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Detlef Burchard,Box 14426, Nairobi, Kenya

MES-FETishism III

\lES·FE"h ca n bt' u..ed for bu ildin J:
pUM t'r ~mplifit'n 1110 . l "..inJ:: !>implr pa r­
alld circ uits th ere is nn sixninca nl rise
In Ih e up per limit in/.: frequency, ,\ 11
<I mplint'r cbal n dues lt llm~ U!i 10 press
ever c!n\t'f to the lim il in l/: frt'qut'lIC)' (If
..lope. It a , .~u nhihils ..Unit' "In tere ..t ,
inl:" fr ili urt'\ "hh respect 10 clMllinK.
feedback lind maCchioI'.

I.
POWER A\II"S IIAVISG SO
MATCIII~ (; REQUIREMENTS

A M ES ·I · I ~T wnh the opcrenng poun
'n- l~lTIA. Um.\- 0, S • 2HfTl\ and
Rn '1('(- .t lon can. when dnvcn in the
linear sccnon 01 the cha racrcneuc curve ,
delive r about 21 hnW (+ 1JdBrn)on I[S drain
resistor. Th is rctjuircs a conrrot voltage 01
about O.4Vrt f . Allhc sa me IIIT1C one wo uld

reckon the dram AC voltage 10 be 2.5Ve-f(.
the voltage amplification being grea ter

than SOL Because 01 capacnancc. the top
frequen cy atthe output is XliII Mil l.; at the
input. where J30 ohms ca n be ass umed, il
amounts 10 41'10 Mil l . II' we cascade stages
of this kind, we soon fall short of the upper
frequency of the VIIF hand (300 Mil l).
C ircuit capaci tance reduced the \imitin~

trcqucncyevcn further .

If we require a lillie more or less power ,
then a different opcraung point ('1111 he
sougln out hy selc:~' l i l1g a different 0 2
voltage . The SCl ll lI~s lor this line ar opera­
lion call he tak en fWIIl Hg. f , which shows

an average CF3(1I1!k\l I('c of group n.
Should sigmli.:alllly more power he rc­
quircd . two or more MES·H~Ts with
roughly sim ilar charactcnsuc curves ca n
he soldered on 101" ot one ano ther, as Fig.2
shows Since they arc 1101 expensive. Il1lS
can be more cconorr nc than lookm{: for
suitable components havmg highcr power .
Usina this kind of crrcuury the Iimiling
frequencies can be maintained. Because of
mutual heating, tbe tCl:hniquc reaches ill'
limit at four oevices.
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Fir,:.4 : V:\IOS amphfler b)' (hon er (4)

2.
POWER AMPU rt ERS
REQ UIRI NG MAT CIIING

. 'il(..!i: 12dH ampnne r with .!iOn input
lind output

It has already been mentioned ea rlier thai a
s ing le MES -F1'.i in a 511!lsystem cannot

grvc any amplification . Onl y when we usc
broadband or selective transformat ion on

OUlpUIS and input s doc s usable amphfica­
lion arise . Broadba nd transformers can he
produced in adequate qualily up 10 around
500 Mil l . Tbcy are nOI much help,
however . when we want to advance MES·
Fhi s into higher frequ en cie s.

0 1' special signi fica nce in building rccctv­
crs is an interrnocutation-proof inpu t am­

plifier. Modern receiver concepts with
wide freq uency ran ges de ma nd here broad ­
band amplifie rs with 1M3 values of around

+2lklHm at lhe input. For the frt'4 uem:y
range beneath 200 Mill rhe problem has
been so lved since O xner (4) dev ised a
concept with the VMOS transistor VMfl4 .

l t rurns lip again in Mein l.:kcJGundlar,;h (3J.
albe it with dufercm dat a for the same

circuit (Fig.4).

A MES-F ET circuit, which could do the
same up to 1 Gill, wou ld he desirable.
Sadl y, there are no po we r MOS·FETs for

this applic ation yet. We will try the refore
10 usc five CF)OO co mponents in a r,;i rcu il
(F ig .S). The uurcnsiomng follow s rbe

following form ulae . which hold good for

R,Ilf'UI- R'lIlIru'I - 7..,:

R, - lor S (I )

R,
G -Z. ·S - I - - - 1 (21

Z.

With 5 _ 5 , 20ms _ WOrns and 7...._ 500

Rf-bccomcs 250!l and G - 4( + J2d B) . The
P, ldBvaluc on the input co rresponds
roughly 10 thai of a single MES-FI IT

lata: According to According to
Oxner (4 ) Mcinr,;kelG undlar,;h (3)

!Amplifkalion 12+/·0.SdB Ifl+/-O.SdB

~oise fig ure 2.4dB al 146 Mill <7dB
Iand width 4U..265 Mllz 20· 2f1l) Mli z

IvSWR No derail s <2
" ldB(jnplln +23dBm + 7dBm
M.l (input) +34dBm +3tklBm
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(+fod Hm), as doc s the 1M3 value
( + I(xjUm) . Tbc hrniting frequencies on the
outpu t and input are 1.5 G1lzanJ 050 Mill
respec tively. A decrease of the first degree
can be compensated with an inductance
(approll . 15nll ) in series with RF and a
trequcncy range of up 10 I Gill plus or
minu s IdB can be achieved with construe­
lion Ihat is otherwise favourable . Tbc data .
howevct, are still not &0 good as with .
VMP4 below 2(X) MUz. All the umc It is
of ad .... nrage 10 avoid the mput tr.ns­
former, since the bandwidth limiting this
cau!ICS is lost .

rcsrstors. Thi s cannot he reali sed in pra..·•
lice because of problems with the heal
produced. It is add llionally possible to buy
ready-made gain block s with comparable
speci fications (e .g. Avamck MSA I I(4) .
For this reason ano ther solution was
sought.

3.
AMPLIFIER CHAINS

Tbeorencalty 11 is ~sibk to COlll"I«'1even
more MES -FETs in parallcl. Thi s prod uces
mort slope:or dC'siredreserves for llneari s·
illg the lope by means of source series

This pnnciplc played a major role in the
valve era because it represents the 4U.Jsi·
parallel C~11on of active clements. III

.... hich the SIC rauo illl:reascs proportion­
ally with thei r number. We could. so to

FiJC.7:
Amp lifier chain ,
C"l pC"rl m t"ll la l
cClllslr udicm u.sinJC
mlnlmnunts

6.
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FiR.X: Circuit board layout fur
a mplle r ch ain. I'CH malt'rlall!
I .!'imm 1o:p4I1.y mateeial, copperclad 35
microns on both sidn
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speak. advance 10 frequen cy bands for
which no acnve clements e llis!. Anyone
wanhng 10 gel better informed would do
beucr to read older books {for example
reference 21. In modem Iuerature (3) you
mly find only . few sentences on amplifier
chams. The pnncipk can be seen from
Fig.6. Tbc MES·FF.Ts are Laid out in IW O

rows 50 thai theIr capad larK:cs fonn a pan
of the tTack and no lon~r represent a
problem.

Tbcre are defined rules for dimensioning
amplifier Cha ins, which are ignored here
ncvenbclc ss. We will make usc of the fact
that a f,On line thai is loaded every J5mm
with IpF forms a good approximation of II

son hne. So thai the gale and drain
conductor. become C!taCI!)' equal, addi­
tional O.5pF cllpacilOI1l are provided on the
drains. An experimental construc t ion on
Mmimounl (Fig.7) produced on lhe fiul
auempt a 3dR bandwidlh of 1.4 G llz.
giving vent 10 lhe: suspicion thai part of lhe:
altcnuation measured arose from lhe no!

reall)' suuable printed circui t board mate­
rial used . Fig.H how lhe: layout for epoxy
PCB material . Conslruclion on Teflon
PCB malerial with SMD compooems i"
recommended if f~l)Cncics are 10 exceed
I Gllzsignifw:amly.

Siemens (I) give delails of an am phrtc r
chain witha f~tK:ncy range above 2 Glh.
I! uses GaAs triodes. Us ing MES-FETs is
nor just significanlly cheaper. this also
lealb to better valuesof feedback.

Heal sinking i.'l no longer a problem now;
we could pack them even closer together.
Tbere should nor be coupling between the
inpul and output line; for this reason we
solder scree ning of 15 10 20mm height
above all lhe CF3001l. Cons lruct ion inside
a melal case is nor absolutely necel.'lary
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(the amplifier is stable and well-behaved in
this open-lop PCB construcuomburmodu­
lar cases would be recommended on
account of the top frequencies produced.

Since my own measurement capabilities
were inadequate. Mr N. Rohde of B&R
&iginee rs was kind enough 10 undertake
the tests of Fig.9, from which the forward
and reverse amplification can beobtained.

Apart from the Flat behaviour of the
forwardampuficauon (- ldB at I GIIz). lhc
very high reverse attenuation is also
apparent. The isolation is fJOdB at
100 MUz, 47dB at I GIll and slill 4 1dB at
2 GUz. These are values directly related to
the small G I dra in capacit ies of the
MES-FET and definitely canno t be: ob­
tained with gain blocks.

In the scheme of Fig.6 the amplifier has a
frequency range of six decades ( 1.5 k1 lz 10

1.4 GH z); larger coupling capaci tors could
eas ily bring this down lower. The emplifl­
calion is, in agreeme nt with previous
considerations, 13dB. II can deliver below
I GHz with IdB compression +22dBm
(160mW) .

This corresponds to a P.1dBvalue of
+ IOdBm on the: input, whilst the 1M3 value

there is measured as +I Kdnm. Input and
output VSWR arc below 1.5 and could he
better if chip res istors were substituted for
the line terminations visible in Fig.7.

The noise of an amplifier chain is clea rly
lower than that of a single MES·FET. The
equivalent noise res istances of the: indi­
vidual transistors are also connec ted in
quasi-parallel.

With len MES-FETs the resulting noise
resistance is in the order of magnitude of
just a few tens of ohms. Certainly the line
terminations contribute to the noise to the
degree that a maximum always appea rs at
n . )., (n. 0, I, 2, etc; ). is the: wavelength of
the line) and a minimum exac tly between
these. With the measurements given here,
the noise figure decreases to XIIO Mil l .
then up again . Measured values are 4.2dB
at 150 Mllzand 3.ld ll at435 Mllz.

4.
SUMMARY

Although MES· FETs are firs t and fore­
most small-signal devices, they still have
usable large-signal properties.Transmit ter
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S.
LITERATURE

final stages of low power and also receiver

mpm amplifiers with useful P.1dRand 1M3
values can heconstruc ted with them . using
the principle of amphficr cbeins, quantities
of them can he used together 10 increase
amplification. reduce noise or create reo
serves for lincansaticn measures (source­
series antiphase coupling). Results are
produced which app roach rhosc of VMOS
solutions in the VIIF rangc .

( I) R re il b.nd·Kettenver~lllC'rker m iI Km.1 CFYI I
Sc.:h.ltbeillJlic:le AUIBl be 19110/)11 ,pp. 19·20
SiemenlAG.Munil.:h

(2) H.MeirJl,;ke.ndF,W.Crundikh( I% KI:
T•.:nenllul:h defH(ll;hfreq~nll«:hn ik . ~Id

c:dlliM , d\.pteT N, pp9SS·W\)
5prinler-Veri". Rerhn

(3) MCIM: 1I.eJGundIK h(l 911t\);
T..... benhoch dcr Hoc hfreq uc nl:lr.. hnik .
4thedll ion .chapter Q.p2U
Spnnger-Verl'i. Berhn

(4) E.O.ncrt 1Y76): VMOSPower J'ETl in)'our
nc.l Broadbandpnver
Teo.:hniulanidtTA 76-1
Sik:oni • .SlnlllOITI

The P arabolic
24cm Preamplifier

A fully weather-proofed vel)' high-quality preamplifier coveri ng
1200 MHz to 1360 Mll z.l\Iounted in a sealed dieca st enclosure

with weatherproof N-type sockets for input and output. UC
pow ered via the output socket for remote mast-head mnunting,

GAIN >4odB across the band
NOISEFIGURE < 1.61111

£120 + £5 posl and packing

KM Publications. 5 Ware Orchard. Darby, Nr.Rugby,
CV238UF, U.K.

T el : 0788 890 365: Inl: +44788890365
Fax: 0788 891883: Inl: +44788891883

ALLMAJOR CREDITCARDSACCEPTED
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~ASY·PC PCB CAO
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' ULSAR Dsgttal circnit simulator

If\NALYSER III Analogue Circuit Simulator
'&1'iuchrsivc UKand Overseas. Airmailadd £5.(11)

t:I2J.(1I)

(235 ,tll)
(235 .111 1
(235.111 1
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Dr FreekM. Schimmef,Ede, Holland

A simple Panorama add-on for

Weather Satellite Receivers

Anynn lr wh n con~t ..nll y mnnil urJ th e
Irequ ency ra nge nr polar- or bitinJ:satel­
liles (137.IJX :\1I1t) "'ill nod th e pano­
rama add-on deM'rihrd now a hand y
accessory. The pret'ondilin n Is II re­
celve r with manual tuntn a by means IIra
v e o t In which th e VCO i.. "umd t'nl ly
stable .

I.
11I SCUSSIO N OF PRINCIPLES

The panorama add-on generales a series of
sawtooth voltages which arc combined

wirh the luning voltage in such. way tha i

the oscillator Ireqocncy ls liWC:pt symmetr i­
callyabout the luning Ireqoency.

The resuhs are d isplayed on an oscillo­

scope with X and Y inputs. The sa wtoo th
voltage is applied 10 the X mpn and
provides for the horizontal de flection. The
outpu t s ignal of the de modulator is applied
10 the Y input and cont rols the vertica l
deflection (Fig.1).

If • signal is received now in the Mwepl
frequency range. a "harp veruca l point
appear on the OM:iII0liCOPC screen. the
bcight giving a measure of the signal level.
w hereabouts on the horizonta l axis this

Fill.I :Rlud Ilial:ra m uf the Recetver "U h Panorama add-on
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137.S

137.0

13!UiS

r.

139.0 137.0 13X.O

Fit:.2a :Osdllnscupe plrt ure ",'ilh I"'Cl
salt'l lilr dt:na ls

needle appe ars depends on the frequency
of trans mission. the luning frequency. the
f requency dev iation and the linearity of the
horizontal frequency scale.

If the frequency-to-voltage curve of the
VCO is linear. the horizontal defl ection
and frequ ency deviati on wi ll be propor­
tional. with a deviation of plus/minus S(MI
kl iz and a max imum horizontal deflection
on the ' scope screen of 100m. one cenumc­
Ire will always correspond to a range of
I(M) kllz. Th is gives per centim et re more
Ihan double the bandwidth needed for the
polar-o rbiting satc llucs in the range 137 to
13M Mll z. If. for examp le, the recei ver is
tuned 10 1375 Mll z. the satc llucs wi ll be
di spla yed side- by-s ide . co nvenient ly scpa­
rated (Fig.2 ).

METE OR 3-4 ( 137.3 Mfl z) lies zcrn left of
ce ntre-screen. NO AA 10 and 12 (l 37.S
MH z) exac tly in the middle. NOAA 9 and
I I (1 37.62 Mil z) t .zcm to the right of
ccmrc and MET EOR 2-19 (l37.MS Mll z)
3.Sl:m right from the ce ntre.

Recei vers having manual tuning and a
large co ntro l knob gene rally usc a poteen-

Fi~.2h:Osdllnscnpt' picture wilh three
sa tellite s i~nals

omcrcr to vary the tuning voltage. In these
cases il is quite easy to co nnec t up the
panorama add -on. The co nnec ting wire
between the wipe r of the poten tiom eter and
the veo is simply seve red and the add -on
wired in-be twee n.

Automat ic frequency co ntrol ca nno t be
used in this msrencc. so the AFC input is
connected 10 dec k. The tuning voltage
required for a specif ic fTCl.jUCIICy in the
range 137 to 13MMil l call be read off from
Fig.3. The linearity for thi s application is
quite sufficient. So, for exa mple, we can
take from the di agram that a frequency
deviati on of plu s/minus SUO kl l z will need
a sawtooth voltage of around O.XV peak to
peak.

The diagram is obviously only valid for
this specia l osc illator. Thai mca ns thai
every othe r type of osc illato r w ill need to
have its Frequency-voltage cba ractc nsncs
mea sured and dr awn up as a diagram.
Afte r thaI you " an determine the lincaruy
and work out how large the sa wtooth
voltage needs 10 be for a def ined de viation
of plus/minus 500 kll z.
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0, f'I• .3,•
• Freqeency-Io-Vfllta~t'

• - chauctrrl. lies of the
, - Rrcrhrr

•,
•,
, t-- ,
'I--
•

•'.

'n ..
2.
CIRCUIT IIESCRII'TIO:-

The (orwardJbadl.ward counlcn 44129 (ICl
and Ie)), the n:!tI ~lor nclw orlr.. and the
NOR illllC 4(1()) (IC4a ) 1tlJ('lhcr male I

sawlooch J('11t'ulor. The ~I~ of lhe
~'" tooth fLmh IS "cry linear 10l.'C they
lire l'onned of 2.5h Mcp501equal s lIe

The timer module 555 (lei) prOOUl:CS the

d ock Ireqeency, whrch pIIs 'C' n il lhe
analogue sW lll h 40Nl (ICV.il ' 1M the
trancist or stage TR I 10 fhe , 1('1; 1.. mpcts of
1C2 aoJ Ie .'. Swuc h SWI (SWEEI' O~ )

must he open 50 mar <In..loguc !iw lh.:hc.

lC'9a and ICVd are closed; the UJl!1>OWN
inpul! of the counter arc then htgh. This
ha s the result Ihdl it sawtooth voltage with
pcsurvc Hank. IS produced.

W ithin certa in lmut s the fl'C'~ucn l:)' of the
sawtoo th frc~llcncy is 1101 fixed . A fre ­
qucncy of lfdl III turned our to he useful,
howev er . as this produced a rclanvc ty calm
and fli cker -free screen image on the
o-c iuoscopc even In the presence of SO l iz
lind IIKIIiI interferen ce .

In term s (If frequency s ta~i h l)' . the choice
01 42M III li S clock frequency places no

spccul deTTW'ds. SUKC' f~ucnc)' dcVI.t·
lion . nd horironlal def1c(.110fl work m
ynchromsm_

TlIc: clod. fn:qucncy II 5C1wuh Inmpoc 1'1 .
The: aWlooth voltage passes through Ihc
op-.mp ICSii ...orllng In non-mvenmg
mode 10reach mvcrtcr ICSb. which . 1 the

umc nrre renden the "liRaI s)'mmctrKill

AI the lo.... · lmpcd.uk"c X-OUlplll we no w
have • hnear sawtooth voh agc of plus!
mmus 2.SV for conrrottmg the bonzomal
~Ilc(.·llon _ Sctnng ")'Illlneuy IS ilchl cv cd

wrrh SPindle poecuncmcter P2.

