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Farewenlo our Readerl
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at reduced prices (see back cover page) .
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Hermann Hagn, OK 8 CI and Dr. Andreas Ulrich

The Initi al Results of th e Garchinger
A ma te ur Radio-A stronomy Installation
From a lecture at the VHF· UH F 90 Conve ntion in Muenchcn

Th l. artlcl. I. aboul the Initial ob.ervallon.
made by the aarchl nger rad io a.tronomy
In.tallat lon, Th. In.ta lla tl on, whic h wa.
erec led In t he ground. of th e MunIch Technl·
cal Unlver. lty. w• • origInally concelvecl lo r
the recepllon of the weather . at. mt. METE().
SAT 2. It wa. then modlfktd following the
lnlera.t around by DL2 MDQ at the VHF·UHF
1988 (1) convention , .0 that a l urther recel var
intended for radio n tronomlcat ob.ervatlon.
could be connec ted.

1.
ANTENNA

A Slemen. type PS 3·2 2, 3 m-perabobc ref\eclOl"
58fVes as Itie reeepl10n anlenne The focal
length is 15 emand the - 3 dB beamwi dth 45' ,11
IS mounted on a 6 m·h.gh tubu lar, sleal tower.
Tha anlenna i. Ireely rotatable In Ihe aZImuth
Irough 36lT and In elevatIOn 'rom 0 10 82". Both
plllM adJUSlmenlS are manu al. Ounng measure·
men ts. lhe antenna IS locked Into POSitIOn, the

'94

a!llronomieal source. to be observed then run
through the anlenna lobe according to the
movement ollhe earth about itS aKls.

2.
RECEIVING INSTALLATION

Tha reeeMng InstallatIOnwoo:'Sln the Irequency
range around 1720 MHz. Figure 1 glYflS an
OYeralllmpreulon of Ihe InslallatlOn,

A waveguide leed system is located by means
ot iJ4 decoupler sectIOns in the loeus poinl of
the paraboliC antenna The Signal I. taken to the
lira! ampl ifier slage via. 8 20 em (approK) semi·
ngid cable . tlworQWlth aCFY 19andhu8galn
01 lome 16 dB . VIa .. Cil'C\llalOl", worlung as an
11018101" , it is laken to e second amplilltlr which
gives It a lurther 20 dB 01 gain . The combined
001 &8 figure Of both amplifl8fS wllh cable was
measured at 1.3 dB at 1120 MHz.

The measurement leal gear, near the loot 01 the
lower , was connected 10the receive pre·amplillflf
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CFY 19

RG 21l. -9.ld8

aupe rhe t r ece i ve r

z Fig . I :
Ilock,.._ot...­In_

1700 MH z 1S7 MHz

1S7HHz LF

variable
,,!enu­a t on

HP 400E

u· ·Voltm, hr

• r- , pen r ecorde r
c RC-Int e · OC·Vol t
I:.
~ gra tor me ter

by mNr'II of a 26 m-Iong Iang1h of RG213 cabla
"-'o'Il"Ig an anenuabOn of i 3 d8. The &IgNll was
.,.., tunlw processed by a IUrp!uI lea:l,.....
"-WlQ a l"IOIH flguraof 3 d8, ThISracerv« has a
sWl1Ched. vanabla anenualor I\av1ng 1 d8 lIaps
and • fine -"fustmanllOr lht betwaen valun of
outPut laval. TheraareallO two (lUlpulIavadablti.
one v'deo of 1 MHz t.1dwidth . AM dlMnoduIallOfl
and lht other a DC output. The~ tuncbonI
without AGe. Its LFoutpuI has a '9"8' av&llabla
-.NctI Is atwavs plopol1lol~ to tht anl.,-na
von.ge. h .. measur.cI Wlttt a II'IIIli \IOIImetet

(HP4OOE) -.NctI Is~ via a slepped
all«lUalOt' to tht r~ outpul.

Tha output at !he fl'lIlh 'IO/1meler del~s an
aUKIliaIy 0 to 1 V potentl&l. wNch .. proporllONl
10 the IignaI inpUt. to • pen rlt<XWOer. In the
abMnca of a IIgnai al the anl.,-na. this DC
von.ge II determined only by the In!efnal l"IOIH

ot the receiYef . This: ponlOfl II compenaatad
and the r.-t ampIIhed and taken to an Integralor
"-vlnQ a 10 s bme c:onatanI (appoKI. The t&gl"

lfabOn Of h J9"&l • camad out Wllh an .1
wntet. but al.a at bmn• .....-.ga c:omputet (ALIn
1040 and Rhobus), VIa a 12 bit~,IAI

convenerlADe).

3.
INSTALLATION ALIGNMENT

In order thai IUCCMltul ~""""1I at ••.
Ifemely _ak radIOam~ can be rNIda. Iha
IrlstallallOfl muSI be opt,mally adJUlied and til
NflSl11V1ty cahbraled In order thllt the vanous
ligna! sourc.s and Intana rane. lignall CAll be
measured. In Itlll 'espac1. II wal edr.meIy help.
fuI thai a known laval oIlignal. al a conventenl
elevabOn. was a.".,labla lrom the METEOSAT on
1695 MHz. Al thla pc»Illon. h antenna tubular
feed syslem was adjUsted lot maKIma! ..leII'l.
Ilgnalltrengltl ,

,..



Al Ihe same lime, the radiO-Iel&&eap8 receiver
was luned 10 a Ifl tquency 20 MHz higher. The
received signal originate! from the cold quaner
01 the sky In the dlrechon 01 the utelll1e. The
lIne adJUslmenl of the leed system Is cartied ou1
by tuning lor minimal backg round lignal, asevlKY
detocusing movemenl will result in an increue in
the radiation component Irom the immedlata
~lcimty 01 the anlenna ,

The gain 01 the ant8flna, or more accuralely,
the illuminahon area (etlective area) 01 Ihe
antenna, can also be delermined WIth the as­
slslance 01 the METEOSAT Bignal. The etl8ctive
antenoa afea is an extremely Important qUanllty
as Witha knowledge of II, onecan delermine the
system's capability to receive a known eetrc­
radiO sourca. The rene of the effective anlenna
area 10 III actual phYSICal area II a measure of
the effICiency 01 the parabolIC antenna. The
depat1ure of thiS value lrom Ufllty Is dependeol
upon dISh fellec;t1Ol'l Iosaes, errors in locus ing
and the shadowing 01 lhe dish by lhe antenna
reed syslem.

The antenna elllCiency II delermined by the
loIlowing procedure:-

A signal generalor il adjusted 10obla ln the ..me
S-meler dellectlOl'1 a, that received from the
METEOSAT 2 ..lelllle , PreviOusly. the insertion
gain of the 8I1tenna pre·a mplifiers and the Ioaaes

VHF COMMUNICATIONS 4190

In the 50 O-eonnectlng eablel was measured
uling a commerCial power-meter (Rohde &
SChwarz URV5). USing this. lh8 power received
al the antenna terminals could be calculated
to be 1.49 x 10 - " W. The known radiatlOl'l nux
lrom lh8 ..lelllle Is 3.72 x 10 - 11 Wlml l -1 44 3
dBWlm~. This worq oullO an etl8Clive area of
4 m' whiCh il 57 '" of tU phySiCal area.

A lurther parameler which can be measured is the
Intrlnl lc nr)Ise of the ly,lem, ThiS can be ex·
pressed In dB. kTocras a flOilMl lempe ralure T. In
Kelvin , These quantllies ar. related 10 one
llnolher in lhe 1oI1owlng manner :-

F(dB) • 10 log (kTo)

F(dB) .10 1og(1 + T.,I29O)

In this cue, the flOise ligure ol lhe overall elec­
tronics was measured wrth • calibraled noise
generlltor at 1.3 dB. I,e, 100 K. This value i,
IdentlC8lWIth the noise flQure of the pre-amphlier
lince. OWing to rts high gain, the second·stage
contrlbollOl'lof lhe receiver ilsell.i,lnlignlflCant.

The conc lusion 10 be drawn rrom lhe measure·
mentl deecnbed , Is thai thealmoaphere andersc.
poulbly. !he Ireea in the v1dMy. addll lOl'18l1y
conlrlbute 65 K to the noise al I n anlenna ele­
vatlOl'1 of ac-. Altogether , the system noise
lemperalur. (2) is about 1e5 K at anlenna ele­
vations over 4cr,

300

• •
250 •

200 •
2

•... 150
•

100
•

• • •50 0 10 20 30 40 50 60
.t. ... t 10. 1....._1
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4.
ANTENNA TEMPERATURE

n. ant.... was turned to. hl)nzClf'Qll:'t*bon
l....,.bon 0") on • dHr ~y . 1 .n outtlde tem­
per.... 01 - 3" C. n. sign&lt INatured . tthe
teoeivw output c.ne exc:lu8ivety from the
mmedlale enwor-",*", 01' the antetW\I wtlich
c::orr..pouded to .....,~ temperatura 01'
270 K. When the anIetV\o1 was Itlen talMld in
eleYatlOtl the Iignal lJIJength decteuod as
oepicted In 'Iv.2. The Iignal decteasa AS In dB
Isgwenby:-

AS. 10 109 (270 + T..YIT.. + Ttl)_.
T.. . The received noill8 lempetalure
Ttl . The Iyllem noill8 lemperalure al lhal

elevat ion

In the search lor exlra-lerrestnal noise IOUrcel
at 1720 MHz the loilOwing object l were obse rved:

1. The Sun '
The ligna! power rose to 12.2 dB above the
systern noiM lemperatuta (In a coId.l"IOIIe-lrN
part of the Iky) from 165 K.

2. The Galaetlcal equalor (conllellabon Archet)
With a tise of 0,15 dB,

3. The Moon with O,Dot dB

... The OrionNebulae WIth 0.01dB

5. The GaJaetiCaI equator (Orion) WIth0.05 dB

6, The Crab Nebulae WIth 0.036 dB

7. Jup1et WIth 0.01dB

Otlserving the Sun pteMtlled no ptl;lbIemt al.l,
A very niCe ltanarl of the Sun Is a/'loolIwn in f19. 3

The pw1 01 the Galac1lcaI eqvatot orly gfY8$

usable resultSWIth 50 '" 01 an expenmentS. Fig. ..
gfvft an example,

The emiuioM from ll1e Onon Nebulae al 3r
elevabon are, however, much more (1II11CU1I ,

The curve thawn in rig. 5 COfla!SIS Of summed
values taken over II period of eight nigh ts (the
8th, 10th, 13th, 14th, 171h, 16th, 20th and 21st
01November 1989) .

The Moon II ulually recordable, e6pecial ly
at elevalions around 50", The observationl are
nearly alwayl accompanied by atmospheriC
perturbatIOnS, The tranll! thawn in fig. 6 was
exceptionally undlltu!bed and impressiw,

Measurements In the GaJaetlC&l equalOt in !he
region of Orion at. at the Iomrtl of delectability

191
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Mt (remnents 01the Supernova observed by the
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etevabon is 65·.

Jup iter will be Observable Irom December 1989
to January 1990 in the aereceeer equator (eee­
stelial iOnTwins) and appear In the anlenna about
40 minutes after Ihe Crab Nebulae. Normally,

Fig. I :
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• FUll_Moon Iran, moon

!tie tignals Irom !he GalactiCal equator and
Juptter are superimposed upon the Crab Nebu­
lae , In two dayI , however, these lignals In­
creased dramatica lly (I lg . 8), Bur. ts could
allO bel observed whiCh were reparted in the
lr1erature .. only lor the meier-wave banci. The
Signal had a peak value of 0.18 dB above !tie
relereoc:e leve l 01185 K.

5.
CONCLUSIONS

By mean. of Simple deductJon, !he !lUll of some
01 the IOUrces can be determined from their
signall.

•.u.

For !hi. , the loIlowing lormulae tI , 2) are em­
ployod

T• • SA./k

where: S II expressed In WiHZ/m'
"-In m'

The unit lor S ha, been Interna llonalised to the
Jansky (Jy) . One Jy _ l a -allWIHzlm' .

k _ 1.38 x 10 - 1:1 J!K (k . Boltzmann'l COI'ls1ant)

The inCrease in signal In dB is expressed as the
antenna temperature T. and the Iystem tem­
perature T.,.. and II given by :

A S • 10 log (T. + T.,..)fT.,..

I . For !he Crab Nebul ae. an increase in signel 01
0.036 dB was measured. Thil gives an an­
tenna temperatul e of T• • 1.37 K, 01" a !lux 01

!
' ,UI

I 1.121
•
!
I ...1'!•

...&1 , I
f.I 51.1..- l_h l

Fig. 7:
Cr.b Mt>bvlH (large~n.t r1ghl)
wllh t"- g-..et~MjUMOf by 1"­
con,t..,.llon Twin' ...c Jupil" (" h I

'99
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n,d lr.U 2r, d

FIg. , ; AI Ilg. 7 (dottltd curvl) bu l wllh I ptooount4'd burlt Irom J upll ir

473 Jy. As only one polarisation plane was
observed. the total nux is twice as high, This
agrees very well with the published values.

2. The Moon had an increase 01 0,04 dB. This
results in a T• • 1.53 K.or 527 Jy. The Moon
has a subtended angle 01 some 0.5" and the
beamwidth 01 the antenna is 45-, From this,
the radiation temperature of the Moon can be
determined as lonows:

T.- • 1.53 (4.5105)2 • 123.9 K

Again. tM measurement was made in ona
plane only and meretcee the results musl
be doubled. The radiation temperature ol the
Moon is made up 01 tM inherenl body tem­
peratura of the Moon and the reflected light
of the Sun trom its surface. The signals are
therefore dependent upon me Moon 's phases .
The measurement shown was laken at lull
moon.

3. The Sun's measuremen l indieated a 12.2 dB
signal increase, A typical measurement made
during the year 1988 lay some 3 dB lower.
The measured flux at the moment is In the
region of 1.n x 10· Jy. This result lies between
the values lor the Sun when active 10 when 11is
quiescent.

200

These measurement s show that it Is possible
to achieve very good results using only mocIest
equipmenl (3). Tho occasional mislakes, how·
ever, snould not go unmentioned . The hlghesl
attention must be paid to Ihe smallesl tempera·
tcre drift of the overall syslem. This conline s
all measurements (except lhose 01 the Sun,
01course) to be made at night Tho lact thatlhe
inSlruments were located in a eener was helpful
in this respect .

The measurement programme at 1720 MHz has
now come 10 an end lor lhe time being, The in­
stallal iorl has been retuned 10 1420 MHz - the
Irequency 01the neutral hydrogen atom speclra l
emissions.

FUrlher observations will be made using a 4.5 m
diameter reuectcr which Siemens has placed at
our disposal. The beamwidth ol this antenna al
11 GHz is only 0 ,3", Observation s will be mainly
earned out on 2.7 em and the Ini1ialsubjects will
be the Moon, Jupit8l' and the Sun.

Incidently , II. transitional X band has been coo­
structed on a circular waveguide, as now EME on
10 GHz will then be possible ,- the antenna
having a theoretical (I) galn ol some 53 dB which
borders on the very limi1 olleasibility. The Irans·



MICRO-AMP with VOX/PIT
Low-noise GaAs·FET pre-amplifiers with
outstanding teatures and favourable
prices
2-m model MC-2 OM 249.50
70·cm model MC-70 OM 259.00
These are two of the low-noise mast­
mounted pre-amplifiers of the

SSB-Electronic series
Ask for the Shortform Catalogue in
English (tree of charge)
Obtainable for original prices from:
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mill er here has 100 W power output at 10 GHz
giving a radiated power of some 20 MW (Il ,
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during me COflslrucliOn and operation 01 the
Inslallallon ;

John O. Kraus: · Radio Asl ronomy· ,
Verlag Mc Gra.....-Hilt, New York 1966

Joachim Hermann; .dlv· AUas zur Aslrono mie · ,
Deutscher Taschenbuch Verlag , Munchen, 1985

To all who neve assls led In Ihis prolflCl With bolh
advice and physical rebccr, we .....ould lika 10
a)(Iend our gralalulthanks, They are a8 10110 .....' :­
Ma)( Munich, QJ1CR, Bernd WeiB von dar TU
Munchen, Or, Hans Hartluss, OL2MOQ und Knul
Brennd0r1er,OF8CA.

TerryBiltan OHG
Jahnll lr811sa 14, Posttach 80, 0 ·8523 Balarsdort
Talelon 09 133 ·47·0 (lag und Nachl)
Telela_ 09 133 ·4747, Tale_ 629887 ukwdo
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Oragoslav DobriCit. YU 1 A W

A n Unco nditionally-Stable , Low-Noise
GaAs-FET Pre-Amplifi e r

The appearance 01 me aaAs·FET Wllh Its ex·
lremaly low-noise hgure at very high Il equencies.
has led 10 the wideband beliel thai aUproblems
01 constructing Iow·noise pre·amphhers have
been.alved That. unlor1unalely,ls not lhe case.
Because these deviCeS _,e designed to provide
high gain al SHF. 'at1empl$ to construct ampli·
Ilers al Irequencies below 2 GHz Is a ~ry I8n(IUS
undM1aktng.

The succeu in their employmenl depends upon
me solution of a lew problema, each 01 which
requires cale ful consideration and a planned
approach . They are as lolIoWII:-

1. A vMY 10w-loI .lnput ci rc ul I and very good
m.tChl ng to tM Ir an. I. lor la ••sentla l
fo r • good no l..' lgur. . TM optimum
Imped.nce for lhe 1owe.1 no{• • will be very
high . nd have a ,...cllv. componant. whi ch
will make Ih l. quit. d ln lcull.

2. Alm olt . 11 G• • • FET. .xhlblt uncondl·
Il on. l . tabil ily . 1 'r~u.nc l.a . bo.... 4 GHz
. nd th eir operation at low.r l~u.ncl.a II
• tt. nded by • slg ni lie-nt t.ndency 10 881'·
ose ll la' • . Owing to th. high g. ln and only
cond ltlon. 1 . Iablll ty at lhe loWaf fraquen­
clel, It la ...ery d ln lcu tl 10 d••lg n .nd build
a r. ally alibi. ampHl I.r (e).
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3. B. nul . 01 the condlllon.1 I t.bUlly . nd
th.t over on ly . ...ery IIml led r.ng. of 1m­
ped.nc• • , lhe output matching 01 th e
l ran. lltor la ...ery critical. Thl . tend . to
r• • ult In an ImproP8fl y tuned .mpllfler
l ogelMr wllh a poor parform.nce.

1.
MATCHING FOR OPTIMUM INPUT

The problem of the input matching. thai is,
achieving the Iowesl noise figure togelhet' wrth
minimum input elruit losses. hal bean discussed
in (1). The salienl polnll ariling ...e:-

t . The input tuned CirCUit maletling the antenna
10 the Inpul ol lha active device mUl l have the
htOhaal possible unloaded a (~) ,

2, The matching cncon must be SO dimensioned
thai it has the Iowest-poHI bie Io8ded a (~l .

