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Compact BNC Attenuators

Many radic amateurs dislike the idea to atte-
nuate some receive, transmit or oscillator sig-
nals. On the other hand, attenuation is very
important in RF-measuring technology. The
following article is to describe how compact,
and mechanically robust attenuators can be
constructed with amateur means that have
the highest possible cutoff frequency, and li-

near phase transmission characteristics. Itis
true, a lathe is necessary to construct the de-
scribed attenuators, however, the author is to
also show methods that allow one to carry out
one's own experiments easily.

Figure 1 shows the altenuators manufactured by
lhe author with values of 3, 8, 10, 20. and 40 dB.

Fig. 1: A series of compact BNC-attenuators
2



X

ﬁ_

1.
APPLICATIONS

With the aid of a (variable) attenuator, it is possi-
ble to measure the gain of, for instance. a pream-
plitier or low-power amplifier by compensation
(see Figure 2)

Mismatched signal sources and consumers in a
50 €2 system will cause standing waves with volla-
ge and current maxima. Gain comparisons of an-
tennas (with the aid of a mismalched receiver) or
RF-voltage measurements. will not provide true
values. It is, however, passible to obtain a forced
matching to the line impedance with the aid of at-
tenuators, at least to avoid the greatest errors (Fi-
gure 3).

Many signal sources such as noise diodes have
source impedances that are far from that of the
real 50 Q. For instance, the noise source de-
scribed by DCBUG in Edition 3/1984, which uses
adiode BAT 31, has a source impedance of a few

1o
Sigral qararaine

Z2=50

Mssisg apip
24500

7l

Fig. 3: Forced matching of a signal source

Fig. 2:

The amount of the gain is of
the same value as the selected
attenuation

ohms. A consumer thalis not ideally matched will
reflect a portion of the noise power, which is once
again reflected from the mismatched signal
source and will cause slanding waves on the in-
terconnection line between source and consu-
mer.

As a result of the frequency dependence of the
current/voltage distribution. this will resultin a se-
lective fading on the line with considerable errors
wilh respecl lo the actual amount of the signal po-
wer. When carrying out a forced matching to 50 Q
with the zid of an attenuator, it is also possible for
the signal power 1o be reduced lo a handy value
with the aid of the attenuator. Of course, it is ne-
cessary for the attenuator used to possess a high
return loss and constant transfer behaviour over
the whole frequency range in question.

The return loss from the end of an open, or shor-
ted attenuator is twice as high as its attenuation
value since the reflection must pass through the
resistor network twice, A fixed attenuation of 10
dB is usually sufficient to obtain reliable condi-
tions.

The alignment of highpass, lowpass or bandpass
filters should also be made under controlled and
reproducible conditions. Mismatched generators
and detectors transform reactances into the filter.
These will simulate frequency shifis or ripple
which will change considerably on only replacing
a connection cable.

3
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In order to measure the "real” transmission cha-
racteristics of, for instance, an interdigital filter, or
a selective amplifier, it is necessary for the inpuf,
and output of this stage to be provided with maty
ching attenuators, (10 dB) as shown in Figure 4
The use of a high-quality wideband detector (ther-
mal power meler) can replace the output altenua-
tor. When using such atienualors, far less de-
mands are placed on the impedance behaviour of
the signal source and the detector.

Many simple, free running signal generators will
show considerable feedback on the oscillator fre-
guency when connecling a selective consumer.
Extensive discriminator effects will be noticed on
measurements on antennas, fillers, or resonant
amplifiers, which will then show frequency shifls.
or noiches. A 10 dB attenuator, possibly using a
subsequent wideband amplifier (DJ7VY) will be of
great help. The reverse transmission ol such an
amplifier itself is usually not sufficient.

2.
ATTENUATORS AVAILABLE ON

Various manufaclurers offer precision atlenua-
tors with N, SMA, or APC 7 connectors. These at-
tenuators not only offer excellent electrical cha-
racteristics but also exorbitant prices.

“Low-cost" attenuators with BNC-connectors are
available from approximately 50,— DM upwards.
The resistor combination is made from mass re-
sistances and will show a noticeable reflection
even at 1 GHz.

Switchable attenuators up to 1 GHz (2 GHz) with
steps of 0.1 dB, 1 dB, and 10 dB are available for
approximately 500.— DM, each (Texscan). Espe-
cially of interest are high-power attenuators of up

4

to 250 W in stripline technology thal are able to
operate up fo 2 GHz. However, a careful con-
struction (with heat sink) must be made here.
Such an attenuator allows one, for inslance, lo ex-
amine the harmonic spectrum of a transmitter
with the correct amplitude.

Less expensive are the RF-potentiometers ma-
nufactured by Preh. The advantage is the high
maximum attenuation of more than 100 dB. This
disadvantage is an insertion loss of approximate-
ly 2 dB, as well as a varying linearily. Especially at
low impedances, the impedance is not constant.
In excess of approximately 100 MHz, couplings
appear belween input and output which means
that the maximum altenuation value deteriorates.

It is possible in the high-power range lo use rings
of cable that have been previously measured. Il
should be noted that the attenuation is strongly
frequency-dependent and it has been seen that
this increases with time, especially when using
cheaper cables,

3.
DESIGN CRITERIA
FOR CONSTRUCTION

When constructing atienuators, one should try to
achieve the highest possible upper cutoff fre-
quency. since this will also increase the accuracy
of measurements al lower frequencies. Experi-
ments with coaxial construction can often not be
realized due to the difficulty of obtaining the requi-
red resistors. [tis not only necessary lo obtain the
correct resistance value, butits geometry will also
have an effect on the cutoff frequency of the atte-
nuator. Disk-type resistors are required for the
grounded resistors in a coaxial system.
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Fig. 5:Construction principle
of a chip resistor

Stripline technology resulls in less problems. In
this case, chip resislors can be soldered onto the
conduclor side of a board.

According to (2), a frequency dependence will
occur wilth any type of resistors when the length of
the component is grealer than 5/1000 of the

wavelenglh of the signal in question. Regarding

this, the 3.1 mm long chips would be suitable up to
the 70 cm band. When using axial, non-helical
0.5 W-resistors, a frequency of approximately
100 MHz should be achievable.

A higher, upper cutoff frequency can mainly be
realized with the aid of an impedance-optimized
construclion of the resistor/stripline combination
(Figure 5). The first approximations of the resistor
path are the same impedance relationships as in
lhe case of striplines.

Experiments made by cutting the board and by di-

Fig. 6:The resistances to ground are
distributed: values in Table 1

rectly soldering the chips to the lower side of the
board in arder to comply with the reducing of the
impedance along the resistance towards ground,
did not bring any improvement.

Round resistors are unfavorable due to the low
amount of capacitance. In addition, a frequency-
dependent skin effect is noticed in the direction of
the opposite conductor {(ground), which greatly in-
creases the actual resistance value. Their use in
conjunction with a stripline is not advisable.

From an electrical standpoint, such malerials are
especially suitable as substrate by which an im-
pedance of 50 £ is achieved with the width of the
chip resistor of 1.6 mm. This is the case with 0.8
mm thick epoxy. or 0.5 mm thick RT/duroid sub-
strates. However, the mechanical stability is not
sufficient when using board materials in the re-
commended consiruction, and for this reason, the
author has selected the wellknown 1.5 mm thick,

Tariows nege el

CutaF PTFE-collar

Pk giound cursbact with Coopar i

Pivkeo coOtazt adl vilerr

phazd e w0

B Conitact) N,

FC board 2558 T

Sleipine .

o 6w F’[g. T
Construction of an attenuator
as shown in Figure 6
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double-coated epoxy material. The moderate die-
lectric quality of this material is not so important
due to the non-resonant conductor lane.

The balanced construction using two resistors to
ground, as shown in Figure 6, causes areduction
of the inductive components and an increase of
the power rating. The nominal power rating
amounts to 0.5 W. Continuous tests with more
than one Walt did not result in any failures.

In order to reduce any capacitive coupling, the
40 dB atltenuator comprises iwo Pi-circuits of
20 dB, each. Since chip resistors are only avail-
able in standard values from E 24, itis necessary
for small deviations from the flat attenuation
value, or nominal impedance, to be accepted (see
Table 1).

Attenuation R, Rs Ry R4 A-

3dB | 560 | 560 | 18 | 560 | 560
6dB | 300 | 300 | 39 800 | a00
| 10d8B | 180 | 220 | 68 180 | 220
2048 | 120 120 | 240 | 120 | 120
40dB2x | 120 120 | 240 | 120 | 120

Table 1

MECHANICAL CONSTRUCTION

A BNC male connector can be screwed onlo the
thread of the corresponding female connector
and then be inserted into a lathe, The turned shaft
of the BNC male connector is approximalely
3/100 mm thicker than the inner conductor of the
brass collar. Both parts are pressed together with
the aid of a vice, since the male connector cannot
be soldered due 1o its rubber seal.

The nickel surface of the female connector is
turned with the aid of the lathe so that it can be sol-
dered. Firstly solder the completed PC-board to
the female connector, after which the connector
and the brass collar are soft-soldered together
with the aid of a gass burner at moderate pressu-
re. Any residual solder can be easily removed
with the aid of the lathe.

Finally, the intermediate brass piece is polished
with the aid of emery cloth or steel wool and pro-
ltected against corrosion with the aid of a clear,
metal lacquer. The attenuators can be marked
with the attenuation value as shown in Figure 1.
Further details can be seen in Figure 7 and Figu-
re8.

Fig. 8: The 5 chip resistors can be seen as bright rectangles
6
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MEASURED VALUES o

ILis interesting to know thal il is not easy to mea-
sure RF-components equipped with BNC-con-
nectors. The available transmission and reflec-
tion measuremenls show, it is true, the same ten-
dency, with deviations in detail, which are caused
by the difference in the adapters from N, or APC 7
o BNC. The poor name of BNC-connectors is un-
warranted, and it is firstly due to low-quality pro-
ducts, and secondly due to the fact that no net-
work analyzer or impulse reflectometer are able
to work with BNC directly, but only with the aid of
one or multiple adapters.

The transmission and reflection characteristics
given in Figure 9 represent the mean values of
various measuring setups. The transmission va-
lues coincide with the author's measurements
made with the aid of a thermal power meter. The
slight attenuation reduction of the 20 dB and the
40 dB attenuator at high frequencies is due to ca-
pacitive coupling on the board.

The measured values allow unlimited usability up

good, however, the reduced return loss indicates
that phase shift occurs due to reactive compo-
nents. The other diagrams that have not been
published show similar characteristics. These
compacl, and mechanically robust attenuators
have proved themselves well in practice.
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REFERENCES

1} Harald Fleckner, DCBUG:
A Noise Generator with Defined Noise Power
for Applications up in the Microwave Range
VHF COMMUNICATIONS 18, Edition 3/1984,
Pages 137 — 145

Alexander Kraus:
Einflhrung in die Hochfrequenz-MeBtechnik
Pflaum-Verlag Miinchen 1380

Karl Weiner, DJOHO:
UHF-Unterlage Teil 1/2
Kapitel B1

2

3



X

WVHF COMMUNICATZIONS 1785

£es]
n

Bernd Bartkowiak. DK 1 VA

A low-noise METEOSAT Converter with
GaAs-FET Preamplifier and Mixer Stage

This article is to describe a low-noise micro-
wave converter equipped with GaAs-FETs
and designed for reception of the geostatio-
nary weather satellite METEOSAT 2 (1691.0
and 1694.5 MHz) or GOES (1694.5 MHz).

Both, circuitry and components were mat-
ched to the state-of-the-art. This means that it
is possible with only one stable GaAs-FET
preamplifier and an optimized GaAs-FET mi-
xer stage to achieve such good technical data
that the converter will provide noise-free ima-
ges without employing additional preampli-
fiers, and even in the case of small parabolic
antennas being used (diameter of the parabo-
lic dish 90 cm).

A feeding possibility for the converter {channel 1)
via the IF-cable. as well as for a possibly employ-
ed preamplifier has been provided for. The con-
verter is accommodated in a tin-metal case and
may be incorporated in a weatherproof macrolon
housing for outdoor mounting purposes. This UV-
resistent, plastic housing has been provided with
a temperature-dependent heating which prevents
the converter from being damaged by condensed
water. This also avoids a "freezing” of the conver-
ter during winter-time operation.

A home-made construction of this converter is,
however, recommended only to those experien-
ced UHF-SHF amateurs who have access to at
least a minimum of measuring equipment (fre-

8

quency counter, multimeter). The complete con-
struction can be carried out within approximately
three to four hours, The assembly is limited to sol-
dering activities, while mechanical work will not
be required, since the PC-board is being supplied
with the holes already drilled. and the housing al-
ready punched.

Supplementary to the kit, a set of parts for outdoor
mounting is available for supply. which comprises
amacrolon housing with the holes already drilled,
and a temperature-controlled heating. Figure 1
shows the built-in converter.

1.
TECHNICAL DATA

The following values were measured at the con-
verters, designed according to Figure 2:

Input frequency channel 1: 1694.5 MHz

channel 2: 1691.0 MHz
Intermediate frequency: 137.5 MHz
Naise figure F: typ. 1.8dB
Insertion gain: typ.26 dB
Operating voltage {intern. stab.) 12-15V
Operating currentwithout heating  typ. 100 mA

with heating typ. 350 mA
Connect. standard: N
Impedances: 500
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Fig. 1: Ready-to-operate METEOSAT converter in plastic box

2.
CIRCUITRY

Microwave converters using stripline technology
are replacing the well-known and widely spread
finger-filter converters. The disadvantages of the

finger-filter converters, i.e. their expensive me-
chanical design and their somewhat obsolete
technical data can be avoided by the construction
of a METEQSAT converler in stripline technology
which is to be described in the following.

In comparison with the finger-filter converter, the
printed image-frequency filter has a considerably

DK VA 007

Dinablzr Fizar
T7 —‘ 18570 biHz }_'

sl
| ATE Mol

Fra-Ampiter

Fite~
1E94 EMHz

Hiar
TE

Fig. 2: The frequencies shown in the block diagram apply to operation on METEOSAT Channel 1
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lower Q which, at least in part, can be compensa-
ted for by appropriate measures:

The somewhat higher insertion loss of the filter
(approx. 2 dB) will be completely compensated
for on the preamplifier side by a higher gain, and
on the mixer side by a lower mixer noise figure.
What remains is the wider bandpass curve of the
stripline filter, which. however, is still narrow
enough to suppress the undesired image fre-
guency by mare than 20 dB.

