that allows a varactor diode to be used together with a relatively
simple adapter to allow SSB transmissions to be multiplied to 432 and 1296
MHz . This system has been constructed and used on the air wit h excellent
results. It can be used with any exciter that provides a shortwave SSB signal,
in our case 9 MHz. The original SSB signal is modified by the adapter in such
a manner that after it has been tripled in frequency the output signal will have
been restored to a conventional SSB signaL

1. T HEORY OF OPERATION

As has already been mentioned, it is known that amplitude modulated signals
are distorted greatly by conventional frequency multiplication. Frequency mul
tipliers are usually class C amplifiers which possess a non-linear relationship
between the input and output voltages. It is true that the third harmonic of an
amateur AM signal will still be readable, although highly distorted. However,
the complexity of a single sideband signal will make it unintelligible after con
ventional frequency multiplication.

Carrier
)

7000 7001 7003

Orginal signal

I
21000

Fig. 1; Effect of f requency multi plicat ion on the sideband frequencies of audio tOIl8$
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After reinserting the carrier, the 1 kHz or 3 kHz tone is recovered as the
heterodyne between the sideband and the reinserted carrier. If this signal i s
now passed to a frequency t ripIer, the fr equencies will b e 21003 kHz or 21009 kHz
as shown in Figure 1b . Wh en the carrier is now reinserted heterodyne frequen
cies of 3 kHz and 9 kHz result . This is because the audio frequencies are also
multiplied together with the carrier frequency and the spacing between sideband
a nd carrier will also h ave been tripled .

If we continue this experiment further by tuning the audio o scillato r continuou sly
b etwe en 1 kHz and 3 kH z, we wil l notice that the sideband signal wi ll a l s o change
in frequency. This shows that the SSB signal can e s s ent i ally be considered as
an F M signal with a frequency deviation of 2 kHz. If the SSB signal is now
passed through a limiter to remove the amplitude components, the result will
be a signal only containing F M information which is not the original audio signal
but a complex result of the SSB generation process.

If the a m plitude variations are demodulated before limiting, the envelope can
be used to remodulate the FM signal with the AM components to reform the
original SSB signal as shown in Figure 2a.

'" Limit er

ss.

A"A" derccvlctc r
e!Wli'lope

Ampl.

"'<ldulotor

I-~--. SS.

Fig. 2a

Fig. 2 : Separation of the SSB signal into its FM and envelope compon ents

The demodulated signal is not th e original audio s ignal but the envelope of th e
SSB signal, which is the signal h eard wh en listening to a SSB signal on a re 
c eiver without BFO. T h e AM en ve lo pe signal contains frequencies b etween DC
and 20 kHz .

lthas already been seen that a frequency multiplier also multiplies the frequency
deviation of an F M signa l , thus destroying t he r el a t ion sh i ps of th e original sig
nal. How e ve r , if the SSB signal is considered to be a combination of amplitude
and frequency modulation, the process shown in Fig. 2b can be utilized. After
separating the two components, the FM portion is passed via a frequency di
vider where both our 9 MHz signal and the frequency deviation are divided by
three . The r esult is a 3 MHZ! signal whose frequency deviation is one thi rd of
that of the original signal. This ' 3 MHz F M signal is now amplitude modulated
with the original e nvelope signal and passed to a mixer stage where it is con
ve rted back to the original frequency of 9 MHz with the aid of a 12 .MH z local
oscillator frequency . The resulting signal is, of course , not the original 9 MHz
signal since the frequency devtanon is now only one third of the original value.
The output signal is now heh~r.'o'dyned in the conventional manner to one third
of the required operating frequency, e . g . to 144 MH z for 70 cm or to 432 MHz
for 23 em operation. The heterodyne frequency is then tripled in a varactor or
other frequency multiplier after which an output signal will be provided that can
hardly be distinguished from a conventional SSB signal.
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Fig. 3: Pract ie- I cirellil of the OJ 4 ZC SSB edapter

2 , CIRCUIT DETAI LS

A practic a l circu it of such a n SS B adapter fo r hse in conjunction wit h one tr-Ip 
Ie r- stage is s hown In F i g. 3, A 9 MHz SSB s ignal i s fed a t a pproximately 0 ,1 V
t o th e input of th e adapter ( P t. 1 ) after which it Is amplified i n transis t or
T 1 to roughly 5 V, At this point, the s ignal i s demodulated by diode D 2 to
s eparate the A M· en ve lo pe signal; diode D 1 i s u sed to provide a bias voltage
for the modulator t ranlOhitor T 5.

P a rt of the a mpUfied signal is induced from inductance L I to L 2 and l im it e d
by diodes D 3 and D 4 . After fu rther amplifica tion 10 transisto r T 2, the signal
Is limited once again by diodes D 5 a nd D 6. The N.'sulting signal i s then pas s
ed t o transistor T 3 where It Is tran s posed into a squa re wavefo rm and passed
to t h e integrated circuit Ie 1. a dual JK n i p -nop that d i vi de s the s quare wave
signal by three. T ran s i llt o r T 4 Is an electronic s wi tc h controlled by t he 3 MH z
square wa ve ( FM ) signal. The c u rrent Gowin g via tranl:lis t o r T 4 is modulated
by the voltage at the base of T 5 wh ich i s t he enve lo pe component of the o riginal
9 MHz SSB signal ,
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Aft e r t hi ll modulation the signal i a palilled via a Iow -pa es tilter in th e collector
circuit ot t r a n sis to r T 5 to lIu pp r elili the third harmoni c ( 9 MH z ) of the 3 MH z
c ompo s it e s ignal. T h e siiJlal ill n ow fe d to mdxe r- trans18tor T 8 where it Is
hete rodyned with the 12 MH z oaeiUator f r e qu e ncy of T 7 to reobt a in the r e qu ired
out put t requency of 9 MHz . The s ignal i s amplified in tranailltor T 8 to the o ri 
gi na l level o f 0.1 V or m o re. Ot c ou r-e e , thi s signal i a lItill no t an in telligible
sse s ignal until the composite F M/env elope s i gn al i s triple d.

3 . CONST RUCTION

A s wa5 m ention ed in t h e introduction , this art ic le i s not a ccns t r-ccuonaj des 
c r iption . The author bu ilt up the des c ribe d adapter on a ch a s s i s made from
e po xy P C -board material ha vin g th e dimensions 57 mm lI; 14 0 m m .

3. L C OMP ONE NT S

D 1 and D 3 to 0 7 : I N9 14 or simila r
D 2: AA 11 2 o r any germanium video detector dio de

T 1, T 2, T 8 : German ium PNP t r ans i st o r fo r R F e.g. A F 106 , AF 12 1,
AF 13 9 ( AE G - T ele tu nk en) ; o r Motorola HEP-3

T 3, T 4, T 5, T 7: VHF NPN transi s tor, e. g. 2 N 706 , 2 N 708 o r s im il a r
T 6: N - channel F E T BF 245c (TI Ger m a ny ) or MP F -I 02 ( Mot orola)

rc 1: Dual JK fli p - fl op ( Moto r ol a MC - 790 B )

Ch 4: Ferrite bead ch o ke ( 3 be a d ' ); Ch 5 : Fer r it e be a d

All coils are 0.3 mm di a . (28 AWG) enamelled coppe r wire. wound on 1/ 4"
( 6 . 5 m m l c o ilfo rm e r s with c o re s .

