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Delle/ Burchard. Box 14416, Nairobi, Kenya

Doppler Direction Finder with

Improved Characteristics •

Starting in the late 197()s in the USAand
the early 19NOs in Ger many, ideas were
puh lished for a simple direction find in~

system using the Doppler principle,
which looked affordable by a mateurs .
As examples we ca n lake th e wor k of
ROj!;crs (3) and Zopp (4). In the l iSA
ind eed correspondi ng lirms were cstab
hshed- for exa mp le Doppler Systems (6)
• wh ich produ ced directio n finding sys
tems of this kind for their special drcle
III' customers. Somew hat previously
manufacturers of RF apparatu s had
aln 'ad)' sta rted to usc the Hoppler
system commercia lly for direction fin d
ing, fur example the BendixCorpora tion
in t he l:SA and Rohde & Schwarz in
Ger ma ny.

I first became interested in these system in
19H6 because they co uld he employed
successfu lly in wild life resea rch. Price in
this connect ion is ex tremely important,
because research into biology or ethology
doe sn't attract defence sec tor-ty pe budg

c ts!

So we were looking for a low cos t so lution ,
closer to the ama teur kind than a high-end
product. Famili arity w ith amateur hard
ware revealed so ma ny inadequacies in this
apparatus that it seemed worthwhi le study
ing the bas ic principles and developing a
new concept. Mea nwhile a new system of
wild animal study was rea dy to put into
service; details can be read in referen ce
(1). The sys tem is not imme diately suitable
for usc in the amateur f ield. All the same,
the prin ciples used arc identical so the
followin g arc some sugges t ions wh ich
could lead to an amateur Doppler direct ion
finder which works wel l with high accu

racy.

The details fo llowing assu me that the
reader has a basic understanding of how
Dopp ler d irect ion finding works and has
perhaps read the pub l icat ions of Rogers (3)
and Zopp (4) or has even bu ill a Dopple r of
this kind. Here l w ill restrict myse lf to
questions hand led roo briefly in the named
publications and tha t are crit ica l to goo d
opcraricn. So we ' ll be dismissin g the

2
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frequently cited theory of the rotating
dipole and present ing what really goes on;
we 'll report on the nasty habits of comm u
tarors and indicate a better method; finally
mentioning: the requirements placed on the
IF amplifier and oscillator of the receiver
as well as the filtering of the Doppler
signal following demodulation. Phys ics
and mathematics canner be kept out of this
ent irely : some figures will give a clue to

the orders of magnitude to he expecte d.

l.
TilE ROTATING Im 'OL E

In figu re 1 a dipole is sketched, whose long
axis is in line with the E-plane of an
oncom ing wave (vertical to the page in this
illustrat ion) . In the If-plane it rotates
around a central point Z. The radius of the
circle of rota tion is given as a mu ltiple p of
the wavelength. Equivalent or similar
drawings are also found in Rogers (3) and
Zopp (4) to illustrate that the speed
relationship between dipole and wave on
the left-hand side (a = 0) is smaller and on

Fig.I:
The convent ional but
technically incorrect
dcv iation uf th e Dop pler
effect frum tn e ro tat ion
of a dipole in a
homegcnous
elect rnmagnctic field

the right-hand side (0:' = 1t) than with it

dipole at rest or ill the uppe r or lower
position (u = rr/2; :l1f/2) . Simple consid
oration brings LIS to the res ulting Dop pler
frequency devia tion

2 ,~ R n · F
!\F = ± - - - - - = ± ? tt P n (1)

o

The form of this deviation is a sine wave,
requiring uo further explanation. Had we
been concerned with waves that prop agate
themselves relatively slow ly, c.g. sound
waves • with which Chr istian Doppler
( l R03- IR53) made the d iscover that is
named alter him - then there would be
nothing more to say. Bur we are working
with electromagnetic waves which propa
gate at the speed of light. And for th is the
" principle of the constancy of rbc spee d of
light" is valid, as discovere d by Albert
Einstein (lS79- 195.'i). Even if you don't
remember much of the theory of relativity
from your schoo ldays, the ru le that you
cannot exceed the speed of light may stand
out still. Yet that' s wha t we have assumed
in Fig.1 by taking a = .3 rrI2.

The correct eva luation can be soug ht
following the ru les of relativity set out by

3



VHF COMMUNICATIONS 1193c+- - - - - - - - - - ---'='''''''''= = =-'--'''''

Fig.2: The Doppler frequency uf a
nnating dipole

mls . There is also a transversa l Doppler
effect, which produces a frequency devia
tion in the upper and lower position of the
dipole of fig. L n tis component is so
small, however. that it can remain outside
our calculations.

Receiving dipoles set up at random in a
field where wa ves are passing will deliver
sine-wave voltages of a frequency F = c(A..

2,
TIlE SCANNED CIR CULAR
GROUP

Direction finding of the aznuuth 11p. of the
angle between the null direct ion (a = O)

and the direction of the oncoming wave is
found by measuring the time or the angle
of the null respectively reference poi nt
until the Doppler signal passes through
zero and becomes negative in value .
Developed systems of a simple kind
according to references (3). (4) and (li ) arc
certainly far removed from this model;
more complex systems such as Rohde &
Schwal7 (S) diffcr significantly too. Thi s is
because the rotating dipo le is replaced by a
circular group of antennas wh ich arc
scanned in rotation.

T his excursion into physics should ser ve to
find Ollt what form the Doppler signal
takes. We know now that it is a sine-wave
frequency modulation with the modul ation
frequency f =n and the frequency dcvia 
lion according to equation ( I) if the model
of fig. I is usable. An e xample should
make the mailer dearer. With II = 100117.
and p = {).5 &" = 31421Iz. Thi s function is
drawn in fig. 2.

t

!
s

n . 10CO
P =0:'>

6-- .....~

•

_~. i

l lcn rik Anroon Lorentz ( IR53-1928) in his
transformation, which demands a lengthy
demonstration which I'll do without here.
In any C<lSC, it comes to the same solution
as in equation ( I) apart from a correction
factor ,i(1-v2/c2). The correction factor is
in the realms of parts per million if one
assumes v in techn ica l reality around
lO3 mis, wh ilst thank s 10 natur e be ing in it

good mood, c amounts almost exactly to
3 . {()II m/s. Anyone possessing a ~)(;kC I

calculator with sufficient decimal places
can reach back 10 the measurements of
Albe rt Abraham Michelson (HI,53-1931)
and his students, who got 2.99778 lOR

- 1 !--
- / ~

i ( ,I. ' ;

°(fif~i
v -, 1

3

I ---', I' ,
Fig.3: Arrangement of eight antennas

in a circular group

4
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Fi~.4: Phase deviat ion (a) and
freq uency deviation (b) ora
circular group being scanned
by rapid swnc ning
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Fi~.5: Phase deviat ion (a) and
frequency dev iation (b) or a
circula r ~mup bein~ scanned
by unabrupl s,,·i lchin~.

and is illustrated in fig. 4b. Entirely
cxpccfcdly. it takes the form of needle
pulses of the greatest size and disappearing
widths (Dirac pulses). A discriminator for
eva luating frequency modulation of this
kind must beex tremely broadband, even in
the situation where an integrator is con
nected afterwards 10 maintain the stair
casc-formze curve. Comparing Fig.2 with
fig. 4a, an app roxim ate pha se shift of rrI2

set-up as described in (5) . If we se lec t p =
1/3. the phase deviation curve becomes "
stai rcase as in fig. 4a. This presupposes
that switching between the anten nas is as
fast as we want. which call be achieved
closely by using switching diodes such as
IlA244 fo r approx. IOns switching times.
The adva ntage of these d iodes is their
extraordinarily low insertion loss at 50
ohms - one achieves values below O.USdB.
TIle frequency deviation is the differential
quotientof the phase deviation

If we scan a number of them sequentially
110 kind of change in frequency can be
dete cted . All the same, there is a change of
phase generally occurs in the switch-over
interva l. If we lake two dipoles erected in
the di rect ion of radiation a multiple of the
wavelength apa rt. their output signal will
exhibit not only thc same frequency but
also the sa me phase. If we want to detect
phase relatio nships in an unambiguous
fashion, we must restrain 1hc separation
range of o ur antenna layout to less than a
waveleng th, which mea ns p<O.S. After
this, the behaviour of the scanned antenna
group changes fundamentally from that of
a single antenna moved around . It is
ques tionable whether the phenomena that
occur then can even becalled the Doppler
effect.

Fig.3 shows a circular group of eight
antennas. This figure was optima l for my
application and would also be no bad
choice for me radio ama teur. It is bette r
than a primitive system of four antennas
and far le ss trouble than a large-scale

1 d •
.c.F = - ·

211" ot (2)

5



VHF COMMUNICATIONS 1/93

Fi~.6 :

un . odu la t e d c a r rie r Spectrum of an idea l
Dop pler siJ.:nlll at"(orin~

M~ n 10 Fi2·2

(r ·- ----- ----'-"'-'''''''''= = =-''''''
IJI
1

05

appears between the !IF curve (If the
rotating dipole and the ~ curve of the
scanned circ ular group. If the same phe
nomenon is affecting both signals, Ihar is
exactly what we would expect from Ct.Jlla
l ion (2). To begin with, we cannot gel
anything from the &< curve of the scanned
circular group. The assumption is that the
sum of all the levels encompassed by the
Dirac pulses coincide with the levels
be low the curve of Fig.2. Hut <X • 0 call
eventually produce every value! If we
demodul ate with an ext remely broad FM
demodulator (using a dev iation meter with
a linear region of p lus or minus 500 k11z
fo r example) and afterw ards connect it

bandpass fihcr for the frequency of rota
tion, then in fact we can measure a
deviation of plus or minus 2llCKl HL or so,
which agrees with equation (l) and p = 1/3,
Is this a Doppler effec tthen?

times. Suppose we take PIN d iodes. as
used in all the instruments of (3), (4), (5)
and (6). The resulting curves for t:J.~ and t4I
are seen in Fig.S. The resulting signa l can
be proces sed in an broadband FM receiver
• no solution for the radio amateur.
A narrowband receiver would suppre ss
significant components of the resulting
spectrum, bringing in a red uction of and
distortion to the dev iation . 111e direc tion
finding result would be unsatisfa ctory and
depe ndent OIl the fortuitous position of
individual spectrallines in the throughpa ss
region and on the edges of the selectiv ity
curve because, and this holds for all H.t
channels, linear distortion at IF level
brings about non-linear disto rtion at audio
frequencies. Despite this. a kind of Dop
pler effect is produced, otherwise msiru
meats like (3), (4) and (6) would be totally
unable to work.

The M" curve from fig. 4h cannot be
handled with narrowband receivers, also it
is totally imposs ible to determ ine the point
of passing through zero into the negative
direction. The reason is the narrowness
and hei ght of the pulses, which must have
something to do with the switching time of
the switching diodes,

There is some benefit in slower switching

.1.
TilE DOPPLER SPECTRUM

It is easy to indicate the spectrum of an
ideal signal as in Fig.2. If UlC measure
meets ean be maintained in the same
relationship to the wavelength, then the
deviation of the Doppler frequency is

6
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Fig.7: Spect r um of the 'Doppler signa l' of the circu lar group scanned with a
1'1:\ diod e
a . X: 20kHz per d ivision. Der ivation time = 5 seconds. Rand width
a nalysed = I kHl':. Video filter 1 kHz
b. X: 2110 kill. per div ision . Deri vation time =5 seconds. Bandwidth
a nalysed = III kill. Video filte r 1 kH z
Y is IOdR per d tvlsion in bot h pict ures

depende nt only on the rotatio nal frequency
n. The modulation index resuhing is thus

r for the va lue of p shown in fi g. 2 equal to
1t. We arc dealing with broadband FM
( ~.f> 1) then for as long as P>1/2 1t =0.159.
Calculation of the tines of the spectrum is
carried out in the customary way with the
help of Bessel functions and is demon 
stra ted for M = 1t in Pig.6.

M = 2 . 1t. p (3)

Commonplace IF filters in amateur te
lephony receivers have a bandwidth of
plus/minus 6 kH7..TIle spectrumof Pig.6 is
valid as long as n does not exceed
1lXX) 117., leaving even I IJ ILill reserve for
misturung . This is only one I,..ritcrion for
the selection of n; we will mcc r others
later.

fo r the bes t resu lts the IF filter should he
optimised for flat tran sir time, for transit
time distortion can also lead to non- linear
distortion in the demod ulated Doppler

Fig.X:
r\.lixing two
genera tors with th e
same freq uency but
different phase

I
I l oad
I
I
I

I "-+-----J
JSClJlO
I J.,
I,

;oJl

neoeroto-en

c ", "
son

Ul/3
U1J2

", "

um
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OdB ~ e e 1 1brat 10.
son r--l 'iOn

"" b' .~OC o- 'rt
435MHlj ~ ~t' 'fo l t a ge

'0
c ue een t s ou r c e

within plus/minus 25 kHz. BO(h values are
suffic ient for establishing a close approxi
mation of the Doppler frequency deviation,
naturally better in the second case than in
the first. This explains the method of
operation of the instruments of (3), (4) and
(6).

