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Dieter Meendermann, DC 1 BP

COLOUR TEST-IMAGE
GENERATOR FOR AMATEUR
TELEVISION APPLICATIONS

The colour test-image generator to be descri-
bed is used by the author as callsign genera-
tor for the ATV-repeater DBONL in Bentheim,
West Germany.The module generates a PAL-
standard colour compaosite video signal, and
can be connected to any ATV-transmitter in-
stead of a camera. The number of compo-
nents has been kept to aminimum. The digital,
colour, and power supply circuits are accom-
modated on a standard Europaboard (100 mm
x 160 mm). The image comprises 128 x 64 pi-
xels, and each pixel can be one of eight diffe-
rent colours. The complete images can be
stored in the described EPROM, which can
then be selected as required.

The circuit diagram of the whole test-image gene-
rator is given in Figure 1.

1.
DIGITAL CIRCUITS

1.1. Clock equipped with the ZNA 234 E.

The integrated circuit ZNA 234 E is manufactured
by Ferranti, and contains allrequired dividers and
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logic slages in order to derive all signals necessa-
ry to generate TV-images from a cryslal-conirol-
led frequency of 2.5 MHz. The circuit of this inte-
grated circuit is given in Figure 2.

The crystal Q101 is equipped with a pulling capa-
citor C 108, which is connected between pin 8 and
pin 9. It is possible to select the operating mode
with the aid of pin 2: +5 V at pin 2 select CCIR-
standard with 625 lines, 0 V at pin 2, on the other
hand, select ElA-standard with 525 lines. In our
application, pin 2 is connected o +5 V.

The whole synchronizing signal is present at pin
3. An oscilloscope can be connected here for
checking and alignment. The whole blanking si-
gnal is present at pin 4, and the blanking and syn-
chronizing signal are as shown in Figure 3. The
other outputs are not required for our application
and remain unconnected.

1.2. Pixel Oscillator and Pixel Counter

The resolution of the image amounts to 128 pixels
in the horizontal direction. In order to be able to
address all pixels, one will require a 7-bit counter.
This is realized using two synchronous four-bit bi-
nary counters type 74LS161 with setting inputs
and clock-independent reset inputs. Figure 4
shows the pin connections of this type of |C.
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Fig. 1a: Colour test-image generator equipped with a 64 kBit EPROM
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Fig. 4: SN 74LS161 N
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Fig. 5:
Generation of the
vertical reset pulse

Ain i3

The setting and data inputs are not used here.
The control of the subsequent stage is made via
the interconnection’transfer’ (pin 15/1 104) to ‘re-
lease' {pin 7 and 10 of | 105).

The counter chain is driven from a free-running
start-stoposcillator (I 102). The oscillator is block-
ed by the blanking signal via pin 1. At the same
time, the pixel counter is set to “0". At the com-
mencement of each line, the oscillator and coun-
ter are released. At the end of the line, the blank-
ing signal will reset the counter to “0".

The pixel frequency can be set to exactly 4.9 MHz
with the aid of R 105. This can be checked atpin 8
of 1 102 (74L13). If the frequency is too high, the
image will be written several times; if it is too low,
only part of the image will be visible. A measure-
ment using a frequency counter is not possible,
since the oscillator is blocked during the blanking
pulses. The adjustment is therefore made accor-
ding to the image on the monitor.

1.3. Line Counter

The line counter is only 6 bits in length. In order to
obtain a vertical resolution of 64 lines, it is neces-
sary to previously divide the line frequeny of
15 625 kHz by four. Line counter and prescaler
are identical to the pixel counter. The two coun-
ters are reset at the lower edge of the image with
the aid of the vertical reset pulse fed to pin 1.
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1.3.1. Vertical Reset Pulse

The vertical reset pulse for the line counter is deri-
ved from the overall blanking signal. The 12 us
line blanking pulse and the 1.4 ms vertical blank-
ing pulse are present at point 10 of | 103. The low-
pass filter comprising R 101 and C 101 only
allow the vertical blanking pulses to pass (see
Figure 5).

The following NOR-gate generates an exactly de-
fined position for the rear slope of the vertical
blanking pulse. This releases the line counter.
The vertical blanking signal is available directly
(pin 27/28}, as well as inverted (pin 29/30) on the
31-pin connector, and can be used for external
synchronizing.

1.4. E-PROM

The author has selected an EPROM type 2764
(250 ns) for this application. Line counter and
pixel counter are connected to the address inputs.

Eight - bit data word
O | D | 25104 | 03102107 | Dg

o

v
Image 2

image 1

Fig. 6: 8-bit data word



Fig. 8: Simple programming system for EPROMs
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Fig. 9:
Image multiplexer

ELEEK —>

The procedure from the design of the required
TV-image up to the finished EPROM is carried out
as follows:

The TV-image design is made on, for instance,
graph paper (see Figure 7). Each square corres-
ponds to one memory address in the EPROM and
can be associated with one of the eight possible
colours.

There are some limitations: Lines 65 to 72 cannot
be freely programmed, but possess the same co-
lours as lines 1 to 8. The memory address of each
pixel can be read off on the left and upper edges of
the paper.

The programming of the EPROM is very simple if
one has access to a computer system (possibly
even to a personal computer). Otherwise, it is
possible for the EPROM to be programmed using
the simple programming circuit for EPROMs
shown in Figure 8.

It is possible to operate the test-image generator
even without EPROM if the following three brid-
ges are made at the socket:

Pin 4 —pin 19, pin 5— pin 18, pin 6 —pin 17. In this
case, one will obtain a colour test pattern. A test-
EPROM with sufficient room for subseguently
programming your call-sign will be available from
the publishers.

1.5. Image Multiplexer

The integrated image multiplexer | 108 is a
7418399, It selects one of the two 4-bit data sour-
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ces. Figure 9 shows the pin connections and a
block diagram of this integrated circuit.

13 1 | : av
ikl 0—\_/_
SELECT —Do—o-Do—l

18 :D
STROBE

R
'L_LLL‘L' \_I‘ LAl

szi,tc“
».pu‘rs ..u'rllu" INPUTS  SUTPUT

Fig. 10: Multiplexer SN 74LS157 N
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Duai-in-Line Package

Fig. 11:
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I the word-select input (pin 1] is low, word 1 (A1,
[1, C1, D1} is selected, which means that image
2 will appear on the monitor. Otherwise, word 2
will be selected if pin 1 is high (A2, B2, C2, D2),
and image 1 will appear.

The SN74LS8399 has one intermediate storage
available for each of the four output lines (Q,, Qp,
Qe Qs). The intermediale storage is necessary
since the EPROM itself would have foo large tole-
rances in tho readout speed of the individual bits,
These tolerances would cause colour edges to
tne conlours,

1111 (74L.8157) is also a multiplexer (see Figure
10). Itis possible with the aid of pin 1 to switch bet-
ween the TV-images and a coloured surface. The
colour of the surface can be selected with the aid
of switch S 101,

A low level at the select input oblains a coloured
surface, and high TV-images. The multiplexer
can be blocked via the strobe input (pin 15). A
high level at the strobe input will cause a black
image.

The two non-connecled inputs that can be seenin

Figure 1 are provided for later applicalions, such
as for injecting moving text into the TV-image.

2.
COLOUR CIRCUIT

The LM1886 (1 112) is a digital/analog converter
designed for TV-video application. The block dia-
gram and the pin connections of that circuit are
shown in Figure 11. This circuit generates coded

201



4/84

VHF-COMMUNICATIONS

I“,.Mlmmn F

A
n._m«h.. , wq

3 mmbTMI

Fig. 12: Through-contacted PC-board DC 1 BP 001 for the colour test-image generator
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k.

saturation and colour difference signals from 3-bit
red, green, and blue input signals. The polarity of
the R-Y signal is switched at the end of each line
viainput pin 2. A low signal at pin 1 will activate the
burst. The output signal corresponds to the PAL-
colour TV standard.

Only the quadrature chroma modulator and the
chroma oscillator are used in the LM1889 {1 114).
The complete colour composite video signal is
available atpin 13. T 101 is provided as impedan-
ce converter.

3.
CONSTRUCTION

The circuil of the colour iesl-image generator
shown in Figure 1 can be accommodated on the
double-coated PC-board with through-contacts
shown in Figure 12. This Europaboard is desi-
gnated DC1BP 001. The 31-pin DIN connector
strip has the following connections:

1+ 2:412 V operaling voltage
3+ 4. 12V operating voltage (ground)
5 + 6:noconnection
7+ 8:noconnection
9 + 10:no conneclion
11 + 12:Ground
13 + 14: Strobe input {high = black image}
15 + 16:Colour surface
{low = colour selected at 5 101)
17 + 18: TV-image switching
{high = image 1, low = image 2)
19 + 20: Blanking output, inv.
21 + 22:4+5V output
23 + 24:Hor. sync. output
25 + 26:Comp. sync. output, inv.
27 + 28:Vert. sync. output
29 + 30:Vert. sync. output, inv.
: no connection

Table 2: Pin connections of DC1BP 001

3.1. Component Information

D101: Diode 1N 4148, 1N 4151 or similar
T101: Transistor 2N 2219 or similar
Q101: Crystal 2.5 MHz; HG 18/U or HC 33/U
Q102: Crystal 4.43361 MHz;
HC 18/U or HC 33/U
S101: 8-pos. DIL switch
ST101:  31-pin connector strip DIN 41 617
1101 Voltage stabilizer 5 V/1 A, type 7805
1102 741513
1103: 74L502
[ 104 — 107: 7415161
1108: 74L5399
1109: EPROM 2764, 250 ns, with sockel
1110 ZMNAZ34E, Ferranti
1111 7ALS157
1112: Lh1886, National
1113: 74L.5221
1114 LM 1889, National
1 2 741590

The resistors are conventional composite carbon
resistors, for a spacing of 12.5 mm. The spacings
for the 500 §2 trimmer potentiometer are 5/10 mm,

Plastic foil capacitors:

G101 0.33 uF, spacing 7.5 mm
C102; 1.5nF, spacing 5 mm
C109: 33 nF, spacing 7.5 mm
C110: 2.2 nF, spacing 7.5 mm

C 114, C 115:0.1 uF, spacing 7.5 mm

C122: 10 nF, spacing 7.5 mm

G108, C 123:Plastic foil trimmer 30 pF,
Valvo: red

Ceramic disk capacitors:

C103: 220 pF, spacing 5 mm
C 118, C 120:100 pF, spacing 5 mm
C 121, C 124:33 pF, spacing 5 mm
Electrolytic capacitors:

C104,C107,C111,C 112, C116,C 119;

1.5 uF tantalum, spacing 5 mm
C105,C106,C117;

10 uF tantalum, spacing 5 mm

C 113: 100 pF/25 V aluminium, spacing 20 mm
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DC1BP
HEe

3.2. Examples

Figures 13 and 14 show two examples of colour
TV-images, unfortunately only in black and white.
The CQ-image comprises yellow letters on a blue
background, with red colour surfaces above and
below,

The call-signimage gives the call-sign in white let-
ters on a blue background, with various video fre-
quencies below for determining the resolution in
black on white, as well as an eight-step colour
scale with white on the left and black on the right.

As you canimage, there is quite a lot of work invol-
204

HTHEIM

Fig. 13: Image 1

Fig. 14: Image 2

ved in programming all 128 x 64 — 8192 individual
pixels, and to load these into the EPROM! For this
reason, we would like to mention that the publis-
hers offer the possibility of abtaining a program-
med EPROM from them. It is programmed as fol-
lows:

Image 1: CQ-image with yellow letters on biue
background.

Image 2: eight-step colour scale with a white hori-
zontal bar for subsequently adding a call-sign: un-
der the call-sign. the black and white bars are pro-
vided for determining the resolution.
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Harald Braubach, DL 1 GBH

Directional Couplers — Made to Measure

It was always difficult for radio amateurs to con-
struct wideband directional couplers having a low
coupling attenuation. Microstrip couplers are
easy to manufacture for those that have such ca-
pabilities. However, the minimum coupling atte-
nuation that can be obtained with a reasonable di-
rectional characteristic is in the order of 10 dB. On
the other hand. it is virlually impossible, using mi-
crostrip technology. to design 3 dB power divi-
ders, such as are required when constructing
push-pull mixers. or for feeding circular-polarized
antennas. Itis possible. of course, when using tri-
plate circuits for these values to be achieved.
however, the conductor lanes are then so thin that
it is hardly possible to use them in conjunction
with higher power levels. Most radio amateurs do
not have the necessary machines to construct
conventional directional couplers mechanically,
and do not have enough room for accommodating
such large couplers.

A good solution for solving the problem of
home-made directional couplers is offered by
a product manufactured by Sage Laboratories
Inc.: “Wireline* and “Wirepac®. It is possible
using both these systems to construct direc-
tional couplers inthe range of 3 to 20 dB coup-
ling attenuation in a frequency range from 50
MHz to 2.4 GHz. Wireline is the cheaper of the
two and has a directivity of 20 dB. Wirepac has
adirectivity of 30 dB, butis considerably more
expensive, and is therefore not to be discus-
sed here.

FUNDAMENTALS

The Wireline type 1o be described is a line direc-
tional coupler and comprises iwo coupled lines as
shown in Figure 1. The coupling attenuation is
dependent on frequency and achieves ils mini-
mum value al a coupling length of 1./4 (see Figure
2).

Under matched condilions (Figure 3), the follo-
wing is valid:

If a signal with a power P, is fed to the input. a
power of P, = P; - P, x ¢ will be present at R,
and a power of P, - P, xcal Ry wherec - coup-
ling factor.

In the case of an ideal direclional coupler, B, will
be powerless, since the diagonally opposite in-
puts are decoupled from another, In practice, a
power will be present that is reduced to the value
of the directivity d.

P, ~ P, xcxd (d = directivity)
accordingly
Py =Pyxc—P;xcxd

A further characteristic of directional couplers is
that the signals of the coupled outputs will have a
frequency-independent phase difference of 90°.

1 2
v L.}
ST =~

3 b

Fig. 1: Directional coupler
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Fig. 2: Coupling attenuation and insertion loss Fig. 3: Matched directional coupler
as a function of frequency

5 B Figure 4. The following Table 1 shows the most

important differences between the individual

CONSTRUCTION OF WIRELINE types.

