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Dr. (Eng.) Ralph Oppelt, DB 2 NP

The Generation and Demodulation of SSB
Signals using the Phasing Method

Part 1: Basic Theory

On account of certain advantages, propnetry
amateur SSB equipment, without exception, uti-
lize the filter method of generation and detection.
It may be perhaps of interest for the active radio
amateur to develop alternative circuit principles —
for example an SSB ftransceiver using the
phasing method. Such alternative solutions can
bring very satisfactory results and in many as-
pects, more efficacious results than the slavish
adherence to the normal commercial design prin-
ciples.

In a two-part article, the possibility is pre-
sented of constructing an SSB/DSB/AM trans-
ceiver which uses no quartz filters and works
with the phasing principle. This present ar-
ticle deals with the principle of phasing modu-
lation and demodulation and also com-
parisons with the filter generation technique.
A mathematical foundation for the design of
the required Hilbert transformers (the AF
phase processing transformers) is also pre-
sented to the amateur from the authors own
work on the subject. The second part will be
devoted to a practical realisation of the most
important components necessary for the SSB
phasing method — the Hilbert transformer
encompassing two active fourth-order, all-
pass filter chains.
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1.
SSB PHASING METHOD
PRINCIPLES

The easily understood, and thereby the most
familiar, filter method of producing SSB signals
uses a narrow-band filter to select one sideband
of a double sideband signal and reject both the
other sideband and the carrier. The more subtle
principle of the phasing method of generation
will be explained with the aid of fig. 1 in time se-
quence (mathematically simpler). In order to
simplify the mathematics, the input AF signal is
taken as comprising a steady amplitude single
frequency tone w. Also, all amplitudes are
normalized at unity. Fig. 1 shows that, due to the
phase-shifting networks, Aqiyy and Aqgr, together
with Aqy and Az, the HF carrier «r and the AF
modulating signal « are present at the balanced
mixer ports all at equal amplitude but with a 90°
phase difference i.e. as sine and cosine signals.
The output ports of the mixer thereby contain:

upper mixer:

cosort-sinwt=
1/2 [sin (o7 + ®) t — sin (w7 — w) 1] (1)
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mixer Fig. 1:
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lower mixer:

sinwrt-cosmt =

1/2 [sin (wr + w) t + sin (o1 — w) {] (2)
Where the two mixer outputs are summed, only
the term wr + o remains i.e. the upper side fre-
quency. If equations (1) and (2) are substracted,
on the other hand, only ey — w (the lower side fre-
quency) remains. Should only an adder be used,
as in fig. 1, i.e. no manipulation of the HF feeds,
a sideband change, but with the advantage of it
being not at HF, is possible by crossing the audio
frequency lines cos wt and sin wt as shown by
equations (3) and (4) below.

coswrt-coswt=

1/2[cos (wr + w)t + cos (wr — w) 1] (3)

sinwrt-sinmt =

1/2 [— cos (wy + W)t + cos (wr — w)t]  (4)

The addition of (3) and (4) results in the produc-
tion of the lower side frequency as opposed to

the result obtained by adding the equations (1)
and (2). For the sake of completeness, it must be
mentioned that the arrangement of fig. 1 can
easily be applied to the production of both an AM
and a DSB signal. Itis only necessary to feed the
AF ports of the two mixers with in-phase modu-
lation signals e.g. cos wt, instead of sin wt and
cos wt, the HF port feed remaining the same, and
the output product will be as follows:

upper mixer:

coswyt-cos ot =
1/2 [cos (wy + w) t + cos (wr — w) ]

(5)

lower mixer:

sinwrt-cosmt=
1/2 [sin (wr + w) t + sin (w7 — o) 1]

(6)

It may be seen, that the addition of equations
(5) and (6) leads to the production of two sinus-
oidal waves with sum and difference frequencies
of (wy + w) i.e. a double sideband signal. The
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Fig. 2:
o ol L1 VAT Circuit
. arrangement for
smmTt 5SB demodu-
?__ e lation using the
phasing method
By,
o A carrier Y
el tregquency =
igna | L Dp=90 DB2NP (—I— LPZ =0
at 1IF T i
Loy
* coszT
L >< LP1 e Bwy

addition of a carrier completes the conversion to
an AM signal. This could be carried out by the
judicious unbalancing of the balanced mixers.

The re-configuration of the individual function
blocks of fig. 1 for the “true” demodulation of an
SSB signal (“true” means that the RX hears one
sideband only) is shown in fig. 2. The relevant
mathematics are not explicitly considered in this
case as they bear a strong resemblance to the
form already worked out for the modulator.

Three low-pass filters have been introduced into
the basic arrangement to form fig. 2. The identi-
cal low-pass filters (LP 1) after the mixer output
ports are designed to eliminate the second carrier
harmonic 2 mr and can be considered as simple
RC or LC elements. The low-pass filter after the
combiner, on the other hand, determines the
received output band-pass and selectivity char-
acteristics. It is therefore required to be a multi-
pole band-pass filter with steep-sided flanks and
may, in practice, be switched to provide optimal
band-pass characteristics for either speech or
CW. A sideband switch, similar to that of the
modulator of fig. 1, may be carried outin the audio
arms of the mixers’ outputs. The inputs of the
phase-shifters Ay and Auqp, are merely cross-
connected to the outputs of the filters LP 1.
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Since only one sideband is being received by the
circuit depicted in fig. 2, a first-class reception
of DSB signals is possible and without the
changes in loudspeaker level which accompany
the indefinate phase relationship between the
conversion carrier wy and the suppressed carrier
at the transmitter. It is recommended also, that a
300 Hz low limit should be made to the filters LP 1
(i.e. the lower limit of intelligible speech) in
order that any carrier beating remains inaudible.

Whereas the carrier (i.e. oscillator my) remains
constant at, for example 9 MHz, the speech sig-
nals occupy, in reality, a spectrum from 300 fo
3000 Hz — although for the purposes of analysis
only a single side frequency was considered.
This demands of the phase-shifters that they
cause a 90° phase-shift at all frequencies within
this spectrum and at the same relative ampli-
tudes, Simple phase networks are liable to be
frequency-dependent in either amplitude or
phase. A correction to make one quantity con-
stant results in the other being dependent upon
frequency. The design of these phase-shift net-
works Ay and A, to cover the entire speech
band, is considerably more difficult than for the
carrier phase-shift networks as the latter work at
a single frequency.
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k.

2.

FILTER AND PHASING METHODS —
IMPORTANT FEATURES
COMPARED

crystal filter. In the second part of this article a
method of lining-up a phasing modulator will be
described which may be successiully carried out
even by those who — quite by oversight — do not
po a spectrum analyzer.

If the facility is required which permits the
changing from upper to lower sideband at will, the
phasing method is inherently simpler — only a
suitable switch being required. The filter method
involves, at the simplest, using another inserted
carrier crystal or, much more expensively,
keeping the carrier frequency fixed and switching
in a filter for the other sideband.

The carrier suppression and the unwanted side-
band suppression are undoubtably better using
the filter method as a compensation technique
must be used in the phasing method to ensure
equal 90° phase shift across the whole of the
speech band. This compensation is also affected
by temperature and long-term stability consider-
ations etc. The low conversion efficiency does
not affect the transmit modulator to the same ex-
tend and for amateur purposes it is quite satis-
factory. The phasing demodulator will be affected
by compensation variations at low received signal
levels which are in the presence (say 10 kHz re-
moved) of a strong unwanted signal. The low-
pass filter in the audio arms could easily separate
the two signals but the mixers are located after
the IF chain and will be overloaded. The only way
to prevent this is to use a crystal band-pass
filter in the IF chain. But that contradicts one of
the tenants of this article i.e. not to use expensive
crystal filters.

For the normal radio amateur that pursues his
hobby for pleasure, even on contest-free days, a
transceiver working entirely without crystal filters
may be satisfactory. This is, perhaps, particularly
the case when one considers the two-metre band.
The higher complexity of the phasing method in
terms of number of circuit elements (double the
number of mixers, phase processors etc.) is offset
by the fact that they are all cheaper than the com-
ponents required for the filter method. The time
taken to adjust and optimize the phasing rig (opti-
mizing of carrier and sideband suppression) must
also be taken into account as this aspect can al-
most be neglected with a ready-made proprietry

As was made clear earlier in chapter 1, the
phasing SSB method of processing is inherently
suitable, not only for the simplicity of changing
between upper and lower sidebands, but also for
its ability to receive DSB and (carrier) AM with
equal facility — all without using extra circuit
components. Also, the sideband change facility
results in a genuine change-over from one side-
band to the other i.e. the reference carrier (sup-
pressed) remains at exactly the same frequency.
The most cost effective method to switch between
LSB and USB for a filter modem is to shift the
conversion (suppressed) carrier a few kHz and
thereby utilizing only one crystal filter (the filter
method, it will be recalled, would have to employ
two balanced mixers and two crystal filters, USB
and LSB, to perform the same feat of using a
fixed frequency conversion carrier when a side-
band switch facility is required — G3ISB).

3.
CARRIER AND AUDIO PHASE
NETWORK DESIGN

In chapter 1 it was stated that the design of the
phase-shift networks Ay and Agqr for the high
frequency carrier signal is relatively easily carried
out. The handiest form would be RC networks as
shown in fig. 3. This shows a high-pass and a
low-pass of the first order (1).

C
HT
R Hiw}

__jwRC is®

HIth] .

“MajwRC ¥z
DB2ZNP u=V/Re
D—EI-—O
R iG)e 1 ¢ b’
= Hiwe— S ]
75 TR e

5

Fig. 3: High and low-pass first order and relevant
transfer function H for the carrier phase
networks Supr and Ao
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plw) Fig. 4:
DB2NP N All-pass filter Hilbert trans-
o 90 former with constant phase

- |
L Hp=90°
o) L3

versus frequency ¢ (w) = 90°

If these networks are driven at exactly their 3 dB
limit frequency points, w = wy = 1/RC, then the
transfer function H (i.e. the relationship between
complex input and output amplitudes) are both
equal to 1 / /2. Whilst the high-pass network
shifts by — 45° at w, the low-pass network shifts
by + 45° at wg. Both networks thus have the
desired differential phase difference of 90° be-
tween each other, The 3 dB turn-over frequency
of wyg is, of course, arranged to be the modem
carrier frequency wr. Thus a filter parameter is
formed, in each case, by varying the quantity R
until the 3 dB limit frequency wy = 1/RC — which
is that of the carrier frequency wr.

The design of the audio frequency phase ele-
ments Ag; and Ag, cannot be satisfactorily
accomplished using simple high and low-pass fil-
ter elements. This is because the speech band is
required to have a constant amplitude response
across the entire spectrum. The so-called all-
pass filters are, however, suitable. The all-pass
filters have a transfer function H which is constant
for all frequencies but has a frequency dependent
phase ftransfer characteristic. The described
characteristic, however, is that of a constant
90° shift at all frequencies within the audio band
(fig. 4).

Such a filter, known as the Hilbert filter or Hilbert
transformer, does not, unfortunately, match
the ideal characteristics presented in fig. 4. It
can be approached by limiting the speech band in
order that it is as narrow as possible consistent
with intelligible speech. If necessary, the speech
band may be limited by means of a band-pass fil-
ter inserted in the audio arm immediately before
the phase-shift circuit. The second limitation
concerns the 90° phase-shift in the output signal:
a tolerance band, say 90° + 1° must be allowed
in order that the complexity of the phase-shift net-
work design is not greater than is necessary for
the overall performance objectives of the modem.

The procedure for the signal processing is clear
from fig. 5. The speech signal is split and pre-
sented to two all-pass filters Ag, and Agawhose
phase characteristics are also shown in fig. 5.
Both phase networks may be of the all-pass type
of the n th order i.e. consisting of a chain of first
order all-pass elements. As the characteristic
shows, a signal passed through such an all-pass
filter chain has a phase shift at low frequencies
approaching zero and at high frequencies the
value of n 180°. Both all-pass chains can be so
dimensioned that the phase characteristic of Ag,
approaches the limiting value n 180° "earlier' than

Fig. 5:

Two n th order all-pass filters
together with phase/charac-
teristics for the fealization of

Atnz E—

70
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range wy, = = wy
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k.

Re Fig. 6:
. Active first order all-pass
—jwT
Ro Hiw=14E _gi2arctanur filter and transfer function
T+jWwT H ()
R = [Hiw)| =1 und @(w)=- g Hwl=2arctanuT

It DB2NP

that of Aupy. In a certain frequency range w, to w;,
the condition A = Lo — Aqpy = 907 can be very
well approximated.

Fig. 6 shows an active first order all-pass filter and
its accompanying transfer function H (w) (1). Now
it must be determined how many of such ele-
ments are required for the all-pass chain filters
Aapy and Aqe and how the time-constant charac-
teristic T = RC are to be dimensioned. Only a
final calculation is given here but a mathematical
treatise on the subject may be found in (3).

The first step is to fix the frequency interval o, to
we. The speech signal range oy = 27 270 Hz and
e = 2 7 3600 Hz offers some latitude, both above
and below and gives a frequency ratio 2 of:

Q= /0, = 0.075 7)

secondly, the number n of all-pass stages per
phase-shift chain must be determined. In general,
it may be said, that the approximation to the shift
of 90° rises with the number of stages used. The
lower limit to the number of phase-shift elements
is set by the sideband suppression desired and in
no account must less than two be used. In prac-
tice, a suitable number of stages would be four
and that is used in this example. As each all-pass
filter element requires one op-amp, and there

T=R-C

are four op-amps cheaply obtainable in one IC
package, the choice of four stages is well justified.
Using £} from equation (7) the first auxiliary
quantity £ may be calculated:

1 11—/

S

> 1440

(®)

For 1 = 0.075, £ = 0.285.

The next auxiliary quantity g is determined with
the aid of ¢ in a rapidly convergent series:

q=e+ 285+ 156 + 150 + 17077 + ..(9)

Only the first two or three terms of this series are
relevant and

q = 0.289 (as a comparison 150 &' = 1.2x 1079
Finally, the auxiliary quantity k, is required

4v+1 s i
ki= (v=01,...n—1)
8n

(10)

for n = 4 it follows that:

kg = 1/32, ky = 5/32, k; = 9/32 and ky = 13/32.
With these values of k, the table given below is
formed.

sin 7 k. cos 7wk, sin 37 k, cos3mk, sin& k., cos 5k,
kKo 0.098 0.995 0.280 0.957 0.471 0.882
k4 0.471 0.882 0.995 0.098 0.634 — 0773
Kz 0.773 0.634 0.471 — 0.882 — 0.957 - 0.290
ka 0.957 0.280 - 0.634 - D.773 0.098 0.995

71



X

VHF COMMUNICATIONS 2/87

The time-constant of the four all-pass stages (v =
0, 1, 2, 3) comprising the phase network A is
given by:

T = H\qu

By means of the calculated auxiliary quantity g

and the tabulated values given above, the time-
constants are calculated as follows:

1 cosmk, +q’cos3rk, +qfcos5rk, +q'%cos 7wk + ... (1)

Tye = ST
\/llll Wz

Here, also, only the first three or four terms of the
series in the numerator and the denominator
need be evaluated which is why table 1 was not
continued. Following the insertion of the values
from the table all four all-pass stages of the net-
work A are specified: 1g: = 23448 ms, 1, =
369.52 us, 152 = 123.44 ps and 14, = 36.173 pus.
The time constant ., for the phase network A,
is simply found from the known 1., according to
equation (12)

Tyt = (Ti2005009) " (12)

The following values were obtained for this
example:

Tpi = 11.114 1S, Ty = 70.524 MS, T = 211.11 M
and 13y = 720.43 us.