For lhe 2·melre band, a helICalrnonalor should
be provided Since it possessel a au 01 double that
01oonvenbOnal LC-Iuoed CIrCUli•• IIdlacuaaedin
(1) .
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The unloaded a of • coax-lB.1 resonator . made
Irom copper or silver, can be evaluated by means
ot the 1oI1owlOg formula:-

AI 0432 MHz and htghef lJequenae. , the besl
SOIu1IOO I. the UN 01a coaxial reaonalof lor the
input Circuit bulair-inlUla'ed. atnphne relKlf\8 lor.
have qUite a high a.., andare acceptable lor Ihls....,.. o. -o .e . \'l ( I )

Resonator Iosset ere dlree1ly proportIOnal to the
Clrculallng currents and 10 keep these low, the
dllTlenSiOns olllle reaonelof are importa nt. Both
!he inner and the outer diame ter and their ralio
are lactors lor enamlng e max imum au and
th8feby minimum lOhe. (2) .

where ,

e _ IS1 . ln (OId)
1 ... Old

o - outSiGediameter (em)
d - Inlernal diameter (em)
I _ frequency (MHz)

(2)

Fig.la:
IIV.I.... lOfc:oul.l rnon.ator, In
dapend.~ 010 d ,.11001
c:harac:llIfl.llc: Imped. ne . z..
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. f R;;-­Qy . y - - 1
R,

a D. X..,JR....

The a, ol.he input circuil should be hig her than
Ow and CD, Ofal least, be eQual tothe value ol lhe
hl(Jller 01 the two The Importance 01 the Im­
pedance L.lor the IIMI result, and lor the chotce
01a sUllable tranSistor ISnow clear

Finally. It 'S now poSSible10calculate the loss In
the coallal -esceatce :

The vllue, 01 a u calculaled Irom Ihl, lormull
can lOfm V8l'Y wi ll to lhose measured In practice.

EquallQl'\ (ll indICate, that the unloaded a at
Iny given resonatOf dllmeter Incl IrltQUllOCY will
be a mal,mum when A hiS I maxi mum. The
equatIOn (2) 10f A, In tum, nee a mallmUm
value when Old . 3 6 as shown in fig . 11

From the well known IOfmula lor the charatterl,hc
tmpedance ot a coalial rHOtlelor ;-

Zo · 6OL.. (Dldl··IU)

and pluggIng In 3.6, a resona tor Zo 01 77 II 1,
ob tained

The resonator haY1rlg the hlghe" pOSSible
unloaded a must have Slivered surfaces, e
CharacteriStIC Impedance 01 77 n and II large a
dllmelM as p05Slble. When the Side of a squire
resonator has the same dimensiOn as the dl­
emeter 01a round one. tMn a u Will be some 20 "­
higher

The nellt tlSk is to calCulale the Impedance tran.
IOfmatoQtl lOf the Input CIrCUit under the minimum
working a (OJ condltlQl'\S

In order thaI the antenna Impedance 01Rc • 50 II
is translormed With Ihe opt imum .mpedance lor
the Iowesl noise-Ilgure 01the tranSistor ;

L. • R.... :t JX....

the Input tuned Circuit must have a a.. whICh .,
highe r than twocertain m,nimum values, a... and
a D. Bolh these minimUm values 01~ will be
delemll ned by the Impedance z..,.

The electrlcallosa in a reeonetor 4. In dB, lor a
given reto OttO\! il shown In I lg. 1b

Besides the resonator . the input ci rCUlI comprises
tuning and loading capacitorS and the lone.
In these can be calCulated In I Similar lashion .
jj their respect IVe Ovs ara known lor the Ire·
quency 01 operation. Altemal lvaly. the use 01
known high-quahly components will ensure a
negllg.bIeloss

The main losses In capaCltOf' et high Irequency
are caused by silln effect . dIelectric absorptlOfl,
resis tance 01 Ihdlng surface. In trimmers and
losses In the compon enl COI'Il truclional insu­
lallng malena1. II , however , Silvered p1ale ea­
plClIOf1 haVing 11r-(jlelectnc and Withou t shdlng
surfaces Ife used, the loss is V8l'Y lOw indeed.
A capac. lor 01 Ihis type can be easily lormed
by using two p1ales and fTlOV1ng one of lhem ,
ThiS Iype 01 trimmer capacitor I. ohen used in
UHF lube power ·amphl ler. haVIng sttlpline
resooa lOfI . The very elpenslve "Johanson"
l rimmers I f. Yflry high-quahly compooenls With
a s 01 I lew lhoUsancl at IreQueocies below
1.5 0 Hz

The capaCllance value 01 • tun ing capaCitor
C, connec led across the Inpul 01 the transistor
musl be very low. A tligh value 01this caplCllOr
would increase 00 and alse decreases the l e­
ratIO01the Input circu it, lho s lowenng ItSdyna mIC
resis tance ROo As a consequence, higher Iosse.
and higher noise-ligure are to be elpected. The
nolse-Iactor F at lhe IranSll to'- ' input can be
expressed by the follow ing equ allons:

F • 1 + R..,JRD (-4)

Ro .au .~ .cu .Xc: (5)

Almoal all GaAl-FETI belo w 1.5 GHz have a hlQh
value 01 R.... and II cou ld easlly occur thaI an
InjudlCiOUlly chosen, lower value 01 Ro has Ihe
same Ofder 01value as R., . ThiS could result In
lhe flOI18 IlQure being increased by 3 dB even
belOfe the transistOf'1 flOIM Ilgure has been
tak.en InlO account (3) .

In conclusion, lor optimum Inpul matching and
to achieve the minimum nolH and loss, the
101low1ng rules must be ob8erYed:

1 Use resonalors WIthlhe highesl pOSSIble Cu.
(3)4. • 10l0g (1 _ ~IQ) J

""
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2. The a.. 01 the lOpUt tuned-orCUlt must be as
low as possible but higher lhan Ou and 0 o.

3. The luning capacitance C. muat be as low as
poSSible, ;Ull l ufflcleot to enaure a posilive
tune, The UC,'atio ol the input crcou must be
held as high as polalble.

2.
STABLE OUTPUT MATCHING

Matching a tranSistor output lor ltable working
condltlOf\S il ulualty much more d,ff,cutl than

opllrT'MJrn Inpul matching The output matching
hal noInfluence on the l'lOIH-hgure as almost all
GaAa·FETI below about 1,5 GHz have a seat·
teling parameler S'I of practICally zero. The
Iraneletor 'e output match ing , howeller. II 01
~rarnount Importa nce lor Ita gain and 11a·
bliity.

AI already mentiOned. most G.....·FETs are
only cond'lIOf'l8lly Itable below l' eq uencie8 ot
around .. GHz, The 11ablhty·jaetor calculatlOl'll
and the auperimposll'lg 01 stabll,ty and conltant·
gain clrciel onto the Smith Chart Will present
a Clear pICIure of the problem 10 be lOIYed • . ..
Ilg . 2

fig. 2 ; SUlblllty andCO<\IIINlI ....n el.e", IOfUGf 10102 on 432 UHI . with gl.,." un liable .-.g lon i 01inpu t
IblK"J~output (IlMdJ~.
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F19 · 3 Con.tanl gain IInCI t1. billly clrc," lor Mal' ,.02on 432 MHI. IcNldM on output .,.Ith tr....lor_. :1 or
,..1.lor 200 II

Many conllruclorl NlVtI come acrou thil pr(lb.
!em and hII~ tEtr.1ed tl U...1ty by UWIll ellhel
• r....l~ 0Utpuf Io.cI (11 or • : 1 1em1. 1r.,...
lormtn(&l - FollOwIng IheMconoeptl. manypr..
amplll1erlh~ been conltructed .nd pubIIlhed
bu1 undoubladly w.... only cond,tlOn.11y liable
over a canaln rang. Th. Smi th Chan of f lliJ , 3
showl the cond,IOO. when • • : 1 Iranlformer
la connected to Ihe output Of loaded by a 200 n
reSiIlOf_ The conltructlon conlirms tNlI IhI'
trarlSlllor ISonly condtllOf\a"YItable

ThtI meana thai the .mpbf.... , wher1 MJbjec1ed
to c:ertlln 0Utpuf bed oonckhone and InpUt:
IOUrcI .tm.ttence, MI MIf-oeolele . l'N.
cntlCal condltlOl"t C8rl oa:ur vfIf'IJ "lilly, lor In­
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l'Iance. wher1 two emplll1erl ere caaceded end
the pr..-mphfiel' hu been IOeded by an im­
pedance wtJieh he. been lI'ensfonned by ... : 1

transformer. The transformen are UIII.lany
wound on • lemte cor• • or bead. whOM per.
meabll,llea ar. not known .bove a lew hundred
meg ahertz ,

Ma ny 01theM tr. nlformers having varloul IIUI,
typeI of core. number of tuml and Winding
d1.mel.... haw bMn checked by • networtc
anaJyz...- . Alellamplel of thII type ol tranatormer
cbplIIyed • very high rlNC1iVe component ol
InpUt: or outPut~ wher1lem'1inated by a
rnal1Jve toed (7).
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Fig. 4: COfl"-tanl gain c l.cleol arnll~ WI., of O\Ilpul mllchlng 0' MGF 1402 Ofl432 MHI wllh Ihunl-rell.lo.
RD . 120 (J Ind hlgh1)a" Lmllch'ng Ml_k. IIlYggllled In 1e.1. Ampllll",lluncOfldIIlOflan.,lIabl•
• nd wllh lid ot t.-ctancel ot coil x..o Ind c:lplCllor Xeo II I. very • • • ., 10 achle .... m.., glln (MAGI

It mullthetelore be concIucMd, tNt thne Irani ·
lormen per10fTT1 very poorly , even al fTequenCiu
in the 2-metre band , and introduce l iability
problem. because 01 lheir high componenl oj

reecteoce. The reSiSllve loading ha. lherefore
the advanlage !hal II anablel I table ope rallon
oYer a much wider range 01outpul impedancel
but ftg, 3 m.kes II clear !ha l the Iranall10r will
N If-oscd llle oY84' quile a large ra nge of lnducbVe""-Quite apart !Tom the problem 01 liability, thete
1. !he potenllalty even mora dl"ICU" p"obIem 01
outpu t matching "(4), Thil can mean tha i the
amplifler p"...nta a Vlltry poor .curca impedance

10 lhe lollOwlng l lage . II is Ie" 10 lhe 'mag inatoo
what win happen d two cond illona lly-itable
a mptlherl ara eceoeeteo In cascade - either
a two-Ilage oscltlator il crea ted, or an amplifier
WhiCh il work ing well be low III potential per­
formance .

II may be ooncIuded tha i the output matching
of GliAs-FETI wortUng at tow IreQUel"lCiea is not
.n e.IY talk 10 SOlve, Every conslructor 'l aim
Is to build an uncond illonally-llabl a a mphfler
• .in high gain , elCtremely low noiae and a tow
outpu1 V$WR ,

The deSign p"esenled In Ihls art ICle Will go •
large wa y in re a til ing Ihi. obteCllve.
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3.
CALCULATING FOR
UNCONDITIONAL STABILITY

Tho characterlslic. and behavloor 01a transistor
at a specilled frequency. are delil'l8d by leat­
tenng , or S-parameler• . Tho usa 01 then pa­
rametars enables many Important valu.. to be
rovaalod :-

VHF COM MUNtC ATlONS 4J9O

1. The slability factor K Is a measura 01 tho
lranalslor 's tendency to oacInale . When K Is
grealer than unity, the Iransistor Is uncondI·
1I0Nlly liable. thaI Is. the eonoection 01 any
pame load or source admittance will induce
oacllfation.

2 , Tha Maximum Stable 081n (MSG)

3. The Maximum Available Oain (MAO). ThiS Is
the forward power gaIn when the input and
ootput are Simultaneously. eonju;alely

Fig , S , tnpu1 matehlng ol MGF 1" 02 on 41 2 "H, ....tlh lid of rNC1ltlCM 01 coi l It,.Ind Upaeltorl Xc. lea10
minimum nol..or ma.lmum gllln,
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TM '1.1l0li of the g8ln obtained lot IN MAG i.
81T1&1Ier than of the MSO of !he polanll&lly
U08l8bIe deYiee betort 1lddttJOn 01 the 8hunI

r.....", but " ,....,erthiI ' ....."" • good
trac»dl. A'" d8I 01 OWl hU bHn NCfltw::ed
Il"I order 10 make the ampIIl.., unc:ondIlION11y

118tlIe. HIgh frequency GaAs-FETI Il80 "''I''
Yel'Y high gMl .. low-.~ Mel ......
PllUf!oenI gMl~

The 0l"itpUC matdW'lg b' MAG II 1OCOi........1Id
by the 11M 01. hIgh-paI L-networtl. ThisCWQlII
...~ simple and efIectrYe mak:hng to­
geu. WIttI DC-blodung~ UIIl"Ig the fnIni.

mum number 01c::omp:llle"tl . Fig . ,

n. MAG b' the mapnIy 01 GaAs-FETI •
around 20 • 22 dB. IOw9f than the MSO aboul
2 • 5 dB depending upOn type and trequency. AI
mentlQnlKJ previOusly, the MAG II llChi.....ed
unoer concliliOns 01 • Simultaneoul. conjug.t.
m.lctl or input end output. But, In inpu1 match
lor ml(\lmum noiM and not the n\&)llmum amphll o

C.tlOn. II whal il ,equlred. The tnpu l milch lor
rT'IIn.mum ntllH entlll, • gainollfClUncI 2 • 3 dB
lower than MAG,

TM ootpul 'erum-Iou "about 40 dB (VSWR •
1,02 : 1) whletl ll much hlghet ItIIn ItIIIIChIrtIed
by UWlg ... : '1 IrIMtormer or.,...trYe output flg. , :~Ilc cl""~ of l,.ncondltlol.-r .....
!old (VSWR • 3S : I ). GaoU-fET~ tor 144 MHz

malChed. The MAG II only dehMd lot. deVIC4I
whdl. uncondlbonaIIy "able (K > 1)

A~1y-uMtabIe drrtice lNy tN rnMN
.~ by connecting ......tt¥etoed " ... OUI­
put. .... h hal .lfMdy been ...". howe'l" . h
I. no4 pouJb6s 10 u.. Jull any '1.1"" of IoecI,....tanee..the cMYIce can ..........In ...ntIl1b6s
or IIYM' IItIIt osclllliting. The ,..1.lI~ .... 1""
""".1 tN detennkMC by caIc1.rlatlng the new
s-p.r.....-. of the drrtice togethsI' wt1h me
~"or-C:'KIded netwoR (4). from me
S-persmetsrs. me .tIbIllty IKtor K can tN
determined. Whan KI. IIfNter 1han unity. the
....1'" of ,ullt.nce "'. been lound which
will mak. the.mpll'.... uncondlUONlIV .lIble
(4). Aft., lhe 'I.lus of me .hunl ,ul.t.~
h.. bHn found ....Ing lhe new s.p.r.rnet.....
lhe Input .nd output ,.flec1lon coefficient.
lor th. m••lmum IVlnlble g.ln (MAG) can tN
found (5), See Ilg . 4.

209



4.
INPUT CIRCUIT CALCULATION
AND TUNING

Almost all GaAs-FET s below aboUt. GHz . have.
high Input impedance .....Ith a large capecnwe
component. Cofljugaled values (marked .....Ith ' ) 01
Input retledlOn-coefliclenta SII are shown on the
Smith Chan in fig . 5 The optimum Input renee­
bOn-eoeff1Cl8nt lor minimum noise r.. or Im­
pedance z.." Is also Shown on the same Smith
Chan. II may be readily concluded, tha t the
relledlOO coeffiCIents S,, ' and r.. afe almllar
In phase but di ffer in amplitude.

Thla lact ca n 1M uNCI to tun. th e ampllfl.r
Inpu t luned -elr cu ll lor minImum nol.. In a
almple bUI p rec lM manner wlthoull~ UN of
Inatru ments,

The trans formallon of the antenna Impedance
Al • 50 + jO 10 the optimu m oose- tigure Im­
pedance Z"" using Input creon components c..
C. and L, (lig , 6) are given on the Sm,Ih Chan of
f'O_5 Capacitor C. transtorms 10the real pan of
!he IrTlpedance Aw wtl~st c:. together Wllh In­
ductance L" set the imaginary part of the 1m·
pedance X"" . From llg 5, ~ is Qul1e clear that
dlNerent values of c., I.e, reactance Xe., Will
have a direct Influence on .....helher the Input
malch lng Will be lor mallimum power gain or lor
minimum noise. lI the value of C. la low. La. high

, the lJanslormalion 'Nill be on the Itne, Smith
Chart centra (POInt C) and the ampllllM wil l be
tuned lor malllmUm power gain . If. however, C.ls
lower. r.e. Io.....er Xe.. then the Iranstonnahon will
be on the nne, Smith Chan cen tre poinl (B or AI.
and consequently the ampil lier wUl be luned for
minimum Mse,

Thua. in order that the amplill8f be tuned tor
minimum noise , It is neeesary that the value of
capacllor C. be determined Once this is estab­
lished and hlled , the amplifier will be automa tically
adlusted for minimum noise and an adius lmenl of
c:. Willonly result In a varia tion of the power gain ,
The power gain so attained, I. lOlTIe 2 to 3 dB
lower tnan IfC.had been IKIlUsted tor a mall,mum
gain MAO , Thi. ia normal and lathe amall price
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Ihal musl be paid to oblai n the minimum noise
l igure ,

For IlluslratlOf\purpose., tabl., oontaln. variOUs
values tor the Input Circuli element. togelher With
the consequent values of Q.. and Input CIrcuit
eeeee. ThecalcullltlOnl were made tor different
antenna melchlngl , II may be readily seen that
.....Ith an accur ately determined value lor the
COUpling capaCitor C. no mil -luning II polSible,
even under condl tl()nl of nigh antenna VSWA.
Moreover, there" a wide ra"98 between points A
and B on the Sn,.t" Chan tor whiCh minimum
noise II possible and this allows a tolerance
of lOme t 20 % In the value of C. making II rela·
tlVely uncnt ical .

Thil begs the queltion 01what Is actually critical
Since there ere many ellamplel 01 pooriy ee­
signed amateur preamphfiers in operation! The
anlwer II rather Ilmple and logical : lor the
amplifl8r delcnbed In this anlC!e .11 e1emenll
we' e optimized and very carelully calculaled In
orde r that no pertormance degradatIOn'Nilt OCCUr
when a reasonable degree of compo nen t loler·
ance'll adhered 10. this. however, II not valid
for My poorly designed ampli fiers of the type
menllOIl8d earll8f.

Another re8aon for poor performa nce I' thai
the ampli fier has been I1Jned 10 minimum noise
literally by ear and this 11 always mialeading.
There .....ill always be amaleurS who wll1 believe
that the prerequiSite lor a g<Xld pr. amplifier
is an ' Illremely nigh gain. TN. misconceptIOn
eIIn lead to lhe lowering of the value of ~ 10
obtain the ma ximum poMIbie gain (MAO), Thia i'
the sort 01resull which can be arrived at when lhe
a'nplitier is IUned by ear and .....lthOul the use
of Instrumenll. It really Is dlffic\Jlt 10 convince
some people. Ihal the ampli fier must be detuned
In orde r to Improve reception - but thaI II the
teet of the maner.