) Due lo the coaxial type construction of the coup-
There are five different versions which differ in the ler, it is possible for the two coupled outputs to be

type of screening and the maximum power ra- provided on one side as shown in Figure 5. This
tings. The internal construction is shown in  offers several advantages for practical construc-
tion.
e LENGTH  ———3 |
COUPLED OUTPUI i
v o
PRIMARY e T ' el
INSULATION | _— A B C g
INPUT —3 5 it ‘L e &
i / : THRU QUTPUT
: |
D PRIMARY | !
INSULATION |
"SHIELD  OUTER JACKET Fig. 4:
INMER JACKET Construction of Wireline
v | H ‘ HB  HC ‘ B | U
Schirm | Doublefoil |Copper | Copper |Copper| Copper
screen mesh tube mesh tube nblel:
| Wireline designs
P 100 100 100 200 200 Pm = mean power
PW 2000 2000 | 2000 | 2000 | 2000 Ppp = pedlt valug afthe

power rating
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Fig. 5: Coupler showing the coupled
outputs on one side

3.
CALCULATION OF THE COUPLERS

3.1. Calculation of a Coupler with a certain
Coupling Attenuation at a certain
Operating Frequency

The following data is required for the calculation:

— Required center frequency f,, (e.g. 435 MHz)

— Required coupling attenuation a, (e.g. 10 dB).

It is firstly necessary to convert the logarithmic
value of the coupling attenuation a_ into the linear
coupling factor c.

c=10"2" (1)

In the case of a 10 dB-coupler, the following re-
sults:

Cioge = 10721 = 10" = 0,1

This is followed by calculating the frequency at
which a 3 dB coupling is achieved from the opera-
ting frequency .. and the coupling factor of the
frequency {..

e 90 fgp

¥ St R e
¢ arcsin c
-(+%%)

The following will result at the values of fop =435
MHz andc = 0.1:

(2)

90 - 435 MHz

arc sin ll N (U‘?'11 )

2010.66 MHz

ferocaizas =

"

From this quarterwave frequency (f.) one then
calculates the length | of the coupler as follows:

_ 4700 MHz - cm

. (MHz) ®

This results in the following coupler length in our
example:

4700 cm

I._ - aqe, = -
2aBE3S T 2010,66

= 2,338cm

A 10 dB coupler at 435 MHz would therefore have
a length of 23.38 mm.

3.2. Calculation of the Coupling Attenuation
of any required Coupler
The following data is required for calculation:
— Length (1) of the coupler in cm (e.g. 10 cm)
- Freguency (f) at which the coupling attenuation
is 1o be calculated {e.g. 435 MHz)

Firstly find the quarterwave frequency (f.) of the
coupler:

_ 4700 MHz - cm

L | (cm)

(4)

c

In our example:

4700 MHz

fc {10¢cm) = _-ﬁ_ = 470 MHz

This is followed by calculating the coupling factor

(c):
sin’ ( 90 !1 )
¢m 2 - (5)

sin? (smaf—l ) +'1
C
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Fig. 6: Comparison

- between a

Wireline coupler
and a
4/4}. hybrid

= 0.4966

Choemassy =

The coupling atlenuation (a.) is now calculated
from the coupling factor:

a,= ~10logc (6)
The following will result in our example:
10 log 0.4966 = — 3.04 dB

Sei10emdas) =

4.
PRACTICAL APPLICATIONS OF
WIRELINE

4.1. Use as a Directional Coupler

Of course, the primary use of Wireline couplers is
for determining the VSWR of antennas and other
consumers. The construction of VSWR bridges is
not ta be discussed, since itis well known. Table
2, however, provides an aid for designing a direc-
tional coupler for frequencies up to 435 MHz.

Table 2: Directional coupler, length | = 50 mm,
coupling attenuation as a function of frequency:

”rm 1z Ao
35 | 44.66
7.0 38.64

14.0 32.62

21.0 29.10

28.0 26.61

145.0 12.64

435.0 543

208

4.2. Use as a 3dB Coupler

This results in a multitude of applications of which
the most important are 1o be mentioned.

4.2.1. Feeding of Circular-Polarized Antennas

Since the coupled oulputs always possess a
phase shift of 90° {+ 1) to another, itis easily pos-
sible to construct a low-loss, wideband feed lor
circular-polarized antennas (see Figure 7).

Directional couplers as shown in Figure & have a
behaviour as a 4/4 ). hybrid (see Figure 6). A RF-
voltage fed 1o 1, or A, will be distributed equally to
2 and 3, or C and D, Connection 4, or B, remains
decoupled. A RF-voliage fed to 4, or B, will be
distributed equally lo 2 and 3, or C and D. In this
case, 1. or A will remain decoupled.

Fig. 7: Directional cougler for feeding
circular-polarized antennas
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Connection 2 and 3, or' C and D, have a phase
shift of 90" to another {lhis will only be the case at
the center frequency of a 4/4 & hybrid).

If, for instance, an RF-signal is fed 1o 1. and 4 is
terminated with 50 @, anticlockwise, circular pola-
rization will result. If, on the other hand, 4 is fed
with the RF-voltage. and 1 is lerminated with
50 @, clockwise, circular polarization will result.
Of course, the actual polarization will also be de-
lermined by the phase position of the individual
antenna. An anticlockwise circular polarization
will be changed to clockwise polarization on rota-
ling the phase position of one of the antennas by
180",

As can be seen, the polarization switching is no-
where near as critical as when using conventional
coaxial delay line methods, and where the swit-
ching relay must be taken into consideration inthe
phase-shift calculation. In the case of the descri-
bed type of feeding. the relay is placed in front of
the phase-shift 3 dB coupler (Figure 8). Attention
must only be paid that the lengths of the antenna
feeders are ‘dentical. The terminating resistors
should have a rating of one 100th of the transmit
power if the antenna matching is good.

Fig. 8:
Circuit for switching the
polarization of circular antennas

4.2.2. Construction of Push-Pull Mixers

A further application of Wireline 3 dB couplers is
given in the constuction of push-pull mixers
{(Figure 9). A mixer constructed in this manner will
have a bandwidih of one octave (frequency ratio
1:2).

J—

Fig. 9: Push-pull mixer with 3 dB couple:
209
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4.2.3. Construction of Wideband Power
Amplifiers

Al higher frequencies, it is difficult to connect
wideband amplifiers in parallel'to achieve higher
power levels. In most cases, 4/4 L hybrids are

Fig. 10:
Wideband amplifier
with directional coupler

used. This means that il is possible to use Wire-
line 3 dB-couplers here, which also have the ad-
vanlage of being much smaller (Figure 10).

4.3. Table of the Most Common Couplers

Table 3: fIMHz
Coupling length as a function of

coupling attenuation and frequency de3

14.0
21.0
28,0
145.0
4350
1275.0
2350.0

|

3dB 6dB 10 dB 20d6
too long too long toolong [ 860 mm
too long too long olong | 430 mm
too long toolong | 726 mm | 215 mm
toolong | 880 mm | 484 mm ' 143 mm
toolong 660 mm | 363 mm 107.5mm
324 mm 127.5mm | 701 mm  20.7mm
108 mm | 425mm  234mm | tooshort
36.9mm | tooshort | tooshort | tooshort
20.0mm | tooshort | looshort | tooshort

5.
MANUFACTURER-AVAILABILITY
OF WIRELINE AND

DESIGN PROGRAMS

Wireline is available from Sage Laboratories Inc.
or from Wacker at the address given below.

Since the manufacturers will probably not supply
the short lengths required by radio amateurs, the
publishers will consider stocking a certain quanti-
ty of such Wireline if sufficient interest is shown.
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Please, inform us if you would like to purchase
such Wireline, the prices are given in the kit price-
list.

5.1. Program

A German company has a basic program for the
TRS-80 M lll for the design of such couplers. We
would like to suggest that interested readers con-
tact this company direclly. The address is as
follows:

Firma Wacker GmbH, Grineburgweg 85,
D 6000 Frankfurt 1/West Germany.
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Joachim Kestler, DK 1 OF

PLL Oscillators with Delay Lines

Part 1: Fundamentals

The problem of constructing stable VFOs is as
old as amateur radio itself. In the past. one
tried to stabilize oscillator circuits equipped
with tubes by temperature compensation and
by using solid mechanical construction: now-
adays, it is mainly digital techniques that are
used for frequency stabilization (DAFC, PLL-
synthesizers, elc.).

Aslong as frequency bands are allocaled lo radio
amateurs, ang rot fixed channels as with other
services, there will always be the desire to tune
over the band. Of course, as far as repealers and
FM-communicatons are concerned, certain
channels have been agreed for the VHF and UHF
amateur bangs.

It would seem that an analog tuning system is
most favorab'e 1o satisfy the desire to tune over
the nand. Synthesizers are only suitable if they
can be swilcned in sufficiently small steps (max.
10 Hz for SSB/RTTY/CW applications).

An interesting solution of the problem of stable
analog frequency tuning was used by the manu-
facturer Karl Braun in his VHF-transceiver
SE-400. In this concept, a PAL-delay line was
used as "frequency standard", which then allow-
ed the drift of a varactor-tuned oscillator to be
practically eliminated. Such circuits can be easily
constructed and designed for virtually all frequen-
cy ranges (even for HF); the few special compo-
nents that are required are available, and are not
too expensive.

e
PRINCIPLE OF A PLL-OSCILLATOR
EQUIPPED WITH A DELAY LINE

Figure 1 shows the block diagram of a simple
PLL-synthesizer. which allows lhe theory of
operation to be seen easily. The varactor-tuned
oscillator “VCO" operates in the required outpul
frequency range f,;. This frequency is divided by N
in & variable frequency divider and comparedto a
crystal-controlled reference frequency f in a
phase comparator circuit. The VCO is tuned via a

V€O { —=fo
Low -
pass
!
= "? N
T
Frequency
fref selection

Fig. 1: PLL-synthesizer
211
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vCo - fo
Low -
pass
= DL
tr
Phase
shifter

{

Frequency selection

Fig. 2: PLL-oscillator equipped with a delay line

lowpass filter, which is responsible for the stability
of the control loop, until f,/N = fis valid. The out-
pul frequency of the circuit can be calculated as
fo = Nxf .

If one wishes to make small frequency steps, iLis
necessary for 1, 1o be a very low frequency, for
example 10 Hz, which, on the other hand, is a
disadvantage, since the control loop will require a
long period to lock in after each frequency chan-
ge. Secondly, short lerm frequency variations of
the VCO, for instance due to microphonic effects,
will not be cancelled. Furthermore, the division
factor N will be very large when using a low f,
which, in turn, will mean that one will require an
exlensive number of counter components.

If one wishes to operate such a frequency synthe-
sizer with the aid of a rotary tuning control (analog
operating technique), one will require additional
components such as a slotted disk with two pho-
tocell systems and a up/down counter. A further
disadvantage of this type of circuit is the presence
of low-frequency, steep impulses, whose harmo-
nic spectrum can cause a number of unwanted
signals in the receiver, especially when insuffi-
cient screening is provided, and lead to spurious
transmissions in the case of a transmitter.

212

al

Input

Dutput

r

Input

Output

Fig. 3:Operation of the delay line as a function of
time

The simplest form of delay-line PLL-oscillators is
given in Figure 2. The required output frequency
1y is also generated using a varactor-tuned VCO;
this frequency is fed firstly via the celay line "DL",
and secondly via a variable phase shifter lo the
phase comparator. The phase shifter is firslly to
be considered as a black box with two coaxial
connectors for input anc output that is equipped
with a rotary frequency tuning knob. The phase
shift between irput and output signal should be
selected by rotating the tuning knob. 12 o'clock =
= 07, 3 c’clock = 90°, 6 o'clock = 180°. and
9 o'clock = 2707, and this is independent of the
frequency.

Some knowledge of the characteristics of the
delay line isnow necessary in order to understand
the operation of the circuit. If a shortimpulse is fec
to the input (see Figure 3a), this will appear at the
output delayed to the value of the delay time 1.
This delay time has been fixed by the manufactu-
rer of the delay line, and is very constant, in other
words, independent of aging and temperature. In
the case of delay lines for PAL-colour TV recei-
vers, this amounts 10 one period of the line fre-
quency, which is 64 ns. Further details regarding
the construction and original apglication can be
studied elsewhere.
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If a sinewave vollage is led to the input (see Figu-
re 3b), lhis will be seen at the outpul also delayed
lo the value of t;. The following equation is valid
for the phase position belween input and output
signal:

DL = 360" xtyxfy (1)

The phase angle is therefore proportional to the
frequency, (see Figure 4a). Physically speaking,
it does not make any difference whether the two
oscillations exhibil a phase difference of, for in-
slance, 10" or 370%; one canignore integer multip-
les of 360°. The phase response of the delay line
can theretore be given as shown in Figure 4b.

The phase compardtor stage tunes the VCO in
the same manner as with a PLL-synthesizer so
that the phase difference of the signals is zero at
the input. This difference is:

Ay 0 (@

where « is the phase selected with the aid of the
variable phase shifter.

WL — g = 3607 x Ly X fy = iy

The following is thus valid for the oulput frequen-
cy:
fo = 443607 x 11ty (3)

Fig. 4: Effect of the delay line as a function
of frequency

This means that the tuning is linear to the knob of
the phase shifler:

A complete revolution corresponds to a frequency
change of 1/64 us = 15.625 kHz.

The advantage of this concept can now be seen
clearly:

A continuous tuning is possible; the only frequen-
cy involved is the required frequency itself, which
means that no problems are encountered with
spurious waves or interfering harmonic spectra;
the lowpass filler in the control loop can be de-
signed so that any hum or microphonic effects of
the VCO can be conlrolled easily, and one will not
require any gearing for the tuning knob.

Of course, there are some disadvantages, and
these should nol be ignored:

On switching on, one does not know in advance al
which position of the frequency range the circuit
will lock in; a total of 64 locking points are possible
per MHz, which means that it is advisable to pro-
vide a frequency counter as frequency readout.
For simple applications, it would be possible to
use the tuning voltage of the VCO and to display
this on a meler, whose scale has been calibrated
in MHz. In the case of a PLL-synthesizer, the
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phase comparator is used for frequency compari-
son. This means that any phase error caused by
aging will not cause any variation of the output fre-
quency (rapid variations will cause phase noise,
in other words sidebands). In the case of a delay
line PLL-oscillator, on the other hand, a phase
error will have an effect on the output frequency:

Afy = Aqf3607 x 11ty (4)

Measurements carried out on a few experimental
prototypes showed that the transcient drift at an
output frequency of 5 MHz was less than 100 Hz
in the first ten minutes, after which a value of
10 Hz/hour was measured on a frequency coun-
ter synchronized to the frequency standard trans-
mission DCF77.