L 1: 16 tu rn a
L 2 : 22 turns; cou pling link tw o tu rns
L 3 : 22 turns; coupl in g link four turn s
L 4 : 16 turns
L 5, L 6 : 22 t u rn s

Coll - to -coil spacings : L 1 • L 2

4. A LI GNMENT

5 /8" ; L 5 - L 6: 1/ 2"

The aliJlllllent proce dure i s very sim ple : C onn ect a vo lt meter betw een Pt . 2 and
g round a nd align indu cta nc e L I fo r maximum reading with a l ow 9 MH z input
signal. A voltage o f 5 V shou ld not be eJr::ceeded at t e e tpomt Pt 2. since thi s
would exceed the lin ea r range o f the de m odu l ato r. An oscilloscope o r va lve
voltmeter ( VTVM ) is now c on necte d to te stpoint Pt. 3, an d th e input signal i s
reduced un til the r eading is only ju s t readabl e . Align L 2 and L 4 fo r maximum
i ndication by r e ducing the input signal a nd co rre c tin g the a li gnm ent un til no
further incre a s e in ga in i s obtained . T he m easuring a rrangement i s no w con 
nected to P t. 4 and inductan c e L 6 aUgned for maxim um Indication. With a
medium 9 MH z s i gna l at t h e input , L 7 and L 8 are a ligne d for maximum 9 MH z
s i gna l a t th e output Pt. 5 .

5 . ' RESULTS

The adapte r is then ready fo r o pe r a tion wit h a trans m Itte r having one varacto r
o r other fr e qu e ncy tripl e r s tage to r e lltore the o rigina l c haracterilltics of th e
SSB s ignal. It should be n ot e d t ha t t he a dapter in vert s t he sideband 80 tha t if
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th e upper sideband is to be ueed , t he input signal should be lowe r sideband and
vi c e - versa . T h e described adapter has been successfully used by the author in
c onjunc tion with a 43 2 MH z SSB transm itter whose output frequ e ncy was then
t ripled to 1296 MHz. The t h i r d order d is tort ion o f the wh ole transmUte r system
wa s measu red to be -25 dB . It wa s reported that t he sign a l aoun ded completely
nonna l .

6 . EDITORIA L NOTES

This Is most c e rtainly not the last th at wil l be written about frequ enc y multi 
plication of SSB wit h separat e d F M a nd enve lope c omponents . e s pecially when
one considers e ven greater division o f t he FM com ponent s . F or instance. when
dividing by nine. it would be poeetbte t o multiply th e outpu t s ignal of a two
met re SS B transmitter t o 1296 MHz using ju st t wo va.r-ac tor- o r oth e r t r-iple r-s;
Of cou rse. t he p r i ncipl e is not just limited to t ripl e r s s o that it would be pos
sible to multiply the out put s ignal of a two metre SSB t rsusmitte r to 2304 MHz
with a fe w va r-ac t or- diodes a nd appropriat e di vision of the FM - components
( by 16 1. The im portant thin g is that the li n ea r amplilication i s made at t re
quen c ie e where this c an be m a de e fficie ntly and linearly wh ich Is increasingly
diffi cult on the higher uns- bands.

7. R EFERENC E S
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A TRANSISTORIZ ED P OWER AM PLIFIER FOR
TWO MET RES USING THE 2 N 3632

by H . J .Brandt, DJ I Z B

T h is a r t i cle hi based on Il lectu r e given by the author at the Weinh eim VHF
C on fe r en ce.

1 . INTR ODUCTION

T he first transisto r system manufactured in the ove rlay technology appear-e d 011
the m a rket in 1964 /6 5. It was available in three version s : in a T O 60 c a se a s
type 2 N 33 75 , in a TO 39 c ase a s 2 N 3553 and Una ll y with two pa rauet-c onnect ,
ed systems i n a TO 60 cas e as 2 N 3632. Of COU rse, the pa r allel c c nnecncn of
t wo tra nsisto r ayeteme ts the easiest method o f increasing the power rating;
howe ve r , the r e li ab il ity of such configuratIons Is dou btful since the exact sy m 
met ric al current dIstribution to both systems c a nnot be guaranteed. It is t r-ue
th at a type with increased reliabilIty, th e 2 N 36 23 was developed, however,
even this type did no t receive MIL a pprova l .

This and the fa c t that overlay t r an sistor s are now manufactu r e d by a number
of com pa n ies have resulted in Ia vou r-able otter-s appearing occ asionally for radio
amat eu r-a. However, power transistors in this ran ge require enti r e ly dUferent
circuitry th an kn own fo r tube amplifi e r s. This r equ ires a great deal 01 r e 
thinking. and this ia one of th e r eas on s fo r b r in gin g this art ic le : T o expl ain
t he di fferent conditions t ha t exist with t ran s is toriz ed power amplifiers. The
second part of this a rt rcte wil l desc ribe a t wo - s ta ge power amplifier equi pped
with a transistor 2 N 3632 i n t he out put stage, a s well as modulation and auxi
lia ry c ircuits.

2. NOTE S RE GA RDING T HE SPECIFICATIONS
2.1. LIMIT S FOR OPERATING VOLTAGE AND POWER

Modern R fl' powe r t r ans i s t ors a r e de si gne d fo r operating volta ges of eithe r
12 V t o 13. 5 V or 24 V to 28 V s inc e th ey were mainly developed for applica 
tion s in the mobile radio service. Be s i de s this. former types exi s t with op e s-at
In g vo lta ge s in the order of 40 V . 0 1 course. it is eas ie r to achieve highe r
power levels at hi ghe r operating voltages. In a ddit ion t o this, the gain per
s tage is greater a t t hese h ighe r voltages. For ph y s ic a l r easons. however, the
higher th e transit frequency , the lower will be th e pe rmis sible operatin g vo lt 
a ge (I) . At the moment . 40 V can be con s ide red to be the upper limit for
VHF / UHF t ransistors. •

High pow er levels can ther-efor-e only be obtained in conjunction wi th high cu r r ent
valu e s . This. however, means t h a t the output impedance drops to a lew ohms .
F or seve ral reasons. the maximum power l e ve l that ca n be achieved favourably
with a s ingle tra n s ist o r Is in th e orde r of 100 W in the HF/VHF range and 20
to 50 W at UHF. Higher power level s c an only be rea li z e d by combining several
Indivi du a l . or push -pull amplifiers . Besides t he heat dissipation probl e m s aris 
Ing with such po wer ampllfiera, whi ch can be e xt r e m e ly extensive. furth er
electrical and con s t ructive d iffi c ult ie s are c au sed because all l e ads must be
kept a t an absolute minimum because of the l ow impedance oper a tion .
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In the application in question, a certain similarity to high-energy electrical
engineering exists: were high power levels are more favourably obtained by
increasing the voltage within certain practical limits. It is therefore not a step
in the wrong direction but recognition of the facts when tubes are given priority
in this range. A tube also requires a far lower drive power for the same out
put. The combination of a transistorized exciter and a tube power amplifier has
been found to be the best solution by a number of leading companies for the
immediate future (2).

2.2. OUTPUT POWER AND POWER DISSIPATION

power Po of a transistor amplifier is given by the follow-The maximum output
ing formula: v u

ceres
4

x Ie peak (I)

where: Dc is the operating voltage ( lICE or UCB I, Ie peak is the peak col
lector current to which the transistor can be driven at the operating
frequency and Dc res. is the residual collector voltage at this current
( including the voltage drop across any emitter resistors ).

As can be seen, the power dissipation is not given in the formula; it is only
dependent on the efficiency that can be achieved in each mode of the amplifier.

In principle, the same is also valid for tubes. Howcver, the limit values of
current and 'volta ge cannot be obtained because the permissible dissipation will
be r-eached beforehand . This means that the output power of tubes can be well
estimated from the power dissipation values.

The opposite is true for transistors. The permissible dissipation power cannot
be utilized because the voltage and current limits are firstly reached. As a
rule, the dissipation power of HI" power transistors is usually selected as great
as the power input in practice, for reason of breakdown capability.