5.
A 144 MHz G.A5-FET
PREAMPLIFIER

The preamplifl8f delcnbed here i. a modified
v8l"alon of tha t deacnbed in the .uthor', earti8l"
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VSWA Tuning Co C, a. Input-clrcull
1M pF pF ......

r.o ~...... I.' I ~ e.s O.04dS........ 2.' . .7 "9.3 0.16dS

' .2 ~...... 1.2.1.5 1.2 ·1 ," e.s O.04 dS........ 2.' 0.6 ·0.8 "9 ·51 0.11d8

I.' ~...... 1,1 -1 ,8 1,1 ·1 ,8 8 - 10 O,04dS......... 2.3·2.5 0.5' 0 ,8 48·53 0,18dS... ~ ..... 1.1 · 1.8 1,0 ·1 ,1 8 · 10 0.04d8

T.tIle 1:~ ......... tor the 02 MH' Input lunltCklrcvll.ltl 0... and '--In
,.wtlon.... ip 10 the~__ VSWR~ In. luning obIK1'"

at1lCllt on the IUb/8CI (1). ThI. had bMndetlgnecl
a. a concIllIonaJly l iable ampltfl8f with r....tNe
(IUlpul loUng. en RF cholo.. to leed In the DC­
tuppIy and a capKItor for DC-blockmg The
modllcabon to thai circuit repr esent. a further
deYalopment and an lall. mak ing II uncondl·
IIONUy ltable in the alor..mentlOMd manner.

A Itwd capaotof' c.. tor DC-b'odung of Ro. hal
bMn Iddtd 10 the two • •1ItIng chip capKdOrI

CoIQ6dared 10 the IO'MIW'Ig wal. AI conlpCllllf"ltl

~ WI1h ItlIW vaIuM .... grvIft '" tab6a 2
and f'e CINlI I(:hat'nabc • Ihown '" fig 6 The
ampIIflW'. mathocl 01 construetIOn .. gIV«l In
.... trw.. salktan of ng. 7. No cNngaa ha~

been made to the hehc:&1·raaonator , Inpul CIrCUlI.
Thll I. eHeeled Wllh 5 tum. 01 2 mm IIlvered
wile wound on a 18 mm·tong , 13 mrn-<!Iam.ter
lortnlng loot This inductor (1) h.. alwaY' proved

lisell very e nllCbvI '" pnKla .

The only modlhcahon concern. lhe COUpling
capacitor Cc which raptacal the Inmmer capaCllor
connac1ed to Ihe 3.3 pF ceramiC (tile . ThtI ..
1M IIlad c.pecrtol' "",lbOl lld ..,..... wtlIth
.,...... the ampllflar to be tuned .-ty for
nwwnum roM, The...... induIion of alamt.
bead was drQClPId on the grounds IN! " rn.­
the ampIllar torObonaIty Nb'a

Trana, I "- Stab.oF, .... Co C, .. Co lo 0. ~ no
T,po YtU d. K d. oF pF n pF nH mm mm urn.

MGF 1200' .44 20 + 1.2 0 .13 25 " .. 22 44 , • ••
MGF 1200 ' 32 10 + 12 • 04 •• t .a eo 82 " a • 2'
MOF 1402' 432 22 + 1.3 • 04 •• 13 120 " 20 , • as
MOF '''02' 1296

"
+ 1.3 • 04 •• •• 82 2. • , - 1

lo: drain lndlJctor
Do: Inductor Inlemal diameter
10: '-nglh 01Lo
no: numbeflof turnsof S1tvared Wlf, 0.5 ' 0 .8 mm dI• . lor Lo
Tlible I : c.k~ of COOlopol_14 Oft 1M MOpIIfler"I char-.tIc • . Thllollowtng o.vIcft~

be....ct an wtthoul~ compo;... lC char'O" :MOf 1201, . 1)02•
•1... ·1.. 12. ·I~C" II, ·tJ. ·,..
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The preamphher hoUSing is labl'tealed In ec­
ceeeoee ..... ,Ih fig . 8 Irom 0.5 • 06 mm coppe r
or brass Iheet. The chip cepecnors are SOldered
onlo the screened ..... 1.11 on Ihe same aide a. Ihe
scr"n 1iIOIdered to the box lidel, Thll ensures
Ihal solder II kept from the vicinity 01the hehcal
resonator thus tending to keep losses low . The
lower end of mecon.,II passed throug h a hole In
lhe screen ..... 1.11 and then soldered The tnmmer
capaotor C, ISa Johanson Air t rcoe type S2OO.
5270 or 5202 . The coa xial connectors can be
e~her . N" or BNe-types and are soldered on lO
the box. A degree 0/ prolecllOn. as .....e11 as a
l Iable aupply voltage. is aHorded by the three­
terminal regula tor 78105

6.
A 432 MHz GaAs·FET
PREAMPLIFIER

The CUCUlt IChema tlCol l ig. 9 lOdiCates lIs cJote
relatl()rlshlp .,.,Ih the 2·m.l,e version . The output
IS also loaded .....,th a reeeterce Ag In order that
lhe amphflar II rendered uncond itionally slable.
A high-pall l ·nel .....ork. compriling a mlnlalure
diSC or Chip capacitor Co and inductor 1.0,
matchel the reslslor!translslOl 10the 50 II outpul
Impedance.

In aCCOl'dance ..... 'Ih .....hat has been diSCUSsed
earlier . II is awarenl Ihal the optimal form 01
Input Clf CUII onth,s lrequency Is. coaxial resona·
tor h,vlng a characleristlC Impedance 01 77 u .
Capacrtlve coupling Is etl8cled 10 Ihe anlenna.
Fine tuning 10 resonance ill carned oul by a
Tekelec 01 Johanson trimmer type 5200 , 5202 ,
5700 or 5800 and the anlenna coupling Is m. de
by a piete-cepectce fabncaled In eccceoeece
.....tlh l lg • • I OC and l Od

ThiS Iype of Irlmmer ensures a minimum 01
c,rculI losses . li s dimensions and its d'l lance
10 lhe resonll tor neve been care!ully d,menll lOn8d
Ihat lhe optimum calcula led capaCItance can be
ll ch,eved In peectce . Ths IS tmp(lt1anl lor lhe
COIfflCl lumng al lhe ampll lie r lor minImum f'IOlH

as diSCUssed earl.... In Ihe opemng chap ter.

2'2
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I,

"

"1-3' "•--.
Fig . 7; eon. INetlon .1 detail. lor I"" ampl tflM or

flg . 6. a).lcle vlew , bl uw-r "'-.,e) ee....n
wall with mou nt.o eomponenlt

The dr' ln currenl hal to be adjUlled 10 10 to
15 mA (approx. 20 '" oflDM) lor aach Ind'vidual
transistor. This Is carried oul by a proce.. 01
chtlnging Ihe source rel islanee A. until thll
current has been obtained. The IOUrce vol\age
UDI W1l1lhen be Clol. to 3 V lor FETl ln the MGF·
aeries, nec.sSllaling a value 0/ 100 n lor A, . and
4 V for lhe CFY·aeries . As . 10 n .

The Itanaislora MGF 1200. · 1202. · 1402, - 1400,
· 1412, · 1302 and the CFY 12. -13 and · 14, have
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very similar S-parameters at thISIrequency and
can be interchanged wlthoul any cirCUit altera­
tions,

The housing. shown in fig . tt . 15 made trom
SIlvered brass sheeting 0,5 10 0.6 mm thick. It is
Illled with a cover. The resonator is also sitver-

OUlPUI
IOn,.,
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H ,,", '

" \-7'.1 " ~
•• "

" " II ~- ;;- "I I --,
I

Cp ,
1 J., t" 0 '10 0 10 - t,,,, .':.T '-1&"111 llJT !J ft!J 1
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' "IO n....

Fig _II: Schema Uc 01an un con dlUo nl lly atabl, a,A,.fET p..amplll~r 10' 432 or 1296 MHz
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coated and Is Iltted Ihrough a hole In Ihe houSIng
wall. prolrudtng some 0.5 mm to the outside . It
.. lhen soldered 10 the wall. As by the 2·metre
eonstructlOt'l , !here should be no lIOlde' In the
Inlenor of the coa_lal re50nalor , Ihis keeps
losses low.

The cap ltCltor C, IS also Silvel ed blan plale
lrom the same malenal as the houling. II is bent
and lined e_acffy , mm from !he reaonalor and
soIdeled. This II achteved conven iently by
cutting a SUItable piece 01 , mm cardboard and

lormlng bolh cardboard and plate sue the re­
quired shape. The combinatiOn Is then pressed
agaln,l the resona lor and the plale soldered
Into posIbon on the inner of the connector - the
cardboard spacer il then, of course removed.
Both lha input and the output connectors al8
01the type N , T/'III input aoc!letIS lIOIdet'ed 10 the
case bUt it I, probably better to lUlen the oulput

aocltet. WIth ICt'eWI afterassemblIng the output
CircUlI.

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

. nt., I

"
10 1] ._ --------_ .-. -------------------------- -

"--- -- ----- -- --------~ --------.-- ----- :.IlM;
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, (Jt ,.. ..
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01 : 1 .., dl

". 10: Con.lrucllo",,1l <HI.II. forlhe '32 Mttz-venlon of lhe . mplillet 01119"
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7.
GoAI ·FET PREAMPLIFIER FOR THE
23 cm·8ANO

As can be Men Irom I lg • • 9 and 12. OI1ly the
aizaol!he rnonaror. dIfferential" !he ampIilieri
lOr lhe 70 em and the 23 em bands. This also
dalenninel the OVer." size 01tho constructiOn ­
the 23 emUnI!beJrlgsmalle,.

Owing 10 the high frequenciel pellICUlar care
musl be taken In the conslructiOn 01 the housing
(Ilg. 13). The cover mu.1 be ol a very good

eleclrical fJIall the way around lis penmeter. The
cov... should be spot·lOIdered 10the houllng ala
lew equi-dlltant p<lInls around lis .clge altel'
the assembly hal been IInished . Perhaps a be""
soluflon to Ihis problem Is thai adopted by YU11Q,

who also conslructed a verSiOn of 'his amplill8r.
ThiS uses a 00_ cons lructlOn made Irom bra"
Iheet (25 _ 25 _ 38 mm long) and '1 shown In

I lg . 14 The weemng wall and !he end walls
a'a SlIv...·soIdered.

In order 10 cecuewent the problem 01 Ihe poor
covar con lact . two small windows wele cut whiCh
were juSI large enough 10permit the inslallaloo
ol!he IranSis!Ol". lhe plate capacl!Ol" C. and Ihe

2T5
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Olher paru.The 0U1pUI Circuil componen lScan be
assembled through the 0lIlpul connector hole .
The wlndows can then be sealed by a COVet using
many I maUlCtltWS.The two sockeil lor input and
ovlpulare allO ICrewed on to the houllng.

The Ilivered reeonetor has a 6.5 mm diameter
and has a cha ractetls tic Impedance of n n. II
Is provided with a 3 mm Inlemal threaded end
and I, lallened 10 lhe housing with a good
eiec1tlcal OOI'IlacI by means 01a suilable lCtew.

II 11 very important thai al !his frequency the
hlghesl orade of trimmer capaertor 18 employed
for c,. SUItable Iypes are Tekelec and Johanson
type. 5700or 5800(0.3 • 3.5pF). It is connected
to the ,esonalor by a acrew· thread (188 lig . 14).

The tesl measu rements on bolh prototype•
showed a very good conformity bolh With each
other and With the theoretical prediCtions lor
amplihcatiOn, noise-figure, input clrcuitloaded.Q
and the output circui t matching , The uncondi·
tiOnal nature ollhe l tabillty was manifest uncler
all Input and output oondlliona , AlIO , the limple
and precise luning lor minimum noise w..carried
out and then conrlrmed by measurement.

8.
CONCLUSIONS

Even nowada'f8 , many antenna preamplil lers
deSigns ara published and also manu lllClurecl
without a conl8qU8tll consldetallon Of the
problem. concerning output matching and its
wideband l iability. The oonsequence is, thai
lhey are only condi tionally l iable 0Y8t a limlled
rang8 01 IreqU81'lC18' and/or Input and output
Impedances .

They appear 10 give tallslactory re'ull. thanka
largely to lhe wry lOw·noise laclot ol lhe lIClive
device employed. However , owing 10 poor
dfllgn, the noIae c.uaed by Input Circuit 1oaH,
often ov8fShadowl1hailtom the lrllflll' lor 11MIl.
The most agreaslvety priced preampl llier, a'e
among aome of the WOt'II cases in Ihi' respect .
They are also adjusted 10 unneceuarlly high
gain (sella ~I) making them unliable and
problematica l in opera llon .
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The appllC8hon 01 these crileria 10 Ihe preampll ·
hers doscribe<! In this artIcle have the 10110wing
cceeecvercee:

A hed capacitor C. enables the Input to be
precll~ely and eesily ItJned to the minimum
n(llae COndlbon.

2. A careful calCtJlabon 01the optimum velueslor
the Input cirCUit elements lor minimum Ioaded­
C , choice 01 relOflator type lor the mexlmum
pos.Slble Q u and lhe UN of high.Q Inmrners
all ensure a rrnnimum of CirCUit lou.

3. The calculahon of the exact loading 01 the
devlce's output CirCUlI 10 ecneve an uncond i·
honal stabllity teeter I,e, K > 1.

4 The above draln-ClrCUII evaluabons entail
repeated calclllatlOnl of Itle S-perameterl
of the device plul resiator, then output
matching lor maximum gain. This ensures an
uncondi tionally I table amplille r With a low
output VSWR together With a high gain,

5. The gain degradallon rM ultlng Irom lhe
loading of the device by the drain resil tor Flo
should only result In lhe lou 01 a few de. but
this Ioal Is easily accommodated by lhe very
high gain exhibited by GaM-FETI al these
low Irequencies. The overall gain availabl e Is
usually in the regiOn of 20 dB - more than
enough lor all prachc",1applica liOnS,

VHF COMMUNICATIONS 4190
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Malja1: Vidmar, YT 3 MV

A mateur- Radio Applications of the
Fast Fourier Transform
Part 2b (Concluding)

5.
AMATEUR APPLICAliONS OFAFFT
SPECTRUM ANALVZER

Although FFT apectrum anaIyaIa ia preaenUy
limited 10 the audIO-frequency range or slightly
abOve. It has many interes ting and very useful
amaleur-fadiO appllcatlona . In the Iollowing
section a lew Iypieal amateur-radiO applicalloos
will be presen'ed incllJdlng the spectrum plo,s
and In'enslly spectrograms obtained. All of ,he
Iener were obtained by connecting the output 01
an amateur sseor FM receiver to the MC68010
based DSP COfl'l9Uler descrtbed In a S8rltl' 01
arttcles in UKW-BEAICHTElV HF COMMUNI­
CATIONS. All of !he pIot.a were obtained wl'h
a FFT IP"Clrum analyzer program including a
1024-point FFT alQorilhm and all the other
leatur.. descnbed In !he previous aoctlOn.
Unlortunately tM Inlonlily tpeCtrograms could
only be prln'ed in black -and-whlle WIth no greylev.... to they can I'IOl repr8ll8Ot all of the in­
lormatlOn lhat was VISible on Ihe computer
screen.

A FFT apectrum analy zer is a uselul 100/ when
building a sse receiver or transceiver. One 01

the mos l dlthe"lt tasks when build ing a sse
rlK*ver ,. 10 rTl8uur. the passband of !he
cryslal Illtera used , reg81dleSl whether are lhey
hOmebrew or commerCIally available Items. To
obtain a reliable result . a very I table sweep
generator I. requi red In addltl()l"l to a storage
oscilloacope due to the slow sweeping speed
requlfed. Alternatively . a FFTspectrum analyzer
can be connected 10 lhe receiver alJdiO outpu'
and a wideband noise source to 'he recewer
Input (II the reeeiver own flOlse is 00' sutllelant ),
Thanks lo the speed ot the FFTspect rum analySIS
the resutl can be obta ined quiCker than With the
sweep generator. alloWing raal·llma tuning 01the
trimme r. in and around the Crys tal III'e rs , Two
typica l resutls. plot,ed on a loga rithmiC amp llllJde
scale. are shoWn on fig . 5.1.: a 2 kHz ssehtter
above and a 500 Hz CW Illter below. USIng FFT
spectrum analyt,ls. the lfadeoU belween BCClJ­

raq and speed is selected by choosi ng the
averaging lac1Ot' . How&vef . even With no aver­
aging . the FFTanal YSiS WII' only prOVIde a f"IOIsy
pial while a 100 lasl sweep Q8r1el'a.or Will provide
a compIe 'ely distorted and thus useless resu l' ,

A FFT spectrum analyzer II able to reliably
detect very week eignell hidden in noise. ler
beyond what a human ear can do , since I'IS no t
IImlled 10 certa in ' requeflC)' banda, resolution
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bandWIdthS or averagmg etetver• . The plcls
on 'Ig. 5.2. were Obtainedby tuning a2 m amaleur
sse rllC8iver 10 a weak CW beacon and then
decreUll'lg the Signal level with an Inpul altenu­
etor to obtain a SlQnal-to-nolse rene 01 aboUl
- 15 dB In a 2,5 kHz bandwidth or - 5 dB in a

250 Hz bandwidth. Although lhe Slgnal·to-nolae
rallOI' around +10 dB In !tie soeceum analyzer
ruolullon bandwidth, some averaging is required
10 reliably detect lhe signal. On the Irequency!
amplitude plot (above on Ilg, 5.2.) the averaging
wal perlormed by the compuler and then the
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result was pIoned , On Itle IntenSIty apectrog'am
(belOw on fig. 5.2.) no ayeraglllg was performed
by lhe compuler . A....raging is, howev er, per ­
lormed by our eyes when ObServing the spectro­
graml

Eyen weaker Signals could be detected 8Ilher
by increasing the Irequency resoluhon or by
Increalind the averaging lactor or both. The
pracheal Illmt is mainly imposed by the lime
required 100lhe tlgnai tobe available lor a rellable
detectlon . In a pract lC8lcommunica tIOnS system
there are olher COIlslraints 100: receiver and
transmlner Irequency instability or phase noise
and propagation et1ac1s. The Fn spect rum
anal yzer can solve the problem 01 Irequency
uncertainty, since i1allOws toObServealrequency
band 01 a lew kHz instaolaneouaty WIth a reI()­
lutlOn 01 5 10 10 Hz. The pNI" I'lCMS8 01 trans­
miners and receIVers shoUld be mlmmized any·
way. Unlortunately. lOme propagatIOn efleets
allO show up as phase or ampl itude noise ,
especially in EME (moonbounce) communica·
tiOns. These efleets are proportiOnal tothe earner
Irequency 10 maJOr advantage, 01 uSing FR
technique ' lor EME communlC8tlOlls can only be
e..pected on VHF and UHF Irequencie" On
the.. Irequency bands FR SIgnal prOC8lllng
may deere8M the RF link performance ,..

