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In the Focus

II’s only in very few countries that radio amateurs
are lucky enough to find good, inexpensive
measuring equipment on the surplus markel
Germany 1s not ane of them. Iherefore we keep
developing our own measuring equipment,
Since (he situation will probably be similar in
your couniry and the experimenling radio
amaleur (s always looking lor measuring equip-
ment, you will cerainly be interested in the
loltowing:

In Inis edilion you will find some htie measuring
aids — min efon, maxi eflect — and a sensilive
power meter having a loweslt range ol 100 W
[= 10 dBm) [ 5.d which will be usable up to
| 10 GHz when properly conslrucled. Iis critical
minialure parts are nol especially inexpensive,
| bul they are easily available

| On my desk are descriptions of an RF millivolt
meler (100 kHz — 1.3 GHz, t mV = 10 V), a
dummy-load wattmeter (5/50 W: up 1o 1.3 GHz).
‘ and a digital colour TV-patiern generator.
Furthermore. DJ3RV is prepanng an anicle
| describing a ime base which receives and
evaluales the Irequency/time slandard for
Ceniral Europe on 77 5kHz Allfrequencies of a
transcower, [or inslance, can be denved Irom
this source o enable coherenl communicalions,
such as CCW or CRTTY In adduion, time and
date can be displayed 10 the secand, with all
evenlual changes being carried oul aulomali-
cally.

Last. bul not lgasi | can announce a microwavJe
noise source using a Philips noise diode, lor our
Automatic Noise-Figure Measuring System
(VHF COMMUNICATIONS 1/83 and 2/83)

So lar as measuring equipment IS concerned in
the near lulure. | tunk there 1s lols ol reasons to
keep on reading VHF COMMUNICATIONS
Have a good 1984!

Your's

| Pttt €. Lok

‘k " berichte tery b. Bittan - Jahastr. 14 - Postfach 80 - D-8523 Baiersdorf

Tel West Germany 9133-855. For Representalives see cover page 2
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Jochen Jirmann, DB 1 NV, and Friedrich Krug, DJ3RV

The Dielectric Resonator

A Miniature Component for Realizing Stable Microwave Oscillators

and Microwave Filiers

For a few years now, the leading compo-
nent manufacturers have offered a micro-
wave component that now becomes intere-
sting to radio amateurs due to the reduc-
tion In prices: This Is the dielectric resona-
tor. The followIng article is to describe this
component and 1o show what it can be
used for.

Only two types of lransmil or receive oscilla-
tors were used lor amateur radio communica-
tions in the 10 GHz range: The mechanically,
or varaclor-luned Gunn oscillalor with cavity
resonalor for simple, portable equipment, and
the crystal-controlled varactor muitiplier for
home stations. A cavily resonalor conslrucled
using amateur methods ofien does not work
satisfactorily, since high Q-values are difficult
to abtain, and since the mechanical consiruc-
non required for frequency tuning and tempe-
rature slabilization are very difficull. Also the
trend to miniaturization is turning against such
types of resonalors.

The dieleciric resonaltors, and ready-lo-
operale componenls equipped with them,
allow one 10 construct a good transceiver for
the 3 ¢m band relatively easily.

194

1.
THE DIELECTRIC RESONATOR

In its simplest form. a dislectric resonator is a
cylindrical disk made from a dieleclric having
a very high dielectric number ¢,. The eleclro-
magnelic fields form slanding waves in this
dielectric. Asis the case with all cavily resona-
tors, these waves represenl the frequency-
delermining resonances, which are depen-
denton the geometnc dimensions, the relative
dielectric number ¢,, and he relalive permea-
bility number ;.

Although a mullitude of standing waves, and
thus resonances, can form within a resonalor
we are only going lo consider a certain funda-
menlal oscillation caused by the lype of excila-
tion in the following anticle. In the case of a
cylindrical disk whose diameter D is approxi-
mately twice as large as the height H, the fun-
damental oscillation will form a wave which is
similar 1o the Hp,,-mode (TEg,,) of round cavity
resonators. The field lines are shown in
Figure 1.

In the case of a melallic cavity resonalor, the
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H-fiald
E-freld ]

Flg. Ya:
Model of the electrical and magnetic lields of a
Hpn-resonance of a meltallic cavily resonator

conductive walls and the induced currenls in
the walls form the hmilation for the internal
fields. Practically speaking. no fields are pre-
senl oulside, and the resonalor musl be pro-
vided with coupling holes, or striphines
through (he wall in order 10 be connected lo
the rest of 1he circuit. This makes it difficul to
use such resonalors in stripling circuils.

Inthe case of a dielectric resonalor. the electri-
cal field is concentraled inside the disk due 10
the high dieleciric number. The higher the
dielectric number, the beter. For Lhis reason,
the malerials used for dielectric microwave re-
sonators have dielectric numbers between 5
and 150. Since the permeability number is y,
= 1, the magnelic field will exlend ouiside the
resonator in contrasl to a metallic cavity type.
which allows the dielecinc resonator 10 be
coupled (o lines relatively easily

The greatest advanlage of the dielectric reso-
nator is, however, ils compaclt dimensions. In
the case of the Hpy -resonance of an airfilled
resonator, the diameter D corresponds
approximately 10 a wavelenglh, which means
D =3cminthe3cmband.andH = 15¢cm. In
a diglectric , 1he velocity factor of the electro-
magnelic waves is reduced by the factor /..
which means that the dimensions of 1he
dieleciric resonalor can be reduced by the

1 ) ]
g Ry H
Y al \ ]
|
/ \
- ff \ ~
S
E -field H-field

Fig. b:
Madel of 1he electrical and magnetic lields of the
How resonance of a dielectric resonalor.

same laclor With a dieleclric of ¢, = 385, as
used by us. Ihe resonalors for the 10 GHz
band will have a chameter of 5 mm and a
height of 2 mm.

The quality of such a resonator is determined
by ils Q. and the lemperature stability of its re-
sonant frequency. Both magnitudes are deter-
mined by lhe maierial. but also by the coupling
10 the circuit.

Due o the low losses in the dieleciric, the non-
load Q of available dielectric resonalors lor Ihe
3 cm band amounts 10 approximately Q =
S000. The effective operating-Q will be lower
due 10 the coupling lo 1he circuil.

The temperalure coefficient of the malterial is
praclically negligible since it 1s + 1 x 10-6/K.
However, 11 1s possible 1o adjusl il in relatively
wide ranges dunng manufacture. so thal a
compensalion with the lemperalture response
of the circuil is possible. In the case of a nega-
live temperalure coefficienl of the maerial, it
15 possible 1o compensale for lhe usual posi-
tive lemperature response of the circuit so that
a virlually temperature-independen oscillator
frequency resulls.

These possibilines are very exciling. but only
those radio amateurs can carry oul their own
experimenlalions who have access o the cor-
responding laboralory equipment.

195



VHF-COMMUNICATIONS 4/83

1.1. Coupling the Resonator to the Circuit

Due 1o the fact 1hat fields - especally the
magnelic field -~ are also present outside the
resonator, it is possible for il 10 be coupled
easily 10 a sinpline As can be seen in
Figure 2, the resonalor 1s mounted in the vici-
nity of a stripline so that the magnenc fields
can couple belween line and resonator. The
degree of coupling can be adjusted with the
aid of the spacing belween ling and resonator,
which is mos! easily made with the aid of a
PTFE-foil belween resonator and Ihe PC-
board malenal of the siripline. Tha foil will also
increase the spacing of the resanator from the
malallic ground surlace of the stripline, which
reduces the heavy currenl losses due lo the
resonalor field, and will improve the Q

The coupling to the line is made best at a point
of maximum currenl, which is A/4 [rom the end
of an open, or A/2 from the end of a shorl-
circuited line. since the magnetic field is stron-

! " tuning screw

Fig. 2:
Coupling of \he tic flelds of
siriplines with those of the

dlelectric resonator

ges! at this position. The matching to the line
1s made by altering the degree of coupling.

To construct high-qualily hiters, several dielec-
tric cisks can be combined 1ogether Lhat are
direclly coupled lo another in a serfies circuit
(1).(2).

1.2. Tuning the Resonant Frequency

The resonani frequency of the dielectric disk
1s altered on mounting it oo a stripline cir-
cuil. since lhe metallic edge of the ground sur-
face of the striplina PC-board material and the
case will limit the helds. This effect is used for
tuning the resonalor. Figure 3 shows a dra-
wing of the installation of a dielectric resonator
in a metallic cavity. With the aid of ihe tuning
screw, il 15 possible 1o reduce the Iree space
over the resonalor, which increases Lhe reso-
nanlt (requency. This method allows one 1o
tune over the whole 3 cm band withoul difficul-
nes.

,/éz’// 2 |

H-fiela H-1Tield

I,

DR

| o=
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Fig. 3:
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The disadvaniage 15 thal the addinonal heavy
current losses in (he luning screw reduce the
operaling Q. Il is therelore advisable o polish
the end of the screw and silver-plate it A fur-
ther disadvanlage was found in thal the tem-
perature coefficient was dependent on the po-
sition of the screw. Theorencally speaking. Il 1S
most cenainly possible lo provide a compen-
salion over a wider luning range, however, 1his
1s so difficull in pracuce thal it was not
allempled by the authors.

2.
DIELECTRIC STABILIZED
OSCILLATOR (DSO)

The dieleclric resonalor with its stable tempe-
ralure charactenisucs and iis high Q allows the
consiruchion of compacl. microwave oscilla-

tors having a high stability, good sfficiency,
and low cosl. It a GaAs-FET is used as aclive
component, this will result not only in rela-
nvely high efficiency bul also in a low depen-
dence of the [requency on lhe operaling
vollage and load. It 1s easily possible 10
achieve a mechanical luning over a range of
mare than 500 MHz in the 3 cm band

Such osciflalors have been offered as modu-
les by Mitsubishi since 1981. They are used as
securily systems a1l 10.525 GHz and are availa-
ble at interestingly low prices (3). The doppler
maodule FO-DP 12 KF and the receiver module
FO-UP 11 KF were examined 1o establish their
suilabilily for amateur communicalions in lhe
10 GHz band. DB 1 NV construcied a lranscei-
ver with the lormer module that will be
described in a later edimon of VHF COMMUNI-
CATIONS

In the case ol both modules, the whole circuil

Fig. 4: The construction of a SO manufactured by Mitsubishi
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is realized on a ceramic subslrale using a
mucrasinpling 1echnology and is direclly
mounted Mo a waveguide with flange
(Figure 4). The operaling vollages are fed inlo
the circuil via feedithrough capacitors, as 1s
the IF-signal. A screw is provided for tuning,
however, it should be replaced by a microme-
ter thread if the module is not 10 be used for a
fixed frequency.

Furlher screws or threaded holes are provided
for alignmeni of the mixer for minimum noise,
and for malching. or - in lhe case ol the recei-
ver module - for suppression of the oscillator
signal.

2.1. Receiver Module FO-UP 11 KF

The raeceiver compnses a Schottky diode
mixer logether wilh a dielectrically-stabilized
FET-oscillator. As can be seen in the circuit gi-
ven in Flgure 5, the transistor is fed back from
the drain line via the dielectric resonator 1o the
gale line. A directional coupler al the source
couples out lhe oscillator signal and feeds it 1o
the mixer diode. which is also provided with
the receive signal. The IF-signal is passed via
a Afd-choke for microwave fraguencies 1o the
oulput.

In its onginal siate, the receiver module was
luned lo 10.465 GHz which results in a receive
frequency of 10.525 GHz when using an inter-
mediate frequency of 60 MHz. The tuning
screw allowed a frequency vanation of the os-

198

VHF-COMMURNICATIONS _4/83

Fig. 5:
Princlple circult diagram of the
receiver module FO-UP 11 KF

cillator from 1015 GHz 10 11.4 GHz.

The mixer current was in the range of 2 10
3 mA, and lhe current drain of the oscillator
amounled to 50 mA a1 Ug = 6 V, which is far
less than when using the corresponding
Gunn oscillator.

When using an input frequency of 10.360 GHz
and an IF of 100 MHz. the conversion loss was
measured 10 be 9 dB, and the double-side-
band noise figure of the mixer was 10 dB when
using a subsequeni recaiver with a noise figu-
re of 2 dB. The radiated oscillator level al the
inpul of the mixer amounted 1o 80 4W and
could be reduced 10 zero wilh the aid of the
luning screw. This screw also influences the
noise figure of the mixer and is aligned for
minimum noise in the factory.

In a second module, the oscillator frequency
was aligned lo 10.514 GHz, and was provided
wilh a subsequent IF-amplifier equipped with
a GaAs-dual-gale-FET, similar to thal des-
cribed in (4). Figure 6 shows the circuit and
Figure 7 gives (he gain and DSB noise figure
for an intermediale frequency of 135 MHz 10
155 MHz. This corresponds 1o an input signal
range of 10359 (0 10379 GHz. The mixer
current for the lowesi noise figure amounied o
15 mA, and the operating voltage of the rece:-
ver module was 6.2 V 1ogether with a tolal cur-
renl drain including the siabilization, and the
IF-amplifier, of 67 mA.
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Flg. 6:
Recelver module with
amplitier for a 144 MHz IF

| Fig. 7:

| Noise figure and gain of the
e %o s %0 55 MHz IF 10.3 GHz recelver module
10359 10364 10359 10 3% 038 GHz RF as shown In Figure &

Flg. 8:

Freguency deviatlon as a
funcilon of operating
voltage fluctuations
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In order 1o determine the frequency stabilily as
a function of Ihe operating voltage, Ihe voltage
slabilizer circuil was discannected and the re-
ceiver module was directly dniven. As can be
seen in Flgure 8, the measured module was
considerably betlter than the value of 2 MHz/V
given by the manufacturer. The diagram
shows a slightly positive coefficient, and the
devialion can easily be compensated for with
the aid of an AFC in the subsequenl receiver.

During this measurement, the maiching screw

DBINV

Fig. 9:
Quiput power and current drain as a function
of the operating voliage

was aligned for minimum noise and it was de-
lermined by chance thal the frequency beha-
viour became worse 10 the value of approx
- 400 kHz/V when aligning for minimum oscil-
lator radiation, and this led 1o negative coeff)-
cients. Thisis a lurther reason why one should
not align the matching screw at random.

The typical temperature drili is given by Ihe
manufacturer as 10 MHz in a range of -30°C
lo +70°C which corresponds (0 an instabilily

,\/ 4 i 'l i " + Fig' 10:
102 03 194 ns 106 07 GHz Oulpul power as a function
{ . of Irequency
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of 100 kHz/°C. Measuremenis made in a tes!
chamber at 0°C and +40°C showed a fre-
quency variation of -1.2 MHz, which shows
thal this value is considerably betier than spe-
cified for Ihe original frequency. If, on the other
hand, one delunes the oscillator frequency,
this will have a negalive effect on the tempera-
ture behaviour! Exact measurements were not
carried oul. since (he oscillator luning screw
was (irst 10 be replaced by a micromeler
thread.

2.2. The Doppler Module FO-DP 12 KF

The doppler module was designed for deter-
mining moving objects in security sysiems. It
operates according to lhe principle of a
straight-through mixer. The wransmil signal is
used simultaneously for convening the recei-
ve signal, in the same manner as when using
the wellknown “Gunnplexer”. The doppler
module is 1o be used for lhe same type of ope-
ration, and it is interesting 10 know the oulput
power, frequency stability. and the luning
range characterislics.

Flgure 9 gives the oulput power and current
drain as a function of the operating voltage. A
further module was used at the original fre-
quency and al the recommended operaling
vollage of Ug = 6.5 V recommended by the
manufaciurer. It provided an output power of
13 mW at a currenl drain of 44 mA,

One will nolice the high efficiency of the oscil-
lator with respect 10 Gunn diodes; the power
requirements are approximately only one third
that of a Gunn oscillator of the same power.