In practice, the antenna group picks up a
quantity of other transmitters whose frc
qucncics 'can differ either a liule (e.g. 20
kl lz) or a lot (seve ral Ml lz) from the
frequency in question. All arc provided
with a spectrum as in Fig.7 by the PIN
diode commutator. Resulting sidel ines will
fall within the channel under investigation
and will produce interference. The re
ceiver. which previously e xhibited 8(k1B
selectivity against neighbouring channels,
now shows only IKdB (f ig7a). Strong

,
-;.

,,= "'00 ~. ln .. ap!,mal

In..tead of calculating the signal spectrum
from scanning a circular group. which is
not possible with precision 011 account of
the unknown actual switching performance
of the l'I N diodes used, we show in Fig.7
prope rly measured spectra . The freque ncy
scale in both illustrations is not suited for
resolving a Doppler signal. On the other
hand, they show that a very broad spec
tnnu is produced which is fully demonsrra
blc at an interval of plus/minus I ~1H1. .

Th at would not be had if at the receiver
input there was really only one frequency
on hand whose sourc e we wanted to home
in on. Fig. 7a shows that 90 per cent of the
energy of the spectrum lies with in plusl
minus 7 kl-l z and 99% of this energy is

signal. They cause tuning-related varia
tions in the bea ring value, increasing with
02, If variations of the bearing indication
arc established with only slight mistuning,
then a lower value of 1\ must be chosen or
else a more suitable filter should beused. It
often helps to improve the input and output
termination of the filler already installed.

Fi~.9 : " est cu rve for ms for phase
deviat ion (a) and frequency
deviat ion (h) t hat ca n be
achieved by optimi sed mixing

t 'ig.lO: Insertion aueneauon of a PI N
diode switch showing dependency to
the d iode direct current : measu rement
circ uit

8
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, I'IA 1i

AC res istance of a I'IN diode
switch showing dependency t il
the diode d irec t cu r rent
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•
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"
u •
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In fact it is superfluous 10 say that
apparatus of type (5 ) arc free of the effects
described. For most radio amate urs. how
eve r, it is on ly affordable when it turns up
surplus or at a flea market. People who are
not prepared 10 wait, or wa nt to build their
own or else would like 10 "supercharge"
the ir exis ting inadequa te Doppler equ ip
rncn t should read on.

out-of-band transmitters (aeronautical,
PM R, erc.) will overpowcr weak desired
signals. In short, thc recei ver has to a large
extent lost its characteristic of suppress ing
unwan ted signals. This is the actual reason
why instruments working in this fashion
CaIL10 1give satisfactory results.

1v r •.. "'• II \ >
'01 i "

Anyone who can afford high-end equip
ment will f ind plenty to read in Grabau and
Pfaff (2), covering among other things
hea ring errors in multipic recept ion, de ter
mining the elevation of the incoming wave
and comp lex evaluation techniques. This
boo k appears to me to be the most recent
pro nouncement on the stale of this tcchnol
ogy . Here I just want to go as far as
achieving the best Doppler signal with the
least e ffort .

c

Fi~. 12 :

---- ~-=~__..J

, -
Contr ol currents of two I 'I ~

diodes durin~ mixing (td ea ftsed
fMm )

4.
TilE RIGHT COMMUTATOR

That acrual switching between antennas
should not be allowed should now have
become clear. The problem of achiev ing a
signal transition between antennas such
that the.1F curve comes out as in Fig.Z can
be reduced by mix ing a generator with
another of the same frequency but different
phase. We can examine this in fig. 8.

The two generators have a phase differ
ence of <p. After adjusting each of the
mix ing contro ls R l and R2, all values of
the resu lting output voltage \I can be
confined within the shaded zone in the
diagram. That gives us the opportun ity o f
leading the end of vector u (arrowhead)
along any desired path from ull2 to ul l2.
The end of the mix ing process is reached
each time that R l = 0 and R2 = infinity
(and vice versa ). Two clearly spec ial paths
of the arrowhead are usefu l: with one, the

9



So that the amplitude modu lation docs not
become too great, the phase differences
between the RF voltage s of neighbouring
dipoles should not get too large. TIle
greatest variation occ urs when the wave
front comes in roratcd by 22.5 degrees as
against to Fig.3; it is then

VHF COMMUNICATIONS 1/93

quem.: y (about 40 MHz here) and is
available wi th sufficiently small toler
ances. If we give the contro l currents of the
PIN diodes suita ble time functions, we can
then by means of these phase rnanip ula
tions imitate the rotating dipole of Fig.l so
fa r as to make it appear to be moved
through an octagon. The best achievable
curve forms for 1l¢and 8F in this way that
can be expected are illustrated in fig. 9.

Rl .R2 =(50f~2 (4)

(~-------------'C'j~~~~~
value of the vector remains constant and
the route is an arc of a circle. In the other,
the SOUTce resistance, which the load sees,
re mains constant; this path is a straight line
between the end points. Whilst the arc,
using this dissipative (lossy) mixing ar
rangement, can no longer be achieved
abo ve a certain value of angle <p, the
second way is always feas ible. It does of
course produce an amplitude modulation
component, to be eliminated in the re
ceiver, but has the advantage of a match
that remains constant, which a high per
forma nce input ampli fier in a receiver likes
to sec. The following relationship is
ma intained then:

In themselves, R1 and R2 could be

replaced by active elements whose ampli
fication could bealtered in similar fashion.
Pass ive modulators might be suitable too.
However, in the PIN diode we have
already a building block whose RF resist
ancc over the DC flowing through is
var iable over a wide rangc. It introduces no
add itional distortion above a certain fro-

1\ I
, ,
I I I

/ I 1

1 1 ,

Ji\ ! I ,
, , 1;1\ 1

! T j\
, ! ' I J;\,
I ! I ~~

,
". "" e R" Ir;! ' 0"

Fig.13: Control cu r ren ts for all PIN
diodes during a r otation in the
mathematically positive sen se

s:::2 . p . Asin rr/8 ::: 0.765 PA

Should rp rcmain below 120 degrees 000
degrees ; 90 degrees ), to which 33% (22% ;
17%) AM belongs, then p mus t remain
below 0.43 6 (0.3653; 0 .327).

5.
TilE DERIVATION OF TilE
CONTROL CURRENT-TIME
FUNCTION

The PIN diode offering of German man u
facturers is not large. Types which used to
be offered for use in TV receivers have
disappeared aga in from the market, now
that other concepts arc used in tuners. The
types that are still easy to find - BA3 79,
BAR79 and BAR15-0l (two diode s in one
SMD package) - are suited for use on two
metres without reservations. In the 7Ot:m
band I would recommend compensating

10
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10109 ft. IdB
J.

Iq :

'10

Fi~.14: ' l'Jpica l course of an
nsdllatllr's sideband nuise

for the diode's capaci ty, so as to gel an
isolat ion of around 25dB at zero current.
Meas urement of insert ion loss in a son
ohm sys te m produces almost exactly the
sallie curve (like Fig. 10), from which the
AC resis ta nce (fig. 11) can be ca lculated.
The lowest AC resistance barely exceed
1lI!~ the insertion loss drops barely below
IdU. In th is respect, then, PIN diodes are
inferior 10 the switching diodes mentioned
earlier. For this reason you should avoid
complicated arrangements of several PIN
diodes if high sensitivity is a requi rement.
TIle insertion loss (and increasing AM)
degrade the noise figure of the receive
system in well known ways. To try to cure
this, you could use impedance transforma
tions with p i and T arrangeme nts of several
diodes . These would require a complicated
cont rol generator with separate lime func
tions for the transverse and longitudinal
(" vertical" and "horizontat't jdiodcs.

I don ' t want 10 make it that complex here.
Each individual antenna should have just
one PIN diode in circu it, similar 10 Fig.lO,
to produce The same star arrangement as
found ill Rogers (3) and Zopp (4).

In Fig.t t an auxiliary straight line has been
drawn in to illustrate the relationship <you
type itl>. The curve of the diode co incides
with this over a broad range o f currents. So
tha t equation (4 ) can now be valid. mix ing
must result between two diodes, so that

The value of the proportiona lity constant
still miss ing can he found if equa l quant i
ties arc delivered by both sources, hea ring
in mind that by definition, AC resistance
must cljua l 5lJn.
To this belongs a control curre nt of around
O.65mA. Equation (5) then becomes

(6)

This control cnrr cm function is illust rated
in figure 12. In reality one would not take
the control cUITCnl 10 really large values
but would lei it end up between :) and
lOrnA. We arc sti ll Idl wirh a variance
betwe en equation (5) and the actual d iode
curve. TIle contr ol current function of
Fig. 12 is thus a first app roximation, albeit
a good one. WE produce it in practice as a
triangular form with an analogue function
generator mid optimise it in the final
version hy equalis ing the bends fo r best
FM staircase form and smallest AM.

For all the diodes of a commutator we have
the resulting corurc l current functio ns seen
in Fig.13. We must therefore either con
str uct an e ight-phase gene rator or d ivide
the currents frcm a hi-phase generato r with
suitable switches of diodes of an even or
odd number. If the con trol currents arc
correct, we wilt now find that the receiver
has regained its select ivity.

11



6.
TilE enoree OF ROTAnON
FREQUENCY

'Ibc spectrum of Fig.6 does no! hold for
real Doppler signals, which look at best
like f il!.9. It will contain further lines of
h igher frequency, prod uced by inequalities
~k-ral i ng) in the Doppler signal. If they go
mto tbc neighbouring channel. then lhe
selectivity is corrupted . If you are not sure
you have hit upon the best lime funct ion.
you can reduce the problems funhcr by
dropping the rotation frequency n.

If n bcs within the audio range, the
intell igibility of speech will be dcg raocd
during direct ion fmding. AI the same lime.
any speech ecnvny will interfere wnb
di rection finding. However , s ince yOUcan
gel a usable bearing wirh just it few
rotations. this can be don in the gaps
between ~1JCCCh. A high n is an advantage
then. as it allows more rotations over the

VHF COMM UNICATIONS 1/93

same time. II is easy to imagine an
automatic circuit thai recognises pauses in
conversation and carries our direction
finding whilst blockin g the audio pat h.

Intelligibility of transmitted speech docs
not requ ire any components below 30JHz.
An n of less than 30Ct cou ld thus be of U!'C

if bearings need to be taken du ring speech .
A precondition 10 this is that the transmit
ting station does not prod uce any dev iation
in this audio frequency reg ion. Separation
of the Doppler signa l from the audio on the
recei ve side is easily ach ieved web co m
monplace filters.

In man y transmit and receive osc illators
the interference phase deviation inc reases
significantly in the viciniry of the ca rrie r.
In contrast. the Dopp ler frequency de via
tion decreases wirh n. A lower bounda ry
for n can be calcu lated like this at wh ich
the signal-to-no ise separation in Dopp ler
evalua tion becomes behaviour of the side
band noise (fig . 14) or al leasl a mea sured
value and the slope.

'2

Fi~.15:

A ci rc u lar group or eil::,ht d ipoles
on a mast

j
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200/Hzl ,5
ll. F, _ -~ · 

y n/Hz

ll.F =2 . n , ~ _ 10·2 . n1.5
lJ. F, 200

If we now seleet p "" 0.35, so that the
Doppler deviation works out, according to
equatio n (1), as .. 2 n, then the
signal-to- no ise ratio amounts to

Using high-end equipment we would usc a
second receive r chain with a fixed antenna
in order to acqu ire a signal without
Doppler ccrnpcncnt at the IF or audio
level. That now makes avai lable the
speech modulation without the d istortion.
which can he subtracted from the mixed
modulation to produce the pure Dopple r
signal.

A further calculation enables us to prove
thaI direction finding in most case s gets hy
with a lower level of received signal than is
necessary for intelligib le speec h. Since
Doppler docs not reduce transmission
range, I shall spare myself this calculation.

Commercial direction finding equipment
(5) operates with n "" 150 10 17011 7', for
historical reasons. Early on. mechanica lly
drivcn capacitive commutators were being
used and this relat ively low frequ ency wa s
favourable to main taining a sepa ration
from the speech band. It can be problem
atic when there are osc illators with rela
tively high levels of sideband noise in the
complete set-up. An averaging of several
rotations becomes necessary in order to
maintain stable bearings .

Averag ing over N rotations reduces, on
statistical grounds, thc influence of noise
by a factor of -./N. A broad field opens up
here fo r digital signal processing (DSP).

If a !'F//'Fr of greater than 10 is required,
then the following are valid: either 01.5 >
1000 or else n > J()()(jO.667 = 100Hz, If
tF/!'F, of greater than 100 is required. then
we gel under the same conditions n > 464
H, .