QUlremenls by 1010 20 dB. l inee higher l igures
would result III usel.., cete ,a les . In any caM .

a communiCallonl protocol hal to be agreed
upon belorellle.. technlQuel can be used :hand ­
keyed CW il certainly nol a good choIctI lor
computer processing

Fig . 5.3. shows how a Morse-keyed CW IranI ­
milliOn Iooka on an inl8l'lSlty Ip8CIrogram. The
keyrng was 100 QUICk 101 the dolS and dashes 10
appear on the lpeclrog ram. the InterNpllOlll
cor respond to Itle longe r spaces belween Ieners.
In order to be able to Me the single dotl , much
more Irequenl FRs should be made and each
FR lhould be laken on lell data sample, "nee
lime and Irequency re8OlUllOl'l are 01 course
reciprocal.

Receiver AGe efleets are easily visible , In·
creallng the noise level during~ pauseS.
The spect rogram above was obtained Irom Ihe
A(). 13 Mode·B 2 m beacon and show, a llighl
"FM·ing": the trace has "Ialll " 10 the righl al lhe
beg.nning 01each Iransrmuion,The spect rogram
below was obtained lrom the l USAT·l 70cmCW
beacon. A QUICkly Changll'ig Doppler Irequency
&hit! Is eaSIly ViSible, as well as an interference
to the len corresponding 10 the third harmonic
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01 the IIgnal . generated somewhera In the audio
I lages of the SSB recei ver .

A FR speclrum a nalyze r can be used 10 Ideoilly,
tune·in and measure the parame'~ 01 a FSK
RTTY transmission as shown on fig . 5.... The
two RTTY tones are eaSily vIsible both on lhe

arnplilud&1requency display and on the intenslly
spectrogram. BoIh 01 them were obtained l rom
the A().1 3 50 baud RTTY Mode-B beacon. In
the middle of the apeclrOgram a period WIth no
keying il viSible : only one of the tones, unmodu·
laled. il transmitled during this period . During

=:o-=:- _ -_ .. ~
.==-.--~"'\~ -.-:.. ~ :.-

.' il'Et1'IUtM" Vlllll

f lO· 5.1.: AfSK 1200. pac:~IIt, '.cl lo ""n.1apKtf\lm: l OG "'lHtlcal acale (t.n) and .pee1 rOV' ..... lrighll
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KWe ke'fW'Q me toni! 1J.cM become~ due
10.... 50 bPI rroduIallOn~.

A FFT tpK1rUm MAfyZ_ eM tNni!(q be con­
Sidlnd II an up-lO-dIite~ tor ....
Q6d1aIhIonI<I RTTY,*~Uq 1ndIcRlr.
BoIh toni!~ W 1M keying Ihft eM
bequiddy and KCU'.llIty~, In 1lddrtIon,
• FFT dtap&ay proYIdM intonnatlOn aboUt~
d111Or11Dn (MIec1JW lung) or Inlel1erencn,
Espeoally in 1M "fI... caM a FFT~y Will
prowjIs IIOfne ,,"lui Inlonnallon aboUt ....

~.. 1o be ~en (noktI filler Uq
tor• •&r'f'IPl-) and aboUt1hW~.

The paramet.... Of a FSK Of AfSK signal ara
more OIf11cun 10 ldenlify it 1M dllta rllill II com ­
palilble 10 lhe Ireq uency I Mt. III lhOwn on
fig. $.5. 1200 bps PIIchHllcllo u... 1200 Hz
and 2200 HZIonn.lhe I M III lheretora 1000 Hz.
compalilble 10 IhII dllill rill. ol 1200 bps , The
spectrum ol IUCh II trllnsmillion III an a1mosl
conligUOUI I,eqU8nCYband wilh julla lew peak l ,
that 00 nol nacellllrlly correspond 10 the lone
freque ncie l II' lhown on lig 5,5, llbova, The
Inlensity spectrogram below showl lhe inler ·
InInent nalura ol PKkIlt"adio 1ignaI1 ,~ 10IhII
Ihor1 duratIOn of 1M pad!.atl, theit tPKIrum
couIcl neYIIl" be oblalned by II tcamng-Iac.vet

type IPIICtrum anatyzer.

A FFT IJ)eCIJUm .-,.zer CM be UMd as •
valuable lutq .., tor PSK pedllIt·radlo com­
municabonl. Phue-lhIt1 keying II UMCl tor
N laln. pedlat.,adlo communicallOnS wee
II aJlooNs • IongIIf~ range WIth
.... NtTlII RF aqupmenl pettormInce, On !he
oIhar '*'d, PSK and 0Ihel' oohatent~
teQUll. ae:e:utala tunlng and goOd !f1lQUlll'\CY
ltabIIlty.

The spectrum ola 1200 bpi. pDlIt·radlO Irans­
miuQ'I trom 1M PACSAT·l NtalIrta lllhownon
fig . U. The '*"~ shows .... spectrum
dunng the tr~ ol rt.gt between 1M
pDats, On thli '*" II III Hly 10 IdenI lty !he
eam.r. IUrroundecl by~ apac«I at
150 Hz. During the Iran llmu ion 01pac kel l ceo­
talnlrlg random dlltll lhe apactrum Iookl llimoel
IIka pe rlect noise (Iig 5 6. below) lind II '1 mUCh
mor. dlfficul1 to Iclenltty lhe correct lUlling, In
lad . I llllighttorward PSK transmillion conllllrll
very bnle redundancy 1If1d thera lira no ,niduill
carn~ ai!her.

Some more redu ndancy ca n be roucee In Ihe
A(). 13 400 bps BPSK Mode·S beacon Irllnl'
mtIIion due 10 manchelllll C()dIng F"o!. 5.7.
abova shows IN tPKIrum dunng IN Irllnt­
mlNIOIl 01 the lining bylas (50 HI In be"","" Ihe
dlila !fames: thll repetItive penam gener.'as
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the many discrete spect ral lInes On the Intenarty
speclrogram onIlg. 5.7. below it is aasy to identify
,he Singla data Irames and the Illling by1eperiods
In-between them. Eyen dala !rames sometimes
contain repetlllye patl ams causing discrete
spectral lines Inslda tha data frames . Regardless
01 the modula tion data the signal spect rum has
two main lObes caused by Ihe manchester
coding . The lalla r are potl tKJned symmelrically
around the carrie r, IUppressed by this modulation
techmque

A FFT audIOspectrum analyzer Is uselulto chedI
WEFAX and APT sateMe lignals and related
Ieceivlng eqUipment. USing a FFT spectrum
analyler importan t delalls olan unknown satellite
transmISSion, like lila' 01 • new satelillo, can
oasl ly be determined . Further , Ih8 receiving
equipment can be checked lor I COITOCl de­
emphasis ('0 ayold loosing geometrlca l reso­
lutlon) and sources oleyentual interferences.

All this is easie r 10 deacrlbe on a well known
e~ample , Ilke lhe Meteosal WEFAX transmission
shown on fi g . 5,1. On the lTeqoency/amplitlJde
pIol on fig . 5.8. abova the l lronges1 apecl ral
oomponenl il the 2400 Hz subcarfier. The 1Ub­

22'

ca rner should be IUrTOUnded by symmetrical
lidebands il lhe deernphaals il properly ad1U11ed.
The sidebands depend 01 (lOU1H on the picture
content. The most notable dela il are lhe two
symmetrical peaks corraspondlng to the line­
sync 8040 Hz bursts. Thesehaye a rather rounded
peak, since their duration is yery shOrt: their
spect ral width Is inversely proportional 10 their
dur'liOn. The IntenSity spectrogr.m shown on
Ilg. 5 8. below IhowSlhat lhe sync burs1s appear
in about every second FFT conversion. Also, the
IP8CIrum cION 10 the 2 400 Hz subcanier also
etIangeI wrlh the picture ~ne period. The anno­
tatIOn IranSlT\llled at the end ol the picture II
well viSIble . followed by the dlSCl'ele spedr.1
linea 01 the ~50 Hz stop lone tasllng 5 seconds.
What lotlows is Just part 011h8 spedrum ol a DCP
relransmlssion between two WEFAX pictur es.
TheDCP flags creale twostrong discrete spectra l
line Iraces on the spect rogram, interleayed wllh
three DCP delalrames visible on fig. 5.8, below .

The spectrum ol a NOAA APT IranamhlSion ,
shownon fig . S .Q, Is a little morecompIell. There
stili a Itrong 2400 Hz subcarrier componenl, but
there are twodifferent lyTIC butsll ol 832 Hz and
1040 Hz respectively. The sldeIobes geoerated
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....=•
'Ig. 5.'.: MfTEOSAT WE'AIl'lgnal apec1ru," : LOQ lIertle.I .e.'" (Ieft) . nd Inl.... lty '1'I<1'oot.," (tigh l )

by both aync burStI are well viaabIe on fig. 5.9
&boIIe . On the lntentrty lJ*1rOOratn on fig. 58
be60w it II euy 10notICe that theN aync puiMI
appear inl8fIUveCI In !he APT lignal . The r.
mainlng spectrum 8110 ch8l"1Q81 with the ..me..-

. ~.

AlthOugh a FFT~ 8t\8Iyz..- II KtuIIIIy
a" audll).trequency 1_ ~I. II hII. many
1l"It..-..tJng~11OnS ." the amateur-tlld!o
field . The aboY. a .ampIM were chosen ~t 10
&how a lew poMIble applialbon. of • FFT apee.
lrum analyzer and !he ma"y dlflefenl ways a

'1t.5.'.: HOAA·lO APT"''''lpeC1rvm : Loa ¥IftIC" eelItI l'-"l Iftd 1nt.,."'Y aptld"'9''''' (rlghl)
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FFT spectrum analyzer elln M uNd. Probably
most 0I1~ appIieIIllOnl .... yet to be dllCOVered ,
Since FFT apeclrum analy... only became
I YIllable 10 amAleurs WIth recently developed
low COI1 and high~~
and AID c:otWelf'l.,..

6.
THE FFT SPECTRUM-ANALYZER
PROGRAM FOR THE DSP
COMPUTER

The FFT algonItlm canbe mpIemeflled onalmost
any digital c:ompuIer . rat'IgIAil !rom 8-bll vtdeO­
game10)'110the .,~ end '..... lMIOlrarnM.
The FFl a6gonhn '1IQUll''' vety 1m. "*""OI'y.
tn:» \tie teeufta 01 • · bufterfly'" OI:*abOn ....
stored In the Nl'M two rntmOfY IOCIiIIOnI wtlerl
the argumentI ... tp,.., trom Themor. the
memory feQUltemerM ar. vwy low , n::ludlng
",_ • bUtt., of the liz. 01 the IrlpUt ct-ta block

and anochef buffer of • tomIar Ill' 10 I'IClId 1M---01 COUfM the ••e<;ut l(lrl tImI ... depend on !he
c:ompuIer UMd . ComputIOgI 1024-po1ntcomplex
FFT on • 8-bot lTllCfocomputer ptogrammed In •

high-level 1an0u9 Ilk. BASIC WIll 'IQI•.m1

MYltfal lT'llnul" . ComputlrtgtheNme lQ24.poiot
FFT on an IBM AT compatible eQUIPPed WIth
1M mat'*NIbcal c:oproceuor and IllecullOg •

oompled program will , hi rllQUlfl ........... NCo

ones . A we!l·wr,nenm.chIne oodlI programtor.
general-pufpOH 16-b11 microprocellOl' can
compute • 1024 ·polnl fFT In • lew hundred
mllhMOOOdI uSing l8-bot Inleg_ ar ithmetiC'.
FlO8lty, o.dlcated DSP rmcroproc-uorl ar.
able 10 compute. 1024-pOinl FFT in lena of
mtlbMCOOda with the lop-o!·hne devicn 'e·
quinng arew mlIIIHCOOdI,

A FFTspectrum·analyz.,program waswrmen lor
thl asp compu'" publilhed In UKW·BE·
RICHTENHF·COMMUNICATIQNS Thia com­
put8f Il'lCIudn a 8-b1! Ioganlhmic AID convert....
InpUt port and a 512·pu:el by 258-1nI, 258-gey.
IeYel YlCItlo d'~y . The MC680' 0 mlCfoptoeee­

m

IIOl' UMd In !his computer II .. 10 comput.
a 102"-point compIel FFT Itl eboul 150 mlllt­
aec:onds. Considering ~t some CPU bme is
requlr~ lor ot,,* func1lons too , ~ke inlerrupl
handling or d1sp1.1y upa.t., the m(uum"m sam­
pling frequency tor~ bul non-G't'el".

lapping FFTs WIthout~ In'f JnPUl a.!II
IS abOul 8 kHz ThIs 1IQur. malc:hel v«'f wei
the pertormance 01 the~
filler In front of the AID /Xll"IV«Ier U well .. the
audio bMdwidth av..aablil !rOm s~.

IlOnS oram.leurt~.

The FFTtpIICtfum-.wy:er progtam kif the DSP
computer indudM.. of !he IMIUr.. tromflg.4 1
AID 0ClI"IVetSI0fl . dWI~. FFT -'gOl ,Itm
W11tt FNgtll!Ude CQI'l'IPU!IIbOn and dIsPIy,
WlIIghbng , aV9tag.ng. UNIlOO c:onverslon .
display klfmI,t sncI t\atdcopy ....~_U

...... ..111::1.. QClIIJOtW; . The~ ... of
CQI'IVfIIt'dS is shown on"e.1.1.n. sameHELP
menu .. CIbCalNd NCtl time a Wfong commrc:l ..
-...ct. ()ttwrwIM. the progtwn lINt 2~~
IineI tor the luncbon plot or spectrogram and
!he 8 bottom Ilnlts 10 arn:Jtat. the main progtam,.-
The ptOgtAmpar~.... M6eded by Iyplng
theW irwbIl len.- u Ihown on .... HELP tNt'IU .

The MI«1ecI paramew WII then II(:lpNJ in the
amoIabon 'ad line . The MleCtecl parameter
value can be then adJUst~ : inCf.aMd (It de­
creuecl, by uSing lespec1Jvely the + and - keys ,
The • key ...... set AU of the parameters 10~
delaunvalues,

The program paramel8fS incluoe:

AVERAGING : a....nlg,ng factor. rang ing Irom 1
(no a..,., aging ) to "096 and adjustable In pow."
012 .

BORDER, DIVISIONS. ERASER. INK, PAPER'
gr.y·Iev.1 count, KI,uatabie betweeo 0 and 248
in s'eps of 8 ,

FUNCTION DISPlAY: MIects an amplitude'
Irequency function-plot typrI dlsplay u Indal~

III the annot.bOn Iel1_
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Fig . fI.1.: H. lp INnu oflh. FFT ' pKln.lm-. n. ly..,
prog"m . howln'll.U lmp!tmtnlotd
co mm.nd.

GAIN: adjusts !he gain between !he AID ceo­
verlet output and FFT input to incr. ase !he
dynamIC ' ange WIlh Iow-level lignals _ Usually
set to 1 to pr....ent saturahon.

HARDCOPV: each time H Is deproued. a hard ·
copy lile PL.OT ,DAT II crealed . The format il
selected to be understood by moel dot-malri~

and laser prlnlerl , Since these prlnters can nol
print grey levels, the IrBl hold between black
and white Is sel lo.grey·Ieve1count 01 127/1281

OVERLAP: twlleoel the ov.rlap (SO ""I optIOn
ON or OFF (Ioggle operatIOn). When ON. the
overlap optIOn is indICated by en ·0· In the
annola tlOnle)(\.

RESOlUTION : Seledl lhe sampling trequency
and lher. lore lhe lull-scala trequency span or
resolution balween 301 and 8400 Hz by se"mg
me sampling-lrequency divkler modulo.

SPECTROGRAM DISPLAV: selects an intenSity
spectrogram type dIsplay. as indlCBled In the
. nnota Hon ted.

TRIGGER : starts or Slopt (toggle operahonl
lhe operahon of the spectrum an.lyzel . Th.
.I8luI RUN or STOPil IMalad in the annal.tlOn
l.~t IN !HE STOP mode. the display il "l l ozen" _

....~ . ,,-,, ...... ' ,
" ' ~IlIU''''''

Fig . 4502 .: TP 3040 Input nn ... paHbaoncl flen ) MMI MK 1 116 " 0 con'llll"t... 1101.. w l1h _ Input .Ig...,. (righl)



VIDEO : MlectI the Ytdeo gaon aft., the FFT
~Ithm ., the UN mode. The row.st Mttlng
Nlects a tOO Ytdeo~ (dillaunl,

WEIGHTING ~ the r~

~ opIIOn ON Ot OFFj~ operallOn).
When ON. ....~ opIIOn • 1ndIeI1" by
a "W" ., IN W1r'lCUbOn IlIn

The per1ormIlnc::e ollhll FFT spectrum anatyz., II
of COUrM limit" by the analog harcJwar. UNd
InpUt bandpass IIlterW1dAiO~er. Fig. 1.2.
.oov. ahowI the pusband 01 the InpU! lIlter,
Obl..oed WIth the .-me apectrum aM!yzer by
limply connectll"lg a wideband ro..~ to
lhe input. The dynamic ranQe of the 8-bI1loganth­
rTIIC AiO conv8f1ltf u.ed .. only abou1 40 dB due
10 quanh'lIhon noise The performance of lhe
.pectrum analyzer i. however beller : in many
prachcal case. lhe display dynamic range
r.achn 60 dB llnee lhe q....ntl.atlOn I"IOlH
uMJalIy appear...~ notN.

The InpUl~ fill., and NO CO'\­

-...rt., own roM II wei Ylllbleon flg 1 .2. below.
Usang a IOganthmlc amplitude dalplay the QUWltl­
satlOn 'lept beeome very large at low ...1
........ In the Loo vertaI mode, IN lui ICaIe
ampIltude rangt II 15 bot. Ot go ee The till·
lefenc:e tlefvwMn c;:cuQ I and 2~ ......
lor. correlPCJf'Cl 10 the tilrrer.nc. between
countI 1&384 and 32768 on .lOO 1C8le, how ­
ever Ifl the lormet cue trler, ar. no addIbonal
counts poAIbIe betwMn 1 and 2 rnulllng .,
r~allVety large "steps· on the Oisplay.

W,th a 10 MHz CPU clock, Ihe Fn~
ana/yl... program • able 10 opel'" wrtt1 a
umplIng frequency of aboul 8 kHz: (rHOlutlon
4 kHz) on conbgUOUa but~ data
The input dala butter r(IU1lne it dnlgoed to skip
data block. aulomahcally II the CP U ,. unable
to lurther prcceee Ihem in reer lima, like In tha
case of a higher sampling lrequency or over­
lappng FFTa, Sometimn it's very UHlul to be
IIbIe to aperate In these conclltlOM even II aome
data is k»I , On Ihe ethel' hand, an aNIog lean­

rlII"Ig-r~ type SPectrum an&lyz.,. uauaJly
drlCanla over 99 % oIlhe 1fll0000tJon cont8IrIed
lfllhe Input~!