Unfortunaiely, the outpul power is very depen-
dent on the oulpul frequency, as can be seen
in Flgure 10. In the amateur band in the order
of 10.35 GHz, at least 4 mW RF-oulput power
was available, which could be increased 10
7 mW when using a maiching transformer be-
tween module and antenna. Attention should
be paid that the mixer diode current does not
drop considerably, since the conversion loss
will then increase to impermisssible levels.
For this reason, the manufacturer recom-
mends thal the mixer diodes are operaled with
a bias current of approximately 1 mA.

The stability of the oulput frequency with
respect o operaling voltage fluctuations 1s
better than 200 kHz/V; the frequency can be
shifled by a maximum of 800 kHz by load
reflections. The frequency drift as result of
temperature is negligible when compared
with resonator-controlled Gunnplexers.

The high frequency stability of the DSO makes
il virtually impossible o use the conventional
lype of modulation or fine tuning with the aid
of the operating voltage. However, it allows the
AFC-operation 1o be made at IF-level, which
simplifies the circuil.

As can be seen in the pholograph given in
Figure 4, the doppler module is provided with
two mixer diodes, which can be used for
modulation. One feeds in & constant current
and the AF-signal is coupled In capacitively.

Since the doppler module 1s used in the trans-
ceiver construcled by DB 1NV, as has been
previously mentioned, the operation can be
studied there in more detail.

3.
REFERENCES

For those readers thal want lo read more on
dielectric resonators, we would like (o recom-
mend the following articles (1) and (2):

(1) J.K.Plourde, C-L. Ren:
Application of Dielectrnic Resonators in
Microwave Components
IEEE Trans. MTT, Vol. 29, No. 8,
P 754-770

(2) K.P6bl, G. Wolfram:
Dielektrische Resonatoren, neua Bau-
alemente der Mikrowellenechnik
Siemens Components 20 (1982)
Edition 1, pages 14-18

(3) Microwave GaAs-FET's Modules
Stabilized Oscillators and Sensor
Modules
Mitsubishi Electric Corp., Tokyo
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Erich Stadler, DG 7GK

Determining the Antenna Gain

in the GHz Range

It is possible in the microwave range o
measure antenna gain with a few, simple
alds (transmitter, directlonal coupler,
diode probe, voltmeter), and when one has
iwo identical antennas available. The des-
cribed method can be carried out indoors.

The free-space atlenualion a, can be exactly
calculated for hine-of-sighl propagalion in the
VHF. UHF, and GHz range:

Siegp = 20 |g ['ﬁﬂdbt) {1}
where:

d = Distance
receiver

1 = Wavelength of the transmil frequency

between transmilier and

This equation 18, however, only valid when an
imaginary isolropic radiator 1s assumed. |l
shows the allenuation that is presenl due 1o
the "wasle” of transmil energy in all direc-
tions, and by not using it in the optimum
means ol concentrating the energy using a
directional anienna.

Of course, radio amateurs use anlennas thal
possess a cerlain gain (even a dipole has
2.2 dB gain over an isotropic radiator). In this
case, one will obiain a different free-space al-
lenuation a, between transmiller and receiver
that takes the gain of the transmil antenna
- G4e - and the gain of the receive antenna
- Game - inlo consideration which can be
calculaled as follows:

aue = 201g(4ndid) - G, -G, (2)

This loss can, in conltrasl 10 as, be actually
measured. The allenuation a, cannol be
measured in praclice, but only calculated,

since the isotropic radialor is not realizable in
praclice. The aflenuation a,, on the other
hand, is obtained by measuring the lansmil
power P, and the receive power P, and by
use of logarithms:

ags = 10 IQ {P.JP“} (3)

The principle of the antenna gain measure-
ment s as lollows:

The power levels of P\, and P, are measured
and one calculales then the allenualion a,, ac-
cording 1o equation (3). The first expression in
(2) corresponds 10 the free-space loss ai in
the case of isotropic radialors, and can be cal-
culaled according 10 (1). This leaves the sum
of G, and G if one convents equation (2):

G, + GZ = gy = Ay (4)

Il1s now important thal the iransmit and recei-
ve antennas are identical! In 1his case, G, is
equal to G;. and one will only need lo divide
the result of equation (4) by half 10 obtain the
gain of one of the anlennas,

A horn radialor was now measured according
o the described method at 8 GHz and the
resull was as follows:

Al 8 GHz, 1 is 375 cm. The spacing belwean
the two horn radiators amounted 10 d =
128 cm. The \ransmit power was measured 1o
be 32 mW, and lhe receive energy was
0.32 mW According 10 equaltion (4) the follo-
wing will result:

Gq + G2 = 525d3 - 20dB = 32.6 UB

This means that each of the two anlennas ex-
hibits a gain of 16.3 dB.
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Horn

Qirectianal coupler
2048

The described measurement can also be car-
ried out withoul absolule power measurement
in a more elegant manner if a direclional cou-
pler is available. It is used lo delermine the
transmit power. If, for instance, the direclional
coupler possesses a coupling allenuation of
20 dB, il is possible to select a, = 20dB
directly by placing the antennas only so far
from another that the signal at the coupling
output and at the outpul of the recsive
antenna are exactly equal. This 1s shown in
Flgure 1. The signals can be measured one
after another using the same diode prabe (1est
demeodulater) and using the same operaling

Fig. 1:

The distance d Is selected so
that P,, = P,M0D in other
words, \hal a, Is exactly

20 dB.

point! This means thal no power meter is re-
quired!

The accuracy of the measurement is depan-
dent on the exac! knowledge of the couple
attenuation of the directional coupler. The di-
stance 'd’ is not given, bul measured after
determining the correct altenuation between
transmitter and receiver. The given result coin-
cides well with the data-sheet specifications of
the antenna manufaclurer. The gain measu-
red in this manner is referred to an isotropic ra-
diator, and not against a dipole, as is usually
the case with prolessional, amateur, and other
anlennas.
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RSK u know. the publishers conlinug 10 repnint back copies of VHF COMMUNICATIONS Since they are (ull
nical anicles and litlle news or adveruising, 1hey contain a greal deal of non-aging information that is just as
valid 1oday. Many of our readers will also have lent oul copies of VHF COMMUNICATIONS and never received
them back. All edinons available can be oblained lrom your represenialive or from the publishers.

Subscription to VHF COMMUNICATIONS 1983
VHF COMMUNICATIONS - Volume 1982
VHF COMMUNICATIONS -
VHF COMMUNICATIONS -
VHF COMMUNICATIONS —

Volume 1979/1880 .

VHF COMMUNICATIONS
VHF COMMUNICATIONS
VHF COMMUNICATIONS
VHF COMMUNICATIONS

Individual copies 1962 .

1/1970. 2/1970. 3/1970. 2/1971, 311971 . ...
111972, 211972, 2/1973. 41973 | ‘

VHF COMMUNICATIONS - Drscoun! :ice for any 3 volumes

VHF COMMUNICATIONS — Volumes 1974-1876 .

VHF COMMUNICATIONS — Volumes 1975-1977 ... ... oo o

VHF COMMUNICATIONS — Volumes 1976-1978 ...

VHF COMMUNICATIONS — Volumes 1977-1979 ... . ..

VHF COMMUNICATIONS — Volumes 1978-1980 ... . . . ...

VHE COMMUNICATIONS — Volumes 1979-1981 .. . .. . ..

VHF COMMUNICATIONS — Velumes 1980-1982 . . . .

VHF COMMUNICATIONS — Volurmes 1981-1983 . .. ..

Plaslic binder lor 3volumes . ... .. .

Volume 1981 . ,. o .- .
Volume 1976, 1977, and 1978 ... . . ..
VHF COMMUNICATIONS — Volume 1974, 1975 .. . T 0 2

Individual copies 1981 ........ .o o cieeee e e -
Indmidual copies 19?5:’1980 S N R
indwidual copies 1974, 1975, 1976, 1977. 1978

Individual copies oul of elder, incomplele volumes, as long as smck lasts

. ... DM 22,00
e SEEEE DM 20.00
............. . DM 20.00
18.00
each DM 16.00
DM 14 00

600
5.50
4.50
4.00

3.00
3.00

38 00
4D DO
42 00
44.00
46.00
5000
53 00
58 00

8.00

kwbendﬁe Terry D. Bittan - Jahnstr. 14 - Postiach 80 - D-8523 Baiersdorf

Tel. West Germany 9133-855. For Representalives see cover page 2
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A 30 MHz FM-Receiver for

SHF Receive Systems

This FM-receiver was designed as IF-strip
for 10 GHz and 24 GHz stations. It can be
used with the well-known microwave re-
ceive systems (1), (2) with stralght-through
mixer, or the well-known Gunnplexer lo
form wideband, simple superhet receivers
with a varlable oscillator. The IF-strip Is
equipped with only three integrated cir-
cuits, two dual-gate MOSFETs, as well as a
transistor for voltage stabilization (see
Figure 1).

CIRCUIT DESCRIPTION

Ascanbeseenin Flgure 2, the RF-inpul stage
is equipped with a low-noise dual-gate
MOSFET, lype BF 961, whose input and out-
pul circuit are dampened with 330 Q resistors
in order 1o avoid sell-oscillation.

This is followed by the well-known integrated

Fig. 1: Varlable wideband FM-recelver (30 + 1 MHz) for microwave lranscelvers
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Fig. 3: Block diagram (TDA 1047)

push-pull mixer S042P {together with a
voltage-controlled oscillator. The frequency of
this oscillator is 10.7 MHz over the receive fre-
quency and it can be luned by +1 MHz. A cry-
stal was not used at this posilion in order 1o
allow an electronic fine tuning. This 1S used in
addition to the (uning of the microwave
oscillator.

The intermediale frequency signal is passed
via a resonant circuit and a ceramic filter 10 an
IF-preamplitier, which is also equipped with
lhe low-noise BF 961. The subsequent inte-
gratad |F-amplilier and demodulator type TDA
1047 has several special features which are lo
be mentioned briefly here.

The TDA 1047 (see Figure 3) possesses oul-
puts for an S-meter, a discriminalor-meter, an
automalic frequency contral (AFC), and for a

206

squeich in addition o the required FM-demo-
dulator. All these lacililies are utilized with the
exceplion of the squelch. Since experience
has shown thal weak signals are often not
heard when the squelch circuil is closed, this
was nol used in our application. Instead of
this, the possibilily was used 10 suppress the
noise by approximately 20 dB automatically.
The gain and thus the noise only increase (©
their full level on receiving a signal.

As is always the case with inlegrated FM-IF
circuits, a DC-voltage is also present at the S-
meter outpul even under zero signal condi-
tions. This means thal an opposile vollage
must be used lo compensale this if the S-
meter 1§ 1o indicate zero. This was achieved
using the lrimmer polentiomeler connecied 10
P113 and designaied “zero’.
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The AF-ollage from Lhe FM-demadulator
comprising L 6 is passed via a low-pass filter
(4k7 - 10n - 4k7) and a high-pass lilter (10n
- 100 kQ) 1o the integrated AF-amplifier
LM 380. The outpul of this integrated circuit is
designed for a B Q loudspeaker.

2,
COMPONENT DETAILS

. T 2: BF 961 (Siemens)

-BC2388,BC413.BC 550

: S042P (Siemens)

- TDA 1047 N (Siemens)

: LM 3B0N-8 (Nalional Semiconduciors)

D 2: BB 105 G, BB 505 G (Siemens)

: C9V1 zener diode

.L2:11 + 21turns of 0.4 mm dia enam-
elled copper wire. wound on a spe-
cial coil former Sp 3.5/14.6-2348 C
with 3.5 mm violet core

L 3:2 + 4iurns, otherwiseasL 1, L2

L 4,L5.L6: Japanese 10.7 MHz resonant

circuits, 7mm x 7 mm, colour code green

F 1: Ceramic lilter SFE 10.7 MA

All resistors for 10 mm  spacing, 5%

lolerance

Ceramic capacilors: Values up 10 10 nF

2.5 mm spacing

22 nF and 100 nF: 5 mm spacing

Metal box: 41 x 121 x 28 mm

1
3
1
2
3
1
3
1

T
T
!
1
I
D
D
L

3.
CONSTRUCTION DETAILS

Figure 4 shows the single-coated PC-board
DCORZ 001 which was designed for accom-
modating this FM-receiver. The dimensions
are 39 mm x 119 mm and the board is mount-
ed into the mentioned metal box with a spa-
cing of 5 to 7mm from the base plale. A
slraight and a bent piece of lin plate form 1wo
screening panels for the 30 MHz input circuil.
They are approximately 18 mm high and can
be easily seen in the photograph. They should
be inslalled after drilling, but before mounting
lhe componenis onto the PC-board. 4.5 mm
holes are drilled into the board for accommo-
daling the two dual-gate MOSFETs. The inle-
grated circuits are soldered onto the board
without sockets.

4.
ALIGNMENT, MEASURED VALUES

The alignment is very simple! Firslly adjust the
S-meter with 1he aid of 1he 2 kQ trimmer polen-
tiomster sothat areading of approximately S 1
is indicated. Alfter this, align the resonant cir-
cuits comprising L 4 and L 5 for maximum
noise in (he loudspeaker, after which the dis-
criminalor inductance L 6 is aligned so that
the discriminator-meler indicates zero under
non-signal conditions.

Flg. 4: Component locatlons on the receive board DCORZ 001
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The lollowing average values were measured on a number of
receivers:

Operating vollage range: 12 =15V
Operating current: 50 mA
Sensitivity: For 20 dB (S+N)/N: 05uV
Frequency range, variable: 29 - 31 MHz
IF-bandwidth (-3 dB): 150 kHz
Automalic noise suppression: -20dB
S-meler: 100 1o 500 uA
Discriminator-meter: + 5010 + 200 A
AFC-output: = +4V
AF-oulput power: 1WinegQ
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Fig. 5:

A transcelver tor 10
or 24 GHz using
modules designed by
DCORZ
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One will now require a frequency-modulaled
signal al \he inpul - preferably from a signal
generalor. The external luning polentiometer
is then adjusied 1o its center posilion and the
oscillator 1s aligned at L 3 10 40.7 MHz (signal
generator 1o 30 MHz). Align the oscillator o
41,7 MHz (signal generator la 31 MHz), (he in-
put circuil comprising L 1 should be aligned
for maximum S-meler reading, and 1he inler-
mediale circuit comprising L 2 for maximum al
39.7 (29) MHz.

The wo limiling resistors of the tuning polen-
liometer are adjusled so that the potentio-
meter 1s jusl al ils stops at 29 and 31 MHz
respaclively. These can be replaced by lixed
resistors subsequent (o the alignment, if re-
quired. The whole RF-IF alignment should be
repealed several limes lo oplimize the align-
ment,

Finally Figure 5 shows how the described
receiver module canbe usedina 10 GHz or 24
GHz transceiver. The olher modules originate

from the same author and ther designalions
are as lollows:

GKM 10: Gunn-supply. microphone amplilier,
and dot generator.

DBM: Straight-through mixer

BVV 4: 30 MKz preamplihier

NEP 5. AFC tuning unil

GNS 30° 30 MHz FM receiver

5.
REFERENCES

(1) J. Reithofer, DL6MH.
A Transcever for the 10 GHz Band
VHF COMMUNICATIONS 11,
Edition 4/1979, Pages 208-215

(2)J Reithofer, OLEMH:
A Straight-Through Mixer for 24 GHz
VHF COMMUNICATIONS 14,
Edition 2/1982. Pages 99-105

Colour ATV-Transmissions are no problem

for our new ATV-7011

The ATV-7011 is a prolessional quality ATV Irans-
mifter for the 70 cm band. I is only necessary lo
connect a camera (monachrome or colour), anlenna
and microphone. Can be operated from 220 V AC or
12 V DC The standard unit operales according lo
CCIR. but other standards are available on requesl.