In this manner, all eight RC elements are made
known for the design of the fourth order all-pass
chains. Since merely the product of R and C must
have a definate value, the value of C, in practice,
is selected first and measured, then the required
resistor value is calculated. This procedure is
advantageous because resistors are available in
many more values and to a greater tolerance than
capacitors.

The realization of all-pass stages with active
filters has, above all, the advantage that every
stage is decoupled from its fellows. A common
characteristic impedance is thereby obviated as
a by-product. Using the function ¢ (w), given in

72

sinmk, —g?sin3nk, +qsin5rk, —q'Zsin7nk, £ ...

fig. 6 for a first order all-pass, the phase dif-
ference Ag = Ag. — Agy at the outputs of the
chains calculated in the example are given as a
function of frequency, eq. (13). It departs (purely
calculated) in the frequency interval w, to wy by
only 0.011° from the specified 90°.

3
Aglo) =2 2 (arctan o T, — arctan w 14);  (13)
Yy=0

4,
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Dieter Schwarzenau and Bernhard Kokot

Home-Constructed Frequency Counter

Part 2: Conclusion

2,2.3. Construction of the 50 () Plug-ins.

Normally, the printed circuit boards are fixed to
the extreme left of the front panel in order to con-
serve as much space as possible for panel-
mounted components. The 50 {1 plug-ins, how-
ever, have the plastic-angle stock mounted the
"wrong way round", thereby displacing the board
about 9 mm in towards the middle of the front
panel. The panel-mounted BNC socket pin (see
fig. 23) then contacts the printed circuit board
and can be soldered directly on to the appropriate
track.

The component loading is done in accordance
with figs. 24 and 25. The locating spot on the in-
tegrated resistor array should not be overiooked.

133 60
-—

.

-

J
Pl 1
L[ O] of

|
EL"]&? o
L A

e %5 o

ZHIWDO0E — 0L
ZHND0Z - |
| 4Pz

-

-
F

Chip capacitors are used for the coupling and
blocking capacitors at RF and are soldered direct-
ly to the conductor tracks underneath. The com-
ponents marked with an asterik on the plug-in
possessing the pre-scaler, should also be
mounted underneath, on the conductor tracks, in
order to reduce the effects of parasitic capaci-
tance and inductance to as low a value as pos-
sible,

The transformer comprises two twin turns of 0.25
mm lacquered copper wire (Cul) on a double-
holed ferrite core. The core size is 2.5x 3.6 x 2.1
mm and bears the Siemens designation "U 17",

The overload indicator can either be a normal or
a flashing LED, according to preference. When
anormal LED is used, the dropper resistor R817

T

Fig. 23:
50 {1 Plug-in front
panel dimensions
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RELRRARARLRRRRLRL

DLOHV 014

* 10 nF chip capacitor mounted on track side

Fig. 24: 50 () Pre-amplifier component location plan

is raised to 220 (. The voltage regulator is
screwed directly on to the PC board. The bonding
of the front panel to the PC board is carried out
by means of two solder tags, one fastened with
two BNC socket mounting screws on the panel
and the other soldered directly to the ground side
of the PC board. The plastic-angle stock is filed
as necessary, atthe appropriate place, in order to
complete the bonding.

2.2.4. Power Supply Construction

The power supply is accommodated in a separate
box which forms the back wall of the enclosure.
The PC board fits exactly into the box guide slots.
The front of the box is drilled to allow the supply
leads to be taken through. The back wall of the
box is a detachable plastic plate with suitably
shaped cut-outs for the mains switch, the |IEC-
norm mains plug, the 12 V connectors and the

74

mains transformer which projects from the back of
the cabinet (fig. 26). In the interest of greater
mechanical stability, it may be better to replace
this plate with one of aluminium.

The PC board is equipped in accordance with
fig. 27. The connections to the integrated circuit
voltage regulators are carefully bent in order that
the regulator lies flat against the underside of the
box when the board is in position. A 3.3 mm hole
is drilled at exactly this spotin the box. An M 3 nut
is glued to the regulator heat-sink in order that it
can be screwed on to the housing wall after the
PC board is in position.

At the indicated positions, six distance bolts,
27.5 mm long, are affixed. The four outer ones
serve 1o secure the back wall and the other two
hoid the mains socket in place. Following the
fitting of the back wall into position, the mains
socket and mains switch are provided with con-
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AR T

* mounted on track side, 10 nF chip capacitor on track side

Fig. 25 Pre-amplifier with divider component location plan
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Fig. 26: Housing back wall dimensions
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necting wires and both components mounted on
to the panel. Eventually the ends of these con-
nections are scldered to the PC board. The com-
plete block is then slid into the guide channels of
the box and the 3 mm set screw inserted to secure
the voltage regulator to the box wall. It only re-
mains now to lead the supply connections
through the holes provided in the front wall.

2.2.5. Preparation of the Housing

As the sides of the cabinet are plastic, the alumini-
um top and bottom panels are not connected
electrically to each other. This connection is pro-
vided by means of an aluminium plate 120 mm x
80 mm which is appropriately drilled and secured
to the side of the housing where later the basic
unit will be positioned, i.e, on the row of holes in
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Photo E:
50 - 800 MHz Plug-in

the rear fixing rails. Lock washers should be used
in order that the finished surface is pierced thus
providing a good electrical contact.

The connection to the various plug-ins is enabled
via 21 pole DIN 41 617 plug-in connectors which
are also screwed to the rails and wired together.
The socket is mounted from the front with two
M 2.5 x 10 screws. The connections are made in
accordance with fig. 28. As the ground pins lie on
the outside of the pin field, solder tags, secured
by the socket fixing screws, may be used to bond
these connections directly to the housing. Lock
washers should also be used here to ensure a
solid ground connection.

The left-hand plug-in position uses two 21 pole
sockets in juxtaposition, which, according to the
PC board version, is either fastened to the ex-
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treme left of the front panel or more towards the
middle. Altogether then, five sockets are required.

The plug-ins should sit to the right when looking at
the front of the cabinet. The PC board containing
the time-base oscillator then lies in the middie
and cannot be influenced by the surrounding
environment.

The connections between sockets are made with
either insulated connecting wire or with silvered
wire over which an appropriate length of insulated
sleeving has been slipped. The latter is the most
elegant and tidiest solution. On one of the sock-
ets, the power supply connections must be sol-
dered. Finally, the plastic guide rails are mounted
in the inside top and bottom. The left-hand plug-in
aperature should be fitted with two parallel sets
of guide rails.

3.
COMMISSIONING AND FINAL
ADJUSTMENT

Upon switching on the finished counter, the last
four indicators should show “0* and the gate LED
should start flashing at gate period rate. The last
indicator, however, could show a *1". when using
the high impedance plug-in, either a "0" ora “1"
may be obtained in this last indicator simply by
operating the trigger level control. Check that the
gate LED blinks at a rate according to the gate
time selected. A failure here could point to a
time-base fault either in the digital control or in
the oscillator/divider chain.

If all is well, the oscillator can be fine-tuned to its
nominal frequency. This and other service opera-
tions are most conveniently carried out when the
card is withdrawn from the unit. For this purpose,
an “extensor" connector can be easily made from
a 21 pole connector (plug and socket) and a
length of muiti-way cord.

The first thing to do is to adjust the crystal tem-
perature. This is best measured using an elec-
tronic thermometer with a surface temperature
probe. The probe tip is first smeared with heat
conductive paste and then pressed firmly onto the
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crystal casing. The required temperature can
then be adjusted by the multi-turn preset on the
oscillator card. Owing to the thermal inertia of
the system, it is advisable to wait a while after
every adjustment before taking a temperature
spot measurement. The nominal temperature to
be attained is that given in the crystal manufac-
turer’'s specifications, or determined by means
of the apparatus discussed in (1).

If another (stable) precision generator is avail-
able, the temperature adjustment may be carried
out, using a little patience, in the following man-
ner. The counter must be in a fully working con-
dition. The reference trequency (from the cali-
brated source) is fed into one of the counter in--
puts and the longest gate time is measured. The
temperature preset is then adjusted from mini-
mum to maximum in small steps always allowing
an appropriate pause between measurements.
The correct temperature point is where the sign
of the variation changes from positive to negative
or vice versa.

To set the frequency of the oscillator, a known
frequency source is necessary which is of as high
a frequency as possible. This is fed to the input of
the counter. The crystal timmer capacitor is first
of all soldered to the solder pins provided and
then adjusted until the indicator display agrees
with that of the reference. Of course, the whole
set-up must be allowed to thermally stabilize
first. When the oscillator has been accurately ad-
justed, a polystyrene cap should be glued over
the oscillator card.

Should individual display segments show varia-
tions in brilliance for any reason, they can be
compensated by changing the value of the
appropriate segment dropper resistor. If the
brilliance of the whole numerical display must be
adjusted to that of its fellows then it is better done
by altering the 4.7 (1 resistor associated with it.
The segment brightness control resistors are
154}

It can occur, that segments which should be unlit,
in fact, exhibit a prominent glow. This is caused by
the integrated circuit and may be diminished by
placing a 10 k2 resistor in the circuit marked with
an asterik in the diagram. This resistor may be
soldered under the PC board.
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As the last two digits are driven directly, it is only
meaningful to correct the brilliance of individual
segments. If the brightness of the two digits is
radically different from each other then it may be
possible to effect some alleviation of this con-
dition by changing around the digit IC modules in
the IC socket holders until the total display looks
satisfactory.

Finally, both the wire bridge links, corresponding
to the counter control connections, are set to the
correct position. This is accomplished according
to the operational plug-in unit and shown in fig.
29. Changing the plug-in unit should result in a
matching configuration of wire bridge links such
that only input B can be fitted with a divider plug-
in, as only in this position the matching gate time
and positioning of the display decimal point can
be carried out. Input A position is used only for
the fitting of the high impedance or the 50 (2 plug-
in units. -

Connector link wiring plan

Links IInput B division factor
I
I
o o I
2 H 1
o o I 1
I
o [ I
I
I
____________ PR SR ST e S S
1
1
o o i
1
o o] I 4
I I I
4] a I
I
I
I
1
o ] I
i 1
a o I 182
I I
o o I

Fig. 29: Connector link wiring plan

The adjustment to the plug-ins is limited to the
setting of the comparator switch thresholds for the
two 50 2 units. For this purpose. a signal genera-
tor which can deliver a variable amplitude signal
at between 100 and 150 MHz is required. A two-
metre transceiver fitted with a suitable output
attenuator would also do the job. First of all, the
LED trigger threshold is adjusted using an input
signal amplitude of 10 mV.,

The counter should be allowed to operate until a
stable count is indicated. The rear trimmer is
then adjusted such that the upper LED is just
illuminated. The switching threshold for the over-
load indicator is adjusted by the front preset re-
sistor with the input amplitude set to 5 V. This
adjustment uses the same procedure for the two
50. () plug-in units. The extensor cord would
come in very handy for this procedure.

4,
USING THE FREQUENCY COUNTER

The counter is very easy to operate but never-
theless a few words of advice about its use would
not come amiss. The first consideration when
using the counter is the choice of the plug-in
unit. As, in general, the approximate frequency of
the signal-under-test is known and also the
approximate source impedance, the choice of
unit presents no great difficulty. The choice of
plug-in is made by the right-hand switch on the
main-frame front panel. If, when using the 50 {2
plug-ins, the trigger LED illuminates, it indicates
that the input signal has a sufficient working level.
If the overload LED illuminates, or flashes, then
the input amplitude to the counter must be
attenuated, if necessary by a fixed attenuator.
When using the high-impedance plug-ins, the
gain should be advanced slowly from a low level.
At each level the trigger is adjusted until the
counting unit begins to operate — indicated by the
flashing front-panel LED. If the trigger is not ad-
banced too far it remains on continuously. Do
not attempt to connect a high-level signal when
the sensitivity is set too high. The pre-amplifier
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can certainly handle the signal but because the
transistors are driven to saturation a false count
may be obtained. A BNC oscilloscope monitor
point has been provided on the main-frame front
panel in order that the nature of the test signal
may be inspected before it arrives at the counter
gate.

The desired gate period is now selected starting
with the shortest, as then it will be quickly deter-
mined whether the display “freezes"”. Only when it
does, so is it meaningful to try a longer gate time.
li the display does not “freeze”, it could be that the
test signal is unstable, too weak or that it is subject
to interference.

It is not necessary to wait for the full counting
cycle when using the longer gate periods. An-
other count cycle can be manually commenced
by pressing the reset button. The number of in-
put pulses counted from the time the reset button
will then be displayed.

If the accuracy of the internal crystal oscillator
is insufficient for the measurement being under-
taken, an external 10 MHz derived from a fre-
quency standard may be fed into the right-hand
BNC socket on the main-frame front panel (e.g.
(4)). The amplitude of this signal must be greater

Fig. 30: Influence of the trigger threshold setting on
the counter display in the presence of a third
harmonic in the input signal
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than 100 mV. This input is DC-blocked and over-
load-protected. The switch-over from standard to
internal time-base oscillators is achieved auto-
matically.

Considering the limitations in the use of frequency
counters, the commonly held view is, that when
measuring a number of signals of different fre-
quencies, the signal which has the greatest ampli-
tude will be the one which the counter displays.
If the signal has the form depected in fig. 30, i.e.
a fundamental signal with a third harmonic, then
indeed, the counter will display the larger funda-
mental providing the trigger threshold is set to
point “1%. Setting the trigger to point “2", how-
ever, will result in the counter reading twice the
fundamental despite the fact that no signal of
this frequency is present in the signal to be
measured. Even in the case where the trigger
level is set very close to the zero line, the
strongest component will not be the one which
the counter displays. This may be seen by con-
sidering fig. 31 where the larger ampli-
tude fundamental signal is mixed with a smaller
amplitude 9th harmonic. If the counter is inher-
ently capable of operation at this frequency then
it will display a non-existent signal at five times
the fundamental.

