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Conte nts In th e Focus

Ferdl Schmehr. DC 8 EC
Sia billzlng Ihe Operating Polnl 01Pre.mpliher.
and Lin..r Ampl if ier. 59 • 60

Coherenl cw Iran5mlHlOnS (CCWI has
been used by • ceecetee group ol ama 
leurs In the Unlled Slates lor some years
now Espeoally Ray Pell!. W 7 GHM .gave
so many ease Ideas lhallt IS Impo$Slble 10
dISCUSS CCW wllhOul menlo(ll"llnghim

A t'w(l..part artICle by Char1M Woodson.
W 6 NEV . gives bolh . an elteellenl elt
planatIOn 01the pnl'lQPlel and the hardwa ·
re reqUired lor slartlng In IhiSmode ThiS IS
lhe reason wvtly I decided 10InlrOduce IhlS
new technIQue rn VHF COMMUNICA·
TIONS With a repnn l 01 hiS eucre. The re
acnooe 10 me German-language article
(whICh appeared earlier Ihls year) were
enthUSIastiC - many ama teur, have anee 
dy started workIng on IhlS new lechniQue,
and some are develOpIng new hardware
ThIS will enable us 10 publish lurther erne
ies on Coherent TransmissIOn Techni
cues. wtllch are capable 01 saVIng bolh
Iransmltter power and bandWidth - SImult
aneously Iflhaf'lCll"lg lhe lelecommunca·
II()r'lQua~ty IhllopenS lanlasllC~

t'" !
In my epnon hOWeVer . !he bfeaklt1rOt.lQ'l
01 thts technq,.le WII come With conerenl
RTTY (In !he PSK mode "I ramer lhan
CCW. although !he pOSIltMe reduCll()r'l 01
bandwidth II nee lhal spectacular. but
CATTY can eaSIly be malched Wllh com 
puler 18et'lnlQuet •

FInally I would like 10make you lhe same
otter as I dId to the reader. 01 my German
magazine : II you arll Interes led In ccoe
renl TransmiSSion TechnIQues (Cn). Jusl
send me a pos lcard I Will lhefl cemoute
a hst 01all readors Inleres ted
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To Be Discussed :
Coherent Communications Technology

Coherent communication, I, . very mtere
. tl ng form of comm unic.lion. where the
Iran .mill....and rece iver . re ph••e . nd fr.
quency locked 10.nother u, lng oplimized
filter, . Thl, tec hnology h. , been used for
. ome Ume with .dv.nt.ge for . p. ce, • • tel
lite. . nd mUiI. ry communic. ti on, . It "
.omewh.t , urp rl'ing th . t this mode h• •
nOI h.d . ny eHecl on . m.leur r.dio co m
munlc.tlon , until now.

The . uthor w l,he' to menllon • l ew fund . 
menl.I, 01 co herent co mmun lc.tion. to
nt.der. of VHF COMMUNICATIONS. wh ich
he hope. wlll creale an inlere. 1 in experl
menllng with Ih i, mod e.

Since there are varIOUS methods of coherent
communications. II is felt that these should be
discussed. so Ihat one can determine lhe best
method tor amateur applications

The values given Indlfferenl articles for 11'10 Im
provement orme signal-lo-noise rene 0110 to
20 dB are a muemisleadmg at ruet However.
these Improvements can really be obtained.
and comprise two dlfferenl ccmccoeres. The
main improvement Ol lha slgnaHa-nolse rete

2

IS oblalnec:t by correclly $8leCllng the lowest
bandwidth POSSible lor Ihlsiransrms5IOO cnen
nel

The reQUifed bandwll;:lIh lor Morse communi 
cetcoe ISonly a lew Hz. whereas one order 01
magMude more ISreqUired for race teletype
transmisSIons However. the advantage 01
these low bandWidthS can. at present . not be
utilized to the lull wllhout lOcking treQuency
and phase between transmiller and receiver,
and w.mcut SOlVing tne main problem 01 low
bandWidths:Construction 01a narrow-band f.l
ter that does nol ring! Coherent methods
USing optimized ccrrecter-ccononec. narrow
band une-e only allow us to ulilize the reqUIred
bandwidttr lor the transmiSSion ollhe Signal.

The use 01the coherent transmiSSion recnoc
logy on Its own only Improves the slgnal-Io
norse rete by a few dB (In Iho order of 3 to 6
dB). However, there are eonelcereoie drtteren
cos. which means that II is Important 10 serect
the most favourable coherent transmiSSion
method We mnerennate between

Orthogonal and
Antipodal SIgnals



Gai n 01SlgnaHo· Error·Probability
nose reno Aal e per 1000 signs

Non-co herent .
OdB OdB 100orthogonal

Coherent
2dB 3dB 30orthOgonal

Oltteren lla l coherent
' dB 3dB 10

anupodat

Coherent
5dB 5dB 3anllpodal

Error per 1000 ' 0 100

In the case 01a dIgital , bInary signal such as
Any . this means that:

In the orthogonal mode, ~ ma rk~ and ..space
are lra nsmill ed on two r ntteren t frequencie s.
wtuch must no t appear a t the same lim e. ThIS
is Ihe pnncl ple 01the orthogonal mode, whICh
IS guaranteed In the AnY·mode due 10 the
code used

Wi th antipodal AnY,slgnals. on the other
hand. - rnark.. and " space.. Signals are at the
same trequency but ellhlblt a phase cmererce
01180

The arne-dependent ~ ma rk~ and - eoace- on
ly diller in their Sign [sin II _ - sin (ll t 180))
and are thus opposite They are therefore de
Signated antipodal.

Instead 01 trans ml"lng the aClual ~ ma rk .. and
-epece- signals. It would be poSSIble to only
transmi t lhe difference. In other words the
sWltchovor between these two states Assum·
Ing that the last state was -soece-. the se
quence - mark-mark-space-mark- would be
transmutec as - me re-scece-scece-merk- .
This method Will increase tne reliability 01the
transmiSSion,

The lable gIves gain and errce-rete values lor
fhe variOUS modes. ener ensuflng that all mea
sures have been earned out to Improve the sr-

gnal· lo-nolse ratio by limiting the band Width
(1), II Will be seen that a cohe rent annoccet
transmission oilers the highest gain over a
conventional transmiSSion.

Also we can see that the adv antages otthe co
herent princIple are greater when the sIgnal
pat h ISpoor (high error rate). Since the trans
miSSion paths are usually poor lor ama teur
applicallons and a certen readabili ty ShOuld
stili be present at the limits . thiSclearly ShOws
the advantage 01coherence ,

ThiS means tha t a coherent enucccet ueee
rmsston tech nology provides the best meth od
01 Improvin g the reliablli ly 01 amateur radiO
tran smISSions The phase transmission mode
P 1 is requIred lor binary IransmlSSlOns
(Any), il lSnecessary lor the receiver to know
the exact phase and Irequency ollhe transmit·
ter so that lIScomputer-eon trO!led li lters can hl
ter out the trenstmtted Signals and reconsuuct
them

REFERENCE

(1) \!Ite rbt ·
Pnnc lples 01Coherent Communlca\lon
McGraw-HIli. New york. 1966
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Charles Woodson, W 6 NEY

Cohe re nt Telegraphy Tra nsmiss ions

Part I T he Concept

Thl' two-pan ertlcte is published with th e
kInd perm issi on ot Ihe ARRL and Is ba sed
on an er uere in Ihe May and Ju ne 1981 ecr
tlcna ot OST,

Would you th ink il ls possible for you 10 de
crease yo ur oulput power by a tactor of ten
and increase readability by Ihe same
amounl - simulta neous ly 1 It' s really po s
sible.

The more we know about something we seek,
the easier It is 10hnd ThiSprinciple applied 10
Morse CW communications is called coherent
CW or CCW . On-the-err tners of this technique
have shown It Will provide an Improvement of
more than 20 dB In commurucatons ertecnve
ness over ordtnary CW methods . This same
principle can be used Wi th Any, ASCII and
FSK Signals, but this discussion will locus on
CWkeylng

CW signals may be analyzed as a series of di
gital UOl tS, all of which have (at least approxi
mately) a unit of time in common. For conve
mence . I'll call this ten e uni t a -ueme- . Each
b-erne contains either a ..mark - (key down) or
a - soace.. (key up). Figure 1 illustrates this
concept.

Ordinary CW dots. dashes and spaces begin
at somewhat arbrtrary times, depending on
when the opera tor happens to press the key
rrws.u-e frame length varies to a considerable
degree, and you can 't predic t when each
frame starts and ends . With CCW, all dots,

4

dashes and spaces are exact multiples of the
basic time unit and occur Wi thin predictable
time frames , This includes any pauses during
transmission. When received . CCW signals
sound like any other CW signal except that
they are being sent very crecsiev. as With a
per/eel HfISI... 'rtus charac teristic is utiliZed to
permi t tne use ofvery narrow bandwidth ftlters

cw FILTERS

In general, receiver fillers Wi th bandwidths
much Wider than that of the cescec Signal are
less etrecuve because they allow reception of
add ilJonal noise and undesired Signals. At 12
wpm a CW signal occupies about 10 Hz of the
spectrum, yet 500- or 2300- Hz·wide uners are
frequently used tor CW reception, With a 500
Hz tilter, one hears the 10-Hz-wlde desired si
gnal and 490 Hz of norse and QRM ! By eneio
gy , an SSB operator using a simila r approach
would nsten to 100 kHz 01 the band at one
time!

Hlgh-Q analog CW fillers are not useful et the
narrow bandWidths approaching the band 
width of a tz-wom CW signal. Such filters, with
bandWidths less than 500 Hz, tend to " ring ..or
produce an outpu t after Ihe signal ceases, The
human ear ISconfused by such nnglng Also,
me receiver stability and resatatnhty recweo
in conjunclion Wi th the ruter. on the order of a
few hertz, is dlll!cult to achieve ,
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rwc -cncreet DC -Level Diff ere nce,
T'#o o - Chof'\f'\el lnhl grotor Drttererce II

I · .
rT~w~O~'~C~h~o~on~'~I~Ho ld O" ~f"~'nc-,',--+-~

!

I
Reconstructed Mcxiulo lion

I - -llOOms'--

The elements of CCW com-nurucanon .Frames, in o. t-secono units, are shown on the
horizontal axis , The enable (lop waveform) shows Ihe closure of a manual key by the
operator , When referenced 10 the precise trame limes, II can be seen thai the dots.
dashes and spaces 01the enable are not accurate In lenglh, Note mat with ee CCW·
keyer waveform a mark or space is begun only atthe beginning otme trame pence
and connnues lor Ihe lull period(S),

As received , the signal is mixed Wllh DA M and DAN, The outererce between the DC
voltage s Irom me SWitching mixer s ot the fWOchannels (third wave form) is a nmcton
01the desired, but weak signal , An Integrator sums the power (voltage) received over
the frame penod. ThISsum is sampled at the end of the period and held unnlthe begin
ning of me next period, The recovered modulation is used to key an audio signal lor
detection by ear.

F1V, 1: Elemen tl oj I CCW-Irlnlml" 'on

s
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Phase-locked looP IPlL) hiler, wIth lime ceo
stants lOng enough 10 produce bandwldlhS 01
only a lew hertz unlortunalely lake lens Ollie'
conds 10 achieve lock PlL, also tend to lock
on the , l rongest SIgnal In the pa,sband and
are, there lore, senSlllve 10 DRM Pll IlIler.
have their place 01Importance. but not With the
band wldfhs requIred here

The Mer we need will provide • banctwldth 01
only a 1M hertz wllhQul nnglng and wllhOut a
tendency to Iodl on the DRM Such. hllM 1m·
proves the Slgnal·to-roM rahodramollaRy A
1·W Slgnalcop.ed through. 1().HZ bandwldfh
hiler IS comparabkt to • 5().W IIgnIII heard
thrOugh a 500-Hz I er or • 230-W IlOna! heard
thrOlJOh a 2300- Hz hiler

THE CCW STATION

Typcal'y, CC W stallOl"lS agree on an ope rallng
IrlQUency te g , 14 ,049.000 Hz .. 2 Hz) and a
frame lenglh (USlJ8l1yO 1 second , the speed of
12 wpm). and acQUIrethe - Iramlng _ - when
eacn Itarne starts and ends - as part Of the
Slgnal-tuntng process Thus , lhe Irequency,
Itame length and Irame phase are all known al
the recervJngend and ar. used to advantage In
the ClelectlOl"lprocess

To act'lleve ee nece.sary Itame -leng:lh ecce
racy and to gel on me opeUlllng IrlQuency WI
lhln lhe narrow tolerance 01 the IIlter, all Ire·
Quency·delermlnlng oscilialors In both the
transmlller and receiver 01 me CCW S1ahoo
must be highly slable and accurate The slab l
Illy and accu racy requirements are obtainable
by using carefully bUill crys lal OSCIllators whIch
are compa red to a rerererce Iroquency such
a. WWV, Time diSCipline lor lhe transmlned
Signal IS determined by a reference osc illator
whIChi. divided to provide a 10-Hz synchrOnt
ZIng Signal lor the transmitter keye r, The CCW
Mer at the recelvlno S1allOl"l uses limIng SIg'
nal, derived from the stallOl"lrel erence OSCilla
tor Those liming SIgnals lellthe receiver 1IIIer
when io espect a Irame 10begin and end

THE COHERENT INTEGRATING
FILTER

FIgure 2 ShOWS a block dIagram 01 the M er
whICh make' posSIble lhe elhcten t rocept/On01
a CC W SIgnal The mapr blocks 01eac h ol t!'le
two Idler cnaee are . Input tnI~ers , lfl tegralors,
sampie-anrH'Old ()tcuIlS, output mllers, and
the "mrng anct con lrOlClrQ,lltry The reason for
fhe two ChaIns wll be e~amlned later; fornow.
we'. follOw the SIgnal through onechain

The Mill er : The f,rst Plrt Ofeach hnerchaon II a
SWTtehlng rTII ~er where the deslred IlOna!
(along WTttl ad)3C8"1 DAN and ORM) ISrTII lled
With a relerence "OnaI of the NrMlr~
as the desired SIgnal tSd!d·state SWltehlng IS

performed '" the actual ()tcurt. but for swnpIto 
ty , meenatllCal con tactS are shown '" FlO 2)
The rete-erceSlQl\8t I' obta!ned Irom a stable
sou rce such as the timIng andCQf1trOlCirCUitry ,
and It determmes the center pornt 01the CCW
Ittler A signal althe deSIred frlQuency comes
out 01 the miller as a DCvoltage - the stronger
the SIgnal , the larger the voltage An ca- ne
quency SIgnal, hOwever, comes out of the ffiI·

~er as a low- frequency AC voltaoe We mtll the
Incomrng SIgnal nght dOwn 10zerobeat Unde
'Ired SlQnal. WINbe d'SlingUlsl'\ed Irom the de
SlIed SIgnal because they are noce~aetIy zerobe.,
The Integrator: An op-amp Integrator compo'
ses the second pa" 01each Idler chllln We
use the Integralor to distinguish Ihe deSired II,
gnal (the eerc-eeerDCVOltage) Irom lhe uncle
Slled sIgnals (Iow-Irequency AC voltages) eo
mlng Irom the miller , The Integrator may be
thOughl 01as a moderately large cececnor. A
synchroniZing ..dump- Signal non the timing
and control Circuitry shorts oul this capacitor 81
the start 01each time trame . Any desired signal
(DC volt age) dUFIng the t.men eme causes the
capacitor to charge The resull"lQ votlage et
the end 01 the time Irame IS a lunct lOf1 01 the
Slrenglh 01the deStred s.gnal recerved dUllng
lhat trame

ORM and DRN. betng on Irequency. appear
as AC signals to the Integra tOl capacltOl,



TheM Charge the capeolor lor part ollhe lime
Ifame. bul d'schafge II lor othef parts Of the
same perIOd Consequently . !l'gr\lllS Oft If.
quency do no! have as grea' an eHeeI on the
Integralor output as do !l'gr\lliS e_aetly on the
de$lrect Irequency Tha. IShOw the CCW tiller
achlftVellll lHllectIVlty

AI an • •ample . conSIder an ,nterferlng cartier
wt1Ch'1 10 Hz above or below the de$lred Ilg'
nal FOIiOwlng lhe SWItching ml .er, thIS ORM
appears as a 1o-Hz AC vOltage li ttle hlter IS
tel 10 the CCW standard Irame length of 0 I
second . tnen the 1o-Hz In.enenng SIgnalgoeS
through one complete cycle dUring the ,ntegra·
tlng perIOd Allhe end 01 the lime Irame, the
OAM·produced voIlage a' the Inlegrator OUI
pul iSzero Thus. the CCWIllter has a null Just
10 Hz above and below.ts center Irequency
There are also Similar nulls a' omer 1O-Hz mul
IIples