The ATV-7011 s a funher devalopment of our rel-
able ATV-7010 with betier specilicalions, newer de-
sign, and smaller dimensions. It uses a new syslem
of video-sound combination and modulation, It 1s
also suilable for mobile operation from 12 V DC or
for fixed operalion on 220 V AC.
|4 [~ O ——————— » | | R ¢ ) i

The ATV-7011 1s also available for broadcasting use
between 470 MHz and 500 MHz, and a number of
such unils are 1in conlinuous operanon in Africa.

Specifications:
Frequencies. crystal-conirolled:

Video 434.25 MHz, Sound 439.75 MHz

IM-products (3rd order): betler than — 30 dB
uppression of osc lreq. and image:

betier \han — 55 dB

Power-outpul, unmodulated p 10W

Delivery: ex. stock 1o 8 weeks (standard model)

U technik terry D. Sittan - Jahnsir. 14 - Postfach 80 - D-8523 Basersdor

Tel. 09133/855 (Tag und:Nacht)
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A 6 cm Preamplifier Equipped
with the MGF 1400, and a Push-Pull Mixer

for Transmit and Recelve

| had wanted to design something for the
6 cm band for several years now, since this
band s relatively unknown to radio ama-
teurs. The reason why it did not come 1o
this was because no measuring equipment
was available for this frequency range in
the order of 5.7 GHz. Recently, | was
attached 1o a department of my company
(unfortunately only for a short perlod of
time) and had all the measuring equipment
necessary for measurements in the fre-
quency range between 1 and 20 GHz. Of
course, such a chance could nol be
Ignored!

1
THE PREAMPLIFIER

Reproducible resulls are only oblainable
when using microstriphne 1echnology. For this
reason. the circunt was calculated on a TI-59
calculalor and fed with the S-paramelers of
the GaAs-FET MGF 1400, The arucle describ-
ed in (1) shows how this can be carried out.

The design of the board using compuler gra-
phics and ables, as wel! as \he required pre-
paration and photography was only a malter of
hours. All calculations were made for 0.79 mm
thick PTFE matenal withg, = 2.55.

1.1. Construction

The upper and the lower side of the board are
connecled logether on the long sides of Lhe
PC-board shown in Figure 1 using strips of
copper loil Solder should be only used thinly.

Since a PTFE-board of the thickness used
does nol possess a considerable mechanical
slability, 1t 1s soldered to a 0.5 mm 1hick brass
plate having the same dimensions. This can
be carried oul well using a household iron.
Finally, the holes lor the source bypass capa-
cilors are drilled, so thal they can be grounded
with the connections as short as possible,
This can be carned oul best with the aid of a
denusi dnll or with a small fine fle. Further
details are given in Figure 2.

PAz
HWG

BCM

:!

uT

55

|2

0

Fig. t:
Double-coated AT/duroid PC-board of a MGF 1400
preamplifier tor the & cm band
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Fig. 2: -~
Critical component installation in the viclnity
of the preamplifler transistor

The holes for the SHF-conneclors and the
feedihrough capacitor are now drilled inio the
25 mm wide strip of 1.5 mm brass plate. after
which it is bent and soldered around Lhe PC-
board.

h1s important that the holes for the center pins
of the connectors are exaclly 2.3 limes he dia-

Flg. 4: Circuit diagram of the 5.7 GHz preamplilier

c'e |

i

cn 'Ky
T4 drain
Fig. 3:
The small supply board can be made simply,
as required

meter of the pins themselves, so that these
(ransitions maintain the 50 Q impedance. The
conneclors are now mounted into place, and
their center pins are soldered. Finally, solder
in the source bypass capacitors to ground so
that their other side is at (he same height as
the upper side of the board Altention should
be paid that the spacing to the case of the
MGF-1400 is a maximum of 0.5 mm. This is in-
dicated in Figure 2.

One end ol the source resistor is now soldered
lo one of the source bypass capacHors, and ils
other end (o ground. Afier this, the two drain
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decoupling capacitors are mounted This 15
made directly afier the transition ol the
A4 -150 Q hine 10 a wider line.

Trus s followed by soldenng in the feed-
through capacilor for the operanhng vollage.
and linally soldering the supply board accor-
ding lo Flg. 3 on 1he lower side ta Ihe brass
plate. One then only requires a connection
between the supply board and lhe drain con-
nection poinl, afier which T 1 is soldered into
place. The preamplilier is compleled alier pro-
viding a brass or lin plale cover.

1.2. Circult

The circuil diagram s given in Figure 4 The
circuil generales its own bias vollage, which
means thal il is only necessary for the values
of R 1 and R 2 10 be determined expenmental-
ly Resislor R 1is selecied so 1hal a drain cur-
reniof 10 mA is achieved. R 2 determines Vpg
This voltage should amount 10 25 10 3 V.
Orientation values for these 1wo resislors are
given in Section 1.3

1.3. Components

T MGF 1400 (Mitsubishi)
D1 1N4001 (various manulaciurers)
1 b 78L05 (various manufaciurers)

L1 - L4: Printed induclances

C 1 - C4 Pnnied induclances

C5 - C9 150 pF mullilayer capacilor
(Philips 1ype 2222 851 13151)

c1or 2.2 uFI25 V tantalum cap.

C 11, C2: 1 yFI25 V tantalum cap.

Cc13 1 nF feedihrough capacilor, solder
mounhng

R approx. 100 Q (see 1ext)

R2. approx. 120 Q (see lexi)

1.4. Alignment and Operation

No SHF-alignmenl I1s required. The adjust-
menl ol currenl and voltage have already been
described,

The descnbed amplifier can be used bolh as
receive preamplilier In front of Ihe mixer
which is 10 be described later. or as lransmil
amplifier subsequent to the mixer. Of course,

Fig. 5:
i The gainin lhe 6 cm
amateur band amounts 1o

576 GHe {50 approximately 10 d8
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the receive preamplifier should be mounted
as near o lhe anlenna as possible

In the transmit made, ILis advantageous 10 use
iwo such amplifiers in series, where by the
drain current of the second amplifier can be
increased 1o 30 mA when using a drain source
\."ohage VDS of3V.

In 1his case, 1he oulput power is in the order of
20 mW. It can be calculaied as lollows

Maximum IF-input power: 0dBm
Conversion losses: -7 dBm
Gain of Ihe two slages: +20dB

Transmil power max. 13 dBm

Thus is quite a power for this [requency. howe-
ver, i1 1S now passible using a single GaAs-
FET 1o achieve 35 W in this range! MSC
manufaciuras such Iransistors, but they cost
more than DM 2000, - in June 1982, and this
1S loo expensive for amateur applications. The
anienna still represents the cheapest ampli-
fier, and a relatively small parabolic antenna
will provide at least 20 dB in this frequency

] I
398 coupler

PA 2 HWG

Phese compensation I Diode
|

range. which provides an eleclive radialed
power of 2 W when used in conjunction with
the described amplifier. This allows communi-
calion (o quite a range

1.5. Measured Values:

The Irequency response of the amplifier is
given in Figure 5: the gain amounis to at leas!
10 dB al the required frequency. Al the same
time, the return loss was also measured:; il
armounied to more than 15dB (VSWR < 14) al
the inpul and outpul.

The noise figure amounted to 4 dB,

&
THE MIXER

The mos! popular mixer applied for the 6 cm
band is a single-diode arrangemen! mounled
in a waveguide. The described mixer ditfers
from this in three points:

RF-shorl circuit
I transformation

Fig. 6: Push-pull mixer for the 6 cm pand In microstrip lechnology

213



X

VHF-COMMUNICATIONS

4/83

Firstly, a push-pull mixer is to be used;

Secondly, the mixer 1s buill up on a PTFE-
board of 0.79 mm thickness with an ¢, of 255,
which reduces Ihe mechanical problems 1o a
minimum;

Thirdly, the mixer is suitable both for receive
and for rransmit applications and for all modu-
lation modes.

2.1. Principle of Operation

The principle ol operation 15 known [rom
similar configurations lor the 23 cm and 13 cm
band. It 1s provided with a 3 dB coupler by
which the diodes are driven wilh the Irequen-
cies lo be converied (signal and oscillator fre-
quencies).

The coupler is made in 1he form of a nng
instead of the convennional square shape. the
square shape showed considerable maiching
problems. (hat were not, or only very difficult to
solve. The round version. on the other hand.
does nol exhibil these problems.

One point which must not be overlooked using
this type of mixer is thal ol the phase which the
SHF-signal must have wilh respect 1o the 0s-
cillator signal at the two diodes. The oscillator
signal must have a phase shift of 180° al this
point, and the SHF-signal 0° Figure 6 shows
how an extra phase-shifi of 90° is achieved
between the oulput of the coupler and the DC-
bypass.

2.2. Construction Details

Figure 7 shows the PC-board for the mixer
modulein the scale of 1°1. Generally speaking,
the same is valid for the mixer as for the pre-
amplifier. The upper and lower side ol the
board are provided with through-coniacts on
the long edges using a strip of copper foil.
Since the ground surface of the upper side of
1his board is relatively narrow, the copper foil
is not bent around, but itis left straight and the
interconnection belween PC-board ground
and the foil is made with the aid ol a lille
solder.

214
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Fig. 7:
RT/duraid PC-board for the mixer clrcult
given In Figure 6 using the glven dlodes

FA,HWG
RF

%0

Flg. 8:
Basic board (before allgnmen) for diodes
differing from those given

FﬂZHWE
RF

60

Fig. o:
Converter board for other diodes alter
alignment
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It 15 now possible for the board 10 be soldered
onlo a brass supporl. and alterwards mounted
in a frame of brass plale into which the three
conneclors are mounted This method 1S simi-
lar to 1hal described lor the amplifier.

2.2.1. Mounting the Diodes

The \wo beam-lead diodes lype HP 5082.2767
(Hewlen Packard) or BAS 22 (Philips) are, un-
lortunately, easily damaged by static charge.
In order lo avoid Ihis, the following sequence
should be adhered lo”

e The RF and IF- port of the diodes should
be shoried with a piece ol wire belore sol-
dering into place.

® Each diode is placed inlo position with the
aid of a wel cockiail siick onto which the
diode 15 held. Il is besl brought into place
with the aid of a magnilying glass (approxi-
mately 10 hmes).

® The soldering is carried oul al 1he lowesl
possible temperalure and within a shorl
penod of ime. A 6 W minialure soldering
iron is suilable for this.

@ |ndium solder s suitable that has a meliing
point of approximately 140°C. Any residual
flux should be removed wiih nail-varmish
rermover.

2.3. Alignment

No alignment is required if 1he diodes given in
the previous seclion can be obtained and the
PC-board is as given n Figure 7. If other
diodes are used, il 1S then necessary 10 use
the PC-board shownin Flgure 8 and the align-
ment s carried out as follows:

Since the whole module operales in 50 2 1ech-
nology. 1t is necassary for (he diodes 1o be
Iransformed 10 50 Q. This 1s relatively simple,
but can add several dB lo the conversion loss.
Several pieces ol copper foll whose dimen-

X

sionsare 2 x 1.5mm, 3 x 2mm; 4 x 2 mm; and
§ x 2 mm are cul and are used for alignment.
While receving a lesl signal. one of 1hese
pieces of copper fol should be placed on the
50 Q sinpline between DC-volltage blocking
andthe connection poini ol the diode, With the
210 of a wooden cocklail slick, the piece of
capper foil 1 placed onto the stripline and
shilied carelully back and forth unul the most
oplimum signal is received al IF-level. If this is
the case, the same experimenl is carned oul
with a larger and a smaller piece of 1ol which
are also carefully moved back ang lorih bei-
ween DC-blocking and malching point of the
diode. The piece of foil providing the besl re-
sull 1s then hnally soldered 10 the most opli-
mum position wilth 2 minimum of solder.

The same method is repeated for the second
diode. Afier lhis has been carried oul, the PC-
board can, lor instance, look like Figure 9.

Since the impedance of Ihe diode 15 also de-
pendent on the oscillator power. 1his musl re-
main consianl dunng the alignment, and
should not difier greaily during operation later.
An onenlaton value lor the oscillator power is
510 10 mW

2.3.1. SHF-Shonrtcircuit

Il we are 1o ranslorm one side of the diodes 1o
50 G, this is only possible when the other side
possesses a shoricircuil 1o ground al lhe re-
quired frequency, This SHF-shoricircusl can
be provided easily using an open A4 line,
which converls the “infinile” impedance at ils
open end 10 an impedance ol “zero” al Ihe
other end.

ltis now only necessary for the IF-signal 10 be
coupled oul, wilhout deslroying the SHF-
shoricircuit This can be carried oul using an
open 1 A-nng where the oulput coupling point
on one side is A/d and 3/4 4 on the other side
with respecl 10 the RF-signal, which means
that the RF-sharlcircuil is nol allered.
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Fig. 10:
PA2HWG | | Conversionloss as a function of
N frequency with an optimum osclllator

power af 7 mwW

2.4. Selecting the Intermediate Frequency

For many reasons, only the 70 cm band 1s su-
lable for use as intermediate frequency, The
mixer is relatively wideband. however. the next
higher amaleur band (23 cm) is already
spaced so far that the oscillator signal is not
within the passband range of the coupler. The
alienuation of the oscillator frequency will
then be so high that a considerably higher

Fig. Na:
Photograph of a compleled prototype amplifier
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power is required.

A lower frequency such as the 2-m-band
would place loo high a demand on the inpul fil-
ter which is required in order 10 suppress the
image frequency,

The manufaciure of a good inpul. or oulput fil-
ter (fransmil operalion) was described by
DCBEC in (4). It is only necessary for it 10 be
recalculaled for the 6 cm band.

Fig. 11b: Photograph of a completed mixer
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2.5. Measured Values

The conversion loss is shown in Figure 10
The relurn loss at all three porls 1s beller than
18 dB, and the isolalion between SHF and lhe
oscillator port is beltar than 25 dB.

3.
MEASURING EQUIPMENT USED

HP 8690 B Sweep Oscillator

HP 8693 B Plug-in 4-8 GHz

HP 11692 D Double Directional Coupler
HP 11664 A Deleclor

HP 8755 A Swepl Amplitlude Analyzer
HP 8750 A Storage Normalizer

HP 8555 A Spectrum Analyzer

Magnelic AB model 117 Noise-Test Selup
Magnetic AB model 125 B Noise Source

4.
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FOR OSCAR 10 AND NORMAL COMMUNICATIONS

Polarisations Switching
Unit for 2 m
Crossed Yagis

Ready-lo-operale as described in VHF
COMMUNICATIONS. Complele in ca-
binet wilth three BNC conneciors
Especially designsed for use wilh crossed
yagis mounted as an “'X". and fed with
equal-length feeders Following six pola-
nsalons can be selected: Vertical, hon-
zonial, clockwise circular, anticlockwise
circular, slant 45° and slant 135°

vsSwAa: max. 1.2
Power 100 W carrner
Insertion loss: 011003d8B
Phase error: approx 1°
Dimensions: 216 x 132 x 80 mm
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Gerhard Schmitt, DJ5 AP

A Linear Transmit Converter

for the 13 cm Band

A fully-transistorized 2320 MHz transmit
converler is 1o be described that satisfies
the following demands required by the
author:

Low cost

Use of readily available components

No expensive power varaclors

Sufficient output power for portable

operation: at least 100 mW

e Qperating voltage 1210 14 V, low current
drain

@ High suppression of all unwanted con-
version products

@ Use of an intermediate frequency of

144-146 MHz

® Simple construction without lathing or
milling

The author returned (0 a conventional con-
siruction afler several allempls with dillerent
lypes ol transmil mixers, especially power
mixers. He then developed a lransverter using
melal chambers. Only the transmil converler
shown in the photograph given in Figure 1 is
to be described, since suitable local oscillator
modules for 2160 or 2176 MHz, and receive
converers have already been dsscrnibed by
other authors (1), (2), (4), (5). (7) and (10). The
constructional and alignment informalion, as
well as the number of references are givenin a
ralher exiensive manner. in order 10 enable
new radio amaleurs 1o become active on Lhis
inleresling amaleur radio band.