2:18
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The FFT program ndudM a 1024-p:wr1 c:omplrall
FFT aIgonU'Im. The algorithm II UNd 10 process
two~ "" 011024~ InpJI
wmpIn. The rell.lftl 01 the Fn ar. then sepa­
rated UIIng !he Founer Ifansform Iynwnevy laws
"10 two indepWldenI 512-pQlf1( aignIII spectra
The phue r.tonnabon Ie re,acsed and the~
ludltI.e~ UWIg a QUic:k approUNtlOn
tor the tqUar. rool. The U"'\,OO converston •
obtaInltd wrtt1 • klokup.t8b18 Ilgonthm to aYOId
the ....... .,..,. log h.n:liOn .

The display routine lOCludeI automahC ~mlbng

rl !he magrwlude allceeda the lop on a function
pial Ot the nWlllTlUlTI brightneat on an irIlltOllly
specl1ogram , Hardc:JoPln of !he oomputltf lICfeen
in the vanou. modes are UNd thrOUghoul thll

"'".

The FFT spectrum-analyzer program i. wnnen
partially In the MC680I O machine code and
partially in the DSP computer hlgholevel lan­
guage,The comment.cllOU~ program i. about
15 kiloby\el long wtvIe the compIIad program
requlrn about 47 kbytn. ThIa Is Ktu8Ity ....
than moat CICh.- DSP programs lhanks to the
compac1nnt and lOw memory requwllfNOts 01
the FFT aIgonthm, 01 COUrM the FFT program
can run lfl multitUll with other programs thai
do notUH the aamepenpher.... llk.1he TRACK
,,"",om

Future \W"-- to the FFT apectrum-anatyz.,
program ehoU6d rdude '" C8PM*Y 10 ad,ult
1M I&Z. 01' the FFT (number 01ponti) ICCOfdlrlg
10 the~ 01 the mNeUfemenl: aome
problems (qudlly Changing Ilg08III requM"

.... than 1024 poInlS wtvIe othetI require a
highel' rnolubon and thua men than 1024 pclIr'Itt

The 10241lO1fll Fn II~ a good compro­
IT1lM tor ma.l meuuremenu.

Finally, IIIsI'lOptld that lhIa artICle wiM encourage
amateura 10 UN the FFT algonthm and FFT
spectrum anaIY' il , sece the lane, can easily be
Implemented on the descrlbed DSP computer
and on many other computetl .. well. Presently
FFT spectrum anatyM it only available on lop­
0I.Jrne prolnllonal 1nItru",,"lIitO'l and !he
reuon tor thIa Ieprobabty the poor uncterstandlng
of IhII newt«:Mq.wby !he INPflly 01apectrum­
a~l"'~
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50 n Coaxial Relays

"~ ex 120P
Art.No .: 0500 OM 43.50

l uillble lor PCB ln" I IIIIIOft
Freq range 500 "'HI . Pme. 150 W: onMf1IOflloM
< 0 2 d8l 1 QHl : lIoIa llon .O dB/I GHl ; SWA l W
1 OHl : 11• IIIVOC; ' 20 mAl13 11 VOC

ex 520 0
Art.No .: 0503 OM 99.50

3 . N' lOCke ll, with lrM-ConlK1 1I'OUncll"'ll
FfIq_range 2 5 OHI : Pml~ 300 Wil OHI . .......
toon 10II 0 2 dBll5 GHI : *"1l00n 50 dB/ l OHI.
SWR 1,1/1 OHI; 11 .1 5 VDC: 160 mAt1 2 VDC

ex 600 N
Art.No .: 05004 OM 89.-

ex 140 0
Art .No. : 0501 OM 59.50

:2 . cable COftnec:t. RGSIU . 1 N·.cN:ket
Fleq rlnge:2,5GHI (mi x). Pm.. 2OQ W'500 MHl :
InNflIOn loll 02 d8l 2 5 GHI . tIOll llon . 0 d81
1 OHl : SWA 1,W1 GHl : 1I • ' 11 VOC: 120 mA!
1311 VOC

I
\
•

3 . N-toekli '
Freq . lange 1 5 OHI . Pm,. llOO WI500 "'HI ; In­

M rtoon lop 0.2 d8lSOO MHz; isolatoon 35 d8l5OO
MHI : SWR 1.1/500 MHI ; 10 ·1 5 VOC: teo mA!

"VOC

•
ex 230
OM 82.50" Ar1.No .: 0502

• ex 600 Ne
Art.No. : 0505 OM 84.­

3 . u ble connect. RQ 51. 1 N..cN:ket
3 . SHC tackell Freq rl nge 1 OHI : Pm.. 600 WI500 MHI : In·
F,eq rlnge 1 5 OHI : Pml~ 300 W/500 "'HI ; InJe" H rtoon loll 02 dB/500 MHl : 'solation 35 dB!500
toon l0li 0 2dS,500 MHI .,IOlIl00n30dBi500 MHI : M~, SWA 1 1/500 MH, : 10 · 15 VOC: leo mAl
SWR 111500 "'HI : 11 - 15 VOC: leo mA!12 VOC 12 VOC

k IUOOJi 'berichte T. a ,"aoQHG •Jahn,• . 14 • Po,.acl! BO' 0·B523 aa,.,sqorl
Tel. 09133·47-0 · TelelalC 09133 -4747 · PSchKlo Nurnberg 30455·858
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De,lef Burchard. 80x ' 4426. Nairobi. Kenya

A Short-Wave Receiver PLL

The pteMflt boom In r.ctlo~ r.ct lo
te~phonq end cen uler r.ct1O hee led to 1M
development 01 the PLL Inlegre ted ci rculi.
The high Ireq uen c l.. Invo lv.ct In the..
ec tlvltle. ha ve neee••lIated n_... tec h­
nique, nam ely, the .ampl.tlold detector
which. tog ether with I frequency/pha . e
delector Incorporated Inlo I I inlil le IC JNck ·
aQe', I. beginning to repre..nt lhe Ilte.t I tate
011M I rt In thl. techno lOVY. The .. technlq.....
could, ~_v.... be ob talrMCI from Valvo
IPtl lU p. ) a. ltanerard CMOS ICa lOme 10
yearl ago. Thla fac l II wha t thl. a rtlc" II
about. Obtaining the IC '- limp", every main­
line electronic auppll... ha. them In atock.
The BCO-Orlent at ed freq uency Inp ut I.
particularly Inle r••llng Irom Ihe .Inlill.
project poin t or view.

The maaa-producllOR Ilema menllUf'lld abov.
.... usually 8OCOrT'IP8n«l by procenof control
Of a ,ystem conlr ol memory The blnary fr.
quency lnpUI lilhen. only advanlllQlOUl beCau..
' 1Of1'i!O CIP80ly can be ..voe:r The Pll IC
Invotvecl, Pleuey NJ8820. PhIlips TOOt7 42T,
Sll men, T88 200 I lc.• requ.,e only the adel,bon
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01 a PROM lof II to be UMd. The o...ek)pmellt
has gone • ~nle lur1hlH. PhIItpI~ the
UMA1010T IC In t 989 whIctl a110 contllr'lC!ln
In-buill prl lC&ler uMble up to 1150 104Hz Iogelher
With an op·amp. Othtlrfirm, willtollow I UIt

The dell'i!nerl ar. hereby cnaltengecl! Who WIll
bnng out, atter Borchert IFunk8chau 13189 and
VHF COMMUNICATIONS 2 • 3190) the hrat
aiogle-chIP PLl ? Ash inll'i!rlllQR 01the PROM
ilthe ne~1 Io'ilICal step. leI', hope h i lhe c0n­

sumer boom In HF man productlOfl conlUmer
goods II m&lntllrleQ!

1.
INTRODUCTION

The abIllty of • Ihl:lrtwave recllV'll' 10 be Ii~
and accurllat)' Iuned to the deP.cl MRder
frequency. It of the u1mo.t Impl)rWU lor the
IRslrument',1lCCIPW'CI by the u..... The normaJ
lis tener lSn 't interesled In ltu<tylng manual, on
!'lOW' 10tune Ih. rec eivlf beforl he i. able 10 get
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the desired loreign Ilahor.. bul recewer develOp.­
menl has, unlorlunalely, tended to run In Ihil
direcllOn, War- in whiCh a lhortwave receiver
could be devel()ped to enable II 10 be operaled
by Granny have been published In (3) . Dlgllal
!lJMIg Is lhe mosllogiCaJ development. Because
01the Irequenl changes of wave-lenglh necesSi­
lated by diurnal conclillOnl, changes in sende r
Iocallon, sunspo! acl lvlty eic., Ihe recerved
Irequancy mull be readily programmable trom
theln formallOn held in schedules and trequency
lables , More ahould and may notbe necenary in
orde r to lunethe receiver 10gIVethe besl posllble
reprodUC1lon under Ihe prevailing propagallon
condllions,

Whelhe r the desired Irequency input is pre­
senled to lhe receiver by means of a selector
SWIICh, I keyboard or a compuler IS01no account
as lar IS the local oscill ator is concerned The
end eeeet Is, that a digital word has been Irans·
lated InlO Ihe deSired trequency and the pre­
r&quislte tor this Is the phase· locked loop . The
nominal Irequency is selected by BCD Inpul
SWllchel whICh also serve bOth as the Irequency
indlCatOl' and tn. Iong-tarm memory The In·
ciusion of I bUlll -m compuler and olhe r compleK
luning II, 01COIJrle, posllble but II fW)1the obf8CI
of Ihls artICle. The requil ite conchtiOnl 101' the
dimensioning of lhe PLL for thIS purpose Will,
howflV8f, be considered Othe r appliealool may
be denved Irom them.

2.
THE OBJECTIVES

From Ihe concept oullined In (3), the recer...er '
IF Wilt lie al lhe high frequency 0140.000 MHz and
the receiv.r inpul tuning range Will be Irom 4 to
28 MHz. The local olclll. lor (LO) WIll lhen h....e
to coYer lhe range 44 MHz to 68 MHz In one
conhnuous IUM!r'IQ sweep , The baSIC trequency
resolullon should be I kHz. requln ng a Sdeci mal
place, nominal·frequency Input. Interpolation
w,thin ± I kHz may wetl be detireble lor some
purpoa" (55B) .nd m. y be realized eaSily by
Incr.aslng In. resolutIOnby I further IwOdec;:tmel
placet doWn 10 10 Hz.

The PLL mull lake accounl 01the IF ollset and
also provided wllh means 10 access lacilities
other than lhe norm a! IF.

The de"On lhould enable the dlgltat word ceo­
l~lI",ng the recerved Irequency 10 be laken Irom
• memory or a compuler , The Ianer COIJId also be
uMd to check the qual,ty 01the recel ...ec l'Onal
according 10 pre·se t Cflteri. and aulomahcally
SWitch to . n altern.li.... frequency should this
become necessary.

The PLL should be conslructed 01 common
pt0prt8lary le i wtueh ar. chosen to ophmally
lul lil the design objecttvee Pnce considerahonl
should play no part In the choice 01componenlS
bUl naturally Ihe costs cannot be allowed to rIse
OUI 01.11 proportIOn

3.
WHAT SORT OF FREQUENCV
DETECTOR ?

The tal k 01the loop detector il to lock the nominal
frequency to Ihat 01 the reference frequency
The choice 01 integraled Irequency delector. II
not extensIVe - there'l actually only one type
e...ailable! Thll Is an arrangemenl 01JK Ihpl\opl
which l irst appe ared in lhe MC4044 chip some
20 years ago. It hal the useful characterllhc
01 detect ing large Irequency dispoli tlons With
the correct change polari ty. Al IreqlJ8ncy panty
WIth the relerence Irequency II automatICally
becomeI I phase delector and at phase parity
(lheoretlcally) II deliverl no SPUrIOUS voltages
al Its oulput. ThiS arrangemenl Will be referred
to here as s frequency/ph. se eeiecrcr (FP Iype),

All the othe r arrangementl which are obtainable
In Chip form and can lull,1I the reqUired eoe­
dlllOn&,are pnmaflly pure phase delec torsll they
are used In a Irequency COfltrOlIed loop, care
must be laken Ihal lhe frequency Is captured
wIthin the con fines 01 :t 90" • 180". The usual
method to ensure 11'111 il by jUdiCiOlJI oulpu l
1IIIering In orde r thallhe VCO ISpenodlCaUyswep l
lhrough the Irequency range 01 interest Beller
11111 is lhe combination w'lh lhe eceect type 01
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f ig. 1:
Signal .......orm. In • "-luenc:y

--~• noml,* pul.. trWn
b ~__ pu l.. tr*n

e qUHHWW outpul
d In i llgr-.ot outpul .. 'ailing...""'"

---';I----'----JUL--'_--'-----JL---'­

I
•
• -lL_-'-_L-----'-_-..L._....L_L

,
c' .-

L_":
d' -,

"
'--~,..... _...,.

•
e

Fig. 2:
Slgnal .......OtlYl. In • S.m~

Hold phaI.. cM1Klor
• nominal pul..~n

b ..r.r-pul"1'~n
c oulput~

frequency delector. The,e are three types 01
frequency delectorl. in inlegrated form. whICh
are 01Int8l".,1: !tMI EXOR type. the AS FF type
and the SH type , The lirsl two. when lhey are
aligned. delIVer a spuriOUs outpYl lrom the
relelence Ilequency; the third type I. Iree Irom
Ihls delect . This lalle, type is lhe sample-hold
(SH) and I, the mosl lamillar ol this class ol
deteclOr. It, use In automatic conlrollers has
been deall wllh In (2) but this was by no mean,
the Ilral dHCnption ol a chopper-bar conlrOlIet'.

In (3) , the IlOeband noise 01the lOCal OSCIllator
wat measured. and found 10 be SUllably lOw. A
Irequoncy contrOl loop should not introduce
addltlOtlal noise Inlo the system. Ths meant. in
enect tha i the Ireql,/8f1C}' conlrol (tuning) voltage
IhoUId ha.... no 'Upet"lmposed AC componenlt
00 it when 1M loop is in the lock condition. Ac­
tually , the sideband I1(lis. ol the system should
be e.pected 10 imptov. by the use ol the conlrOl
loop. How lar Ihal can be true will be eJ(amioed
later 00.

The residual components 01 the rereeerce fre­
quency can. 01 coorse. be liUerad-OU1 01 the

tuning voltage. Mosl bookl deahng wl1h the
l ubJ8Cl dO not lall 10 mention the consequence
ol this, namely the delay in achieving lock. II
i, a bellel pl'aetice 10 ptevent the spuriOu,
signail i rom contaminating the coob"OlvoIlage in
the brsl piece . The other two membo ra 01 the
Iisl ct three , the FP and the SH types, will now
be e.smined a lill ie closer.

fig. 1 claplclslhe ptocess by which the FP type
achlev., the locked condition. The solid l i~

indiCates a ril ing nominal frequency and the
broken b~ I. thaI ola lalling nominallrequency.
The ClIClJI1 hat an in-botween (quaSi ) Ilala output
c whIChlIuetualn between VDO and apan Cll"cul1
a, long at lhe nominal frequency a II below the
relerence Ir8Ql.lOOCY b. In lhe reverse case , II
.......tche. between V.. and open. In the KJeal
case, the ClIClJII. wheo In lhe locked condlllQO.
would deliver nO pulses al Its output c. Thai,
how......, is not a ,table condlbon . The veo doe$
drill off the nominal lrequency trom lime to lime
and • pulse then appears. This pulse has a
definite minimum durallon which i. determined
by the Inlernal charac teristics 01 the IC. Tha
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notI'IoI"lW triIQLMInCY IS~ In the lorm of
rectangulll puI:MI and the It mull first of ..
produce nNCIe~r~ • IIgl'\II
ftank wt'IlCh wtI be used 10oontroI the JK~.

ThIs ,-kn pIKe undet the confrol of galltlg

pultn wt'IlCh are lHlemwned by 1M IPMcl of ....
logIC lll\"llly under consider.bOn. The Ie is IDle
10 functlOfl even U"Ider Ihe mMt un llYOUf'lbNI
~ IS the needle puIM wodfhl WlI
alwlYS be grMler !han .... "" limn of the
IlIpftopa, 20 10 100 ns are noonaI

The pu6M tr., c c.nnoc bit used directly 10
control • VCO A hller orcurl IS ~1Id. Of
bener 1111, .n Itllegrator wt'IlCh lhen ctelIYefs
the veo tuning voltage d E..."Y pulse In C
correspondl 10 • 'IOIlag e I lep Ir1 d . The VCO
II now In the correct directiOn 10 be In lune bUI

the I tepi 'a re nol as line a s mlghl be des ired
Thll lea dl 10 overs t'lOOll ng and conaequenl
hunllng . bou1 the lock frequency . nd Ihll II
et\a raeteosbCOf this type of phue de lector .

Fig . 2 IhowI thlI relalJOnIhIpI perta,irw'og to lhe
SH type . ThiI r-' erence frequency here .. the
lIW'kloUl wlYefotm b ThiI puIIeI. Nt the bIN

thIl thI ... tooIt1 II sampled and then l10red '"
.n Ill'\alog memory In lhe Ioc'l c:orollOn. 1M
outpul wlYefOfm C IS !Iltered tree of vlnallOns
e.cepe undI>r thlI poe$lble c:oroltQnt Of nolse
conllrNNllOfl '" the Il"IaIDg ClrCuIlI.

II IS IIQily torgotlen thai dlgIIlI ClI'CUllI aIeo
pouns rOM II is present In the dirnelJOn 1hIl
!he~ ftank"""" (II • dIgItIf~ ._hOt In

tnpec1 to the~ 00IT1IC1 bI'I'lIIS Ind must
nol be fIlIgl«*l In any Pll lPPIaliOnl.