Sampl..and-Hold and Inlagrator R• • • I :
At the end 01 each lime Irame, a ~sample~ 51
gnal Irom the timIng and control c.rCUlt tran,
lerlthe VOItaoe at lhe .nleg rator output to the
sample-and·hoIcI CIrCUI t That ClrC\l11 - remem
bers .. thai VOltage lor lhe 10000wIOg ,nl9fVal
Once the sarnple-and-hOId has acqulred the
lnIagralor output VOltage, a dump 5ql8l lrorn
the timing and control Cll'Cl.IItry shorts 0Ul the
Integrator capacetor It does ttwsby meansota
CMOS analog I wllch c:onnectect «ross the
capacrtor Thi. allows the lt1tegralor 10 .tart
over aga.n w,th ZltfO voltage allhe start of Itle
ne_t lIme Irame

Aese nlr'IQ the Integrator etme end 01each lime
Irame lets the CCW hlter aVOId the ringing for
Intersymbol Intenerence) common to other
narrow ·bandWidth M ers Note that thls,s POS
Sible on ly because the CCW hiler ~ knows.

when each lime trame beg ins and ends. It '5
here thaI the time drscrplme cune transmlllecl
Signal II used 10 advan tage .n the cerecnce
process

Output Mlnr: Th., 'asl block of lhe hlter chain
" rmK:h like the .nput ml_er Il luncll()l"l' as an
amplitude modulator_U5lng the sample-and
hOld output VOltage to contrOl the ampillude of
a sadelone The purpose 01this mi." IS10con-

•

struet a SldetOt18 lor the human operator 10""•.
WHY TWO CHANNELS ?

lithe Incomlr'lg SIgnal " In phase Withthe cen
ter retereoce. then me m,.er output ISalways
posthve The Integrator whICh100tow,Willsee a
posttIVe DC VOltage lithe SIgnal., OUI 01 pha.
ee WIththe relerence then lhe ml_er OUtptlll'
always negatIve The Integrator will see a ne
gative DC voltage The p()Sltlveor negalIVe DC
vOltage Charges the Integrator cececuc-. the
sampie-and-hOId . remembers- that charge
during the ne _t t.me name. and the output mi'
aer generate, a Sidelone whose ampli tude IS
proportIonal to the voltage on the sample-and
hOkl cececucr But It the SIgnal,s 90 out 01
phase With the rerereoce trames. then the rru
_e, outpct Will At times be positive and at othe r
tenee be nega tive dUring a given Inptll cycle
Thlsoutptl l Willbe averagecl to zeroby the inte
gra tor The resul t II no filter OUtpul Irom lhll
channel

The 5Ituatl()l"l.s Olllerent lor each Channel be
cause lhe A ch.annellnPUt m,_" ecceeetee by
a relerence which ,,90 OUI 01phase w,th the 8
channel relerence Thus . It a sagnallS 90 oul
of phase WIththe A channel II ......be In phase
(or 180 OUIolpt\atelwlthlheBchannel At al
phase differences between tile two Channel,
the prOduCt of the two channelS " alway!. lhe
deSIred SIgnal desplte the phase relatl()l"lshlp
between the center IfeQuency relerer'lC8 and
the Incoming SIgnal

B ·CI'oon~

Fig . 3:
Rl!qu'rM ..,rwI ••• ~Ol'
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lithe desI red Slgnal.s graphed as a phasor (as
In Figure 31one might say that the B channel
pick s up me X component 01that pnasor, and
Ihe Achannel picks up Ihe Ycc mpooeot ol lhe
phasor . The two-cneneet output mi~ers are
also driven wllh s.gnals 90 out 01phase. Tha I
way. the oulput tones combine vectcoenv The
reeon is thaI the cc mbeec outpu t is a lone
whose amplitude reflec ts meamplitude 01 the
deSired signal, regar dless ctthe Signal phase
The phase 01the outpu t lone also reflects the
phase oune deSired SIgnal

The meor eucet response curve 01 the hiler
may be developed We won't go sue lhe ma o
thematlcal de tails except 10 say thaI the ampli
tude response IS a Sin ll!~ curve, like Ihat In
Figure 4 For a 0.1-second Irame length, the
nulls ,n lhe IllIer respon se occu r every 10 Hz
eenar Side 01 the center Irequency The 3·de
points on Ihls curve are 9 Hz apart : the 6·dB
points are 12Hz apart

Figure 5 compares the CCW hiler (0 1 second
Irames) With an ord ,nary 5OO· Hz CW nuer and
a 2700· Hz s se nrter. On thiSscale It ISrmptec
IIcal 10 show me num erous nulls in me CC W·
nrter response ; sho wn Insle ad ISIhe envelope
of the primary response.

HOW MUCH IMPROVEMENT 1

One way 01companng CCW WIth ttle ordinary
CW method is to COI'lslder Ihe hiler noise band·
width , This IS the bandwid th of an Ideal sleep
sided IIUerwhich would pass me same amount
of random oose as me lit ter beIng COI'lsldored
For 0 t-secooo Iramo leng th CC W, Ihe !lIIor
norse bandWidth IS 10 Hz ThiS equa tos to an
approximate supencmty 01 17 dB over a 500·
HZ CW tuter and abOul 24 dB ove r a 2300 Hz
liller ,

,
A

-17dB at
- 20 Hz

Null at
- 10Hz

I

3dB
Bandwidth

9Hz
- 17dB at

+20 Hz

+20 Hz..+ 10 Hz
f---il-

Center
f requency

W 6 NEY

- 10 Hz- 20 Hz

Fig " 4:
Amplitude fftpon.. ole l0 Hl bendwidthCCW11It.,

•
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CCW-Filter
10 Baud
B~-10 Hz

- --- -- - , - -,-Typical
SSB -Filt er

B'2300Hz

W6NEY

t- 10

A_ 20

- 30
Iypisches
CW- Filter

B, 500 Hz

.500 Hz
f - --

o- 500 Hz

-50
dB

- 60 l::::::::~:::::::=--::-::-:-."..-+----::c,..,...,..,.""':::=---l

Fig. 5: Com p.rllon 01th ree Iiller l

Oule r curve: Typlc.12J OO Hz SS B·lllle r
Ce nle r curv . : Typlc.l 500 Hz CW-liUer
Inner cu rve : A CCW-lItler lor 10 Baud . bandwldlh II 10 Hz

Such eenrnetes should be reasonably accura
re wrth respect 10norse. but when QAM is pre
sent, Ihe CCW nuerprobably does even tetter
Using a CCW system 01 0.1-eecoro frames
wllh ground wave in the presence of natural
noise. and adiusllng power lor malchlng read
ability, I have measured an approximate 16-dB
improvement ever a 470-Hz crvsreuuter: tt us is
close 10 lhe theorellcally expected value ,

NarrOWing the CCW bandwidth by usmq lon
ger lrame limes provides an additional signal 
to-noise advanlage at the price 01 slower mtoe
mancn transmission rates, A O.1-second Inte
gration period gives about 24 dB Improvemenl
over a 2300-Hz crys talliller : a t -second mte
grallon period (1,2 wpm). 34 dB; a tn-seconc

'0

pence. (0 ,12 wpm) . about 44 dB. These
speeds are slow, but the Improvement in ettec
eve commcmcauon with lower power is qUite
lasclnallng

The Improvement gained by long-Irame CCW
IS limited by phase rnooutauon illtroouced by
me propagation path ,For 14-MHz signals . me
lion In the F layer wocauv produces 2 or 3 Hz
01 phase (or frequency) modutanon lor a JA 10
W6 pam. (We have also observed wnat ap
pears 10 be propagation time delays under
poor band condmcns] When the trlter pass 
band becomes so narrow ,hallhlSmocutancn
exceeds the fitter bandwidth. further Improve 
mentm signal -lo -noise ratio cannot be obtain 
ed by narrowing lhe IIltm passband ,
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Ftg.6 :
Aver ag e , e.d.bllity 01Il mu lleneoully IlInl 
mltlecl CW.nd CCW lr lnimililoni wh en
,eeeivecl by 10lJ' dill lffen i ope,eIOfI .
Thr.. dlNe'lnl o utpul powlr leve'. were uHd

CCW might be used '0' EME com-numcanon.
but the problem IS complicated because otto
ner-mouon Doppler ettects. One mlghl need a
compete- to carcutate the Irequency at which
the Signal IS expected to return . Also. achie
ving the necessary ttequency stability of 1 or 2
Hz IS more dllhcutt at the higher rrecoercee
used 101 EME

Some 0' the Simplest rtgs are the easies t to
convert lor CCW coeretoo. To cctem the lutl
advantage cttne CCW mode. however. recei
ve, quallfVshOuldbe hIgh In Part 2. I Will des
cree lhe equlpmen l and methods used lor
communlcahng by CCW

~

~ 0 50 1-.::-- +-- - --1
II
£

W6NE Y
, 10 0 r-= ::::::::-::---,
I

CO NC LUDING REM A RK S

In evaluat ing hiler euecnvenees . notse band
wldlh does not tell the whole story : there are
PSYChOlogical ccns.oerenons. 100 The human
ear IS frequency seostnve. and the human
brain can tocua on particular CW Signal tre
cuences amid the noise and QAM Skilitul CW
operators use thIScapability well My obstlrva
hans have led me to conclude Ihal tms skill IS
worth at least a 6-dB margin when USing a
2JOO-Hz Iiller QAM . however . ISetten a con
fusion factor and therefore causes more de
gladatlon 01 copy than an eqUivalenl amount
of random nose These psychological tactoes
are dlHlcutl lOQuantlly. but probably reduce the
advantage 01CCW over ordinary CW

Figure 6 stowe graphically the results 01 on
me-an ccmoansoes between CW and CCW
made In 1975 TransmiSSIons were made on
14.049.000 Hz 'rom J R t ZZR at power levels
0 ' to weus. 1 waUand O I wall USlng CCW and
a vertical grounclplaneantenna on a lour-story
bUilding A three-element beam was used for
receoton at W 6 BB The CCW SIgnals were
received srmuttaooousty as CW and CCW SI
gnals. and were recorded on separate chan
nels 01 a stereo cassette recorder We setec
led sample oencce 'rom the casse tte recor 
ding and played back the SIgnalsto 'OU' mode
rately eeceoercec CW operators The aver
age proportIOn01 copy ShOwn on the graphs IS
based upon words conside red copied The
copy content was laken tram radiO JOUmals
Esfrapotancnoltttese eeta Indicate an esnme
ted 25-W CW stgnal as equrvarent to a 0 l oW
CCW Signal In commuoceucee euecnveoeee.
0 1 a 24-dB superiori ty ' 0 1 CCW

The CCW techmcue appears to be most pro
miSIng, especially where 81gnals are weak
compared 10 the norse and DRM Under htgh
abscepuon and QRN condl llOns (as all en ex
oeeercec on 80 and 160 mete's ) the eenno
nat selecllvlty 01 CCW would be helplul. we
don I have data on that yet however

"
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The ATV.7011 IS a prolesslona) Qualily ATV iren e
ennee 101" lhe 10 cm band It IS only nece-ssary 10
connect a camera (monochrome or colou r). antenna
and miCrophone , Can be Operated lrom 220 V AC or
12 V DC. Tn.e slandard unit operates aCCOfdmg to
CCIR. bul olher slandards are available on reques t.

The AT V·1011 ,s a lurther de~elopmen' 01 our fe)I'
a~e ATV·7010 with beller tpeClhcahons . newer ee
Sl{jn. and smaller dimensions, II uaes a new system
01 v>dflO<SOtJnd oombjna bon al'ld modulation It is
also sUitable lor mobjle opera llOll Irom 12 V DC or
IOf liKed operaliOfl on 220 V AC.
Price OM 2150,00

The ATV·101l ISalso a~allable lor broadcasting use
between 410 MHz and 500 MHz. and a number 01
suCh untlS are In contmuous opefatlOn in Alriea

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

S~ilicalionl ;

Freque"C!eS. cryalal-controliltd:
Video 434 25 MHz, Soond 439 15 MHz
IM·products (3rd oroor) : befter than - 30 dB
Suppression 01 osc,lreq, and Image
beller than - 55 dB
Powef-o\llpul, unmodulaled: typ, 10 W
Delivery: OK stock 108 weekS (standard model)

k 0JlK<!fr;V technik Tarry D. Brttan .Jennerr. 14 . Posttach 80 ·0-8523 aerersccrt
Tel. 0 9133/855 (Tag und Nacht)
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Michael Martm , OJ 7 VY

A Wideband Driver for th e
Shortwave Bands

1.
TECHNICAL SPECIFICATIONS
OF THE AMPLIFIER

(FOI values .. SO U . the lTequency response
and If'ltermodwatlOl"lvalve. will be dlttet'~t1

NOIse hgure NF - 3dBat30 MH~

Output_
p.. ' WPEP ~ 2x30dBm iii 4OV.lfllOSOU

The following article la lo deac:rl'- a drlv.,
ampl"l., lor the ahortw.ve Nnda, which I.
dealg~ to milch lhe HF-YHF tr.n.verl.,
dftac:rlbe<l by OK 1 OF In (1). Thl.low-inter
modul.tlon .mplifier provide••n oulput
power 01 4 W PEP~ 1 .nd 30 MH~ ,

.nd eIIn "ther '- used tor qfJH:ommun~
liona, or lor driving' lu'- .mpUfler equip
~ wllh two6J B6 or 6146 typea. Twoauch
.mphfl.,. will .Iao .Uow low-reac tive twa
tone .lgn,I.lo be gener.ted lor the measu
rement 01 Inlere. pt point v.tue. of > 40
d Bm.

Inpul mpedance

l""~

z.. -SOU
z.. 50<>

ONe
, .. J "'"

r"i- -- C2

I' '"- .......,......

~,.,,.,16 dB

Ll
~O l,.......

" dB

la, . XI"'"

,
,'211....,
•

'dB
'11. 1: tnortwlve,w~nd Irnp"'~ with 44 dl Sliin

blthJMn 11nd 30 MHI';"_ .'W pep

OJ 7VY
00'
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Fig . 2:
IM·,et-ellOn . l lull d rl .... .
lTM"ur.cI.' 3.1 MHI
Wi' h Uo • 30 V;
Hoof.: 20 IoH, d .....
Ver1.: 10dBdIY,

FI9 -3:
Concflilon••• tor Fig I.
buH I'O • 1$ V I

Fig . 4
F,.q..-ney'..pon.. lrom
0 1050 IIIHI:
HOJ.: I MHz diy ,
VIWt.: 10 ee dlv .
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zeuoe onne V·MOS-FET oulput slage even in
the case 01comple. lOad Impedances

Fig . s:
A tUM ampli l ier In . v rou nded c.lhQde ci rcuit
un De drive<' "I e . ", ldeund Ir.n,lorm...:
Tr 3 /. , Trl )

r Json

A 90 V , 2 A translstOftype VN 89 was selected
lor T 3, whIch possesses a power dissipahon
01 12 W, The uereercr operates In class A,
and diode 0 1ensures that the gate bias vcne
ge IS Increased COfrespondlngly WIth a sligh!
delay so that even greater Olltput powers than
4 W can be ecnevee. 01course, With a h'Oher
current drain. The outpct capactance of T 3 IS
compensated IOf With the aid 01l 4 and C 2

AI an Olltpullmpedance 01SO U . the amplille r
prOVides ,ntermodulatlon values that are lar In
excess 01 tnose 01bipola r transistor dnve rs
Figure 2 shows the mterrnodulanon reject ion
at lu ll orwe. where the power 01 a Single lone tS

30 dBm ,Q, 1 W, correspond ing to 4 W PEP
The IM.rejOCllQn IS - 36 dB With respect 10 a
Single tone, or 42 dB when rolerred to PEP
ThiS corresponds to a third Ofder Intercepl
pont IP"", 0148 dBm With a gain 0144 ea. thiS
amounts 10 an Input IP-value 01 -+- 4 dBm

V·MOS- FETs are nansrstors In which the cur'
rent does not llow hOrizontall y (as usual) but
vertically Within the Chip geometry They extn
bit a very high cut-enfrequency, good reliablli·
ty , and the absence 01 secondary break
thrOlighs. However, they are somew hat sensr
live 10 cvervcaecee. whICh means that the
operatIng vOltage must always be lass than
hall ct me ma. lmum vollage given In the data
sreet

2.
CIRCUIT DESCRIPTION

As can be seen In Fig ure 1, the Input s.gnal is
capaClllvely coupled to the h'Oh-curront FET
T 1 (P 8002). which possesses an mputirnpe
dance of 50 U In the common-gale CtrCUIt
used The subsequen t stage T 2 eqUipped With
transrsror 2 N 5109 In a leedback conllgura·
uco also possesses an mputimpedance 01SO
U which is nanercrmeo up In Iransformer Tr 1
to provide an output load of 4SO U lor me Inst
stage Induclance l 1 and cecectce C lare
provided lor compensa ting the frequency re
sponse al 30 MHz . ThiS ISdone by edendlng
the gate-draln capacitance of T 1 10lorm aa 
link . Inductances l 2 and l 3 are provided IOf
ImprOVing me Irequency response at the upper
frequency nrnn. The second stage IS termina
ted With56 U , which ensures a good neunau-