2.
COMPONENTS OF A
DELAY LINE PLL OSCILLATOR

2.1. The VCO

The quality of a signal source is mainly dependent
on the characteristics of the actual oscillator cir-
cuit; in this respect, the delay line oscillator will
have a similar behaviour lo all PLL-circuits. It is
outside the scope of this article to go into compli-
cated fundamentals and special circuilry,
however, several important poinis should be
mentioned:
¢ The most important part of an oscillator circuit is
the resonant circuit. The higher the Q-factor, the
higher will be the short-term stability (phase
noise, FM-sidebands). Attention should be paid
that the Q of the circuit is not deteriorated more
than necessary by the connected components
(FET, varactor diode, output coupling).

# The active elements should not be driven into
saluration, since they would then exhibit unde-
fined Input and output impedances, which could
dampen the resonant circuit. This can be
avoided using an automatic level control;
furthermore, this also allows one to obtain a
clean sinewave output signal.

e The signal level within the oscillator should,
however, also not be too low, so that the intrinsic
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noise of the amplifying components remains low
with respect to the required signal. Otherwise,
the output signal will possess a noise floor
{wideband AM). The use of lowest noise compo-
‘nents is very advisable (even in the stages di-
rectly subsequent fo the oscillator circuit),

e The tuning range of the VCO should not be
much greater than absolutely necessary since
the inavoidable interference AC-voltage at the
tuning input (hum, noise) will generate FM noise
spectra that increases on increasing the fre-
quency range to be covered. If such a large fre-
quency range is to be covered, it is advisable for
it to be divided over several VCOs —each with a
smaller tuning range — in order to solve this pro-
blem.

2.2. Delay Line

Only those of the various electrical characteristics
of the delay line are to be studied here that are of
interest for their use in the delay line PLL-oscilla-
tor. The phase relationships between inpul and
output signal were already discussed in the pre-
vious section, The amplitude response as a func-
tion of frequency is very important for practical
applications. A lypical passband curve of a delay
line is given in Figure 5. It will be seen that the
component possesses an insertion loss of
approx. 10 dB, with a minimum attenuation at
approximately 4 MHz (PAL-colour subcarrier:

° [ DK10F |
dB ‘/v\
Va N L]
’ I i =
60 L] i . . \.
B
80
¢ 2 4 6 8MHz 10

Fig. 5:Insertion loss of a delay line measured with
R, =R, = 50 Ohm; P,, = —~13dBm
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4.43MHz) The overall lossislessthan 30dBina
frequency range between 2 and 7 MHz. This
means thal itis only this range that is of interest for
the described application. For other frequency
ranges, it s necessary to carry out frequency con-
version and/or frequency division or multiplica-
tion. Further details regarding this are to be given
later.

2.3. The Variable Phase Shifter

Such a device was used many years ago for
direction-finding applications and was called
“Goniometer”, which is derived from the Greek
word "gonos" = angle. It consisted of a pair of
fixed inductances and a further pair that could be
rotated through 360°. When using a suitable me-
chanical construction, it was possible for the
phase position of the voltage induced into one
pair of coils to be proportional to the angle when
compared to the phase of the current fed to the
other pair of coils. Such an arrangement would be
of use here, but construciional problems would be
difficult to solve. This means that a commercially
available version would be advisable.

If one studies Figure 6 in this respect, one will see
that a RF-transformer Tr is shown. The input vol-
tage Uy, is fed to the primary winding of this trans-
former. The center tap of the secondary winding is
grounded so lhat a voltage is present at the upper
end (point A} that is in phase with U (¢ = 07); the
voltage at the other end of the winding (point B) is
of opposite phase to U,, {g = 180°).The capaci-
tors and resistors C and R are selected so that a
voltage with a phase shift of 90° is present at point
D, and one of 270° at poini C (when referred to A).
These four voltages are fed to the stator plates of
a variable capacitor (without stops). and the rotor
is connected to the output of the circuit. It is now
possible by rotating the rotor to select any requi-
red phase angle (0° to n x 360%) between input and
output voltage.

“Hol" rotors and shafts of variable capacitors are
not advisable, since they carry RF-voltages.
However, itis possible for the rotor of the variable
capacitor to be grounded, if the center tap of the
secondary winding of the transformer is used as
output of the circuit. The actual operation of the
module will not be changed due to this.

Fig. 6:Variable phase shifter using a variable
capacitor

Such variable capacitors are difficult to obtain
nowadays and are usually only used in trans-
mitters. Figure 7 shows how it is possible to re-
place such variable capacitors as shown in
Figure 6 by varactor diodes. As can be seen. the
“rotor” (intersection between D 1 and D 2,0rD 3
and D 4) is grounded with respect to RF via the by-
pass capacitors C,, which is the reason why the
output of the circuit is connected 1o the tap on Tr.
Both pairs of diodes D1 and D 2, orD 3 and D 4,
are provided with a common, fixed bias voltage
U, in order to ensure that the sum of the tuning
voltages is constant for both pairs. It is possible
using the control voltages U, and U, for the
voltage components of the diode pairs to be
varied in the same manner as with the variable ca-
pacitor.

i3

| E—‘ © D .- D? @IF .
| R - XD
1 L e

Ud
DriRFC

b DK10F
 }

Fig. 7: Variahls phase shifter using varactor diodes
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Fig. 8: Bias voltages U, and U, as a function of angle

Figure 8 shows how these control voltages must
be dependent on the angle of the tuning control.
One will notice the sinewave characteristic of U,
and the cosine function of U,. Al first, this seems
10 be difficult 1o achieve, fortunately it is not. So-
called sine-cosing potentiometers are available
on the market, which are used to obtain analog
data of rotary movemenls, in contrast to digital
angle-coders using slotted disks and photocells.
Required is a potentiometer with two taps which
are shifted by 90 to another, and which does not
possess stops (Fig. 9). The dropper resistors Ry
determine the minimum or maximum values of U,
and U,. These values are dependent on the va-
ractor diodes used — as is Uy.

As can be seen, it is possible to separate the
phase shifter and the control easily when using
varactor diodes — this would not be possible when
using a variable capacitor. This means that it is
possible to locate the phase shifter in a more fa-
vorable position RF-wise in the VFO and to pro-
vide optimum screening (no tuning shatft is requi-
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red). The connections to the tuning potentiometer
on the front panel only carry DC-voltages and are
therefore uncritical.

A further advantage is also to be mentioned: It is
possible to obtain the tuning voltages Uy and U,
from a digital-analog converter {(DAC) instead of
from an angle-coder. This, in turn. can be control-
led by a computer so that it is possibie for certain
signals to be identified in programmable fre-
quency ranges, logged, and if necessary answe-
red, without the necessity of an cperator.

Later articles in this series are to describe an
interface circuit with which a preselecled, nominal
frequency value can be compared continuously to
the actual value provided by a counter, and cor-
rected with the aid of D/A-converters.

Fig. 9: Sine-cosine potentiometer

2.4. Phase Shifter and Lowpass Filter

These last two modules (see block diagram in
Figure 2) are now to be discussed. Inthe case ofa
PLL-synthesizer, phase detector circuits are re-
quired that operate as frequency discriminators at
large deviations between nominal and actual fre-
quency (rapidly changing phase difference), in
order to determine the direction of the tuning pro-
cess (too highttoo low). These circuits evaluate
the time positions of the zero passes of reference
and divided actual frequency {edge-triggered flip-
flops). Such circuits are, in principle, sensitive to
interference; especially in locked-in condition
{phase difference atthe input = 0}, it will be founc
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that the output magnitude {pulse train) is depen-
dent on statistic processes, that is by chance.
This problem is usually reduced by selecting the
cutoff frequency of the subsequent lowpass filter
to be low enough to average outthe “errors” inthe
time plane. However, this causes the control loop
fo be sluggish, which means that the VCO can
sometimes trip into short-term instability until this
is noticed by the control circuit, and it can be slow-
ly controlled hack lo the nominal frequency. The
short-term instability problems ({hoise characteri-
stics) of such PLL-circuits are sometlimes difficult
{0 solve,

In the case of the delay line PLL-oscillator, no
such problems are lo be expected. Since the fre-
guencies of the lwo input signals of the phase de-
tector are equal (since they originate from the
same source, the VCOY), itis possible to use “true”
phase discriminators in our application, where the
output signal is not dependent on the unreliable
time of a swilching slope. Such a circuit is, for in-
stance, an analog multiplier, whose output signal
is proportional to the input magnitude. In this
case, information regarding the vollage beha-
viour during the whole signal period is processed.
Such a system operates continuously, and it is
therefore difficult for it lo be interfered with by
short-term fluctuations {noise).

fo-—

It is the task of the phase comparator circuit to
provide a DC-voltage, whose value is proportio-
nal to the phase difference of the input signals.
The first input voltage originates from the phase
shifter; its phase is adjustable, but is constant in
the time plane, and frequency-independent. The
second input is provided with a signal from the
output of the delay line, whose phase response is
proportional to the input frequency fy — as pre-
viously mentioned. What are the characteristics
of the required circuit comprising delay line, pha-
se shifter, and phase detector?

It must be some kind of frequency discriminator,
singe its input magnitude is a frequency (f;) and
its output signal is a DC-voltage (U,). As can be
seen in Figure 10, the output voltage U, provides
a triangular function as a function of the input fre-
quency f,. The curve can be shifled in harizontal
direction by rolating the tuning knob of the phase
shifter. One complete revolution corresponds to a
triangular period, thus lo 1/64 s = 15.625 kHz.

Such a circuit would also be suitable as FM-de-
modulatar, bul only for very low Trequency devia-
tion values, since the whole spectrum (2 x fre-
quency deviation + 2 x max. AF} musl be ac-
commdated on one slope (7.8125 kHz).

Fig. 10a

Fig. 10b

Fig. 10:Circuit comprising delay
line, phase shifter, phase
detector
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In order to obtain an optimum design of the cverall
control loop, it is important te know the dynamic
behaviour in addition to the static characteristics
of the previously mentioned combination (Fig.
10b); in other words, the periodic variation of the
output magnitude according to amplitude and
phase for a given variation of the input magnitude.
In order fo examine this question, let us connect
the input of the circuit shown in Figure 10a ta the
output of a frequency-modulated signal genera-
tor. The center frequency is adjusted so that an
output voltage of U, = U, results. If the signal
generator is modulated with an audio frequency
(low deviation, as menlioned above!), the demo-
dulated signal will appear as an alternating volta-
ge at the outpul of the circuit,

Figure 11 shows the frequency response of the
circuit according to amplitude (Uy) and phase ()

‘&ﬂ [0K10F | |
w

or - H ,“T—l ﬁ

0 DR ——
dp } —

@
o
o

Fig. 11: Transilion function according to amplitude
and phase

218

as a function of the modulation frequency f..
which represents the “variation speed” of the fre-
quency f, As one can see, the amplitude is con-
stant at frequencies below approximately 7 kHz,
and the phase shiftis less than 807, the maximum
possible bandwidth of the phase control circuit is
determined by these values. At a frequency of
1/t4. and multiples, an attenuation pole Uy, — O will
resull.

in control technology, one often uses the "jump
reply” for characterizing the behaviour of a circuit
comprising control, control path, or control link.
This is achieved by providing a signal to the input
of the circuit to be examined that jumps by a low
value al time t; (Figure 12}, and examining the
output behaviour of the oulput magnitude, It will
be noticed that the oulput signal increases linear-
ly with time for &4 us (= t.) until the “"stored”
period has been passed, aflerwards the relation-
ships are constant again, The voltage variation
AU, is proportional to the value of the frequency
jump Af, al the input.

t Time

il — Time

Fig. 12: Jump reply
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Fig. 13: Pl-control as lowpass filter

The lowpass filter givenin Figure 2 has the task of
slabllizing the control circuit, which means that it
should provide an optimum amplitude and phase
response aver the frequency range. A so-called
Pl-control as shown in Figure 13 is suitable. The
values of R; and C are responsible for the integra-
tion time corstant (v = Ry x C}; the proportional
gain K = H./R, ensures that the control can react
quickly to small deviations. As is to be shown
later, the control loop can be designed so thal
interference signals of less than approximately
3 kHz (hum, noise, microphonics) can be control-
led, whereas the VCO will exclusively determine
the quality of the generated signal at higher fre-
guencies.

3.
OTHER FREQUENCY RANGES

As previously mentioned, the "original version” of
the celay line PLL-oscillater shown in Figure 2
can only be used in the frequency range in which
the insertion loss of the delay line remains suffi-
ciently low. If the concept is to be used for higher
frequencies, itis possitle for frequency division to
be used. Semiconductor manufacturers offer sui-
table ICs, which can operate up into the GHz-
range. Figure 14 snows a principle of construc-
tion with the aid of a practical application: An oscil-
lator signal of 100 to 200 MHz is required for a
signal generator or receiver. The VCO s able to
provide these frequencies; its output signal is divi-
ced by factor 32 so that a period of 3.125 10 6.25
MHz results. with which the delay line can opera-

te. Arange of 32 x 15,625 kHz = 500 kHz is tuned

per revolution of the frequency control. The fre-
quency divider can also be used for driving the re-
quired frequency counter.

The block diagram of a receiver for the 2m ama-
teur band is shown in Figure 15. The required os-
ciliator signal is generated in a VCO, and fed to
the receive mixer. Furthermore, it is also fed to a
second mixer where it is mixed with a fixed fre-
quency of 131 MMz (forinstance from a crystal os-
cillator 65.5 MHz and doubler). The resulting dif-
ference frequency of 4 to 6 MHz can now be pro-
cessed as previously described. This shows that
it is also possible to increase the range of the de-
lay line PLL-oscillator by frequency conversion.