With regard to a good single-sideband noise figu-
re, a higher attenuation of the image frequency is
not required.

Most valuable, however, is a stable GaAs-FET
preamplifier stage which. even al narrowband an-
tenna drive elemenis. does not show any tenden-
cy to oscillation, and nevertheless exhibits a good
noise figure.

The METEOSAT converter constructed accor-
ding to Figure 3, widely exploits the possibilities
of modern GaAs-FET technology. The favorable
total noise figure of only 1.8 dB, as well as the high
insertion gain of more than 25 dB, provided on a
comparatively small PC-board, proove this signi-
ficantly.

Also to be mentioned here is the injection fre-
quency porlion provided with a consequent band-
pass filter coupling, which offers to the mixer a
crystal-stabilized, low-spurious oscillator signal
with an output of 3 dBm and a spurious rejection
of approx. —45 dB. Due to the built-in voltage re-
gulators, the electrical parameters of the conver-
ter are virtually independent of the operating vol-
tage. A minimum valtage of 12 V, however, must
not be dropped below.

It is possible for the converter o be supplied with
the operating voltage via the IF-line (137.5 MHz)
on channel 1. Inturn, a possibly employed GaAs-
FET preamplifier will be fed remotely from the
converter. The facilities required for this purpose
have already been provided on the PC-board.

For an outdoor mounting of the unit directly at the
antenna, it is necessary for protective measures
to be taken. For this purpose, the converter will be
incorporated into a waterproof, UV-resistent ma-
crolon housing which can be used over a wide

temperature range. The built-in heating (5 W resi-
stor), being activated via a temperature-control-
led switch from approx. 10°C on, reliably prevents
the formation of condensed water. In conjunction
herewith, also the drifting of the oscillator due to
heavy temperature fluctuations, will be reducedto
a reasonable level.

3.

COMPONENTS

T2 CFY 19, CFY 14, MWT 11, MGF
1202, MGF 1400 or similar

T3, 4 U 310 (Siliconix)

T5-TT: BFRY0A (Philips)

D1-D3: 1 N 4001

2x78L09

C1-Co: Mini trimmer 5 pF {green) SKY

C10,C11:  dito 10 pF (black) SKY

C13,C 22,C 23:10 pF trapezoid (Stettner)

C14d: 47 pF trapezoid (Stettner)

c12,C15; Stripline chip capacitor 100 pF —
1 nF (ATC)

All capacitors, not designated:

Ceramic type 470 - 1500 pF

L5-L7: Neosid 5061 (blue/brown)

4 pes. 1 uH chokes, spacing 7.5 mm, Jahre, Neo-

sid and others

2 x 1 puF/35 V tantalum electrolytic

N-flange sockets with BNC flange (flat!)

Crystals: 97.0937/97.3125 MHz, 5th harmonic,

HC-43/U

Trimmer resistor: 100 €, spacing 10/5 mm

2 x ferrite beads, 1.2 mm long

4.
CONSTRUCTION HINTS

Starting out from a complete kit with drilled PC-
board and punched housing, it is possibie for the
converter to be completely assembiad by expe-
rienced VHF-SHF amaleurs within three to four
hours. With a correct construction. supported by
the following detailed mounting insiructions, and

11
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with a careful installation of the special compo-
nents (trapezoid capacitors, semiconductors),
the converter should work faulllessly at the first
attempt, after alignment has been terminated.

If a spectrum analyzer, a noise figure measuring
setup, and a microwave lest-signal generator are
not available, it is also possible for the alignment
to be performed with amateur means. vyielding
good results. One will require for this purpose a
500 MHz frequency counter, a multimeter, as well
as a METEOSAT-signal provided by an antenna.

The double-coated, epoxy PC-board DK1VA 002
whose dimensions are 145 mm x 72 mm, is
shown in Figure 4. The optimum sequence of lo-
caling the components on the board will nhow be
described step by slep.
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Fig. 4: PC-board DK1VAD02 is double coated
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4.1. Converter in Tin-Metal Case

4.1.1. The ground suriace of the PC-board should
be cleaned with the aid of a cotton ball and some
polish {car polish) from the parlly ugly stains that
may occasionally result from the galvanization
process. Now that the PC-board is sparking
clean, the remaining polish should be removed
with the aid of soap and a little brush.

4.1.2. The N-flange sockets are flatly passed from
outside into the 4 mm holes of the tin-metal frame
and soldered around the edges after having been
positioned in a way, thal the edges of the N-so-
ckels are in parallel with the cutting edges of the
lin-metal frame,

If, after completed construction, the converter is
to be installed in the weatherproof outdoor hou-
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BER 564 Y10 v 20 -'-""- MGE 1o
& /
) - L / N )
— [ e E
3 5 : s

MGF %2



VHF COMMUNICATIONS 1/85

X

sing, the IF-side N-socket must not be soldered
on. Lateron, one will pass a piece of thin coaxial
cable through the 4 mm hole having been provi-
ded for this N-socket. The IF N-socket is adjacent
to the 3.6 mm holes for the PTFE feedthroughs.

4.1.3. Solder the PC-board into the tin-metal
frame,

Solder the case temporarily together atiwo points
and fitin the PC-board. The 50 €2 input and output
striplines are located exactly on the pins of the N-
sockets (with an assumed mounting in the out-
door housing, the PC-board would lie only on the
pin of the input N-socket}. The printed islands for
lhe power supply are lying exactly below the cor-
responding holes for the PTFE feedthroughs. Scl-
der the PC-board tightly into place at one peint,
and arrange it horizontally in the frame of the hou-
sing. Then, solder the PC-board all around the
edges into the frame,

4.1.4. The “cold” ends of the stripline circuits L 3.
L 4, and L 13 are through-contacted to the ground
surface by means of copper foil. The foil should be
cut approximately as wide as the resonant circuits
are. On both sides of the PC-board, the foil must
be bent down forming sharp edges, and be sub-
sequently soldered into place. Under no circum-
standes, the through-contacting will be permitted
by means of wires only.

4.1.5. Solder in all trap. capacitors. The value is
uncritical (470 to 1500 pF). With trap. capacilors
C 13, C 14, C 22 and C 23, however, the value
must strictly be maintained.

Approximately by half their length, the trap. capa-
citors are inserted into the corresponding siots on
the PC-board and soldered into place at both si-
des. The temperature of the soldering iron should
not exceed 300°C during this procedure, since
otherwise the trap. capacitors could crack.

4.1.6. Solder into place ail bypass capacitors.
They are centained in the component location
plan without value indications. The value of these
capacitors is uncritical (470 to 1500 pF). tis, ho-
wever, important for them to be soldered into pla-
ce as short azs possible. One little leg of these ca-
pacitors is soldered to the ground surface. the
other one to the corresponding conductor lane.

4.1.7. Solder into place the three Neosid filters
with brown/blue colour point. Previously, the un-
connected third leg of the filter is carefully pulled
out of the coil former and the copper ground tags
are removed with a sharp edge cutter. Now, place
the filter flatly onto the ground surface of the PC-
board and solder into place after previous correct
arrangement.

4.1.8. Now the remaining capacitors are soldered
into place according to the component location
plan. Please, pay attention to the values! With the
tantalum electrolytics, also pay attention to polari-
ty!

C 12 and C 15 are tiny chip capacitors which are
soldered directly to the conductor lanes with the
aid of tweezers.

4.1.9. Solder into place all resistors and diodes.
With the diodes, please, pay attention to polarily!

4.1.10. Solder into place all trimmer capacitors,
The flal connection tag of the trimmer is sharply
bent down by 90", shortened, and soldered to the
ground surface after installation. Before soldering
in. uniformly arrange the trimmers on the PC-bo-
ard; C 10 and C 11 possess a higher capacitance,
all other trimmers are identical.

4.1.11. Instal the four chokes {approx. 1 uH).
CAUTION: When sharply bending down the con-
necting wires, the coil wire might tear! If required,
the coils could be wound also by our readers
themselves: 15 turns of enamelled copper wire
with a diameter of 0.2 mm, on a former of 2 mm
dia.

The printed choke Dr 2 is lo be through-contacted
at the cold end by means of a wire.

4.1.12. Solder into place the 100 &2 potentiome-
ter. One leg is to be soldered to the ground surfa-
ce, Finally bring wiper into center position.

4.1.13. Now instal the two voltage regulators (as
close as possible above the PC-board). The con-
nection seguence is correct, when the regulators
are installed, as shown in the component location
plan. Their central leg has to be soldered to the
ground surface.

13
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Fig. 5: PC-board ready to align

4.1.14. Solder in the two crystals. They must
stand flat on the ground surface. The crystal hou-
sing should not be soldered to the ground surface,
since this could result in a frequency deviation
due to too strong a heating up.

4.1.15. Solder into place the two U 310, The tran-
sistors are built in with their nose positioned in ac-
cordance with the component location plan. Instal
both transistors as deep as possible and solder
the nose to the ground surface.

4.,1.16. Finally instal the stripline transistors. The
wmitter leg of T 5 Is bent down by 90° and passed
through the PC-board, for which purpose a small
notch has previously to be filed. Now the leg is sol-
dered to the ground surface.

The connection legs of the remaining BFRI0A
are shortenad down to 2 mm (previously mark the
collector side on the housing). Then the trans-
istors are pushed into the corresponding holes
and soldered to the conductor lanes. CAUTION:
Please. make sure never to mistake base for col-
isctor connection!!

or the installation of the GaAs-FETs it is neces-
sary for the usual safety measures to he taken:

The tip of the soldering iron and the tin-metal case
must be greunded. Oneself is being discharged
by touching the case. Over the drain connection
eachof T1and T 2 a small ferrite bead is passed.
Then the FETs are placed into the corresponding
holes and soldered into place.

14

ATTENTION: Usually, with the Mitsubishi GaAs-
FETs the pointed little leg is the gate, with Sie-
mens GaAs-FETs, however, itis the grain!!

4,1.17. After the PTFE feedthroughs have been
pressed in and soldered into place, the construc-
tion can be considered as terminated. The con-
verter should now look like the prototype shownin
Figure 5.

4.2. Mounting of the Converter in the Weather-
proof Outdoor Housing

4.2.1, Instead of the N-socket, an approximately
15 cm long piece of coaxial cable will be soldered
onto the IF-output of the converter, (see 4.1.2.).
The inner conductor of the coaxial cable is solde-
red to the 50 Q stripline of the IF-output, the shiel-
ding to ground. CAUTION: Solder rapidly, since
the dielectric easily melts!

4.2.2. An N-flange socket is passed through from
inside to outside and screwed into the front cover
of the plastic housing with the aid of M3 screws
and nuts. An additionally underlayed M3 solder
tag serves as ground point for the shielding mesh
of the cable.

4.2.3. Fasten the punched converter-cover onto
the pertinax board with the aid of M3 screws and
nuts. Instal the board into the housing and screw
tightly into position. Then press the converter into
the cover. Now the N-socket for the antenna input
must protrude beyond the housing. The flange of
the socket should be in direct contact with the in-
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I 7 S pal.
CiN-Socket

2 1N4007

Tamp. switch

Fig. 6: Wiring within the plastic box’

ner side of the plastic housing; to achieve this, the
whole converter may be shiftec in the longitudinal
holes of the cover.

4.2.4.80lder the IF-line to the N-socket; the shiel-
ding to the salder tag.

4.2.5. Mount the DIN-socket for the power supply
and connect it with the PTFE feedthroughs for
channel 1 and 2 with the aid of short lengths of
stranded wire. Now the ground line is soldered to
the housing. Normally, ground is fed in via the
shielding mesh of the cogxial cable.

4.2.6. Instal and connect the thermo switch accor-
cing to Figure 8. CAUTION: The connecting wi-
res of the switch must not be bent with sharp ed-
ges, since otnerwise the giass body would break!

4.2.7. Before the final mounting, it is necessary for
the flanges of the two N-sockets to be coated with
silicon rubber, in order to achieve the water tight-
ness required. The bore hole for the N-input so-
cket in the plastic housing must also be made wa-
ter-tight.

b,
HINTS FOR ALIGNMENT

5.1. Eliminate the Sensitivity against the
Cover

Before aligning the converter, it is necessary for

the tin-metal cover lying on the conductor lane si-
de {punched cover when mounting in plastic hou-
sing) to be coated with a conductive foam material
which has to be glued on.

5.2. Bring the 100 © potentiometer for the drain
current of T 1 into center position.

5.3. Apply the operating voitage to the PTFE feed-
through for channel 1, and measure the current
drain of the converter — it should range between
70 and 90 mA.

5.4. Preset all frimmer capacitors, as shown inthe
component location pian. The final positions of
the rotators are always in the vicinity of the shown
ones. Greater deviations would imply the failure
of a component, or a drastic misalignment, e.g.
with the multipliers the alignment to a wrong har-
maonic.

5.5. Measure the voltage at the output of the regu-
lator: approx. 9 V should be present.

5.6. Compare the voltages at the transistors with
the values indicated in the circuit diagram. Small
deviations are due to transistor spreads and may
be neglected; totally different values, however, in-
dicate the failure of a component,

5.7. Measure the voltage at the source resistor of
the oscillator transistor T 3 (channel 1) and slowly
rotate in the coil core. If the voltage suddenly
drops by approx. 0.3 V, the oscillator will be oscil-
lating.

5.8. Measure the voltage at the emitter of T 6 and
carefully align trimmers C 11 and C 12 to maxi-
mum voltage. Here, a clear maximum must be
found. The voltage at the emitter of T 6 increases
from approximately 0.4 V with a non-oscillating
oscillator (or totally misaligned filter with C 11 and
C 12) by approximately 0.3 V to approx. 0.7 V,
with the filter optimally aligned.

5.9. Measure the voltage at the emitterof T7, and
align in conjunction herewith the bandpass filter
with C 9 and C 11 to maximum voltage. The
alignment of these and also of the subsequent cir-
cuits must be carried out with sensible care in or-
der to find a clear maximum. The voltage at T 7
should rise by approx. 0.4 to 0.7 V. If the rotator
positions of trimmers C 8 to © 11 comply with tho-
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se shown in the component location plan. one
may go on to the alignment of the mixer.

