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Dr. Jochen lirmann, DR INV

A Notch Filter for the

S6 Special Channel

The occupancy 01' the S6 spec ial
channel in most cable ne tworks is a
terrible nuisance, at least for the
radio amateur, since color and sound
ca r r ier s arc to he found in t he 2m.
exclusive hand. Whc1 hcr the interfer­
ence has its or igins in yuur own home
or in that of und erstanding neigh­
bors. the notch filler dcscrthcd below
can he of assistance.

1.
INTROlJUCTJON

tors and branches let high -frequency
emissions escape, Stuce then, the level
of experience here has improved , to
such an extent that we em usually
regard the telecorrnnnnt cations network
as being "tight", If we are considering
56 interference. either the domestic
distr ibut ion network (not renovated for
reasons of cost) is emitting rad iat ion or
the equipment connected is insuffi ­
cient ly screened. In the one case,
tel evisio n and hi -11 equipment do not
have the nelTssary scre en damping,
while in the other all cheap rccc__ ivcr

connection cables act as slot anten nae.

In the ear ly days of cable television
technology, the origin o f inte rference
emi ssions from cubic networks usually
lay within the area of responsibili ty of
the federa l telec ommunications authori­
ties. Apparently the installation gangs
had not been given sufficient train ing in
how to deal with coaxial cab les, with
the result that badly mounted connec­

194

If, for e xample, a hi-f rec eiver is the
culprit, then the level of interference
call be reduced hy 2 - 3 5 stag es if the
receiver input is provided with a re­
jector circuit. If the 56 program is not
viewed thro ugho ut the ent ire domestic
distribution system. then the best plan is
to place the rejector circuit between the
inter-connecti on point and the domestic
connection ampli fier.
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2.
ASSEMBLY

Assem bling a notch filler is a simp le
mutter. Y OlI need :

An Hlt-tight metal housing, dimen­
sions 40 x 60 x 30 (mm.). which you
ca n solder together from printed

circuit boa rd material if IIcl'c ssary

One 75'1 coaxial jack and ouc 750
coax ia l plug each for so ldering i ll. or
corresponding cable plugs or jacks
with short cable ends

A 30pP foi l trimmer or ceram ic
trimmer

15 em. of silver-plated 1-1IIIn. wire
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Test Ohject: S6 Nnlch
fill er

Illite: 07.09.9.'
Centre Fr cq: 250 MII1.
H:csolul ion : 50 ki ll-
Rd Level: +2OdHm
M ode: Norm alised
Itortz : so Mllz/div
Video: 100 kHz
Vert: 11IdB/d iv

l"ig.2:
Accepta nce Curve of
th e Notch lciltcr
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reading precisely to the end-scale de­
flection point. Then calibrate the notch
filter trimmer to minimum. Since most
Scmctcrs are not wort hy of the name
and arc more in the nature of linear
HF-voltm cters, you should now reduce
the damping until you ohtain a new
read ing and re-balance the trimmer.
And that's all the calibration you need.

(~,------------'-~"""'=='-'==
Bend the wire into a hairpin circuit, as
per H g.I . with dimensions of 55 x 15
(mm.). Solder it up to the trimmer and
solde r it unsuppor t ed hetwcen the inter­
na l conductors of coa xia l jacks and
coaxial plugs. Before dosing the hom­
ing and making it Hl-tight. dr ill a hole
in the housing cover for calibration.

3.
CALIlIRATION 4.

MEASUR EMENT CURVES

A nyone who has 110 wobble measuring
pos ition for calibration can also get by
using 11 2m. FM unit, which must have
an Scrnctcr. l .ink one of the filter leads
(the filter is symmetrica l) to the cable
TV network and the other lead to the
radio equipmen t. Sct the So sound
carrier frequency at 145.740 MHz and
lIS C an attennaror to bring the S-mcter

Fig.2 shows the acceptance curve for
the notch filter in the frequency ran ge
between 0 and 450 MHz. We can see a
reduction of about 20 dB at the inrcrfcr­
cncc frequenc ies in the 2-m. band. Fig.1
shows the Frequency range from 0 10

200 MHz. and we call recogn ize the

form of the f ilter curve better.
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.+ 11
. . .

f--- . ' . ..._. . . - -

! :.---1_- .
! i .

! i : ! ,
i _......~ ._.-
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; f ,

Test Object: So Notch
filter

Date: 07.09.93
Centre Frcq: 100 MIll:
Resolution: 511 kHz
Ret Level: +211dBm
Moder Normalised
l Ioriz: 20 Mllz/div
Video; Ion kl Iz
Vert : l OdD/di v

Fig .3:
The Filter Curve
Form is easily
recognizable
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Maljaz Vidmar . S53MV

A DIY Receiver for GPS and
GLONASS Satellites

Part-Jb

Quadrifilar Backfire Helix
Antenna

Al1hou~h lon l.: r a nge, prt'CI ~ 101l na vl­
uat lon systems like (iPS or GLO­
NASS were dl's i~ nl'd to he lnucpcnd ­
c n t us much HS possib le or the per­
Ior mn nce or eith er tran smlulnn or
reeelvt ng lInll'nnlls. the antennas IISfiI
sHU have so me influen ce on t he
system per for ma nce.

I.
ANTENNA REQUIREMENTS

The tra nsmitting antennas installed on
the spacecra ft have a shaped beam to
supply any Eart h-located users with the
same signal strength and usc the on­
board transmi tter power more effi­
ciently .

Maintniniug till ' same ~ iJl: ll a l strength is
especi ally impo rtant ill CnMt\, since
the GPS C/A--codes are too .\II(m to
offer a very g-ood crosstalk perform­
alice. The ideal receiving- antenna
should have a he mispherica l radia tion
pau cm. offering the same signal
strength from a satel lite at zenith and
(mill another sate llite just above hori­
zon. Furthe-r, the receiv ing antenna
should match the transmitter polarisa­
lion (RHCP) i ll a ll va lid directi ons .

Hnally, the receiving antenna shou ld
attenua te an)' signals coming from un­
desire d d irecti ons, like dguals coming
from negative elevarious, since these
arc certainly reflect ed waves and the
latter arc a major source or measure­
ment errors due 10 their unknown
propa gation path .
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2.
THE TURNSTILE
ANTENNA

Although a turns tile antenna
(two crosse d dipole s fed in
quadrature) with or without a
reflector is frequently used
for satellite reception, this
antenna is-not very suitable
for satell ite navigat ion for
several reasons . The polarise­
lion of a turnstile antenna is
circular only in the zenith
direction and is complete ly
linear in the horizon plane.
Therefore, a turnstile antenna
offers no discrimination be­
'w een the desired RHCP di­
rcct wave and tile unwanted
t He]> reflected wave, since
cir cularly polarised wave s
changed thei r sen se of po lari ­
sati on on cuch reflection. Re­
flected waves cause severe
measurement er rors and a
relatively slow and deep sig­
nal fading, so that the re­
ccrvcr even looses lock on
the signal.

VHF COMMUNICATIONS4/94

">

/
Solder julots

- O.1f.1"_ SO.n.
SEMI- RIGID COAX

S5 3MV

3.
MI CROSTRIP PATCH
ANTENNA

nNe
Connector

A better alternative is a
microstr ip patc h antenna . A
single mic rostrip patch rcso-
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Fig.I: The Quadrifilar Backfire Antenna with
Right-Hand Circular Polar isation
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nator pro vides a useful rad iation pattern
with a reasonably circular pola risa tion
over a wide nl11ge of eleva tions. Un for­
tunatel y the radia t ion pattern o f :I

microstrip antenna fall.. down to zero in
the ho rizon plane. Micros trip antennas
arc usu ally used when a simple, low­
profi le antenna is requ ired, usually 10
he insta lled 011 u vehicle roof. Since
low-elevation satcllitc,s can not be re­
ce ived , a mlcrostrip antenna usually
limits the available ntX}P.

4.
TH E Q UADRIF ILAR
UACKFIRE AN'I'ENNA

Th e be st antenna for satellite na vigati on
and o ther applic at ions requir ing hcmi­
spherica l eovc l';l ge see ms to he the
quudrifilar back fire hel ix (als o ca lled a
"vol ute" anten na) . Sud , an antenna
prov ides a shaped conical beam. '!11l'
beam shaping and cone aperture can he

co ntrolle d by ad justing the hel ix radius.
turns p itch dist ance and number of
turns as desc ribed in II 1], By the W:lY,
the same type o f an tenna is frequen tly
used o n low-Earth orbit satellites, like
the ~Oi\A weat her satel lite s.

As till' GPS and G I.O:.rASS satellill's
a lready prov ide a const ant signal
strengt h for Earth -located users regard­
less o f the satellite elevatio n, no par·
ticular beam shapi ng is required for the
re c e iv ing antenn a . T he opt imum
number of turns of a quadrifila r hack­
fire hel ix used as a (iPS or GLOr\AS S
receiving antenna seems to he between

1.5 and 3. Making a qna drifiJar backfire
hel ix longer hy incre asing the nu mber
of turns docs not have much effect on
the gain or the bea m-cone apertu re, hut
it improves the bea m shaping a nd
further attenuates the undesired lobe in
the opposite di rection (downwards).

Although the best GPS receivers use
such a quadri filar heli x with 1.5 or 2
turns. such :111 antenna is di fficult to
manufacture and teet. In particula r, the
four helica l wire s have 10 he fed in
quadrature and there is very lill ie Space
on top of suc h an antenna to inst all 111(:.
feeding net work. Further, a z- turn hack­
fire helix is rat her large (Zucm high) for
a porta ble receiver. If its improved
pattern per formance is to he fully
exploited. the direction o f its axi..
should 1101 d eviate too much from
vertical and this is 110 t a very practi cal
requirement for a porta ble receiver .

Most UPS/( H.O NASS receivers there­
fore lise a sim pler ante nna . usually a
short one -hal f 111 m backfi re hel ix like
shown 0 11 Fig . 16. Making (he q uadri­
filar heli x shorter resonance e ffects can
be used to feed the four helical wires
with the prope r sig na l phase.... Tn pal'·
neuter. one pair of wires is ma de
shorter to mckc its impedance ca peci ­
ti vc at the operating frequency and the
ot her pai r of wires is made longer 10
make irs impedance inductive at the
operating frequenc y.

To obtain Rlle p a con ventional end­
fire helix ha~ 10 be wound like a
rig ht-hand screw, The back fire hel ix is
jus t opposite: 10 obtain R1ICP the
backfire hel ix has to be wound as a
left -hand scre w, bes ides the proper
pha sing of the four hel ical wires, of
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hand, the performa nce of the antenna is
not degraded much if no balun is used
as shown on Fig. 1.

In the prac tical construct ion of a ha lf­
tum quadrifilar helix it is espec ially
important to respect the exact lengths
of the helical wires, since the antenna
uses resonance effects and is rather
narrowband. The dimensions shown on
f ig. 16 arc for the GPS L1 frequency
(1575.42 MHz). A GLONASS LI an­
tenna sho uld be approximately 37"
sma ller. Fina lly. an antenna for both
(IPS and GLONASS Ll channels can
he built by des igning it for the ave rage
of the two frequency bands.

T he fccdpoint impedance is in the 500
range, symmetrica l. A good matc h to
500. is usually sacrificed for the radia ­
tion pattern wh ich is much more impor­
tant. Usually one o f the [om helical
wires is replaced by a semi-rigid co­
axial cab le of the same miter diameter
to fonn an " infin ite ba lun". 011 the other

(~--------- - - ---'-"'--==== ==
course! Further, the back fire hel ix re­
quires no reflector. The four helical
wires arc fed at one end of the helix
and shorted together at the other end o f
the hel ix. Since the main (desired)
rad iatio n lobe is directed towa rds the
feedpo int and away from the shorted
end, such an antenna is called a
backfire antenna .

IMPROVEMENTS ­
CHANGES

Sup pression 01' in terfer ence in 70 ·cm
ATV mod e us tng high ly selective
notch IiIter, by E.B erbe rich j 1/94
pp.45-55.

Some errors crep t into fig . t 2 on p. 52.
so here' s the circ uit again.-H."I Sm ool~ l ll ~

x~;r :: :®"Ik
-T ''l 1

Im provements and additions to the
Spect r um Analyse r by Dr.L jlrmann,
DBiNV

Some points were not clear rega rding
thc structure of the spec trum ana lyser
and need correcting :

200

I. Printed circuit board 00 7 (LOfPU .):
Circuit dia gram and components diu­
gram gave different values for resist­
ance of 17, pin-2: the version with a
56k resist ance to earth is correct .

The capacitor at pin-a o f 11 (l\ E 551 4)
has a purely blocking function. It co uld
be given a value o f. for example. O. l ufo.

2. Printed circuit hoard 009 (run-off
control) : The tendency of the emitter
follower to oscil late did not become
apparent until the layout had been
completed . It can be remed ied by
means o f a l nl- (not lnl-) ceramic
capacitor on the foil side.

C ircuit diagram and components dia ­
gram gave dif ferent values for resist­
ance of 12, pin 2 to eart h. The correct
value here is 150k; at 39 k, the tuning
d iode in the second La would have a
bias voltage in the conducting direction.
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Carl G. Lodstriim SM6MOMIW6

An RF Power Meter

with a Linear Scale

Dur ing lhe work with th e Complex
Imped ance Meter (1) I got l he idea In
l r y 10 see hnw low 11 slanatlcvcl could
he det ected with a sl rJl iJ!:hlfor wa r d
diode a nd 11 good I>C a mplifier .

As I worked on this, I was str uc k hy
111(' ac curacy of the meter liS lon g as
the d iode oper ated ln th e sq ua r e law
region. A simple power m eter wit h !I

linear d illl!

I.
DESIGN CONSIDERATIONS

Another insight was tha t rcmp cramrc
variation s woul d create drift problem s.

W ith this in mind, I dec ided 10 try t wo

diodes. one pumped by Rj-: sig nal und
Ihe other not . Both hiased in the
for ward d irection hy about If.lJ\ (If DC
current. My favourite instrumenta tion
amplifier is AD 524 by AI131o,!!, L1c
Devic es. It works very well in this
appli cation.