This is very unfavourable for those countries where the power limits of the
radio amateur licence are based on the power dissipation of the final amplifier
stage, because higher power ievels can be achieved at the same power dissi
pation values with tubes than with transistors. Even the stipulation of the power
dissipation at 70 -c instead of 25 °C does not represent a great improvement.
This is the reason why extensive discussions are taking place in a number of
countries to find a more favourable means of stipulating the power limit in
accordance with modern technology.

2.3. EFFECT OF THE OPEHATING LOAD RESISTANCE

The optimum
determined in

operating load r-e s i stance
two ways:

2 x ( Uc - Uc res)

IC peak

Rc of a transistor amplifier can be

(2)
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According to the data sheet, the transistor 2 N 3632 is designed for a minimum
output power of 13.5 W at 175 MHz and an operating voltage of 28 V. A drive
power of 3.5 W is required. If a drive power of only 2.5 W, which can be
sidered, the following values will result according to formula 1 and 2 assuming
a residual voltage of 4 V:

Peak current Ic peak
Operating load resistance
Operating load resistance of the driver
Real component of the input impedance
according to data sheet

2 A
240

l1SI1

5 0

Figure 1 provides an idea of the drive conditions of the collector voltage
current characteristics. The collector voltage of 28 V is driven down to the
residual voltage of 4 V (accentuated sinusoidal curve 1 during the conduction
period of the drive. In the non-conduction period ( class C ),_ it will increase
up to a minimum of 52 V ( 28 V ± 24 V) due to the flywheel effect of the tank
circuit. The position of the load line Rc is determined by the operating voltage
and the peak current va lu e of 2 A .

r '", \
I \

---- -1\---- 2A,\
I \ R~ 2
I \, \

\
\
\
\ 28V

,
I

.\ 1

1\",- J

' t
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I 'I )
1 /
1 /
r'

min,
52\

I

Fig. 1: Diagram of t he dYlliImic characteris t ics and dri...e in th e le/UCE fam ily of curves

If the operating voltage is amplitude modulated at a mean value of 14 V ( dashed
line 1. the slope of the load line will be maintained ( Rc)' This means a de
pression of the current flow and the alternating voltage at the collector at all
voltages lower than 28 V which means that collector voltage modulation can be
compared with a limiting process .
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If t he ampli fi e r stage is a lign ed for maximum output power at 14 V. t h e slope
of the l oa d line wil l increase ( Hc 2 ) due to the possibility of a peak current
of 2 A. The resul t of t hi s is a higher carrier power Ie vel, Since the slope
gradient remains during modulation { Hc 2 J. no increase of the alternating
voltage at the c ollector will oc cu r on momentarily increasing the DC c olle cto r
voltage to 28 V and t h e power will hardly increase above the carrier power
level.

This i s the reason for the well known negative modulation e ffect; a second c au s e
is insufficient d rive . If the drive is only sufficient for 1 A peak current. it is
o f cou r s e pos s i ble to align with a l oad resistance of Hc " Hc t o t he co rrect
carrier level at 14 V. However . if the c oll ec t o r voltage is momentarily increas
ed t o 28 V du ring modulation. still no increase of the alte rnating voltage at t h e
c olle ctor will occur because the peak current cannot exceed 1 A.

In o r de r to avoid this source of e rror during the alignment of stages whose
c ollector -voltage is modulated. it i s advisable to align them under m odulation
whilst observing the envelope. It is also possible to disconnect t h e modulator
and to increase the operating voltage of the stage{sJ to be modulated t o twice the
value. It is then possible for th e alignment to be made at the peak carrier leveL
This problem does not exist if the collector current is modulated instead of the
collector voltage . In t his case. the alignment i s a lways made at peak carrier
l e ve l.

',----"""'-__, UCE~LW
, r r 1-"«'

I I I
I I I
I I I
I I I
I I I
I I I

24V jav

Fig.2; Braakdown voltage and utilization of the maximum voltage

Figure 2 illustrates t h e voltage and cu r r ent util iz ation of an HF power trans 
istor in comparison with its b reakdown characteristics. Fundamentally speaking.
the danger of brea kd own is greates t at DC and l ow frequencies ( 3) .
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Above a frequency, which is dependent on the construction and the transmit fre
quency of the' transistor, the operating point can take up any position within a
rectangular field on the collector voltage-current characteristic without en
dangering the transistor system. The field is limited by the permissible peak
current Ic max and the breakdown characteristic for VCED, e . g. at values of
3 A and 40 V for transistor type 2 N 3632. In the shortwave range, this trans
istor can therefore only be used at an operating voltage of 18 V ( accentuated
curve) in order to ensure that the breakdown voltage is not exceeded. However,
since the breakdown voltage is lower at low current values and since the base
is driven in a negative direction whilst the collector has its highest momentary
value under correctly aligned conditions, the voltage VeER can be regarded as
the breakdown limit .

In this case, the operating voltage may amount to approximately 24 V and it
is possible to obtain slightly more output power by carefully trimming. However,
this correction could endanger the transistor if it is possible that the collector
stage is incorrectly aligned ( e. g. by maloperation, disconnection or a short
circuit of the antenna ). The phase relationship between the alternating voltage
at the base and collector is then altered which means that the breakdown char
acteristic VCED is valid again. Furthermore, in class C , the operating line
will form an area under the curve shaped like a rounded rectangle. At an oper
ating voltage of 24 V, this area exceeds the rectangular field of the operating
range and the transistor will be destroyed within milliseconds (4).

There are circuits that r ea c t to incorrect alignment and are able to r e du c e or
stop th e drive within microseconds so that the transistor system is not destroy
ed. How e ve r, since the power gain achieved by increasing the operating voltage
r epr e s ents only fractions of an S-point, it is simpler to return to an operating
volta ge of 18 V where the transi stor is able to withstand any incorrect alignment
even under full-drive c on dition s .

If RF power transistors are operated in the vicinity of the transit frequency,
another effect can be utilized : Namely, the breakdown voltage VCEO increases
by the same measure as the reduction in current gain on increasing the fre
quency occurs. It can reach twice the static value (5) . For this reason, it is
possible for the transistor 2 N 3632 and similar types to be used in the VHF
and VHF range at an operating voltage of 28 V tnspne of the relatively low
breakdown voltage VCEO However, if the circuit were to break into oscilla
tion at lower frequencies, the transistor would be destroyed instantaneously
because a lower breakdown voltage will then be valid. An exact neutralization
ill therefore not only a matter of suppressing spurious signals but is of funda
mental importance with regard to the reliability of the circuit.

3 . DIMENSIONING OF THE CIRCUIT
3 . 1. THE RESONANT CIRCUITS

The resonant circuits in a transmitter must fulfil two demands: They must
firstly suppress spurious signals and secondly provide a matching between in
dividual stages, and to a consumer ( antenna) . As a compromise between se 
lectivity and attenuation, a Q of approximately 10 is selected for tubed equip
ment, e. g . the values of L and C are chosen so that their reactive impedance
is 1/10th of the value of the operating load resistance Rc• The value of Rc is
calculated according to formula 2 and 3 (6).
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If the s ame p rocedu l'i" wa s used wit h transi storiz ed t r-an s m ttte r e, a c a pa c it a nc e
o f 450 pF a nd an inductanc e of 2.5 nH would r esult a t a n operating l oad r e s i s t 
ance o f 24 Q for the 2 N 3632 on t he t wo m e tre band. Stnce I m m of wire al 
r e a dy amount s to an i nductance o f a pproximately 1 nlf , s uch a pa r allel ci rcui t
is completely impossible . T he r e arc also other r e asons aga lnsl the use of such
circuits.