Fig. 31: Signal with ninth harmonic
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5.
FURTHER DEVELOPMENTS

At the time of writing, a 50 {1 plug-in is being eval-
uated for the frequency range 150 MHz to 1.5
GHz. The sensitivity is only 2 mV in the 23 cm
band falling to 30 mV thereafter. The input is
overload-protected in the same manner as the
other plug-ins. This, however, is only operative for
the cast when the supply potentials are present.
A solution to this problem is now being investi-
gated. If there is sufficient interest, the details of
this plug-in unit will be ﬁublished at a later date.
Unfortunately, the cost of the components is
rather high and maybe beyépd the reach of some
people.

In the distant future, it is planned to build a 4 GHz
plug-in. This may entail certain changes to the
main-frame circuitry. The publication of this proj-
ect will be conditional upon the component price
being reasonable at that time.
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7.
PARTS LISTS
DL @ HV 008: Counter Control PCB
R 101: 1 kil
102: 1 kil
103: 10 k(2
104: 4k7Q
105: 4k7Q
106; 39k

1 Epoxy-glass board 100 x 80 x 1.5
1 Support bracket BICC-VERO 31774
2M25x6

2M25x8
4 M 2.5 nuts
C 101; 2.2 wF/16 Vtantal RM 2.5
102: 100 n plate ceramic RM 5
103: 100 n plate ceramic RM 5
104: 100 n plate ceramic RM 5
105: 2.2 uF 16 tantal RM 2.5
T 101...103: BC237C,BC413Cor
similar NPN-AF Trans.
| 101: SN 74121 N
102; SN74L542N
103: SN74LSO00N
104: SN74LS 490N
105: SN74LS 490N
106: SN74LS 151N
107: SN74LS5490N
108: SN74LS490N
109; SN74L5490N
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St101: multi-way connector 262 - 275: 470 02
Q41617 | 201: MC 10115 P
edge connector male 202 MC 10104 P
102 S:I. 218 . r— 203: MC 10138 P
oz: gpggeconnactor emale BL 1; 204: SN 75140 P
103: gdge connector female BL 1; ggg IE-‘.:: giglg 75N
104: e(ﬁe‘aeconnector male SL 2; el SN7ALEATH
- &bl ! 208: SN74LS02N
e 209: SN741LS290N
210: SN74LS75N
DL @ HV 009: Counter PCB 211: SN74LS 247N
R 201: 3300 212: ICM 7208 IPI
202: 3300 C 201: 4.7nFKC RM S
203 4700 * 202: 47 uF16 VELKO RM5
204: 1K 203: 100 n plate ceramic RM 5
205: 4700 « T 210...207: BC213C,BC415Cor
206: 1K equiv. PNP
207: 4700 208...214: BC237C,BC413C
208: 47001 " or equiv. NPN
209: 4700 * St2: edge connector male SL 1
210: 1K 6 contacts
211; 1K 202: edge connector male SL 1
212 100 0} 6 contacts
213: 1K
214: 470 )
215: 47001 =7 x4700Q
integrated DK @ HV 010: Display PCB
216: 1K LO8-1
217: 1K R 301: 1500
218: 1K= 7x 1K integrated 302; 1500
219: 1000 LOB-1 303: 3300
220 1K® 304 10K
201 10K 305: 10K
202 1K® 306: 10K
223: 10K 307: 150
224: 1K® 308: 15K
225: 10K 309: 150
226: 1K® 310: 1K
228: 1K + 5x 1 K integrated 312: 1K
229: 1K+LO06~1 | 301: SN74LS138
230: 1K+ 302: SN74LS 10
231: 1K+
232 100K D 301: LD 356/6
233: 100K S 301: rotary switch ITT SB 20 AD
234 - 247 4300 4x3way
248 - 254: 470 S 302: rotary switch ITT SB 20 AD
255-261: 150 6x 2 way
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St301: edge connector male SL 1
3 contacts

St302: edge connector male SL
6 contacts

Misc.:

1 epoxy-glass PCB: 132 x 65 x 1.5 mm
1ALUsheet /|  152.5x86.5x2mm
1 Acrylic filter stock red

2 Wing knobs 13mm @

2 caps for above

2 BNC UG 1094/U

1 Push-button (Rafi)

T 301...303; BC237C,BC413C
or equiv. NPN

DS 301...309: HD 1105 R (Siemens)
DL @ HV 011: Crystal Oscillator
R 401: 39K1%

402: 39K1%

403: 1.3K1%

404: 10K

405: 10K

406: 1M

407: 3300

408: 1001%

409: 47 0}

410: 1K

411: 1K

412: 1K

413: 1K

414; 100K

415: 1K

416: 1K

4171 56 K

418: 10K

419; SAK 1000
P 401: 470 2 multi-turn preset
D 401: LD 356/6

402: 1N 4148

403: 1N4148
| 401: TLC 271 CP

402: 78L05A

403: MC 10116 P

404: 78LOSA

405: SN75140P

406:
407:

T 401:
St401:

402:

403:

Q 401:

C 401:
402:
403:
404:
405:
406:

407;
408:
409:
410:
411:
412:
413:
414;
415:
416:
417:

Misc.:

SN74LS 122N
SN74LS 132N

BD 139-8

multiway connector
DIN 418617

edge connector
male SL21 S

edge connector female BL 1,
7 pole

edge connector female BL 1,
3 pole

X5 6005 A (KVG)
10 MHz 30 pF 60° C

22uF16Vtantal RM25
100 n plate ceramic RM 5
100 n plate ceramic RM 5
4.7 pNPO ceramic RM 2.5
22 p NPO plate ceramic
RM5/2.5
5.6 pNPOceramic RM2.5
nc
100 n plate ceramic RM 5
100 n plate ceramic RM 5
22uF16Viantal RM25
100 n plate ceramic RM 5
100 n plate ceramic RM 5
100 n plate ceramic RM 5
10 uF 16 Vtantal RM2.5
1 wF 16 V tantal RM 2.5
2.5 p NPO trimmer

1 epoxy-glass PCB; 100 x 80 x 1.5 mm
1 aluminium sheet; 25x 11 x 2 mm

1 bracket
iM3x12
2M 3 nuts
2M25x6
2M25x8
4 M 2.5 nuts

DL@HV012:

C 501:
502:

BICC-VERO 31774

Supply Unit

470 uF/40 V ELKO axial
100 n plate ceramic
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503: 100 n plate ceramic 617: 1k
504 1000 uF/16 V ELKO axial 618: 1k
D 501: 1N 5624 819 i
502: 1N 5624 620: 7040 1%
503: 1N 5624 el e A 7
. 622: 180 0 1% » 4
S 501: toggle switch, 2 pol. 623 3300 1% 2
L 501: wideband choke core 624: 1800 1%
(6 hole) 625: 1k 1%
626: 1k 1%
I 501: MC 7805 CT 627 1k 1%
Tr501: 2 x 9 V/20 VA (Schaffer) 628: 1k
St501: IEC mains socket (fused) fea: L
) 630: 1k
502: external voltage supply 631 1k
socket 632: 1k
Fa. Roka 520 0660 633- 1k
F 501: 125 mA 634: 470 O
502: 1A 635: 2200
303 1A D 601: 1N 4148
Misc.: 602: 1N 4148
1 aluminium sheet 225 x 85 x 1 mm 603: 1N4148
6 spacing bolts M 3 x 28.5 604: EDESRE
11M3x8 T 601: BF 256
2M3c/sx10 602: 2N5771
1M3nut 603: 2N 5771
4 self-tapping screws DIN 7971 2.9 x 6.5 mm | 601: MC 10116 P
1 epoxy-glass PCB 225 x 80 x 2 mm 602 MC 10116 P
. 603: MC 7805 CT
C 601: 3.3 disc ceramic 400 VRM 5
DL@HV 013 (a): High-Impedance 602: 33 S disc ceramic 400V RM 5
Plug-in 10 Hz - 30 MHz 603: 330 p discceramic 400V RM5
R 601; 910 k 1% 604: 47 n discceramic 400V RM5
602: 91k 1% 605:
603; 10k 1% 606: 5.6 p ceramic RM 25
604: 1k 607: 47 uF 16 V Elko RM5
605: 10M 608: 100 n plate ceramic RM 5
606: 390 1 1% 609: 100 p ceramic RM 2.5
606: 180 0 1% 610: 100 n ceramic RM 5
608: 1k 611: 4.7 uF 16 V Elko RM 2.5
609: 100 (1 612: 100 n plate ceramic RM S
610: 1.5k 1% 613: 22 p ceramic RM 2.5
611: 1.5k 1% 614: 22 p ceramic RM 2.5
612: 33k 1% 615: 100 n plate ceramic RM5
613: 3.3k 1% 616: 47 u 6.3 Vtantal RM 2.5
614: 1.5k 1% 617: 100 n plate ceramic RM 5
615: 1.5k 1% 618: 100 n plate ceramic RM 5
616: 1k 619: 100 n plate ceramic RM 5
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620:
621:
622.
623:
624:

P 601:

St601:
602:

S 601:

misc:

100
100
100
100
100

3 3 o3

plate ceramic AM 5
plate ceramic BM5
16 V Elko RM 5
plate ceramic RM 5
plate ceramic RM 5

film track preset
Draloric 70 HDSC 47 k

BNC UG — 1094/U
connector plug DIN 41617
edge connector male
SL21S

rotary switch ITT 2 x 6 way
Type SB 20 AD

1 epoxy-glass board 100 x 80 x 1.5 mm
1 aluminium sheet 86.5 x 30.5 x 2mm

1 soldering tag for BNC socket

1 round 10 mm knob

110 mm cover

110 mm indicator disc
113 mm indicator knob

1 cover
2M25x

6

2M25x8
4M 2.5 nuts
1 support bracket BICC-VERO 31774

1M3x6

1M3nuts
1 U-discM3

DL @ HV 014:

R 701:
702:
703:
704:
705:
706:
707:
708:
7089:
710:
711
712:
713:
714:

Plug-In
1-200 MHz
100 Q
10 k
100 k
100 k
10 k
1 k
10 k
1 k
1 0
39 k
10 k
100 k

715:
716:
717
718
719;
720:
721:
722:
723:
724
725:
726:
727;

728:
729:

P 701:
702:

D 701:
702;
703:
704:
705:
706:
707:
708:
709:
710:

| T
702:
703:
704:

DL @ HV 014:

C 701:
702:
703:
704:
705:
706:
707:
708:
709:
710:
711:
712:

713

100
100

22 uF

100

10
100
100

2.2 uF

10
100
100

10

10

n
n

n
n
n
n

3 33 33

100

1%
1%
1%

@
®
R = RN ol Rt i o I

5x 1 k integrated
1 ktype | 06-1
1k

1 k multi-turn preset
1 k multi-turn preset

HSCH 1001
HSCH 1001
HSCH 1001
BA379
BA379

5082 - 2835
cax 21 red
cax 211001
cax 21 1001
LD 356/6

SAB 1009 BP
MC 10116 P
LM393N
MC 7805 CT

Plug-in 1 - 200 MHz

plate ceramic RM 5
plate ceramic RM 5
16 V tantal RM 2.5
plate ceramic RM 5

. plate ceramic chip
plate ceramic RM 5
plate ceramic RM 5
16 V tantal RM 25
plate ceramic chip
plate ceramic RM 5
plate ceramic RM 5
plate ceramic chip
plate ceramic chip
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714: 10 n plate ceramic chip 818: 39k
715: 2.2 uF 16V tantal RM 2.5 819: 330
716: 2.2 uF 16V tantal RM 2.5 820: 1k
77 10 n plate ceramic chip 821: 2200
718: 100 n plate ceramic RM 5 g22: 1 k integrated
719: 100 n plate ceramic RM 5 823: 1k 5x1k
720: 100 uF 16V Eko RM 5 824: 1k TypL08-1
721: 100 n plate ceramic RM 5 825: 1k
722: 100 n plate ceramic RM 5 P 801: 1 k multi-turn preset
L 701: choke 100 uH 802: 1 k multi-turn preset
S 701: DIP switch 4 pole D 801: 5082-2800
1 epoxy-glass board 100 x 80 x 1.5 mm 802: 2800
1 aluminium sheet 86.5 x 30.5 x 2 mm 803: 2800
2 solder pins M 3 804: 2800
1 support bracket BICC-VERO 31774 805- BA 379
1M3x6 806: BA 379
1 M3 nut 807: 5082-2835
1 U-washer M 3 808: CQX 21 red
4M25x4 809: LD 356/6
2M25x6 810; 5082-2800
s | 801: LM 393 P
802: SAB 1009 BP
St701: BNC UG 290 AV 803: CA3199E
702: connector DIN 41617 804: MC 10116 P
edge connector male 805: MC 7805 CT
SL21S
C801: 100 n plate ceramic RM 5
802: 100 n plate ceramic RM 5
803: 2.2 uF 16V tantal RM 2.5
DL @ HV 015: Plug-in 804: 100 n plate ceramic RM 5
50 - 800 MHz 805: 10 n plate ceramic chip
. 806: 10 n plate ceramic chip
R gg; 1?3? ‘807: 100 n plate ceramic AM 5
803: 100 808: 10 n plate ceramic chip
804 100 k 809: 2.2 uF 16 @V tantal RM 2.5
805 10k 810: 10 n plate ceramic chip
206 1k 811: 100 n plate ceramic RM 5
807: 1k 812: 100 n plate ceramic AM 5
808: 10k 813: 2.2 QIF 16 V tantal RM 2.5
809: 680 1% 814: 100 n plate ceramic RM5
810: 1000 1% 815: 10 n plate ceramic chip
811 3.9k 1% 816: 100 n plate ceramic RM 5
812 47k 817: 100 n plate ceramic RM 5
813 10k 818: 100 OF 16V Elko RM 5
814 100 k 819: 100 n plate ceramic RM 5
815: 100 k 820: 100 n plate ceramic RM 5
816: 10k 821: 10 n plate ceramic chip
817: 140 Tr801: twin-hole core K1 or U 17
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St801: BNC UG 290 A/U
802: multi-way connector
DIN 41617
edge connector male
SL21S
Misc.:

1 epoxy-glass 100 x 80 x 1.5 mm

1 aluminium sheet 86.5 x 30.5 x 2 mm
2 solder pins M 3

1 support bracket BICC-VERQ 31774
1M3x6

1M 3 nut

1VwasherM3

4M25x4

2M25x6

2M25x8

4 M 25 nuts

Cabinet

1 cabinet BICC-VERO KMT sub rack system,

order no. 127-31427

10 guide rails, order no. 127-32166 A
1 ALU plate 125 x 70 x 1.5 (mm)
18M25x10

18 M 2.5 nuts

18 lockwashers DIN 6798 A

M 3, Ad 6.0 St 0.4 mm

10 solder pins M 3

5 multi-way connectors DIN 41617
spring contact FL 21 S

Note: RM = lead spacing (mm)

Editor's Announcement

We have expanded!

Please visit us in our new, enlarged premises in Baiersdorf, Jahnstr. 14,
Take the motorway Nuernberg — Erlangen (Bamberg),
exit Baiersdorf / Moehrendorf

Open: Monday - Friday  07.45-16.15 hours.