To provide 3 reasonable good 500
inpu t impedance for the instrument the
input c ircuit ry is an aucnuarornc numa­
tion. providing good match and some
6dB of vo ltage auc nuarlon. Th e dctcc­
tor diode impe dance is assumed 10 he
>50n.

Clea rly a detector d iode docs not have
50.0 impedance (kO at thi s bias) and
tha t att em pts to match it would 1I0t only
co mplicate the instrument, hut lessen
the fl at frequency respon se as wel l.

The necessary clo se thermal coupling
between the detector diodes is ach ieved
by using the dual Schottky BAS 70·05
or -06. Common anode should work as

201



......... ..
""9kt ...'r.I OR

""'JllfV/l 5<
21lRo-4lU
9 1R//2I<l

""OR>

'0'
I

... l 'V

11"S
SDlIk tALAfIC(

ID'

lA S 7D

...

...
TOo'

....
""" ...

AD 524

....

'K.
W ....'I .... '"

"'. ..
• ",o. ·41••

1M

T..

-~

~

• " " e

~'
~ , " • --~ •

~

"' " • • "~

Flg.1: Qrcuit Diagram and Component lAyout (or the Power meter

30T TOM VI E'J
RF porti on
of l o.you t

•..
W oooo
~"..



~~=~~=----------(~VHF COMMUNICATIONS 4/94

well as common cathode . Just feed tile
I ~ bias supply from ·i5 V. Thereafter
everyt hing i.. preuy much stra lghrfor­
ward .

2.
CIRCUIT DESCRII'TIO:-i

111e c ircuit and component ove rlay for
the powcr meter arc shown in M1!.1.
The AD 524 input vetoin g is used 10
null th e instrument, and the balance
be t wee n currents in the two diodes ca n
also be varied I'ty a small amount .
ma king it po....iblc to find a point of
op dma l thermal tracking" Tbc output
am plifie r is connected for a ga in of
approximately 100x hy the Ik·9. 1-l k
re..Iv e rs . The gain at the different
ranges h selected by selecting a differ­
em resistor value for each range by
means of a rotary switch.

The va lues arc most ~-a sily dete rmined
if you pick the lowest (-45 dUm range)
and adju st the resistor in series with the
meter movement for an accu rate read­
iug. no then up one range at a time,
sub stit ut ing with a decade resis tor box
to find the accurat e value s. I have listed
the ones that worked for me.

The ga in formula is:

:0 : = (40k!R~) + I

but with 20':t Inaccuracy.

Without the gain in the output stage .
the gain selection resis tor for the -45
dBm ra nge would have to he R2mQ an
imprac tically low value. If one con­
nected the meter direct 10 the amplifie r

output, reasonable va lues could still be
used, hut read on!

It is advisable 10 ray attention nor to
hum out the meier. or f-end the needle ,
with a possible transient of full output
from the amplifier! The ~ imples t

method of protection is to pUI a few
cross-connected diodes aCTOn it. To­
gerber with an e lect roly tic ca pacit or
and a limiting resistor in series. the
meier can handle a slowed down ove r­
IO;Jd.

Full de flect ion ranges from . )0 dUm to
-45 dBm are mea ningful . Si~llah o r ·50
10 -55 dBm arc about the lowe st that
can be mea sured . Using 5W- AM
modulation and a selective aud io ampli­
fier (HP 302M level.. of -M dUm have
been detected with this same devi ce.
Given the 5 117 bandwidth in tbc I II'
302A, a s)"nchronou<;; detector in combi­
nation with switching of the RF signal
altcmaringty betwee n the diode s sho uld
allow for anothe r III • 20 dB, selling
the limit at some -8OdBm . More rom­
plicatcd circuitry that certainly will
a ffect the flatness of the response,
though.

These days. with inexpensive wideband
amplifiers readily available, il may he
juvt as wise to usc one or two of them.
Another 20 - 40 dB is then ~' a sy to pet.
and the flatness may he just as good as
with RF switching between the diodes.

The input aucnuator i<;; realised hy six
1500 surface mount resistors. Nee dless
to say. they should be built i ll Ol OCOnl ­

311l ·C with good UHf practice. Before I
replaced two indivi dua l Schouky diodes
with the single BAS 70 device the
response was very flat (within a dB) to
1.3 GHz, where it peaked briefl y and
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died . If anything, it ought to he better
now, bur I have no "flat" source to try
it. It seems to work past 1.8 n ih .
though.

The meter T usc (from a Ilea market)
has ;)11 individually calibrated dial that
is not cuurcly linea r. It is prov ided here
anyway, for rep roduction, since it " is
bette r Won nothing ," An old, non
work ing III' 431 power meter, has just
this kind of meie r and can usually be
had for less than a new JlA meter.

Note that the -10 dflm is at 10% o f full
scale, whereas a voltmeter rends -20 dB
here .

3.
LITERATURE

(I ) Complex Impedanc e Meter,
C G.I,odstroIll, VHF Conunuuic a­
tions 2/92

CARL G. LODSTROM

CONSULTING ENGINEER

RF-MICROWAVE * OPTICS e FINE
MECHANICS

7261 Coolidge Street, Ventura, CA 93003, USA

Tel: (80S) 659 4055 Fax: (80S) 659 1775
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Dr.lng. Jochen Iirmann, DB1NV

A Synthesised Local Oscillator
for the DBINV Spectrum
Analyser

TI1(' following artid(' de scribe s A syn­
thcsfscr which r ep laces the previous
first oscillalnr of UB1 NV spectr um
allAlysl' rs 0(16 to 011 an d which. as
well as ha\'in~ better rreq ucnev prccl ­
sle n. improves rho usable dyna mics
for si~nll l~ IJ in~ erose togl'l lu' r by at
lea sl S d B. If is II lsl1 easier 10 operate
than the pre vious PLL's.

The synthcstsc r ha s a luning r unge of
4!'n - 1 .~OO J\1Hz with a 50 kHz step
size. wtthout the IISC of lilly xpecl a l
compone nts, it was possib le tu atta in
a phase jitter in te rv al of 10=' dBclH z
for a car rier Inter val of 211 kl tz, at
moder at e expense.

The svnthcslser Ita" actually been
conceived primarily as a locul osci lla­
tor for the spect rum a na lyse r, but
ca n also be used as a simp le synthe ­
stscd lest oscillator.

1.
THE ADVANTAfmS OF
SY/(TIIES ISER - LOCAL ·
OSC ILLATOR

Five years ago , Ihe author introduced
his first design for a spectrum anal yser
created using resources available to an
ama teur . The basic concept is stil l
provin g serv iceable, hut it has also
become clear that the first loca l osci lla­
tor is thc weak point in the ci rcuit.
With respect 10 res olution and volume
range. Ihe remainder of the circuit can
generate cons iderably more than ca n he
used hy the relatively poor oscillator.
This is documented in Pigs. 1 to J .
Here. a test oscillator (HPR640i\) acts
3S a signa l source at 140 MIlt" whic h is
modu lated at 20 kllz and with a
modulat ion factor o f 2 per thousand ,
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Fig.3: Synlhe siser LO markedly
improves SA Dynamics

We can thus recognise tha t the interme­
diate-frequency and video sections of
the analyser huvc a considerably greater
dynamic, which can not he made usc of
through the poor first oscillator.

No w, r ig. 3 shows the same signal,
now with the synthcsis cr / local oscilla­
tor. Here too, we can observe the
significant dynamic gain. al thoug h it is
not as great as with a low-noise
standard signal generator.

rig.3 was plotted without digital aver­
aging. so that the noise displayed is
somewhat greater than in the previous
diagrams .

In addition to the improved measure­
ment dynami c, the syntbesiscr offers
better frequency accuracy and is easier
to operate. as the rather tiresome search
for scanning points separated by 2 MHz
in the previous PIJ . is no longer
necessary.

which corresponds to a side-band am­
plitude of 60 dB below the carr ier.

In Pig.L, the or iginal first oscilla tor was
used, with a d isp lay width of 10
kl lz/scction. The intermedia te -fre­
quency band width is 1 kl-lz and the
video band width is 100 Hz.

If the image storage is used to give an
ave rage value. the rnndulation at
± 20 k. l lz is 5tH! recogn isabty within
the noise base of the osci llator.

In Hg.z, a second standard signal
generator. a Singer S(;1000 , acted as a
local oscillator producing less noise .
With Il O other change ill the sett ings ,
the modulation stands out more than
10 dB above the noise.

-_. _----_...__ . ....!!-----;--- - _: ....:.j

[__

I ,

P:"_ _ __..~

Fig.2 : Usc or H Sin l::l'r S(; woo as
Local Oscillator

~~ .. - ..) I--------..- -..-J
i i
• .•_ . , -----'-----' 1

i
i

1
' · _ ,.,.•-
! :=~

Fi g.1: Previous Spectrum Allal~'scr

1.0 with powerful Noise Bar

I

I
1·······..···1··
:-....: ..::)'\..1 .. ..- \
l...__
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Fig.4:
Synt bcsiser wt th
Sampling Phase
Discrim inal or

19,5 ... 10.5111'(

DB1 NV

2.
POSSIB LE METHODS OF
ASSE:VIBLING THE
SY:-iTH ESISE R

\Ve can estimate the minimum phase
jiucr interval required for the first
oscil la tor in the following way. I\ t a
hand width equal 10 I kl lz, the imcnne­
dia tc-freqnency filler of the analyser
still all ows signals to he resolved with a
level d ifferential of 75 dB, at a fre­
quency interval of 20 kllz. So the phase
j itter o f the first oscillator must he 'II
least 75 dn below the carr ier level
when the interval between the oscillator
and the carrier is equal [0 20 kl lz.
Since [he filter hand width is 1.000 Hz,
the standardised phase jit ter interva l
then becomes 105 dBe!Hz, This value
is not exactly outsrauding. The Hewlett­
Packard test oscillator, which is widely

used , even hy ama teurs, call uttuin 1.10
dnc(lTt, with the same carrie r interval .
Many first-generation synthcsiscr/stand­
ard signal genera tors and simpler spec­
trum analysers arc o r cours e 110( milch
better than the 105 dRc/Hz desired with
regard to phase jit ter. It shou ld thus he
poscjblc, even using amateur equi p­
mcnt. 10 attain the required phase jitter
interva l using modern COItl POIl\: Il1S. Yig
oscillators, the new price of which is
still around DM 1,000 . should certainly
not he used.

2.1. The Oplions

There arc two possible Wll y S o r build ing
a low-noise synthcsiscr or this type .

YOII can divide the luning range
from 450 to 1.300 MIlt. into
many sub-ranges, so that the
sub-oscillators automatically sup­
ply a sufficiently low-noise sig-
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Fig.5: Block Diagram of the 450 to BOO M Hz Synthcsiscr

nat. due to their resonator qual ­
ity. A slow PI .L loop compen­
sates only for the frequency
changes arising from fluctuations
of temperature and low-hand in­
terference, c.g. hum.

You can retain the existing. oscil­
lator, which is tuneable over an
extremely wide rangc. and stabi­
lise it using an extremely rapid
PLL with a control band width of
severa l 100 kilohertz. An ex"
tremely low -noise reference Sl g-­

nat must be generated at the
same time.

The com mutation of severa l sub-oscilla­
tors may be a solution for a pure
synthesiser. For the spectrum anal yser,
it must also be possible to wobble the
oscillator signal over the col ire tuning
range. We can therefore expect some
transient problems 10 arise from the
perio dic commutation of the sub-oscil­
lators within milliseconds .

208

Analogue wobbling of th e oscillator

using a frequency control loop, on the
other hand, was a tried and tested
tech nique. To keep the oper ation of the
analys er simple , the step size of the
synthcs lscr had to be less than 100 kl Iz.

'111e author 's first attempts, using con­

venttona! divid ed PLI, 's with phase
monitoring frequ encies between ](X)
kl-lz and 1 MHz proved a disappoint­
ment. The interferenc e dispersion of the
oscillator, divid ed down hy a factor of
1,000 or more, was too transient for
normal phase detecto rs to generate a
control signal which could be cvatu­
atcd . By cont rast, it was possible to
attai n the desired signet quality right
aW<-lY with the help of an oscilla tor
which co uld he tuned over a narrow
hand (40 MHz luning range at app . 400
MHz) and a modem single-chip synrhc ­
siscr , an SPRR58 from I'lessey. Now all
that was needed was the resolution to
transfer the signa l qualit y of this syn­
thesiser to the actual first osci llator of
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F ig.6: Struct ure and O peration of a
Sa mpli ng Phase Discrtm lnat or

multiplied at the final frequency to a
corresponding degre e. As menti oned
above, a narrow-band syrnhc slsc r with
the low noise level required is rela­
tively easy to make. So the 10 MHz
reference is provid ed hy dividing up a
synthesiser which is tuneable from 380
to 420 Mllz.

08 1NV

/~'".. l>

'.
utltl
•

I II
dOl 11

To obtain a uniform frequency grid at
Ute end frequency. the step size of the
"pre cision synthcsisc r" should he
switched in acc orda nce with the grid
divisions of the harm onic wave used in
each case. Since almost all synthcsiser
l'C's have freely programmahie refer­
ence dividers, this can easily he done.
Strictly speaking, changing the step size
calls for a change in the dimens ioning
of the loop filter in the precision
synthesiser in order 10 optimise the
spurious interva l and the transient be­
haviour. Since the SPS853 proposed has
current sources in the phase monitor
which can he programmed through the
interface, these elements ca n be used to

the spectrum analyser. To co ntrol even
small p hase deviations from the osci lla­
lor, freque ncy div iders in the control
loop should be dimen sioned to glvc the
lowest possible divider ratio .

Pig . 4 shows the approach. The output
signal from the veo is initially divided
by four and thus displaced into a
frequency level which is easier to
control. A sampling phase discr iminator
co mpares the divided veo signal with
an auxiliary Ircquc ncy of about 10
MT I;t.. i.e. the divided veo signal can
he synchronised on all harmoni c waves
of 10 Ml lz.

Dividing hy four represents a compro­
mise between the undesirable dividing
down o f the phase jitt er from the first
oscillator and the degree to which a
sampl ing bridge can he created using
am ateur resources. This pro cedure gives
veo scanning points at 40 MH z inter­
va ls. So that the snmpfing PI-I... can find
the correct scanning point, a simple
single-c hip symhcsiscr. of a type used
ill tel evision engineering, works in
paral lel with it as an interception stage.
lis only task is 10 tune the veo into the
vic inity of the correct sampling PU .
scanni ng poinl following :1 frequen cy
change, and it is then switched off.