(7)J,{f) = k .r. .
J ,

in which Jr and Jo arc the Bessel coeffi
cients, the ir relat ionship in dB being
expressed by the sideband noise ratio, k is
a constant and m is the slope of the curve at
the desired frequency. In the vicinity of the
carr ier m will lie betwee n 0 and -2; km is
determin ed by a single measured value
(e.g. -8lldBc at 1 kH z, m "" -2 ) and is
measured in units of Hz-(m • 1m. The total

noise deviation in a bandw idth given by f l
and f2 is

In general , the following is valid

This value can he put into relationship with
the usab le deviation by employing cqua
tion (1) . For r, and f2 suitable boundary
limits should be es tablished, which arc
produced from filtering the Doppler signal
after demodula tion. I select as an example
f l "" 0.5 . nand f2 "" 1.5 . n and k.2 ""
100H 7' I. ~ , which corresponds 10 the exam
ple in the p revious paragraph. Equation (8)
simplifies itself to become

13
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7.
PARTICULAR
CHARACTERISTICS OF THE
RECEIVE ANTENNA

- - C1 p 06p p l er ~ i g " a l

-,
Fig.17: T he azimuth-error diagr-am
reveals insufficient filte ring th rough
ra pid antcn naa symmetry caused b)'
slow periodicity

rV\ l" I " '-J\
II 1 \ I/ V

0 9 0 V ' 80 '"
,

I I I I I
-,

.,

Fig.16: Derivation of display fluctuation
th rough interference and noise

"'".,
The arrangement of eight dipoles, named
the octopus by Rogers (3) and dubbed
spontaneously the monkeys' merry-go
round by my wife, needs to be mechani
cally stable. Th e commutator should beput
at the centre, not as shown in Fig.I5 where
it is causin g asymm etry. The photo is only
my first trial model, so I ask for your
understanding. In any case, you learn from

your mistakes which leads us to Fig. l?
which clearly shows nOI only the inad
eq uacies of this antenna but also of the
filtering at that time.

The feeder cables from the dipoles to the
co mmuta tor should have exactly equal
lengths and be made from the same drum
of cable. To avoid false coupling between

the dipoles, we need to detunc the unused
ones . This is achieved in open half-wave
dipoles by the high impedance at their
connect ion point The PIN diodes do this
automatically if the feeder cable is a
multiple of a half wavelength. There are
other ways of doing the dimensioning but
these involve multiple measurements, spe
cific feeder lengths and defined values of
p. For example you could do this by
choosing the most suitable length of the
cable to be equal to the radius of the
antenna group. The feeder could then be
built into the spoke. Air insulation is
feasible and other changes to the cable
brought about by stress, temperature, wind
and ageing arc eliminated. In the ideal case
each dipole will behave as if it had no

14

Fi,g.JS: Control signa ls for the
commutator (YI) and build-up of th e
filtered Doppler signal (Y2) wit h
mathematically positive (a) and negative
(b) rotation. Yl: 5V per division ; Y2:
IV per division; X: 2ms per division
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affmity 10 the other seven . A certain degree
of lops idedness of the horizontal polar
diagram is inevitable. and the mast must be
responsible for this. If it lies below 3d R,
the Doppler will work without problem,
though .

K.
PROCESSI:-iG TilE DOPPLER
SIG NAL

The fir curve of Fig.9 is, as it is, unsuitab le
for determining the zero-pass point. Be
cause of the unequal movement to nn
octagon harm onics are produced, which
make for the format ion of the staircase
curve. These harmonics shou ld be filtered
out 10 Ihe exter n that the remaining
Fluctuatjons in the sine wave now pro..
duced lie below the dessired rcsolunon.
Looking at Fig.16, we sec it is desi gned 10
show how 10 approximate fluctua tions in
the display by the noise overlaid.

TI le L>o ppkr (useful) signal has. at the
1.cro-pass point. a slope of

The noise de viation , which ove rlays the
useful deviation. leads to statis tically flue
tuating displays. 1bc largest de via tion
OC("lU S when measuring a single ro tation
per disp lay. Pulling that into figu res.
assume we have in equation (10) the
values of 0. 1 anJ 0.0 I for!!F,jtF. which
were produced with rotation freque ncies of
IlK) Hz and 464 li z respectively. This
gives M '= 5.7 0 or o.sr respectively. TIle
first result dem ands improvement. the
second is accep table. It provcs that quite
good d irection finding can be achieved
with one single rotation ill 2.2ms .

The necessary filtering requires that the
Doppler signallTlllsl firsl hui ld up before it
can be evaluated Thi s bcilding up proce ss
is shown in r ig.J R. AI the beginning of
rotation. noticeably at the liming pulse 00
the upper trace, the amplitude is growing
to a value at which it rema ins . Here th is is
achieved after three rotations. Afterwards
(in this example) four rotations are mcas-

d(~F _ 0) :I

d fI 180"
. L.F (9)

,~.'0·, - ,-- __-. _
An overlaid interference voltage of magni
tude .Y:. c auses a shift to the zero-pa ss by a
maximum of

lBO'
t:.a - "!: · 6 F,

It· 6 F
(10)

., t-~-I--_+--+---

. ,~.,
- .0 -'/_ _ ..l._ --" L _ L

Inadequate filtering of the harmonics leads
10 systematic beari ng errors, which can be
recognised by the period icity in the azi-

Fi~. 19: Noise indu ced display
fun ctions wit h d epend ency on
the receiver ' s input signa l
stret1~h

15
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A very narro wb and sys tem call possibly be
made 10 wo rk sati sfacto rily dur ing simulta
neous spee ch . I have not put this [ 0 the test.
Any usc of switched filte rs must be
recognised as introduc ing the possibility of

sam e result is produ ced by averaging out
direction fmding over several rotations,
and following Shannon ' s information
theory, we should not be expecting any
thing else.

For filterin g the Doppler signal a ll possible
active and pa ssive filters can be bro ught
into service. N-pa th swnct nng fi lte rs, as
used by Rogers (3 ) and Zopp (4), assume a
specia l role . Th ey arc bandpasscs which,

because they use the sam e tcm po of
rotation. are always co rrec tly in tunc with
n and can thus be made as narrow -hand as

w ished.

(~ - - - - - - - - - - ---""''-'''''''''''''= "'''''''-"''''
ured; one more is done as a chec k 10 sec if
the receiver is producing suffic ient receive
signal. After thai the rotation is ended.
This is jus one example for many possi
bi lities; according 10 individual require
ments of measurement speed, broadband
or na rrow band filte ring can be selected.

The build-up lime of a band filter is
inversely proportional to its bandwidth. so
a rapid indication calls fOJ a broad filler
(bul these let in more noise and other
inte rfe ring signals). Narrow filte rs require
longer limes (an order of magnitude of
seconds when the bandw idth is of the order
of H z) but they suppress inte rfering signals
of 11 varying frequencies bette r. Noise
reduction is pro portiona l to the root of the
bandwidth redu ction . The improvem ent of
noise-influenced display fluctuations is
therefore proportional 10 the TOOl of the
lengt hening of the build-up per iod. The

. "~ ""' l_" "->(><"'~z. _.on.. .,'s-_ _.
.... 2:l .5'·f7S·11~.5 · ..

Fi~.211 :
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new ripple in the Doppler signa l. They
must always be followed then by conven
tiona l analogue filters, which will ~upprcss

the ripple.

In practice a mixture of bandpass filtering
and averaging has proved itself. By way of
example, a system (1) , working with n =;

1000 Hz. b uilt up in three rotations and
averaged over ten rota tions , gives noise
induced fluct uations in display shown in
Fig. I t} . The input power -120dBm in this
illustration corresponds to an RF signal
to-noise ratio of about IOd8 ; speech is just
readab le. Dop pler direction finding on the
other hand is error- free.

The various filter ing in the IF and audio
parts of the receiver influence transit time.
A timing error arises between the control
cur rent for the reference dipole 0 and the
correspo nding result at the output of all the
processing, and (\> is measured too large. A
compensatio n call he made for this timing
error hy movi ng the antenna group or by
all-pass networks in the signal path. The
poss ibil ity remains of dependence on

Fig.21: Sample of the antenna
simulator

9.
SOME DEVELOPMENT HELl'

For test ing a Doppler sys tem it is better to
rotate the antenna group and receive a
fixed-location transmitter. This needs on ly
have low powe r (-60dBm at JOO metres'
distance) . Then the wave of the propaga
tion path is kept constant and will produce
results that remain equal eVCIl in tho case
of multipath reception. A beacon transm it
rcr of this kind call abo be usefu l later 0 11,

because its hea ring is indic ated im medi 
ately if someth ing in the set-up is altered .
Recording azimuth error d iagrams (Fig. I?)
involves going out into the grea t outdoo rs,
which accordi ng to experience seems
always tied Lip with trop ical heat and
unremitting sunshine or else Sibe rian cold
and snowdrifts. All the same, a lot of other
work, such as optim ising the time function
or the filtering, can be ca rried out under
your own roof with the aid of an antenna
simulator. It cons ists of a few bits of
coax ial cable, which arc connected be
tween signal generator and commutator.
Following the dimen sions of Fig.20, it
replaces a grou p of eight an tennas , which
receives just from the reference direction if

17
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(3) T. Rogers (197S):A Dopplc ScAnt

QST May 1979, pp. 24-2 !'., American
Radio Rela y League, Newin gton

(4) A.G.Zopp (1980): Automntischcs
Pc ilcn mit de m Dopplcrcffekt
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Stuttgart
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output U instead of antenna 0, output
instead of antenna I and so on arc
conn ec ted. Moving further one step alters
the bea ring each time by 45°. For intermc
diatc va lues one must make the cables
different lengths. The lengths for 22S are
already given in Fig.20; x is a length which
can bechosen freely as it turns out fromthe
cabling. The voltage divider has 24dB
attenuation and serves for the correc t
termination of the signal genera tor and
co mmutato r as well as decoupling the
outputs fm m one another. A star-form
set-up is offered; Fig.21 shows a con
structe d example . If you were to show it 10

Mr.Doppler. he would probably not con
nect ;, in any way w ith the effec t bearing
h is name

10,
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VolkerEsper,DF9PL

High-Stability, Low-Noise Power Supply

Fur a p iece of h i~h qualit)' eq uipment it
is Ill' areat importance to supply it with
hi~h quali ty voltages. In must cons true
tbma l art icles, th e pow er sup pl}' is
tr eat ed a~ain and a~ain as slime k ind fir
step-chil d, Th i.s article IlIlIks intn the
prob lems of h i~h -stabili tJ. low-noise
power suppl ies as well as measurement
tech niques for t hem. In add itio n a
universal pn\\er sup pi} is described. it
ha s been d imen sioned fur th e spectrum
analyser d esigned b,. ORIS" .

I.
FIRST CO;\S IIJERAn ONS

1.1 Wh ,.. hil:h-slahilityand low-nllise?

Just as ill nature there is no ideal condition,
so with powe r supplies there is no pro
recred species of supply voltage that is
immune from extraneous effects , If we
must tolerate undesired voltages , which

order of magnitude can they reach without
impinging on the functions of the appara
tus?

lh ing the example of the 10000al osci llator of
thc spectrum analyser, this will be ex
plained ,

Tbc oscillator is tuned over a range of SIX)
Mll z wirh about ~O volts, The ]OY
operating voltage is not applied directly to
the varacroras a luning voltage, but instead
filtered by low-pass filters. The limiting
frequency of these filters is selected so as
10 produce an adequate speed for tuning.
Rclow the lim it i n~ fr equency the su pp ly
\'ol (a~e mu st display the nec essa ry " .
clean liness", however .

Fig. 1 shows the ope rating voltage with a
noise component overlaid, The single
sine-wave oscillation represents the " .
worst case" with the largest amplitu de and
the shortest period,

A slow Fluctuation of the ope rating voltage
indicates in our analyser e xample an
uncontrol led variation in the spectral l ine.
A detec table mo vement of this line (0.2 of

19



outp ut voltage dependent on state of
charge

impractical for large current drains

batte ry noise cannot he ignored

of rc-

supply
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Sign ificant dis advan tages
charge able batte ries are:

interfere nce (pulses . noise,
spikes of some hundreds of
va ils)

possible coupling of hum into

regulator circuits .

A feasible alternative is the re
charge able battery power supply.
For small current loads this is an
entire ly viable solution, for exam
ple the crystal reference osci llator
(5).

internal resi stance highe r th an on

conventional reg ulated source s and
depe ndent on stale of charge.

energy store is 1101 lim itless.
recharging required

The rechargeable battery po wer
willnot heco nsidered furt her here.

"'---t'--~
\

o ., I

ii\J

In allY C;lSC. the noise voltage is not the
onl y un asked-for component overlaid Oil

the voltage, mean ing that U,ss shou ld be
dep ressed significantly lower.

Fi~. l : Noise \'u l ta~e unrla)'ing the (Jp~ratillg

\ o l ta~~

a sq uare on the display screen ) af ter 10 is
certa inly bothersome but tole rab le. Ten
m inutes corres pond ill Fig.I 10 a period of
the noise voltage of around WOO seconds.
that is it tolerable noise freq uency of max.

I m l-ll eJ'" li ;mi lin ~ ' In the range of hi!J.hesl
resolution (10 klhk m) D.2 of a square
correspon ds 10 it change in the tuning
voltage of 120 microvolts '" U 1SSIIl.X '

1.2 Mains ur battery flilcralicm?

Supplying DC from the mains 10 sensitive
electronic aroararos brings many disad
vanta ges with it. The most significant to he
men tioned lire:

2.
Ii'\TEGRATED REGliLATORS

mains fluctua tions

breaks inthe mains of several hundred
mill iseconds

mains voltage must be

transformed

mains frequency must be
filteredout

2.1 What arc regulators for?

Isn ' t it also possible to put low-cost RC
IOW-p,lSSfiltering in the power supply'!

