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Friedrich Krug, OJ 3 RV

Micro-Striplinc Antennas

In micro stri pline ci rcu its discontinuities
occur wh ich may be defined as all devi ations
Irom th e uniform st rip line struct ure suc h as
bends, kinks, branches, impedance tr ans i­
tions, ope n and short c ircuits and losses
through rad iation. Radiation lassos increase
with frequency, particula rly w hen t he geo me­
tr ical d imens ions of t he line approach those
of an electrica l waveleng th. This radiation is
encouraged in stri pline antennas by a sui lab le
arrang ement of these d iscon ti nuit ies. Part icu ­
larl y goo d radialion occurs from power reso­
nalors and surf ace resonators whose electri­
cal dimensions are ,./ 2 or multiples Ihereof.
Thi s fact Is utilised in other types 01antenna.

Mlc ro-stripline antennas are th erefore rad iat­
ing surfaces on a t hin die lectr ic sub str ate
with a conducting groun d pla ne. The mai n ra­
diation axis is perpetldicular to the plane of
the rad ialor.

1.
ADVANTAGES AND
DISADVANTAGES

Owing 10 itsplaner structure the araeone is manu­
tacrered by the 'etching technique in exaclly lhe
same manner as lor mcro-stnosne circuits The

'"

demands upon Ih,s technique and the malerials,
particularly for the low-loss dielectric, are ...ery
similar, The advantage of these antennas arc
their uniform, thin structure and negligible weight

The diagonal meas urements 01 the base plane
must, howe...er, be at least a wave1ength. and for
antenna arrays, considerably larger. The arran­
gement of many radlal iofl elements inlo an array
results 'n a grealer beam cooceonauon and
lherelore a higher gain.

ONing to the geometrical orrnensonarbrmtauons.
there has to be a lower frequency restriction of
about 300 MHz for these antennas The upper fre­
quency limit is set by rising conductor losses and
losses in lhe dielectric and is around 30 GHl for
PTFE dielect ric . Surface wa...e radiations are also
intensified w,th mcreasnq frequency , partlCtlhllly
when the ralia 01 substrate thickness to wave­
lenglh is grealer lhan 0.1.

Since the radialion surface is driven into resonan­
ce. these antennas nave a narrower working fro­
quency range than a horn radiator , Tho obtain­
able bandwidths range from 1 % to 5 % 01the
mid-band frequency in the 3 em band

The effiCiency "1 is also lower than a horn radiator
owing to the nigher losses in the thin conductor
structure. The gain from a well-matched Single
element is aboui 6 dB and with a lillie more
(worthw ile) trouble With ana vs 01 e1emenls, gains
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Surfllu radi ators in
mic ro-st rip lin . t.-chn iq ue

01upto 20 ca are possible. The gain, however . is
always a few dB lower than the equivalent sized
hom antenna would be.

Owing to the neghgible power handling capar nn­
ties or these antennas. they are not suitable tor
use as high power radiators They are almost
'deal lor receive functions however, as they may
be fabricated on the same substrate ,I S sayan
amphker with direct low-loss connections - all in
the same etching process

2.
FUNCTION

Since tne introduction 01 stripline antenna s some
30 years ago a number ot technical publ ications
about the subject. and the calculation of fields and
radiation conditions. have appeared For those
wishing a more theoretical treatise the retorcnce
books (1) and {2} are recommended . They, in
turn. provide tortber references lor a deeper
stUdy .

In the follOWing arr ete I would like to present a
clear cescnotoe 01the rmcro-strcane antennas

together with a lew formulae 101 the approxima ­
tion 01 the dimensions

As already mentioned . conductors radiate pen­
CUlarly powerfully when they complete a ~ I 2 re­
senate circuit or multiples mcroct . Through the
nature 01 the radiating ecrtece and the manner in
which they am coupled. they may be categorized
into three groups:

The first group encompasses resonant surfaces
and conductors and the second arc radiating
aperaunes which to many are known as siot ra­
diators. The third group form Iravelling wave an­
toonas. The latter comprise a periodic arrange­
ment 01 discontinuit ies on a noo-radiahng toocuoe
which has been properly terminated As tar as Inc
pnnciple functioo is concerned, travelling wave
antennas are similar to surface resona tor arrays
and will not be considered further ,

A few examples of conduct ing raolatmq elements
are shown in fig. 1 A I, I 2 concucror resonator
which produces a linear polarised wave with the E
field vector in plane at tho antenna is shown in
l ig ,1 a The ring resonator in fig. 1 b represents
a closed conductor. The basic osci liitory resona­
tor musl have an eiecmcer length 01a lul l wave­
length. requirin g an averaqe dramc ter 01),, 1x ,The
raoaton characteristic and the polarisation. de­
pend upon the way in whiCh It Is fed. This applies
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Fig. 2: Circu lar po larised surtace radiat or wit h a 90'
hyb rid coup ler le ed in ord er that the sense 01
th e pol arisatio n may be reversed

atso to the surface radiators depicted in 1 c and
1 d as to whelher Ihey are linear or circular polari­
sed antennas . The circular polarised radiator
must be led simultaneous ly on two sides ottset
phys ically by 90' by signals h<lving a 90 ' phase
difference between Ihem The arranqement is
shown in fi g . 2. By the coupliuq of Ihe surtaco
radialors with <190" hybrid couplerthe potansnnon
rotational duocton may be chose n remotely If
input t is fed, and input p torrrunatod, Ihe antenna
possesse s a riqth-handed polar isation and vice­
versa a left-handed polarisation is obtained,

The raoiatinq characteristic of the round surface
radiator of f ig . 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 111 and 12/ dea l wifh if.

Surface radiator elements may be relat ively
easily arranged into an array of antennas as fi g. 3
shows The radiat ion characteristic and the input
impedance of Ihe antenna is determined by the
type and phase disposit ion of the feed . The arran­
geme nt in f ig. 3 cons ists of radiating elements
fed in-phase, In the upper diagram /, / 2 radiating
elements are connected by J.. / 2 non-radiating
(almost) elements in series so that each radiator
leading edge is exact ly one wavelength from its

196
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neighbour. This means that the antenna is fed in­
phase and that the direct ion of polarisation is in
the plane of the antenna

Fig . 3 lower shows another arrangement of in­
phase feeding of radiatinq elements. the feeder
sections are th is nme.one wave length long. The
polarisat ion 01 this arrangement is at right-ang les
to the feeder section i. e. out of phase by 90" 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 show s an arrancemcnttor
symmetr ical stripline. known as triplate, in which
the radiat ing slot is coupled by a conductor short ­
circuit The cur rent is greatest at the short-circuit
point and with it the magnetic component 01 the
field which lies at rigth-angles to the plane of the
line direction. Since slot antennas have a magne ­
t ic field vector which lies in the plane Ofthe anten­
na, the H field direct ion of the antenna and that of
the short -c ircuited line are the same so that both
slot and line are well coupled .

The arrang ement in 4 b depicts a slot antenna
etched in the ground-plane 01an unsymmetrical
conductor st ructure 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

Fig. 3: Antenna arrays cons isti ng of period ically fed
radiating elements
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fig. 6: Cross section through the conductor
sfructu re depict ing thecourse and intensity of
the electrical f ield line E

f ig. 5: Rectangular surface radiat ing elements ot
length L and width W Ona dielectric subst rate
of Ihickness h and a complete metal ground
screen
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.; "il;Fig. 4: Examplesof slot radiators with H field
coupling
a} Trip late configuraf ion with short-ctrcult

coupling
b) Slot radiator in the ground surface with an

open-circuit i. :' 4 micro-str ipline coupling

at its end t, i 4 from the middle of the slot. The
open-circuit is transformed as a short-circuit in the
plane of the slot The magnetic field component is
the reby gr eatest directly above the slot, which
also has its greatest magnetic com pone nt at this
po int, thus providing a good coup ling.

The radiation of the slot from the triplate configu­
ration takes place trom only one side, the other
(ground side) being the reflector, The micro-strip­
line slot feed arrangement, radiate s almost equ al­
Iy in both directions as apposed to the conduct ing
radiators where the meta l ground-p lane also acts
as a radiator- part icularly when it has a large area
relat ive to the radiating surface

3.
CALCUL ATION OF A RECTAN·
GULAR RAOIATING ELEMENT

The surface radiator element shown in f ig. 5 may
be regarded as a conductor of length L and width
W Ignore fo r the rncm ent tha narrow leedline and
consid er it as 01 length L = A! 2 L e. a ha lf-wave
resonator.

As the field lines shown in fi g. 6 indicate, at the
open-circuit ends, the field is distorted in respect
to the idea l field structure along the conductor.
Th is disto rtion has the effec t of elongat ing the
conductor L by the amount L L. Thi s short con­
ductor length is effec tively capacit ive wilh acapa­
cnence C. At the same time , the field lines occur in
the free-space from end to end of the conductor
and the end may be regar ded as a radiating slot of
length f:, L and of width W, The radiating energy
can be considered to be dissipated through a ra­
diation resistance R so that the surface rad iator
element may be consid ered as tne equivale nt cir­
cuit shown in fig. 7, It can be seen that the re­
sonant frequency faof the resonator is mainly de­
termined by length L and the effec t ive elongat ion
is L:

Since the wave distr ibut ion on the conductor is

In order to simplify this review, the mathematical
details have been om itted but they are available, if
requ ired , trom ref /3/

(I ) L = O,5i,·2l', L

19 7
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AccordIng to lSi for the COnductor W1 dth W < i. I 2
or lhe radia tion resistance

(6a) R = 180 !lJ \~ . (U Wj2

W 01 me conductor in rerencosrsc 10 the wave­
leng th.I .r

fig .1: Equ ....lel1l ei reult ot a tOOialin9 elenwnlltOm
Ilg. 5 .. a feed-l ina ol cllaracteristie
I~snce z..,and the eq uivalent e fements
R and C 01 t he open end together with the
ehs racterist ic impedance Ze..

~. ..,- ----- --_.""
~~ f jJr

LI=:---====-1J

and for the conductor widt h W ;:. 1,5 f, with

"

Fig. 8 : Equivalent circuit 01a micro-stripline radl3to r
In the vieinity ol i lle resonanl frequency

(6b) R =240H .I \ l ,,;:;: · (A/ W)

Since the radiation resistan ce is euecuve on both
sides or the con ductor . the resultant value As for
one element is:

(7) R, = R / 2

Fig. 9 : Translor me r co upling of a radialing elemen t
with . coax ia lcable lhrough the ground plane
(from l~ i)

The WIdth W of the conductor IS ca lculated as in
ret /31 which also gives the cnarectonsnc impe·
caoce z" or the reso nator element,

For cou pling lhe antenn a to the reeonnea know­
ledge of the total imped ance Z IS nocossarv and
rega rding the equivalent circu it of fig. 8. the tota l
value of the conducta nce Thi s cornpnses the ra­
craton conductance G,. a loss conductance Go.
and a susceptance of the equivalent eleme nts 01
the conductor 4., c; and 2 C,

delayed by the effect 01 the diel ectric , the wave­
len gth is giVen by

(2) }. = )..,1 \ 'tmr

where i..o is tho rree-specewavelength fro m

where c, = velocity of EM wave in spac e,

The effective relat ive permittivity ~;clf is dependent
upon tho conductor w idth Wand the re lative per­
mittivity 01 the substrate. II is given below and in
equation /4/ ret. I3J.

(4 ) r,",,= (f,1 1)/(2 + (E, - 1) V 4+ 48 h I Wj

The effective elong ation 6 L is ca lculated as des­
cr ibed in m f. /31 equation ttt.

" the heiglh ot the substrate h < < 1..,
then 6 L is approxima tely '

(31

(5) I\ L = h / 2

The meltch ing transformer is either accomplished
In the feed-line or through cou pling into the racer­
:n9 cleme nts w ithin the leng th L (lig. 9) so that
the reso nator lifl(! itself is used as a traostor ma ­
lion elem en t.

For the case 01 resonance at !G ' me reactive com­
pcooots shou ld tall to zero and the tran sformed
quantities of Ihe radiat ion co oooctnoco and the
loss conductance willform the desired Input impe­
dance Zo. In order to have a good antenn a effi­
ciency, it is necessary that the loss conductance
is very srnaf in relat ionsh ip to the rad iat ion con­
ductan ce . Usa ble rrucrc-stncnne anten nas are
therefore on ly built w ith ve ry 'ow-ross dielectrics.
The no rmal rracro-smounematerials such as ATI
Ouroid , Dr-ciao or A"O, cera mic. can be consi­
dered as pra cl ica lly loss-free up to the 3 cm band .
PCB mater ia l suc h as G 10 is unusable above
1 GHz,

The radiation re s rsrarce A depends upo n the size
of the radia ting slot and therefore upon the width

198

Connec ting severa l radiating elements together
10 form an arr ay, as in f ig. 3. increases the radia-
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tion conductance but also. unfortunately, the loss
conductance aswell. Additional losses in the cor­
necting lines have the effect of decreasing the
ratio of radiation-to-loss conductance . The effi­
ciency of large rmcro-stripline antenna arrays is
so poor that themaximum available gain is limited
to 20 dB /6 /, i71and 18/.

An important criterion of an antenna is its band­
width, tM.1 is, the frequency range in which it is
usable. In /1/ the bandwidth for a single radialor
was calcu lated in detail, A knowledge 01 the mate­
rial losses is required beforehand , but this can be
very tedious tor arrays having several radiating
elements andcoupling networks ,A measurement
method ot determining the bandwidth is very
simple and consists of measuring the input impe­
dance versus frequency by means at say, me in­
putVSWR .

The bandwidlh D. 1 will then be defined as the
band over which the antenna is suitably matched
i. e . a VSWR at less than say 2 . 1. This can also
be expressed as the frequency band over which

the return loss is smaller than ~ 10 dB rei. ref,
freq.

Before the measurement is carried out, however,
it must be determined that the antenna is beaming
in the des ired direc tion 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 frequency at which the VSWR is
low, that the radiation beam nas slewed off the
desired direction or that a side-lobe possesses a
qrcater proportion of the input power. Anothor
possibility. is that the coupling network is matched
unintentionally with the loss conductance at this
frequency, The radiating elements are then not in
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-STRIPUNE
ANTENNA FOR THE 3 em BAND

Fig. 10:Alltenilaarrayconsistingof 2x 2rectangutar
micro-striptine resonators for the 3cm bsnd

r­
I

I
_L

w

~' - l~, , l ,

In order to demonstrate the appl icability of the for­
muraonn 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 ot two lines at )" I 2 racrators, 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 = 10.35 GHz and the width W
determines the radiation resistance so that an in­
put impedance of 50 H results. In order to have a
feed impedance of 50 n,eachclement must have
a radiation resistance Rs = 200 n on the condi­
tion that each element is sufficiently decoup led
from the others. The coupling line to the radiator is
L, = ), and has a characteristic impedance of
100 n i. e. the impedance of two paralleled radia­
tors.

The construction utilises a teflon substrate RTI
Ouroid 5880 with a..substrate thickness h = 0.5

199
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Fig. 11: Radiation resistance R. 01 a 1, 12 su rflH:e ra­
diatOl"as a functio n of the conduct or width W

mm and 17.5 pm copper film on both sides. The
rela tive permilt ivity r , '"' 2.23 ai iO 35 CHz.

With these materi al data , a calculal ioo was made
torthe dimensions l and W of a radiating element
as in f ig. 5 at 10.35 GHz and a radiat ion resis­
tance Rs of 200 n.As Ihe radiation resistance lay
outsidathe valid lty 01the formulae 6 8 and 6 b, the
diagram of fig . II was developed. II contains
the transitional range of fhe fwo formulae as an
average value. The diagram directly supplies the
radiator width W in mill imetres for a given radia­
tion resistance As. Now, with the width W. the ef­
fective relat ive permittivity is found with equation
(4) and wl\h equation (1) the resonator length L.

The following calcu latloo steps use me diagram
from 13/ and tho antenna geom etrical data tor
fig . 10 is listed as follows:

Radiator Width

Rs =200n -- fig. 11 __ W... 11mm

200
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Radiato r Length

W = 11 mm with h = 05 mm ...... W t h = 22
W t h = 22 _ diagram ' __ f~ = 2.11

10 = 10.35 GHz --- (2) - (3) __ I. = 19.94 mm
wi lh L = 0 . 5 ;'.~2 nL

n L oete-rmoeoIrom 131, diagram 13/
w / h = 22 --- diagram 3 __ d / h - O,SS

c t e o.as mm

L = 9.29 mm

The teocunes L_ and L1 are loaded with me cna­
racteristic impedance Z. .. 100 n.
LIn e Length L,

ZL...... d iagram 2 __ W I h = 0.9
W /h .. 0.9 __ h = 0,5mm _ WL = O.45 mm

W / h = 0.9 --- diagram 1 - . r ..... = 1.78
10 - 10.35 GH z -- (2) .. (3 ) - 1'1 .. 21.7 1 mm

With L, = 0 ,5 ;", + 2 {j, L for equal phase feed ing
at both elements,

L, = 11.53 mm

The distance A is arbitrary chosen WIth

A =L +L, _ 20.82 mm

For the Li ne Len gth 2< the elongation n I for the
com pensatory kink as in /3/ as well as the refe­
rence plane displacement d., must be taken into
acco unt. Here the feed point is. (as oppos ed to
fig. 10) a T-branch with 50 n leed lines.

L2 = ;., ,,,n L - 2 n l "' d,

This results in lhe length L. along the edge 10the
middle of the antenna,

W / h '" 0.9 - 0/3. eq. (9)/ .... 2 n I = 0.Q13 mm

z. vroo u
Z2= 50 n __13. (10) + (11)1- . d, = 0.133 mm

L, - 22.17 mm
b = 0.231 mm fr om /3.'.

5.
ANTENNA MEASUREMENTS

The input impedance characteristic with refe­
rence to the teeo point in fig . 10 is shown in the
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Fig. 12:
Feed poinl lnpul impedanCll
plot on Smith-Chert. The
values M e lo r iri = 0 .1;0 .2;0.3 ;
0.4 ~nd 0.5 al VSWA 1 : 2 reI .
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Fig. 13: DlreC110nal cbeeecteereuc in the E-phtne
I h oril.onl~l diegrl m)

Sm ith Chart plot in f ig . 12 . The minimal ref lection
coelfcternwith

r "" 0.04 e- 1/1O'

atlo '" 10.343 GHz

Ttus corresponds to an input resistance 01

Z[ =46 H

A VSWR = 2 ; 1 is measured at 10 255 GHz and
10.445 GHz, giving a bandwidth of 190 MHz
i. e. 1,64 % .