Fig. 1: Pholograph of 1he transmil converter. it is soldered 1o the base plate of PC-board material with the aid of
a lew solder lags. 1
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2320
216 MHz Amp D: MHz

10 mW 11| comw

Amp.
T2 T3 Te

2320 MHz
00 .200mW

Amp. Amp.

14 HHZI max. 100miw

Fig. 2: Block diagram with nominal values of frequency and power

1.
CONCEPT

2.
CIRCUIT DESCRIPTION

The block diagram shown in Flgure 2 shows
that the local oscillator signal from the exier-
nal oscillator module at 2176 MHz 1s firstly am-
plified up 10 a level of 50 1o 60 mW. This is fol-
lowed by the mixer equipped with the Scholtky
diode D 1. The 144 MHz drive signal is led 10
the mixer diode via a 2 m resonant circuil. The
mixer is lollowed by Ihree, seleclive amplifier
slages for the required Irequency of belween
2320 and 2322 MHz. Approximately 100 1o
200 mW of SHF-pawer are available al the oul-
pul.

As canbe seenn Figure 3, all four transisiors
are in acommon-emitter circuit, and use a va-
nable, positive bias vollage (6). This allows lhe
most favorable operaling point la be adjusted
individually

The mixer diode D 1 is provided with is local
oscillalor signal from L 2 via the coupling in-
ductance LC 2. The 2m dnve signalis fedviaa
resonant circuit comprising L 9 and a 13 pF
Inmmer which transforms itup, and then via a
SHF-choke lo the coupling induclance LC 3. A
ceramic disk capacilor withoul connection
leads (approx. B pF) bypass LC 3 for SHF Ire-
quencies, bul represenis only a very small
load at a frequency of 144 MHz. The DC-paith

Fig. 3: Clreuit diagram of Ihe 13 cm Iransmil converter

219



X

VHF.COMMUNICATIONS _4/83

for the mixer diode 1s closed via a lixed, and a
rimmer resistor, the mixer diode current can
be measured as the vollage across a choks re-
sistor of 1 kQ2, when using a small meter

The mixer is followed by 1hree inear amplifier
stages. A high seleciivily is provided by the
Iwo bandpass lilters, and Iwo individual cir-
¢uits using coaxial chamber lechniques.

2.1. Component Details

T1-T3 BFR34A orBFR20,BFR 9

T 4: BFR 96, BFR96 S

D HP 5082-2800 or other Scholtky
diode

Af4 resonant circuits from 3 mm
dia. brass or copper lubing,
approximately 4 mm should be
added (see 3.) 10 lhe values
given in Figure 4.

5wrnsof 1 mmdia. silver-plated
copper wire wound on a 6 mm
former, coil length pulled oul o
10 mm, sell-supparling.

Coil 1ap for the 1 nF capacilor
1.5 turns; coil 1ap o choke: 25
trns from the cold end.

Input and outpul coupling link
from Y mm dia. siver-plaied
copper wire with a spacing of
1mmiromL 1 andL B, resp.

LiloL®

LO:

LC1LCE:

-

L LI}

wr
[T
LI

a
)

S u 1 e A s L
i o™ | e
1 n 1
N i o 1
| I4]
H :_u 3 e LLs|
2716 Mg
[}
t X [§
=) Bz s .
e 13p
B [ oy, 100
DJS AP MPHMx IN2m no 11

LC2:
LC3:

LC 4, LC5:

CC:

RFC B:

RFCC:

RFC D:

Trimmaers for
L9:

as LC 1, butlength 13 mm
asLC 1. butlength 26 mm (6 mm
prolrude oul of the chamber),
spacing from L 3: 4 mm

as LC 1, benl as Fig. 4. spacing
loL3.L4,0orL5 L6 15mm
Coupling 1ab made from copper
foill, 4 mm x 8 mm, benl al a
length of 3 mm

Base choke (4 pcs.) 3 turns of
approx. 0.8 mm dia. silver-plaled
copper wire, wound on a2 3 mm
former, coil length pulled out to
5 mm, self-supporling.
Collector choke (4 pcs.). one
conneclion wire of the callector
rasistor of approx. 25 mm in
length is wound around a 3 mm
former. The 2.5 turns made In
1his way are pulled out slighily.
Diode choke, 4 turns of approx.
05 mm dia. silver-plaled copper
wire wound on a 3 mm former.
pulled out 10 a length of 5 mm.
self-supporting.

Plastic foil irimmer 13 pF
(Philips: yellow) or similar
Bypass capacitor for LC 3: Ceramic disk capa-
citor without connection leads of
approx B-10 pF (preferably use
Ine (hicker version)

Fig. 4: Consiruction and wiring 1ogether with several important dimenslons
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Capacilors C: 8 ceramic feedthrough capaci-
lors, approx. 1 nF, for solder
mounting, small type (8 mm
long. 3 mm dia.)

Tuning capacilors: 8 brass screws M3; live
pieces 10 mm long, 3 pieces 20
mm long, each provided wilh
WO nuls.

3.
CONSTRUCTION

The author used 0.3 mm to 0.4 mm thick me1al
plate for construction of the first four protoly-
pes of thus transmil convener. Several sirips of
30 mm and 25 mm in width should be prepar-
ed in a metal workshop. Tin-plale 1s inexpen-
sive and is easy 1o work with (especially 10
solder). They can usually be obtained readily
from hardware slores.

Ol course, i1 is also possible 10 use 05 mm
thick brass plate or thin, double-coated PC-
board material. Copper plate is not adwvisable,
since il 1s nol easy 1o solder it due 10 11s high
heat conduchvity.

The stnps of metal plate are cut using shears
10 the dimensions givan in Figure 5. The re-
quired holes on the oulside and inlermediale
panels are firstly tapped., after which they are
drilled using 3.5 and 3 mm drills, respectively.
The culouts for the transistors in the interme-
diale panels 2, 5, 7, and 8 are made with a
3 mm drill and then exlended to the required
dimensions with the aid of a suitable file.

Afier this, the rear panel (part 10) is drilled with
the holes for the luning screws. This is done by
laying this part on part 11 sothat they coincide
exaclly, alter which lhey are hixed 1ogether with
the aid of two strips of adhesive lape. Based
on the previous holes in the rear panel
(part 10), Lhe holes lor the line circuits L 1 1o
L 8 are now made. This ensures that the hot
ends of the A/4 line circuils are directly adja-
cenl lo the tuning screws after assembly.

Part 10 is now removed from parl 11 and the
other holes are then drilled into part 11 for the

feedihrough capacitors, and for the coupling
ling o the mixer diode.

The base plate, parl 12, is nol provided with
any holes.

Belare soldering 10gether, clear marks must
be made on the inside of part 10 or 11 10 indica-
le where (he intermediale panels are 0 be sol-
dered inc place.

All outer and intermediale panels are now sol-
dered into place with a mimmum of solder. The
guide nuts (M 3, brass) are soldered onto
pan 10. Ater this, the coaxial inner conduc-
tors of L 1to L 8 must be soldered into the ap-
propriate hales in parl i1 in such a manner
that the outside ends protrude by approxima-
lely 3mm. This allows one a litlle reserve if the
lines are found to be too shor during the align-
menl process.

This is followed by making the coupling links
according 1o delails given in Seclion 2.1., and
soldering them inlo place. Afier this, the
feedihrough capacitors, and finally the transi-
slors are inslalled. Before mounting, the con-
neclions of all transistors should be shortened
10 a tength of 2 mm. Aftention should be paid
thal the emiller conneclions are as shor as
possible when soldered 1o lhe inlermediale
panels

This is followed by installing the mixer diode
(shorten these connections on both sides 1o
3 mm), and \he coupling tabs. Finally, 1he
144 MHz dnive circuil and 1he bias vollage
supply should be compleled. The ground con-
nections of the 5 trimmer polentiomelers are
soldered using short, thick pieces ol wire, 10
the oulside of pan 11. The resl of the wiring is
shown in Figure 4.

4,
ALIGNMENT

Firstly sel all base-bias \nimmer polentiome-
ters to ground stop. Transistor T 1 will receive
its operating voliage of belween 12 and 14 V
via the dropper resistor of 100 Q. The current
drainof T 11558110 5 mA.
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The oscillator module i1s now connected to
point "A” and switched on. If suflicient outpul
power is provided by the oscillator module at

2176 MHz, a collector current of 15 10 20 mA
should resull for T 1 after L 1 has been tuned
10 resonance. If the collector current of T 1
should only increase (0 8 1o 10 mA, this will

Ports Tand9 Parts2.578 mean thal the outpu! power of the oscillator
T module will not be sufficient. and that one will
35 | s b nol be able 1o obtain the full 100 10 200 MW
© =1 oulpul power of the lransmil converter.
i i i B | z
l_n | — 1 A high-impedance mullimeter is now connecl-
— - S ed [0 test poinl “MP" of Ilhe mixer diode, alter
PGETd Borte Labas which the tuning screw of L 21s aligned lor re-
sonance al 2176 MHz i the oulpul power of
3 3 l the ascillator module 1s optimum, 2 maximum
& { o | ol 25 V will be measured here when the 2 kQ
® | ©y trimmer polentiometer ol the mixer diode 1s
& s L] sel 10 11s highest value.
= 30 30—
]
|1}
EHEEREEREEERRE
il
W 7 V7 T—F—17 T ] ——— e —I
]
Port 12
Baseplate
15
| - 1
R
Part 0
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Fig. 5:
Dimenslonal

1 -}

of the metal-

plate pars.
= Material: Tin-plate 0.3 1o 0.4 mm thick
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The Inree amplifier transistors are now con-
necled 10 the operaling voltage and their qui-
escenl currents are sel indwidually 10 approxi-
mately 5 mA This is a value al which one 1S
easily able lo see small lluctuations of Ihe re-
quired signal al 2320 MHz, and 1s a great help
for the preliminary alignmenl.

The 144 MHz drive signal is now connected lo
input “B” and should have a level of maximum
300 mW The author uses an IC-202 wilth an
ouipul power of 3 W as dnver. For this reason,
i11S necessary 1o provide an attenualor of ap-
proximalely 10 dB. For expenimentation, il 15
very advisable thal the altenuation can be va-
ried shghtly Befare swilching on ihe drniver, lhe
circuits comprising L 3 and L 4 should be
aligned to the oscillator frequency of 2176
MHz, which will be seen as an increase of the
collector current of T 2 lo approximalely 8 to
10 mA The tuning screws should then only be
approximalely 03 mm from the hot ends of the
circuils

The exciler is now swilched on and the luning
screws of L 3 and L 4 are slowly rotaled oul.
QOne will soon find the positions of the screws
where the currenl of T 2increases (0 710 8 MA.
Ensure 1hat one is really tuned lo 2320 MHz by
swiiching ofl the 2 m drive signal - the current
of T 2 should then drop immediately 10 5 mA,

The subsequenl stages are then also aligned
10 2320 MHz, and a few mW of output power
should already be measureable al the output

Il is now possible lor the quiescent currents of
the Iransistors 10 be aligned to ther final va-
lues with the exciter swiichedof T2and T 3
approx. 20 mA, and T 4 approx. 30 mA. The
final alignment is made allernalely by care-
fully bending the coupling labs, and luning the
alignment screws. The coupling labs al the
base have a spacing of approximately 0.8 1o
1 mm from the line circuils, whereas the labs
atihe collector can go down (0 0.5 mm from the
resonant lines. If the coupling labs are bent lo-
wards the resonant lines, this means thal the
resonanl circuil will have a greater capacilive
load. and that the resonant frequency will be
pushed downwards. The luning screws muslt
therefore be rotaled out. Il may be necessary
in some cases for the line circuits 10 be shor-

lened. This can be carned out easily wilh the
aid of a soldering iron and pliers. The M3 nuls
are counlered alter completing ihe alignment.

The preliminary alignment 10 the nominal [re-
quency of 2320 MHz can, of course, be carned
oul more easily, if a separale receive converter
is available so that one can monitor the Irans-
mil signal. However, the author has always
been able 10 find the correcl 2320 MHz reso-
nance even withoul Lhis. It is recommended
that the oulput frequency is measured with the
aid of a simple absorption wavemeter such as
described in (3).

4.1. Measured Values

After constructing the first prolotypes, the
author was able 10 gain access lo prolessional
measuring equipment, which means that the
following values can be classed as reliable.

& Qulpul power:
According lo drive power al 2176 MHz and
spread ol lhe rransistors: 100-200 mW

® QOverall current drain:
Wilhout drive approx. 80 mA
With drive approx. 100 mA

® Suppression of unwanled conversion pro-
ducts:
Better than 40 dB

® Suppression of lhe local oscillator fre-
quency
Better (han 40 dB

e Suppression of the image requency:
Beller than 60 dB

5.
EXPERIENCE GAINED DURING
ASSEMBLY AND ALIGNMENT

Four prolotypes of the described lransmit con-
verier have now been buill up and all were
conslrucled using tin-plate. Once. silver-plal-
ed brass lubing was used lor the resonanl h-
nes, once copper tube, and twice blank brass
tube. No differences could be seenn 1he sup-
pression ol unwanted conversion producls.
and the oscillalor and image frequency sup-
pression were also identical in all cases.

223



X

VHF-COMMUNICATIONS  4/83

A cover plate can be soldered or screwed (0
the chambers, bul was not found (o be neces-
sary 1n practice when using this construction
It was lound that the suppression of unwanted
Irequencies was praclically identical with and
wilhout cover (of course, after realignmeni)

The aulhor had carried oul exiensive expert-
ments with respect 1o the transistor comple-
ments and the selection of the mixer diodes.
The mosl favorable complement was found
when using three BFR 34 A, and a BFR 96 in
the oulpul stage Allention should be paid, ho-
wever, thal only good-quality semiconduciors
are used.

Approximalely 10 different lypes were tried as
mixer diode, The diode with the leasl pro-
blerns. which was also very cheap, was the
Scholiky diode HP 5082-2800 If the local os-
cillalor power is too low, the HP 5082-2817 can
provide a certain improvernent. Cheap swil-
ching diodes such as lhe 1N4148 were also
suilable, however, were naver able (o prowvide
the maximum possible oulpul power

Heal-conduclive pasie can be placed beiween
alltransistors and the screening panels, which
improves the thermal stability

The described converter is sulficient 1o drnive a
2C39BA driver and oulpul stage combination
up to an oulpul power of approximately 25 W

5.1. Another Version for9cm

Based on Ihe good experience oblained al
2320 MHz, a further transmit converler was
construcled according (o the same pninciple
for 3456 MHz. The transisior complement is
idenuical and a HP 5082-2817 is used as mixer
diode. Since the inexpensive lransisiors used
are in the vicinity of their limit frequency al
3456 MHz, the gain 1s, of course, nol so high
as al 2320 MHz. Quiput powers ol belween 20
and 30 mW were achieved in lwo prototypes.

The mechanical dimensions of the A/4-circuns
should be changed as follows:

LitwoLB andL B are 13 mm long,
L7is 10 mm.