The sampling PLI . is designed for a
control band width of approximately
200 kl Iz, and is thus rapid enough to
co ntrol the phase j itter of the Yeo. If
we now wish to be ab le to vary the
frequency of the veo in stages, the 10
MHz a uxiliary frequency has to have
fine-sta ge tuning. At the sallie time. an
extremely good phase j iue r interval
must be attained, since a ll interference
at the auxiliary frequency will be
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Entire Main Loop Circuit
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optmus c the con tro l behaviour of the
loop (in approximate stages) in accord­
ance with the step procedure selected,

2.2. Synthes iscr Co nt r ol

T he re lat ively complex con tro l of such
a synthcsiscr can he handled only hy
means of a single-chip micro-cont roller
(i f a reasonable num ber of units <I re to
be assembled). In this context, it fulfils
the fo llowing func tions:

Evaluation o f pulses from an in­
crcmcntal transmitter for tuning,
with a progressive tuning charac ­
teristic line

Controll ing the frequency displa y
- an 8-chan.Kter LED dot ma trix
display

Determining the appropriate har­
mon ic wave and setting the inte r­
cept ion synrh csiscr

Sett ing the prec ision synthcsiscr
(frequency and contro l bchav­
iour)

Time-controlled transfer from in­
terception syuthesise r to sam­
pling PLL

Cont rol of a dig ital/ana log ue
converter to generate the tun ing
voltage of the veo if the veo
has to he wobbled. In this cas e, a
convent ional frequency con trol
loop is wired in,

The proposed divider/mu ltiplier proce­
dure locks very ctcsant at first sight,
but it has a cruc ial weakness. i.c. the
400 - 10 MHz frequency divider.

This assembly decides the total uuaiu­
able pha se j itter interval. since d ivider
stave s also generate noise side bands.
Even with an ideal input signal. a good
EeL d ivider has a broad -hand nois e
base o f about - 145 dHmflk This va lue
rep res ents the limit for the purity o f the
IO-MlIz signal. Each time the ltt-Mllz
signa l is doub led, the phase j itter
interv al is reduced hy 6 elK f or
example. to attain an output frequency
o f 1,280 \1 1fz, it is ncccssary to
multip ly by a factor of 1 2~. whic h
corresp onds to a rise of 42 dB in the
phase j itter . The des ired phase j itter
interv al of - 105 dHeflIz can thus Hot
he ma intained at the nigher end of the
hand .

The situat ion could he improved by
mixing the veo down by segments,

2 12



R = (V . frcrV40M

The surprising thing is that only the
expression f"'f/40 M has to be a
whol e number 10 make it possible to
set the reference divider va lue. This
can easily be arranged by selecting a
suitable crystal freq uency, You can

3. The interception synrbeslser rece ives
the precision synthcsiscr signa l as a
reference frequency . It is pre-set to
tune the aux iliary veo to V times
its reference frequency. In the exam­
pie. V = 92 is programmed.

4 . Next, the reference divider factor. R,
and the setting divider factor, U, of
the preci sion synthesiser arc dete r­
mined. The auxilia ry frequency gen ­
crated by the prec ision synthcsiscr is
egua I to:

fll = (fll'f . U/H.)/40; moreover.

fo = V . fll should also be true ;

this give s fo = V . (f"'f 'lJjR}40;

We can then freely sele ct one of the
divider factors. U and N. Suppose
we pre -set U. R becomes:

R = V . (fre f • U/fo)/40

If we select U = N, the refe rence
divider becomes;

N = fJM", 950.2 50 MIll/50 kl lz

'" 19.005

2. The micro-controfler det ermines
which harmonic wave of the preci­
sion synthesiser (tuneable from 9.5

3.
DETAILED OPERATION

Fig.:; shows a detailed block diagram of
the synrhesiscr. To appreciate the tun­
ing pro ce dure, let I1S assume that the
symhcsiscr is to he tuned to fo =
950.25 0 MHz, and that thc frequency
grid gives M = 50 kl Iz. Let a crys tal
oscillator with fref :0: 10 MHz he
ava ilable a ~ the referenc e frequency of
the prec ision synthcs iscr. Every chang e
of frequ ency involves the following
procedures:

1. Th e tota l divider rati o required is
calcu lated as:

using low-noise permanent oscillators,
and only then feeding the signal to the
sampling phase discriminator. For rea­
SOilS of expense, it was decided not to
do this, since perma nen t oscill ators (e.g.
with coaxial ceramic resonators), for
their pa rt , have to be conn ected to the
mast er crystal using slow PLL loops.