Fig. 13 shows the polar plot in the E l ield plane at
f~ = 10,343 GHz. That is the poteneanon plane
and, normally, the horizontal diagram. II is pro­
bably something 10 do wilh the feed arrange­
ments that there is a + 2" depart ure from the nor­
mal plane symmetry.

Th e hal f-p ower point s :

t. f( = + 19' to -17' = 36<

and the first minima occurs at

-rm = + 42" 10 - 34" .. 78"
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Fig. 14: Directional characteristic in the H-plane
(ve rtical d iag ram)

Fig. 14 shows the directional characteristic in the
H plane at I" = 10,343GHz.

The half-power points

L {I '" + 20" to - 19" = 39"

and the first minima occur

o m = + 42"to - 41' = 83"

The Gain was measured at G, = 10,5 dB;

The cross-f ield polarisation (E compone nt mea­
sured in H plane) = - 36 dB (only).
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Friedrich Krug, DJ 3 RV

Formulae and Diagrams for the
Approximate Calculation of Miero-Striplines

The des ign and cal cul at ion of st rip line cir­
cuits is st ill, unfort unate ly , a speclallst's ter ­
ritory. This is partly understandable, as th e
development of the circuits is more demand­
ing upon the technological possibilities th an
that for normal printed c irc uit practi ce, In
spite of this, it is helpful forthe understanding
of mi cr o-strip circuits , if the imped ance s of
the conductor structure can be de lermined
Irom its geometry. Thi s will enable anyone
w ith normal rad io IreqlH:!OCy expertise 10, at
least , understand the circuit lundion.

That is the aim of the following pt'esentation
01 fonnulae, and in particular, lor the under­
stand ing and cal cu lation 01 micro-str lpl lne
ante nnas which are de scribed In th is ed it ion
of VHF COMMUNICATIONS,

Planar microwave circuits, whiCh are relatively
easy to fabricate using etching techniques, most­
ly employ unsymmetrical striplines. The exactcal­
cutauon of this type of circuit is very tedious, and
in most Instances, only possible as en approxima­
tion. In order to present a simple method of calcu­
lating microwave conducting slructures , only the
mostImportant approximation formulae from the
references f l, 12.13 have been selected and pre-­
sented graphically. The diagrams have been cal­
culated based upon the most used substrate,
glass-tlbre re-inlorced PTFE. Typos ind Ude RTI
Duroid 5870 am 5880 Rogers Corp. /41 Of OJ-

Clfld 870 and 880 Keene /5/ Withdielectrics con­
stants '" = 2.32 and 2.23, resp .

The inaccuracies, conseq uent upon the approxi­
mation appro ach, are small and well within the
tolerances for the dielectric constant and the
thickness of the substrate materia ls. I found that
the difference between the calculated results
and the actua l measured results lay within ± 3 %.
This is not oormauy critical lor simple circuits
(Iillers and resonators). however. a correction
may have to be appl ied. The labricahon must also
be carefully ccouoaec. as Ihe design ol lhe mask ,
application of !he photo sefl sihve reest. Ihe expo­
sure. development and etching all Inlluel1C& the
width 01the conductor Iracks. These manufactur ­
ing tolerances must be known and taken into ac­
counl.

~ONDUCTOR WIDTH'

Fig . 1 shows a croes-sectcnat view of a mcro­
strip conductor 01 width Wand coooocrce truck­
ness t, etched from a board 01dIelectric thickness
hand relative dielectriCcon stant f,. The conouc­
ling ground plane is cont inuous The calculation
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Fig. 1; Cross-sect ion thr ou gh a ml cro-ll tr lpll nt'

01the conductor dimensons is accomplished by
the aid of 131 equalion (1) using the app lication
range r, S 16 arc 0.5 $: W I h :s; 20 assuming I '"
o and negl ecti ng trequcncy . They w pply fOf the
des ired co nductor ct1aract eristic imped ance Z.
tho ratio of track width to substra te thickness W / h

for the give n dielectric constant e.o r ne substrate
material. Equati on (2) supplies the effective di­
elect ric cons tant f,¢~ j. C, the mod if ied value due to
lines of for ce fr inging.

For an ov era ll view, the values for r, = 2.23 and
r , = 2.32 are depicted in diagram 1 as a function
of W / 1'1.

The co nductor characteristic imped ance z.. may
be calculated with the aid 01eq uat ion (3) from the
given geo mcl ric al dime nsions . These values lor
the impedance Z. are p loll ed again st the ratio
W / h for f , = 2.23 in di agram 2. The values tor
the charac teri stic impedance z.. at f , = 2.32 lie
abou t 2 % tower and canno t bo ceeny depicted in
the diagram.

Diagram 1: Effe ct ive relative permitti vi ty ' .on as a
functio n of Wih lor an " or 2.23 and 2.32

The influence of the co nductor trac k thickness t
has been neg lec ted in equation (1) to (3 ) but the
error is very small for trac k thick nesses from 17 5
«m to 35 / A.m Thick conductor tracks also very
narrow tracks, e~h ibit greater lines-of-force fring­
ing effects and the euecev e dielectric co nstant is
therefore smaller. Ttus factor can be taken into
accou nt with eq uation (4 ) and (5) trom / 1/. The
resu mnq cor rected value tor t'mt!' and coococtor
wid th W' are used in equation (3) toootaman im­
proved value for the ch ara cte rist ic Impedance
The conditio ns h » t: 2 t < Wand t < 0.75
(W ' - W) must, how ever. be observed.

The in fluence of f requency is derte rmined by /21
equation (6) This supplms a frequency cor rected
effective dielectric permitt ivity t',,,,,{f ) whic h at
10 GHz and w ith PT FE substrate is atout 2 %
higher than determined by equano n (2) .

2.
END CAPACITAN CE OF AN
OPEN-CIRCUIT LINE

'rl- -j
L:~ I

- ; - '-.,~..

DI89ram 2: Charact .....isl ic imped ancc z.. ol a $tr iphne
as a Junc lion oJ W'll 'Of " - 2.23. Tl'Ied is­
placemen1 01 z... 101 .f.. 2.32 1&small
enough to be n~lK1ed . nd C8M OI
therefore be shown li S a sepet8 1e CUnlC.

An ope n-eircu ited micro-s tripi ir16 has. il l its end.
a lringe l iekJ which has a cepecnwe effe ct This
tends to give the conductor a greater e1ectri cat
length tha n us phys ica l lenglh by an amou nt d.
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Fig. 2: Addit iorlal lenglh d of an ope...circuil
str ipline calise<! by lho l l i"'9ing 01the E t ield
at ilsend

Fig. 2 shows ltllS fnng lng field and the resu ltant
elongat ion d. This effect must be taken into ac­
count e. g. with probes or rosonators in eq uat io n
(7) from /2/ and is valid tor o.c t $ W I h:s-: 100 and

1 ~ ' f< 50. The curve is shown in diagram 3 fo r
r, = 2.23 ,

3.
COMPENSATING DEVICES

Whe n des ign ing rnrcrostnpcircuits. it is frequont ly
necessary to form an angle 'I in the track to
chang e direction. A bend is formed as shown in
f ig. 3. which also possesses a fr ing ing f ield wh ich
adds an eff ective additional capacity, A relat ively
wide-band ccmpensanon melhod is to cu t the cor­
ner as in 1ig. 3, In l 1l a corner-cutot lengl h a = 1 8

Diagram 3: Elongalion olleoglh by amount d lo r an
opeo-<;lrcuited Slripiine for a relative
permitt ivity 01c,= 2.23

Fig. 3: Compensal ion oIlhe ' ring ing enec t at a bend
by W lting 0"the comer

W for ang les <f "" 30' to 120' is given . The width b
is ca lculated from equatio n (8a). My me asure­
me nts shewed that these approximations are et­
tscnvelo r angles 'I' "" 90" to 120 ' .

For a right -angled bendq. = 90 ", the width b is de­
termined according to /2/ also equa tion (8b ) ,The
size of d must then be determine d with equat io n
(7) for an ope n-ci rcuited line 01width V2 W

The equlva len t leng lh ill is approx imately given
by equati on (9) .

4.
SYMMETRICAL BRANCHING

The reference plane displacemen t at a line bran­
ch ing sect io n is show n in f ig . 4. This occu rs wil h
probe s, conductor dividers or hyood couplers and
is ex tensively covered in 11/. For a symmetrical

l L

Fig. 4: Ois.p-lacemenl of refeo-ooce plane at a . t ripline
Junclion
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Equations:
f ur

I" zTi s

for '"
,

"
, P I

, -1,
r:

- , - 1
--,-

' or ~ :;

fOTH· > l
il •

(2)

[
,",'-,c;:::rr"

077 ;.,

~
[~. + 1,; ,'3 + O . '6 7 ' l n : ~

PI

' 'r - • re f f

) ,

(5 )

(I' )

junction the approximations are given in /3/ equa­
tions (10) and (11). The reference plane dis­
placement is taken from the centre lines' of the
conductors, The characteristic impedance Z, is
that of the through line and Z2 is the impedance
of the branch line. These impedances are deter­
mined wifh equations (1) and (2) or diagrams 1
and 2 together with the relevant effective relative
permittivity.
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Carsten Vie/and, DJ 4 GC

Power Amplifiers - How they are ope rated

This compilation of measure s lor the spu ­
ri ou s-free ope ratlon of power amplifiers was
written In the ho pe that it would act as a re­
minder and as a source of as sistance, fo r the
improvement of a lew - mainly co ntest - ste­
li ons of dubious output quality. They se rve,
also, as a prel iminary lor the accompan ying
arti ck! on the con struction at a high ly li near
750 WUHF power amplll ier using a 4 ex 1000
A va lve .

A power stage serves only to ampiily the input
signal and not to generate signals 01 its own ,
Several simultaneous conditions are to be met
oetore a high power output logether with spectral
purity can be achieved:
1) The PA must be, in fact linear.
2) The transceiver (exciter) driving signa l must

also have a clean spect rum.
3) When switching lrom excner to PA. the trans­

mil level must be carefully controlled - 'he
microphone gain is unsuitable tor trns purpose .

4) The output must be properly monitored so that
the modulalioo envelope can be clearly seen in
operation and on a lest signal - a moving-coil
instrument can give a false impression.

These four conditions will be exam ined in more
detail.

208

1.
THE POWER AMPLIFIER

Valves and ue nststors used in linear power
amplifiers require stable supplies in o oer thal lhe
working point can be l ixed . These should remain,
even under the most difficult mput conditions.
(emergency supply generalors. or mobile opera­
lion). If the input envelope is influenced by signal
varying DC supply potentials applied to the de­
vices electrodes. spurious signa ls are gene ra­
ted by the non-linearity - the dreaded intermodu­
tenon. This effect is, of course , desired in mixers
where an interrnedlate frequency is required.

Transistor power emputlers. must therc'ore. have
due attention paid io the base bias supply . lis
stability must be checked by an oscilloscope
during working condilions. 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 guide line. Many commercial amateur equip­
ments fall well short of this etanoero .

The screen-grid of a power valve has e'mular pre­
requisites e. g , Ihe screen-grid of the 4 e x series
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sho uld be stable wIthIn 5 V peak-Io-peak under
dynamic ccocmooe. A poin t to watch is that,
despite th e required deg ree 01stabil isation, a ne­
gative cu rrent tows ovor pans of the input cycle .
This necessitates a Ifuge standing ba llast current
to be provided.

Mon ito ring of this voltage by means of a multi­
meter is not suff icient owing to its inadequate res"
ponse to speech wave forms. Again, an osc illos­
cope is required to monnor the dynamic ccocr­
lions.

Poor malchlng 01 the valve or trans istOf 10 me
tul1lx :loutput circu it I translormer, or perhaps poor
design or mis-tunil'1g , can al so causa the produc­
tion of intermodu lat ion . despite the fact that tho
device is adequate lor amateur output require­
ments

In cases of doubt . V-MOS transistors or va lves
arc to be preferred to bipo lar transisto rs. At mode­
rate modu lation , using two equal tnpot test tones.
lhe 3rd order 1M signals are som e 30 dB low er
but the higher orders lall away more quicRly using
valves. In !he crmcar reg Ion Irom 5 to 20 kH? re­
mov ed from the sender neqecncy. the level 01
intermodulation products cou ld be up to 20 dB
low er us ing V-MOS or valve PAs when conparoc
with bipo lar PAs driven to the same output and

possessing the same level of 1M"
It is we ll known that some valv es used in the con­
struct ion of PAs are simply not suitable e. g
QQ E 06 / 40 and the 4 ex250 (see test repo rt in
CD- DL 5 / 82). Tho most com mon cause of inter­
mocctarondislor1iCIn is. unlOr1 unately, the lack 01
sen disc ipline. II is ge llCral ly know n thal for a
1 dB Inc rease in aulp ul power the I~ level can
Increase from eu e est 3 dB up to 20 dB. II would
appear that attempts are made to drive the PA in
order to achieve the unattainable tnterce ot-comt
(rotl ghly same loval of power in speech waveform
as in intermodulation products)!

2.
TRANSCEIVER

The output signals of mos t mod ern transceiver
are quite goocl and ttl at CM be confirmed by the

many test repo rts which have appeared in the last
tew years. The coosweeatoos 01(1) are valid, bul
improvem en ts are possible in praclically all
eouemems.

Tho noise side-bands of the local osc illato rs,
however. cannot be sa id to be good. The output
signal is superimposed, through the mixing pro­
cess, upon the no ise pedastal ot tne local osc il­
lator. As a consequence, lhe low frequency mo­
dulation contans noise, which is vnry simitar to
lhal of intermod ulation b uttends to be much more
oroao-caoced. Transceivers with unlavoorable
norse creraoensucs sho uk:! never be used 10
drive power amptiJic rs, as obse rved in ( 1).

The YAESU transceiver FT 225 AD , which is con­
side red to be really good in this respec t, courd be
improved by 10 dB at 100 kH? from the midband
signa l. W~len a neighbou ring station carried out
tttis modification on his FT 225 AD it was then
poss ible to wor k the band withou t mutu al inter­
terence . The mod il ica lioo . it should be noted. is
also beneficial in the receive mode.

3.
CONNECTING TOGETHER EXCITER
AND POWER AMPLIFIER

Even assuming that a manutactc ree produces a
low d,sto r1 lon, low noise transcerecr and a good
matching power amplil ier. lhe polenlial exists for
trouble when the two am connected together. Ba-­
sides a relay contact or twofor ex le rrlal uso. tne
manufacturers after not hing pa rticulm1y help tut.
Of notable ass istance wou ld be an HF drive con­
trol Which gives continuous control over the power
supplied to the PA. The microphone gain control
is as much usc for this purpo se as a handbrake is
in controll ing the spe ed of a car.The purpos e of a
-mrc. gain" control is 10 enablo rmcropbcoes of
differi ng S8nsitivili es to mod ulate Ihe ua nscew er .
All empls to use it as a drive control could fesu" in
samrenon of lhe high frequency aUdio peaks, as
may be con hrmed by an oscil loscope mon ilor.
The transce iver actonanc level cocnor (ALC)
cou nters me effect of the "m IC. ga i n~ con trol The
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Fig . 1; Cont inuously variable power cont rol in­
serted into a 50 j) po int in the low level RF
dri ve circu its

app licat ion of tuo much ALe nlsn causes cnstor­
tion. In add ition. before the ALC comes inlo ope­
rat ion, narr ow impulses of up to 1 ms in duration.
are produced during the time tho ALe roman s in­
effective. These impu lses have a peak power ap­
proa ching that of the maximum transce iver outp ut
power, which in the case of the FT 225 RD is 40 to
SOW.

An " RF drive" control can, however, be retrofitted
to most transce ivers A 50 Jl impedance point is
chosen (il possible) at a low level po rtion at the RF
amp lify ing chain and a suitable ' b locked " 100 n
pote ntiom eter is inserted in the circuitry. If should
be mounted at an accessible point on the equip­
ment's front panel. The author installed the poton ­
ticmete r 01 f ig . 1 in the 10 .7 MHz IF stages of h is

FT 225 RD. It va ries the SSB output power from
zero to 25 W without other speciticat ions be ing
affect ed .

A reduct ion in level in the front pa rt ol the process
reduces the intermodulation which wo uld have
been prod uced in later stages ow ing to overdriv­
ing. II does, however, have a somewhat adverse
eff ect upon the dynamic com pression properties
olthe ALe.

To complementthe "RF drive " control, a vital part
01the cha in should be matched by construct ing a
su itable dime nsioned 50 JI power attenu ator fro m
composition or film resistors and include it be­
tween driver and PA. The attenuator should be di­
mensio nc d so that the PA can be driven to with in
1 dB of its rated pow er output (fig. 2 )

The PA cannot now be ov erdnven and the dyna­
mic compression of the drive r transceiver ALC
rem ains fully in ope ration . The "mic. gain" is ad­
justed for <1 medium to high outp ut lev el (a pointe r
indicat ion may be use d). A high-dynamic range
receiver, monitoring the output 01a loc al, we ll ad­
justed dr iver I PA comb inat ion, is able to tune
wi thin a tew kHz ot the transrmssicn, w ithout de­
le cting apprec iab le spurious emissions.The
attcnuato r betwe en the transceiverlPA combr­
natio n el isa serv es the impo rtant ro le of termina­
l ing the transceiver with a real 50 n tmpcdar cc
The 1M specificat ion of a tran sceiver is most
favourable. when it has been terminated with a
malched resis uve load and thmcby low retur n
10ssIVSW R Driving a PA valve , or a transistor
directly.results in a reactive load which is dec en ­
dent upo n the dyn amic drive leval.

I
I
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Fig. 3:
Obtaining the ALC sample voltage
from th' PA outputxOJ--+---"'''''"""7"----~:O A NTTX

f or ....ard

D.