This series of articles is to be continued in the next
editions of VHF COMMUNICATIONS with the fol-
lowing descriptions:

e A VFO from 5 to 6 MHz (original oscillator as
shown in Figure 2}, as a first step into this tech-
nigue; the PC-board described there can be
used for the other constructional arlicles.

e Receive mixer for 144—146 MHz with high-level
mixer and low-noise oscillator according to
DJ7VY.

e Shortwave receiver for 10 kHz — 32 MHz with
high-level mixer, and preselector (single-con-
version superhet with 10.7 MHz or 9 MHz |F)

e Prescaler module for input frequencies up to
200 MHz {universal application, e.g. for measu-
ring applications).

» Programmable frequency counter (8-digit), con-
structed using inexpensive CMOS-chips with-
out special components.

e Interface board for digital frequency selectl‘én
using numerical switches or computer control.
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Fig. 14: Extending the frequency range using
frequency division

Final Note

For many readars, this arlicle describing the fun-
damentals of this technique may seem to be
boring. However, the author would like to under-
line that he wishes lo provide incentives for ex-

VHF-COMMUNICATIONS  4/84

™ DK10F
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Fig. 15: Extending the frequency range using
frequency conversion

perimentation, and not only to describe proven
designs. This, of course, requires a certain mini-
mum of theoretical background. The practical
construction articles are to be commenced in the
next edition.

It is now possible for you to order magazines, kits eic. using your

VISA Credit Card!

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

and sign your order.

Yours — UKW-BERICHTE/VHF COMMUNICATIONS

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

Tel. West Germany 9133-855. For Representatives see cover page 2
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Friedrich Krug, DJ 3 RV

A 10 MHz Timebase Clock
for Frequency Counters,
complete with a PLL for DCEF77

If one attempts to measure the frequency of a
RF-signal exactly using a number of different
frequency counters, one will experience thata
number of different measured values will be
obtained due to the fact that the timebase
clocks usually differ from the nominal fre-
quency. For this reason, the author developed
a 10 MHz standard for testing and aligning the
timebase clocks of frequency counters. The
frequency is coupled to the 6.2 MHz signal
from the DCF77 receiver, described in Edition
2/84 of VHF COMMUNICATIONS (1), with the
aid of a phase-locked loop. This provides a
sufficiently accurate standard.

The clock oscillator of a digital frequency counter
should oscillate exactly at the nominal frequency,
and possess a good long-lerm stability, since any
deviation will cause a correspondingly large rela-
tive error of the readout. For this reason, a high-
quality oscillator is required such as a tempera-
ture-compensated crystal oscillator (TCXO), or
even better an oven-controlled crystal oscillator
(OCXQ0).

In order to compensate for the long-term drift of
the frequency due to aging, it is advisable touse a
control circuit that is derived from a standard fre-
quency.

When using the DCF77 receiver described in (1),

a reference signal will be available with which
such a frequency control can be made with relati-
vely simple means.

The described module uses an available oscilla-
tor. i.e. a temperature-compensated 10 MHz cry-
stal oscillator (TCXO), with a capacilive fine fre-
quency alignment. This oscillator represenis a
good clock even when it is not controlled. This
means, thal it provides a very accurate frequency
standard even if the DCF77 transmitter should go
off the air.

The frequency control is made via a phase-iocked
loop (PLL). Either the 6.2 MHz signal. or the 3.1
MHz signal from the DCF77 receiver is used as
reference signal

Since the module is to be used as a clock for digi-
1al circuits, the 10 MHz output signal provided at
the output is at TTL-level. It can be divided down
to 1 Hz using decade dividers. Any decade fre-
quencies from 10 MHz lo 1 Hz, and intermediate
values of 5 MHz, 500 kHz, etc. down to 5 Hz are
available by using +5 and +2-dividers. This
makes the clock also suitable for other applica-
tions.

Due to the possibility of resetting the six lower fre-
quency divider decades, itis easily possible to ge-
nerate the required switching and control signals
for a digital counter.
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Fig. 1: Circuit diagram of the 10 MHz oscillator module with programming of the divider for a reference signal of 6.2 MHz
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1. :
CIRCUIT DESCRIPTION

As can be seen in the circuit diagram given in
Figure 1, atemperature-compensated crystal os-
cillator (TCXO) provides the required 10 MHz-
signal whose frequency can be pulled using a
variable capacitance. According to the manufac-
turer, this capacitance of 27 pF comprises a fixed
capacitance, a 10 pF-timmer for fine alignment.
and the varactor diode D 1 for frequency control,

The frequency control using the phase compara-
tor 1 2is similar to that used in module DJ3RY 007
{1). The 10 MHz output signal of the TCXO is ted
via buffer amplifier T 1 and an impedance conver-
ler to level converler T 3 (CMOS-level), and then
divided in | 2. The frequency division factor
amountls 1o 100, which is programmed by connec-
ting pins 10 and 11 to *high”.

The 6.2 MHz reference signal from module
DJ3RV 007 is fed to connection Pt803, and ampli-
fied to CMOS-level in T 4 and T 5. Integrated cir-
cuil | 3 and the second programmable dividerin1 2
divide this signal by 62 and feed it to the phase
comparator.

Unfortunalely, it was found thal not all CMOS-
dividers operated well at 6.2 MHz. For this rea-

son, the next section is 1o study the possibility of
injecting a 3.1 MHz signal, and to divide this by 31.

The phase comparator operates at 100 kHz; the
control signal is available at the tri-state output |
2/pin 18. With the aid of switch | 1, it is possible for
this signal to be switched off when DCF77 is not
transmitting. The switching vollage is fed to
Pt802, and is aiso supplied by module DJ3RY
007. In this case, a very stable voltage of 5 V will
be present at diode D 1 which is fed 1o P1804 also
from the DJ3RV 007-module.

The 10 MHz signal is amplified in T 1 and T 2 and
is coupled out at TTL-level at Pt80S. The divider
| 5 divides by 2 and 5 so that a 5 MHz-signal is
available at P1806, and a 1 MHz-signal at Pt807.

A further divider chain is available on the board
that comprises six decadic dividers, which means
that signals down to 1 Hz are available. This divi-
der chain can be reset, frozen, and started in a de-
fined manner. It is thus possible for the control
signals 1o be generated for a frequency counter.

2.
CONSTRUCTION

The circuit is accomodated on a single-coated
PC-board (DJ3RV 008), which is enclosed in a
metal box of 74 x 148 x 50 mm (see Figure 2).

Fig. 2:Photograph of the author's prototype oscillator module DJ 3 RV 008

The ICs in the PLL should be soldered inte place.
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Fig. 3: Component location plan for the single-coated board DJ 3 RV 008

The location of the components can be seen in EDURARITG Einkior BIGH v

the component location plan given in Figure 3. T 110 T 5: 2N5179 (RCA) or similar UHF-
" The special components are given in the following transistor, e.g. BFX 89, BFY 90

components list: i [ 4066 B (RCA =ic.)
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12 MC 14568 B (Motorola)

I 3: MC 14526 B (Motarola etc.)

1 4: 7404 (Tl etc))

15: 74L890 (Tl etc.)

161018; 74LS390 (Tl etc.)

D BB 505 G (Siemens etc.)

D2: 1N 4151 or similar

TCXO. Temperature-compensated crystal

oscillator TEKO 10.000 kHz, Philips,
Order-No. 4322 191 00001

Trimmer: 10 pF air-spaced trimmer, Johanson,
lype 5200

Some CMOS-circuits | 2 and | 3 will not be able to
divide the 6.2 MHz signal by 62, which means that
it is necessary to use a reterence frequency ot 3.1
MHz. In order to do this, itis necessary for diodes
D 4 and D 5, as well as the filter comprising L 2
and the capacitor of 100 pF to be removed from
the PC-board DJ3RY 007, as shown in Figure 4a,
and be replaced by a wire bridge. The output si-
gnal at Pt 711 is then no longer sinewave, but
slightly limited.

Fig. 4a:Modification of the circuit DJ 3 RV 007 to
obtain a 3.1 MHz reference signal

DJ3RY 00B
~® 4568B 9
| 12329 4 5 6 7
i A
L & T
A Fig. 4b:
ima Modification of the
*—|16 45268 rogramming of board
6 8105 11k 2 pmsgnvaua fgra
__J J. .l referer{ce frequency
of 3.1 MHz

Itis now necessary for the dividersinl 2and 13 on
PC-board DJ3RY 008 to be programmedto 31, as
shown in Figure 4b.

The two dividers are connected in series and are
binary coded, The lower four bits are seton | 3,
and the upper four bits on | 2.

00011111 = 31
00111110 £ 62

As can be seen with the given binary numbers,
only two positions are changed. These are pin 5 of
|3 andpin6of | 2. These pins are still not wired on
the board and must be programmed using the
bridges!
Dividing by 62;
As given in circuit diagram Fig. 1:

Pin 5/1 3 to ground, and pin &/ 2 1o

Dividing by 31:
Pin 5/13to + 15V, and pin 6/1 2 to ground.

15V

In principle, it is possible for the divider circuit to
be programmed for other reference frequencies,
or division ratios if the conductor lanes on the PC-
boards are modified as required. It is important
that the reference frequency should be an even
multiple of 100 kHz (at least 16 times), otherwise
the divider in | 2 cannot be programmed when
using the given circuit.

When using the module as a clock for a frequency
counter, it is more favorable lo increase the loop
gain in the frequency control circuit of module
DJ3RY 007. The madifications to the circuit are
shown in Figure 5. Varactor diode D 2 is connec-

BB 505G DJ 3RV 00?
1K 5 o3 T8
18p
_.“__.
20k

MW, s 220
10p 1Dpf T?_Op

Fig. 5:Increasing the pulling range of the crystal
oscillator on DJ3RV 007
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ted to the hotend of crystal Q 4 via the 18 pF capa-
citor, and the series capacitor is reduced to 10 pF.
The pulling range of the crystal will then be grea-
ter, however, the stability and noise behaviour will
be slightly inferior. Holes and lines are provided
on the PC-board for this modification,

3.
CONNECTION AND ALIGNMENT

Connect the well stabilized operating voltages to
Pt 801 and Pt 808. This is followed by connecling
a 10 MHz TTL-signal to PT 805. The values given
for the current drain are for orientation. With the
control circuil switched off (Pt 802 to ground), the
frequency of the TCXO should be aligned to ex-
aclly 10 MHz with the aid of the 10 pF trimmer.
After switching on the control circuit, the frequen-
cy should remain phase-locked to the reference
signal. The control can be checked al pin 2/1 1, if

the frequency of the TCXO is temporarily shifted
by touching pin 3.

The transcient behaviour of the control circuit is
determined by the time constant of the filter links
previous to diode D 1. In practical operation, a ca-
pacitor having a value of between 0.22 uF and
2.2 uF has been found suitable. The value of
0.47 pF given in the circuit diagram provides good
results.

4.
REFERENCES

1) F. Krug, DJ 3RV
A Receiver for the VLF Time and Frequency
Standard Transmissions from DCF 77
VHF COMMUNICATIONS 16, Edition 2/1984,
Pages 96-114

RECEIVER for 136—-138 MHz
(Weather-satellite band)

The receiver described by Rudy Tellerl,
DC3NT, in 4/1979 and 1/1980 of VHF
COMMUNICATIONS is now available in
the form of ready-to-operate modules!

1. RF/IF module DC3NT 003:

complete wilh special crystal filter,
demodulator and filtering.  Also
includes monitor amplifier and sub-
carrier output. DM 395.00

2. Oscillator module DC3NT 004:
Enclosed in metal case. Includes AFC
and scanning circuit, as well as a
35 MHz frequency shift circuit for
METEQSAT channels 1 and 2.

DM 168.00

3. VHF COMM. 4/79+1/80 DM 9.00

berichte terry b. Bittan - Jahnstr. 14 - Postiach 80 - D-8523 Baiersdorf

Tel. Wes! Germany 9133-855. For Representalives see cover page 2

226



VHF-COMMUNICATIONS /84

g

Erich Stadler, DG 7 GK

Electronics School, Tettnang/West Germany

Simple Locus Curves

in the Smith Diagram

Impedances of antennas. inputs and outputs
of amplifiers, components, etc. are often dis-
played according to real and reactive compo-
nents as a function of frequency in one plane
as a "locus curve”. The “Smith Diagram" is
especially suitable for such display. This can
be considered to be a “bent” complex plane.
The capacitive or inductive behaviour of the
test object, return loss, matching range, and
standing wave ratio as a function of frequen-
cy, and more, can be taken from the position

Fig. 1a:
Locus curve of a serles-circuitof Rand C

and the frequency-dependent run of the impe-
dance locus curve. It is possible to determine
the L. R. and C of the two-pole and to select
suitable compensation or matching measu-
res.

Figures 1a and 1b show simple locus curves. In
both cases, the standardized impedance Z, is
50 Q (reference impedance), since this is the
standard impedance used in conjunction with
mosl measuring systems in the VHF and UHF

Fig. 1b:
Locus curve of a R/C-parallel circuit
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range. According to the locus curve shown in
Figure 1a, it will be seen that the measured object
only represents a series-circuit comprising an
ohmic resistance and a capacitance:

—The real component (R’ = 2) is constant for all
frequencies of the locus curve, which is only
valid for series circuits; after destandardization:
R=2x50Q=100%.

—The reactive component is reduced on increa-
sing frequency, and seems to be inversely pro-
portional to the frequency, since the spacing is
reduced (—2; —1; —0.66), which can only be
valid for a capacitance.

—The locus curve is within the negalive half of the
plane, which is a further indication of a capaci-
tive construction! X'y yq 1, = 2. or destandar-

dized X, joomy = 2 X 50 © = 100 Q, which
corresponds to approx. 16 pF!
X soombz = — 1 Xesoone = —1 x50 82

= 50 L, Minus sign means “capacitive”.

As canbeseenin Figure 1b, the locus curve does
not possess a simple systematic behaviour bet-
ween 100 MHz and 300 MHz. Both the real and
reactive components of the individual locus-curve
points are different! Digital impedance meters
would indicate the real and reactive componenis
for the various frequencies according to the table
given in Figure 2 (factor “|* for “reactive compo-
nent”, and sign " " for “capacitive”}. The user
will firstly determine from the numerical values
that the test object represents a series circuil with
a reactive component, whose value is frequency-
dependent. This is nothing special.

Furthermore, he will determine that the real com-
ponent is frequency-dependent, and this is rather
peculiar when one does not consider the skin
effect!