Gain
Gp 44 dB · 03dB, 1 10 30 MHz
Input Signal lor full cnve
PO' 2 . -1 4dBm ~2. 44mV

HarmoniCsuppression at P""" - 30 dBm _ 1W
(measu red at9 MHz ): 2 1, 22 ea
3 1, 36dB, 4 1, -56dB,5 1, -76dB

Third order Inlercept POint.
IPO' _4 dBm IPouo 48 dBm

Inlormodulatoo rejection at full drive
1M- 36 dB (42 dB rei PEP)
(no lIh. 9th and 11th oroer products as with bI·
polar power transistors)

IntermodulatlOn values lor other output power
lovels can be calculated acco rdIng to me 101·
lowing equaton :

1M _ 2 (IP""" - p....)

eg36 - 2(48 -30)

Power requirement
15 V / 80 mA, 30 V / 250 mA
O,mensI()l'lS: 72 mm . 110 mm . 4S mm
(including heat Sink),



FIgure 3 shows the ampllher wllh the same In
put slgnataner the operahng VOltage 01T 3 has
been reduced 10 15 V The drive r should then
only be driven up 10apprO~lmatety 2 W PEP

Figure 4 shows mefrequency response 01the
amplli ler between 0 and 50 MHz

All coles and chokes
12.5 mm SpaCing

t t 4 7 1,H
l2: o68 1,H
t a: 0,331.H
l4: 0 47,.H

F'lled Inductances lor

l5· l7: 8,2 11H
Ix 22 1,H
1 ~ 120 I.H

The curren t drain can be SWitched to zero In
the standby mode dunng vox-ccereuco

Figure 5 shows a wldeband translormer (SO U
: 450 01 lor dflVlng a tube power amplilier . The
Input capacit ance COl ct metube must be cern
pensated lor Wllh lc:

(, -~ )
A VOltage of 120 V tpeak-te-pe akj present
across 450 U ISmore than suNlclenl lor all po
pular power ampllher tubes Since Ihe reso
nanl CIrCUIt comprising lc and the tube , and
connectIOn cacecteoces is dampened with
4SO U , It Will not be necessary to carry out any
tuning 01the driver within any banet Any possi·
ble gr id current Will not cause any Ilmlllng as
encountered wllh high-Impedance tube dn
vera such as the 12 BY 7,

2.1.
Components

2 IIs-rce terntecore crckes(Philips) lor IIlter·
Ing the operating voltage

C 1: 6 8pFceramlCdlskcapaotor,
spacmgSmm

C 2: 68 pF Slyrolle ~ capaci tor.
spacIng 12Smm

Capaci tors up to 470 nF: ceramic diSk, lubular ,
or multila yer cecectcre lor 5 mm spaCing, also
7.5 mm spacing lor the larger values:

1 tantalum electrolytic : 10 "F

3 leedthrough cececncee 01 epprox. 2 nF lor
solder mounting

1 tllmmer potenllOfl'leter. 100 kU , horizontal
mounting, spaCing 1015mm

1 relay RH·12 V INalional)

2 BNC·corm8Clors lor Single hOle mount ing
With double solder tags

1 metercase wllh heat Sink

3.
CONSTRUCTION

T 1:

T 2:

T3

01 :

Tn :

Tr2:

I.

P 8000 0r P 8002 (Tl ) With
heat'Sln k, see lellt
2 N 5109 0rBFW 16 (Siemens)
With large COOling Iins
VN a80rVN 89 (Sihconi ~) Wllh
rmce disk

1N41480r1N41 51

Toroid core R 10·N 30 (Siemens)
with 3 ~8turns ol05mmdla

ename lled copper wire
Toroid core R10·N3Owllh
2x9turn.oI0,5 mmdla,
ename lled copper wlr.

The amplilier can be ccreuuctec USing the 70
mm x 90 mm double-coated PC'board
OJ 7 VY 005 (see Figure 6), and can be en
closed In a metal case 01 72 .. 110 ~ 30 mm
complete With heat Sink Flgur" 7 shOws me
author's prolotype built up on a 2,5 mm verc
board Construclio n does nol present any ore
blems due to Ihe 50 a interstage lechnology.

TranSistor T 1 Is screwed 10 the cover 01 Ihe
mete l case below the Ihrough-conlacta atler
increasing Ihe length ol lIs connecnona 10 al.
low them to be placed through lhe board , The
cooling tag 01T 3 18 bent by 90".placed through
the cov.r and screwed to the heal alnk The
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Fig , 6: Thedoubl.-eo. 'ed PC-oo.rd I. O"ly 90 mm _ 70 mm ."d
ell" be mou"ted In • • ultebl e me l.1 ene

Fig. 1: In lh••ut ho,". prot oly pe u.lng. V.ro bo .rd , T 1 (I.ttl ..... eooled
...ilh two he • • go ne l . pllCer.: T J II belo... th. boerd

17



rmca disk for Insulallng Ihe drain should be
prcvoeo Wllh neet-corcucuve paste or Wllh
two crops of 011

The oosmon 01 the cormectoes can be seen In
Figura 7: however. the Input and ovtoot can
also be on another e.oe 01 the case If they are
to be mounted beSide each other . It ISrecom
mended that an AF-tlghl screening 01 the Input
connector l!l prcvroeo and Ihat a choke Should
be used lor suppressIng any sheath-curren ton
the outside of the cable between connec tor
and Pc-coarc (glOund the outer conductor at
both SIdes 01 the cable I) AF-eurrents on the
outSide 01 the cable can be suppressed by
plaCing severer lurns 01 me coaxial ceme
Ihrough a A '0 N 30 torOid core

Aller Winding the nanstorrner . II Will now be
possore lor the components to be mounted on
the board The value of R 1 ISdelermlned by
measuring the draIn current at vancus values
01 R' Atler paSSing the connecncn leads of
T 1 and T 3 through me through-contacts . the
bOard IS"rsHy l,xOO In me case by soldering at
several pomls around the edge 'rtus IStonow
eo by mounting the connectors. Ihe operaling
voltage feed -throughS. and T 1 and T 3 The
opera ting vouaqe IS connec ted aner plACing
potentiometer P 1 to zero

4.
CONNECTION AND ALIGN MENT

A Signal generatOl Wi th a variable output von
age 01maximum 100 mV is sumcont for onv
Ing the ampliher, two 100 U 2 W carbon resrs
tors can be connected logether as O\Jlputload

Poterwometer P 1 IS alignoo lor a quiescent
current of 250 mA via T 3. alter SWitching on
the amplifier via PI 1
CAUTION It ISnecessary lor me 15 vcoeret
Ing votlage to be stabiliZed. since any slighl
voltage lIuc tuabons Willcause large venanons
01 the qUiescent currenl r

An output vcnaqe 01 40 V (peak-Io-peak)
should be measured With an HF-probe con
nected 10 the outpu t when lUning the signa! ge
nerator between 1and 30 MHz It 8 sweep-Ire
quency measuring system IS available , " IS
ccssere lor thelrequency response 10be o.s
played as given In Figure 4 The ampliller has
been ccosuccteo eeverettenee even USIng dlf
ferenl types of ccosnucnon. and has worked
Immediately under all ccocmcns

When USing the amplifier as QRP-lrltnSml ller,
a minia ture matcntox should be used In order
10 ensure a good 50 lJ teremnatoo . WhiCh then
also c-cvces a furlher narrromc suppreSSIOn

If the gain IS stili not hIgh enough. a tenner
P 8002 preAmplifier can be prOVIded wllh a 2 ,1
transformer In the drain cecuuto prOVide a Iurt
her gain 01 6dB, or 8 dB, II a 3 1 trans former IS
used, In tt us case, a frequency response com
pensauon Similar '0 L 1and C 1 must be touno
expemnentally
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Murphy'. Law - as e xpe rienced bV DL 6 WU:
..The more otlen one measures Ihe gaIn 01an antenna, th a smaller It becomes.•
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Leif Asbrink. 8M 5 B8Z

The O ptim um 6 E le me nt Yagi-Antcnna

In an article In the IEEE Transact io ns on
Antennas and Propagat ion (Vo l. AP 23.
1975, page 8 tt.], two authors C.A ,Chen and
O.K.Che ng described a me thod of de sig 
ni ng optimized Vagi antennas using com
pul er ca lculations. The arUcle also tnciu
ded a numer ical exampte tc r an optimum 6
elemen t Vagi antenna . In this cas e, opu
mum means the hig he st possibl e gai n, In 
dependent of boo m lengt h and band width .

'rfns article ISnow to give the data for construe
ling a 70 cm and 2 m veson 01 this antenna,
however, It ISnot meant 10be a tool-proof me
thod at constructing antennas , but ISto oescn
be a method 01cons tructing an antenna that
really works ,

THE CHEN CHENG ANTENNA

Over the years . many radro ama teurs have
tnec to ccoeuoct an antenna according to the
meoreucer catcutauons of Chen Cheng The
results were usually unsanstectorv Such an
antenna has been oescnbeo In Ham RadiO
MagaZine

The reason that tme antenna does not usually
operate ccnecuv ISpartly due to the tac t that It
IS very cnncer. and parlly due to the career
stoo method It ISnecessary lor the antenna to
be measured and opurruzed alter construction,

A signal qeneta tor and receiver are reqlJlred
lor tt ns measurement that can be tuned over a
treouencv range of ' 5% 01 the requued cen
tor trequency Furthermore a site must be

'ound and be prepared wncre tho radiation
pattern can be meesweo In Ihls frequency
range The angular resolution should be In the
orcer 0' 0 5 For the revet measurements.
enner a orece.on attenuato r Will be reoweo.
or tne recervee must be linear (AGG oil, maxi
mum AF gall1, CW 01 SSB mode , and de 
crease the RF-qam as reqlJlredl , so mat the Ie·
vel can be measured at AF·levei USing a ncr
mal AF-voltmeler

The radiatio n pauem can be measured by
rotating the antenna In an axis that runs parat
lei to the elements A soneore arrangement is
shown In Fig ure 1 It ISalso possible to mea
sure between the roo's 01two houses having a
surtabje spaCIng rrom anomer The mos t en 
conant pomt ISlhal one evcos ground renee
nons and any ctner renecucos from neigh·
bourlng Objects

1I 1he measuring path ISsenstactorv. me rac.e 
lion diagram IS now measured at various fre
quencres. and Ihe frequency IS selected at
wtncn me pattern corresponds 115 ciose as
possnne 10 me thecrencal values given In
Table 1

'rtus IStonowed by calculallng how tar tms Ire
quency IS rrorn the desrqn center frequency In
per cent and by changing the lengths 01 the
elements by twice tms percentage The POSI
lions 01the elements remain unchanged

II the rad iation patterns are now measu red
again at various frequencies. It Wilt be found
that a ceuem Will be present which IS much
more SImilar10 the tabutar varues. and 'ar nea
rer 10the desiqn nequencv than befo re

19
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After carrying aul one or two further cor-ee
!lons according 10 the given e~ample . one will

Angle
(deg)

o,.
25.5
30
38 .5
53
71.5
83
.6
'0.
' 20
'38
' 56
'80

r ever
(dB)

o
- 3
- 6-.
- 20
- 11

< - 30
17,5

< - 30
- 18 5
-2.
- ' 3
- 25
- ' 0

Note

Firsldlp
Flf 515idelobe
Secondd,p
secorc sceece
Th lfddlP
Third sldelobe
FOUJ1h d lp
Fourth sidelobe
Fmh dlp
Back lobe

obis," the IInal (- Ihem eliCel) rad,allan patte rn
al Ihe deSign frequency . The gaIn w,lI then
amount to 11.5 dB ove r a dipole. whIch ISap
proximately 1 dB more man can be obtain
ed with other er uennas haVing a comparable
length

ANTENNA MEA SUREMENTS MADE
AT ANNABODA SWEDEN

An antenna opti mized according to me des
cubed procedure pa-ncearee 81 the Anna
boda eruecne measurement contesl,n 1980
The gain measured was 11 8 dB . however, It
seems that the 70 em measuremen ts IndICAt
ed gain values that are too high by 2 to3 1enths
01a dB A dlfecllnt9Qratlon 01the radlatloo pal
tern will give a gain of 116 dB Chen and
Chong give a theoretical gain value 01 11 25
dB, which is probably «correcr lor some un
known reasons

20
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However , the exact gain value down to a tenth
01a dB is only cttneoretcat interest ; II is more
Impo rtan t that this an tenna is able to provide
not iceabl y more gain Ihan any omer an tenna
01 simila r lengt h. The measured values at
AnnabOda, which are very accu rate lor the 2 m
antennas. can be used lor comparison. These
were published in the Swedish Ama teur Radio
MagaZine OTC. The resull s lor 144 MHz were
given in edi tion 4/81. and the 432 MHz resutls
in edi tion 5181

PROVED CONSTRUCTIONS

boom using special element cl amps which Will
poSSibly have an ettect on the resonant leng th
of the elements. The element clamps can be
obtamed from SM 5 ERW , PI 8820. S·643OO
VING AKE RiS weden

II the elements are to be mou nted onto the
boom in a different manner. or when the boom
diame ter is changed considerably. It Will be ne
cessary lor the antenna to be measured and
realigned , When uSlflg the dimensions given In
Tabl e 3, the an tenna Will operate satis factorily
between 144,0 and 1446 MHz.

r , b le 3: Dimen l lonl o l lhe 144 MHz , nlenn,

For those readers that do not wish to optimize
the an tennas acco rding to the descnbed mea
SUring and optimIzing procedure. a cescccucn
IS now to be made of an optimized Cnen/
Cheng antenna lor the 144 MHz and 432 MHz
band.

The 432 MHz antenna is cons tructed USing a
tubular PVC boom of 19 mm outer diameter
and 1,5 mm wall thic kness. All elements are
cons tructed from 50 mm diameter solid
a luminium roes . They are pressed into holes In
the boom ,

Element length
(mm)

'004
954
922
907
917
907

Spacing Irom
reuector (mm)

o
5'9

1120
1963
2634
3511

The cimensrons are given in Table 2,
DESIGN OF A SUITABLE
GAMMA MAT CH

r ,b!e 2: Dlmen l lon l o l th e 70 em enlen n,

The 144 MHz antenna ISdeSigned lor a center
rreqoencv 01 144.4 MHz The boom IS con
structed Irom aluminium tubing With an outer
diameter 0125 mm All elements ate ccosmc
ted trom aluminium tubing With an outer dls-

Element length
(mm)

3245
308,5
297,0
2930
2960
2930

SpaCing Irom
reuectcnrem

o
173.5
374,5
656 .0
880 .5

1173,S

AlthOugh the -qamme metcn- should be part
01the fundamental knowledge 01 any person
Interes ted In antennas, a hlgh.quali ty version
01such a match is to be bne!ly described , The
main teatore is that the capaci tor IS made In a
coa xial manner uSing a PTF E tube as eneiec
tnc. This construction ensures that II is nnpce
Sible lor water to run to a posmon where strong
eiecmcetuece are present As can be seen In
Figure 2, the PTFE-tube also protrudes by ap
proximately 10 mm on both sides of the capa 
citor, which means that the path is very long lor
leakage currents when the an tenn a is d irty and
wet. 0 1course, the surfaces 01the two copper
parts, and the end 01the coa xial cable mus t be
protected against corrosion, Tl'1e result IS a
gamma ma tch that is SUi table lor the hig h etn-

2'
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Clencyolthl' eeteena Bythewey.lhe d,men .
SIOflsollhe gamma match are nol crit ICal a to
lerance of • 5% I'permissible

The matching should be conS1l'UCled sunllafty
lor the 432 104Hz band hOWev", no Pl'OY@f1
",• ..on IS available lOt' publlC8hon Howev... .
8M 5 ERW hopes lnal !tie 144 MHz anten""
ell" be otlered If'llhe near tulur. tomP'ele w 11'1
50 U mIIlchlng

STACKING DISTANCES

Due to U'\tl very high gall'l of the deSCribed
an tenna , It ., no! posSIble lor normal rule-ol' ·
the -thumb methods 10 be used lor "tlmahng
the slackIng distances According 10 a.pefl·
eoce. a SpaCing all 8 i. should be maintained
when several 01 these antennas e-e 10 be
Slacked

APPENDIX

Be lore publlshn1g thiS artICle, OL 3 WR Cllmed
out an eltensrve correspondence wIth

22

Dl 6 WU lind 8M 5 BSZ In 11'115 COff8Spon'

ee-ee. the taller was able 10 gtve 5eV8l'al ee 
tatls leoardlng the Descnbed anlenna , whICh
are not tmportanl lor conslructlon , I:M.ll 01SUCh
Q8I18falll1te"ntltlai they ate to be brOUOhl1l1
the lorm ()I an appeod,.

