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Friedrich Krug, DJ 3 RV

Micro-Stripline Antennas

In micro stripline circuits discontinuities
occur which may be defined as all deviations
from the uniform stripline structure such as
bends, kinks, branches, impedance transi-
tions, open and short circuits and losses
through radiation. Radiation losses increase
with frequency, particularly when the geome-
trical dimensions of the line approach those
of an electrical wavelength. This radiation is
encouraged in stripline antennas by a suitable
arrangement of these discontinuities. Particu-
larly good radiation occurs from power reso-
nators and surface resonators whose electri-
cal dimensions are 1 / 2 or multiples thereof.
This fact is utilised in other types of antenna.

Micro-stripline antennas are therefore radiat-
ing surfaces on a thin dielectric substrate
with a conducting ground plane. The main ra-
diation axis is perpendicular to the plane of
the radiator.

1.
ADVANTAGES AND
DISADVANTAGES

Qwing toits pldner structure the antenna is manu-
factured by the ‘etching technique in exactly the
same manner as for micro-stripline circuits. The
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demands upon this technique and the materials,
particularly for the low-loss dielectric, are very
similar. The advantage of these antennas are
their uniform, thin structure and negligible weight.

The diagonal measurements of the base plane
must, however, be at least a wavelength, and for
antenna arrays, considerably larger. The arran-
gement of many radiation elements into an array
results in a greater beam concentration and
therefore a higher gain.

Owing to the geometrical dimensional limitations,
there has to be a lower frequency restriction of
about 300 MHz for these antennas. The upper fre-
quency limit is sel by rising conductor losses and
losses in the dielectric and is around 30 GHz for
PTFE dielectric. Surface wave radiations are also
intensified with increasing frequency, particularly
when the ratio of substrate thickness to wave-
length is greater than 0.1.

Since the radiation surface is driven into resonan-
ce, these antennas have a narrower working fre-
quency range than a horn radiator. The obtain-
able bandwidihs range from 1 % to 5 % of the
mid-band frequency in the 3 cm band.

The efficiency 7 is also lower than a horn radiator
owing to the higher losses in the thin conductor
structure. The gain from a well-matched single
element is aboul 6 dB and with a little more
{worthwile) trouble with arrays of elements, gains



VHF-COMMUNICATIONS 4:85

Fig. 1:
Surface radiators in
micro-stripline technique

of up to 20 dB are possible. The gain, however, is
always a few dB lower than the equivalent sized
horn antenna would be.

Owing to the negligible power handling capabili-
ties of these antennas, they are not suitable for
use as high power radiators. They are almost
ideal for receive functions however, as they may
be fabricated on the same substrate as say an
amplifier with direct low-loss connections — all in
the same etching process.

2
UNCTION

Since the introduction of stripline antennas some
30 years ago a number of technical publications
about the subject, and the calculation of fields and
radiation canditions, have appeared. For those
wishing a more theoretical treatise the reference
books (1) and (2) are recommended. They, in
turn, provide further references for a deeper
study.

In the following article | would like to present a
clear description of the micro-stripline antennas

together with a few formulae for the approxima-
tion of the dimensions.

As already mentioned, conduclors radiate parti-
cularly powerfully when they complete a . / 2 re-
sonate circuil or multiples thereof. Through the
nature of the radiating surface and the manner in
which they are coupled, they may be categorized
into three groups:

The first group encompasses resonant surfaces
and conductors and the second are radiating
aperatures which to many are known as slot ra-
diators. The third group form travelling wave an-
tennas. The latter comprise a periodic arrange-
ment of discontinuities on a non-radiating feedline
which has been properly terminated. As far as the
principle function is concerned, travelling wave
antennas are similar to surface resonator arrays
and will not be considered further.

A few examples of conducting radiating elements
are shown in fig. 1. A &/ 2 conductor resonator
which produces alinear polarised wave with the E
field vector in plane of the antenna is shown in
fig. 1 a. The ring resonator in fig. 1 b represents
a closed conductor. The basic oscillitory resona-
tor must have an electrical length of a full wave-
length, requiring an average diameterof /7. The
radiation characteristic and the polarisation, de-
pend upon the way in which it is fed. This applies

195
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Fig. 2: Circular polarised surface radiator with a 80°
hybrid coupler feed in order that the sense of
the polarisation may be reversed

also to the surface radiators depicted in 1 ¢ and
1 d as to whether they are linear or circular polari-
sed antennas. The circular polarised radiator
must be fed simultaneously on two sides offset
physically by 90° by signals having a 90" phase
difference between them. The arrangement is
shown in fig. 2. By the coupling of the surface
radiators with a 90° hybrid coupler the polarisation
rotational direction may be chosen remotely. If
input 1 is fed, and input 2 terminated, the antenna
possesses a rigth-handed polarisation and vice-
versa a left-handed polarisation is obtained.

The radiating characteristic of the round surface
radiator of fig. 1 d is dependent upon the type of
resonator field which with the aid of cylinder-func-
tions — i. e. approximations to Bessel functions —

may be calculated. This cannot be gone into here
but references /1/ and /2/ deal with it.

Surface radiator elements may be relatively
easily arranged into an array of antennas as fig. 3
shows. The radiation characteristic and the input
impedance of the antenna is determined by the
type and phase disposition of the feed. The arran-
gement in fig. 3 consists of radiating elements
fed in-phase. In the upper diagram > / 2 radiating
elements are connected by i / 2 non-radiating
{almost) elements in series so that each radiator
leading edge is exactly one wavelength from its

196

neighbour. This means that the antenna is fed in-
phase and that the direction of polarisaticn is in
the plane of the antenna. :

Fig. 3 lower shows another arrangement of in-
phase feeding of radiating elements, the feeder
sections are this time, one wavelength long. The
polarisation of this arrangement is at right-angles
to the feeder section i. e. out of phase by 907 with
that of the upper array.

An example of slot radiators is shown in fig. 4
which depicts two antennas with differing feed
arrangements. Fig. 4 a shows an arrangement for
symmetrical stripline, known as triplate, in which
the radiating slot is coupled by a conductor short-
circuit. The current is greatest at the short-circuit
point and with it the magnetic component of the
field which lies at rigth-angles lo the plane of the
line direction. Since slot antennas have a magne-
tic field vector which lies in the plane ofthe anten-
na, the H field direction of the antenna and that of
the short-circuited line are the same so that both
slot and line are well coupled.

The arrangement in 4 b depicts a slot antenna
efched in the ground-plane of an unsymmetrical
conductor structure and coupled by a micro-strip-
line which passes over the middle of the slot and
at rigth-angles to it. The line is left open-circuited

= £ W R KK

Fig. 3: Antenna arrays consisting of periodically fed
radiating elements
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Fig. 4: Examples of slot radiators with H field
coupling
a) Triplate configuration with short-circuit
coupling
b) Slot radiator in the ground surface with an
open-circuit ». / 4 micro-stripline coupling

at its end & / 4 from the middle of the slot. The
open-circuitis transformed as a short-circuitin the
plane of the siot. The magnetic field component is
thereby greatest directly above the slot, which
also has its greatest magnetic component at this
point, thus providing a good coupling.

The radiation of the slot from the triplate configu-
ration takes place from only one side, the other
{ground side) being the reflector. The micro-strip-
line slot feed arrangement, radiates almostequal-
ly in both directions as apposed to the conducting
radiators where the metal ground-plane also acts
as a radiator, particularly when it has a large area
relative to the radiating surface.

3.
CALCULATION OF A RECTAN-
GULAR RADIATING ELEMENT

In order to simplify this review, the mathematical
details have been omitted but they are available, if
required, from ref. /3/.

Fig. 5: Rectangular surface radiating elements of
length L and width W on a dielectric substrate
of thickness h and a complete metal ground
screen

Fig. 6: Cross section through the conductor
structure depicting the course and intensity of
the electrical field line E

The surface radiator element shown in fig. 5 may
be regarded as a conductor of length L and width
W. Ignore for the moment the narrow feedline and
consider it as of length L = % / 2. e. a half-wave
resonator.

As the field lines shown in fig. 6 indicate, at the
open-circuit ends, the field is distorted in respect
to the ideal field structure along the conductor.
This distortion has the effect of elongating the
conductor L by the amount A L. This short con-
ductor length is effectively capacitive with acapa-
citance C. Atthe same time, the field lines occurin
the free-space from end to end of the conductor
and the end may be regarded as aradiating slot of
length /4 L and of width W. The radiating energy
can be considered to be dissipated through a ra-
diation resistance R so that the surface radiator
element may be considered as the equivalent cir-
cuit shown in fig. 7. It can be seen that the re-
sonant frequency {, of the resonator is mainly de-
termined by length L and the effective elongation
P

(1 L=05%r-2AL
Since the wave distribution on the conductor is
197
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2 HEJ 4”( 7, It ﬁﬁ
| I

Fig. 7: Equivalent circuit of a radiating element from
fig. 5 as a feed-line of characteristic
impedance Z,; and the equivalent elements
R and C of the open end together with the
characteristic impedance Z,..

I

D, @

e

Fig. 8: Equivalent circuit of a micro-stripline radiator
in the vicinity of the resonant frequency

Fig. 9: Transformer coupling of a radiating element
with a coaxial cable through the ground plane
(from /1)

delayed by the effect of the dielectric, the wave-
length is given by

(2} h= }-o! \F.:F'ft-ﬁ
where i, is the free-space wavelength from
{3) ho = ol

where ¢, = velocity of EM wave in space.

The effective relative permittivity &..q is dependent
upon the conductor width W and the relative per-
miltivity of the substrate. It is given below and in
equalion /4/ ref. /3/.

@ eay=(e+1)/[2+(&—1)VAT4Bh/W

The effective elongation A Lis calculated as des-
cribed in ref. /3/ equation /7/. s
If the heigth of the substrate h << &,
then A L is approximately: —
(5) AL=hi2
The radiation resistance R depends upon the size
of the radiating slot and therefore upon the width
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W of the conductor in relationship to the wave-
length.

According to /5/ for the conductor width W << ./ 2
of the radiation resistance

(6a) R=1800/V ey (h ! W)?
and for the conductor width W = 1.5 & with

(6h) R =240 O/ £an - (/W)

Since the radiation resistance is effeclive on both
sides of the conductor, the resultant value Rg for
one element is:

@ R.=R/2

The width W of the conductor is calculated as in
ref. /3/ which also gives the characteristic impe-
dance Z, ; of the resonator element.

For coupling the antenna to the feedline a know-
ledge of the total impedance Z is necessary and
regarding the equivalent circuit of fig. 8, the total
value of the conductance. This comprises (he ra-
diation conductance G., a loss conductance G,
and a susceplance of the equivalent elements of
the conductor Ly, Cr and 2 C.

The matching transformer is either accomplished
in the feed-line or through coupling into the radial-
ing elements within the length L (fig. 9) so that
the resonator line itself is used as a transforma-
lion element.

For the case of resonance at f,, the reactive com-
ponents should fall to zero and the transformed
quantities of the radiation conductance and the
loss conductance will form the desired input impe-
dance Z.. In order to have a good antenna effi-
ciency, it is necessary that the loss conductance
is very small in relationship to the radiation con-
ductance. Usable micro-stripline antennas are
therefore only built with very low-loss dielectrics.
The normal micro-stripline materials such as RT/
Duroid, Di-Clad or A:O. ceramic, can be consi-
dered as practically loss-free up to the 3 cm band.
PCB material such as G 10 is unusable above
1 GHz.

Connecting several radiating elements together
to form an array, as in fig. 3, increases the radia-
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tion conductance but alse, unfortunately, the loss
conductance as well. Additional losses in the con-
necting lines have the effect of decreasing the
ratio of radiation-to-loss conductance. The effi-
ciency of large micro-stripline antenna arrays is
s0 poor that the maximum available gainis limited
to 20 dB /6/, /7/ and /8/.

An important criterion of an antenna is its band-
width, that is. the frequency range in which it is
usable. In {1/ the bandwidth for a single radiator
was calculated in detail. A knowledge of the mate-
rial losses is required beforehand, but this can be
very tedious for arrays having several radiating
elements and coupling networks. Ameasurement
method of determining the bandwidth is very
simple and consists of measuring the input impe-
dance versus frequency by means of say, the in-
put VSWR.

The bandwidth & f will then be defined as the
band over which the antenna is suitably matched,
i, e.a VSWR of less than say 2 : 1. This can also
be expressed as the frequency band over which

Fig. 10: Antenna array consisting of 2 x 2 rectangular
micro-stripline resonators for the 3 cm band

the return loss is smaller than — 10 dB rel. ref.
freq.

Before the measurement is carried out, however,
itmust be determined that the antenna is beaming
in the desired direction in this band of frequen-
cies, It is particularly the case with antenna ar-
rays, it is possible to find that within the usable
band and at a fréquency at which the VSWR is
low, that the radiation beam has slewed off the
desired direction or that a side-lobe possesses a
greater proportion of the input power. Another
possibility, is that the coupling network is matched
unintentionally with the loss conductance at this
frequency. The radiating elements are then notin
resonance and the radiation conductance is neg-
ligible. The antenna is then acting as a termina-
ting resistance!

4,
CALCULATION AND CONSTRUC-
TION OF A MICRO-STRIPLINE

In order to demonstrate the applicability of the for-
mulae, an antenna array consisting of 2 x 2 radiat-
ing elements was designed and measured. The
array arrangement is shown in fig. 10. The array
consists of two lines of & / 2 radiators, each line
having two elements. The polarisation lies in the
plane of the feedline L.

The radiator length L is determined by the reso-
nant frequency {, = 10.35 GHz and the width W
determines the radiation resistance so that an in-
put impedance of 50 {1 results. In order to have a
feed impedance of 50 {}, each element must have
a radiation resistance Rz = 200 (} on the condi-
tion that each element is sufficiently decoupled
from the others. The coupling line to the radiator is
L, = & and has a characteristic impedance of
100 Q1. e. the impedance of two paralleled radia-
tors.

The construction utilises a teflon substrate RT/
Duroid 5880 with a substrate thickness h = 0.5

198
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Fig. 11: Radiation resistance Rs ofa /. / 2 surface ra-
diator as a function of the conductor width W

mm and 17.5 um copper film on both sides. The
relative permittivity ¢, = 2.23 at 10.35 GHz.

With these material data, a calculation was made
for the dimensions L and W of a radiating element
as in fig. 5 at 10.35 GHz and a radiation resis-
tance Rs of 200 (). As the radiation resistance lay
outside the validity of the formulae 6 aand 6 b. the
diagram of fig. 11 was developed. It contains
the transitional range of the two formulae as an
average value. The diagram directly supplies the
radiator width W in millimetres for a given radia-
tion resistance Rs. Now, with the width W, the ef-
fective relative permittivity is found with equation
(4) and with equation (1) the resonator length L.

The following calculation steps use the diagram

from /3/ and the antenna geometrical data for

fig. 10 is listed as follows:

Radiator Width
Rs=2000Q— fig.11—=W =11 mm

200

Radiator Length

W=11mm—withh=05mm-—->W/h=22
W/ h=22—dlagram 1 — g« = 2.11
fo=10.35 GHz — (2) + (3} — % = 19.94 mm
withL=05r-2AL
4 L determined from /3/, diagram /3/
w/h=22—diagram3—d/h = 068
AL=034mm

L =9.29 mm

The feedlines L. and L; are loaded with the cha-
racteristic impedance Z, = 100 (1.

Line Length L,

Z —diagram 2 —W/h = 0.9
W/h=09—>h=05mm—W_=045mm
Wih=0.9—dagram1 — . =178
fo = 10.35GHz — (2) + (3) =}, = 21.71 mm
With L, = 0.5 &, + 2 /. L for equal phase feeding

of both elements.