VHF-COMMUNICATIONS _4/84

Actually, the test object is a simple, parallel circuit
comprising an chmic resistance (of course with a
constant value), and a capacitance. The following
is to show how such a locus curve is made. Firstly
let us examine why a parallel connection of FlP
and CP must be present:

—The curve of the impedance as a function of in-
creasing frequency tumns towards the
zero-point of the impedance plang; in the
case of f — < it seems that the impedance de-
creases towards zero, which is the case with a
parallel capacitance: it will short out the ohmic
resistance at higher frequencies!

It seems on studying the locus curve that a real
component remains at very low frequencies,
which means that the parallel capacitance Cp is
not effective, since the locus curve will exhibit a
real component at f — 0, in other words for DC-
vollages. In the example shown in Figure 1bthis
willbe the value R* -~ 2, or destandardized R,
2x 50 €2 = 100 L2,

However, a prerequisite of the previous assump-
tions is thal the considered part of the locus curve
is part of a semicircle, which can be assumed
due to the position of the three curve poinls for
100, 200 and 300 MHz. Only then can one assu-
me a RC-parallel circuit!

A RL-parallel circuit would also result in a semi-
circular line in the resistance plane, however, in
the upper resistance plane. In this case. the semi-
circle will be in the direction of the zero point for
{ — 0 {the inductance will short out the paraliel
ohmic resistance for DC-voltages, f = 0}, and at
== itwill go through R, (the parallel inductance
is high-impedance at higher frequencies, and

"t Real Reactive
/é’: | MHz ___component compc_nent Fig. 2:
Ro = 4 f 100 806 400 Table of the real and
A ot sl
Xa 300 | 3082 e ;.465’2 circuit
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therefore does not have any effect on the ohmic
impedance).

There are two possibilities to obtain the coordi-
nate values R and X, of the equivalent series-cir-
cuit as a function of frequency from a parallel con-
nection of R, and X, in order to display it in a lo-
cus curve as shown in Figure 1b: Either with the
aid of equations, or by using a graphic method.

The calculation equations are:

B R,
ST WRYZ + (KR
‘ 11Xy

T (R + (X2

In the case of a parallel capacitance, insert X,

1/wC,. and with a parallel inductance X, =
~wb,. NOTE: The sign “—" of the capacitive, and
“+* of the inductive reactive impedance indicates
the phase between voltage and current!

Example: The following is assumed:

R, =100Q, C, = 8 pF. This results in:
Xy=—1/(2xmx 108 Hzx8x 10 ?F) = —200€.
This is valid for 10% Hz 2 100 MHz.

The following can be determined from this:

R 100 0=~800

=7 (Mhool? + (V2002 o
W —onn

Xs = t=aon Q= —400

(M1g0)2 + (V2002

This allows the series values given inthe Table in
Figure 2 to be checked.

The graphic method is more of interest here.
This is made as follows:

The real and reaclive impedance R, and X, are
standardized with Z,, and from their reciprocal va-
lues conductance and susceptance are obtained:
G' and B’ (the apostroph is used to show that
these are standardized values!). These values
are now inserted into a separate Smith diagram
{Figure 3, above) which then serves as “conduc-
tance plane”. The actual advantage of such a
diagram is: The coorcinates R." and X, of the
eqguivalent series circuit are symmetrical around
the center (£ 1) of the Smith diagram. This means

12 DG 76K

NG TGK

3 \l,

T e

Fig. 3:Smith diagram: above conductance plane,
below impedance plane

that if one rotates the point for the conductance
value around the center of the diagram by 180°
and inserts the new position into a second Smith
diagram which is used in the resistance plane
{see Figure 3, below)}, the coordinates of the
transposed point will directly give the (standardi-
zed) real and reactive components of the equiva-
lent circuit without having to use the extensive for-
mulas given in the previous section.
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Example: The conductance and susceptance va-
lues of a parallel circuit comprising 100 €2 and a
capacitance of 8 pF are to be inserted in the con-
ductance plane of a Smith diagram for a fre-
quency of 100 MHz. The coordinates of the real
and reactive impedance of the equivalent series
circuit are to be obtained from the point transposi-
tion! Standardized impedance is Z, = 50 £2.

Salution: (also see Figure 3, above and below):
R, =100, X, —1(2xmx108x8x10719)Q =
—200 2.

Hp’ - 100 /50 2 = 2.

X = 2009750 Q = —4.

oo

The standardized conductance values G’ are ob-
tained from the reciprocal values of the standardi-
zed impedances as follows:

G - 1/2-05andB. = ~(1/-4) = +0.25

NOTE: The change of sign on transposing the re-
active impedance to the susceplance, and vice
versais necessary because the sign indicates the
angle of the voltage reffered to current with re-
spect to resistance, whereas in the case of con-
ductance values the sign indicates the angle of
the current with respect to the voltage. This
means that a negative susceptance value B_ will
resull from a positive, parallel, inductive reactive
impedance X, !

The standardized conductance values, for ex-
ample 0.5 and +0.25, are now inserted into the
conductance Smith diagram as shown in Figure
3, above. The symmetrical line is now drawn
through the center point of the diagram to obtain
the symmetric reciprocal point. The symmetrical
point will have the same spacing to the center of
the diagram, since the reflection tactor does not
change due to this (theoretical) conversion pro-
cess. ltis now necessary for this point to be trans-
ferred to a second Smith diagram (Figure 3, be-
low) which is the impedance plane. The coordina-
tes of this point in the impedance plane are the
standardized values of R and Xg of the equiva-
lent series circuit, and are R,' = 1.6 and X,' =
—0.8. After destandardization one will obtain the
following impedance values that are given in the
Table of Figure 2 for 100 MHz:

R, =168x50Q=2808Q, X, =
—40 Q.
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—08x508Q =

o 16 TEK

Fig. 4: Conversion (inversion) of a parallel circuit
(G = 1/R; B = —1/X} into a series-circuit
(RgiX)

a) Parallel circuitof Rand C

by} Parallel circuitof Rand L

It is now possible to insert the values for 200 MHz
and 300 MHz into the conductance plane (Smith
diagram, Figure 3, above) in a similar manner,
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and 1o transpose them into the impedance plane
of the Smith diagram by rotaiing them by 180"
The interconnection of these points results in the
locus curve given in Figure 1b, which also shows
graphically that the circuitis a parallel connection.

Al first, it is recommendec that separate Smith
diagrams are used for conductance and impe-
dance planes. Il can be advantageous to have
cone of the two in the form of transparent paper or
foil. Lateron, after sufficient experience has been
gained, it will be possible tor the user to insert the
standardized conductance values, and read out
the stangardized impedances using the same
diagram, and to interpret the coordinates correct-
ly either as conductance coordinates or as impe-
dance coordinates (see Figure 4a and 4b). Figu-
re 4b shows that the same is valid for parallel cir-
cu'ts with an inductive component, as was shown
for such with a capacitive component; it is only
necessary to exchange the sign of the reactive
component.

As has been previously mentioned, it is possible
with sufficient knowledge and correcl interpreta-
tion of the locus curve to find suitable transforma-
tion and matching networks. The capacitive com-
ponent of the circuit shown in Figure 1a, for in-
stance, can be compensated for by using a
series-connected induciance (see Figure 5a)

This results in 2 series-resonant circuil, and one
w i see thal the compensation is only valid exact'y
for one frequency on the locus curve, (this fre-
quency is 100 MHz in the case of Figure 5a). Ina
Smith diagram for impedances. this will mean that
the locus-curve point 10 be compensaled is shif-
ted towards the positive plane due to the series-
inductance. The new locus curve will, however,
remain on the original coordinate of constant real
component. In the example given in Figure 1a,
this is the standardized real component R' = 2, or
destandardized R = 100 €2. The ohmic compo-
nent is thus identical after compensation. A mat-
ching to another ohmic impedance, for instance
50 €2, cannot be achieved by series-connection of
a further reactive element. This Is only possible
with the aid of a parallel capacitance in conjunc-
tion with a series inductance; however, further de-
tails regarding this are not to be discussed here.

In the case of a circuit as shown in Figure 1b and
Figure 2, it is possible to achieve not only a com-

= 12500
1 i DTk

Fig. 5: Effect of a series-inductance
a) Compensation of series-C by series-L ata
discrete frequency
b) Matching to 1 = 50 £! at one frequency using
a series-inductance L
pensation of the reactive component, bul also a
transformation to another real impedance, such
as 50 Q, with the aid of a series-connection of an
inductance (see Figure 5). This, of course, is also
only valid for one discrete frequency, however,
the large spacing of the real and reactive compo-
nents is shifted relatively near to the center of the
diagram 1 £ 50 €2, in the vicinity of this frequency,
as can be seen in Figure 5b.

The selection of the value of such reactive ele-
ments for transformation and compensation net-
works is not the task of this article.
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Manfred Claar, DF 9 EY

A programmable Rotator Control

The described rotator control is able to posi-
tion an azimuth and elevation rotator simul-
taneously. The problem of running two rotat-
ors with the aid of a common control cable has
been solved elegantly by use of a serial port.
This has also solved the problem of inter-
ference to the receiver from the computer
system.

The rotator control system comprises two diffe-
rent modules that are interconnected via a 6-core
control cable {Figure 1). The firstis the micropro-
cessor system that is located in the vicinity of the
rotator, and comprises a processor card, a 5 V
power supply, and two interface boards.

The other module is the control unit thal is located
in the operaling room. It is provided with a digital

Fig. 1: Photograph of the author’s prototype complete with control unit, processor system
and elevation rotator KR-500
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Fig. 2: Author’s prototype control unit showing 27 elevation, manual operation (H}, and 197" azimuth

readout that shows the actual position of the an-
tenna. It is also provided with a keyboard for in-
putting the required angular values (see Figure
2).

The software (user program) for the rotator con-
trol system can be used on all 6502 or 6504
systems, and can therefore be used without pro-
blems, for instance, using the legendary compu-
ters KIM-1 or SYM-1. These two systems, as well
as better and smaller systems, are well known
throughout the world, however, it is not within the
scope of this article to give a list of all single-board
computer manufacturers using the 6502/04
system.

1.
DESCRIPTION

The microprocessor card for the rotator control re-
ally only requires three integrated circuits. This
minimum configuration should comprise:

1. A CPU-6502 or 6504 {Central Processing Unit)
2. An integraled circuif type RIOT-68532

(RAM, I/0, Timer)
3. A program memory EPROM-2716

(Erasable PROM)

The CPU is the central processing unit that car-
ries out the logic, algebra, transport and jump or-
ders in conjunction with the EPROM.

The RIOT is provided with two bidirectional, pro-
grammable 8-bit input/output ports, a program-
mable clock, and a random access memory (RAM
128 x 8 bit).

The last IC is the program memory, The use of
software for the rotator control is accommodated
in the 2K-EPROM, and is therefore not lost when
disconnecting the power supply.

It should not be difficult to develop such a simple
card, or to obtain one suitable for this application,
In the following description, we will be using an
EMUF {4). The only important things to consider
during selection of suitable hardware are the follo-
wing:
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Rotatar

Elavation interface card

I g
——
0 [ 6
— (Ul T ! _
Azimuth interface card ?
1| 6 B Rotator
] Al = v
ki o L
) Eﬂ-

Potentiometer

>

TTY interface card b
20 ma

Processor card

Polentiometer

Contral unic
Chl
> 8%

Bus board
=
G

B3
-

T ok '
u l:—_ h Home-Computer

Power supply card 5§/ 700mA

Fig. 3: Overall block diagram of the | P-rotator control system

Fig. 4: From left to right: Case with bus-board, power supply card, interface card, and processor card
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1.1. The Microprocessor System 1. The EPROM uses the memory range from

" 2 39800 1o & 9FFF.

The microprocessor system as shown in Figure 3 .

is accommodated in a U-shaped aluminiumcase, 2 | e RIOT is actuated from $ 9200.

It can be slid into the case using plastic rails, and It is, however, also possible to carry out an
the electric connections are made using a 31-pin  address change in the user program relatively

connector strip to the buscard; (see Figure 4) easily.
- 5 3
s £ & R
= B g &
T 2 < =G
0’_?_‘? ° -
'H h: & H : ’_’r
- || 8 > >
HH; -
rDIlIIlI il =
[ —
] RI1OT-6532 + H
]
1™ . Bre B3 &[)|3
= |5 | s A A ?
O * “l ' T
] < T~ I1TTr ™ ] H
B SRRt
- g1 | | F g
- - | ; :7;" o
- , H 3: ®
| SERE
e 1 j___:‘ cg o
I_ng ] T =< M
= I N ] 8 o
2 s
3 H G
i H s~
H 4 i
™
1S
%
2

Fig. 5: Block diagram of the EMUF-board extended to have an address memory of 2 kByte
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The Processor Card

The single-board microcomputer for universal
fixed-program applications (EMUF) was descri-
bed in (1). This IC is the heari of the rotator con-
trol. A complete kit of parts (without EPROM) is
available in Germany from several companies.

This mini-system as shown in Figure 5 comprises
only five integrated circuits, which are all accom-
modaled on a Europacard equipped with a 31-pin
connector strip. These are the CPU-6504, the
program memory 2716, the RIOT 6532 with ports
A and B for the inputs and outputs, a timer-1C 555
lor actuating the hardware reset, and a TTL, qua-
druple NAND 7400 for address selection and for
generation of the clock frequency of 1 MHz.

The disadvantage of this system is the limited ad-

VHF-COMMUNICATIONS 4/84

dress possibilities. In order to use all of the 2 KBy-
te memory of the 2716, a small modification has to
be made, To achieve this, itis necessary to cut the
conductor lanes at four positions and to provide
four wire bridges. These modifications to obtain
extended address capabilities are given in the cir-
cuit diagram

The operation of the card is not critical. If the ope-
raling voltage is between 4.8 and 5.2 Volt. the cur-
rent drain does not exceed approx. 280 mA, and a
1 MHz clock at TTL-level is determined, it is only
necessary to check the operation of the reset
timer.