5.10. Measure the voltage at the source of T2 and
rotate trimmers C 6 and C 7. Also here, a clearvol-
tage maximum must be found. When due to aro-
tation of the core the oscillator stops operation,
the voltage at the source of T 2 must drop by at
least 0.2 V. provided thal the injection fraquency
portion has been carrectly aligned. C 5 remains
fully rotated out.

5.11. Connect the frequency counter to the base
of T 6 and pull both oscillators to nominal frequen-
cy {388.375; 389.25 MHz).

I the oscillator is oscillaling oo low, a small cor-
rection may be achieved by means of a little
choke in parallel to the crystal (15 turns of 0.2 mm
dia. enamelled copper wire wound on a 2 mm for-
mer}.

If the nscillator is oscillating too high, itis possible
for the frequency accuracy to be impraved with
the aid of ceramic capacitors (4.7 to 10 pF), con-

necled in parallel to the crystal.

5.12. Provided that the frequency portion is c.k.,
the converter may be connected to a parabolic
antenna ready for operation, and to a recewver;
operating voitage at channel 1.

Naow, the METEOSAT-signal snould aiready be
audible. If this is not the case, it will be necessary
for C 3 to be tuned scmewhat. The adjustment of
C 3 is very critical, a rotation of some tenths of a
miliimeter will often be already sufficient. With the
METEOSAT-sighal being audible, C1to C 4 are
adjusted severaltimes one upon another to maxi-
murm insertion gain. An alignment of C 5 will prac-
tically not vield any additional improvement, since
mostly it remains rotated out entirgly. The 100 Q
polentiometer can be adjusted to minimum noise
only at an NF measuring setup, ctherwise il re-
mains in its central position.

I'he tinal fine alignment is to be carried out with
the cover placed into position on the conductor-
lane side.

RECEIVER MODULE
136 — 138 MHz
for Weather Satellites

Built-up and aligned PC-board modules
according to the description in VHF
COMMUNICATIONS 4/1979 and 1/1980

Module DC3NT 003: BF and IF
amplifiers, special crystal filter

and video filter, monitor amplifier,

sub carrier output. DM 195 —

Module DC3NT 004: Local oscillator with
automatic scan, AFC and 3.5 MHz
deviation by built-in relais.

In metal case. DM 168.—

WHF COMMUNICATIONS 4/79 and
1/80, togsther DM 9-

iiberichte Terry . Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf

Tel. West Germany 9133-855. For Representatives see cover page 2
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Harald Hufenbecher, DL 6 NAD

A Digital Multiple Image Storage
for Weather Satellite Images

Subsequent to the constructional descrip-
tions of Matjaz Vidmar (YU3UMV) in VHF COM-
MUNICATIONS, Editions 4/82 and 1/83 on the
digital storage and converter for weather sa-
tellite images. this article is to describe an ex-
tension of the storage which permits several
METEOSAT images (max. 10) of the same sec-
tion to be read in at temporal intervals and to
be displayed later as a “film* on the screen.
Thus, the observer gets the immediate im-
pression of watching the cloud movement
with a fast motion effect.

1.
INTRODUCTION

Those of our readers who once had the chance to
sea one of the timelapse photographs of weather
satellite images in an ESA TV-publication, cer-
tainly know that it is only this display which will
lead to final conclusions. Practically at first view,
one will obtain informations on direction and
speed of meteorological conditions, where and
how clouds, fags, thunderstorms, or even whole
low or high-pressure regions are building up or
are decomposing, how they affect, support, or
weaken each otner.

For a realization, however, high demands are
placec on the coincidence of the individual ima-
a5 transmitted. This can be ensured only by geo-

stationary salellites where the raw images are
processed with the support of highly sophistica-
ted software so that even a drifting of the satellite
on its orbit can be compensaled for. Already the
authar’s first attempts proved that this problem
has been taken care of in an excellent way by the
ESA-staff.

Now we should deal with the remaining realiza-
tion itself,

When considering the question of how to store a
maximum of images with a minimum of storage
effort, one will remember the procedure which in
principle stores only the variations from one
image to the subsequent one. Both for analysis
and synthesis of the storage contents this requi-
res, however, a considerable hardware and sofi-
ware envolvement which must provide moreover
a video signal al the output, in other words must
be very fast.

At the input one will have to expect - contrary to
conventional TV-technology — an additional ag-
gravating effect in form of a partly rather poor si-
gnal-to-noise ratio.

In view of the fact that the number of images to be
stored would be not very high, with no colour infor-
mation contained, that construction and circuitry
should be reproducible, and the costs for integra-
ted memory ICs are already at a reascnable
level, a straight-forward circuit was developed.
This circuit, it is true, represents a RAM-"grave"
whose size could stirnulate the envy of each “hob-
oy-computer fan®, whose control circuit, however,
is relatively unexpensive.

17



X

Fig. 1:
Prototype of the
electronic board
DL6NAD 001
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All those of our readers who are nevertheless
afraid of the RAM-costs should knew that the cir-
cuit — coded only by two wire bridges — can be fur-
nished alternatively for three, five, eight, or ten
images and be extended at a later date without
any difficulties.

The circuit for three or five images is accommoda-
ted on two PC-boards. Both have the dimensions
given by YU3UMV and are designated as electro-
nic board (Figure 1) and storage board (Figure
2). For a possible laler extension to eight or len
images, 1he storage board will be required twice.
Before going into detail, however. a short descrip-
tion of the circuit itself should tollow now.

In normal operalion, released by a start tone, the
corresponding memory sector is selected and the

image readin. as is usual with YU3UMY modules. .

The stop tone automatically switches over to
“film™, and the images already written in are now
read oulin the time-lapse mode.

Empty or uninteresting images are neglected, in
ordar not to disturb the tilm sequence in the case
of a slorage having not yet been entirely filled up.
If the storage is full, i.e. the maximum number of
images loaded, lhe oldest image will be overwrit-
len by the next image. When reading out (film),
one will start with the oldesl image being present
in the slorage. This image remains visible for two
clock times, s followed, now in correct order, by
the remaining conlents up io the actual (last) ima-
ge. This remains selected during five clock limes,
i.e. five times as fong on the screen, Then the
whole sequence starts anew. This means that at
each extension stage the unit can virtually stay in
continuous operation and one will have always
access to the laiest “survey”.

As mentioned already at the beginning, the indivi-
dualimages must coincide. In order to ensure this
also for sections or partial images, two four-pole
DIL-switches or bridges have been provided who-
se settings (in binary code) can prematurely stop
the image at a particular line number, when being
read in.

In order to complete the main characteristics of
the system, it should be mentioned that it is, of
course, possible also for individual images, i.e.
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images without any relationship among each
other, as well as forimages of orbiting satellites 1o
beread in and displayed again independently.

2.
ELECTRONIC BOARD DL6NAD 001

The whole circuit of this PC-board s shown in Fi-
gure 3.

The actual control function, Le. the selection of
the individual memory sector addressed. is laken
over by an EPROM which operales in this circuit
like a multifunction gate with 13 inputs and 8 out-
puts. By means of logic input signals, this compo-
nent {I 109] receives via two coding switches or
even only bridges, among others the information
on the exlension stage, on how many coherent
images have been read in, and how they will be
read out for the film. Here, the EPROM fulfills the
function of a multiplexer. The subsequent 8-bit
buffer storage is only 1o keep away the slow furc-
tion of the C and N-MOS logics from the [asier LS-
ICs.

The second part of the control logic is a counter
{1 110} fulfilling the function of the "scroll”-counter
I 218 of YUSUMVY 002, Here, it serves simultane-
ously as line counter for the premaiure stop at
image sections. The counter reading, however,
must be stored and reassigned to each image
when being read out, in order to thus pass on the
start address of each image to the address mulfi-
plexer on YU3IUMV 002. This storage is perfor-
med by a 2Kx8Bit-RAM which is utilized only 1o a
fractional part, but can be obtained at a low price
and without any difficulties. A clock generator
101} determining the film speed completes the
control logic.

2.1. Function Description

The author would like to start with this clock gene-
rator. It consists mairly of the well-known timer
555 {1 101) which can be employed nere &lso n
the CMOS-version (ICM 7555). Since a synchro-
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nization with the video signals is not necessary
(only the image content is changing) it is possible
for the frequency to be continuously varied with
the aid of R 101. In the dimenionsing given, the
clock lime can be varied between approximately
50 ms and 850 ms. With the aid of C 101 itis pos-
sible to achieve an additional alteration according
to one's own ideas. Two component positions (in
parallel) are provided for this purpose on the PC-
board.

Due to lhe relatively low-impedance discharge re-
sistance of 150 Q, there will result at the oulput (I
101/3) only short low-pulses with awidth of appro-
ximalely 230 ps; its falling slope clocks the coun-
ter | 107 a. This 4-bit binary counter delermines
the image sequence during the film. The rising
slope represents the strobe pulse tor the 8-bit buf-
fer storage (1 108).

When being switched on, | 115 a will generate an
approximalely 8 ms long reset pulse by which the
buffer storage is reset, and thus also the RS-FF
realized together with the EPROM, as well as
counter | 107 b, which serves as image counter.

Having described now the auxiliary circuits, we
may go more into detail.

2.1.1.Film

The film run is released by a low-signal (L} at one
of lhe inputs of gate | 102 d. This can be applied
either by the closed switch "Film” (S 101 a), or by
a clock or a timer which may be connected here,
or even activated by the start-stop signal from
YU3UMV 001.

From these linked signals there will result a Write,
and via the NAND-gate subsequently coupled as
inverter, a Write signal. Vial 102band 1 104 d this
Write (now L} releases the binary counter which —
as mentioned already — counts the clock pulses.
In parallel, also the EPROM recaives the informa-
tion Write (L} and thus recognizes that the opera-
ting mode “Film" is concerned. The correspon-
ding counter reading is coded via the internal pro-
gram that generates the film sequence, and fed to
the image address lines to the second PC-board.

The count. limit is determined by the number of
read-in images available. as mentioned already,
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inthe second binary counter (1 107 b). If this limit is
reached, the EPROM will put out an L-signal on
Qg (pin 18), resetting counter 1 107 a via the
NAND-gate. Approximately 10 us after the reset-
ting, the differentiation with the aid of the 1 nF-ca-
pacitor will produce a rising slope with which the
new state at the EPROM will be immediately wril-
ten into the buffer storage.

With the aid of Wrile (H), | 110 will be disconnec-
ted byl 112and | 113, while | 114 will be switched
with the aid of Write to the eight lines leading o
PC-board YU3UMV 002

All further circuit parts of the control logic are virtu-
ally of no importance in this operating mode.

2.1.2. Loading

For this purpose, the swilch “Film™ must be open-
ed at1 102 d, i.e. must stand on "Write In*, and a
connected timer must go to High (H). With the
start of an image, Wiile becomes L and Write be-
comes H. Via | 105 b this causes a release of the
line clock pulses from FP1 124 to Pt 205, and a reset
of the scroll counter, differentiated by an 1 nF ca-
pacitor and inverted with the Schmitt trigger
1 104 ¢. This pulse (approx. 10 pus) now switches
forward also the second image counter by one po-
silion. As can be seen, however, this pulse re-
mains neglected. if swilch S 102/3 a is closed. if
this is the case, the last image loaded is overw-
ritten by this image just started.

In this way il is possible also for images not perti-
nent to the film to be recorded wilhout destroying
it by a “wrong image”. The limit of this counter de-
termines the extension slage which is disclosed
to the EPROM with the aid of bridges "A" and "B":

Extension stage Bridge at
3images none
5images A
8images B

10 images AandB
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As soon as the limit is reached, a reset signal will
be output, just as with the aforementioned coun-
ter, this time, however, at Q- (pin 18}

At the same fime. an H will appear at Q, (pin 17),
which s taxen over by the buffer storage and fed
back to ar address input. This circuit, which may
seem a little bit “obscure” at first sight, represents
the mentioned RS-FF and serves for storing, no
matter whether all installed image storages con-
tain a valid image, i.e. musl be read out, or not.

When loading an image into the storage, | 110
counts the scroll clocks in order to effect a scroll of
the image, as we have seen already with | 218 on
YU3IUMV 002, and moreover to cause a prematu-
re stop since the number of scroll clocks is identi-
cal with the line number. Due to lhe litlle trick of
applying the pull-up resistors of | 111 ta Qg, the
minimurm line number is 256 and may be arbitrari-
'y setin the binary code in steps of 16 lines, each.
Since a displayed image has 256 lines, a lower
adjustment would not be useful.

A selling for an automatic stop can be activated
by closing one of the two switches (S 102/5 for 54
and 51026 for 5,). Il both swilches are open, the
read-in process will be terminated, as usual. with
the stop tone. Besides, the latter must be waited
for also in the case of an aulomatic stop, sinceitis
this stop tone that causes the unit to autormatically
change over to the operating mode “Film™.

2.1.3. Single Frames

If switch 5 102/2 is closed for this purpose, this will
prevent counter | 107 b to be affected by the re-
maining electronics via gate | 102 b. Now, each
counter reading will be directly connected with the
image address, no matter what is being present at
tne other addresses of the EPROM.

By means of the clock counter it is thus possible
for all installed image storages to be selected
one after the other,

When reaching the desired image, S 102/1 is
closed. the clock generator stops, and the selec-
ted memory sector can be utilized quite normally.
without interfering with the remaining sectors, yet
with the advantage that with the aid of S 102/2 it

will be possible for this image to be reselected ata
later time and displayed again.

2.1.4, Controls

Now the author would like to give a shorl survey
on all control elements and their functions:

R101:
5101:
S102/1:
S102/2:
5102/3:
S102/4:

Frame speed (potentiometer 500 k2)
Film/write-in (1 opening. 1 closing s.)
Single-frame selection, stop 1)
Single-frame selection, search 1)
Film construction, write over lastimage
Film consruction, stop with stop-tone

_5102/5: Film consruction, stop via switch

assembly S 1
S 102/6: Film consruction, stop via switch
assembly S 2

1) Resets the film image counter for a new film
construction.

Itis possible for $ 101 to be mechanically coupled
with potentiometer R 101 (e.g. pull switch); it re-
places the stop switch used so far.