The limiting frequency of 1 rnillihcrtz
achieved in sect ion 1.1 should be taken for

an RC low- pass. Belo w flimnin£ the inte rnal
resistance R j of the voltage sourc e in
creases. (at () Hz R j is the same as the R of
the RC clem ent); with changes III load this

20
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Fii-:.2: Broad band noise measurement circuit

leads to steady changes in the output
voltage U1. In view of this, R cannot be
selec ted as high as we might wish. If we
substitute for R the dynamic resistance of
the voltage regulator (because the low-pass
will he measured this way), name ly around
0.0 1ohms, this produces according to

<Clluation>

a capacitance C of 16 kilofarads. Even if
we reduce our demands substantially, we
arc still in the farad region, which in
pract ice is totally unrealistic.

The example shows vividly that an RC
low-pass fi lter can take the place of clean
regulation of the operating voltage. Conse
quently, we need to build a regulator
circuit which operates with high stability
and has low noise up to several kl-lz.

load regulation

voltage noise, current noise, noise
density and which frequency ranges 10

measure

tcmpcramrc dr ift

lung- term stability.

In many cases the following considerations
arc also valid:

absolute value of the output voltage

quiescen t current (wit h b atte ry
operation)

maximum load current

lowest voltage drop in the regulato r
(drop-o ur voltage )

short-ci reuit behaviour

ma ximum input voltage

maximum sink current.

A particu lar problem is the noise cre ated
by the regulator.

2.2 Data for the regulator

The following details need especial con
sideration:

power supply reject ion (PSR) and line
regulat ion

2.3 Regu lat or noise

If we measure common commercial regu
lators (7RIS or LM317) with an osc illo
scope as in Fig.2 and cheek their output
voltage in C mode, we will establish a
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broad b and of noise in the most sensitive
ran ge. Carry ing out the same experiment
with the precision regulator REF-Ol pro
duces a disappointing result .. the REF-OJ
is even noisier! All the same, every
amateur know s that these devices arc noted

for their low noise! No worr ies: the device
is very low-noise , hUI not in this c ircuit.

l-igures in data shee ts normally confine
themselves to a range from 0.1 10 10 l Iz,
and restricting the bandwidth like this
brings about a reduction in noise voltage
(ac tually the noise power). And in this
low-frequency range the REF- OJ is virtu
ally unbeata ble. [11 the circuit of Pig.2 ,1

much broader frequency range is hand led.

I
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Fi~.4 :

I\nise measurement
amplilier
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3.
MEASURHIENT CIRCUITS

3.1 :\"oise

No ise voltages arc stochastic, that is of a
fortu itous nature. T hat goes for both the
frequenc y and the amplitude . These volt
ages cannot therefore be measured in a
comparative fashion on their own. Fre
quently other (partly periodic) interference
voltages are term ed as noise; here those

voltages arc bracketed togethe r with uoisc
as extraneous voltage.

Noise in semiconductors comprises sev
eral components, which exhib it partly
di fferen t spectral dens ities. Tha t means
particular frequencies with high ampli
tudes n ap up more frequently. Important
in this connection are thermal (resistance )
noise and n icker noise ( IfF noise).
Whc-rcas in thermal noise all frequenci es
arc app arent (white noise). the prominence
and amplitude of flicker noise increases at
lowe r freq uencies. 11,e so-called corner
Frequency at which fl icker noise diverges
from thermal noise is an indication of the
qualit)"fur integrated semiconductors.

3.1 Effec tive value measurem en ts

The measurement of effective values is a
product of reproducib le measurement . The
bandw idth of the measuring device must
enco mpass the bandw idth under consid
erat ion of course. A true effective value
voltmete r (RMS voltmeter) for broad fre
quency ran ges is, because of its cost, not
yet standard among amateurs.

3.3 Peak-value mea sur ement

Another possibility is the measu rement of

.l 4 Labo ratory measurements with
subst itute method s

A substirurc method is the observation of
noise on an osc illosco pe (AC mode o f
operation). During this, the brightness of
the display should not be altered. AI slow
deflection speeds the height of the noise
threshold can be read of f. For internal
comparisons this is a practical method . We
need to look out for possib le low -fre
quency noise. which is not visible in the
noise threshold but manifests itself as a
vert ical "wagg ling" or drifting of the
band. The formula to usc is: the pea k, peak
value read off is divided by abou t six to
eight 10 give the effective va lue (sec also
3.3).

Additionally a simple hu t broad band
(mean value) voltmeter can he used admi
rably for interna l purposes (if the band-
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Fig.5a: Optimal screening
relationships

width is larger than the no ise bandwidth) .
In th is case the measured value times 1.13
gives the effective value. Th is is valid only
for true noise, not for overlying periodic
vo ltages.

Fi~.5 : Earth potentia l loops through
coaxial cable and metal casin~

3.5 Measurement amplifiers

Noise voltages arc gene rally very small. II
is worth building a measurement amplifier
according to rigA, with a bandwidth of
50 klIz and an ampli ficat ion of around
100. Construction on port-board is suit
able. A metal cab inet, also contain ing two
9V batte ries is not a luxury. A disadvan
tage of this simp le circu it is that after
applying the input votragc, the swi tch must
be operated briefly in order to charge the
capac itors and to bring the op-amp input
into its operating range.

Also possible arc low-noise circuits using
discrete components but these will take a
lot of effort to ach ieve the characteristics
of the Or -27. Mor eover , with the 0 1'-27,
all the data is already available.

3.6 Experimental and fina l
const ruction

An important pointer for accurate meas 
urement and suitable " transport " of the
voltages produced is the me thod of wiring.

Poo r con nec tions be tween the var ious
modules can cause inte rference 10 increase
hy up to (jOdH. The largest sins arc
committed in the choice of the re turn
conductor for the current. In automobile
practice the return path is the steel body.
Cros s currents f rom other devices or poor
connection between different body pane ls
contaminate the zero potentia l between
power supply and load device.

The points that follow shou ld be kept
uppermost in mind:

Zero volts poten tials shou ld lead to OIlC

location and be taken to cas ing, chassis
or ea rth: this point is defined as the
system earth . Avo id current loops! If
this is not poss ible. for instance with
RF modules connected by coaxial
cable (Fig.S ), the screening (shie ld ing)

should be kept as short as possible and
taken to deck dose to the casing . The
logic of this is as foll ow s: the dosed
OV circuit cove rs a fixed area . Ifthis
area is crossed by lines of m agnetic
fie ld, induct ion current I arises in the
shielding (Fig .5b). The wi ring
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resis tance brings abou t a voltage drop,
which shi fts the OV potential between
po wer unit and load device. The
influence of these lines of field is
m inimised in the vicini ty of the cas ing .
This measure also redu ces capa ci tive
couplin g into the circuit.

Feede r wiring to and from the po wer
supply should be kept as sho rt as
possible, of low resistance and as
symmetrical as poss ible. Twisted Litz
wire is su itable, run as close as possible
to the cas ing, or else screened twin
wiring with the screen taken to ground
at each end . Twisting ab o serves to
reduce the surf ace area of the closed
loop of po wer supply wiring that is
suscept ible to magneti c influence.
S ince the load device represents the
highest res istance in the loop, the
inte rfe re nce overla id 0 11the power
snpply voltage is higllcst where it is
closest to the load!

If several load dev ices arc conne cted to
the same power supp ly, a separate
fee der cable sho uld be provided for

each de vice, as close as possible 10 the
regu lator (a few centimetres can be
decisi ve here).

Screenin g shoul d not be tw isted
togcihcr and formed into a pigtail but
solde red instead direc t to the met al
cascoThe difference in thccffccrivcncxs
of screening measures can wo rk out up
to JOdB (7).

Other possible sou rces of interference,
wh ich occur predomin antly in open (uu

cased) const ruct ion, arc;

Ox idiscd connectors (even dirty gold
contacts) «Ill cause no ise .

DC var iations and no ise ill the
microvolt region can occur due to
thermal voltages produced by
dissimilar conta ct mate rials touching.

50 liz voltages and other interfe rence
on the oscilloscope screen can arise
from radia tion from nearby
tran sform ers and generators. Freque nt
causes of er rors a rc soldering iron
transformers, function genera tors,
loudspeaker coi ls and so 011.

I ' J_

I I'
i i/

","' n
e"n"

,
c

"" d o "otc-n i • •
~~ , c ), "0. ~" i "~ I
c able

- - - ) -=-

, l , j ."
h ere

Fig.6a: Open experimental setu p within
apparatus

Fi~.6b: G ood setup for measurmg

within apparatus system earth
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Crosstalk in the oscilloscope. If
possible, carry out sensitive
measurements with just one channel
(frequent sourc e of errors).

Arc all transforme rs and test
ins truments in the labo ratory connected
ill the same phase of the mains?

Even close examination of system
earth connections may overlook
capacitive coupling to earth via
transformers. If no transformersare
available w ith screens grounded (at the
system earth poi nt) , the primary
w indi ngs can be con nected reversed

experimentally.

Pick-up of broadcast stations . II ofte n
occurs that powerful mediumwave and
short wave transmitters induce
interference voltages of several

m illivolts in test and measurement
set-ups. These effects can easily be
confu sed wirh noise. Recogni tion
po ints are sudden disappe arance and
(rhythmic) modularion.

Further-suppression of interfe ren ce in
experimental set-ups can be achieved
by co nstruc ting them above earth
planes ma de from a metal plate
grounded at the system earth point.
Reduction by up to 20dB is possibl e.

4,
CIRCl;TTRY OF POWER UNITS

Th e inte rference voltage Us' whi ch em 
braces all inte rfering compo nen ts (noise,
hum, poo r load regula tion, long-term and

DF9PL 00 1
",,, -,,,.... ,.,
H ' .',,'

Fig.Sa: Circuit of the 30 Vult section
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Fi~.Hh:

PeR and cornponent
U\'t'r1ay of th e 30V section

FiJ:.Kc:
I'restab ilisati nn ,
3(IV circu it-."•
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thermal effects) should amoun t to less than
I ppm. That means with a working voltage
of 30V, 1I. should be JOllV ( 120dB of
interference suppression).

The circuit developed should becapable of
virtually u niversal application. Th is one
here is dimensioned for the spectrum
analyser of DBINV. In this process the
following values were arrived at:

Outpu t voltages +30V. ± 15V each at 10

OmA; interference voltage U. (hum.
noise, CIC.) on the output under all
conditions less than JOllV; bandwidth
of the final stage greater than 50 kHz;
with a load increase of 5(hnA the
voltage increased by this 10 rema in
below tmV; over (,()seco nds the outp ut
voltage should not vary hy more than
J ppm from the fina l value .

Additionally +12V at 2txJmA lime-
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• ••
IE,E IIT ~ J9E10

• voltage is produced with a
voltage divide r at the output
of the transistor. The op-a mp
cont rols the outp ut volta ge to

Ihe stage where it presets a
difference of OV al its input.
Th is brings about

<eq uation>

- - ---"=:::' ~

4.2 1 he .-:\1)\ !it"(:liun

Devising a circuit like this
doc s 1I0t mean crcaung a
work of art , the skill lies in
the fine details ,

1

-!

~ ie:

Tl~iuo

l-ig.xa shows (hc ci rcuit .
Fig.xb the printed circuit
hoard of the precision M..'C

non. An LM317 is used as
prcstabtliscr ( Fi~'sJk and XdJ. Othe: r rcgu-
lators would he ewer-driven with these
voltages (lip to 62V 1.111 peak s) . Since lite

REF-Ol copes only (acco rding 10 each
version) with lip to 30V, lhe ~5V voltage
must he stabiftscd (dropped) once again.
The feedback capacitor CI 14 rcsmcts the
OI' -27' s propensity to oscillation in this
high-ohmic input circuit (for an OI'-27).
The output electrolytic should not he larger
than WOuE TIle diodes have a specific
function: they protect the components
again st feedback voltage surges. Wbcurhc
power unit is switched off the voltage
conditions reverse and, because of the
stored capacity, the output voltage is
higher than the input voltage. The inputs of
the OP- 27 are espec ially threatened. so
DH/6 and 0 107 must on no account be:
omitted . If only 25mA outpor current is

?C

I I

-l -
" 1-~ ,

I'(~ n and Cnm pullr lll la)'IHlr uf the
pn-slahiliwr

4.1 Principle

Fig.7 shows the circuit outline. Rectifica
tion, f iltering and prcstabilisarion arc eas
ily achieved, using commonplace circuits.
An op-amp is provided with its own
sc reened case. The reference voltage is
produced using a REF-OI and a low-pass
filte r on its inpm and output. The regulated

lays; +SV at I.JA for purely digital
circuits; -svat HXhnA fora digital
voltmeter Ifrcqucncydi~pla )· ) .

Modifications make possible also:

The output currentcan amourmc
several hundred milliamps.

Output voltages Irom J V to 3i1V .