F i r s tly, only impedanc e s of le s s tha n 24 n c a n be t a ken from t his ci rcuit , which
m e a ns th at c oax ial c ables can no t b e matche d .

Secondly, th e vol.t a ge vdepende nt collector - ba s e capacit an c e of a fully driven
tra n B1s t or wi ll detun e th e par-a l lel c i rcu it pe r iodically . T hia mean s t ha t t h e r e
h a d anger of par ametric oscillation (7) that can lead to th e p roduction o f
s purious signals . With amplit ude m odu lated transm itte r s, additional problem s
occur from modul atio n-dependent m ismatch as we ll a s u nwa nted pha se modu la 
t ion.

~c oo2LQ

Cp

XCp a1 low !r' C!Uf'nC'in :oppro~ . 1to I.L limes Rc

Fio;l . 3: Output ci rcuit arr angement fOf RF pow.-r t ransistors

T he ae diffi cult ies c an be avoided if th e c i rcuit given In Figu re 3 is u s ed. In
this a r range m e nt , th e ope r at ing l oad r e sistance of the t t-an ef ator- I 2 N 363 2 "'
24 n ) wut be in c r e a s e d by a fac to r of 25 t o 50 t o th e hi gh er val ue Bm - Rm
i s a t t he " ho t " point o r h ighest im pedanc e po sition of t he ci rcu it. T rimmer
c a pac it o r C 1 i s used for a Ug ning the ci r cuit t o re son anc e . Rm i s m a tc h ed t o
t h e load RL with the aid of t h e s e r ies c apa cit o r C 2; unfortunately , the adjus t 
m ent of th is c a pa c ito r shif til t he r-eeonance which means t ha t the a djustment
must be c or r e ct ed with capacito r C I. The inductivlty of t h e conn e ction s , whi ch
a r e unavoidable in practic a l cir cuits, i s included in t h e t ot al Indu c t a nc e of the
ci rcuit a nd is t her efore al s o a ligne d du ring th i s p r oc e s s .

A c apacitance Cp i s alway s present at the output of t h e transist o r . It t a kes
over t h e c urr e nt of the resonant circuit during t he pe riod when t he transistor
is bl ocked by the negative amplitude of t he dri ve s ignal ( class C I . If t his wa s
not th e case. a voltage wou l d be gene rated a cro s s i nductance L whi c h is fa r
in excess of twice the op e r at in g voltage and could t h e r efore eae tly de s t r oy t he
t r anslstor system. The r e a ctt ve Impedance of C p s houl d b e I to 1. 4 times the
ope r a tin g load r esistance Rc o f t h e transis tor in que stion - as gi ve n in fo rmula
2 or 3. With s uc h circuit dim ensionin g, which has p roved it s elf on s h o rtwa ves,
c a pacit anc e va r i at i on s of the trans isto r have virtually no effec t on the resonance
of t h e ci r cu it .

If the t r-ansf stor- is used in th e vi cinity of Its trans it fre quency , It is advisabl e
to r educ e th e value of capacitor Cp e xpe r im ent a lly in order t o in crease the out 
pu t powe r a nd e ff ic i enc y . w netne r C~ can be omitted com pl etely, as i s often
the c ase with p rot ot y pe circuits, m ust be c a refully established expe r im entally .
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Continuous tunability, absence of parametric oscillation, dependence of the
alignm ent on the operating voltage ( e. g. the ability to accept modulation I,
the harmonic suppression, and the stability under misaligned conditions are
criteria that pay an important part in the dimensioning of this capacitor.

P e ak voltage s of th r e e to four times the operating voltage will occur at the
collector on r educing t he value of Cp (5) . T hi s will be permissible due to the
h igh b r e akdown voltage in t hi s fr e quency range so that the observations made
t o F igu re s 1 a nd 2 must be extended. This voltage i nc rease i s , according to
(8) , the p rerequisite for a high efficiency in the vicinity of the transit frequency.

This is b ecause a low current angle can no longer be assumed since amplifi
c ation of the ha r m onic s required for this does not take plac e. According to
(8) again . it can be theoretically determined that a high efficiency can be ob 
tained by placing a distorted voltage across a ee.r-te a-r-eeonent circuit. Without
C p, the c ollec t o r voltage is far from sinusoidal. It is possible in this manner
for efficiencies of 700/0 and m o r e to be atta in e d. The designer of the circuit
mu st decide whether the efficiency is of primary importance, or whether it is
more favourable to reduce it to 600/0 or 500/0 with a capacitance Cp in order to
improve othe r cha racteristics.

The operation of the r esonant circuit shown in Fig. 3 is based on the principle
of II. s o called reactance transformer ( Fig. 411.). A source r esistan c e R s can
be t rans form e d to the g reater output resis t ance Rout by suitable selection of
the r eactive impedances X L an d X C , The followin g i s valid:

(4)
Rout
-xc- (5)

Q is there fo re th e relationshi p of rea ctive to actual powe r in the circuit a nd
also a m easure of its selectivity (bandwidth) . Usually, it i s n ec e ssary to
incr e a se the selectivity without changing the transformation factor which is de
pendent on t h e Q-valu e. There are t wo wa ys of achieving thi s aim: The e asie st
i s t o introdu ce a series -resonant c i r cu it in series with the inductive, r e a ctive
imp edance X L ( F i g . 4b ) . The t wo inductive components are then combined to
form on e inductance ( F i g. 4c ). It should be noted that the highe st impedance
point. of the circuit is bet ween inductance L an d trimmer capacitor C s which
m eans t hat it is a dvi s a bl e fo r t he stator connections of the capacitor to be
connect ed to t he inductance .

R. 40

Fig. 4: Operation and dimensioning of the reeetenee transformer
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A second method of inc reasing the selectivity is by combining two r e actance
t t-anafo r-rner-s , On e va lu e QI is used to transform higher than is actually re
quired. The second portion is provided with such a Q-value [ Q 2 ) that the
required output resistance value is obtained . In practice, this would result in
a rather unhandy circuit with two inductances ( F i g. Sa) . The two capacitors
in the centre could be replaced by one trimmer capacitor. The ci rcuit is un
avoidable if the source r e sistance Rs and the output resistance Rout only diffe r
slightly from another. In this case. the circuit is usually provided with a se ries
or parallel capacitor at the output .

XCI =R,

5b---_00 _

R,

5a

Wit h a reactance transformer. it is possible for the positions of the inductive
an d capacitive components t o be exchanged ( Fig. 5b) . If R s is greater than
Rout , the parallel circuit of X C I and X L 2 w il l b e inductive and a circuit with
two inductances will result ( Fig. sc ). If, on the other hand, R s is smaller
than Rout- the pa r a lle l circuit will be capacitive, and a circuit with one induct 
ance and two capacitors will result . The latter can be used for matching the
operating load resistance ( Fig. Sd ).

Xu Rm XL2

~Ol
Rs greater than Rout

Fig. 5; Two interoonnllcted reectence tran$formel'5 for il'lCreasing the selectivity

The calculation 01 t h e circuit component s in Fig. Sd is made in the following
manner: The va lue s of resistance Rs and Rout a r e. of course, a l r e a dy known.
According to t h e r e qu i r e d sel ecti vi ty, a Q - va lu e fo r Q I is selected - usually
in the r an ge of 4 to 10 . This means that the medium resistance point Rm
( F ig. 3 ) is already defined a c cording to:

2
Rm • R s x (QI + I ) (6)

(7)

obtained from the follo wing equation :

Q2

Q 2 fo r the downward transformation is
, n;;;- _ 1
V~

The r eactive r esistance of the series capacitor C 2 is th en :

the reactive resistance

R out x Q2

of the parallel
Rm

(8)

capacitor C 1 :

(9)

and the reactive r esistance of inductance L: XL = R s x Ql (10)
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If the frequency is known, the inductance and capacitance values can be calcu 
lated from the reactive resistances determined in formulas 8, 9 and 10. The
addition of capacitance Cp' corresponding to the basic circuit shown in Figure 3,
results in a slight increase of the adjacent series reactive resistance XL which
however is hardly of importance.