Ly =11.53mm
The distance A is arbitrary chosen with
A=L+L,=20.82mm

For the Line Length ,, the elongation £ | for the
compensatory kink as in /3/ as well as the refe-
rence plane displacement d;, must be taken into
account. Here the feed point is, {as opposed to
fig. 10) a T-branch with 50 {1 feed lines.

LQ },|—r“.L 2.‘_‘|"d'

This results in the length L; along the edge to the
middle of the antenna.

Wih=09-/3eq(9)/—221=0013mm
Z, =100 0
Z,=500--/3,(10) + (11¥ —dy = 0.133 mm
L, =22.17 mm
b = 0.231 mm from /3/.

5.
ANTENNA MEASUREMENTS

The input impedance characteristic with refe-
rence to the feed point in fig. 10 is shown in the
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Fig. 12:

Feed point input impedance
plot on Smith-Chart. The
values are for Irl = 0.1;0.2; 0.3;
D4and0.5at VSWR 1 : 2 ref.
50

DJ3RV

|

Fig. 13: Directional characteristic in the E-plane
{horizontal diagram)

Smith Chart plot in fig. 12. The minimal reflection
coefficient with .

r-004e %
atf, = 10.343 GHz

This corresponds to an input resistance of
Ze =46 Q)

A VSWR = 2 : 1 is measured at 10.255 GHz and
10.445 GHz, giving a bandwidth of 190 MHz
i.e. 1,84 %.

Fig. 13 shows the polar plot in the E field plane at
f, = 10.343 GHz. That is the polarisation plane
and, normally, the horizontal diagram. It is pro-
bably something to do with the feed arrange-
ments that there is a +2° departure from the nor-
mal plane symmetry.

The half-power points:
Ag=+19t0 —17° = 36°
and the first minima occurs at
¢m=+42°to — 34° = 76°
201
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Fig. 14: Directional characteristic in the H-plane
(vertical diagram)

Fig. 14 shows the directional characteristic in the
Hplane at f, = 10.343 GHz.

The half-power points

AW =+ 20°t0— 18" =39
and the first minima occur

#m =+ 42°t0 — 417 = 83°,
The Gain was measured at G, = 10.5 dB;

The cross-field polarisation (E component mea-
sured in H plane) = — 36 dB (only).
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Formulae and Diagrams for the
Approximate Calculation of Micro-Striplines

The design and calculation of stripline cir-
cuits is still, unfortunately, a specialist’s ter-
ritory. This is partly understandable, as the
development of the circuits is more demand-
ing upon the technological possibilities than
that for normal printed circuit practice. In
spite of this, it is helpful for the understanding
of micro-strip circuits, if the impedances of
the conductor structure can be determined
from its geometry. This will enable anyone
with normal radio frequency expertise to, at
least, understand the circuit function.

That is the aim of the following presentation
of formulae, and in particular, for the under-
standing and calculation of micro-stripline
antennas which are described in this edition
of VHF COMMUNICATIONS.

Planar microwave circuits, which are relalively
easy 1o fabricate using etching techniques, most-
ly employ unsymmetrical striplines. The exact cal-
culation of this type of circuit is very tedious, and
in most instances, only possible as an approxima-
tion. In order to present a simple method of calcu-
lating microwave conducting structures, only the
most important approximation formulae from the
references /1, /2, /3 have been selected and pre-
sented graphically. The diagrams have been cal-
culated based upon the most used substrate.
glass-fibre re-inforced PTFE. Types include RT/
Duroid 5870 and 5880 Rogers Corp. /4/ or Di-

Clad 870 and 880 Keene /5/ with dieleclrics con-
stants ¢, — 2.32 and 2.23, resp.

The inaccuracies, consequent upon the approxi-
mation approach, are small and well within the
tolerances for the dielectric constant and the
thickness of the substrate materials. | found that
the difference between the calculated results
and the actual measured results lay within + 3 %.
This is not normally critical for simple circuits
(flilters and resonators), however, a correction
may have to be applied. The fabrication must also
be carefully controlled, as the design of the mask,
application of the photo sensitive resist, the expo-
sure, development and etching all influence the
width of the conductor tracks. These manufactur-
ing tolerances must be known and taken inlo ac-
count.

1.
CONDUCTOR WIDTH

Fig. 1 shows a cross-sectional view of a micro-
sitrip conductor of width W and conductor thick-
ness 1, etched from a board of dielectric thickness
h and relative dielectric constant ¢,. The conduc-
ting ground plane is continuous. The calculation
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Fig. 1: Cross-section through a micro-stripline

of the conductor dimensions is accomplished by
the aid of /3/ equation (1) using the application
range ¢, = 16and 0.5 = W/h = 20 assuming t =
0 and neglecting frequency. They supply for the
desired conductor characteristic impedance Z,
the ratio of track width to subslrate thickness W/ h

Diagram 1: Effective relative permittivity ¢,y as a
function of Wih for an ¢, of 2.23 and 2.32

Diagram 2: Characteristic impedance Z, of a stripline
as a function of Wih for ¢, = 2.23. The dis-
placement of Z,_for £, = 2.32 is small
enough to be neglected and cannot
therefore be shown as a seperate curve.
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for the given dielectric constant ¢, of the substrate
material. Equation (2) supplies the effective di-
electric constant £,,4 1. €. the modified value due to
lines of farce fringing.

For an overall view, the values for ¢, = 2.23 and
£ = 2,32 are depicted in diagram 1 as a function
of W/h,

The conductor characteristic impedance Z, may
be calculated with the aid of equation {3) from the
given geometrical dimensions. These values for
the impedance Z, are plolled against the ratio
W / htor ¢ = 2.23 in diagram 2. The values for
the characteristic impedance Z, at & = 2.32 lie
about 2 % lower and cannot be clearly depicted in
the diagram.

The influence of the conductor track thickness t
has been neglecled in equation (1) to {3) but the
error is very small for track thicknesses from 17.5
pm to 35 pm. Thick conductor tracks also very
narrow tracks, exhibit greater lines-of-force fring-
ing effects and the eflective dielectric constant is
therefore smaller. This factor can be taken into
accounl with equation (4) and (5) from /1/. The
resulting correcled value for k" and conductor
width W= are used in equation (3) to obtain anim-
proved value for the characteristic impedance.
The conditions h == {; 21 <~ W and t < 0.75
{W* - W) must, however, be observed.

The influence of frequency is dertermined by /2/
equation (6). This supplies a frequency corrected
effective dielectric permittivity &.4(f) which at
10 GHz and with PTFE subsltrate is about 2 %
higher than determined by equation (2).

2.
END CAPACITANCE OF AN
OPEN-CIRCUIT LINE

An open-circuited micro-stripline has, at its end,
a fringe field which has a capacitive effect. This
tends to give the conductor a greater electrical
length than its physical length by an amount d.
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Fig. 2: Additional length d of an open-circuit
stripline caused by the fringing of the E field
atits end

Fig. 2 shows this fringing field and the resultant
elongaltion d. This effect must be taken into ac-
count e. g. with probes or resonators in equation
(7) from /2/ and is valid for 0.01 =W /h = 100 and
1 = ¢ <2 50. The curve is shown in diagram 3 for
g =2.23.

3.
COMPENSATING DEVICES

When designing microstrip circuits, itis frequently
necessary to form an angle ¢ in the track to
change direction. A bend is formed as shown in
fig. 3, which also possesses a fringing field which
adds an effective additional capacity. A relatively
wide-band compensation method is to cut the cor-
nerasinfig. 3. In/1/acormer-cutoflengtha=1.8

Diagram 3: Elongation of length by amount d for an
open-circuited stripline for a relative
permittivity of v, = 2.23

Fig. 3: Compensalion of the fringing effect at a bend
by cutting off the corner

W for angles ¢ = 30" to 120°is given. The width b
is calculated from equation (8a). My measure-
menls showed that these approximations are ef-
fective for angles ¢ = 90° to 120°.

For aright-angled bend ¢ = 90% the width bis de-
termined according to /2/ also equation (8b). The
size of d must then be determined with equation
(7) for an open-circuited line of width ' 2 W.

The equivalent length Al is approximately given
by equation (9).

4.
SYMMETRICAL BRANCHING

The reference plane displacement at a line bran-
ching section is shown in fig. 4. This occurs with
probes, conductor dividers or hybrid couplers and
is extensively covered in /1/. For a symmetrical

=zt

Fig. 4: Displacement of reference plane at a stripline
junction
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placement is taken from the centre lines’ of the
conductors, The characteristic impedance Z; is
that of the through line and Z; is the impedance
of the branch line. These impedances are deter-
mined with equations (1) and (2) or diagrams 1
and 2 together with the relevant effective relative
permittivity.
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Verlag H. Wolff, Aachen



VHF-COMMUNICATIONS 4/85 k

. ‘“ [E13 T8 2
[ ‘---‘l ; i + 0,236
S oamsey 30,26 . % “r o 7
] (E ].--l. = TRLELELA 2
reff -0,i89 {F} + 0,87

“‘ 3 "
; % (1-8,218e"7% F) (1+ .:,2;;?31:451 arc tan(0,084(31%)
where P ML e S i | : =

]tl'.l‘

140,0372(5-5-¢ (571 are tan (0087(%) )

"] 171
(1 1
where k= 1,3813 (1#f ———1" i
( 192,558 *
%
by 03 cos(*/2) ()
sin{¥/2}
!
b=—usid [Eh)
iZ

with ool from equation |7] and with wicin V7w asterminod

| ("I [ =
82 =2 (0,5 {5} -l 0,32} (9

2, oy
.2 B e . 7 .
d; = 0,50 - Dﬂzlf‘-(ﬂ.c?a + 0,2(5%) + 0,663-2} 1, 12,) - 0,172 lnI[-] [}

;’5‘-“{5 20y "f'l. \? 3
SN Tl o mey i ) 2ds .
dy = 0,050, T:T T 20 L it j' . Ll‘:‘g“i__'} } {11}
\ZX I " J

vherc D, = 123".'_._?"' g 0, ]_Z_[E‘?_'h

":F'ml’ﬂ'z' ‘;r'.'\efr"z'l"

T |
Fretnn'’

{2/ Hoffmann, R. K.: Integrierte Mikrowellen-  /4/ Lieferfirma fiir RT/Duroid:

schaltungen Mauritz GmbH & Co., Postfach 10 43 08,
Springer Verlag, Berlin 1983 2000 Hamburg 1

/3/ Hammerstad, E. O.: Equations for microstrip  /5/ Lieferfirma fiir Di-Clad:
circuit design Municom, Postfach 12 10, 8217 Grassau

Proceedings of the 5th EMC, 1975, p268 -272
207



X

VHF-COMMUNICATIONS 4/85

Carsten Vieland, DJ 4 GC

Power Amplifiers — How they are operated

This compilation of measures for the spu-
rious-free operation of power amplifiers was
written in the hope that it would act as a re-
minder and as a source of assistance, for the
improvement of a few — mainly contest — sta-
tions of dubious output quality. They serve,
also, as a preliminary for the accompanying
article on the construction of a highly linear
750 W UHF power amplifier using a 4 CX 1000
A valve.

A power stage serves only to amplify the input

signal and not to generate signals of its own.

Several simultaneous conditions are to be met

before a high power output together with spectral

purity can be achieved:

1) The PA must be, in fact, linear.

2) The transceiver (exciter) driving signal must
also have a clean spectrum.

3) When switching from exciter to PA, the trans-
mit level must be carefully controlled — the
microphone gain is unsuitable for this purpose.

4) The output must be properly monitored so that
the modulation envelope can be ciearly seenin
operation and on a test signal — a moving-coil
instrument can give a false impression.

These four conditions will be examined in more
detail.
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1,
THE POWER AMPLIFIER

Valves and fransistors used in linear power
amplifiers require stable supplies in order that the
working point can be fixed. These should remain,
even under the most difficult input conditions,
(emergency supply generators, or mobile opera-
tion). If the input envelope is influenced by signal
varying DC supply potentials applied to the de-
vices electrodes, spurious signals are genera-
ted by the non-linearity — the dreaded intermodu-
lation. This effect is, of course, desired in mixers
where an intermediate frequency is required.

Transistor power amplifiers, must therefore, have
due aftention paid to the base bias supply. lis
stability must be checked by an oscilloscope
during working conditions. For transistors having
a 0.7 V bias, the input signal should not cause it to
vary by more than 0.1 V peak-to-peak as a work-
ing guideline. Many commercial amateur equip-
ments fall well short of this standard.

The screen-grid of a power valve has simular pre-
requisites e. g. the screen-grid of the 4 CX series
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should be stable within 5 V peak-to-peak under
dynamic conditions. A point to watch is that,
despite the required degree of stabilisation, a ne-
gative current flows over parts of the input cycle.
This necessitates a large standing ballast current
10 be provided.

Monitoring of this voltage by means of a multi-
meler is not sufficient owing to its inadequate res-
ponse to speech waveforms. Again, an oscillos-
cope is required to monitor the dynamic condi-
lions.

Poor matching of the valve or transistor o the
tuned output circuit/ transformer, or perhaps poor
design or mis-tuning, can also cause the produc-
tion of intermodulation, despite the fact that the
device is adequale for amateur output require-
ments.

In cases of doubt, V-MOS transistors or valves
are to be preferred to bipolar transistors. Atmode-
rale modulation, using two equal input test tones,
the 3rd order IM signals are some 30 dB lower
but the higher orders fall away more quickly using
valves. In the critical region from 5 to 20 kHz re-
moved from the sender frequency, the level of
intermodulation products could be up to 20 dB
lower using V-MOS or valve PAs when compared
with bipolar PAs driven to the same oulput and
possessing the same level of IM..

[tis well known that some valves used in the con-
struction of PAs are simply not suitable e. g.
QQE 06/ 40 and the 4 CX 250 (see test report in
CQ-DL 5/ 82). The most common cause of inter-
modulation distortion is, unfortunately, the lack of
self discipline. It is generally known that for a
1 dB increase in outpul power the IM; level can
increase from at least 3 dB up to 20 dB. It would
appear that altempts are made to drive the PA in
order to achieve the unattainable intercept-point
(roughly same level of power in speech waveform
as in intermodulation products)!

2.
TRANSCEIVER

The output signals of most modern transceiver
are guite good and that can be confirmed by the

many tesl reports which have appeared in the last
few years. The considerations of (1) are valid, but
improvements are possible in practically all
equipments.

The noise side-bands of the local oscillators,
however, cannot be said to be good. The output
signal is superimposed, through the mixing pro-
cess, upon the noise pedastal of the local oscil-
lator. As a consequence, the low frequency mo-
dulation contains noise, which is very similar 1o
that of intermodulation but tends to be much more
broad-banded. Transceivers with unfavourable
noise characteristics should never be used to
drive power amplifiers, as observed in (1).

The YAESU transceiver FT 225 RD, which is con-
sidered to be really good in this respect, could be
improved by 10 dB at 100 kHz from the midband
signal. When a neighbouring slation carried out
this modification on his FT 225 RD it was then
possible to work the band without mutual inter-
ference. The maodification, it should be noted, is
also beneficial in the receive mode.

3.
CONNECTING TOGETHER EXCITER
AND POWER AMPLIFIER

Even assuming that a manufacturer produces a
low distortion, low noise transceiver and a good
maltching power ampilifier, the potential exisls for
trouble when the two are connected logether. Be-
sides a relay contact or two for external use, the
manufacturers offer nothing particularly helpful.
Of nolable assistance would be an HF drive con-
trol which gives continuous control over the power
supplied to the PA. The microphonhe gain control
is as much use for this purpose as a handbrake is
in controlling the speed of a car. The purpose of a
"mic. gain® control is to enable microphones of
differing sensitivities to modulate the transceiver.
Altempls to use it as a drive control could result in
saturation of the high frequency audio peaks, as
may be confirmed by an oscilloscope monitor.
The transceiver automatic level control (ALC)
counters the effect of the “mic. gain® control. The
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Fig. 1: Continuously variable power control in-
serted into a 50 {} point in the low level RF
drive circuits

application of too much ALC also causes distor-
tion. In addition, before the ALC comes into ope-
ration, narrow impulses of up to 1 ms in duration,
are produced during the time the ALC remains in-
effective. These impulses have a peak power ap-
proaching that of the maximum transceiver output
power, whichinthe case of the FT 225 RDis 4010
50 W.