Sim pler materials requir ement for
reduced specification vers ions.
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Fi~.9b : l'rKi"illn slab il i~l'r
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(continued on page 35)

VHF COMMUNICATIONS 1i 93

omitted since the input volta ge
amount s only 10 20V. A.. ncga
rive reference a REF..(}S is used.
II replaces older circuit idea s
with a combined reference for
both voltages. for .... hich. how
ever . supply voltage problems
ari se for the op-amp. Remaining
circuit dela ils are as for the
+JOV sect ion.

-e
ru

,

B-V&

~
I"m

=[illD

4.3 The ±IS\' sect ion

Fig.9a shows the prcsrabitlsc r. Fig.9b the
prec ision srabiliscr and Fig.9..: their PCB.
For prcs tabilisation we use a 7S20 and a
i920 respect ively. Thi s too is where we
stabilise lhe voltages for TTL circuitry
(+5 V) and the frequency display (-9V).
Further stabilisation for the REF· xx is

proof.

..... COllstr ud iunlil details,
sp ectat componen ts

For the low-pass clccuolyrics
(C I 13. e2 17, C3 17) it is abso
lutely necessary III lise high
quality types, the son which
have low loss in forming . When
these capacitors arc charged. the
barr ier layer is. to so me extent.
renewed each lime this happen...
(" funning"). With very large
clcctrclytics. which are desir
able on account of the ir low
resultant Iimiling treq ucncy. the
forming current leads 10 far 100

Fi~.9c: 1'C8 and Compo nent layout. ± lS\ ' section high a cha rging lime co nstant.

....-hich overlays the " normal"
time cons tant of , = R. C. This can only be
determined w hen the capacitor varies by
on ly a few millivolts l rom the fina l charge
voltage. Example : A 220nuF electrolytic is
charged through 1 kilohm at 10 vons.
Theoretically ill 17 seconds it reaches
9.996 V (variance of 40n ppm). In practice
it takes 300 seconds: To rea ch one of the
measured variations of the precision of this
circuit ( I ppm ), it ta"es some hours. Since
the output voltage is proportional to the
electrolytic voltage. the output voltage
" runs" in this lime!

nee ded, RIUS and TR lOl call be left OUI.

In that case a strap is taken from pin 5 of
the or-amp 10 the collector pad of the
transistor. The 0 1'-27 is short-circuit
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What we need :

electrolytic, max, 100uF

idea lly i l tantalu m type

only brand-new (factory-new) stock

highest possible voltage rating, since
losses in forming increase significantly
in the v ici nit y of maximum voltage.

In the present circuit a lOOuF 25V alu
min ium clcctrolync call be used as a good
compromise. After 60 seconds the operat
ing voltag e achieves a variation of under
3 ppm. The noise voltage is not discernibly
grea ter than for the 22(lOllr electro lytic.

For the up-amp. the OP·27 from 1':\11 can
be used. Its noise beha viour in rhis
application is scarcely bcucrcd It is
optimised for noise input vohagc , that is, it
unfolds its poverty of noise when driven by
a low ohmic-source (in contrast to noise
current optimisation) . Its noise comer
frequency lies around 2.7 HL, a very good
value, which vindicates the requirement
for low noise at low frequencies. At
present the metal-cased versions arc sig
mficamly dearer , also somewhat bette r.

The voltage dividers comprising RIll ,
R 112 and R 113 and the corre sponding
resistors in the i l5V section respectively
deserve specia l attention . If the voltage
division rela tion-lup var ies by one part per
million (one millionth], this corresponds 10

an output voltage change of 30u\'. Using

. u. I ~ " " ~
"p~

Fi~,lO : Arran~l'm ent (If \' ()lta~l'

divider reststors

Sockets can produc e noise, so solder in
all components direct .

In the precision secnon no
potentiometers should be used. The ir
snags: increased temperature drift,
noise , jumping of the pot's wiper in the
confusion.

f or the IOOnF capacitors usc the
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5.1 +3HV section

I (iff 100()Uf/63V
5 off 10011F/40V
4 oft' lOuf /40V
1)on 100JlF MKS-02
I off IOpF ce rami c

50ft" IN414Kor li\ 4007
2 off 1N4007
1 off rectifier BSlJC1500

I orr horizontal Hat 1k porcrniomcrer
1off transistor UD13\)
l off voltage regulator LM3 17
I otf vohagcrcgulatorTl.S t?
I off voltage reference RE I;-O1(1'i\11)
I off op-arnp OP-27 (PMO

1 off uansformcrcv A -ov
(c .g. BLOCK FL61l5)

5.
CO~IPONENT LIST

Once again it should he me ntioned that the
output vohagc should he fed symmctri
ca lly and potential -free to the load devices,

that means rhar unlike normal situations.
the zero- vult line should not he sold ered to
the casc o

(~
P--O~I~Yl:~"~C:b~O~",~1~'~'~IK:~S~O~2~lY~PC~';~th~'~Y-'"~,~,--~==============~
highe r-quality than cerami c types and
arc still very small.

Avo id air strea ms unc onditional ly (put

eve rything in cabinets).

r'ower componcms, which produce
hea t, should not be placed ne xt to

vol tage div iders or semi conductors.

Pre - and precision stabilisers should be
on separate PCBs, the lattn hci ng
placed in me tal C<lSCs and kept well

away from rrans fon ncrs and wiring

carrying 50 Hz.

The pe Rs developed <1~ Df9PLxxx ob

ser ve all these rules.

Ahea d of the transformer J mains filter
should be connected. The bes t sort is the:

type combined with an l f.C power counce

tor, where an all- enclosing meta l collar
makes it also Rl t-proof The best trans

form er i ~ one with a cop per sc reen wind ing
taken to rbc system earth. Even better arc

the inte rferen ce-proof transformers with a

tuagncnc screen made hy the Riedel
company (6) .

When connecting the +35V voltage, check

its exact va lue . The o p- 27 tolerates a
m aximum of 44\/ and other op-amps tes ted
experimentally would only take 30V! To
fully drive the final op- amp stage a

minimum of 34V are necessary.

5.2 ± l .5V sect ion

I off 2200uF/50 V

I off IOOOuF/50 V

S off lOOuF/25 V
-l off l()uF/25V

23 otT jC){lnF1fKS-02
I ofT 1OpF ceramic
4 off I N4007
? off IN4 14R(l]" IN4(){J7
:2 off rect ifier UKOC I5()( )
I off transis tor Bl j H u
l off transi'lor BD l40

1 off volt age rcgutator rxzu
I off voltage regulator 7920

1 off voltage regulator 79L09

loff voltage regula tor 7RSOS (21\)
1 off voltage regulator 7SS 12
1off voltage reference REF-OJ (Ptl.lI)
I off voltage reference REF-OR(PMJ)

1 off op-amp OP-27 (PMI)
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I off IrarL~ formcr 5UVA 24V
(e.g. BLOCK FL52/12)

1off transformer 30VA 24V
(e.g. BOCK FLJO/ 12)

6.
LITERATURE

( I) Precision Monolithics lnc. (1'1\.11):
Application Note AN-15;
Minimisation of Noise in Operational
Amplifier Applications

(2) I'J\H.Dara Sheet 01'-27; Low Noise
Precision Operational Amplifier;
edit ion 7/X9

(3) PI\.11;PMl Data SIll.'CI I{ EF-tll ; +IOV
Precision Voltage Reference: edition
X/X7

(4) PM! : PM! Data Sheet RI·:r -()X:
Negat ive lOV/ IO, 24V Voltage
Reference; Advance Product
Information.edition to/X?

(5) Neubig, Bernd DKIAG:ExtTCmc1y
Low -Noise 96 MH l. Cry~l a l O sc illator;
Vl lf-Communications 3 and 4/RI

(ti) Kilgcnstciu. Otmar:
Stccrspannungsstchcrung: EMV
gcrcchrcStrcmvcrsorgungmtr
Spczia1-Nctznanstornnucn 1~L I{ AD
9/1) I, I id sc-Verlag

(7) Author unknown.Ist dcr Schirm sciu
Geld wert'! Sc.hmnkoutakticnmg :
EMV-ESD 1/91; v p-Vcrlag

(H) Jaeger. D.:EMV-gcrcchte
Ausluchrung von Vcrkabclung lind
Masscvcrbinduugeu: Komakt nud
Studium Band 4 1; Etektromagnctischc
v crtracgllcbkcu: Expert Ve rlag

(9I Jirmann.L. DB INV: A Spectrum
Analyser for Amateurs; V I~ F

Conummicarious 3/H7. 4/'i<7, 2/X9,
3/K9, INO. 3fJO. 3Nl. 419 1

( 10),(1 1)& \ 12) As (9 )

Very low noise aerial amplifier for Ih<'
L band as per the YT3MV an ick-on pa~

90 of VHf Communications 2/92.
Kit complete with housing Art No. 6358
Dl\.l fi9. Orders to KM Publications at th
addTt~ss shown on the inside cover, or to
UKw-Bertctuc direct.
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Dr-Ing.JochenJirmannDB1NVand Wi/friedHercherDLBMX

Improvement of the
Intenn odulation Perfonnanee
of modern Amateur HF Receivers

A n)c unt' uh ...rn inR th e Ht-· ba nd .. uver a

lon~ pniud a nd ha ,"inR a broad hand
anten na at hi..dL..puu l "ill have nocicft!.
a mun=. ol hf'l" Ih in ~", thai in ..rail,. dead
ba nd s (1'.1:,. tbe am ateur lu-metre ban d )
a mu ltitu de ur car r lt'ni can be heard ill
51.;H1. spacin Je. Th e novice nstener puts
th Ls dow n In eatema l sou rces of lnterrer 

enee such as line oulpUI staues "r TV
receivers.

Clost,r examtnauon shnws th at th ese
car riers dn Indeed P"..sess broadcast
modulation. Cuulng in the RF atten ua
tor 1If" add i ll~ an ant enna tuner ClIUM"S
th is fnter rerence In disap pear, E' ·cn
in strumt'nls ha,"lulI: (on paper) c"
tr emely J.:t1ud int ermlldulatilln perform
ance arc nul spared these I n l crrcrin~

ca r rie rs.

The fnll llw in~ is a discussion of the
source of Ihis interfer ence and S41me
prevent ive measures.

I.
BAI'D OCCUPAl'iCY A:"D
A:-iTEl'iS A SIC:"AL LEVELS

Europe is the region on lhe ....arth where the
most high-power ~IW and SW rransnnu crs
arc to be found. Consequent ly Ihe RF level
appearing on broadband antenn as and with
which radio receivers must cope is high.

Fig.I shows an spect rum analyser print-out
of rbc range 0 10 20:\.f1 17.• taken on a
February afternoon. The reference level at
the upper edge of the illustration is ~( kl Um

or 7mV info 50 ohms. In this example the
analyser was driven by an active antenna
of I metre length alone. with no additional
amplifiers.

With good antennas one can reckon on
levels above I(XJmV iberefcre . In Fig. l
you can see all the short wave broadcas t
bands from49 merresto 16 metres.
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'; O . lt ", ~ ~ "~,>., , _" .< I 'n'. "."" ~" :. ' ; ,. '.,
'~" l ";' ~- : c" '.,." j" . ,t ' S: , ' •• .. ;0 . . Fig. I :

Band occupa ncy in
the fr eq uency ..a nge u
to 211 \-lIb,

With these signa l level relatio nships in
mind. it i ~ easy 10 explain the phantom
signals observed as mixing products (slim
frequencies) of stron g radio stations . TIlC

actual c reation point (I f the intcnnodula
lion signals must lie some whe re between
the antenna input and the \IF baud-pass of
the sho rtwave receiver. This is because on
Ihe one hand. moderat e RF attenuation of
from 5 to HklB sllpp rc~ ~e s the lr ncrtcrence
sig nals more than proportionally, and on
the other hand. the fundamental frcqucn
cics uf these rad io stations can 1I0t pa~s

through the band-pass fillers of the re
ce iver.

Practical test show ed in add ition that not
nil rece ivers arc susceptible to the same
degree : the Icom transcei ver 1(.., 65 pro
duced extremely strong intcrferen ce sig
nals (59 in the 111- metre band ) whereas the
Kenwood TS940 was scarcely affected.
Also the conceptually old-fashioned Ken
wood R2000 receive r is not unusable.

When searching for the source of Ihis
intcrmodularion interference , every CUIII 

po ncnt in the RI' input sec tion of the
receiv er having a dog-kg charac teristic
curve comes under suspicion; that mea ns
above all scmiconducrors but also over
driven filter coi ls w ith ferrite cores.

2.
CIRCll lT ANALYSIS OF
JAPANESE TRANSCEIVERS

Circu it analyses carried out on Japanese
receivers (and the recei ver sec tions of
transceive rs) showed up constructiona l
errors Ih,11 once again proved that thei r
chief concern is with the genera l appear·
ance and appeal o f their nice shiny front
panel layouts. The cause of the interfer
ence lies in the switching of the inpu t
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Characteristic curves of
semiconductor diodes
represented in (left)
linear and (rit=:ht)
scmilogar it hmk fashion .

band-pass filters. That a changeover re lay
takes up space and costs plenty of money
is certainly understandable, but the author

finds it remarkable that all manufacturers
usc normal genera l purpose diodes like the
IN4 14Xinstead of the corre ct PIt-; diodes!
Onl y the two Kenwood devices mentioned
abo ve usc VHF band-switch diodes from
TV tuners. wh ich already l ifts the receive
characteristics above base level. One C,1Il

only spec ulate on the cause of the general
cheaps kate approach though it is proba bly
nor far re moved from the relative cost of
the PI N diodes , wh ich Gill be rational ised
away Oil commercial grounds.