ICN serves to aucnuare the silllo lOOlh
signal. wuh stcp-s wur h 5 2 allowing three
choices :

+/. 51KI III deviation lor band
monuonng

+/. ISO li z dev iallon lor manual tunm g
+/•.\0 li z devranon lor e xternal

frequency control .

The values of the trimme rs I' ] . 1'4 and I'S
arc dependent enthe dope 01' the measured
vo ltage-to-frcl.jllcllC)' charecte nsnc.

The tuning vcltegc of the receiver . rc­
moved from the wiper of the tuning
control, passes the voltage follower of TR 2
10 the positive input of IChb. The Iym·

7.
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mcmcel sawtooth voltage co nnec ted 10 lile

other input goes 10 the drtfcrcnual arnph­
her, the OUlpUI of which now has the

luning voltage wuh the sawtooth voltage
overlaid, 111is signal is now led to the VCO
where previously the wiper 01 the tuning
control Wil l' previously connected direct.

The sigll<l l for vertical deflection is taken
dired ly trom the S- meier. amplified in
1C7 and placed onthe Y input IFig.4).

It Swlrs closed (SWEEP OFFJ, I0J.t and
l0Jd rcmam d osed (for lime II as Illng as
output Q 0 1 ICII (4U9K) is low , At the

same urre 10k is d osed tQ is high) fur the
same interval I. Using comparator IC I2
fLMJ.Wl the momentary value of the

slalrcasc vonagc is compared wnh 2,!iV, It
a positive drtfcrcncc rcsuns (>OV) the
UP/DOWN mpms of the counters are set
low and the counterscount backward s.

On the othe r hand. the y will e01l1U fa r­
wards when the dilferenee is ncganve
«(lVI. U)' means of IhlS anllph,he cou­
r lm g the voha1!e on rhc X output becomes
l CW at the end of lime period I. In tbc same
wa)' Ihis voltage can assume a value (If

plu s or minus ( 1l2..lilll limcs !i volts, mat IS
plus or nunus 211mV,Thrscorresponds 10 a
ummg error of +1- I kill. in switch sellmg 2
01 SW 2, Th is minor abcrranon can easily
he compensated for b)' hand.

It'Qa. 9.: and 9d arc opened at the end of
IlnIC sp an t and the dock pulse s trom the
!i!i.5 110 longer reach the counter inputs.
IC% and Ie lilc are now closed TIl('
counte rs can now he pulses forwards or
barkwards by pulses lying on Ihe mput
ClK EXT. Thedrrccnon of count depends
on whether +5V or IIV IS applied to the
EXT UII> inpul.

If SW2 is in postuon J, the IrcquclIl:)' sh il l
aruoums 10 about 21111 111 per clock pulse.
111is simple drgualtrcqucncy shill was rbc
n.' ;\ S\lII for using a drgual. rather than

analogue, saw tooth gencnuo r 1111.' rcsis.
tors around IC2. lC.l . IC.5, le ll and JCI 2
sho uld use me tal him Iypes on stalulny
grounds.

The c trcuit can he built up on pert-board
Theopcraung voltages should be found III

the recei ver as required .
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J.
r\ 1.1 GN I\IENT

Dttsct ilh~nltlc l1I on the X output: put
swuch SW I to postnon I (SWEEP OFF)
and ad just 1'2 to uv.
TIK' thsplay sPOI should now he exac tly ill
the middle of the horrzoural ax is . Fine

adju-amem can he carried out easily with

the horizontal shilt 01the 'scope,

The receiver is tuned to L\75 MIll. The
dcvianou IS "dtusted to +/-5IMI Hz with
tnmmcr 1'.', relilinin!l switc h SWI in the
SWIT I'ON posuion .111 0.1 SW20n I.

If no Rl- sign,,1 gene rator is available. a
satellite sign;,1C, II1 also he used direct. The
X amphtrcr of the os cilloscope is adjusted

S(l that the honzontal line of the picture

marches the sc reen exactly.

ReSistor values P,' , 1'4 11110.1 1'5 arc proper­
uonal to 11K' trcqucucy dcviauou desired:
so aucr adjusunctuuf I' .' . lhe ahgnment (I I

1'4 and 1'5 is carr ied OUI wuh a resistance

mcavurcmcru SCi,

4.
IJSEK KEI'OKT

Prac tical usc has proved that the alre 'ldy
eight years o ld wea lher smcllitc rCl'CIW T01

the author has suffic iently frequenc y stu­

bility. To avoid temperature dr ift lol luwing

switch-Oil. the power supplies to the RF.
mixer and oscillator st,lges 01 the receiver
arc never switched of!'. II' the receiver is
tuned to 1.'\7.5 Mil l 1Il the morn ing. then
the signa l of NOAA 11 1/12. II in range. C,U1
he received all day wuhout rctunmg. The
possihle 1>'lpplcT shill IS not taken into
consideration.

The sole reason lor checking the VCO for
frequency instabiluy is because a crystal
oscillator is used as thc second oscilla tor.
convcrnnglu.? Mil l 10455 ~ 1I1.

A ll improvement 1\1 the srabitu y could Ill:
effec ted us ing the foll ow ing mea sures:

- S tah llisi ng the hilse vo ltagc with
two sihcon diodes:

- Usin g metalfilm resi stors and

capacitors with smal l temperature

coctfu-icnts:
- Adding a ten-turn porcnuorncrcr lor

Very low noise aerial amp lifil'r for the
Lband as per the YT3MV article on pag
90 of VHF Communications 2/92 .
Kit complete with housing An No, 6358
OM 69, Orders to KM Publications II I th
address shown on the inside cover, or t

UK W -Benchte direct .
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Dr.-lng,JochenJirmann. DB , NV

Theory and Practice of the

f-requency Synthesiser

Part I

.\ ll huUl:h nov ad ..}.. frnJurn t', ..,nlh r­

..tw r.. rllfrn pari nf all radin equipment ,
II i clear thill t'um parillh rl , lillff' i ..
k"mll n III IH lU l l hi.. lrt"hnnlnx., in am ill tur
ctrc t . rur oldrr amateur • in pari it'u­
tn,lh"rt' i.. even an i1\f'r..iun In .., nlhro
i"t'r (t lll l w i lnln\miUf'f"'lo . Here. Ih l!'

..hud.. nf Ihr fin•• ••..purinlu '... ve .., n.
Ihll"ro i"r f circu hv" hOI" prnhilhl} Knnt' Iun

deep . II b. lhl!' aim ur ,hi.. IIIr,idr In
rdh·..h ha ..k I.nu" ledJt:e lind inlrnduu '
..umt' mur e recent dt'H'lnpmrnl ... Ihu..
t' llahi inKth e intrrr<olnl reader to lIn.II., ,to

IUllth'rn ...,nth""i"t'r ("lInnoph and tn
t'u h,a lr Ih..m II, hrt'akinr,: th em duwn
101 11 1,,111,", II fund iu",11 unih.

In the second pan 01 the arnclc, the part
l,:lrnlll\ 01 d yntbc vecr w ill be iJc..,,;nhcJ
1Il more de tail ,IIIJ instrucnons arc g tvcn
lor the JiJlH.:mimling anJ the metrological
mvcsugnuon 01 ,ynthc\I,c r~" 111c third
p art c ,," pl,llJI' \OIllC uncrc-nng rcchmqucs.
u'lIIll rwu eU lllp1cs: it UIIF , ynthe twr .
which ", an, Ihe range between 4~11 and
I,.ulll Mill III ~n 1.. 111 "I,·f" and can a,"1a
it Irll.:al O"" llIalOr lor the nil INV lllltl.. tu l
pccr r ur n 'U1al)\Cr, logcltH,r wtrh it trac-

uo na l :\ " )"011"" rwr . \lo hn h ca n ~cfIl..· ril le

frCl.4 uef\l: lC hel.... ccn 10 and 21 1 ~11 11 .... uh
it re-olunon \.11 I:! 5 III

I.
REASO~S FOR 'nn:
I~TROIJl '("TIO~ OF
SY~TIlf:SISf:R OSClI.I .ATORS

The mam rca-on tor the uuroducuou til
')Tllhe' l\Cr (hu llalur, In Iran rmncr and
rccct vcr .... e re the lmprtWeJ lahllll)" Ili lhe
treqccncic generaled and the dctmcd
ge ne ranon ti l Irl'llllen q all oc anon
schemes . In "tlntIOCr,"lill radio, wuh e'l.tho
h-hcd channels. Ihls mcam lhat opc ral ltlll
wa ' Slnlphllc d II the co mplicated pH),.; e ·
J ure for l"ah t>rol l lll~ a VI,O il1l.lllhl a uyst'll
calibrator (W hldl a lso h,ld to he repeated
pc rioJit.:a llyl could he J"JlCnscJ w uh So
the flrsl ,y nthc\I ' I'rs were already hem!!
developed in the ' 1I111es and were u-cd III
commercia l short -wave radro, hUI there

cou ld he nll Ihou ghl ('1 w Idc,preaJ uce

because otrbc valve le\.'hoo lll&)"
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With the progress in semi-conductor engi­
nee ring and digila l technology, new per­
spectives appeared in the use of synthes is­
crs: In addition to the control of tempera­
ture dri ft and ageing. rapid changes to the
generated frequency throu gh hum or how l
badc could now he cen trolled. and the
integrated digital circuits made it possible
to replace the e xpensive mechanics of
convent ional VFO' s. which meant equip­
mcm could become cheaper.

The c xpcnduurc on synthc siscrs for con­
nnuously variable rransunncrs and rccciv­
crs was for a long lime too great: here a
com bmanon of a course-stage syr ubcsisc r
wuh an accurate VFO for interpolation
between the gr id point s was and is the slate
of the an .

Thc advantages of a synthcsiscr as control
oscilla tor can nevertheless be summarised
as follows:

- Accurate frequency selling in given
channel grid s, irrespective of rem­
perature drift and component age­
ing

- Frequency stability spec ified for
only one component. the mother
crystal

- Possi bility of sy nch ronis atio n

2.
IlASIC STRUCTURE ANll
CHARACTERISTICS OF A
.'HASE 1.0CKElll.00P

A l'L L has 1I structure as per Fig. I:

A vohagc-centrollcd osci llator or veo
gene rates the output signal. One pan of the

"

Phe ee
cll e cr l.

PO 'A

Coatrol veo
••pUller G
~OB 1NV ~ t> ~- ~-

"'i~.l: IJasic structure fira Phase Lucked LIKJp

8 1
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nUlpul signal control, a pha« monuor, 10

the liCl:lllld mpul of which is connected the
mp.JI signal (If the pha~ lad.ed loop. Tbc
pbacc monuor or pha-.c drscrmunator
tot ten aNlrcvlalcd 10 PO) ~uPrlic~ an
output voltage, .....hrch 1\ proportionalto the
ptld~ drflcrrnce of rbe two signal~ . An
auror nauc volume comrol wuh low-pass
Ch ;H;ICll·thlll"' cont rols the veo 11\ MIdi iI

way lhal the ph'ISC dtsplacc mcru between
the mpu! signal and rhc veo has II

con stant value (usually II degrees or lJe)

dcgrl,.ocsl.

AI fir I s'ght. Ihl cucuu doc, nee make
much M:'1l"C The 1nJ"l.1I SIGnal come (lui 01
the veo .I11.un wuh the same f'CtjuctK:)'
110.... ever. a closer look reveals the (011\1.....­

mE charil,'la h IIC\ of the I' LL control
c uvuu:

- II the mjuu slgll<tl h,.\ amplitude
modut.urou. iI suitable pluvc diS ·

crinuuator will ignore the AM and
lrlUlS UUI only a frequency mooul,l­
non (II prcscnu 10 the YeO, I,C ,
Ilk' crrcuu "' (lrl.s hl.c a hmuc
amplmcr
Tbe Ir~lIency modulanon 01 tbc
IIlpul slgndl Will be transmuted 10

the YCO onl~ If lhe modulation
lr l'yUCncy I lower than the cut-o il
ot lhc contro l amphucr. 11m can
he ul-d 10 rcgam the earne r Ire­
4Ul' lh:y front a trcqucncy-r nocn­
t.llcd SlllllOl I or , 11Ir example, to
suppres unwanted high-frequency
sPUfiOllS modulauons.

- TIle tollowmg behaviour wnh
n('l s)' lllput Signa ls ari ses from
"'hal hOI JU I been ",u d ,\ "slow"
I'LL CUCUll With 41 hlgh-l.luilhly

Veo '"nh good noise characrcns­
IIcs Will 001 lollow lhe nois), lllput
Slglllli aoo\'e lIS cOnl101 CUI -oil ,

Only in the (,0",101 range i5 lhe

noise superposed on the veo.
11m means Ihat !lr IWIY from lhe

carrier the phiS(' noise i' deter­
mined by the high-quahry veo,
and in the vicinity of the ca rrie r by
lhe inpul sign,iiI . This con fig uration
is therefore suitable for removing
wide-hand noise and spunous
modulauons Irom the inpul signul.
It , on the contrary, the yeO is
poor , wh ich generalcs a greill l deal
01 phase norse. for cxample. due 10
lis Wide mnmg range, tben liS
nOlS(' l:!larlldo:nsuc' can be rm­
proved wtth II rapid PLL. pro\'lrJo:d
II low-nooe reterence "gnal IS
avallahle .

- w uh «uuablc pll"se drwnmmanon
u is also posslhle 10 s)'lIchrunlse
the veo to harmonic s or Slln.

h M 1I10l\l CS ot thc mput sign;II, One

applicanon, lor exa mple. W IlUIJ be
Ihe syndmmisa lioll 01 0111 "s( illall' r
10 rbe IIpper harrnomc wa\'c 01 a I
Mil l apldl oSI..·ltlalor Here rbc
phil\(' control cucuu tome, iI high­
YIIOlhl)' tuneable filler. lhe Ire­
YI~Il\.")' 01 whrch IS \('1 h)' mcau III
rbe prc-nmmg ot the VCO

011 Ihe NSls 01 the se prlUoplcs. lhe
\arltlll~ I'LL l:lrcuils ( an he divided mto

dillerc", apphcanon ranges in accordance
wuh thc rr control band w id ths :

o Extreme ly slo w phase conlro l vir­
CUlls WIth 1,;011"01 11Imi In"qul"lll:il:' s
In the range 01 tracnon of it I Icr1l
are found m the prcpa ranon 01
, Iandilrd Ireyocll\.·les. The)' can he
u'Cd. fo r example. 10 Iml. a VIIF
l:' ryslill l oscittaror. ~ Iahle over hnd
periods, 10 a standard. stab le over
long periods. for c u mple a nlhld-
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ium standa rd, for dri ll com pcnsa­
tion purpo ses.
A simila r application is the syn­
chro nisation of a crys tal osci llator
with a norm al frequen cy transmit­
ter . e.g. l>Cl'7 7, Here, however ,
the contro l must have a lime
constant of hours, so that the
daytime propagat ion osci llations do
not make themselves felt as a
frequency modulatio n on the crys­
tal fre4Ul:IKY, The knowledge
gained above can be we ll used
here, TIle input signal 01' the phase
contro l circuit has a spur ious Ire­
4uency modulation of which the
lowest freq uency is IIday, since
the propagation osc illations vary
with the dail y rhythm. In order 10

suppress this interference. an ex­
tremcl y low cont rol limit frequen cy
should be selec ted, For the crys tal
osc illato r 10 attain a stability com­
parabl e with the OCF signal, it
must itself have such a stable
frequ ency that there is no nonc e­
able drift in the course of a day. II
can be seen thai a link with ,I

standard frequency transmutcr is
logical only if the local crystal
osc illator is of co rrespond ingly
high quality . Anyone with a deeper
int erest in th is to pic will find
further informaricn. for example, in
(I ).

f) S low and medi um-speed I'LL con­
tro l circuits with control band

18 l MHI
--- /

/
a.llIl , • • •

:;; _ _ " ·' MH r

OB INV
FiK.2: Frequen cy S)'lllht'Si s lIsinJ,: lht' filtration prwes s

. 3
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() Extremely rapid pha se regulation
ci rcuits with rcgulano n band
widths 01' more than IIMI kill arc
used prcdcmmaruly {apart from
their usc in digital transmission
en gim'cring) 10 co nnec t oscilla tors
wuh very broad lllnin~ ranges 10 a
low-noise reference , For one lhlng,
Veo' s tuneable over a broad hand
have low Q -valu es, and for another
even the lowest noise and hum
voltages act as spur iolls module­
lions. Synchronisation wuh a low­
noise re ference source through a
broad- band I'LL ca n improve the
phase noise 01 the veo hy orders
01 magnuudc. The main appli ca­
lion 01' such regulation c ircuus lies
111 radio frequency mcasurcrrcm
equrpmc ut. e.g. 111 !l)nlhcsL"t' r­
tuned standard signal gene rators

J.
I'ROCESS FOR FR EQUE;I;CY
SY;I;TI IES IS

A frequency s)'nlhes lscr cuc uu's job is to
ge nerate from an c xisnng rctcrcnce Ire­
qucnq (e.g a crys tal oscillalor) an output.,

frequency which can headju sted III stages .
lhe stability and rcproducibiluy of whuh
correspond 10 the reference . Phase loc ked
[IXlpS are not necessarily co mpulsory here .
The same end can also he achieved by
means of frequency dividers, miller s tages
and fillers . Frequency syndlCsis proce sses
mvolvm g the usc of 1re'-lllCncy divi sion .
mi lling and reproduction are generally
described as "direct synthes is". and proc ­
esses lI ~ing I'LL' s as " Inducersynthesis

So that the struc ture of co mple x synlhesls­
crs can he understood . the mdrvrdual has l':
processes and lhc corresponding func ­
non al unu s arc now presented :

.\, 1. Til t' fillf lltinn prwe..s

For a long time, simple frequency synmc ­
sis proc esses have been used in soon -wave
receivers 1II wh ich the oscilbrcr signa l IS

generated by mixing an accurat e VFO with
a reversible crys tal (" bam! crys tal"). This
WIlS done 10 avoid the VFO frequency
range. Th is solu tion was acce ptable for
amat eur cqtnpmcnt . For receivers with a
l'OI1! LIlUOIlS Irequcncy range 01 n 10 .lll
Mill., about .lll l:rystai s were required if a
VFO lunin g range of I Mi lt was used
Since lhc cryslals had 10 be individually
tuned, the manufacnmng and cahbranon
COSIS were cons ide rable.
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Fil.:.6: A I'ha!ot' Luck ed I.IMlP with frequency d ivid er

An alterna tive was found in the shape of
the following process (Fig. 2), A crystal
oscil lator (e.g . I Mllz ) powers a harmonic
generator stage. al the output of which all
the harm onics of the crystal frequen cy arc
Included . up to a pre-set maximum fre­
qncn cy. The desired harmonic is selected
by means of a tuneabl e filler and fed into
the receiver circuit. On ly one crystal is
requir ed. and apart from the VFO calibra­
tion the receiver requires only one crystal
to be tuned . The cos t of this technique lies
ill the filter, tuneable or reversible in
stages, and increases with the requirement
for the signal 10 be tree of spurious
emiss ions. The expense on the filter can he
considerably reduced if thc circuu is
e xpanded, in accordance with Fig,] , by
two mixers. a low-pa ss and a tuneable
oscilla tor.

