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Co ntents In th e Focus

yours

With ktnd 73s

Being a t&lecommunlCall()t'lS engmeer. I
can see the large gap whICh e~lsts be­
tween prol8SSlOl\81 and radIO-amateur
ec:hnology In Ihls ccetext I mean the teen­
l"lIQues we as radIO amateurs are able to
apply In home·brew prol9ctS. not the teen­
nlQue we can buy I regret thiS SituatIOn.
because It ISnot our role In history In some
cases hOWever. we have the opportunity to
catch up With l lrst-hne developments For
such a lucky suuenon several posi tive g0­
ng pulses musl COincide One of OUf fel·
ows can combine orcreseon and hobby.
he has access to some new de...elopment,
he finds superiors who support hiS ecnvi·
lies, and he finally linds melime 10 pUblish
his matenal ThIS has been the case With
eueuer Hoch, DL 6 WU. 01the Deutsche
Bunctespost and we now can again read
one of ms exceuent amciee on antennas

Other e~amples 01 -c-cresscoers.. are
Bernd Neubtg ,DK 1 AG,or Frlednch Krug .
OJ 3 RV , whO lead us the way 10 Iirst­
grade technolog y Nellt year we WIll have
the luck to read aboul " Spread-Spect rum
recnoqoes.. In a lurther a"amp! 10 learn
more aboul modern telecommunICation
techr'llqUes (remember CCW) VHF COM­
MUNICATIONS Will also locus on PICture
-ecectcoeoc manlpulatl()n recroc oee. so
that race amateurs can play thetr role

Gumer Hoch. DL 6 WU
Ellremely Long Vag i Antenn.. 130 ·138

I
The Editors
Using t~ aaA. ·FEr S 3030
In a 70 em Preamplif ier 139 ·141

Klaus DIeter BIOker, OK 1 UV

A Power Arnpli ller for 3456 MHz
Equipped wllh. YO 1060 Tube 142 · 147

,
Jan M Noodlng ,
Bias Voltage Circ ui t tor Tubes ol th a
2 C 39 13 ex 100 Familie s 148 · 149

Erwin SChaefer, Dl 3 EA
A Gunn Oscillator, netectce. and Miller
MOdule l or 24 GHz 150·154

Lotha' Dam row. DC 7 EP
A Simple Electronic Fuae 155 ·157

Le,l Asbrlnk , SM 5 BSZ
Dynamic Range 012 m Transceive'.
Part 4 : Mod ificat ion. 10 the FT 221 158 ·162

Bernd Neublg , OK 1 AG
The Optimum IF selectivity lor
Coherenl Telegraphy (CCW) 163 ·171

Fr iedriCh Krug . OJ 3 AV
A Ver••tile IF·MOdui. Suitable for 2 m Receiver. ,
or .. an IF· MOdule for th e SHF Bands
Part 3; Controlled IF-Amplifier. Not ch FlIter ,
Demodulato r• • BFO. and AF· Ampli li er 172 ·1e9

DL 3 WR
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Gunter Hoch, DL 6 WU

Extremely Long Vagi Antennas

In ear lie r publlcallon s (1, 2) tn e autnor n..
di scu ssed Long Vagi -Uda antennas, The
10ngeSI arrays tnen lested were 'e.. than
10 wavelengths long . The qu esllon of what
happens at extreme lengths remained un·
an swered .

The following artic le Is to gi ve detail s and
data on Vagi beam antenn.. up to a length
01nearly 20 wavelengths I

1.
FUNDAMENTALS OF
LONG VAGI ANTENNAS

With the tncreaslOg popularity 01 Ihe UHF
bands the problem of cheap and I!lCOflSPI­
CUOllS (as compared to parabolICdishes) high­
gain antennas has gained Importance

G 3 JVL's well ·known Loop Vag. (3) has been
a great step in Ihis crrecucn bul il has had me
etde-ettect 01making many amaleurs believe
-oormer- yagls would nol work at GHz Ire­
qcencee or ermese lengths

There has been evicerce in sclenli lic ueratu­
re. partly dating back to the '50 s. Ihal Ihere
shOuld be no maror euereoce In performance
01 disk, ring , or rod type elemenls and Ihat
arrays lens of wavelengths long were feaSible
(4,5).