Standing Wave Ratio

Neally len yea's ago . SMSLE and SMSBSl
camed oul a 8eftes ol hlQhly eccwere Iat!laloon
pallem measu,emenlS They found lhal many
anlennas possessed a good malchtng flow
SWA t al o ne frequency. wre-eee th&l, ma.t·
mum ga in appea,ed al 8 d lNe,enl IreQuency
TypICally lhey had lhel, best malch al 144
MHz , whe'eas lhe ma .lmum gain was OUISl<le
01 the amalool band The In·band ga tn was
usually 1102 dB lowe' lhan lhe ma _lmum gain

Based on lhls eepenence. the Annaboda gatn
measurements we,e not made at SOU matcn
lng, I:M.lI althe aclualanlenna Impedance. and
we-e so pub lished As long as the attenuation
01 the leecler IS known. the addlhonal loss
caused by mismatch can be eaSily calCulaied
II u IS ,nacceptably htgh, It can be el,mmaled
USInga stub ,nthe VlClI1lty 01the anlenna



The author hopes that radio amateurs will tor
get Mthe resonant trequencv 01 an anterma- .
sInce such a concepl IS con luslng ! The only
Ihlng that ISIn resonance ISthe match. and any
antenna can be matched Impedance-wise at
any frequency. - even when the ftequency 01
optimum gain !S tar away RadiO amateurs
should understand mat

Anlenna ga in - Good rad iation pallern I

Is a single dB important?

Good. normal Vagi anten nas such as the
t onne s-eremenr. HyGaln a-eiemen r. Cush
Crall t t -e temen t. WISI t c-eremeot . or Jay·
beam 1n-eiement. are all on a straight line in a
diagram giving the gain as a funct ion 01boom
length (such diagrams should be drawn In a li
near scale . and not In dB ) ThiS are cresses a
gain value of l 15 dB at a boo m leng th mat is
25% grea ter Ihan met 01the ChenlCheng an
tenna Furlh ermore. normal Vagi antennas re
quire at leasl50 % more eremeots

ThISmeans , lhat thedescnbed antenna ISthus
25 % tetter Ihan eonveetoner Yagl antennas
- corresponding to 0.97 dB The gain mtteran
ces between conventional Vagls 01 equa l
leng lh and the Chen/Cheng antenna amounts
10 appro.-,malely 1 dB

Normally. It ISassumed that a Signalette-eoce
01 I dB Will not be audible ThiS IS. hOw·
ever . only fapprO.-lmatelyl true when the
signal IS well out 01 the noIse ThiS IS also
valid lor a very weak continuous earner How·
ever . It IS not commonly known tnetme -pro
bablhty Ofdetection .. Morse signals ISaffected
by small ortterencee of the Slgnal -lo -nOlse
ratio

Expenments have shOwn mat a good telegra 
phlsl can usua lly copy Morse Signals at a cer
tain speed wrtrour error . rcwevee. the error 5
Will Increase considerably when the signal eo
proecnee me noes level II the slgnal.to·nOlse
reuc i5 selec ted so Ihat 85% ouee lellers can
be COPied correctly , a cetenoraten ot the
5Ignal-lo-nol$8 ratIO by only 1 dB Wilt de
crease the number 01correct ly copied leller5
1060%1

For r-ose radiO amateurs that wIsh to carry out
conmumcenon at the technologlcalltmlls (e .g
EME). thiS represen ts a conSiderable dilleren
ce oThe cnce cume I dB more antenna gain IS
a reduced bandwI(lth , rcwever. such loW-SI
gnal cornmumceuon 15 always made
Within the uret 500 kHz 01the amateur band

Portable Antennas
operating according to log -periodic principles
LP 2/2 m - LP 32 m - LP 52 m LP 3 70 em an d LP 570 em
Two. mree, and l ive element porta ble Three and live eie ment portable antennas
antennas for 144 MHz. tor 70 em
Gain 4 2 dSd. 7 dSd. and 8 dBd respectIvely Gain 4.5 dBd aOO 8 dBel respec1lvely
Pr leet : LP 22 m : OM 29.80 Prle•• : LP 3 70 em : OM 39.00

LP 32 m : OM 49.00 LP 5 70 em : OM 49.00
LP 5 2 m : OM 79.00

](~". technik Ter ry O. artten Ja tmetr. 14 Postlach 80 0 -8523 Barersoort
Tel . 09133/855 (Tag und Nach!)

2J
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Senna Ron/e. DJ 1 JZ

A Receive Converte r for the
G eostationary Weather Satellites
METEOSAT - GO ES - GMS

Part 2: The Local Oscillator Module

Part 1 01 th ll art ic le (VHF COMMUNICA·
TIONS 4 1981) del cr lbed the Interdlgltal lil.
ter-mlx er mod ule w it h IF.preamplllier, Part
2 II 10 del drlbe the matchi ng local eeeure
lor module.

METEOSAT tr. nlmit l WEFAX (APT) trans
missions on tw o Irequ enc les: 1691.0 and
1694.5 MHz. Thel e Iwo Irequenc les are to
be converted to a lirlt intermed iate Ire
qu ency ol 137.5 MHz. Thls lnt ermedl ale Ire
quency is also used In prol ess lon al I YI
tem l . It may Hem reasonable to u.. . , lrl t
Intermedi ate Irequency In th e t44 MHz
band, however, thll II not advisable Iince
there are no amateur recelverl that pal·
Ie.. a l uita ble bandwi dth at IF and audio
level lor the automati c picture tranl mil·
l ion (APT). Furt hermor e, there II more
danger 01breakthrough 01st rong 2 m i la
li on l . Thll means that a lpeclal receiver II
required and th ll can be at the standard
llrll lF. which II allo covered by the DC3NT
receiver . A fu rther ad vantage Il lhat one of
Ihe orbi tIng weather l ateili tes (NOAA 6)
also operat es on th is Irequency.

For those reader. outside 01 Europe.
Middle East and Africa, It should be noted
that the GOES and OMS-serie l o l saleill tes
only transm it on I l ingle WEFAX Irequ en·
cy 011691.0 MHz.

"

CIRCUIT DESCRIPTION

In the case 01 METEOSAT. two local OSCIllator
frequencies are requrred 1557.0 and 15535
MHz These neqcercee are derived trom cry
stals In the97 MHz range, which are multiplied
by 16, The Circui t diagram 01the local cecueto
module IS gl'..en In Figure 1

Each crystal IS prOVided With ItSown OSCillator
cncurt and subsequent buHerstaqe. Freqency
se'ecuco ISmade USing a small relay by remc
lely sWllchlng the 8.5 V stabilized operallng
voltage ThiSralher extensive CirCUItry has the
advantage that each crystal can be adjusted to
the recweo frequency,

The two buller stages drive a common 97 MHz
resonant crcot which comprises tnductance
L 5 and the two capacitors 01 18 pF and 27 pF
respectively . The nret01two tranSistor doubler
stages ISconnected to thiScapacmve tap The
resulting Irequencles are given m the cncuu
diagram. ThiSIS'allowed by a stralghHhrough
ampunerfor 389 MHz and a veractor multiplier
With a iJ2 cncun at the output

At the lOwer trequencles , the COUpling Irom
stage-ta-slage IS made With the aid of band·
pass IlIlers In order to ma!nly suppress spec-
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COMPONENTS

tral lines thaI ale In the viCinity0 ' the output Ire
quency, (1557 ~ 97 MHz) tnterl enng nnes
spaced further from me 'requency are sup
pressed in the Interdigl t81 nner of the mixer mo 
dule ,

T 1. T 3

T 2. T 4
T5:

T6. T7 .
T8:

01
02:

L l ,L 3 ,

L 2,L4

L5
L 6.L 7:

L8.L9

L10

26

2N918.2N2222,
or BFX 89 . BFY 90

BF 199. BF 224
BC 108. BC 182. or Similar Silicon
NPN-transislor

BF X 89 0r BFY900r 2N 5 179

BFW92 or BFR 34 A

Zener diode 9 1 V

Silicon sWltchlflg diode l N91 4.
l N 4148.or lN 4 151 or Similar

4 5 turns 0'0 8 mm dia Silver
plated copper wire wound on a
6 mm npped ccu former with
VHF -core

20 turns of enamelled copper Wire
01app rux.c.smmoa.. wowto ona
3 mm former. sell -suppo rllng .
solde red to the conoector Side0'the board,
s.srcms. otherwise as L 1
2 75 turnsolO,8 mmdra. snver
plated copper wire . wound on a
6 mm tenner. pulled oul to a spac 
Ing Wirediameter, and soldered
Into place with 3 mm spacing to
the board

u-snaceo bracket made nom0,8
mm oa Silver-pla ted copper Wire
bent around a 6 mm termer.and
soldered «uo ciece so thaI the top
is 10 mmover the boa rd
40 mm long piece 0' 1 5 mm dra
sdver-oletec copper wire :one end
benl7 mmandtheothor3mmat
nght angles: solder short end to
ctup capaCltor

L tt : 56mmpleceol2mmdla , silver
ptatec copper Wire bel'll at nght
angles al3 mm nomeach end and
soldered 10the board Wllh a spac
ing 013 mm at both ends 'trenme r
C S ISalthe cen ter ,COiltap for 0 2
IS8 mm 'rom lhe bent. lap lor the
cotooue 6 mm 'rom the other bent

RFC 1 Fem te bead With 3,5 turns 01max
0.4 mm ere enamelled copper Wire

AFC2 : 15turns ofapprox o.s mmcre .
enamelled copper wire wound on
a 3 mm former. eea-supponmq

C 1.C 2: 22 pF prasncfoutnmmee7 5mm
ora (Phil ips :green)

C3,C4 12pFptastlcfoll lnmmer ,7 ,5mm
era (Phllips :yellow)

C 5 -C 7' 6pF ptasnc tounmmer. 7.5mm
era. (PhilipS grey)

C 8 3 pF ceramic tubular mmrnee.
rrumatcr e type for Single-hole
mounting (Philips type 801 )

C9 Approx.470 pF ceramlc disk
capacnor Without connection leads

C 10' Approx 2 2 1lF tantalum eleclro-
ivuce.drop type

2 pieces ceramic reedthrough capaci tors lo r
solder mocnunq: value eppeox 1 nF

All other ceoacuors . ceramic disk capacitors
for a spacing of 5 mm

All resrstors: Carbon resistors lo r a spacing or
lO mm

Relay' AH-12Vor AS-12V (Na llonal)

Crystals In a welded meta ! case HC-47/U. hUh
ove rtone: lor higher demands on the tempera
tu re response: Iype XS 2 106 (KVG) .
otherwise: type XS 210 1 (KVG)

01 : 97.3125 MHz
0 2: 97 09375 MHz

1piece shee t-metal case Withthe mnertnmen
stone 145 x 70 x 28 mm.
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Fig , 2 : Inductanc.. L :2and L 4. and Ir anal.lor T 8
are mounted on the conductor .Ide 01the boa, d
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Fig. 3: The author ', proto type Wftl photograp hed wi thout l ereening p llne lll
10 tha t lh. eo mponef\tl ean be aeen more ••llly

CONSTRUCTION

The crcuu given In Figure 1can be cons truct 
ed using the PC-board shown In Figur e 2 The
cunensonsorthis board are 145 mm x 70 mm
The PC-board IS double-coa ted , but only
etched on one Side. The ground sur/ace is con 
nnuoue on the component side and is only reo
moved with the aid 01 a 3 mm drill at those POSI
tions where the component connections are
passed through the board All ground connec
tions are made on the component side, Only
three components are mounted on the con
ductor side : the two inductances tor compen
sating the crys tal holder capacitance (l 2 and
l 3), and transistor T 8

"

The mounnnq posmon 0' most components IS
given by the holes In the board It ISonly neces
sary to note the posmons 01the components 01
the varactcr mUlllpher

The 1,5 pF capacitor tram l 10 10 diode 0 2
keeps one connection lead 0' approximately
25 mm In length. Whereas its omer connec tion
(approx. 3 mm long) ISconeectectc l lO (ap
proxImately 5 mm Irom trimmer C 7), an Insula
ling tube is passed Over the long connection
and me end is soldered to diode 0 2 and the
47 kU resistor. These two components ere sol
dered Into place normally with very short con
oecnoo leads The lime prOVided with «isurat
Ing lube is depressed onto the board In Its lull
length so that II 'arms a type 01 stflpltne , The



deSCribedconstruction can be seen In the pro
totype shown In Flg ur& 3

The two leedthrough capacitors are soldered
Into the case In the vICinity 01 the appropriate
connecnon points Pt 1 and PI 2. Ellher a co
eoe r socket (as shown In Figure 2) or a thin
cceoar cable (PTFE-cableor semi-rigid cable)
can be soldered 10 me outpu l lap on l 11

The case ISsoldered all around the edge 01the
PC-board so that the conductor SideISspaced
apprO_lmately 3 to 5 mm Irom the lower cover

Several dashed lines are shown In the compo
nents locahon plan and Indicate the posmon
where screening panels should be soldored
These prevent a capacitive breakthrough of
the lower eeqoeocee to the output. which
means that the spectru m IS cleaner I hrs
measure shOuld always be made when uSing
the OSCillator module In ccmoocton With a
wc eceoc ml_er In our case . me InterdlQltal
nuer of the ml _er module provides sutncent
selectIVIty

ALIGNMENT

The follOWing equipment ISrequued
A high-Impedance o c -vcnmeter. a frequency
counter for up 10 500 MHz (e.g. OK 1 OF 0441
045 ... OJ 6 PI (05). a wavemetee up to ap
pro_ 2000 MHz (VHF COMMUNICA liONS 21
1975. p .90-92), as well as a power meter lV HF
CO MMUNICATIONS 4 1981), 01' at least an
mdcatce

Firstly check the stabilized voltage at the emil,
ter 01T 5 and Iha operation of the relay SWitch
Ing. as well as Ihe n c -voneces at the emuter
resistors Or cecnetc- and butler stages

The power meter and frequency counter are
now connec ted 10 l 5 and the selected crystal
Irequency shOuld be Indicated The OSCillator
should cease op6rahon above and below the
crystallrequency when rotahf'lg the core oil 1
(l3). II thiSIS1'101the case this will Indicate Ihat

the compensahng Inductance l 2 or l 4 ISin
correct In thiS case . the OSCilla tors should be
SWitched all and the resonam Irequency 01
these COilS should be measured together wllh
the associa ted crys lal USinga dlpme ter. The
number of turns is then vaned until me reso
nant frequency corresponds to that of the eve-

'"
ThiS problem should not be encconteree With
the given crystals. and It ISusually only neces
sary lor l 1 (l 3) to be ahgned lor ma_,mum
power (Witha good commencemenl 01 OSCilla
tion) and to ahgn C I (C 2) 10' the exact fre
quency . Due 10 the Interaction . thiS should be
repeated severarnmee unlll Irequency. power.
and OSCillation behavrour are as reqUired

The frequency doubler stages equipped With
T 6 and T 7 can be aligned for manmurn ccnec
tor current. the final values measu red In con
juncllon WIth the prototype are given In the c«
CUl l diagram

It IS very poSSible that the actual values dllfer
from trcse of the prototype. and thiS is not Im
portant as long 8S a suffiCIent output power IS
proVided at the output frequency [rrnrnmum: 1
mW) The necoeocree should be checked at
each stage, In oroeeto ensure that an uowanr
eo tripling does not take place

The 389 MHz ampli fier eqUipped WithIranSIS
tor T 8 shOuldbe aligned In con/unctoo wllh a
power meter coupled to the stnplu19 cecun
l 10 The f,equency ol thtS stage should also
be checked. If no power meter ISavailable. one
can disconnect the 47 kU reSIstOr 01the varac
tor quadruplet from ground, and bypass the
troe end With 220 pF . UISmen poSSiblelor the
DC-cu rrenl to be measured ThiS at least al
lows a preliminary allgnmenl to be made, even
when C 7 must be aligned afterwards.

The verectce quadrupler musl finally be align .
ed for maximum power at the output frequen
cies The Interdl9l tal muer can then be used as
selective Indicator by measuring the ml_er
diode current
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VI1f UNlCAl S11Il

Since aSWIIChlf"O occe ISused In the mult,pller
In an apphC81l0n not planned by the manutac
turer . the slablhty and OUlput power dltt&r
greal!y lrom ecce 10coce II may therefOl'e be
advisable I()I' a number 01 mese ceces 10 be
tned out to select the one w,th the best cea-ec
teretes

The lollowlng values were roeesc-eo on the
aUlhOr'S prOlotype by lhe publisher

u, 12V
Ie' 82mA
p ,... 10mW

In the prototype. a BFA 34 A was used for T 8,
and an I N 4148 was used tor D 2 Figu re 4
shows the spec trum 8t lhe output Wllh screen
Ing panels provldod , bul wunout passing
lhrough me Inlerdlgllal hiler

,- -
OJ I JZ QOl.