~ • Uc

,,
lCh.C

Cob ,
, -U-
I

r
r

Ch.B
..J.. I'P~C', '

r
.l.

Fig. 6 a: Circuit of a typical tra nsistorized power amplifier

The circuit of a typical transistor power amplifier is given in Figure 6a. The
output circuit corresponds to that given in Figure 3. For matching to the input,
the arrangement given in Figure 5d is turned around and used because the in 
put resistance of transistors of this power level is lower than the operating
load resistance of the driver stage or the impedance of an RF cable . The col
lector DC voltage is fed via choke Ch C and the base is grounded via Choke
Ch B. For VHF/UHF operation, the emitter is directly grounded with a minimum
of inductivity. In the shortwave range, some form of current limiting, e. g. in
the form of an emitter resistor is usual required due to the increased danger
of breakdown . In the VHF/UHF range, and with increasing emitter current, it
becomes more and more difficult to realize a sufficiently low-inductive by
passing of the emitter. Modern RF power transistors are therefore provided
with integrated emitter resistors so that the external emitter connection can
be directly grounded. If an additional bias voltage is to be introduced for class
C, this can also be obtained by placing a resistor in the base current circuit (31.

3.2. PARASITIC OSCILLATION

One of the most difficult problems with transistor transmitters is the complete
elimination of parasitic oscillations. Even recent descriptions with their com
plicated alignment procedures show that a satisfactory solution must still be
found .

It will be seen from the repeated mentioning of the shortwave bands that the
author mainly gained his experience in this frequency range. The "DC" bands
possess a greater relative bandwidth than the 2 m band which means that th e
tuning elements of the transmitter must be accessible externally. This resulted
i n the necessity that any tendency to parasitic or parametric oscillation be
counteracted by suitable circuitry effectively enough for five bands that it is
possible to tune easily for maximum meter reading, as is the case with tubed
equipment ,
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If a transmitter is modulated with a voltage that is rich in harmonics ( e, g.
equar-ewave or sawtooth l, side frequencies will be generated on both sides of
the carrier whose distance from another corresponds to the fundamental fre
quency of the modulation signal. The conditions here are similar to that of a
calibration spectrum generator. If such a signal is observed in a panoramic
receiver or spectrum analyzer, these signals will be observed as ver-t ic al lines
on both sides of the carrier, whereby the amplitude of the carrier and neigh
bouring lines will be greatest . The total bandwidth of the spectrum is dependent
on the frequency, on the harmonic contents of the modulating signal and on the
selectivity of the subsequent RF circuits. In the VHF range, a bandwidth of
10 MHz and more is possible.

In tubed transmitters, such an effect will only be pr-e sent when, for- instance,
the modulator is oscillating at ultrasonic frequencies. With transistor trans
mitters, however', it can be observed eve rywhe r-e wher-e the collector capacitance
of a transistor can detune the resonant frequency of the connected circuit. Simi 
lar difficulties are pr-esent with varactor mult ipl.ie r-s , With the high voltage
drive levels to the transistor that are common in transmitters, parametric
oscillations can result. In this case, the resonant circuit jumps between two
different frequencies under the effect of the RF voltage fed to it. The change
of frequency can be effected by varying the decoupling of the operating voltage
or the emitter, however, cannot be completely be avoided. In small-signal
stages which still allow par-alleI resonant circuits, a decoupling resistor of 1 0 "
to 100" can be connected between coll ectcr- and r-e'sonant circuit (9). This re
presents an effective countermeasure. In power amplifier stagel;, a circuit
arrangement as given in Figure 3 has been found to be suitable.

Parasitic or spurious oscillations are more dangerous. In e im ple cases, simi
lar effects such as the generation of sidelines occur. However, such osciUations
can be so great, especially in power amplifier stages, that the transistors can
be destroyed within some milliseconds without the operator having a chance of
finding the cause.

With common emitter circuits in the VHF!UIlF range, these are usually the
so called Huth-Ktihn oscillations (7). This indicates a disadvantage of the cir
cuits given in Figure 5 ( with the exception of Figure 5c), namely that they
possess low-pass characteristics which means that frequencies below the re
sonant frequency are not attenuated. For this reason, they are not suitable for
use in the output of frequency-multiplying stages. A paralieI circuit is far more
suitable to suppress the fundamental wave and unwanted harmonics. However,
collector and base chokes can form additional "parasitic" resonant circuits at
lower frequencies together with the circuit and transistor capacitance ( Ci and
Cob in Figure 6a ). Both circuits are coupled via the feedback capacitance Cob
as in the Huth-KillIn circuit. The fact that this capacitance periodically repre
sents a diode after commencing oscillation and the fact that the transistor ca
pacitances are vojtage -dependent, makes it difficult to describe the effect .

If the parasitic circuits have only approximately the same resonant frequency,
the circuit will break into oscillation as soon as current flows through the
transistor, and completely independent of the fact whether this occurs in the
DC mode or by RF drive. Such oscillations are aided by the fact that the cur
rent gain is greater at lower frequencies and that the parasitic circuits are
not loaded.
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The m e an s of avoiding such effects given in (3) by b ringing t he c ollector choke
together with t h e output capacitance of the transist or t o resonance at t h e ope r
ating frequ ency and to keep t he inductivity of the ba se c hoke a s small as
possible , t o damp it or build it up in th e fo r m of a wire-wound resistor are
designed to shift the parasitic resonances t o the hi gh e st p o s s i bl e f r e qu e ncy
range where the gain of the transistor is l owe r .

The tuning -out of the transistor output capacitance which va r i e s in step with
t h e operating voltage is, at least in the opinion of the author, very doubtful.
In the shortwave range it is not practical. Even the recipe fo r th e b a s e choke
is not possible for a multiband t r a n s m it t e r .

On the other hand, it has been found suitable in the shortwave region to place
the parasitic r esonances as far as possible from another (7 ). The same prin
ciple can also be used for VHF t r a n sm itt e r s . For instance, an 1 IJH fe rrite
choke can be used as c ollecto r choke. With a base cho ke of s e veral IJR, t h e
circuit will oscillate strongly, e ven with 30 IJH the circuit is not stable. A base
choke of 130 IJH (the exact value is not critical), allows completely stable
operation without damping measures.

Before commencing operation in conjunction with a newly developed circuit it
is recommended fo r the DC test to be made with respect to pa r a s itic o s cill a 
tions by whic h the most suitable value for the base choke can be found . Fig. 6b
explains the process . With each stage operating in clas s C ( without quiescent
curre nt l, the cold end of the base choke i s isolated from ground and is by
passed with a c a pa cito r th at is sufficient even fo r low frequencies. At t h i s
point, base cu r r ent is introduced fr om the plus pole via a variable dropper
r esistor ( n ot a voltage divider) . The operating voltage i s r edu c e d t o 1(3 t o
1( 4 of the breakdown voltage DCE o of the transistor u s ed , i n this case, to 10
to 14 V. The power supply should, if possible, be provided with a variable
current limiter. If this i s not possible, a resistor of 50 t o 100 n with a suffi
c iently h igh r a t ing should be placed into the plus line .

r-~--o. _U_CE_"
3

Ch.C 'I

UCEo'" ,

,,
~h.B

T
CP ~,

,---,

r " • UCEo to UCEo
3 -,-

r O
."