An “RF drive” control can, however, be retrofitted
to most transceivers. A 50 () impedance point is
chosen {if possible) at a low level portion of the RF
amplifying chain and a suitable "blocked” 100 0
potentiometer is inserted in the circuitry. It should
be mounted at an accessible point on the equip-
ment's front panel. The author installed the poten-
tiometer of fig. 1 in the 10.7 MHz IF stages of his

Pa

FT 225 RD. It varies the SSB output power from
zero to 25 W without other specifications being
affected.

A reduction in level in the front part of the process
reduces the intermodulation which would have
been produced in later stages owing to overdriv-
ing. It does, however, have a somewhat adverse
effect upon the dynaric compression properties
of the ALC.

To complement the "RF drive” control, a vital part
of the chain should be matched by construcling a
suitable dimensioned 50 (! power attenuator from
composition or film resistors and include it be-
tween driver and PA. The attenuator should be di-
mensioned so that the PA can be driven to within
1 dB of its rated power output (fig. 2).

The PA cannot now be overdriven and the dyna-
mic compression of the driver transceiver ALC
remains fully in operation. The “mic. gain® is ad-
justed for a medium to high output level {a pointer
indication may be used). A high-dynamic range
receiver, moniloring the output of a local, well ad-
justed driver / PA combination, is able o lune
within a few kMHz of the transmission, without de-
tecting appreciable spurious emissions. The
attenuator between the transceiver/PA combi-
nation also serves the important role of termina-
ting the transceiver with a real 50 £} impedance.
The IM specification of a transceiver is most
favourable, when it has been terminated with a
malched resistive load and thereby low return
loss/VSWR. Driving a PA valve, or a transistor
directly,results in a reactive load which is depen-
dent upon the dynamic drive level.

TRX
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Fig. 2:
Attenuator pad inserted in the
“send” arm of the PA input
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The matching from transceiver/driver into the PA
via the malching pad is best carried out at full
drive and output power. At lower levels the PA
input impedance is far removed from the real
50 1, This causes a distortion of the input/output
characteristic resulting in the generation of inter-
modulation products despite the PA output load
being a resistive 50 (1 (antenna or dummy).
A 5 dB pad between a 10 W transceiver and a
4 CX 250 PA can result {in a theoretically unfa-
vourable case) in a return loss of 10 dB (i.e. SWR
= 201,

A further attenuation of intermodulation products
is possible by taking the ALC sample from the
power amplifier output and feeding it back to the
transceiver with the appropriate level and time-
constant to suit the equipment concerned. The
circuit of fig. 3 may be used to obtain the sample
voltage, but this voltage may have to be con-
toured before it can be applied to the transceiver.

The power output is set to maximum by means of
the 10 kf) pre-set potentiometer. The diode D 2
output is fed to the ALC circuit in the transceiver.
In some circumstances the transceiver internal
ALC gain must be reduced or suppressed, Should
the sample voltage be insufficient, or have the
wrong polarity, it may be corrected by means of
an operational amplifier.

A directional coupler is to be preferred, rather

Obtaining the ALC sample voltage
from the PA output

than a capacitive or inductive outpul tap, as it
functions independently from the prevailing an-
tenna matching conditions. The directional
voltage can also be used for an accurate power
oulput indicator.

4,
OUTPUT MODULATION
MONITORING

The transmitted signal from the transceiver / PA
equipment must be monitored under all working
conditions all the time. Moving-coil instruments
give a false indication because with speech only
average fluctuations may be shown and never the
peak values. The only effective form of monitoring
the oulput of a high power transmitter under work-
ing (traffic) conditions is to use a simple DC oscil-
loscope.

The individual workings of measures designed to
produce the optimum conditioning for the trans-
mitted audio, such as ALC, high AF attenuation
and speech-processing, have the combined ef-
fect of concentrating the power into the middle
dynamic range, thereby increasing ils average
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value. The peak values, on the other hand, do not
reach saturation. The optimisation during tuning,
adjustment and operation is expeditiously carried
out whilst observing the transmitted signal’s mo-
dulation envelope. Some radio amateurs would
have the cause of annoying splatter and speech
distortion, right before their eyes.

A particularly good indicator for linearity and out-
put is facilitated by the two-tone test, as this en-
compasses nearly all aspects of the output perfor-
mance, it can be used for optimising individual
stages during tune-up. Experience has shown,
that a 3rd order intermodulation of — 30 dB rela-
tive max. output power can be expecled, if the
maonitor trace shows no visible departures from
the ideal detected two-tone pattern. For a suitable
trace, the demodulation should be effected with a
short filter time-constant in order that the signal
is not distorted. The demodulator should alse be
capable of handling video signals of at least 50
kHz. The sample signal must be much greater
than the diode barrier voltage. Greaterthan 3V is
required in order to prevent distortion from this
cause. The detector probe must be adjusted to
the HF pick-up point until a satisfactory level has
been achieved. A suitable detector is shown in
fig. 4 for PAs without a reflectometer.

Most commercial PAs have a demodulated HF
monitor already built-in but it must be modified
normally, in order to reduce the detector time
constant.

To faithfully reproduce the two-tone RF envelope,
the diode capacitor should be reduced to about
100 pF and the diode load to about 10 k2.
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Fig. 4:
Envelope detector with a high
video frequency
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Two-metre Power Amplifier using

Valve 4 CX 1000 A

A two-metre power amplifier will be described
which will deliver a power output of 750 W with
a high spectral purity. As the construction of
such an amplifier requires skill, experience
and patience, | would rather not repeat to ex-
perts the various circuit techniques but con-
fine my comments to the peculiarities of this
particular valve. The intermodulation free, i. e.
splatter free, operation should also be exten-
ded to its use as a mobile PA where the con-
struction of the power supply will merit parti-
cular attention owing to the strongly varying
voltages encountered.

Contrary to longstanding opinion, the ubiquitous
valve family 4 x 160 /4 CX 250 were not made for
linear operation but for class C AM and FM appli-
calions some forty years ago. The tetrode 4 CX
1000 A/ JAN 8186 (fig. 1), on the other hand, was
especially developed for SSB and television line-
ar amplification over a wide dynamic modulation
range. It is not, unfortunately, quite as robust as
its smaller predecessors and requires greater
care both in construction and operation.

The CX 1000 A is a beam tetrode i. e. the screen-
grid lies directly in the shadow of the control grid.
This calls for great precision during its manufac-

Fig. 1:
The 4 CX 1000 A or JAN 8186
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Fig. 2: Final with penultimate block diagram

ture and during its operation, great care must be
exercised to ensure that even a transient over-
load does not occur which could lead to buckling
and misalignment of the beam structure. The
manufacturers specify a permitted control-grid
power dissipation of zero watts. Nevertheless, a
peak value of 5mA occasioned during modulation
may be allowed. In the course of the years | have
tested a number of tubes (including original-
packed) that have differing characteristics under
working conditions. It gives the impression of a
cerlain “overbreeding”.

1.
CIRCUIT DESCRIPTION

The overall function may be determined from the
block diagram of fig. 2. The actual amplifying
stage is also given in the detailed schematic of
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fig. 3. According to the manufacturer Eimac, the
maximum frequency of the 4 CX 1000 A using the
original socket SK 800 lies around 110 MHz. The
version 4 CX 1000 K has a maximum working fre-
quency of 400 MHz although both tubes have
identical connections and use the same socket.
The airvent holes on the screen grid plate of the
socket SK 800 should , through screwed on tin-
plate, be covered just sufficiently 1o allow the tube
to be changed. After this modification the 4 CX
1000 A is suitable for use up to 145 MHz. The air-
blast from the 80 to 100 W blower is directed into
the anode and then through a teflon or drawing-
cardboard cylinder to the exterior of the enclo-
sure.

The screen-grid tlocking condenser (5 nF}, which
is integrated into the socket, is insufficient to pre-
vent spurious oscillations. This is manifest upon
switch-on by a self-oscillation in the long-wave
region caused by the screen-grid choke forming
part of a resonant circuit. It may be cured by a
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Fig. 3: Schematic of PA stage

dampend choke o, at most, 10 uH and a further
capacitor of 10 nF. In order to avoid noise in
“stand-by", the screen-grid is swilched to ground.
The filter capacitors must not be too large in order
that the relay contacts do not have to switch an
unnecessarily large charge current.

As the screen-grid current, in operation, is nega-
tive owing to secondary emmission, it should be
loaded to earth by at least 70 mA of bleed current.
The screen-grid line, with its components, is also
protecled from voltage surges by a 400 - 600 V,
gas filled, surge-arrester,

Fig. 4:

Constructional details of
grid circuit and input
coupling
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Fig. 5: Constructicnal details of anode tuned circuit and eutput coupling

The valve has a high transconductance of 30 mA /
Volt and therefore a high grid-cathode capaci-
tance of about 90 pF. A 1/ 4 tuned-circuit cannot
be used, as the voltage-node will be produced
rigth at the socket. A favourable solution turned
oul to be a ./ 2 tuned circuit which is tuned at the
opposite end of the valve. The drive inputis coup-
led inductively, a further variable capacitor com-
pensating the total inductance in the grid lead
(fig. 4).

Each of the three control-grid connections of the
socket is taken to a 1 k{1 resistor via blocking
capacitor thus forming a parasitic stopper which
effeclively dampens any tendency to oscillate at
low frequencies. They have little effect upon the
wanted signal as at this frequency the resistors
lie at a voltage node. The geometry and coupling
of the tuned circuit must be optimised experimen-
tally.

The valve's anode tuned circuit has a diameter of
85 mm. In order to avoid transittime effects and to
equalise the current distribution, the resanant cir-
cuit should load the anode uniformly at all points.
After a few abortive attempts, an optimal solution
turned out to be a 65 mm wide, . / 2 conductor
tuned-circuit with the anode in the middie of a
current anti-node and a direct output coupling
(fig. 5). The anode supply voltage is introduced

216

at the cold end of a plate (sandwich) capacitor.
The resonator itself is connected to ground as far
as DC is concerned. The valve anode is connec-
led lo the coupling capacitor by means of contact- |
finger stock. The coupling capacitor itseif is
formed by sandwiching a 0.3 mm teflon sheet be-
tween capacitor and resonator surfaces, using
teflon and ceramic supports, As the anode poten-
tial climbs to 4 kV when the amplifier is quiescent,
it is important to ensure that the construction of
these parts allow no chance for ionized paths to
oceur between fixing-screws and the capacitor,
The teflon supports are therefore so recessed
that they protrude 0.1 mm beyond the thickness of
the capacitor plate. Two further teflon supports
hold the resonator al a constant level above the
chassis. The output tuned circuit is so stable that
even after a long period of operation it does not
require retuning. The circuit is brought to reso-
nance by a tin-plate disc, earthed by a flexible
braid and tuned by a spindle drive.

The output coupling lies about 60 mm from the
“cold" end of the tuned circuit. The contacts are
made by a brass angle piece secured with three
screws. Its position is adjustable over a few centi-
metres in order to effect a correct output match
{fig. 6). A low inductance length of braid, or cop-
per-foil, is soldered to the angle-piece and the
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Fig. 6: Overall view of output circuit with lop cover removed

orther end is connected to a feedthrough paoint
which consists of the teflon-supported, inside
conductor of an N-socket.

Under the resonalor floor, a two-stage low pass
filter is situated which Is housed in a 50 mm high
commercial tin-plate box. With the high-quality
air-spaced trimmers, which were ready to hand,
the frequency limit was 200 MHz. Instead of the
expected aftenualion, there was a slight increase
in power after the reaclive element was tuned out
of the outpul line by the trim-capacitors.

The output is then taken to a reflectometer via
“N" connectors, Antennas with & returnloss of
more than 15dB (SWR 1 : 1.5) should not be used
owing 1o the high level of RF introduced into the
station via the high coaxial-screen currents. For
this reason, two separate meters showing both
forward and return power are buill into the PA.

From the reflectomeler forward-coupler, a

sample is extracted for the automalic level con-
trol (ALC) which is prepared and fed back lo the
external driver (lransceiver) see fig. 7. Ared LED
illuminates when the maximum permitted output
power of 750 W has been exceeded. By means of
the ALC, or a carefully adjusted speech proces-
sor, this limit should be difficult to attain during
operation.

The forward voltage of the directional coupler
is taken to a monitor output in order that the
operation may be constantly monitored with a
simple DC oscilloscope (CRO). This simple
method of monitoring should be noted by all
high power stations, as the use of a pointer
instrument for this purpose is lotally inade-
quate because of its slow response to audio.
Contests, in particular, seem to be accompa-
nied by intermodulation splatter all too fre-
quently.
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The power gain of the 4 CX 1000 Ais not very high
on account of its low input impedance. An input of
10 W is necessary for an output power of 750 W,
The input impedance also, is dependent upon the
signal and is only 50 €} resistive at one pre-deter-
mined optimised output power. This optimising is
best carried out at peak output for SSB operation.
Unfortunately, on the German market, there is
hardly a transceiver to be found which is capable
of delivering an acceptable qualily (IM; = 30 dB)
to a dynamic load (i. e. an independance which
varies with the signal). A driver stage was there-
fore included in the PA, which was operated at
well below its 1 dB compression point. The 12 V
transistor MRF 245 used for this purpose, caused
no appreciable distortion to the transceiver.

The gain of this penultimate driver stage was
measured at 11 dB. The transceiver power was
reduced 5 dB by including an attenuator pad be-
fore the transistor driver. This measure serves
both to improve the dynamic load to the transcei-
ver and to reduce the level of return-loss on the
transceiver / PA coaxial cable.
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Fig. 7:

The ALC processing cirguits
from the directional coupler
forward port

2.
POWER SUPPLY

The power supply for a two-stage power amplifier
is somewhat involved but the extra effort ensures
that the PA will behave properly under all signal
conditions and also when using mobile power
supplies. Even so, the HT voltage varies by some
40 Vius between exiremes of signal, despite its
internal regulation. Special problems were cau-
sed by the waveform of this supply voltage. Dur-
ing no-signal conditions pulses occurred which
had a peak of 2.8 kV rising lo a horrendous 4 4 kV
under full load conditions despite using a low-
ohm. over-rated, laminated transformer. The
complete HV side was tested with a 6.5 kV gene-
rator. All sharp edges were rounded in order to
avoid corona discharges. These discharges were
made, manifest as small blue sparks which not
only pressaged a full scale arc-over but also cau-
sed severe noise side-bands to be generated.
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The HV transformer was connected to the mains
via a bridgeable 10 {1 protection resistor.

The high voltage filtering is carried oul by a chain
of electrolytic capacitors with a nominal voltage of
6.5 kV. The total capacitance was about 70 uF.
With this arrangement, care should be laken that
identical, newly manufactured capacilors are
used. Also, before use, all electrolytics should be
“reformed" up to their rated voltage. In order to
distribute the voitage equally across each capa-
citor and also to act as a protective bleeder, each
capacitor was shunted with 220 k(). The potcapa-
citors were mounied upon an insulated plale. The
power supply enclosure was ventilated by a
small, low profile fan in order to prevent the buiid-
up of warm areas.

The screen voltages is 320 V and stabilisation is
mandatory. Owing to the large variation of lhe in-
put voltage 400 - 600 V on mobile, a zener stabi-
lised supply is hardly possible because of the high
heat loss both in the diodes and their dropping
rasistors, The efficiency of a zener stabilised
supply is also, not particularly good.

The stabilisation method eventually employed,
was that typically used at low voltages (fig. 8).