0 2

to TX ALe

The matChing from transce iver/dr iver into the PA
via the mat ching pad is best carried out at tull
drive and output power. At lower levels the PA
input impedance is far removed from the real
50 I I . This causes a distortion of thfl input/o utput
characteris tic lesulting in tho genelalion 01inter­
modul ation products despite the PA output load
being a resis tive 50 n (antenna or dummy).
A 5 dB pad between a l O W transceiver and 11
4 CX 250 PA can result (in a theoreticall y unta­
vourable case) in a return loss of 10 dB Ii.e. SWR
"" 2 ' 1).

A further auenuauon of intermodulalion products
is possible by taking the Al e sample from the
power ampufter output and feeding It back to the
transceiver with the appropriate level and time ­
constant to suit the equipment concerned . The
circuit ol ll g . 3 may be used to obtain the samp le
voltage . bu t this voltage may have to be con­
toured before it can be applied to the transceiver.

The power output is set to maximu m by means 01
the 10 en pre-set potentiometer . The diode D 2
output is fed to the AlC circuit in the transceiver .
In some ci rcumstances the transceiver internal
Ale gain must be reduced or suppresseo. Should
the sampro voltage be insu!lic ient. or have the
wrong polartty, it may be corrected by means 01
an ope rat ional amplif ier.

A directional coupl er is to be preferred, rather

than a capacmve or inductive output tap. as it
func tions independentl y trom the prev~ il l ng an­
tenna matching conditions Tho directional
voltage can also be used for an accu rate power
output indicator

4.
OUTPUT MOOULATION
MONITORING

The transrmtted signa l from the transceiver I PA
equipment must be! monitored under all work ing
conditions all the t ime. Moving -coil instruments
give a false indication because with speech only
average fluctuations may be shown and never the
peak vanes.The ooly effective rorm or mol1ltor ,ng
the output of a high power IransmiUer unde l work­
Ing {tratttc ] condi tions is to use a simple DC osci l­
loscope.

The individual workings of measures designed to
prod uce the optimum condit ioning for the trans­
mitted audio. such as Ale , high AF atte nuation
and speech-processing, have Ihe combined el­
teet of con centrating lhe power into lhe middl e
dynam ic range , thereby increasing its average

211



cap. prove
4,1 K

« 1p

VHF-COMMUNICATIONS 4'85

Fig . 4:
Envelope detector wi th a high
v ideo freq uen cy

D[-[ RG

G, - mODe TOOP 4 7K

value. The peak values, on the other hand , do not
reach saturat ion, The optimisat ion during tuning,
adjustment anc ope ration is expedit ious ly carried
out whilst observing lhe transmitted signal's mo­
du lation envelope. So me radio amateurs wou ld
have the cause at annoying sp latte r and speec h
disto rtion, right before their eyes.

A part icularly good indicator for linearity and out­
put is tadlitated hy the two-tone test. as this en­
compasses nearly all aspects ot the output perfor­
mance, it can be used tor optimising individual
stages dur ing tune-up. Experience has shown,
that a 3rd orde r intermodutation ot - 30 dB rela­
t ive max. output power can be expe cted. if the
monitor t race shows no visible departures trom
the ideal dete cted two-tone patte rn. For a suitab le
trace, the demodulation should be effected with a
short fi lter time-constan t in order that the signal
is not distorted. The demodulator should also be
capable of handling video signals ot at least 50
kHz The sample signal must be much greater
than the diode barrier voltage, Greater than 3 V is
required in orde r to preve nt distortion trom this
cause The detector probe must be adjusted to
the HF pick-up po int unt il a satisf acto ry level has
been achieved. A suitab le detector is shown in
fig. 4 tor PAs without a reuectomcte r.

Most commercial PAs have a democutatec HF
mon itor already built-in but It must be modit ied
normally, in orde r to reduce the detecto r time
constant.

To faithfu lly reproduce the two-tone RF envelope,
the diode capacito r should be reduced to about
100 pF and the diode load to about 10 kl1.
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Carsten Vie/and, OJ 4 GC

Two-met re Power Am plifier using
Valve 4 ex 1000 A

A two-metre powe r amp lif ier will be described
which w ill deliver a power out put of 750 W with
a hi gh spectral pu r ity. As t he con struction of
such an amplif ier requires ski ll , experience
and patience, I wou ld rather no t repeat to ex­
pert s the var ious circuit tec hniques but con­
line my comments to t he pecu liar it ies of th is
part icular valve, The inlermodulalion free, i.e.
spl atte r free, openllion should also be exten­
ded 10 ils use as a mob ile PA wh ere the con­
structio n of the power supp ly will merit part i ­
cu lar attentio n owing to th e st rongly vary ing
vo ltages encountered.

Contrary to longstanding opinion. the ubiquitous
valvelamily 4 x 150 / 4 ex 250 were not made for
linear operation but lor class e AM and FM appli­
cations some forty years ago. The tetrooe 4 ex
1000 AI JAN 8186 (fig . 1). on the other ha'ld.was
especially developed for SSB and television line­
ar amplification over a wide dynamICmodulation
range. It is not, unfortunately. quite as robuSI <IS
us smaller predecessors and requires greater
care both in construction and operation,

The e x 1000 A is a beam tetroce f. e, me screen­
grid lies directly in the shadow of me control grid_
This calls ja r great precision during its manurac -

Fig. 1 ;
The 4 ex 1000 Aor JAN 8186
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Fig. 2: Final wit h pen ult imate block d iag ram

ture and during its ope ration, great care must be
exercised to ensure that even a nans.ont over­
load docs nol occu r which coukl lead to budding
and misalignmen t or the beam structure. The
manctacturers specify a permitted con trol-grid
power dissipation of zero watts. Nevertheless, a
peak value of 5 mA occasioned during modulation
may be allowed. In the course of the years I have
tested a number 01 lubes (inc luding original­
packed) that have dlfle ring characteristics under
wofking oondil ions II gives \he impression of a
certain "overtxeedinp" .

1.
CIRCUIT DESCRIPTION

The overall funct ion may be determined from the
block diagram of t ig . 2. The actual amplifying
stage is also given in the detailed schematic 01

'"

fig. 3 . According to Ihe manufacturer Eimac, the
maximum frequ ency ot lhe 4 ex 1000 A using Ihle'
CMiginat eccserSK 800 lies ecuoo 110 MHz_The
vers ion 4 e x 1000 K has a maximum working fre­
quency o f 400 MHz although both tubes have
identical connections and use the same SOCket.
The airvent ho les on the screen grid plate of HIe
socket SK 800 should . through screwed on l in­
plate, be covered just sufl icieotly 10 auowmeiute
to be changed. Aller this mod ifica lioo the 4 e x
1000 A is SUItable fOf use up 10145 MHz. The air­
blast from the 80 to 100 W blower is directed info
the anode and then through a te flon or draw ing­
cardboard cylinder to the oxrerlor of the enclo­
sure.

The scraen-grid clocking condenser (5 nFl, wh ich
is intl:l9rated into the socket. is insufficient to pro­
vent spurious osci llat ions. This is manifest upon
switch-on by a self-oscillat ion III the long-wave
region caused by the screen-q ric choke fOfming
part 01 a resonant circon. It may be cured by a
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f ig , 3: Schematic 01 PA s tag e

dempend ctcee cr, at most, 10 pH and a l urthel
capacitor 01 10 nF. In order to avoid noise in
"stand-by". the screen-qnd is switched to ground,
The filter capacitors must not be too large in order
that the rolay contacts do nut have to switch an
unnecessarily large charge current.

As Iho scmen-grid current. in opetancn, is nega­
l ive OWing 10secondary emmeson. it should be
loaded 10 earth by at least 70 mAof bleed current.
The screen-g rid line, with its components. is also
protected from voltage surges by a 400 - 600 V.
gas filled, surqo-arrostor.

f ig . 4:
Co nst ructional details 01
grid circ uit and input
eoupling
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Fig. 5: Constructional details of anode tuned circuit and output coupli ng

The valve has a high lransconduc1ancc ol30mA f
Volt and therefore a high gnd-<:athode capaci ­
tance 01about 90 p F. A I, f 4 tcooo-cecot cannot
be used , as the voltage-node will be produced
rigth at the socket A favo urable solution turned
out tobe a j., f 2 tuned circui t wh ich is Tuned at the
oppos ite end of the valve, The drive mput is cou p­
led inductively, a further va riable capac itor com­
pansaunq the to tal inductan ce in tho gr id lead
(l ig. 4).
Each of tho three contror-qnd connect ions of the
soc ket is taken to a 1 kll resis tor via blocking
cacecucr lhus forming a parasi tic stopper which
el1ective ly dampen s any iooooocy 10 osc illate at
low Ireq uencies. The y have liltle enoc r upon the
wanted Signal as at this frequen cy the resis tors
lie at a voltage node. The geometry and coupling
01lI1e tuned circuit must be optimised expcnrnen­
ta lly.

Th e valve' s anode tu ned circuit has a diameter of
85 mm. In order to avoid transill ime ef fects and to
equalise the current distr ibution, tho resonant cir­
cuit should load the anod e uniformly at all po ints .
Afte r a few abortiv e attempts. an optime' so lution
nnned QU1to be a 65 mm wid e, ), f 2 conductor
tunod -circu it w ith the anode in the middle 01 a
curreot anti-.f1ode and a direct output coupling
(rig. 51. The anod e supply vol tage 1$ muceucec

'"

at the cold end of a plate {sandwich} cepacitor.
The resonator itself is ccn necacd to ground as far
as DC is con cerned. The valve anode is connec­
ted to the coupling capaceorby means of contact- .
fing er stoc k . The coupling capacitor itself is
formed by SAndw iching a 0 ,3 mm teflon shee t be­
tween capacitor and reso nator surfaces. using
teflon and ceramic supports. As the anod e poten ­
tia l climbs to <\ kV wh en the amplifier is quiescent,
it is important to ensure tha t the construct ion Of
these parts allow no chance lor ionized paths to
occur bet ween fi~ing-scraws and the capacitor .
The tenon supports are therefore so recessed
Ihatlhey protrude O. I mm beyond the thic kness of
the capacitor plato. Two furth er teflon supports
hold the resonator at a constant level above the
ch assis, The output tuned circuit is so stable that
even after a long period of operation it does not
require ret uning. The circ ui t is brought to res o­
nan ce by a nn-praie disc. eartnec by a Ilexihle
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 secu red with three
screws . Its position is adjustable over a few centi­
metres in order to enect a co rrec t output match
(Ilg . 6). A low inductance length 01 braid. or cop­
per -foil, is soldered to the angle-piece and the
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Fig.6:0v9nIll _ 04output circui t with lop CO\/Oef relnOYed

orther ('fId IS coooeoee 10 a loodl hroogh palnl
wtlich ccosets of the lefloo-w ppo r1ed. inside
cono uctor or an N-sock el.

Under tho resonator rloor, a !wO-slage low pass
tlhm is situated wI1ich is housed in a 50 mm high
commerCial lin·p1ale toe. Wilh lhe high-quality
er-specco Inmmers. which woro lOildy to hand.
the IraqUtl f"ICy limit was 200 MHz. Instead ol the
expected anenual ioo. thore was a sllghl increase
in power altor the reactive Clf!lT1Cfll was funed out
01Ihe outputtee by tne mm-ca paotors

Tht! output is Ihen taken 10 a retrectometer via
"N" COnnectors, Antennas with a reto rraoss of
mom than 15dB (SWR 1 : 1.5) should not be used
owing 10 the high level of RF mtroouced into the
station via ne high coaerar.screee currents. For
th is reason. two seoe-ete meter s show ing both
1000ard and return power arB buill illl.0 the PA.

From me rcflectomeler Iorward-co uplet . a

sample is eXlJacted lor the automatiC Icvct con­
Irol (ALe) which IS preoerod and led back 10 !hlt
eXlernal driver (Iranscei ver) sec f ig . 7. A red LEO
illumillil lcs when the maximum potrmllted output
power of 750 W has been exceeded . By means of
the Ale , or a calelully ad justed sooccn orocee ­
see. Ihls limit should be ditllCUlt 10 attain dUl lng
operation.

The forward voltage of tne directlonal coupl er
is taken to a mcejtcr output In o rde r thai t he
operation may be co nstantly monitored wllh a
s im ple DC osc i ll oscop e (CRO). This simp le
method of mo nitoring sho uld be noted by all
high powe r stations, as the use of a pointe r
Instrument for this pu rpose Is tolll il y fnede­
qUlllte because of its s low response to aud io.
Conlests, In particular, seem 10 be itCcompa­
nied by ln1ermodulalion sptett ee atl 100 Ire­
qUefltly.
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Fig, 7;
The ALe proc essing crrcurte
t rcm the direct iona l ccupter
forward port
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The power gain otthc 4 e x 1000 A is not very high
on acco unt of its low input impedance. An input 01
10 W is necessa ry for an output powe r 01 750 W

The input impedance also, is dependent upon the
signal and is only 50 n resistive at one pre-deter­
mined optimised output power . This optimising is
best carried out at peak output for SSB operation,
Unfortun ately, on the Germa n market. the re is
hard ly a transceiver to be found which is capable
01deliver ing an acceptable quality (1M3 > 30 dB)
to a dynamic load (i. e. an independance which
var ies with the sign al) A drive r stage was there­
fore included in the PA, which was operated at
well below its t dB compress ion point. The 12 V
transistor MRF 245 used tor this purpose,caused
no ap preciabl e distortion to Ihe transceiver,

Th e gain of this penultima le drive r stage was
measured at 11 dB The tran sceiver powe r was
reduced 5 dB by including an attenuator pad be­
lore the transistor driver. This measu re serv es
bot h to improve the dynamic load to the transcei­
ve r and to reduc e the leve l of return -loss on the
transce ive r I PA coa xial cable.

2.
POWER $UPPLY

The power supp ly for a two-stage power amp lifier
is som ewhat involved but the extra ettortensures
that the PA wi ll behave proper ty under all signal
cond itions and also when using mobile po wer
supplies Even so, the HT vo ltage vanes by som e
40 VR" s between extremes 01signa l, co sptto its
internal regulation, Special prob lems were cau­
sod by the waveform 01this supply voltage. Dur­
ing no-signal con ditions purses occ urred which
had a peak of 2.8 kV rising to a horrendous 4.4 kV
under ful l load con dit ions de spite using a low­
ohm. ov er-ra ted , taminated tran sforme r The
complete HV side was tested with a 6.5 kV ge ne­
rator, All shar p edge s were rounded in order to
avoid corona discharges. The se disc harges were
made , manifest as sma ll !Jfue spa rks which rot
on ly pressaged a lul l scafe arc-o ver but also cau ­
sed sev ere noise side-band s to be generate d.



The HV transformer was conn ected 10 the mains
via a bndgeable 10 n protection res i!ltor,

The high voltaqe filtering IS carnec out by a chain
01oloclrolyt,c capacitors with a nomir'l1l l vcuece of
6,5 kv. The total capacitance was about 70 p F.
With IhlS arrangement. care should be taken lhat
identical. newty manu lactured capaolor s are
used Also. before use. all e1e<;1rolytics slloold be
"reformed" up to their rated 'o'Ollage. In order to
distribute the vonage equally across each cape­
cuoeand also to act as a protective bleed er , each
capacitor was shunted with 220 ki t ,The potcapa­
etters wore mounted upon an msurateo plate. TIle
power supply enclosure was vanhlated by a
small. low profile fan in order to prevent the buso­
up 01wmm areas.

The screen vo/Iages is 320 V and slab~lsallOfl is
manda10fy Owing 10 the lal90 vanatlQfl ctee in­
put voltage 400 - 600 V on mobile, a zene r sta bi­
lised supply Is hardly poss.ce ceceuse ot lhe high
heat loss both in me diode s and their dropping
resistors, The efficiency 01 a ltlner stabilised
supply is also, not parncula rly good.

The stabnsanon method evc ntueuv employed,
was thai typICally used a t low vOlt.19OS If lg . 8 ).

1.'>O lnA

.:.(}() - socvo--E3-~~r--,

DJ4GC

Fig - I : Scr""'"9.id power ...pply

ThiS requires a careful se lect ion of the series­
pass trAnSistors to ensure tna l , a! small current
loads, tho current amplification teeter lias pnr1ly
under urnty . At the t ime at the construction, th ere
were no favourably priced, high voltage MOS­
FET s wh ich wou ld serve the purpose , The I N­
4007 diode in the screen-supply. gua rds aga insl
damage to ltle eiecucocs in \Ile eve nt of the
screen-grid gOing highly positive as a resu lt Of
seoorxlaryemiSSion 10 the valve
The con lrol-grid voltage was ad;uSled In order
that the anode qUlescenlC!.Jrrenl was 200 rnA and
th is occurred at a bias at - 60 V (approx.). Whoo
switchod to "receiv e", this bias is lucroasnd \0
- 120 V. the adjus table vo llago stabusano n
be ing quite conventio nal .

A partlcul..\f poi nl to men llon concerns ItIC ua­
meot power. The manufactu rer soeoteaa maxi·
mum RMS varia tion of .! 5 % wllich Co"l rmot be
acheved tat least WJ1hout soma COmpllcatlQfl)
under rocenecoecucns.Using a normal 230 VAC
m ains inpulll16fe IS of cou rse . no diHc fCnc6l>t!­
tween sand and rece ive f ilament voltagtl bul the
problem arises when the filame nt transfor mer in­
put is oonveo Irom mobile sources As thfl DCste­
bueancn at I) V I 10 A Is costly In ter ms of both
power consumed and circuit compleXity. rt was

1N4(Xl7
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Fig . 9 :
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0Ccidcd to COI1Ir(lllh$ lllament in two adJUStable
slages upon operatioo ollhe PTT SWllch lflg. 9).
Thehea ter voltage is adjusted 10tmtctly the nghl
amount . as showfI on an exlernal II1OVIng"'on
IIOItmetf!l", on · rOCClVC·. By Ihis moans , me YOI­
lage IS prevenled from exoeed ing the lIm;t~ ....the

receve (Xlr'dOOn.1fI moblle operabon~
ol lhe wIre -wound potef1loomeler RV ISearned OUI
under ~Ium modula tion condlloons. lhe hla ­
me nl vol tage beir'IgOOJUS1ed 10 an average 016V.
The lhe rma l ine rtia averages 001thi" vananons in
hea ting pow er. In order to red uce the switching

u

cun ent. these filament stabilisat~measuresam

eflectcd m the I ranslor~r primary. The trans­
lormer Itsel f. ISratec ell U ) V I l OA.