When the frequency divider was inves­
tigat ed further, it became apparent that
the sig nal noise interval con ld be
reduced down as far as 10 dB using
low-current drain dividers - e.g. thc
SP8716. A divide r consisting of a
CA.1199 and an SPS695 created consid­
crahly less broad-band noise, but on the
other ha nd needed mor e current .

~~~~~~"------------(4';<

to 10.5 MHz) falls OIl the final
frequency. The range involved runs
from the 9Ist harmonic wave to the
l OOth. Since, owing to the pre­
division -.;-4, only harmonic waves
divisible by 4 can he sele cted, we
arc left with harmonic waves 92, 96
and 100 . In this ambiguous ease, the
lowest-order harmonic wave is se­
lected . The harmonic wave to he
selected is V = 92.

VHF COMMUN ICATIONS 4/94
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actually go a step further and make
the expression equa l 10 a power o f
two. The mult iplication is then re­
dnccd a displacement ope ration
which can be handl ed by a micro ­
controller.

5. The internal phase mon itoring fre­
quency of the precision synthesiser
is equal to:

fp =f",flR =(40 AOV;

In our case, fp =21.74 kIlz

The micro -controller scans a table to
find the control gradient which is
appropriate for this standard fre­
quency. and programmes the preci­
sion synthcstscr's phase discrimina­
lor accordingly.

6. The prec ision synthcslscr is pro­
gremmcd to the final frequency and
Ills' interception syn thesiser is
switched on.

7. After a response lime of app. 200
mscc., the interception syntbesiser is
switched off.

As can be seen from the derivation
procedure (admittedly some what mat h­
cmuticaf). controlling the syntbcsiscr is
not so com plicated as it seems to he at
first. a nd requires only a few lines of
Assembler or C program.

The attrac tive point abo ut this solution
is that. with mode rate phase j itter
demands, we obtain a circuit concept
which turns out not to need mixer/filter
equipme nt in the con trol loop or inter­
stage loops, and can therefore be added
to and tested using amateur resources.
And the risk of spurious effect.. is also
relati vely slight.

111e key assembly for synthesiee rs in
the process described is the sampling
phase d iscriminator. As already men­
tioned ill earlier articles, the sampling
phase discriminator functions on the
basis that, when a switch (in the fonn
of an rET or a diode bridge) is briefl y
activated, the transient va lue of the
input volt age is transmitted to a storage
capaci tor and retained there. If the
switch pulses arc synchronised with the
input voltage, then a DC voltage arises
in the storage capacitor, the leve l of
which depends on the form or the inp ut
signal and the phase position. In the
non-synchronised case. the mixed prod­
uct of the input vol tage and the switch
pulses arises in the storage capacitor,
and harmonic waves may he mixed into
this up to high orde rs of magnitude.
Fig. 6 shows the principal mode of
operation . We can also interpret the
circu it as a harmonic mixer at an
intermediate Frequency of zero.

4.
DESCRIPTION OF CIRCUIT

4.1. Asscmbl tcs

The synthcsiscr consists of 3 asscm­
blics, the veo DHIl\V 012, the main
loop assembly (sampling PLI .. intercep­
tion stage and frequency contro l loop)
DBI NV 0 14, .:mJ the precision symhe­
siscr and cycle control assembly (com­
puter section), DBINV 0 15. Any other
oscillator with a suitable frequency
range call also be used as veo as 10118
as the tuning voltage it requi res docs
not exceed 30 v.
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216

Philips d iode used can be replaced by
any other low-capacity Schottk y diode,
c.g. the IIcwlclt-P:lckard 5082-2835 .
The voltage sampled is. removed
through 3 temperature-com pensated
source follower using !2 and 1'3. Th is
source follower circu it is used in FET
keys for oscill oscopes . The exc ilation
stems from (2) . Since double 1-"ET's can
usually not be ohtained by amateurs,
two similar (best measured] UF245C"s
arc used here .

4.3. Th e Trlgzcr Pulse

Generating the narrow trigger pulse for
the sa mpling bridge ca lled fo r the usc
of the litt le grey cell s. AI first. the
author used a circuit which had been
utilised in some of the older Hewlett­
Packard measuring equipment, but this
was very expensive. The most ir npor­
rant thing to come out of this was that
you do not need 311 expensive step
recovery diode 10 generate the pulse.
because ordinary tuner swuc hing diodes
such as the BA243 and Bi\2R3 also
display this effect. Remembe r the out­
line wiring diagram . the precision
synthesiser controls the sampling phase
dtscrtnnnaror. lis signa l - 9 .5 - 10.5
Mlb, and a level of about n.s vss •
arrives at Ihe buffer and contro l stage
via T6. Almost any dual gate MOSfo'ET
can be used bere . e.g. the ancie nt type
40673 . A smaller ring core transformer,
with a 3: I transmission ratio. provides
the co nnect ion 10 the power stage
through '1'4 and '1'5. The two transistors
act as Bctype push-pul l power stages in
the transmitte r circuit and supply about
15 Vss to the step recovery diode, 0 5.
The spec ial charact eristic of a step
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TC(.'OVCry diode is that following a
curren t reversa l from the conducting
sta te. it initially remains conductive and
is then "abruptly" bloc ked. TIle current
drop wit hin a few hundred picoseconds
generates a half-sine volta ge pulse in
the resonant circuit co nsisting of L l
and the diode capaci ty, with an ampli­
tude o f 5 V and a width of approxi­
mately 300 rscc-. The transformer .
TR3. converts this into 1'0110 7eTO­

symmetrical pulses. The aucmpr 10 1I~

these pulses directly 10 lri¥)!cr Ihe
lJiodes did 1101 succeed. as the d iode
bridge rcprcscms a non-linear resistor
and produced serious pulse distortion
e ffects. Whcn the anthor invcsrignt cd
professional sampling Sla)!lOS rrom 111\
Phi lips and Tektronix , he noticed that

Ihe symmetrica l stepping lines between
the ste p f(."Covcry diodc and the diode
bridge were unusually long and we re
o ften wound mund ferrit e rill~ co res.
An aUempi 10 usc 20 COl . of tw isted
wrap-a round wire with tele phone msu­
lation led immed iately 10 a break­

th rough. When the pulse is generated,
the step recovery diode "sccs" a sym­
metrical circuit with an impedance
leve l of about 120 Ohms. since the
re flec tion at the d iode bridge has nol
ye t run 00<:1.: thro ugh the c ircuit. If the
pulse then switches the diode bridge on.
it aga in sees a source impedance of 120
O hms. This works as long a.. the
dou hled transit rime in the circuit
exceeds the pulse width . As Tin. the
c ircuit is wound around a highly rxonnc­
able ferrite or iron powd er core . If.
instead of the Teflon wire. Wl' usc
enamelled wire. then the transmission
lou for the circuit greatly increases .
With normal wire ename l. lo..see are
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therefore roughly equalised, using n B
and the diode network D1O...012. The
non-linear low-pass filte r at the output
of I3ll reduces the response lime of the
circuit and optimises the noise bchav­
lour.

4.4. The Inlc rccplion Circuit

As explained above, a phase control
circui t with a samp ling phase discrimi­
nator can engage with any harmonic
wave of the sampling frequency . So an
intercept ion circu it, which leads the
veo to the correct scantling po int, is
needed for secure operation. Since no
spec ial requiremen ts arc laid down for
this "intercep tion synthcsiscr", it can
take the form of a simple sing le-chip
synthesiser, as met! in telev ision cngi­
nccring.

In the present circuit, 16, an SDA3302
from Siemens, acts as the interception
synrbesiscr. According to (3), it is
suitable for typica l input frequencies of
1,400 MHz, has an Pc bus interfa ce,
ami possesses 7 switching outputs,
which here are used for contro l Iunc ­

tions . The entire assembly can thus he
cont rolled using the [2C bus. Anyone
wanting to know more about the FC
bus, the standard bus for entertainment
electronics, can find the nel'Cssary de­
tails, for example, in (4).

The SDA3302 has the input signa l from
the veo at pin 15 and the precision
synthesiser refe rence signal at pin 2.
Pins 2 and 3 arc actually intended for
the connection of a 4-.MHz crystal as a
refe rence, but if the circuit is controlled
from outside it still opera tes satisfacto­
ri ly at reference frequencies of over 50

MHz, Acco rding to (5), Telefunken
electronic can provide a pin-compati ble
Ie with largely equivalent data, with
the type desc ription U6204B. The inter­
nal gain contro l amplifier of the
SDA3302 is not used. '111e control
signa l from the phase discriminator
trave ls thro ugh pin 1 to the CMOS
switch, 12B, and then on to the gain
control amplifier, I3A, Pins 8,9 and 1J
arc the switching ourpnt-, referred to,
which arc used to contro l the CMOS
switch. All the elements in the asscm­
bly control make use of the hus ci rcuits
SDA (pin 4) and SCI. (pin 5) of 16,

The block-off capacitors at the cont rol
inputs of the CMOS switches, I2A to
12C, are important. The y attenuate ca­
pacitive interference from digital inte r­
ference factors entering the control
loop.

The SDA3 302 is used as a frequency
divi der in assembling the freq uenc y
contro l loop. The divided input signal
can be switched thro ugh 'In 12C bus
command to the pin 6 control output,
and 16 can thus he operated as an
adjustable freq uency divider. A
74HCl 23 monoflop (I5) acts a" a
frequency/voltage conv erter. and the
tuning vo ltage and the wohhle sawtoo th
voltage arc added together in 14B, as in
previous frequency control loops. A
basic fixed bias, which can he adjusted
using P4, establishes the frequency
closed circuit frequency for the mini­
mum tuning voltage . After inversion in
J4A, the aggregate signal reaches the
gain control amplifi er, I3A, via the
CMOS switch. The control behaviour of
the frequency contro l loop can be set
using P5.
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·lo5. T he T unea ble Reference
Frequency

T he precision synthe siscr generate s a
reference frequ ency for the main loop
which is tuneable between 9.5 a nd 10.5
MHz. fi~ . R shows the detailed circuit.
111e synthcsiser essentially consists of
the SPR85.1 or SP886 1. The two mod­
ules arc ide ntical except for tbe te rn­
perature range and tbc housing . TIle
SP885J is obtainable only with a
cera mic housing, whereas the Sl'(t68 I is
supplied in a 28.p in SMD honslug
(FLee 28). Both circuits operate al
inp ut frequencies which can exceed I.J
Gill and call he programmed through a
serial three -wire bus. Th ey o rr....r a range
of useful functi ons, only SOIllC orwhich
arc needed here:

Til t.' phase discrimina tor cau he
pmgrununcd for cont rol direction
and co ntrol gradient

TIl\,: built-in dual modulus d ivider
can he switched to :8/9 or :16/17

The ent ire circui t c a n he
swnc hcd o ff through the " ('lower
down" input

Two frequency reg isters arc
available (c.g. transmi ssion and
reception Ircqncncies), which can
he se lected using :I switch pin

The precision syntbesiser consist§ o f the
veo with T9, which is tuneable be­
tween JRO and 420 MH1, the buffer
amplifie r. '1'8, the synthesiscr module,
17, and the gain contro l am plifier, IR,
and displays no pecu liarities 10 dlstin­
guls h it from a normal rad io syr ahc­
sisc r. T he synthcsiscr reference is an R
MHz crystal. The buffered veo si~lta l
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is divided by 40 in II O and Ill. The
transistor, 1'7, ra ises the ECL level to a
maximum of 2 vss. The unit div iding
by 40 decides how low the noise level
o f the refe rence frequency generated
will be. It has become apparent tha t
EeL low power dividers, as they arc
used in norma! synthcsiscrs, cre ate too
much noise here , and so two decidedly
venerable divider modules. the CI\ 3199
and the SP8695, are brought int o use .
Since neither Ie is now manufac tured,
and only left-over units can be ob­
ta ined , the only tong-term altern ative is
a co mhinatio n of a div ider :4, e.g, the
SP86 10, and a rapid TI'L or CMOS
divi de r, c.g. a 74F 192.

To avoid disappo intment due to the usc
of unsu itable divider modules, the iuffn­
cncc o f thc divider chain on the noise
characteristics of the synth cxiscr as a
whole is documented in Figs. 9, 10 and
1I. All the diagrams show the spectrum
of a cry stal osc illator at 60 Ml lz, with a
repre se ntational width of 200 kHzjdiv
(resolution 5 kIT/., and video band
width I kHz). In Pig. 9, the divi sion
from 400 to 10 MIT/. was undertaken
us ing an SP871o, a low-pow er divider
from Plessey . The liai se base can he
clearly observed. Fig . 10 shows a noise
base which is about 7 dB lowe r. The
d ivider chain, C/\3 199 and SP8695,
was utilised here. Pig. I I can be used
as a comparison. Here the 10 MHz
signa l originate s from an 8460/\
Hewlett-Packard standard signal gen­
erator, inside which it is generated, by
div ision from a resonant cavity osci lla­
tor at 3 20 MHz.

These diagrams also illu strate the limi­
ta tions o r the circ uit eng ineering used,

which arise because of the multiplica­
tion of the 10 MHz reference signal
with a sign al-to-nois e rati o of about ­
145 dBjl-Iz to the end freque ncy.

The precision synthcsiscr receives its
contro l info rmation through a serial
three-wire interfa ce. Pin 14 on I7 is the
data signal. Pin 15 is the cycle and pin
16 the latch. Com plete progra mm ing
requires a 24-hit word and an 1R-hit
word, whic h are generated by the cycle
contro l.

4.6. The Cycle Control

Fig. 12 shows the synrhcstscr cyc le
cont rol . Even such II complica ted con­
trol system can he created in the form
of a micro-controller, using suit able
softw are. The central module of the
cycle control is II5, an S-bit micro­
controller of the 87C51 type, with 4K
of EPROM and 128 bytes o f RAM,
with the current software occ upy ing
about 1.4 k of EPROM and 40 byte s of
RAM. The m icro-contro ller rece ives its
input info rmatio n from the fo llowing
switches:

1. The incremental transmitter, eOH­
ncctcd to pin 12 and pin 15, p lays
the part of the main luni ng knob. In
the spec imen unit , a relatively mod­
erately priced optoele ctronic incre­
mental trans mitter from Hewlett­
Pac kard wa s used (type Im.PG­
AD32-59R ), which suppli es two
squ are wa ve sig nals disp lac ed
throu gh 90 0 with CMOS level (7) .
Other trans mitters with "clean" sig­
nals (no mechanical transmittersl )
should also be usa hie .
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2. Other switch posinons arc covered

by pins 10. I I and 18. Pin 10
contro ls the addition or subtraction
of the intermediat e frequency of
463 .5 MHz on the frequency dis­
play. If pin l O is Oil 'High', the
intermediate frequency is added. Pin
11 is used [ 0 switch between the
synthesiser mode and the frequency
control loop. A low level corre ­
sponds to the synthcslscr mode . Pin
IS controls the average frequency. If
it is set to 'Low' . then the controller