150 mA

B 209
400 - 600 V

S 2530
(Toshical

DJ4GC

Fig. B: Screen-grid power supply

This requires a careful selection of the series-
pass transistors to ensure that, at small current
loads, the current amplification factor lies partly
under unity. At the time of the construction, there
were no favourably priced, high voltage MOS-
FETs which would serve the purpose, The 1N-
4007 diode in the screen-supply, guards against
damage to the electronics in the event of the
screen-grid going highly posilive as a result of
secondary emission in the valve.

The control-grid voltage was adjusted in order
thal the anode quiescent current was 200 mA and
this occurred at a bias of - 60 V (approx.). When
switched to "receive", this bias is increased lo
— 120 V, the adjustable vollage stabilisation
being quite conventional.

A particular poinl to mention concerns the fila-
ment power, The manufacturer specifies a maxi-
mum RMS variation of £ 5 % which cannot be
achieved (at least withoul some complication)
under mobile conditions. Using a normal 230 VAC
mains input there is of course, no difference be-
tween send and receive filament voltage but the
problem arises when the filament transformer in-
putis derived from mobile sources. As the DC sta-
bilisation at 6 V / 10 A is coslly in terms of both
power consumed and circuit complexity, it was

1N4007

;
l

|

: 320V
100 I
I
I
i
I

._|V l'-'t [ 44K
30w
hierder
w70 mA
Va ST 1
by foil-safe
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arjust an
“storday”

Fig. 8:
Filament heating
arrangements

decided to control the filament in two adjustable
stages upon operation of the PTT switch (fig. 9).
The healer vollage is adjusted lo exactly the nght
amount, as shown on an external moving-iron
voltmeter, on “receive”. By this means, the vol-
lage is prevented from exceeding the limils in the
receive condition. In mobile operation adjustment
of the wire-wound potentiometer RV is carned out
under medium modulation conditions, the fila-
ment voltage being adjusted to an average ol 6 V.
The thermal inertia averages out the variations in
heating power. In order lo reduce the swilching

current, these filament stabilisation measures are
effected in the translormer primary. The trans-
former itself, israted at 7.5V / 10 A.

The air-blower for the PA valve can be switched
during “receive” condilions lo a lower revolution
rate by means of a switched resistor in ils mains
supply as in fig. 10. The power rating of this re-
sistor may be reduced by shunting the motor with
a capacitor of 2.2 uF thereby also protecting the
relay conlacl. In the “receive” mode, the blower is
s0 silent that it is unoblrusive.

T
DJ 4 Gc cetous
I~ ¢ |} sandby
o . }- ;
| FN soni

I (w

mebor compersaiion
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Fig. 11: PA output characteristic

3.
MEASUREMENT DATA

The indicated amount of output power and control
power is provided by the directional coupler of
which both the forward and return coupling losses
are accurately known. The indicators are two
thermal power-meters, The power output (fig. 11}
concurs mosl favourably with other methods of
measurement.

Curve 1 indicates the adjustment optimised for a
power output of 750 W. It will be noticed, that the
characteristic is still linear at powers far in excess
of the maximum permissible limit. The absence of
kinks and bends in the characteristic, denotes the
use of a valve which has been expressly designed
for linear operation. Modulation by a single tone
shows a sharp saturation at 750 W owing to the in-
fluence of the ALC (curve 2). Speech modulation
reduces the system gain, according to the time-
constant of the automatic level control so much,
that only the peaks are allowed to attain the rated

, 3 -
I 1T T e | q,;-:':"'/' |
w | | = 1
1 | 7 .
; - *
P 1000 T . -
= | /% T
4 / DJ & GC| | |
oW 20W oW B/ Uge

outpul. The triangular shaped area within curve 2
indicates the range of control of the ALC. Curve 3
shows the amplifier adjusted under HF drive con-
ditions to full output where the 1-dB compression
point occurs at 2 kV. The anode voltage is 3.2 kV
and the quiescent current 200 mA,

A particularly revealing test of the amplifier's
linearity was made with the two-tone test. The
usual two-tone test, carried out with two audio
applied tones and described in many test reports,
was not employed. This test is an overall system
evaluation as the low frequency and translation
stages within the exciter / transceiver are also
tested along with the intended subject, the PA
alone. A spectrum analyser of sufficient resolu-
tion (= 100 Hz) was not availablein any case. The
two-tone test was therefore carried out at the sig-
nal frequency using two signals of the requisite
power and separated by 10 kHz from each other.
The mutual coupling between the test signals was
better than 30 dB rel. TT level. The two senders
employed for this purpose were, an IC 202 (ampli-
fied) and an FT 225 RD. They were combined by
means of a 3 dB loss, combiner transformer.
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Fig. 12 shows the output specirum with each sig-
nal frequency at 188 W, This is equivalent to a
signal driving the amplifier to 750 W peak output
power. It can be seen immediately, that the third
order intermodulation side frequencies are 34 dB
and 39 dB, right and left resp., relative to the level
of one of the test signals. Taking the 6 dB greater
peak power as a reference, the IM; spurious are
then 40 and 45 dB down respectively. The level of

Fig. 12:
Intermodulation
spectrum for 2 x 188 W
output power

(750 W peak power)
Izi=0mA

h: 10 kHz / box
v:10dB / box

the higher order iniermodulation products fall ra-
pidly with increasing distance from the two sig-
nals. The production of unbalanced IM; products
is caused by unequal coupling losses from one
output branch to the other in the combiner trans-
former.

The next measurement was carried out with the
transistor MRF 245 driver stage included and the
two-signal senders suitably attenuated. The 1Mz

Fig. 13:
intermodulation
spectrum for 2 x 188 W
output power including
MRF 245 driver stage
h: 10 kHz / box

v:10dB / box
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result remained similar to that of the first test as
can be seen in fig. 13. The higher order intermo-
dulation products however, do not fall away quite
as quickly — a characteristic which is peculiar to
transistor amplifiers. Since it is the higher order
IM products which are responsible for splatter
interference to adjacent channel stations, the use
of an over-rated power transistor for the penulti-
mate driver stage, was well justified.

Fig. 14:

Intermodulation
spectrum for 2 x 500 W
power cutput (2 kW peak)
lgy = —1.4mA

h: 10 kHz / box

v:10dB !/ box

Another point to be observed from these analyser
oscillograms is the differing degree of carrie noise
on each sender used for the test. Althoughthe FT
225 RD is considered to be good in this respect,
the higher reputation enjoyed by the IC 202 (VXO
local oscillator) is well justified. The latter is the
lower of the two test signals in fig. 12.

The high linearity and dynamic range of the valve

Fig. 15:

Modulation spectrum of
a spoken “A* driving
amplifier to 750 W peak
output

h: 10 kHz / box

v: 10 dB /box
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can be seen in fig. 14 where the amplifier has
been driven to an output of 500 W for each tone,
I. e. atotal of 1 kW, The rapid decline of the inter-
modulation products testify to the very large re-
serve that the amplifier has, when working at its
rated output of 750 W peak and to its outstand-
ingly clean output signal.

A very appropriate test, which displays the ampli-
fier's ability to produce a clean signal under actual
traffic conditions, is shown in fig. 16. The FT 225
RD driver and the subject PA was modulated by
voice - a prolonged “A”. The peak power was
750 W but the bandwidth, laken between the level
of - 60 dB products, was only + 5 kHz!

The harmonic spectrum is displayed in fig. 16 for
an output signal of 750 W. As an attenuator for
this power was not available, the monitor signal
was taken from a directional coupler. This pre-
sents a rather more pessimistic display than is
merited, because the directional coupler hasa 16
dB falling coupling-loss to 1000 MHz and at 430
MHz the displayed third harmonic is 10 dB higher
than it actually is. The confusion of light at the ex-
treme right-hand of this trace was not caused by a
signal. The extreme spectral purity of the output
signal testifies, not only to the linearity of the val-
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Fig. 16:

Harmonic spectrum over
range 0 to 1000 MHz with
single tone 750 W output
h: 100 MHz / box

v: 10 dB / box

ve, but also to the high Q of the output low pass
filters.

4.
OPERATING EXPERIENCE

The ampilifier, as described in this article, has
been in use for some four years now. Faults have
been confined to changing two valves which
showed a tendency to internal arcing. This oc-
curred despite pre-healing them for several days
before operation.

On account of its sensitive grid structure and em-
ployment at high powers, this type of valve is far
more endangered by incorrect operating condi-
tions than its smaller brothers. Atthe sametime, a
high degree of linearity is attained with it. Despite
the close proximity of two-metre stations in the
populous Ruhr area, there has been problems
only in extreme vicinity of the signal pass-band,
as even 80 dB suppressed spurs can cause
trouble to adjacent channel stations.
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Fig. 17: Power amplifier with power supply.
The blower intake be seen at the rear and the output vent in the topcover.

Most stations are equipped with receivers having
MOS-FET mixers and add-on GaAs-FET pre-
amplifiers — a combination that can easily be
overloaded. The use of a PLL also sets alimitto a
receiver's dynamic range due to increased local
oscillator phase-noise. This applies especially to
the older generation of PLL oscillators. The use of
a clean and powerful final stage is only one com-
ponent of a successful station, other flanking
measures include the station receiver, the an-
tenna and TV-owning neighbours. Many opera-
tors under contest conditions seem to call (end-
lessly) as a modus operendi. Under the assump-

tion that they all possess a spectrally clean signal,
many more stations can use the same limited
band for DX contest working.

The operation of such a powerful final stage re-
quires the upholding of a few conditions:

-k
—

The readiness to accept the high technical

cost in exchange for superior linearity,

2) In operation, a constant monitoring on an
oscilloscope, of the modulation envelope.

3) Never to exceed the statutory power output.
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4) Self discipline under operating conditions —
never use the power available to “elbow your
way in“ — other stations want to work DX too.

The completed power amplifier and power supply
is shown in the photograph of fig. 17. [ts construc-
tion should not be undertaken lightly, or carried
out half-heartedly, but in a spirit of learning whilst
constructing with the aim, always in mind, to
create a quality linear power amplifier. It should
also be mentioned, that very few of the compo-
nents will be ready-to-hand for most amateurs
and therefore many expensive components must
he specially purchased.

The problems and shags encountered can be
only briefly mentioned here. A project of this com-
plexity requires individual ingenuity and optimisa-
tion and that is the reason why this article is not
written like a cocking recipe. Insufficient expe-

rience in construction technigues, or in the use of
test instruments, can result in a very expensive
failure.

5.
LITERATURE

(1) Eimac:
Data for tube 4 CX 1000 A / JAN 8186

(2) The Radio Amateur's Handbook (ARREL)
“VHF- and UHF-Transmitting" over several
years
a) A 2-kW PEP Amplifier for 50 to 54 MHz
b} A 2-kW PEP Amplifier for 144 MHz
c) A 220 MHz High-Power Amplifier

Space-siides

Educational and Beautiful

Fantastic colour-slides from the moon journey
programme and from various NASA space
probes supplemented by lelescope photographs
from well-known astronomical observatories.

We offer a large selection of various series: Ex-
perience together with your family, the astronauts
on the moon, the earth photographed from space,
the Martian surface photographed from the soft-
landing VIKING probe and coloured radio pictu-
res of Jupiter and Saturn together with its ring
system and moons. Above all, wonderful, colour
telescope photographs of the Sun, its planets and
their moons as well as planetary clouds and many
distant galaxies.

All slides framed and titled in English. For more
information see rear cover.

AR

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

Tel. West Germany 9133-855. For Representatives see cover page 2

226

-



VHF-COMMUNICATIONS 4/85

Erich Stadler, DG 7 GK

Behaviour of Reflected Pulses along Cables

Sine waves and pulses have similar propaga-
tion and reflection behaviour along cables.
The phenomenon of total reflection and of
matching of pulses is perhaps better under-
stood by using the mechanical analog of per-
turbations along a length of rope. Also, the
calculation of reflection coefficient with
ohmic loads, is easier to explain with pulses
than with sine-wave energy. The electrical
process at relatively low frequencies and long
propagation times is demonstrated more
simply with a sufficiently long cable.

1:

TOTAL REFLECTION AND
MATCHING USING A MECHANICAL
MODEL

A mechanical impulse is caused on a length of
rope by the means shown in fig. 1, where the
hammer may be regarded as a pulse generator.
The pulse travels, from left to rigth, down the line
until its end. What happens then is determined by
three cases:

a) The rope is tied to an immovable object
(tig. 1 a):

The pulse will be reflecled at the rope's end wilh
the same amplitude but at the opposite polarity to
that of the incident wave. The end is anchored to
an immovable object; therefore, no energy can be
imparted and the incident energy is reflected in its
entirety. The polarity change is brought about be-
cause the incident and reflected waves simply
cannot exist together at the same time because
the rope's end is tied to an immovable object.

b) The end of the rope is free (fig. 1 b):

The end of the rope is free inasmuch that it is held
in position by a very much thinner length of cotton,
which allows the rope's end to move when sub-
jecled to a mechanical stimulus. The perturbation
travels down the rope, and again, is reflected in its
entirety but as the end of the rope is free to as-
sume any position, the reflected wave has the
same polarity as the incident wave. The wave is
lotally reflected as in the first case but if a high-
speed photograph was taken at the moment the
incident pulse reached the end of the rope, it
would show that the end flies up to a position
which is twice that of the amplitude of the incident
pulse. This indicates that at this instant the total
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/. Fig. 1:
F. Propagation of pulses
2 )9' [;/ along arope,
= a) fixed end,
b) loose end
c) Rope infinately long
. /,’%:

amplilude consisls of the sum of both the incident
and the reflected pulses as they overlap.

c) The rope is fastened in a medium (fig. 1 c):

The medium is considered to be so pliable that all
the energy in the pulse is dissipated as heat. In
this case, no energy can be reflected at all. The
same effect would occur if the rope were infinately
long. The impulse would travel on and on until it
lost all its energy in frictional heat. Reflected wa-
ves cannot occur. In the electrical analogy itis cal-
led a “malched"” condition.

2.
TOTAL REFLECTION AND
MATCHING USING CABLES

The mechanical analogy will now be dispensed
with by using a cable instead of & rope and an
electrical square wave generator instead of a
hammer. This may be seen in the series repre-
sented in fig. 2. The “fixed end* here 's shown in

short -
circuit

T‘. | =W | -

|
' ) i open-
® v - I | |_§\§:§ arcuit
- [
- X -

i mafched

Fig. 2:

WT R Tn—v\w\"l\
e conductor R
s T I matched
e J
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Propag of pulses

along a lossless conductor

a) short-circuited

b) open-circuited

c) matched

d) equivalent circuit of a
conductor
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fig. 2 a and is represented by a short-circuited
cable-end. At a short-circuil, no voltage exists
across it (voltage node). This has the effect that
the incident pulse develops a voltage which is of
the same amplitude but of opposite phase. Since
it is at the end of the line, the pulse has no option
but to travel, with reversed phase, back down the
line from whence it came. The reluming wave
transports, a practically reactive power, back into
the generator. If the generator is not matched to
the cable, the pulse will be reflected again. this
time by the generator’s internal impedance.

Fig. 2 b shows the case of the “loose® or
“open-ended" line. Ignoring the possibilily of ra-
diation from the cable end, it may be seen that no
energy can be dissipaled in an open-circuit. Atthe
open end of the cable the pulse can develop until
it has the same amplitude and phase as the inci-
dent pulse. At the momenl of encountering the
open-circuit the instantaneous voltages rise 10
double that of the incident pulse alone. This can
easily be seen with the aid of an oscilloscope.
This doubled voltage corresponds to thal of the
generator when open-circuiled. Along the line,
each individual inpul has an amplitude of half that
of the generator open-circuit voltage (assuming
that the generalor output resistance R, is the
same as the characteristic impedance Z, of the
cable).