The air·bIower lor the PA valve coo be swllch~

dt..-lIlQ "recewe" coooeoes 10a lower rCV()lutlon
rate by ffiedllS 01 a!iWl1d1f:'d re5l Sb' irll\s mains
~Iy as .... fig . 10. 1~ power rallng oIlhtS re­
sl.<;lor may be reeocec by ShlA"11 00g1he motor Wllh
a ceoeceor 012.2 p F lhereby also prolect lng 1he
relay contact In lhe "rOCfflC' mode. lh eblower IS
so silent thai it is uooouusive
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Fig . 11 : PA output cha rac te ris t iC

3.
MEASUREMENT DATA

The indicated amount of output power and control
power is provided by the directional coupler of
which both tile forward and return coupling losses
arc accur ately known, The indicators are two
thermal power-meters. The power output (f ig . 11)
concurs most favOllrably with other methods of
measurcmem.

c urve 1 indicates the adjustment optimised tor a
power output of 750 W It Will be noticed. that the
characteristic is still linear at power s tar in excess
01the maximum perrmaebie limit. The absence of
kinks and bends in the characteristic. denotes the
use of a valve whIch has been expressly designed
for linear operati on. Modulation by a single tone
shows a snarp aaiurenon at 750 W owing to the m­
nuence of the ALe (curve 2). Speech modulation
reduces tho system gain, according to the time­
constant of the automat ic level conlro l so much,
that only tho peaks are allowed to atta in the rated

output. The triangular shaped area within curve 2
indicates the range of connerof the ALC Curve 3
shows the ampnner 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 mAo

A part icularly revealing test of the amplifier's
linearity was made with the two-lone test. The
usual two-tone test. carried out with Iwo audio
applied tones and descr ibed in many test reports,
was nat employed. This test is an overall system
evaluation as the low frequency and translation
slages within the exciter I transceiver are also
tested along wilh the inlended subject me PA
alone A spectrum analYSElf 01sulficienl resolu­
tion {"" 100 Hz} was notavailable in any case. The
two-lone test was me retore carried out at the sig­
nal frequency uSing two sIgnals of the requisite
power and separated by 10kHz from each other.
The mulual coupling between the lest signals was
better than 30 dB rel. n level. The two senders
employed for this purpose were, an IC 202 (ampli­
l ied) and an FT 225 RD. They were combined by
means of a 3 dB loss, combiner transformer.
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Fig. 12:
Irltermodul'!l on
spect rum lor 2 x 188 W
olllput power
(75 0 W peak power)
'm = OmA
h : l 0 kHz i bo x
v: 10dB ,'box

Fig . 12 shows lhe outpu t spectrum with eacn Sig­
nal frequency at 188 W , Th is is equivalent to a
signal driv ing the ampl ifier to 750 W peak output
pow er. It can be seen immediately, that the third
ord er mtermoourauon side frequencies are 34 dB
and 39 dB. righl and left reso. , retatwe to the level
01ooe of Ihe lest s'gn.l ls Taking the 6 dB grea ter
peak power as a rere-erce . me 1M3 spuri OUS are
then 40 and 45 dB down respectively . r f-eievcr 01

lhe highe r orde r mterrnodutaucn produ cts fil II ra­
p id ly with inc reaSing di stance Irom the two sig­
na ls. The production of un balanced 1M:! products
is caused by unequa l coupling losses trom one
output branch to Ihe other in the combiner t rans­
former.
The next measurement was car ried oul With the
trans istor MRF 245 driver stage included and the
tWQ-signal senders suitably attenuated. The 1M3
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Fig. 13:
'" termodul. lI on
spectr um lor 2 ~ 188 W
output power Including
MRF 245 driver stage
h: 10 kHz l bo x
v:l0 dS 'box
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Fig. 14:
Intermodulatlon
spectrum for 2 )(500 W
power output (2 kW peak)
Im= -1.4mA
h: 10 kHz l boll.
v : 10 dB / boll.

result remairled stmjar to that of the first test as
can be seen in f ig. 13. The higher order menno­
dulation products however, do not fall away quite
as quickly - a charac tonsfc which is pcc unar to
transistor amplifiers. Since it is the higher order
1M products which are responsible for sproncr
mtarterenco to adjacent channel stations, the use
of an over-rated power transistor for the penulti­
mate driver staqe. was wel l justif ied.

Another pointto be observed from these analyse r
oscillograms is the dilfering degree of carrie noise
on each sender used for the test. Alfhough the FT
225 RD is considered to be good in this respect ,
the higher reputanor- enjoyed by Ihe Ie 202 (VXO
local osci llator) is well justilied. The latter is the
lower of the two test signals in fig. 12.

The high linearity and dynamic range 01 fhe valve

Fig. 15:
Modu lation spectrum of
a spo ken "A" driving
amplifier to 750 W peak
output
h : 10kHz lboll.
vroaa recx
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Fig. 16,
Harmonic spectrom ov.r
rang e 0 to 1000 MHz with
l ingle tone 750 Woutput
h; 100 MHz i bo x
v: IOdS /box

can be seen in fig. 14 where the amplifier has
been driven to an output 01 500 W for each lone,
i. e. a total of 1 kW, The rapid decl ine of the inter­
modulation prodocts testify to the very large reo
serve that the amplifier has. when working at its
rated oulpul 01750 W peak and to its outstand­
ingly clean output signal.

A very appropriate test , which displays the ampli­
fier' s ability to produce a clea n signal under actual
tratric condit ions, is shown in fig. 15, The FT 225
AD driver and the subect PA was modulated by
voce - a prolonged "A". The peak power was
750 W but the bandwidth. laken between the level
01- 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
th is power was not available, the monitor signal
was texeo Irom a directional coupler. This pre­
sents a rather more pessimistic display than is
merited. because the directional coupler has a f 6
dB falling cooobnq-o ss to 1000 MHz and at 430
MHz the displayed third barmco ic 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
signai. Tho extreme spect ral purity of the output
signal testifies, not only 10 the linearity 01the vat-

224

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

4.
OPERATING EXPERIENCE

The amplifier. as descnbed in this article. has
been In use for some four years now. Faults have
been con fined to changing two valves whICh
showed a tendency to intemal arcing, This oc­
curred despite pre-heating them for several days
before operation
On account of its sensitive grid structure and em­
ployment at high power s, this type of valve is far
more endangered by incorrect operaling ccoo­
lions than its smaller brothers.Atthesame time, a
high degree of lineanty is attained with it. Despite
the close proximity ot two-metre stations in the
populous Ruhr area, there has been problems
only in extreme vicirutyof the signal pass-band ,
as even 80 dB suppressed spurs can cause
trouble to adjacent channel stations,
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Fig. 17, Powe r a mplil ie r wltn powe r supply.
Tne blower Inta ke be s een at the rear ,md the output ven t in tne topeover .

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 a limit to a
receiver's dynamic range due to increased local
oscillator phase-noise . This applies especially to
the older generation01Pl l oscillators.The use 01
a clean and powertctnn at stage is only one com­
ponent ot a successful staten. other nanking
measures inctude the station receiver. the an­
lenna and TV-owning neighbours. Many opera­
tors under contest conditions seem to cali (end­
lessly) as a modus operandi. Under the assump-

tion that they all posses s a spectrally clean signal,
many moro stations can use tile snrne limited
band tor DX contest working.

The operation 01 such a powerful nnar stage re­
quires the upholding of a lew conditions:

1) The readiness to accept the high tochnical
cost in exchanqe lor superior linearity.

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

3) Never to exceed the statutory power ocipct
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4) Self discip line und er operating condit ions ­
never use the power avai lab le to "elbow you r
way in" - othe r stations want to wor k DXtoo .

The completed power amp lii ier and power supply
is shown in the photog raph of fig . 17 . Its construc­
tion should not be und ertaken lightly, or ca rried
out half-heartedly. but in a spiril of learn ing whilst
constructing with the aim, always in mind , to
create a qu ality linear power amplifier. II should
also be mentioned , that very few of the compo­
nents will be ready -to-hand for most amateurs
and the refore many expensive componentsmust
be spec ially purchased

Th e prob lems and snags oncounte rec can be
only briefly mentioned here. A projec t of this com­
plex ity requi res individua l ingenuity and optimisa­
tion and tha t is lhe reason why this artic le is not
written like a cooking recipe. Insu fficie nt expe -

Space-slides
Educational and Beautiful

Fantastic colour-slides from the moon journey
programme and from various NA SA space
probes supp lemented by te lescope photographs
from well-known ast rono mical observatories.

We offer a large se lect ion of various series : Ex­
pe rience tog ether with your fami ly. the astronauts
on the moo n, the earth photographed from space.
the Mart ian surface photographed from the soft ­
lan ding VIKING probe and co loured rad io pictu­
res of Jupiter and Saturn together with its ring
system and moons. Above all, wonderfu l, colour
telescope photographs of the Sun. its plan ets and
their moons as well as planetary clouds and ma ny
distant galaxies.

All slides fram ed and t itled in English. For more
iniorma tion see rea r cover.
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renee in const ruct ion techniqu es , or in the use of
test instruments, can result in a very expensive
failu re.

5.
LITERATURE

(1) Eimac :
Data fortube 4 e x 1000 AI JAN 8186

(2) Til e Radio Amateur's Handbook (ARRLj
"VH F- and UHF -Transmitting" over severa l
years
a) A 2-k W PEP Amp lifier lor 50 to 54 MHz
b) A 2-kW PEP Amplifier for 144 MHz
c] A 220 MHz Hiqll·Power Amplifier

k ,c[f§j {b erichte T" e, D Bitta , . Ja'"Ie 14 · Pcstfach 80 . D-B523 Ba;" , dmt
Te l. Wes t G ermany 91 33 -8 55. For Representat ives see cover page 2
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Erich Stadler. DG 7 GK

Behaviour of Retl ected Pulses alon g Cables

Sine waves and pulses ha ve simi lar propaqa­
tion and refl ect ion behaviour along cables.
The ph enomenon of total reflection and of
matching 01 pu lses is perhaps better unde r­
stood by using the mechanical ana log 01per­
turbat ions along a length of rope. Also . the
ca lculation 01 renect jon coeff ic ient w ith
ohmic loads. is easter to explain with pu lses
th an with sine-w<lve energy. Th e elec tr ical
pro cess at rel ati vely low Irequenc les and long
propagation t imes is demonstrated more
simp ly wit h a sufficie nt ly long cab le.

1.
TOTAL REFLE CTION AND
MATCHING USING A MECH ANICAL
MODEL

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

a) The rope ts tied to an immovab le object
(fi g. 1 <I):

The pulse will be reuecreo at the rope's end with
tho same amplitude but at the opposite polarity to
Ihal of the incident wave The end is anchored to
an immovable objcc1: lhOfelore. no energy can be
imparted and the incident energy is renecteo in ilS
eoteety. The polarity chall9C is brought about be­
cause the incident and reflected waves simply
cannot existtoqether at the same time because
the rope 's end is tied to an immov able object.

b) Th e end of the rope Is free (fig . 1 b ):

The end otme rope is tree inasmuch that it is held
in position by a very much thinner length of conan,
which allows the rope 's end to move when sub­
jected to a mechanical stimulus. The perturba tion
trave ls down the rope. and again. is reflected in its
entnety but as the end otihe rope is nee 10as­
sume any position. the renecieo wave has the
same polarity as the incidenl wave. The wave IS
totally reflected as in the first case but if a high·
speed photograph was taken at the moment the
incident pulse reached the end 01 the rope, it
would show that the end flies up to a position
which is twice that of the amplitude 01the incident
pulse. This indicates mat et this instant lhe lolal
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Flg , 1:
Propagation of pUlllU
along a tope.
i11 1l~ ed end ,
b l 10 0 H end
cl Rope Infinale ly long

amplitude consis ts of the sum ot both the inc ide nt
and tho rettoctod pulses as they overlap .

c ) The rope is fasten ed in a mediu m (f ig. 1 c) :
The medi um is conside red 10 be so pliable that all
the energy in lhe pulse is dissipated as heat . tn
this ca se, no ellergy can be reflected at alt The
same effect wou ld occur If the rope were inl inate ty
ton9_The impulse would navcr on and on unt it it
tost att its energy in fric tiona l heat. Refl ected wa­
ves ca r eot OCCUI. tn the erececeranalog y 'f ls cal­
led a -matcreo'' cooouoo .
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2.
TOTAL REFLECTION AND
MAT CHING USING CABLES

The mechanica l analogy Will now be disper sed
with by using a cable tosteac 01 a rope and an
electrical square wave qeneretor ins fead of a
hammer This m ay be seen In Ina seres rep ro­
sooted in li g . 2. The -tnec en d " here 's show'! n

, her! ­
(ircu:t

Fig . 2 ,
Propagation 01pulses
..Io"'i! a lo u leu eeeeuetce
1I)i h<>rt-eircui l&d
b) open- clrcui led
c) mlllch,d
0) equ iva lent circuit ola

conductor
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fig . 2 a and IS fepl'eSenttKl by a short-circu ited
cable-end At a short-<:in;:lJIl, no vol tage exi sts
acros s it l vol la gP. 1l(lIje) Th is has the effect that
the incide m pu lse deve lops a volt age which is 01

1he sam e amplit ude but 01 opposite phase. Since
itis at jne end 01 the lme. the pulse has no option
but 10travel. wi th reversed phase. back do wn the
line frum whellCe II came , The rewrning wave
tr3f1sports a pra<:tic<'llly rcN:1IVCpower. back into
lI1e gef1efator II the grr.«stor is not matched to
the cable. lI1e pulse WIll be ' el lecte<l agan tres
1In'le by the gctlCfa1ol" s .,temal ececerce.

Fig . 2 b shows t1~ case of the M toose~ or
~open-ended~ ~ne . Ig.-.onng Ir-epossoblJ,ty 01 ra­
dlatlOO trom the cable end , II may be seen that no
energy can be OS$;paltKl in.ll.noptln-clI'w il At the

open end oI lha cable !tie plJlse can dtlvelop unlit
it has the same amplltudo and phase as the Inci­
dent poise . At tI1e rT'l(lITII#'Il 01~6fong l he
coeo-crcot the Insl<m1.l n&OUS voltages nse to
double lhat of lhe II'lcidcnt puiso alQrle. This can
eaSIly be seen wrth the aid of an oscilloscope
This dol.JbIcd voItalJe (X)l"fesponds 10 thai oI lhe
generator when ~l'ClJitt!d AkJng !he .ne.
each irldMOuaIlIlpUl has an amplitude 01hat! thaI
of the geoef3tor OJ'ICfl-ClIWll voltage (assur nll'l9
that tI1e gene ralor outpul reSlstancn R, IS Ihe
SilI11C as the dlilrltc1enstic Imped ance z.. of the
oable,
The - matcbed ease- is shown in l}g, 2 c . which
me ans in this. the ereceear analog y. tnat at the
end ofthc aro tho pul se Itods the same conditioos
of vo~age and C\J rrCf11 as was encounter ed aloog
lhe whole Ieog th of the li'l6 . The .elaho llShip be­
tween vol tage ana current on Ihe line is de lermi­
ned by lis inductance and I:apacil ance and is of
lhe lorm VITC, Thi s is also an expression for the
cnamctc nstc «noodence 01the cab le Zo and if it is
equ al in va lue 10 the load resistor Zo \ 1l i e =

R, then all til e power in the pulse wi ll be oissipa­
toe in this load termination at the end of (he cab le.
Th is is analogous to the mecnarucal case of th e
intinately long rope . The electrical t'fltlrgy 01 the
Irave iling pulse would cVf)fl tulllly disappear in
heati ng the smal l, but ubq urtous. cop per and di­
elect ric loss ressta oces along the line

In Fig s. 2 a and 2 b It'e hatched areas al the cab le
end show how the reflect ed impulS<!' development

may be im agi ned. The inciden t pu lse p.Jst cannot
grow out o f the end at th e cable. Th e prOjecti ng
piece II can be legarded as foldLng back upotl it­
self in the open-orcuned case and also in the
shor1--cjrcuited cas e but this lime wilh an Inverted
poIality . The scpeomccsuo n 01 Incident and re­
turn impulse s, is however, not shown In hg 2. Th is
voltage dou bling be Observed on an OSCil loscope
by moortoring a point along Ittc line wtlere a re­
nectec pulse moots the ne xt irlddcnt pulse i., I~

pul.<;e l rain seQ\Jeoee.

2.1. Partia l Re lleclio .,

IllS pl;:lo.r.;iOlc lhat between the ad'~I1(."S of shorf­
Circuli and opot;!Il.Qrcult lhere W I. be .. cil-<;C oI pi. '

t~'ll w llecll()lll If al a point along ti lt' 111 1() lhol e IS it

OiSCOlllil1lJrty c.-1U~ a re fll 'dlOrl, I lltl " omt 1$

known as a - Mlt.' 'alJ~ " . 00Iy a Irat:l1Orl wrll l,).Jfl'
Imue clown the line and aJ1OtIlI'f frd(;(1OIl L" l a­
tunlt'd to the gene<a IOf. The s ame sort olltwng
occurs when tho line IS ter lTlll...ted by a !odd re­
S1sLtncc The load resestance dissopat~ p.-1rl of
lhe erlt'l'qy it!': tsoat and reneces the rest back 10

waras the qcr'Iffl'.ltor. the an1plll1..ock' M iO!J smal0l
Ulall l holl of total rl"! lec lion. ThIS collct lllOn IS
knowo a." a "misma tchw

• I he 111I.';nl il l cn can tNld
tow mds betnQ a short-<i,cult 01 II can lond to­
wardS OOlng an optIn--Gircull Record,ng 10 whether
the terrlll nillion IS less than z., 01 grcaler than z"
respectively, t he relat ionsh ip between the ampn­
lude of tho renen pulse 10 mat o f the Inc:Kfenl
putse is known as tf1e "relledJ on coe fllcKlflt"
\ l ig . 3)

2.2. Euom pla

A pu lse generetor. internal imJXl(1ance R • 50 II
has an ueterrnin ated oulpul voltago 'it"_ 20 V A
resistive load 0175 ! 1is connected to il via nlonqth
of 'toselees- ca ble hewi ng a cnaracts rtsuc trnpo­
da nce of 50 H . What is tile rTHiQJlitu!1o nf the inci­
de nt vonaoe VrwD and of the re turn vo ltag e

VtlAC>\?