This is the length in the chamber.
224

The dimensions of the intermediale panels
change to a width of 20 mm; 1he height of
25 mm remains
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Carsten Vieland, DJ4GC

A Sensitive
Thermal Power Meter

A measuring Instrument is 1o be described
that has seven measuring ranges from
100 #W to 300 mW, and whose upper fre-
quency limit is way up in the X-band! Con-
struction should not be ditficult for those
readers having adequate mechanical skill,
and a magnifylng glass; only a few special
parts are required which are easily avail-
able.

1
POWER MEASUREMENT PROBLEMS

For radio amaleurs, power measuremeni 1S
probably one of the most difficull areas in
radio (requency measuring technology. The
various types of diode volimeters, see Fig. 1,
have three disunct disadvaniages:

1. The junction capacilance of the 1es diode

érJ

(1-4 pF) represents a parallel capacitance lo
the load resistance. For instance, the amount
of the capacitive reaclive impedance will be
less than the 50 Q load resistor when using a
Schottky diode HP 2800 even at 1.6 GHz. In
conjunction with the inavoidable circuil induc-
twvity, (his will lead to noticeable resonance
eflects, which limit this type of power measure-
menl 10 frequencies up 1o approximately
1 GHz, if a special scale calibraton is nol
used.

2. The non-linearity ol the diode characlen-
stic will be noticeable at low AC-voliages. This
lsads 10 a non-consent mathemalical scale
calibration inspite of subsequent amplifica-
tion and deloganthming. If one 1s to avoid the
very exiensive comgpensation methad, i will
be necessary for (he scales 10 be calibrated
point by pont, for instance by calibrating 1
againsi a precision meler.

Fig. 1:
A dlode vol as power mel
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Fig. 2:

500

r,
Fls

l'___

Principle of a thermo-power
meler operaling according
lo the bolometer principle

O

3. The calibralion ol the diode volimeler is
made in AMS-values, however, the measure-
menls are made wilh peak voliages. In the
case of subsequenl measurements on ama-
leur equipment, the required sinewave signal
will be superimposed with harmonics, subhar-
monics, conversion producls. and unwanted
oscillanons. When the maximum values of the
individual vollages coincide, peak vollages
are provided lo the diode, which have no rela-
tonship 10 the RMS-value. The outpul power
of oscillating slages can be even higher than
the power consumption from the power line.

The described disadvantages ol diode voll-
melers can be avoided or al leasl reduced
when using the bolomeler principle (see
Figure 2), since the load resistance s only 1o
be found in the RF-circuil. The heating is a
linear function of the RMS-value of the RF-
power, al least at low lemperatures. The tem-
peralure increase is measured with the aid of
a NTC-resistor, which will lead lo a power-
linear scale calibration. Calibration and accu-
racy measuremenis on such a unit can be
made wilh the aid of DC-voliages.

Fundamenial considerations were made in (1),
(2). (3) ang (4). A suntable conslruction was
described in (1) Higner sensitivines can be
achieved with the aid ol thermo-elemens
using 1hin-film technology (5).

The described meter has seven measuring
ranges from 100 xW 10 300 mW (FSD). lis
upper frequency limit 1s in the X-band. One
disadvaniage is lhe somewhat long ransienl
time of Ihis method (S0% ol full scale afier 1 s),
which means thal no modulation measure-
menls can be made
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2.
COMPONENT SELECTION

The 50 Q load resislor should be as small as
possible. A small mass resulis in a short ther-
mal Iransient ime, as well as a high lempera-
lure coellicienl (meler sensilivily), and has a
posilive ellect on the upper limil frequency
The smallest, inexpensive, and available resi-
stor (51 Q) uses a flat melal-glazed conductor
and is somenmes designaled as micro-rminia-
wure resislor (62.5 mwy). 1t is in the form of a
bead-lype microchip resisior thal has been
dipped inlacquer, and lhey are usually used In
layer circuils. Alier carefully removing the lac-
quer, ong will obtain a ceramic chip whose di-
mensions are 2.2 mm x 12mm x 0.8 mm.

The lemperature-probe resisior should also
have a low mass and 1hus a shorl lransient
ume. In addition 10 1his, high-impedance resi-
stors are preferable, since these exhibil the lo-
wesl inirinsic heating as result of the conneci-
ed lest vohage. The Siemens Thernewid-NTC
resistor lype K 19 is very suitable. This compo-
nenl comprises a glass bead of 0.4 mm diame-
ler and possesses virtually invisible connec-
non wires. This component is so sensitive that
it will react 1o Lhe radiation heal ol one's hand
withoul delay, even ata spacing of 1 meter. Un-
forlunately, this resistor, which can also be
supphied in pairs, is not inexpensive, bul it 1S
also offered by several other manufaclurers,

Expennments made with the thermoprobes
SAK 1000 and KTY 11 resulled in an inferior
limit sensitivily, and the transient lime was al
least ten limes longer.
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3
CONSTUCTION
OF THE RF-CIRCUIT

Of course, the NTC-resistor mus! be directly
glued 10 the load resistor (with very hitle two-
component adhesive). However. due 10 ils
high sensitivity, it should be thermally decou-
pled from the 1npul conneclor. For this reason.
in1s not recornmended for the load resistor 1o
be directly soldered 1o the RF-connecior, since
the mechanical tension passed via the inner
conductor could destroy the chip resistor A fa-
vorable solulion was found by using a 50 Q
stripline in conjunclion with a heal sink (brass
plate) lor inlerconnecling the load resistor 10
the inpul connector. This lype ol construction
is shown in Figure 3.

In order 10 ensure a high culol! frequency, the
stnpline should be ideally on a PTFE-malerial
(double-coated) A stripline width of 23 mm
will resull when using 0.8 mm thick RT/duroid
5870 material In the author’s prototype. the
stripline is 12 mm in lenglh. Of course, epoxy
PC-boards can be used up 1o several GHz
withoul problems due 10 the non-resonan!
conduclor lane. When using 15 mm thick
epoxy PC-board material, the striphne width 1s
31 mm,

DJ4GC Fig. 3
Sultable construction of the
bolometer

Feeathrouph cap

Brass plale

Special care musl be 1aken in the transition
between the coaxial connector and the sirip-
hine. Although N-connectors have mare lavor-
able RF-characierislics than BNC-conneclors.
the lormer will exhubit are more nohceable In-
conlinuly at the transition Professional users
specily SMA-conneclors up lo 18 GHz.

In order 1o achieve Ihe shorlesi possible (ran-
sient bme of the bolometer, a good heal dissi-
paton is oblained al the cosl of maximum sen-
sitivily. Heal-conduclive pasle should be pro-
vided between Ihe slriphne board and the
brass heat sink, which i1s also placed around
the chip resisior. Temperature (luctualions
coming from the inpul conneclor are compen-
saled for with \he aid of a second brass plate
(Figure 4). Since the thermal probe slill reacls
1o the radialion beal reaching lhe case, lhe
whole bolometer is surrounded in a melal
case.

Any excessive solder on Ihe stripline should
be removed wilh a lile in order 1o ensure a low
heat delay. The NTC-resisior should be glued
inlo posilion only after this has been carrned
oul,

The fragile conneclion wires ol the K 19 are
supporied on Lhe RF-side with the aid of
leedthrough capacilors, and on Ihe lower side
wilh the aid of a small board (hal has been
glued into place.
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Fig. 4:
RAF-circult with bolometer and heat
sink

The author's prololype is mounled in a com- 4
pacl, standard metal box whose dimensions E
are 111 mm x 73mm x 50mm (see Figure5). MEASURING AMPLIFIER

In order 10 maimain the zero-poinl stability,
and the calibraled meler sensitivity, il is re-
commended that a brigde circuil be used to-
gether with a second K 19 (paired lo hbave the
same lemperature coefficient), in order 10

Fig. &:

Photograph of the author’s
prototype; RFportion under the
metal cover.

228



VHE-COMMUNICATIONS 4/83

23k

19V

q0K

Fig. 6: Circull of the thermo-power meler

compensale for ambient lemperalure fluciua-
lions, (see Figure 6).

The first operational amplifier maintains a
constani curren! via the test NTC resistor,
which allows a linear transfer of ils resistance
value lo the aclual test amplifier. The zero-
point should be adjusted before commencing
the measurement with the aid of a low-impe-
dance, shunied, ten-turn helical potenlio-
meler. If a larger case is used. it is also posss
ble for less-expensive coarse and fine conltrols
o be used.

The reference vollage is provided by a LED,
which is connected as zener diode. Higher vol-
tagesthan 1.5 V will, however. improve the sen-
sitivily of the reading, however, will lead 1o con-

Ten-lurn
helical

DJ4GC 001

2x 1N4148

ImA

v %
Ll.g_%_.o_

siderable intrinsic heating ol the 1thermal
probe

In order (0 change 1he measuring range. the
feedback resisiors of the second operational
amplifier are swilched.

The resislance values and lhe measuring
ranges (full-scale dellection) are:

R, = 22 MQ (0} mw)
R, = 680 kQ (0.3 mW)
R, = 220 kQ( 1 mW)
R, = 68 kQ( 3 mW)
Ry = 22 kQ (10 mW)
R, = 6.8 kQ (30 mw)
Ry = 1.4 K (300 mw)
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The- ineler cannot be overloaded since the
operational amplifier possesses an inlernal
current hmiting. Since an oflset alignment 1s
nol required, 11 is advisable 10 use a low-drill
dual-operational ampliber in an eight-pin
case. such as the TL082. In Ihe most sensilive
range. the llicker noise of Ihe operational am-
phhier will cause a cenian fluclualion of the
meler reading.

The operating currenl 1s only in the order ol
5 mA, which means thal lwo 9 V-baileries can
be used as power supply. The meter will also
operale perfeclly alt + 5V.

5.
ALIGNMENT

The calibralion ol the meler is made wilth

direct currenl. Itis advisable 1o adjust he cur-
rent 10 the lull-scale deflection of the appro-
priate range with the aid of a digilal mullimeter

The feedback resisiors R, 10 R; of the 1est am-
plilier are selecled 10 have the highesl accura-
cy Irom alarge selection of resistors. Since 1he
sensivily of the bolometer 1s greaily depen-
denl on the mechanical consiruction, lhe
given values are anly lor orienlation.

Due lo Ihe non-linear relationship beiween the
temperature and the resislance value ol the
NTC-resistor, il is necessary far the highesl
range of 300 mW to be calibraled indepen-
dently on the scale. (see Figure 7). In the
30 mW-range. the deviation is slill only a maxi-
mum ol 4%, and should thus be accepiable

nl.l | —
woMoal,
S caaudiekidg ;" ,
o 2 LML T e e
100 L
Mw

Fig. 7:

This pholograph shows
the scale calibration with
the 300 mW scale al the
bottom



6.
MEASURED VALUES

It was possible belore manufaciuring the
power meler 10 measure the inpul return loss
of \he RF-circuil with the aid ol a network ana-
lyzer It was lound 1hat a return loss of 20 dB
(corresponding o approx. 1.2 VSWR) can be
achieved up lo a Irequency of 2 1 GHz. The re-
turn loss of 10 dB (approx. 2 VSWR) 1s only ex-
ceeded al 11 GHz.

A 3 GHz oscillator having an outpul power of
25 mW with an accuracy of + 01 dB was now
connecled 10 the meter and this power was in-
dicated with an accuracy of the meter-needle.
The Gunnplexer manulaciured by Microwave
Associates (15 mW al 1036 GHz) provided
12 mW of heat after being adapled Irom wave-
guide to BNC.

The meler reaches 50% of the lull-scale value
afier approximately 1 second; 90% of the hinal
value s passed after 3.4 5. The lransient lime r
(63% ol the final value) is in the order of 15 s.

7:
PRACTICAL EXPERIENCE

Due 10 the short length of the sinpline used. a
cerfain lemperalure sensilivily exisis via 1he
inner conductor of the inpul conneclor. since
both NTC-resistors are nol heated simullane-
ously. In the very low power range. i1 is advis-
able 10 work togslher with an nlermediale
cable which remains connecied 10 the meter,
Otherwise, (he zero-point siability is so high
thal 1l is possible 10 carry oul measuremenis
direcily afier swilching on. In the case ol the
Iwo mosl sensilive ranges, it is advisable to
leave a warm-up hme ol appoximately three
minuies

The calibration was made at 20°C. A (uriher
test in a relrigeraior al 5°C did not show large
devialions,

The speed of the reading is approximately as
migh as Ihat of a dampened laboratory meler.
Taking all advanitages of this measuring
system 1n1o consideration, st will not be found

X

1hat alignment work is made more difficull due
100 slow an indication

The dynamic range of the power meler can be
increased by adding wideband amplifiers (e g
as described by DJ7VY). allenuaiors, or di-
recional couplers. However. the frequency
range wall be imited by this. l1 is possible, lor
insiance, (o use a direchional coupler wilh an
attenuation of 40 dB 10 increase the measur-
ing range up o 3 kW. The exac! value of the
loss can be measured previously using Lhis
meter.

The high sensuivily ol this meter (the resolu-
tion is in the order ol 1 uW) allows one l0 also
measure the frequency. or allenuation charac-
leristics of (iliers, bandpass fillers, directional
couplers, frequency multipliers, mixers, low-
signal ampliiers, elc., in addinon o purely
power measuremenis, and its high dynamic
range can be used right up 1o X-bands.
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H. Wessels, PA 2 HWG

A 1296 MHz/144 MHz Converter equipped
with the GaAs-FET 3SK 97

The autor became interested in experimen-
ting with these Iransistors after the price of
dual-gate GaAs-FETs dropped to a level that
was alordable for regular amateurs. Similar
anticles have already been published for app!l-
catlons in the 144 MHz and 432 MHz bands (1),
(2). For this reason, the author decided to
experiment with them on the 1296 MHz band.

The circun shown in Figure 115 result of a few
weeks of expennmentanon. The man specilica-
tions of 1his circuil are:

C1

3
RF . 0
npul

PAZHWG

[emion]

Powergainol T1: approx 15dB
Conversion gamnof T2: approx. 10d8
Overall gain approx. 25dB
Total noise hgure: approx. 4 0B
Construction

The case of the converter 1s buill up from 0.8 mm
thick brass plate which provides it with a sulffi-
cienl mechanical stability A prece of Vero-board

Fig. 1
A 1296 MHz converier
with the DG-GaAs-FET

uaTLDY

3SK97 In preamplifier

I Tm Iw ! and mixer stage
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X

Fig. 2:
Dimensions of the

RF
Input
N[

60

= ‘T metal box as seen
| from above
PAZHWG
&5
24
o

Lo
npul
(BNC)| ¢4

— o

is used for the DC-portians of the circunt and for
the intermediale frequency oulpul. Il should be
possible with the aid of Figure 2 and 3 1o con-
strucl the converler withoui dillicuities.

Components

T1, T2 3SK97 S3030. MRF966
C. Chip capacnor approx. 200 pF

LS 5 turns ol 08 mm dia. enamelled cop-
per wire wound on a 5 mm coil lormer
with VHF core

L6 L7 056 uH minialure choke

L8 1 H muniature choke

Alignment

For aigmng the converier a local oscillator is
required Lhat is able 10 provide a local oscillalor

FT Feedihrough capacior. approx. 1 nF signal ol approximately 3 mW at 1152 MHz,
GF; Low-capacilance feedihrough (glass) furthermore a 144 MHz receiver, and a lest signal
L1...L3: 13 mm lenglh of 2 mm dia silver-  from a local station or beacon. The alignment is
plated copper wire commenced by placing the (nmmer poteniio-
L4 as L1, but 15 mm long melers R1 and R2 (o ther cenler posilions.
" =R tul =L B ¢
. Coges | i %
i, I 3 i
o
paATEL Rl R2 ': C c FT |
L5 :
IF'T DUk
Lm——
= _&5 Fig.3: Side-vlew from the lefi-hand side
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Tnmmer capaciiors C1 10 C5, and the IF-
inductance LS should now be ahgned for maxi-
mum S-meter reading on the 144 MHz receiver
Aher this, the adjusimenm of R 1 and R2 is vaned
so thal the maximum reading resulls on lhe
S-meter. Trimmer capacilors C1 10 C5 should
now be corrected. Finally, C 1 and C2 should be
aligned for best signal-to-noise rauo, which 1s
made in conjunction wilth a weak. siable signal.
or with a noise source. The converer 1s 1hen
ready lor operanon.