S 102 can consist of a useful combination of indi-
vidual toggle switches, or be realized with a two-
level/six-slep rotary switch, — this will always de-
pend on the individual ideas, or the facilities on
the front panel.

3.
STORAGE BOARD DL6NAD 002

This PC-board whose circuitry can be seen in Fi-
gure 4, is provided with the component positions
far thirty 64K-DRAMSs, i.e. the memories for five
images of 6 Bit, each, furthermore the drivers for
address and RAS lines, as well as the 3-bit binary
decoders employed as demultiplexers, for distri-
buting the CAS and R/W signals. For the third and
fourth extension stage, i.e. eight and ten images,
two of these PC-boards will be required. It will
then only be necessary to determine with the aid
of a wire bridge on the corresponding PC-board,
whether the memories forimages 1to 5, or6t0 10
are concerned.
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3.1. Function Description

In this assembly, the memories work in the same
manner as those used in the circuit of YU3UMV,
Therefore the author may take this as common
knowledge. Neglecting now in our further consi-
derations the drivers (74 LS 367), one could state
that all equal-valency addresses of the RAMs are
in parallel, that all data inputs or outpuls of equal
valency are also in parallel, and that all RAS-con-
nections are interconnected.

The selection, i.e. which memory seclor is aclive,
is determined by the CAS-pulses. Only when this
CAS-signal goes to low-level, the output of the
storage will be switched onta the data line. This
means that this signal will not only release a CAS
but also a so-called “Qutput-Enable”, i.e. an acti-
vation of the output.

The selection of the correct CAS-line is carried
oul by the last 3-bit binary decoder 74 LS 138 or
SAB 8205, In addition to the (image) address in-
puls, il possesses lhree release Inputs. The CAS-
signal derived from PC-board YU3UMWY 002 is fed
in via one of these inputs. Depending on the ima-
ge address being applied, the CAS-clock appears
at one of the five outputs.

In the same manner, a second decoder handles
the R/W. In addilion, however, this component is
either blocked or released by means of the Write
information of the control logic.

4.
CONSTRUCTION

The control logic is accommodated on PC-board
'DLENAD 001 (Figure 5) and the memory module
on PC-board DLENAD 002 (Figure 6}. In their di-
mensions and fastening points they correspond,
that is true. to the PC-boards of YU3UMV, they
are. however, not only double-coated but also
through-contacied. In order to avoid greater lrou-
ble, please, pay utmosl caution and care during
the component locating and soldering process !!

X

4.1. Components

There were no "exotic" components used, never-
theless the author would like 1o give the following
hints:

ltis possible for the 8Kx8-Bit EFROM (1 109) who-
se speed does not play a demanding role (450 ns
are sufficient), to be programmed on an appro-
priate device with the bil pattern (a list may be ab-
tained from the editors) by our readers themsel-
ves, or io be supplied ready-made.

The resistors in the circuit diagram which show
numbers within the symbol, are part of a resistan-
ce network. The construction can be single or du-
al in-line. Yet a conventional installation of indivi-
dual resistors is also possible.

The connectors are double-row pin connector
strips with a spacing of 2.54 mm, taken from com-
puter technology.

The 100 nF bypass capacilors are ceramic multi-
layer MKH. MKM, or MKS types. The values of
1uF, 2.2 uF, and 10 nuF are tantalum electrolytics
which must have an axial design, especially on
lhe storage board, in order to avoid long leads.
For the 64 k memory-1Cs the same conditions are
valid, as were described in VHF COMMUNICA-
TIONS, Edition 1/83. The author would like to em-
phasize once again that here only and exclusively
those memories may be used which permil page
mode operation !

Il is certainly superfluous to say that with all C-
MOS ICs only the B-series should be used and
that one should never use cheap sockets, but try
and better do without them at all. Only for 1 109,
i.e. the EPROM, a 28-pole socket is recommen-
ded since here, due to a different functional se-
guence or operation, something might change.

4.2. Modifications on YU3UMV 001 and 002

On the electronic board YUSUMV 001 an additio-
nal connection poini needs lo be provided only in
the area of the tone decoders and the synchroni-
zation logic. it is connected with pin 11 of | 115
{CD 4011) and is designated Pt 131.
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It is in the same part of the circuit, that the 4.7 k&2
resistor between pins 5 and 10 of | 116 must be
bridged with a diode (e.g. 1N 4148). The cathode
(line) shall lie on 5, the anode on 10.

in the case of a new construction of PC-hoard
YU3UMV 001, type CD 4093B should be used
each for 1 115 and | 116, which, due to its Schmitt
trigger characteristics, will creale after all those R-
C links defined slopes again.

On the second PC-board YU3UMY 002 work will
be somewhal more extensive, yet feasible, in-
deed (courage!). Here, the most difficull task
should be considered in the removal of two (Cs: |
218 (CD 4040) and | 212 (74 LS 123) must be ca-
refully removed from the board withoul causing
any damage.

Unfortunately, it is necessary for all six memory
ICs, namely | 225 to 1 230, to be removed !

Now the resistor (1k) between 1 21012 and + 5V
is exchanged againsl a value 2k2.

For | 212 a somewhat fasier type, a 74123 or a
7415221, will be employed. Previously, however,
the connections to pin 11 of this component on the
PC-board (solder and component side) are to be
interrupted and interconnected again among
each other. Pin 11 (free) should be applied with a
resistor of 1 k1o + 5V (pin 16). Furthermore, the
connection from pin 10 to pin 13 of the same 1C on
the PC-board is separated and pin 10 newly con-
nected with pin 4. It now a small 10 pF capacitoris
soldered between pins 14 and 15, the worst will
be over.

What remains now to be done, is to separate at |
217 (74LS 04) on the solder side the connections
from pin 4 1o pin 6, lrom pin 2 lo pin 3., and from pin
3o pin 5. A resistor of 330  will now be soldered
between pins 2 and 5, and a capacitor of 120 to
150 pF will be soldered also al pin 5, but against
ground (pin 7).

This concludes the construclional conversion, yet

the whole assembly should remain within rea-
ching dislance for the subsequent wiring process.

4 -
3 PTTTRS i } Timer or clock
11— >
tarf-stop .
5 i - Pt 131
13— tine clock - pro YU 3IUMVoD
N——a A
RI—9® B
S ©
e R101 500k
O
= S
w
- B Movie | Write in
° <
7 1 b 510 a
1]
ey 1y L1
2? a 55 vy’ b 55'
T3 11 Fig. 7:
8 - Wiring DLENAD 001
= ¥USUMV 001 —
5102 Controls — clock
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4.3. Wiring

The wiring of the PC-boards among each other
and to the control elements is very simple and
consists mainly of three stages.

I. To the Front Panel (A 1)

With the aid of the 16-pole cannector A | all con-
nections are made to the assembly YU3UMV
001, 1o the control elements, and also to the clock
or to a timer. Details ol the wiring are shown in Fi-
gure 7.

Il. To YUSUMV 002 (A Il)

Connectior A 1l comprises a 14-pole flatband
cable with twe crimp connectors in DIL-spacing.
One of lhese connectors is soldered in at the po-
sition where counter | 218 was located, in a way
that the holes for pin 1 and pin 16 of 1 218 remain
free. Line 14 takes over the task of Pt 205 of this
PC-board, however, musl be lied to this connec-
tion with the aid of a wire, preferably on the solder
side.

Ill. Bus Line (A 1I1)

This line connects PC-boards YU3UMV 002,
DLENAD 001, and the one or the two storage bo-
ard(s) DLENAD 002.

I'ne connection itself comprises o ne 40-pole flat-
bana cable with a spacing of 1.27 mm, being pro-
vided also with 40-poe jack connectors of the
crimp type. The correct spacing. i.e. the position
of the connectors on this line is determined by the
constructional design.

If the mentionec PC-boards are, for inslance,
mounted one upor another with the aid of spacer
bolts. it should be most easy for this wiring to be
carried oul. Each PC-board will then be provided
with an appropriate conneclor through which the
short cable is only looped through. The sequence
of the PC-boards is of no importance nere and
can still be exchanged at a later time for measu-
ring purposes. Since, however, the previously
published PC-board is unfortunately not prepared
for this system. it becomes necessary now for the
cable to be spliced at one end, and for the leads to
oe individually soldered to the corresponding po-
ints on the PC-board.

X

It will be useful to proceed here according to the
following list which shows also the pin and cable
locations on the whole connector.

No. Designation Aim at YU3SUMV 002
1 ground ground
2 ground ground
3 ground ground
+ free -

5 MAT 1225/9

6 MASG 122513
7 | MAS 1225/10
8 | MA4 1225/11
9 MA3 1225/12

10 MA2 1225/6

1 MAA 1225/7

12 MAG 1225/5

13 ground ground

14 RD5 1231/3

15 RD4 1231/4

16 RD3 1231/14

17 RD2 123113

18 RD1 1231/11

19 RDO 1231/6

20 ground ground

21 WD5 |230/2

22 WD 4 1229/2

23 WD3 l228/2

24 | WD2 122712

25 | WD1 [ 122672

26 wWDo 1225/2

27 ground ground

28 Wrile -

29 cs -

30 Ccs -

31 C -

32 B =

33 A -

34 RAS 121012

35 CAS 217/ or6

36 Riw 12171100r12

37 free -

38 +5V

39 +5V see following

40 +5V text

No. 1 is the conductor or pin identified on the fiat-
band cable by colour, and on the connector most-
ly by an arrow or triangle.
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Fig. 8: Pulse diagram of circuit DLENAD 002

A replacement tor PC-board YU3UMV 002, being
compatible with this array without any modifica-
tions, is being prepared and will be published ata
later date.
b,

COMMISSIONING

The power requirement of the additional PC-
boards is typically 250 mA, without the memories.

Since the memory |Cs of 64 k, each. are indicated
with approx. 40 mA (max.), the author had expec-
ted an additional current drain of approx. 1.2 A (at
5V and with five frames). He was surprised at the
result of his measurments which showed that the
measured value per frame, i.e. six memories, in-
creased only by approximately 10to 20 mA. Since
it is not possible to derive herefrom a definite con-
clusion on the actual power consumption that has
to be expected, the author desisted so far from
connecting the 5 V-supply with the + 5 V of the
YU3UMV PC-boards. Whether this would be pos-
sible without overloading the regulator, also de-
pends to a considerable extent on the heat sink
and must be clarified from case to case.

If one has ensured once more, at least visually,
that all ICs are in their correct position (all identifi-
cations in one direction), that no electrolytic is un-
correctly polarized, that all plug connectors (not
displaced) are connected, and that the bridges on

30
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BUns

the PC-board(s) are correctly placed, it may be
switched on, under the prerequisite, of course,
that at least PC-board YU3UMV 001 has been
aligned as far as possible.

A number of measuring points have been provi-
ded on the PC-board for checking the signals ne-
cessary for the storages. If required, they can be
connected with an oscilloscope.

When loading into the fifth or tenth image store,
the diagram shown in Figure 8 must result.

It is absolutely necessary to consider that the fal-
ling slope of the CAS may occur only after, and at
best with the change of the address ADR. Ifthisis
not the case, irregular, vertical stripes will appear
during the inputting process. It might become ne-
cessary, for delay purposes to somewhat enlarge
the mentioned 120 pF capacitor,

6.
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From the Editors

Colour Module with Composite Output
for Weather Satellite Images

In edition 2/83 of VHF COMMUNICATIONS mo-
dule YU3SUMV 003 was introduced, with the aid of
which the grey levels of the video signal from the
digital storage YU3UMV 001/002 can be conver-
ted into synthetic colours. A VHF PAL-signal is
available at the output. Both the comparatively
simple circuit and the detour over VHF with the
small colour bandwidth of the TV-receivers were
never able to meet higher demands on the image
quality, what, in turn, led to never ending sugge-
stions for improvement. Two of these you will find
included in the following circuit diagram.

A decisive improvement, however, will only
be achieved by conversion to a colour compo-
site output. Those of our readers who pos-
sess a colour TV-receiver with colour compo-
site input, or a colour compaosite monitor,
should reproduce this procedure.

In principle, the modification only consists of put-
ting the VHF-oscillator of IC 1306 (SO42P) out of
operation and of wiring up the IC, with the appro-
priate corrections laken into consideration. The
partial diagram contains all details.

The two mentioned improvements comprise the
trmmer between 1305/5 and 1306/8 (coupling as
loose as possible in order lo suppress the interfe-
ring reference signal), and the 47 nF capacitor at
1305/8. This suggestion, made by Jurgen,
DB2PU, causes a phase shift of the colour carrier
from 90° to approximately 180", which allows the
chrominance signal to be fully modulated, despite
the loose coupling.

Since synthetic colours will always be a question
of taste, it is advisabel for such modifications to be
tried and tested individually.
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Harald Braubach, DL 1 GBH

VHF COMMUNICATIONS 1/85

A Power Meter for the Frequency Range

from 2 to 200 MHz

There are many ways to construct a power
meter. The most simple way is to use a diode
with subsequent DC-amplifier. This has the
disadvantage that a high temperature drift is
present, especially at low RF-levels, which
must be corrected for with the aid of extensive
compensating circuits. In addition 1o this, the
calibration of the scale is not the same in all
measuring ranges.

Another method is to provide gain in front of
the diode and to keep the power level at the
diode constant in all measuring ranges. This
has the advantage that hardly any temperatu-
re drift of the DC-voltage is noticeable, since it
is far less than the rectified voltage of the dio-

1dfr ! P-Orfe

[
-

tedbriP. -Hdae Wedtn

de. The scale calibration will be the same for
all ranges, since the diode is always operated
in the same power range. This article is to de-
scribe such a meter.

1.
PRACTICAL CONSTRUCTION

A three-stage wideband amplifier with a gain of
10 dB per stage is used for amplifying the RF-
signal. The circull of this preamplifier is given in
Figure 1. Since it is very difficult to connect the

- | —_

Fig. 1: Principle of a power meter using wideband amplifiers and separate rectifier diodes

for each 10 dB range
36
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Fig. 2: The circuit of the power meter is divided over two boards and provides an oscilloscope

output for swept-frequency measurements

RF-side of the diode to the various test points
MP 1 to MP 4, each test point has been provided
wilh its own diode, and their oulput DC-voltages
are fed via amplifiers (B1, B3, B4, BY) tothe range
switch.