TIlC harmonic spec trum generated by the
crys tal oscilla tor is spectrally limited
through a deep pass and mixed wuh thc
signal from thc tuneable oscillat or . If the
sum of a crys tal harmonic and the osc illa­
tor is in the pass hand of the subsequent
band pass, il goes through to the second
mixer and is mixed Oal'k into the original
Freq uency posiuon - hence the name ,
reve rse mix process. TIll' two mixers and
the fixed -tuned filtcr are used 10simulate a
variable-fr equency filler. But the best of II

86

is that the tuneable oscillator used fo r
mixi ng docs not necd to be speci ally
stable . since its frequency drift has no
influence on the output as long as the
desired mixed product lies in the p ass-hand
range of the hand pass ,

Thi s proce ss was developed in the 'fi llies
for cc mr ncrctat communtc anons receivers
hy Dr. T.L.Wadlcy at the Racalcompany .
and ca rne into usc in the first ama teur
all-hand receive rs. such as the Barlow­
Wad ley XCR,10 or the Drake S5R I , about
twenty years later.

.\' 2, The mixinl: process

If a large number of crys tal-stabilised
frequencie s are to he generated in a pre-set
channe l grid , this can be achieved by
mixin g suitably staged crystal oscillators.
the expen se being even smalle r than with
individual crystals. Fig. 4 shows one
example of how this sys tem was used , c.g.
in Collins mi lilary aircratt radios from thc
valve era: this synthesis concept generates
Frequencies in between 225 and 400 Milt
in lhe 100 kill gr id. Two decimal-stepped
reversible crys tal osci llators direc tly gcn ­
crate the 1110 kill and 1 Mil l stages. i\

nincfold crystal oscillator with a thermo­
stet supp lies the 10 Mil l stages. Because
of the man y selective amplificr stage s. 10
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be synchronously mechanically tuned, the
equipme nt wa s a miracle of hghl engineer­
mg. TIle co, l of rnamrcnancc rnuvr have
bccn consrccrablc.

A similar process was perfected m the
same period, whi ch wa s referred 10 hy the

tcnn "frequency decade". and whidl had
the advantage rbn Ircqucncy resolutions of
any 1'1IlCIlCSSrequired could beobtained by
means 01 ~'a scadifl8 idcuucal opctattonal
units. Frequency dcl:ades (also referred to

a, dccadic synlhcsi,e rsl have rbc great
advantage thai all csc jllarors run penna­
ncnuy af nxcd Irc411Clldc, and need to be
reversed (lilly onthe output side. Since no
I' l L control circuns reed Iu huild up,
trequcncics can be changed more rapidly,
which sI;1I secures a mOHkcl share for thc
frequency decade even hxby.

Fig. 5 shows the basic str ucture 01' ,I chain
cons;.\f;lIg 01 IWO decades: all mput Ire­
ljuenq. Fo. of. for example. \11.,.11 Mll z

., G
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Frequency decades were already lll:lIIg
huill in the valve age and were the first
symhcsiscr circuits which carne into usc in
large numbers. Older amateurs will per ­
haps slill remember the "Schommdl dec­
ades" with 50 III 100 valves .

_\..\. T he phase IU4:ked Iuu p ""i1h
adjustable dhider

If the phase I(....'ked loop trorn Fig , I is
expanded, in accordance with Fig. 6, by an
adjustable frequency divider between the
Vf'O and the phase detec tor, then we have
the simplest form of a I'LL Ircqucn cy
vynthcs iscr. TIle reference frequency is
selected as per The desired grid poinl
interval (c.g. 25 kill.). and hy selecting a
suuablc divide r factor we can usc any
whole-numbe r multiple of the reference
frequency. The vt'O is dimensioned in

makes multiple frequency changing neces­
sary . A relatively mode m frequency dee ­
ade wilh mulli plc shirring is, for example ,
the 1'1'5 160 (2) . The great advantage of a
frequency decade is the rapid frequency

. changing; for this purpose, the mi xing
frequen cies requ ired for Gl.. ,Gn arc cen­
trally generated for all decades and only
buffrr stages and switches are used in the
individual decade s instead of the genera­
tors.

(11I, _ (I
Q

.;. 10 ,)110

As can he seen, by cascading the decades a
signal can he generated with as fine a
frequenc y resolution as desired .

However. in practise the simple structure is
temperamental. since harmon ics of the
input signal and direct breakd own of the
pcncrarc rs. G 1 or G2, must also be taken
into account in the mixing process. which
increases The cost of the hand pass filler or

'0 10' lG2
'2 - (', .'G2)11 0 - - • - ... - (2)

100 100 10

and acts as the input sign;l! for a second
identical decade stage with G2 as osc illa­
tor . The output frequen cy, F2, lhen equal s:

(~ ------------'-"'-=====
is mixed , through a mixer . with an
osci llator tuneable in 1 Mll z stages be­
tween 90 and ]flO Mll z, G 1. leI the
osc illator. 01 . he synchronised with the
decade's standa rd frequency of 1 Mllz. In
the simplest case. G I can he a " locked
oscillator". which is synchronised through
direct coupling in of the I MHz reference.
Anothe r possibi lity is the usc of the filler
precess mentioned in Section 1. with 10
reversible band passes. TIle total of Fo and
G I is fihcrcd ~l U I using a travcthng hand
pass filler and then divided by 10. The
freq uency, FI. al the outpu t of the divider
is then:

- - '.
NY '11

Dh tde r pn-lIl,ld .. r

PO I-- ,N 1-- - ,v I--
• "J• • taU. rI ...

COll tro l ""~ •• p p I-- G~
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Fi~ ,9 : I' Ll. Irequen cr range expansion with filed pre-dlvtder

BB



VHF COMMUNICATIONS 2193

I h IUU. , " ' ... "

C. .. ~.I I- "...
c......

""h, --'. ' io U .. -0+ PO , M L- HI lH.11 i-

e.....1 -0lI1 NV - 0 '.,. •~

'"
'. " . '.'" " 1

.·i~.IO : Fr equ ency ranue expa nsinn with du al-modulus pr e-divider

accordance WIth the required rurung range
and the low-pass filler in the co ntrol
amplifier is to be selected in such a way
Ihal, firstly, the contro l loop builds up
rapidly and srabily and, seco ndly. the
res iducs of the reference frequency which
is still pre scm lithe pha se detector output
do not reach the veo and generate a
spurious modulation there in the form of
seco ndary lines with the interval of the
reference frequency . Many sins were com­
milled by the Ilrst radio sets wuh I'LL
symhcsisers In this conte xt. becau se the
steep spike pulse s from the Frequency
divider and pha se monit or reached the
veo in every possrblc way and laid the
foundation of the " lamcc fence image" of
the synthcsiser techniq ue in amat eur cir­
des.

The basic circuu described is suitab le for
the generation of rreqoenclcs below app.
50 Mill m wide channel grids above
appro..imatcly 10 kllz. Al higher freq uen­
cies , creanng adJuslablc frequency divid­
er becomes more and more difficult and
expens ive. so that II is better 10 use one of
the three following circuit vananons. For
narr ower channel grids. the build -up time

for the control loop becomes 100 long.
since then the limil f~ltcn..:y of the
control amplifier must he se lected low . in
tbe interests of adequate suppress ion of
spurious emissions. Controthng tbe hum
and howl back of lhe veo is thus no
longe r poss ible. In this case. it is better to
tum to multi -loop I'LL 's. fracticnal-N
tcxhnil.jucs. direct digital synthes is or a
combination thereof.

.\.4. l 'nase loc ked IUllp ", i1 h mh in w;

If the veo is to work al frequencies whi ch
can no 11l11 ~er he econo mically proce ssed
using an adju stable frequen cy divider . then
a process in accordance with Fig.7 can he
used . TIle output frequency of the veo is
mixed down using a crysral-stahjhscd
reference rrequcncy into the operating
range (If the frequency divider (usually
below 10...20 Mill ). Should the lunin g
range of the veo exceed ucsc Ircquen­
des. then severa l reversible crystal oscilla ­
lars art used and switched appropriatel y.
Thi s circuit is sull used . eve n toda y. in
many synthesisers for VHF cqmpmcnr. in
panicular for FM portable sets . II can be

8.
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fixed frequency divider. A PL L with a
fixed pre-divider In accordance with Fig. I}

is the standard circuu in lunin g synthes is­
en for VII F radio equipment. television
rece ivers and video recorders . 10c fi xed

. pre-d ivision operates as though the adjust -

able frcqoency divider could be adju sted.
not in s in~lc steps. but only in multiples of
the pre-division. Th is is equivale nt 10

saying that the refere nce freque ncy can not
he selected atlhc phase discnmmator 10 be

eq ual to the channel interval, hut must he
selected 10 he smaller hy the pre-di vmon
TIlls has the following cOflSCt!ue llCcs.

Ow ing 10 the lower phase monuonng
frequency. the filter is 10 hedim ensioned III

a lower frequen cy to remove the monitor­
ing trcqucncy residues. which bnngs about
a slower huild ·up of the loop after a
treqncncy change. Moreover. the slower
loop can control bad imcr tc rencc on the
veo frequency . e.g. hum or howl back.
But these disadvantages ca use hulc nnc r­
terence in the audio systems sec tor: lhere
is no continuo us Irequcncy swuchmg , as
with a radio set opcratmg liS a transceive r,
the build -up nmc of the s)"nthesiser for a
channel change is not cnncat. whereas. for
exa mple. on a T V set the picture and hill'

~l~. The phaselocked ICMlp ",ith
pre-dhidt"r

In cos t-cnucal m.t~s product-on apphca­
lions . c.g. III audio systems. the cost of an
addumnalcry-tal oscillator or a multiplier
with a filter I~ higher than IIMt of it raprd

It-- ------------"""'-"''''''''='''''''~
..tructured so as 10 save more energy than
the pre-divider processes dcsc nbc d in the
ne xt two SC..:I IOflS, TIll: di sadvit ma gc of the

mi xing process is that the cntput Ircqucncy

of itl !c;!'! IWO crys tal osc illators is
dc tcmuncd. which unpaus the long-time
-rabiluy. The, CUll be got round if the
mixing oscillator frequency is generated.
as per Fig. K, by multiplying and filtering
the reference crystal. By switching over
the filte r. it large veo luning range can
also be covered Thi s crrcuu can he sci up
as it combmanonot it I'LL synl hCShCr wuh
it filler symhcsiM:r as per Section 3.1..
Many radio equipmen t manut acturcts go
still furthe r and also usc the reference
crystal as a mixed osc illator tor convcrston
to it seco nd mtermcdr are freq uency or as it

BFO. The goa l is thus achieved of takm g
the rece ption or transmission f requency

hitck 10 an indrvrdual referen ce frequency.

OBINV
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synchronoanon muu abo build up, and the
requirements m relanon 10 the accu racy 01
the veo in the vicuuty of the carr ie r arc
cons ide rably more relaxed than in ssn or
lc1egraph mode .

I'LL's wuh us ed prc-drvr slon a re hardly

ever uccd in radi os . The cpoons dcscnbcd
m Sccnon Le. are more of len ma de U"C' o f,

with 11 revernble pre-dl\'lder.

,\,6_ Th e pb a-e IlId.«IIIM'P "'ith
nt' t'nihll' prl',di, Ider

The pha se locked loop wirh rcvcr srblc
pre -divider ~-ombmcs the advantage of lhe
cncuu opuons above. lo ....cr expense as

a~1Imst • nux, wuh the hl~her phase
momt onng IfC\lucn cy 01 the mi'(mg PlL.
Phase locked loops wuh rever-able pre ­
dl\'ldc rs art" also de SCribed mtbc lncrarurc
as PlL's wnb dual-mode prt' -s,alcrs or as

swallow counter PlL' , . The key compo­
rent here IS a rapid prc-dtvtdcr, ....hich can
be swucbcd usm g a control Slgrul 10 lhe
div tdcr tactors N and IN • 1) : pos~ lhlc

drvidcr factor s are WIll , ~ l/4I , l'i1i1S1 or

12l'i/IN 11k: tmcture of a I'LL w uh a
dual-mode pre-dls'lrJcr IS shown m lrg. 10.
and lar gely n lffesp" 11ds 10 a I' l L wtrh a

uxcd ptc-dtvtdcr, c",cpI Ihal. pdrallcl 10
the adju,Ial1le trcqucncy dn Ida there
usually known as an M-di s'idcr) a further
adJu,lal1lc counte r is mounted. whi ch uscs

logic 10 swuch the pre -drvtdcr between the
drvrdcr factors Nand (N • I ), The
procedure IS a ~ follows, when the M­
divide r overflows. both A-dividers and
M-d lvider s arc loaded wuh their pre-set
values and hcgill 10 !,;{lUIlI upward s in
"..:ommon n1(wJe", wllh the pre ,divider
swil..:hed 10 (N • I). II lhe A-d, vider has

counled down [0 l.cro. lhe pre-d ivida i ~

sWlls'hed to N .tnd the A -Jivider is Slopped

untilthe next overflow from the M-d,vider ,

The cycle men begins again . TIle overflo w
pulse lrom the M-coulll er controls rbc
pha se discriminal l,lf. M pul ses rer cycle
are needed artbc output of the pre-divider,
so the pulses from the prc -dl\'irJcrs A are
switched to IN + I ) and t M • A) puls es are
switched to N. 'The veo also has 10 sUJ"J" I)'
osc illation cyc les m a cycle of:

A(N.I)+ (M - A)N

Byconver- 100, the 1000a\ dlvl\kr factor thus
becomes A + MN. which clIrrc~J"'lIlds to
lhe dc~lred result . In ' PIIC ot lhc pre ­
diVision. lhe phase monrtonng trcqucncy
can be SCi m slagcs usmg lhe auarhary
d mder A, Tbc A-dIVIder mak es a kmd 01
mtcrpclanon fJO"slhlc between lhe Ire­
4ucnq stages pre-sci by tbc prc-drvioon
(If /'10 limes pha se rnonuonng Ircqucncy.
S ince the swu chmg cycle between N and
!'\ + I is sy nl,:hrolloll~ With tbc refe renc e
Ircqucfll.').lhcse PhX'cssCs arc nor l1OC!("C­
able as spuril,lUS modulauon-, 10 the pha se

detector s ignal. Modem uucgratcd PLL
(In.-uils comam the logl":and the A-d,s'ider

10 dr ive a dual-mode prc-drvrdcr. and Ihc
structure 01 such a s)'lIthcs lser thu be
comes relativ ely s imple This " rCUIl has
Ihcrdnre become a standard module 01
man )" modem radios.

J ,7, Th e ph ..w !IH:l l,'d ICMlp "' ith
multipikal illll

TIle di" ldvanl;tge til [he I'LL vrrcuu
presented aho ve with ,I frequency divid er
in the cont rol loo p i ~ that ,t ~ pu T iollS

modulation Il l" the veo III ils ph,tsc
variation is di\' id~'d downlxlore II ;!rrives
al lhe phase discfllllin;llo r. TIK' 1111 I,'i\IU ~

idea of s imply rai sing the ,lIllp ll li~',l l lOIl 01'
the eo tllro l amplifier III order thu s to

"
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improve the control of veo instabilities is
nOI pracncablc fur two reason s, Firstly.
both the frequency divider and the phase
discriminator genera te extremely sma ll
pha se instabilities. wh ich ca n nor be
disting uished from the ph,ISC noise 01 the
Yeo. T his ran evert go so far tha t the
noise conmburions of the divider and the

phase discnrninator predominate at the
control input of the veo,and the I'LL can
even make the noise characteristics worse .
Secondly. a phase drscnrninator can sur­
ply on ly an endless quannty of . ' readings'
per pe riod 01 ns input signa l for phase

dcvuuion, it Ulgll;l l drsc rimmator supplies.
lor ex ample . one or two ecadm gs per
pe riod. Th is means that taster phase
oscillauons in the veo signal can nor he

controlled 111 prmc rplc. So the control hand
widt h 01 a di vider I'LL is also rcsmcrcd 10

a fract ion of the phase mo nuoring fTC­

4uc1l9 ·

111e solution 10 these problems is a phase
discri minator wluch actx direc tly on the
final frequency (I f the v eo and is driven

by means of the reference frequency: Fig.
I I gives an outline diagram of this. Al

higher frequencie s. I'L L's of this Iype can
no longer he created using the standard
circuits for phase dis cnnunator s cons isnng
of logic ga l e~, so we have 10 turn III thc
follo win g solution. The reference ftc­
4ucn..:y is co nve rted into a se4uen..:e of
cxrrcmcty short pu lses using a step­

recovery diode and fed into an ana logue
phavc discnminaror . tor ex ample iI rmg
m ixer. at the othe r end of which is the

Veo sign'l!' TIle equa l frac tion al the

mncr output follow s the Veo lip in
lami liar Iavhion . Th e tunc tiouiug of the
phase monitoring can also be under stood

as mixing a harmonic with all intermediate
frequency of zero. III principle, the veo
can be locked 10 each harmonic of the
refe rence frequency. so a prc-turnng of the
veo mthc vicinuy of a locking poin t, c.g.
usi ng a dig ital-a nalog ue conve rter. is stil l
flel:ess.lry for the defi ned selling, 111e
advanta ge of Ihis ci rcuu cu ginccring is
tha t, Willi reference trcqucncics in the
mega hertz range, a control band wid th of

several hund red II I ca n hc obtained. so
tha t even wide-hand control of the veo
phase noise IS possib jc. This Iype III I' LL

I oe n 10'
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can he regarded as a kind of vanablc­
l~uclXY filter, ..... fuch prc.:iscl)' Iihcn OUI

one In..~uo:n!,;) lrom lhe "lance renee" 01
lhe retcrerce spectrum

The rep-recovery dlooJc and rrmcr sub­
.as embllcs iHC m pral:llsc manut .....:lUrcd.as
co-called amplmg mucr: or sampling
pha c discrmunators. Wc shall come Iu d .
l \llhi ~ intercsling circuu.