Our new telephone numberis: (0) 91 33-47-0

The old numbers 5838 and 855 are no longer valid.
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Peter Gerber, HB 9 BN/

The Doppler Effect over Radio Links using
Active or Passive Reflectors

This article describes the physical funda-
mentals necessary for an understanding of
the Doppler Effect together with the neces-
sary formulae. It also presents a method of
calculating the influence of the Doppler Effect
on contacts made via paths where both active
and passive reflectors are involved. This
calls for a sub-program which permits the
calculation of the reflector co-ordinates to
any desired point in time.

1.
PRINCIPLES

In the case of a communication path which is
continually varying in distance between trans-
mitter and receiver, the received frequency is not
the same frequency as that which was trans-
mitted. This frequency alteration is called the
Doppler Effect after its discovery by the physicist
Doppler. A similar effect is well known at audio

R

frequencies when, for example, a railway loco-
motive with a continuous horn is passing an ob-
server. The pitch of the horn always sounds
higher to the observer when the locomotive is
approaching than when it is departing. For this
acoustical phenomenon the physical theory is
extremely complicated as it must always be de-
cided what is moving relative to whom taking
into consideration the sender, the receiver and
the communication medium.

As electromagnetic waves exhibit no measurable
relative movement to the medium through which
it passes (experiments by Michelson and Ein-
stein's theory of relativity) at least one variable
may be eliminated, and that leaves only the rela-
tive movements of transmitter and receiver.
When considering the case where relative
speeds approaching light is concerned, the
theory is also very complicated such as the ve-
locity components in the line-of-sight as also the
transverse components give rise to a Doppler
Effect. With small relative velocities, and that
includes all amateur contact paths, only the line-
of-sight component V, plays a part in the Doppler

S Vs o —x R
J -
: S,.—-f"‘-—’
]
V=Vs
5 = Sender
Fig. 1 R = Receiver  Fig.2
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Effect (fig. 1 and fig. 2). In practice, the case of
transmitter and receiver moving away from each
other is so small, and occurs so seldom for the
amateur anyway (see example below). The
Doppler Effect, however, plays a very prominent
role in paths, using either active or passive re-
flectors, made in space via satellites and EME (4).

z
PHYSICAL FUNDAMENTALS

The transmitter, of frequency f, moving with a
velocity v directly to a receiver (fig. 2) will be
measured at the receiver as: —

t=f(1-v/c) (1)

where v is considered a negative quantity when
the sender S and the receiver R approach each
other. The received frequency f, is then higher
than the transmitted frequency f.

Example:

The sender, with a frequency of 145 MHz, moves
towards the receiver at a speed of 120 km/h.
What will be the received frequency?

v= — 120km/h = — 33.33 misec.
f= 145MHz = 145x10® 1/sec.
c=- 300x10° m/sec.
33.33
f,= 145000000 x (1 + ———— )
300'000'000

= 145 x 10° x 1.000000111 = 145'000'016 Hz

The received frequency f, is therefore 16 Hz
higher than the send frequency which, normally,
has no practical consequence. Transposing the
eq. 1 the following quantities may be obtained:

df = f(—vic)
di=1(v/c)

Change in frequency
Change in wavelength

The point to watch is that all quantities are pre-
sented to the equation in the same units i.e.
melres, metres per second, hertz. Also, that the
velocity sign is negative when the transmitter
approaches the receiver. The main problem,
when calculating the Doppler Effect on signals

via reflectors (active or passive), is that of deter-
mining the velocity of sender and receiver in the
direct path. The sender, receiver and the reflector
are mostly moving in complicated relative orbits in
space. The sender on earth moves with the earth,
the satellite in a canted ellipse, with variable
speed and direction and the receiver, again, with
the earth. Active satellites have the additional
consideration of the alteration in frequency due
to frequency changing processes within the
satellites equipment. These “conversion func-
ions® must also be taken into account when
calculating the received frequency.

3.
CALCULATIONS

The calculated received frequency of a signal,
transmitted via active or passive reflectors, is
arrived at by using the following steps:

— Transmitted frequency  f, {uplink 1)

— Uplink Doppler Effect

— Received frequency fuz {uplink 2)

— Transit function

— Transmitted frequency  fy, (downlink 1)
— Downlink Doppler Effect

- Received frequency fez  (downlink 2}

If the transmitter and the receiver are both located
at the same place then the same relative velocity
is used for the Doppler Effect calculation. If a
passive reflector is involved, the transit function is
simply fz = 1.

It has already been mentioned that the chief
problem lies in the calculation of the relative
velocities of the participating stations in the direct
point to point path. The radio amateur OK 1 DAT
gives, for example, in (1) the following formula for
the Doppler Effect over an EME link (but without
considering the influence of the elliptical nature
of the moon’s orbit).

2 7 6370 cos BE sin AH cos DE
24 x 3.6 A (1 + 0.034 cos AH)

df = —
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When calculating the effect over satellites, the
formula is even more complicated because the
elliptical orbit must be taken into account.

Using a small computer for calculating the orbit
of the transponder, a simple procedure may be
employed.

The principle lies in the fact that the distance
from the sender/transponder and the receiver/
transponder can be arrived at relatively easily.
Should the distance to two different, but not too
far apart in the time frame, points be calculated,
the average line-of-sight velocity in this time
frame may be taken, namely the velocity compo-
nent in the most direct path.

The distance calculation is carried out simply by
converting the main polar co-ordinates to the
Cartesian form and then using three-dimensional
Pythagoras. The necessary formulae for this are
given as follows:

Conversion from polar to Cartesian co-ordinates

The Cartesian co-ordinates are X, Y and Z:

X = RcosBcoslL
Y = RcosBsinlL
Z = RsinB

When these co-ordinates have been calculated
for both transmitter and receiver and the
Cartesian co-ordinates subtracted from each
other viz.

DX=X1-X2
DY=Y¥1-Y2
DZ=2Z1-22

then the instantaneous distance is as follows: —

Distance E = /(DX x DX + DY x DY + DZ x DZ)

A point to walch is that the transmitter and the
receiver (= transponder) should use polar co-
ordinates which are compatible with each other,
as for example, those given in table 1.

given that a longtitude information is L
a latitude information is B
a radius information is R A general procedure for the calculating process
EARTH TRANSPONDER
Lonétltuda Latitude Radius Longtitude Latitude Radius
longtitude latitude earth radius longtitude latitude Distance from
subsatel- subsatel- | earth's centre
lite point lite point
local latitude earth radius right declen- geocentric
startime ascension sion distance
longtitude latitude earth radius hour angle declen- geocentric
(GHA) sion distance
0 latitude earth radius local hour declen- geocentric
angle sion distance

Table 1: Mutually matching polar co-ordinates
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may be given as follows:

— Calculate the polar co-ordinates of the QTH
and the transponder.

— Calculate distance E 1

— Convert QTH into Cartesian co-ordinates

— Convert transponder into Cartesian co-
ordinates

— Subtract the Cartesian co-ordinates

— Use Pythagoras to find the distance

— Calculate the polar co-ordinates of the QTH
and the transponder for a later point in time
{e.g. after 60 s)

— Calculate the difference in the distances and
divide by the time difference to obtain the
velocity

— Calculate the Doppler Effect of the link

When a passive transponder is used, the Doppler

shift is multiplied by a factor of 2. Active trans-

ponders require separate calculations for uplink,
transit through the tfransponder, and downlink.

4.
APPLICATION EXAMPLES

The Doppler Effect for an EME contact via the
AMSAT-OSCAR 10 was calculated using the
above mentioned formulae as a base.

The calculation for the EME path was made
using both the given formulae and that given by
OK 1 DAT. The results on the whole, were com-
patible, the maximum difference amounted to
10 Hz for a transmitter frequency of 144 MHz
(Doppler shift + 350 Hz to — 350 Hz). This dis-
crepancy arose from the influence of the elliptical
nature of the moon's orbit which was approxi-
mated in the OK 1 DAT calculation.

There was no alternative method available of
calculating the effect when assessing the OSCAR
10 link. The Doppler Effect on this link, on the
other hand, amounted to over 3000 Hz. This shift
can be easily measured with amateur equipment,
Suitable measurements were carried out and
evaluated (fig. 3 and fig. 4). The calculations are
so0 exact that, even in modest circumstances, the
orbit data of OSCAR 10 may be evaluated.

= -

DATA: TIME SCALE: 9.39 UT
ARG.PERIG. 40 RAAN 121

TIME # MIN FREQ.SHIFT
EPOCHE G: 2776.89899

1499 H2

Fig. 3: Comparison between measured (solid line)
and caiculated (dotted line) Doppler shift
using OSCAR 10 before adjustment. The
satellite, according to the calculation, is a
little premature.

DATA: TIME SCALE: 9.3 UT
ARG.PERIG. 40 RAAN 121

TIME —-1@ MIN PREQ.SHIFT 15PP@ HZ
EPOCHE G: 2776.PP2R5

Fig. 4: The same data following the matching of the
satellite’s data (time shift about 10 min.)

5.
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Dragoslav Dobricic, YU 1-AW

A 250 W 23 cm-Band Power Amplifier

A power amplifier is introduced which has
been designed and built for communications
using the Earth-Moon-Earth (EME) path. Its
main characteristics are reliability and stabil-
ity together with a dependable achievement of
its design specifications. No special tools will
be necessary for its construction.

1.
CONCEPT

When the author first began to consider a power
increase, there were no solutions available for the
23 cm band which did not involve complicated
work with machine tools on the anode resonators.
Also, all published constructions in the projected
power range utilized more than one PA tube thus
complicating both the construction and the tuning
procedure. Following the evaluation of all the
available literature and the formulation of a suit-
able mathematical model, a program was written
for a personal computer. This program enabled
an exact calculation of the resonator dimensions
for all the frequencies of interest upon presenta-
tion of the particular PA valve’s parameters.

Perhaps the commonest 23 cm power amplifiers
92

use the 2 C 39, or its equivalents and derivatives,
either singly or up to six valves in a ring formation
feeding a common resonator. On account of the
constructional advantages involved, and also its
compact dimensions, the author felt that the
Siemens valve type YD 1270 would be more suit-
able. This tube is used, above all, in UHF tele-
vision transmitters. Compared with the 2 C 39 it
has twice the anode dissipation and output
power. Also, its output capacity is some 50 %’
greater and its maximum usable frequency is
about 3 GHz - its use here at 1.3 GHz lies well
within its capabilities.

The author selected the well-tried and tested con-
struction: a grounded grid amplifier with an anode
resonator in the TMgp mode and a half-wave
coaxial cathode resonator (fig. 1).

2.
CONSTRUCTION

2.1. The Cathode Circuit

In order to make the construction as easy as pos-
sible, the cathode circuit is fashioned as a loaded
#/2 coaxial line which mechanically supports the
tube, thus obviating the requirement for the
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original tube socket — the latter being both ex-
pensive and not easily obtainable. The cathode
cavity (fig. 2) was made fairly large in order that a
series of other necessary components could be
accommodated within it. The resonator itself, has
a particular form (fig. 3 and 4) in order to achieve
a very low circuit impedance. This is necessary
when, in spite of the high tube input capacitance
and the fact that a portion of the /2 line is inside
the tube, a usable length of line is available out-
side the tube. This idea has already been pub-
lished in the VHF Communications (see ref. 1).

The trimmer C 2 is tuned for resonance at 1296
MHz at a capacitance of 1 pF. The satellite band
of 1269 MHz can be tuned with a higher value of
capacitance. In any event, a high-quality version
of this component is required, the author used a
Johanson 5200 (0.5 - 5 pF).

The resonator L has a typical impedance of 75 )
and is brought to resonance at 1330 MHz with a
minimal C 2 capacitance of 0.5 pF. Capacitor C 1

Fig. 1:
Circuit diagram of the
23 cm power amplifier

loads the circuit and is fabricated from a single  Fig. 2: The cathode cavity and heater chokes
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hole mounting BNC connector. The centre con-
ductor of the BNC socket carries an end-plate of
8 mm diameter. The capacitance to the resonator
is varied as the body of the BNC socket is re-
volved. Optimal coupling occurs when C 1 lies
between 0.1 and 0.2 pF.

2.2. The Ar{ode Resonator

The anode resonator takes the form of a round
cavity with the PA valve in the centre (fig. 4). This
indicates the TMg;-mode operation with its opti-
mum power output and simple fabrication.

The anode resonator is tuned by C 3, a 6 mm
brass screw with a 9 or 10 mm diameter brass

disc soldered to its end. This must be positioned
right against the PA valve where the electrical
field is at its strongest. This simple and effective
tuning arrangement matches the resonator field
distribution very well indeed. Higher mode para-
sitic oscillations are well-suppressed and the
desired dominant mode is strongly maintained.
The resonator is so dimensioned that, when the
capacitance of C 3 is at a minimum, the resonant
frequency is 1360 MHz. It must have a capaci-
tance of about 1 pF to tune the anode to 1296
MHz. The tolerance of C 3 is sufficient to allow for
any spread in the valve's output capacity. The
calculated loaded output circuit Q is 120.

The output coupling to the antenna is inductive
which is favourable for this high output capacity,

material: ocopper shest l-2Zmm thick

tem Ry
— — ‘
fe—z5—!
oo oooD T
[eXelee oot}
{=1:] o a
(] - R 20
Pool @]
1 | g - |2—-|
E@ 0 :
£ T
2 eo 12 4
(OO ao |
oo & oo 1 ;l:7
leopaoo
r Qutput :cmlrlg 1o
G.5mm thi r-_-g
Coppar -h:lp
YU 1 AW

|
|
—70 w26

Fig. 5: 23 cm Power amplifier piece-parts
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compact-resonator design. The output coupling
loop was given special attention. Both due to its
form and its deployment, it was possible to obtain
an optimum load coupling to the resonator. The
degree of coupling is determined by the angle by
which the coupling loop cuts the resonator mag-
netic field. As the loop is soldered to a rotatable
BNC single-hole socket, a pregise control over
the output coupling is possible.

3.
MECHANICAL CONSTRUCTION

The metal parts of the amplifier were cut from 1 to
2 mm thick copper sheet. It may be seen that no
special tools are necessary in order to make this
high-performance 23 cm power amplifier: tin
snips, large soldering iron, hand drill and some
files are sufficient.

All metal parts are soldered together on the out-
side, as solder in the resonator cavity causes

losses. All screws protruding into the cavity must
be of either brass or copper. The strip A (fig. 5) is
bent into a ring and soldered to parts D and F thus
forming the output cavity resonator. The 0.2100.3
mm thick teflon (PTFE) foil must be smooth, with-
out holes or cracks.

The output coupling loop is formed from a 4 mm
wide, and only 0.5 to 0.6 mm thick, strip of copper
or brass stock. In order to bring it into the cavity, a
slot is cut in the resonator wall A. The hack-saw
cut is made through the BNC mounting flange nut
(which has already been soldered to the cavity
wall) from top to bottom of the cavity so that the
siot lies in the same plane as the tube's axis and
also, incidently, to the HF wall currents. The
positioning of this slot is such that the Q of the
cavity is in no way compromised.