The firstdiode connected to MP 1is used forinput
power levels from 0dBm to + 10 dBm. The diode
connected ta MP 2 is for the range from — 10 dBm

to O dBm, the diode at MP 3 from —20dBmioc 10
dBm, and finally the diode al MP 4 for the range
—-30dBm to —20 dBm.

This means that a level of between 0 dBm and
+10 dBm is present in each measuring range.
This allows virlually the same scale to be used for
all measuring ranges. Of course, this is only valid
when all amplitiers are operating within their line-

DL1GBH

. — o415V
!
2w Hind _L R GND
o 15V
2=Pinl
X =non-mnrert 2

L =onl

H= 5 =HP 50622 B0

Fig. 3: The three, wideband amplifiers are constructed using inexpensive UHF-transistors

and available wideband transformers
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Fig. 4: Component location plan of the power meter board. The upper side of the board is in the form
of a continuous ground surface onto which the + 15 V connections are made, and from which the
copper surface must be removed with the aid of a drill

ar range. The wideband amplifiers used have a
maximum oulput power of + 15 dBm, and this en-
sures that this demand is met.

A further possibility results when using this prin-
ciple, if the output voltages are converted into pro-
portional currents, and then added. In this man-
ner, it is possible to obtain a quasi-logarithmic
reading over a range from —20 to + 10 dBm. This
can be very advantageous, for inslance, when
aligning filters. One simple method of converting
voltages into proportional currents is to feed the
voltages via high-impedance series resistors (10
k€2) to an adding point, where they are added ac-
cross a low-impedance resistor {820 ¢2). The am-
plifiers B2, B4, B6, and B8 are used for decoup-

DL1GBH 00s

220V~

o

B80Ca00

ling belween the stages.

2.
SWEPT-FREQUENCY OPERATION

Since the upper limit frequency of the rectifier cir-
cuit amounts to approximately 5 to 10 kHz, it is
possible for the power meter to also be used for
delecting the envelope of RF-signals. A further
advantage of the fast rectifier circuit is that it can
also be used for swept-frequency measurements.
This is favorable, for instance, for the alignment of
power amplifiers (as described in VHF COMMU-
NICATIONS 3/1983).

2200+
T 7915
| SRR

38
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Filters can be aligned more exactly when a loga-
rithmic indication is used in swept-frequency
measurements. Since the meter is too slow for
such applications, the rectified voltage from the
diodes is available at a BNC-connector on the
front panel (Figure 2). During swept-frequency
measurements, it is possible to connect the Y-de-
flection of the oscilloscope to this connector.

3.
THE RF-BOARD

Printed circuit board DL1GBH 003 was designed
for accommodating the circuits of the preampli-
fier, diodes, and buffer amplifier shown in Figure
3. The dropper resistors for aligning the meter are
also accommodated on this board. An individual
trimmer potentiometer is provided for each range,
as well as a potentiometer for aligning the loga-
rithmic range. Figure 4 shows the component lo-
cations on this double-coated PC-board, whose
dimensions are 146 mm x 51 mm. The compo-
nents T1 — 1 are wideband transformers from Mini
Circuits, type MCL T1 - 1.

4.
THE POWER SUPPLY BOARD

The simple =15V power supply shown in Figure
5 can be accommodated on the single-coated
PC-board DL1GBH 004. The component loca-
tions are shown in Figure 6.

5;
CONSTRUCTION

The PC-boards should be provided with the com-
ponents according to the component location
plans and be mounted with the aid of 10 mm spa-
cers 1o the base plate of a suitable cabinet. The
meter is installed into the front panel, as are
power switch, LED, range switch, and the BNC-
connectors. A power line connector or feed-
through are provided on the rear panel together
with the fuse holder.

The power meter can then be wired as shown in
Figure 2. A 50 £ coaxial cable is only necessary
for the RF-input. Figure 7 shows the completed
boards.

Fig. 6: Component locations on the power supply board whose dimensions are 146 mm x 51 mm
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Fig. 7: PC-board DL 1 GBH 003 and 004

cy approx. 145 MHz) and aligning P5for full scale:
: this is foll : ing rz i 1
ALIGNMENT is is followed by aligning range A with P1 al the
same level.

Connect a level ol 0 dBm, and align range B with
The alignmentl s firslly carried outinrange E. This ~ the aid of P2; this is followed by the 10 dBm-
is made by feeding a signal of + 10 dBm {frequen- range C (P4), and the —20 dBm-range D (P4),

Measuring frequency | 9MHz | 18MHz | 36 MHz | 72MHz | 144 MHz

Scale | P./dBm | 1A A A A A

0dB +10 50 50 49 48 50

=148 +9 43 43 42 40 44

—2dB +8 35 34 34 32 36

- 3dB +7 28 27 27 26 30

- 4dB +6 22 21 21 19 24

—5dB +5 17 16 16 15 19 Table 1:

- 6dB + 4 12 12 12 11 15 Scale calibration of the

—7dB +3 9 9 9 8 1 :Je!:-;z‘rse:r_otmype,“

—8dB +2 7 7 7 6 8 easured in range
th signal rat

—9dB +1 5 5 | 4 4 6 HPBodA
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The scaleis calibrated either with a signal genera-
tor, or according to Table 1. The error caused by
the spread of the diodes is relatively low.

As can be seen in the table, the reading is very
constant over the whole frequency range. This
means that the calibration can be made at virtual-
ly any frequency between 9 MHz and 144 MHz.

The lagarithmic scale is calibrated in 10 dB-steps,
as shown in Table 2.

Scale P,/dBm lipA
+10 +10 50
0 0 34
12 10 16
2 -20 4
Table 2

I'he scale of the meter is removed carefully from
the meter ilsell for marking. This can be made by
painting over the numbers (Tippex) and providing
the new scale with the aid of rub-on digits after
drying. The scale of the author's protolype can be
seenin Figure 8.

Fig. 8: Photograph of the author’s prototype

7.
MEASURED VALUES

Aninput VEWR of less than 1.2 was measured on
the author's prototype between 2 MHz and ap-
proximately 160 MHz. The voltage standing wave
ratlio only slarted to increase in excess of 160
MHz up to a value of approximately 1.5 at 200
MHz. For those applicalions where better mat-
ching is required, it is possible to provide an alte-
nuator in the inpul circuit, however, wilh some re-
duction of sensilivity.

As you probably know, an atltenuator will reduce
the input signal by the given value, however, the
reflected signal will be reduced by twice this va-
lue. In order to obtain a VBWR of better than 1.2
aver the whole frequency range, it would be ne-
cessary ta provide an altenuator of 3 dB. This, of
course, assumes that the attenualor itself has a
VSWR of far less lhan 1.2 when correclly termina-
led.

Figures 8 and 10 show the frequency dependen-
ce of the reading in the various power ranges. Fi-
gure 9 shows the frequency response of the loga-
rithmic range at four different input levels. The in-
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Fig. 9: Frequency response of the output voltage in the logarithmic range at four different input levels
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10: Frequency response of the linear ranges

crease at lower frequencies and higher levels is
caused by the different compression points of the
wideband amplifiers at different frequencies. Fi-
gure 10 shows the frequency response of the lin-
ear range.

The +10 dBm-range is the one with the lowest
frequency dependence. It is this range that does
not have any amplifier with an intrinsic frequency

42

W oW i

respeonse, This range provides an accuracy of ap-
proximately 1 dB over the whole frequency range.

In the case of the subsequent ranges, the fre-
quency response of the amplifier stages will be in-
creasingly noticeable, however, the maximum er-
ror is still only 2 dB. The author's power meter was
aligned so that it operated correctly at 145 MHz.
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Erich Stadler, DG 7 GK
Elektronikschule Tetinang

Impedance Transformation using a A/4 Line

Design Criteria using a Smith Diagram or BASIC Program

A line or a waveguide will “transform® areal or
reactive impedance or a combination of the

two. According to the impedance of the trans-

formation line, itis possible to transformalow
real impedance to a high impedance, ora high
impedance to a low impedance. An inductive
reactive component will be converted to a ca-
pacitive, or a capacitive to an inductive com-
ponent.

The latler is especially of interest in waveguide
technology; in this case, screws can be inserted
into the waveguide at a certain distance from a
point of disconlinuity, for instance at a spacing of
+/4_ The waveguide transforms the capacitive ef-
fect of the screw (see Figure 1) to an inductive
component at the position of discontinuity.

The real impedance transformation using a »/4 li-
ne is well known: The required impedance is ob-
tained from the simple equalion:

Z=y Zut XZ_n

where Z_,, is the terminating, and Z;, is the requi-
red input impedance of the /4 line.

Example: Four parallel-connected 50 £ resistors
are to be matched to lhe output of a transmitter
having an output impedance of 50 € (for instance
four antennas at 144 MHz). Required is the Z of
the transformation line.

Solution: The four consumers form a terminating
resistance of Z,, = 125 Q. The Z,, of the »/4
transformer should coincide to the output impe-

dance Z,; of the transmitter: 50 2. The following
will result:

Z-3125x50Q=25Q

Power el field- I N
i |‘l lines
L
L T+C

AL —transtormation

Fig. 1: Operation of the sliding screw tuner
43



X

WHF COMMUNICATIONS 1/85

This w/4-transformer can be obtained by connec-
ting two 50 © cables in parallel. Assuming a velo-
gity factor of 0.66, this will resultin the following for
the 144 MHz band: 0.5 mx 0.66 = 0.33 m.

I Z and Z,,; are given, Z;, will result by conversion
of the equation:

Z,=Z%2Z
An input reactive impedance can be calculated in

a similar manner if the L/4 transformer is termina-
ted with a pure, reactive impedance X, !

Xir: Z?"I.qul

oul

The equation doses not give any informalion regar-
ding the sign (plus in the case of an inductive, and
minus in the case of a capacitive reactive compo-
nent}). One will have to remember that a capaciti-
ve reaclive component X, will resultin an induc-
tive reactive component X, and vice versa (Figu-
re 1). The sign would be available only when do-
ing a complex calculation !

Example: A 12 cm long line (44 at 133 MHz assu-
ming a velocity factor of approx. 0.66) of Z = 50 02
is terminated with C - 4.7 pF. Which L will resuit
at433 MHz ? (with 4.7 pF, X, is approx. - 78£2).

Solution: X;, = (50%/78) Q. The sign *
pacitive reactive component of X, is
X;,,is inductive and correspondstoan L

at 433 MHz.

"ofthe ca-
5 not used,
11.7nH

The given equations are no longer suilable when
the line is terminated with a series circuit of real
and reaclive impedances. A clear method can be
found when using a Smith diagram, if one is used
to working with it: The terminating impedance
comprising areal and reactive impedance is stan-
dardized to the impedance Z of the Lid-line lo be
used and inserled (W, ,"}. The resulting input im-
pedance is found in the Smith diagram diametri-
cally opposite (W, '].

Example: The input connector of a power ampli-
fier is connected via a 7./4 stripline with an impe-
dance of 20 £ to the relatively low input impedan-
ce of the power transistor of, for instance, 5 Q in
series with an {inductive} reactive impedance of
+ 4 £ . The two impedances form thus Z,, and
Ky Of the stripline and are transformed to a cer-
tain impedance at the input connector. The trans-
formed values Z;, and X, are to be calculated !

44

Solution: Standardize Z,, and Z;, (in other
words divide by the Z of the ling):

2o =5 200 =025 X, +40Q/200 =
= +0.2;

Both values are now inseried into the circuiar
coordinates of the Smith diagram {Figure 2
positive X, ' means “inductive” which means the
upper part of the diagram).

The rcqult is point W, .. Diametrically one will ob-
tain W, Altention st m,uldi e paid thatthe straight
line reqlld,.r passes through the center of the hori-
zontal line. This means that W,,” will nave the
same spacing from the center point 17 as W _ "
Ore then reads off the coordinates of W,, as:

Zin

i = asEnd X, = =2

The negative sign represents a capacilive reacti-
ve component of W, " The values are “destan-
dardized" by muitiplication with the standard im-
pedance, and one will oblain the input impedance
as:

ZII1
(2, with X,

=25x200 =500 X,= 2x20Q - —400

inseries !

_1 0 7K

Fig. 2: Impedance transformation of W, ; to W;,
using a +/4 line
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RENT L FRIINT

Fig. 3: BASIC program for calculation of the components of the input impedance of a »/4 line
as a function of the terminating impedance (impedance values in £2, with input

and output in numerical vaiues)

NOTE: with respect to the previous example:

In certain circumstances, it may be advisable to
make a semicircle in a clockwise direction from
W, (as shown in Figure 2 as a dashed ling)
around “1", instead ol plotting a straight line: In
this manner, it is also possible to determine point
W' The semicircle forms the “transformation
path” of the ling | This means thal if the line is
sharler than «/4. the transformation path will also
be shaorter than the semicircular arc. In this case,
there is a proportional relationship between the
lengtn of the arc and line length. It is possibie by
selection of the line lenath to ensure thal the
transformation can, for instance, end on the haori-
zonlal axis of the Smilh diagram. In the case of Fi-
gure 2, this corresponds to point P. In this case,
lhe result will be that the input impedance is a pu-
re real component: Point P is approximately 4.2,
which when destandardized results ina 2, of 4.2
x 20 L2 = 84 €. This would allow the power transi-
stor o be well matched o a system with an impe-
dance of 50 Q (VSWR = 84 (/50 ¢ = 1.7), Itis, of
course. possible to imprave the matching still fur-
ther by reducing the impedzance of the stripline

[recommendation: repeat lhe above example
with an impedance value of 2 - 15 Q 1),

Concentric circles in the Smith diagram replace a
relatively complex calculation of the inpul impe-
dance ot a line. A BASIC program is shown in Fi-
gure 3 in which the equation is programmed for
the special case of a 1./4 line. The real and reacli-
ve impedances are inserled and result as numeri-
cal values in 2. Attention should be paid thal one
lists capacitive reactive impedances with a minus
sign. The program is, however, only suitable for
series circuils. The same is valid, of course, when
using the Smith diagram.

Since the accuracy of the compuler is very often
not required — possibly due to the tolerances of
the impedances used — it may be of advantage to
use the Smith diagram. This is also valid for appli-
cations in waveguide technology. It is then possi-
ble for reflection factors to be inserted into the dia-
gram according to amount and angle. A standar-
dization or destandardization is not required since
the wave of a waveguide cannot be defined as of
a specific impedance.