,l X. HiKilal ini erpllial ion

11JC dl alh anlage 01 the synlhcSl'\('r con ­
ccpr dcM.nheJ above IS thai the pha'\('
monuonng IfCl.juclll.')' pre-Jctcmllnc~ tbe
Irel.juclIl:)· gnd A narrow f~ucOl,; )' lInd
mean a low ptLtsc mcnuonng l re~uclI..:y

and 111U' a I(lng hui ld-up lime aner a
IrCljIJCI1I:)' change and insutficicn t cont rol
(11 nucrtercncc 11 11 the Yeo. Wc thcrclore
look ed lor wa),s 10 develop ~)'lI t hesiscu

with tine frC~IlCIIC )' rcsoluuon and ~;t tlS '

Id.:I(\ry control behaviour atrbc same lillie.

TIle fir , I d igital uncrpola ucn process h.u
onl)' modest cla uns 10 freedo m lrom
harrromcs. bul II terms the ba SI tor an
unJcrsl<l ndmg of tracuonal-N enginccnng.
Dlltltalllllcrpoialloo was introduced mtbe
ama teur literatu re quuc some ycao ago
throughthe "Sucdwind' radio (3 ),

TIle ha-ac conccprrs sunplc. II we pcnodr­
(;all)' sWI I!,;'h ove r the dmdcr r",IIObetween
Nand N + I In a d,,'ukr· , yntbcvrser,using
an)' cucuu enltl1lCCrm~, the phlI'IC diS·
cnrrnnnor in the midd le IS presented w llh a
trcque ncy which lie between the treqec n­
ocs represented b)' Nand N + I By
vary mg the keying reno. we can SCi the
"imcrpol.rtcd' frequency. For example.
should rhc divider factor N represent the
trcqucncy of llI,lNNI Mil l and should N +
I represent 10,1110 Mll l , lhell , II we swuch
over In the ke)' lng ranc 1:1, we gel an
average output fn::4uCOl,;)' 01 lll ,tU!! Mil l
!-l.r a sei ling of 9 1une 1II111s N lind one tunc

uml N + I. we I!el an <JUlpul l rt'\jucOl,;Y01
1U,lNII Mllz, BUI ~IIII:C the ptusc dl~'f1m l·

narcr ne'er receives rbe rctcrencc Ire ­
4ueno:)' presented . hu t II frequency which i,
100 high or 100 low , a conuo l vohagc will
torrnwhich tncs 10 ngfucn up the vt'O. It
the conrrc t loop is la sl enoug h, thcu the
veo will Jump back wards and forwards
betwee n the two frc~lIelXlC ' , It wc male
the co ntro l loop slow, lhen the control
amphhcr a\cr.lltcs out the oscrll anon.., 001
lhe build-up behav iour beo:omcs ",IU"ISh,
The fina l effec t IS thai no SIgnif icant
ad,'anlagc is obIa llJcd as 3f:.alllsl II I'LL
wuh a lower reference l rcqucncy and thu s
a 11Il1'f rcsolunon. With add ll llllla l ex pense.
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Fig, 12 shows an Inuial approach 10
solving the problem. i\ normal synrbcsiser
forms the bavic equipment. Between the
veo and the adjustable frequency divider
a circurt is introduced which I miglu

loosely describe as a "pulse claw circuu"
II cuts 0I11 precisely one period from the
signal coming from the YeO if it is

activated. 11' the circuit is activated once III

a counnng period 01the selling divrdcr. Ihc
veo must then generate N + 1 pulses in
that nruc instead of N, TIll' "pulse claw
circuit" thus hrings aboutthe switching III

the divider between Nand N + I without it
being ncccs~itry III rc-prograrnmc the dr­
vader . The swuchmg is controlled ~y a
circuit unit which is also new, the sched ­
uler, So tar the structure corresponds 10 a
vyntbcsiser using digital uucrpolanon

As a result 01' the pcnodrc switching
between Nand N + I. the output voltage 0 1

the phase momtor now contains an Ae
voltage traction which would modulate the
veo and cause mtcrtcrcncc. In order 10

compensate 1'01' this uncrtc rcnce traction.
an additional stage is introduced between
the phase discnmmator and the control
amplifier whic h rcCCIVCS its s igna l from it

digital/analogue conve ne r. The D/A
convener is provided with the digital
compensation information tJy the
scheduler.

In the literature, tor exam ple in (4) or
(5),wilh regard 10 the ohlainlllg of the

compensation signal, u says only tha t it
can be calculated Irorn the inte rpolation
frequency. In order 10 he able 10 under­
stand the procedure ,Illd lhus construct the

scheduler. ICI us start w uh the tollcwing
imaginary experiment. Suppose the syn­
thcsiscr is operating al an OUIPUI f rcqucncr
of 1lI,lltH Mil l and a phase monitoring
Ircqucncy of !lin kil l , lei the selling

_\.9. Fracliulla l· ,\ h'chnlllul{\

l-ruc nonal-N symhesiser, usc the idea 01

cyclical swildlin!, between Nand N + I
explained ,IIxI\'C to interpolate between the
trcqucnctcs pre-determined hy N TIle
decisive addltiOllill C(IIIl'Cpt i., to cornpcn­
sale for the periodic interference voltage
arising al the output 01 the phase discnnu­
nator instead of filtering it out. TItUS the
characterist ics of the basic symhcsiser
with a high mcnuoring frequency can be
retained. hut with the fractional-N technol­
ogy supplying rhc finc interpolation rcso­
lunon.

\~ -------------"""-'''''''''='''''-'''''''''''''
u is certainly possihle 10 scr thc frequency
lying nearest in the channel grid immedi­
ately when there is a frequency change.
with it small control time constant, and
thcn til acuvarc thc mrcrpol.uionlogrc WIth
a lar!,cccm roltimc constant . However.the
result he,ll'S no relation to the expense

K-r('rt'II('I' Phase Accumulator
I'l'rind Contents

F=Il.2 F=0.6

1 0 II
2 2 0
.1 4 2'
4 0 ,
5 , 4'
0 0' II'
7 2 0
X 4 2'

• 0 X

III X 4'
11 0' II'

12 2 0

13 4 2'
14 0 ,
15 X 4'
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divider be programmed 10 N • ]OIL
Normally this sell ing IS not stable and the
phase monucr will pull the veo down III

1O.0UO Mll z. If we keep the veo al lis

fre41K'IKY. then the pha se difference be­
tween its divided down signal and the
reference frequency will incrcusc with
each reference period . Sin ce the actual
VeO oscil1atiml is higher than co rres ponds
to the dianne! grid. a staircase -type voltage

sets in. in a negati ve direction . at the phase
di scriminator output. whi ch want s to pull
the veo downward s. Without further

mea sur es.the staircase- lyre voltage works
ag ainsl the lower se lec tion Iimil of the
phasc discriminator , RUI if we cut out one

pulse from the veo signal. with the help
of the pulse cla w circuit. then the phase of
the divid ed veo signal is pushed back a
ce rtain am ount, the output voltage of the
pha se monit or jumps upward by a ce rtain
am ount and re mains wuh in its ope rat ing
ran ge , The scheduler must thus activate the

pul se claw circuit pcnodtcatly and thus
keep the pha se monitor in the operating
range , The interference signal created by
the switching belween Nand N + 1 is

consc qucmly a sawtooth, the amplitude of
which depends on the height of the phase
jump in the N/IN + I) sw ildling and thu s
(In the divider factor N.

The interference is success fully compc n­

sated for if the U/A co nverte r gene rates a
sawtooth of cqmv a jcm vizc hut di splaced

throu gh 110\11 degre es, The control amplifier
records the Iota I of the IWO signals, which
in the ideal case is an equal traction, and

keep s the veo at the frc411CIlCYof 1O.(JlII
Mllz. i.c . between the grid points.

11,e scheduler is cons tructed in accordan ce

with it process which is known by the name
of phase accumulation . Th e outhnc dia­
gram in Fig . 13 shows that a so-called
phase accumulator is linked 10 an adder in
such a way lhat its contents arc pcrioh­
cally increment ed hy the contents of the
frequency register (it co ntains the Irac­
tiona I pan of the divider ratio) . Thi s
process is repeated every time the Ire ­
4ucllcy divider ove rflows. Th e overflow 01
the adder drives the " pulse claw circuu"
and the upper bits from the phase accumu­
lator Iomr Ihe input signal 01' the U/A
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\,.'\lII\'CnCr lor the mtcrtcrcncc signal com­
pcnsanon As already rrcnnoncd. tbc com­
pensation srgnal bas snl l 10 he mulnp hcd
by the N·divioJc r rano ..cl. The Mmpbl
way 10 do this is hy mea ns of a supcn m·
posc'd pulse width modulation. We can, for
example. comrol the swuchmg-on lime of
the cornpc usauon s i~na l propornonully 10

the pcnod .c J uration of the Yeo. wuh a
high N andrhus a high veo frequency. we
then amotuaucally gel iI shorter duty cycle
lor the compcnsenon signal.

The word w Idlh of lhe phase a....cumulator
corn:s[1'l llll.1s to the number 01' ., ITa....nona!"
Irc4 11CIll.:Y sll'ps between IwO N·slagcs. II,
lor ell.;lIl1ple. we wish 10 insert lUI
tracnouat frequency slages between the
grid stages. then the phase accumulator has
it word w id th of Iw O deci mal places. The
way the phase accumu lation functions can
he seen more dearly in the following table.
Here a word width of one decimal place is
ass umed and the phase accumulator con-

ter ns art shown for IWo lrcl.juency sctungs.
namely tor a broken traction (If 11.2 and o fl .

For the addinons marked with 01 star. an
ove rflow lakes place . which mggcrs 01

swuch 10 the divider rauo N + I for (Inc
reference cycle by means of the "pulse
claw ci rcuu". In the lell -IMnd exa mple, the
system is swuchcd 10 N + 1 tor one cyc le
11\ l ive, which corresponds to an avera ge
divide r factor of N + 11.2. In the righl -hitlll.l
exam ple . the swuchmg lakes place m mrcc
cycles til l ive, which corresponds to a
dive-ion of N + (1,6. In the Jell-hand
e xample, the saw tooth pattern charactcns­
IIC (If the phase accumu lator comcnrs and
thus the correction signal can he recog­
nised. In the right-hand case. the paucrn of
the correction Slgllitl lS less eas ily apprcci­
able.

As can be seen. the addit ional electronic s
for a fracuonal-N synrhesiser can be
created using slllIldard circuns, bul the
expcnduure 00 digua l technology is coo-
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sldc rllhle. The di~111l1 opcrauonal umo are
therefore combined into industrial orcuus
10 Iomt apphcauon spec ific integrated
circuits (AS ICs), Examples of this can be
Iouud . lor e xample. rn (4 ) and (S). Perhaps
one or IWOof our readers can look at these
cqutpmcm hand books in the QRL, Since
the ASI C path is not open III the normal
amateur . lillie attention has teen paid 10
this circuutcchnology upto now ,

TIle au thor mcd a way 01 crca l1l1il dl1,: ltal
logiC usUlg the lillie man's ASI C, a
«mglc-ct np rmc ro-controllcr. The mam
proble m here was that the Iracuonal-N
s)'lllheSIS was nOI good enough, Since
man y swttchmg processes arc l ak in~ place
so slowly that they arc Within the cont rol
b and width 01 the I'LL , extreme demands
have 10 be made on the de-coupling otthc
mdrvrdual suo.asscmhlies. anti the nisi 01
tlns is an order of magnttu dc higher than
tor a "normal s}"lllhcsiser" A detailed
dcscnpuon Il l' the slnlhesls~'r circuit devel­
oped by the author WI ll follow 1I1 1'an J (II
tim arnclc.

.t llJ, IJin'1:1 J) i~ il al S.Hllh t,..i.. (IInS )

Synthe.~hcrs usmg the circuu ledllllllugies
desc nllcd so far ca n gene rate high-411al lty
signa" 01 almllsl an)' f requency . But there

arc apphcauons which rc4111re sl~ll.Ils in
Ihc uppe r ki lohert z range and can li n ' With
comprollll~cs as 10 qualuy, and therefore
need a more favourably pnccd synthcsr-cr.
Convcnnon al rccbuotogy IS nOl very ap­
propnatc for all mrcgratcd and lhlls cheap
SOIUllo lI. II is worth striving for a synlhl's is
proc ess. which can largely he pllt into
pracusc using drgua l circuits and requir es
a d lgitill/anillogue co nvener only as a t tnal
stage , In an e xtreme case. such II smrbc­
...scr..:elll he crcaled as an II1tegratcd CIfCUll .

A modulanon tracnon allo wmg. Ior cx am­
pic. digItal Irctl"c ncy moduleuon. phase
modulat ion or ampluudc modulation can
he integrated uno a I1I>S circuit without
sigmficam add.nona! expense. Evcnmuln­
pha se signals. c.g . trcqucncy-ediustablc
three-pha se current 111 the d rive engineer­
mg. or 90·ocgtcC signals 10 generate all
SSH using the phase method. can he ea sily
generated wuhout tunm g.

The basis of di re~'l diilila l synthesis is the
so-called Shannon's theorem . which is of
swee ping signi ficanl'c 1Il dlgilal signal
proc essing .

If appli ed 10 digital frequency synthes is.
Shannon ' s theorem SOl)'S the following. For
the accurat e ge neration of an)' s ignal with
an extremely high spectral co mpone nt OI l a
frcqucncy.L at leasl 2f scunnmg readm gs
pe r second are required . For lhe precise
rcprcscrua uon of a sine OI l I Mil l , hllW­
ever. It is nor ne~>essary ac tually to
genera te a sine. II ISsutucicm to produc e a
sequence of .. scanning rcadmgs" at a
rmnirnum 01' 2 Mll z in order to grvc a l'ull
dcsc rtpno n of the sine. TI1C co nve rsion 01'
the scanning readin gs uuo the signal is
taken ca re of by a steep-fl anked Inw P;ISS

filter .

TIle sinus amphtudcs can also he calcu­
lated at J fmuc num ber (If scquc nua l pl11lli s
m nmc . co nve rted ir uc analogue voltage ..
through aD/A co nvener. and finall y
hhcrcd through a low pass In generate a
perfecl sine. The only rcsmcno n IS lhal al
least two rcadm gs havc 10 he calculated
pet period .

Since man y reader s will nllt he famil iar
wi th digilal signal processing.lhe mode 01
operation 01 a dlrel:l digital symbcs rscr
should he clanncd USlllg the following
analogue e u mp1cas pt.' r H g. 14.
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convener. TIle longer the word length is.
Ihc more tmcty can the amplitude and
phase he resolved. but the cxpcnduurc
increa ses immediately. A common co m­
promi se is a phase resolution of J2 bu s and
,I resolution of the sine-wave converte r
with K10 12 bits,

Wc have already come to know rhc digilal
sawtooth gene rator ;I S ,I combination 1' 1'

phase accumulator. adder and freq uency
register in the tracuonal-N symhcsiscr. If
we e xpand the frequency register some­
\I.'h 'l l. we then have the possibihty of it

drgual FM. as show n in Fig, 15, lnstcad 1'1
the frequency register . two regislcr s are
used . the contents of which reach lhe
addin g device of the phase accumulator
throug h an adde r. For example. the 111,1111

lunin g frequency (I f a tran scei ver can he
es tablished in the firsl register . wuh the tile
tor HIT in regis ter 2. or else rq !lSler 2 IS

\~ --------------""'-"'="""""""'~
TIle fir st operational unit is a digual
sawtooth ge nerator which gene rates a
sawtooth voltage. more precisely a step
func tion . The sawtooth is inte rpre ted as an
angle specification of ll... ~()() degrees and
driv es a sine-wave co nverter which trans­
mils the sine-wave corresponding 10 the
angle . A low -pass filler removes unwanted
co mponents from the signal. The mode of
ope ration is 111m immediately clea r. Each
lime the sawtooth or phase angle moves
trom II to Jon degrees. the sine-wave
conve rter supplies a co mple te sine osc illa­
lion . The Sh:CJX'f the sawtoo th becomes,

the mor e sinc osc ilhuions arc gene rated per
lim e unit and the higher the output
frequency of the synrbcsiscr .

Since all circuu sec tions ilTC digitally
created. the question of the appropr iate
wor d length has III he clarified. both in the
saw toot h gene rator and in the sine-wave

•
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" fed " wuh drguiccd spee ch and thuv

recei ves a J lglla l frequency modulauou.
The phase accumulator and the frequency
register ucually have a word length 01 _~2

hll~ The mode (II opc rauon 01 the circuit I~

the arne as above II the phase accumula­
lor 1 toppe d lip wuh an mcrcmcm cvtab­
II hcd b) the Irl.'41lCnl) rC~I~ler.lhe dlgnal
awtooth I generated. hUl bcre the over­

n\.\\ 01 lhe pha c accumulator I not U cd
tor i1n)lhlng cl c TIl( upp,:r :-: 10 12 bu \11
the pha c accumulator U wll) control the
lUe-\\<I~e convener dlrcdl). and an adJcr

can OIl (1 he introduced between the 1\\0.
\\ hrch I connected 10 a "phase rcgr rcr"
An dJJUI\C pha ' dl pIa ctncru can rhu
he generated ~ luch can he u-cd lor dlgllill
ph.;a-.c modulanon Tbc me-wave con­
vertc r receives lhe pha"C mtormauon and
convert II mto dlgllal inC amphtuoc
Thr-, I mo I uupl) done U 109 d vmc

l.able, wluch I hou sed In a RO\1 The
nwrnory rcquncmcut can be reduced b) a
tacror ot a by 1I,mg the s)lIut1Ctr) 01 a me
tuncuon. In lildl 1.'111) the hr I 411adralll I
rorcd and all rhe othe r \alue arc gcncr­

atcd Ihrough .appwpnale malllpulallon 01
the piLI fir mulU Ign lhc "hgnal 'Inc
valucs "onlrol a DJA ,,'omener Whllh
gencrale the ou lrll l Igna l. ShoulJ an
am phludc m"xlu lal lon he TCqlllrcd, a dlgual
mlllllpller l,1Il oc 1I1 1 nxl ll~' ed OCly,el.·n Ihe
sme ROM alld Ihe ....onve nl· r wlll .... h IS
':lJIl1rollcd b)' an amphllldc regl~Ie r 1'1'
nail )'. a low -p.t s ~ Ililer ~m{)tllhe' 0111 lhe

' ille fun.... llOll !!l' lll'r aleJ .\IlJ rerno \ e ~ U/l­
wanled ~pe ....trallra~I LUll ~ .