"
,

. .. . .
"I iI•

Fig , 4:
On'y 3811 MHI snd hllrmonles ollhll lire pre..nl
I" Ihe spec:lrum ol lhe suthor's prolo lype, 1'l0W

equipped wllh ser"l'li l'lllJ plll'l" ' . Ths.. spurious
1I1'l" IIr. vlrlUlllly ellml"II'e-<t II'l Ih ll 1"l.rdlgl llll
11I1.r ol lh. ml_er module

Which Volumes of VHF COMMUNICATIONS are missing from your library ?

OM 2000
OM 20 00
OM 1800
OM 1600
OM 1400

OM 600
OM ' 50
OM • 50
OM • 00
OM 350

OM 3600
OM 3800
OM 4000
OM 4200
OM 4400
OM 4600
OM 5000
OM 700

-
---...m...m--~"

As you llnow. the putlloshers oantlnue 10reprll'll Nell c:opoes crt VHF COM""UNICATIONS Since !hey lI,elull
leehnlclllInOClellind ~nl&~ Of lIdVer1"'"IIJ lhey 001'111 n II gr..' dNl ,Jf nQrI-lI9'''II on'ormallOfl1hll1 " lU!'I
.. vlllld lDdlIy Many 04 our rNderl w!tl-'-O ,,-... lenI Du1 eopon ot VHF COMMUNICATIONS lind nev...
,keoved m.em tlkl< AIlIhHe ed bOnI tl«l< 10 11172 .'e SI. IIvllolaOle snd ClII'ltle Obllonlld '.om YOU' .epr~
.-utlVft Of lrom the~
SubKtopbOn VHF COMMUNICATIONS 11182
VHF COMMUNICATIONS Volume l11i81
VHF COMMUNICATIONS Volume 11119 '980
VHF COMMUNICATIONS Volume 11176, 19n. lind 1978
VHF COMMUNICATIONS - Volumlt 1972 '973, 1974 1975
VHF COMMUNICATIONS !nd<vIdual eopon 1982
VHF COMMUNICATIONS - IndJvIdulIl copes 1981
VHF COMMUNICATIONS - ItldMdulll t::OP" 19790 1980
VHF COMMUNICATIONS IndiVIdual CClP'fl 1975 '976 1977 '978
VHF COMMUNICATIONS 'odIYICluIlI ccoee 1972. 1973, 1974
VHF COMMUNICATIONS o.SCOU1'l1 ll'OCI tor IIl'ly 3 voIumn
VHF COMMUNICATIONS VolumM 1972-1974 Of 1973·1975
VHF CQMMUNICATlOf\IS Volumn 1974·1976
VHF COMMUNICATIONS VoIum&I 1975·1977
VHF COMMUNICATIONS Volumes 1976-1978
VHF COMMUNICA TIONS Volumn 1977·1979
VHF COMMUNICA TIONS Volumes 1978·1980
VHF COMMUNICA TIONS Volumes 1979·1981

PIRstiC blnd"r 'Of 3 volumes

Posllach eo D-8523 aarersoort
Tel 09133 /855(Tag und Nach.)
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VHF COMMUNICATIONS 182

Rolf Heidemann. DC 3 OS

A G unn Oscilla tor for the 24 G Hz Band

A simple. reliable Gunn oscutetcr to r the 24
GHz amateur band Is 10 be described to
help achieve Increased activity on this
band . Duri ng the design . special attention
has been paid to obtain a w ldeband. good
Impedance match ing 0 1 the Gunn diode to
th e load In order to ensure th at the sensi 
t ive semiconductor wltl no t be broug ht Into
a crit ical, oscil lation range .

For tt us reason. tne heIght 0 1the wevequioe is
reduced ,n meresonance range, although this
reduces lhe Q 01 the resonator and the norse
benavroue 0 1 the OSCillator. However. slablli ty
has prlOrl ly, especially when high pertoeman-

ce . and thus expensive diodes are to be used.
Figu re 1 shows the cross-section ctthe Gunn
OSCillator; tne body 01 the choke is shown se·
pa rately In Figure 1a The pholographs given
In Figu res 2 and 3 show an author's prototype
which was milled out 0 1 11'.'0 pieces o! alumi
mum

An alternative rvpe 01 construction can be
made by uSIng a standard waveguide material
A 220 (WG 20) together With a wedge which
can then be soldered Into place. This wedge
must be made from copper Inorder to ensure a
good heal drssrpanon. Such a ccrevocncn IS
shown In Figu re 4

N

,._,

, N~._,_'
, --- .,
/sL- '
'"

Fig . l a : The c hokl ollhe
Ol cillator il la lh..cl
Irom bra ..

•o
JJ
-H, i

·u. - -I I ~4.3
~2J ,.... chCk.

S.11t>lo~ - M1
): 11 W

-

1:11 tz-Iii
0 ........ O<Cld.

it> 65 ' , 11
,

M1 -.. It'~-~ 7 ... a.I<I,1~"'"... ·z · DC 3as7.8

Fig . I : e ro .. l e cllo " o l lhe po wer·Gu n" OI ClII/llor
lorlhe24 G Hz b/lnd

.,1
' \

I
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Fig 2:
E.t..... "... ot tne
Gunn Clee lllatOf

Fig 3:
Two-Pece conllrucllOn
.nod cno'" conllruct8d
•• shown in FIg.1.

Fig , oI ,
COPP"f w8dVS for con
Il,UC IIl\9 lhe oscUlllor
lnown In Ff9. 1 In con
JunctIOn with. A 220
wIW9UIM
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Cathode
connect ion
outer thread
3-t.8UNC-2 A

.I
......... - . - " <, Flat anode

,/ <, conne<.tlan
26~

d"

Fill cavity
and thread

With conduc tIVe
s,lver

2 6mm threaded hole

Fig. 5:
The Gunn diode cen
be mounted In thll menner
Into e 2.6mm thre' d,
which provldee '
I,vor , ble eOlutlon

Me....,t onto
Gunn
cscuctor

ZD4V3
og
IN
4731

. 11 V
r--- - --1

3-Sn

•

FIO·6
Circuli lor temper eture·
,t,blllz,lIon 01th. o,clllllor

As was mentioned previously, special etten
lion has been paid to a good cooling ot the
Gunn diode. In the case all 00 mW diodes . the
cathode connect ion to be cooled is prOVided
Wi th a thread which IS deSignated 3-48 UNC
2A Since such threads can usually not be cut
In Europe, the eumor has used the method
shown in Figure 5 With success. In this case, a
M 2,6 thread IS cut aner which the thread and
all cevmes up to the cathode connection are
tilled With a lIuld conduc tive silver that Will
harden.

In order to Improve the frequenc y stability 0'
the oscinator. the temperature IS stabilized
uSing the clrcutl shown In Figure 6 With the

aid 01 trimmer octennometer P the tempera 
ture IS brought to a value above the highest
ambera temperature to be expected plus the
temperature Increase due to the power drssi
paten or the Gunn diode. Due to the thermally
tavourat ne mstauanon of the oicce shown in
Figure 5, a 100 mW GUM oscillator has been
operating at the author's location lor a long pe
nod Without problems both as an oscuaror 01a
transceiver, and as a pump OSCillator tor a
cera-neue preampli fier for the 5.7 GHz band,

x-beno diodes 01all types can be used in the
cescncec cav ity oscilla tor The author has
tried types TEO 132 (Plessey ) and GC·56 10
(Frequency SourceSfGHz-OiViSlon) .
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Michael Ulbricht. DB 2 GM

A No ise Genera to r for VHF and U HF

II i. v&ry inler &'ling to know how eenetnve
one ' . hom4t-m ade eenverte r. pr &ampl ilier
or r ltCeiver really I• . In order to mea.ure
thl. , o ne requires a nol. e gener at or . A ve ry
uselul, and reproduc ib le noise .ourc e is to
ee de scribtJd In thi s art ic le ,

tact that the noise power ISdirectly proportio
nal to the temperature II a reslslor ISsubjt'lCled
10 varIOUS temoereturee. It '1'1'111 generate an e_·
ecnv cetmec nose power, rcwever . these
norse levels are very low

There are various methods of generallng a
nose voltage The most wen- known ISre use II

salu ratlOll cooe A high-vacuum diode with a
tungsten cemcoe generates 8 noise power
Ihat IS directly prDpOftlOnal to the diode cor 
rent ThiS results In an easy callbfa tlOn Such a
ecorce was oescnbec In (4)

NoIse generators can be con structed accord
,ng 10 the thermal method USII"IQ carbon or me
tal ·lay9l' reslslors In IhlS case one Ullllles I....

A Simple and cheap method of generallng a
norse power With the aid of semiconductors
was shown In ( ') Thi S had the dlsadvanlage
that me noise power was not reprodccble.
whIc h meant tna t fhe generalo r mus t be cah
bfaled before makIng measurements How ·
ever, lhe great advanlage was the Simple coe
Slr!JC11Of'l In many cases. one does nol reqUIre
an exact ()()Ise IIgu re bul only Wishes 10 carry
out comparisons 10 other modules. Of to a pre 
VIOUS conStructIOn Such a semlCOtlClUC1or
()()ISO generalor ISnow to be oesc-eee

FI'iI- 1:
Th8 e mi lter-bl... d lodll
01. UHF·It.n, I, l or Ilihe
eet....1nol... diode . which
i, led trom a con"a"l·
curren' IOUrce ~UIPped

wlth T 1.
Below ' Hoi.. in ' M e....- 0

51J..
- IV - -.
~ 5 !e

DB 2 GM

,
'----I--! - ,

I
8 - -13 '--

51 -sv 01 A1 C'"" Al, 8NC

r•--;~ ·-~----;r-s- tol-=- .- I I - . -.-<=-.~
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F1'il' 2: Th. phOIO'ilrllph shoWI Ihlll lhl. noi•••ouree is , re,l weekeno prcqect

CIRCUIT DESCRIPTION

The base-erruuer diode 0' an RF-tfanSlslor
(T 2) In Figure 1 ISoperated In Its blocked dl
recnon The transistor IS provided with lIs oper
ating current via a constant-c urreru source . In
order to ensure tha t the norse power remains
constant ThIScunent scu rcers const-uctec In
a corwenuooat manner USIng a held euecuran
astor (T 1) The cons tant current IS adjusted
With the aid of A I , and diode 0 1 IS used lor
temperature compensation,

Resis to r R t has a value 0'22 kU In the case
of Ihe author's prototype The norse power did
nounc rease at lower values, and the nOISO po
wer was correspondingly less at grealer va
lues , SInce a DC-voltage 0' apprOlumately 4 8
V ISpresent at the norse diode T 2, a Chip cepe 
cuor C I was prcvoed lor Dc-eorauon

Atteeuator (R 3. R 4, R 5) IScrcvoec arter the
termlnaling resis tor R 2 ThIS allows menorse
power 10 be reduced However , the main pur 
pose of ttuseuencatcr IS10 Improve the match
Ing . Since the return loss ISImproved by Ihe at
tenuatioo 'actor of thiS attenuatoe Of course,
an attenuatoeIn a ec -bce-o construc tion has
us limit s The return loss deteriorates at higher
frequencies. which means that the matching
also cerenc rates For nus reason . the autnors
prototype (see Figure 2} is only prOVided wllh
a 6 dB attenuetor uSing rnetal-ta ver resrsto-s .
mrormanon given In (2) can be used 'or calcu
lating other attenuencn values. Any fur ther at
tenuenon can be made USing a good external
anenuatcr

An improvement 01 the return loss resulted
USing a thin brass or copper plate pressed
aro und the me tal -layer resistors of the ette
nuator U IS poSSible 'or this to be soicerec 10
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FI9 .3: R. turn 10" bel_n 150 MH:r (le tt ed9.'.nd 1.3 GH:r m.••ured .lter
the II dB .1I.nu.lor. .... . Iue bel_ " .neIl4 dB
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ground on bolh sides The mounting 01 tho
plalo can be seen In the photograph

A return loss of 15 dB was obtained uSing this
ccostncncn and a 6 dB enenuator (R 3, R 4 ,
R 5) at 1.3 GHz The malchlng ISbetter al 145
MHz and 432 MHt . and lor those readers only
rOQUlrlrlQ a rcee generator In this frequency
range. the plate can be dele ted

Figure 3 shows the return loss at the output 01
the norse generator. The noise spectrum as a
nmcnon 01frOQuency is given In Figure 4

CONSTRUCTION

Figure 5 shows a small PC-board tor con
struction 01the nose gonerator, II is deSlgnal 
ec DB 2 GM 002, and ItS dimensions are 72
mm ... 35 mm It can be mounted In a 30 mm
hIgh metal case The tree part of the board
shOuld be cuI out for accommodallng the 9 V
bat tery. and for the protrUdIng part onne BNG
connector

The components are directly solde red to the
conducto r Side01meboard as shown in Fig . 6
There are no holes in lhe board. and the con
nector leads of the components are dlfeclly
soldered 10 the condUClor lanes The outeoe
panel 01 the case is provided With two hOles for
the BNG-connector and SWitch as shown In
Figure 1

11 ---- -1
-----

u _

'II - - - 5l - -
• I,-

I

Fig . 5: PC-board DB 2 OM002'1 I lngl.<:_ led Ind Ih. <: ompon. nl l
e r. mounled on lh. <:ondu<:tor I id l

DB 20M
9 '" eeu. '"

_ ~ I · ' _-P- " If"0" "0~
~

._--
~ ~ ".~:t~~ O-<i?"-- ~- 0 '9'" Fl2

~ J. J. so
- o,..' T " T f, T2

Fig. e : Componenl loe.U on l I ho wing politlonl o t the . witch.
BNC-conn..-;lor . I nd "nlry In the CI..

"



The BNG·connector ., now placed .n one hall
ol lhe case and SOldered InlOpoIlllon The pc.
board can now be nee:! ,"to thls hall Of the
case so lhal the connec11()r'l pin at the BNC
connector IS solOefed onlO the boa,d 10 lhe
VICinity at lhe 8nenuator Arter ItllS . Ihe80ge Of
the pc'bOard ., SOldered to the metal case
The covers 01 the case can be lilted l.ghtly .
whICh means thai lhey need nol be solde,ed
•nlO ptace Th., ., loitowed by the ,esl of the
wmng A 9 V ballet)' " usedas vonaoe supply

MEASUAING THE NOISE FIGURE

The noISe powro... P IS calculaled as 1ol1OwS

p. kxT_B

where II, t' the Boltzmann konstant II,
138_10 l?WsK.

T the absOlute temperatu'e ,n Kelvin.