Local Oscillator Circuit

A large number of suitable oscillator circuits has
been described The author uses module
DF 8QK Q02 (3). This is just as suilable for opera-
tion when the descnbed convener is 10 be used
lor amateur TV-application in the 24 cm band. In
1his case. Il Is only necessary for the crystal in the
local oscillator module, and the IFiller in the

converler (5p6 - LS —~ 18p) 1o be changed.

Finally, the author would like o thank PE 1 HVX
who carried oul most of the mechanical work on
the converler
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(1) Editors' Using the Dual-Gate GaAs-FET
$3030in a Low-Noise Preamplilier for
144 MHz
VHF COMMUNICATIONS 14,
Ediuon 2/1982, Pages 77-80

(2) Ednors: Using ihe GaAs-FET $3030in a
70 cm Preamplilier
VHF COMMUNICATIONS 14,
Edilion 3/1983, Pages 139-14)

(3) U.Beckmann, DFBQK: A 1268 MHz Local
Oscillalor Module for DF 8 QK 001
VHF COMMUNICATIONS 10.
Edilion 4/1978. Pages 241-243

New Interdigital Bandpass Filters

4-slage, sealed bandpass filters for
1152 MHz, 1255 MHz, 1288 MHz or 1297 MHz
centre frequencies.

34dB bandwidth: ... . .. ... 12MHz
Passband insenion 108s: . .. ... .. ... 1.5dB
Atlenvalion al = 24 MHz: . ... . .. ... 40 dB
Attenuation at + 33 MHz: ... . ... 60 dB
Relurn 10ss. ... ........ .. e Eprrca T 20 dB
Dimensions (mm), . 140 x 70 x 26

Idea! for insiallanon between lirst and second pre-
amphlier or in front of Ihe mixer for suppression ol
image noise, and nlerference from UHF-TV
transmitiers and out-of-band Radar Stations. Also
very advisable at the output of a lrequency mulli-
plier chain, or behind a transmn mixer,

[\ Price: DM

168.—

F AR Please list required
; centre lrequency on
ordering

N

[ 7 technik Terry O. Bitan_Jahnstr. 14 - Poslfach 80 D-8523 Baiersdord

Tel Wesl Germany 9133/ B55 - For representalives see cover page 2
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Guenther Borchert, DF 5 FC

A 2 m/70 cm Transmitter
with High Spurious Rejection

Concluding Part I1

4.

CONSTRUCTION
All modules are accommadated in standard
metal boxes of 30 x 74 x 111 (mm) or 30 x 74 x
35 (mm). PC-boards have been designed
whose dimensions are 72 x 109, or 72 x 33
(mm). Both the components and the fillers are

mounted on these boards. The interconnec-
tion of the individual modules belween one
another is made exclusively using SMC-
conneclors and RG-174 or similar PTFE-cable.
These conneclors can be used up 1o frequen-
cies in the order of 10 GHz. Figure 10 shows
1he live, imerconnected modules, the covers
over the helical hlters of module DFSFC 001
have been removed,

Fig 10. The hve modules of the 2 mf70 cm SSB Iransmitter with low spurious rejeclion are shown
connected together
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It 1s advisable lo firstly solder the prepared
and drilled PC-board into the case belore
commencing conslruchion Alfter this, the heli-
cal filers are prepared and installed. The
wbular tnmmers should be soldered nio
place before inserling the intermediale pa-
nels. This sequence is recommended since
Ihe heal loading of the other componenis
especially the semiconduclors, would be con-
siderably high if they were mounted into place
belore saldering in the intermediale panels
and soldenng the PC-board into 1he case. The
only componenis thal are soldered inlo place
before total assembly are the disk capacitors
as used in the DF7VY amplilier, since \hese
are very difficult to mount afterwards.

The holes in the case for the feedthrough ca-
pacitors and SMC connectors should be
made before assambly according to the given
dimensions. Holes of 5 mm diameter are re-
quired for the SMC connectors

The tuning rimmers of the helical filters pro-

trude into the chamber from the base surface,
and for this reason, il is possible for the hilers

4

b=—7

..—-’I——

Fig. 1%: Installation ol the board in the

metal box (dimension a = b)

lo be arranged, as required. in a module. The
side panels of the case therefore remain Iree
for lhe connectors and for mounting. The mo-
dules are designed so thal all connectlions are
made on the narrow sides ol the case, which
simplifies installaton in a cabinet later.

Silver-plaled copper wire of 1.5 mm diameter is
used for the filters at 304 MHz and 432 MHz.
Similar wire with 1.0 mm diameter is used for
the 127 MHz and 145 MHz fillers. The exact
daia for the induciances is given in the asso-
cialed circuits. The induclances should be
mounted as near as possible la the center of
the chamber and be soldered well ai bolth
ends (if possible without mechanical tension).

Hl—s-rn 10z £ 108 £ 109 L © Pr 106
Q % L 102 %Sn
: S d N“I‘O
prio7| @6 LT T102 S
%m €101
L101 oll- Hﬂ Ler = E
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ofifno 103 106
iﬂul l : : : +——o .\J;'J-'H
-3 i - °J ._.o
] T E 5 X - ' ' Eir'?'
P1102—-0 & oo E . : : . ! T(\—f E:-
e » o o : | i ' | 1103
H b ' L e of
0O ® 0 ® ! i ) €163 _ia-"-op_ Pt 103
= !
O—C e 1O
AR = e =3 Nt Ji dlee| s
105 (106 €107 L7

Fig. 12: Component locations on (he 144 MN2z/126 MHx mixer board DF SFC 001
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The exacl coil 1aps are parlially 1o be found ex-
perimentally, and the given positions are only
values of orientation. I is important that espe-
cially the 432 MHz and 304 MHz filher cham-
bers are soldered all around hermetically
sealed, olherwise, the inseriion 10ss ol 1he fil-
1er would increase considerably.

It was found that the size ol the coupling slol
was sulficient; readers who have access (0
suitable measuring equipment will be able to
oplimize the seleciivity curves. Exact dala are
nol possible, since the indivigual filers are
somewhat diflerent from another mechani-
cally.

The PC-boards are mounted exacily 20 mm
deep from Lhe top edge of the case, which
resulis in the required depth of 1he filler. This
arrangement is shown in Figure 11 in the form
of a drawing.

L -
© —

MERRER

i
:'}

DF SFC

—

- w——]
B3 - 20 -

- 60 — -

Fig. 13: Consiruction of the three-slage filter
for 145 or 126 MHz

41
MIXER 145 MHz/126 MHz

The component localion plan of \he double-
coated PC-board DFSFC D01 (withou
through conlacts) is shown in Figure 12. The
fiers are buill up according 1o Figure 13. In

Fig. 14: Protolype of the mixer module OF 5 FC DD1 without cover over the two helical lilters;

the coupling wires can be seen
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L202

DF SFC 002
L

o

C 2o C 202
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22N
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Fig. 15: Component locations on the filler/amplilier module board DF 5FC 002

the case ol lhe induclances, altention should
be paid thal the adjacent circuits are wound In
lhe opposile direction. This means 1hal the
center circuil of 1the three-stage filter and the
second circuit of the two-slage hlter must be
wound in the oppasile direction.

The Iwo anenuators al lhe mixer musl be
suilable for ihe actual power levels. The com-
man source resisior of the two FETs coupled
onlo the mixer 1s sel so 1hal a lotal current
drain of approximalely 30 mA resulis. The
source resistors of the oulput amplifier should
be set 10 the corresponding values. Dala re-
garding the semiconduclors. induciances,
and trimmers are given in Section 4.5. Figure
14 shows a compleled module withoul cover
over lhe helical circuits.

The modules are individually aligned belore
installation in a cabinel and he cover is
anached with a (ew solder poinls so thai the
module can be opened later without difficully.
A subsequent lotal alignment should not be
required if a careful alignment has been
made, since all modules are buill up for 50
impedance.

The operating vollage supply is made as
shown in the block diagram lor the active mo-
dules. Il is sufficient 10 swilch over the vollage
on changing from 2 m 10 70 cm. In the case of
lhe first mixer, attention should be paid that
only the required oulpul amplifier is in opera-
tion. If this is nol Ihe case. the image suppres-
sion will decrease.

4.2,
FILTER AMPLIFIER

This board 1$ also double-coaled and not pro-
vided with through-conmtaclts. The component
location plan of this board is given in Flgure
15. The same specificalions are valid for the
filter as for the three-stage filler an the mixer
board. The wo coils of the FET amplifier have
5 turns, each. and have a coil 1ap al approxi-
malely 0.510 1 turn from the cold end. The first
FET can be a 2N 4856A, which 1s operated
wilth approximately 25 10 30 mA; the second
FET should be a P 8000 or P 8002. since it is
easier 10 cool. The current drain should be set
10 40 10 50 mA.

The inpul connecior protrudes inlo the filter
chamber and 15 direclly solderad without iso-
laung capacitor: the oulpul conneclor is pro-
vided with a coupling capacitor of 47 nF,
which is sall-supporting wiihin the chamber.
The coupling capacitor between the 1wo
slages is mounied direclly belween the induc-
tance and the board. If a copper plate 1s used
as screening and heat sink for the second
FET. it is possible for the slage 10 be operaled
with a higher voltage of between 18 and 24 V,
which leads 1o a higher linearily and a higher
oulput power. In the case of avollage ol >18V,
Il is recommended lo use also a P 8000 or
P 8002 for the hirst FET. Figure 16 shows a
compleled prololype
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Fig. 16: Photograph of the prototype module DF 5 FC 002

4.3.
PROCESSING OF THE SECOND
OSCILLATOR

The crysial oscillalor was either a module
designed by DJ3VY, or a module of standard
size 1hal was provided wilh a doubler. The con-
struction ol the oscillalor using lhe double-
coated PC-board DFSFC 003 (without
through-contacts) is uncritical and the infor-

mation given by DJ3VY is valid. The frequen-
Cy doubler stages are equipped with Schoitky
diodes. Allempls were made lo save lhe wide-
band transformers using the two-hole cores,
however, this led lo alignmenl problems and
the coupling of the diodes was different de-
pending on the depth of the luning core. For
ihis reason, the transformers were once again
provided in the final version of the module.
Figure 18 shows the construchion logether
with the five crysials.
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Fig. 17: PC-board DF 5FC 003 can accommodale a maximum of 6 crystal oscillators, as well as an amplifier,

doubler, and filter.
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Fig. 19. Component locations on the frequency mulliplier board DF SFC 004
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The Irequency mulliplier (x4) DFSFC 004 is
also consiructed similar to that of DJ3VY. At-
tempts were also made here o delete the 1wo-
hole cores, however, (his was not successiul
for the same reasons as given before. The
76 MHz circuils on both boards were wound in
the special coil kits D41-2438.1 (see Seclion
45.).

The double-coated PC-board DFSFC 004 15
also not provided with through-contacts. Al-
tention should be paid during the consiruction
of the doubler stage shown in Figure 19 1hal
the cathode sides of 1he diodes (side with the
1 uH-choke) should have as low a capacitance
as possible, otherwise, it is possible that
storage effects would reduce the required AC-
vollage components (similar elfect (o that of a
filter electrolytic subsequent 10 a raclifier). In
order lo reduce further parasitic capacitan-
ces. the diodes are only soldered to the board
on the cathode side, and the anode sides are
direclly connected lo the secondary windings

—20-—H

D

0 1 [ 4
-

[:-'-::—-L- 20— —J |

) Pr—

Flg. 20: Canstruction of the two-stage helical filter
for 304/432 MHz with inductive coupling

of the lransformer.

The heiical filter is buill up as lwo-stage circuit
and provided with radiation coupling. The me-
chanical specifications are given in Figure 20.

Fig. 21: In this prototype of the frequency multiplier, the second outpul for a receive mixer
was not provided.
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Fig. 22: Component locallons on the 70 cm mixer board DFSFC 005

Fig. 23: Prolotype of the 70 cm mixer DF SFC 005
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X

The intermediate amplifier conforms o
DJ7VY and is buill up according o the origi-
nal description (4). The disk capacitors for the
base connections of the 1ransistors should be
soldered into place before insialling the board
inlo the case. The posilive operaling voltage I1s
nol bypassed using disk capacilors, bul using
1 nF leedthrough capacitors. This simplifies
the conduclor lanes considerably, since the
operaling vollage can then be direclly fed via
the resistors 1o the capacilors on the lower
side.

The same is valid for the FET oulpul stages as
was menlioned with respect 1o the output
powaer, operaling voltage, and cooling of other
amplifiers. If \he stages are to be operated
with a higher voliage than 1he system vollage,
an exira feedihrough capacitor should be pro-
vided in the last chamber. A completed modu-
le 004 is shown in Figure 21.

The output power of 1he lasl (outpul) stage can
be varied with the aid of the operating vollage
and currentl. ILis also possible for the oscillator
amplifier on the 70 cm mixer board 10 be
deleled, and 1o feed into the low-pass filier
directly, or lo maitch the power level using an
attienualor.

44.
70 CM MIXER

The required bypass capacilors should be
built ino this module before the double-
coated PC-board (without through-conlacts) is
inslalled in the case.

The collector voltage of the amplifier is also
fed in using feedlhrough capacitors. The vol-
tage supply is made below the board via the
collector resistors which are supporied by a
common disk capacilor.

The three-stage filter for 127 MHz is construct-
ed in exactly the sams way as the three-slage
filter in the 144 MHz palh. The specifications
of the induclances are given in Seclion 4.5.
The coil laps are approximately 0.5 turns from
the cold end. The (ransformers for the ampli-
fiers are all wound in the same manner with
m=3n=5r=1

The ampliliers in fron1 of the mixer and in front
of the outpul are aligned for currents of 20 mA,
the others 10 13 mA al a collector voltage of
10 V.

The 432 MHz lilter 1s built up in the same
manner as the ascillator filter, however, the 1n-
ductance specifications are somewhat diffe-
rent (see Seclion 4.5.). The coil 1aps are appro-
ximately 0.3 to 0.5 turns from the cold end, and
1he exacl position should be lound experimen-
1ally. A photograph of the completed module is
givenin Figure 23.

4.5,
SPECIAL COMPONENTS

Semlconductors

T101-T 104: 2N 4856A or P BDOO/P 8002

T201: 2N 4856A or P 8000/P 8002,
see lex!

T 202: P 8000/P 8002

T 301: 2N 2222, 6 pcs. required for

full complement

T302: BF 246C. 6 pcs. required for
full complement

T 303: BF 246C

D 301: 1N 4148 or similar, 6 pcs.
required

D 302, D 303: HP 2800, only with 38 lo
39 MHz version (see lext)

1301: Voltage siabilizer 7809

T 401: BF 246C

T a02: 2N 4856A or P 8000/P 8002

T403,404: 2N 4856A or P 8000/P 8002

T 405, 406: BFR 34A

D 401-D 404: HP 2800

D 405-406: 1N 4148 or similar

T501-504: BFR34A

D 501-D 503: 1N 4148 or similar

Trimmer Capacitors

C 101-C 104: 2-20 pF plastic foil trimmer
colour code: green

C 105-C 109: 0.5-6 pF tubular rrimmer,
3 mm dia.