50 to 100k

Fig. 6 b : Test circuit for dllt... mination of parasitic o$Cillatio ns without enda nlJlll'i ng th e transistor
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Parasitic oscillations will be observed even at a low collector voltage as soon
as the collector current exceeds a c ertain value. An oscmoscope or a valve
voltmeter ( VTVM ) with a RF probe can be used for indication. If not available,
the collector current Itself of the stage in question serves as an Indicator. The
current will be reduced on commencing oscillation whereas the base current
determined by the dropper resistor will remain constant. The collector current
in a non-oscillating condition can be measured by damping the collector choke
with a resistor of 10 rI to 30 rI . After selecting a suitable base choke, the col 
lector current of each stage must follow the adjustment of the base current
continuously and the damping of the collector chokes must have no influence on
the collector current. The operating voltage is increased in steps up to half
the breakdown voltage UCEo. in our case to 18 to 20 V, in order to test whether
no spurious oscillations occur in this range. How far the collector current can
be increased should be estimated because the permissible DC power dissipation
of RF power transistors at high collector voltages is lower than in RF operation.

Finally, th e trimmers for matching the input and output of the various stages
are detuned in order to see whether a tendency to spurious oscillation occurs
on altering the resonant frequencies . It is possible during this test that one of
the stages, e sp e cially the power amplifier stage will break into oscillation in
the VHF range . Th i s self-excited oscillation is normally extremely sensitive
to any damping. e . g. touching the coll with on e's finger , which means that it
is not too important. Oscillations at the frequency of operation are not to be
expected during practical operation as long as the transit frequency of the
transistors is not twenty or more times greater than the operating frequency.
Interactions due to an unfavourable construction must. of course, be avoided.

If all stages operate satisfactorily during this test , a low RF drive can be
provided and the fUlidamental operation of the matching links can be tested in
class A. Any jump of the current values during alignment indicates instabilities
which must be examined further . The ( low) output power must vary c ontinu ou s 
ly with the drive. If no irregularities are observed, the stage can be changed
to class C ( shorting the bypass arrangement of the base choke) and by in
creasing the operating voltage in steps to th e full power l evel. Once again, no
jumps should occur during the alignment and the output power should increase
or decrease continuously with the drive and with th e operating voltage. If this
process has been strictly followed , the circuit can be assembled into its per
manent stage, nasty surprises are not to be expected.

3 .3 . COMMON EMITTER OR COMMON BASE CIRCUIT

Whereas in professional transistorized equipment the common emitter circuit
is mainly used, the common base circuit is ve~ often used in amateur cir.cuits ,
Wh ether this is the result of past times wh en the maximum power was aqueez.ed
out of transistors such as type 2 N 2218 or whether other r-easons exist for this
is not known because the authors do not usually give reasons for the selection
of a specific circuit.

In comparison, th e common base circuit has the advantage that it allows a
higher operating voltage and provides a relatively constant gain over a wide
frequency range . This means that it is not so liable to destroy itself as the
emitter circuit. The problem of parasitic oscillations is also far easier to
solve with the common base circuit.
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However, the common base circuit possesses several peculiarities which, un
fortunately,' cannot be avoided by circuit modifications. Every common base
circuit with transistors in standard cases represent a "neutralized" oscillator.
The collector is directly connected to the case whereas base and emitter are
connected via minute wires to the external connections. In a common emitter
circuit, emitter connection inductivity merely reduces the gain . The inductivity
of the base connection is compensated for; in the common base circuit, on the
other hand, the inductivity of the base connection has the effect of a negative
input impedance and t hus represent a feedback effect . It is this effect that
makes the gain in a critical frequency range in the vicinity of the limit fre 
quency seemingly higher than at lower frequencies.

At VHF frequencies, this feedback effect shows itself in several ways. The
gain is better than with a common emitter circuit, which may seem very ad 
vantageous. However, if a transmitter is, for instance, aligned to 145 MHz,
the fall-off of the power at both band limits is not symmetrical and will differ
greatly . lf the drive is reduced, the output power will fall continuously at first
and will then jump to a far lower value after which it will be reduced continuous
ly to zero. On increasing the drive again, it is possible, under certain circum
stances, th at the previous output power is only achieved after realignment. A
reliable AM transmitter cannot be built up with such characteristics.

The common emitter circuit, on the other hand, exhibits a normal symmetric
bandwidth and a continuous (natu rally, not linear due to class C operation)
dependance of the output power on the drive power in the range from zero up
to the full value. Since it has been shown "that parasitic oscillations can be
eliminated with the common emitter circuit, the common base circuit cannot
be recommended under normal conditions (4) and (10) . However, the common
base technology is gaining ground in microwave technology using new types of
n-eaststcr cases and extremely low inductivities of the base connections (II) .

- will be continued ·
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AM-DEMODULATORS USING SILICON SEMICONDUCTORS

by D. E. Schmitzer, DJ 4 BG
INTRODUCTION

Although germanium diodes are completely suitable for amateur applications
when used in conventional demodulator circuits, it is interesting to try new
circuits using silicon semiconductors . Since germanium diodes cannot be just
replaced by silicon diodes, a certain amount of additional circuitry is required.
However, when using integrated circuits and multiple transistor package, cer
tain characteristics can berachteved that would not be possible with germanium
diodes. This article is to describe several such circuits having silicon semi
conductor complements.

1. DIODE DEMODULATOR WITH SILICON DIODES

Without any additional measures, a silicon diode is not suitable for the demo
dulation of amplitude-modulated ( AM ) signals since its high threshold voltage
of approximately 0 .5 V would lead to an unpleasant amount of distortion even
at high AF ( or IF) voltages. The first thought is to forward bias the diode
using a voltage divider so that the operating point is brought into class B.
However, this is not successful because the slightest temperature variation will
cause a shift of the characteristic curve . On reducing the temperature , the
diode will be shifted to class C , or to class AB if the t emperature is raised .
In class AB , low IF voltages will only be demodulated with a high degree of
distortion.

However, the threshold voltage of a silicon diode can be made temperature
independent by a current of approximately 10 pA. This bias current ensures
that the diode is operating in the bend of the characteristic curve, where RF
voltages will be demodulated wit h a low degre e of distortion e ven when below
approximately 100 mY . If a positive ope rating voltage is available, the circuit
shown in Fig. Iii. can be used. This circuit is not very different from conven
tional diode rectifiers and supplies a negative DC voltage, in addition to the
au dio voltage UAF. which can be used as a control voltage. The control volt
age is taken previous to the output capacitor and fed to a control voltage am
plifier.

-av ."
470k '70k

," '" pF '" 0
PiAF '" ••

uJFI uJFl u~ IuAF
0 r 0 r: 0 "''" r

b ta c
Fill. 1: Dioderectifien. with silicon diodes ."
A voltage doubler circuit can be built up in the same manner. Such a circuit
is shown in Fig. lb. The demodulation characteristic of this circuit is very
linear even with very low IF voltages, whereas a. practically perfect linear
relationship between input voltage and DC voltage ( and thus also audio voltage)
exists at higher voltages.
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If a po s itiv e cont rol voltage i s required to feed a control voltage amplifier, it
is necessary for a voltage source of negative polarity to be provided for the
bias current. Fig. lc shows the principle of such a circuit .

All low-capacitive, fast silicon switching diodes are suitabl.e for the described
circuits. Especially suitable are the inexpensive planar-diodes. of which the
1 N 91 4 is possibly the most well-known.