It is now possible for you lo order magazines, Kits etc. using your

VISA Credit Card!

To do so, please state your credit-card number and the validity date,

and sign your order.

Yours — UKW-BERICHTE/VHF COMMUNICATIONS
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PLL-Oscillators with Delay Lines
Part 2: A Shortwave VFO from 5 to 6 MHz

4,
AVFOFORS5TO6 MHZ

The basic fundamentals of PLL-oscillators
equipped with delay lines were discussed in
Edition 4/1984 of VHF COMMUNICATIONS.
This article is to describe an easy to construct
shortwave VFO, to allow readers to gain expe-
rience in this technology. Such a VFO can be
used, for instance, as an oscillator in a 80 m/
20 m receiver or transceiver, when using
single conversion with a 9 MHz IF. Of course,
the above mentioned frequency range is not
fixed, and the module can be used anywhere
in the frequency range from 2.5 to 7.5 MHz,
{passband range of the delay line). which ma-
kes it also suitable for portable CW, and direct
conversion receivers in the 80 and 40 m
bands.

Even if you may not be interested in this frequen-
cy range, the material and time used is not lost,
since the PC-board can be used for all other con-
structions to be described in this series without
modification.

4.1. Circuit of the VFO
For clarity, the overall circuit diagram of the VFO
46

is split into three functional blocks. Figure 16
shows the circuit diagram of the VCO with outpul
stage and level control. The frequency-determi-
ning resonant circuit is formed from L1, C1, C2
and the tuning diodes D1 and D2. The signal path
ol the feedback loop is made via C4-T1-C9-T2-
C5, and two dual-gate MOSFETs operaling in
class A are used as active components. These
transistors have low-noise characteristics, and
are also able to process sufficiently high signal
power levels (see Part 1, Section 2.1.).

The oulpul signal from the oscillator can be tap-
ped off at the drain connection of T1, where it has
no effect on the osciilator circuit, It is fed from the-
re to the oulput stage 11. This is a multi-stage, in-
legrated push-pull emitter follower with a voltage
gain = 1, with a high input and a low output impe-
dance that can be used up to approximately 40
MHz. This component offers a relatively high out-

put power at low current drain (class B). A stan-

dard-level ring mixer (level: + 7 dBm, impedance:
50 Q) can be directly connected to the output of
the VCO (Pt2 + R15); a second output (Pt3) is
provided for the variable phase shifter.

An automatic gain control was provided in order to
ensure a favorable and constant signal level
within the circuit, and a clean sinewave signal at
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Fig. 16:

Circuit diagram of the VCO

the ocutput. Dicde D4 generates a DC-voltage
whose amplitude is proportional to the RF-voltage
present at Pi2, Capacitor C2 and D3 form a vari-
able voltage divider which allows the overall gain
of the circuit to be adjusted so thal the outpul level
remains constant. Transistor T3 ensures the re-
quired voltage gain, which is necessary lo oblain
a sufficient slope for the control circuit.

The operating voltage for the output driverisfedin
via Pt4; the VCO receives its carefully filterad
operating voltage via the separate connection
Bi5;

Hyperabrupt doted varacior diodes are used in
this circuit; these diodes exhibit a large capacitan-
ce variation at a relatively low junction voliage
range. The selscted diodes were developed for
use in AM-tuners of portable radio receivers (9 V
supply) and are available inexpensively due to the
large guantities produced.

S

z +TBm

# = moynted verticzliy
hetween faaditrough
capociior or connector
ong FI-bonrt

LHOO02 CH
:.:-I]I'/ I L ../*_.
' DK10F :
59— / il
55 | /

Il Il
0 2 & 53 8 ny

Fig. 17: Oscillator frequency of the VCO as a
function of the tuning voltage
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Fig. 18: Phase shifter, delay line and phase detector with filter

Figure 17 gives the oscillator frequency of the
VCO as a function of the tuning voltage present at
P11,

The next part of the circuit is shown in Figure 18.
The VCO signal from Pt3 is fed via P16 to an am-
plifier stage equipped with transistor T4. This
stage is provided with feedback {R20, C19) so
thatitis possible for transformer Tr to be fed at low
impedance, and is thus able 1o exhibit a flat fre-
quency response. The operation and circuit of the
variable phase shifter was described in detail in
Part 1 of this article. The stabilizer stage equipped
with T5 and D9 ensures that the diode voltages
have a low hum and noise level.

48

The sine-cosine potentiometer P1 is used for tu-
ning. It is supplied via Pt8 and Pt11: Pt9 is con-
nected with “S" (sine). and P10 with "C" (co-
sine). Connection “"E* remains disconnacted. The
funing direction can be inverled by changing S
and C (rotating to the right — lower frequency).

The delay line VL receives its input signal from T4
via C24 and Pi14. Its output is fed via PH 7, R39,
and C45 te the input of a limiting amplifier 13 [TBA
120). This limiting process means that the pass-
band curve of the delay line no longer has an af-
fecton the parameters of the circuit. as long as t
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signal-to-noise ratio of the signal is sufficiently
high.

13 also possesses a coincidence discriminator in
addition to the amplifier which is identical 10 an
analog multiplier. One input of the multiplier is
connected internally to the oulput of the limiting
amplifier, and the other is available externally via
pins 7 and 8. Tne amplified and limited output
sigral from 12 from the variahie phase shifter is
fed in push-pull via C46 and C47 to these two
pins. A low-current type can be used for 12
(S0 41 Py, but not for 13, since the outpul-voltage
swing would be too small for the application de-
scribed here.

The ouiput signal of the phase deteclor is avail-
ahle at pin 8 of 13. However, before being connec-
ted via P13 1o the next part of the circuit, it must
be fed via an active lowpass filter equipped with
transistors T6 and T7. This lowpass filter has a
culelf frequency of 120 kHz: this ensures thal any
wideband-noise voitages from 13 do not reach the

VCO. The relatively nigh cutoff frequency is ne-
P2 P3
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Fig. 19: Circuit of the control {loop filter)
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cessary in order to ensure that the phase rela-
tionships in the control circuit are not affected.

The circuit diagram of the control is shown in Fi-
gure 19. The signal taken from the phase detec-
tor is fed via R46 and P18 to the input of the PI-
control (see Part 1, Section 2.4.); this comprises a
FET-operational amplifier (l4) and several
passive components. The integration time con-
stant is calculated from C55 x {R49 + R50), and
amounts to approximately 200 us and is thus
short enough to ensure that low-frequency inter-
ference in the control circuit (such as hum and mi-
crophenous) can be controlled.

The outpul voltage of 14 is fed via P123 to the VCO
where it is used as tuning voltage; the AC-compo-
nents are suppressed to approximately one tenth
with the aid of R54-R55-C57. This reduces lhe in-
terference modulation of the VCO. <

The potentiometer P2 connected via R47 lo PH19
allows a fine adjustment of the generated fre-
quency; when using the values givenin Figure 19,
the variation range is approximalely 1 750 Hz.

!
i 1 &
| 14
|

T [
|
|

T .
1 7
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Fig. 20: Component locations on the VFO PC-board DK10F 046

Integrated circuit 15 can be classed as a remotely
controlled analog switch. If contact 51 connected
to Pt22 is closed, this will open the “contacts” de-
signated 1 —2, 3 -4, and 8- 9. If S1 is open, this
will close the three analog switches: 8 — 9 will
close (via R49) and short the input signal; 3— 4 will
discharge the integration capacitor and will con-
vert 14 to a proportional amplifier, and finally 1 -2
will connect potentiometer P3 to the input of the
operational amplifier via P20 and R48. In this
condition, the VFO can be directly tuned via P3 to
enable rapid frequency changes; a closing of
switch S1 ensures that the circuit will be synchro-
nized to the nearest lock-in point (maximum de-
viation: £ 7.8125 kHz}. The tuning is then once
again made by P1.

4.2, Construction

PC-board DK10F 046 has been designed for ac-
commaodating the described circuit. This board is
single-coated and its dimensions are 135 mm x
50 mm. It is suitable for mounting in a standard
metal box. The component locations are given in
Figure 20.

50

The mechanical work is commenced by making
the holes in the side panels for the feedthrough
capacitors (Pt4, 5,7, 8, 9, 10, 11, 12,19, 20, 21,
22), for the RF-connectors and feedthroughs
(Pt2, 3, 6). This is followed by filing the PC-board
{without components) to fit into the case, after
which it is soldered into position with a spacing of
8 mm between board and ‘ower edge of the case.
This is followed by installing the two screening pa-
nels with feedthrough capacitors between Pt1
and P23, and between Pt13 and Pt18. These
screening panels are shown as dashed lines in Fi-
gure 20. Resistors R11, 12, 15. 34, 45, 46, 47,
and 48 are mounted vertically between the PC-
board and the feedthrough capacitors or RF-con-
nector.

It is now possible for the other components to be
mounted into place on the board. Sockets can be
used for the integrated circuits (with the exception
of 11} do not forget the wire bridge below |5! Figu-
re 21 snows a photograph of the completed proto-
type.

The delay line is placed over the other compo-
nents of this part of the circuit so that short con-
nections can be made to Pt14 to P17, A pizce of
foam is placed between the cover ang the delay
line to hold it in position.
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Fig. 21: Photograph of the author's prototype using SMC-connectors, and bushings for screwing
the cover and the module into place

Special Components

T1,T2:
T3,75,T7:

T4 :
T6:

D1.2.3,5.6,7.8:

D4
Dg:

D10

c22;

C31,35.36,37,
38.53,59

LHO002CH
{National Semiconductor)

*8041P (Siemens)

or TBA120

TBA120

{various manufacturers)
LF356N (Siemens)

or LF356H

CMOS40668

{various manufacturers)

40673 or 40841 (RCA}

BCY59, BC109, BC413, BC550
or similar NPN transistor

BFTE8 (Siemens)

BCY79, BC179, BC415, BC560
or similar PNP transistor

KV 1236

{Componex GmbH, Diisseldorf)
AA 118 or similar Ge-diode
BZX97C10

or other 10 V zener diode
BZX97C6VaE

or other 8.8V zener diode
Tantalum electrolytic 4.7 uF/35V
for vertical mounting,

spacing 5 mm

Tantalum electrolytic 22 uF/18V,
for vertical mounting,

spacing 5 mm

Cs7:

Tantalum electrolytic 10 uF/25V,
for vertical mounting,
spacing 5 mm

All other capacitors: Ceramic disk types 30 V DC.
Spacing for all resistors: at least 7.5 mm

L1:

L2
Trs

VL :

P1:

P2, P3:

Siemens potted core 14 x 8,
material K12, AL = 20

Order No. B65541-K0020-A012;
coil former: Order No.
B65542-A0000-M002 (2 cham-
bers).

9 turns of 0.25mm silver plated,
insulated copper wire,

glue the two halves and winding
with epoxy paste.

Ferrite choke 68 uH

Core and coil former as L 1
primary: 8 turns of 0.3 mm dia,
enamelled copper wire (in one
chamber), sec.: 2x4 turns of
0.3mm dia. enamelled copper
wire, wound in a bifilar manner
{in the other chamber)

PAL delay line, e.g. DL-700
{Philips)

Sine-Cosine potentiometer

1kQ, type SCX50 (MEGATRON,
D-8011 Putzbrunn

Tel.; FRG-89-463021)
Potentiometer

10kQ/0.25W, linear

51
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4.3. Commissioning

Firstly examine the VCO. This is achieved by con-
necling the-operating voltage of | 15V 1o Ptd and
Pt5 (via R11 or R12}, and providing a variable
bias voltage of 0 to — 10 Vto Pt1 {after aisconnec-
ting it from P123). This bias voltage can be taxen
via a patentiometer of approximately 10 k<2 from
the 15 V operating voltage. Connecl outpul (P12
via R15) to a frequency counter (use the 50 Q in-
put or connect an additional terminating resistor).

It is now possible for the tuning curve to be ceter-
mined and compared with Figure 17. Deviations
of 10 % at the lower and 20 % at the upper end of
the range are permissible, and corrections can be
made by varying C1 or C2.

If the oscillator does nol commence osciliaton,
firstly check the voltage drop across the source
resistors of T1 and 12 (test poinl: transistor case).
Vollages of between + 2 V and + 3 V should be
presenl here. If the measured voltages differ
greatly from this, replace these transistors. If no
oscillation is determined although the vollages
are correct, increase the value of C9 experimen-
tally to approximately 20 pF. A DC-voltage of bet-
ween + 3 Vand + 6 V should be presen at the
collector of T3 (lesl poinl: Iransistor case); it can
be varied with the aid of C9.

If a suitable oscilloscope is available (bandwidih
= 20 MHz), itis possible to use this to analyze lhe
output signal with respect to level and sinewave
form (do not forget the 50 €2 termination at the out-
pul).

If the VFO is only to be used for a reduced fre-
quency range {e.g. only from 510 5.5 MHz), itisre-
commended thal this range is spread over the
whole tuning voltage range (see Part 1, Section
2.1.). This can be achieved by replacing one of
the two tuning diodes (D1 or D2) by a fixed capaci-
tor of the required value.

Now, connect the tuning potentiometer P1 experi-
menlally via Pt8 to Pt11 to the circuit, and connect
Pt3 and Pt6 with the aid of a piece of coaxial
cable. After connecting also Pt7 and Pt12 to the
‘supply voltage, check the DC-voltage level at the
interconnection point of R21 and R22. A voltage
of + 9V should be measured at this point (permis-
sible tolerance: | 1V, correct via R21).
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The voltmeter is now connected to Pt13 (or to the
feedthrough capacitor to R45) anc the temporary
tuning voltage at Pt1 adjusted so that the oscilia-
tor operates approximately at the center of the
band. P1 is now rotated and the voltage measu-
red at Pt13 will vary periodical'y belween & mini-
mum and maximum value. The minimum shoula
not be more than — 5 V, and the maximum nol
less than — 9 V. The following was measurec on
the author's prototype: U, = =4V, U, = +13
V. Otherwise. I3 will not be operating correctly
{caution shou'd be paic wher purchasing super
components whose quality is not known).

The voltage at Pt13 will vary with time when the
control loop is open, which is the result of the nor-
mal free-running instability of the VCO. However,
it should vary continuously when rotating P1 slow-
fy, and shouid not jump. The 'atler would indicate
sell-oscillation in the VCO.