,,'"
B the bandwlOltl of the system

COMPONENTS

T1 ' BF245C
T2 BFA34A
Al $Hle_t
A 2 50U or OlherImpedance

Metal-layer resistor, lor the altenuator
3dB A3 ,A5 294U A4 175U
6dB A3 ,A5 150U R4 375U

tOdB A3 .A5 71U R4 ~OU

C 1 1nFetwpcapaolor
(value uncnllCll l l

Sheel -mela l case
Cover dtmerlSlonS 37 _74 _30 mm

BNC connec1or

OPERATION

The not5e generalor produces 8 rose powroer
oIP -tENA. l)_k_hB ENA'S1heE_ce,
swe NOtse RabO, In other words the teeter thai
must be determtned lor the noise generator
dUring the calibration process

A Simple measutlng syslem lor oose mea
surements ISshOwnIn Flgur. 7

The module 10 be measured's provided with
an atteewator et the OViput A race ver 's used
as mocator and 's connacled 10 lhe output 01
the anenualor Al hrst the rose generator reo
main, 'WItChed ort The anenuator ISnowad
JUSledlor a certain 1nd1Cll11()r'l on the S-meter of
the r8C8IV'" The rose ~a'or " now
SWitchedon. wNd'I will 'ncrease the IOdlCaII()r'l
on the recerver USIng the .nenual:;W. the Indl'
cated valve " reduced to the same value as
was 'ndlClltad betore sWltct'llng on the rose
source The dll18fence In anenuatlOOlhat can
be 'ead ot! on the an8r'lualor allOw' the f'lOlM
l.gure Ofthe moclule 10 be calculaled '" the 101
lOwing manner

.290K)T

NF
ENR
a 1 (f'IOtsellgure) or

( ENR _ 1
• - 1

(noise lemperature)

where '. - " the allenuatlOn lactor

The notS8 generalor can now be connected 10
a recewer . and shOuldoperate Immedtalely. II
wired correcuv . The reQu.,ed rorse power can
be selected wllh the aid 01 reSIStor A 1 n "
possible. 01 ecorse. lor the rcee source to be
callbra led by companng It to 8 proleSSlOnal
rcee generator

5.... ,tcnatll.
C1tt.nuatar

"
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ThiSmust be placed as teeter etc the ecueuon
lind not In dB This can be caicuretec as
a 10 '0

An example IS now to be gIven to clanly the
measuremeot and caicutaton

The larger the orneeence In attenuauon to
actueve me same .ndlcalion. lhe lower Will be
the nose l.gure 01the modula

A very good descrlphon 0' all lerms In noise
technology IS to be lound In (3)

Even" the ENR·value 01 the nose generator IS
unknown , It Will suu be poSSible 10make com 
pansona and 10 establish whether a modlhca
IIOf'! to the module rescue ,n an ,mprovementor

",>I

we the noise generator SWi tched 011. a read
able IndICaliOO ISObtained00 tne receiver Wi th
an enencaton value 014 dB Alter sWitching00
the noise generator. one will requrre a further
attenuation 0' 8 dB In order to obtain tnesame
Indication, This means thaI the attenuenon dll
tereocee a .. 8 dB 4 dB 4 dB ThiScorre-
sponds 10 an attenuation teeter II 1O~ '0
251 Ilthenolsegenerator possessasan ENR
0'10 , the norse figure 01the module under last
can be catcuratec as

NF 10
2,51

66 82dB
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A SOlidState Wlda Band NOise Generalor
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A New Generation
of Transverters
for 1296 MHz
5 T 1296144 A:
ST 1296144 8 :
5 T 1296 28:

2 m IF, output 1 W
2 m IF, output 3 W
10 m lF.output1W

OM 699.
OM n5.
OM 855.-

We wou ld hke to lnlroduce our second generallon 0123 cm trllnsverters lor operllion In con
Juncllon With e.ther 10 m or 2 m IrenSCelverl

• Double-cooverSlon both on Iranl mlt and receive With the 10 m verllon to obla,n !he
exl remely high Image and SPUriOUS ,eJecl lon and ctean specl rum

• Overall norse l lgure 01me receive converter typically 3 9 dB

• Transverters are available In the lollowlng verSions

r:ct" technik Terry 0 , Blttan Jahn Slr.14 Posllach 80 · 0 -6523 Bararsdort
ret. 0 9133/855 /Tao und Nacnn
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Julian Gannaway. G 3 YGF and
D. Holmes. G 4 FZZ

Some Pitfalls in Noise Figure
Measurements

---

In 1981. G 3 YGF eumined virtually all 144
MHz preampli liers available on the UK·
market with respect 10 nctee f igure, gain ,
selec tlvlly. large-signal capabilities and
match ing. These measurement s were
made wi th the aid of prol esslonal measur
Ing equipment. The results 0 1 these mea
surements were pub lis hed In RADIO COM
MUNICATION (Novembe r and December
1981) as •The Effec ls of Preamplilierl on
Receiver Performance, and a Review of
Some Currently Avail able 144 MHz Pream
plif ier• •. Enqui ries and di scussions 10110 
wing Ih ls article led the aulho rs 10 write
down Ihe expe rience gained on making
these nolse-Ii gure measurements. which
are now 10 bediscussed In VHF COMMUNI
CATIONS.

Unfortunalely, using expensive measur ing
equipment does nol always mean tha i one
will automa tically receive correc t meeeu
ring resull s ; there are many pitf alls. Users
at home-made noise generators mUll pay
even more attention to the sources of mea
suri ng erro rs . This art icle Iherefore Is 0 1

greal alslslance to VHF COMMUNICA
TIONS readers, since a home-made noise
measuring sys tem Is 10 be described in a
tate r edition of this magazine.

1.
MEASURING SYSTEM

The noise ligures 01preamphllers or ccover
tera are usually measured In an eutcmanc
noise-hgure measuring system in corquecuon
with a calibrated wideband noise source, The
leading rnanutacicrers ot such equipment are
HP and All. The latter called ns system ~ P re

creon Aulomatlc NOIse Figure rncce tor
(PANFil , and tt us deslgnalion is to be used In
Ihis article. Older versions of the PANFI only
have a Single input frequency of 30 MHz,
which means that one or more converters
must be used to carry out norse-ftqure rnea 
surements Such a measuring system IS

shown in Figure 1.

..~..-
Fig. 1: Mos ' me..uring sel-ups cont.in seyar.l s mplma rs . nd mixers In IranI01the PANFI
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2.
SOURCES OF ERROR

Non·r eprOdUClble, unclear or Incorrect mea
Sured values can be ceosec by lhe fOllOWing "

2.1.

The sou rce Impedance (VSWR) 01 the nose
source can change between met present
when SWitChed on and SWitched oH. Tt ns
means tha I the ou tpu t norse po wer crme am
plifier to be measured will also change. inde
pendently 01 me noise level Irom the noise
sou rce

'rtus source 0 1error can be aVOIded by uSing
an altenualOf be tween ncee source and lest
ObJ6ct A value 01 10 to , 5 dB should be sull,·
cent 01 course, the nolse -ligure value coram
ed must be corrected lor by deductIng the
value 01the attenuatIOn For thIs reason. II is
necessary 10 know the value al lhe attenuation
very accurately and lor the enencaror 10pos
ses s a VSWR 01 tetter than 1 05 1. II di ffering
resull s Bre ob tained wh en measuflng With and
wlthOulthe altenUBtor , thiS will Ind ica te thatttle
VS WR 01 the noise source IS changing . The
measured values cbtemed wllh the auerwetor
should the eetore be more eccurere

2.2

The ENR-value 01 eve n professional no rse
sources can possess qete a large tolerance in
Its scccmcencns: a typical value IS 0 ,1 10 0 ,5
dB ThiS error limi ts the overall measurrng ac 
curacy of the system and ISunavoidable If an
attenuetce ISused on the noise source as men
tIOned above, lhe tolerance 01Ihe enenoenco
value mUSI be added 10 lhe tcrerance 01 Ihe
ENR-value,

2.3,

The noise components 01the second, and any
subsequent stages musl also be taken Into
cooeoerafon To do thiS, the system noise
IIgure at the Inpu I ollhe second stage, and Ihe

gain 01 the IIrSI stage must be known, ThiS
nOlse llgure should be lalrty low mesoeato s
dB - and the Inpul matching mUSI be good so
met no Inslablltly IS pre sent or IndUCed wl lhln
me lest obJ8Cl II may be necessary 10 prOVide
allenualors wllh values 01 between 3 and 10
dB In some cases In order 10 neulralizelhem II
should be no led Ihallhe noise ligure cnee se 
cond slage may be considerably higher men
the value measured In a 50 U sys lem Il lhe our
pu t Impedance 01 Ihe rust staqe IS not 50 U
resrsuve .

2.4.

Any 01Ihe pream plil lers or converters may be
unstable. or OSCIlia llOg at a Irequency cumce
01 the Ireq uency band 01 ccereucn . Ga As
FETs and bipolar IranSlslo rS ln VHF /UHF Clf
CUltScan cause cecnetoos at several GHz, II a
spectrum analyzer o r eueeer a ce tectoe IS nOI
available lor checking Ihls over a very Wide fre 
quency range , (between DC and Ilghl !) hysle
resls e lleels, Iluctuat lOns 01the DC-currenl s or
01the noise IIgure are !lYre stgns 01problems
These un wanted euecre can be provoked by
tOUChing varIOUS parts oune CItCUlt

2,5 ,

Th e cveran gain 01me mea sunng sys tem may
be high enough tocause one or more slages 811
me en d 01Ihe chain 10 be driven mto Ihe lr non
line ar range , Ot satcreton. In particular, when
one ISopera llng With bandWidth s 01maybe 10
MHz or more, the wldeba nd norse po wer can
very soon reach considerable values

Since loW-SIgnal amplifIers become ecn-neeer
even 811 an Inpul powe r level 01 - 20 or - 30
dBm, and sece Ihe lhe rmal nose 811 a band
Width 01 1 MHz IS In Ihe order 01 - 110 d8m,
Ihls results In a rela tive ly small gain range In
which me measutlng sys lem can operate co r
rec tly . The overall gain should be high enough
so met me f'IOIse level With the noise source
SWllched ott IS appro_lmately 20 dB over me
threshOld 811whICh me automatic gain conlrol
ctme noise measutlng syslem begIns 10ope 
rete In the case of the PANFI, 11'115 IS 811 - 70
dBm, whICh means Ihat Ihe giltn bet ween the
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Inpu l of Ihe rest OOJ6C1 and the Inpul at tre
PANF I may amounl 10 appro.,mately 60 dB
tEdl lonal ecre Even the $hart·term peak ve
ioeecttre noise power, which are rar In exces s
01the ENR -va'ue should not drive any pM at
ee ampllll&l' ChiM ItlIO the non·~near range
For Ih,S reason. approxlmalely 20 dB should
be 9ddec:lto lhe ENR·value wher'l C!elerrTllnlr"9
the hnear operalltl9 rangel

Any excess gaIn ISbetter reduced by remov Ing
amphflers Ihan by USIng anenualOfs II IS not
adVIsable 10use a large number 01amp""ers
and converters logelher and toce tor me best '

2.6.

The norse ligure mcrcatec on me PANFI can
be encctec by strong local transrmssions on
any 01the «uermecrete neooences used, as
well as on Ihelr Image freq uencies and spu 
flOUS responses Since the PAN FI possesses
a bandwIdth 01 510 10 MHz , and sInce mos t
converters have bandwidths oune oroer 011 10
10 MH z. ererte-erce ISpossIble In a very wide
frequency range Onesoorceounteeteeeocers
the oscillalor ChaIns 01olher converters lOne
will requlle a soecmnn analyzer w!lh a rl!lSOlu
II()n 01 several kHz In ceoer to chec k whelher
lhe Inlenned18le Irequency ISnee 01other SIQ·
nals The reqUIred examlnahon would be
much eaSIer 10 carry aul ,I the IF bandwidth
was only a lew kHz , SInce fhe frequency band
used could be mon,lored aurally

The fTIOa$Uflng system ISespecially sensllive
fa mtertereoce at the mpct Irequency 01 lhe
test oorect , since the sIgnal leve! ISIn me VICinI '
Iy 01 lhe lhermal nose level Any unwanled
Signal must be eccrc omateiv 20 dB below rt us
level In order to ensu re thatthe measurement
ISnolla(slhed Unfortunalely . one 18 able 10 reo
cewe a surpnslngly large number 01local sIg
nals on mosl receivers, even wllh no antenna
ccroectec By compartng two measurements
made et slightly d,lterent frequencl6S wrthm
the bandwIdth 01tho system. ,I 'S poSSIble lor
SUCh problems to be seen by In(heallng unex 
pected dlHerences In the measurement

v,jl C~MUNICArIONS ' 82

2.7_

IllnSU""t(l(l1 hllenng ISprovided. the mIxer can
also mIx slQnals wllh the harmon ICS 01the local
cscuatoe Thts poSSIbility IS WOfsened due to
lhe hannon" relal lOflshlps between It'll!l lie
cceoces 01 many amaleur bands, and lhe"
use as Intermed lafe necoeoeee

The excellent characterIstICS 01ring millers are
ollen nol OOlalned beca use lhey are nol teerm
nated wllh a real 50 U at all ccooectcoe and
lor all treeceocee evevee A correct termm
anon ISonly 10be lound In very low cas es

In practice. one actually linds converters Wllh
very strange spuoous responses For Instan
ce . there IS a 432 MHz to 144 MHz converter
wllh a SpUriOUS response met IS only 13 dB
down on the requeeo frequency ! ThISIS cau
sed by Ihe local cscmeto r freQuency Of 288
MHz. whose second harmomc also mixes ,I·
sell WIth the SIgnal 432 288 144 576
432 144 I

2.8.

The IndIVidual mIxers, but also some 01 the
teetec ccovetees. are JUSI 85 senslllVe In lhe
Image lrequency range as In the recweo Ire·
Quency range SInce rlOIse sources generate
Wldeband n()IS8. a rlOISO hgure IS measured
lhat IS somewhere between the Single-SIde
band and the dOUble-SIdeband value. accoe
dIng to the ldIemlQ II IS therelOfe esseear 10
use enecnve bandpass Mers IOf lhe varIOUS
reQUIred frequency ranges In the measuring
system

2.9.

Mosr conve rters produce considorablo spu 
flOUS signa l levels at tne Input and cutout con 
nectors (In me order 01 20 dBm) , usually
from tne local OSCIllator II one 01these Signals
al me output at the ccovener taus WIthin lhe
bandwidth 01an IF.preamplllier. II mayl cau se
cveaoee ettects and reduce me gain lor the
r'lOtSO SIgnals



II the Inpu t or the cutput of a converter IScon
noc ted to a wldebflnd m._er, one or rrore 0 1
these SPUriOUS outputs can compe te wll h the
Irue iocer-oeceetcr and resunm a large num
ber 01 socncus recepuon products and enecrs

3.
DISCUSSION

The main reason lor these mucumes is meteet
met the s'gnal levels and necoeocee are rela ·
lively unknown. especially when a measuflng
system IS 10 be bUilt up lor a special reason
such as a VHF/UHF convention where 'he
components arB no' known. and are oomg
operated In an unknown RF-anvlronmen' The
tenevoor 01 me lest corecte With respec t '0
stability. gain, lrequencv respon se. SpUriOUS
reception poin ts . and suenererce lines also
cause a number of unknown variables

Problems can be avooee by uSing some add, ·
toner measuring equipment

3.1.

W,fh the aid 01 a spec trum analyzer, one can
examme the stgnallevels 01 the Irequenc1es In
question at me varIOUS $Iages In the chain and
discover any jxeseoce 01 Instability Of RF·
breakthrough. At leas ' one should have some
to-m 01 wldeband detector In order to oscover
the presence otmterterence rrec ceoces

3.2.

Gain values and frequency responses can be
measured wuh the aid 01a network analyzer Or
a Signal generator and power me ter

3.3.

ettecnve li llerlng IS absolutely essential In
order to avec problems caused by overload
and sounccs-receoucn pomts. An ettecnve
bandpass lilter IS neces sary between every
muer and the subsequent (prejamphlier , and
a further hlter at the mput o f tne rmxer tc aue
rwere the Image frequency

3.4.

Fluctualing measured values on the PANFI In '

create RF-breakthrough or mstabnmea Some 
limes. these lIuctuatlons are dependent on the
movement 01 persons or eqUipment varYing
the RF·bteaklhrough Such ettects can only be
aVOided by thoroughly screening all eqUip ·
ment . or by SWitching ofl 'he Inteneung Signal
sources

3.5.

An cvereee corxlltlOn 0 1ampliliers ISshown by
a large me-ease of the measured nose 'Igure.
lor Ins tance . when a preamplifier ISccr eectec
In Iron. of a convener. Ora nstner preamplifier
placed In front of the elustlng system

.-
.........~,· '0" .-

fllil_2: NOIM-119 Ure mee.urln; "'-up lo r 1~ 23 c:mband lncludlnlil1he nee. ....,., '111. rln9 .
Wl'h lypic:.'liIein velue. end prec:llc:el pO_' 'evel.
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Fig . J : Nol..llgur. meaau tin g , el -up lor th . 2 m band;

Ih. lndicated po....... lev.l. a t ' valid lot an IF M nd ...idlh 01 1 MHI

3.6.

Interfering signals In the required frequency
range are toncateo when me measured norse
hgure conSiderably varies when one varies the
'reQuency ot a local cscnetcr or the euerme
crete IreQuency 01 the PAN FI. Hlgh-order ce
cuetcr harmoOlCS can run all over the whOle
IF-bandwldlh when the fundamental Signal is
only vaned by a lew hundred kHz II everythIng
IS operaling correc tly . tne nOlse-hgure values
shOuld nol vary nohceably over the bandwldlh0' tne IF, even when thiS is several MH z

4.
FINAL CONCLUSIONS

It IS recom mended to use a ececat converter
designed lor each reqUIred frequency band in
order 10 aVOid problems encountered With
wldeband mixers Even men. suHlclenl seiecn
vlly shOuld stili be provided betore and alter

each mixer: tms can be bUill In, or added In Ihe
term 01 externa l hllers, SUIIable set-ups are
shOwn in Fig. 2 lor measurements on 1296
MHz . and In Figure 3 'or 144 MH z,

II was preViously menhoned meure PANFI re
qutres an Inpul level of et least - 70 dBm ,
(AGC acluatlOn) and a maxImum Input level 0'
approximately 0 dBm The amplitler1converter
Chain should prOVide a noise level that is not
much more man 10 10 20 dB In excess o f thIS
AGC-Ihr eshold when tne noise source IS
ew'tcneo ott , This means Ihal a ma ximum
range 01SO10 60 dB remains lo r me ENR value
(approximately 5-15 dB according to Ihe atte
nuater value used) . and the peak values 01the
nose power

NOlse-llgure values can only be trus ted when
Ihe previOusly menlloned checks have been
successlul and when Ihe measunng system
provides constant rep roducible resuus wrth a
number 01tntterent preamphhers , Any unusual
or une xpected behaviour Should make one
SUSpICIOUS and lead 10 a care lul, svstemanc
examlnallon
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Leif Asbrink. SM 5 BSZ

Dynamic Ran ge of 2 m T ransceive rs

Part I In troduct ion

The utl, fac lion of OX communlcatlona on
the 144 MHz band Is otten spoiled now
aday s due 10 Intertarence from neigh
bouring slaUon,. The cau.. I' u,ually an
Inadeq uate dynamic range of transmlner,
and receivera I The great.st problems with
modern~ulpment are caused by the nol..
sidebands 0 1the loc al osc lll alors . They d..
crease the dynamic range In bot h receivers
and Iransmlnera; often to a very great e. 
lent. The' e prob lem, were d lacu..ed In an
arti cle publi shed by OJ 7 VY (1), which also
Included a d. scr lptlon 0 1 a good, clean
VFO.