Sotu ti on :
Seica the generator. at t est does not · "now~ ye l
me termrnatlng tesrstoeat the end 01thecabte. the
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F'll , 3, Par1lal...Ilecl iona,lend""g 10 open:.ci,c u ll
bj l....dlng 10 sho r1-ci. c u il
Magnitude 01 rellection ' ac to .
. _ V.......1V"'D

InCidefl l pulse ampli lude is cetorroooe by the pro­
cornonateoocoaocc existIng bet ween the QElOe­
raio r and the cable. The generatol - sees'' the
cabin impedance (but not the load Impedance) .

Since n • z.., then the volt age spits equally
acro ss Ihc-se Impedances (i. e V....., V. / 2
to V}. Aeuflent pulse i.-vrc is also associated w In
tno IlCJdenI wave which has all amplrlude V•...oI
z.., 10 V f 50 II '" 0.2 A. Owing to the ""smatdl
al lhe cable- end. the forward pulse ISpartlaIly te­
f\c(:Ied and a voltage VOlMJ, IS brood logelher
WI th a C\llTcnt illlO< = V....o< I Z,. Whal theIr
magmtu de and sign 15 . depends upon the mis­
match For- this particular case. ttlOding towards
open-ei rcuit t@ffJ1inalion ( A~ '> z.,). the forward
anl1letum pulses have the same polanty vo ltage
and they add Vrwo - V~...et< across the load rests­
lOr. The forward and return cor-ems, however.
have coposue porarmes (high RL the/8tom small
load current) and the totar composite current
through the load is:

I, - Vn...et< {VFwo l Zc. - V""ul Z,)

The fC:,;ultan t rlW;~ form s so that ohm' s law is fur­
filled at the load

llll.CM VN«> - V""C!< = (\IFWO I zs -VIlA:>< I z.JR.
I. e the lola! 'o'OlIage at the cable end - the lotal
CUl'l'erll bmes ee load resistance
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Afte r pun lflg In hgures. a Slrtlple equation re­
mains . which will give the unknown. namely VtlACf<

(10 V + VBAco.) (10 V150 II· VIIo'oD< / 50 OJ.75 n
re-arr anglng :

V&IoC.l< - 10 V (7511· 50 Hjl t75 1l * 5OOj = 2V

2.3. Ret 1ectiOfl Co&tflClenl

t ne nacnco in me above exampleQlves the lacl or
which. when munlplloo by mo oco eot \IOIt3O)9.
rosuhs in lhe ampi liude of the rotorn voltage, This
rector is know n as the renecnoo coemceru r. In
general . the lor-mula in terms ot an ohmic load:

genecuon coencent • '" fA, - Z ,) I (H, I z..,) ,

Refe. ring to IIg 2 c R_ Zo and therelore lhe re­
flection ccerrceot r '" O. (no renecuco ). Illlig 2 b.
A, = ." mereroser 1 (lota l reflcct l()fl). The snua­
!lOn depicted In tig 2 a results also In total retlne­
lionbutR, = O. ltl eretore r - 1 The sign cha nge
mdica tes rnat although 1000,l rd <lnd return voua ­
Qe5 posses equal amplitudes. i. e.toteneuecton.
the potallty 0 1 tho re jum pulse 1$oeqanve coropa ­
red WIth lIlal o f the incide nt pulse . (see also lig

1 al .

Fig . 3 shows the case of parM I renectco. rig . 3 a
shows that lending 10 IIlhnate resistance. and fig .
3 b shows that lendll1Q to zero resrstance

Exam ple :
In fig 3 . 'VFwO "" 2 5 V. The 50 II cable IStermina­
ted with 7511 . wnat is the emcntooeof the renec­
fed pulse?

So lution :
1 "' (75 H -50 1I) /(75 11 -50 1I) 0 2.

therefore.

'Ve.oc~ =- 2.5 V x 0 2 - 0 5 V.

Note :
When the nne losses are uruto, quite large errors
can be mtroouceo by the cable ertenoeucn The
return pul se arriv ing back at Ihe generator has
been attenualed twice , once on me Incident ioor­
ney and then on the return journey.

Example :
The complete cable has an aneooatce 011 5 dB
The forward has an amplrtuded2.5V. The cable
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has a character istic impedance of 50 n and is ter­
m inated with a load resistor of 75 n. With wh at
amplitude does the reflected pulse arrive bac k at
the generat or?

So lution:
Th e incident pu lse appear s at tho ca ble end at­
ten uated by

1 , 5 dB i . e , ~ 1 . 1 9 ,

Y".<iD 1'''''" 1= 2.5 V / 1.19 = 2,1 V

as a consequence 01 the mismatch

r = (7SD-50n) / (75 1! 1 50 11) = 0,2

and the magnitude 01the return voltaq e is:

Yh AC K ('.." ,) = 2 ,1 V x 0.2 = 0.42 V

Upon tho retu rn journey Ih is vo ltage experiences
a furth er ane nuanon of 1,5 dB

V"A~ K ~qer, ) '" 0.42 V / 1 19 = 0.35 V

Th is means that. because 01 the attonuaton the
retloction coetl icient r - 035 V / 2.5 V = 0 14 i e
14 % instead of 20 % neglecting attonuauon.

3.
MEASURING WITH PULSES

From the reci procal of c = 300 x 10" m / s (the
speed of light thro ugh spa ce) the time per metre is
obta ined, When the ve locity th roug h the cable is
co nsidered, it is reduced by a tactor depe ndent
upon the physical char acteristics of the cab le.
Most coaxial ca bles hove a ve loci ty factor of 0.66
w hir.h means thai the siqnal requires some 1.5 ns
longer totraversa one metre of cab le than nwoufd
rhrouqh one metre of space. Sh ort cab les used lor
pu lse measurement requ ire therefore , pulses
w ith rise- times of only a few nano-seconds and an

oscilloscope w ith a handw idlh o f a few te ll s 01
MH 7. tn order to reduce Ihe rcqunomcots upon
the test equ ipment, it is better to li se a longer
cable ot lcnuth say, fro m ~o 10 100 III. Uy ttu-,

p ractice. the pu lses may he c learly displayed
usinq a oc ncm tor with a rise-lime 010.1 to 0 .5 I'S
and an oscrnoscopc ot on ly a few MHL bandwidth.

Colour A TV-Transmissions are no problem
for our new ATV-7011

Spe c if ic at io ns:
Freq uencies . crystal-controlled:
Video 434 .25 MHz, Sound 439.75 MHz
1M-products (3rd order) better than - 30 dB
Suppression of osc.rrec and imflge '
better than - 55 dB
Powe r-output , unrnodutated. typ . 10 W
Delivery : ex. stock to 8 weeks (standard model)

k~D;r;:berichte Te", D. 8;11 ' " . J,hoo" ' 4 · Po,lI"h 80 · D-8523 B, 'e"dort
Tel, we st Ge rmany 9 133-855 . For Repre se ntat ives see cover page 2

The ATV-7011 is a prole,%iondi qup. lil y ATV trans­
mltter lor the 70 CM bano. It is ol' ly necessary to
connect a camera (monochrome or colour), antenna
and rncrophone. Can be operated from 220 V AC or
12 V DC, The slfl nr)!lrO un'l ope-ale s accordmq to
CO R out oth er stfl ndmds are available on requ est.

The ATV-701 1 is a further developme nt ot our noli­
able ATV-7010 with better specifications, newer de­
s.qr- . and sma 1m cimrmsiors, It uses a new system
of viclf1rl-souno comoi" ation and modulation It is
also sutab'c tor moore operation t rorn 12 V DC or
fo r lixec operation on 2<'0 V AC.
Pric e . DM 2750.00

The ATV·70 11 is elseavailablefor hroadcastil'g use
oetwe en 470 MHz and 500 MHz, and a nurnbor of
such ur-its are in ccntmuous operation in Atnca.
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Konrad Hupfer, OJ 1 EE

SSB Mini Transverte r 144 /1296 MHz

The fo llowing articl e describes a small trans­
verier fo r the 2 metre to 23 cm band which
should awaken the interest in SHF home con­
struction and with it, the acti vi ty on this lnter­
esting band.

1.
CONCEPT

In order that the Iransverter (Iig . 1) may he
simpler to reproduc e, the cons truction is earned

OI.It as tar as oosseie using the printed circuit
bo.'u d (PCB) technique, The epo~y-gla ss PCB
is housed in a hn·plale bo~ of external dimen­
sions (148 x 74 ~ 30 mm) The well-kno wn 2me" e
transceiver IC 202 is used as the basic equip­
ment for transmit d rive and receive function s, TIle
rc 202 trnnsmn powe r of 3 W is reduced, by a
simple means, to about 10 mW which is then
translated by the transverter to the 23 em band at
a power 01 500 mW.This sort 01power is relatively
easy on beneees and the small lotal weighl
makes it ide,11fOI use in mobile and I or held dc1yS.

The Tx f Rx switclung in accomplished by means
of a 3.5 V ( appro~ . ) control voltage which is taken

PA stcce,

"""'''''01\ I

Mini t ronsverter -

S-10 \ol med KlrOlol

t ror i mil nmp sohd ste te h lRx.., SHf - PA ([0 i wi l[ h
!lJ 1H mi'er , c

,
j," -{> - .

001 ' ,
rec. pte ·llI"4Jl. , .'. --<J-' e, " "',. L rET Rx pre-amplifie r

osc illn tor

"
T, IR. s" ,tchlnq

' 1l ~~ ~I ~ I" D 1-(<)n trO! of PA
OJ 1EE :,11« 'IIJo !1 i l (SSBI 5tll e frora th@

fig. I : M/lln eonstr ucl lonal layoul 011 44 / 1296 104 Hz mlni-transYel1er and its companion PA ! R~ preampilliet
(to be described tater)
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Fig , 2 :
Portable operation
ol lransve rter

Fig.4 ;
288 MHz l. O.
ba nd- p.as s Wter

Fig . 5:
Co nstruct io n ot
L 13inL. O

t-orn t-ie IC 202 on "receive" via Its antenna
SOCket. The only conoocnon between the trans­
verter and the 2 metre equipment. IC 202, is a
SOli coaxial came for the 2 m signals and the
Tx ! Ax switching, The 13.5 V transceiver power is
derived from a separa te battery supply The smal l
and light-weight transceiver itself. can be
mounted directly at the antenna terminals in order
to avoid cable losses. The author mount ed his
traes vertor behind the reflector of a Short-Back­
fire-antenna with a gain of 13.5 dB~ for portable
operation (fi g . 2)

The mini trans verter can also be employed for
fi xed-station use by the aoomon of a 5 W amplifier
and low-noise preamphher which will be des­
cooed in a later article , Tne necessary supplies
and control lor this appendage be ing taken via the
transverter.

Just because this trerevener 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
perha ps other transistors should be experi men­
ted with. The first two exam ples bu ilt on the final
PCB did show a few minor cmerarces cau sed by
component tole rances .

2.
CIRCUIT DESCRIPTION

The cornptete circuit schornatc of Ihe mini trans­
vort er is shown in fig . 3.

2 .1. Osc illato r

The crystal oscillator runs at 96,000 MHz lrom a
stabilised supply. 11 uses tran sisto rs BFR 90 113FR
91 I BFR 91 A and the outpu l cecun L 1 I C 1 is
tuned to 96 MH1. Transislo rT2(BFA 90 t91 A) IS
coupled via C 5 and tunctions as a tnplC(, The
resulting frequency of 288 Mti~ al L 11 I Cv 2) 15
taken via a ba rldf ilter (L t 2 ! Cv 3) to the base of
transistor T 3 which funct ions as a doubl er , The
matc hing from T 3 to T 2 is optimised by means of
the coupling (f ig. 4) from L 11I L 12 in order that 'T
3 passed n maximum current. The siqna l at L 13 1
Cv 4 (f ig . 5) is at 576 MH~ and is passed to a
further doubler stage T 4. The inductance of tho
output nner is formed by the PCB and at Its outpu t
is a power of 40 mW (BFR 34) at 1152 MHz. The
ban<fj,ller is tuned tor a maxi mum in the mixer dio­
des at test po int M 1/2.
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Ireull.chem",ticFig. 3: Complete Iran,verier c
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H1

H2

mA

signal. The IF sign al of 144 MHz , developed in the
mixer, is taken via C 64 and TR 1tothe SSB trans­
cower In order that tile nensrrattcnec -circon L 6 /
Cv 14 does not load the rec eive sign al it is de­
tuned by ccoe D 2

Fig. 6: Test meter lor ~ I ignment purposes

In thp "transmit" mode the maximal osc illator
power of 40 - 50 mW is produ ced; the power
supply for T 3 aoo T 4 is takP.n via diode 0 5 and a
soloc1ed reseior. This resi stor is selected fOI a
mi xer cu rrent o f approx 10 mA all " fransrmt" di­
recn v from til e oanew potential ra il ,

On "receive", T 3 and T 4 are fed a red uced votta ­
go via P t and D 4. The potentiom eter P 1 is so
eciu sted tha t a 2 rnA mixer current tlOW5 oeiw ee n
ies too nts M 1 and M 2.

2.2. Transmit ! receive mixer

The same read y-to-hand 180 ' ringmixer was
used both lo r transmit and rec eive .

The bridge is remov ed from points M 1 and M 2
and replaced withlhe meter test circuit o f fi g. 6.
The same proc edur e as in 2,1. is IJs()(/ lor the re­
qctsrte mixer curren ts.

On -t ransmrt- a signal (ap PIOX. 10 mW) at 144
MHz is fed from 010 Ie 202 via a 4 : 1 transfnt rner
and C 64 to tre diodes D 12 and 0 t 3. Al lhe mixer
out put II the both side bands I, = 1152 MHz I 144
MHz and r, = 1152 - 144 MHz are prese nt. The
osc illator f requency is suppressed by so mo
18 dB The wanted frequency, 1, == 1296 MHz. is
select ed by the paralle l circu its in m o lhree- slag e
tl ansmit am plifier . In order mat no transmitted
signal appears in the rec eiver prea mp lif ier. th e
circuit Cv 9 ! L 5 is st rongly detuned by diode D 1.

On "receive" mod e, poi nt II of the mixer is led by
the amplified (20dB approx. by T 5 and T 6) input

2.3. Tlansmit amplifier

Th e selected Sideband at mix er output II is jed at a
level of 1 mW into a three-stage linear emcutror by
which it is amplified to a power of at least 500 mW
(27 dBm). The newly introduc ed Va lvo plastic
ueneetors BFG 90 A / 91 A / 96. intended fOl lhe
900 MHz mo bi le- te lephone ap plicabon , are used
in this amplifier. They are eminently suitable lor
use et 1296 MHz and. With their two emi tter coo ­
nocnons. represent a cons ide rable mprovement
011 the BFR 90 !96 series ,

The ci rcu it is qu ite sla ighl-l orward; as alfeady
mentioned , three tuned AF am plifiers are In
tandem. The prese t A 29 adjusts tile qu iesce nt
ccnentttuouqn T 9 to 20 rnA, A po wer of 10 mW
(approx.) is available at L 7 I Cv 13. In order to
measur e th is, C 55 is removed from the base Of
T 8 and son cabl e co nnected 10 it - the cabl e
sc reen should be connec ted as directly as pes­
sible 10 ground . -

Tho preset A 25 sets the q uiesccnt current for T 8
fit 25 rnA. Th is stage deliv ers approx. 120 mW I
SOH on signa l peaks and li t a pea k COllec tor cur­
rent of som e 40 rnA. T he same method is used to
measure the output power , C 5 1 being used lor
lho coupling 10 the lest ca ble.

The quie scent cul reo t of T 9 is se t to 10 mA. lhis
being adequ ate for linea r opera tion. On signal
peaks the collector cu rrent is dri ven to 110 rnA
app rox. Th is stage ca n employ the BFG 34 if a
power output of 100 0 mW is req uired but tho BFG
96 will suppl y so me SOO mW to l he output The
BFG 34 is 10 be pretened , howeve r, owing to its
higher power diss ipation capabil ities Al amblenl
ternpe mtures in exce ss 0155' C, pro long ed co n­
tinuou s wave outputs sho uld be strictly avoided.

The output powe r developed at C 38 / Cv 11 I L 9
I Cv 10 is routed in th e "n an smil" coronion via
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Fig. 9: Mou"ting the screening walls over
a transistt,lr

PIN-diode 0 10 to the output soc ket of the equip­

ment. Whe n opela ting w,tt! the output stage men ­
boned oarllCf. the output line is intorrupted alter
C 36 and the 12'96MHz transmit signal is taken to
a specia lly provided BNC panel socket lor the
supplementary output amplifier

2.4. Rece ive preamplifier

Under "receive" conditions. me PIN-diode 0 9
conducts and the signal l rom the antenn a is led
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via a par allel- tuned circu it to the first low·noise
tranestor amplifier slage us ing a BFG 65. In order
to avoid the sort of losses inevitable in PCB tuned
circuits. the Q is raised con siderably by construct­
ing the input tuned circuit from a high -qua lity
leed-through microwave trimmer capaci tor and a
metal strip inductor sup ported in air as shown in
l i9 · 7 , The preamplifier is capable of a 20 dB am­
plifi cation at a noi se-l igure of abou1 2 dB inclus ive
01 diode switch. The mixe r conversion loss is
about 10 dB. therefore . in the inte rests of sun­
plicily . an additi onal IF amplifier was not thoU9hl
neces sary. By means of the pre set resrs iors R 12
and R 16 the appropr iate tran sistor currents are
set at 5 and 6 mA respectiv ely. L 3 I Cv 7 input
tuned-ci rcuit is adjusted initially tor maxnnon IF
outp ut and tnon for maximum signa l noi se ratio

2.5. Transmit ! rece ive sw itc hing

On the IC 202 t ransce iver "recoivo" cosmon, the
cont rol cilcuit vollage swilche s the Tx I Rx relay
RS 1 VIa transistor T 10 . The supplies are thereby
switched to the individual circuit s used for recep­
lio n. An auxil iary voltag e output. tsotatec by 0 7, is
available for oontro lling other equ ipment. tor ex­
amp le. the inclusion of the mini teereverter into­
toeo-stauon use toqotnor with the projec ted suo­
plf:lmentary output amplifier I rece ive prea rnplif er

3.
CONSTRUCTION

The PCB. OJ1 EE 005 is load ed with the com ­
ponents in accordance with the location plan 01
f ig . 15 and the photographs ot l ig .8 16 and 17 ,
Particuia r con structon po ints are high· lighted in
f ig s. 7 to 14 , A lew points concerranqihe high­
l requency con struction and scecer tun ing ln­
struchons will now be given.
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t' INsing (O'; er c.n g',e"

" CC " ~m\os ';r e

Fig. 10 : Vertical crces -seeue n through
transverter

All Seikc-tnmmers are installed in such a man ner
that the stator is li tted through a hole in the PCB
and soldered to the copper surf ace. The rotor
con nection (th in tab) is bent to make contact with
the hot end of L 130r stnpnnes L 1 to L 9 acc ording
to f ig . 13 This unusual manner 01 construction,
with the rotor being the "hot" com ponent of
the capac itor , requires the use 01 a non- metal
trimming·lool bul has the advantage 01 a rigid
connection to the app rop riate inductance. The
screen ing walls shoul d be so ldered to suppo rting
veropins which have been inserted in the PCB at
10 mm intervals and wh ich have been'soioereo 10
the copper surfaces otmo PCB . (see figs . 10 and
11) Figures 9, 12 and 13 shou ld be studied be­
fore install ing the trans istors ,
The ceramic coupling cepacirors between stages
are solde red with conn ection leads being fIS sho rt
as possjbtc , see fi g. 13.