2. TRANSISTOR DEMODULATOR WITH TEMPERATURE COMPENSATION

With the following circuits. the demodulation is carried out on the base-emitter
path of a silicon transistor. This diode path is biased using a voltage divider
so that a collector cu r-r-ent of approximately 10 to 50 J.lA flows ( class B). In
order to compensate for the shift of the characteristic, as described in sec
tion I. due to temperature variations. the voltage divider is equipped with a
silicon diode D. Since the diode has virtually the same temperature response
as the base emitter diode path of the transistor. and since the diode is also
affected by the same temperature variations, the configuration remains in class
B . Th e quiescent current is adjusted across the dropper resistor Rd ( Fig. 2 ).

,-----~----o' Ub

T
( z.e. BF22[,)

c

10 k

Fill. 2: Trllnsi$tor demodulator with
temperature compensllltion

At the emitter of the transistor. the AF voltage as well as a positive going
DC voltage are available. This DC voltage. which is suitable for automatic· gain
control, is available from a relatively low -impedance source . Since the collec
tor current of the demodulator transistor increases with the value of the IF
voltage, an increasing voltage drop will be present on th e collector resistor
RC . which could also be used as a control voltage.

If a transistor having the same characteristics as the demodulator transistor
is used in the voltage divider instead of the diode , it is possible to calculate
the value of the dropper resistor. 'I'he current I flowing through the demodulator
transistor is namely of the same value as that flowing through the compensation
transistor due to the dropper resistor Rd_ This means:

Vb 0.6

Rd

Measurements and adjustments are thus not required. which means that a fixed
resistor can be used instead of the trimmer potentiometer.
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.swch cin:\l.it.l< can be mQ st favou r-ably built up when t he transiatQrs are on th e
Harne wa fe r . Su ch a demodulator- circu it u s in g the Integrated m ultiple trans
Ieto r CA 30 18 ( R CA ) ill given in F ig. 3 . The type CA 3046 can b e u s ed in a
similar manner . The two t raneteto r-e, wh o se connections a r e ind ivi du a ll y fe d
out from the c a s in g, serve a s com pen s ation diode and a s de m odul ato r t ra ns 
istor. The Darlington transistor p a i r is used to am plify the control voltage.
T h e great advantage of t h i ll circuit is t he very high temperatu r e stability. The
dependence of the qcteeeene c u r rent 10 ( determined by the dropper resistor o f
1 M n ) a.5 a function of temperature is shown in Fig. 4a. A further a d vantage
i.II the very high linearity of th e demodulator ch a r-aete r-iat tc , T h is i s shown In
Fig. 4b, which s how s the d ependence of the voltage UE on the I F vol tage UI F
at the emitter of t he eemoociatcr t r an s i s to r . In addltioo n to t hi s, the cha r acter
Istic of the ( unloaded) control voltage UAGC 11 a l s o given.

15.

r ---- - - -.,.-- - ---- - - ----r---o.•v

uJ:4 r,
... .,. ....

oor ". uor ". T"'" I"
Fig. 3 : Tempet8hll1H:ompenleted tranlistor d..-lul,ltor with AGC

IImplifier using the inteo;rlltld multip ls trllnlirtor CA 3018

•
V , ~AGC
• •, \

·"1 ",-
.f-! /'

", /'• ,
/',

/'...
, ./

1
u"GC

"A
•
•
•
•
•
•
•
•
, r

'.
1

KllOlOill!Oto'lOto "C• •
Fii . 4 a; Temperatu re ,espon18of the

quiescent eurtent of T 2 in Fiv- 3
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F~ 4 b: Emitt er voltage UE and vol1llglt
UAGC at the control vol.. oet
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Finally, F i g. S shows another variant of t he cl. rc",it given in Fig . J for capa
citiv e in jection of the IF voltage. Equa l resistor s are used in t~ batH.. c i rcu it
o f both the c om pen s ation and demodulator t r ans i sto r s , which means that a high
degr-ee of b a ta nc e and a good temper ature lIta b ility are maintained . T he relit
o f th e circuit is as given in F ig. 3.

vs r toue in tegrated circuits r e qu i r e a very h igh input current for their AGe
stage ( e . g . CA 3028 A, CA 3053 t o point 1). T he source impedance of the
c ont r ol voltage ci rcuit given in F i g. 3 18 too hi gh for t hi s purpos e . It i s ther-e
fo re necessary for a furthe r transis tor to be u s ed as em itte r foll owe r . whereby
th e two 1. 5 k n re si stors in t he c ollector circuit of the o r iginal c ont rol vol tage
ampllfier may both be inc rea s ed to 33 k fl . T hi s m easu re reduc e s t h e current
of the control sta ge f r om appr-ox imately 3 rnA t o about 130 IJA ( un der fu ll con 
trol c onditions and with lJb" 9 V) , Thill circu it detail . wh i ch 11 s h own in
Figu r e 6. Is th e r e fore suitable for l;m all battery-driven equipmen t. All eil i c on
NPN audio transistors such as BC 108 . BC 183 o r 2 N 2926 , are .IlUitable for
the emitte r fo llower.

".

OH BG

1'" "'1

J3 k

••
Fig. 5 : Modif ie8tlon$ to the cireuits IN .... in Fig. 3

IOf Q plci t i'te in)ect ion of the IF . 01.

T 1
BC ns

u""'
F" 8: bt8nsion of thlI ciralit • ~ In Fig.. 3 by

en eminer follow. kw the contrOlvolgga
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MATERLAL PRICE LIST OF EQUIPMENT described in VHF COMMUNICATIONS
3/ 1971. For earlier equipment please see Edi tions 1 and 2/1971 and 4/ 1970.

NOTE - The new internationally val id postal r ate s mean that the price of material
sb lpmen ts have increased by 100%. This me ans that we have al so been forced
to increase our rates for post and packing to DM 2.00 and for registered s bip
mente to DM 3. 00 . The price of the binders is now DM 5. 50.

INTE RDIGITA L Fll.TER as described In th is edition of VHF COMMUNICATIONS
Ready to oper ate with BNC connecto r s .. ........ • .. .. . . OM 82.30
without connectors (de live r y 6 to 8 w('elu!) .. ••.. ...• • • • • OM 76.20

OL 8 TM 001

OJ 6 Z Z 003

PC-board
Semiconducto r s
Sta nda r d crystal
Capacito r s

Null" tubes

Kll I
Min lkit

Kit 2

PC- board
Minlkit

Kit

FOUR DIGIT FREQ UENCY COUNTER

OJ 6 ZZ 003 (double-coated, th ro ugh contacts)
OJ 6 ZZ 003 (22 ICs , 5 transistors, 3 diodes)
1.000 000 MHz (lI C-6/u with holder)
14 ceramic bypa ss capacitor s (22 nF l, 1 t r imme r

4 type GN· 6 .

OJ 6 ZZ 003 With above components
OJ 6 ZZ 003 (5 14-0IP; 2 16-DIP sockets) ..

OJ 6 ZZ 003 with above components and
7 IC sockets .

Ready- to -operate .

OM 4.00

DM 40.50
DM 43. 00

DM 86.00
OM 260.00
DM 23. 20
DM 7.80

DM 80. 00

DM 450. 00
DM 24. 50

DM 475. 00

on r equest

PLAS TIC B~DERS in v x r-brue fo r VHF COMMIDUCATIONS or UKW-BERICHTE
capacity 12 editions (3 volumes) Incl. surface mall and packing DM 5.50

TERMS OF DELIVERY AND BANK ACCOUNTS

All pr ices are given in West German Marks . The prices do not conta in pos t
and packing toe which an extra charge wUI be made . . •. •• .•-.- DM 2. 00

The prices do not include any customs duty wher e app licable . All supplies having
a val ue or over DM 80. - . (or less wben r eques ted) wUI be dispatcbed per
r egiste red maU and charged witb . . . . . . . . . . . . . . • • • OM 1. 00

Sem iconducto r s , quartz c ry s ta ls and crys tal filter s can not be exchanged.