Th. following art icle repre..nt s an Intro
duct ion into a seri.a 0 1 articles In whICh

simple modificatio n, are to be described
lor popular 144 MHz transceiver , available
on Ihe market. The.. modificat ion , will r...
suIt In , considerable Improvement of Ihelr
dynamic range.

Basic Considerations

Table 1 gIves three typical slluallons to Indi
cate how high the dynamic range, andhow tow
the noise sidebands must be if 2 slatlons are to
cce rete Simultaneously. The worst case is as
sumed where the two anrennes are pcHntlng
directly 10 another,

Outpul Antenna Distance Dynamic NOiseside-
power (Element! (km) range band suppres-

(W) gain) (BW .3kHZ) sion (dB/HZ)

300 40t17.5dBo 2 149dB - 184
50 10n 1dBD 5 120d B - 155,. HaIO/- 1dBD 5 89 dB -124

Table 1:
R*lul~ dynam ic tanva and nol.. aldeOend aupp,.., lona t04' ItI,.. typlcal altual lon,

••



The values glv&n In Table 1srcw us that a very
large dynamiC range is very usetot . and the
cneracteretcs otthe eqUlpmoot should be oo
umceo as much as possible wrtnm reasonable
cost limits The suuanon with modern eqUIP
ment IS usually opposi te and the dynamiC
range is usually limited by lack 01care during
Ihe deSign 01the CirCUit

In rtns ertcre. and the 10llOWIng eescncucne.
the dynam.c range will always be relerred 10a
SSB bandWidth 01 appro.,mately 3 kHz , r.e
the values ,n Table 1, lourth COlumn, can be
dlreclly compared to the diagrams The Im
portance 01the eumeocer values can be eaSIly
understood In the case 01 lhe transmit spec
trum : however, In the case 01the receivers we
outerennete between the two- tone dynarruc
range, and me mree-tone dynamic range

The two-tone dynamiC range IS measured as
the level 01 an Interfemlg Signal that reduces
me slgnaHo-flOtse ratIO 01 a required weak
signal by 3 dB In thiS case , the Interference
Signal level IS measured In dB over the noise
floor (at a bandWidth 013 kHz) , In modern re
ceivers, the two-tone dynermc range ISusually
limited by the noise Sidebands 01the local os
cillator. It can, however, be determined by the
ove rload cnerecteretce 01 any amplifier or
mixer. and Will, in thiScase, be In the vICinity01
me 1 dB compression point (In dB over the
nose lloor)

The three-lone dynamIC range or mtermo
dulahon-Iree dynamiC range .s related 10the
third-order Intercept point , and ISmeasured as
the level (In dB above the noise lloor) 01one 01
two equally slrong signals that produce mter
modulanon products 01 the same level 85 the
noise ucc r.

In me above crscuswon. all signals are assum
ed to be Within the 144 MHz band , Image-Ire 
quency response, second-order Intermodula
tlon (e g 48 MHz TV-Signals plus 96 MHz FM
cattlers), and other problems caused by out
of-band Signals. are not to be discussed here ,
since they can be eaSily suppressed using
sUIUlble hlters
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The two- tone dynamIC range may be very low
at certam Irequencles due 10spurIOUS recep
ton pouts. hOwever , th.s IS a m.nor problem
that ISnot usually present In modern 144 MHz
uenecevere. and is there'ore not to be d'S
cussed here.

Finally, the mree-tone dynamiC range Is not 10
be oecueeec In detail here, lor the follOWing
reasons ' In practice, the Interference caused
by IntermodulatlQfl IS not so severe s.nce at
leaSl two , very Slrong S'9nals must be present
Simutlaneously : the «aertereoce caused In thiS
manner only appears at a limited number 01
eeqcencee. which means that a skilled opera
tor can aVOId them

A recerver haVing a good two-tone behaViour,
Will automatically possess a good three-lone
range, whereas the cccceue may not be true
due 10me nose sidebands

The Intercepl POInt and lIS ,mportance has al
ready been escussee In detail In amateur
radIOpubllcahons.

Request epeetucetfons regard ing the
dynamic range before pur chasing
your next tran sceiver!

The aim 01thIs senes 01ertciee IS10Improve
lhe very unsatlSlaClory Sltuahon, ThiSIn'orma
IIQfl has been panly publiShed In the Swed'sh
MagaZine ..RadiO een TeleVISIOn- The author
WIShes 10 make radio amateurs aware or the
teet thaI there are very greal dlNerences In the
dynamic range between dillerentiransceivers,
If more ama teurs request dynamic range spe
cmcetone. the manulacturers Will be iorcec to
put more etten tnto these problems II thelt
equIpment ISto rernam popular on the market
The manulacturer that ISable 10quote a trans 
mIt Signal pufityol -l00dB in 25 kHZ spaCing.
and - 110 dB In 100 kHz spacing (bandwidth
3 kHz). and to quote the same numencer
values lor the two -tone dynamiC range 01 the
receiver, would have a considorable advant
age over other manutaciurera on the market ,
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Measured valu es indicate the present
standard of transceivers

The COSIS Involved In ach18vlng the prevIOUsly
mennoned dynamIC range are negligible ThIS
WIll be proved In !he lollowlng articles 01IM l
series In order to Illustrate the presenl snue
nco. the author would like 10 show meresults
01 meesoeememe met were mainly made at
the VHF.meetlng held in Annaboda In 1981.
The musuauons show the signal pUrity 01
nanemmers In the cw-mooe

Figures 1 10 4 show Iyplcal measured values
lo r types FT 225 RD. FT 221 , IC 211/245 . and
TS 700 In metorder . bolh In thei r original ceo
dl llOfl (upper curve) . and aner m«M!caIIQfl
(lower curve). The modificatIOns Will be eee
Crlbed In subseQuen t artICles 01thiS series

In me case 01transceivers Ie 260 EJIC 251 E.
the measured values spread conSiderably
Irom model 10 model ; Figure 5 shows lour 01
these . The reason lor thiS spread has nOIbeen
e_amlned. Furthermore. no expenmeots were
made, to Improve rtns type 01traescever. The
run ottne two upper curves already indlcales a
poor filtering in Ihe pnese-locked loop
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Flg ur. 6 shows the measured values lor lwO
dlMerent transceIVers type FT 480 R In the
case 01 these two transceivers. the l"IOIS8 IS
caused by too lowa SIgnal level at the output of
the crystal litter In pnnclple. thiS should be
easy to modify . but due to the compact con
structlOl"l. thiSmay be diffICUlt In peactce

Figur. 7 shOwS measured values 01 twodltle
rent TR 2400,ThiStransceIVer ISclearly poorty
deSigned and constructed. and the manufac ·
turer IS well advised to Improve thIS unit as
soon as pOssible

TypICal measured curves are gillen In Figur. 8
lor transceIVers type IC 202 and IC 2 E. A large
number 01these transcevere were measured .

and all showed lIalues very near to these
curves. FlQure ealso InclUdes values 104' trans
cever type IC 22. howeller. only one und was
eveuetse 104' the measurement

Flgur• • 9. 10, and 11 are also only based on
one transcetver pet type 11 IS therelO4'e un
known to what ._tent the measured values
spread from urut to umt

All measurements were earned out wIth a
hOme-made transceiver haw19 a lIery large
dynamIC range Flgur. 12 shows the perter
mance of the measuring system . that iscetem
ed uSing a IC 202 101l0wed bya 144 MHz crys
tal hlte, .
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In general. the two-tone dynamIC range ollhe
reeewera IS SImilar 10the measured values lor
the purity 01 the transmit SIgnal However,
measurements were only made on certa,n
types

AddlhOnal mtertereece may be produced
when the transrrane ra are modulated . Several
models p roduce very strong key clic ks. and
o thers produce a strong wioeband spie ne r In

the SSB-mode Generally . such prob lem s can
be cured eaSily and SUitable mooncauoo s will
be eeecnoec lor certain transceivers

F,nally . the Importance 01 a clean transmit
slQnal, and good receiver shOuld be under·
lined by sludylflg column 4 of Table I The
number 01 radIO ama leufs will most certainly

me-ease - atlhough the 51tuahon In the eense
Iy populated areas IS bad enough tod ay. whICh
IS unclerstandable when one compares the
values gIven In Table 1 With the measured
values 0 1modern transceiver" as given In the
diagrams 01 thiS arncie.
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Leif Asbrink. 8M 5 B8Z

D ynamic Range o f 2 m T ransceive rs

Part 2: Modifica tions to the TS 700

Th. noi •••Id.band. Ihat . ccompany Ihe
tr.n.mll . Ignal 01the TS 700 are relat ively
. Irong al a . pac lng or :: 100 kHz or I. ...
They originate in the DC-eonv.rte r 01 the
power . upply circuit. The converte r pro
duce . a 600 Hz . quare·wave . Ignal. The
steep " opa re. ults ln spike. thai cause an
amplll ude modulatio n 01 the Ir.nsmlner.
which In turn Increas• • the sig nal band·
wid th to ;t l()() kHz,

The moomcauons descnbed In thISarticle en
sure that the 600 Hz s.gnal cannot reach the
transml"er, thus eliminating the amplitude
modulation and the inter1erencesidebands

Figu re 1 shOwS the MOIse SIdebands01 some
TS 700 transceivers before modlhcatoo (con
MUOUS lines) . and alter modlllca tlOn (dashed
lines),

The curves deslgna1ed With _A. are Irom an
older umt, which was defective during the Iirs1
measuremen1 (A 1), The cause lor this were
loose nuls used lor mounting the board In the
power supply , Alter tightening Ihe lour nuts,
the nenecever exhIbited normal . typical
values (A 2). Alter publishing thiS emoe In
- RadiOoch TelevISIOn" , the aumor recerved a
number ol'e"ers Ih81 lndlCaled that many such
transceivers have thiSproblem.
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1. The first step In Improving me ererrereoce
sidebands 01 tile TS 700 ISthus Simple . TlQh
len tnese nuts so that the power supply has a
coco grouM coonecnon

Curves B and C are from treoscovere0'more
modem construction, Transceiver 0 was only
meescrec alte r modification. II is not known
whelher It ISan older or newe' model

Very high currents of the 600 Hz spikes new
Within lhe power supply The selection 0' the
ground points IS treretc-e very cnucet The
ground poin ts 01 me 9 V stabilizer have nol
been carelully selected. and 'or this reason.
the second and third steps 01 the moomcanons
are In tmprOYlllQ the ground connectionscune

A

9 V stabilizer errcuo These are carried aut as
touows

2. The ground pin 0' the Inlegra ted stabilizer
(0 11, pin 1) IS connec ted 10 one 0' the pre
vIously mentioned nuts by connec ting a cop'
pee wire 01eueest 2 .5 mm eremeter lrom the
upper Sideottne IC 10 the nut. and soldotlng It
Into place , That nul should be used met IS
nearest to me 144 MHz power ampliller

3. The ground end 01 A 28 is now connected
to pin 1 of 0 11 The upper end 01 A 28 ISnow
cut and a new 1 kU reslslOf ccooectee Irom
Ihe lOOSe end of A 27 10 pIn 1 01 0 , 1 (lrom
above )

o

®
Flg.2 : Th....' .Ih. mOOlllc:.IIO" ' ;
A: Tlghl.".U4boll,
B: Sold.,. h••vy wir. Irom lhe boll I" Ih. upper 1. f1 ·h." dc:orne ' IOpin I 010 11
C: Cullhe o ldr••lllor
D: Pul ln Ih. ne w 1 IIU r. , I,lor
E: Thl, I. where lhe 220 " F eleclrolyt ic: c:8P8c:Uor Ilr>d ' IIIplac.
F: ThelOfold-core choke

"
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10 be carried out

Newer TS 700 .Ito feql..lIr•• lurthef modl1a
lion AlthOugh Iteps2 and 3 have reduced the
AC·VOltaoe on the 9 V line (especially allower
freq uenc les l . the 9 V'VOltage '5 51tlt not clean
enough.anelll ,. necessary to carry oul slep "

4. Unsol<)erthe connecll()n Irom the 9 V '18
bllizer to lhe Ir.nste!vet' and Iflsert an AF·
choke SInce Ihtl'l not cnllCa' a readily avatl·
able Fel f lI. torOId COfe (matenal 4 C 6 VlOIe11
was used whOSe d,menSlOl"l5Vie,. 23 . 14 _7.
II was then provided WIth 30 fums 01enamelled
copper wire 01 0 8 mm diameter The choke
shoold have an Inductance 01SO " H Of more,
and . Ih,bl t a loW slr.y lleld The lorOld cores
shOuld belnaulaled w,th a 11",8 plastic tape and
cla mped Inlo POSI tion be tween an eleclrOlyt~

capaci tor and the cover a l tho power supply

Older TS 700 Ifanseely e" also reqUire two
further modlhcali ons Since II 1$ dl lt lCUI1 to
judge wheth er Ihoy are necessary 01net . It IS
recommended Ihal,"e.,. be made In al l cases

5. Solder an electroly1IC capaci tor 01220 IIF
or more Irom Ihlt 6 V connectIOn of lhe
power supply 10 the nullhat ISalready used as
grOUnd pOInl lor a 11 descl'lbed ,n step 2

58

6 . So6det an electroty1lCcapaotor 011000 " F
or more between luse F 212 A) In the 20 V kne
and the ground pOInl al the center 01 the ,• • r

po""
Figur. 2 shOwS lhe mocM!cahonll 1 10 5. and
Flg ur . 3 ShOw' lhe appropnat. part of lhe
eecou

As can be seen. the T$ 700 's very ....y 10
modlty In order 10 carry OUI Sleps 1 10 5. II I'
only l"IeC8$ssry 10 remove the cover of lhe
power supply (4 screws) . The,equlfed cornpo
nents are 1 r8Sl,lor 2 capaCItorS. 1 torOId
core. and a length 01enamelled coppet" WIF.

Aile' carry"'10 cot these mo(lIIlcattOns. the
resccer noise 'idebands onglnall!l from the
White nose of the amplifier chain In a lale,
article of thiS senee. It Will be shown how the
narrow-band noise sKlebEmds can be reduced
lor severer uenscerver lypeS All transceivers
Will only have while-noise Sidebands altor
mcdrtrcancn

Many ol lhe transce ivers have two-tone dyna 
rmc ranges 01 approximately 115 dB For ttn
reason . the aulhOr hOPes 10 shoW m a laler
artIClehOw the white I"IOIse can be red\lced be
lOw thrs value. which seems posSIble lor 8
number ollyptta
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Ferdi $ chmehr, DC 8 EC

Stabil izin g th e Operating Point of
Preamplifiers and Linear A mplifiers
for an Output Power up to approx . 1 W

The described circ uli maintains the ccuec
tor current 01 an RF·ttanslator virt ually
constantin a wide temperatu re range Irom
- 50 C to + 100 C.

The adva ntages ol thls ci rculi are :

• No thermal conlact I. required to the
RF-tr anslator

• Collector curren t and vo ltage are vari
able separately In a wide range.

The AF-transistor is shown In the ci rcuit dia
gram without resonant cncuns and translor
meucn Iinl<.s For satety. the connections 01
base and collector vottaqe are bypassed with
the aid 01capacitors C 1 and C 2 whose value
is dependent on the frequency range 01 the

stage to be stabIliZed This ensures that no
AF-noise vcneces can be injected nom the
control stage inlo the RF·slage

A PNP·aud!o transistor type ISused as stabili
zer transistor T 1. The recommended type 2 N
290SA (r e-s-case) allows the opera\lng point
stabuuanon 01AF-ampllflers up to 1 Woutput.
Attention must be paid. however. 10 ensure
thal lhe rating of resistor R 3 is svtncrent. The
power dissipation across A 3 is calculated as
touows:

.J,
·u.o--T-'-~---'

< UCE2ma. ., DC BEC

Dr1 /RFC l

I
I
I
I HF/RF-Trans,s tar

I
I 1c 2,
I
I
I T2
I
I
I
I --

Fill. 1: OperllUnll polnl s'lIblUzlIUon01lin RF-s llIlllI belw..n - 50 lind + 100 C
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The collector emitter vcnaqe cune RF-tranSIS
tor can be adjusted with the aid 0' trimmer re
sistor R 2, and the ccuecro-current with the aid
ofR3

To calculate all lour resistance values apprce
mately , the lollowlng values are reqUired:

VHf COMMUNICATIONS 181

The values for a transis tor HXTR·6101 (HP)
are to be given as an example . This transistor
is to be used as a low-noise preampli fier In a
receiver 'or the 13 cm band .