11le hlll ,,'llon s 01 a DSS synthes lser l'an
eVl'n tx: r.: a rn ed oul hy IIll' ,IllS 01 a pur ....
sn l tw;lr.... SO]Ul I0l1 llSlllg a ",I l' ro ·pnll·e ~ 'or

Some lLlne ago, Ihe illl1ht1r slIe,,'l't"dcd m

r.:onlro ll i ll~ a 1rc41K"1ll" )" r.:tlnvene r usmg
DDS software (Ill all KiC~ I 'imgk-dllp

micro -controller. Thr ee sine Slgllal s were
gcncratcd. each with a phil' c drvplaccmcnt

ul 1211 ccgrccs. from (l In hOIl III , U'lll g ,I
ltl-h il pha ...... uccumulatur .11 a dt~;l Ire­
4ue nq of app I ~ kill TIll" Irc411C11l')
rc-oluuon .... a 0.2 II I Some cxpcruncnt
m tbc low-frcqucucy range arc rhu pro lll­
Img

Anyone mtcrc led 1fI Ic.tmmg more about
the mncrrno-t \\nlllllg (II DDS cucmt
hould rctcr 1", a documctu troru a pnv.uc

\.r.lmpan) (tll I'e rhap there I even omc­

one readmg thr \\hl.l ha alredd> capcn­
rrcmcd wuh DDS \.I1"Ull and can report
011 hIS or her cvpcncncc

.'-1 I. \lulli.ltMfp s.\nlht"liwr

To obram nrc Ile4llClh:) rc otunon ~ nh.
out the JI advantage "II In\\ pha sc monuor­

mg. tbcrc I anorbcr .... ay, apart trom the
DllS pro..:c s IU'I mc nuoncd . .... hi' II rnakc-,
usc 01\.d ,adl"d s)llIllC 1sc1 ~ uh a moocr­

ate rep wuhh t 10 l.I l l e.dl). hoi I nor '"
cxpcnvivc a id In'''llll"fll) de..adc Tbc
I.... o- loop rcsolunon I lhl' \\ it) . ho\\ n tor a

'land.ITd radiO )1111ll" I..... r .... 1\h " Ire­
"lUClll) re,nlutll'll 01 IlMl l lI I' H' 1l ~lIIallc l

1Ie41/l' l1l ) ,ll'P" lall he gl'lIer"h:d II Ill!! il
Ihlrd lonp BUI lhe 'illnpkr soltlllOI1 II ' "·Sa
~IrcldlCd l' r) sIal (",,'l ll,tltlr 1m I'il d 1011 ,11

dclllt1mg.

A ~lI 11ahk ' o-Ioop ~)lll lll·sl ....·r lor a
~ h,'n· wa "·e rel· lw r (II ll ~ll Mill and it

li rsl 1II1emledi"ll' l rc4u l'l ll'Y of 4~ Mil l
mighllook Itke Fig. If!. A \'<.'0 f1tl1ll4~ hI
7~ Mill (VCO I) gClIl' r;tlC~ Ihe \1~~· i ll.l lo r

~ i1! n,11 of Ihe rel'el \W Th .... VCO I' 1Il1~ell

do ...... n wllh ,I Ire"lllcn .... y 01 ..u ) ~ Mil l
(illlllally lalen ,IS Illl.ed l Itl il lrl·tIIlCll....y (II
4 ,~ 10 _~4.5 Mlil. A selllllg dlVldel (N •
450 ...J4~O) dn'iJ es lhe s ignal In 10 kill
and a pha~e di ...... rlllllllaltlr ( I' D I) I;olllp.trc,
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( I) Mll'had Arncldt ,
Reception o f nrnc Mgnals and st andard
frequency: Franm ,VeTlag 1111'17

(2) In ' I TUl'IIOn Manual Frel.jlK'1I1:)"
S)'nlhc!>i / cr

PTS Itlll, Pro grammed Test Sources
Inc.. !YKU

(.1) Josef Hecker. OJ XIL, "Sucdwmd "

VIIFCommunicat ions 4nH , pp, 1114 ­
212 and Iny, pp. 2 - Ih

(4) Hewlct t-Packardjournal,
December 1'110\.5, Pr· 24 - J I

(5) Service lJandhook RohJc & Schw arz
S ~t1 1

ttl) "The DDS Il andtxxlk , Stantonl
Telecom.
Santa Clara, California IIJlXI

(7) Wall , I'LL Engmccnng
Fnmzrs-YcrlagMunich IljXl1

llIOTC than two or three CIISClltJcd loops . An
up-to-dare approach 10 gcncrenng ex­
trcrncly fine re solutions. for e xample, i , to
replace the line loop al 50 110 SIII ki ll by a
DDS vynrhcsiscr. which can he rnanctac­
tared al this kind of low lrequc.'l1l:ies as it

cnsromcr-spccuic CMOS ctrcuu .

,I'----- - -------'=>"""""""''''''-'''''''-'''''­
if with the corrcspondmgty divided signal
of a III MIIz mother crystal. The phase
dixcrinunator POI follows veo I up. So
tar . the cncuu corresponds 10 a normal
sy nthcvrsc r wuh a mix ed-d own veo sig­
nal and a step width 01 10 k.1I1. . A ~1.5

Mill. mllong frequency is now also synthc­
slscd lor mrcrpotanon. The second I'LL
crrcuu IS uxcd 10 do thi s with veo 2. the
SCl,:O l1J sell ing div ider (M • 5000...511111 )

and Ihe pha- c drscnrnmaror. I'D 2. Thi s
circuu section gCllCritlcs iI frequency of
trent ;'il l In:'l l Mtt z. also w uh iI step w idth

01 10 ~1I/ . 11 tlns rrcqucncy is divided lly
means of a tucd drvi dcr t : 1( 11 ),11 call the n

he nuxcd wuh the signa l fromthe tourfcld
mother u)'s lal (.til !'+olll / ) and 11K' hUIIl

IrCl.jUl'Il() III 41 1.5 10 .tIl.5 1 Mill can he
trncrcd OUI. TIm signal forms Ilk: rnmng
frequency 01 the t l r ~t loop, II can he seen
Ih,tl, in spuc of the IlI l:h phase monuonng
frequency of 10 kill, thi s c ircuit hit, a

luning resolution 01 100 Ill . Should 111I s
~ li l1 nlll he l'lIoUgh. a further mixer ':,111 he
1Il1rOOUI:C,j intc the second loop. winch I~

ag am controlled by thc tota l signal trom

the mothe r crys tal and by a drvrdcd down
third loop, Thtv make' It p\lSSlhk 10anam
step widtlh ot 1 Il l .

Thc rl,k thaI barmorncs will fo rm du e 10

unwanted mixture products grows With the

num ber 01 loops, so thaI ca refu l scrcenmg
and de-couplin g aT C requi red to generate a
low-harmonic signal So we would not usc

Ar. YouInt.rested In 24cm ATV? HaveYou s..n the newWT 20Watt24cm
ATV Tronsmltter? 3 swffch·Mlectobletra nsmlt freq uenc ln.vtdeo and audio

Inputs.10to 15Volts DC @6Amps

£399.95 + £10shipping

Forfurther detallu write. phoneor fo JC:
KMPubllcoHons. 5Woreorchard, Barby. Nr.Rugby. CV238UF. U,K,

Tel:0788890 365 FaJC:0788 891883
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Woffgang Schneider,OJ 8 ES

SSB Transceiver for 50 MHz using

SOD. Modules

Par t-3 Concl usion
(Revised vers ion of the presentation give n at the IlJlJ 1

\Vcinheim VI IFConvenlion )

S,2"l ( 'nlTlmi"inllill~

Wh en the opc ratmg voltage (+ 15 V) is
connected. the current consurnpnon is ltl
rnA TIle externa l Svrnctcr. toge ther wuh
the PIN diode controller in the nucrmcdr­
ate-frequency ampl ifier, is connected later.
Both outputs of the sub-assembly (V­
Control and S-tneler) arc initially ~cl so
that + 12 V is available atthe correspond­
mg counccuon. The 10 kOhm mmmcrs
arc pro vided ott the OP' s I'm this plll'T'0se,
The contro l voltage for the PIN diodes is
tuned again afterw ard s, say In the read y­
made transceiver. to the control applicu­
tion desired,

The longitudinal resistance is to he calcu ­
lated for the Scmctcr (RS· meter), The
enure reception branch must be taken into
conside ration for this purpose. In the
spec imen layou t, this cons ists of:

- External pre-ampli fier
- Reception mixer
- tntcrmcdia tc-Irequcncy amplificr
- Field strength indicator

With the configuration given above, an SIJ
sig nal fed in appears on the aer ial (,73
dlim at son), with - 2IJ dHm at the

"Cie/ALe output (11 tilt' mtcnucduuc­
trcqucncy amphtrcr At the IlWpUI III the
NFtl14l plll 5) , the vonagc IS app , ,~ .5 V,
dcpcndmg on the vharactcncuc. 1111 s cor­
resl""ll1d, to it value 01 + K V ;11 the S-IIK'ler

output. l-or the S 'Ill~lcr IlSl'd (5° 11..\, 3kHl,
the value thus calculated Ior the r ompc u­
saling resistance. Rx-mctcr. i~ 12l1k U

Theoretical clllh lder,llions had III he con­
Imncd 1Il the lully assembled trans ceiver .
Only now was u posstblc to cany out nne
tuning using the ](lU } lrim potcnuomctcr
atthe OIl' ,

6.
Til E ~IOllllI.ATORIIlE­

MOlllJI.ATOR lINIT

TIle modulator/de-modulat or uuu n ms ists
of:

- SSB modulator
- SS U de-modulator
- UsnlLsn s ide- band oscillator
- Microphone amplifier
- Lo..... -frcqncncy amplific r

'01
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ft.! . Tht· SSM E vcuer

The llk-NnJ 0'0 11..101' ha d dual -gate
~ I OSH~T (lU, 'J~I I . The ..: ry' IJ l ln' l.J I1C1Il'Y
~' J I1 be 1.If'PCd lhr'lu~h the 4l1p' - trimmer
TIK'rc I" room on the punted cucint board
tor J second ..uk-l'lJ IIJ o....·,ILtw r B\llh

operate I'll the amc dram uw rltanon
cmuu. S.... lldlll1 ~ between USB ollld LSB
I' done hl means 01 the (12 voltage
,\.."",' I.lI,'J wuh the tJ....·l tlalll r 111 que-non.
1\ l ,t p ,l<: l1l\I' ]y coupled hybnd J I\'IJc'.. the

0sc111;,' 111Jll.lwcr lip betweenthe modulator
,I lid the de-modulator.

Th e ,lIl1plll ll'J uuc ropbonc slg n.ll ls fed III
the modulator, a rin g mix er with
-4 ~ I N -4 I -4 ~ . through an LC low pass

(II! - 4 1..' I I ) , 1\ tnm porcnnomctcr ( 2~OU)

IS u, eJ tor crrcuu hal.uk"ing.

From the output otite SSB oc.modutaror.
lhe low-frequency slgnlll goes throngb a
two- pole low J'l4ss 10 reach the I\)w­
trcqec ncy prc-ampht u..r. nil ' t'ollo(I-,lai!C
amphficr is fined wuh an opcranonal
amphncr(TUIK21 (Fig . .14) ,

b.I . I. As\t'mhl)' ins lrm"tilln' a nd
('1111I mi..,iuninK

The d.mcns ton- otthe SS B excite r pnnrcd
l"i r~' lI i l boa rd arc n rntu x 72 nun, suu ablc

tor a standard tinplate housing.

The two side-hand oscnlators have ..
mirror image str uc ture . Thedram Clrl 'UII IS

common 10 both. This nuc r. origmal1y l'lld
our for 1H.7 Mil l . is hnm ghl into rcso­
nancc with I} Mil l through the 22p F
cepaclror. which is connected 1I\ parallel.

' 02



VHF COMMUNICATIONS:lId3 (~
::' 0 -~

ff • ~ . ,- II

ii~!j • "'~ II • -I .." ~,

_t ~ ,/ I-c ... - ' ).,
r I MI- - a ) ,~,

E ":8 II ".M e ~ j~"~ '" ,'.
• ( Ill "" /

• ~< c- 1= - "-e . 0 /,- - •• - . ,~c,
' ... ,-IlI '"' ,~

I = -• A&.." ~ -~. •I<:=: -' ~r III -- ,""
' ,,.,) . c.! ,, ==",,

1

.~ • -- /
OJM!8 0111 ." -::,

/
OJ8ESO'~ •

'''''&a
Fi~ .3!li1t : SSM Elldlll'r; nnl)' It rll''Il.
,'ulIlpllnt'nls lill the earth plane

fd .2. Parts li~1

2,- UFYKI (Vah'o)

1 \ TU I!'\2, K-pin n il housing

1'1 k I N414K. SMD format (Mirurnclt)

1 I{ I mil choke, S MO fo rmat

2 .. Ncosrd O.SK J!l 1 filler, HV5C I;\6 (or/hl)

1 '-Toke 1ll.7 MH z ti ller, green (10 mmt

FiK.•l!ib: IJJH.:SlIl !li SSM . :...citer Irrun

the fuil side

I .. 2.'lIIU PU!t'IllI\IIIlC!Cr ( 111/5 mm )

2 1I4(IpF mnnncr t IIImill, rcd)

Capacitors and reo-tors SMI>format

6.1..l Cnrnmi ....i nll in~

Anc r the connccuon of the opcrauona l
vohagcs (11 + 12 V and + II V for Ihe

.·i~.•\6a. b: SpKilllt'llllf (he SSM E..cuer, It'l..~mbIJ lind rnil llidt'
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side -band osc illators. the oscilla tor bas to
be activated for either USB or LSB. Thi s is
done through the selec tive connection of
the 0 2voltage.

The precise frequency is set by means of
the individual 90pF trimmer.Then tunc lhe
filter ill the dra in circmt 10 the minimum
signal ( IHmWI.

The porcnnomcrcr for circ un betancing the
SSB modula tor IS in the central position.
Fine tumng althe rmnunum oscilla tor level
at the mixer output (T X-oulltcnni nales tbe
lunin g required . 4XdH earne r suppress lun
should beobtamcd.

The SSH e xciter element is now ready for
ope ration

6.2. The microphone ampliner

The microphone ampli fier has a two-stage
format (F ig. 37) lind is fined with lin
OP TUIK2. The input is laid OUI as a low
pass. A normal dynam ic mic rophone is
used. with an impedance of nuun The
output voltage required I'mthe SS H modu­
lator Capp. J Vss) is set by mean s of the W
kU potcnuomctcr .

td.1. Ar..'>t'mb ly in.\lrul'liun!iand
('I Hll m i \ s iINl in"

The amplifier takes the fonn of a double­
sided copper-coa ted cpoxy primed ci rcuu
hoard with the dimensions 34 II .' 4 mm .
The clement is placed direl:t!y onto a 4-pin
microphone socket.

DJ8ES 016
471< 10n-' . 10U

•10u

Fi".JX: UJHESUl~ Com ponents side and II completed unit prll~ 10 huusln"

10'
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Fill:.4f1:
The l .« w-(rfiIU\·I\C)

Amplifi t'r

In ':Onlra\ 1 10 what 1\ orberwoe lhe
\I.mdahl procedcrc. rbc prlllll'd I:irl:U11
board I' nOI put mro Ihe IIl1pl.ue hl.1U\m~

unnl ..ncr aocmbly (HI: . :lXI. SO lhe
mll:ro~HlllC socket hil\ 10 he prcl:l'<Cl)
lilted uno the tKlU,m~ cover. 0111)' lhe 01'

nUll'll) h m the x.pm DJL hOINn~ , All
the orbcr I:~lmponcnh are 5 \ '1> lomwh.
Teflon l'llhhlllg\ arc u-cd lor the counce­
11011

b.•\. The Low -rrequency a mplifler

The heart otthe lo..... -trcqocncy amphficr 1\

the ~IC .~4 1 1 9 mlell.ralcd C1KUIl . TIm IC 1\
avail..blc a' an SMO format in an SO· X

hooong The component MJpphe\ an cut­
pul power 01 2nl"lmW mto K11. Tbc
numrual cncmal wmng hen: pnl!JuI:c, a
simpler. btll more ell ll:ICIII.low-lr~ucnl')'

amp1ilicr(h~ . 441) .

6.,\.1. A.., ...mlll) in..lru("liun"

Like the rmcrophonc amphnc r tctore II.

the primed cucuu boa rd for the low­
frequency amplifier has the duncns illns
.~ 4 mrnJF. 34 rum.

As H~, 41 shows, the component is
directly solde red onto lilc connec tions of
the 11<11\1.' level com rottc r. Ahcmativuly. 01
course, a housing can be provided . TIle
Ile.:essary number 01 tllJ , hlllgs then have 10
be provided for the connccuons (loud­
spea ke r. low -fre que ncy input. power
supp ly).

I J 4<l7

~ ~
c 0 0-U

4<17
M il

131uF

Fi~ .·U : bv.mplt' and laynulll( lh e
Low-frequ ency Amplifi t'r

'0'
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11'0 /1'IF Ill>

•M.,.,

"·ij,!.~ :

lnt erconn ecuon or llll'

I'" Am p lifit'r and th e
AG e /Ar.c unit

! l AGC/AtC I-

- . 1l'\r

'.-

uees

7.
(:'iTF.R ·CO~~ECTl :'iG

CO~ II 'O:'iENTS

OIll:C the IOdmd ual pnmcd l:IKUlI board
have been ... sembled ...oJ pre-tuned, a'
described In the ~1: 1I(ln 10'Iuc lion, all lhe

IUIKllona l unu s can be mrcr -connectcd
The mccrporauon 1010 an cqmpsrcm bous­
109 will 001 be conside red here. Thl' I'
vCl)' much dependent on the WI,he, anJ
Idea' 01 the mdlvldu.lI coe vn uctor. The
clcc tnc al mrcracuon (11 lhe componcm I '

more rmpcnant

Vanous : upply voltages are rcqutrcd m the
rranwcrvcr:

- + I~V AGOALC component

- + 12V SSH CXCIll'r, rmcrcphonc
amphticr. low -frequency amphncr.
rcccpucn rrnx er. tran srmvsron
nuxcr, oscll1al\lr, VHJ amphficr,
VFO mucr. S-lI1elcr
+ () V 55B Excucr

- + S V Frequency lhsplay

NOl only the various vohagcs but also
opera tional considerations playa pan In
the ci rcuit deafung for the mains sccuon.
Thus, tor cxamplc.tbc vro.ue Audio

amplifier and the: mncr each need to have
a separate volta ge slahlhse r pro\'IJcd Tlu
prc venh lhe oscillator trom t'ocmg att cctcd
by feedba ck from otbcr opc ranonal a- ocm­
bhes( Flg. ~2).