stores the previous frequency,
switches to frequency control and
selects 450 Ml lz. This is used in full
sweep mode .

O n the output side, the micro-cor urollcr
controls an g-cha ractcr alpha -numer ic
LED frequency display , which consists
of two PD3535 modules from Siemens .
This is not the place for a precise
description of these intelligent LED
modules.

The interested reeder is referred to the
data sheets (8). LED modules of the
same kind are also available from
Hewlett -Packard. Since the modules
strongly contaminat e the power supply
voltage, the tc filter en ull. 220 uF)
should definitely he provided for in the
S·Y circuit!

Pins I and 2 form the rc bus to control
the main loop. It should be noted that
these two circui ts arc wired up only
with 22 pF fecdthrough capacitors.
since the usua l blocking capacitors with
1 or 2.2 nF slur the data signals too
much.

generates the tuning voltage in fre­
quency control loop mode. is connected
to the same bus. Il 8 and 11 9 bring the
ou tput voltage of the DIll. converter
into the correct level range.

The precision tuning voltage for the
second 1.0 is looped through by the
cycle control and the tuning. mngc of
the second osci llator is reduced by
about 100 kHz in syntncsiscr mode by
the re lay. Thus a suffi ciently precise
tuning is possi ble between the SO-kHz
steps of the syn thcsis cr .

The EEPROM 11 6 has a special func­
tion. When it is switched orr. the last
avcrage frequency entered is stored. A
drop in the 15-Y powcr supply is
recognised by n oand T I l and triggers
all interru pt ill the micro-controller. It
initially covers the display with lines to
save power and then saves some RAM
cements into the EEPROM, which lasts
for about 20 msec. Till' unusua lly large
input capacitor of the 112 S-Y contro l­
ler (1,000 1IF) thus keeps the 5-Y power
supply maintained for at least 50 mscc..

After the writing procedure. the con­
troller is also switched off. and can
only IX' activated using a "Reset"
switch. It then reads the EEPROM out
first and resets the frequency which was
set before the switch-off. This is not the
place to describe the control software.
Interested readers can ask for a program
listing from the publishers.

H!!. 13 illustrates the interact ion of the
syuthesiscr assemblies and how they are
integrated into the overall spectrum
ana lyser circuit.

Pins 3. 4 and 6 represent the three-wire
bus 10 the precision syntbcslser. 117. a
12-bit digital/analogue converter. which
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5.
ASSEMBLY

The author placed his assemblie s 0 11 the
known demonstration print ed circuit
boards with a continuous earth surface
on the components side and so lder
islands 0 11 the solder side. The veo is
located in a & -hnbe rth tinplate housing
- 74 x 55 x 30 (mm. ). The mai n loop
comes into a hous ing with 14& x 74 x
30 (mm.) and the precision synthesiser
and cycle control fit into a housing
measuring 102 x 162 x .10 (1II1ll.). The
frequency display was similarly inccr­
poratcd into :I suita bly sawn-out win­
dow of the housing, so thai any trouble
which may arise in relation 10 the
perturbing radiation of the circuits be­
tween the display and the mic ro-con­
troller disappears .

All hig h-frequency ci rcuits arc fed
throug h 5M B O ( SMC sleeves and all
lo w-freque ncy c irc uits throu gh
fecdthro ugb capacitors at I nf or 2.2
nl-. unle ss otherwise noted in the ci rcuit
description

6.
COMMISSIONING ANI>
CALIBRATION

First of all a warning - anyone who
ta kes 011 the copy ing of such a compfi­
cated circuit a ~ this synthesiscr sho uld
have good high-frequency experience
and at least some knowledge o f meas­
urement technique. Apart from absolute
low-hum and low-noise laboratory net-
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work components (the author uses the
E3610A and E3611A types fro m
Hewlett -Packa rd, which arc also inter­
esting for the discriminating amateur),
and a two-channel or, better, four­
channel oscilloscope wit h a hand width
of 100 MHz, a meter going up to 1.5
GH z. with a !o. MHz time base output
and a test osci llator going lip to al least
500 MHz, is necessary. A good d i{!.i la l
mult iruetcr and a function generator
should also be ava ilable .

Calibratio n requires much patience, and
should be repea ted, for the sake o f
security, a fter a run-in phase of some
weeks.

6.1. Ca libntling the Mai n Loop

The main loop assembly requi res the
most calibration work. First the vo lt­
ages of + 15 V. + 30 V und - 12 V arc
fed in end the " noise test" is carried
out. If the curre nt consumption at 15 V
is less than 200 rnA and less (han 30
rnA at + 30 V and - 12 V, ar least
comparatively large short -circuits arc
not occurrin g. If the + 5 V arc a lso
present at pin R of the lIPB5S2. a few
DC checks can be unde rta ken:

There should he 2.5 V at the gutc
o f "1'2. The measuring point is
Vl''Y highly resistive! If the vo h­
age falls ..harply. one o f the­
sampl ing diodes is possibly con­
ncctcd to the wrong pole .

Th e vo ltage at pin 3 o f TJA is
measured. Due to the resistance
tole rances, it will not he exactly
2.5 V. Then the voltage is meas­
ured at the dra in o f n. and Is SCi
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prec isely ( !) 10 the value just
mea sured. using PI.

All other potent iometer'> lire set
to the central position.

111c standard sig nal generato r is
now connect ed to the V(''O input
at 400 Mil l and 0 dnm and the
oscilloscope or the frequency
meter is used 10 check whether
the u PB582 supplies 100 MHz at
its outputs. 10 Mlb. i ~ fcd 10 the
preci sion synthesi<ie r input, and
about 0 .5 VS~ 0111 from the meter
time base. If we now connect Ihe
cathode of D6 to + 5 V. then
there will be a distort ed 10 Ml b .
oscillation va lue at 1~ Vss at the

coll ectors o f T5 and T4. At the
d rain of T3. the oscilloscope
indicates a heal freq uency with
an am plitude o f 0"; to I Vs~. at a
IX::: level o f 2.5 V. TIle heat
cha nges with the test oscilla to r
tuning. and is repealed CVl' ry 40
MilL If noth in~ happe ns, check
the pulse generator at 05. A
normal o~dlloSC'opc can a lso he
used to demonstrate the existence
(I f a ~mpl i lll! pulse. Possibly
o llly the connect ions of '1'2 arc
connected to the wrong po les, so
that the puls e bloc ks the diode
bridge agai n instead o f sampling
it.

Po tent iomctcr s 1'2 and P3 serve
to optim ise the centro! loop
noise. and arc set to the lowes t
and flattest noi se base only when
the equipment in the spectrum
ana lyser is ready.

For furt her measurements. the
cycle contro l and the veo must
be operative and con nected up.

The standa rd signal gcncnnor is
set to to Ml lz a nd connected to
the preci sion synrhcstser input.
The roLl ./PLI . input is earthed, so
thut tbc syr xbcsbcr elemen t is
activ ated. If we no w introd uce a
frequency at the cy cle corarol
wh ich gives us a synthesiser
freque ncy which is divisible hy
40 . e.g. 176,5 Mllz (wi th the
progra mmed intermediate Ire­
quency of 4635 MI l;!. we Ih'-'"II
obtain 640 Mil ;!.). the COTre­

~pond ing rrequency shllukJ rbcu
appea r at the Veo outp ut and
sho uld run with thc standa rd
signal generator tuning.

6.2. Main Loop Fa ulIl AK'lIlion

If noth ing happens and the vm is :U
the tipper or lo wer tuning limit, prn(,'"\.'(.'l!
as follows:

Is the data communication 10 1(1

working smooth ly? It' s Ire­
q ucntly just a nraucr of SIlA and
SCI. being mi xed up, When the
inc rementa l transmitter is mo...•
ing. the oscilloscope sho ws the
unchangin g bund les o f pul ses
(the cycle) at SC L and the vari­
able pulse specim ens (the data)
at SPA. Is pin to o f 16 actually
blank? It determ ines the hus
address and m ust be o pen!

Is there something wrong with
the way the interception loop or
the sampling discr iminato r is liP-
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crating? To limit errors, earth
pins 12 and 13 of the CMOS
switch. 12. and give pin 5 a + .)
V cha rge. Th e inte rception loop
is then permanently switched on
and can he investigated at lei­
sure . If the interception loop
oscillates instead of engaging,
then check the passive compo­
nents at 13/\ In sec i f the correct
e leme nt" have been fitted . If the
sampling PLt. is not operating
COITCl' lI y . then chec k the offset
setting with PI first.

6.3. Checklng the Frequency
Control Loop

If everyt hing has go uc well so far, the
frequ ency control loop should be
c hecked next. To do this, sci the
FLL/PU . input to "High' (tccving it
open is sufficient ) and feed a voltage
variable between 0 and 3 V into the
"Tun c" input of the mainloop. P4 is set
in such a way Ihal . with a luning
vo ltage amounting 10 -0.8 v, a yeO
frequenc y is obtained of approximately
450 MHz. and wit h - 2.4 V we get
1,250 MHz. Precision calibration is
carr ied OUI using the po tentiometer '> in
the cycle control. The y e O is now
test-wobbled, using a 20 Hz delta signal
from a function generator. The tuning
vo ltage and the del ta amplitude are set
in such a way tbat the veo is wobbled
ove r the full nlllge at a voltage of
between 05 and 2R V. Th e della at pin
1 of 13/\ should hi: approximately
linear. This is a sign that the character­
istic equ alising using un and DW ­
01 3 suits the Ve o be ing used. wit h
other types o f veo, the resistance

values should he matched to DlO •
D13. No general rule s ca n be laid
down . T he circuit reproduces a mirror
image of the yeO characteri stic from
straight sections. The line gradien t is
determined with the Ionghudina t res ist­
auccs at DIO to D13 , while the voltage
divider chain dete rmi nes the application
poin ts of the straight sections.

Finally. the delta vo ltage is replaced hy
a 20 III low-amplitude square wave ,

and P5 is set in such :I w:lY that the
y e O contro l follows the square wave

rapidly and without spikes. Th is les t
should he carried out over the enure
tunin g range and the spikes should he
minimised at the most cr itic al point .

604. P Ull ing th e cycle control Into
operation

By compartsou with the ma in ll' op.
putting the cycle control loop and thc
precis ion eyntheciser into operat ion is
rela tively casy.

TIll' cycle control IS simply tested hy
feeding in the ope rat ional voltage. The
version number - e.g. "l.O V1.02" ­
then appears briefly on the I.EO d is­
play, follo wed by the las t frequency set.
When the equipmen t i ~ first switched
Oil, there arc no meaning ful va lues in
the EEPROM. and meaningless values
appear - e.g. " 1B57.0nO". Now tum the
tuning knob to set a me aning ful Ire­
qucncy. If the tunin g knob reacts
incorrect ly to this, swa p the two chan­
nels o f the increm ental transmitter over.
In the PLL mode , the tuning step is 50
kl b:, and in the frequency contro l loop
mode 250 khz, Rapid turn ing automati­
call y increases the step size.
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The rotary transmitter has 110 e f­
fect. Is there an interruption on
the rotary trausmiucr's earth co n­
nection or 011 the 5 V supply?

It Sh0111d he possible to isolate all ot her
errors by following the direction of the
line .

6.6, Puttin g the Precision
Sy nlhe!>is<' r into Operation

f irst calibrate the precis ion synthesis­
er's LC c ircuit at the collector of T9 in
such a way that the v eo securely scans
the range from ::ISO to 420 MHz with a
2 • 12 V tuning: voltage. An externa l
tuning vohagc can be fed in for th is lest
OI l the connection point of the two I
kOhm resistances which lead fro m IR
(f\"E5j J4) to the tun ing d iodes. The
output-side potent iometer. PR. is set in
such a way that the level in the main
loop is between n.5 and I Vss. For the
ent ire unit, the crystal trimmer of the
preci sion synthcsl-cr is then sci in suc h
a way that the veo freq uency meas.
ured is identical In the frequency whieh
is displayed. + 46 ::1 .5 MH7~ if Ihe
spec trum analyser is operating in the 0
- ROO MIll range. III other ways, the
precision synthcxiscr is like a conven­
tiona l radio equip ment synthcsiscr. so
that fault -finding should not he all that
d ifficult. Should the tunin g: not operate
smoothly. first check the serial data
Jines for short ci rcuits or rransposuions.

There is nothing on the display.
Is the cycle oscillator or the
micro-controller osc illating at
pins I R and 19? Is the reset
working - i.c . is every thing all
right with the 1 lIF capacito r <I t

pin 9 of II 5? Is the con troller
programmed, or ha s the program­
ming. been deleted by accident?
Is pin 31 of 11 .1 earthed or in the
air? If so, the controller will try
to switch on a non-existent exrer­
nal program memory,

65 . Cycle Control Breakdown
Service

If nothing is happening at all:

If the collector of TlO is earthed, lines
appear on the d isplay, and some bun­
d ies of pulses can he observed on the
lines lead ing to EEPROM: 11 6, This
means the switch-off interrupt is Iuuc ­
tinning. To switch on again , switch the
opera ting voltage off and on.

Every movement of the rotary transmit ­
ter must produce measurable bundles of
pulses at pins J and 4 of 115 . If the PI.L
is switched on . then similar bund les of
pulses can be mea sured at pins 1 and 2
of I15, In frequency control loop mode.
a negative DC voltage. which varie s
with the tuning and lies somew here
between - O.R and > 2.4 V, can be
measun..d at the "Tuning Voltage" out­
put. The quiescent value can he set
usiujI: P6, and the voltage dispe rsion
using P7, III the final calib ration, the
two potenti ometers arc in turn set in
such a way that the displayed and
actual input frequencies at the band
ends match,

VHF COMMUNICATIONS 4/94 '~= = ==== = '------ - - --- - - , ....
If there are lines on the screen.
the switch-off interrup t has been
trigge red by au erro r at T IO or
T Il , or the current limitation is
operating in the mains supply
circuit.
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F ig.l 4: Example of F ur -t her
Measurement Options

- ' t -'-J-'_-+- : ~_ :. _~ ,.l _

: - : !
- -

He re too, if a blocking capacitor which
is too large has been selecte d by
mista ke, the data or cycle signals can
be slurred in such a way that the data
exchange docs nol function .

Th e synthcsiscr descr ibed is also uni­
versally applicable for use with simple
standard signal generators or broad­
band test receivers. The precision syn ­
thesiscr part o f the c ircuit can also be
used as a nor ma l radio synthcsiscr up to
the 23-Clll . band jf the veo is modi fied
accordingly. To assist the spectrum
analyser to achieve the frequency prcci­
sian of a simp le test receiver, we
require only a suitable synchro nisation
circuit for the second local oscillator at
450 MHz.

8.
LITERATURE

20 kH7, readings of - 107 dBc were
obtained at the lower band end and ­
102 dn e/Hz at the upper band end,
which corresponded well with esti­
mates. Onc e the equipment had been
perm anently incorporated into the ana­
lyse r, the noise beha viour beca me
somew hat worse, wh ich leads to the