The calcula tion is made from the lollowing
values obtained Irom the data sheet or esnm
ateo:

II is. 01course , clear that each RF·translslor re
quires ItSown stabilizer circuit .

Finally , euenncn must be paid, Since the RF
transis tor T 2 can be destroyed when crscon
nectlng ItSbase hne !

ThiSresults In the lollowing resistor values :

Rl _194kU R 2 - 287 k' 2
R3 -1 .2kU R4 - 2 6 kt2
and Pl'lJ .. 22 mW

• Operallng voltage Us 0)

• Required collec tor voltage 01the RF-tran
ststor: UCE,

• Hequned collector current 01 the RF-tran
ersror : lc,

• Current gain of controt and RF·tranSlstor:
B 1 and B1

• Base-emilie. voltage 01 both transistors
lor the collector current: U 8E, and U SE,

0) With some nmrtanon. the lollowlng is valid
lor the operaling voltage: II should not be
higher than the maximum perrmssrbte conec
tor-em'tte r vollage of the a s-traosrstor
(UCE..... 01 T 2) .

II is then possible to use the four lollowing
equations :

Us -15V,

B1 - l 00 ,

UCE, - tOV,

8 2 - 150,

Ie, " 4mA.

UsE, , -O,7V.

R 4 •

R2 -

R3 •

R l •
IUs - (UCE, - Usd ] lt B1 It B2

110 xIe,.

(UCE, - USE,) X B1 XB2
121 x tc•

Us - UCE,
Ic,x [t + 11/82(lIB, + li1

U SE, It 8 2

10 x Ie,

REFERENCES
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(2) DE.Schmltzer , OJ 4 8G :
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sisters with Directly Grounded Emitter
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Edition 2/1977 . pages 100 -103
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MATERIAL PRICE LIST OF EQUIPMENT
described in Edition 1/1982 of VHF COMMUNICATIONS

Art .No. OJ 7 VYOOS Wldeband Am pli fie r with 44 dB Gain Ed . 1/1982
between 1and 30 MHz

6702 PC-board DJ7VYOO5 Doume -coetec and etched, undnlled OM 29.-
67 19 Semiconductors DJ7VYOO5 1xP6002, 1Il.BFW1 6 or 2N St 09,

1)(VN 88, 1oeee OM 37.50
6720 Parts lor DJ7VYOO5 3 xtoroidcore R10·N30 with wire.

11different chokes. 17 dille renicapa·
cuors. 3 feedlhrough caps, 1trimmer
pot., 1 retee.2 BNC sockels, 1casing
with heat Sink . 1cooling lin lor T2 OM 79,50

6721 Kit DJ7VYOO5 complete wUh above part s OM 142.-

OJ 1 J ZOO4 METEOSAT·GOES-Con verter - Ed . l l1982
Local Oscillator Module

67 10 PC·board DJlJZ 004 Doublecoated and etched.
Silver coaled OM 29.-

671' Parts DJ tJZOO4 8 transistors. 2diodes,3 coil lermers
with slug. 5 different wires. 1temte
bead, ztcncace. 1ceramtcmmrner.
2 teedthrough caps, 1ctapcap ..
1lantalum-and 28 ceramic caps,
za reeetcrs, 1 rerers,30cm PTFE-
coaxcable. 1pc .01insulallng tubing.
1casing OM 93.-

67 t2 Crystal 97,3125M Hz KVG: XS 2 lQl OM 34,-
6713 Crystal 97,Q9375 MHz KVG: XS 2 l Ql OM 34-
6714 KII OJ1JZ004 complele with th e above parts OM 185.-

6715 Ki t METEOSAT converte r consist ing of OJl JZ 003 and 004 -
packet-price : OM 360.-

6565 Low -noise preampl ifi er OJ6PI 010, as described In Ed. 111980,
13 cm band ver sion, ali gned for 1700 MHz - epeere rprice : OM 225.-

-. 50
6.80
690
690

8.-

OM
OM
OM
OM

OM 90.
OM 150.-

OM 180.
OM 93,-

OM

percmSOU.VF . 0,695; orem.3,58 mm

5011
50 U for cable type RG·213
50 U forcable type RO-58

Semi- rigid cable SR-3
N-connector, socke t
re-conoectcr. plug
N-connector.plug

Parabo lic antenna 1,1 ,., diam . 12 segments prepared for rivetin g o r screwi ng
as described by DC 3 NT In Edition 311 979
set of 12 segments, already drilled
Rlyetlng machine and rivets

1.7 GHz Tub ular radiator l or above anlen na:
Tube, lid, N-connector , radiator , sc rews
Ready-to-operate

set01dr awIngs fo r the OC3NT FAX-machine, descrIbed in Edi tion 111981
of VHF COMMUNICATIONS

61



NEW COAXIAL SPECIALITIES

" . " .

• ........-r- __ .. _ ....
...-..-...--...--"'-"",---"-• _ . ........,. I' " 11

13 .. • __ l_, OO' ....
.... _ ......., lOu ..-e.-. 1.0- _..... ......---1-· --.__I ' n...._ _.1.1 _
~-- --.-...- -_ICIU__= ..__.... _
_ " N

• •__~JI

11-10 ... _ 10 UH_"",._ --.-.
lot "*"'Pl"_' __,,,..... _..,-_.... -..
~l_'...r~'__
1)00 IotHl Gooo" .. 100...... , ...• .-..cl__.....
...... .. 0I'flf'lC~ OU""'f IOC'

'"". eo.".. -...... .._.
I_..~I .... , ..·-1Il...._ .... ,.S-. .ll ...... _
,,.. "'... 1(1\1 .. 000 . . ... .r ... 0.1 '- __

"--I.,...... 'S...." ....... ,... _-

Terry B.1tan Jahnslr .14 Poslfach 80 0-8523 Ba.erSdorl
Te l 09133,855

Low-Noise Masthead Amplifiers
for 144 MHz and 432 MHz
SMV 144 and SMV 432

SelectIVe Hrgh·Power Masthead Amphhers ,n Water 
prool ca$l·alumlnfum case w,lh maSI brackets Buill
In rel ay lor 'ransmlt-rec...... aW'lchtnQ PTr 'II. co
.. lal cable USing supplied AFIOC-aphller

• NO'1e "gures SliM 14409 dB . typ
SYM 432 1 9 ea. typ

• OYerall g8,n SMV ' 4.4 15/20 dB . sw, tchable
SYM 432 15 dB

• Inserl lon loss. tranSlTul tvc. 03 dB

• Ma~lmum tran smit power
SVM '44 800 W SSB. 400 CWt FM
SliM 432. 500 W SSB. 250 CW/ FM

• Ope rallng voltage 12 II 'II. C08" '81 cable

k UKWtechnik
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• ConneCllOns
N-Connect or'

• D,mensIons
125 • 80 • 28 mm
(wI thout brac kels)

Further detaIl" on reqUal'



VHf' CQW,I UNICAfIONS 182

1.2 GHz Frequency
Counter 0 612
,~.~

""" a.no:l2
~ Hz 10~ t.!HI 310 t.!HI lO, 2Gtu

~ 'O·~mV-10HlI Hl01Hl ' Io.Hz'OOl-tllOHl....-'r.tIJ,30pF !JOu.~pF

F rMluencV llll~

R.aooul,-o.m.n- (mm)

W.,..,-

F.l'QUItI'ICVdt tll

,....""
Powllff..w ~
Oo__o(mml

W.,..
P._,

1 0 t,lHl ervol"~

010' 0 " '0'. 20103~ C
0'0. ,. 10" '010' .0 C

O , . ,O'month

II ''''~'I.

1I·1. V '20 mA1o.OOmA
2 1 h 8~ ,230

.""OU 125._

3 ~1'II5oI t,lH1TCXO

010' I . 10 "at . 2010. ~ C
01o·3 .'O" ". '01o~C

0 , ,'0"rnonm

8...:1""""
IIV· ,. vee. l 00mA 2!JOmA
130. 40"40

"""OU U 5 _

AcuslOt lH'
T~"" T l200 [It,! 13-

512 MHz Frequency
Counter 0500

,~.~

a.no:l I e..nd 2
5OH,IO 50 ......' 310 UHz 10~ 12 t.!HI
~ lOlO5OrnV-10Hz lH, 100Hz 10Hz....-I t,lU "30pF 5OU2'5pF

Acc..IOt"' :
T~"'l T 1200 OM 13

r ~ . technik Terry 0 , Buran Jahnstr . 14 Postlach 80 0-8523 Balersdorl
Tel 09 133/855 (Tag und Nacht)
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Wealhcr satellite reception S)'slcIJIS
IICC 1101 • ' IIClI s i C

We o tter a complete system
01 me xpenslve modul" lor
p ro'esl lonal applications
These are 01specIal m lelMI

-.0 0:·"-- .

• NOAA. TtROS. and
METE OR saTelliles In
polar orbiTS

• METEOSAT. GOes. and
GMS rn geostationary
or bit. or

lo r me leorologlcal OIlICM a'
smaller airports. harbour.
and lor ,tmllar applle.honl
such as lor mSlr1JCllon 1\
un,verS,hes and scoent ,llC
,ns l,lu'e, A number 01
dlllereni Image proceMOfI
are available lor photogr. "
phlC , laCl lm,le . and video
processing SUitable
g·Band and VHF·Rec elve,.
are available lor lhe appll 
cal ion In QUestion EQUIp
men t I!I available Of under
deve lopment lor lhe renew
mg seteuues

•

..

In• •p.n. I.... , comp'ete
rece l...e end Image·
proce. slng I Yl lernl
lor geoltallon ary and
orbiting w..ther
1.1. 1ll1••.

...
T technik Terry 0 8 1l1s n JahnSlr 14 Posuacn 80 0-8523 BalNsdorl

Tel 091331855 (Tag und Nachl)



Space and Astronomical Slides
Informative and Impressive
VHF COMMUNIC ATIO NS I'IOW 0119" His 01 phM.
tatilte Shdots m,l08 du"ng the Gem,nl Apollo Mdllno r
and VoyaQN mtSlIlOns 35 "'811 as shdes j,om I.... d,ng
observalonlts

1 M ".. '''0 slanda,d s,ze!l em • 5 em ShdeS whICh 11' 0
', ..mOO,,,,d ,lnnola lod

P"COII ph... OM 3 00 lo r POSl and pll(k'IIQ

$e ts 013 slides each OM 5.95 per lei
MN 01 1 FI,slMen OOlheMoon Apollo"
MNO "4 ftrSIMen on the Moon ApollO"
MN Ol i7 f .rSIMen onlheMoon Apollo"
MN 02 1 Men on the Moon Apollo1 2
MN024 Men on tl1l1 Moon Apollo 12
MN 02 7 M(lro OO lhe Moon Apollo1 2
MN03:1 The Moon
5 T0 1" Manm Space
5 T 0114 ManmSpace
510117 Man mSpace
51 021 Earth !rom Space Amenca

,-- -- •...
Sets of 5 NASA-slides
Set "5 Apollo 11 Earth li nd Moon
Sel2 5 Apollo " Man on the Moon
5014 '5 ApollO9 lind 10 Moon Rehell' llll
Se15:5 FromCahlom,alo CliPCanaveral
581615 Apollo 12:MOO/l RevlI" ted
Set 7/5 Gem,n, Earlh Views

Set 9/5
sencs
Se11 115
Se112,5
Set 14,5

OM 8.50 per set
Apollo I S' ROVing Hadley Rille
Apollo 16 ' Into the H"o1hlands
Apollo 17:Lasl voyage to lhe moon
Apollo 17 LI S! Maori Walks
Manner 10

Sets of 9 slides each OM 18.00 per set
MN OI Man on the MOOn ApollO 11 MN 05 Man on lhe Moon Apollo 15
MN 02 Man on the Moon Apollo 12 MN oo Man on the Moon Apollo 18
MN 03 The MOO/l MN 07 Man on the Moon Apollo 17
MN 04 Man on the Moon Apollo 14

ST01 Man In Space ST08 Earth ffom Space - EUfOpe
ST 02 Earth lrom Space Amenca ST09 Skylab
ST03 Earth lrom Space A!nca ST 10 Mercu~ and Venus (Mariner 10)
ST04 Earlh l ,om Space ASIa 5T" Mars likIng 1 and 2)
5T05 Ma~ Marmer 8 and 7 5T12 Mars (Vl k ,n~1 and 2)
sr oe Mars Marmer 9 ST 13 Jup lleland alelhills (Voyager I )
ST07 Earth f,om Space Europe

Set 1/20: " Saturn Encountered- OM 35.00 per set
I . Saturn and 6 moons . 2 Saturn Irom 1I mllltOnm,les • 3 Saturn from 8 mIllion miles . 4 Satum ffom
one mIllIOn m,les • 5 Salurn ar'lCl Rmos !rom 900 000 mIles . 6 Saturns RIId Spol • 7. Cloud Be lls ",
delail .9, O,one close up . 10 Rhea . 11 Crale fS 01 Rhea . 12 TItan . 13 Tltaf'l'!! Polal Hood .
14 Huge craie, on M,mas . 15 Olher " de of M,mas . \ 8 App' Ollchmg lhe Rings . 17 Under Rings
(400 000 mIles) • 18 Below R>ngs • 19 _BraH:led·...F. nng • 20 lapelus,

Set 2/20: ..From here to the Galaxies« OM 35.00 per set
20 shde, !rom Amencan oeservetooes showlf'lg ~anets, splfal galll~les , f'lebula

Set 3/20: ..The Solar System« OM 35.00 per set
1. Solar System • ? FOImallOfl ot lhe Planels .3 The Sun . 4 Mercury . 5 Cfescenl Venus .
8 Clollds 01 Venu' • 7 Earth . 8 Full Moon . 9 Mars . 10 Mars: Olympu s Mons lirA e t t Mals
Gland Canyon . 12 Mars S'f'lUOUSCI'lannel • 13 Phoba s . 14 Jupoter wllh Moons . 15 Jup ilar Roo
Spot . 16 Salum . 17 Saturn Rings . 18 Ulanus and Napluna . 19 PlulO . 20 Comellkeya·Sek l

:IW;.\, berichte Terry O. aman Jahnstr. 14 Postfach 60 ' 0 -6523 Baiersdort
'ret. 09 133/6 55 (Tag uno Nacht)



OUR GREATEST now with reduced dimensions !
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~
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*E";~"" '" :.- =.J ,
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.. <eM e!... ,ai d ~ FM...!!J 9 50) 9501

I
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C,,,, I " 14 t3 17

DISC RETE Appll -
MO NOLITH IC EQUI VAL.ENT

CRYSTAL catio n
w,lh Impedance transformation w,lhoul lm pedance transfor mat io n

FILTE R Type Termination Case Type Terminat ion Case

XF·9 A SSB XFM·9A 5OO 1l 30 pF is KFM 9502 18 ",U 3 p F t3
XF-98 SSB XFM·98 500 Il 30 pF is XFM 9503 1 811U 3 pF 14

XF·9 C AM XFM·9C 500 u 30 pF ts lC FM 9504 27 10,11 2 pF 14
XF·90 AM XFM·90 5OO1l 30 pF " KFM 9S01 3310.11 2 pF 14
XF·9E FM IlF M·9E 1.2 kU 30 pF ts XFM'I505 8210.11 opf 14
XF·9 B Ol lSB XFM·9BOI 5OO1l 30 pF te XFM 9506 1 81111 3 pf 14

XF-9802 USB XFM 9802 500 Il 30 pF ts XFM 9507 18 1111 3 pF 14
XF·981 0 · SSB - - XFM 9508 1 810.11 3 pf rs

• New: lO ·Pole SSe·lIll er , . hape ' actor 60 dB : 6 dB 1.5

Dual (m cnclutnc Iw Opo le) XF-910 : Bandwid th 15 kHz. AT 6 Io.u. Case 17

Mat ched dual pal' (IOUf po le) XF-920 : Bandwidth 15 kHz. AT 6 kU . Case 2 ~ 17

DISC RIMI NATOR DUALS (see VHF COMMU NICATIONS 1/ 1979. page 45)

lor NBFM XF-909 Peak sepa ratio n 28 kHZ
lor FSKIRTTY XF·919 Peak separation 2 kHz

CW-FUter s - sun In d iscrete technol ogy

Type 6 dB Bandw idth Crys tals Shape- Facto r Termina tion cese

XF-9 M 500 H' 4 GOdB 6dB4 4 500" 30 pF 2
XF·9 NB 500 H, , GOdB 6dB22 500" 30 p F ,
XF 9P

• New r

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH 41>0-6924 Neckartl lscholshe im . POIUach 61 . Tel. 072 6 3 / 630 1
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