The Inlermcdl.tle· lre4ucO\.'}' amphhcr I

used nor only lor rcccpnon bul ab o In lhe
ca.-<: of lrall. rm con. Sunahlc rever 109
ta l:lhlIC' arc provrdcd lor here . ThIS
comporem I' \l, ired 10 he controlled by the
PTTcontac t. The .amc I ' ab-o true tor the
osci llator t ~ l 10 ~2 \1111) and lhc supp l)'
\'ollage, lor the tranvnnvvrcn-rcccpuon
branch (hg, ~J ) ,

10c mtcnncduue-trequcncy ampbncr and
the AGC/ALe ccmponcnrs arc In dlrcci
rclauon 10 one another (FIg. ~~l .

The mrcrmedrarc-trcqucncy s l~na l at
I} Mil' IS de -coupled through the 21llJB
coupler. terminated ,II ~OU The mpul III
the AGC/ALC component IS assembled
wuh rhc NEflI4 f1c1d ,lrcn~lh mercator.
The ntpm impedance i, I kU The tccdback

circuit is terminated throu gh lite Ij -Conrrul
output.

The Svrrcrcr can IltIW he cahb ratcd In

receive . A wired-up prc-amplit icr or a
transvcrtcr should also he ~'on,idercd here.
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TIle precise sell ing point ilf the control for
the intcrmcdiatc -t rcq ucncy ampliticr is
s innlarly determined next.

Only a ~1l1;t 1 1 amount "I the de-coupled
ssn s ignal is fed III the NEfJl 4 in
transmi ss ion mode. TIle potentiometer
sho uld he set III such ;t way th,ll approxi­
nutcly 11 _IIlW t, present .11 the output 0 1

I he uucrrncduuc-trcqucnc y ,Imphucr.

K.
SU~ I'IA RY

As ca n he 'CCII . standa rd components used
in ~i(}n cng incc nng can he used to produce
ev en circ uus ,IS lavish as the tran sceiver
present ed here . Special attcmiou was paid
10 good technica l data and re liable opc rat­
illg cha ractcrisucs . Moreover , only co m­

poncnrs wh ich form pan of the stock of
;my reasonably well-equipped DIY spc­
cia lisl are used .

As was said right at the sian, thi s article is
not intended III give a detailed desc ription
o f the cons truction of a 50 Mill trans­
ccivcr. TIle idea is rather 10 provide some

ideas and sho w the possibihncs for puuing
such a concept into practice.

' 08
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Dr, VolkerGrassmann,DF5 AI

Long-Delayed Radio Echoes,

Observations and Interpretations

Th e final propagatlon speed (If electro­
maKllelic wan~ Keneral n II tim e drla)'
between Ihe Inm~mlssinn a nd the recep­
tum IIf a radln nr Iilo:hl si~n al. In
Irrn,..l r ial radin Ir affi l·. Ihi~ um e del;IY
ca n he lanored fnr musl pract ical app li.
ca lio n.;. O nly with pa rt icularl ) IlInK
p r tlpa~al illfl pal h ll dll('S th e d ff1.'1 be­
corne pt'n:eplihlr , In Ihe ..hnrl -"" IIH
ra nKe. nld io "" IIVt'!'i ca n 10:11 all Ihl' way
ruund Ihe world. under specia l w ndi­
l illns. "'hieh leads In II time drla) IIf
ahnut IJ,IC ms, (round-t ht'·wurldt'4:hIK'!l) ,
Eve n mort' imprt'\ \ i\ t' a rt' t he f'Chut''i
reflected from th e .' IIK," . where Iht'
propllKatlun palh cur rl"'ipund'i In I"" ice
t he disllllll'(' between t he Ea rt h and th e
\tI K," (li me delay uf a buuI 2.S s.}, The
phenomenon described hdo"" can he
evplained b) nei ther Hf th ese procn..t'!>.
tilE' s (lunKdelayed rch c_> ca n in".ht'
II tlme d irrere ncr measured in tens IIr
" t"CHll ds be tween Iran ..ml.... ion a nd re­
cepthm.

I.
Firsl Obser vations

The first systemall": obscrvauons were
reponed by 11iI1.., Stoerme r and van dcr Pol
(I ).A previou s accrdcrual ob-crvanon had
been Il)ggcd by Halv, who hal.! received
long delayeJ c....hoes from rransr nmcr I'CJJ
111 l hlvcrsum 111 the vicmuy 01 Oslo III
In 7 tumc Jday Olpp, ~ sccoIlJs) . 11\)\0,,­
eve r. expcnmcnu carried oul over IIMny
months on Ij .~ Mliz were IIInially fmulcss .
In October. Inl'l, long delaycd cchoes
could finally be demons trated 10 ex ist
wuhout any doubt. with delay Iinil' s 01'
between J and .10 sel'onds. Furthe r obscr­
vanons were also reported ill SUhSl."lfIIC III

months by other expcnmcr ucrs (I'l) con­
tarns a comprcbcnovc histonc al retrospcc­
ttvc. in which a furthe r L1>E obscrvanon
from Hals is mentioned. with lime delays
of 2H) s. and I lJ ~ s However. alter I Y~~

imcrcst in Ihis unusual phenomenon ap­
peared IIIdim inish.
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2.
Sclent lflc Observrnlions

In tbc yea rs 1947 • 1941.) . renewed c xpcri­
mc nts look plac e involving observations of
long delayed echoes . TIle research was
carried out ill Cambridge by Budden and
Yate s (2 ). TIley rransmmcd at 13.4 Mill
with ,I pow er 01 JOkW and at 20.tl Mil l
with a power of lkw . The acnal used was
a half-wav e dipole , the str uctural height of
wh ich was uucn dcd to make vcrtwa l
radiation poss ible.

Unhindered hy the ionosphe re, the radio
waves were [ 0 trave l on into space. to r
there were " wel l-fo unded mdrcanons '
that " ionised d ouds" were be ing cmutcd
Irom the Sun towards the Earth. which
were taken mro consideration by the
authors as pox-able reflectors for radio
waves (note : in 1951. Ihcnnann drew the
co nclusion from observations of a co rnet's
lail Ihal a rankle stream must cxtst.
movin g aw,ly from the Sun, which we now
refer 10 as the sola r wind.I Budden and
Yate s published their ex pe rimenta l results
in 1952.

VHF COMMUNiCATIONS 2193

Altogether. about 27,000 test signals wer e
transmuted . Round the world echoe s were
ce rtainly frequently detected . bUI no long
dela yed ec hoes . (Note : the round the world
echoes indicate thai the aerial radiation
system selected could not suppress the
ionospheric wave propagation, as had been
uncndcd .}The authors co njec tured IIlal the
rransmiucr frequencies se lec ted . high in
co mparison with previous experiments.
were as inappropriat e as was the ve rtical
radiation . They further co njec tured tha t
there was an "earthbound" origin for the
long dela yed echoes. lor the rap id solill

particle s should have triggered a Dop pler
effect. which had , however , never bee n
reponed by previous ex perimenters. and
had been , 10 some exter n. explicitly denied
(sec, to-example.(I I).

Laborator y cx pcn mcrns on ec ho effec ts in
plasma s aroused imcrc vt in long dela yed
ec hoes al Stanford Univer sity. TIle mccha­
nisms discovered in the laboratory also
appeared to be conce ivable under the
conditio ns of ionospheric plasma . bUI this
conjec ture had 10 be ver ified by mor e
precise resea rch. Neverthel ess. expert­
mcrus were carr ied (luI using a 20kW

Year C Ol li S i~1l Band UdayTimt' .\t"d t' I-:('ho Si~n al

1932 W/lAOP 2MMllz 1Ms CW Own
1950/51 WjLUU 7 Mil, 5s CW Own
19115 KfJEV 14 Mil l 3· 4s SSH Own
19fJ7 WSVy 2MMHl 3s SS H Own
19M W:'ILFM \I) Mill 0.5 s T ime Marking Statio n R IO
196M WtlKPC 2MMIl z 1" SS8 Other
IIJ69 WfJOL 14 MHl fI ·W s SS B Other
IIJf,IJ KfJCAZ 2 Mil l h SS8 Other/Own

Tabl e: I.U I-: reports, as per (3)
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transmitter (5 10 25 Mll z) lind a log­
pe riodic ae rial, although lhe cquiprcm
was modified severa l lime s during lhe
cxpcnmcms.berwccn 1967 and 1970 (4),

The firs! long delayed ec hoes were regis­
rcrcd in Oc tobe r. 1% 1'1 , hut had 10 he

rejected as internal interference signals . A
pulse diagram was finally 10 rrnprc ve the
unambiguous idCl1li fkalion of the actual
signa l transmuted, The autho rs mention
the difficulty of automatic plotlll1g and the
part icular capabiluy of hum an bcanng 10

recognise sigllal~ of Ilus kmd among
background mrcrtcrcncc . In January and
February, 1970, lhfl'C long delayed echoes
were received 011 11.1l2 Mi ll and W.62

~lII l , with lime de ldYs of 15 s. and about
20 s., By December. 197 1. the number had
risen III ~ I, accordmg to (12).

An automa nc obscrvanon ilpp;lr;t1 us was
descri bed by Dunct-Smnh of C UlIhridge
III 1975 (6) , Expcnrncnu USlllg d 250W
tr.msmiuc r produced lit} results . 111e auto­
mane reco rding sysre m proved not \el)'
c ttccuvc. due 10 chert -wave mtcrfcrcncc .
The author explains that all earher research
had confirmed human hearing as the most
",'IIS1ll \'C detector. On lhe hit, is 01 the
ncgauvc rcsulls 01 his rcwarch, cvafua ­
liollS 01 the p henomenon 01 Itlllg delayed
radrc echoes tended 10 he l·OI U1It' Il'.

A cnucal evaluation III previous re~e;lfdl

was published by sricruiets ;II St;lI1lord
Umvcrsuy in 191'15 (12) ,Smlll' cxpc runcnt­
were undert aken , using ;1 vertically radiar­
109 frame aerial. on the WWV lime signa l
rransrr nucr (5J~M Mll l ).llowC\'l'r , the

seven ec hoes rcgbrcrcd lIune delay he­
tween 1.5 s. and J.lU s,) could not finally
he rega rded as authcnnc. The earlier
measurements from Sran tord Um\'crslly
(sce abovc) were also pUI in dllUbl and

were linked w uh ledlllk al side effects.
The observation data made availa ble by
Goodacrc (VE2 AEW - sec helllw) were
also treated with caunon . Vidmar and
Crawford demons trated. tin the basis of
their own obsc rvauons . tha t if stric ter
criteria were appli ed rhc suppose d radio
ec hoes gene rally proved questionable. HUI

the com prehensive repo rts slretdl il1g back
over the p avt tilly )'l';trs ruled (lui any
dtluhl itS 10 the cxbrcncc olloTlg delayed
echoes.

.1-
Obs ervat ions Frum Radin
Amateurs

Radro amatcur-, have nmtrlhllh.:d the Illosl
comprchcns tvc obcc rvmonul I1 I;\ICr;;l1
conce r ning lOll!! delayed echoes. There i ~

no other ncld 01 radio wave PWPili!OIUIIll
where rad io amatcurv ' Ilbscf\'dlllllls have
Ilb!aIlK'd a comp arable deg ree 01rc-pccrm
the -cicnuuc lucraturc . TIk: U >Fobserve ­
non s li-tcd III the table have lx'CII obtamcd
Irmn lhc QST

Goodacrc (VE2AU/.lI reponed . III a s...·i·
cnnuc l'~\it)', on clj!lll fltl\Slhlc LDE
cnccts . whrchhc had been ..hie to pu k up
between Novembe r. 1 1J7~ and January.
IlJ79 III the 2~ Mlt l h;llldl"ll. A nvc­
clement Vagi and a 4U I w -powcrcd
transnnucr were ll Sl'd lt1 the cxrcrtmcms
ncar Ona wa. ( j umps ofthree to rune pulses
were transmuted al a rate 01 I .~II . 1511Il l ,
Thepulses were pcrcratcd u~ini! a connuu­
ously swltc hlllg relay, whrch was SWUdlCd
by means 01 a Morse key III scncs. TIle
radidlioll was hc ing Iralhlll llled IOwards
the We~ t cnl hUTlwlI when gWlIlld-lll-
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~.

OhservlI tions in the lJII F Ran~t"

The most spec tacular amateur obse rva­
tions report long delayed radio echoes in
EME connections . Rasmu ssen (OZ9C R)
reported "ghost echoes". in a scie ntific
journal. which he had picked up at
1.2911 Mill (7) . III a Moon echo expcn­
mcnt on 7. 7, '7 4 (M m. dish aerial
opc ratmg al snOW). il pro ved possi ble to
recei ve echoes which arrived about
2 seco nds after the genuine Moon echoes.
These echoes remained notic eable . even
when the aerial was not aligned precisel y
with the Moon and the usual Moon echoes
were absent . The phenomenon lasted for
20 minutes.

Note: doubt s were cas t on the obse rvation
data repo rted by Rasmussen on the basis (If
the Moon position specified, and Rasmus­
sen there fore correc ted the data on 2X. 5.
'74 (SL'C ( lol)).

(X) refers to further LDE observations III

connccuon with EME experiments. The
Dubus Magazine also has a short report 0 11

long dela yed radio echoes which were
picked up by YU1AW lll1 432 Mll z (ll ),
The add iuonal echoes followed the Moon
echoes with a lime delay of about 2 s. and
were slightly d isplaced in frequency .

When the var ious LDE report s were
scanned. a possible common factor in the
data from the YU lAW obse rvations in the
70 ern. band and the 10 m. obse rvations of
DL1llU (sec above) became clea r. Unfor­
tunatcly, the actual observatio n limes
could no longer be reconstructed . A survey
of long dela yed echoes pub lished by the
author (sec: (I ) ) unfortunately yielded no
eva luable results.

(jo ----------===~~~~
ground communication in the 10 m. band
beg an 10 fail , ,111 0.1 10 m. connccnons were
already impossible Oil other compass bear­
ings. The ques tionable b and points were
noted while (ape recordings were being
made . so that the only observa tion findings
subjected 10 eva luation were those which
had already tx.'C II cons idered as suspected
LD E 's while the cxpc nrncnu were going
on (avoidance of false uucrprct.uion s
arising from the known "copying cuect"
of magnet ic tapes). The tape rccordrngs
were finally studied using an o-ctlloscopc.

Hardly ;lIly attention had heCII paid toloug
delayed echoes in the Ge rman-speaking
world up untilthen . BUI it mayhe assumed
that some obse rvations made had not been
pub licised because the unusual effect was
interpreted as an ancrupr at dece ption . For
exa mple. Sdl\..-arzbeck fDLIR U) very
pro bably repo ne d long delayed echoes, in
addition III the norm al round the world
echoes. as a .. Morse dot delayed by
seve ral seconds " which rema ined present
when the frequency was changed ( 10).

During an RITY contest in October. 19XI1.
DJ4Z F and DLftQlI received the last 40 to
50 te jcpnntcr characte rs (45.45 Bauds) of
their own transmission (14) . The frc­
qucncy of the echo was app. :mo li z lower
than the transmis sion frequency. The 20 m.
band displayed the typical effect of the
vclosc" before the breakdown of trans­
mission. with the echoes exhibiting a
" West Coast or Alaskan character". An
outp ut power of 750W was transmuted on
a monoband ground plane, The authentic­
ity of the echoes call not be gua ranteed .
The observers interpreted the phenomenon
as an anc mprcd deception by another radio
amate ur and did not hea r 01" the LDE
phenomenon nlllatcr .
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5.
Interpret..lion~

Tbc illIcmph iil l mlcrprelill lOl\ .. tnch ..c·
~omramcJ lhe ~nl"llons 0 1 pre\ IOU

dcuJe n n 00( be summUI\(J here Wc
bould . of coer-c. perm oul lha l the hol de I

ancmpe OIl C\pldlldlions ..ssumcd thai OIn

c\lra' IC rTIlllllilh pacc prohc 'olo il re lklolmil
lhe terre tn..1 rdJ IO sli:ndl (sec, 1M exam­
ple , ( ~ ) nJ lli )),

Since lhe . h.II1I\'C ~illIer c vpcnmcnt on
lhe ~Il l ar ~ md. 011 the latc 'l (sec at-..n cl,

there I' hnal agrccmcm thai ICnC..:llllll'
trom astronomical (lNn'ls can nor he bcld
r":"pl.ln~lhlc for the radiu echoes. In nea r­
Earth Sp;I":C , there is only one object wlth ;1
sull l.' l,,:' nl h;l<l. scatter erO\\-\C<'lII'11 10

cau e radi o echoes which arc obM:nahlc,
eve n wuh to ..... -po.. cred transtmucr n ul
r..dio amateurs l.now from lhen own ''-1OlI
expcnrrent thilt tbe echoes ;,IIT reldll\c1)
.. cak. wnh d dctay lillie of (2 ~ ~I 'iiI s
Tbc IlCll l Jl'l s lhle object I' ve nu , wh....h
":dn approo..:h u close as 0,27 a trcnonu <II
unu 10 the Eanh ( I a trunol1ll<,d UIlII

co rte pond 10 lhe a\ cra(!c dl' lallt.'c be­
1\\..:'Cn lhe Sun and the Eanh) I'lli Ihl

pet.: liII l II lr onom l( ..:onlli:u rill llon, a IInIC
delil) ollipp 2711 S ..:iIIn bc ":.1)sllldled h'r
lhe Jlltlme)' lhere and has l.