The signal at pin 21 of the 31-pin connector strip
should jump lo +5 V with a delay of approx. 03 s

¥us | 0 ccl RS
As ? 39| o2
M i 18| €51
AY | & | The
A7 |8 36| 25
al & ] R4
oy A =
RIS | 1 '8 |2 (0UT) an | g ) RS
L. 71 (30 1Ny pagl g 33| co
_— } P T
IR 74 | v PAl 3 7] B Ee
— - — L 24| vee
Jee ) 25 | By raz| e 11| 2 [THH 23| A8
: | RiGT- K532 )
ARD | 5 24 | by B 0| oy A |3 ANy
ABl] s 23| nk2 atl 12 29| pa naa 21| vy
Aszl ? fo1.003 LI e 24] s Az |s 20l cs
ARl | 8 271 ] bRe PAS 1L 27| o6 n
1 TP 5504 — | — Ajs 13| a10
LU B 7e | oBs eay| s 28{ 0 ar a2 RIS ol sesee
ass | 19 7| ses 25| TR ls
Pazl e _I q i V)7
ass ] 1 18| cez pus| 17 24| 8o i | o 6l e
ABT| 12 17] A%12 -
i Asl 2as| 1w 23| _pe1 w e 5|05
ARR 1
Maj R ART) pua| 19 22| p82 g |1 T
Ang] 14 15] AB10 veel 20 21| 233 Vas] 12 13] a3
H S
Fig. 5b:
Fig. 5a: Connections of the 6532, Fig. 5¢:
Connections which is used as RAM, Connections of the
of the CPU 6504 1’0, and timer array 2 kByte EPROM 2716
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EMIF Port 8 (Aar. S202]

If the processor does not operate, it will be neces-
sary to check the card to see whether there is a
short-circuit between conductor lanes, and/or
whether one of the integrated circuits must be ex-
changed.

HA — Horizenial ngnt
HL - Horizonlal 'of

Wl = Vedical low idowr)
WH = \ertical nign {up}

Connections to Port-A:

OF 3 £v
PAQ — A/D converter azimuth and elevation
PA1 — A/D converter azimuth and elevation
PA2 - A/D converter azimuth and elevation
PAZ = A/D converter azimuth and elevation
PA4 — A/D converter azimuth and elevation
PAS — A/D converter azimuth and elevation
PAB - A/D converter azimuth and elevation
PA7 — A/D converter azimuth and elevation

Connections to Port-B:

PBO — Azimuth relay, clockwise

PB1 - Azimulh relay, anticlockwise
PB2 - Elevation relay, down

PB3 - Elevation relay, up

PB4 - Clock 1 keyboard

PB5 - Clock 2 readout

PB6 — Data

PB7 - Reply keyboard and ASCIl-port

tions:
Connectio g B 200uF/RIV

Processor Card Bus-Board
1 Ground 1 Ground
2 Ground 2 Ground Rtatne
3NC 3N/IC Fig. 6: Parts of the circuit diagram of the
41RQ 4 Slarl serial trrans- interface card: “Relay Drive®
mission (ASG 1)
5N/C 5N/C
6 PAO 6 DAD
TPl 7oAt Processor Card Bus-Board
aPne 8OAZ 20N/C 20 NIC
13 gig 13 gﬁg 21 Reset output 21 N/iIC
2 22 PB7 22 RM-keyboard
11 PAS 11 DAS 23 PB6 23 Data
:g 222 :g g:g 24 PB5 24 Clock 2
14 Ground 14 Ground e 25 Glook 1
26 Reset input 26 Reset button
15 PBO 15 Relay HR 27 +5V . 27 45V
16 N/C 16 N/C 28 +5V 28 +5V
17 PB1 17 Relay HL 29 N/C 29 N/C
18 PB2 18 Relay VL 30 Ground 30 Ground
19 PB3 19 Relay VH 31 Ground 31 Ground
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EFUF Pors A { Ade. $200) BOF Port B (Adr. $202)
or 9 gy TR A o i i / r v vV Vv
¥ 2 3 & %5 & | 7 € 5 4
A =
O =5 4ai= i =

1l
T

LET

AcTi-oomeonor
Hatonsl ADC (804

_ﬂ.\ Align o 3601507

Fig. 7: Parl ol the circuit diagram of the interface card:

“A/D-converter™

1.2. The Interface Cards

The two inlerface cards are identical, and il is
therefore worthwile to develop a PC-board for
this. Furthermore, the use of a PC-board will in-
crease the reliability of the system considerably.

Each of the two boards accommodates the A/D
converter for determining the actual position, two
relay outputs, a driver circuit for the operating
system, and a connection strip for the connection
to the rotator itself {see Figures 6 —8).

An A/D-converter type ADC-0804 manufactured
by National Semiconductor is used. It is directly
connected to port A via its B-bit tri-state outputs.
Both converters are connected in parallel via the
bus board. The selection is made with the aid of

238

Ferann: pobeSonmetsy

b | :
&b at
FA00 { g | ) { 1]
\ I;] . : .I.':ﬂ & control urik

—_—
n =
b 1
'~
g2
3
3
[
i ©
L5
-
4+

Fig. 8: Part of the circuit diagram of the
interface card: “Drive of Control unit”

the D-line in the case of the azimuth card, and the
D-line for the elevation card.

The analog signal is provided by the potentiome-
terin the rotator, and is directly proportional to the
pointing angle of the rotator itself. Subsequent to
a slope change D/D, or O/D. and after a certain
delay, the digital value is valid for the actual posi-
tion, and can be interrogated by the program.

A special feature of the relay conlrol is a selector
switch for the automatic/manual mode. A key-
board combination for UP/DOWN and LEFT/
RIGHT is mounted on the mast. The manua! ac-
tuation simplifies operational tests on installation,
and later maintenance.
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or 30y

Fig. 9:
Circuit diagram of the
control unit and readout

B pes LED recsout HA 1141

1.3. The Control Unit

The control unit is accommodaled in a small case,
whose dimensions are 40/90 mm high, 100 mm
wide, and 170 mm deep. It is provided with a 14-
position keyboard, thatis driven by a shift register.
A 6-digit readoul using a 7-segment LED-display
is used (Figure 9). Three series-connected shift
registers are used for driving the individual seg-
ments, which in turn require 6 x 8 outputs. The IC
“Serial Input/16 Bit Parallel Output Peripheral Dri-
ver” type TSC-9403 manufactured by Teledyne
Semiconductor has been found suitable and is
able to directly drive the readout from its power
outputs (60 mA), see Figure 10. A further advan-
tage is the simpler overall construction, and the
use of only one type of IC (see Figure 11).

This hardware structure requires only one data
line for driving the A/D-converter and the shift re-
gister. The addressing of the keyboard register, or
readout register is made via two, separale clock
lines. A reply is only lo be expected from the key-
board.

All in all, only the following interconnections are
required belween the control unit and the proces-
sor system:

1 data line

1 clock line (keyboard)

1 reply (keyboard)

1 clock line (readout)

1+5Vand0OV
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Fig. 10:
Shift register for the readout
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Fig. 11:
Shift register for the keyboard
in the control unit

The optocouplers have been especially accom-
modated in the control unitinstead of the interface
board. The reason for this is that the high-impe-
dance and very fast (3 MHz) CMOS shift registers
must be protected against shortwave transmis-
sions, which are especially present on long. inter-
connection cables.
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The suppression of any interference from the
computer to the receive system is not difficult, and
only requires one to separate the individual mo-
dules. Figure 12 now shows the interconnection
between power supply, interface cards, rotators,
and control unit.
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Fig. 12: Interconnection wiring of the programmable rotator control

1.4. The ASCIli-Port

It is possible using an ASCll-port as shown in
Figure 13 to directly connect a personal compu-
terthatis able to calculate the individual positions
and lime values. The input of the individual normi-
nal values via the keyboard will then not be requi-
red, and operation of the system will become au-
tomatic.

The switching to the ASCIlI-port is made from the
control unit by operating the following command:

F1F10 (Band rate) Q

The return to the control unit m:pm the
personal computer is made usmg the
ASCll-sign for:

0=

If the ASCIlI-mode is selected due to an operating
error, and the port is not connected, it will only be
possible to switch back to the control unit by provi-
ding a hardware resel.

The transmission rate of 300 Bd will be selected
automatically after a reset command. If anather
speed is required, this must be entered. Trans-
mission speeds of 110 Bd to 2400 Bd are permis-
sible. The numerical values for these different Bd-
rates are given in the operating instructions (Sec-
tion 2). Attention should only be paid that a pause
is required between the individual ASCll-signs.
Otherwise, only the four lowest valuency bits are
evaluated, which means that one will obtain va-
rious ASCII-signs with the same meaning.
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ELars

Fig. 13:
Circuit diagram of the
“ASCll-port 20 mA*" card

RESET

~

bk @ A

buf T |

Enable control unil

DF 9 CY

If the personal computer is controlling the system,
all operations can be selected, and it is possible

for the nominal values to be inserted.

Example 1:

Required is the setting up of positions 1 to @ with
an azimuth, elevation, and time value:

111 value < value < value <

.12 value < value < value <

etc.
::9valus < value < value <

242

Serial input
The Home Computer,  The rotater contrel
Hex. Code transmits the interprets this as
ASCI sign far: actuation of key:
X0 0 | 0
x1 1 [ 1
x2 2 2
X3 3 3
x4 4 , 4
x5 | 5 5
%6 6 6
x7 7 7
x8 8 8
x9 9 9
XA i F1
xB : F2
xC < Q
xD = -
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00 000 P Functic
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__]_ and keyboard
Actusl ith position
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BL = diract input azimuth
— = direct inpus, elavation
A = Automatic run, start
H = Manual operation
Actual elevation position
14-button keyboard
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Example 2:
Commencement of a run from position 1, 2, or 9:

21 =
2 <
etc.
9 <

2.
OPERATING INSTRUCTIONS

Figure 14 shows the relationship between opera-
tions and pushbuttons, or readouts. The start and
the programming of the run are assissted by a
user control from the processor. A run comprises
a maximum of nine positions with one azimuth,

Aeiutlion el e boybasnd
‘I‘
5 SPETITIREEr Sy, .
T naiman H
mllmru1|?‘ BASIOTIA .
|'." F\ q,
u “;

Eluvistion
position 11253080580 Fi)

—_—

®
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one elevation and one time value, each.

The numerical value to be inputed should be less
than 360° in the azimuth plane and less than 1807
in the elevation plane. In the case of the time
plane, a maximum delay having a numerical va-
lue of 360 is permissible, which corespondsto a
time period of 36 minutes.

If larger values are inserted., the remaining
amount of the access is used as input.

Figure 15 shows the actuation of the keyboard,
and associated readout on actuating the run.

il

If the keyboard is not actuated for a period of 6 se-
conds, lhe aclual position of the rotalors will be in-
dicated on the readout until the keyboard is actua-
ted again. Keyboard operation and the associa-
led readoul for the subprogram “Posilion Insert”
is shown in Figure 16.

A0

0 ! " Maries vl

max E0

o l N value

max, 180

|i T me walue

max, 380 2 36 min

Fig. 16:
The subprogram for inserting
an antenna pointing angle



VHE-COMMUNICATIONS  4/84

Actuation of the koyhoard:

Reoadout:

Fig.17:
Subprogram for manual
pointing of the antenna

| [90F3E0 ]

On re-entering, the old nominal value is shifted to
the left. This means that it is necessary for the
zeros to also be inserted when inserting nominal
values of 1 or 2 digits.

Actuzban of the keyhoan:

Figures 17 and 18 describe the operation of the
subprograms “Manual Positioning”, or "Automa-
tic Run®, as well as finally the swilching between
operating unit’ASCll-porl (see Figure 19).

Feadaut:

A0rJR ]

—T——_ Aclualvalue,

azimuth

Avtarabsrun

salae,

Fig. 18:
Subprogram for an
automatic run
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Finally, the author is willing to pravide a 16-page &)
program listing and/or a completely programmed ) N IR
EPROM to interested readers at cost price. \________sr;f::ﬁg: e | f | H . | D _D

| | @
ak:
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Fig. 19Switching between control unit ]
and ASCII-port )
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Diagrams that allow one to easily
determine the Sensitivity of Receive
Systems using Solar Noise

The following arlicle is a follow-up on the pre-
viously published articles of Ginter Hoch,
DL 6 WU (1), and Dragoslav Dobrigic, YU 1 AW
(2).

It is now always possible to use a galactic
noise source to determine the sensitivity of a
receive system. Especially in the VHF/UHF
range, one seldom has the required minimum
antenna gain of 26 dB. This led the author to
modify the method described in (1) to allow
one to determine the sensivity (in other words
the system noise temperature T,), using noise
level measurements of the sun together with
the following diagrams.

1.
THE SUN AS NOISE SOURCE

It is known that the characteristic of solar noise is
that the noise flux increases towards higher fre-
quencies, whereas (all ?) other cosmic noise
sources exhibit the opposite behaviour. The sun
represents a strong noise source due to its relati-
vely low distance from the earth, however, ils
noise flux is not constant. Long-term, periodic
variations exist over the eleven-year sunspot
cycle; the mean values of these vaniations can be

estimaled relatively well. Shorl-lerm variations of
the noise flux can be averaged by evaluating a
number of measurements at different times. The
following method is based on this principle.

2.
MEASURING THE Y-VALUE

It is necessary to measure the Y-value before
using the diagrams. The "hot-cold melhod” as
described in (1} and (2} is suitable for this. The
author measured the noise level at the output of
the receiver (AGC-switched off) with the aid of a
simple AF-volimeter.

2.1. Determining the System Temperature T
As givenin (1). the following is valid:

Y -1

GIT =~ P

| = noise flux constant.

The system temperature of the receive system re-
sults as:

= Ir.!:-‘I

G
GIT
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Fig. 1:

50 54 53 83 65 d8 —

System temperature T, or noise figure (NF) of a receiving system determined from the measured

Y-value with a known antenna gain G, for a mean solar noise (flux at 432 MHz: 300 ° | = 4.17 K)

This means that:

Ts G x|

K Y-1

i1

whereby both Y and antenna gain G; should be in-
serted as a factor. This dependence is given in
Figure 1. Linear scales simplify the interpolation.
In order to simplify the use of the diagram, the
value Y is given on the vertical axis directly in dB.