C201-C203: 0.5-6 pF wbular trimmer

243



X

VHF-COMMUNICATIONS 4/83

C204,205:  2-20 pF plastic [oil tnmmer,
green

C 301: 2-20 pF plastic foil trimmer,
green

C 401 -C 403;

C 408, 409:  2-20 pF plastic foil irimmer,

green
C 404 - C 407: 0.5-6 pF tubular tnmmer

C 501: 2-20 pF plastic loil trimmer,
green

C502,503:  2-10 pF plastic (oil trimmer.
yellow

C 504 - C 508: 0.5-6 pF tubular trimmer

Two-Heole Core Transformers

All transformers buill up on two-hole cores
type A 8 X 17, manufactured by Siemens. In
the case of the Irequency mulliplier slages,
the cores are buill up with 3 x 4 turns of ena-
melled copper wire of 0.12 mm dia. using three
wires, twisled 1ogether, which are connecled
as shown in [he circuil diagram.

The transformers for the BFR 34A ampliliers
are wound according 10 the circuil diagram
withr = 1, m = 3,n = 5; lthe exacl description
is given in the article of DJ7 VY in (4).

Inductances

L101: 4 turns of 1 mm dia. silver-
plated copper wire wound on

a5 mm former

L 102: 51urns, otherwise as L 101
L103-L107: Helical filter, see text

L 108: asL 101

L 109: asL 102

L 201-L 203: Helical filter, see text
L204-L205: asL 101

Crystals for 38 1o 39 MHz:

L 301: 9turns of 0.4 mm dia.
enamelled copper wire wound
onad4 mm farmer

L 302 8 turns of 0.4 mm dia. couple,

winding 1-1.5 turns in special
callsetD 41-2165

Crysials lor 76-78 MHz:

L 301: & turns of 0 4 mm dia., wouna

on a4 mm former
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L 302: &turns ol 0.4 mm dia.. couple
winding 1-1.5 lurns in special
coil set D 41-2438.1

6 turns of 0.4 mm dia.
enamelled copper wirs,
couple winding 1-1.5urns
onlo the cold end in special
coll set D 41-2438.1

(10 x 12-5140400004)

6 turns of 0.4 mm dia.
enamelled copper wire.
couple winding 1-1.5 turns
onlto the cold end in special
coil sel D 41-2438.1

5 turns of 1 mm dia. silver-
plated wire wound on a 6 mm-
former: tap 1 turn Irom the
cold end

Helical filter, see texi

2 turns of silver-plated wire,

1 mm dia., woundon a5 mm
former, tap approximaiely
0.5 turns from the cold end

4 turns of silver-plated wire,

1 mm dia., wound on a 4 mm
former

L 502: 1 1urn, olherwise as L 501

L 503-L507: Helicalfilter, see lext

L 303, 304:

L4a01:

L 402 -L 404:

L 405 - L 408:
L 409, 410:

L 501:

5.
ALIGNMENT OF THE MODULES

The following individual oscillalor signals
musl be provided for the alignment. In (he
case of the 2 m mixer, these are:

- 10dBm1to — 5dBm at 9 MHz
+ 17 dBm from 135 lo 137 MHz

A Irequency of 304 10 312 MHz is required for
alignment of the 70 cm mixer, which can be
provided fram modules DF5FC 003 and 004.
Either +8 dBm will be required for the version
with oscillator amplifier, or +17 dBm in other
cases. Funihermore, one will require a system
voltage of 15 V, as well as higher voltages for
the output amplifiers, if necessary.

The following measuring equipment is re-
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quired: A mA-meter, a frequency counier, and
a power meter lhat can indicate up to +20
dBm, or 2 VSWR-meler and a terminaling
resistor, as well as a RF-probe lor Jower power
measurements.

The first alignment of all modules is that of the
DC-voltage values. The (ransistors operaling
with 20 mA should be provided with a little
heat-conductive paste on the copper surface
so thal they are cooled sufficiently. Itis recom-
mended thal these iransislors are aligned for
a preliminary currenl of approximately 17 mA
unlil the current increase during the warmer
period is compleled, after which the final value
can be selecled. The vallage al the colleclors
should amount lo approximalely 10 V alter the
alignment.

5.1.
145/126 MHz MIXER AND FILTER

After completing the DC-alignment, the oscil-
Jlators of the correcl output power level are con-
nected lo the module. The 126 MHz oulput
amplifier is provided with its operating voltage.
It is now aligned in the center of the band for
maximum output power. This preliminary
alignment in the center of the band is neces-
sary, since it would be possible thal no align-
ment can be found if the individual circuils are
misaligned. This s followed by connecling the
operaling vollage 10 the 145 MHz amplifier,
which is then also aligned in the center of the
band for maximum oulpu! power. The three-
stage filter should now be aligned carefully for
the required bandwidth by alternate careful
alignmenl of the threeslages. This alignmenl
1s also valid for the filter amplifier.

The 126 MHz filter is also aligned for a wider
passband.

Il a swepl-frequency generalor is available,
this will simplify the alignment considerably.
The mixer is still nol soldered inta place. and
1he filter amplifier is swilched directly behind
the 2m-circuit. In conjunction with a signal at
the center of the band, all circuits are aligned
for maximum at both frequencies, after which

hey are aligned in conjunclion with the swepl-
frequency generator for the required filler cha-
racteristic. Attention should be paid that the
flatest top of the characlerishic is obtained si-
mulianeously with steep slopes of the filter.

Under these conditions, approximately a level
of 1310 17 dBm is available al the oulpul of the
amplifier, and approximately +3 dBm at 126
MHz. Spurious waves are suppressed by mo-
re lhan 75 dB at 145 MHZ.

5.2.
SECOND LOCAL OSCILLATOR

The alignment ol the cryslal oscilialor DFSFC
003 is limiled to an alignmeni of the induc-
tances for maximum outpul power alter the
doubler.

If an oscillator should not commence oscilla-
won, the two feedback capacitors should be
alltered slightly. Further details are given in
articles of DK 1 AG (5) and DJ3VY (6).

In the case of the [requency mulliplier DFSFC
004, the circuits for 76 MHz and 152 MHz are
aligned so that approximalely the same volila-
ge 1s present al the inpul of the first filter (mea-
sured with the aid of an RF-probe) when
swilching between he individual oscillators.
After this, the first filter is placed in the circuil
and the oulput signal is measured subse-
quentto the amplifier. This is then aligned for a
most constant aulpul voltage. Finally, the po-
wermeter or reflectometer with terminaling re-
sistor is connected 1o the outpul amplifier and
the final circuils are aligned for constant out-
pul power, as previously described, by switch-
ing the individual oscillators. In the case of a
16 V operating valtage and a current of 30 mA
to the final transistor, an oulpul power of
approximately +10 dBm should be available.
In the case of 24 V and 50 mA it is possible 10
achieve approximalely 13 o 17 dBm according
lo the construction.

53.
70 CM MIXER

The ring mixer SRA-1H should not be inslalled
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during the alignment of module DF5FC 005.
Alter aligning the DC-alues of ail amplifier
slages. he 126 MHz-filler is aligned. and this
process has already been described in con-
junction wilh the 2m-mixer. After compleling
lhe alignment, approximalely -5 dBm (o
—-10 dBm should be present al the output of
the mixer. In the case of a higher power level,
the attenuator that should be provided is de-
signed so that (he required outpul power 1s
presenl. One should not be templed (o use a
higher input level; this would bring, of course,
more outpul power, however, would increase
the intermodulation products rapidly.

The outpul of the filter should be lerminated
with 50 Q for alignment of the 126 MHz-filter,
since the filter would be detuned otherwise
after installation of the mixer.

The mixer is installed after aligning the filter.
After connecling the two oscillalors with the
previously described oulpul power levels, the
helical filter is firstly aligned for maximum at
the center of the required band. If one 15 only
1o operate in a 2 MHz range, this will complele
the alignment. An output power of approxima-
lely 50 mW should be measured at this time.

When using several ranges. il is necessary for
the filter to be aligned to a wider bandwidth.
This is made by swilching 1he cryslals of the
second oscillator.

Even in the case of a wideband alignment, a
powaer of approximately 50 mW & + 17 dBmis
available at the outpul. Although this circuil
only uses until now a two-stage filter atthe out-
put frequency, the spurnious wave rejection is
already approximalely 60 dB, which is the re-
sull of the large spacing of all frequencies
used from the required frequency. Inspite of
thus, bandpass filters should still be provided
in a subsequent amplifier.

6.
USE OF THIS FREQUENCY CONCEPT
IN A RECEIVER

If the described concept is 10 be used in a
ransceiver, an oulpul can be provided al the

-
r'd

second oscillator for this purpose. The conver-
ter would then conven a 2 MHz wide portion of
the 70 cmband lo 126-128 MHz and from thera
10 9 MHz. When using the modern converiers,
as already descnbed in VHF COMMUNICA-
TIONS, this is best made with the aid of a relay
which is connected directly in front of the
mixer. This then swilches the appropriale
inpul filter. Attention should be paid herethat a
carelul blocking of 2 m frequencies is made,
since (hese could otherwise simulale signals
on the 70 cm band.
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Harald Braubach, DL 1 GBH

Measuring Aid and a Harmonic Filter for the

V-MOS Transistor 100 W-Power Amplifier for

144 MHz

As mentioned at the end of the article
describing VMOS transistor power ampl|-
flers in the last edition of VHF COMMUNI-
CATIONS, this article |s to describe a 30 dB
coupler, a test detector, and a harmonic fil-
ter suitable for handling 100 W. They ¢an be
constructed from inexpensive compo-
nents, and allow a clean alignment and
operation of this modern power amplifier.

6.
MEASURING AIDS - HOME-MADE

Those readers that have access 10 measuring
equipment and are able 1o carry this oul, can
delele this section of the arlicle and commen-
ce reading wilh the harmonic filter.

6.1.30 dB Coupler

In contrast 10 a directional coupler thal requi-
res a considerable amount of conslruction
and alignment, the described simple coupler
provides 1/1000 of the power independent of
direction, and is virtually frequency-indepen-
dent.

The simple circuit diagram is shown in Figure
20. The four resistors have the following va-
lues:

1 x 1.5kQ, 1/2 W (0309)
2 x 4.7 kQ. 1/4 W (0207)
1 x 56 Q,1/4 W (0207)

One can use normal composite carbon resi-
stors with a tolerance ol 5% (gold ring). Al a
power raling of 100 W, they will be loaded lo-
gether with approximalely 4-5 W, which is per-
missible during swepl-frequency operation
over alonger period.

Fig. 20:
Circult diagram and constuction of a 30 dB coupler
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Fig. 21

Perspective diagram and dimenslons of the two
melal-plate sectlons for the case of the 30 dB

coupler. After complelion, a cover Is provided 1o
ensure thal the coupler is RF-tight.

Figure 21 gives a recommendation for the
mechanical conslruction of the coupler from
melal piate. It comprises \wo chambers with a
hole in the intermediate panel through which
the three high-impedance resistances pro-
trude into the second chamber [rom the con-
tinuous 50 Q line.

Figure 22 shows the author's prolotype of the
30 dB coupler, and the measured anenuation
values are given in Table 3.

6.2. Test Detector

Ascanbeseenin Figure 23, the 50 Q 1ermina-
tion is followed by a vollage doubler reclifier
and a wideband RF-bypass and a choke. The
measured curves given in Figure 24 result
when feeding the circuil from a signal genera-
tor. The circuil is bwilt up in a sell-supporling
manner in a small, screened case. Figure 25
shows the author's prototype. The two 100 Q
resistors are connecied directly from the
center pin of the input connector lo the right
and left and are soldered 1o the case. A disk or
chip capacitor is used for coupling to the
Schottky diodes. Two ceramic supports are
used to mounl the subseguent component
connections. These are jusl as uncritical as
the component values lhemselves, since a
calibration must be made if one is lo use the
delector for exacl measurements.

No calibration is required for the swept-fre-
quency alignment of the power amplifier
described in Part 1. Figure 26 shows how the
equipment is 10 be connecled together. ltis im-
portant that the detector is sufficiently RF-light
so thal it is only driven via the 30 dB coupler.

f Anenualion Return loss al I

MHz 1 1 Il and Il terminated
wilh 50 Q

100 0.2dB | 31 dB 25dB
200 0.2dB 30.5d8 19dB
300 0.3dB 29.6dB 21dB Table 3: Measured values
400 0.3dB 29 dB 170B of the 30 dB coupler rom
500 0.2dB 28.5dB 20dB 100 10 S00 MHz.
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Fig. 22:
Pholograph of the author’s protolype
30 dB coupler - Simple but effective!

oy JU:‘JL}é:H‘
" 100

ZxHP 5082 - 2800

Fig. 23: A wide-band tes! delecior

Flg. 24:
The two measured curves indicale
thal the detecior could be used over a
considerably greater frequency
range.

Flg. 25:

The detectar was Installed in an available
case. The iwo holes have nothing 1o do
with Ihe described application.
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genaratorn aligned

Swept! Armplifier Coupier Terminih
frequency I——“ ST 30 a8 = &0U

Fig. 26:

i Measuring setup for a swept-
frequency allgnment: The
50 D termination mus! be

I i jlile 10::;::?& tI:s"Il:lllhoutpui
EEpsEES
[ DL1G8H X
? - 7.1. Calculation of the Filter
HARMONIC FILTER FOR THE Firstly, a 5-pole Tschebyschelf low-pass filier

Transistor power amplifiers usually have a har-
monic suppression of only approximalely
30 dB 10 2 maximum of 45 dB. This 1s usually
not sufficient. For this reason, a filier is 10 be
described lhal allows the second and third
harmaonic o be further suppressed usually by
al leas! 60 dB.

The mosi simple filier for atienuating the har-
monics 1s a low-pass lilter. However, simple
low-pass fillers do not provide sulficient atle-
nuation of the unwanted harmonics and must
be made sieeper.

If one construcls a steeper low-pass hiler in
convenlional lechnology. one will require com-
ponents having a higher breakdown voliage,
since voltages of several kV can be present
under resonant conditions. In the case of
induclances, the breakdown vollage capa-
bililies can be achieved easily, however, one
must usually use expensive mica capacilors.
Furthermore. one requires relalively compli-
caled measuring equipment for aligning such
ahiller

These problems can be solved when using
the following lier where coaxial lines are
used for increasing 1he steepness of the low-
pass filter. These coaxial lines are 1/4 for the
harmonics. In the pass-band range. the capa-
ciance of the ines is taken into consideration
in the parallel capacilance of the low-pass
fiher One can obtain a high reduction of the
harmonic content in this manner together with
a low inssruion loss in the passband range.
and obtain a good reproducibility

was calculated according lo 1he Book of
Tables given n (1). After this, A/4-linss for the
second and third harmonic were inserted in-
stead of the parallel capacitances. Since
these lines represent 100 low a capaciltance at
the required frequency range of 145 MHz, ad-
divonal capacitances are added, also in the
form of pieces of coaxial cable.