ThiI ba*I (II PlL can be tooI<ed 14I '" thlIltler.­
lUte From (5). re.1Iy ""'PIee_plal\l llOfl "g~

but whctI doll nol go Il"iIO !he HF lectnquIIi
A good over-_ 01' .. the HF appIcatlOfll "

grven '" (I ) wt'IlIN partIaI~. mUler pnn­
opieIlnd mu/bpllloopIlbut nol!he SH cIet«IOr)

are treated FINlIy . • prlOM IrNtment of thIOfy
end ...,..... e .empIn of loops can be Iound In

(6) . ThiI MotorolI I\IndtlcJo'l (4) dnenbctI ....ry
.atty on . • PlL lot !he 2 m band Its per1orm.~

IS nolo howevet . adequate tot QIlTenl cMmAnds
ThiI Pll baSICt """ nol then be gone In10 yet
~ In this ar'he"

4.
CONTROL TECHNIQUES

The loca l oscllll tOf. l requency divider. relerence
OSCilla tor and phase detec10r lorm a CirCUli
(11g, 3 ) whlctl . In spll. o l llllf'liemal dlQllal Signa l
lechniques. ha l analog IIOnals al II' InpUI and
outPul· II is an IIIcIncal open-kKlp conlrol.,......
II ISalready known thai -' "'rve c\rVtlrIlof'Is ollhe
drVIc\ed veo frequency lrom thai of the reference
trequency . an FP cle!e>c1Or eteWers In output
-.gnaI which • • hblt an unamblgUoUl ewlCtlOnal
Sign whet... !he -.gnal .mpII1ude IS not to well
dehned ThIs lenOI 10 be proportIOnal 10 the
~ phaM dlller~ Thli SOt! of
eharaetenabC IS known .. t1yNImIc notHnIatlty
II it Pudy bMn ..... lt\M the outPullmpktuM
can only be changICl In c:onat.anf-bmI I!es­
n-. Il'I thllalnguagI of OCIl"lltOlllctnques. ....

known II dead penodI. II thlI ampllllcahon IS
pIoned ag8lnsl the IrlQlJll"lCY. WIth logarllh lTllC

• • ••
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FIg.e:
Thl eonl, olloop Ind Itl
BoOe dleg,,,,"

:

I, & 0,26 I...
I, ,, 12 101 I,
I, ,, 10.1 0.51 I,

•••
L L.L:.IlL.!.U ,-,

whete U• • lhe IC's suppl y vol tage
K, • the VCO 's modulatlOfl senSItiVity

(HiV)

aXil having the same Interva ls lor a decade, the
Bode dIagram ol l ig. 3 (r ig ht) will be obtained,
ThiS I, necessary lor the examinatIOn 01 ,he
conlrol system and repres enls an AC integrator
c,rCUII -

When the Irequency arrive, in the vicInity of ,he
eet ere ece Irequency, the sampling lunct lon il
more evident. According to Shannon', sampling
theorem , alief 1,.12 there can be no certainty
abOut lhe amphtude (.haded portIOn) and. in!·
' lally, nol abOu1 the pha.. ..ther. It it clea, that
the sys'em is lunc'l()rling internally in • dlQltal
lashlon

One does no' need to read thick bOok. on con'rol
techniques to be able 10 dlmenlion an electrlcal
cont'oI I ystem With dynamiC non- Unearlty and
dead period . Nevertfllllnl , II is ShU no! a trivial
problem . Everyth ing that i, requ"ed II Included
10 (6), An expenmental analogue computer mode l
is shown in IIg . .. which can be con structed
With a lew operallonal amphlle,. In order to
complete the loop only the controller in I", 4
'I fleCelsary Thi, can .cmetlmes be real,zed

RC -
N

U. '"

by • lew rells'ors and CapaCItorS and nol more
than one cc-emo. Tha characteristics 01 the
control loop can be determined as soon as the
Bode diagram has been drawn , In ordet lor II
10 be measured. the loop mull be brol\en at •
sullable piece , In order that !he control loop
remain, stable , cerlain poin" aboul the Bode
dIagram musl be observed, Thelollowlng repr..
lenl the main criteria : -

• The Cflhcal Irequency I. I' which lhe loop
ampl lhca'lOngoetthroughunily (IogUiU, · O)
musll.. under 1..,1'4

.. Abovl the cnllCal Irequency. the rising lr..
quency response must lall by - 1. The limits
ol 'hil range are at I, and I"

• Above I,. the curve must lie in the Shaded
range . The lleeper the slope lalls. the bener
will be the suppreulon 01 transients Irom t/lII
phase detector.

• Under I, the curve mull lie in the shaded
,eg lon , 1111 lies in the vicinity 01 S • 0 (P con­
t'olle'j , then In the lOck COn<:liIlon the phase
error Will rama,n. II It Ilea near S • - 2. the
phaH errot ia very small (I conlroller) , The
phase noise 01 the VCO has been enectJvely

,,""'..
The Bode diagram 01 the conlroller Itsell ia nol
ahOwn he,e . The d,n8ronce that resulta Irom
1",,3 and .. ia, in real ily • • division beCau.. 01
the togl nthmlCpr_ntltion ,
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The dImensions reed into IIg 4 will rescn In a
stable control loop, The coellicienlS can be
selected to gIve an optimal lock condition or
allow modulation to be etrected, II WIll be noted
that NIK, will not stay constant over a large VCO
frequency range. In the lnteeest of stability, the
smallest value should be dImensioned , Higher
values will result in a larger lock tune.

5.
WHICH INTEGRATED CIRCUITS ?

There are a varlaty 01 specialised chips wilh
remarkable characteristICs which have been
developed lor broadcasl and television equip­
menta. It must be borne in mind. however, lhat
they could quickly dHJappear trom the market
OWIng 10 producncn limits or the series has been
dIscontinued,

For this reason, II has been decided to use ICs
whiCh will probably have a long market 1I1e and
also ucse that are familiar to the autho"

The hrst one is the 4046 in the CMOS series. It
contains two drtterent phase detectors (EXOA
and FP types) and a middling frequency VCO,
The tauer witl ret be of much mterest even iI
the HC version is selected, The FP detector is
usable for this protect. Unfortunalely, this tC
has a very clumsy pin-OUI inasmuch that the
inpuf pm lor Ihe reference Irequency is located
ne~t 10 the phase detector's output. II will be
recalled that the FP output, 10' most at tho time, is
Iloatlng at a very high impedance and is very
prone fO the capacitive pick-up 01 mtertererce
signals.

The MC14568 has always been found to be
very convenient. Besides having an FP detector it
has a scaler lor the rererence Irequency posses­
SIng the least slgnlhcant quouents for the N
divider, r eere is, however, 8 SUItable matchIng
N scaler (MC14569) With two additional decimal
quotients. Incidently, all chips from the eteocero
CMOS programme can be ' eadlly used WIth each
other.

Even more highly integrated, and mere'cre in a
smaller package, is the MC145156 This has a
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phase detector and a multi-stage N scaler
together WIth a relerence oscillator and control
circuits tor a dual-modulus divider. An FP output
occurs only when an analogue switch and a
dlfterenlial amplllie' are connected to it That is
a definite disadvantageI

The greatesl comple~lty and IIe~ ibi lity Is to be
e~perittnCed by using the HEF4750. There are
two phase detectors 01 the optimal FP and 5H
types With automatic, inlernal SWitching, a
reference oscillator possessing a widely variable
peeeceier. and finally, a phase modulator. This
has a companion IC (HEF4751) which provides
6 places 01 decimal scaling and which can be
controlled by up to three pre-scalers of the dual­
modulus type. II also provides lor the IF offset
If a second IC 01the same type Is employed, the
decimal places of the N divider lollowing. will
be doubled. ThaI WIll lunction using partial
division up to a frequency 01 1 GHl. To under­
stand all this completely, (7) must be studied.
The price, OM 170.00 without preeceier, Is very
high, Fo' It, one gel8 a 28 pin Oil package which
r&quires plenty 01space but little in the way 01
peripherals. NOI alt the lunctions will be required
lor this prOlect but it has been chosen as being
an e~pensive , but also tho best solullon .

6.
THE CIRCUIT

The local oscillator (VCO) was taken !rom (3)
and belongs to the Irequency loop. It Is not shown
agalOhere, It musl be remembered that it was a
vencep, luned VCO working into fwo wideband
81ages. A small power 01 - 9 dBm was coupled
!rom the output to lead the Pl l.

An oscillalor, workIng directly on ui e desired
Irequency l.e. WIthout muitiplicaflon 0' translation
and used wlfh .. single-loop Pll and phase
oetecic r, yields the highest purity c t output
signal te. WIthout prominent spurs. This qualify
is preserved by ensuring thet dIgItal signals
are not allowed to encroach imc the anaJogue
parts 0' the circuit.

The circuit 01 I lgur. 5 starts off WIth a buller
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ampliher which alac ampllflal the - 9 dBm Input
up to tha middla of the Inpul range of the pre­
scaler. II also oilers sull,clenl lsolallon 101 spu­
r,ous l ignals al Its OUlput Irom returning into Iha
loop. These spurious signals arise Irom capaCi­
l ive couphng Irom the outpul 01the pre-Kaler and
cenror be suppressed even by perfect $Cl"eening.
They musl no!. under any Clrcumltances, appear
al the - 9 dBm bUller·amph!!er mpul pOInt. at I
higher power than - 80 dBm ,Thil potnl should be
checked The ,elum lou oj lhe buller lIage
amounlS10acme 2510 35dB. The neoalille leed·
back crealal a V111ual nun potnl at lhe lranslslor
base and also reduced il l oulpul lmpedaflCe,

The SP8799 pre-Kaler is of the dual·modulus
Iype IflCl dlvldes by a lactOtot 10 Of 11 according
10 me logic level al pin 1. A level shiher takes
Ihe pre-scaled Irequency on 10 the main divider .

The HEF4751 now divides the signal down to the
las!-lelerenee fl'equency OFF (10 kHz) and the

slow·relerence Irequency QFS (1 kHz) Th,s
occurs under the inlluence ol a programme whtch
Is controlled automatically Irom the outpull 01
00...0 5 in which AO...A3 and 8O ..B3 Inputs are
read-In seril ily. A " the eeeseo recepuon Ire·
quel'\Cy In BCD·code nsgalille log'c, as sal by Ihe
Irequency seleclor. B Is the IF in the SlIme code.
W,th lhe aUlslance of a tew eeeee and Ihe B
inputs, any weird IF-ollsel can be programmed
It il even more Simple in this case, as Ihe 111
IF il 40,000 kHz and the 1sl d8CImal 01the Ire­
QlJ8ncy selectOtis encompassed by 0, 1or 2 The
4 can be had In A (i e,dIOde between A2 and 04 )
0 5 WIll only be necessary 'Ot the 6th DecImal
whilsl 06 is nee up by the inlerna' luncl lorllng
ol lhelC.

The lacility 01 frequency Changing ' rom a key·
board or a computer requires an interlace which
will lake Ihe A· end O-.eonneC11ons, accordll'lg 10
lunctlon, to an eltemal lenTllnalion.

f rr q . s. l ~c tor swi tch
_l()'" . ,,.. .'((lh l 'lOh I lh 111

fin,.

~ l 'pplIl
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fig. 7: 0Kl1'-Cor~I,

~"U,
· 1.

L
( ~ f-----,,

Tn. phil .. deleclorl ar. embodted within ItIlt
HEF47!ll). The f P type work, with the 10 kHz
rel...encathul grtlf'IQ a 'astcoaraelul'Ilng.The SH
type worka With the 1 kHz r.ler~ and lunn
hnely 10 the lui declmal place. The~
aw'lchlng is autom.ltlCollly enected WIthin the Ie
wtlen the COlIfM lul"llOQ has rUChed :l I r.cl .
The PC l-OUlpul rlHTlalnl then, II'l • quail hig h
conclltl()rl and only the poIenl,al Irom Pe2 tunN
the rema.ndet Signal. 5ul:h "&plIH oop tech­
nlQUe,- can require very compllCoIted 1W1lCl'\Ing
ftI 0IhfM' Ie, ThIS AfTangemem ,.quI,.. only an
• •tr. ,Millan<» to PC2, The eharaetntiCS
of 1M loop wi., of courM, vary aJong WIth h
value 01this ,..,stance and two IxlOt diagrams
mUl l ~ dra wn . Only the MCOf'ld OM~ 10
lullil all I 'abllity etllefla. Odlerences In lhe loop
H illing lIlT'"011 : 100 .r. pouible.

Th. Imerpoia llOfl w" W ried QUI In qull a an
unullUa' manne r. In a dlg!lal fystem, • quo
contlnuoul alll"lllQn can only btl carf*' ou t in
many amaII steps, II II is reQUIred to correct up
10 :1 10 Hz wtll'loul USIng. Mconcf HF4751 ••
only poNlble by varytr'Ig the retetWICe frequency.
The I MHz aystal. hOwev4lr, can only btl puled
oYer a lange :l 28 ppm In ttq CIrCUil . The rune­
bontng of • vancap mual be~ as •
combmatlOf'l of ,.aCl~ con trol .. well •••
valla lK)(t In eapac ltanc. Since the AC 'IOftag.
aerO" I! I. con.lderable. II the nominallrequency
ot lhe cry.tat i...tto the mid· travel 01the polen­

hOlnel..... rolor. then • r.li.tance tram the rotor
10 glound 01 10 the ...12 V rad II rlfQUlred , That
depI>ncl . upon the indiVIdual etwaet....ta of the
v.~ and the pot..,ruomec., employed n.
au thor '. pIOIOtyplt requtred 22 kU 10 ground'
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Othef I.terence-Irequency cry.tal. II1 lhe l a~

10 kHz to 10 MHz . ,. allO POUlbie bul the
raler~alor dI'I1det P mUlt be ..t to
dlvld. by: 1, 2.10 or 100. and A to dMda by: 1,

2 ...1023).

In oroer 10 COIT1Plt'I. the lOOP. the control II
. ffected With the opfiatlQnlll .mplIll8l' LF351
Thi. I. 10 connected h i the 1oCk·1n bme ....
between 100 and 200 ms whIett II very .ul!able
lor . hBnd-operated tunlnQ')'II.m

The author'. prototype conatlUCbOn II Ihown in
llg . e. n. HF-MNitiY. ciIc:uita .,.. constructed
on MIIWI'IOl.IIll and !he dlgft&I (irCUllS on Vero­
boerd. The compIel. usembIy wu packaged In
a Kfeened hou8lng~ h8d compartments lor
buff., . mphll8l'. !he pr..1C81Bl' and the controllef.
The Ihortw..... recei't« (3) wu then .ultably

""'"""'"
7.
THE PAINFUL PHASE·NOISE

n. quality of a generated ligna! ia gryenby the
ra llO of ~ ampli tude 10 IhBt of the undealred
spurloul product lignal• .. ThII WI. not inclUde
pl.lrely harmonICally rel.ted IIgnal• . The spurlOU.
product. an.. primarily Irom thetma l affect. In
lhe tuned CirCuli and a . both thermal and "leker
nol.. in the actl ..... elementl , The Ianer .mplIfy
the ipUrIouI produ(:la and deform them through
in/W."t norHIneanty. An IcINl model. lot'
••ample. would have a a.ge wantecl-signBJ

YBCtor and a very amaIIrOM COf"IPCllIBllC wtloM
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Fig.':
Sl~nd pn... nol..
• lher~llIol.. ollul'lt'd elreul l
b ph 1lOl.. du. 10 plr.lMlt\(: ' "Klt III lhe

KI eIenMoIll Mel lUIlIn; dloclM ulldtt lhe
I II"~ 01whitt noI..

e pM-. noI .. MIfl/lfIed by ~ d B
d Muclloll of "... IlOl.. by lhe PLL In 1he
~tt of l' IlOl.. utl<lw 1"ttl

magnitude and directiOn yaries conllnuously
in a random manner, TheM noise veetors call be
thOughlol as being split IrlIO • vector pa ll , ooe
represenlll'lO ampl itude modu lallOn and thfI other
phase modulatiOn - hall the Ioial n()lse energy
being inllested in each ,

III Older 10 18a how a raal oacilla lOt bahalles
with ttws ooncepl. reler to the OSCi llalor 01 11; . 7.
The hJne<l Circuit LCR has Its IoaMs replenished
by tha ampllll8f. Ths ISt8pfal8flted by the CUfVa
on the oght, The output currenll, constant. apart
IIom,a steep IINtar portlon which II dependent
upon the polallly ctme input IIOltage, The Illput
and output impedances ara both deSirably high ,
Sueh an OSCillator call be realized by using an
()peratooal TranllCOf'lductance Amplilial (OTA)
or a c\lflerentla l amplifier. The loacl IS malched
by thfI lU llabla tapping of inductor L 10 loator R

."

6 F

I
6 , •

Thathermal noise Irom Rappears at the load as a
bandpass noise a, ,n f ig . a The lurn-()llar Ire·
quencles depend, of coursa, upon the C 01Iha
luned ercuu. lIs magnltuda can be ca lculaled in
accordance with Boltzmann and dOes nol play a
larv a role in actual OSCIllatora . Passing lhe ron
through lhe ampl if ier Will $.B turala the AM roH
and suppress lIS AM componenl by Ilmltll'IQ
ecncn . Hall the rose will be retuned by the
teedback as phase I"IOIH modu latlOfl. Bul thiS
Is also so small thai ita incluaion in lig , a la nol
warranted Evan whan tha f"IOlM source 110m
the amplil!ar la Inserted In " naa With the ampl l­
It&r IIlput and who.. maglllluda is s8IIerai times
Ihalol R 'I thermal rose, lhe 101al eHact IS 11111
neg ligible .

The,e muslthen be another mechanism at wort<
Thia 1510 be lound in me palamalnc ell eel s ot Iha
tuned-C!rCUll'a raactance and the daf lclencles
Inheranl ln the ampl iliel . The add ition 01a 1I00tage ­
c.1ep&nden1 cap8Cltanca contrlbulea hea VIly 10 Ihls
aNact, In the OSCillator 01(31the thermal rose In
the 10 kn raSlslor III serle a wtlh the vaneap ia
shown In Ilg , 8 CUfVa b, 81 a sideband n()lse ,
Sim ilarly , the baaa relislanca and dillusion
raalstanca 01 a IranSlllor ganerates nOIse 11011­
agas in the Inherenl baee-emltta' capa Citanca
The while-noise Sidebands 01auetl a lOU,ce lall
away linearty SInce the magllllude 01the spectral
linea are dependent upon the phase davial lOO
which II, In turn , a luncllon al lhe devi ation r/lliO
81 IOIlows:

whera ~F il Iha Irequency deli iall on and I II tha
modu lation trequallCy, The Inclualoll 01an eeeve
element poasesSlng a large llicke, nOlae algnll!·
canUy increases the SIdeband ampliludas In the
Immedl ale \flClnlly oItha camer Ihus giVIng nee
10 CUfVe b' .

ThiS mealll thai dynamiC reslatance IS RI2 and
Iha Q l' hall that 01Iha unloaded C, 1, ISllOch0&6n
Ihat lhere is a power output in Iha load of 0 dBm
Ie , mW - qUlta a normal OUlpu l for an ()K.llla lor
oIlhiS Pf"Ot9Ct

10 100 1k 10k lOOk 1M!; r

c
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Allhough mea sures can be taken 10 improve the
sideband nOIlMI (use a transistor with a betle r
!1OIH Ilgur. , con trol saturatIOn, htgh.Q lUned
ClrCUIIS, small parametrIC laaclances, notse
malchlng elc.) they are dlNlCU1t to implement in
practICe. In part ICular. at thll hlghel' Irequenciel
the availability 01 I Ultable transi slors become
I maller .

The theme 01 noiH malchlng and paramettiC
reac tances, oyer.(j riven stages, ,, " III very much
a cIosecI aub,ect. The a!OremenlJOOed 10 kJl
resistor. however. can be replaced WIth an RFC
014.7 to 10,..H giving rise to an immediate noise
Improvement 01some 5 dB .

FollOWing llle lignaI'I amplll lC8l1on by 20 dB in an
LO-driv er amplilier (whtctl should have • low
n()lse IIgure) IN curve of c and e' of Itg. 8 il
constructecl

What can now be Improved in the phase Ioct<.ed
loop? ThaI II, theoreltca1ty, easy 10answer. The
ImprovemenlS are ellaetly in accordance wllh the
amplillCa.lIon 01 the open looP of lig . 4 in the
absence 01 addltlOfl&l I"\Olse or apurlOUa Signall
In Ihe control loop . The tmprovement ill coo­
cerned then, only With the frequency range below
1.1 It is complelely oul 01the que ltiOn that some
sort 01 Improvement takel place whefe the ad'
jaceol chanl'l8l il loca ted! The LO musl be In·
hel'enl ly noi..-Ir" over the kequency occupied
by the adjacent charYl8l.