On me ctne r hand the famous Ehrenspeck
yagl-array measurements (6) hlnled al a ea-
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wrencn 01gain at greater lengths , Later expe­
nmerus by V,ezblcke 01NBS (7) conllrmed thiS
tendency but showed the salUrahon 10occur
only wllh umtoern Iequr-epaced eQual·element
length) arrays

Element tapenng seemed 10 be me answer ,
bul to what extant would Ihls be valid? Could
elemcnllengths dWindledown 10 nothIng and
slill provide gain?

1.1.
TAPER PROFILES

e xperlmenls were earned oc t With varIOUS
length- and spaclng· tapered and umtcrm ar­
rays Several concjusions resulted '

1.1.1. Uniform Profile

The apparent qam saturation 01unucrm arrays
IS probably caused by lack 01excueuon If. by
means 01a tapered ~ Iunnel~ section, a travel­
1109 wave has once been eslablished on the
dlfoctor chain, the remaimng portion need not
be lapered 10 reach maximum posSible gain
However, as length IS eooed.me Side-lobes In­
crease In strength. When they exceed a level
, 3 dB below lhe main lobe the addi tIOn 01lur­
lher equallenglhdlrectors causes the frequen­
cy 01maximum gain 10 shift downward. neces ­
Sltallng a re-deslgn . Bandwidth decreases
qUIckly With Increasing array-leng th.
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1.1.2. Linear Taper

II a linear taper is used throughoul . reduCing
the length 0' each succeeding £lIemen! by a
constant amount. seerooes tend to decrease
In strength as elemen ts are added . When
sroelcbeanerweucn exceeds 19 dB. excessi­
ve widening cnne main lobe occurs and gain
'a ils short ctme possible maximum Tbe ne­
quencv 0' opllmum pertoemance stuns up­
ward. Bandwidth is larger than WIth uotorm or
quas i-umtcrtn l'unnel·type) arrays and re­
mains lalrly high even al grea t array lengths
(8) .

rnese euecte are more or less pronounced.
depending on tne taper rate chosen. bU11n any
case the solution is valid lor a limited range 0'
array Ienqths.

1.1.3. Logarithmic Taper

In search 01a -cmverset Iormuta- which per ­
mlts stopping at any desi red array length Wi th­
out shlfllng the optimum frequency . a logafl lh ­
rmc taper was tried

The transttion secnonneeded to get the never­
ling wave stanec.had boon determined In ear­
uer experiments , This section is tapered In
both elemen t lengths and spacings ,

Spacing cannot be increased much beyond
0,4 wavelenglh s wnnout gain sacrifice . so the
logafl thmlCsection is length-tapered only With
the slarllng slope given by the traesmon sec­
tion. On the ecoececec pert 01 the director
chain . the tength reno between elements no n
and 2n is always kept cons tant. This profile
doesn 't dWindleto nothing (at least noton flmte
arrays) . Optimum frequency remains constant
and siderobes stay around - 17 dB for any
chosen array length

1.2 .
BANDWI DTH

II has been wntten many times thai very long
Yagl arrays sutter ' rom extremely low band ·
width. especially I' wide spacing is used Tape-

ring . even at the very modest rates used here .
Increases bandwidth considerably. The ion­
gest array tested (' B. wavelenqths long) had a
- 1 dB·bandwidth In excess 0' 4 %.

Bandwldlh Isn 't only determined by gain reo
sconse. howeve r The second . no less impor­
tent constituent is matching , By using wide­
band excners like tcicec-ocoree. loops . etc..
and aVOiding narrow-bane (high raho) impe·
dance iransformanon . a suffiCiently great
match ing bandwidth can be provided .

1.3.
BOOM INFLUENCE

Several authors have warned not to use metal
booms 01 appreciable thickness. especially
With elements not Insulated from them, ThiS
lear has prompted funny soiunons like ele­
ments on poles . etc. Both Insulated and moue ­
ted·through versions were tested by the
aumor . When properly length-corrected no
difference In performance could be detected ,
Ot course non-insulated elements must be
centered and be In good . lasting contact Wi th
the boom I The shOrtening effect Itself was
found to be somewhat less than anucperec.
not surpassing 213 of a reasonably thick
boom's diameter.

1.4.
SKIN EFFECT

With Increasing frequency Skin ettect losses
are known to rise They are partly compensat­
ed for by decreasing resonan t leng th 0' ere­
mente.