I'mdll ) , lhe rcc n Cl 1l:<'I 01 lhe 11'l\IlSphC IC
on hon c1el'lrO-l1Id~nell< Wd\ C' l1Iu,1 h.'
w "'lde red II l ~ i!l·ltI.- Idll) a~":' l'p!":'d ll>da)
llliIl l\lllt: ,jd;l)'ed rddio e..: h(,<,~ .Ire .til
dl ed ,lhe Orl(!1II 01 wllIdll11U,1 he 11tt.;lled
III the lerreslrl,ll wn osphele 01 ma{:.IlClo­
spherc,

TIlC ohscn ,& lltln rCpl.m ed ll\ ( 101 \crt l)
did! , m pflnt:lplc , sho n dCt: lrll'nulgllCU":
" ,J\ C t:an (Eo sc\'cral Il fl'lC ~ rou nd the

world. Seven limes IOlIl1d Ihe world )'felds
a pr0polgal1on path wun d Icn (:lh of app ,
11,97 hght \(eonds, .. hl,h I' 291 Uu , km
Tbe (' umatc maJe b) S,'h"iU/h:s'k for
lhl example also ponu 001 1h.l1Ihc round
lhe world ecboe rna) be ,uhjl.' t.;ICd 10 path
,Ull:nualloo etteco. .. hl~'h are li:l1llKanll)'

reduced as d8am'l tree J'ld~'c prllJ'ldi:dllon
However. " normal" wUIl\! the world
cllC~ ls do 00( 'I."CITl at-Ie III C\ r ld1n the
radro ccbocs under ~on ,delilliion here . ,\ 1

1c0l I, theft' a re no mdls.1l l(lf1 thatr bc del .1)
nme observable tor LUI· ' are muluplc
01 p~ m Nor Jo toc LUI-' report
rrconon any muluplc cchoc aualogou-, 10

S..:hwal/hc,,:'k' s Ilh,el\' ,IlIlIIl' The dcl 'l)
tunc of x s. Whish IS 1>'pls',11 t or the L!>[ 's
would mean they had 111 I!0 round the
world anolher~!< 11Im' s For it lillie delay 01

.J.lI s , II would arrear IK's'l' \Sdr)' In ~Il

round the \l,ClT ld 2"'III IlI1CS

1II,.. e\ cr. lhe radru e hoc PI~l.C,j up mil I

be ... cpled a C\f'I('lIffiClIIJ I lad II ~ c

a umc lhe Jela) IIl1lC oo-c rved III be
ldellliloal lo the " hle l m'IC"~l l thc tran rm ­
Ion sl~1ld 1 radl,& l..:'d, and 11)(' ' Iilna l prop.t ­

gallon re..: d I ~) be \1MUM.I l.lll /~ . tbcn .. c
IlCs'C "ml) 1)h!,& 111 long prl'f\ilgdlll'l1 path .
IlTC f'l('dl\(' 01 11'IC gcll lllClr) 01 the rt"0fid­
J.III'l1 rllu te ll:ul\cd prO,"'g.1l1lll1 p.tlh
a round the .. (lrld. lrillJlll ha, l. anJ ltlnh
hnes 111 pas-c, Cis I 1l'IC re ull lllnl d l ll l~·t1 )­

I IC' II I Illlcrprc lal ll'll1 \:1m h: ehmullllcd , I

'olo C dl'rcn, c .. II h Ill'le III t-..llh 0 1 lllC"C

assumf'llOI1 '

In a {!dS, \'drl;llll ll1 ' III pl e \SIIfC III dcmil )'
r il" ldke Ihe Itlrm III ...... dH· Ilr l"s' il1a llUl1
n llld ilions (' CC, IOIC\ ,lIl1rlc , sl'" nd WIIVCS
111 air ), TIlC IllIlO'p1 tt." lC leprc' Cl\ls a ' pI.'da l
m l\lu re III f!3'l'S, lor SI,"k'llllng hk (' a
Ihlltl andlh ol lhc (E,I' p.trtl s les a rc IIlIl1 \(d.
I C, aft' pre\(n! it pI.'\lll\'cl)' ..:har{!cd Ion
anJ rlCi:a ll\c1) ..:har(Ecd de,,:'unns 1lw:
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monon (I t the ChiUgcd particle , incorpo­
rated in the IK· lIt ril lll'I~. is thus 'llhjcl'IcJ [ (I

rhe cttccr III additional electrical and
lIMgncrlc forces. In the partial gas formed
from inns and electrons, sped,.l wave
phc nomcu.r call a rise (" plasm., waves").

T>tking ionospheric pla-ma waves uuo
considcnuuur ,'pPC,lfS to he an tmpon.uu
step Iorwanl In the phy, ic,,] 1.' \1'1;111" '1\111 III

InllI:. dcl"ycJ radio echoes . FN cxamptc .
there , '; HI he ;111 interaction tc twcco the
lll;tlc ri,. II}' connected pl,'SlIM 1,1, ;1\' \' , ,1IlJ

clcctro-magncnc Will',",. under suuabtc
conduions

A mcchamvrn IS PWp!.N :J 1lI (4\, III the
context (11 J qualuau vc model. III wluch

pan II I the clcoro-mapncuc energy 's
0I1unJ III J longuudmal pla- ma wave . 111
th is l '(I IllO:XI, " lllllgllllJi n,ll" rctcrs to
propagauon ,llnll.\! a 1I00IJ 11Il0: III the

E,trth's nugncnc field. Here . encrgy-nc h
clccrron-. whldl nun c around this field
line in a spiral. reinforce J plasma wave of
th is typc. TIl'" propagation 'peed of the
pla'Ill" waves is IN 1'111 ) ' several ord... rs of
magnitude below thc ,pecd of hglu. Thcrc
arc thu s rditll \'d y 111ng pwp,lg,llinn tim es

even lor ccmparanvcly , 1\(1" propag ation
paths of J le w hundred kilometres.

TIl'" radio _s igtMI is ,htl" ill ,I way,
uncnncdratcty stored 1II a plaslll" wave
until J pw...css analogous to the uuual
cond uion creates J new electro..magncuc
wa vc . which can the n he observed by tho:
receiver stauon.

Of coursc. the authors refer 10 the circum­
stance thOl t Ilmg Jdayed rJJin edwes al
high shorH o, Jve frel\lIefKies .:an nol he
Sill lsl'a.:llIn ly c \ plitilled by lhis Illude l,11tis

is espcdally tmc of amateur ohscrvalions
in Ihe III Ill. hillld. To w;t, with the
llledian ism desnihed we must a.'Sume

lrom the st.rrt that the reciprocal effects
take place at the height al which the
frequency of the radio wave exactly
corresponds to the 1I"I4,:al plasma frequency.
111 is frequency is generally considerably
lower than 2N Mil l . Hutthc attrac tivene ss
II! this modellies in the idcnuficaricn of J

" n.uurat'ttimc- Iag device. A group vcloc ..
Ily III I km./s _for tbc pla sma wave, and a
rcvipnx'a l cucc r region of app. 10 km.
diameter ( ~l gtvc delay I;mes of III
seconds.

The theory I' sktltully advanced further III

l.'l ) and ISuvcd 10 explillll the observations
of OZlJCH ill 1.2% Mil l. Two radio
trau-miucrs, al frequencies fl and 1'2, arc
scanning thc same region in thc iono..
sphere. unbeknown 10 one another. The
two c lccrro-magncnc waves cause a 1I01l ..

lmcar reciprocal effect ,HId generate ;1

plasma wave atthe differential frequency
of. i.c. 1'2 - fl , which should simultanc­
ously correspond to the local plasma
Frequency. If Il = 1,2% Mliz and f2 =
J.:lO.' Mil,., for example. the frequency
obtamcd is 7 Mill. Aller a certain pwpa"
ganon lime, the plllSlllil w ave ilgain inter­
ad s with the cfccrro-magncnc WilVC. 1'2,
iHld generales an clccrro-magncuc wave
wuh a frequency of Il =1'2 - 01. which
appears 10 the pUIl1cJ observer 10 he an
echo of his or her own transmission.

h.
covrunumoxs FROM
RAIlIO AMATEURS

Wilh long delayed cchoes. wc arc d e..rly
d..:aling wilh an unprcdi':Iable and co m..
paralivcly rare phenomenon. TIICresulls of
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scie ntific obsc rvanons indic<ltc th'll LDE 's
lire nor very of ten traced by deli berate
obscrvenon The oppcrtunmes lor amateur
radio enthus iasts to make cbservanons are
lar less subject 10 geog raphica l rcsmc­
1I0llS, or those dependen t on loc a l umc. In
particular. soon wave ama teurs form a
wor ld-wide network of obse rvers always
ready for ac tion. The favo urable "obscrva­
lion ~ Ia t is l ics" tor amat eur radio cnrhu-,i­

'I~ 'S have co nce ivably been a decisi ve
factor in the num erou s LDE observat ions
III wh ich they have been involved ,

TIle au thor also endorses the opuuon
expressed by Budden and Vail'S, thai
radtauon di recled toward s the bonzon
yields bene t observation results than vern­
cal radiation. T rue, according 10 (4) radra­
lion along the local line 01 the Earth 's
magnetic field co uld be more advamu­
gco us . TI1C hor izontal radialion miglll
ro~~ ihly increase the prohahilil y 01ob-c r­
vanon. ~ III1:C a larger segment 01 the
ionos phere can be scanned by the aerial. hy
comparison wnh vertical soundmg. TIle
lyplCal radiation characteristic 01 amateur
dena!s could thus turn our 10 be advama­
gcous.

The previous reports cont Inn Ihdt II1Ilg
delayed rad io echoes allrllcl mcnnon

mainly in non -automated radio tratfic .
which l~ co nnected wtth the particular
l;Ol [Mhlhty III human heanng II) rccogmsc
the acuusnc p attern . TIlls stare 01 allal rs
also corresponds . to a large ex tern. wlllt the
l yp l~a l co nduions lor amateur radlolralllC.

11tc experimental eondllIons for amolteur
r.ldill enthusiasts lhus !oC('m pamcularly
sUllable for LOE ol:J"ervalion~ . RadiO
operators prole s ~ iona lly al.: lIve In Ihe
shon-wave range aLso nl/nc illlo consld ,
eratioll as co mpc tel1l ohservers Ill lhe ~ a me

ex tent rc.g. mar ine radio, here es pecia lly
wi rcless telegraphy operators) . ltowever.
there are no co rn:sfllmd m& observation
reports. II musrthus be ass l!lIIl.'d Ihal some
obsc rvauons are interp reted as aucmp« at
dccc pnon and thus do flot receive gene ral
aucnuon. Conce ivably. numerous ama teur
ob-crvanons are also not taken into ac­
coun t fo r the same rcason.

It has already been mentioned that the
rchablc identification ota "narural" LIlE
presents a difficult task. eve n if the
observer lakes i!rcal ca re , Apa n lrom
unwanted techni cal cttecu. III parncular,
1I1lcmpts al deception can 111 no case be

ruled OUI, and II IS 10 be feared that Ie, s
serious redro amillcurs cont nbetc 10 dchb­
crate falsificauon, in view 01 me fact that
the L1>E phenomenon IS heifer known in
such circles . 11IC co nun uous seU-sa"olai!e
should he recalled here which amate ur
radio circles mfhct on them selv es in
research into VI II: radio W;I\"C propagal ion
tc.g . by nncnc rcncc In the 2-m. beacon
hand). Moree..-er, II C'lII not be rule d (lUI
Ihal the expo-nrc 01 genuine allelllpts at
dc~"l'pllIlIl also pUl' Ihe credl"l lIl)" (If

sllh'iC4ucm amateur obscrvauons 111 doubt .
In that cvcm. scrcnnnc ill~lIIul ilms could
be h1RCd to lea ..'c amateur report s out 01
cllllsidl' ratio n in future . on grounds of
principle . An apparently ha r mless joke
IIlwlving a fake L1>E can thus do se rious
damage to the unagc ot amateur radro.

Above all, obse rvers should describe the
measures w htch the y have taken in ;11­
lempllng 10 exclude cheating. Shon Irans­
nussions USlllg chan~i llg Inxj llCl ll'ics are a
relali,·c1y simple procedure fllT excludlllg
potenli ..1 uouhle-milker" . Unfon un;ltcl) '.
thiS procedu re ~ 'III l"lc uscJ III pral'l lse ollly
when Yl)U arc re-n: l'ei ving you r 11W l1
transmissions, If long J c1 dyed ec hocs arc
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received trom other rran-nnucrs. CIl4UITH:s
•hould be mace li S to wbctbc r oloc r
tran muter on o the r fl'C\jOCnl'll'S a rc also
Jt'plil~ mg LIJE ph.·nomcna Reports su~
muted on dchbcratc or ;Is'cldenl al LOF.
ob-crvanon-, should I:ont,1I11 the follo14lnl!

a..khuonal dat a:
- n ale. sian lime and end nmc (II

obccrvauon
Locauon 0 1 ol:'o....:,.,..anon rauon

- Obscrvanon trcqucn..:y
- Echo , h,Hils'h:rh !ls's t rc-rccc rvmg

III o.... n lr a n slll h s lll ll o r ",o-.cn J ll' lII

01 another tran-nnucr. duranon 01
ec ho, 111111.' dela y. lidJ strength)

- Transrmsvron JXI.....cr and rillJial iun
char.rctcnstic, drrccucn ot acrul.

I'tcnsc vend appropnatc obse rvation rc­

pnr ls to the author (addrc.... : ll~ . Hauvtcld .
56Ul WIIPpc.'rtiI12J I. Plouablc d.Hil Will he

p.•-wd on In 1h1.· \1 ;1 \ I' lan,'l. ln-t uutc for
.-\,' w m'm) . l mJ Jtl/l larl

Ack nowledgement: The aUl ll<lr 1 ~ gratctul
III Dr. KS~'hkgd. 0 1 rbc .\Ia\ l'I,m..:k
lu-nnnc tor Aerono my. tor uvetul mtorma­
nonanJ lJ.:d' ,

7.
I.ITERX IT RE

III Shun v.ave cc hoc- and IhI..- r\ uw rd
BOr..:.I!I\ , Van dcr Pol, Hanh .
:"J lurC.M. 122_ 11)2(}, pp. l\71'l-X7(}

(2) A ccurch tor raJlo echoes (l' lnll~

dd.ly , l tuddcn. K G. and Yall- ~.OO

JIllIrn,1 1ot Atmosphcric and
Tcn e-ural Physr.:s, l':o . 2. 1(} ~ 2 , pr.
272 - 21i 1

('~l Long -dc layedechoc s - radio 's

" ' lying vauccr" d fc..:l. Villard. O .G,
QST. vol. ~ ~ ( I% ())

(4) I'os \l hlc oh!.crva lions and mechanism

of very ll\ng delayed rad io ec hoes.
Crawford , I;,W.. Scan , D.M . and
Bruce, R.L.

Journal 01Gcophysll'al Research.
VoI.7~ (Il170). no. _' 4, pp. 7326-7H2

(51 M) World m Prcturcs. v.Dacmkcn , E.
Econ Vcrlag,pp 212 - 21S. 1973

IfI) An automated sea rch for radro echoe s
ot lon g dc loa y 011 7. 90and 211 MI ll.
Duttcn-Srnuh . 1' .1.
Journalof Almospherlc and
TC"Cslrlal l'hyslcs No..H . 1975, pp .
455 - 4hO

(7 ) Ghosl echoes Oil lhc Ea rth -Moon
path . Rasmu sscn. jl.L.

Na ture. Vol . 257 ( 1975). 110. Jfl

(X) Generationotlcng-dclay echoes.
Muldrcw. l l ll .
Journa l ol 'Gcl!ph ysleal Research No ,
X4.1979.A9.pp.5 IlN -S2 IS

( lI ) Serre oo..c no alillns of long-delay
wlTtlcss cdwocs on rbc2X Mil ,
amateur hand. GOOdKTt. A .K.
Juurnal (lf Crcoph)'l;j.:a l Research No .
1i5, 19."0. AS. pp. 1.' 29 · 2.U 4

( III) 21i \1111 Echoes. Sl'hwdTlhcd,.G,

"q- OL. no . 2, 19X2, Pr. M • M

( 11) Long-de l..ycd echoes .

I>uhos ~ 1 ..giIll IlC, no . I, 19X2. p. X5

( 12) Long-dela yed rad io ec hoes :

mcchamsms and observatio ns.
Vidma r, R.I . and Crawford. F.W.
Journal of Geoph ysical Research vol.
4!1. 19X5, A2, pp. 1523 · 15JO

( I .' ) Long delayed echoes on EME­
circuits . G rass ma nn. V.
Dubos Magalinc, 110, J. 19X7, p. 244

( 14 ) Per sonal report Grobaucr. II ,

n'



VHF COMMUNICATIONS 2193

Erich Zimmermann,HB 9 MIN

A Simple dB-Linear S-Meter

for Microwave Applications

The runaway development III uucgratcd
circuit s lor the mobile radio sector abo
means mort and more new and useful
modules arc bcmg showered Oil radiO
amateurs. 111US, for instance, integrated
interme diate frequency circuits lor cellular
epphcauons have charat' lemll~'s whid l
make II pass lhle 10 dlspla)' rcccpncnlcvcts
011 a dll -hnca r scale.

J.
SU~ I ~ I '\ RY

Available tor scfccuon arc the Me .ll ~6 1'

I WIIl ~hll\.'wla and the NE ht14 AN ,HId NE
("'I~ AN from Signctics-Plnhp-, 111C wtnn g
required by the Mllillml il module IS ex ­
trcmcly simple and problem-free .
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The wide dynamic range provides for
71MB ill 10.7 Mil l, and still gives SKdB at
21.4 MII1.. with an crrorof f l dB.

The two integrated ctrcuus from Signctics­
Philips, NE (,04 AN and NE HI5 AN. arc
even designed for !i5dU dynamics with an
error of ±2 dB . Unfortunately, the wiring
required is more expensive. since an
additional intermediate-frequency filler is
needed.

2.
DESCRIJYI'ION OF CIRCUIT

The ctrcuu shown here with the Me 33561)
operates in the broad hand, from approxi­
mately 5 Mlf z to 22 Mill . Only the input
circuit of the pre-amplifier has to be in
resonance with the intermediate frequency.

TIle inter mediate-frequencysignal is trans­
milled fromthe crys tal filler of the adjuster
10 the f\.10S-FET pre-amplifie r (Fig. I ).
The latter has 10 amplify the signal and
simultancouvly minimise the load of the

crystal filler. The drain oscillation circuit is
tuned 10 the intermediate frequency in usc.
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TIle signal is passed on to pin -? of the
~1C 335flP. For correct ope ration. the inpul
voltage range lies bctwccn Jupv (-77 dBm)
and ~nmV (- ldBm), measured at pin -20.
From pin-14 , the output signal goes
through a voltage divider and a pre­
resistance and arrives atthe indicator . with
the given circuit, a range of 50dB call be
displayed linearly on an indicator with a
full-scale reading of UMllJA . The grad ient
is thu s 21JA!dB (Fig.2).

.1.
"R E·TUNING

1. An intermediate-frequency signal is fed
in 10 pin-? al-70d Bm. The indicator is set
precis ely 10 1I1JA using potentiometer P2.

2. Raise the signal level 10 -20J ll m and
tunc the indica tor deflection 10 lfltllJA
(full-sca le reading). The linearit y is con­
trolled by reducing the signal ill IOdB
stages.