conclusion that perturbing interference
effects are prescru wh ich have not yet
been recognised. The first operational
experiences have bee n positive in every
way. fig.1 4 prov ides an example for
expand ing the measurement options.
Here, usin g two standard signal genera­
tors at 50 MHz. a spurio us signal was
simulated, whic h lies 20 kH7, away
from the wanted signa l and 70 dB
below it, and which rep resents the limit
of recognition .

10 kll l}"i , '
100 lb

10.09.9]

50 Mllz
1 klIz
-20dHm

Synth cslser LO

7.
TEST READINI;S, FI RST
OP ERATIONAL EXPERI­
ENO:S AND FINAL
COMMENTS

Ihfe;
Av{'r~~.. F req:
R.., ,,llIfion:
Ref L..vel:
Stor age Mode
Display width:
vhleo Filler :

The phase j itte r of the synt hesiser alone
was investigated using an HP spectrum
anal yser with phase jitter measurement
facilities , and with a carrier interval of

(1) Burchard , D.: MES -FETi shism TT,
vrrr Communications, 00. 4/92,
pp . 223-240
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(2) Nuhrmann, D. : Pro fessi onal
Circuit Engi neering. Part 4,
Section B. I l .,
Pranzis-Verlag Munich, 1985

(3) Data Sheet SDA3 302, Siemens
AG, 1989

(4) 80C:5 1-b<lst'd 8-bi t ~icro­
contro ller Data Book ;
Philips , 1992:0 btainJ ole throu gh
Alfred Nc ye Enatcchnik

(5) Sum mary of Integrated Circuit
11unufact urc;Telefunken
Elec tronic, 1991/92:0 hLaill<l hle
through Alfred Ncy c Ena tcchni k

(6) Pro fessional Products Ie
Handhook;G EC Plessey
Semiconductors, 199I:Obtainable
thro ugh Ast ronic, Deisenhofen

(7) Data Sheet: Miniature Panel
Mount OptiealEneoder IIRPG
Scrics;IIcwlcU-Pa ekard,I 990

(8) Siemens Data Rook ; LED
Intelligent Displays, 19X8

ttAllilLllilE
EI..E~TI14It1il1~S

SPECIAL OFFERS WHILSTSTOCKS LAST II

12 volt 50 n COAXIAl. REl.AYS

lkW @ 30 MHz to 300W @ 1 GHz

rated 10 1.5 GHz * I3 NC Connectors

only £'20.00 + VAT + post at cost

4-way POWER SPLITTERS for 143 - 150 MHz

500W CW • 2 kW PEAK

only £'10.00 + VAT + post at cost

Phone NOWr 0533 777648/780891
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Carl o. lndstrdm SM6MOMIW6

A Practical Loop

Antenna for HF

By now at least len years has p<tsl
since my friend Chr fsrcr , SM4DZR.
visited me from Sweden. II ", saw my
lillie hu ndle of 8 nun Aluminium
tube s, 2 m Illn~ that had been lying
around for some three years ear ner.
Il l" com mented Iha1 " one day 1 ought
10 tunc one like that 10 make a IIF
ante nna."

I.
ANTENNA DESIGN

I thought it was a great idea. Took one
of them, bent it around a trash can.
American trash cans have a diameter
close 10 2m/Jl:. I flattened the ends and
nailed it 10 a little piece of wooden
hoard for a stand, tuned it with a

variable capacitor, t6~1R5pr. The cou­
plin g out to a :'in.n load was by
connecting: a large capaci tor in series
with the grounded end of the !<IOp:

After some tweaking around with the
value of the fixed capac itor a very good
match was ac hieved at 9.695 Mill , the
frequency of interes t, Radio Sweden
Internationa l. Th e antenna worked very
well, but the ma tch pol muc h worse the
more it was tuned away fmm thi s
freque ncy,

(So far has it nOI been determined if it
will work on 9.59 MHz • Rad io
Norway - even after re-tuuing.)

T conn ected it to a signal generator via
a directiona l coupler. (Mini-Circuits
P1X':·IO·! about $20, get one! good
from 0.5 to 500 MILr.). On the nscillo­
scope I cou ld sec how the re flect ed
wan " approac hed zero only around
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2,
TRA NSM ITTING WITH Til E
ANTENNA

Actually going live on air with the
antenna is something I have not done.
In the model it is very simple to feed in
an AC signal and sec what happens.
TIle mod el shows the following vo lt­
ages across and currents through will he
present for inputs of IW I lO W at
500: 58 / 168 V and 460 / 1370 mA,

A fairly large (older type) o f Be
rec eiver luning capacitor should he able

1-1 j

Test ing it on various frequencies, modi­
fying the sma ll inductor, I found that
with about 120nII it had a very good
match (when tuned with the variable
capac itor) from below .5 MHz to about
15 - 20 MHz. From 5 to 15 I claim the
return loss ( 0 he about ,JOdB or better, a
VSWR of less than 1,07 : I that is. It
"decays" for some reason above

F iJ?;,l : The firs t ve rsion with a
Capacitive Divider

10 Ml lz., whic h was a pity since it
work ed well for the purpose, 1I0t much

was done ahout it for a year or two .
The naggi ng thought must have been
there. though! Why did it only match in
u sma ll part of the tunea ble band? One
day it occurred to fill' lh<l t what I tuned
(with the variable capacitor) was till'
loop, an inductance of co urse . The
system becomes resistive at resona nce.
T he loop sho uld he divided down, as I
had done, hut lIot with a ca pacitor! I
replaced il with a sma ll inductor and
there it was!

VHF COMMUNICATIONS 4/94'-"~~~~~---;:;:~~:;;;---;;:= '~\ ,

20 MHz. (Below 6 MII7" fixed capaci­
tors arc added 10 tbe variable},

I have found the loop itsel f 10 have an
inductance of 1.R5 llH. As mounted on
the wooden hoard. there seems In he a
capacitance between the ends of 300111
12pP, together with the 16pP minimum
of the var iable, that is :J maximum
operatin g frequen cy of 22 MHz. in very
good agreement with observed per form­
ance. 1\ smaller loop, or variable ca­
pacitor, would of course permit a higher
operating frequency.

Also present ill the model is a " res ist­
anc c" related to the wavelength
squared . about 14 .5kfl (in parall el or
2.250 in series) at 10 Mllz. I\ s the
tuned frequency is varied, this resist­
ance varies. and the antenna Q remains
fai rly constant al abo ut 80. The high Q
has a definite advantage in ecnug as a
prcsclcctor for not so sophisticated
solid "talc receivers. They usuall y nee d
all the help they can get to cnpe with
stro ng sig nals all over the hand.

231



VHF CO MMUNICATION$ 4/9 4

I' =OH4rc)D(:E:2/Ro)

= (;V:E2:/48Orc2)D (4)

Com bining Equations t 10 3 yields the
exp ression:

(~ - - - - - - - -----"-"-"""=="-"""=
10 take 168 V (240 V peak) without
arcin g, hut tha t is probably about it. A
Q RP antenna in other words, unless you
pill a big vacuum capacitor there .

For loop antennas the directivity has
been shown as:

3.
ADVANTAGES AND
IllSADVANTAGES

(5)

where :

T he mathematics invo lved in des igning
an ante nna of th is constructi on was
developed by Mr.T.Lfu (I) and is
essentially as follows:

Po wer thai an an tenna can del iver 10 a
receiver:

(1)

where:

A~ = the effective apert ure o f the
ante nna. and

S = the Poynting vector (or power
density) of the radio waves.

D" = directivity o f a loss-less loop
antenna.

11 = the loop effi ciency, and

k = the mat ching loss betwee n the
antenna and Ihe rece iver.

Hy reciprocity. loop e fficie ncy can he
derived by treating thc antenna as a
radiator. Assuming that current i fl ows
through the loop, the loo p e fficiency is
g iven hy:

n = radiated po wer /po wer from source

where:

wher e:

where:

Ro = 1207t: n (the characteristic
impedance of free space) and

(7)R, =20f(2nP.YAF

R, = radia tion resistance, and

Applying. (7) 10 this antenna, R, is
150E-6. 2,41E·3 and 56.JE· .3Q al 5, 10
and 22 Mil l. respective.

As calc ulated earl ier, the loop current
at I W input is 460 mAoFor 10 Mllz,
for example. with 2.4 l mn thc radia ted
power is 0.51 mW! -13 dfi ! A disas­
trous ef ficiency . Good enough reaso n
no t to usc i t for t ra nsmission.

R1 = loss resis tance .

The radiat ion resistance is direct ly
relat ed to the loop area by:

(2)

(3)

E = the electric field strength.

Fur antennas the effective aperture and
directiv ity rel ates like:

D = antenna directi vity

A = wavelength

232



'-"'-===-'-""=""-------------(~
VHF COMMUNICATIONS 4/94

For receiving it works great. There is
apparently a margin of much more than
33dB in the received signals, as com ­
pared to a "perfect antenna!"

The efficiency can of course not be
compared to a full size beam, hilt
neither can the size. This can he
esp ecially detrime ntal when transmit ­
ting. Compared to large antennas, the
received signa ls can be expected to be
weaker, hut so is the noise. A lot of
t imes low signal strength is not the
problem in reception. According to
experience and (2) the background
noise is high anyway on 111", making
signal to noise ratio more important
than signal strength.

Sm all ante nnas (rela tive to he wave ­
length) like wires and whips arc
"probes in the electric field." T his
antenna is a " probe in the magnetic
field." A radio wave is comprised by
hoth an elec tric and a magnetic compo­
ncm. Ncar the ground or walls with
re-enforcement iron hal'S, the electric
field is reflected to some deg ree . The
incident wave and the reflex are our of
ph ase cancelling each other. The ma g­
netic components add to eac h other
near a reflective surface. An obvious
advantage for a probe in the magnetic
field .

One evening, driv ing hack from Sunny ­
vale, CA, 1 even received Rad io Swc ­
den very we ll with this antenna and a
Yacsu f'RG-7 receiver in the fron t seat
of my solid 1964 Oldsmobile car!
Power line noise resulting from the
electric supply companies inabi lity to
ma inta in the ir insul ators seem 10 he
more of an electric than magnetic
nature ncar the lines. Inside the near

field another advantage <unless you
want to li sten to it.

Since most electric distribution compa­
nies sti ll believe in hanging their lines
in the air, as opposed to putt ing a cable
in the grou nd, this advantage is valid
almost everywhere..

No ise from powcr lines or neon signs
can sometimes he q uite a proh lem.
With this antenna they can often be
cancelled by simpl y turni ng it aro und
and ti lting it. Now you can hear really
weak signa ls! In the evening both
Radio Sweden International (during
good cond itions) and WWV on 10 MIT/.
put s about IOO).tV on the receiver input
with this antenna . I have bceu able to
sec WWV direct on the osci lloscope
usin g just the antenna and fine IUllC my
frequency standa rd with a I.issajou
figure ' Tuning an inductor wit h the

osc illoscope input capacitance give an
even better reading!

Later I reb uilt the loo p, bending it into
a square shape. I used a HP (J()6A
signa l generator instead of the trash
can . Less of a heresy ] thought. The
performance is the sante , hut now it fit s
in a suitca se. Even bit er, I equipped a
briefcase with a loop (one tum) of Lirz
wire in the lid and a variable capacitor
mounted onto HIe side wa ll. A piece of
RG-174 with a 3.5mm plug is coiled up
and plugs into the SONY 7600 receiver
antenna rec eptacle. Any cond uctor will
do, a copper foil tape may be a good
choice. Even the metal trim, if any, OIl

the suitcase lid can be used . Mak e sure
there is no closed loop of metal
somewhere in the lid .
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Iter the small coil , 4 - .5 turn s on a 10 ·
Smm ballpo int pen will do. This coil
depends on the size of the loop. though.
it is not particularly critical for rccep­
tion. your recei ver is probably not a
vel)' good son load anyway. For
transmitti ng. tweak the coi l until you
can tune the loop with the variab le
capaci tor to a per fect match , It is truly
possible to get a perfect match .

~L

4.
LITERATURE

F ig.2: T he improved version with an
Induct ive Divider

3.
CONSTRUCTION

( I) T.T..Fu "Op timise the Perform­
ance of Pager Ante nna svpp. 141 ­
147 August 1994 issue of
Microwaves & RF.

The dimensions of the tube li f e not all
that imp ortant, hut a 2 m long conduc­
tor, grounded at one end, will become
resonant at about 37 MHz, so you
can not get any higher than that, in a
sim ple mode.

Take whal you have, wrap it around
what you want, nail it to the bedpost or
the antiqu e oak dinner table in the
livi ng room! Any th ing for an audience!
Go to a flcamarkct and pick up one of
these beautiful old capacitors. Stick it
in the wa sher with the d inner dishes (I
am not kidding) and oil the bearings as
soon as you get it out of there . Contact
oi l on the wipers gro undi ng the rotor. If
the insula tor is phenol ic, not ceramic,
glass or sapphire , it may take a few
days for it to dry up, and you will not
get the full Q of the antenna until then,
but it will get there .
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Sma ll In ductor
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WolfRang Schneider. D.I 8 ES

A Hybrid Antenna Switch

for the 23cm Band

Even in am ateur radio It'chnology.
the trend is tow ards compact. self­
conta ined asscmhlies. Th e Mit subishi
MDOO-lil bvbrld module offer s an
Inte resting form of electronic hybr-id
ant enn a switch. Wh en it is comhin cd
with a power amplifier and/o r a
pre-amplifier. Ihere arc man y possl­
hie applica tions in the Ir equency
ran ge around L' G i ll,

I.
PRINCIPLE OF EI.EC·
TRO:-;IC HYIlRlIl ANTENNA
SWITCH OP ERATIO:-;

Hg.! shows the outline structure of an
electronic hybr id ante nna switch, Its
operation can he explained in few
words:

When the turn-on voltage. Us. is ap­
plied, both d iodes (DI, 02) become
conductive. The TX connection is

switched through directl y to the an­
ICIUl U. The short c ircuit which the
diode, D2, generates at the J{ X COlli ICC­

tion is trunsfnnned hy means of a ')./4
circuit. The antenna thus set's a high­
ohmic RX connect ion.

Without the tum-oil voltage, both di ­
odes ;l TC high-ohmic. Thus the TX
connection is cur. and the receiver is
connected through the '}.j4 circuit.

2.
CHARACTERISTICS OF THE
MIJ00411

The M0004H hybrid antenna switch
modu le operates in the 1.200 to 1.300
MHz frequency range. '111e max imum
power level that call be switched
through is 50 W. A switching current
amounting to 50 mA (Imax = 100 mh )
is requi red for this purpose for (he
diodes.

235



VHF COMMUNICATIONS 4/94

Fig,l :
Bas ic Structu re of an
electronic Antenna
Duptexer

Practical exper iments show insertion
damping levels of between 0 .5 11l1d I
dB. This appli es to hoth [he trarrsmis­
sion and the reception brunches. This is
thoroughly acceptable for many appli­
ca tions, such as , for ex ample . ATV , PH.,
or even portable SSB stat ions.

T he decisive advantage lies in the rapid
convers ion from a transmitter to a
receive r. T his is essent ial for cert ain
app lications .

f or example, packet radio, a popular
type o r application, requires convers ion
times of less than I m s. No rma l coax
rel ays of this power class arc all to he
set 10 50ms here.

3.
PRACTICAL APPLICATION

A multitude o f possible applications arc
conceiva ble . TIl(: author combines the
hybrid antenna switch module with a
type ~ti7762 powe r amplifier (\tlitsuhi·
shi) and a (; at\s pre-amplifier (2 x
\t!(JF 1302),

The ope rating volta ge for the power
module is used for the tran sm ission/
receptio n con version. It is fed throug h a
pro tec tive resis tor to set the switc hing
current of the diodes (Is ::: 50 mAl , The
equations helow can he used to eaten­
late the resistance, Rv.

-