The “matched case” is shown in fig. 2 ¢, which
means in this, the electrical analogy, that at the
end of the line the pulse finds the same conditions
of voltage and current as was encountered along
the whole length of the line. The relationship be-
tween voltage and current on the line is determi-
ned by its inductance and capacitance and is of
the form /L7 C. This is also an expression for the
characteristic impedance of the cable Z, and ifitis
equal in value lo the load resistor Z, = \V L/ C =
R, then all the power in the pulse will be dissipa-
ted in this load termination at the end of the cable.
This is analogous to the mechanical case of the
infinately long rope. The eleclrical energy of the
travelling pulse would eventually disappear in
heating the small, but ubiquitous, copper and di-
electric loss resistances along the line

InFigs. 2a and 2 b the hatched areas atthe cable
end show how the reflected impulse development

may be imagined. The incident pulse just cannot
grow out of the end of the cable. The projecting
piece x can be regarded as folding back upon it-
self in the open-circuited case and also in the
short-circuiled case but this time with an inverted
polarity. The superimposition of incident and re-
turm impulses, is however, not shownin fig. 2. This
voltage doubling be observed on an oscilloscope
by monitoring a point along the line where a re-
flected pulse meets the next incident pulse in the
pulse train sequence.

2.1. Partial Reflection

It 1s plausible that between the exiremes of short-
circuit and open-circuit there will be a case ol par-
tial reflection. It al a point along Lhe line there s a
discontinuity causing a reflection, the point is
known as a “line fault”. Only a fraction will con-
Lnue down the line and another fraction is re-
lurned to the generalor. The same sori of thing
occurs when the line is terminaled by a load re-
sislance. The load resistance dissipates part of
the energy as heat and reflects the rest back to
wards the generator, the amplitude being smaller
than that of tolal reflection. This condition is
known as a “mismatch”. The mismalch can tend
towards being a short-circuit or il can tend lo-
wards being an open-circuit according lo whether
the termination is less than Z, or greater than Z,
respectively. The relationship between the ampli-
lude of the return pulse to that of the incident
pulse is known as the "reflection coefficient”
(fig. 3).

2.2. Example

A pulse generator, inlernal impedance R = 50 (},
has an unterminated oulput voltage V,, = 20 V. A
resistive load of 75 (1is connected loil via a length
of “lossless” cable having a characterislic impe-
dance of 50 (1. What is the magnitude of the inci-
dent voltage Vrwp and of the relurn voltage
Vonex?

Solution:
Since the generator, at first, does not “know" yet
the terminating resistor at the end of the cable, the
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Fig. 3: Partial reflection
a) tending to open-circuit
b) tending to short-circuit
Magnitude of reflection factor
r= ﬁm.( ! vmn

incident pulse amplitude is determined by the pro-
portional impedance existing between Lhe gene-
rator and the cable. The generator “sees" lhe
cable impedance (but not the load impedance).

Since R = Z, then the voltage splits equally
across these impedances (i. e. Vean = V,/ 2
10 V). A current puise Iy is also associated with
the incident wave which has an amplitude Vy.u /
Z, = 10V /50 02 = 0.2 A. Owing lo the mismatch
at the cable-end. the forward pulse is partially re-
flected and a voltage Vgack is formed together
with a current fgacx = Vaaex / Z.. What their
magnitude and sign is. depends upon the mis-
malch, For this particular case, lending towards
open-circuit termination (R, > Z,), the forward
and return pulses have the same polarity voltage
and they add Vo + Vascx across the load resis-
tor. The forward and return currents, however,
have opposite polarities (high R_therefore small
load current) and the total composite current
through the load is:

I = Vaack (Vewn £ Zo - Visac / Zo)

The resultant 1yack forms so that ohm's law is ful-
filled at the load.

Tarck = Vewo ~ Vaack = (Vewn / Zo - Vaacx / Zo) R

I. e. the total vollage at the cable end = the lotal
current imes the load resistance.
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After putting in figures, a simple equation re-
mains. which will give the unknown, namely Vaack

(10V + Vaacx) = (10V/50 0 - Ve /50 02) : 750
re-arranging:
Veack = 10V (7501 -500) /(750 +~ 500) =2V

2.3. Reflection Coefficient

The fraction in the above example gives the factor
which, when multiplied by the incident voltage,
results in the amplitude of the return voltage. This
factor is known as the reflection coefficient r. In
general, the formula in terms of an ohmic load:

Retlection coefficient r = (R, - Z,)/ (R 1 Z,).

Referring to fig. 2 ¢ R_ -~ Z, and therefore the re-
flection coefficient r = 0. (no reflection). In fig. 2b,
R, = = thereforer 1 (1otal reflection). The situa-
tion depicted in fig. 2 a results also in total reflec-
tion but R, = 0, thereforer = —1. The sign change
indicates that although forward and return volta-
ges posses equal amplitudes, i. e. total reflection,
the polarity of the return pulse is negative compa-
red with thal of the incident pulse. (see also fig.
1a)

Fig. 3 shows lhe case of partial reflection, fig.3a
shows that tending 1o infinate resistance, and fig.
3 b shows that tending to zero resistance

Example:
infig. 3, Vrwp = 2.5 V. The 50 () cable is termina-
ted with 75 {). What is the amplitude of the reflec-
ted pulse?

Solution:
r=(750-504) /(750 ~500) - 0.2

therefore,
vagck =25Vx02=05V.

Note:

When the line losses are finite, quite large errors
can be introduced by the cable altenuation. The
refurn pulse arriving back at the generalor has
been attenuated twice, once on the incident jour-
ney and then on the return journey.

Example:

The complete cable has an attenuation of 1.5dB.
The forward has an amplitude of 2.5 V. The cable
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has a characteristic impedance of 50 0 and is ter-
minated with a load resistor of 75 . With what
amplitude does the reflected pulse arrive back at
the generator?

Solution:
The incident pulse appears at the cable end at-
tenuated by

) 1.5dBi.e. 21.19,
Vewo permy = 25V /1,19 =21V
as a consequence of the mismatch
r={(750-500)/(750 +50) =02
and the magnitude of the return voltage is:
Veaok gar =21V x0.2 =042V
Upon the return journey this voltage experiences
a further attenuation of 1.5 dB
Vanaiien) ~ 042V/1.19 = 0.35V

This means thal. because ot the attenuation the
reflection coefficientr = 0.35V/ 25V =014 e.
14 % instead of 20 % neglecting attenuation.

3.
MEASURING WITH PULSES

From the reciprocal of ¢ = 300 x 10° m / s (the
speed of light through space) the time per metre is
obtained. When the velocity through the cable is
considered, it is reduced by a factor dependent
upon the physical characteristics of the cable.
Most coaxial cables have a velocity factor of 0.66
which means that the signal requires some 1.5 ns
longer to traverse one metre of cable than itwould
lhrough one metre of space. Short cables used for
pulse measurement require therefore, pulses
with rise-times of only a few nano-seconds and an
oscilloscope with a bandwidth of a few iens of
MHz. In order 1o reduce the requirements upan
the test equipment, it is better to use a longer
cable ol length say, from 50 o 100 m. By this
practice, lthe pulses may be clearly displayed
using a generator with a rise-time of 0.1 to 0.5 ps
and an oscilloscope of only a few MHz bandwidth.

Colour ATV-Transmissions are no problem

for our new ATV-7011

The ATV-7011 is a professional quality ATV trans-
mitter for the 70 cm band. It is only necessary fo
connect a camera (monochrome or colour), antenna
and microphone. Can be operated from 220 V AC or
12 W DC. The standarc unit operates according to
CCIR, but other slandards are available on request.

The ATV-7011 is a further development of our reli-
able ATV-7010 with better specifications, newer de-
sigr, and smaller dimensions. Il uses a new system
of vigeo-sound combination and moedulation. |t is
also suitable for mobile operation from 12 WV DC or
for fixed operation on 220 WV AC.
Price i, DM 2750.00

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

Specifications:

Frequencies, crystal-controlled:

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

better than — 55 dB

Power-cutput, unmodulated:  typ. 10W
Delivery: ex. stock to 8 weeks (standard maodel)

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

Tel. West Germany 9133-855. For Representatives see cover page 2
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Konrad Hupfer, DJ 1 EE

SSB Mini Transverter 144 / 1296 MHz

The following article describes a small irans-
verter for the 2 metre to 23 cm band which
should awaken the interest in SHF home con-
struction and with it, the activity on this inter-
esting band.

1.
CONCEPT

In order that the transverter (fig. 1) may be
simpler to reproduce, the construction is carried

out as far as possible using the printed circuit
board (PCB) lechnique. The epoxy-glass PCB
is housed in a tin-plate box of external dimen-
sions (148 x 74 x 30 mm). The well-known 2 metre
lransceiver IC 202 is used as the basic equip-
menl for transmit drive and receive functions. The
IC 202 transmil power of 3 W is reduced, by a
simple means, to about 10 mW which is then
translated by the lransverter to the 23 em band al
a power of 500 mW. This sort of power is relatively
easy on balleries and the small total weight
makes itideal for use in mobile and / or field days.

The Tx / Rx switching in accomplished by means
of a 3.5 V (approx.) conlrol voltage which is taken

Minitransverter PA stage
5-10W mechanical
transmit amp solid state Tx/Rx
Bu? SHF-PA clo switch
DJ 1EE mixer = ]:j_._
1 £ — 1256 MHz
005 1z _D
rec. pre-ompl, 1%
= J
L= Bu1 i g S
oscillntar ﬁ Tx (Rx switching TEY RERnEanplloe
A ~control of PA
0J1EE 35V X A2 TR 1 MHz (SSB)

i

| contral -

| stage from the
I transceiver

Fig. 1: Main constructional layout of 144 / 1296 MHz mini-transverter and its companion PA / Rx preamplifier

(to be described later)
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_| Short-

s ckfire,
& 533:13;; Bandfilter 288 MHz
in oszillator
- L13 in oscillator
e g $05Cu. -
i L silvered e
THhMHz - L3 bz
| C fromT3 ¢ ¥ e
= andivds i 5 |
Kxzf, |35y ""f__ epoxy ¢
Fig. 2: Fig. 4: Fig. 5:
Portable operation 288 MHz L. O. Construction of
of transverter band-pass filter L13inL.O.
from the IC 202 on “receive” via its antenna 2
socket. The only connection between the trans- g
CIRCUIT DESCRIPTION

verter and the 2 metre equipment, IC 202, is a
501} coaxial cable for the 2 m signals and the
Tx{ Rx switching. The 13.5 V transceiver power is
derived from a separate battery supply. The small
and light-weight transceiver ilself, can be
mounted directly at the antenna terminals in order
to avoid cable losses, The author mounted his
transverter behind the reflector of a Short-Back-
fire-antenna with a gain of 13.5 dB, for portable
operation (fig. 2).

The mini transverter can also be employed for
fixed-station use by the addition of a 5 W amplifier
and low-noise preamplifier which will be des-
cribed in a later article. The necessary supplies
and control for this appendage being taken viathe
transverter.

Just because this transverter is offered in kit-form
with all the required parts, it does not have to
result in a slavish copying of the authors proto-
type. Parts which are on hand should be tried and
perhaps other transistors should be experimen-
ted with. The first two examples built on the final
PCB did show a few minor differences caused by
component tolerances

The complete circuit schematic of the mini trans-
verter is shown in fig. 3.

2.1. Oscillator

The crystal oscillator runs at 96,000 MHz from a
stabilised supply. ltuses fransistors BFR 90/ BFR
91/ BFR 91 A and the output circuit L1 /C 1 is
tuned to 96 MHz. Transistor T2 (BFR90/91 A)is
coupled via C 5 and functions as a tripler. The
resulting frequency of 288 MHz atL 11/ Cv 2) is
taken via a bandfilter (L 12 / Cv 3) to the base of
transistor T 3 which functions as a doubler. The
matching from T 310 T 2 is optimised by means of
the coupling (fig. 4) from L 11/ L 12in orderthat T
3 passed a maximum current. The signal at L 13/
Cv 4 (fig. 5) is at 576 MHz and is passed to a
further doubler stage T 4. The inductance of the
output filter is formed by the PCB and at its output
is a power of 40 mW (BFR 34) at 1152 MHz. The
bandfilter is tuned for a maximum in the mixer dio-
des at test point M 1/2.
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Fig. 3: Complete transverter circuit schematic
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M1
1n mA

M2

Fig. 6: Test meter for alignment purposes

In the "transmit® mode the maximal oscillalor
power of 40 - 50 mW is produced; the power
supply for T3 and T 4 is taken viadiode D5 and a
selected resistor. This resistor is selecled for a
mixer current of approx. 10 mA on “transmit” di-
recily from the battery potential rail.

On "receive”, T3 and T 4 are fed a reduced volta-
ge via P 1 and D 4. The potentiometer P 1 is so
adjusted that a 2 mA mixer current flows between
lestpoints M1 and M 2.

2.2. Transmit / receive mixer

The same ready-to-hand 180° ringmixer was
used both for transmit and receive.

The bridge is removed from points M1 and M 2
and replaced with the meter test circuil of fig. 6.
The same procedure as in 2.1. is used for the re-
quisite mixer currents.

On “transmit* a signal (approx. 10 mW) al 144
MHz is fed from the IC 202 via a 4 : 1 transformer
and C 64 to the diodes D 12 and D 13. Atthe mixer
output Il the both sidebands f; = 1152 MHz + 144
MHz and f, = 1152 — 144 MHz are present. The
oscillator frequency is suppressed by some
18 dB. The wanted frequency, f, = 1296 MHz, is
selected by the parallel circuits in the three-stage
transmit amplifier. In order that no transmitted
signal appears in the receiver preamplifier, the
circuit Cv 8/ L 5 is strongly detuned by diode D 1.

On “receive” mode, point Il of the mixer is fed by
the amplified (20 dB approx. by T 5 and T 6) input

signal. The IF signal of 144 MHz, developedin the
mixer, is takenvia C 64 and TR 1 to the SSB trans-
ceiver. In order that the transmit tuned-circuit L 6 /
Cv 14 does not load the receive signal it is de-
tuned by diode D 2.

2.3. Transmit amplifier

The selecled sideband at mixeroulput ll isfed at a
level of 1 mW into athree-slage linear amplifier by
which it is amplified to a power of at least 500 mwW
(27 dBm). The newly introduced Valvo plastic
transistors BFG 90 A/ 91 A/ 96, intended for the
3900 MHz mobile-telephone application, are used
in this amplifier. They are eminently suitable for
use al 1296 MHz and, with their two emilter con-
nections, represent a considerable inprovement
on the BFR 90 / 96 series,

The circuit is quite staight-forward; as already
mentioned, three tuned RF amplifiers are in
tandem. The preset R 29 adjusts the quiescent
current through T 9 1o 20 mA. A power of 10 mW
(approx.) is available at L 7 / Cv 13. In order to
measure this, C 55 is removed from the base of
T 8 and 50{} cable connected to it — the cable
screen should be connected as directly as pos-
sible to ground.

The presel R 25 sets the quiescent current for T 8
al 25 mA. This stage delivers approx. 120 mW /
5011 on signal peaks and at a peak collector cur-
rent of some 40 mA. The same method is used to
measure the output power, C 51 being used for
the coupling to the test cable.

The quiescent current of T 9 is set to 10 mA, this
being adequate for linear operation. On signal
peaks the collector current is driven to 110 mA
approx. This stage can employ the BFG 34 if a
power output of 1000 mW is required but the BFG
96 will supply some 500 mW to the output. The
BFG 34 is to be preferred, however, owing to ils
higher power dissipalion capabilities. At ambient
temperatures in excess of 65° C, prolonged con-
tinuous wave outputs should be strictly avoided.