Should it nor be possi ble to calibrate. PI
can be replaced by an K2 kn resistor .
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4.
INSTR UCTIONS FO R
ASSE MBLY

o The completed circuit shou ld be pre­
tuned and tested for co rreCI operation
before assembly. together wuh the
indicator , using a standard signal
generator and a reducer (co rrespond­
ing 10 3).

$ TIle signal for the Svmctcr is drawn
off after the SSR crystal filler, To
keep lhe additi onal capacity load low.
a UlIF-F&. with a small C~ I S

should he used .

Q The MOS·FET amplifie r shou ld he
mounted in close proxurnry to the
crystal filler . Using the SMD tech­
nique for assembl y is advamageous.
TIle remaining pan of the circuu is
placed in II free comer o j the equip­
mcm lind connec ted by means of lhin
coaxial ca ble .

o No AGe stages should be present be­
tween the RX input and the Scmetcr.
Should there: be an AGe , disconnec t
if and reptace II by fixed voltages .

e The displa y range of the Svmcrcr in­
corporated into the RX is dcpcnrJcnl
on the amplification of the equipment
betw een the aerial socket and the

crys tal filler output.

EUl1lples of MOS-FET slages:

AGe prior 10 G I; now connec t G I al II V
DC.

AGC prior to G2 : now connect G2 (DC).al
abo ut 4 V higher than the voltage con­
nccted to the so urce (measured aga imt lhc
ea rth) .

5.
FINAL T UNING

o The built-in S·meler is now adju sted
to the equipment . The output ci rcuit
of lhe S-mcter pre-amplifier is tuned
to the maximum rcadmg by mean s of
a test signal at the receiver illptll.

19 Now increase the input signal in 10
dB stages until the indicaror reg ister s
lUll micro-A as preci sely a~ possible .

Se t the pointer 10 full-scale read ing
( 10f) micro-A ) using 1~2 . 1bc llnearil y
is chec ked by re:dlll:ing the inpin
signal. Finally the cquipmcm is
mar ked with an appropriate scale.

Q Example: a signal of -XlklBm gives,
c.g., 9f11JA . So this is corrected 10
101lj.tA using n .Thu s we call obta in:
101lj.tA • -HUd Bm, HOJ.lA • -1}( k1 Bm,
f,0IJA • · Il NklBm.

6. LITERATURE

( I) Specificatio n shee t Me JJ~fI from
Motorola

(2) Specification sbcct NE trCJ.$ 1NE trC)~

from Signcl ics I I'h ihps
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EugenBerbeflch,DL8 ZX

Output Wiring of

GaAsFET Amplifiers

Th e "irlna: or r:a,\d'ET prl'·~ laKIt'i in
tne out put dn'ul l Is !>ti ll Kh in!: "round",
fur d i"('u",,,,iun.

I.
1'0551111.E SOLlJTIO:,\
METHOIlS

The sotunon lISill~ the 4:1IrallsfomlCr(1)
rcqmrcs skill in the constr uction 01 the
repeater and ,\ alway s hnkcd Willi un­
warned resonances at higher frequencies.
11)C RX 1111"'11 imped ance acnng a.. tcmu­
nator .\ 011 \ 0 strongly dependent on tre­
4IlCIll')'. So 11 is M I ..urpnsing if mxtaluhty
c uccts occur with rhc rcldlivcl)' large gale
drum.

Other authors (2 ) provide the drain hy
IIlC ;IIl S 0 1 it high rest..ranee from OJ high
voltage ( 12 V), with the residual voltage
decay ing. The autho r has also found this
solution 10 he effective. The Il F de­
coupling is INI.llIy provided through OJ

couplrng capacuor or it coil for matching.
or II 4 : I lriln,l orlllcr (3). which in this esse
is dampened by a res istance and the Ri of

the amplifi er. SIIl'h a pre-amplifier oflen
lend s 10 oscillate al it frequency higher than

Ihe operating frequency. because lhe rcac­
nve components have a stronger effect at
higher trcqucncics.

In the drain wirings described above. the
tranvistor in tbc firsl place "sees" an
inductance, which represents a frequen cy­
dependent operating resistance. It is thus
already pre-determined lhill al higher Ire­
quencies the amplification is also greater.
and so the influence of the Cg-d increase s.
The 4:1 repealer connec ted also works Ie, s
and less effectively as the fre4ucm'y rises,
since the leakage inductance becomes
noticeable . 11l<.' connected RX inpul repre­
sents a frequency-dependent load. which
scarcely imposes any burden on the 4: I
repeater outside the desired frequency
range. The transistor output "sees " no real
load in II Wide frequency range . Figs. l a 10

Id show rhc usual drain wiring s.

2.
1'1 TR ANSFORMATION

My proposed circuit uses a pi circuit
(Iow.r.ass) as a transformer, going trom
app. 25(1 10 5lJU al lhe outpu t. Slatting
from the mtcma! resistance of the transis-

' 20
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.I.
I'ROI'OS[I> CONSTRUCTION

... 52pF
250

12'

12

145 · 10'6.28

250
• .. 20.8 11

12

R.

a

,,' R,

- 9.5

c,

for maumurn amphfica rion. Instead , lhey
bring abo ut linear and stable beh aviour I:ly
means of negative feedback. Nor is the
once standard neut ralisation used . TIle
soluuon ill 0 ) takes a fresh look at
standard practise from val ...e enginee ring .

Unfortunately. very lillie is wnncn about
negative feedback in amateur J'lUhlicalions .
With regard 10 JlF ampl ifier s. you could
ferret oUI something on linearity to help
reduce the inter -modulation. Unfc rtu­
natel y. ncgauvc feedback ill pf'Camps
usually makes the noise factor worse.
e .cepl u shown in (4) .

Now to the circuit options I pro pose for
pre-amplifiers (F ig.2l. One e xample is
calculated for the 2-m. hand . T able I
shows the values for the 71k:m. and 2:\L'm ,
bands . Q • 12 is taken as the operational
qualuy.

a

"'C ~~-ft ~k.0
Q lk b

FII(. la 10 d : Sta ndard Ura in ~'irinKs

lor output (app . soon) and the parallel
circu it of (he mains resis tance (also app .
S(KI{} ). we obtain a so urce resista nce of
approxi mately 2S0U

As is often demonstrated at the ae rial
output in transm ission amplifiers. various
impedance values can be marched using a
pi filter netwo rk. The advantages of this
c ircuit are . firstl y, the correct marching.
but also. and of perncular advantagc, (hat
the drain connection is capacity -loaded for
frequencies other than the operat ing fre­
quency .

Th is means a high-frequency short -circuit
for high freq uencies outside the desired
range . The capacitor, C I. 011 the dram must
therefore bese lected to have low induction
(SMD type) and mu st he mourned directly
on the drain. The component. can now be
calculated using the standa rd pi filler
formulae. Th e tran sist or output and
swnc hmg capaci ty is added 10 C I and must
be taken mto considc ranon.

Pro ... iding power through a resis tance of
app . soon has the disadvemagethai pan of
the high-frequency output is lost. With the
high amplificati on resources of modem
GaAsFETs. we usuall y do not need all the
amplification possible . since with amphfi­
catio n level s of 2ndU there is already a
danger of saturation for the rece iver.

No r are the ac tive modules in commercial
ampl ifier engineering designed completely



Tbeclosest standard values can be used for
the capecitors. Problems arise in bringing
abool wry low inductance levels. For the 2
m. coil. 3 windings wert used wilh •
di.l.mcler of 4 mm. (0.4 CuL wire).
Matchmg can be done u ing • luillblc
Iemte core. For the higher bands. we just
need. honer wire su ap! 0. Laid 001 as •
trimmer, , lIows the matching 10 be tuned.
CI Iihould noc be laid oul as • trimmer
because of the high imemal inducunce.
although this could optimise the mah;hing.

Amat eurs who hive acce ss 10 • network
analyser can use the test rig she wn in Fig J
(or tuning. C2 and LI act 15 luning
clements (chan ge length of wire sIU p) . In
additi on. this output wiring ClUI also be
successfully used for mixed stages; e.g. for
UUf/SlIF mi aers which convert, for ex­
ample. 10 2 m. lien: the miller operates 15 .

drain circuit for the input in the UIJF/SHF
range, since the: drain connection through
Cl Ior fhc input frequency is earthed.

(2

DLBZX
c.
S600 (Q 1n

~ R2

t--o I R.11

(1

Bond L, C, 0,

2m 33"" 520' 1t5pf

70 an 11 nH l Bo' 39pF

23 an 3.7nH BpF 130'

( 1) W 6 PO: Some GaAsFt,.

PreampliflCT1
Eimac Appliblion Ncee As-493 1

(2) YT 3 MV: A verylow-noise
pre-ernphfe rfor the: lrb.nd
VUF Communicalion s 'VJ2. p. 9n

(3) Denev Burchard: MES-FETishism 2
VHF Cornmunicanons 4f)2. p. 223

(4) OJ 7 VY: New-rype pre-ampbfiers
for 145 Mllz and 435 Mil l receivers

VHF COMMUNICATIONS 2193

. 'ijt.2:"lnnsformalion I t the oulpul of
a GI AsFET I mplinfl'

Table I

4.
LITERATURE

.. 33.3 nH
20.8 + 9,5

•
8.28 · '45 ·10'

,
• - _ 115 pF

6.28 · 145 · 10' , 9.S

R'
"'

If,'-'''--1-r _ 9,48
~-,

0, •

DLBZX .11 '1

>+ IIF O/P

"' '1seon "
0--< '"f+<

....;}- "N e t wo r k,
Analy1CT

"" • ,
" ."

FiX.J:
T"I r ix wll h Nelwork
Ana lyser

• soldered in for tu nlnx
IHlly

' 22
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Mike Wooding,G6fOM

The Pont PSA-l 00 FFf

Spectrum Analyser

Review

The l'onII'SA·IOO is an Aud io Spect rum
Analyser opt'rlll inK in Ihe fr equen cy
ran ge nc 11123.6 kHl. Althou~h reviews
IIr suc h equipment do not usually appear
in VHF Communlcauens, I IhouKht il
worth II brier mention as many or nur
read er s lire proresshmal engineers , lind
such Instruments are used wid ely in
broadcast lind lIudiotn~in eerinl:.

The unit bas an impressive range of
features for what is a rela tively low-cost
instrument. Using powerful Digital Signa l

Processing (DSP) technique s a range of
measurements is made ava ilable. including
basic audio spectrum analysis. auto-corte­
lanon. cepstrum ana lysis and a true RMS
vehmctcr modc .

The instrument is very neat and compac t.
measuring 44(1 x no x 14Smm and
weighing only 6kg. TIle spectra or voltage
measurement s are displayed on a S" CRT.
with an auxiliary composuc video output
10 drive an external monitor and a par allel
interfa ce for a graphics printe r.
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span). Maximum +/- 1I. IXd ll with
zoom filter (span less than 25. tl
kil l or in zoom model .

- Measurement Modes: Baseba nd
Spectrum, Zoo m. Aurocorretauon.
Ccpsuum. 1/3 Octave. Full Octave
and dig ual Voltmeier .

In conclusion, this instru ment represents
real ' value-for-money ' in these diff icult
times. with a price range that begin s at
122011 for the basic model. Many of the
instrument's featu res are normally only
found on much more expensive units and
the basic accura cy of the measurement
modes is more than enough for most

modem measurement need s. 111e cont rol
functions are very ' user friendl y ' and the
on-screen menus easy 10 navigate.

My only real crit icism, and this is only
because I regularly usc a Dynam ic S ignal
Analyser with a much higher specifi cat ion
and pncel , is tha t the bandwidth of the
instrum ent is only 25.6 kll z•. Thi s could
tend to make aud io harm onic measure­
mcnts less meaningful, as the highest 2nd
harmonic measurement than can he made
is on a fundamental of 12.X klb.. and the
third harmonic on a fundamenta l of X.5
kHz. Tha t as ide. for many other types of
measurement, inc luding vibration, aud io
filter responses. and etcctroacoustic . then
the instrum ent could more than fully
suffice. Finally, I feel certain that at the
relanvely low costthe instrume nt could fill
many needs in schools. co lleges. uni versi­
ties and educeuonal institutes.

For further info rmation abo ut the PO NT
I'SA -IIM) contact: Manor Technology. H
Manor Road. Eas t Tytherley, Sali sbury,
Wiltshire. SP5 ILN. U.K. Telephone :
0794 4()923; lmcmatio nal + 44 794 40923.

(~ --------------"''''-''''='''''''=~
There arc few user controls, the various
measurement modes and param eters being
sci up using on-sen..'e n multi -level menus.

As sta ndard the instrument is filled with
1Ilk of battery backed-up RAM for record­
ing measured spectra "tid mcasurcmcm
SCI-Ups. Op tiona l exira memory board s can
be insta lled if required . Al so ava ilable as

optional extras arc a GI'IBIIEEE and
RS-232C interface cards. 10 facilitate ,UlIO­

mal ic lTlCaSUTCm CI1IS under external com­

puler contro l.

As previously mcnucncd. the measured
spectra arc displayed 0 11 it 5" CRT as it 4(11)
line image, wuh e ither it single full-sc reen
image or two separate spec tra. OIlC in the
top half and the other in the bonorn halt'of
the display area. The span of the image call
heover the whole 25 ki ll band or over any
sub span (in powers of 2) down 10 a
minimum of 12.5 li z and the spectrum can
be 1_00111ed by up 10 327flM times around
any line . The instrum ent also has 'smart '
cursors for spectral measurement s. In the
RMS voltmeter mode the display consists
of large alphanumeric characters with the
reading user -selectable in Volt or dH units.

The basic parameters of the instrument arc:
- Inpul Sensitivity: ImV 10 3 L6V in

IOdB sleps (manual or autc rengej
- Dynam ic Range : non-linear distor­

tion, spur ious and alias products
<· l<{kl B below input sensinvity,
except 1st spectral line which is
<-40dB.

- Absolute Amplitude Accuracy: +/­
1I.2dB at any input sens itivity level.
lmcmal 204Mliz voltage reference
for auto-calib ration.

- Overall Freq uency Response: +/­
H. ld B from 10 li z 10 25.6 kllz at
spectrum line centres (25.6 kll z

12'
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VGASAT IV & MegaNOAA APT Systems
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VHF COMMUNICATION S 2193\~------ - --- - --""'-""''''''''''''''''''-''''''''-'=
MATERIAL PRICE LIST OF EQUIPMENT

described in VIIF CO MMUNICATIONS

UKI'V l)i~itld Imill~~·Sturf (ur the Spn:lrum A"lll,.~r Art. Nil, Ed .41I'N1

pcn DUINVOIO om OM 4400
COII\Il\.IIll:nls Processor P8OC31 ; 121e s; I Reg, rc , Transistor ;

"I~rw:r Diodes; Silicon Diodes; Chokes. RAM;
EPROM DR1NV010; 4 1 21.; Trimpots; Ctyn,iil ...78 OM 276.00

UHI'" I raddne Gt'ntralur fllr theSp«lrumAn..lp,tr Art. 1"11. Ed . lIllN2

1'C1t D1J1NVOII 647. OM 31.00

"'MI.H ,\ J)i1:it..1 SIII\ol, ·Sclln Tdt, i\illn Art. 'n. EIJ . .lfl'llJ2
rtlH\ C Inln\mit Coo tr

I'CII SSTVCOIlE I (KM Public.lIltoos) SSTV I ( 28.S0

IJKI'V Rr....dband VCO's u\inK :\Iicru\trip TKhinillun Ar1 . "'". Ed.411'N2

!'en nU INV012 64.0 OM JllXl
l 'en D1H NVOI3 ..." [)M 33.00
Compone nts 400 · 1 2..~ MH l

3 _ 118 619; Ix BB81 1; I 1 HfG96;2 .AT4208S;
I • RFQ69; 2 1; 2.2nF&: Ix 27pF Feed-throughCep.:
SMCComwlors; 2 Jl 0.47 11 SMDChoke; I • hOl.u ing
74.SSlI 3Omm; I PCBDB INVOl2 ....2 OM 81,00

Compone::nll olSO · J4,SO MUz
as above001: I • BFG605 insleAd or UFG96 ...83 OM 8100

Compooenu 800- 1900 Mllz
as abovebut: 4. BB811 instead of 8B619 and
PCB DBINVOIJ instead or0l2 ..... OM 805.00

Tunin, Diode 88619 100ft 10450 OM 2000

Tunin, Diode BB811 10of( I04S1 DM 31 .50

The above items Ire I IIsuppliedby, andobtained rrcen. UKw -BenchieinGennany.

To obtain supplies ple. se conlllct your country re~lC'ntAlive ror details or local prices and
. v. il. bility. Altm\ltively. you may orderdittCt from UKW·Betichteor vi. KM Publications,
whose.tdreues maybe roundon !he inside frontcoverot W. mapzjne.
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Plastic Binders lor

VHF COMMUNICATIONS

• AltTM;live pl.~(ic covered in VIIF blue

• Accepts up 10 12 edit ion, (three volumes)

• Allows any required copy 10 be found eaaily

• Keep"the XYL happy and contented

• Will be sent anywhere in the world for
DMII,lJ() + po_I and plII:king

Please order your binder via the ni lional
representative or directly from UKW·BERICIfTE ,
Terry Bittan 0 110 (see below)

The elder editions 01 VHF COMMUNICATIONS are still
obtainable lor reduced prices Irom the publishers 01
UKW-Berlchte.

Subscription Volum e Individual copy
VHFCOMMUNIcATIONS 1993 eachDM40.00 each DM11,00

VIIF CO MMUNICATIONS 1992 each DM38.00 tach DM 10.00

VIIF CO MMUNICATIO NS 1991 each DM35.00 each DMIO.OO

VIIF CO MMUN ICATIONS 1990 each DM27.00 each DM 7.50

VlfF CO MMUNICATIONS 1988 10 1989 each DM2S.00 eech DM 7.50

Vl lF CO MMUNICATIONS 198610 1987 eacn DM24.00 each DM 7.00

VIIF COMMUNICATIONS1985 each DM20.00 each DM 6.00

VHf CO MMUN ICATIONS 1980 10 1984 t ach DM I6.oo t ach OM 4.50

(Edilion 3,4/ 1982 no longer available)

Individual copies out of elder, incomplete volumes, lIS long lIS stock lasts :

1. 2. 4/1 972 · 2. 411 973 · 1, 3/ 1974 · 1, 2, 3, 4/ 197~

3. 411976 · 1,411 977 • I, 211978 • 1,2, 3/ 1979

Plastic brroer for 3 volumes

1'0li1 and packing minimum charges

t ach OM 2.00

t ach OM 2.00

t ach OM 8.00

OM 14.00
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