OJ 8 ES

Fig,2: Switch ing the MD(J04H Hyhrtd Anten na Switch Modulc
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LITERATURE

RV =(Us - 1.4 V) / 50 mA

pV= (t: s - 1.4 V) x 50 rnA

T he entire ci rcuit, with a PA, a pream p
and a switching module, i ~ assembled
:IS an ope n-air structure. The base plate
o f :I st a nd ard tinplat e housing
measuring 74 x 55.5 x I I I (rom.) is
used as a carri er here .

VHF COMMUNICATIO NS 4/94!."'-"""'====-"'--------------(~.

control vo ltage can he measured o ff
from the amplifier modu le thro ugh the
pre -am pl ifie r.

Both mod ules arc screwed o n (don't
forget the heat conducting paste :) . The
connections arc made d irec tly to ;.l ­

cable tcnnina l sit-eves, using " '1'-141
semi-rigid ca ble . An advantageously
priced alternative is the terminal slee ve
for RUSS 6 mm. cabl e.

It is advantageo us if the ope rating
voltages for the pre-am plifi er and the
hig h-leve l stage module arc supplied
usill)! fccdt hrough capa c itors. The

(1) Mitsubishi: Hybrid Aureuna
Switch MJ)(J()41I Data Sheet

(2) Hems, J., DL I YB!.: Linear
Po wer Amp lifier for the 24/2 l -cm,
Bandusiug the M57762 Module;
VIIF Communicat ions 4/88, p. 2 1.1

(3) Vidmar. M., YT J MV: 1\ very
low-no ise Aeri al Amplifier for the
I .-Hand;
VH.f Com munic ations 3f H. p. 163

mr ~IKmrU~ @In@Jr(~~

It:[l[\VlUIiOIMI Cl~~
T he rorcmost association o n the world, for anyone, anyw he re in Ihe

wo r ld, who i" interested in Amateur Television .

CQ.TV the quarterl y jou r nal of the BATe is recognised 11" the most
profe ssionally produced a mateur pu blicat ion of its kind.

J oin th e BATe lind r eceive YOUR copy of CQ ·T V

Mem bership is ollly £9.00 per year.IIInATC, G reneh urst, Pinewood Road , Hi gh W ycombe.IIPl 2 41)1>
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Angel Vilaseca, HB 9 SLV and Jesn-Pietre Morel, HB 9 RKR

A Strip Line Antenna

for 10 GHz

T he manufaclurc of a nte nna HhvHY~

involves mechani cal work. and an­
tcnna for 10 GIIz arc no exception. In
orde r 10 constr uct. for example. a
horn a nten na (Fig.I ), It pa rabolic type
rc rlcctor or a slol waveg uide rad in­
lor. you need a well-equipped 111('­
cha nica! workshop . By contrast. th e
antenna described here consists of
" ol hi ng more tha n a pr inted circuit.
a nd thu s requires almost no mech an t­
ca l machining.

I.
m~~CRIPTION ANI)
TYPICAL APPLICATIO:\S

A strip line antenna call he used either
alone or in conjunction with a parabolic
type reflector. Indeed. the strip line
antenna has a multi tude of applicat ions
in conjunction with a parabolic type
refl ector. Depending on the number and

Figla : Deep Rcrlector: Ihe Focal Dtsten ec 1.\ shorl, lhe Fm Is
small. Th e radlated Odd pat tern or the exciter muvl he wtdo,
I' ig.2b: Flat Reflecto r : longer rocatdista ncc. jhe F?f) is I ll~("

The exciter muet rhts Irra dia te al a narrow engrc.

Fig.l : A 1I0rn Antenna
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HB 9 SLV Fi~-' :

The Antenna's Printed
Circuit Boa rd

" patch
"

- -" .., "'"
Semi-r igid ~~ lIase area

Coax -t-\ ~
~~

f.li>;l-----.-

:\ficrostrips

Fi~.sa : Antenna powered Ihrough Strip
Line

Fig.4:
Anlcnn a powered throu gh
Coax Ca bles

Antenna

-,

/

Circuit

Fig.5 h: lJirccl connection between
a Circuit and the Antenna
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layout of the elements, you can aim for
a narrow or wide lobe . in order to he
able to illuminate different paraboli c
' H lC reflectors. flat or dee p (fi ,F. .2).

A further advantage of this type of
aerial i~ thaI, from the point of view of
weight and dimensions, it can be con­
Reel ed directly 10 the inpu t o f a
receiver or the out put of a transmitter.
In this way. lo....es through wave guides
O ( transmit-receive relays can be
avoided.

Fig.3 !lhow'l the antenna. II consists of
10 diamond-shaped patches ill form.
The individual parches arc connected
hy strip lines. the length and width o f
which bring :IOOnt the desired impcd­
alice conversion and phase 3np.1c rota­
tion .

The printed circuit mate rial is naturally
gtass Teflon (Di -Clad Keene). ....1!!.3
shows the sire and position of the
Individual patches and the connections
bet.....ecn them. and lays do w n the tola l
volume of the printed circuit board. The
reverse side is ent irely copper-coated
and acts as an earth surface . as indeed
is the case for a ll other strip line
circuits.

The strip line antenna is excited in the
centre of the primed ci rcuit boa rd at the
poi nt of the V, the impedance being
500:. A semi-rigid cable ca n thu.. !'IC
co nnected (I-"igA ) or, as she .....n in Fig.5,
Ihe dC"ircd circuit can be solde red on
direct ly.

"••
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••~ . "00 "'. ,, " .•••
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F ilZ.6: S\\'R orAnt en na plotted agatnst Frequency
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HB 9 SLV 'O"M~ 10 "0'" '' ~ o , r , 10.'~'> r" ••

F ig.?: Stripline Antenna Radiat ed Field Pattern (corn et =cone)

/

HB 9 SLV

Fig.S: Example of Excltatlo n of a Fig.9:
Pa rabolic-type Reflector at
various Angles:
1.50'1> of IIF; 2. 40% of IIF;
3.10% of IIF

Area 1 correspond s 10 only
10% of the Exciter radiation.
By contrast, Area 3 corr esponds
to half 'he lola l Ar('H. but
receives only 10% or the HI"
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I
~ I _ [>

Reflector radius
F lg. t l : Dtstrtbution of radial ion of an

«teat Horn plotted over the
ren ecter rad ius

[>

Reflector radius

F ig. tO: Dlstr fbuuo n of radiati on of a
Ilorn ploucd over lhe
rcnecter radius

2.
AERIAl. MEASUREM ENTS

2.1. The Stan ding Wave

This is a ve ry narrow-han d ant erma.
The best voltage sta nding wave rat io is
t : t with an average frequency of
10.1oo (;J I", (HgJi).

2.2. T he Radiated Field Pall ern

I'ig .7 ~how~ the radiat ed field pattern
for the strip line aerial with 10 patches.
By contrast with a hom antenna wit h a
16dB gain. the strip line antenna is
wider at the front. This leads 10 the
conclusion that this type of antenna
should he very efficient as all exciter
for parabolic antennae .

Fig.12:
Measu reme nt
Cur ves
• Radiation plott ed

agamst Frequency
- Atte nuation of

Divergent
Polarisation

STOP 10 . 40"'0 GH~

SWP 23 m..cVBW 1 MHz

i-'-' r .. . ...

V .' I
.. "'"'- j'-... . -

LO' ", h i
Hl dBI

HB 9 SLY ~."\,. ,

,

a
I I

c ,,

,--
STAnT UJ .0eil0 GHl­

RES BW 3 !'1Hz-

""sc F
cae

,J;!t 39: 11; 2 1 .Jl.m 1993 ' "'_0" ,~ ••,. ..... . •. ..." ... . , o .

' p f'IKA 10 . 16 18:1: GHl-
REF - ' 6 0 dB~ ATTEN 10 dB - 32 75 dBm

ee..
LO'
se
dB/•
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fig,S shows that a parabolic type
antenna norma lly receives more radia ­
tion from the exciter in the cent re than
on the edges - eve n though the surface
away from the centre is considerably
larger. For example, the central area of
the parabolic type antenna marked " I"
in Fig.S can receive "bout 5O'k of the
e xciter radiation. By conuasr. the area
ma rked "3'", which is seve ral times
larger (Fi)!.9), receives on ly about t W .

To obta in greater e fficie ncy. the e xci ta­
tion should he carr ied out a ~ per FiF. IO;
i.c . the ene rgy per <;quare centimetre
should be constant over the entire
surface of the dish , and should wry
quickly become zero as it approaches
the edge.

A strip line antenna with :l curve in
accordance with H g..6 come s consider­
ably clo ser In the idcOi I than a hom
antenna . Thi s would mean thai a para ­
bolic type re flec tor with a strip line
aerial as an exciter hac greate r effi ­
ciency and achi eves abo ut t dB more
ga in tha n a hom :1II1\'lIna (at a bout
1MB). Moreover . this layout produces
fewer and less pronounced side lobes.

111e number of patches plays all irnpor­
tanl role in thc radia ted field paucru of
the aeria l. As with 01 Vagi antenna. we
call expe ct more patches 10 mean a
narrower radiat ed field pattern (Fig.l l ).

2.3. Polarisalion

Fig .12 shows that the max imu m rad ia­
tion for the antenna ls obtained OJ t
10.160 GHz, i.e . this is the freque ncy
with the lowest SWR. It ca n also he
observed Ih:lt the atten uation o f the
crcss-po lansation of the antenna ran~es

from a min imum value of app. IOdU at
10 GIIz to co nside rably higher va lues ­
about 30dD at lOA m l1..

At the ruled freq uency of 10.16 GI I7~

the attenuation is appro ximat e ly (:idR,
which is vcry tight for a duple x ci rcuit
with vary ing level s o f polarisat ion
(Fig.1J).

3.
SUMMARY

This ae ria l demonstrates a conce pt
which is ..till used hy rela tivel y few
rad io ama teu rs. Since the dimensions of
the ind ividual exciters at 10 Gllz. are
very sma ll, this technology is thor­
oughly suitab le for this freq uency
range. A str ip line antenna is a lso
simple and cheap to con struct. l1' s llO

acc ident Ihat this Iype of antenna is
o ften used for TV satellite installations .

(Fig. 13 overleaf)
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Flg.1.'\:
A Duplex circuit with
varying Polarisation

Vertically
polarised

• ---- - -+,10, ,[;\J GHz

(~-----------~'-""""""'~"""~

~~l~"ll ion A s la l i o r, U

~
Hor'izontally

, , , polarised
m, l Gf1 GH".,

~+- --_:_~- -

The VHf Communications
Disc ofthe Quarter
FMDMD.exe

This program accomplishes performance calculations
for I'M Discriminator circuits. Both LC Qu ad and

Delay Line Discrimator designs are catere d for.

Supplied on a 5.25" disc (3.5"on request) with all
documentation on the disc.

£10.00 including shipping
KM Publications,S Ware Orchard, Barhy, Nr.Rugby,
C V23 8UF. Tel: (0)1788 890365; Fax : (0)1788891 883

Email: 11l1l441.377@@compuser ve.com
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Michael Kuhne, DR 6 NT

A UHF-SHF
Marker Generator

T he marker generator described be ­
low is intended to simplify and facili­
tate th e monitoring of frequencies
a nd the calibration of SIIF t ransvert­
ers in ranges from the 2~clII hand
right lip to the Scm hand.

l.
INTRODUCTION

The active radio amateur is al ways
faced by the same problem - the prec ise

frequency of his or her SlIF station has
to he checked, However, all that is
usually available is a frequenc y me ter
with a good 10 MIll. osc illator - which
can be used only on measurements lip
to 2 GHz.

Now, if a 10 GIlt. t rausvcrtcr has to he

measured , things arc already gett ing
difficult. So a frequenc y which the
frequenc y mete r can still process has to
he included in the multiplier chain.
Very few units have provided for
correspond ing outputs at which mcus ­
urcmcnts could be taken. so the un it has

Fig.l:
The Ma rker Generator
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OB 6NT

F ig.2:
Measurem ent
Rig wit h
Dtrccuonat
Coupler

TCXO' s or OC XO' s, which almos t
always have a 10 Mllz output, it is not
n..:: ce s~a ry to take on the addit ional
work o f constructing a precise time­
03SC.

AI intervals of 1 MHz. the marker
generates si~n3 l s wh ich can he received
with a good signal-to -noise ratio up to
10 GlIz , The precision of the marker
stan ds (IT falls with the prec ision o f the
externa l 10 Ml lzt imcbasc.

to be opened lip for thi s Plll'P0se and
possible taken apart, to prov ide better
access to the ind ividual assemblies .
Receiving a ll SIIf radio beacon is a
con siderably eas ier option. O f course. if
there are 110 beacons withi n 3 suitable
distan ce, it makes sense 10 m e a marker
gene rator (Fig.. I ).

2.
US1N(; TIlE GEN ERATOR

The marker uses all external 10 MIT!.
timchasc as a control source. Since, as
already ment ioned , com mercia l meters
arc often uvaifub lc with high-precision

A direct iona l coupler looped into the
ante nna k ed ( Fig.~ ) makes it poss ihle
to monitor the frequency eve n during
the station ' s normal operatio n . To thi s
end . the marker's signa l is fed into the
coupler. The output po wer of the station
can thus also he monitored using the
coupler.

Since the marker generates a wide
frequency spectrum. you mu st a bo
make sure that only the desired fre­
q uenc ies arc received, without any of
the iute nu edia te frequenc y brea k­
through. It wou ld also make SCII SC to
usc a suitable hand filter betwee n the
marker and the test piece.

,10

DB6"T 003

..
®'""<D"';,

"rl

'""
""..,~

Fi~ .~ : Circuit Diagram of the DB6~T OllJ Marker Generator
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Fi~ ,7: A 311 MHz span plot of lite Marker Generator around 2.'\20 MII:t.
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5.
CO\IPOJliEl"T LIST

1 off Tinplate homing, 37 x 37 x 30mm
2 off SMC flanged connectors
lo ff lnl- fccdthroug h capac itor

feedthrougb capacitor and the two SMC
conn ectors. are mounted as per Fi,!lA .
fig.5 shows how the SMD components
arc mounted on the foil side. When all
the components have been mounted and
when the operating voltage of + 5 V
has been fed in. the equipment shou ld
he ready to ope rate. Fig's .cu :1I1d 6b
show the measure ment curves which
arc obtained at the points marked A, B
and C Oil the wiring diagram . Fig.7
shown the marker generator output
signal Oil a Sp;.'Cll1 l1 11 Analyser.

7411C:)90N

74IlCOON
nrQ76 (IW I'92) SMI )
IOpF SKY trimm ing
capac itor, black
I nF RM2.5 l'eram ic
capaci tor
O.l flf R\12.5 ceramic
capacitor
470pF RM 2.5 ceramic
capacitor
lId2 S:\lO
5M2 S\1D
47U S.\1D
1~H SMD choke

C4

C2/C3

IC I
fCZ
Tl
SKYI

Rl
R2
R3
L1

C I

T he 10 MHz signal suppli ed from
outside arrives at the divider. le i . a
7411CJ9 0. which divides the signa l
down to 1 MHz (H g.3). The subsequent
gales o f the lC2 (74HCOO) generate
spike pulses from it, which arc fed
throu gh the RC combination , (" (lilsisting
of 1I torr Sky Trimmer and a 1kO
SM [) resist or, 0 11 the hast' o f T l
(BFQ 7(l). Here, the transistor gene rates
the harmonic waves desired in this ca se.
'11 11~ se arc dcc ouplcd through II printed
ccpccitcr. which acts as a high pass
Fi lter. The lOrr Sky-Trimmer serves
merely 10 set a const ant marker ampli­
tude. Apart from thai. the capac itor is
fully screwed in (max . capacity IOpF),

If the mar ker is to he need only for
frequencies below 1 ( jflz. the EFT 92
type, in a plastic housing, can a lso be
used as the transistor, '1'1,

4.
ASSEMBLY INSTRUCTIONS

The entire circ uit is moun ted on a small
cpoxy printed c ircuit board mea..uring
35 x 15 111m. 111e printed circuit board
is soldered inlo a suitable tinplate
housing (37 x 37 x 30 mm). The
c on ve nt iona l co mp onen t s , th e

3.
CIRCU IT DESCRIPTION
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Carl G. Lodstrom . SM6M OMJW6

Measurements on Resonance

in Capacitors

I have found it very useful to ta ke
lidvantage or se lf resonance in regu­
la r capllci tofs 1'0f low impedance
coupl ing 01' one point to an other in
VHF and UHF circuits.

In vari ous articles I have seen claims
lha t component lead inductances are
or the order of I nH/mm. I have had
better luck with all estim ate (II' 0.5
nll/mm.

1.
INTRODUCTION