One will obtain & new family of curves for each
value of the noise flux constant |. Those given in
Figure 1 are valid for a transition value between
the two sunspol maximums. Figure 2a is valid for
maximum sunspot activity, and Figure 2b for
minimum. Since 1984 is a year of decreasing sun-
spot activity, Diagram 1 should be valid for the
next few years.
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3.
EXAMPLE

The author measured a noise increase of bet-
ween 5.5 and 6.9 ¢B zt the output of the receiver
(AGC-off) using a 70 cm antenna with a gain of
G, = 22 dB (array of four Longyag! antennas) to-
gether with an S 3030 preamplifier directly con-
nected to the antenna. Further check measure-
ments made with the aid of a calibrated attenuator
resulted in virtually the same values,

From Figure 1, cne can determine the following
system temperatures matching these two Y-fac-
tors:

Y=55dB T,=265K

Y=69d8 T, =175K
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g

Fig. 2a:

As Fig. 1, but for maximum
sunspot activity
(flux at 432 MHz: 500 = | = 6.95 K)

Fig. 2b:

As Fig. 1, but for minimum
sunspot activity

(flux at 432 MHz: 220 = | = 3.06 K)

220 K corres-

The mean arithmetic value of T,
ponds ta the system temperature of the author’s
receiving system. This value would result in a
noise increase of 8 dB with maximum sunspot ac-
tivity (Diagram 2a). and to a value of 5.2 dB with
minimum activity (Diagram 2b}.

4.
CHECKING THE RESULTS

The system temperature determined from Figure
1 was checked in a measuring sequence made in
February 1983. The flux values S were obtained,
and the solar noise level was measured with the
author's receiving system at approximately 16.00
each day. The resulis of these measurements are
given in Table 1.

The system temperature was calculated daily
from the given solar flux and the measured
Y-value, It will be seen that the values for the 4th
and 8th of February do not conform to the average
values. This is probably due to measuring errors,
or irregular solar erruptions. The calculated
system {emperature values vary between 332 K
and 167 K with a mean value of approximately
251 K. If we assume that this value is probably
correct, it will be seen that a difference of approxi-
mately 15 % is present when comparing it to the
values determined in Diagram 1. One must ex-
pect such tolerances when using the diagram,
The author did not determine whether the family
of curves is valid for all ranges.
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Febr. | Measured solar flux values Noise flux - Noise level |
1983 measured with G-I
from the observatory (1) constant {1 the author s system Ti= TER Kl
o S- A st
1072 :f (410 MHz) l=3nk X | yidB] | Y=10°

1 P = =

2 550 7.54 - - ~

3 370 5.07 6.0 3.98 260

4 600 8.23 6.2 4,16 4127

5 - - 57 .71 .

6 - = 53 3.89 -

7 - - 6.5 L 448 -

8 670 9.19 59 3.89 503"

9 530 7.27 6.5 4 .46 332
10 390 5.35 56 3.63 322
11 400 5.49 6.2 416 275
12 i 2 58 3.80
13 310 425 8.5 4 46 1G4
14 290 3.98 | 58 3.80 225
15 300 411 6.5 446 188
16 300 411 58 3.80 232
17 290 3.98 55 | 354 248
18 300 411 6.9 4 8BS 167
19 320 4,39 6.6 4,57 184
20 320 4.39 6.2 416 220
21 300 ' | 411 6.8 478 172
22 | 320 4,39 57 | 3.7 256
23 320 4.39 62 | 4.16 220
24 310 4,25 6.3 4,26 206
25 350 4,80 6.9 4.89 195
26 340 4 66 6.3 426 226
27 410 5.62 59 3.89 308
28 310 4.25 59 3.89 I 173

Table 1: * Either a measuring error, or an irregular solar eruption
(1) AGL-Cambridge/Boston: Solar-Geophysical-Data NOAH (Col.) 80 303 3303

5.
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Terry Bittan, DJ @ BQ/G 3 JVQ

Satellite News

FAILURE OF GOES-EAST

Unfortunately, GOES-East failed in orbit
about the same time as VHF COMMUNICA-
TIONS 3/1984 went to press. This means thaton-
ly one of the three GOES satellites is actively able
to procure images. For this reason,
NOAA decided to shift GOES-West (GOES-6)
from its normal position of 135°W to a position of
98°W which is able to provide better images of
Naorth, Gentral, and South America. The new loca-
tion provides images as shown in Figures 1 and
2.

GOES-4 will take over the retransmission of
WEFAX images transmitted usually via GOES-
W. This satellite is located at 139°W, but is not
able to provide image procurement.

Since GOES-6 was to be moved to a position near
to that of GOES-Central (GOES-2), it was neces-
sary to move the latter to a new parking position at
113°W.

After failure, several difficulties occured in the re-
transmission of GOES images via METEOSAT-2.
However, such transmissions are now being
made from Lannion, France.

METEOSAT Programme

ESA has published the following schedule of
weather satellite launches:

METEQSAT 3 (P 2) will be launched in the se-
cond half of 1986 on the first test flight of Ariane 4.
This satellite is very similar to METEQSAT 1 and
2.

This will be followed by a new generation of
METEQSATs with improved image resolution.
The launches will be as follows:

MOP 1 in 1987

MQOP 2in 1988

MOP 3in 1990

Woeather Charts via METEQSAT

Many of our readers will not have realized that the
ESA transmits weather charts at regular intervals
via Channel 2 {1681.0 MHz} of METEOSAT.
These chants are provided by the German
Weather Service (DWD) from their own and other
sources. These prognostic (prog.) charts are as
givenintable 1.

We are to conclude our series on geostationary
weather satellites with a description of the Japa-
nese satellite GMS in one of the following editions
of VHF COMMUNICATIONS.

Format | Trans.Time | Diss.Ch. | Cont_e_em |
| WEFA1 0346 2 EUR Prog. 200,300 hPa |
for 1200 GMT
| WEFA2 0606 2 Prog. surface for 0000 GMT
| WEFA3 0806 2 Prog. 500 hPa Height,
| Temperature 24/48 hours
| for 0000 GMT
i WEFA4 1630 2 EUR Prog. 200, 300 hPa
for 0000 GMT
WEFAS 1930 2 Prog. surface for 1200 GMT
WEFASB 20086 2 Prog. 500 hPa Height,
Temperature, 24/48 hours
for 1200 GMT Table 1
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SAW Components

The first application of surface
acoustic wave (SAW) compo-
nents was for [F-filters for TV-re-
ceivers and converters in the 38
MHz range. In the meantime, it
is possible using micro-structu-
res on piezo-electric substrates
to manufacture precision fil-
ters in the frequency range
from 10 MHz to over 1 GHz.
The advantages are that they
are reproduceable, possess
long-term stability and are very
compact.

Modern surface acoustic
wave resonators on quariz are
excellent narrow-band filters in
the frequency range of 200 to
1250 MHz. The excelient Q-
values that are provided by

| 0o

nF
4®—‘—‘—| | HF-fuzcang
d

L1l 3., & Wy,

these SAW components are in
the order of 8000! Their applica-
tion is the resonant circuits of
oscillators or narrow-band fil-
ters.
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* S50-Prass wassher

All electrical parameters have
crystal-stable characteristics, in
other words, possess a long-
term stability and low tempera-
ture dependence. In contrast to
conventional crystal-oscillator
circuits using frequency multipli-
cation, SAW resonators are ex-
cited at the fundamental fre-
quency. This means that these
compact oscillators have a hig-
her spectral purity, and lower
noise adjacent to the signal (=
10 kHz).

SIEMENS Technical Info
No.B4-B3181-X-X-7600 (free
of charge)

Chip Attenuators

The dimensions of the new thin-
film attenuators of the TS 0500
series are only 1.9 x 1.5 mm?
and possess 0.64 mm wide con-
nections, They are suitable for
operation up to 18 GHz. The at-
tenuation values are between
1 dB and 20 dB with 3, 6 and 10
dB as standard values.

The compact dimensions of
these components is only one of
the important characteristics of
these attenuators: They are ac-
curate to = 0.25 dB from DC to
18 GHz. In spite of their wide fre-

quency range, they are good va-
lue for money.

The attenuators can be used in
a wide temperature range from
— 55°C1o + 125 °C. In contrast
to attenuators made up using
three or more resistors, these
compact componenls use one
common  resistance layer
having identical thermal beha-
viour. This ensures exact track-
ing as a function of temperature
and frequency.

The chips meet or exceed the
MIL-E-5400 and MIL-R-55342
specifications. In the frequency
range from DC to 4 GHz, they
exhibitan VSWR of 1.25: 1, and
1.35 : 1 from 4 GHz to 8 GHz,
and 1.5 : 1 from 8 GHz to 18
GHz. The maximum power dis-
sipationis 0.1 W.

Manufacturer:

EMC TECHNOLOGY, Inc.
Cherry Hill, NJ., U.S.A.

Metal-film resistors from DC
to 1000 MHz

The NIKKOHM programme
comprises radial, flat MF-resi-
stors on a ceramic substrate
(serles RP); high-power MF-re-
sistors up to 100 W (series
RPL); MF-resistor networks
(MP); RC-combinations on ce-
ramic substrates (R-C); atte-
nuators as T-pads for 50 Q,
75 Q, and 600 Q for frequencies
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up to 100 MHz (series T); chip
attenuators for 50 € and 75 Q
from DC to 1000 MHz with 0.5 W
rating (series RFA); chip termi-
nating resistors for 50 £ from
DC to 4 GHz with a raling of 0.5
W {RFD-5450);, VHF MF-resi-

<544 e i
RFD - 5430 RED - 8750
5475 8775

stors from 50 Q 0 2 k&2 with a
rating of 10 W (RFD-424); UHF
MF-resistors for 50 £ with ra-
tings of 30 W and 50 W from DC
to 1000 MHz (RFC); and finally
MF-chip resistors for hybrid cir-
cuits (RMC).

Manufacturer: NIKKOHM

BFR 96 S: For wideband am-
plifiers in the GHz-range

The Siemens BFRS6S is a
NPN-silicon, planar UHF trans-
istor accommodated in a plastic
case 50 B3 (DIN 41867), which
is similar to TO-119. The appli-
cation range is for wideband
amplifiers of medium power le-

vels up to the GHz-range. Since
the linearity of this transistor is

BFR 865

c"f_-_.-:m';. =2 il

Km/

L
i

much higher than the basic BFR
96, it is suitable for amateur-TV
and SSB-amplifiersinthe 70cm
and 23 cm bands.

Brief specifications:

Collector voltage: 15 V. collec-
tor current: 100 mA, power dis-
sipation: 0.7 W, lransit frequen-
cy: 5 GHz, power gain: 11.5 dB
and output voltage at 800 MHz:
700 mV.

Weather Satellite Receiver

DC3NT 003

In some cases self-oscillation in
the 137 MHz slages occurs due
to unsufficient grounding by the
small printed lanes. The follow-
ing measure will cure this pro-
blem: Form two small bridges 3
mm high, approx. 6 mm long
made from (silver-plaled) wire
of al least 1 mm dia.. Solder
them across the drain lanes of
T1andT2, resp. fromground to
ground. That's alll DL3WR

PLL Frequency Synthesizer
TBB146

Experience has shown that syn-
thesizers are worthwile where
more than five different frequen-
cies are required. With the new

A

Siemens TBB 146, it is possible
for the frequency dividers 1o be
sel parallel or serial via the
address and data line (7 bit), for
instance, with the aid of a micro-
computer.

The 10 mm? large CMOS chip
has an upper frequency limil of
15 MHz, and only requires a
quiescent current of 3.2 mA
which also makes it suitable for
battery operalion.

The programmable TBB 146 oi-
fers division ratios of 3 to 4095,
and the refercnce frequency
can be divided by 1 to 127,
Further features are an "anti-
backlash" phase deteclor, and
a lock delector to indicate when
the PLL is locked-in. This
CMOS-IC is compatiable 1o the
MC 145 146 both in operalion
and pin connections, however,
the maximum operating voltage
is limited to 6 V, which is com-
pletely sufficient for use in con-
junction with microprocessors.
It is suitable for a large number
of applications such as in AM/
FM-radios, multichannel profes-
sional, amateur and CB com-
munications and for radio navi-
gation. Further ICs for PLL app-
lications are a variable divider
{S89),aPLL{S8187)for15V, a
programmable diode matrix (S
353} and three FM-receiver cir-
cuits (TBB 469/1469/2469).
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MATERIAL PRICE LIST OF EQUIPMENT

described in edition 4/1984 of VHF COMMUNICATIONS

DJ3RV
PC-board

Components

TCXO
Kit
DC1BP
PC-board

EPROM

Components

Crystal
Crystal

Kit

DF9EY

10 MHz Time-base with PLL for DCF77 Art.No.
DJ3RV 008 single-coated, silver-plated, drilled,
with component location plan 6885
DJ3RVY 008 5 transistors, 2 diodes, 3 CMOS- and
5 TTL-ICs, 1 Johanson air-spaced trim-
mer, 2 ceramic NPO and 19 other ceram.
capacitors, 2 foil- and 2 feedthrough
capacitors, 3 electrolytic caps.,
23 resistors, 2 RF chokes, 5 PTFE
feedthroughs, 1 tinned-metal box 6887
DJ3RV 008 10.0 MHz; 12V DC; fine tuneable 6886
DJ3RV 008 complete, with above parts 6888
PAL Colour Test-Image Generator
DC1BP 001 European Standard Size,
with through-contacts 6889
DC1BP 001 programmed as described
in the publication 6890
DC1BP 001 10TTLICs, 3 other ICs, 1 volt.regulator,
1 diode, 1 transistor, 1 DIL-switch, 1 con-
nector pair 31-pole, 5 ceramic, 7 foil
capacitors, 2 foil trimmers, 10 electrolytic
caps., 1 potentiometer, 19 resistors 6899
25MHz matched to the ZNA234E 6898
4.433MHz  PAL crystal 6163
DC1BP 001 complete, with above parts 6900
Programmable Rotator Control
Single-board computer (without EPROM)
already programmed

EPROM

Program listing (16 pages)

Ed. 4/1984
DM 34.-
DM  160.-
DM  443.-
DM 595.-
Ed. 4/1984
DM 55—
DM 44,
DM 215.
DM 16.—
DM 16.
DM 335.-
Ed. 4/1984
on request
on request
DM 10—

Following a frequent request, we are going to offer a limited number of PC-boards for the
Digital Scan Converter, as described by YU3UMYV in VHF COMMUNICATIONS editions
4/1982 and 1/1983. They should be available from March 1985 on and prices will be as follows:

PC-board YU3UMV 001, single coated, drilled, with component location plan
PC-board YU3UMYV 002, double coated, with through contacis
Both PC-boards together

only

DM 29.—
DM 69.—
DM 95—

k-l;&benc!ﬂe Terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf
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An Amateur-Television Transmitter
for Home Construction

Antanng
o |DIGLBO00% |
AL G
Comp. Vidao IF 329MHz | %
Viden | .;H DJ&LB 007 DJ6&PIOD& D JZ 002 50 mw
Inpust = video'Saurd Vosticial L LA . ) om0
Fi Coupling ” a5 |g}|a. Mixer + Linear -.I%_.Q_?R'Mhr Linear Amplifier
lod 4 Damodalater | oo Sideland Fiter Ampliier | S3915HHz
prge [DJ G LB O0Za |, WL =2 e
& sound om-'—_l----d ARtRI -kr’f?m
. Saur. F34MHz
I'\:';i'l' L5z [ lon-2F 1
PH '
Camp. Video Oulput
DJ6PLO03 (1o T Menitar) 0J& LB 303
ARG Cryslal Ose.
and Multipliar
TFI 3
X VHF COMMUNICATIONS

Atelevision transmitter built from modules described in VHF COMMUNICATIONS is shown in the
above block diagram. Each function is realised on an individual PC-board. Each PG-board is
built into its own linned-metal box, which leads to a very clean operation without unwanted siray
coupling and without problems caused by radiation. Each module may be aligned and tested on
its own. All this encourages the home constructor since it makes it easy to understand the diffe-
rent functions, and it finally leads lo a high-value ATY transmitter to which all possible video
sources {black/white or color} may be connected.