Both BNC sockets have two nuts, one being used
as the mounting flange and the other as a locknut
to keep the loop in position after the coupling
has been adjusted. The centre conductor of the
output coupling BNC socket is cut as short as
possible in order that the loop has the maximum
coupling i.e. in the closest proximity to the wall of
the cavity where the field is the most intense.

Fig. 6:
View into the anode cavity
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Fig. 7: The completed 250 W ampilifier without cooling duct

The valve's anode and grid make contact via
finger contact stock (fig: 6). The strip is cut to the
required length and carefully soldered to the
appropriate inner holes of plates B and F. Any
poor contact here with the tube’s electrodes will
lead either to a power loss due to arcing or to
instability.

The tube is pushed through the plate B until the
anecde is firmly held by the finger contacts. The
teflon plate lies between plate B and the top of
the cavity and is held in place by the grip exerted
by the finger strip on the cavity bottom plate F and
that of the finger strip of plate B.

After the tube has been inserted, the cathode
cavity L is clamped to the cathode by means of
a screw through the extended ends of the cavity.
Both heater chokes are self-supporting and have

an internal diameter of 4 mm and wound from
0.3 mm copper wire (Cul) to form a 40 mm long
coil.

4.
POWER SUPPLY

The amplifier requires only a heater and an anode
supply, the grid bias is developed automatically
across the power Zener diode Zx 10 (10V, 12W).
The heater potential is 6 VAC. This potential
should be reduced slightly at UHF and SHF owing
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}6 the additional back-heating effect at these

" frequencies.

The heater secondary windings must be isolated
from earth because of the automatically derived
bias.

An anode supply voltage of 2000 volts is required
and is protected by a number of small resistors
(fig. 7), connected in order that the total array can
dissipate some 20 W. The anode disc is then held
in position with four small insulated retaining
plates.

Of course, the tube must be cooled by a powerful
fan blower. A chimney made from perspex, or
some similar material, conducts the air coolantto
the tubes cooling fins and surrounding anode
area. This was omitted from fig. 7 on the grounds
of clarity but its provision should be effected with
little difficulty.

In order to better stabilize the tube heat dissipa-
tion, it may be better to switch the blower off
during breaks in transmission or perhaps arrange
it to work at a reduced performance. Also during
sender pauses, the heater potential could, with
advantage, be reduced.

5.
TUNING

The setting-up commences with fixing the output
coupling loop so that it is as near as possible to
the cavity wall and is in & plane parallel to the
main axis of the tube, as in fig. 4. Looser coupling
is effected by turning the loop on its axis towards
the 90° position, where it becomes zero. The
optimal coupling will occur when the angle of the
loop is some 30° to the start position.

The tuning consists of supplying the amplifier,
applying a little RF drive power and adjusting C 1
and C 2 alternatively untii a maximum anode
current has been achieved. It is assumed, of
course, that the amplifier has been either coupled
to a low VSWR antenna or preferably a dummy
load. The latter could comprise several lengths of
poor quality (for this frequency) 50 {2 cable.
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Capacitor C 3 is now turned in order to obtain the
maximal output. The drive is then increased in

steps, each time re-adjusting the three trimmers.

Maximum power is then achieved by trimming the
angle of the output coupling loop, each adjust-
ment followed (always) by a retuning of C 3. The
final adjustment is made when the anode current
has been driven to 250 mA coincident with a
maximum output power.

A word of caution: All tuning operations should be
undertaken in the space of a few seconds, as the
input power is in the region of 500 W! The ampli-
fier must never be tuned off-load or with partial
load otherwise the resulting voltage build-up in
the anode cavity could spell the end for the YD
1270.

Test Parameters

When the amplifier has been correctly tuned, the
following test readings may be expected: —

v, = 2000V P, = 500 W
Vo1 = — 10V P,y = 235W
bis = 35mA Gan = 13dB
(T = 250mA V = 59VAC
% =  30mA

Using increased cooling power, an output of
some 300 W may be expected but the risk of
loosing the tube is also higher.

The amplifier described has been in operation for
some time now and without any problems worth
mentioning. It has been used alone for many EME
contacts and is now driving a 1 kW power ampli-
fier.

6.
REFERENCES

(1) Editors: A Power Amplifier for the 23 cm Band

Equipped with the 2 C 39 Tube.
VHF COMMUNICATIONS Vol. 8,
Ed. 4/1976, Pages 222 - 231
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Joachim Kestler, DK 1 OF

A 10 kHz - 30 MHz Receiver Front End
Part 2 (Concluding)

4 pedance change in order that the wideband

. amplifier | 1 can be driven by a low impedance.
THE FREQUENCY DIVIDER UNIT A 15 volt supply potential is required for these
stages which is fed in via Pt 2 at a current con-
sumption of about 40 mA.

%17l Gl Transistor T 3 functions as a switching transistor,
Referring to fig. 13, the oscillator signalisfedtoa  supplying TTL-level signals to the divide-by-four
MOSFET buffer stage T 1 via Pt 1. This stage  scaler | 2. Providing 15 V is applied at Pt 5, a
isolates the oscillator from the effects of the HF  signal fo/4 is supplied to the output Y via | 4 pins 5,
stages. An emitter follower T 2 effects an im- 6, 9 and 8. When, on the other hand, Pt 5 is low
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Flg. 13:
Buffer amplifier and
frequency divider

from melow
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(zero volts) | 3 is activated which divides the sig-
nal yet again, this time by 2. The output signal fo/8
is then supplied via | 4pin 12, 11, 10 and 8 to point
Y. Transistor T 4 is an inverter/level-changer for
the switching potential applied to Pt 5. The in-
tegrated circuits | 3 and 4 can be changed, if
desired, with the low consumption LS (low-power
Schottky) TTL version. The chip | 2 may, under
certain circumstances, require an S (Schottky)
type as the guaranteed clock frequency of the
LS 112 is only 30 MHz whereas for this applica-
tion 40.7 MHz is required. The tested limit fre-
guency of about a dozen examples of LS 112 of
various manufacturers, however, lay over
60 MHz.

The digital section, described above, is supplied
via Pt 4 by + 5 volts at a current consumption of
approx. 25 mA when | 2 is an fo signal output to

the receiver input-frequency counter to which it
supplies about 70 mV at 50 £). The input sensitivi-
ty of the circuit versus frequency is shown in fig.
14. When the PLL module DK 1 OF 046 was de-
scribed in ref. 2, it was mentioned that it required
at its input a distortion-free, sinusoidal input

signal of 20 mV RMS amplitude. Fig. 15 shows - _

how this demand has been elegantly fulfilled. It
comprises a three-stage, low-pass filter (L2, L3
and L4) which is supplied at its input with the
divided oscillator signal from point Y at TTL level.
The low-pass filter's limit frequency Is adjustable
by means of varactor diodes D1, D2 and D3. The
control chip | 5 is so adjusted that the HF voltage
on rectifiers D4/D5 remains constant. Frequency
fy can then be taken from Pt 6 at the required level
of 20 mV in 50 (2. The level regulator stage is sup-
plied via Pt 7 with + 15V at approx. 3 mA.

Vigp %0 ]

| .

'DK 1 OF 053
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4.2. Construction 12:
For these units, a PCB was also designed using a
p : 13:
single-sided 109 mm x 34 mm glass-epoxy 14
material. It is housed in a tin-plate box and Is:
carries the designation DK 1 OF 053. The layout ;
plan can be seen in fig. 16 and a completed T1:

le is shown in the photo of fig. 17. :
example is shown i p g T2.T8:
4.3. Components Ta
11: Integrated wideband amplifier

NE 5205 EC (Valvo Signetics) D1, D2, D3:

B
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Fig. 15:
Output low-pass and level
control

SN74S112NorSN74LS 112N
(see text)

SN74LS 112N
SN74LS00N
Operational amplifier
DIP-8 package

BF 900, BF 963 or similar

BSY 18, 2 N 708, 2 N 914 or
sirnilar

BC 413, BC 108 or any Si-NPN-
transistor

Varicap diode KV 1236

741 C

Fig. 16: Component layout of buffer amplifier and divider card
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Fig. 17: Prototype of buffer amplifier and divider unit

D4, D5: AA 118 or similar Ge diode

Dé: Zdiode 3.3V

= b Ferrite choke 3.3 uH (eq.
Siemens B 78108-T 1332-K)

L2 L3,L4: Ferrite choke 33 uH (eg.

Siemens B 78108-T 1333-K)
All capacitors smaller than 1 uF are ceramics or

plate types.

4.4, Setting up

Following the application of + 15 V to Pt 2, the
working point of tranistor T 1 is checked. A drain
current of 6 - 10 mA should be evident, this is best
checked by measuring the potential difference
across the source resistor of T 1. Should there be
a departure from the above specified current,
then another BF 900 should be tried. The DC
voltage at | 1 pin 4 should lie between 5.5 V and
7 V. Afterwards, Pt 7 is also supplied with + 15V
and Pt 4 with + 5 V. A signal-generator, set to a
frequency of between 10 MHz and 40 MHz, is fed
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to Pt 1 and a frequency counter to Pt 6. This latter
instrument should indicate an input signal which
has been divided by either 4 or 8 depending upon
the presence or absence resp. of the + 15V sup-
plied to Pt 5.

Finally, the automatic level circuit can be checked
by terminating Pt 6 with 50 ohms and plotting
the control voltage V, versus output frequency
characteristic. The specified characteristic is
shown in fig. 18. Departures from this curve
are not critical provided I 5 is not working under
saturation conditions — its output voltage at pin 6
should lie between 4 V and 12 V as f, is shifted
from 2.6 MHz to 5.2 MHz.

5. Deployment of the Modules

In order to obtain a better perspective and also to
clear up any possible confusions, the wiring
plan of the various modules of the project is
shown in fig. 19, The following table describes
the function of the control elements.
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Table 1:

Py Main tuning potentiometer (Sine-Cosine pot) may
be replaced by module DK 1 OF 050 (5) if digital

tuning is preferred.

P2 Frequency fine-tune (see ref. 2)
P3: Frequency course-tune
S1: Tune-rate switch: course/fine-tune
S2: Frequency range switch

A: 0- 2MHz

B: 2- 4MHz

C: 4-10MHz

D: 10-20 MHz

E: 20-30 MHz
53 Input pre-amplifier on/off

The 15 V supply voltage is most conveniently pro-
vided by a three-terminal regulator, such as a
7815, which will carry some 350 mA. The DC sup-
ply to this regulator should be constant and not
subject to the sort of variations which would occur
if an AF output stage, for example, were supplied
by the same line. The 5 VDC supply for Pt 4/053
can be taken from the counter or from a separate
50 mA stabilized supply. The VCO of medule 046,
working at 5 - 8 MHz is not necessary and can

therefore remain, for the moment, without active
elements.

6.
TEST RESULTS

The following data represents that taken from the
complete front-end under the following de-

% | [
DK 1 OF 53 .ed
b, /
B . o/
i -

Fig. 18:
Level control voltage V_ versus f,
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Frequency from carrier (kAz)

signated working conditions: —

LAY Pre-amplifier switched off

+B" Pre-amplifier GPD 462 with 3 dB
attenuator

L Pre-amplifier NE 5205 without
attenuator

6.1. Through Gain, Noise Figure and Intercept
Point

Note: IF Amplifier noise figure F = 3 dB

A G=-7dB F=11dB IP;= +23dBm
B G=+ 3dB F= BdB IP;=+ 5dBm
.L" G=+13dB F=6.5dB IP; =~ 2dBm

6.2. Suppression:

Image suppression

fn< 2MHz a; > 100dB
fin = 10 MHz a;= B85dB
fin = 20 MHz a.= 92dB
fn = 30 MHz a;, > 100dB

sy ¥ T 71— 1 Fig.20:
R I f | [T 1 (;scillalornoiu
|- l | l spectrum
| g -m ' : [
: |
?
fo= ' ‘ |
A e \. 1/P =30 MHz
i W |
1 | .'\
E | '
L ; N
; '\|?\
i Eyres0 ”
i"m | \\-—:q;o |
[ ’ .-léhl".
¥
é ®©0 l i |
2 3 & 5 & 8 10 5 20 50 &0 B0 ariz w0

IF break-through:
without trap: 57 dB
with trap: 86 dB

These values refer to receive ranges C and D. In
ranges A, B and E the IF break-through is greater
than 100 dB owing to the additional influence of
the pre-selector filters.

6.3. Oscillator Data

Noise spectrum:
at 10 kHz distance: < —120dBin 1 Hz

bandwidth
at 100 kHz distance: < —140dBin 1 Hz
bandwidth
see fig. 20
Frequency drift:
Ranges A, B, C: < 40 Hz per hour
Ranges D, E: < 80 Hz per hour

Output to frequency counter:
70 mV £ —10dBm/50 ()
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Oscillator (radiation) signal at antenna input:
< —80 dBm when fo = 30 MHz
<2 —100 dBm when fo = 30 MHz

6.4. Other data

HF input impedance: 500
Output impedance at IF: 50 ()

Supply requirements:  +15V (approx.)
at 350 mA
+ 5V (max) at 50 mA
— 5V (approx.)
at1 mA

7
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Jochen Jirmann, DB 1 NV

Integrated Single-Stage Broadband

0 to 2 GHz Amplifier

Not long ago, “Mini-Circuits” brought out an
integrated HF amplifier which covered the fre-
quency range 0 to 2 GHz with varying degrees
of amplification. As may be seen from fig. 1,
the amplifier needs merely two DC blocking
capacitors and a resistor to establish the wor-
king point, in order to put it into operation. The
price also is interesting, which, according to
version, lies between 5 and 10 DM.

As far as its innards are concerned, it could only
be established that a mixed current-voltage feed-
back, bipolar microwave transistor is employed.
The feedback network fixes the working point of
the transistor and the circuit diagram is given in
fig. 2.

C block

Experiments have shown that the amplifier is
easy to work with and is conservatively specified,
inasmuch, that the amplification minimal value
was found to be higher than that given in the
accompanying data-sheet. The gain falls very
gradually above the high limit frequency so that
even at 3 - 4 GHz there is 6 to 8 dB available. The
input and output return-loss lies around 15 to 20
dB. The frequency phase characteristics dis-
played a few kinks above 2.5 GHz which will have
fo be taken into account when disigning amplifi-
cation for extremely wideband signals. The ampli-
fier is capable of delivering a power from 50 to
100 mW when the working point is set somewhat
higher than that recommended in the data-sheet.
Increasing the working current, however, has no

}——O ouT

C block
RFC (Optional)
Fig. 1:
- Integrated wideband
VCC =7V amplifier circuit
R bias diagram
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positive effects, as the amplification and the
maximal output power both fall and the limiting
frequency is reduced.