It Is not possible for us to dis pa tch o rde r s per C. O. D. AlL orde rs s hould be
made cae h-wttb-o rde r including the extra cbarges for post and packing, registered
mall, et c . A transfer to one of our accounts or via our representatives is also
possible.

Any Ite ms (s uch as handhooks ) which include post and packing a r e correspon
dingly annotated.

VERLAG UKW -BERICHTE, Hans J. Dohlu s , DJ 3 QC, D· 8520 ERLANGEN ,
Glelw itzer su-aese 45 - Tel efon (09131) 33 3 23 and 63388

Accounts : Deutsche Bank Erlangen 476 325 - Pos tscbeckkonto Nur nbe rg 30 455
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High performance
equipment from

" Two Metre Transceiver BE 600
A seleclive Iwo met re Iren lcelve. for ell Ope ' 811 0\l mod e .
having a very low no ••• " \lure end utcernely h,gh cro..
modulstion rejeClion .
Tru e Ira",,,,,iver op.,..l io n or leperels ope rallo n 01 Iran . "
m'"e' ar>d rece r.... . ere pouible, r ",ne m,tt er and "ce ''''e'
ClIo be ind ividua lly eWIld>fi! to the foll OW Ing mod••: CWo
LSB. USB, At.4 and FM . The 8. ""ret.. operatlo" end the
POnibility of ..Iedlng . ,Ih40r LSB or US8 mah the "."s·
eelve . ".." ta b l.. 10' 0",,'11101'1 ... .th ba ll...... cs",.d ' '''''' '. ' 0"'
or n te llites

Separate cry l let f,l ter 'or lrensmlner e nd .e.:etvet , True AM ..ling ple te/",' ,," grid rnodulelio n of the PA
l ..be. Bu ill -In c llppe" Cryetlll diecrim inetor fo r FM demodu lation , w ith Ie h mili ng . Product de te cto, ' or sse
vox and a nU_lflp_ RF Ovlpu! end S met er . Bullt·ln e nle nnll rel ey . f'owe r .y ~ ~ ly for 115 end 220 voll e. we ll
". " DC-DC co"", ,,rt e , for 12 voll are byilt In. ~A eq yippe d with " OQ E 03/12 f'r IClI: OM 2918.-

Two Metre Conyerler OGTC 22
High pe~ormanc. du. llIale MOSFET convllrtel Very
high . e ",ltl\l'lty . ncl e re..·....,dulal iOll '''I''ct IOll. High""
POU lbl" l pu t'lO<lI lig...1 re je ct ion by ""i"9 I , 16 MH,
"'YSla l.

PrIce: OM 122.-

Active CW Filter CWF 02
A ve ry s teep , 350 Hz "Clive AF filte r for exte nd ,nQ J "y
S SB re ce ive r ,nto a h,gh-qual ity CW re cei ve , Ju. t ""
good "" a Cry. t,, 1 f"tcr but With no "nglng

Pr lcll' OM 98.-

...

7D-cm-Conyerter DGTC 1702
High perf orme nel dual .gat e MOSfET
converter , An ""c,,lIe nl 70·cm·con
verier, Variebl " ove rall ga'n
wilhout effacllng th" othe r .pec ill
cation. - ul ing a bu ill- in 60 ohm
T-Conlro l . 0 th" the mo.T optimal
a mpl ificati on mat ctll"ll c.n be ma de
10 the fOllOW I"ll r&eeive'. Comple ·
te ly . c ree ned .,...., -pla te d bra • •
cabinet . All 432 MHI e lteu 'ts .re •
Irue .I,i~lina Circuits w,Th 10" .ilve ,
" laUng . In"", . nd 0""""" Rl ohm
BNC connIl(;\O"l ,

144 MHz/£32 MHz Tr Ipier
LVV 270
A ve ra Clor tr.pler for Inpul powa ..
of up 10 30 wall, for AM. fM an d
CW ope rat,on. High fundamentel and
h, rmo nlC rej ec t ion due to Ihe built·
In, . alltet' '' . bendpan IiITer a l the
oulpul . Comp t""ly sc re e ned , III"er .
" Ial ed brut cab inet . All 432 MHz
c lrey ," al. lI\Ie . Irophne Circu Its
with 10 .. 1l1ve, plaTing ,
Input Ifld output ; 60 oh m BNC een
ne",,,..

P, lce : OM 2311,_

1.... MHz/"32 MHz Tr.n. n rter
TTY 1270
Thll yn lt re",ese nl' _ In co njunc ·
lion wilh a Two m"tre I ialio n _ the
Qulc kell and slmpl...t mean , of be ·
co ming a ctive on 70 ~m , It hae been
ea pecl a lly deve lo p" d for port e ble
o "",rat lon.
No .ntenn a _ Itcillng ,e ,e quire'lll
The tran.vert.... Ie limply conne<;te d
~.n ttle l'Wo me t.. 11IIIon end
If>e 70 em onTe nna , Complole ly
le'eened . • ilvll.· plated brett CN'''ll
1 ~ P« t and O\JTPlI!:; 60 ~m BNC con
nect o t't , P.ic. : OM 156.-

Ou r catalog ue giving full Ipacifica tions is avai lable free-of-cha rge

KARL BRAUN· B500 Nurnberg . BanvereinstraOe 41·45 . Western Germany
Rellleunl al i~el: h a nee :

Swib'e, lan d,
u s ... and ea....da:

R, O. £1ec:I,o ni_. 4. R.... "' laundl . -follrtan;e,. T.... l" .....
£ "","1 S , .... 1211 Ge nlilv" 24
Spect rum Inlernal io.... l, P. O . 8 0I $1. ' o",f le ld. M'" 01983



CRYSTAL FILTERS • FILTER CRYSTALS - OSCILLATOR CRYSTALS

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

PIElO·ELECTRIC PRESSURE TRANSDUCERS

listed is our well -known series of

9 MHz crys tal fillers
for 88B, AM, FM
and CW applications.

In order to simp lify matchi ng, the

input and output of the Inters com
prise tuned diffe rential transfo r
mers w ith galvan ic connect ion 10
the casing.

fi lte r Type XF·9A XF-9B XF·9C XF-9D XF-9E XF-9M

Appl icat ion SSB- SSB AM AM FM CW
Transmi t

Number of Fi lter Crysta ls 5 8 8 8 8 4

Bandwidth (6dS down) 2.5 kHz 2.4 kHz 3.75 kH z 5.0 kHz 12,0 kHz 0.5 kHz

Passband Ripple < , dB < 2 dB < 2 dB < 2 dB < 2 dB < 1 dB

Insertion Loss < 3 dB < 35 dB < 3.5 dB < 3 5 dB < 3 dB < 5 dB

Inp ut-Output Z, 5002 5002 SOOQ SOOQ 1200 ~ SOH!

Termination C, 30 pF 30 pF 30 pF 30 pF 30 pF 30 pF

(6SOdS) 1.? (S:60dB) 1,8:(6 ;60 dB) 1.8 (6;60 dB) 1.8 (6:60 dB) 1. (6:40dB)2.5
Shape Factor

(6;80 dB) 2.2 (6:80dB)22 :(6 :80 dB) 2.2 (6:80 dB) 2. (S:60dB)4.4

Ultimate Attenuation > 45 dB > 100 dB > 100 dB > 100 dB >90 dB > 90 dB

KRISTALLVERARBEITUNG NECKAR BISCHOFSHEIMGMBH
o 6924 Neckarbischofsheim • Postfach 7
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