For an amplification of Ihe transmit power, a variety of linear amplifiers for the 70 cm band may ba
used (not FM »linears« 1), whereby care should be taken to adjust the drive so that the output
power does not exceed half the PEP value of the SSB mode.

The ATV modules listed have been published by three authors. The descriptions are detailed and
will enable successiul duplication. They are to be found in the following editions of VHF COM-

MUNICATIONS:

VHF COMMUNICATIONS  1/1973 VHF COMMUNICATIONS  4/1977

YHF COMMUNICATIONS  2/1973 VHF COMMUNICATIONS  3/1981

VHF COMMUNICATIONS  2/1976 This set of 6 editions is available

VHF COMMUNICATIONS  1/1977 at DM 24.—

Individual kits:

DJ41LB001a kit complete DM 98.— DJ 6 Pl 004 ready-to-operate DM 115.—
DJ 4 LB0O02a kit, complete DM 99.- DJ 4 LBO0O3 ki, complete DM 92—
DJ4LB007  kit, complete DM 95— DJ1JZ002  kit, complete DM 131.50

DJ 6 P1003 kit, complete DM 50—

Set of complete kits for the 70 cm ATV transmitter {without power ampilifier)
comprising DJ 4 LB 001a, DJ 4 LB 002a, DJ 4 LB 007, DJ 6 PI 003,
DJ 6 PI004, DJ 4 LB 003, DJ 1 JZ 002

JIkiiberichie Tery D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf
Tel. West Germany 9133-855. Representatives see cover page 2
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A system for Reception and Display of Weather-Satellite
Images using a digital scan converter/storage module

A) A complete system as kits

Description Edition Kit designation Art.No. Price
DM
Parabolic antenna, 1.1 rm diameter. 31979 Set of 12 segments ooog 180.00
12 segments 1o be screwed or riveted together, Riveting machine + rivets 0105 93.00
3 plastic supports tor radiator, 1.7 GHz Cavity radiator kit a0g1 90.00
mast-mounting parts with elevation mechanism 3 radiator supports 01086 29.00
Mast-mounting parts ooy 85.00
Low-noise amplifier for 1.7 GHz 314984 DJ6PI 012 6867 175.00
METEOSAT Converter, consisting of 4/1881 DJ1JZ 003 6705 189.00
two modules — Output first IF = 137.5 MHz) 1/1982 DJ1JZ 004 6714 185.00
VHF Receiver, frequency range: 4/1979 DC3NT 003 G141 225.00
136 — 138 MHz, 111980 DC3NT 004 6145 §0.00
Output: 2400 Hz sub-carrier
Digital scan converter 4§1982 YU3UMV oM N
(256 x 256 x 6 Bit) 1/1983 YU3UMV 002 BI85 B7H.00
PAL-Color module with VHF modulator 201983 YU3UMY 003 65739 150.00
B} Aligned ready-to-operate PCB-modules and equipment
Cavity radiator for above parabaolic antenna 0092 150,—
VHF receiver for 136 — 138 MHz, DC3NT 003 673 395,—
Osciltator for VHF receiver, DC3NT 004 B732 168,—
Digital scan converter (256 x 256 x 6 Bit) YU3IUMVY 001 4+ 002 6734 1150,—
PAL-Color module with VHF ascillator YU 3 UMY 003 6738 285,
C) A complete system, ready-to-operate in cabinets
Parabolic antenna, 12 segments, riveting machine and rivets, cavity radiator, supports 0108 510,—
METEQSAT converter with GaAs-FET preamplifier and mixer, 2 channels, in casing 3026 692.—
Antenna for orbiting satellites, DJ@BQ-137 (VHF COMMUNICATIONS 4/1931) 0101 198.—
Power combiner lor above, AT-137 0306 98,
6-channel YHF receiver in cabinet, programmed for:
137,130/137,300/137,400/137 500/ 137 620/ 137,850 MHz 3300 1298,—
Digital scan converter, 256 x 256 x & Bit, with control electronic G730 1980,
and PAL-Color module/VHF oscillator in cabinet
Video monitor, blackfwhite, with 31 cm C.R.T. 3301 550,—
All 10 editions of VHF COMMUNICATIONS containing infarmatian
on weather satellite recaeption 6742 49,—
Dissemination Schedule of METEQSAT, incl. surface mail 0050 3=
Audio Compact Cassette with 2 x 30 minutes of selected subcarrier recordings
of METEOSAT and NOAA, resp. 6740 25,80

Ul<iiberichte Torry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf

Tel. West Germany 9133-855. For Representatives see cover page 2
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Space and Astronomical Slides

Informative and Impressive

VHF COMMUNICATIONS now offers sets of phan-
lastic slides made during the Gemini, Apollo.Mariner,
and Voyager missions, as well as slides from leading
observatories. These are slandard size 5 cm x 5 om
slides which are framed and annotated.

Prices plus DM 3.00 for post and packing.

Sets of 5NASA-slides DM 8.50 per set

Set8103 Apollo11: Earth and Moon
Set8104  Apollo 11: Man of the Moon
Set8105  Apollo9and 10: Moon Rehearsal
Sel8106  From California to Cap Canaveral
Set8107  Apollo 12: Moon Revisited
Set8108  Gemini Earth Views

Set8109  Apollo 15: Roving Hadley Rille
SelB110 Apollo 16: Into the Highlands
SelB111 Apollo 17: Lastvoyage to the moon
Sets8112  Apollo1/: Last MoonWalks
Setf113 I\/{ar'inerm: Mercury and Venus

Set 8147 »Jupiter encountered« 20 slides of VOYAGER 1 & 2 DM 35.00

1. Jupiter and 3 satelites 2. The giant planet 3. Jupiler. lo and Ewropa 4. The Red spol - 5. The Red spotin detail 6. The
swirling clouds 7. loand awhite oval 8. The neighbourhood of the Red spot . 9. The rings of Jupiter 10 The Gallilean satelli-
les 11 Amalthea 12 Callisto 13, Impact feature on Callisto 14, Eruplion on lo 15 ke full disc 16, Europa dose-up
17 Luropa distant view 18, Ganymede closc-up 19, Adistant Ganymede 20, The lovian syslem

Set 8100 »Saturn encountered«, 20 VOYAGER-1 slides DM 35.00

I Saturnandsofitsmoons 2. Saturnfrom 11 miomiles 3. Satum from & mio miles 4 Saturn from 1 miomiles 5. Salurm and
rings frorm 900000 miles 6. Satum’s Red spot 7 Cloud bells in detail 8. Dions against Saturn 9. Dione close-up 10,
Rhea 11 Craters of Rhea 12 Titan 13, Tilan's polar hood 14, Huge crater on Min 15, Other side of Mimas  16. Ap
proaching the ings 17 Under therings 18, Below therings 19, «Braided« F ring 20, lapelus

Set 8148 »VOYAGER 2 at Saturn«, 20 VOYAGER-2 slides DM 35.00

1. VOYAGER 2 approaches 2. Clouds & rings 3 Storms & salelites 4. Cyolones, spols & jel streams b, Convective
regiens 6, Atmospheric dislurbance 7. Rings & shadows 8, The »Cs ring 9. Hing details 10, The «A« ring 11, Lodking
back on Saturn 12 Titan - nightside 13, Titan — atmosphericbands 14 The »Fering 15, Hyperion close up 16 lapelus
rivealad 17 Enceladus explored 18 The Tethys canyon 19, The »Fering structure 20, Within the Enke division

Set 8102 »The Solar System«, 20 NASA/JPL slides DM 35.00

1. Solar System 2. Formation of the Planets 3. The Sun 4. Mercury 5. Crescent Venus 6. Clouds of Venus 7. Earth
.Full Moon 9. Mars 10, Mars: Olympus Mons 11, Mars: Grand Canyon 12, Mars: Sinuous Channel 13, Phobios
14, Jupiter with Moons 15, Jupiter Red Spot - 16, Saturn 17, Saturn Rings 18, Uranus and Neptune 19, Pluto 20, Comet
lkaya-Seki,

Set 8149 »The Sunin action«, 20 NASA/JPL slides DM 35.00

1.SuninHalight 2 Total Solar eclipse 3. Oulercorona 4. Corona from SMM sateliite 5. Coronadose-up 6. Solarmagne-
logram 7. Acliveregions in X-radialion 8. X-raycorona 9. Acoronalhole  10.Solar flare 11 Aclive Sun 12, Eruplive pro-
minence 13, Gargantuan prominence 14, Eruplive prominence 15 Huge Solar explosion 16, Prominence in action 17,
Sunin action 18 Magnotic field loops - 19, Prominence close-up 20 Chromosphernic spray

Set 8144 »Space shuttle«, 12 first-flight slides DM 24.00

1. 5T51 heads aloft 2. View from the tower 3. Tower clear 4. Launch profile 5, Payload bay open 6 STS control Hou-
ston 7. In orbil, earth seen through the windows 8. Bob Crippen in mid-deck 9. John Young 10 Approaching touchdown
11. Afler 54.5 hours in space Columbia returns to Earth. 12, Astronauts Crippen and Young emerge after the successiul mission

Set 8150 »Stars and Galaxies«, 30 astro color slides, AAT 1977 - 1982, DM 46.00

1. The Anglo-Australian 3 9 m Teicscope (AAT 2 AAT Dome 3 Telescope Control Console 4.4n Observer at the Prima Foous & Star Trails
inthe SWE Circurnpolar Star Tralls 7 Centaurus & NGCS128 8. The Spral Gaiaxy MB3 (NGCH236) 9. The Eta Canpae Nebula 10 Anopen
Cluster of Stars NGG3293 11 A Planotary Nebula, NGCB302 12 The Trifid Nobula M20 (NGCES14) 13, The Cone Nabula 14 5 Monocero

tis and NGC2264 15.The Melix Nebula NGC7293 16 A Woll-Hayet Star in NGC2359 17 A Spiral Galaxy MGC2887 18 Messier 16
INGCE611) 19.The Onon Nebula 20.Dust and Gas in Sagittarius. NGCH589-890 21.NGC6164/5. The Nebulosily Around HD148937
22 Dust Cloud and Open Clustor NGCE520 23 The Spiral Galaxy NGC253 24 A Mass-Loss Star, IC2220 25.The Jewel Box NGG4755
26 Local Group Galaxy NGC6822 27 Central Regions of NGC5128 28.Towards the Galactic Centre 28 The Trapezium 30.The Trifid Stars

Utiberichte tery b. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf
Tel. West Germany 9133-855. For Representatives see cover page 2




OUR GREATEST now with reduced dimensions !

Case: 1 15 14 13 17

DISCRETE Apli MONOLITHIC EQUIVALENT
CRYSTAL cz?t?olr; with impedance transformation without impedance transformation
FILTER Type Termination Case Type Termination Case
XF-9A SSB | XFM-9A 500 Q | 30 pF 15 XFM-9502 | 1.8kQ | 3 pF 13
XF-9B SSB | XFM-9B 500 Q| 30 pF 15 XFM-9S03 | 18kQ ' 3pF| 14
XF-9C AM | XFM-9C 500 Q| 30 pF 15 XFM-9S04 | 2.7kQ | 2 pF 14
XF-9D AM | XFM-8D 500 Q || 30 pF 15 | XFM-9S01 | 33kQ |2pF 14
XF-9E FM | XFM-SE 1.2kQ | 30 pF 15 | XFM-9S05 | 82kQ |0pF| 14
XF-9B01 LSB | XFM-9BO1 | 500 Q2 || 30 pF 15 XFM-9S06 | 1.8kQ || 3 pF 14
XF-9B02 uUsSB | XFM-8BO02 | 500 © || 30 pF 15 XFM-9S507 | 1.8kQ || 3pF 14
XF-3B10” SSB — XFM-9S08 | 1.8Kk2 ||3pF| 15
* New: 10-Pole SSB-filter, shape factor 60 dB : 6 dB 1.5
Dual (monolithic twopole) XF-910; Bandwidth 15 kHz, RT = 6 k2, Case 17
Matched dual pair (four pole) XF-920; Bandwidth 15 kHz, Ry = 6 k€, Case 2 x 1/
DISCRIMINATOR DUALS (see VHF COMMUNICATIONS 1/1979, page 45)
for NBFM XF-909 Peak separation 28 kHz
for FSK/RTTY XF-919 Peak separation 2 kHz

CW-Filters — still in discrete technology:

Type 6 dB Bandwidth | Crystals | Shape-Factor | Termination | Case

XF-9M 500 Hz 4 60dB:6dB4.4 | 500 Q| 30 pF

XF-SNB 500 Hz 8 60dB:6dB2.2 | 500 Q| 30 pF 1

XF-SP* 250 Hz 8 60dB:6dB22 | 5002 | 30 pF 1

* New !

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH

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