The output power developed at C38/Cv 11/L 9
/ Cv 10 is routed in the "transmit" condition via
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|

Voo 1o b Al
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epoxy
—PCB~track
"housing wall DJ1EE

Fig. 7: Low-loss version of Rx input circuit

-PCR-track

Chip-C

i i ground
salder

Fig. 8: Proposal for using chip capacitors
at microwaves

sereening wall with cut-out for
transistor

PCB

Fig. 9: Mounting the screening walls over
atransistor

PIN-diode D 10 o the output socket of the equip-
ment. When operating with the output stage men-
tioned earlier, the output line is interrupted after
C 36 and the 1296 MHz transmit signal is taken to
a specially provided BNC panel socket for the
supplementary output amplifier.

2.4. Receive preamplifier

Under “receive” conditions, the PIN-diode D 9
conducts and the signal from the antenna is led
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via a parallel-tuned circuit to the first low-noise
transistor amplifier stage using a BFG 65, Inorder
to avoid the sort of losses inevitable in PCB tuned
circuits, the Qs raised considerably by construct-
ing the input tuned circuit from a high-quality
feed-thraugh microwave trimmer capacitor and a
metal strip inductor supparted in air as shown in
tig. 7. The preamplifier is capable of a 20 dB am-
plification at a noise-figure of about 2 dB inclusive
of diode switch. The mixer conversion loss is
aboul 10 dB, therefore, in the interests of sim-
plicity, an additional IF amplifier was not thought
necessary. By means of the preset resistors R 12
and R 16 the appropriate lransistor currents are
set at 5 and 6 mA respectively, L 3/ Cv 7 input
tuned-circuit is adjusted initially for maximum |F
output and then for maximum signal noise ratio.

2.5. Transmit / receive switching

On the IC 202 transceiver “receive” position, the
control circuit voltage switches the Tx / Rx relay
RS 1 viatransistor T 10. The supplies are thereby
switched to the individual circuits used for recep-
tion. An auxiliary voltage output, isolated by D 7, is
available for controlling other equipment, for ex-
ample, the inclusion of the mini transverter into-
fixed-station use together with the projected sup-
plementary output amplifier / receive preamplifier.

3.
CONSTRUCTION

The PCB, DJ1EE 005 is loaded with the com-
ponents in accordance with the location plan of
fig. 15 and the photographs of fig.s 16 and 17.
Particular construction points are high-lighted in
figs. 7 to 14. A few points concerning the high-
frequency construction and special tuning in-
structions will now be given.
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housing cover

angle |

"L enclosure

Fig. 10: Vertical cross-section through
transverter

screening wail

) Fig. 11: Grounding and fixing
verg-gin thro' PCB of screening walls
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Fig. 12: Installing the microwave transistors
metal strip connects BCB

"I to ground-side
w pP=15xb

green SEIKD tr
p il
grounc pia
Fig'. 13: Further details of microwave construction

PrCB-track

feadthro' cap.
&T0oF fceramic
ground

Fig. 14: Installing feed-through disc capacitors

All Seiko-trimmers are installed in such a manner
that the stator is fitted through a hole in the PCB
and soldered fo the copper surface. The rotor
connection (thin tab) is bent to make contact with
the hotend of L13 or striplines L 1to L 8 according
to fig. 13. This unusual manner of construction,
with the rotor being the “hot” component of
the capacitor, requires the use of a non-metal
trimming-tool but has the advantage of a rigid
connection to the appropriate inductance. The
screening walls should be soldered to supporting
veropins which have been inserted in the PCB at
10 mm intervals and which have been‘soldered to
the copper surfaces of the PCB. (see figs. 10 and

- 11). Figures 9, 12 and 13 should be studied be-

fore installing the transistors.

The ceramic coupling capacitors between slages
are soldered with connection leads being as short
as possible, see fig. 13.

The cold ends of the stripline tuned circuits are
also secured with atin-plate melallab which is fed
through a slot cut in the PCB, and soldered to the
back surface of the board.

3.1. Components

Cv 1: Foil trimmer 10 pF (Valvo : yellow)

Cv 2, Cv 6: Mini foil trimmers 3 pF (Seiko : green)

Cv 7: Microwave air timmer (Johanson, Tekelec)

Cv 8, Cv 14: Mini foil trimmers 3 pF (Seiko : green)

C 5, C9, C 11 etc.: Ceramic coupling capacitors

(soldered with short leads)
C 39, C 40, C 63, C 65: Ceramic chip capacitors
(Valvo, ATC)

Inductance: see sketches

TR 1; Guanella-trnsfr. 1 : 4 with twin-hole core,
Siemens: Material U 17, ht. 8.3 mm or
6.2 mm, twisted Cul wire 0.2 mm dia, 45
mm long and connect as 1 : 4 transformer,
The 2.5 mm core is also used if 0.1 mm wire
is employed. 4

D1,D2,D 12, D13: Hot-carrier-diodes HP 2810

D 9, D 10: PIN-diodes MA 47047

D 11:1 N 4001 or similar

All other diodes: 1N 814, 1N 4148 or similar

T1, T2:BFRS0, BF 91
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Fig. 17: Underneath view of prototype

239



A

VHF-COMMUNICATIONS 4/85

T 3: BFG 91A (BFR 96}

T 4:BFR 34

T5,T6:BFG 65

T 7:BFG 34 (BFG 96)

T 8: BFG 91A (BFG 90A)

T 9: BFG 90A (BFG 91A)

R 22:0.5 W type (0309)

all other resistors: smallest type (0207 or smaller)
Instead of the 9 V zener D 3with resistor R4,a3V
IC regulator can be used.

Post up

On the circuit diagram and component layout
plans there are several allernative transistors in-
dicated for the oscillator and the receive preampli-
fier. This means that the well-known BFR 30/ 96
can also be used, but small alterations in the size
of the coupling capacitors must be made. The
transmit amplifiers, however, should retain the
higher gain BFG 90 A /91 A types.

New High-Gain Yagi Antennas

The SHF 6964 is a special antenna for the space
communication allocation of the 24 cm band.
The maximum gain of this long Yagiis 19.9 dB, at
1268 MHz and falls oft quite quickly, as with all
high-gain Yagis, with increasing frequency. We
do not, therefore, recommend this type of anten-
na for operation at 1296 MHz but for ATV appli-
cations al 1152 MHz it is eminently suitable.
There is no 24 cm ATV antenna on the world mar-
ket which possesses more gain.

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

Length: 5m
Gain: 22dB, i e. 19.9dB,
Beam-width: 1367
Front/ Back ratio: 26 dB
Side-lobes: - 17 dB

VEWR ref, 50 ()
Mast mounting:
Stock-No. 0103

12
52 mm
Price: DM 298.—

clip (max}.

tion of METEOSAT 2. This unobtrusive alter-
native to a 90 cm diameler parabolic antenna
enables, with the aid of a modern pre-ampilifier or

down-converter, noise-free weather picture
reception.

Length: am

Gain: 20.1dB;,i. e. 18 dB4
Beam-width: 16.8°

Front/ Back ratio: 25dB
Side-lobes: - 17dB
Stock-No 0102 Price: DM 398, —

< berichte Terry D. Bittan - Jahnstr. 14 - Postiach 80 - D-8523 Baiersdorf

Tel West Germany 9133-855. For Representatives see cover page 2
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Joachim Kestler, DK 7 OF

Two-Metre Receiver Front-End

The following has not been written merely to
swell the ranks of two-metre front-end articles
which have become prevelent in recent times.
Rather, it is an attempt to present a module,
which possesses respectable specifications
and is capable of alignment by the amateur
without access to professional test equip-
ment.

= SR 7]

gain adjus bnent

The complete circuit has been divided into two
modules (1), the pre-amplifier (2), the mixer com-
plete with oscillator and driver. This two-part con-
struction offers increased flexibility when combin-
ing the front-end with other equipment e.g. UHF /
SHF converters. Also, the pre-amplifier may be
separated from the main equipment and mounted
directly behind the antenna in order not to de-

r-—— uBe o
[ e Bl
Helix high- Level

e mixer

—_————————n

2. H DIERY 001 I

IF amp.
900107 M-z

e i e )

|
1
|
|
|
1
I wosres
I
|
I
I
I

stage [aaaa
Filter YL
AL A
Ok OF DAG
IDR10F ':f'."...?_..l
osc:llater
ca, 1mw
(DK 1 OF 047

Fig. 1: 2 m-Front-end block diagram Indicating stage leveis

241



X

VHF-COMMUNICATIONS 4/85

grade the overall noise-figure by a long cable run.
The mixer portion however. has been specially
designed for use with the PLL delay-line oscilla-
tor described in (1) but may be used, of course,
with any oscillator of appropriate frequency and
1 mW/5012 output.

1.
CONCEPT

The block diagram of the front-end is shown in
fig. 1. A sell-supporting coil serves as part of the
input tuned circuit and impedance match from
antenna cable (50¢} ) to the pre-amplifier inpul
transistor (about 800L} ). The latter is fitted with a
Gahs-MESFET enabling a noise-figure of 1 dB
{approx.) to be achieved. Following a two-circuit

Vigp or 15V
P15
o

1
I
|
|
|

o
|
|

4

)

A

00

——— i —————— ——
=

R
|

helix-filter is a variable PIN-diode attenuator. This
attenuates signals to the next pre-amplifier stage
and mixer according to the prevailing input condi-
tions, thus enabling high gain for weak incomming
signals but prevenling receiver overloading dur-
ing strong signal reception. The second amplify-
ing stage is a high-current, barrier FET whose
output is delivered to the nex1 module, the mixer,
via a 501} coaxial cable.

It could be asked, at this stage, why not use the
pre-amplifier concept suggested by DJ 7 VY in (2)
using push-pull transistors. Certainly, the publish-
ed data speaks for itself and it is able 1o be repro-
duced with the full specifications, at least, when
terminated by broadband real 50() impedances
oninput and output. Using high Q helix-filters with
this circuit however, the author found that spu-
rious oscillations above about 1 GHz, were not
easily discouraged without compromising the

| fomixer

™

f=1%] Cy =feed thro' cap 2n2 Pté
+15% » 154
ey % = stands fwixt PCB and B0 A
foed thra'cop.
5 E
G1 =<F D P8000
P80G2
SGD

Fig. 2: Pre-amgplifier schematic
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A

specifications. It was decided therefore, to dis-
pense with the “super | P. specification concept”
in the interest of reasonable performance with
sure-fire reproduction capabilities.

A high-level hot carrier diode ring-mixer follows
the two-stage helical filter. The necessary oscil-
lator power 17 dBm (= 50 mW) is supplied by a
two-stage amplifier comprising a MOSFET first
stage and a high-current FET second stage which
drives the mixer L. O. port across a 50 £} termin-
ating impedance. A three-circuit input bandpass
filter is provided for the L. O. amplifier in order that
the incoming local-oscillator multiplication signals
{fo/2,3fo/2etc) contained in the output of mo-
dule DK 1 OF 047, are suppressed. The mixer IF
port, should be terminated with an IF amplifier
first stage, possessing a wide-band 50 {) resistive
input impedance together with a noise figure of
6 dB or lower. The necessity for a ring-mixer
IF port to be so terminated has been dealt with at
large and in references (3) and (4).

2.
CIRCUIT DETAILS

2.1. Pre-amplifier

The detailed circuit schematic of the pre-amplifier
is shown in fig. 2. The GaAs-FET first stage is
preceded by aninput filter L 1/C 1. The drain-cur-
rent is 14 mA, a compromise between lowest
noise figure (8 mA) and high intercept capabili-
ties. The transistor source and gate 2 electrodes
are double decoupled to reduce the deleterious
effects of electrode lead inductance. The choke
L 2 (ferrite bead) at gate 1 is not absolutely neces-
sary, as in the prototype at least, no spurious
oscillations broke out when it was removed. The
“suck-out" circuit L 3/ C 2 is tuned to the image-
frequency (approx. 1256 MHz} and presents a low
impedance at this frequency. The connection pt.
5is intended for an automatic gain control but this
can only be recommended in cases of poor AGC
action in the IF amplifier. The application of AGC
to pt. 5 will compromise the large signal handling
capabilities of the GaAs-FET and it is better to
supply it with a fixed + 15 V instead.

The following two-stage helical filter (L 5/ C 3 and
L 6/ C 4) is slightly over-coupled {midband dip
approx. 1.5 dB) in order to achieve the necessary
2 MHz bandpass. For pure S5B/CW use, Gy may
be increased to some 6 - 8 pF thereby reducing
the coupling and the bandpass to some 600 kHz.

Far gain adjustment purposes, the PIN-diode D 2
is utilised which is supplied by the signal-control-
led direct current via pt. 7. In order that the helical
filter is properly terminated under all signal condi-
tions, thus preserving its bandpass, the PIN-
diode D 1 has been provided which passes a
complementary bias-current via pt. 6. The second
pre-amplifier T 2 with the high current FET, is con-
nected in a grounded gate configuration and in
order to secure a high intercept point, a. D. C. in-
put power of almost one Watt must be invested.
The amplified input signal is laken via a pi-filter
C5/L9/C6tothe output pt. 2 where itis connec-
led to the mixer module. Fig. 3 shows the simple
manner by which the PIN-diode attenuator con-
trol-current may be provided.

Pt6 Pt7

330k

+15V

6k8 36001 35001 6Bk -

Fig. 3: Biasing the PIN-diode attenuator

switch attenuation overall
position pre-amp. gain
- 2dB + 27 dB
2 -12dB + 17 dB
3 - 22dB + 7dB
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Fig. 4: Mixer schematic 2 468

filter (L11/C 7 and L 12/ C 8). This is critical
2.2. The Mixer stage coupled, but again, an alteration to the value 2;
The cicuit schematic of the mixer portion is to be the coupling capacitor C, enables the bandpass
seen in fig. 4. The signal delivered by the pre- to be varied. The ring-mixer which follows,recei-
amplifier is passed via pt. 8 to the second helical- ves the input signal on pin 1 and the generated IF
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output is taken from pins 3and 4to pt. 9 and on to
the IF stage. The local-oscillator signal is fed to
the module via pt. 11 and to a three-circuit filter
L16/C11,L17/C12,1.19/C 13, L18being the
coupling element. This filter accepts the local-
oscillator signal frequency but rejects harmonics
and sub-harmonics. The two-stage oscillator
consists of transistors T 3 (driver) and T 4 (power
amplifier). These transistors operate in class A
requiring a higher current consumption than class
B or C, but having the advantage of giving a clean,
noise-free translating signal. The L. O. signal is
thenfedintoaduplexerC9-L13-C10-L 14and
from that into the mixer pin 8. The necessity for
the duplexer is discussed in detail in reference
{4). A porlion of the L. Q. signal (- 20 dBm ap-
prox.) is tapped-off before being applied to the
mixer and taken to pt. 10 lor possible use in a
frequency counter or the transmitter mixer. The
diodes D 3, D 4 produce a DC voltage which is
proporticnal to the L. Q. signal and is taken via an
operational amplifier IC 1 and pt. 13 1o pt. 4 of the
oscillator DK 1 OF 047 module as a control vol-
tage. In this manner the mixer inpul power can be
made to remain constant despite variations due to
ageing and temperature. The L. O. input power is
controlled by P 1. The control amplifier IC 1 is
supplied with 15 V DC via pt. 14 whilsl the DC
supply for the module is introduced at pt. 12.

3.
CONSTRUCTION

For both circuits, double-sided, through-contact
PCBs have been designed. The use of tin-plate
for screening the VHF high Q circuits is not re-
commended (1), therefore there was no need to
dimension these PCBs in order that they would fit
a proprietary shielded box. Instead, a strip of
0.5 mm sheet brass some 30 mm wide is soldered
around the edges of the PCBs in order to form a
frame, the PCB conductor side sitting some 8 mm
up from the lower edge of the brass frame.