The cold ends of lhe str ipline tuned circuits are
also secured with a t in-p late meta l tab which is led
through a slot cu t in the PCB, and soldered to the
back surface of the board

Fig. 11' Grounding and f ixing
01 screening walls
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I
"
I
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Fig. 12: InstaHing the microwave transistors
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Fig, 13: Further details of microwave construct ion

PCo- l rQe<

/ //_ ~ epc. y

0o~lj~ r

fnj h ro' (CP,
~":J)f : ( e ' cmc

qrcv-c

Fig, 14: Installi ng feed-through disc capacitors

3.1. Co mpo nents

Cv 1. Foillrimrner 10 pF (Valvo yelluw)
cv2, Cv 6: Min i loil trimmers 3 pF (Se iko. green)
Cv 7: Microwave air tr immer (Johanson, Tekelec ]
Cv 8, Cv 14: Mini loil tr imm ers 3 pF [Seiko :preen]
C 5, C 9, C 11 etc .: Ceramic coupling capacitors

(so ldere d with short leads)
C 39, C 40, C 63, C 65: Ceramic chi p capacito rs

(Valvo, ATC)
Inductance: see sketches
TR 1 Guan ella -trnslr.vt 4 with twin-hole cure ,

Sieme ns : Mater ial U 17, hI. 8,3 mm or
6.2 mm, twisted CuL wire 0.2 rnmora.45
mm long and con nect as 1 4 transformer,
The 2.5 mm core is also used il 0.1 mm wire
is employed.

D 1, 0 2, D 12, D 13: Hot-earner -diod es HP 2810
D 9. 010: PIN-diod es MA 47047
D 11. 1 N 400 1 or similar
All othe r (Hodes: 1N 914. 1N 4148 or simi lar
T 1,T 2: BF R 90, BF 91

237



238

q
L- ~ i

ii
;

VHF-e OMMUMC ATIONS 485

Fig. 15:
Printed eireDJ1EE 0 UII boa rd
eo m 05 t howing

ponenltmo
I racl<-slde unted on



VHF-COMMUNICATlONS 4/85

Fig . 16: Componcnl $idIt 01 "roug h" lest COfl&I, uo;:llo n

Fig . 17 : Undernealh view of protot ype
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T 3: BFG 91A (BFR 96)
T4:BFR 34
T 5, T6: BFG65
T 7: BFG 34 (BFG 96)
T 6: BFG 91A (BFG 9OA)
T 9: BFG 90A (BFG 91A)
A 22 : 0,5 Wtypa (0309)
all other resisters: smauest type (0207 or smaller)
Instead of the 9 V zener 0 3 with resistor R 4, a 9 V
Ie regul.l tOfcan be used.

Po st up

On the circuit diagram and component layout
plans there are several alternative transistors in­
dicated tortoo osci llator and the receive preamp li­
ner . This mean s that the wen-known BFR 90 ! 96
can also be used, but small alte rations in the size
of the coupling capacitors must be made, The
transmi t amplifi ers, however, should retain the
higher gain BFG 90 A / 9 t A types,

New High-Gain Vagi Antennas

The SHF 6964 is a special antenna lor tho spac e
communicaliOfl allocal ion 01 the 24 em band
The maximum gain ot ltlis long Yaqiis t 9,9dA"al
1269 MHz and tails off qui te quictJy, as with all
high..galn Yagis, with increasing trcqu ency . We
do not, therefore. recommend this type 01anten­
na tOI operation at 1296 MHz but for ATV app li­
catio ns at 1152 MHz it is eminently suitable.
There is no 24 cm ATV antenna on the world mar­
kat which possesse s more gain,

Tho mechanics are precise, the gain k equency­
swept and optimised MeastJJements carried oUI
during heavy rain show ltlat me antenn a IsnOlde­
tuned by moisture.

il

'Ir

3m
18 ea,
16.8"
25 dB
- t7dB

Pri ce : OM 398.-

l ength :
Gain : 2O.t dB;. i. e
Beam-width :
Front! Back ratio :
Side-lobes:
Stock-No 0102

h

The SHF 1693 is a special version for the recep­
l io n 01 METE OSAT 2 . This unobtrusive alter­
native to a 90 cm dlameler parabolic antenna
enables, with the aid 01a modern pre-ampl ifier or
down-eonverter, nOise·free weather picture
rececton.5 m

19 9 ee,
13 6"
26 dB
- 17 dB
1.2 ' 1
52mm

Pric e : OM 298.-

l ength:
Gain 22 dB , i. e.
Beam-width :
Front I Back ratio:
Side-lobes:
VSWR rot. 50 0 :
Mast mounting: clip (max).
Stock-No. 0103

k )Jr1!~berichte Te"" 0 , Billan ,Jahn"" 14 ' Po, "a"" 80 ' 0 ·8523 Baie",,' ,, '
Tel. W est Germany 9133-8 55. Fo r Re presenta tives see co ver page 2
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Joachim Kestler, OK 1 OF

Two-Metre Receiver Front-End

The foll owing has nol been wrlnen merely to
swell ihe ranks Of tw o-metre fr onl -end articles
which have become prevetent in recent limes,
Rather, i t is lin attempt to pre sent II module,
which possesses respectable spec ifications
and is capab le of ali gn ment by the amateu r
without access 10 prctesstonat test equlp­
ment.

The complete circuil has boon d'vided into two
modules ( l ), lt1e pre-amplifier (2), me mixer com­
plete with oscillator and dnver. This two-part coo­
struction oilers inc reased neKibility when co mbtn­
ing tile front-ere with other eqoipment e.g UHF f
SHF converters. Also, lhe pre-amplifier may be
separated from til e main equipment and mounted
directly behind the antenna in order nol to de·

r------~- - 7 . . ,...a --------~

r-- - - - ., ol ' d S ----- ~

r------ - -- - --- -1 , - - - - - - - ,
I 'h'. ' (",A. _ .... . - ....... . I ~.. . ~ ,'7' . t_ I

,, ' t.'\.s<r· " "" "·to , rn I I c.... ."•., I

'"~::';h~~" 1-j" "1~; - t;:-~11--"~!L-+l-Tt-.R~ ~~ f-;, .~~~~,- - -l
I : r dBm I , ~OJ l " ; C1C 1 I
L ~~ __ ~~£r2ieJ J ~~~" 6. L .J

! ~'''~
I h 'O I' ~
I ~-.. ' ..............
I ~

l2.'t~~l _L_ J
I

o>< _J'.'"
'" , ~,W

{ "~ 1 Cf' ~47:

Fig. 1: 2 m_Fron t-end block diagrlm Indicat ing I tl ge leve ls
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grade Ihe overall noise- figure by a loog cab le run.
The muer portion however, has been specially
designed tor use wiltlthe PLL oeiay- ere oscae­
tor described in ( I ) but may be used . of course.
wl1h any oscil lator at appropriate trequency and
1 mWiSOll ou tpllL

1.
CONCEPT

Tho block diagram 01 the front-end is shown in
fig . 1. A self·supporting coil serves ns part of the
input tuned circuit and impedance match from
antenna cable (SOU) to the pre-amplif ier input
transistor (about auun ). The latter is li l ted with II
GaAs·M ESFET c nabnr q a noise-f igure of 1 ou
(app rox.) to be achieved Following a iwo-circet

VHf·COMMUNICATIONS 4/85

helix-liller is a variable PIN·d lodeanenualor. This
attenuates signals to the next pre-amp lifier stage
and mixer acco«llrtg to lt1eprevailing input~di­

tlOOS.!husenabiing high gain tor weak incom ming
signals but preventing receiver O\Iiff1Oading dur­
ing strong signal reception , The second amplify­

'ng stage is a high-ellH Im1. barriOf FEr whos e
outp ut is delivered to the nell l module, the miller,
via a son coaeat cab le.

II cou ld be asked, at this slage . why not use the
pre-am plifier con cept suggested by OJ7 YY in (2)
uSing pu sb-pentransist ors. Cert ainly, Ihe publ ish'
ed data spe aks tor il sell and it is able to be repro­
duced with the lull speci fication s, ntteast, when
ter minated by broadb and real son impedances
on input and output. Us ing high Q he lix-filters with
this circu it however. the auinoc found that spu­
rious Oscillations above about 1 GHz, were not
easily discouraged withou t compromising the

V"", Or 15V
PI5 Pt G Pl l
• • •

,-----.--- " ..,. - - -"'T -- r --r-rl t--- n =- - - -- ,
, r J b OIt. IOF 1 I I C' I L . OltlOF I

, '0'" ". o,.. I C. '" 0" (' "''' ,I I .. I 1,_, .~ I .D"' '' •

: C ~ V T_;~~~ ' Tn;:(1:3~~ !~?iL(l :tI : ~" I ~~_.. !
, ' ~ ~"" ~ ;. , . 1 ~5 I I II ' I
, U • :ir.i'\L- A- --.-l , " ," :t:", • .r."" • C6 '
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specifications. It was decided theref ore, to dis­
pense with the "super IP. spec ification concept"
in the interest of reasonab le pe rformance with
sure-fire reproduction capab ilities.

A high-level hot carrier diode ring-mixer fo llows
the two-stage hel ical filter. The necessary osc il­
lator power 17 dB m (= 50 mW) is supplied by a
two-stage amplifier comprising a MQSFET first
slage and a hlqh-cur reot FET second stage which
dr ives the mixer L. Q. port ac ross a 50 11 term in­
ating impedance. A three-circuit input bandpass
filter is prov ided for the L. O . amp lif ier in order that
the inco ming loc al-oscillator multipl ication signals
(fa I 2, 3 fo I 2 etc .) 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 11 res istive
input impedance tcoetner with a noise flqure of
6 dB or lower. The necessity lor a ring-m ixer
IF port to be so terminated has been dealt w ith at
large and in references (3) and (4)

The foliow ing two -stage he lical fi lter (l 5 I C 3 and
l 6 1 C 4) is slightl y over-coupled (mi dband dip
approx. 1.5 dB) in order to achiev e the necessary
2 MHz bandpass. For pureSSBICW use, CKmay
be inc reased to some 6 - 8 pF thereby reducing
the cou pling and the bandpass to some 60 0 kHz .

For ga in adjustment purp oses , the PIN-d iode D 2
is ut il ised which is supplied by the sign al-contro l­
led direct current via pt. 7.ln orde r that the hel ica l
ti!ter is properly termin ated und er all signal condi­
tions, thus pres erving its bandp ass, the PIN­
diode D 1 has been prov ided which pas ses a
complem entary bias-curren t vi a pt. 6. The secon d
pre-amplifie r T 2 with the hiqh current FET , is cc n­
nected in a grounded gate con f iguration and in
order to secu re a high intercept point, a. D. C. in­
put power of atrncs t one Watt must be invested.
The amplified input signai is taken Via a pi-f ilter
C 5! 191 C 6 to the oulput pt. 2 whe re it is connec­
led to the mixer modu le. Fig. 3 shows the simple
manner by which the PIN·diod e attonuator con ­
trot-c urre nt may be provided.

2.
CIRCUIT DETAil S Pt6 Pt 7

Fig . 3: Biasing the PIN-diode atte nuatar

sw itc h attenuation overall

pos ition pre-amp. gain

1 - 'OB + 27 dB

2 - 12dB + 17dB

3 - 22 dB + ?dB

32 "h1
330k

L-,+--+~_jJ .1 5V
Gk8 360ft 390fi 68 k

330k

2.1 . Pre-ampl if ier

The deta iled circuit schematic of th e pre- amplifier
is show n in f ig. 2. The GaAs- FET first stage is
preceded by an input fi lter L 11 C 1. The drain-c ur­
rent is 14 rnA, a compromise betw een low est
noise figur e (8 rnA) and high intercept capabi li­
ties . The transistor source and gate 2 elect rodes
are double decoupled to reduce the deleter iou s
effects of elect rod e lead inductance Th e choke
L 2 (ferr ite bead) at gate 1 is not absolute ly nece s­
sary , as in the prototype at least , no spu rious
oscillations bro ke out when it was rem oved The
"suck-out " circu it L 31 C 2 is tune d to the image­
frequency (approx. 125 MHz ) and presents a low
impedance at this freque ncy . The connect ion pI.
5 is intended for an automat ic ga in control butthis
can only be recomm ended in ca ses of poor AGC
action in the IF amplifie r. The applicat ion of AGC
to pt. 5 wil l compromise the large sign al handling
capabilities of the GaAs-FET and it is better to
supply it with a fixed + 15 V instead.
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FIg. 4: Mi..r Ichematic

2.2. The Mixer stage

The cicuit schemalic of ltle mixer portion Is to be
seen in fi g. 4, The signal delivered by the pre­
amplifier is passed via pI. 8 to the second helical.
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l ille l (L 11 ( C 7 and l 12 / C 8), This is Clitically
coupled, bUI again. an aueranon to lhe value o.
the coupling capacitor c.. enables the bandpass
to be varied. The ring-miller which tc uows.rece­
vee the input signal on pin 1 and the generated IF
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o f pre-amptifier DK 1 OF 048

L

outpu t is taken hom ooeaand 4 10pt. 9 and 0010
the IF stage. The iocat-cscuator signal is fed to
the modu le via pt. 1t and to a three-e ircu it filter
L 161C 11, L 171C 12, L 191C 13, L 18 be ing the
coupling element. This fi lter accepts the loc al­
oscillator signal f requency but rejects harmo nics
and sub-har monics. The fwo-staqe osci llator
consists of transistors T 3 (driver ) and T 4 (power
amplifier). These trans istors operate in class A
req uiring ahigher current consemouoothan crass
B or C. but having the advantage 01giving a d ean ,
noise-free transtali rlg signal. The L. O. signal is
Ihen red into a duple ~er C 9 · l 1 3 - C 10 - L 14 and
from that into the mixer p,n 8. The necessity for
the c oprcxe r is discu ssed in defail in refe rence
(4) . A porti on 01 the L. 0 signal ( - 20 dBm ap­
prox.] is tapped-ott befor e be ing applied to the
mixer and taken fa pt. 10 lor possib le use in a
frequency counter or the transm itter mixer. The
diodes 0 3, 0 4 prod uce a DC vo ltage which is
proooetonal to the L. 0 signal and is taken via an
c peranooal amplifier Ie 1 and p! 13 10 pt . 4 of lhe
osc illator OK 1 OF 047 modute as a contro l vor­
taqe. In this ma nner the mixer IIlput pow er can be
made 10remain constant de spite variations due to
ageing and temperature. The L O . input power is
coononec by P 1 The con trol amp!iflN tc 1 is
supplied with 15 V DC via pt. 14 wIl ilst the DC
supply lo r the modul e is introd uced at pt. 12,

3.
CONSTRUCTION

For both crcurts. do uble-sided, through -contac t
PCBs have been de signed . The use o f tin-plate
tor screening the VHF high a circ uits is not re­
com mended (1), tnorotoro there was no need to
dimension these PCBs in order that they would fit
a proprietary shielded box. Instead , a st rip at
0,5 mm sheet brass som e 30 mm wide issokfered
around the edg es of the PCB s in orde r to for m a
frame. the PC B conductor side sitt ing some 8 mm
up from the to..... er edge 01the brass fra me.

Ftgs. 5 and 6 show the dime nsions alld the major
part loca tions lo r both modules, and figs . 7 aoo8
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Fig . 6: eonalr uc li on and mai n component layo ut 01mix.. , OK 1 OF 049

are photog raphs of the proto types, Now for one or
two ol lhe finer points of detai l: The nate 1 conn ec­
tions of both T 1 and T 3 are fed straighf through
holes dr illed in tne scrmming wall, just above the
PCB surface, thetransistors be ing fata lly surfa ce­
mou nted and solde red on the com pon ent side of
their rospectrve boa rds, The taps on the helical
co ils L 5. L e eoe L 12 shou ld be as short as possi ­
ble arKI shoold pass l hrough Ihe sc reen ing wall s
on the und erside (track-side) oj Ihe PCB albe it ,
just below its sunace. The Inl er-module ocon ee­
l ion pt 2 10 pt. 8 ISeffected by me ans of thin 50fI
coaxiet cable(RG 174) direetly solde red .ormiOl-
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BNC OJ SMC connectors may be em ployed , The
lcngUl of the interconnect ing ca ble is not cr itica l ­
w ithin reason. The GaAs-FET T 1 ts tno very last
component to be so ldered-in in order to mi nimise
the risk from static damage during the co nstrue­
lion, The P 8002 transistors have unusually long
cooling tabs whi ch would protrude above the level
ol lha sc reening wall s. They should be shortened
by 5 mm, cent a l l ighl angles and soldered 10 the
screomrq wall thus increasing the heal sinkir'19
elbciency The soldering. however, shou ld be
carried Oul as quick ly as possIble and w~h an
adequately rated. hoi sold erin-iron.
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Fig. 7: Pre-amp lifier module DK 1 OF 048

Fig. 8:
Mixer module
OK 10F049
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T 1:

C 5:

M l :

ic r:

- X 17) slipped over T rs
gate lead (as requ ired ).
12tums 1 mm Cu silvered,
6 mm Int. ore. 20 mm long
7 turns 1 mm Cu silvered ,
13 mm int.ora. 15 mm long,
lapped 1.5 turns from cold
end ,
as L 5, bUI tapped 0,5 turn
fro m cold cnd
s turr e. 1 mm Cu silvered ,
6 mm int. ora. 11 mm long
as L 5, but lapped 0.75 1ums
from cold end.
6 turns, 1 mm Cu silvered.
e mmmt.cna. 12,5mmlong.
1.5Iums. 1 mm Cu silvered
6 mm int octe. 5 mm long.
Slum s. 1 mm Cu snvo.eo.
6 mm mt. ora. 15 mm long.
lapped 0,75 turns from co ld
end ,
as L 16, but no tap.
o.snno. 0,5 mm Cu. 5 mm
mt. dia
as L 16, but lapped in the
middle,
7lurns, 1 mm Cu silvered.
Gmm inl. dia.1 2.5 mm long.
Bturns, 1 mm Cu suvereo.
6 mm inl. dia . 10 mm long,

Ll1 . L12'

L23:

L 15,L 21,L 22:

Chokes'
L4,L7,L B. L l0: ferrite choke 3.31.H RM

10 mm (Siemens etc.)
temte cho ke 1,5 ...H RM
10 mm (S iemens etc.)