Besides its application as a wideband instrument
amplifier, it may also be considered for use as a
pre-amplifier for a GHz frequency counter, a
wideband buffer for an oscillator, a ringmixer
local oscillator driver amplifier or as an HF pre-
amplifier in a simple VHF-UHF receiver.

Fig. 2: The current voltage feed-back is also
integrated

New High-Gain Yagi Antennas

The SHF 6964 is a special antenna for the space
communication allocation of the 24 cm band.
The maximum gain of this long Yagiis 19.9 dB, at
1269 MHz and falls off quite quickly, as with all
high-gain Yagis, with increasing frequency. We
do not, therefore, recommend this type of anten-
na for operation at 1296 MHz but for ATV appli-
cations at 1152 MHz it is eminently suitable.
There is no 24 cm ATV antenna on the world mar-
ket which possesses more gain.

The mechanics are precise, the gain frequency-
swept and optimised. Measurements carried out
during heavy rain show that the antenna is not de-
tuned by moisture.

it
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The SHF 1693 is a special version for the recep-
tion of METEOSAT 2. This unobtrusive alter-
native to a 90 cm diameter parabolic antenna
enables, with the aid of a modern pre-amplifier or
down-converter, noise-free weather picture

Length: 5m :

Gain: 22dB, i.e. 19.9.dB, i

Beam-width: 13.6° Length: 3m

Front / Back ratio: 26 dB Gain: 201dB,i.e. 18 dBy

Side-lobes: — 1T dB Beam-width: 16.8°

VSWR ref. 50 (1 3.2:1 Front / Back ratio: 25dB

Mast mounting: clip (max). 52 mm Side-lobes: —17dB

Stock-No. 0103 Price: DM 298.—  Stock-No 0102 Price: DM 440.—
_<Viberichte Terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf

Tel. West Germany 9133 47-0. For Representatives see cover page 2
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Jochen Jirmann, DB 1 NV

The SDA 4211 - An Interesting

UHF Prescaler

Since television receivers were equipped with
synthesized tuners, favourably priced ECL pre-
scalers with integrated pre-amplifiers, for use up
to one Gigahertz, have become available.. Well-
known types are the U 264/U 664 (+ 64) or the
U 666 (= 256) from Telefunken. Circuits for the
decimalisation of the division ratio have been
described in VHF Communications and nothing
should stand in the way of their use in amateur
built frequency counters.

Unfortunately, the frequency of operation of these
ICs only extends as far as 1100 to 1200 MHz and
only a very few selected examples can work at
frequencies in the 23 cm band. Recently, how-
ever, a divider chip with the designation SDA
4211 and a guaranteed frequency range from 70
to 1300 MHz, has become available from

Siemens. The division factors are 64 and 256,
switchable, and the consumption is only 25 mA at
5VDC.

The pin-out is exactly that of the U 264/U 664 ex-
cept that pin 1 is unconnected and pin 5 switches
the division factor. When pin 5 is earthed, the chip
divides by 256, when it is at + 5 V the division
factor changes to 64. The sensitivity, according to
the data sheet, is 11 mV at 70 MHz, 5 mV at 250
MHz and 40 mV at 1300 MHz. The author's ex-
periments — carried out on a few examples —
show that the SDA 4211 will work perfectly when
driven by a ainusoidal input from 5 MHz (200 mV)
to 1600 MHz (220 mV 50 ohm or 0 dBm).

The chip costs about 8 DM each in quantities of
10, which puts it well within most amateur
budgets.

You can now order magazines, kits etc. using
your Eurocard or VISA Credit Card !

We only require the order against your
signature, the card number and its expiry date

VHF COMMUNICATIONS / UKW-BERICHTE g

fo
V4

109



.*(

VHF COMMUNICATIONS 2/87

Ralph Berres, DF 6 WU

Television Receiver Field-Strength Indicator

A received level indicator is for the amateur
television operator very advantageous. | have
designed a fleld-strength indicator in the form
of a moving column of light along the top of
the TV screen. This is more suitable as thereis
no room to mount a moving coil instrument
{portable TV) and in any case the TV housing
should not be drilled into.

1.
FUNCTIONAL DESCRIPTION

A, may be seen from the circuit diagram of fig. 1,
there is nothing very difficult about the practical
realization of this circuit. The transistor T1 to-

: 0
P1 "y 9-11V stab.
o1 72
N |
4168 250
02 13 —0) to
| Ll video
Blsse s
BLA1S l

2% TNLILE

delayed
DFé6WU AGC voltage
Fig. 1: TV receiver field-strength indicater

110

Pz
100k lTGk

frame
pulse
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DF6WU
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gether with potentiometer P1 form a constant cur-
rent source which charges capacitor C1. The
charging time is controlled by P1 and lies in the
region of 60 us. The capacitor C1 is being dis-
charged by transistor T2 during the period of
every line impulse. This produces a saw-tooth
wave which is synchronized to line frequency and
the amplitude of which is dependent upon the
charging current — the latter being controlled by
P1.

The diodes D3 and D4 prevent the saw-tooth
wave from reaching zero volts because other-
wise the following operational amplifier OP 1 will
receive a voltage overload at its input terminals.

The AGC voltage of a television tuner is, in gen-
eral, 61o 9 Vin the absence of signal and reduces
with increasing signal-strength. For our purposes,
this behaviour must be reversed and that is ac-
complished by OP 2 connected as an adder. The
potentiometer P2 at its non-inverted input con-
trols the scaling value of the AGC control volitage.

The inverted AGC voltage is then taken to OP 1
which is used as a comparator. When the AGC
voltage at any instant is more positive than the
saw-tooth wave, the output of the comparator
goes directly to the potential of the postive rail
+ Vu. The length of time it stays at this potential
is dependent upon the AGC voltage which, in
turn, is dependent upon the incoming signal-
strength. This sequence is repeated for the
duration of line time (fig. 2) at line frequency.

Fig. 2:

The signal control voltage, saw-tooth wave
and the variable duration pulse derived
from them

high signal level

low signal level

In order that half of the screen, from top to bottom,
does not “white out”, the incoming signal must,
in some way, be connected with the frame-pulse,
For this purpose a C-MOS type 4047 mono stable
trigger is used. Its output pulse duration is con-
trolled by P3, this being the control for the width of
the moving column of light indicator. This signal is
now gated with the column-length signal in the
4011 NAND gate.

The following gating with the frame pulse is in-
tended to prevent TV sets, having automatic
brilliance control, and which, in the vertical
blanking time, produces a white line for every
colour channel, from throwing the colour symme-
try out of balance. It also ensures that the moving
column starts only at the end of the frame pulse,

2.
INSTALLATION AND ADJUSTMENT

The few components employed are loaded quite
simply on to a piece of vero-board and connected
up. The main problem is the determination of
suitable circuit interface points which will accom-
modate the board without causing any deteriora-
tion to the rest of the picture. Unfortunately, no
specific instructions can be given here as there
are simply too many basically different circuit
concepts.

1
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Fig. 3: 5us delay circuit. R = 10 K(, C = 470 pF

In the author's set, the “sandcastle” pulse was
used to derive the line pulse. Difficulties can occur
if the picture blanking pulse is used since it is not
possible to blank brilliance and black at the same
time. In this case. it is recommended to delay
the line pulse by a further 5 is using the simple
gate delay circuit of fig. 3.

The frame pulse can be obtained from the limiter
which. as the same time, is used for the synchro-
nization of the vertical deflection. The accompa-

nying spurious pulses are rendered harmless by
the second gate. After the module has been com-
pleted and successfully connected into the TV
circuitry, P1 and P2 are turned to midposition
and P3 to maximum. The set is then switched on
and a very strong signal is tuned-in. The indicator
column of light should be visible. With an oscillo-
scope, connected to the output of the unit, a pulse
should be visible whose width is a function of the
field-strength,

The length of the column is now adjusted with P1
such that it nearly reaches the right-hand edge of
the screen. The signal is removed and P2 ad-
justed until the column is now nearly at the left-
hand extremity of the screen. These two
pot'meters should be iterated until the column
moves satisfactory from extreme left to extreme
right with no, and full, signal respectively. Finally
the column width is set by P3.

Colour ATV-Transmissions are no problem

for our new ATV-7011

The ATV-T011 is a professional quality ATV trans-
mitter for the 70 c¢m band. It is only necessary to
connect a camera (monochrome or colour), antenna
and microphone. Can be operated from 220 V AC or
12 V DC. The standard unit operates according to
CCIR, but other standards are available on request.

The ATV-7011 is a further development of our reli-
able ATV-7010 with better specifications, newer de-
sign, and smaller dimensions. It uses a new system
of video-sound combination and modulation. It is
also suitable for mobile operation from 12 V DC or
for fixed operation on 220 V AC.

Price DM 2995.—

The ATV-7011 is also available for broadcasting use
between 470 MHz and 500 MHz, and a number of
such units are in continuous operation in Africa.

Specifications:
Frequencies, crystal-controlled:

Video 434.25 MHz, Sound 439.75 MHz
IM-products (3rd order): better than — 30 dB
Suppression of osc.freq. and image:

better than — 55 dB

Power-output, unmodulated: typ. 10 W
Delivery: ex. stack to 8 weeks (standard model)

berichte teny b. gittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf

Tel. West Germany 9133 47-0. For Representatives see cover page 2
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Werner Rahe, DC 8 NR

Switched-Capacitor Audio Filter

Variable Bandwidth, Tunable Centre-Frequency,

Steep-Sided Flanks

For some years now, an integrated circuit filter
has been available which functions using the
“switched-capacitor” principle. It enables the
relatively easy construction of tunable filters with
steep-sided flanks and possessing low-drift
charactenstics (1). The requisite resistance
required is simulated in this type of filter by a
switched capacitor. The swilching signal supplies
an external clock generator through which, at the
same time, shifts the limit frequency of the filter.

An astronomical price was being asked for
such ICs when they first made an appearance
in the early 80s, but now they are reasonably
affordable, a 300 Hz to 3000 Hz tunable filter
design can be presented in these pages. Both
high and low-break frequencies may be inde-
pendently adjustable in order to achieve the
desired passband and centre frequency. The
flank slope remains constant at 30 dB per
octave for the lower flank and 100 dB per
octave for the more important upper flank.

1.
INTRODUCTION

The building of a tunable audio filter is no longer a
secret since the development of the active filter
circuit (2). Within limits the bandwidth may be
varied (3). Variable tuning whilst maintaining the
same flank slope combined with variable band-
width has, until now, necessitated the same sort
of design artistry as that required for the Indian
rope trick.

Radio receivers could, in part, have these de-
sirable characteristics realized in the high-fre-
quency portion with switched filters, passband
tuning and IF shift. A continuously variable, in-
dependent of bandwidth, tuning, however, can
only be achieved with much complication and is
encountered only in high-priced professional
shortwave equipment. In the higher bands it is not
used at all.
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The audio stage of a receiver requires some sort
of selectivity or filtering in order to suppress some
of the wideband noise coming in from the higher
stages. Every effort should be made in a high-
performance multi-mode receiver to tailor the
passband to that of the incoming signal in order
to optimize the overall signal-to-noise ratio. The
filter requirements for a wideband — only re-
ceiver, such as FM ATV, are not too high, — a
simple low pass being sufficient to produce an
acceptable flank slope and no great demands on
selectivity. The situation is quite a bit different,
when, in a multi-mode receiver RTTY or CW is
being used and the IF does not possess a suitable
narrow-band IF filter. If the signal-to-noise can-
not be optimized at IF, it must be done at audio.
This, however, is much more difficult to accom-
plish at AF as the demands for an audio filter are
difficult to fulfil; 60 dB per octave flanks together
with an extremely narrow bandwidth. Such a filter
should be the main design aim. In addition comes
the requirement for continuous bandwidth con-
trol, an ability to control the midband frequency
and also the insertion gain of the filter. Since
flank steepness, bandwidth, and the ability to
handle impulses are mutually dependent proper-
ties, some compromise must be tolerated.

2.
FILTER CIRCUITS

2.1. True Bandpass Circuits

Simple filter circuits which would satisfy some
of the criteria considered so far, do not exist. An
example is the universally employed “state
variable filter" (4), (also known as the “universal
filter" because other filter functions are also
possible from the basic design), which will serve
to illustrate the point. This filter circuit is repre-
sented in advertising literature as one of the new
wonder weapons against interference and noise.
Closer inspection reveals, however, that only very
modest demands can be met with it (3). This filter,
itis true, has a good midband Q and amplification
— both variable quantities using potentiometers.
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This does not mean, however, that the two quan-
tities are independent of one another.

They are, of course, related by the formula
Q = fo/B, where B is the bandwidth in Hertz. It
may be easily appreciated, that altering the re-
sonant frequency Q and keeping the relative
bandwidth b = B/fo constant, the absolute band-
width climbs or falls with the resonant frequency.
That means, that as the filter is tuned to a higher
frequency, the bandwidth becomesarger.

A worth-while flank slope in the vicinity of both
turn-over frequencies, can only be achieved by
raising the resonant frequency — that is, by in-
creasing the Q or making the bandwidth smaller.
The passband of such filters only looks good be-
tween the 20 dB points and problems with CW
ringing and stability are no problem since the
Q is seldom greater than 10. After the 20 dB
points, the filter selectivity is as wide open as a
barn door deteriorating to only 6 dB per octave —
that of a basic second-order filter. Larger band-
widths, such as that used for telephony trans-
mission, with the requisite steep flanks, are not
at all possible. Using the same sort of com-
plexity as the universal filter, 3 or 4 operational
amplifiers, bi-quadratic filters are the better
choice. This is because fo and Q are in a linear
relationship with one another; increasing the fo
also increases the Q thus preserving the absolute
value of the bandwidth.

The same sort of thing can be achieved by using a
bandpass filter with several feedback stages —
something which can.only be done with opera-
tional amplifiers. The reason for the existence of
simple narrow-band circuits (2) is that they can be
dimensioned so that the centre frequency and the
amplification can be independently adjustable,
i.e. when the tunable range is not too great. Un-
fortunately, the possibility does not exist to make
the bandwidth adjustable and independent of the
afore-mentioned variables. It must be considered
as a fixed quantity. In principle, these types of
filters employ similar bandpassed, cascaded
stages, some with offset midband frequencies,
in order to achieve the desired overall bandpass.
The frequency adjustment becomes very difficult
as the number of stages increases.
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Fig. 1: 2nd order low-pass (simple coupling, controlled source)
Left: LP with unity gain, right: LP with identical components
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22. Compouljlded Bandpass Circuits

In view of the relative shortcomings of employing
genuine bandpass circuits, the tendency has
been to construct the filter from cascaded high
and low-pass elements. The flank slope is then
dependent upon the order of filter and the number
of stages. If the limit frequencies are successfully
made variable then a variable bandwidth with
constant flank slopes will have been achieved.