Figs. 5 and 6 show the dimensions and the major
part locations for both modules, and figs. 7 and 8
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Fig. 5: Construction and main component layout
of pre-amplifier DK 1 OF 048

245



0

40

VHF-COMMUNICATIONS 4/85

Fig. 6: Construction and main component layout of mixer DK 1 OF 048

are photographs of the prototypes. Now for one or
two of the finer points of detail: The gate 1 connec-
tions of both T 1 and T 3 are fed straight through
holes drilled in the screening wall, just above the
PCB surface, the transistors being totally surface-
mounted and soldered on the component side of
their respective boards. The taps on the helical
coils L 5, L 6and L 12 should be as short as possi-
ble and should pass through the screening walls
on the underside (track-side) of the PCB albeit,
just below its surface. The inter-module connec-
tion pt. 2 to pt. 8 is effected by means of thin 500}
coaxial cable (RG 174) directly soldered, or mini—

246

BNC or SMC connectors may be employed. The
length of the interconnecting cable is not critical —
within reason. The GaAs-FET T 1 is the very last
component to be soldered-in in order to minimise
the risk from static damage during the construc-
tion. The P 8002 transistors have unusually long
cooling tabs which would protrude above the level
of the screening walls. They should be shortened
by 5 mm, bent at right angles and soldered to the
screening wall thus increasing the heat sinking
efficiency. The soldering, however, should be
carried out as quickly as possible and with an
adequately rated, hot solderin-iron.
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G : 5 Fig. 8:
2k U - ; Mixer module
TR PR T i DK 1 OF 049
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4.
SPECIAL COMPONENTS

T GaAs-MESFET S 3030
or S 3000 (older type)
(Texas Instruments)

T2,T4a: P 8000 or P 8002 (T.1.)

T3 BF 900 (T.1.) or BF 961,
BF 963 (Siemens)

1C1: LF 356 N (DIP) or
LF 356 H (TO - 99),
various manufacturers

D1,D2: PIN-diodes BA 379
(Siemens)

D3,D4: AA 118 or similar
Ge-diodes

M1: Hot-carrier-diode
ringmixer

SRA-1H or SRA-3H or
TAK-1WH (Mini-circuits)
C1,C3,C4,C7, CA8: Ceramic tube trimmer
3 mm dia, 6 pF
C2,11,12,13,14,15: Foil-trimmers, 7.5 mm
dia, 13 pF (yellow)
C5&: Foil-trimmer, 7.5 mm
dia, 20 pF (green)

Electrolytic 22 uF: 16 VDC, 5 mm lead
spacing

All other capacitors ceramic disc or multilayer

type

P1: Preset potimeter 100 K(}
horiz. leads 10/ 5 mm

5.

COIL DATA

L13 7.51turns, 1 mm Cu silvered,

13 mmint. dia, 20 mm long
tapped for pt. 1 one turn from
cold end, tapped for FET 4.5
turns from cold end.

L2: Ferrite bead or twin-holed
core (Siemens B 62152-A 8
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-X 1?} slippedover T 1's
gate lead (as required).

L3: 12 turns 1 mm Cu silvered,
6 mm int. dia, 20 mm long
LS 7 turns 1 mm Cu silvered,

13 mm int. dia, 15 mm long,
tapped 1.5 turns from cold

end.

L & as L 5, but tapped 0.5 turn
from cold end.

L9 5turns, 1 mm Cu silvered,

6 mm int. dia, 11 mm long.

L11,L12: asL 5, buttapped 0.75 lurns
from cold end.

L13; 6 turns, 1 mm Cu silvered,
6 mm int. dia, 12.5 mm long.

L14: 1.5 turns, 1 mm Cu silvered,
6 mm int. dia, 5 mm long.

L16: 8 lwrns, 1 mm Cu silvered.
6 mm int. dia, 15 mm long,
tapped 0.75 turns from cold
end.

LA as L 16, but no tap.

L18: 0.5turn, 0.5 mm Cu, 5 mm
int. dia.

L19: as L 16, but tapped in the
middle.

L 20: 7 turns, 1 mm Cu silvered,
6 mmint, dia, 12.5 mm long.

L23: 6 turns, 1 mm Cu silvered,
6 mm int. dia, 10 mm long.

Chokes:

L4, L7,L8B,L10: ferrite choke 3.3 uH RM
10 mm (Siemens etc.)
ferrite choke 1.5 uH RM

10 mm (Siemens etc.)

L15,L21,L22:

The winding sense of the coils may be seen from
the photographs, the object being to chose the
winding sense in order that the tap lead is as short
as possible.

6.
SETTING-UP AND TUNING

After connecting the supply potential 15V DC to
pt. 3. pt. 4, pt. 5 and pt. 12, the working points of
the transistors are checked. This is done on T 1
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and T 3 by checking the source potentials to
ground. T1:Va =8V 05V T3 :Vs=27V/+
0.5V/~1V. Large deviations from these taleran-
ces indicate a defective device. The current
through T 2 must be measured from pt. 4 and the
voitage across R 3 checks T 4. With a suitable
choise of source resistors R 1 and R 2 (start with
10 £2) the drain current is adjusted to 60 mA (tole-
rance + 10 mA). If a current of less than 50 mA
flows with Rg = 0, then the transistor should be re-
placed. The PIN-diode control current supply cir-
cuit shown in fig. 3 is connected between pt. 6
and pt. 7 and the pre-amplifier module is connec-
ted in front on any available 2 m receiver. C3,C 4
and C 5 are then tuned for maximum noise
{roughly), C 1 isthen tuned, to a (weak) 2 m signal
applied to the pre-amp. input, for maximum de-
flection on the “S* meter. A signal generator,
which has been tuned to the image frequency
{127 MHz for 9 MHz |IF and 123.6 MHz for 10.7
MHz IF) is then applied to the input and C 2 is
tuned for maximum attenuation. If no signal ge-
nerator is available, just leave C 2 in its mid posi-
tion.

The mixer module is aligned by connecting pt. 11
with the output of the local oscillator module and
with a 20 k2 / V vaoltmeter connected to the D 3/
D4(+ VetoD 3cathode, - VetoD4anode). The
oscillator is tuned to its midband frequency and
the supply potential 15 V is connected to pt. 12.
C11,C12,C13,C14and C 15 are then tuned for
maximal outpul. Some iteration must be em-
ployed in tuning to attain a maximum output. This
should oceur at greater than 4 V. Now the level
regulator can be setup by connecting pt. 14 lo the
supply and pt. 13 to pt. 14 of the oscillator module
DK 1 OF 047. Using P 1 the D 3/ D 4 output vol-
tage is adjusted to 2.8 V which occurs at a local
oscillator power of 17 dBm (50 mW). This power
should not vary when the VFO is tuned across the
band. The control voltage at pt. 13 risesto 6 V at
the band edges and dips to about 3 V at the mid-
band. Its exact characteristic is influenced by the
three stage filter (C 11, C 12, C 13 together with
the coupling L 1610 L 17).

After the pre-amplifier and the IF module have
been connected to the mixer module, the second
helical filter is tuned by C 7 and C 8 for maximum
signal level. This concludes the front-end adjust-

ment for the time being anyway. A fine tuning will
be undertaken at a later stage when the modules
are in position in the completed receiver and with
their covers fitted. For the adjustment of a fiat
characteristic across the band — the helical filter
determines this — the spectrum from a frequency
calibrator can be used (harmonic-rich 100 kHz
calibrator). The adjustment of the input circuit L 1,
C 1is best done with the aid of a weak input signal
(sig. gen. or transponder). Tune for best signal to
noise ratio.

7.
MEASUREMENT DATA

7.1. Noise Figure

Test Equipment: Noise Figure Meter HP 8970 A,
with Noise-Source HP 346 A

Pre-amp. alone: F = 0.75 dB (at full gain, switch
in fig. 3 in pos. 1)

Complete front-end:

Switch pos. 1 F=11dB
Switch pos, 2 F-=25dB
Switch pos. 3 F=65dB

(all measurements made with mixer looking into
an NF of 3.5 dB)

7.2. Gain

Test Equipment. Synthesizer SMS, Vector Analy-
ser ZPV (both R & S)

switch pre-amp. complete
position alone front-end
1 + 27 dB + 18 dB
2 +17dB + 8dB
3 | + 7dB - 2dB

7.3. Selectivity

Test Equipment: Spectrum-Analyser HP 141 T
with plug-in 8554 B (VHF / UHF) and 8552 B (IF)
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and tracking generator HP 8444 A and SMS +

ZPV for values < — 80 dB.
1 dB bandwidth: 2 MHz
3 dB bandwidth: 3.5 MHz
20 dB bandwidth: 10 MHz
60 dB bandwidth: 26 MHz

Image rejection: 105 dB
432 MHz rejection: = 120 dB

The given data applies to the complete front-end.
See also fig. 9.

Oscillator radiation from antenna input socket:
— 94 dBm with module installed in receiver with
covers on.

onfenna
\‘J

attenuatar
000 EDdH
1

Fig. 9:
Front-end input frequency characteristic

7.4. Intermodulation

Test-Equipment; 2 Sythesizer SMS, Power com-
biner ZSC 2 - 1 (MCL). Spectrum Analyser HP
141 T with 8553 B (HF) and 8552 B (IF), switched
attenuator type 3023 (Weinschel).

Generator frequencies: 144.2 and 144.3 MHz,
each — 10 dBm.

Mixer with DK 1 OF 046 / 047 but without pre-
amp. 3rd order IP = 23 dBm.

Complete front-end:

switch pos. 1: IP= - 2dBm
switch pos. 2: IP -~ = 1dBm
switch pos, 3: IP =+ 2dBm

The method of measurement is disdussed ex-
haustively in (5).

test-item
{receiver)

low noise oscillater Lﬁ-l_.é. -

—

Fig. 10:

1450 Mile Comiviner
aftenuator
53006048
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7.5. Blocking (Gain compression)

Mode: FM, BW: 15 kHz, test set-up as in fig. 10,
switch pos. 1.

The signal noise of a wanted input signal is re-
duced from 10 dB to 0 dB when an interference
signal, 100 kHz removed, reaches a power of
— 11 dBm. The dynamic range can thus be calcu-
lated:

Noise floor of hyperthetical receiver of
NF = 0 dB and bandwidth 1 Hz = — 174 dBm

Noise floor of subject front-end with

NF = 1 dB and bandwidth 15 kHz = — 131 dBm

Signal input for 10 dB signal:
noise ratio - — 121 dBm

Interference signal input for 10 dB blocking (i. e
gain compression) 11 dBm

Dynamic range for 10 dB blocking
(- 11dB) - (- 121dB)=110dB

Piduta

7.6. Power requirements

A 15 VDC stabilised supply is required for this
front-end. capable of delivering approx. 210 mA.

8.
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Jochen Jirmann, DB 1 NV and Friedrich Krug, DJ 3 RV

A Microcomputer-System for

Radio Amateurs

Many readers will already be asking: “What’s
this then, a computer system specially for
amateur use? Surely, commercial home-com-
puters are so cheap that it's not worth the
trouble building one*.

Those, who have busied themselves with these
things, will know that home comp ers have anti-
quated circuit concepts and have been pared
down in order to make them as cheaply as pos-
sible. Also customer-specified integrated circuits
are employed whose inner workings are, to some
extent, a mystery. In order that the manufac-
turers” (expensive) peripheral equipment and
cables are also sold, together with the computer,
the connections are made as incomprehensible
as possible. Difficuities always occur when home-
made accessories and extensions are required to
be added. Even if computer A is to be matched
with printer B and disc drive C, the necessary
cables and interface cards can, if one is uniucky,
cost over half the price of the computer itself.
Added to that comes the cost of additional books
— a few hundred marks perhaps — in order that
both the hardware and the software can be used
advantageously together.Information which is
actually more appropriate in the computer's
handbook.
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Standard interfaces, such as the Centronics prin-
ter interface, a serial V 24 connection, standard-
ised drive system connections or a IEC—bus-
interface could have made further extensions to
lhe system much easier. A direct access to the
processor bus is also desirable for experimental
purposes. Unfortunately, it is not possible to find
all the above mentioned connections on prop-
rietry computer (the "Serial IEC—-Bus” proclai-
med by one manufacturer is more a “data brake”
owing to an unbelievably slow information rate
and is not suitable for serious use).

The data given aboul store capacity in home
computers also must be taken with a pinch of salt
because most of this is utilised immediately by the
storage requirements of keyboard buffers, picture
and graphic displays. A further sad chapter con-
cerns the radio suppression measures which are
dimensioned for the minimum consumer de-
mands and the electronics packed into an un-
screened plastic case making the use of any
nearby sensitive receiver impossible.

These are all good reasons for considering
the construction of a computer specially de-
signed for the requirements of amateur radio.
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One should keep his distance from component-
saving concepts in which the CPU additionally
samples the keyboard in multiplex operation and
controis picture reproduction. Some of the single-
board computers, propagated in a few magazi-
nes, are neither sure-fire of reproduce or capable
of ‘modification and adaption even if they have
been successiully built. They are usually de-
signed on a Euro-format printed circuit board and
contain terminal and floppy controllers, the board
being stacked with ICs, perhaps under a 40 leg-
ged IC a few 14/ 16 legged “beatles” will be hid-
ing, or maybe the store elements are stacked in a
tower and soldered to one-another.

It is much better that the computer has a com-
partmentalized system in which each module
has a clearly defined role and transfer plane,
and processed by a separate micro-proces-
sor. The operating system would use the uni-
versal Digital Research CP /Mwhich allows an
unproblematical software exchange between
the hardware of various computers. The
microcomputer-system developed by the
university of Erlangen / Niirnberg is based on
the Z 80 processor. The whole circuit has been
planned so that it operates with CMOS circuits
in order that, with suitable low-power con-
suming peripherals, battery operation is fea-
sible.

The CMOS stores are, however, more than three
times the price of the equivalent NMOS stores but
posses the advantage of being uncritical in their
use. Addilionally, the store contents can be pre-
served with a small accumulator during times
when the computer is shut-down.

The individual circuit elements are fitted onto
simple Euro-cards with a reasonable packing
density. An ECB-bus is employed as the system-
bus which enables a multitude of non-system
peripheral cards to be connected.

The computer consists of three basic units and a
number of special-function cards. At the moment
the following cards are in the testing process:

The CPU - card

This can also be employed independently as a
control-computer for many purposes (e. g. an-
tenna rotor- or radio relay / transponders control).

It contains besides the Z 80-CPU two serial V 24-
interfaces, a parallel 8-bit-interface from Cen-
tronics-Norm as well as a 16 kByte CMOS-RAM
which is battery buffered. A 4 / 8 kByte EPROM
contains a simple moniter program for the deve-
lopment of a simple machine program and for the
charging of the CP / M from the floppy-disc sta-
tion.

An alpha-numerical terminal card

This is normally connected to the serial terminal
interface of the computer and can of course, be
driven separately from the computer (serial data
transmission).

This card contains a further Z 80 - CPU, a video
controller MC 6845, a parallel keyboard input
(Z 80 - PIO) and a serial computer interface. In
this terminal it was the intention to forget every-
thing which was not absoclutely necessary (many
manufactures put anything in, merely to ulilise the
EPROM capacity). Instead, we have put more ef-
fort into improving the picture quality.

The symbols are represented as a 7 x 12 matrix in
a9x 14 field — adoubling of the picture elements
of the usual 5 x 7 or 5 x 8 matrixes. Also, three dis-
play formats can be chosen by means of selector
plugs; a 80 x 24 symbol format with an increased
line-frequency (18 kHz) and two television stand-
ard formats with 64 x 16 symbols (for monitors)
and 40 x 16 symbols (for TV with video input). As
there is still enough space left over in the RAM
and the EPROM there would be, in addition, a
possible use of this card as an autonomous RTTY
terminal. With the two cards already described, it
is already possible to built a computer, If compre-
hensive mass storage and more RAM range (a
further 40 K} is required, the following “store /
floppy disc card” is required.