Constants K l and K2 relat e abo ve all to the
material characteristics of the scrn iconduo
tor and to temperature. ntis equation
describes the typical characteris tic curve of
a diode, rep resented in Fig.2 in linear and
semilogari thm ic fashion.

As we can see, with a small basic bias 0 11

the diode, a small change in voltage MJ
brings about only a small chan ge in current
L~L If the fundamenta l bias on the diode i~

large, the same change in voltage MJ
causes a xignifi camly larger chango in
current 61. ln other words, the diode 's
differentia l interna l resistance Rd =
MJj.1J can he varied by the diode voltage
over a broad range . The internal res istan ce
Rdcan be written as

where T = temperature in "C.

This application as a controllable resist
ancc opens up interesting applications in
RF technology. For a start it means we can
usc the sw itching of diode voltages to
con trol the interna l resistance between
ext reme val ues betw een dose 10 zero and
nearly infinity, which allows the electronic

substitution of a relay contact. It also
means this con tinuous variation of interna l
resistance can be used for modulation,
mix ing or level regulat ion of signa ls. Since
a diode has just two connection of signal
and control voltage, it is important to
ensure tha t the signal is kept much smaller

3.
TilE BEHAVIOUR OF DIODES
AS RF SWITCHES

To unders tand the diffe rences between a
normal silicon diode and it PIN diodes
when used as an RP sw itch we need to
ma ke a quick foray into semiconductor
physics.

The current fl owing in a semiconductor
diode depends on the voltage appl ied to it

according to an exponential law, which can
be represented with gross simplification as

(1)

0. 0863 (273 - T)
Ro ~ --_. _ - -

I
(7)
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Fig. 3: Circuit diagram extract: band-pass module.
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With this knowledge now at our disposal,
the route to improving the intcrmodulat ion
charac teris tics of a rece iver is clea r. All
switching diodes lying adjacen t to the
input band-pass must be sought out and
replaced by better examples.

With the wisdom now acquired we can
now set about improv ing the large-signal
performance of a recei ver known to be
sensitive under ideal conditions, by replac
ing the "suspect" switching diodes around
the input band-pass filter with PIN diodes.

BA379 Siemens, remainder stock on sale
BA389 Siemens
BA479 Telefunken
BAR12- l Siemens
5082-3080 Hewlett-Packard
5U82-3081 Ilewlell-Packard

4.
REMEDIAL MEASURES

Unfortunately there is a trend among
manufacturers to replace t11C wire-ended
versions with surface mount de vices
(S MDs), which doesn' t exactly simplify
their applic atio n in amateur use.

A variant of the PIN diode is the band
switch diode used in T V tuners. These
beh ave sim ilar ly to PIN diodes but have a
higher limiting frequency. in the region of
IOMH7.. TIleYarc suitable without reserve
rion for the application named, switching
hand- pass es in short wave rece ivers, and
always better than general purposc diodes.

Commonplace types are:
HA243, HA244, BA2S2. BA2X3: Siemens
HA423, BA4X2. BA41B , HA4H4: Philips
to.U'N3404, MP:-J3700: Motorola

(+ ---- - - ---- - """-'''''''''''''''''''''''''-'''-"-'''
than the control voltage, since otherwise
the signallevel appl ied could modulate the
d iode' s interna l resistance.

It is eX31.:1ly here that we must look for the
cause of the interference already men
tioncd . The multiple broadcast stations
produce a signal level that lies in the order
of magnitude of the diode control voltage
andmodula tes this in oppos ition. Certa inly
the broadcast signals arc removed subsc
qncnt ly hy b and-pass fi ltering hut the
intcrmod ulation prod ucts lie in the pass
through range and are thus audible.

So, if we 110W usc normal general purpose
diodes for switching, with switching rimes
of a few nanoseconds. these diodes can
follow the applied RF and work . as
described above, as cont rollable resistors
and hcucc as mixer stages .

A signifi carn improvement can be made
with swnching diod es chosen for their
" slow" operation, allowing their internal
resistance 10 he controlled still using DC
withoutthe applied RF voltage modulating
their internal resistance any more. Diodes
of this k ind arc known by the name of PIN
diodes, standing for Positive-intr insic
Negative.

The uncndowed irurinsic zone or sclf
conduction W IlC. produced during manu
facture of the diode, makes the diod e so
slow that above a limiting frequency of
around IMH7. (according to type), it can be
regarded as a DC-controlled resistance.
Fo r lower frequencies, however. it behaves
as a norma] diode.

PIN diodes are offered by several scmicon
ductor manufacturers, and the following
table gives a general survey (without any
claim to exhaustiveness).
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Untortuna tely there is 110 patent formula
fo r selecting the right co mponents; exa m
ining the circuit diag ram will, however,
revea l the band-pass sec tion. The band
pass sec tion illustrated here is from an
elderly Kenwood R201Xl. The marked
diodes D I to D12 (in this case DA244),
which in each case lie in series with the
inputs and out puts of the hand -passes , arc
to he repl aced by PIN diodes, noting the
polarity of the diodes. Anyone unsure
whether he has foun d the right diodes
should ca ll upon the help of an experienced
amateur .

In an k om 1C765, wh ich exhibited p articu
larly strong phantom signals in the 10
metre band, the autho r replaced all switch
ing diodes (15553, a un iversal diode
equiva lent to the IN414K) adjac ent to the
band-pass f ilter s with the Siemens
BA R12- 1. Apart from a fine -tipped solder 
ing iron, solder wick, screwdriver. s ide
cutte rs and pliers, no special tools were
required. The time involved was about all
hour.As descr ibed next. this wns time wel l
spent

5.
TEST RESULTS AND
EXPERlf:NCE

To check the resu lts of our rebuilding
activities , the recei ver 's sensitivity was
checked before and after the work. Using a
simp le mcasurcrnc nt set-up. a coarse deter
mination was also made of its intcrmodula
tion behaviour. Sen sitivity measurement s
indicated no noticeable alteration; this
shattere d the thoughts of some sceptics,
who had prophesied an inlolerable rcduc-

lion in sensitivity as a result of the highe r
internal RF re...istancc of a PINd iode in its
in-circuit condition (aro und 5n
For intermod utation me asurement two test
gene rators (an 11 1'~04t 1 and an SO IOIK)
were app lied to the receiver 's input via a
res istive summ er , These signal ge nerator s
were tuned to 12 Mllz and 15 MHz
respectively, and the receiver was tuned to

27 Ml Iz. The RF sign'll level was raise d so
as to read SS on the S-meter disp lay . Since
this meant an input level of almost a
milliwatt, it w011' expected that nucnncdu
lation products would he formed in the
final stages of the signal generators as
well , thus fals ifying the results. All the
sa me, illumed our Ihill alter fill ing PI N

diodes around 5d B more (almo st nne S
step) inp ut ~; igT1 111 could be applied to
achieve the same level of iutcrmodulatiou.
Since receiver sensitivity had remai ned the
same, (111 the basis of rhe previo us mcas
urcmcnts. it call be taken that the dynamic
range of the receiver had been improved by
atleast 5dl t

A comparison carr ied OUI hy Wilfr ied
lIercher DLXMX unde rlined ncsc rests: in
thi s case the IC7ti5 and a TS940 were
connec ted alternate ly 10 the same antenna
by a switch. Under Favourable propagation
cond itions the IC7flS produced (before the
rebuild] phantom signals at over S9 in the
lO-rnetrc band, whi lst the inte rference in
the TS94(J was already audible with no
deflection of the Scmctcr.A ftcr rhc modi fi
cation the IC7ti5 and TS Y40 both proved

equal in performance, the IC7ti5 having
the slight edge.

An afterthought. Wh ile these invcsriga
lions were already in progress, a s im ilar
treatment appeared in au America n tcchni
cal publication, leading 10 the sa me con
clusi ons .
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Dr -Ing.JochenJirmann DBtNV

A Digital Framestore for the
Spectrum Analyser:
alterations and additions

In issues 3/91 and 4/91 of VII)' COM·
M L:NICATIONSwe presented a d iJ;:i ta l
fra me store DBINV OI(J fur the spec
trum an alyser IJH1:"<1 V 006-U09. It dis
till J:uisllt~d itself in the rollowin~ qu ali
ties:

- ThrulIl:h lhe analogue int erface In the
analyser and VOU. adding a framestorc
ca uses no specia l problems lit' mod iflca.
tton .

Meanwhile user reports ca me in, sug
~l'st in~ various modifications. In t his
counectton part icu lar tha nks ~o nut to
Michael Kuhne IJn6NT for his n u mer
ous ideas.

I.
HARDWARE MODIFICATIONS

• Than ks to th e Cl\lOS lel'!lnnl ngy
employed, the curren t requirements arc
SII low that this su bseq uent add -on d ocs
nor necessitate an extr a power supply.

o Since the spectrum data a re al ready in
digital furm, output to a graph ics plot te r
is poss ih le.

• A refer ence curve can be stor ed.

- Iligita l averaging improves the si,ICnal
to-noise ratio on stab le sla nars.

Practical use of the equipment show ed that
very narrow spectral lilies co uld nor be
represented with their full amplitude on the
sc reen, although they were shown cor
rectly on screen-dump prin t- outs. The
cause is the low-pass filter between D-to- A
convener 14 and analogue switch t3 in the
Y channel. Thi s filter was dimensioned to
give a " flat" represen tation of spec tra l
lines without producing steps or brightne ss
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modulation looking like strings of beads.
As a result the build-up time is too long fo r
rap id signal changes (ic. for vcry narrow
lines),

A higher limit ing frequency for the filter
would reduce the build-up time, but would
allow the jum ps in amplitude between
adja cent pixels to show lip as sleps or
br ight spots. TIle solution calls for a
non -linear low-pass, as seen in Fig.I. for
small vari ations in am plitude of rhc output

signal from the Y-channcl rHo-A con
ve rte r, the previous low-pass remains

effe ctive, but with large changes in signal
the two Schottky diodes start (0 conduct
and shunt the longitudinal resistances. TIle
series resistance of 6J{koh ms Vi as deter
mined ex perime ntally accor ding to the best
pic ture impres sion. For the Scho ttky di
odes general purpose types such as the
ll AT43 , rhc lN6263, the ll AS40 or the
IISCII 100l are used: the only thing sig
nif ican t is the threshold voltage vis-a-vis

normal silicon diodes. The three compo
nents are wired up " in mid-a ir" be tween
pin 2 of IC4 and the wipe r of potentiometer

P2.

During the investigation of new add-oris to
the frame store it became clear that the
quality of the Acte-D converters used was

46

gett ing clearly hetter w ith respect to the
seizure time, with the re sult that the frame
store could now be driven at higher
freq uencie s, giving a more stable. less
Ilickcry picture. On the author ' s own
sample, the circu it wou ld now ope rate in
stable fashion at 27MHz, whereas the
or iginal proto type was already show ing
error condi tions at 20M Hl . A tim ing
frequency of 20 to 24MHI. seems certainly
within our grasp. Anyone see king furthe r
improvementcan check out the fo llowing :

- Remove le l2 from its socke t, carefully
ben d 0 111 pins 18 and 19 of the microcon
tro ller ROC31Sand replace the IC.

~ To pin 19 connect a sign al generator
feed ing a level of approx. IOdHm via a Inf
capacitor .

- Increase the freq uency upwa rds fro m
l RMl Iz until funct ion errors appear.

- Replace the existing IRMliz crysta l with
one 1 or 2t\.IHz lower than the ma ximum
value det erm ined in the previous step .

It is recommended that you carry out these
trials wi th a device that is already warmed
up, since the maxim um timing freq uency
drops with increasing ope rating tempe ra
ture .



,

2.
SOFTWARE AllDITl OI\S

SiOl;C [he fram cstore is usable unive rsall y
with almos t all spec trum ana lyscrs and
sweep gener ators. the following software
enhancements will prove advantageous
when it is used in combination with othe r

designs of instru ment.

- Keyboard scanning is arranged so that
IIU W the mod e of operation (all be changed
already dur ing Ilybark hlanking (pill 15 of
Ie 12 high). With analyscrs having a single
sweep mode. keyboard scanning was pre
vionsly blocked during the wail phase of
scanning.

• The screen-J ump suh-program can be

switched between two primer resolutions.
In the normal case printing is at 120 Jot s
pe r inch, producing it ho rizont al (land
scupc } print- our on an EPSO:-.J-com pat ihh::

printer and II quadratic print-out at 192
dots pe r inch 0 11 the IIP-Thinkjc!. EI'SO :'\
comp.uiblc printe rs must. however , he set
up to work in landscape A4 mode. If a
diode is connec ted on the microconrrollc r
from 1'3.0 (pin 10) to P.l l (pin 12), with
the anode po inting 10 P3.0 , the print

dens ity is changed 10 240 dots fX-~ r inch.
This gives an output using simple r primers
which can only work in .'\4 vertical
(portrait) formal. The l iP Thinkjcr ignores
this control code and carries on printing
with 192 dots per inch.