The winding sen se ot the cons may be see n from
the pho tographs, the object being to ch ose the
winding sense in orde r thil t the tap lead is as short
as pos sible.

L2Q:

L 16:

L 19:

L6

L 5:

L 13 '

L 9:

L 17:
L 18:

GaAs-MESFET S 3030
or S 3000 (older type)
(Texas Instruments)
P 8000 or P 8002 (H )
SF 900 (T.L) or SF 96 1,
SF 963 (Siemens)
LF 356 N (DIP) or
LF 356 H (TO - 99 ),

variou s mencreciorers
PIN-diodes BA 379
(Siem ens)
M 118 0r similal

ee-oooes
Hot-carrier-diode
ringmlxer
SRA-l H or SRA·3H or
TA K-1WH (Mini-circuitS)
Ceramic tube tnmrn cr
3 mm dia. 6 pF
Foil-trimmers. 7,5 mm
dia. 13 pF (yellow)
Foi l-tr imme r. 7,5 mm
era, 20 pF (green)
16 VDC , 5 mm lead
spac mq

All o lher caoecuoes ce ramic disc or multila yer

type
P 1: Preset polimeter tocxu

ncnz leads 10 15 mm

C 1, C3, C 4,C7, C 8:

Electfolyl'c 22 f' F:

c a. t r . 12, 13, 14, 15:

5.
COIL DATA

0 3,0 4'

0 1, 0 2:

T 2. T 4:
T3 :

4.
SPECIAL COMPONENTS

L 1:

L 2:

7.5IuffiS. 1 mm Cu suvoreo.
13 mm tnt. d ia. 2Q mm long
lapped for pt. lone turn from
cold end . tappe d lor FET 4.5
turn s from cold end.
Ferrite bead or twin-holed
core (Siemens S 62152 - A B

6.
SETIING·UP AND TUNING

Alte r connecting the supply poten tial 15 V DC to
ct. 3, pt. 4. pI. 5 and pt. 12, the work,ng points of
the trans istors are cheeked . This is done on T 1
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and T 3 by checking the source potentials to
grou nd. T 1 . Vs = 8 V :t O,SV, T3 . Vs = 2.7 V/ ~

05V1- 1 V. largedeviationsfromthese loleran ­
ces rocate a oerect ve dev ice The current
thr ough T 2 must be measured from pt. 4 and the
vo.taqa across R 3 checks T 4, With a suitable
chclse o' source ressio rs A 1 and R 2 (sta rt w ith
10 Il) the drain cur rent is adjus ted to 60 mA (tole­
raocc z 10 mAl , If a cur rent ot less than 50 mA
f1owswilhAs ""0, irenthe uansetor snould be re­
placed . The PIN-d iode control current supply ci r­
cu it show n in fig . 3 is cor-r-ected between pt. 6
and pt. 7 and the pre-amplifier mod ule is ccnnec­
ted m front on any ava-lable 2 m receiver, C 3. C 4
and C 5 are then tuned for maximum noise
(roughly). C 1 is then tuned, to a (weak) 2 m signal
appl ied to the pre-amp input. for maximum de­
flec tor on lhe "S' meter . A signal generator .
which has been tuned to the image frequency
(127 MHz lor 9 MHz IF and 123 6 MHz tor 10,7
MHz IF) is then applied to the input and C 2 is
tcooo for maximum attenuation. Ii no signnl ge­
nera tor is avarlabie. just leave C 2 in its mid POSI'

non

The mrxermodule is aligned by connecting pt 1t
w:th the outpu t 01 the local osci llator moou le and
wllh a 20 k! l / V vol tmeter connected to the D 3 /
D 4 (+ Ve toD3 cathooe. - ve tcu -tanccej. The
oscilla tor is tuned to its midband frequency and
the supply potential 15 V is connected to pt. 12.
C 11. C 12. C 13. C 14and C 15 are then tuned tor
ma ximal output. Some eorencn must be em­
ployed in tuning to attain a ma ximum out put. Th is
shou ld occur at greater than 4 V, Now tho leve l
regulator can be set up by connecting pt. 14 10 the
supply and pI 1310 pt. 14 of the OSCillator modu le
DK 1 OF 047 . Using P 1 the D 3 /D a output vol­
tage is adjusted to 2.8 V which occurs at a local
oscillator power ot 17 dBm (50 mW). This power
should not vary when the VFO is tuned acro ss HIe
band. The control voltage at pt. 13 rises to 6 V at
tl)e band edges and dips 10 about 3 V atthe rmc­
bard. Its exact cha racteri stic is influenced by the
three stage filler (C 11. C 12, C t a toqeuier wen
the coupling L 16 to L 17).

After the pre-amphber and the IF module have
been connected to the mixer modu le the second
helical lilter is tuned by C 7 and C 8 lor maximum
signal level. Ttus corcnrcee the front-end adjust-

ment tor the time being anyway. A fine tuning will
be undertaken at a later stage when the modules
are in position in the com pleted receiver and with
their covers tilted. For me ad jUslment 01 a Iia l
cha racterist ic across the band - the helica l filter
dete rmines trus- th e spectrum trom a frequency
cal ibrator can be used (harrnomc-rch 100 kHz
calibrator ) ,The adjustment 01the input circuitl 1,
C 1 is be st done wit h the aid of a weak input signal
(sig. gen. or Iransponder). Tune tor test signal 10
nois e rene.

7.
MEASUREMENT DATA

7.1. Noi se Fi gure

Test Equipment: Noise Figure Meter HP 8970 A,
with Noise-Soulce HP 346 A
Pre-amp. alone : F = 0.75 dB (at lull gain . switch
in l ig . 3 in pos 1)
Complete trent-end
Switch pas, 1 F =1 .1dB
Switch pos.2 F "" 2.5 dB
Switch pas, 3 F "" 6 5 dB
(all measurements made wilh mixcr looking into
anN F ot 3.5 dB)

7.2. Gain

Test Equipment: Sy nthes izer SMS , Vector Analy­
ser ZPV (both A & S)

switch pre- amp. com plete

positron alone trent-end

1 + 27d8 + 18 dB

2 ... 17 dB - 80B

3 • ?dB - 2 dB

7.3. Select i vit y

'r est Equipme nt: Spectrum ·Analyser HP 141 T
with p1ug·in 8554 B (VHF I UHF) and 8552 B (IF)
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Fig . 9:
Front-end Input f requency characteristicI

OK1 Of

160 lotH; -eo" 0
,--

100 . 120

,,', I I ' ! IT

/t l+tl~
'00 ;14 \ ;Ti 1-~\

I-H -h- 120

- 60

_ 20

Image rejecuoo : 105 dB
432 MHz rejection: > 120 d6

and tracking generator HP 8444 A and SMS +
ZPV for values < - 80 dB,

The given data applies to tho complete Iront-end.
See also f ig. 9

osc nator radiation from anteona inpul SOCket:
- 9-1 dBm wllh modu le installed in receiver with
covers on.

IP ", - 2 dBm
IP ", - l dBrn
IP ", + 2 cBm

7.4. lntermo dulation

Test-Equipment: 2 Sythesizer SMS. Powor ccm­
biner ZSC 2 - 1 (Mel ). Spectrum Analyser HP
141 T WIth 8553 6 (HF) and 8552 B (IF), swecneo
attenuator type 3023 (Weinsche l).
Generator treque ncies : 144.2 and 144.3 MHz,
each - 10 dBm .
Mixer with DK 1 OF 046 ! 047 but WIthout pre­
amp. 3rd order \P '" 23 d6m
Complete trent-end:
switch cos. 1·
switch pos. 2:
switch pes . 3:

The method of measurement is disdussed ex­
hausl lvely in (tI).

2 MHz
35 MHz

10 MHz
26 MHz

1 dB bandwidlh:
3 dB bandwidth:

20 dB bandwidth:
60 oa l).1ndwldth:

Fig , 10:
Suggested tes t sel-up for
bloeking chock
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7.5, Blocking (Gain compression)

Mode: FM. BW : 15 kHl:. le st set-up as in lig . 10.
switch pes. 1.

The s'gnal noise of II wanted input signal is re·
duced ' rom 10 dB to 0 dB when an mtertcrence
signal. 100 kHz removed, reaches a power of
- 11 ogm. The dynamic range can thus be calcu­
lated:

Noise 1100r of hyo erthetrcal receiver of
NF = 0 dB and bandwidth 1 Hz = - 174 dBm

Noise lloor 01subjec t front-end with
NF " 1 dR and bandwdtn 15 kHz = - 13 \ dBm

Signal input tor 10 dB signal:
norse ranc - 121 dBm

Interference signa lmput tor 10 dB block ing (i. e
ga,n compress>on) - 11 dBm

Dynarr uc range lor 10 dB blocking
", (- t l dB) ( ~12 I dB ) = 11 0 dB

7.6. Power requir ements

A 15 VDC eteoneeo supply is reqUIred tor this
lront-cnd. capable 01delivering appro ~ . 210 lOA,

8.
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Jocnen Jfrmann, DB 1 NV and Friedrich Krug, OJ 3 RV

A Microcomputer-System for
Radio Amateurs

Many readers will alrea dy be asking : "W hat' s
this then, a computer system speciall y fo r
amateur use? Surely , commercial home-co m­
puters are so chea p that it' s not wo rt h the
troub le bu ild ing one".

Those, who helve busied themselves with these
things, will know that home camp' -ers have anti­
quated circuit concepts and have been pared
down in order to make them as cheaply as pos­
sible, Also customer-speci fied inteoratec circuits
are employed whose inner workings are, to some
extent, a mystery. In order that the marer ac­
turers' (expens ive) peripheral equipment and
cables are also sold, together with the computer,
the connections arc mado as incomprehensible
as possible Difficulties always occurwhen 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 unlucky,
cost over hall the price at the computer itself.
Added to that comes the cost at additional books
- a lew hundred marks perhaps - in order that
both the hardware and the software can be used
advantageously tcqemer Jmormaton which is
actually more appropriate in the computer's
handbook.
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Standard interfaces, such <IS the Centronics prin­
ter interlace, a serial V 24 connection, standard­
ised drive system connections or a IEC- bus­
interlace could have made further extensions to
Ihe system much easier. A direct access to the
processor bus is also des irable for experimental
purposes. Unfortunately. it is not possible to l ind
all til e above mentioned connections on prop­
rietry computer (the "S eria l lEG- Bus" proclai­
med by one manufacturer is more a data brake'
owing to an unbelievably slow information rate
and is not suuatno for serious lISC)

The data given about store capacity in home
computers elisa must be taken with a pinch of sa't
because most of this is utilised Immediately by the
storage requirements of keyboard buffers, picture
and qraphrc disp lays. A further sad chapler con­
cern s the radio suppression measures which are
dimensioned tor the minimum consumer de­
mands and the electronics packed into an un­
screened plastic case making the use 0' any
nearby sensitive receiver impossible

These are all good reasons fo r consider ing
the co nstruction 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
controls picture reproduction. Some of the single­
board computers , propagated in a few magaz i­
nes, are neither sure-fire of reproduce or capable
Of modification and aoaptron even if they have
been successlully buill . They are usually de­
signed on a Euro-format printed circuit board and
contain terminal and floppy controllers, the board
being stackoc with les, perhaps under a 40 leg­
ged IC a few 14 / 16 legged -ooonos' will be hid­
ing, or maybe the store elements are stacked in a
tower and soldered to one-another.

It is much better that th e computer has a com­
partmentalized system in whi ch each module
has a clearly defined role and transfer plane,
and processed by a separate micro-proces­
sor. The operating system woutd use the uni­
versal Dig ital Research CP / M which allows an
unproblematical software exchange between
the hardware of various computers. The
microcomputer-system developed by the
university of Erl angen I NOrnberg is based on
t he Z 80 processor. The whole circuit has been
planned so that it operates w it h 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 equivalenl NMOS stores but
posses the advantage of being uncritical in Iheir
use Addil ionally, the store contents can be pre­
served with a small accumulator during times
when the computer is shut-down.
The individual circuit elements are lille d 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 cons ists 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 I transponders control).

It contains besides the Z 80-CPU two serial V 24·
interfaces, a paralle l 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 monitor program for the deve­
lopment ot a simple machine program and tor 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
interlace of the compute r and can of course, he
driven separa tely from the computer (serial data
transmission).

This card contains a further Z 80 - CPU, a video
contro ller Me 6845, a parallel keybo ard input
(Z 80 - PIO) and a serial computer interlace . In
this terminal it was Ihe intention to rorqot every­
thing which was not absolutely necessary (many
manutacturos put anyth ing in, merely 10 utilise 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
a 9 x 14 field - a doubling at the picture elements
01 Ihe usual 5 x 7 or 5 x 8 matrixes. Also, three dis­
play formats can be chosen by means uf selector
plugs; a 80 x 24 symbol format with an increased
line-Irequency (18 kHz) and two television stand­
ard formals with 64 x 16 symbols (tor 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
poss ible use of this card as an autonomous RTTY
terminal. With the two cards already described, it
is already possib le to built a computer. If compre­
hensive mass storage and more RAM range (a
further 40 K) is required, the following "store I
floppy disc card" is required.

The store I 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
RAMs but the construction of the card is much
easier owing to thei r 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
facili ty 10 be "re-activated" in order thaI all the
capa citive store elements may prese rve the ir in­
formation charges . Prov isions must be made
when using this type of store, to supply it trom an ­
other source during shut-down if the store con ­
tents are required to be preserved In amateur
ope rat ions the processor may have 10 be swit­
ched off, for e_amp le, In ord er that the weakest
radio signals are oct dro wned in computer hash.

Th e uoppy-disc controller card uses me w estern
Digital WD 2793 , a sing le-chip controller pos­
ses sing a built-in analog PU data separator. li s
employment avoids ee use of hal f lh e thirty or so
ch ips usually used for this purpose and thereby
utilising the card space more etle ctively .

AI1 1he popular 8 and 5 If, inch drives can bel con­
nected ns well as compatible 3 'h inch dr ives.

With the tloppy-disc card the calculator is fully
utilised as a CP I M computer with a 64 kByle
RAM . a ceoncoceprinter interface and a serial
V 24 inte rlace e. g , lor com puter to computer
linking.

There are sllli a lew additional cards in the lest
ph ase in which many users could hnd an interest:

a) A 1 ~S::-Bus card

Th is module contains the NEC 72 xx and
en ables HIe connect ion ot test equipment.
printers Of ether per ipheral appa ratus having
an IEC I IEEE 488 I HP interface bus . Three
SOGkC1S arc prov ided on the PCB for 8 kByl e
EPROMs which can contain the IEC-bus con ­
trol software.

b) A univer$" t EPRO M card

All the popular EPRO Ms up to 16 «Byte s can
be programmed with this ca rd and two ":8 10 '

force sockets are prov ided for a readable and
programmatl lo EPRO M,

c) A ROM so f tware card

11the re-Ioading of extensive progra ms from the
dlskene is 10 be avoided and i1 the floppy-disc is
not convenient, the ROM In the softwa re card
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can accoeocete 64 kByte in eigh t 8 kByte
EPRO Ms, This card uses the lop 8 K ot the
store leaving only 56 kBytes RAM lor the user's
disposa l By means 01a control circuit. the top
6 K can be gate d by any selec ted 8 kByte
EPRO M which can be read-ot t Many reade rs
Will be asking themse lves: "Where is t"e ter·
mlnal card devoted to the representation of
graphics?·' A Thomson-CSF graph ic proces­
sor, me EF 9366 i 67 is available. butu s alpha­
numonca r presenta tion would satrsw only
modcst demands. The authors have therefore
decided that a purely qrapruccard with a furthe r
processor arid a 64 kB yte oynarmc picture
store shou td be developed to woril in pa raltel
w,th lhe etph a-nurnenc card, The reso lution
amou nts to 720 x 320 pixels and the graphic
video signal IS mapped with the norma l alp ha­
numeric video . The necessary synchronisation
and strobing signals Will be taken from the
alpha card.

Power suppli es

In ord er to make the com puter work. a SUItable
power supply is necessary , A power supply 'las
been dovelooec wh ich ts cecauie or supplying the
computer toqetbc r w ith two ~ 'I. inch drives and a
mono chrome monitor It de livers 5 V ; 7 A. 12 V I
3 A (6 A peak) and 12 V I O, 1 Afol thcV 24

mrertace.