The PLL, however , preventa Iong·lerm dnll,
reduces flICker noise and mlcrophony to a lew
hundred Hertz , in thil ellample. It would be •
mistake to aUUm8 lha l lhe illl 01 a poorty de­
"lined and constructed osci llator can be cured by
the phase locked loop . AI shoWn tn curve d or d'
In hg. 8, Irom the ongll'la l noIsa ' trumpel" tile
PLL Inttoduces a noise pedes lal which may be
displayed on a high·resolutlon IpeClrum ana·
Iyzer .

The loop II notIree Irom I"\Olse and ethel' apunoua
soureel. PhaN detectorl oj thll EXQR, and RS·
FF-type deliver , al leasl. spurlOUl slgnal l at
I.... and harmon lcl thereo f. This gives rise to
spectr al linel In the outpu l which lall dlreclty inl o
the ad}8C8ntchannels . The FP type gIVes rise 10
butst Signall which are of a Similar natura to
nICker noise. Finally. the relerence Irequency il
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no! Iree 01 phase noise and also , the noise
gene rated In lhe loop opera llOflal-ampllll8r noise
cannot be neglected. All this mull be taken into
account when the loop gam Is to be equated .
The SH phase detector Wllh a Z8fOilain deSIgn
(not mentlOf18d her.) should always be con­
. idered.

Poor Isolation 01 Inpuls Irom oulpull 01 digital
Circuits, clumsy pIfl-outs (as in the 4(46) and
pow.,-Ieadll canat., delenoratellle OUIPUtlign&l
of the SH phase dete<:tor. Then aomebmes, only
the reduction In I. will reduce lhe iplKtral lines
Irom appearing In th. output. Tha t ol course.
r. sulls in a smaller loop gain. Oacliia lor l which
are to be phase modulated, tequir. a PLl which
does not innuenc. thll loop in Ille modulabon
frequency range. J. must therelora be lowenough
10 ensure thiS. TIle IC used here (HEF 4750) can
be use lully modulated In the SH phase detector.
along Wllh the oscillalor, In orde r thai no control
vott8Q8 la gene rated . That Is an Interesting
laature ol whichno use is made of here .

8.
MEASUREMENTS

Thne ar.~l 10 ensure that \hi! design
obf8Cbves haya , in lacl, been achieved. The
results lor tile conatruction 01 flg. 6 are docu ·
mented in the manner ollhose in (3). A depictiOn
01 lhe Sideband nolle presenl in Iha adJacenl
Channel II not included, IlOC8 tt cannol be dll ·
I.,-enbated trom the oscilla lor in Ille IIbeence 01
IhePL1..

The reaction 01 the loop to sudden Changes in
lhe refer&nC8 II shoWn In the trace. 01 11ga. g
and 10. lheoutpulol PC l (FPdetector) la shown
uppermosl and the outPUt ol the PC2 (SH eerec­
tor) Is shoWn In the lowest trace . The middle
trace II Ille PLL tuning YOIIage. The program
Slep in lig. 9 Is 10 MHz. ThiS il accompliShed
using a reed-relay contact whic h switches the first
de<;lmalplace Irom 2 10 1. Atter 60 rna, lhe PC1
has covered the F range and ripple In IN tuning
vottaQe canbe clearly ..." as the Inllantaneous
Iransitions to final tune occur. In the Prange.
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lhe pulse width In Ihe PCl varies conti nuously
10 smalter values (Ihe smalles t are IolIt In the
trace width) until lhe hnal tune point of Pe2 II
achieved aher 110 ml Pel remain lopen and
the remaining I lep adjustment will be carned out
by Pe2. This takes 1-40 ms. The 10 kHz aleps
(fi{I. 10) do not requlrelhe Involvement 01 PC1.
PC2 achlevea Ihis step In Juat 5 rna. The ceo­
siderably higher OSCllloacope Y2 and Y3 channel
senSllryj1ieslhould be l'IOled In lhll presentation.
The Iipple IHrl on these tracel ls no! n8Cns&n1y
produced by lhe IIgnal under obIervallOtl, The
open conltructiOn allowa slgnals lrom the digital
eecton to be picked up directly by the OlIclllo­
Icop8 probe .

A reference for !he spurlOUa phase deviatIOn la
the voltage at PC2 In the felI t (tuned) OOncllliOn

Fig. i ;
R. act lon.to .10 "HI fr -.quency liltS)

(15 to 55 MHl:)
YI: PC, ou tput
Y2; Tuning YOII~
Y3; PC2 out put
X; 2'0ma.dlv

'lg.l0;
"-action. to • 10 kHl: I~_y I""
(a0.02'O to 50.010 "Hl:)
Y1; PCl output
Y2: Tuning vo ll.
Y3; PC2 ou tput
X; 2 ml- 'dlv
Y2MIt Y3.... a c-eoupled wtlk:h ••pl.ln.
lhe I llghl . 1opII1

This i,shown in fig , 11 , upper «ece. The LO Is
rece ived on • calib rated receiver heving a 5 ms
de-emptIasll . Thil correspondl toa OM demodu­
lahon with. lower timrt frequency 0130 Hz. The
lrace photog raph I' shown in hg. 11, Iowel
tl ace , Both curves are shOwn Instantaneously
ove r lhe l ame time perlod and show a grea t
degree of conformity but they ale not congruenl ,
They are taken , aclually, 'rom two ditlelenl
points in the loop and confirm lhat there ale
other noise sources to be reckoned with . The
lower trace allO contains the phase l'1OIH trom
the oscillalor and demodutator in the laboratory
receiver. From Ihetwo Ir&Ces, II can be esllmated
that Irequenclel undef 20 Hz and over 200 Hz do
not play any Important role . The noise peetestal
conforms approllimately to Ihal 01' fig, 8 d'. An

2<1



LF spectrum analyzer would be able 10 confirm
th'lmore eXac1ty.

Dlgllal Signall a,a potential HF·jnler1erence
IIOUrces having considerable energy In the shor't.
wave regIOn. They cannot be allowed to roam
around Ireel)' as in some unsatisfactorily
screened computerl . In this cue, they are not
only lin environmental menace but li fe also
IUlcidal lor the protect! Fig . 12 'hOw, the inter·
terence spectrum exis ting on the hne to lhe
Irequency-selector IWllch. II wa, obtained using
a teriM reSistor0I5ldl Irom the 50 n inpuilOCket
01 Ihtt analyzer. Thi. re$l.tor prevents inler ­
terence WIth the d.gltal worklJlQS and reduces
the lignal to be measured by some 40 dB. To
contorm WithInteff erence measuremOl'l1 practice,
the units chosen are dB rei 1 IJ.V, Everything...
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f ig. t 1:
Pll~noIM

VI : PC2outpu1 , ,"Welw
U : OM-output from~ ,**....,

30 HI ...30 kHz
2 ra;d ..ell"

X: 20 fIllldl"

Fig. 12:
Spurloul IIgI'\eII 01'1the"-<l~MIIctor II,..
V: 10elBicll", tns 200 kHI CAL-line repr.MflIl

4'c1B",Y
X: 20 MHI.'ell", IerG mIIrkl, 0.••200 MHz.

AI\III,.,... btindwtdth 200 kHz. 'IIdIo hll... ,0 kHz

which "Bel ebove the CAL line by more than
15 dB Is Inadmissable becaUM n " over the
inter1erence grllde N. Everything which Is ViSIble
on 1M l1ace II capable 01 cauSing inter1eretlC8
to IocaJ receiver. _The frequency-NIec1or I Wltch
end its cable must therelore, be carelully
screened , The cable screening may be 188n In
lig 6 .

There i. one method by which contlnuoul Inler­
lerence can be reduced in • Single blow. The
dMdef HEF<4751 can be 10 oper.ted thll its
trequency progr.mming to PC " Iaken to the
inlernel memory where It . wa,ts the nmphng
signal . It then reQUlres a swltch, which canonl)' be
described II' 'IInler' , to compillte the operation.



VHF COMMUNICATIONS 4JIK)

All 1M 0I,*, digJtl,I algnels lUmbIe around In

the ICre«l8d compartment, and , Wlttl judlClOu'
u.. of RFC, and leed·lhro · eapacrtor1. are not
allowed 10 caUH any trouble. Spunous.alQnIIl
Ioopt .... aVOided by usng RFC, In 1M .12 V
supply liM and 1M luning leads. as may be IMtl

In 1Ig. 8 Thne c:ompriae lwin-holed Iernle buds
wllh . tumt of mutl'·Slrand WIre. ElICh RFC oeec:I
only heve an lnducIance ofa lew ,.H ,
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DSP? DSPI
• Would you hk.lO ... weal'*' p.ctur" Irom METEOSAT, NOAA. METEOR In hlgh rno­

1u100n'

• Would you 1..... 10... METEOSAT p.ctur.. presented 10show dynamIC wealher~
ment,1n slow·mobon Iorm?

• Would you l,k. 1O subMQuantly enlarge the pic!Ut'ft and/or to givelnem more contrail?

Th. YT3MV OSP Comput.r One,. all l hle with lie so ftwar. WEFAX, APT, TRACK ,
SATVIEW I

• Would you like to read lhe leleme lry and laka part In Sal.11I1. CommunICatIOn?

• Or would you lika lo aKpel"lmentln modern modulatIOn lecnniqu••?

Thl' I, alao posaltMe with lhe OSP Cotnput., using lhe softwar. AX25 . MAX25. Rny,
BPSK"00, PSK 1200 and F"'

New aoltwarels continually belng cMvetoped and rt Is noteopy-protected . Alldata I' r8Ce!V1Id..
EXE and .sRC in order that you can carry-out your ownmodificatIOnS and further develop­
m«lll ,

Open Ihe door to the lulure: to Dlgltel Signel Processing (DSP)I

Terry Blltan OHG
J.hnstr.... l ... PosllaetlSO. 0 ·8523 B4,erJdor1
T.lalon 09133 · ..7·0 (lag unciNachl )
Telela. 09t 33· "7"7. Tale. 629887 ukwdo
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G. Tomassetti. /4 BER and S. Mariotti. /K 4 JGD

A "N ew" Feed for the 3 em Band
(Prese nted al Microwave Conference in Bologna . May 19H9)

A b. ck·l lr. lMeI lor am.1I dl.h•• I. often
cho..n b. nu.. 01 ItI gr• • t.r prKllcIIUty
th.n Ille tradltlon.1 py,.",ld.1 horn p.rtlclr
l.rty when ",ounlscin-topplng operetlon l ....
con lempt. ted . Among Ille V.noul de llgnl to
be found In th. 1I1.'l1u the lMel chosen II
,.r. ly uMd by ."'.1,. In Ipn. of ItI m.-
ch.nlc.l I lmpllclty . nd electric. 1 . ttrl ctlv..
n. ... It II thif"elore pre..nled ••• rNl..
cov. red leed method d..plt. II. h.vlng been

publllh«! . . ..tty .1 HISS in tile ARRL·
Mien", H.nclbook. The dlmen .lon. tor •
9400 MHz vif".lon er. given by Henney In hll
Rldlo EnginMr1ng H.nclbook (1959 ). The
de~gn does In fact luggnt • much • • rt ler
mllillry (RADAR) orlgln . (Ed. It W•• • 110

pubU.tled in VHF COMMUNICATIONS 2179
by DK2VF . nd DJ1CR with nry .I",n.r dl.
men.lon.to the one delcrlbed her• .)

o
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flf· . :
~ lor 1nd1Ut1"'l!'ncl
opllm."ng~ f'etum lou

14BER

D.c;..OUT

The leed consists 01 a length Of standard wave­
gUIde with 8 llanah al one and and a trunca ted
tllpef at the other end . A 1,5 mm bran plate is
sIoned Into the end 01' the lapef. ThIsplale carriel
a two-eIemem Vagi In 8 pia". parallel to Ihe
electnca llle!d Oflhe waveguide', dOmlnanl TE,o
mode ThiS ant80M rellects moet 01 the energy
emanallng l rom the wavegUIde~ into theinnet'
surface 01 the rellector (f ig. 1). Sliver solder II
used to lui: the pla'e to the waveguide and also the
antenna rodl to lhe brasl pla le. The dlmenl lOnS
01the plale assembly are gIVen In fi g . 2 ,

Alter prelim inary IBlllng. an Improved per ­
formance was obtained by replacing the relteclor

rod wrth a eee Ol bras. having a diame 'er equal
to the WIdth 01 the wavegUide (I.• . 28 mm) , 11 is
adVantageous II ttlis diSC is arranged to be
adjustable OVet a range O! 8 lew mm In the plane
01 the waveguide in order to oPtimise the dish
illufnlnallOn, TI'le dlmeotior'la lor !hIa anteona
leed Wet . obta.ned by a linear Kale down Of the
dlmenSiOna given in the OIiglnal deSIgn. The
efleetl........ Ol ttlis approach may be judged
by the curvet et I lg . 3 The retum 10$1 In Ula
absence 01weVflgulda matching screws la about
15 dB over the range 10 - 11 GHz. The Inlro­
duction 01the matching screws enables the return
loss 10 be improv ed to mor a lha n 30 dB over a
Iimlled sector 01the bend as shown In ClJfVe 3b ,

f ig. is;
Po/.ar d'-g•• m 01,hot'n' ...' ...". with lhot
. ubjKt IMet NIowlng bHmwlclth 01
. pprO• . T...

I I ..
...

J4 BER r ,
,

1\"t,
,'''", , ~ ,, ,.. , IX,

, ,,
." '.V

I, ,
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A Cheap and practICal arrangement lor matching
the feed is suggesled In ' tg . 4. Thecirculator can
be replaced by a direcltonal coupler WithIU ltabla
COUpling and directIVIty eceeneeucoe. In any
evem. me aIm Is to minimise me power (roonl­
lored as the DC nowlng Irom the detector) re­
flected by the leed

The azlmulh and ...-val lOtl polar plot of • 1 m
dish With a 0,44 lro rallO and ~lurrnnaled by the
tubJecl teed arrangemen l Is shown In llg . 5
The data lor the plol was laken by ma&Sunng the
power received Irom. beacon atop a 25 m lower
some 350 m away and displayed on an HP
spectNm analyzer, The dela is believed 10 be
eccnete Within ± 1 dB and ± 0.5 degrees. The

Illumlnallon tapering was rot measured as II wes
considered 10 be 100 dlthcult However, II lhe
aide- lobe level, predicted by theory. is correct a
lapering In the order 016· 10 dB al lhe edge 01the
dish Is to be expecled, ThiS IS probably In order
for an amaleur tropo Iocallon ,

The measured beamwldIh 01 Iha ' ·meler lesl
diSh tum. ec ne be jusl below the 2 degree mark
In bolh Ihe E and lhe H plane thus conlormlng
wl'h Ihe predtC1ed Itgure. A companson ot Iha
received power when leedlng tha same dish WIth
a standard hom and men lhe .ubJecl feed.
. howed a de'enorahon 01 0,5 dB lor me tener
conllguratlon - well wllhln the accepted meas·
uremeot error.

0<.. .'.. . ' . .,. .'•
DII.~~DII.. DII,!~DII_~_._

GlassFix l!>
Antennas

...!!'--c-nor-GI'_~ - GI' '11--~~':J.... 04 _I.u'._....,,_...,,_....,,_'.. ,__
•• •• •• •• ••• * ft* ft* ft* ft*
' .. llO.. • .. 110.. • .. OIQ .. ' .. llO .. • .. OIQ..
. ... II ... . ... . ... " ....

••-

....t~.c::~c._--

.~----

R&qulle no holes In your car
Transmllthrough glass
No ground plane reQUifed

• Performance equa' 10 rool mounted anlennas
Can be removed leaVing no uece o! Ihe InstaliallOn
R. "nslallahon kit ava"able

23.m,.." .....

1 I
!

".....••...
~QWil!berichteA. r.l.communlc.tlon.

Terry Blttan OHG
Jahnllrasse 14. Posllaetl 80 , 0 -8523 Baler!ldorf
Talafon 09133 ·47·0 (Tag und Nacht)
Telala . 09133 -4747, Tele_629887ulo.woo
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WOlfgang Borschel, OK 2 DO

Tropospheric Forward -Scatt er Propagation

Forward-Katt., propagation II uNCI by
arqleurl wllhlrtg to partlcl.-t. In contKtl
which ••tllnd _ II ov.r lhe normal clll tllncft
e.pecte<llor that band. Inth...me mann« a.
Ihe well known meteo r trail propegatlon. both
meanl rely upon the .calter phenomena tor
Ihelr operation. The mlChan llm upon which
forward ·l calter radio propagallon rene. ,
will be conllde red briefly In Ihll article to­
ge lh.r with ~me commentl baMcl upon
peorlonalob..rvatlonl,

The mechanism ot this mode Of communiCatiOn
il ekplaine<l in fig , 1,

1-
SCATTER PROPAGATION

This modi 01 propagatlOl'1 ubllz.. !he random
dIelectnc c:onstanl d1strlbUlIOl'l Of many smd
NmIntI tflg. 2) which are tonne<l by Iurt)uIance

in the atmosphere. to dlffract Ihe main radIO
beam, The resutllOQ dlsconllnulty scan... a
certaIn portIOn Of II downwards Iowa"" the
flOlMng anleMol As the diagram ot fig 1

f lO· 1; no. mecMnlun of t~ communlcatlorl

' 48

shOws. only a very~ frllCtlOn Of the _gy
intercepted by !he scan., volume is dellecled
earthward, the rTWlIn beam conllnuing on into
space wIthOUt any mljOf' refractIOn , The intensIty
Oflhe scalier effoct la dependent upon the local
variatIOns (turbulence) oflhe elemental dIelectriC
constant , This activity is more likely to be I I its
most inte nllve where the weather fluctualions
are at their meet ed reme , namely the tropo­
sphere,

The whole process 01 forward·scaller propaga·
IIOl'1 is analOgOu,lo thai ObServed when a saaren.
IIghl beam is dIrected mlO the air. It is most
relCily llPPI-rent when II shInes thr'ough cloud,
,moholog . ele. even though only a bny IrllCtlOn
of the beam is diffracted illIG !he observer', eye

The part of the tropolhere which is responsible
lor retraetlng the energydownward. torany grven
path, is known IS Ihe IeIn., volume. ThIs IS

depiete(I in hg. 1, where II may be seen as the
Illled-in ar.. Of the c:rou-MCbonaI d-agram.
The usable IIgI\&1 IS formed IhrOUgh the addlbon
of an the refracted cornpOtlIf1tI !rom dlllenng
partS Of !he scaner volume which mpnoe upon
the teceMng antenna', IUrtace, This implIes
that the ttar1Slt lIme i' f'IOl constant and the

-~-
fig. 2;
An ...,.tal per1k:.. ln tM---
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• •
81ld3:~ d.p....._ of the r-n.d I\eId
.~ upotIthe ,.,....___._.•--

resulllng phase variations give riM 10 raptC!
ladIng and Hall el1ects, The patn atlenualion. 10
be eKpec1ed WIth the lorward scatlet' mode 01
prepagalll)(l. naM rapidly (eKponentlally) WIth
Ihe angle of sca tlet' and also wIth 1M frequency.
This meanl, 01course, tna t !he re wIll be a much

graa 'e r pelh alte nuahon on 70 em - Ihan on the
2 m-band.