Finally, remove the vanzble bias voltage from
Pt1. and connect this point to Pt23. Potentiome-
ters P2 and P3. and switch S1 are temporarily
connected. After connecting — 15 V again to
Pi21, the oscillator should be tunable over the
whole range with P3 after opening swilch S1.

The closing of S1 allows the circuit to lock in 2t the
nearest lock-in point. This is a maximum of = 8
kHz from the selected free-running frequency. If

2/ 4011
or 40583

Fig. 22: Suppressing contact bounce of switch $ 1
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large jumps result on switching, this would indica-
te a mechanical bounce of $1. This can be sup-
pressed by using a switch with change-over con-
tact and two CMOS gates for suppression: such a
circuit is shown in Figure 22. It should be noted
when using CMOS chips that unused inpuls can-
not be left disconnected. but must be either
grounded or connected to the operating voltage.

Fig. 24: Transcient drift of the oscillator

A slable, well-filtered operating voltage is requi-
red for supplying the oscillator; this can be ob-
tained, for instance, using a fixed voltage stabili-
zer (7815). This stabilizer should not be used to
supply other modules, whose current drain varies
considerably (e.g. AF-amplifiers). Itis recommen-
ded that the operating voltage for the VCO (Pt5) is
fed via an additional filter link (series resislor

-30 ' T | |
dB b ' DK10F
1Hz -\\
o l— i )
T
| N
-0 — I . \\
120 ] 1 \ ]
1 N
-
- B0 . \X_
Measuring limit S S G G E i i ER Cll| B S
[ Fig. 25:
Wideband noise after
1 kH
# R B B o N e s doubling the frequency
Spacing from corrier frequency———= to 10.7 MHz
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22 Q together with a 1000 uF electrolytic to
ground).

The value of the operating voltage is nat very criti-
cal. The circuit will operate even with 10 V, which
could be of interest for portable operation (12 V
accumulator and stabilizer). The overall current
drain as a function of the operating voltage is gi-
ven in Figure 23.

4.4, Measured Values

The values given in the following tables were
measured at an operating voltageof 150V, anda
constant ambient temperature of 22°C

Frequency range: 5to 6 MHz
Qutput level: - 7dBm 2 500 mV
into 50 Q

Current drain: 76 mA
Frequency drift: =100 Hz, in the first
10 minutes.

afterwards < 10 Hz
per hour (Figure 24)

Harmonic rejection: =>30dB
Spurious signals: none
Sideband noise: see Figure 25

Sensitivity to voltage

fluctuations: — 400 Hz/V

A highly selective IF-amplifier with 3 crystal filters
at 10.7 MHz and subsequent BMS-voltmeter was
used for measuring the sideband no'se. It was ne-
cessary during these measurements for the oscil-
lator frequency to be doubled (RK-2 from MCL).
The aclual noise values are therefore maost cer-
tainly better than those given in Figure 25.

New Polarisation Switching Unit
for OSCAR 10 andNormaI Communications

Ready-to-operate as described in VHF
COMMUNICATIONS 21973, Complete
with three BNC connectors (N or SO 239
connectors are also available) in an attrac-
tive cabinet. Especially designed for use
with crossed yagi antennas mounted as
an “X”, and fed with equal-length feeders.

The following six polarisations can be
selected by the front-panel knob:

Vertical, horizontal, clockwise circular,
anti-clockwise circular, slant 45° and slant
135°

VSWR: max. 1,2

Power rating: max. 100 W carrier
Insertion loss: 01-03dB

Phase error: approx. 1°

Dimensions (mmj: 220x 80 x 120

Supplied with: | Art. No. | Price

BNC 0320 DM 193,—
S0 239 0321 DM 199,—
N 0322 DM 217,—

Ui berichte Terry D. Bittan - Jahnstr. 14 - Posttach 80 - D-8523 Baiersdorf

Tel. West Germany 9133-855. For Representatives see cover page 2
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Manfred Mdhlbacher, DB 9 SB

A 2.3 GHz Prescaler (: 100)

New, inexpensive integrated preamplifier and
divider circuits allow direct frequency measu-
rements to be made up to and in excess of the
13 cm band, and led to the design of the pre-
scaler described in this article. The designa-
tion “inexpensive” does not necessarily mean
that they are cheap: The required |ICs are most
certainly worth their price, but are not cheap
for us radio amateurs! The subsequent fre-
quency counter needs only to have a cutoff
frequency of 25 MHz, and should have a good
time base!

1.
PRESCALER CONCEPT

The block diagram of the prescaler is shown in Fi-
gure 1. It is provided with a PIN diode altenualor
at the input, and two preamplifiers. This is follow-
ed oy the fast 2:1 divider. Half the input frequency

bacasamusa

UTEE (1Y #34 0¥ 314
2

is usually too weak in order to drive the 10:1 divi-
der SP 8668 B {Plessey), and for this reason, a 20
dB intermediate amplifier is provided. A subse-
quent 5:1 divider then brings the overall frequen-
cy division ratio to 100:1. The input frequency divi-
ded by 100 is now available at ECL-Il level. If TTL-
level is required, this can be achieved by provi-
ding a converter stage using an AF or switching
transistor and a Schottky gate. This will generate
steep impulses at TTL-level. that can be process-
ed in any subsequent frequency counter having a
band width of at least 25 MHz. An offsel voltage
as described in (1) is not to be expected.

The components within the dashed lines: the
electronic attenuator. and the first preamplifier,
can be deleted or provided later, Figure 2 shows
the prescaler equipped in this manner.

1.1. Electronic Attenuator

In order to increase the dynamic range of the
prescaler, it was provided with a voltage-control-
led PIN diode attenuator type UTF-025 manufac-

i ”_J‘*4®—L nsoo|- %' ]” LI‘L

110 5 DB95SB

Fig. 1: Block diagram of the 2.3 GHz divide-by-100 prescaler
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Fig. 2: In this prototype, the author has deleted the PIN diode attenuator and the first preamplifier

tured by Avanlek. It operates in the frequency
range of 5t0 2500 MHz. Its input and output impe-
dance is 50 €. The maximum attenuation
amounts to 40 dB at 10 MHz, approx. 25 dB at 1
GHz, and 20 dB from approximately 2 GHz up.
The maximum permissible input power amounts
to +23 dBm, which corresponds to 200 mW or
3.1 Vinto 50 Q. At a price of approximately 100
US-Dollar (Sumrer 1984}, this PIN attenuator is
only a quarter of the price of a mechanical atte-
nuator. The connections of this component are
shown in Figure 3. Since the prescaler is very
sensilive, attention should be paid that the input
power at 2300 MHz should never be more than 1
to 2 mW, corresponding 100,223 Vinto 50 Q. May
be one of our readers has a useful recommenda-
tion how this attenuator can be automatically con-
trolled by the input signal.

1.2. Preamplifier

Al present, two main types of internally matched
amplifiers are suitable for use with an operating
voltage of 5 V: The GaAs-FET types CGY manu-
factured by Siemens, and the monolithic silicon
amplifier (MSA)-types manufactured by Avantek.
The latter provide a far better value for money,
and are therefore used in the following descrip-
tion. Construction is not critical if the information
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given in the description is observed. The number
of amplifiers that were destroyed during the deve-
lopment could be limited to four.

The case and the basic circuit of the Avantek-
MSA amplifiers are shown in Figure 4. The other
types given in Table 1 mainly differ from each
other in their higher output levels.

UTF-025
e &
. |- 5000
2 =8 52_{1,.0”5 Fig. 3:
= ——+15Y DC .
{ ; The electronic
——41-15¥
attenuator
UTF-025

application cirguit

Fig. 4:Monolithic microwave amplifier
manufactured by Avantek
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Type Ug Gain Pout Current Usableto Table 1
(2.4 GHz) (25°C) % | GHz/Gain

MSA0135/21 | 5.2V | 12.00dB 1.8dBm 17mA | 4GHz/7.2dB

MSA0235/21 | 5.2V | 10.40dB 3.5dBm | 26mA | 4GHz/ 6dB

MSA0335/21 | 5.2V | 10.70dB 11.0dBm | 35mA | 4GHz/6.8dB

MSA0420/21 | 65Y | 7.53dB 17.8dBm | 90mA | 4GHz / 4dB

MSA0435/21 | 55V 7.30dB 13.2dBm | 50mA | 4GHz / 4dB

MSA0470/21 | 5BV | 7.56dB 13.2dBm | 50mA | 4GHz / 4dB

+Since these are “Shunt-feedback® ampiifiers, it
isnecessary to observe the given currents for ma-
ximum gain. The voltage should also be setas ex-
aclly as possibie. In this manner, a series circuit
comprising the MSA 0135 and MSA 0335 will pro-
vide a gain of approximately 30 dB up to 1 GHz,
which drops continuously to 20 dB up to 2.6 GHz.
If no care is made with the currents, this can
cause a loss of gain ot up to 10 dB in the cascade
circuit. .
Avantek has mentioned that the MSA types will be
available in a cheaper case in lhe near future with
prices in the order of 10 US-§.

1.3. Frequency Dividers

A frequency divider type U 822 manufactured by
Telefunken is used as 2.3 GHz-divider. It divides
the input frequency by 2. This IC is selected at 2.3
GHz in the factory. It was mainly developed for
use for the first IF of future satellite TV-receivers.
Later, due to the high guantities involved. the
price should finally drop to approximately
20 US-3. Figure 5 shows the case and connec-
tions of this integrated divider type U 822 BS.

+5W o
In ! = Out  Fig.5:
S The divide-by-two
i3 prescaler up to 2.3 GHz
manufactured by
ug22Bs Telefunken

The divide-by-two module U 822 is tollowed by a
divide-by-ten IC manufaclured by Plessey, which
is designated SP 8668 B, that operates up to 1.5
GHz. Itrequires an input voltage of approximately
400 mV (peak-to-peak) 1o operate reliably. Since
the output voltage of the U 822 at an input fre-
quency of 2320 MHz only amounts lo approxima-
tely 70 mV {peak-to-peak}, it is necessary for an
intermediale amplifier to be provided using the in-
expensive OM 361 A. Telefunken has stated that
a new divider with a higher output voltage will be
produced at a later date. In this case. it will be pos-
sibie for the intermediate amplifier to be deleted.

The subsequent divide-by-five IC type SP 8620 B
manufactured by Plessey increases the overall
division ratio to 100.

Further notes regarding the use of other frequen-
cy dividers with differing division ratios are to be
mentioned in Section 7.

2.
OVERALL CIRCUIT DIAGRAM

The complete circuit diagram of the 2.3 GHz pre-
scaler module is given in Figure 6. The amplifier
and frequency dividers wiil only operate reliably
when the given voltages and currents are maintai-
ned. For this reason, all voltages should be indivi-
dually stabilized electronically and be exactly ad-
justable with the aid of multi-turn trimmer potent-
iometers. It is possible for the voltages to be
slightly increased during the alignment process in
order to find the most favorable value.
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Fig. 6:0ne will notice several chokes and extensive bypass of the microwave dividers and amplifiers
in the overall circuit diagram of the 2.3 GHz prescaler

Unfortunately, the PIN diode attenuator requires
an operating voltage of 15V. The variable DC-vol-
tage for adjusting the attenuation (P 1, LM 317) is
derived from this voltage. Figure 7 shows the
connections of this voltage stabilizer.

The 470 £ resistor within the dashed lines at the
output of the divide-by-two IC 11 originates from a
suggestion by HBOMIN: The resistor increases
{he output voltage ofthe U 822 by approximately 8
dB. Since this is still not sufficient for driving the
SP 8668, it is possible for this resistor to be dele-
ted.

2.1. Special Components

PD: UTF-025 (Avantek)
V1 MSA 0135/21 (Avantek)

LM 317
YOG

I .
/ [ 1~ Fig. 7:
Adj. | Uin Voltage stabilizer LM 317
Uout for the UTF-025
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Vva: MSA 0335/21 (Avantek)

V3: OM 361 A (Philips)

I1: U 822 BS (Telefunken Electronic)

| 2: SP 8668 B (Plessey)

13: SP 8620 (Plessey)

| 4: 74 500

T1: BC 415, BC 560 or similar PNP trans-
istor

L1-L3: 0.47 uH miniature choke

L4: 4.7 uH miniature choke

C1-C3: 100 pF miniature chip capacitor

(ATC or similar)

C4-Cé6: 1nF miniature chip capacitor
{ATC or similar)
Other bypass capacitors:

Ceramic disk, or miniature chip capacitors;

3 ceramic feedthrough capacitors 1 — 2 nF, for sol-
der mounting;
Polarized capacitors:
{bead type);

4 trimmer potentiometers, for vertical mounting,
10x 5, spacing 5 x 2.5 mm;

2 heat sinks for DIL 14;

1 metal case 148 x 56 x 30 mm;

3 voltage stabilizers 7805;

1 voltage stabilizer LM 317.

Tantalum electrolytics
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Fig. 8:Component locations on the doubl
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is also provided with conductor lanes

3.
CONSTRUCTION

The circuit diagram given in Figure 6 can be ac-
commodated on PC-board DB9SB 001, which is
shown in Figure 8. This board is double-coated,
but without through-contacts. The material used
is epoxy glassfibre with a thickness of 0.8 mm.
The first prototypes were made on RT/duroid with
a thickness of 0.79 mm, however, the epoxy ma-

d DB9SB D01; the other side of the board

terial did not cause practically any deterioration of
the sensitivity after changing the conduclor lane
width to 1.37 mm for 50 £2. The price difference
when using a board of 146 x 54 mm is consider-
able!

A coaxial connector suitable for SHF must be
used at the input of the divider, preferably using a
flange type. The PC-board is soldered around the
edges on both sides so that the same spacing is
provided above and below the board. The four
voltage stabilizers, their bypass capacitors, and

DE g 58 0

Fig. 9: Lower side of the author's prototype (without attenuator and first preamplifier)
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choke L 4 are soldered into place on the lower
side of the noard, which is the side marked with
the author's call sign, The voltage stabilizers are
then bent back as shown in Figure 9.

The conductor lane culouts for PD and C 1 can be
cul wilh the aid of a sharp knife — approximalely
6 mm is required for the altenuator and 1 mm for
the chip capacilor. The 50 Q line is provided as a
conlinuous line, in order to allow the prescaler 1o
be used withoul PIN diode attenuator and pream-
plifier.