Perncurar attention was paid to tno rfi suppression
in order that hash does not find Its way Into a
neighbo uring receiver neither by direct -actanon
nor by be ing fed from the computer 'li a the rnams
The radio tran smitter should not be allowed to
throw the computer into disarray, A further spe­
ciatity is thaI atl Slgnats in the computer are deri­
ved from a 16 MHz synchrOniZing genera tor. It is
then possi ble to trec uencv-tock nus With a radio
time signal DC F 77 etc , which is a nec essa ry con­
dition for a coherent t ransmi ss ion mode. Th e mo­
dules DJ3RV 006 ,.,.. 00 7 can be regarded as
being the first pe ripherals of the ama teur com ­
put er introduced by th is article

· It is inlended to give a short descnpncn at the
com puter sub-uni ts in the follo wing edi tions of
VHF-CO MMUNIC ATIONS.
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MATERIAL PRICE LIST OF EQUIPMENT

des cribed In ed ition 4 165 of VHF COMMUNICATIONS

OK 10F

rc-ooa-o
PC·board

Components

Kit

OJ 1 EE

PC-board

PC-boald

Crystal

Kit

OB 1 NV

Pc-bcero

Two-Met re Receiver Fron t-End

OK 1OF 048 double -sided, thro ' plated

OK t OF 049 double-sided , thlo' plated

OK10F 048 / 049 4 FETs.1 FET-Op Amp

2 PIN diodes, 2 ae-oeoc s.
t ringmixer SRA _ t H Of

TAK - 1 WH , 5 ceram ic and

7 1oiltrimmers, 1 tantalum,

13 FIT caps. 9 ce ram ic

discs and 25 ceramic de­

coup ceps.. silvered wile ,

t lemle bead , 7 chokes.

I pro-set and 32 resis tors

OK 1 OF 048 1049 complete with all above

part s

sse Min i·Ttansvert er 144 11296 MHz

OJ I EE 00 5 double-sided, not bored,

silvered, without comp

plan

OJ I EE 005 to vensetore. a ccoes.
2 PIN diodes. 4 HI C diodes.

1 microwave trimme r, i 3 loil

trimmers, 6 chip and 25 disc

Ft T caps., 1 tant anc 1

erect. 4 F IT and 29 ceram ic

capacitors, 1 pre-set and

3-1 resistors . t twin-hole

bead , 3 sorts 01wire, 10 mini

chokes, 1 m lellon coax.

cable, 1 relay, t l in-plate box,

2 BNG single-hole sockets

96,000 MH z HG - 43/ U

OJ 1 EE 005 complete with all above

parts

12 v -ucene SWitched-Mod e-Power -Supp ly

DB t NV 002 single-sided, drilled , wilh

camp. pian

Art ,Nr.

6935
6936

6937

6938

6939

6940

6224

6941

6932

Ed. 4 / 1985

OM 29.­
OM 36 .-

OM 268,-

OM 325.-

Ed . 4 /1 985

OM 25. -

OM 459.­

OM 26,-

OM 490 .­

Ed. 2 +3185

OM 83 .-
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Under Development: Interface slave 10
FUlly-automatic antenna tracking system for satell ite communication

uc-_rechn1k.

fo r the satellite -rotor-systems

KR 5400

KR5600

o '"an Res " t

Stock-No. 1001 OM 590.-

This interlace, logeltler with a perso nal coo-cuter and KR 5000 series comrot system, enables the exact
positioning 01 U18 antenna to be carried oul The pos itioning pre-set dat a ill provided in ASCII·cod e from
the serial interlace.

During both horizontal and vertical rotanoos. lhe aclua l antenna posili on can be inlarrogated as all en as
desi red. Apart 110mlhe commands "pre-set pos ition" and " inlerrog ale position" U-Ic inl erface proc esses
11 seri es of lurtl1ll1'co mmands such as, left , righ I , slop.

The resolu tion of the tw in-ch annel A / 0 conv erter amounts 10 10 bit This, converted, results in a setti ng
accurac y of 0.35" ho rizonta l and 0, 18" vertical . E xisting control-boxes c an be su itab ly modruod.

Which Volumes of VHF COMMUNICATIONS are missing from your library?
As you know, Ihs publishe"! continue to reprint bad< coores o! VHF COMMUN ICATIONS. Sin ce they arc ful l
technical artICles and little news or advertising, they contain a gr e <ll deal o! rl<:m-agalo Informatl<1 o that IS just as
valid lOday. lola,.", 01 our read&fs "'i ll al8<J h.iJve lent out copies 01 VHF COMMUNICATIONS and _ receivOO
lhem eeecAll &<Illions available can be oblained t,om YO'" ,eprese lll alive or tram lhe publ ishers

Subscr ip lion to VHF COMMUNICATIONS 198 5:1986 ._ ••_.•,•••••••••••••••..._ _ _ eac h OM 24.00
VHF COMMUNICATIQNS -VollJme 1983i l 9a4 . " .. aAm OM 22,00
VH~ COM MUNICAT IONS - Volume 1981/1982 . " cnch DM 20m
VH~ COMMUNICATIONS - Volume ! 979/1980 "" " " "" ,............................ ' " cncrt DM 18J){)
VHr:COMMUNICATIONS Vulum1l1976,1977. and t 978 . , aoch DM 16.00
VHF COMMUNICATlONS - Vulume 1975 ..__ . OM 14.00

VHF COtJIMUNICATlONS - lndMdual<Xlpies198!i11986 .... ... COChOU 7.00
V1-<F COMMUNICATlONS · IndivK:lual~es 198311984 .. . eIlChDM6,50
VHF COM MUNICATIONS - lnd1'11dual cop< es 198 111982 .. . each OM 5 50
VHF COMMUNICATIONS ~ Indiw jual copies 197911 980 . "" " " eAch DM 4,50
VHF COMMUNICATIONS ~ Individual copies 1975,1976,1977 ,1978 , DM 1.00

... &IIch DM 3.00
........... edch OM 300

.." ... OM 47.00
[)M 48.00

. " ." " DM S{lOO

. __ OM 52.00
. _ OM 56 .00

. OM 59.00
. "" ", DM 62.00

" .."" " " " ,,,, "" " , OM 68.00
OM 72.00

................ ....................... , OM 8.00

IndividlJa'l copies OUI ot eki,,, . incomplele V<1lurnes. as long as sklr:k lAsts;
1/1910. 211970. Z' I 971. 1/19 /2, 211972, 411972 , .
m 973, 4i I 973. 1/1974.211914,311974

VHF COMMUNICATIONS - Diseount pri ce fo r any 3 vo lumes Inc lud ing 1 bindur:
VHF COMMUNICATIONS -VOlurl'lCS197!>- 1977 ..... ...
VHF COMMUNICAl IONS - Volumes 1976 ~ 1918 .
VHF CQMMUNICATIONS - VoIumsl; 1977 - 1979 , "" " ,." .... . " ..
Vt-lF COMMUNICATIQNS-VoIumes 1978 -1 960 ", _ ,•.•••••
VHF COMMUNICATIONS - Volumes 1979 - 1981 _. ...••.•
VHF COMMUNICATIONS - Volumes 1980 - 1982 .
VHF COMMUNICATlO NS - Volumes 1961 - 1983 .
VHF COMMUNICATIONS - Volumes 1982 - 1964 .......
VHF COMMUNI CATIONS - VOlurl'lCS 1983 - 19115

Plastic binder!or 3 volumes , "

Al l priQe$ induding surfac 1.

k ~JNW!berichte Toe" D. B;t1ao ·" '''I' 14 · Po,"'" 80 . D 8523 B, ;."dort
Tel. W es1Ge rm any 9 133-855. For Representatives se e co ver pa ge 2



Space and Astronomical Slides

' ~. ->-

Informative and Impressive
VHF COM MUNICATIONS no..... OHef S sets ot pha'"
taste slide s made during the Gemlnl,ApolIO,Mariner
and Voyager miss ions. as we ll as slides from leading
observator ies . These ale standard size 5 em K 5 em
sl ides which are trarnod and anno tated .
Prices plus OM 3,00 for post and ~m:k ir1! 1

Sets of 5 NASA-slides OM 8.50 per set
Set 8103 Apo llo 11 Earth and Moon
Sli t 8104 Apollo 11. Man rrlthe Moon
Set 8105 Apollo 9 and 10: Moon R f:l ~ ' lI"H Slll
Set 8106 FromCaliforniato c apcansvorm
SeI At O] Apollo l ? : Moon Revi.<;ltoo
$c18108 Gemini l::arlh Views
Sot e l 09 Apo11015 ' Ilovi tlg Hadloy R.lle
$018 110 Apol lo 16: jnto tnc HICJh l>lIl11s
$e18111 ApoI10 1! : l ast voyage h,l lh",mOOfl
Set 811 2 Apollo 17: last Moo nWalks
Scl!l1 13 Mariner 10: M" ..:..'u ry and Venus

5e18141 »j upiter encount ered« 20 slides 01VOYAGER 1 & 2 OM 35.00
1 AIpoler and 3 sa\ell~es 2 . The y;'''u pl.." ", J Jop'ler. 10andL~ 4 .n,e Ro.-'f1 'S\lOI ~ Tho Bed spot in d"l;oil 6 100
sWirl'ng elouds 7. 10and ••wtol" ".."I 8 . ThonclQhbooohood o'!h<> ROO SI'" I \I The ""9s of Jupol... 10 TI~' G..UlleM sal<'li­
lo's 11 A",.. ln~", I? CaUoslo 13, I"'I~"'I 1.... 1,, " . , ~. Callisl" 11 ('rup~o" "" 10 1~, . ~' lu' ,lise 16. Lu'opa ck"", 'up
11. F"«jJla dosk,,,1"''''''' HI. tiar>ym<d"*' ''''''.' 1\1 Ad"I" nl Ganymede 20. TIM' I"Y~,n sy!;lom

Set 8100 »Saturn encountared «, 20 VOYAGER- 1 slides OM 35.00
I S al" rn a,ld Gol ils ""o",,, ? R" tlJ,,,I ,,,,,, 11 """ m tles 3 . Sal"", lror1l8 miornilcs 4.$ al" rn llO'" 1", iu ""k' , 5.$ at" "" ",1
' ing . 1'0 '" flIlO.OOO rrlik ,~ b S" lu' " s Ht"d l\jX11 7. Ck,,,d b" II' i" ,ld " ,1 B. Oi"". aU" i", ,1 R" I"' '' l) {~me C"'''' ~ ' P 10
Ril"" 11 C'"1c"",,f Hilca 12 , r l l~ " 1:1, Til" ,,' s I"';" I"">d 1 4. l l u qe c ,a1f" ' ", M i rn ,,~ 15 0 Iher .ltm oI Mi,,,,, , 16 Ap-
proact"nqthc " rYJ s 17. Un<1" , U''' ' ' 'II'; II! R<'~,w l"" ' lnq s 19 " lJ ra i d ~d" F , i ,,'l 20 . I Rp"'I"'~ ,

Set 8148 ,>VOYAGER 2 at satum «, 20 VOYAGER-2 slides OM 35.00
I. VOYAGER 2 ;'11" " .:1"" ? Cioudll ll. rin"" 3. $1"' '' '' Po. , ,, lcl l,t,,,, 4. Cyck>lx,", "lx >l~ 1\ J('I strea ms !;. ("'..m,vcct 've
" "Ikn> 6. A lmr."~l il ln" o,"turtmlte 7, n ' kJS'" , I"" • •w·, e The -C· ""J 9. n "" l <ll'twls 10, lila _A, ''' WI 11 Looking
l>a<;\( oo Satu", 12. lila" ";glll ~"l" 1 ~ T,la n - ~,""""phe r it w noo 14: Tlx, . F.. ri"9 15. ' IYlM~ ;"" doo.o UP. . 16. I"lw",~,
", ,, ea ied 17. Encel aoos e ' rk",x! 18 11'10 lel1'11'S carlYon 19. TI", · F.. ""'I ",lIct"..~ ;>0. W,It"" ' hl' I nke dlvis,on

Set 8102 »The Solar SY9tem~ , 20 NASA-'JPL slides OM 35,00
1 Solar Sysle m ;> formm",n 0I1he Pla"m H 3. TIM' !',,,,, 4 Mercury 5 Cr"""'~,1 Venus I> C loud~ol V,~,,,s 7 larth
8 f ull Moo n 9. Mars 10 . Mdr~; OIyrn(llr; Mon~ 1\ Mars ' Grafld C<lny"n 17 Ma rs . $I fl1JOU8 ('.. ~".....~ 13 . I'hobo"
14. J"piltlr wilh MtXXlS l!, . J"IXll'f n ee spot 16.l>alu'" 17. full"'" Ri"gs 18. Ur'''' 'sanc!Nr'Plune 19 I' lulu ?O Comet
Ikcya ·Sr>Iu.

$et 8149 »The Sun in actio n" , 20 NA SAIJPL sli des OM 35.00
1 SunrtU"lIghl 2. TotalSol"' ed'l', n J O"I'~ OOrOn" ~ Corooa lrom S MM""ldl,l" 5 .CorooA Ck.... .....p ;; Sol"'",,,rl""
1"\1' ''''' '. Ach""rogon"si,, ~ .rad,al""" 8,X~A~cor<l"J, ~ .An."""lholc 1O . Solar l~"" 1 1 AclweSun 1 ?,Ff"P~"" PO()­

m01l'flCC 13 G"'qant" an prom"",.", 14. F",pl'''' ' 1"""""'.'flCC 15. 11uge :;;ol;lf f)xplosoon Itl f'f(W'"M~''''' ,n ac~oo l'
Sun ,n ac~"" 18 . Mag""t~' li"ld k~s lQ f'fom",~ dose -up 20. Cru< ~"()sphenc spray

Set 8144 »Space ehuttte-, 12 f irst-fligh t slides OM 24.00
I 8 T$ 1 IM''' ds "" ft 2, V'cw lrom lI'A~ 'W'" 3, Tow," <01 ,,,,, 4. (auocil protil e 5. r"yl"" d bay open 6, RTS con n,,1Hou.
, to" 7 In orbit. earth seen lhrotRJ h II'" wi,,,j,, ws H. Roo C,ippen tn mid-deck ~ . .Iulln YOling 10. Al1"o ac hlng 10000,hdo wn
I I Allar 54.5 h("Ji~ in '1'~CO CoI"rntl iR ret",n ~ 10 l aolh 12.A", l(~lJ LJ I" Crippe n aoo Yc.Jrl!l '''''''''1 '' l,lturt hA~""r,,,,,"lu l rnissin"

Set 8150 »Stars and Galax ius.., 30 astra co lor slides. AAT 1977-1982, OM 46.00
1 TI,. Anglo·!\" "t,a l.an ~. ~ rn TlliR....opfI (AA1>? A~ 1 llom<> 1 T~lescope C",*o l Con" o e 4 AnO~'N.N Al th . p""", ~"" ..s 5 Sta , T,a ,l.
,n ''''' 51'1£ O ,c","~a, St", T,,,, . 1 . r~",,,.u',>s /I . N("..c5 ' ;>B a 1f><' Sp ,.}IG" l a, ,' M8J{NGC ~2:#;> <j. 1 ~~ 1 19C~,~",. N''1JlJ la 10 A" O\J"n
CluSl'" 0/ Sla" NGC3293 1' .... I'~'~""'y Nr ~,_a NGC6J()} 12 ,,"" Tr;ho Net>tJla "' 2IJINGCft514 ) 13 1r.,:, C,"", N,'I',,""~ S M<mocmo·
I" and liG Cn64 '~. n-." HeI.. N""ul.1 ,NllC7791 16./l VIl <>lI·Ra.,.." Slat '0 NGC2Ju.l 1'I.A Spl'~1 n"'a ,y NGC29!l l 18lks,"" 'E
INGCli6 1' ) 19 r .... 0,.", Nebu '" :!OOu.1 ;Of\ll Ga~ .n SaqIl..""".NGC651l9 ·9(l 11 "KiC6 1 b4'-~ . 1"" Ne tM_OSo'y ............ HD' 4ll93 1
22.OU" C100dard Ope" C....W NOC&~20 23 T"" Sj.>,~1 ""'''' .y NGC253 24.A ",,,, . ·l o",, s...r, 1C222'O :>5 . 1 ~e Je.-wtol Bo. NGC-47 55
25.lOC<Jl GrouDr.a",.y N("~21 e."-.,,.I Flty"",~ ot N~I 211 211 T""''''d'''''' Gal"""" C~"ne:l9 r .... Tfapelium 30 The Tn'ol5t~'"

k ~m:i1iberichte TN'Y 0 B;llan · Jahns' . 14 . Postl ach 80 · 0-8523 Ba;effidorl
Tel. West Germany 9133-855. For Representatives see cover page 2



You should know
what's behind our sign

We are the only European
manufac tuI ers of these

Miniature TCXO's
ceo 102, ceo 103,
ceo 104, ceo 152
modulable table

higher st"b ility than a
q uartz crystal:
te ss tha n ±:I ppm a VOT

the tomporet uro range
- 30 to ! 6OCC, (types B)
low agein9 rule :
less than 1ppm per
year .
wi de frequency range:
10 Mil? to 80MHz
low su p ply voltage ;
+5 V
low curre nt ccns umpnon
J rnA max, (series ceo lOLl)
small outlines: ceo 104 '- 2,6ems,ceo lOUISZ .". 3,3cma,

ceo 103 ~ 4,0 em-
widespread applicatio ns o.q. as channel elements or roforo nco

oscrna tcrs in UHf ra dios (4[,(J finn 000 Mil ? range)

OUI R+ D engineers are
.cons tantly working with
new technology to
develop new products ,
W e can offer tec hnical
advice for your new
projects or manufacture
against your speci fication.

Quartz crystal units in
the frequency range
from 800 kH z to 360
MHz Microprocessol'
oscillators ITCXO 's ,
VCXO's.., O CXO's )
crystal co rnpone n ts
acconiiDg 10 c ustom e r's
specifications

ce o '02 I
eeo '03 ceo 104

~ I " I
, , I " I

,
" I ' I r

10 _, (<;; M'l' ~ ,. _a>lMt!, 1I' - i<J'ifl'
~, -soe i sc-c :;O'n . ecc .'lO '" .~

I

wou. ~ mA ....~ "; ...~ m•• '~ m ~ CC
..- U3 - . av ...'."' . _&v ~' UJ -~~ V ,.,,,,
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. . .Your preci se and reliable source
TELE-{)::ARZG~ JjH lJ-6SN Nec .<arbi . chof.hQl1u2

'j'elefo~ 0 72 68/10 03 Tel e x 162:'069 tq " . 'l'" k f. x 0'l268/ H3 5


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068