Of the equally suitable circuits available, the
filter with single coupling (key filter) seems to be
the most suitable because it has the smallest
number of components. Fig. 1 shows a 2nd-
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order low-pass filter. The requisite high-pass is
obtained merely by changing the values of re-
sistors and capacitors. Owing mainly to practical
reasons, the tuning of such a filter is only carried
out by a variation of the resistors only.

In order to obtain a higher-order filter, several
second-order basic elements are connected
together in cascade. Fortunately, there are de-
signs available which allow the use of equal-value
resistances in each stage. If the emphasis is
given to amplification, for which filters of a higher
order are favourable owing to the high degree of
op-amp. feedback (fig. 1 left), the filter type is

y=l

L0668 l

-5

ey

45V

Fig.2 : Simulation of a variable resistor by an electronic switch with controlled duty factor.

Left: high-pass structure

115



X

VHF COMMUNICATIONS 2/87

determined by the relationship of C 110 C 2. if the
same value of resistors and capacitors are em-
ployed, the amplification of the operational ampli-
fier is fixed to a pre-determined value by R 3 and
R 4 (fig. 1 right). With the exception of the
Butterworth filter, it is not sufficient merely to
connect identical elements together in cascade in
order to achieve a certain bandpass. Every ele-
ment has its own limit frequency and Q. The
complex design of such filters is simplified
greatly by the use of tables (4) and (5).

Using a double potentiometer, the limit frequency
of a second-order filter may be varied over guite a
large range. A flank slope of 60 dB per octave is
only achievable with a Butterworth filter design
of the tenth order, or with a Tschebyscheff filter
of the sixth order (has passband ripple of 3 dB).
Now the difficulty may be clearly seen: The prob-
lem of obtaining a six or ten-gang potentiometer
with better than a 1 % tracking (tighter tolerance
when the higher flank slopes are required). It can
be done, but it would stretch the resources of the
component industry somewhat. This requirement
may be obviated by using switched, fixed-value
high-tolerance resistors instead of the ganged
potentiometers but then the continuous adjust-
ment is also dispensed with.

2.3. Switched Resistors

Instead of switching the resistors mechanically,
they can be switched by electronic means. Fig. 2
shows an electronic switch, either in shunt or
series, with a fixed frequency-determining re-
sistor. The electrically operated switch is con-
stantly being opened and closed but if the keying
duty factor is varied, the effective resistance of the
combination is also varied in sympathy. Fig. 2
(right) shows the arrangement for a parallel
connection of electronic switch and fixed resistor.
A pre-requisite for this type of circuit is that the
switching frequency always lies well above that of
the highest signal frequency and the time con-
stants of the filters.

There are many economical electronic switches
using C-MOS chips to choose from, above all,
perhaps, the 4066. The "on" resistance of these
switches is, however, finite and what is worse,
it varies not only by manufacturer but from one
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specimen to another. This may be countered by
placing a higher value of resistor in series with all
the switches thus making the differential of the
switched resistances much smaller as a per-
centage to the total resistance.

Impuise generators having a variable duty-factor
to operate the swilches may be easily made with
the 7555. The switching frequency must be cho-
sen to be well above the audio frequency so it,
and its harmonics, may be easily removed using
simple low-pass filters.

Using only a single control voltage to all the
switched resistors combinations, a variable
ganged potentiometer has been simulated which
is capable of tuning quite complex filter arrange-
ments.

2.4. Switched Capacitors

The integration of complex filter circuits into a
chip, using the techniques outlined above, has
now run into a serious fundamental problem. This
is, thatthe lower values of resistances and capac-
itances cannot be realized on a chip with the sort
of precision required for filter work. This has lead
to the development of the switched capacity or
SC-filter. The technological manufacturing prob-
lems of switching resistances are obviated by
switching a capacitor instead. This is done in the
following manner. The basic circuit.of an active
low-pass filter is shown in fig. 3 (left) and repre-
sents the circuit from which all switched capacitor
filters are derived.

Taking the well-known fact that an RC combina-
tion has a time constant r = R. C, it may be said
that a resistance in the presence of a capacitance
and a time constant may be written: —

R=1/C,butt=1/f thereforeR=1/{C (1)

Now it must be shown that a capacitor, such as
that in fig. 3 (right). connected to a switch which
is being operated at fs, represents a resistor of
value R. Putting a Voltage V, at position 1 in the
circuit input, the capacitor receives a charge Q 1
= C, V;. When the switch is now changed to posi-
tion 2, the capacitor is discharged to a voltage V..
This oceurs in time t during which a current i flows.
The transferred charge is then
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Fig. 3: Basic integrator circuit and its simulation by an SC-arrangement

Q=C1(V1_V7}:it {2)

If this switching sequence is periodic with a fre-
quency f. = 1 / T, quantities of charge will be
transferred every unit of time. If the switch stays in
position 1 for the same time as position 2, the
period of the switching frequency is

T=2t (3)
Substituting in equation (2)
i/21s = Cy (V; — Va) (4)

As this current i flows for half the time, its average
value is i/ 2. One can think of this as flowing for the
whole of the time. The equivalent ohmic resist-
ance through which the same current would flow
is found by Ohm's law.

g i V. 3 VZ

T )
Substituting in equation (4) gives the analogy
R=1/1sC, (6)

Using the SC arrangement, a resistor has thus
been simulated whose effective value depends
upon a capacitance and the applied switching fre-
quency. The frequency f 1, at which the amplifica-
tion of the integrator is unity, is:

f1=1/27RGC;
Using eq. (6)
_ 18 C;
1 = i @

To remain at any set filter frequency depends
upon the stability of the switching frequency and
that of the capacity ratio between the two capaci-
tors. The |after is assured by the inherent stability
of the MOS integrated circuit. The capacitance
ranges from about 0.1 to 100 pF yielding ratios of
between 10 ~%and 10 * %,

In fig. 4 is a practical form of the circuit with an
anfi-phase controlled MOS—FET switch. In the
integrated filter, however, there are several hig-
den refinements, one of which, is a device to elim-
inate parasitic capacitances. In general, they are
superior to discretely built filters.

2.5. Characteristics of Switched Fiiters

As opposed to the advantages of this new filter
technigues. there is one disadvantage — the so-
called aliasing effect. If a signal is fed through an

DC8NR
I—

|

In

Fig. 4: Practical realization using a
MOS-FET switch

out
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Fig. 5:

Output spectrum of a SC-filter
(amplitudes if IM products and
harmonics not to scale)
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SC-filter, the output spectrum will contain a spec-
trum limited version of the input plus a component
of the switching frequency fs together with its
harmonics and intermodulation products. Appar-
ently, nothing happens which does not occur ina
modulation or a mixing process. As fig. 5 shows,
the filter bandpass is disposed about the switch-
ing frequency fs at intervals of nfs, representing a
normal amplitude modulation process. The upper
sideband (USB) is a mirror image of the lower
sideband (LSB) and it can be thought of as the two
sidebands being folded about the carrier fs.

If the switching frequency is lower than twice that
of the highest signal frequency to be passed,
intermodulation will be the result. There will be an
overlapping of signals from the main bandpass
and those carried from the switching frequency’s
lower sideband. In like manner there will be inter-
ference between the switching frequency's USB
and its harmonic's lower sideband. Fig. 6 should
make this clear. In order to counter this effect, a
normal low-pass filter, known as an anti-aliasing
filter, is always employed before an SC-filter in
order to limit the extent of the signal’s upper fre-
quency components.

ORIGIN. BAND

Fig. 6: Production of allas signals at fs < 21.
Interference to signal by LSB components
from signal modulated fs carrier.
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But in general, these considerations don't cause
too many problems except perhaps when SC
high-pass filters are concerned. This is because
the chip manufacturer has solved the problem of
the switching frequency choice and also the
maximum permissable signal frequency compo-
nent. In fact, the SC-filter switching frequency is
usually 30 to 1000 times higher than the highest
signal frequency. The switching frequency sta-
bility is therefore still not compromized as the
highest signal frequency is of very low propor-
tions. In general the duty-cycle of the switching
frequency is chosento be 1: 1 (50 %).

For practical reasons, an analogue low-pass fil-
ter is also added to the output of an SC-filter in
order to reduce the level of any residual aliasing
and switching components. This is particularly im-
portant when a second SC-filter is to be con-
nected in tandem. The first should posses the
analogue input and output filters.

Another important requirement for the SC-filter is
the provision of a well-filtered supply potential.
Most voltage regulators possess a rather high-
level noise floor complete with regulation spikes,
both of which will compromise the efficacy for the
filter. Where it is at all possible, a battery supply
should be used.

The afore-mentioned theoretical considerations
represent an attempt to aquaint the reader with
the development and tendencies in the some-
what difficult field of filter technology. He then has
a starting point from which suitable filter circuits
may be chosen for the solution of specific filtering
requirements. The long march of progress can be
recalled, from bulky, loss-prone LC-filters of
bygone days, to discretely constructed active
RC-filters and on to the highly integrated complex
filter chips of today. The SC-filter represents the
latest state-of-the-art in analogue filter technolo-
gy. From their manner of function, they actually
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occupy a place hall way between analogue and
digital filter technology

The following part of the article will deal with the
dimensioning, the realization and the test-data
of tunable SC-bandpass filters.

3.
THE PRACTICAL DESIGN

A tunable bandpass filter, using the SCilter
technique as described above, will now be con-
sidered in some detail.

3.1. Choice of Filter Modules

Similar to the case when ICs first came on to the
market, the number and variety of filter integrated
circuils is beginning to be confusing. They range
from very simple ICs to multi-pole arrangements
of either fixed or user-controlled characteristics.
Many chips have an integrated, switching-fre-
quency generator or an additional operational
amplifier which serves as a low-component-
count, anti-aliasing or clean-up filter. Some ICs
contain several independent types of filter or
also programable types. A review can be ob-
tained from ref. (1) and ref. (6).

The price of such ICs is relatively high at present,
making their use a matter of some consideration
— perhaps the requirement may be fulfilled with a
simpler filter. Also, because they are still regarded
as being “high technology” products, their sale
has been restricted to manufacturers and dis-
tributors.

The choice, finally, fell on two chips manufactured
by EG & G Reticon which seem, at present, to
be ahead in their field. They are monolithic SC-
filters in @ mini DIP package. The short-form data
is: —
R 5609: Elliptical (Cauer) low pass, 7th order
and 6 nodal points,
working frequency range: 0.1 to 25 kHz
switching frequency: 100 x limit fre-
quency (typ)

flank slope: 100 dB per octave
passband ripple: smaller than 0.2 dB

Tschebyscheff high pass, 5th order,
working frequency: up to 8 kHz
switching frequency: 500 x limit fre-
quency (typ)

flank slope: 30 dB per oclave
passband ripple: smaller than 0.6 dB

Both these types have a dynamic range of over 75
dB and an insertion loss of zerc dB. The distor-
tion is less than 0.3 %. The supply polentials are
+/—4Vio +/— 11 V. Input voitages of upto 12V
pp may be handied at the higher supply voltage
(7).

The inputs are integrated diode-protected but in
view of their price it is just as well to treal them
as carefully as any unprotected MOS-FET device
as far as anti-static measures are concerned (8).

R5611:

3.2. Circuit Description

Using the above ICs, a bandpass filter will now be
built following the circuit shown in fig.7. Assuch a
filter is normally connected immediately following
the receiver demodulator, the input signal is first
of all amplified in the first half of a times-two,
low-noise operational amplifier, | 1, by an ad-
Justable (with P1) level of between 6 and 20 dB.
The low-pass network of Ch 1 and C 1 keeps
high-frequency components from entering the
filter.

I 1b forms a Butterworth anti-aliasing filter with
a limit frequency of 3.7 kHz. The SC high-pass
| 2 follows. When two filters are connected in
tandem, it is better to connect the high-pass at the
beginning because the noise and intermodulation
from the following low-pass will be reduced.

As not all receivers can supply the dual voltages
required for this unit, | 2 pin 7, normally grounded,
is fed with half the supply voltage in order that
only one + 13.8 VDC power source Is required
This IC must then have half the supply voltage
at its input,

The switching frequency generator, | 3, com-
prises a 4046 C-MOS PLL oscillator witha 1 : 1
(50 %) duty cycle. The usual 555 IC is incapable
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Fig.7: Circuit diagram of the SC-bandpass signal
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Fig. 8: Component layout plan of 111 x 72 mm SC-filter board DC 8 NR 008

of supplying such a constant duty cycle inde-
pendent of frequency.

There is no point in making the high-pass variable
over the total range of 300 to 3000 Hz as the
midband frequency for telegraph filters lies, in
general, between 600 and 1000 Hz. The tunable
range was therefore confined to between 300
and 1000 Hz which requires a switching fre-
quency, at an fs/fg ratio of 500, of between 150
and 500 kHz. The tunable limits of P2 are set by
fixed resistors at hot and cold ends of the poten-
tiometer. Resistors R1/R2, which serve to preset
the lower tunable limit, can be dispensed with.

The VCO of the 4046 is capable of generating a
clock frequency of up to 1.5 MHz. The working

o |

=

e 501

-

T3l

frequency is determined by the voltage at pin 9
and the capacitor connected between pins 6 and
7. Under no circumstances should the input (pin
3) of the unused phase comparators be left open-
circuit, otherwise a 100 kHz spurious frequency
will be generated.

After the SC high-pass follows a low-pass stage
with a multiple feedback coupling, | 4, This is a
restoration filter with the arbitrarily set limit fre-
quency of 14 kHz {approx.). This frequency being
the standard frequency used for determining
components specifications.

The chip | 5 is the SC-low-pass which Is associa-
ted with the switching frequency generator | 6.
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The latter, also, has a restoration filter following it
with a limit frequency of 6.6 kHz.

The filters of | 4 and | 7 work at unity gain and have
a Bessel characteristic. Owing to the flat attenua-
tion flanks of Bessel filters, a 3rd-order working
was chosen. It takes a little more mathematical
effort but the result is an economical stage using
only one operational amplifier. Even at the lower
tunable limit, over 50 dB of insertion loss is ob-
tainable.

No multi-purpose operational amplifiers were
used as a deliberate design policy in order to
avoid cross-coupling between the various filter
elements . A small AF power amplifier, | 8, serves
to make the unit's employment universal,

3.3. Construction

With previous painful experience of constructing
filters using unfavourable physical parameters,
this one was built on double-sided, printed circuit
board (fig. 8). The PCB, designated DC 8 NR
008 is drilled and fits into a tin-plate box of dimen-
sions 111 mm x 72 mm x 30 mm. The depth of the
box is determined by the installed height of the
largest component, this being the 220 uF electro-
lytic capacitor. The component side of the board
must have all drillings which carry non-grounded
component leads, countersunk with a3 mmdrillin
order to prevent inadvertent earthing to the
ground plane. A suggested order for component
mounting is as follows: —

1) Insertthe IC holders

2) Through-contact the earth connections with
wire (or from component leads) at the drillings
marked with an x

3) Solder in the components (with certain ex-
ceptions)

4) Four filter/parallel resistors and an HF
blocking capacitor are soldered onto the PCB
track side. They are all marked with an * in fig.
7.