The miniature chip capacitors can be mounted
easily if one’s eyes are good, or when a magnify-
ing glass is used. The wire ends of the bypass ca-
pacitors must, however, be as shorl as possible,
especially those used in conjunction with the
Plessey ICs. Suitable holes are drilled in the PC-
board for the Avantek preamplifiers and the Tele-

VHF COMMUNICATIONS 1/85

Fig. 10:
Close-up of the input circuit

funken divide-by-two prescaler. These compo-
nents are placed onlo the board with the markings
tacing downwards into the PC-board. This can be
seen in more detail in Figure 10,

4.
ALIGNMENT

The PC-board can be completely equipped with
the exception of capacitors C 4 and C 5. All trim-
mer potentiometers should be adjusled to their
fully anticlockwise position.

The voltages and currents given in Table 2 should
be adjusted after connecting the operating volta-
ge(s).

Potentiometer | Act. comp. Current Voltage (V)

P4 13und14 | = 52402

P3 12 - |68+03

P2 Vi, va it | - 6.5

R, Vi 17 -

Ry Va2 35 -

R, 11 31 ca. 5 Table 2
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X

The author used metal-film types for the dropper
resistors.

This is followed by connecting the outpul of the
prescaler via a short coaxial cable to an oscillos-
cope with a bandwidth of at least 25 MHz. Firstly
examine | 3 for any tendency to self-oscillation.
This is done by rolating P 5 in a clockwise direc-
tion until approximately 5 V (TTL-high} is present
al the outpul, switching the oscilloscope to AC-
voltage coupling. and to a sensitivity of 100 mV/
div. If P 5 is rotated further, and if sinewave oscil-
lalions are noliced, this will indicate that | 3 is os-
cillating and it will be necessary to connect 15 k€2
between pin 10 of | 3 and ground (below!).

After soldering C 5 into position. one willimmedia-
tely notice whether | 2 breaks into oscillation. Until
now, every SP 8668 B used by the author has bro-
ken into oscillation! 15 k<2 at the input is all thatis
required for neutralization.

The preamplifier OM 361 A will not break into os-
cillation - in contrast to its predecessor, the OM
361.11, on the other hand, will oscillate at the fre-

quency of its highest sensitivity, whichis at appro-
ximately 1.4 GHz. Itis necessary here to provide a
resistor of approximately 12 k€2 between input
and +5 V, that is between pins 1 and 4 of the
uUsg22Bs.

No tendency 1o self-oscillation was noticed in the
case of the preamplifiers. The oscilloscope image
should now be free of amplitude variations when
rotating P 5 slowly through its range.

If an oscillator with an output power of 1 mWin a
frequency range ol between 1000 and 1500 MHz
is fed to the prescaler, a virtually square-wave
TTL signal will appear on the oscilloscope on rota-
ting P 5. The prescaler is now connecled to a
counler, and P b adjusted so that the counter pro-
vides a stable reading. This completes the
alignment,

The given frequency range was selected since
the dynamic range of the module is greatestin this
range, as can be seen in Figure 11. The dynamic
range is considerably less in the 13 cm band al
2320 MHz, which means that it is necessary to

-

K I [ —

Input sensitivity

e \§

Dynamic range
2.4 GHz pl‘eartﬂer

Min. input voltage

-4

15 2 GHz ~2.4

Freguency -

Fig. 11: The input signal to be measured must be within the shaded area
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use a preamplifier and to adjust the PIN diode at-
tenuator in order to obtain a stable reading.

The operating current of the complete prescaler
module is in the order of approximately 320 mA.

- —

5.
NOTES

i has been found that | 1 works best when the
power at the input of the first divider is between 0
and +5 dBm. If the module is used without PIN
diode attenuator, it is necessary to ensure with
the aid of suitable attenuatars (fixed or variable)
that the input power is not too high. Ifitisinexcess
of the dynamic range {see Figure 11}, areading of
000 will be indicated.

The highest operating frequency measured on
the author's prototype was 2430 MHz without
cooling, and approximately 2.6 GHz when | 1 was
cooled. The lower frequency limit is in the order of
140 to 170 MHz. The author would like to point
out, however. that his U 822 was selecled in a
Telefunken laboratory at 2400 MHz. Those avail-
able on the market are, on the other hand. auto-
matically measured at 2300 MHz.

For the first time, itis now possible for radio ama-
teurs to measure frequencies up to 2.3 GHz. Al
presenl, there are no commercially available
counters onthe market that can measure this very
high frequency directly! Of course, this high tech-
nology has its price; When fully equipped, the
components used in the prescaler module alone
will have a value of approximately 900— DM.
Even without PIN diode attenuator and first pre-
amplifier, it will still be approximately 500.— DM.
However, the high value is relative when one con-
siders that a commercial prescaler of this type
would most certainly cost many times this price. In
addition to this, suitable measuring equipment is
becoming more and more important, the higher
one goes in the microwave range.

The author hopes that he has been able to bridge
a gap, and will be only too pleased to assist inter-
ested readers in obtaining some of the compo-
nents. At present, the author is working on a new
frequency counter which should be able to count
up to 2.5 GHz. It will have 9 digits and the frequen-
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cy should be indicated after a measuring period of
0.4 5. A special feature is a switchable time base,
which allows one to use prescalers with a non-de-
cadic division ratio in the future. If this frequency
counter is of interest to our readers, the author will
be only 100 pleased to write an article on it.
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7. :

POSSIBLE MODIFICATIONS

At present, three different prescalers are
known to the author for frequencies over2GHz:

uUus22BS 23GHz <=2 Teletunken
UB24BS 23GHz =4 Telefunken
SP 8712 2.5 GHz - & Plessey

If one wishes, it is possible to use the following
dividers subsequently: U 624 (+64), or U 626
BS (+256). The advantage is that both pos-
sess a built-in preamplifier. The disadvantage
is the non-decadic division ratio which must be
further divided according to (7) in order to
achieve a total frequency division of 1000.

It one knows the internal circuitry of one's coun-
ter well enough, it is possible for the time base
to also be modified. This, on the other hand, al-
so has its effects on the other prescalers alrea-
dy built in. The most elegant way would there-
fore be to provide an additional board behind
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the crystal oscillator that {for instance) divides
by 2. 4, 8, or 16. When using a 74293 and a
small logic circuit, it will be possible for virtually
any required time base frequency to be genera-
ted.

When switching on a prescaler, one could auto-
matically switch the time base to the required
frequency. In this manner, it would be possible
to use the new SP 8712 manufactured by Ples-
sey, which is a 2.5 GHz divide-by-four presca-
ler. One only recuires a subsequent division ra-
tio of 10 and to divide the time base frequency
by 4. The most simple way would be to divide
by 5 after the SP 8712, however, no divide-by-
five prescalers are known that operate up to

700 MHz.

Figure 12 gives further information with re-
spect to the consideration of providing an addi-
tional board to the time base. The 74293 is a bi-
nary, four-bit counter. In order to have it count
up to 186, itis necessary forinput B (pin 11) to be
connected tooutpul QA (9). The divided oscil-
lator frequencies are then taken as required
from outputs QA — QD (pulse diagram). The in-
puts Ro (1) and Ro (2) are connected to low. If
one is operating without prescaler, the oscilla-
tor frequency is fed directly to the time-base di-
vider chain via a relay contact. Figure 12 shows
a division-by-four as an example.
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MATERIAL PRICE LIST OF EQUIPMENT
described in edition 1/1985 of VHF COMMUNICATIONS

Compact BNC Attenuators after DJ 4 GC (Ed. 1/1985)
Available values: 3 dB, 6 dB, 10 dB, 20 dB, 40 dB each DM 39.50
Impedance: 50 £, Frequency range: 0 -~ 3 GHz. Details see Ed. 1/85

DK1VA Low-noise METEOSAT converter with GaAs-FETs Art.No. Ed. 1/1985
Set of components: DK1VA 002 6917 DM 395.—
Double coated, drilled PC-board, 2 GaAs-FETs,
2 Si-FETs, 3 transistors, 3 diodes, 2 volt. regulat.,
3 Neosid coils, 4 RFCs, 2 special mini ferrite beads,
9 green and 2 black mini foil trimmers, trapez. caps:
3 x 10p and 1 x 47p, 2 stripline chip caps., 7 ceram.
and 13 decoupling caps., 2 tantalum electrol., 17
resistors, 1 trimmer pot., 2 crystals, 3 feed-throughs,
2 N-sockets with plane BNC flange, 1 drilled tinned-
metal box, 1 piece of conductive foam
Additional set of parts for open-air use of converter: 6918 DM 110.
1 plastic box. 1 plastic mounting plate, 1 thermo
switch, 1 heater resistor, 1 DIN socket

Converter ready-to-operate in tinned-metal box 6919 DM 582.-
Converter ready-to-operate in weather-proof box 3027 DM 692.-
DL6NAD Multiple Digital Image Storage for WEFAX Images Ed. 1/1985
PC-board DL6NAD 001 double coated, with through contacts 6913 DM  68-

PC-board DLE6NAD 002 double coated, with through contacts 6914 DM 69—
Components DLENAD 001/002: 6915 DM  625-

1 RAM, 24 D-RAMSs, 7 TTL-ICs, 1 EPROM, 11 CMOS-ICs
1 lin. IC, 1 diode, 2 connector strips 2x20 pins,

1 connector strip 2x8 pins, 1 1C socket 28 poles,

1 socket 14 poles, 1 DIL switch, 24 capacitors, 10
tantalum electrol., 2 aluminium electrol., 7 solder

pins, 33 resistors.

Kit DLENAD 001/002 complete, with above components 6916 DM 720
YU3UMYV 003 Colour Module with Composite Output Editions 2/83+1/85

Kit, complete with all parts 6920 DM 145.-
DL1GBH Power Meter for the Frequency Range 2 — 200 MHz Ed. 1/1985

No PC-boards or compaonents available
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DK10F Shortwave VFO from 5 to 6 MHz Art.No. Ed. 1/1985

PC-board DK10F 046 single-coated, silver-plated, drilled,

with component location plan 6891 DM 27—
Semiconductors DK10OF 046 5 ICs. 7 transistors, 10 diodes 6897 DM 145-
Components DK10OF 046 2 potted-core sets, 1 m copper 6892 DM 105-—

wire, 1 mini RFC, 1 PAL delay line,

2 trimmer potentiometers, 9 tantalum
electrolytics, 12 feedthrough and 50

ceramic caps., 57 resistors, 1 tinned

metal box
Kit DK10F 046 with the above parts, i.e. without
sin-cos-potentiometer 6893 DM 268.-
DB9SB 2.3 GHz Prescaler Ed. 1/1985
PC-board DB9SB 001 double-coated, silver-plated, undrilled,
without component location plan 6894 DM 21—

Components  DB9SB 001 1 off U822BS, 74SQ0, BC415 each, 6895 DM 145
3 off 7805. 1 tinned-metal-box, 2 BNC
flange sockets, 4 mini RFCs, 3 feedthrough
and 22 ceram. caps., 6 chip capacitors,
7 tantalum electrolytics
Kit DB9SB 001 with the above parts, i.e. without UTF, MSA, OM.. 6896 DM 160.—

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

3dBbandwidth: ... 12MHz
Passband insertion loss: ... 1.5 dB

Attenuation at + 24 MHz: .. 40 db
Attenuation at + 33 MHz: .. 60 dB
Return 1088 ... 20 dB
Dimensions (Mm): .o 140 x 70 x 26

amplifier or in front of the mixer for suppression of i i i
image noise, and interference from UHF-TV il e e
transmitters and out-of-band Radar Stations, Also |

Ideal for installation between first and second pre- e T |
=t
|

| Price: DM 168.—

very advisable at the output of a frequency multi- | - | "-{ Please list required
plier chain, or behind a fransmit mixer. h A centre frequency on

\ ordering.

x (L

iberichte Terry D. Bittan - Jahnstr. 14 - Posttach 80 - D-8523 Baiersdorf
Tel. West Germany 9133-855. For Representatives see cover page 2




OUR GREATEST now with reduced dimensions !

Case 15 14 13 17
DISCRETE Appli MONOLITHIC EQUIVALENT
CRYSTAL r;t?u: with impedance transformation withoul impedance transformation
FILTER 2 Type Termination Case Type Termination Case
XF-9A §sB | XFM-9A 500 © || 30 pF 15 XFM-9S02 | 18k |, 3pF 13
XF-9B SSB | XFM-9B 500 Q || 30 pF 15 XFM-9S03 | 18kQ |3 pF 14
XF-9C AM XFM-9C 500 Q| 30 pF 15 XFM-9S04 | 2.7k |2pF 14
XF-9D AM XFM-9D 500 Q| 30 pF 15 XFM-9S01 | 3.3kQ || 2 pF 14
XF-9E FM | XFM-9E 12kQ | 30 pF 15 XFM-9S05 | 8.2k || 0 pF 14
XF-9B01 LSB XFM-9B01 | 500 Q || 30 pF 15 XFM-9506 | 1.8kQ || 3 pF 14
XF-9B02 UsSB | XFM-9B02 | 500 © || 30 pF 15 XFM-9S07 | 1.8k || 3 pF 14
XF-9B10° SsB — =5 = XFM-9S08 | 1.8k | 3pF| 15

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

Dual {(monolithic twopole)
Matched dual pair (four pole)

XF-910; Bandwidth 15 kHz, Ry

6 k.2, Case 17

XF-920; Bandwidth 15 kHz, R = 6 k&, Case 2 x 17

DISCRIMINATOR DUALS (sce VHF COMMUNICATIONS 1/1979, page 45)

for NBFM

for FSK/RTTY

XF-909
XF-919

Peak separation 28 kHz
Peak separation 2 kHz

CW-Filters - still in discrete technology:

Type 6 dB Bandwidth | Crystals | Shape-Factor | Termination | Case
XF-9M 500 Hz 4 60dB:6dB44 |500Q |30pF| 2
XF-9NB 500 Hz 8 60dB:6dB2.2 | 500Q |30 pF 1
XF-9pP* 250 Hz B 60dB:6dB22 | 500Q | 30 pF 1

* New !

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH

D-6924 Neckarbischofsheim : Postfach 61 - Tel. 07263 /6301
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