• TIIC raster generator can be switched
Ils ing a diode conn ec ted from P3.0 (pin 10)
to 1'3.1 (pin I I), anode to P3.0 : without the

diode ill place, the raster is printed with 8 *

h g.2 shows a new circuit for the lG-way
connector w ith its extended applicat ions.
The sw itches for raster and print-out
fo rmat change can of course be left out.
and if desired, the diodes can be soldered
di rectly benea th the printed c ircu it boa rd.
EPRO~ IS with the new framcstorc sot t
wa re (vers ion 1.2) can be obtained From

the publisher or from the author.
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WolfgangSchneiderDJ8ES

SSB Transccivcrfor 50 MHz using
50Qmodules

Part-2

(Revised version of the presentation given at the 1991
Weinheim VHF Convention)

3.
TIlE RECEIVE MIXER 3.2 Components

Since the transce iver is to be used both OIl

the e-merrcband and in combin ation with
oth er trausvcrrcrs, the receiver input is not
provided with a low-noise transis tor at the
front end , in contrast to other concepts.
Following the 3 po le f ilter we have the first
amp lif ier stage, the ring mixer , broadband
mat ching, another 3 pole filter and the
sec ond amp lifier (Fig.16).

3.1 Construction details

TIle receive mixer is constructed on a
pr inted circuit board with the dimensions
72mm by 72mm. This is soldered in
match ing tinplate case and the components
are added (Fig.17).

2 off UI;R(}{l (Siem enslor cqu iva lcnt

40ff IN4 14R
3 off Ncoxid ready-made filte rs O.3uH,

nV5049 (yellow, wh ite}
2 011 Ncosid ready-made filters O.9ul r,

HV5046 (yell ow, blue)

3 off Neosid ready-made filters 4ul l,
BV5056 (grecn , blue)

2 off foil trimmers 40pF (grey),
Hlrnmpin spacin g

3 off foi l trimmers 70pF (yellow),
1Omm pin spacing

I off foil trimmcrs90pF (red),

1Omm pin spac ing

Capacitors and resistors are surface-mount
types
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Fi~.16 : Circuit of the receive mixer OJ8ES fill (Ucbcrtr. =transformer)

•

Fi~.I ' : Component hl)'out of the receive mixer : component side and track side
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Vic" or (he track side uf' the receive
mixer
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fig.19: Circuit " f the Iransmit mi\ t'1" [Lebertr , = Ira nsrurmer)

F"ig.20:
Exa mple of j;tond
Intermodutatlon beh aviour, even
with full driv e 10 (he transmit
mh.n-
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r X··Misc Jtc r

F ig.21: Component side of th e
t ransmit mixer

Fig.22: SMD compon en t layout on
the track side

1

3.3 Commiss ionin~

For commissioning the power supply
(+12V) is connec ted to the receive mixer.
The curr ent drawn by the module should
amoun t to about SOmA. Checking the
current drawn by the transistors (volt age
drop on the emitter resistors) will prove a
good guar an tee of problem-Free opera tion
of each stage.

Now the two 3 pole filters need to be
aligned. The simplest way is to feed in a
signa l from a lest generator and tunc the
trimmers . At the output of the filler a
high-impedance detector can be con
nected .

The frequency in use is led via a broa dband
band-pass coupling stage from the 3 pole
filler. The two-stage broadband ampl ifier
del ivers the des ired ou tput power level.

With a drive level of HKluW (two-tone
signa l. each at · 13dBm). there sho uld he
S5mW (+ ISdDm) pe r single tone at the
output of the transmit mixer, correspond
ing to +21dHm PEP.

With these operating conditions the third
order intermodu lation products (1M3)
should he depressed by about 40dB and the
IM5 amounts to 60dB (f ig.20) .

Although this circu it contains no harmon
ics filter, the harmon ic clearance shou ld he
more than 41ldB.

4.
THE TRANSMIT MIXER

i\ harmon ics filter would he requ ired if
driving additional power amplifiers on the
frequency in use (50 MHz here); suitable
schemes will be found in the amateur
lircrarurc.

The transmi t mixer compri ses a ring mixer,
broadband match ing, 3 pole filter and a
two-stage broadband amplifier. In the ring
mixer four diodes of the type 1N414S arc
used, whi lst input and output coupling is
achieved with tnfilar (three-winding)
transformers (Fig.19).

4,1 Construction details

This module, like all the others, is built up
on its own printed circuit board. The
tinplate easing for the trans mit mixer has
the dimensions 55 by 74 by 30 (mm).
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Fi~.2.l : Lipper and lower side view of the t ransm it mixer const ruct ion

1 2dll

OJI:lES

+?O<JB

0"

.
,
,J

Fi~.2" : fuock diagr;tm of a regulat ed IF <Impliller (Regter = rl1!:ulator:
versta...rker = amplifier; Koppler = cuupler j Rt~l'lspalln un~ =n~ulat i lln voltage

, ~ T

'+---:It-~ .",'
1'" I >'- - I .. ' 11_

~MHz ~ ".-='--c;- =.. '''' I / "I-XlA>c<Ut.
Qn) (00-- 1 0

- . _ ' ., - -U- "'-+- "J "

111 1T III ,, ~ ~,---'- .... '--- - O ~,

DJBLS 0 13

.", ='''',
Fig.25: Circuit diagram of the IF amp lifier DJ8ES 013
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.------ u_
c-- --- u_

,oc 1,1>1
l-tI , II I
22I-H I.",.. DJ8ES

' CO'> I '''"' ,
-- II ..... . 11·';:>1 . • -- . - , v,

'2 " "". 2i' 1
·--~l .-_ 22~H

7 '''' 'en ,- -
Fig.26: PIN d iod e regulator

Figures 21and 22follow ing ean heused as
a guide 10 component layout. The illustra
tions show how the components used are
placed either on the track side (all the SMD
ones , for instance) or else on the so-called
compo nent side (for exa mple the Ncos id
coi ls, trimmers and transformers),

4.2 Components

1 off BFR90 (Sicmens) or c4uivalent
loff Df R96 (Sicmens) or c4uivalcnt
4 0f f IN414R
2 off Neosid ready-m ade filters 0.13ul I,

BVS063 (blue, orange )
3 off Ncosid ready-made filters O.3uH,

BVS049 (yellow, whitc)
2off foiltrimmcrs 4OpF (grcy),

IOmm pin spac ing
l off foilirimmer 70pF (yellow),

Omm pin spacing

Capacitors and resistors arc surface- mount
types

4.3 Commissieninz

After connecting power (+ 12V, 75mA)
and the VFO, the transmit mixer can be
brought into oper ation . The only alignmen t
is tuning the 3 pole f ilter for maximum
output.

5.
IF AMPLIFIER WITH
AGC/ALC

An IF amplificr is composed of:

- an amplifier
- a crys tal filter
- something to produce a regulated

voltage
- a regulator.

In the block d iagram of a conventional IF
amplifier the arrangement of the individual
components and the way they interact can
be seen (Fig.24). The IF amplifier dcvcl
oped for the SSB transceiver uses separate
modules for the amplifie r itself und the
regulation for AGe/A Le. The functiona l
units necessary arc split into two modu les
therefore .

DJ8ES
00-

• :j \•
•• ~ ) ' \-, so
•,
ul \•
20 \,

\10

~ \
- -:::""

'"
11 "

R~~~I~'I U " ~Q lt .~~

FiJ::.27: Regulatkm characteristics of
the PI!\" d iode r egulator
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'" i\

.lL
O:

« <i
. a
~

Fig.2S: Component layout Ill' the IF amplifier IJ.lSES 0 13
n) compon ent side b) t rack side with SMOs

Fig.29: Sample construction of the IF ampli fier group llJXES liB

5.1 The IF ampl ifier

T he crystal f ilter, in my sample an XF(}B,
is matched to 50 ohms 0 11 its input and
output by 9: I ' nmsformcrs. In addition,
90pF trimmers arc provided for the capaci
live component.

An amplifier stage raises the 9 Mll z signal,
which is defined closely in bandw idth, by
around 23dD.

54

The IF is taken 0 111 via a 2Ud H co upler at
the output AGe OUT . Th is signal is used
in the production of the regulating voltage
and also for a ll Scmctcr display.

The regulating voltage produced in the
AGe module has a feedback e ffec t on the
IF amp lifier through the PIN d iode regula
tor.

The amplification afterwa rds, in the high ly
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regarded broadband amplifier. guarantees
the degree of IF ampli fication required by
the total concept.

For regulation in IF stages there arc
generally tw o options. One is regulation of
the amplifier stages, for example through
the G2 voltage of MOS- FETs; the other is
regulation with PIN diode s.

Fig.26 shows the circuit of a PI:-.l diode
regula tor and the behaviour characteristics
of its regulat ion.

With an IF of lJ M l-lz this regulator shows
an insertion loss of only 1.2dB. The
dynam ic range amounts to 75dB. From this
characteris tic curve arise s a slope of
around 4OdBN .

Beside the large regulation range , the PIN
diode regulator is also superior 10 transistor
stages thanks to its better mtc rmodulation

characteristics.

5.1.1 C unst r uc tton details

The IF amplifie r module is built up, as
normal, on double-s ided copper clad
epuxy PC B material. with a thickness of
1.5mm.

The PCB has the dimensions n OlOl by
n mm and is soldered ins ide a matching
tinpla te casing.

Special care should be devoted to wiring
up the 9:1 transformers. Any " twist" in
the transformer windings will have signifi
cant influence of the transformation char
acteristics of the module .

When install ing the crystal filter pay
attention to a good connection to chassis .

At the same lime. avoid any wafer -thin
shan circuit contacts.

lo p• •

I II ' - 0 •••• •
"._ I

- t ''''''' ~ =~

+6V

Fi~.30: Circuit usin g an Ie to
produce regu lated \lll l ta~e

5.1.2 Component list

2 off BFR90 (Villvo)
l off BA479
I off SSB crystal f ilter (e.g. XPJB)
2 off Neosid ready-made filters O.9ul l.

BV5046 (yellow. blue)
J off Ncosid ready-made fibers O.J uH.

UV5049 (yellow . white)
3 off 33ul l choke (SMD lype)

Capacitors and resistors arc surface-mount
types

5.13 C llmmi ssillnin g

After applying the operating voltage
(+ 12V) the module should draw about
55mA of current. For maximum through

_..--,
.'Q _t. oc ' 0 , p . , •. • • . , •• '"""

Fil:.31: Voltage regulat ion shll,,"'inl!:
its d ependence on lnpur tevet
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. - 2'>/

)", 5: ~"",<i ',R "'J

lin,...,
--------1;.----1

FiJ..:.32: Complete circuit for AGC/Al.C module DJHES 014

Fig.33a,b: Layout of the component side (a) and track side (b)
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amplif ication the operating voltage should
also be connec ted 10 the regu lated voltage

contro l input.

Thc ma tching of the crystal filter is
opt imised with the two trimmers on its
input and output . For this purpose a DSB 9
MHz signal is fed from the SSB exciter.
The tr immers should be adjusted for
minimum residu al carrier.

S.2 AG C/ALC module

Pe r producing the reg ulation voltage and
driving the Svmetc r we use an NE614
(Fig. 30), as for an FM Ir system. The IC
contains among othe r things a circuit fur
displaying signal strength.

TIle field strength display (Fig.31), which
operates logarithmically over a range of
HOdll, can be use d twice. On the first
occasio n the NE614 simplif ies signifi
can tly the construction of an exact-reading
Scmctcr, and the display achieved in this
way can also he used for producing the
reg ulating volta ge used in the If amplifier.

In the co mplete diagram of the AGC/A LC
mod ule (Fig32) the output of the field
strength indicator (NE614) is developed
further. TIle up-amp connected following it
permits the level matching for the Scmetcr
and for the PIN diode regulator. Emp loy-

S.2.I Cnnst ru ctiun det ails

Like the other modules before it, the
AGC/A LC unit is also cons truc ted in a
separate tinpla te casing. TIle PCB meas
ures 53.5mm by 72mm,

Because of the NE6 14's high le vel o f
sensitiv ity, the construction of the module
m ust he screened. Unavoidable elec trical
fields (mains wir ing . neon lamps, ctc .) can
produce an Scmcrcr reading, even when
1I0t nearby. Built inside a tinp late cas ing,
with the lid on, the module works as
wished tor. how ever .

5.2.2 Com ponen ts

1off NE614 (Silconix)
loff TL074 (Te xas Instruments)
I off TA 7HLOfil"
I off BCM4~C (Sieme ns)
loll trimmer pots lllkohms (S MD typc)
loff S-meter (SOuA, Jkohms)

Capaci tors and resistors are surface-mount
types

TO BE CONTINU ED
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The Editors

Poor Man's CAE 1 & 2

Public Domain Software Development
Programs for the IBM PC

AUhollJ.:h it is not norma l practice to
cond uct prod uct rcvtcws through the
pages of VHF Communicat ions, the
editors felt that it was well worthwhile
acquainting t he readership with these
soft ware pac ka:.:cs.

mcnts arc very bas ic, an PC or compati ble
with a minimum of 256k of RAt\.l ,

MS-DOS and OW- BASIC, a printer for

some of the routines and virtually any
display adapter,

TIle follow ing is an abb reviated li st of the
program description s:

Poor Man's CAE I & 2 arc two extensive
coiled ions nf programs for the IBM PC
and compatible computershave been com
piled and doc ume nted by Jorg Sm ith
Ing.(Grad.) DJ5UN.