AI a ltlrther consequence 01the variation In path
tranalHme. lelectlve fad Ing puls a reslndion on
lhe permllSible channel bandWidth, The mode
ia not aUitabie lor any wldet' rnodulahon mode
!han SSB (ed : atlhough u many u 132 SSB
channell are in Simultaneous useoverindIVIdual ,
commereial and rTIllllary, frequency c1Mlion,
MUX , rorwarthcaltet' hokl!).

2.
FORWARD-SCATTER WORKING

The in;:re8SlnO COftlarnlfl8tlC)n Of!he atmoaphere
through dUSI partlCieS. aetua lly alalSll th,a mode
of propag.ahon . Obaerv.atlQns overmany yea,. a'
the author'aIl8l~. have not howev8f . revealed
lhe e.ac! correl.atlon of the varIoUs faC10rl
al1ec!lng the propag ation . IUCh as. the wealher.
air lemper alure, sca tler volume conltltuency as
well al lhe elemental dIelectriC constants, Of
COUrH, II il not realis tiC lor an ama leur Itahon
to e.pec1 any eKael resull s trom Invesllgallons
into the scatlet' volume. Its die lectrIC constant
and III consl ltuency , It may be presumed. how ·
evet' , tha i elements othet' than air mull be in­
volved for lhe degree of refraetlOl"ll e. perl8OCed.
and thai theM could w.- result from the erTMa­
110M from heavy Industry into the 8lmoaphere

The assumploo can be taken a slep further by
lIT'lplicat lng sulphur, o.ide'I of vanous klncll 8S

w.- as du ll parhCles. 10 acc:oun l lor the type
of refraetlOl"l IF'IYOIve<l in 1hI, mode of propaga­
tIOn, Forw8fd.tealter propagabon " pa rtlCUlarty
good overIar~ c.ntr., of industry - the author
IIveI in the Runr indusl rial araa - and can be
eKpeliel lC8d dunng !he wtlOIe of !he year
Waather condlllOfll are 8 domll'l8tlng inlluence
rBln washes the dull from !he atmosphere thus
deteriorating !he teaner volume constItUency
wtlilst thefmal aff«:ll Met'Tl to lavour It.

A.mateurs living in the If'ldustrial zone Itse ll WIll
lind It dIfficult 10 utIlise thia eeece of propaga­

lion because the sca ner angle IS very farOe.

Pre-r equ isItes lor Ihls mode 01propagation are :
nign an lenna gaina, very good receive-system
sensi tiv ity and high Iranamilt er ou tput power.
The lIC8lter angle must be very small and the
shOOt ang~ (fig. 3) appears 10 have an op llmum
whlctl lies between 5· and IS· dependIng upon
the prevailing charaeleriatlCl of the ecener
volume . It may be seen that using low beamwidth
amennaa. the received algoal strength increases
sIlgh tly belOl'e if drops .way aharply WIth the
Increasing angle of elevatton. h appear. 10 be
!he case. thai lorward-tealter propagabon IS

more favourable over hea vy inclustnal f lllglOlll

It\an elSewhere.

3.
REFERENCES

(1) Gertler . Petet' , HB g BNI :
The Doppler Ellect overRadIOLink. USIng
A.ctrve01' Pauive Rellectorl
VHF COMMUNICATIONS. Vol , 19.
Ed. 2/1987. P. 88 - 91

(2) Weil'l81' , Kart . OJ9 HO: UHF-Applikallon:
UKW-Wellenausbrellung .
F 1.2.4 Slreuung von Funkwellen ,
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Diagrams thaI allow one10 eas ily determine
the Seolitlvity of R8CfHVe Systems us ing
Solar Noise . VHF COMMUNICATIONS:
Vol . 16. Ed , 4/19&4 . P. 247· 250
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Jochim Dreis r. DG 8 SG

Simple Improvements to the OK 2 YF
Microstrip Directional Coupler

801M .maleu~will ,.mem tMt' the 2 m (DK2VF
00 1) end the 70 em IDK2VF 0021 dlrec1km.l1
coup"" wh kh __ published In VHF CO'"
MUNICAnONS 211111. It remartl«J II the
time, lhel Ihe dlrKtlvlty poor (14 dB )
end Its m,ln·lIne VSWR w.. r,ther high II
1.5 : 1. A r.c:enllook ,t lhe ct..~n prompted
lhe que stion: why l hould It be 10 bed and
ho w Ui" It be Impro'H'd?

1.
ANALYSIS

A ltleofehcal analy,i, (1), (3) oj UllI maln-line ­
which na, • bener I1\IItehing according 10 the
rMgmuo. 01 the c:oupIIng lou I.,. "nle mutual
ooupIlng - was klund 10 be In~ WIth

Cu- h) l l
I ubun,ta
e u- t U Ck

.... b.tnt.
ell -foll

- e li - t r ick

Iliba t eata
_ e ll- f o l 1

IWO/ / //I/ij,

_ ell-foll.,,
e li - t U Ck

'lIbltra t.
eu-toll

'...,:
""••".''''''.IUII ..........
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e .... H
:t'
~

•

£ ~ \0- I·r
DK1VFQ01 • !.±:

Fig. 4: Supplefnentary bc»rl:llo tM DK2VF 001

!he measured dala bUt thai it was too narrow.
The queslion wu now: how can lhe liMl on !he
exIsting PCB be mt\dtl wider, Of . the other wey
round : how cen !he exiltlng lines be rendered
wideenough?

The solution ley In lhe use ola Iri-plate (fig. 1).
Thil lri-p1ale, Of liripline, is a .ymmetrk:al con­
duetOf. alopposed 10 m~oslrip (fig. 2). which II
onen inCOITectly referred 10 a. stripline. TrI·plllle

"
t"

e - ,I- I ~ '

-
I

\ /il .",".
~ ~
1i7J' ';T

~VF1I0 1

Fig. 5:Su~...,.~d to,~ DK2VF 002

ha•• higher capaclta nce and i. therefore e lower
ctwaeterill ie-lmpedance ~ne ,

A fur1het' lheoretlcallnalysil 01an unsymmetrlcal
I l rlpline (fig . 3). shows the encouraging result,
Ihal ll II in lad comple lely (electflcatly) symmfl tri·

"'''
One diN9fence should be meollOOOd, hOwever,
1M lIne will have a higher COUpling l01I but 11'111

Fig. I :
50lh mocIlI lacl eouploHa

'"
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FIg. 7:
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will pose no probIeml lor the majOnty of applI­
ca lIOn• .

T••1rlltSUtts on _ ttl-pl_l. , moc:lilIed DK2VF 002
boBrd m..lured with _n HP 8754 A _rld uling

252

pr-elllon 18fJni08bon1, wer. as Iollows:-

Main-line VSWR: 1.05
M81n-~1'IlII 1naertion 10M: 0.3 dB
Directivity:30 dB
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2.
MODIFICATION DETAILS

Materiall:
Single-lided, gtaaa-epol(y board , 1.5 mm Ihlck
and the ..me lize .. !he coupl er
2 Chip resistorl 56 n, AC 01, MCR 180' equlv .

Method:
Hole l are dri lled In !he appropriate placel IOf
!he componen ts (connedOtl, diOdes, decoupling
capacI1Ot1, termina tion resislOtl, tcreWI) a.
sl'lown In Ihe (hwing. of I lg . .. and fig . 5

The exist ing potenUometer , which II not lU itabte
lor tt\ese IreqlJflnc!el . II replaced by two ln­
el(penslve chip resistor . . The coupled line il
phyliC&lly aeparated In order to prevent erosl'
coupling . Pemaps a lingle chiP resillOf of 27 n
Of 33 n can be used lithe .ne II not tplil but lhe
author has not tried thil .

Alter tne potentlomeler and diodes have been
soldered In (diSC eapaCltOtl een remain), the
board i. completely cJeal"ll!ld 01residual solder in
order thai there II no air remaining between !he
boards. The drilled , addrtlonal board . il lhen
tcrewed on to the old coupler in order that it
hoIdl the l11'plete wllh !he ground.plane lacing
outwa rd . The diode. are re·SOIdered In and Ihe
modilleatlon II thereby completed .

A modi fied coupler may be seen in I lg . e. Flguree
7 (2 m) and a (70 em) shOw sweep traces for
both the directMly and !he coupling eee oltha
modified coupler.

II will ;rve me greal p1ealUre 11 my ar1Jde I\8s
relUlT ected lhe reputation oflhe OK2VF-couple r.
Artycom ment. wlUbe welcomed.

3.
REFERENCES

(1) Hupfer, K., OJ 1 EE:
Strlplinellor VHF and UHF
VHF CO MMUNICATIONS Vol. 3. Ed.411971,
P. 207· 216

(2l Meinke, Gundlach:
Tuchenbuch der Hochlrequenzlechn,k

(3) NTZ·Arctwv. S. 413

(4) cq-OI.!5I84 , S. 212
(5) Eleklronik 8189, S. 118 ·1 21
(8) UKW·BEAICHTE 1164. S. 47 · 56
(7) SCQMPACT, Vers. 1.95
(8) Stadler , E.• DO 7 GK :

The D1reCllonalCoupler. Funct IOnand Use
VHF COM MUN ICATIONS Vol, 17,
Ed. 3'1985. P. 178·184

A must for all active and technically minded Rad io Amateurs !

THE UHF-COMPENDIUM
Th e En g lish edmon 01the w ell -known " UH F· U n l e r lag e"lrom Karl W e iner, OJ 9 HO.

Part 1 and 2

Part 3 and"

Art .No. 8054

Art .No. 8055

OM 52.00

OM 58.00

AdditIOnal post and plIckage ctl argei liurface mall) for Inland OM 5 00. for abroM OM 6 SO

Terry Blltan OHG
Jahnltra... 14, Postlach 80. 0 -8523Ba,er$dOtl
Teleton ODI33 · 47.() (Tag und Nacht)
Telel... ODI33 ·4747. Tele_ 829887 ukwdo

253



VHFCOMMUNICATIONS4IiO

MATERIAL PRICE LIST OF EQUIPMENT

Ed, 1/1990

OM 395.00
OM 575.00

Ed. 211990
OM 445.00
OM 34.00
OM 34 .00
OM890,00

Ed, 211988,
1 + 211989

OM599.00

Ed. 1+211989

Art .No. Ed.2J90

6115 OM 35.00

Art.No. Ed. 1190

6364 OM 38.00

6365 OM 120.00

Art.No,

6510
3029

6511
6512
6513
33 10

600<

A Unlverul Sound-Vision Unit lor
FM-A TV n ansmlner,

DJ4LB 010 Europe lonnat (100 x 160 mm)

SAT-X Receiver for the Satell ite IF Band
900- 1700 MHz
PC-Board

Special components :
BFa 69, 3 x MSA 0304,7805. SL 1452, TL 082,
S042P, 5 x B8505B. B8405B, 5 x l N4151, Z8V2,
Z5V1, LEO red; trimmpoti (horlz) : 100 n.470 n,
47 k, (upright): 2 x 47 k, 4.7 k, loil trimmer 3 x,
4 mm coil lormer with lerrite core 3 x.CuL wire,
silvered wire; RFCs: 33 ,.,.H, 22 p.H, 15 ,.,.H.
3 x 100 ,.,.H; tin-plale box

Compact METEOSAT Convert er

kit with all components
ready-to-operate module

Compact Weather-Satellite FM Receiver

kit with all components , with 1 crystal lor 137.5 MHz
Receive crystal lor 134.0 MHz (METEOSAT -cn.2)
Receive crystal for 137.62 MHz (NOM-9 and 11)
aeady-to-cpe rate module (with 3 crystals)

DSP Compu ter l or Radio Amateur Applications

OJ4LB

DC9DOOOl

DC9DO OOl

VT3MV

PC-Board

DC9DO

DF90A

DF9DA 001

Set 01PCB s, progr, EPROM wllh authentic documentation
Contains: PCBs YT3MV 003 (bus), 004, 005, 006
(4 x), 007, 008 and 009 ; a programmed EPROM
(operating system with Compiler, Editor), a set
01copies 01 all diagrams and componentlay-oot
plans (in M), the operating-system manual.

rntert eee lor KR-56OQ Rotator l
PCB. progr. EPROM, together with A4 copies
01cirC\Jit schematics and ccmp. lee. plans 6003 OM 100.00

User l oh ware Several software packages complete with Ed. 3+4/1989
image examples on 3.5"lloppy disks 2+311990

l,.- 6002 OM 145.00

A ~. berichte T. Btttan OHO •Jahnstr. 14 •Posttach 80 . 0 -8523 Baiersdort

YT3MV 010

DF9DA 002
DF9DA002

Tel. 09133·47·0 · Telelax 09133·4747 · P$chKlo NOrnberg 30455-858

'"
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Original Johannson tr imming too l for ~W lrlmmer

DCODA

Xlo-1

K"
Module
OpllOl'l01

XRM-1

""Module

xr""1
Kit
MOdule
OptiOn 01

10 GHz Tr.n. ....rt.r SYllem " mlcrolln. 3"

Oacmator
conIall"llan origlNl components listed., chapler 2.3 . 6601
ready-to-operate 6600
with stab. crystal (TK 10 ppm), lemp.-compensallOl'l S 3031

Recel.... ml••r
ContaJns all anginal components lIsted in chapter 3.3 6603
ready-to-operale 5 3032

Tr.nsmlt ml ••r
Contains all original components lisled in Chapler 4.3. 6605
reecs -tc-coerete 100 mW S 3033

200mW S 3034

6607

Ed. 2 +3 89

Ed. 2 89
OM 178.00
OM 248 .00
OM 314 00

Ed. 3 89
OM 345 .00
OM 498 00

Ed. 3 89
OM 355.00
OM 525.00
OM 598 .00

OM 18.50

Weather· Satellite Rece tlon on PC AT

IllI60 - POSAT~·tllWd (~)
• Softw_PCtSAT 0Nf' 590.- 0 M

MM - "'C'SAT~·k~

• Softw_PCtSAT 0Nf' 4SQ.- OM

o.mo.ProgrW'l EGA 10 - 0J,l (pev"" WI .a.-.-)

PC/SAT Software 'Of PClSAT and oom pahble

• EOA-graphiCwllh 18 coulour.
• automatICreception
• zoom ,lCroIl
• movie up 10 20 'mag..
• Images WIthpoI.r·81ereographtc PfOjeCllOl'l

now tor
amateurs

availa ble!

L--~technikA Electronic GmbH

UKW·T«IIn,k
Electronic GmbH Phone . ( .4919133/4715
P O 80 _ 60 · Jahnslr.... 14 FAX· (. 49)913314118
0-8523 8aIertdort:GERMANY T.... 829881

2..
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A new METEOSA T conv.rter a. a co mpaci kit, Descrlpiion in VHF COMMUNICATIONS 11t990

• InpUllrequencies: 1691 .0 and 1694.5 MHz

• Int8fmediate Irequenciel: 137.5 and 1340 MHz

• NF • 1.7 dB (typ ); a • 26dB(typ)

• OperallOnvollag. 12 - 14 V, approll . 80 rnA
Dlnwnsions(mm): 111 II 74 1130 and BNC sockets

TMlNlchlng wea th.r-ut.lut. recelv..., DescnpllOn in VHF COMMUNICATIONS 211990

• 3 channels : 134.0/137,5 and 137,62 MHz

• SuHlClenl senSlllvlly tor direct NOAA reeephon on 137,5 and 137,62 MHz

• ()perahon vol lage 12- 14 V; Connecllonslor loudspeaker. S-meter, chanl"l8l-switetl

• OlmenslOOS (mm): 111 II 74 1130 and BNC socke t

Converter . lot with an components DF90A 001

Convert8f. l.ady-lO-OpfH"ate module

Rec81ver, kll wllh aucomponenlS OFgOA 002 (WIth 1 crySlal)

Cryslal lor 1340 MHz

Crystal 101 137,62 MHz

Recel ...er , ready -Io-operele module (wllll3 cry, lals)

Art.No.

65'.
3029

65"
65"
6513

33'.

Price

OM 395 ,00

OM 575 ,00

OM 445 .00

OM 3400

OM 3400

OM 890 00

Th. malchlng pr.ampllll.r :
Masl pr.-ampbh8f , ready-lO-OpfH"ale (0 .38 dBI 6120 OM 445 ,00

k _ beric:hte T. B'Uan OHG . Jahn"'. ' 4.Po.Ua'" eo · 0 -8523 Bai.,"'orl
Tel. 09133-47-0 ' 'teretex 09133-4747 · PSchKlo NQrnberg 30455-858



Plastic Binders for
VHF COMMUNICATIONS

• Atl flletlve plasliC covered In VHF blue

• Accepts up to 12 editIOns (throe volumes)

• Allows any requ ired copy to be found easily

• Keeps ,he XYL happy and contented

• Will be sen l anywhere in the world lor
OM 10.00 incl uding surface mail

Pleasa order your binder via Ihe n8110nai
fepresenla live or dlreclly Irom UKW·BEA ICHTE.
Terry B,ltsn QHG (see below)

Prices for VHF COMMUNICATIONS

Subscripti on Volume Individual copy

VHF COMMUNICATIONS 1991 each OM35.00 . ach OM 10.00
VHF COMMUNICATIONS 1990 .oc" OM 27.00 each OM 7.50
VHF COMMUNICATIONS 196810 1989 .oc, OM 25.00 .oc, OM 7.50
VHF COMMUNIC ATIONS 1986 10 1987 each OM 2400 8ach OM 7.00
VHF COMMUNICATIONS 1985 DM 20.00 each OM 6.00
VHF CO MMUNICATIONS 1960 10 1984 8ach OM 16.00 eac h OM 4 50

Reduced prices for elder copies
Individual copies out of elder, incomplete
volumes. as long 8' slock lasts:

211971 . 1, 2, 4/1972 . 2,4/1973. 1, 3/1974 . 1, 2 , 3 , 4 /1975.
2,3. 4/1976.1 ,2. 4/1977 . 1,211978 . 1, 2, 3/ 1979

Plastlc binder lo r 3 volumes

All pri ce. Incl ud ing surfece mall

When ordering 3 complete vo lumes , s Ir.. binder Is lncl ude(jf

each OM 2.00
each OM 2.00

OM 10 ,00

k [lm~~{berichte T, Binan OHG · Jahnslr. 14 · Posllach 80 · 0 -8523 Baiersdorf
Tel. 09133·47·0 ' Telela lC 09133-4747 · PSchKlo Nurnberg 30455-858
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