T he idea is not ne w. The author of (1)
showed this in a Wireless World article
Sep tember 29th 19331 A gra ph in (1)
shows the optimu m dccoupling capaci­
tance, assuming a total lengt h of 1 inch,
for various freque nc ies. It bo ils down to
0 .71 nH/mm, wh ich is d ose to my
find ings ,

Lately 1 read in a VlIf Cormnnnica­
tions art icle tha t sma ll surface mo unt
capacitors arc not good enough for
dccoupling, hav ing too much induc t­
ance. Of course, they must have more

inductance than di sc ca pacitors
mounted di rect between ground and
wh at is to he decouplcd , but jus t how
bad are they? My curiosity got peaked.
so I dec ided to check this out, as we ll
as 10 more accura tely me asure some
regular capacitors with leads.

Whilst working for E.F.Johnson during
the sum mer of 1976 1 had access to,

among many other goodies, a lIP
4815 A vecto r impedance meier. I was

well aw are of the fact that a physica l
capa citor will behave as un inductor ,
given a suffi cient ly high frequency, but
had never thought much of the transi­
tion region. One day I was taking
mea surem ents with the 4815 and a few
regular ceramic disc capacitors. I was
struck by the pronounced resonance.
and by how low the resistance became
at resonance, often less than 10.
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Later I used a piece of mit-TO
stripline, the 'Method' as men­
tioned above . shunted by the
capacitor to he measu red, The
microstrip con necte d bet ween a
sweeper and a home-built ~lW

RP Detector, or a 275 :vtlf7.
Oscilloscope (HP 1725A) when
the frequency allo wed.

The results for the leaded l'3 p 3 ­

rotors arc shown in Tab le. I and
give values in the ra n!!c of
0.4-0.7 n1T/llllll. See Table I .

After I made these measurements
I got the idea to try a Siemens
"MK" ( i f I reme mber the type
name right ) capacitor. l .5nF!
250V. I t call be mounted 0 11 till'
pins and then upside down,
climinctiug the inductance of the
pins . Sec Hgs.Za and Zb.

Fig.l: T he Capacttors li S detai led ill 'l'nb le.I

2.
T he Test 'Method '

Thi s finding inspired a method to
measure [he sel f resonant frequencies of
the ceramic trimmers manufa ctured :II
E.P.J. (AI mode rate frequencies. the
circuit in (2) and (3) ca ll also be used
for this le st).

At first I measured the resona nt frc­
qucucics (from a selection of capacito rs
wit h leads. h p:. I ) with a Grid Dip
Meter. Both leads soldered in a parallel
fashion 10 a ground plane, in one case I
soldered two and four identical capaci­
tors toget her and measured the reson ant
frequency of the resulting loop.

I soldered it across a microstrip line as
shown in H g.Za. standin)! on the ends
of the pins. It resonated at 44 \.t H7,

(suppressing the signa l at the other end
of the mic rostrtp by 40 dB ! ) As I
turned it upside down the resonance
moved to 96 MHz, also with a 40 dl !
suppression. The body inductance must
then he I .X3nH and the total (with pins)
R.72nIL The difference. 6. R9nH divided
by the length of two 55 mm tcgs yields
O, 63nII!mm.

The body is 7.6 111111 long: 0.24nHlm m.
This constant may he applicable for the
capacitors ill Table I as wel l.

I then connected 9 chip capacitors of
IOpF each, so that they fonned a hal f
circle standing on a ground plane. The
most superb GD· MCler in the authors
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Res. MHz Cap. (pF) leg {rum] body (10m) L (nH) nIl/m Ol

A 1.91 154000 29 25 45.08715 .5432187
B 7.7 48 00 60 20 89.00565 .6357546
C 17 2160 35 7 40.5778-1 .5269846
1) 27 1000 19 11 34.746 63 .709 1150
E 30 480 30 25 58 .63494 .6898 229
F 74 300 14..5 8.5 15.41898 .4111 727
G 98 220 10.5 6 11.98852 .4440 191
H oi 180 13.5 6.3 16.99358 .5103178
I 75 120 31 9 37.52636 .5285403
K 138 1<X) 12.5 3.5 13.30093 AM 6994
L 69 98 42 8 54.28952 .590 1035

Average: .5505226

Table 1: Self Re sona nce in Small Capa citor s

Fig.2a: The Sil'mens 1.50 1" Cap acitor
with leJ.(s down

Fig.211: T he Siemens l.5nF Capacitor
with legs up

collection end s at 940 MHz. and indi ­
cated a possi ble resonance just abov e.
Wi th a signal SOUTce and an RF
detec tor J placed a loop from each on
either side of the arc (fig .3) . The
resonance in the capacitors gavc ::J very
nice pea k at 1010 MH I:. The 3dB HW
W:l S about 10 MHz, indicati ng a Q o f
JOO ! Assuming no inductance in the
gro und plane, each capac itor should
then have a parasitic inductance of
2A8nH. If the ground plane contributes
I nIl, eac h capa citor would hav e
I A8nH. The dista nce between the
grounded ends of the arc is 20 min.

2.1 Introduce the mlc rostrtp line
and the " Method" . F ig. 4.

The !Opf chip ca pac itor resonated at
1210 MHz, consistent with all induct­
ance of 1.73nH Could 20mm of
grouudpla nc have added 0 .75nH? re­
stilling in 37.5 pII/mm ?

The measure ment confi rm s the state­
ment in (1) as valid, but one may also
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Fig3: The 9 x 10pF Chip Capacitors and Coupling Loops

take advantage of the series resonance.
Select the capacitance val ue that reso­
nates with about 1.7JulI! For a wider
band dccoupling, you can usc several
capacitors of varying value or added
lead len gths . Just mal e sure they do nor
couple inductively to each other.

J tried five c hip ca pac itors across the
mi crosrr ip. and the results ill arc in
Table 2.

Res. Mill Clip. (plc) Ind . (nil)

M 1210 \0 1.73
N 660 33 1.76
0 405 \00 154
P 2\0 310 1.7 1
Q 140 \000 1.29

Table 2

'111e capaci tor dimensions arc 1.25 x 1.6
x 0.6 !TIm. The gill' they hrl dged from
the microstrip line to the ground plane
was 2,7 111 m, so about O.6nHjmm is

applicable here.

If they all rea lly had 1.73n H, which is
likely, the IOOpP should have resonated
at 383 MfI~ and the Inf at 121 MHz. r
have not inve stigated the deviations.
The capacitors have 5% tolerance.

'111C d ip at fCSOIl,lIIce, when introduced
in the microstrip line, was bet ween 30
and 4()dB. This is a pretty good
reject ion. 3 llholl~h 1101 sharp enough to
reject adjacent channels. Frequencies
far 0 111 life also affected, partic ularly
a bovc rcSOl1i.lI1CC.

The mea surements had so far not been
a11 conclusive. so I dec ided 10 try one
more approach: To cut the legs of a (
long legged) ca pacitor by 5 m m at 11

ti me, and measure it at each length on
the grou nd plane 3 S well as 0 11 Ihe
nucr osrn p line. Sec Ta ble 3.

111C speci fic inductance (nil/mill) seems
to increase as the leads gcr shorter.
Wider separation of Ihe legs will bavc
this effect, when the field s around one
leg: has less influenc e lIpon the other.
Shorter leads may have the same effect.

F ig.5 shows an Rf sweep with Smm
long legs 011 the l OOpP ca pacitor.

Fi~A.; T ill' Micro Slr iplinl' with a Chip Ca pacilor mounted for measure ment
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Each leg Rcs.Ireq. Rcs.Ir eq. Ind rnd I nd. Ind.
L ength gnd .p l u-strtp gnd.pl. u-strlp gnd.pl. u-strtp
(mm) (MIlz) (MIlz) (nIl ) (nIl) (nIl/mm) (nHJmm)

43.67 67 66 55.32 1 57.010 .680 .7Dl
40 69 68 52.160 53 .705 .704 .725
35 74 74 45 .349 45.349 .708 .708
30 "I 81.5 37.850 17.387 .700 .692
25 '" 8&.5 32 .068 3UOO .72}: .720
20 101 l Oll 24.344 24.833 .7 10 .730
15 109 115 20.901 18.777 .870 .?X2
10 117 128 13.21 1 15.157 .945 1.08
5 191 170 6.807 &.593 1.70 2.14

Note: 6mIU of body path length is subtracted before the last two columns arc
calcu lated .

Table 3: Cutting down the I c g.~ of a 11l2pF disc capacito r

3.
CONCLUSION

It is well known not to usc excessively
large de-coupling capaci tors in RF
work. They can be <:I S harmful as not
large enough. For applications operat­
ing ut one frequency, or a hand, the
advantages of resonant decoup liug, or
coupling. can improve pe rformance
such as gain . stabi lity or output power.

4.
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Fig':;:
(j·.50n MHz Swcep (RF into
the Oscilloscope) with fhe
cut-down (.5mm legs left)
100pF Cap aclror on the
Mic ro Stripline, showing
resona nce at app. 170 MHz
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IThe Parabollc 24cm Preamplifierl
A fully weather-proofed very high-quality preamplifier covering
1200 MHz to U60 MHz. Mounted in a scaled d iccast enclosure

with weatherproof N-type sockets for input and output. DC
powered via th e output socket for remote mast-head mounting.

GAIN >40d B across the band

NOISE FIG URE <1.6dll

£120 + £5 post and packing

KM Publications, 5 Ware Orchard, Barby, Nr.Rugby,
CV23 aUF, U.K.

GPS Theory and Practice
Hd Iofman -Wellenhof, lf .Lichtcneegcr & .l.Colllns

326 pages detailing all you need to know about how the satellite
Glohal Position ing System works. Using GPS for precise

measurements, attitude and navigation is discus....ed in detail.

£39.95
Shipping: UK £2.00; Overseas £3.50; Airmail £7.00

KM Publications, 5 Ware Orchard. Barhy, Rugby, CV23 SUF
Tel: (0)17AA 890365 Fax: (O)l7AA 891AA3
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Pasokon TV - the PC based SSTV system
Paso kon T V is a fully-featured, low-co st alte rnative to conventional single-mode
Slow Scan Television transm it and receive converters. The whole system is on a

single card which slots into your PC.

@ Send 311d Receive all popular modes :
Robot Colour: 12, 24,36, 72 sec
A.VT: 24, 90, 94, IRR sec
Scotti e: SI , S2, S3, S4

Ro oot B&W: 8, 12, 24 , 36 sec
Martin: MI , M2, M3, M4
Wraasc SC~ 1: 24, 48, ()6 sec

@ Interface fit s ill-side computer - no external hardware or power supply needed
@ Graphica l User Interface with Mouse support
@ On-sc reen tuning indicator - colour picture s real-time during receive
@ P ull-screen ima ges on standa rd Y(; /\ with 120x200 256 colour mode
@ Read and write popular file formats n 1£7, I'Cx. 'l'UA, etc .

£ISO.OO +£5.00 UK or +£10.00 Overseas Sh ipping

SSTVlxplcrer
the receive-only version of Pasokon

The receive-only vers ion o f Pasokon. No inte rnal card, req uires a spllre serial
port . The interface is housed in a 25-Way Dcconnector ami a 9~25 way
'gender-bender ' is supplied as well, in case your serial port has a 9-w:JY

connector. Powere d from the seri al port . Speci fications as for Pasokon except ing
no AVT mod e

£S5.00 +£2.00 UK or +£3.50 Overseas shipping

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

Tel: (O)t 788890365 fax: (0)1788 89t883
(mail: 100441.J17@@compuserve.com

255



£ 15.75
[ 15.75

E D. 4193

£ 9.75
£ H.65
£ 6.55
r 8.30

ED. 419.\

1: 15.75
£ 15.25

ED. 1993

c 1l.30
c R.70
£ 9.20

ED. 2192

r 14.20
r 10.00

£ 15.25
£ 15.2.0;
£ 15.25
[ 15.2..')
c 19. 15
£ 13.50
£ 14.35
[ 14.35

nn 4/93
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nn6NT Meas uring Aids for UIlF Amat eurs Art No.

PCB DB6NT 001 Measuring Amp to 2.5 OH,. 063 79

PCB DH6NT 002 f requency Divider to 55 GHz 06381

(mES 2.~cm FM·ATV Receiver Art No.

PCB J>.1RES OUI Converter 06347
PCB J>JRES {)()2 Digital Frequency Ind icator 06350
PC B I)JRES {)(13 I ~ Am plifier 06353
pcn OJRES 004 Demodulator 06356

n.ums 28/ 1 ~ Mllz Transvcrtcr Ar l No.

pcn DJIlES 0 19 Transvcrtcr 144/28 Ml lz 063 34

PCB DJ8ES 020 Hybrid Ampli fier 144 MIll. 06 386

1>F9PL ll igh Slahil ily Low Noise PSV Art No.

PCB DF9PL 001 30 Vo1L PSU 06378
PCB DF9PI,002 Prc-Stabili scr 06 376

PCB nr9PI, 003 Precision Stabiliscr 06 377

('6( WI' 10 Gll z FM ATV T r a nsmitter Art No.

PCB r:6IWF 001 DRO Osci llator • fYIH~ 06485
PCB r 61WF 002 Modulato r and Srabllisc r 06486

(fo' - - - - - - - - - --'''''---''''''"'''''''''''''-'-''=
PRINTED CIRCUIT BOARDS· KITS · COMPONENTS

for projects featured in VHF Communications

Ont NV Spectr um Ana lyser Ar t No.

rc n Dnl NV 006 IF Ampli ficr Ed.2/89 06997
PC B DRI NV 007 1-0-1'1.1 . 1 ~.2/89 06995
PCB DBi NV 008 Crystal Filter Ed .3/89 06998
PCB DHINV 009 Sweep Ge nera tor Ed.3/89 06996
PCB DBI NV 010 Digital Store Ed .3&4;'9 1 06477
PCB nB 1NV a l l Tra cking Generator Ed.2t92 06479
PCB DB INV 012 veo 1450 MHz Ed.4t92 06480
PC B Dll 1NV 013 VCO 1900 MHz Ed.4/92 06481

A.f aillhe above are .~·hippeJ direct from Gu ma", lire minimum PoMage and
Pack;n/: charge i.f £6.25

Ttl obtain supp lies o f the abo ve or any PC B's. kits , components. etc., previously
advertised in VHF Communications. please contact KM Publications at the addres s
shown on the inside front cover of this magazine .
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Publications:
UHF Compe ndium Pts.l & 2; K.I..Weioer DJ9110

U1fF Com pend ium Pts .3 & 4; K.L.Wcincr DJ9HO

Post & packing: UK +£4.50; Overseas +£R.OO; Airmail +£12.00

An Introduction to Amateur Television: Mike Wooding G6IQM

Slow Scan Television Explained; Mike Woodi ng G6IQM

'I1Je ATV Co mpendium; Mike Woodi ng G6 IQM

TV Secrets Volu me I; ATVQ Magazine

"IV Secrets Volume II; ATVQ Maj!.:J/inc

Just a Pew Joi nes (a history of the birth of the aBC)
Bad Issues of ATVQ Magazine (1992/1993/1994 . per volume of 4)

Post & packing per hook : UK +£O.RO; Overseas +£1. 25 ; Airmai l +£2.75

VHF Communications.

1994 Subscription, Volume 26

by credit card

1993 v olume 25

hy credit card

1993 per sing le issue

by cred it card

1980 10 11)92 per full volume ( 4 issues)

by credi t card

Any single issue before 1993

by credit card

Post & packing per issue: UK +£0.10; Ove rseas +£0.50; Airmail +£1.25
Post &. packing per volume: UK +£O.RO; Overseas +£1.50; Aim13i1 +£4.00

Binders to hold 3 Volumes

by credit card

Post &. packin g per hinder: UK +£0.75; Ove rseas +£1.25; Airmail +£1.00

VI.\'A I ""('1':.'1.1) I MA.'iTf:RCAlW I IJl:'I.TA t nmocsen I JJlNl:'R.\' I AMf;X

£ 27.50

£2 7.50

£ .1.00

£ 5 .00

£ 3.50

£ 7.50

£ 17.95

£ 5.00

£ 12,00

£15.00

£1 5.75

£1350
[14.20

r 3.75

r 4 .()()

£1 3.00

£D.W
r 3,5()

c 3,70

£ 5.50

c 5,80

KH Publications,5 Ware Orchard, Barby, Nr.RlIgby, CV2J 8Ur

Tel: (0)1788 890J65 faK: (0)1788 89188J
[mail: 100441.J77@@ComplIscrJ(.com



£ 18.50
£ 11.00
£ 14.50
£ 16.50

KM Publications.5 Ware Orchard. Barby. Nr.Rug!Jy. C'm BUf
Tel: (0)1788890)65 fax: (0)178889188)

(mail: 100441.J77@@COmpusetVe.com

PC based Circuit Simulation Packages

PULSAR digital circuit simulator £235.00
ANA LYSER III analogue circuit simu lator .£235JX)

Post & packing : UK +£5.00; Overseas +£7.50; Airmai l +£10.00

VISAlDEL7i\ IACCE.t;SIMASTERCARDIEUROCARDlAMEXIIJJNI:'RSI.\WrrClI

Post & packing: UK +£ 1.50; Overseas t£3 '()(); Airmai l +£7 .50

Easy PC PCB CAll £121.00
Easy PC Professional advanced PCB CAD £2~5.00

Post & packing: UK +£5.00; Overseas +£7.50; Airmai l +£10.00

PC based Software Collections

CAE 1'0. 1 collect ion (VI JJ : Communication!'> 1/93) £ 70.00
CAE 1'\0.2 collec tion (VIII: Communications IN3) c70.00

Post & packing : UK +£6'()(); Overseas +£8.50; Airmail +£12.00

J);,W,: of [he Quarter issue 1194 - RFD.cxc .£ 10.00
Disc of the Quarter issue 2/94 - SPURS,cxc E 10.00
Disc of the Quarter issue 3fJ4 - YAGlMAX 3.0 1 £ 10.00

j PC based CAJ) Software

j'P UFI' with handhook (CaITech)
MotoroJa/SM6MOM supplement
Philips S-Pararnctcrs
Ill' AppCAD
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