The software should be very useful for
radio amateurs, professional engineers and
students alike. 10 aid in the design of
communication equipment. CIC.

Each of the packages comes on 5.25"
discs and is complete with a well-produced
and bound manual, Both arc a collection of
forty programs, TIle computer require-

CAE No.1

Antenna DL'Sif.:n

Parabolic Antenna DesignProgram

Am plifier nesi~n

AmplirierAnalysisUsingS Parameters
Matching Using Stern's Stab, Factor
Design of Amplifiers Using S Parameters
Cadof MicrowaveTransistorAmplifiers
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Noise Ca lculations

Converts S, Y,Z, H,A, Parameters

Cornponent Calculations

Hefical Resonator Design
Design and Analysis01Coils,Caicc tates

lnductivity of: Wire, Si rap, Coil, MicrostripMiC
rostrip Dimension

Analysis/Synthesis of Parallel PlateCap's
and Mierostrip

Magnetic Core Calculations
Synthesize and Analyse Microstrip lines
Calculate Cut-Off FrequencyoOIWave

Guide

Active/Passive Filter ,,"d works

Modern Filter Design
l ow Impedance Double Tuned Circuit
Cascadeof Active Filters (LP, HP, BP)
Desrqn Narrow Bandpass Filter With a

BasicProgram

Matching Netw orks

~esign "H" , "T" Anonuators
Design "Pi" , "T" Matching Networks
Design L·Matching Networks
Smith Chart calculations on Your

Microcomputer
Simple Bandpass Filter Synthesis
Matches Load 10 Sourcewith Desired a
Calculates Z from Refleclion Coefficient

and Vice Versa

Network A nalys is

A Ladder Analysis Program for Passive
Components

Network. Analysis 01 Active Parts

Propagation Calculations

Communication Rangeas Function 01
Rxf TK Antenna Parameters

Calculates SIN Baneat satellite
Troposcall er Path Loss calculations
CalculatesMaximum Heigthof an Object

in a Loss Path

Receiver Ca lculat ions

Intermodutation Products

Mixer Spur Calculations
Noise Factor of cascaded Stages
Approach to Calculate Intercept Point and

Noise Figure
14 Routines lor the RF Engineer

CAE No.2

Antenna u eslgn

Capacityand Radiation Resistance 01a
Short Vertical Antenna

Calculation 01Helical Short Antennas
Amplifier Design
AmplifierCalculations using S-Param-

eters

Cl unpcncnt Calcu lat ions

Inductance 01a Straight Rectangular Bus
Illductance of a Hairpin Loop
Program to Calculate Spiral Inductors ona

Printed Circuit Board
Twisted WireTransmission line

Impedances

Filler :'letwor ks(Act ivt"Jl'assive)

Chebyshev Fillers with Arbitrary Source
and Load Resistances

A Design Program lor Chebyshev Low
Pass Filters

Disk Rod Low Pass Filter Design
Elliptical Lowpass Filler Loss Program
A Design Programlor Elliptical Low Pass

Filters
Computer AidedInterdigital Bandpass

Filler Design
Equal Ripple LC Filter Synthesis
ceicnaucn 01Passive LowlHigh Pass

Fillers (lin., Phase,Butlerw,Chebys.)
A Design Progran for Butterwortt1 Low

PassFillers
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Rlocci Vl'l" C alculatiullS

Noise Bandwidh Calculation
Calculation of Noise Temperaturesor Two

Stages from Noise Factor and Gain
Q-Problen Program
Combining Gain, Noise Figure and

Interception Point for Cascaded Elements
Calculation of Spurious Frequencies

Propagation Calculations

Pathloss Calculations
Program to Calculate the Elevation Angle

from a 'r ransrnitter
Propagation RangeCalculations using

Egli Model

Transmission Line Loss Calculations
Linear Full Wave Regulated Power Supply

Design with on-the-shell Componenls. for
use with GW-Basic

Basic Ripple Voltage Calculations for a
Power Supply

Mtcrostrtp Applications

The Program Computes Various
Parameters01Microstrip Circuits, including
Impedance. Dielectric Constant, Line Widths,
Capacitorand Inductor Dimensions, Delay,
Dispersion, Loss and Propagation Delay

Program lor Analysis and Synthesis 01
Microst rip Couplers

Gad Amplifier Matching with Microstop
Lines

A Paraltet-Ccupjed Resonator Fillal
Program

Impodancc of a Transmission Line

Matching Networks

Cad for l umped Element Matching circou
T Pad/Pi PadCalculations

(fo-------------'-"'-"""""""'''''''''~'''''
Basic ProgramlorOp-AmpActive Filters
t.oncn's UnequalTerminated Filter

Design

Network Analysis

A Ladder AnalysisProgram
Network Analysis for Active/Passive

Components

Other Progra ms

Prog ram to find the Appro ximate Coa x
CableLoss Between two Specified
Frequencies

Heatsink Design

Utility Programs

Program To Hold Screens In Memory
Program To Print The Screen To An Epson

Printer (lx850 Or Similar) When Using Ega
Graphic Mode

These program collections arc availahle
from KM Publications at a cost of £70 each

plus f5 pos t and packing

YAGI ANTENNA DESIGN ANALYSIS AND ANT ENNA MODEL·
LING SOFTWARE FOR TilE PC

£65 + £5 p&p (Dem odisc£IO.OO)

KM Publications, 5 Ware Orchard , Barby, Nr.Rugby, CV23 8UF, UK

Tel: 0788890365 Fax:078889I883
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VGASAT IV & MegaNOAA APT Systems
1024 x 768 x 256 Resoluti on and 3D
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NOAA Gridding and Tempe ra ture Calibratio n
I1w irll 'UVd l i ,·~ MCCl"N OAA l 'n~jr"I " wili take' tlw whol,' pi'" o! "'I <1 ,b;I;'18 ' dld lit<· and Slm" till'
( o",,,I., l. , ,!dl" . i\uloJlL" tk 8rkk Jill!! ,,,\t!;I 'yOll i"'~ h,>n, ' fund l" tI 110.'11' inL" '.I",· inkrprN" t io n on c1oud~'

W;tl l''f dd"S . S pc.d;;cLlI" r {o l"ur ;' built in fm "ImnV.'\IJr111',,-,'· d~ "", s..,If·(·"librdl;"g ll>lllp,Or" tU'" .-e"dullt
~ n"lJk, the [\l'>l"" p"'; nt,·.'r to , heM' Il)n~; r'ld~, 1,' 1it\ld" ,,, ,,j klll~·, , ' l u"~ ' ;I1IUlt;lII<">l j, I" .

Eq uipment
Mdem;atlGoes
, 1.0M dish "menn" !lIK onlvl , V,,!!; ,,1,1e"'1<1
, Pn>amplifil'r ' 20 M mir row.lW l " lJl.,
rt t<' e IeCJSill/GOf.5 rCU'M'I
n VC.ASAr IV l dpl u'., ( d' <.I
n Cepture Cdr<.l/rec« iV\.'1 ~dl>k

CJ 0;41 f"",,1 kuff"" lin I~I>C)

Pu ];u j NOAA
n Crossed d iiX,w ant, 'nllil
n Q Udd, ihb r H"lix ant,'nrl;> (1 <11 (' I '}'-Il) 0 l'''~dlll "l i fi t'r

n 2 cha nnd :'-101\1\ " ',,r i\,N n PIl O.sriln f(,( .civet
n Cl plUCoC c"rrl / H',r iw , r"hl,'

Co!!or writ e Jar [ur/I"" i" f"' '' '' ll iu ''
US.II b J,oc.,Km D<okr. I'I,, '~" ""'0·" "1,, [d"<~bor:ol M,w ., .,
1>0.-;;,,,,,.190 \ W l<M"""", ~".., 1. O W:OQl>. lL [,1".",1
Tel 1 8UV-b1147b')

LISA Amo1..~, [A,<kr. Sp<oc1""n In''''''-'1eo,,.,1 r.o. Rox 1O<W.

Con..-ord . ~h""clr~...." 0 1 7~ 2 T~I 506 2r,l 2 gr,
TIMESTE P WEATlfER SYSTEM S

Wic" hambrook Newm..r.... ' CBS 8 Q A England T.,l : (0 140 ) 820040 Fax: (0 44 0182028 1
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MATERIAL PRICE LIST OF EQUIPMENT

descri bed in YHFCOMMUNICAn ONS

Ilm1\V Digitallmage.Stnre for the Spectrum Ana lyser Art.No. Ed. 4/1991

PCB DBlNVOlO 6477 DM 44.00
Components Processor PROC31; 12Ie s: 1Reg, ic.Transistor;

Zener Diodes ; Si licon Diodes; Chokes; RAI\1 ;
EI'ROM DB INVOlO; 4 x lk Tri rnpots . Crystal 6478 01\1 276.00

J}H IN V T r:u:king Generator for the Spectrum Anal yser Art . xo. Ed. 1/1992

PCB DHI NV Ol l &179 DM 31.00

F(jI LR A Uigit.al Slow-Sca n Television Art. Nil. ED. 3/1992
F6BXC Transmit Coder

PCB SSTVCODE 1 (KI\l Publications) SSTV I [ 2&.50

!)B I N V Broadband v r.O's using Micrcsmp 'l'cchin iques Art. :'\0. Ed . 4/1992

PCB DHlNV Ol2 &1S0 nt<.t 33.00
PCB DTH NV0 13 64i11 0 \ 1 33.00
Components 400 - 1250MHz

3 x BB619: 1 x 8 B811 ; I x nrG96: 2 x AT42085;
1 x BFQ69; 2 x2.2 nl-' &. I x 27pF Feed-lbroughCap.;
SMC Con ncclors; 2 x 0.47 II SMO Cho ke , I x housing
74x55 x30wm ; 1 PCB DBINVOIZ M 82 DM 81.00

Components 450 -1450~m~,

as above but: I x BFG65 inste ad ofBPG9 6 6483 DM 81.00
Components 800 -1900MlI~.

as above hut: 4 x BRRI I instea d of BB619 and
PCB DB lNV O!3 instead of 012 &184 DM 85 .00

Tuning Diode BB619 10 off 10450 DM 20 ,00

Tuning Diode BB8ll 10 off 1045 1 DM 3 1,50

The above items are all supplied by, and obtained from , UKW- Beric hte in Germ any.

To obtain supplies please contact your cou ntry represe ntative for details of local prices and
availability. Alte mativc1y, you may order direct from UKW-Berichte or via KM Publica tions,
whose add resses may be found on the ins ide front cover of this magaz ine .
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Plast ic Binders for

VHF COMMUNICATIONS

• Attractive plastic cove red in VHF blue

• Acce pts IIp 10 12 tuitions (three volumes)

• Allows lin)' req uired copy to be found ed!iily

• Keel" tbe XVI. happy and co ntented

• Will be: sent an yw he re: ill the world fo r
DM 8.tX) + post ..nd packing

Please order your hinder via the national
representative or direc tly from l JKW-RERICIITF.,
Terry uruao OHG (liee below)

The elder edit ions of VHF COMMUNICATIONS are still
obtainable for reduced prices from the publishers of
UKW·Berichte.

Subscription Volume Individual copy
VIIFCOMMUNIcATIONSIl}lH each DM40.00 each IJM IUi i

VIIF COMMUN ICATIO NS 1992 cach DM38.UO eac h DM 10.00

V)IF COMMU NICATIONS 199 1 each DM35.00 each OM10.00

VIW COMMU NICATIONS 1990 each DM27.00 each DM 7..'10

vur COMMUNICATIONS1988 10 19!19 each DM2.'i.OO each OM 7 .50

Vl lr CO MMUNICATIONS 19R6lo 19137 each DM24.00 each OM 7.00

VBI- COMMUNICATIONS 1985 each OMW ,oo each DM 6.00

VHF COMMUNICATIONS 1980 10 1984 each OM 16.00 each OM 4.50

(Edilion 3/1982 no looger available )

Individual co pies oul of elder. incom plete volumes. as long as stock lasts:

1, 2, 4{1 972 · 2, 4/1973 · 1, 3/1974 · 1, 2, 3, 4/ 1975

3, 4/1976 '" 1, 4/ 1977 '" 1, 2/1978 '" 1,2,3/1979

Plastic hinder for 3 volumes

Post and packing minimum cha rges

each OM 2.00

each DM 2.00

each DM 8.00

DM 14,00

k l lJ'tilii!berichte T. Bdla ' OHG . J a hosl' . 14 . Postlach 80 · 0 -8523 "";. ',"0"
Tel: 09 133·47"() " Telefax 09133-4747" Postgiro Niimburg 30455-858 code 760 100 85
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