All inputs and outputs are effected via feed-
through capacitors and taken to board mounted
chokes. This measure is necessary to prevent
any mixing between stray RF fields and harmo-
nics of the switching frequency leading to inter-
ference in the receiver.
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3.4. Components

R 5609, R 5611:

EG & G Instruments GmbH Reticon, Muenchen,
Tel. 089-92 69 20 (Price early 1986 about DM 860.-
ea.)

All frequency determining capacitors:

Multi-layer ceramic or Styroflex/Polypropylene,
tolerance 5 % or 10 %, RM 5 or 7.5 mm

All coupling and filter capacitors: Tolerance 20 %,
BRM 5 mm

All feedthrough capacitors:

1 - 2.2 nF soldered-in

All resistors:

1/8 W, 5 %, BM 10 mm (form 0207, E 24 series)
Ch1..Ch3;

Single Cul wire wound on 3 mm ferrite bead.

3.5. Commissioning

Before connecting the supplies, it is advisable to
check the board for solder-bridges or component
mislocations as well as dry or unsoldered joints.
Any mistakes could prove costly. The ICs should
be inserted in one-at-a-time but first checking the
potentials at the sockets of the empty holders.
The ICs should be inserted and checked in the fol-
lowing order:1,3,2,4,6.5, 7.

3.6. Test Results

The point-by-point characteristic of the filter is
given in fig. 9. The narrow curve represents the
smallest bandwidth which may be obtained by
shifting the low and the high flanks together to
their furthest extremity. The results speak for
themselves and fully endorse the manufacturers
specification. The measured dynamic range was
limited, in the author's case, by the low supply po-
tentials employed, which, in turn, necessitated a
reduction in the signal-generator input amplitude.
It was, however, 65 dB, the lower limit being de-
termined by circhit noise.

Signal input voltage:  Min. 0.9V, max. 3.8V

(peak — peak)
Output voltage: Max. 5.5V

(peak — peak)
Gain of unit: Min. 3.2 dB,

max. 15.7 dB
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Supply consumption: 30 mA approx. at Unfortunately, there was no suitable equipment
13.8 VDC (without available with which the impulse characteristics
power amp.) could be tested but high-speed telegraphy at 100
Power amplifier output: 3Win4Qor5.5Win2€!  Hz bandwidth produced no discernable deteriora-
{owing to inadequate tion to received quality. It is recommended that

heat-sink, do notwork at  this filter unit be employed as far back towards the
full output continuously) receiver second-mixer as possible. The unit
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Fig. 10: Prototype housed in its tin-plate box

should never be employed at the receiver loud-
speaker terminals owing to noise deterioration.

3.7. Observations and Suggestions

When testing, it was accidentally discovered that
the TDA 2002 distorted the signal with approx.
— 30 dB of rectified mains frequency caused by a
form of modulation hum. Other power amplifier
IC's exhibited the same deterioration, e.g. TDA
1037 and TDA 2030, whilst others, TBA 820 and
TBA 810 S did not. This raises the possibility that
the affected ICs have an internal circuit quirk
which accentuates this type of problem and that it
cannot be eliminated by simple filtering meas-
ures. Therefore, if a common supply is used for
the power amplifier, additional filters should be
used in its supply leg.
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It was a little surprising to learn that the SC high-
pass flank slope only had a manufacturer's speci-
fication of 30 dB per octave. Theoretically, a
Tschebyscheff Sth-order filter (w = 0.5) of this
type shouid have a slope of 42 dB per octave. Is
that an indication that no pure high-pass filter ICs
can be expected on the market?

Reticon offers the R 5609 in Butterworth form
(type R 5613) for the requirements that a constant
group-delay over the band-pass is more impor-
tantthan a steep-sided flank. Also, of particular in-
terest, is a 4th-order notch filter (R 5612) with a
notch depth of over 50 dB, and which also has the
same data as other ICsin the series. It could be in-
serted between the band-pass filter and the out-
put power amplifier. The audio frequency output
stages of a receiver could hardly be improved with
such a system. It will not, however, make up for a
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receiver’s deficiencies in the IF and RF depart-

ments.

References (9) and (10) are brand new and serve
to indicate the extent to which these switched-ca-
pacitor filters are being used nowadays in in-

dustry.

4
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In-Channel-Select

Reception improvements through the employ-
ment of a super-fast electronic tracking ICS filter.

ok ok ok A ok kA % %

6 dB sensitivity improvement
20 dB improvement in selectivity
Automatic or manual bandwidth control

Channel step switchable 25 kHz or 12,5 kHz

LED signal indicator

Adjustable AF output level to match station Rx/Tx

Sensitive built-in noise mute
Socket on front panel for remote control

Connection cable to station receiver supplied

Robust, black lacquer, aluminium housing

Art.-Nr.

3216

Complete: DM 495.—
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MATERIAL PRICE LIST OF EQUIPMENT

described In edition 2 / 1987 of VHF COMMUNICATIONS

Frequency Counter DLOHV 008 - 015

PCB
PCB
PCB
PCB
PCB

PCB
PCB
PCB
PCB

DK10OF

PCB
Components

Kit
PCB
Components

Kit
PCB
Components

Kit
DC8NR

PCB
Components
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DLOHV 008
DLOHV 009
DLOHV 010
DLOHV 011
DLOHV 012

DLOHV 013
DLOHV 013a
DLOHV 014
DLOHV 015

double-sided, drilled, silvered
double-sided, drilled, silvered
double-sided, drilled, silvered
double-sided, drilled, silvered
single-sided with layout plan
undrilled

double-sided, drilled, silvered
double-sided, drilled, silvered
double-sided, drilled, silvered
double-sided, drilled, silvered

HF Receiver Front-End (10 kHz - 30 MHz)

DK10F 051
DK10OF 051

DK10F 051
DK10F 052
DK10F 052

DK10F 052
DK10OF 053
DK10F 053

DK10F 053

(Mixer) through-contacted

2 ICs, 1 HL ringmixer, 5 transistors,
13 diodes, 2 relays, 1 heat-sink,

1 foil trimmer, 8 chokes, 3 ring cores,
2 m silv, wire, 47 resistors, 45 ceram.,
4 tant. and 5 feed-thro. caps.,

4 teflon feed-thro. insulators
complete with all above parts
(Prescaler filter) through-contacted
10 relays. 24 Vogt coil-kits, 5 m CuLS,
5 m silv. wire, 15 resistors, 47 cer.,

5 feed-thro. caps., 2 teflon feed-thro.

complete with all above parts

(Freq. divider) drilled with comp. plan
5 ICs, 4 transistors, 6 diodes, 4 RCFs,
26 resistors, 21 cer., 4 feed-thro. caps.

and 1 elko capacitor, 3 teflon feed-thro.

complete with all above parts

Steep-Flanks, Switched-Capacity Filter

DC8NR 008
DCB8NR 008

double-sided, drilled
upon request

Art.Nr.

6186
6187
6188
6189
61390

6191
6192
6193
6194

Art.Nr.

6296
6297

6298
6299
6300

6301
6302
6303

6304

Art.Nr.

6219

Ed. 4/1986
and 2/1987

DM 34.-
DM  35.-
DM 34.-
DM 34.--
DM 36.-

DM 34.-
DM 32.-
DM 34.-
DM 34.-

Ed.1+2/
1987
DM
DM

38.-
375.-

DM
DM
DM

395.-
47 .-
330.-

DM
DM
DM

360.-
27.-
98.-

DM 120.-

Ed. 2/1987
DM 44.-
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VHF COMMUNICATIONS — Selected Articles on a Common Topic

1. Antennas: Fundamentals 13. HF Power Measurements
2. Antennas for 2 m and 70 cm 14. Shortwave and IF Circuits
3. Antennas for 23 cmand 13cm 15. Mini Radio Direction Finder for 2 m and 70 cm
4. Microwave Antennas 16. Converters and Pre-amps for 2 m and 70 cm
5. Amateur Television (ATV) 17. Converters and Pre-amps, for 23 cm and 13 cm
6. Crystal Oscillators: XOs and YXOs 18. Transverters and PAs for 2 m
7. VFOs 18. Transverters and PAs for 70 cm
8. Synthesizers 20. Transverters and PAs for 23 cm and 13 cm
9. RF and AF filters 21. Circuits for 9 cm and 6 cm

10. Frequency Counters and Dividers 22. 10 GHz Technology Part 1

11. Noise-Figure and Noise-Spectrum Measurements 23. 10 GHz Technology Part 2

12. Simple Test Equipment 24. FM Equipment for 3 cm and 1.5 cm

Single-theme collection, including binder and postage, only DM 29,50

THEME: Antenna Technology — Fundamentals

On the subject of antenna technology and propagation, there are 11 selected articles from VHF
Communications at the favourable price of

only DM 29,50 (including postage)

There are approx. 100 pages of basic articles covering circular polarisation, mobile antennas, optimal
____dimensionifig of Yagl antennas, rotors and their control, as well as the optimal stacking of directional
arrays.

Also, this collection contains a further 500 pages of interesting publications carefully selected from VHF
Communications.

THEME: Antennas for 2 m and 70 cm

On the subject of antenna technology for the 2 m and 70 cm bands, there are 10 selected articles from
VHF Communications at the favourable price of

only DM 29,50 (including postage)

There are approx. 75 pages of articles on the dimensioning and optimization of Yagi antennas for both
linear and circular polarization. On the simple omni antenna for 2 m and 70 cm, the extra long Yagi
antennas and helical antennas, to the high-performance array of YU@B — the whole of the subject
matter for these bands is covered.

berichte terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf
Tel. West Germany 9133 47-0. For Representatives see cover page 2
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THEME: Amateur Television (ATV)

On the theme of amateur television, there are 9 selected articles from VHF Communications in a blue
binder at the very favourable price of

DM 29,50 (including postage)

_The_re are approx. 90 pages of detailed constructional descriptions of all the modules necessary for the
construction of a 70 cm band, AM-ATV transmitter and a colour test-image generator together with
w;__mh—while information on the subject matter.

Thé;e are only three examples from a total of 24 theme collections listed in the above table.

Every collection comprises 9 to 11 VHF Communications articles in a blue binder. As well as the subject
ar‘ticle"e‘.{ every collection contains almost 500 pages of interesting publications carefully selected from
VHF Communications.

Reduced Prices for VHF COMMUNICATIONS !!!

(from 1.3.1987) Volume Individual copy
Subscription 1987 DM 24.00 eachDM 7.00
VHF COMMUNICATIONS 1986 DM 24.00 eachDM 7.00
VHF COMMUNICATIONS 1985 DM  20.00 eachDM 6.00
VHF COMMUNICATIONS 1980 to 1984 DM 16.00 each DM 4.50
VHF COMMUNICATIONS 1975 to 1979 DM 12.00 each DM 3.50

Individual copies out of elder, incomplete
volumes, as long as stock lasts:

1/1970, 211970, 1/1972, 2/11972, 41972, each DM 2.00
2/1973, 4/1973, 1/1974, 311974 each DM 2.00
Plastic binder for 3 volumes DM 9.00

All prices including surface mail.
When ordering 3 complete volumes, a free binder is included!

As we cannot guarantee the reprint of back issues which are older than 6 years, this would be a good
opportunaty to complete your collection.

berichte Terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf
Tel. West Germany 9133 47-0. For Representatives see cover page 2
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New - New - New - Now available ex stock

Interface ,,slave 10

for the satellite rotator systems
KR 5400 and KR 5600

Stock-Nr. 1001 DM 590.—
(incl. connecticn cable)

connection to any computer possible via RS 232

OSCAR 10 software for the C 64 available
connection to existing rotator systems possible

. 8 000

Table of commands:

command response lunc1'rn_r_1
R CR R CH rotation clockwise
L CR L CR rotation counter clockwise
u CR u CAR rotation up
D CR D CR rotation down
s CR S CR all rotators stop
v CRH v CR rotator stop vert
H CR H CR rotator stop honz
G xooryyyy CR G CR preset position
F CH F xoooyyyy CR I interrogation position

Vertical position (4 digits)

yyyy: Horizontal position (4 gigits)

CR CARRIAGE RETURN

Technical data:

Data exchange 3-wire asynchron. full duplex
input and output negative or
positive

Data format: 1 start bit
8 data bits
2 stop bits

Baud rate: 1200B/s

Power supply: 14 V unstab. via control box
KR 5400 or KR 5600

Dimensions: wxhxd= 160 xB80x 130 mm

Special accessories:

fully-automatic antenna tracking system for satellite communications

resolution of the dual-channel A / D converter amounts to 10 bits

System’s
block
diagram

Vert
Rolor

Hor.
Rotor

Software on diskette for C 64 Art.nr. 1100
Satellite rotator systems:

KR 5400 Art. nr. 1013
KR 5600 Art. nr. 1014

] &

Control box
KR 5400/5600

Interface
SLAVE 10

COMPUTER

'

DM

DM

48—

809.—
DM 1070—
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You should know
what's behind our sign

We are the only European
manufacturers of these

Miniature TCXO’s

CCO0 102, CCO 103,

CCO 104, CCO 152

modulable table
higher stability than a

quartz crystal:
less than * 3 ppm over

Our R + D engineers are
constantly working with
new technology to
develop new products.
We can offer technical
advice for your new
projects or manufacture
against your specification.

the temperature range Quartz crystal units in
-30 to +60°C., (types B) | the frequency range
low ageing rate; | from 800 kHz to 360
less than 1 ppm per MHz Microprocessor
year. oscillators (TCXO’s,
wide frequency range: VCXO0O's, OCXO0's)
10 MHz to 80 MHz crystal components
low supply voltage; according to customer’s
+5V s specifications
low current consumption:
3mA max. (series CCO 102)
small outlines: CCO 104 = 2,6 cm3, CCO 102/152 = 33cm?,
CCO103 = 40cm?
widespread applications e.g. as channel elements or reference
oscillators in UHF radios (450 and 900 MHz range)
Typer Cccoioz CCco103 CCO104
A ] 3_ | E i t | .P | .'F4
Freg rangse 10-B0MH= BA -5 MHz 10 - B0 MHx |
atabiity 301c +80°C 30 o +B0PC -30to tBOPC ‘ pe
VE tomp, rTange
Currant max dmf max [0mA
Cangurnptian at UB = +5V atUp = =BV
input -10 dB /50 Chm TTL compatible
8 _;nal ‘ f‘.’an_-.-u: 2) ‘E:Dé‘a:lizur"u”“ 2 w

TELE QURRZ

‘:u pedd nce

... Your precise and reliable source

TELE-QUARZ GMBH

D-6924 Neckarbischofsheim 2
Telefon D7268/801-0 « Telex 782388 tq d + Telefax 0T268/1435
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