7.1.1, The Basic Fllter

Low-pass filter type TS/21 dB was selected,
which is a 5-pole Tschebyscheff low-pass filler
withareturnlossof 21 dB (& VSWR = 1.2). An
(upper) cutoff frequency of 150 MHz was in-
serted, and a relerence impedance of 50 Q.
The following low-pass coeflicient can now be
taken from the Book of Tables:

a, = a; = 0932714
a, = a, = 1.366557
a, 1.762498

These allow lhe reference induclances and
capacitances 1o be calculaled and one will
obtain:

Le = 53.05 nH
Cg = 21.22 pF

The component values of the filter (Figure 27)
can be calculaled from the coefficients and
the reference values:

L,=Lg xa,=53.05nH x 0.932714 = 49.5 nH
Ly=Laxas=L,=49.5nH
L,=Lagxay;=5305nH x 1.762498 = 93.5 nH
C,=C,=Cgxa,ora,=29pF

no1

The calculated filler attenuales the second
harmonic at 280 MHz by 30 dB. and the third
harmonic a1 435 MHz by 48 dB.
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Ly=lga, Lz=Lg-a3 Li=lg-as
Ly L, L,
(o] I CzI
Cy=Cp-Qy Cy=Cpg-Q3

Fig. 27: Calculating the low-pass lilter

7.1.2. Steepening the Filter Slopes

The 2/4 lines a1l 290 MHz and 435 MHz, re-
spacuvely, are used insiead of the parallel ca-
pacitances C, und C,. They represent shori-
circuits for both these harmonics. which consi-
derably increases (he harmonic attenuation

These lines represent capacilances al the fun-
damental frequency of 145 MHz, which are
less than the 29 pF calculated in section 7.1.1.
The missing .additional capaciances” are
also obtained using pieces of cable (Figure
28B).

C, is replaced by a A/4 line at 290 MHz This
cable is A/8 at 145 MHz and has an )/mpedance
of =[50 Q = 2195 pF This means thal 7.05 pF
are required n order to oblain the required
29 pF. The piece of cable used for this musl
have an input 1mpedance of -(i155.76 Q,
which 1s oblained with an electnical lengih ol
004944 4.

C. is obtained using lwo open lines of /4
length for 435 MHz. Thess lines will have an

290 MHz

b
‘4

Fig. 28:
Reallzatlon of \he steepened low-pass fliter

elecincal length of A/12 al 145 MHz which cor-
responds lo an inpul impedance of -j86.6 ©
= 1267 pF Since 1wo lines are used here.
they result in & 1otal capaciance of 2534 pF.
and a further 3.66 pF are required 1o complele
the required 29 pF. The requwed piece of
cable must have an wnpul mpedance of
-j300 Q, which means thal 1 musl have an
electrical length of 0.02625 4 al 145 MHz.

One requires the mechanical lenglhs of the
cables for construciion. Il RG-188/U 1s used,
having a velocily faclor (VF) o1 0 71, the follow-
ing lengths will resull:
214 21290 MHz:
I, = c x VF
4l

_3x 10% x 071

T 200 x 10° x 4
0.184m = 184 mm
)14 a1 435 MHz: ’
I, =0122m = 122 mm
Addiional capacitances lo |,
'ad = 0.04944 x ), x VF

= 0.0726m = 72.6 mm

Addiwonal capacinance (0 [,
.= 0.02625 x A, x VF

" = 0.03855m = 38.6 mm

7.1.3. Inductivities
The inductances are calculaled according to
the following aquation:
D? x NZ x 10°
* TasD + 100)
L innH

Dincm
I incm

v _]/L x (450 + 100i)
B D x 10?

Inthecaseoll = decmand D = 1.6cm, the
lollowing winding measurements for the air-
spaced coils will resuli:

Ly = Ly = 49.5 nH N = 3.02 (turns)
L, = 935n0H N = 4.15 (lurns)
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At af 290 MHz
29: Construction of the steepened low-pass lilter

7.2. Constructlon

Figure 29 shows a drawing of the whole har-
monic Nlter, a photograph of 1he author's pro-
lolype is given in Figure 30. A metal box ¢an
be provided with \wo inlermediale panels and
conslructed as shown in Figure 31, and lhe
three inductances can be made according lo
Figure 32. The five pieces of cable are prepar-
ed as shown in Figure 33. The additional

Add copocifance

L 11 ,!- L
Glass feedthroughs '
— 50 - 0 -—-— 50 ‘ﬁJ
A )
AP APoeONCe ik ¥ WA MG
3 rd
- s T
o . T T
. o — P A= = JQII:FE —BNC connec tor
. _) <
a [N [ \
s - N
: —
\ N

DL1GBH

capacilances should be cut somewhal longer
and shortened later during the alignment 1o a
minimum inserlion loss of Ihe filler al
144 MHz.

The coaxial cables are fed inio the chamber
through holes on 1he oulside, and passed
along the inside of the intermediale panels.
They are finally soldered o the glass leed-
throughs. As indicated by he black dots in

Flg. 30: The final filter is provided with a cover during operation in order 1o ensure that It Is RF-tight.
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Fig. 31: Since the dimensions ol the case are uncritlcal, not all indlvidual dimensions are given. 0.7 mm
thick tin plate is sultable for construction.

WA YW

L1 =L3
Fig.32:L1 =L 3 = 3 1uns
L 2 = 4 wrns of 2mm dla. silver-plated copper wire wound on a 14 mm lormer, self-supporting.

184

DL1GBH

—— 385 —-—

Fig. 33: All cables are from RG-188/U (50 (2). Sclder \he two upper lines belween L 1 and L 2, and the lower
three cables between L 2 and L 3.
Shaded pleces: Remove the outerinsulation and selder the shealhing Inlo place alter installation.
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Fig. 34: Frequency response with markers every 50 MHz (al the cutal Irequency: 150 MHz).
Verl.: 10 dB/line (at the limit frequency: approx. 0 dB).

Figure 29, the ouler conducior of the cable is
soldered al several posilions 10 the melal
case. Since PTFE cable is 10 be used. this
does nol represent any problem

7.3. Results

The hller was tested in conjunclion with a lube
power amphlier stage with a continuous oul-
put power ol 500 W. No breakdown vollages
were observed, and the induclances became
only handwarm. The frequency response be-
tween 50 and 550 MRz s shown in Figure 34,
One can clearly see lhe addilional suppres-
sion caused by the 1/4 cable at 288 MKz and
435 MHz, as well as a over - resonance eflect
at approximately 420 MHz The latter has no
effect since an amaleur transmuller lor the 2 m
band does not have any harmonics al this fre-
quency.
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The return loss n the 2 m amateur band 15
grealer than 20 dB, and the inserlion I0ss is
less than 0.3 dB
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MATERIAL PRICE LIST OF EQUIPMENT

described in edition 4/1983 of VHF COMMUNICATIONS

DJAGC A sensitive Thermal Power Meter Arl. No. Ed. 4/1983
PC-board DJ4GC 001 50 mm long piece ol RT/duroid 5870 with

etched 50 Q sinpline
Parls DJ4GC 001 1 pair of NTC resisiors K 19, 12 kQ2/10%,

3 micro chip-resisiors 51 Q (2 ol these as

“spare pans’’).

1 dual OpAmp TLOB2CP,

1 red and 1 green LED.

2 swilching diodes
Kit of special parts, DJ4GC 001, with the above mentioned paris 6796 DM 135,—
DCORZ A 30 MHz FM-Receiver for SHF recelve systems Ed. 4/1983
PC-board DCORZ 001V single-coaled. withoul component

location plan. drilled
Parts DCORZ 001 3 transistors, 3 ICs, 3 diodes,

& ready wound coils, 1 ceramic hlier,

22 resistors, 18 ceramic and 5 lantalum

elecirol capacnors,

1 unned-melal case
Kit DCORZ 001 complete with above pans 6797 DM 99,—
Module DCORZ 001 ready o operate 6798 DM 165,—
Special parts:
Dual-gate GaAs-FET S3030 (T() or MRF 966 (Motorola) 53030 o073 DM 35—

MRF 966 9698 DM 34,50

A system for Reception and Display of Weather-Satellite
Images using a digital scan converter/storage module

Description Edition Kit designation An.No. Price
DM
Parabolic ant L 1.1 mdi 31979 Sel of 12 segments 0028 180.00
12 segmenis 10 be screwed or rivelad logether, Riveting machine + rivels 0105 93.00
3 plaslic supports lor radiator. 1.7 GHz Cavlty radlator kit 0091 90.00
mast-mounbng parls wilh elevation mechanism 3 radialor suppons 0106 29.00
Mast-mounling paris 0107 B5.00
Low-nolse amplitier for 1.7 GHz 1/1980 DJ6PIOID B565 225.00
(Originally described for use al 2 4 GHz,
this unil is Tuned 10 1 7 GHz)
METEOSAT Converter, consisling of 41981 DJ1JZ 003 6705 189.00
iwo modules - Quipul first IF = 137 5 MHz) 111982 DJ1JZ 004 6714 185.00
VHF Recelver, Irequency range 136 - 138 MHz, 41979 DC3NT 003 6141 225.00
Oulput. 2400 Hz sub-carrier 1/1980 DC3NT 004 £145 80.00
Digital scan convener 471982 YU3UMV 001
(256 x 256 x 6 Bil) 111983 YU3UMV 002 ] $738  B75.00
PAL-Color module wilh VHF modulalor 201983 YUJIUMV D03 6739 150.00

LIV berichte terry b. Bittan - Jahnstr. 14 - Postiach 80 - D-8523 Baiersdorf
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Space and Astronomical Slides

Informative and Impressive

VHF COMMUNICATIONS now offers sels of phan-
tastic slides made during the Genmuni, Apolio, Marniner,
and Voyager missions, as well as slides from leading
observalories

Thesse are standard size 5 cm x 5 cm shdes which are
framed and annotated.

Prices plus DM 3 00 lor post and packing.

Sets of 3 slides each — DM 5.95 per set

MN D1/1 Fust Menon the Moon — Apolio 11
MN D1/4 First Men on lhe Moon — Apolio 11
MNOVT First Men on the Moon — Apollo 11
M D211 Men on the Moon — Apollo 12

MM 02/4 Men on the Moon — Apolio 12

MN D2/7 Men on the Moon — Apollo 12

MN D371 The Moon

STOMN Man In Space
STO/4 Man in Space
STO17 Man in Space
sTo2n Eanh from Space — Amenca

Sets of 5 NASA-slides DM 8.50 per set
Set 1/5  Apollo V1. Earth and Moon Set 9/5  Apollo 15 Roving Hadley Rille

Set2/5  Apollo 11 Man on the Mcon Set 10/5 Apolio 16 Info the Hightands

Se14/5  Apollo 9 and 10: Moon Rehearsal Set11/5 Apallo 17 Lastvoyage lo Ihe moon
Set5/5  From California 1o Cap Canaveral Set 12/5 Apolio 17" Last Moon Walks

Soel 6/5 Apollo 12: Moon Revisiled Sel 14/5 arner 10

Set7/5  Geminl Earth Views

Sets of 9 slides each DM 18.00 per set
MN 01 Man on the Moon — Apolio 11 MN 05 Man on Ihe Moon — Apollo 15

MN 02 Man on the Moon — Apollo 12 MN 05 Man on the Moon — Apollo 16

MN 03 The Moon MN 07 Man on the Moon — Apollo 17

MN 04 Man on the Moon - Apolio 14

STD Man in Space ST 08 Earth from Space — Europe

ST02 Eann from Space — America ST 09 Skylab

STO03 Eann from Space — Africa ST 10 Mercury and Venus %Mariner 10)

ST0<¢ Eartn from Space — Asia ST 11 Mars (Viking 1 and 2

ST05 Mars: Mariner 8 and 7 ST 12 Mars (Viking 1 and 2)

ST 06 Mars: Marniner 9 ST13 Jupner and Saelhes (Voyager 1)

ST07 Earth from Space — Europe

Set 1/20: »Saturn Encountered« DM 35.00 per set

{ Saturn and 6 moons ® 2 Saturn lrom 11 million miles ® 3. Saturn from 8 million miles @ 4 Saturn from
one millon miles ® 5 Saturn and Rings from 900 000 miles ® 6. Saturn’s Red Spot ® 7 Cloud Belts in
detall ® 9 Dione close up ® 10 Rhea @ 11 Cralers ol Rhea @ 12 Tilan @ 13 Tian's Polar Hood @
14, Huge craler on Mimas @ 15 Other side of Mimas @ 16. Approaching the Rings ® 17. Under Rings
(400.000 miles) @ 18. Below Rings @ 19. ~Braided- -F« nng @ 20 lapelus.

Set 2/20: »From here to the Galaxies« DM 35.00 per set
20 slides from American Observalories showing planels, spiral galaxies, nebula.
Set 3/20: »The Solar System« DM 35.00 per set

1. Solar System @ 2. Formation of the Planets 3 The Sun @ 4. Mercury @ 5 Crescent Venus @
6. Clouds of Venus ® 7 Earh @ 8. Full Moon @ 9. Mars @ 10 Mars. Olympus Mons Vol @ 11, Mars,
Grand Canyon @ 12 Mars' Sinuous Channel ® 13. Phobos ® 14. Jupiler with Moons @ 15. Jupiler Red
Spot ® 16. Salurn @ 17. Salurn Rings ® 18 Uranus and Neptune ® 19 Plulo @ 20. Comel: lkeya-Seki.
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German Quality you can afford

technik PA 5500

WEATHERSATELLITE
RECEIVING SYSTEM

The PA 5500 system

® professionally proved

® produced in small series
offers reception and image display of the weather satellites METEOSAT & GOES
This system is very compact, complete and ready to use.

It consists of:
® special developed antenna/SHF down-convener
® receiver, WEFAX electronics, scan converter
@ black/white video monitor with extreme bandwidth

Features:
® zoom, limer
@ optional: synthetic color presentation

Detailed info, price and delivery time at the addresses below.
UK: Microwave Modules Lid., LIVERPOOL L9 7AN, Tel. 051-5234011.
USA: Weathersat Inc., FREDERICK, MD 21701, Tel. (301) 694 6666.

Other countries:

k L wtechnik Terry D. Bittan - Jahnslr. 14 - Posifach 80 - D-8523 Baiersdord
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OUR GREATEST now with reduced dimensions !

- 3
T S

Case: 1 15 14 13 17

DISCRETE ; MONOLITHIC EQUIVALENT

CRYSTAL Apt?"' with impedance transformation withoul impedance transformanon
FILTER S Type Termination | Case Type Termination | Case
XF-9A 558 XFM-9A 500 € || 30 pF 15 XFM-9502 | 1.8kQ || 3 pF 13
XF-9B 858 XFM-9B 500 Q || 30 pF 15 XFM-9503 | 1.8kQ || 3 pF 14
XF-9C AM XFM-9C 500 Q || 30 pF 15 XFM-9504 | 27kQ || 2 pF 14
XF-3D AM XFM-8D 500 Q || 30 pF 15 XFM-9501 | 3.3k || 2 pF 14
XF-9E Fm XFM-9E 12k | 30pF 15 XFM-9505 | B2kQ || O pF 14
XF-9B01 LsSe XFM-9B01 | 500 Q2 || 30 pF 15 XFM-9506 | 18kQ || 3 pF 14
XF-9B02 USB XFM-9B02 | 500 Q || 30 pF 15 XFM-9507 | 18k || 3 pF 14
XF-9B10* SSB S— — - XFM-9508 | 1.8kQ || 3 pF 15

* New: 10-Pole SSB-{liter, shape factor 60 dB : 6 dB 1.5

Dual (monolithic twopole)
Maiched dual pair (four pale)

XF-920; Bandwidth 15 kHz, RT

DISCRIMINATOR DUALS (see VHF COMMUNICATIONS 1/1979, page 45)
for NBFM XF-909 Peak separation 28 kHz
for FSK/RTTY XF-919 Peak separation 2 kHz

CW-Filters — still in discrete technology:

XF-910; Bandwidth 15 kHz, RT = 6 k&2, Case 17
6 k2, Case 2 x 17

Type 6 dB Bandwidth | Crystals | Shape-Faclor Terminalion Case
XF-9M 500 Hz 4 60dB 6dB44 | 500Q || 30 pF 2
XF-9NB 500 Hz 8 60dB 6dB2.2 | 500 || 30 pF 1
XF-9P* - 80dB:6dB22 | 500¢ ' 30pF 1
* New |

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH

D-6924 Neckarbischofsheim - Postlach 61 - Tel. 07263/6301
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