The store / floppy disc card

This contains a further 48 kByte CMOS memory
which may be supported by a battery. CMOS
memories are much dearer than dynamic NMOS-
RAMSs but the construction of the card is much
easier owing to their simple control requirements
{doesn't need address-multi-plexers and multi-
phase sync-generators}. Also, the computer may
be stopped at any time without losing information.
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Dynamic stores, on the other hand must have the
facility to be "re-activated” in order that all the
capacitive store elements may preserve their in-
formation charges. Provisions must be made
when using this type of store, to supply it from an-
other source during shut-down if the store con-
tents are required to be preserved. In amateur
operations the processor may have to be swit-
ched off, for example, in order that the weakest
radio signals are not drowned in computer hash.

The floppy-disc controller card uses the Western
Digital WD 2793, a single-chip controlier pos-
sessing a built-in analog PLL data separator. Its
employment avoids the use of half the thirty or so
chips usually used for this purpose and thereby
utilising the card space more effectively,

All the popular 8 and § Vs inch drives can be con-
nected as well as compatible 3 2z inch drives.
With the floppy-disc card the calculator is fully
utilised as a CP / M computer with a 64 kByte
RAM, a Centronics printer interface and a serial
V 24 interface e. g. for computer to computer
linking.

There are still a few additional cards in the test
phase in which many users could find an interest:

a) A IEC-Bus card

This module contains the NEC 72 xx and
enables the connection of test equipment,
printers or other peripheral apparatus having
an IEC / IEEE 488 / HP interface bus. Three
sockets are provided on the PCB for 8 kByte
EPROMs which can contain the IEC-bus con-
trol software.

b) A universal EPROM card

All the popular EPROMs up to 16 kBytes can
be programmed with this card and two zero-
force sockels are provided for a readable and
programmable EPROM,

c) A ROM software card

If the re-loading of extensive programs from the
diskette is to be avoided and if the floppy-discis
not convenient, the ROM in the software card
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can accomodate 64 kByte in eight 8 kByte
EPROMs. This card uses the top 8 K of the
store leaving only 56 kBytes RAM for the user's
disposal. By means of a control circuit. the top
8 K can be gated by any selected 8 kByte
EPROM which can be read-off. Many readers
will be asking themselves: "Where is the ter-
minal card devoted to the representation of
graphics?" A Thomson-CSF graphic proces-
sor, the EF 9366 / 67 is available, but its alpha-
numerical presentation would satisfy only
modest demands. The authors have therefore
decided that a purely graphic card with a further
processor and a 64 kByte dynamic piclure
store should be developed to work in parallel
with the alpha-numeric card. The resolution
amounts to 720 x 320 pixels and the graphic
video signal is mapped with the normal alpha-
numeric video. The necessary synchronisation
and strobing signals will be taken from the
alpha card.

Power supplies

In order to make the computer work, a suitable
power supply is necessary. A power supply has
been developed which is capable of supplying the
computer together with two 5 Va inch drives and a
monochrome monitor. It delivers 5V /7 A 12V /
3 A (6 Apeak) and -~ 12V /0.1 A for the V 24

interface.

Particular attention was paid to the rfi suppression
in order that hash does not find its way into a
neighbouring receiver neither by direct radiation
nor by being fed from the computer via the mains.
The radio transmitier should not be allowed to
throw the computer into disarray. A further spe-
ciality is that all signals in the computer are deri-
ved from a 16 MHz synchronizing generator. It is
then possible to frequency-lock this with a radio
time signal DCF 77 etc. which is a necessary con-
dition for a coherent transmission mode. The mo-
dules DJ3RV 006 ..... 007 can be regarded as
being the first peripherals of the amateur com-
puter infroduced by this article.

:It is intended to give a short description of the
computer sub-units in the following editions of

VHF-COMMUNICATIONS.
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MATERIAL PRICE LIST OF EQUIPMENT

described in edition 4 / 85 of VHF COMMUNICATIONS

DK 10F
PC-board
PC-board
Components

Kit

DJ 1 EE
PC-board

PC-board

Crystal
Kit

DB 1 NV
PC-board

Two-Metre Receiver Front-End
DK 1 OF 048 double-sided, thro’ plated
DK 10F 049 double-sided, thro’ plated
DK10F048/049 4 FETs, 1 FET-Op Amp
2 PIN diodes, 2 Ge-diodes,
1 ringmixer SRA-1Hor
TAK -1 WH, 5 ceramic and
7 foil trimmers, 1 tantalum,
13 F /T caps. 9 ceramic
discs and 25 ceramic de-
coup. caps., silvered wire,
1 ferrile bead, 7 chokes,
1 pre-set and 32 resislors
DK10F048/049 complete with all above
parts

SSB Mini-Transverter 144 /1296 MHz

DJ1EE00S5  double-sided, not bored,
silvered, without comp.
plan

DJ1EEOO5 10 transistors, 8 diodes,
2 PIN diodes, 4 H/ C diodes,
1 microwave trimmer, 13 foil
trimmers, 6 chip and 25 disc
F/Tcaps., 1tant. and 1
elect., 4 F/ T and 29 ceramic
capacitors, 1 pre-set and
34 resistors, 1 twin-hole
bead, 3 sorts of wire, 10 mini
chokes, 1 m teflon coax.
cable, 1 relay, 1 tin-plate box,
2 BNC single-hole sockets

96,000 MHz HC - 43 /U

DJ1EEO005 complete with all above
parts

12 V-Mobile Switched-Mode-Power-Supply

DB 1NV002 single-sided, drilled, with
comp. plan

Art.Nr.
6935
6936

6937

6938

6939

6940
6224

6941

6932

Ed.4/1985
DM 29—
DM 36—

DM 268 —

DM 325.—

Ed.4/1985

DM 25,

DM 490.—
Ed. 24-3/85

DM 83.—
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Under Development: Interface slave 10

Fully-automatic antenna tracking system for satellite communication

ﬁ_ﬂ for the satellite-rotor-systems
[[ KR 5400

KR 5600

ukw—technik

- Stock-No. 1001 DM 590.—

on Reset

This interface, together with a personal computer and KR 5000 series control system, enables the exact
positioning of the antenna to be carried out. The positioning pre-set data is provided in ASCll-code from
the serial interface.

During both horizontal and vertical rotations, the actual antenna position can be inlerrogated as often as
desired. Apart from the commands “pre-set position” and “interrogate posilion” the interface processes
a series of further commands such as, left, right, stop.

The resolution of the twin-channel A/ D converter amounts to 10 bit. This, converted, resulls in a setting
accuracy of 0.35" horizontal and 0.18° vertical. Existing control-boxes can be suitably modified.

Which Volumes of VHF COMMUNICATIONS are missing from your library?

As you know, the publishers continue to reprint back copies of VHF COMMUNICATIONS. Since they are full
technical articles and little news or advertising, they contain a great deal of non-again information that is just as
valid today. Many of our readers will also have lent out copies of VHF COMMUNICATIONS and never received
them back. All editions available can be obtained from your representative or from the publishers.

Subscription to VHF COMMUNICATIONS 1985/1986 each DM 24.00
VHF COMMUNICATIONS — Volume 198371984 ... snssssnssssasssassesenne . @8CH DM 22,00
VHF COMMUNICATIONS — Volume 198171982 . . zach DM 20.00
VHF COMMUNICATIONS - Volume 1979/1980 ..... . cach DM 18.00
VHF COMMUNICATIONS - Volume 1976,1977, and 1978 . . each DM 16.00

VHF COMMUNICATIONS - Volume 1975 . .. DM 14.00
VHF COMMUNICATIONS - Individual copies 1985/1986 T : cachDM 7.00
VHF COMMUNICATIONS - Individual copies 1983/1984 R R A e each DM 6.50
VHF COMMUNICATIONS - Individual copies 1881/19B2 ... s each DM 5.50
VHF COMMUNICATIONS - Individual copies 1979/1980 .. each M 4.50
VHF COMMUNICATIONS — Individual copies 1975,1476, 19?‘?__19?8 .. DM 4.00

Individual copies out of elder, incomplete valumes, as long as stock Iasts.
11970, 21970, 211971, 1/1972, 21972, 4/1972 | - <eeeeee @ACH DM 3.00
2/1973, 41973, 1/ 11974, 2/1974, 31974 .......... .. each DM 3.00

VHF COMMUNICATIONS — Discount price for any 3 volumes ml::ludlng 1 binder:
VHF COMMUNICATIONS — Volumes 1975 - 1977 ..
VHF COMMUNICATIONS — Volumes 1976 - 1978 ...
VHF COMMUNICATIONS — Volumes 1977 - 1979 ..,
VHF COMMUNICATIONS — Volumes 1978 — 1980 ...
VHF COMMUNICATIONS — Volumes 1979 - 1981 ...
VHF COMMUNICATIONS — Volumes 1980 — 1982 ...
VHF COMMUNICATIONS - Volumes 1981~ 1983 ...
VHF COMMUNICATIONS - Volumes 19821984 ...
VHF COMMUNICATIONS — Volumes 1983 — 1985

. DM 47.00

.. [IM 48.00
DM 50.00
.. DM 52.00
DM 56.00
... DM 59.00
.. DM 62.00
... DM 88.00
.. DM 72,00

.. DM 8.00

Plastic binder for 3 volumes .. T T
All prices including surface mail
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Space and Astronoicl Slides

s

Informative and Impressive

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

Prices plus DM 3.00 for post and packing.

Sets of 5 NASA-slides DM 8.50 per set

Set8103  Apollo11: Earthand Moon
Set8104  Apollo 11: Man of the Moon
Set8105 Apollo 9and 10: Moon Rehearsal
Sel8106  From Californiato Cap Canaveral
Set8107  Apollo12; Moon Revisited
Set8108 Gemini Earth Views

Set8109  Apollo15: Roving Hadley Rille
Set8110  Apollo16: Intothe Highlands
Set8111  Apollo17: Lastvoyage to the moon
Set8112  Apollo17: LastMoonWalks
Set8113  Mariner 10: Mercury and Venus

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

1. Jupiter and 3 satellites 2. The giant planel 3. Jupiter, lo and Europa 4. The Red spot 5. The Red spotin deladl 6. The
swirling clouds 7. loand awhite oval 8. The neighbourhood ofthe Red spo! 9 Therings ot Jupiter 10, The Gallilean satefli-
tes 11, Amalthea 12 Calisto 13, Impac! fealure on Callisto 14, Eruption on lo 15, lo ull dise 16, Curopa close-up
17 Furopa distant view 18, Ganymede close-up 19, Adistant Ganymede 20, The lovian system

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

I Saturnand 6 olitsmoons. 2. Saturnfrom i miomiles 2. Saturn from B micmiles 4. Saturn from 1 miomiles 5, Saturm and
tings from 900,000 miles 6. Saturn s Hed spot 7. Cloud belts in detail - 8. Dions agains! Salurm 49 Dione close-up 10
Rhea 11, Craters of Rhea 12, Titan 134, Titan's polar hoed 14, Huge crater on Mimas 15 Other side of Mimas 18, Ap-
proaching the rings 17, Uncer the rings 18, Below the rings - 19, =Braided= Fring 20, lapetus

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

I VOYAGER 2 approaches 2. Clouds & rings 3. Slorms & salellites 4. Cyclones, spols & jet streams 5. Convective
regions G Almospheric disturbance 7. Rings & shadows 8. The »C=ring 9. Ring dotals 10, The «A« ring 11 Loaking
back an Saturn_ 12 Titan - nightside 13, Tilan - almospheric bands 14, The «Fwring 15, Hyperion close up 16, lapetus
revealed 17. Enceladus explored 18 The Tethys canyon 19, The »Fe« ring 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. Crescenl Venus 6. Clouds of Venus 7 Earth
8Full Moon 9. Mars 10. Mars: Olympus Mons 11 Mars: Grand Canyon 12 Mars. Sinuous Channel 13, Phobos
4. Jupiter with Moons 15, Jupiter Red Spot 16, Satum 17, Satlurn Rings 18 Uranus and Neplune 19, Pluto  20. Comet
Tkeya-Seki.

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

1 SuninHealight 2 Total Solareclipse 3. Oulercorona 4 Coronafrom SMM satellite 5. Corona close-up 6. Solar magne
logram 7. Aclive regions in X-radiation 8. X-ray corona 9. Acoronalhole 10 Solar flare 11, Active Sun 12, Eruptive pro-
minence 13 Gargantuan prominence 14, Fruplive prominence 15 Huge Solar explesion 16, Prominence in action 17
Suninaction 18, Magnetic field loops 19 Prominence close-up 20, Chromospheric spray

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

1. 5TS1 heads aloft 2 View trom the tower 3, Tower clear 4. Launch profile 5, Payload bay open 6. 5TS control Hou-
slon 7 In orbit, earth seen through the windows 8, Bob Crippen in mid-deck 8. John Young 10, Approaching toushdown
11, Alter 54.5 hours in space Columbia returns to Earth, 12, Aslronauts Crippen and Youny ormearge after the suceessful mission

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

1. The Angle-Austrabian 3.2 m Telescope (AAT) 2 AAT Dome 3, Telescope Contral Console 4 An Ohserver at the Prme Focus 5 Star Trails
inthe SW B Crreumpolar Star Trads 7.Contaurus A NGCS 128 8 The Spiral Galaxy M83 {NGCS5236) 9. The Eta Cannae Nebula 10 An open
Cluster of Stars NGC3293 11.A Planetary Nebuia, NGCG302 12 The Trifid Nebula M20 (NGCE514) 13 The Cone Nebula 14,8 Monocera-
tis and NGC2264 15 The Helix Nebula NGC7293 16.4 Wolf-Rayet Star in NGC2359 17.A Spiral Galaxy NGC2997 18 Messier 16
(NGCE611] 19 The Orion Nebula 20.Dust and Gas in Sagittarius NGCE589-90 21 NGCE164/5, Tha Nebulosity Around HD148937
22.Dust Cloud and Open Cluster NGCE520 23 The Spiral Gataxy NGC253 24 A Mass-Loss Star, 102220 25, The Jewel Box NGC4755
26.Local Group Galaxy NGC6822 27 Central Regions of NGC5128 28 Towards the Galactic Cenlre 29, The Trapezium 30 The Trifid Stars
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You should know
what's behind our sign

We are the only European
manufacturers of these

Miniature TCXO’s

CCO 102,CCO 103,

CCO 104,CCO 152
modulable table

| higher stability than a

quarlz cryslal;

less than &+ 3 ppm over

the tempearature range

-30 to +60°C, (types B)

low ageing rate.

less than 1 ppm per

year.

wide frequency range:

10 MHz to 80 MHz

low supply vollage:
5V

Our R+ D engineers are

_constantly working with

new technology to
develop new products,
We can offer techmical
advice for your new
projects or manufacture
against your specification.

Quartz crystal units in
the frequency range
from 800 kHz to 360
MHz Microprocessox
oscillators (TCXO's,
VCXO's, OCXO0’s)
crystal components
accoxding to customer’s
specifications

low current consumption:

3mA max (series CCO 102)

small outlines: CCO 104 = 26 cms CCO 102/152 = 3,3 cm?,
CCO103 = 40cm?

widespread applications e.g. as channel elements or reference
oscillators in UHF radios (450 and 900 MHz range)

Ty s CCoOo 102 CcCoi103 CCo1d
R | F A | B | ) | ;] | r ‘
Trog, range 10-BOMHz B4 -25MHz 10 - 80 Mz
Atk ity =30 o FEGRT Al to +80°0 ‘ A0 o 8070
Vit p, range
Curant mux 2m max 10 mA
corsnmptisn U3 - 43V al B = -5¥

mput -0 cR/S0CEm T compatible

wignal Fas<cnt A)

... Your precise and reliable source

TELE-JTUARZ GMBH » -6624 Neczarbischolsheim 2
Telefon 072 68/10 03 - Telex 782388 to a - Tolefax 07268/1438
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