No slgnillcant diffe rence could be measured
between alummuen. copper. and Silver-coat­
ed elemen ts. At GHz trecoencee high scecnc
resistance matenais like brass should be
avoided or used lor thick elemen ts only . (Bras s
tublOg IS not recommended lor outdoor appli ­
cation because II tends to crack up),
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Fig. I :
G,in 01Vlg llnt.nn..
m...uted by Dl 6 WU
li t 43 2 MH, llnd 1296 MHI
(October 1981)
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1.5. GAIN

While It was clear now that gain keeps on ns­
Ing al great arry length, the absolute values slill
seemed deba table

Although space requirements tor antenna
rangos are greatly eueveteo at UHF, other
problems associated wllh stabilil y, cable and
connector losses, reneoons etc. become
more prominent. AI 23 cm Window-panes can
reflect !Ike sheet-metal ! The aemors expe­
rience Withgain measurements at -icwer.. lre ·
ouences was helplu l in preliminary back-yard
work but serious measuremen ts had to be
postponed until recently when a crctesscner
antenna measuring range. owned by the Ger­
man Federal Post onee, beca me available,

Using an EIA standard gain aerial (7.7 dBd ) as
a reference many pauem and gain measure­
ments were made on 432 and 1296 MHz. The
70 em results were consistent with earuee
anechoic-chamber values and the 23 em gain
lIgures line up perfectly with them , Accuracy IS
benevec to be within 05 dB ,
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Figure 1 shows the shghUy sub-proportionate
Increase ct gain With array leng th. Ihe rate ot
2.35 dB per octave is In good agreement Wi th
earlier measu remen ts on shorter arrays
There is no sign Ofsanr ranon SOit can be ex­
pec ted that turtner extrapotanon be permis­
Sible.

2.
PRACTICAL DESIGN

0 1course . antenna constructors prefer ~ ha rd

oete- in the form 01 tables conta ining all di­
mensions but It seems impcsaible to provide
such data for all thinkable applica tions .

So only two typical examples Wilt be desc ribed
In some detail while experimenters are reier­
red to the graphs given In Fig ure 2 Af!er all ,
these super-long yagls aren't as critical as
many people used to think!
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Tabl e 1:
Dim en. lon . ala 23 ele men l Vagi anlenn.
lor 432 MHz u81nll insuillted 10 mm sleme nll
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nenectcr 330 130
Driven El. 325 -

Drrector 1 295 55
Director 2 290 125
Director 3 285 150
Director 4 280 195
Director 5 275 195
Director 6 275 210
Drrecror 7 270 220
Director 8 270 230
Director 9 285 240
Director 10 285 250
Director 11 285 280
Director 12 280 280
Director 13 280 270
Director 14 280 280
Director 15 280 280
Director 16 258 280
Director 17 258 280
Director 18 258 280
Director 19 255 280
Director 20 255 280
Director 21 280 280

A few checks 10 be given later should assure
even the less-experienced buuoer wlthoul In­
meats lest equipment that ms array is working
correctly .

2.1.
A 23 ELEMENT VAGI FOR 432 MHz

A long-boom mooerwas constructed using TV
aerial material and parts (Table 1)

All elements are 10 mm '" aluminium ,ublng
mocntec on a 20 x 20 mm square boom by
means 01 plasuc Insulators. secereucn is
about 4 mm whiChnearly eliminates the boom
influence _Folded dipoles are vary oocnncer
with respect to element thickness. 11mb and
end seoeranon. so any dipole box at hand can
be used. Feed point Impedance IS near 200 U
so a 4:1 coax balun provides a good match to
50 U coaxial cable ,

Element Length Distances



2.1. 1. Perf o rm ance

Gain ollhe 23 elemenllong·boomer was mea­
sured 10 be 16 0 dB over a dipole. Hall·power
beamwldth In bo th planes vanes between 22

,
n , .

"
• -,

f

•
,

,
-,

. ,. ,.
' I~ ." .\ ..' ,

Flg.3a :
E-p'l,..e d lagtlm of Ihe 70 em Inlennl
wllh 23 , ll me nl, I ' 433 MHz

2.2.
A 49 ELEMENT VAGI FOR 1296 MHz

Malerial chOsen lor the long-boom 23 cm array
was 4 mm 0 hard aluminium lor me elemenls
(AIMg5 welding electrOdes) and 1I2~ (12.7
mm) atu lublng lor lhe boom The iauer ISrea ­
dlly available al hardware stores.

A SUpporting S1ruC1ure IS necessary 10 keep
the boom Irom sagging and to keep the bulky
mast clamp al least a waYelength away Irom
the elements.

2.2.1. Feed Arrangements

Several leeds were tned wllh more or less se-
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and 24 across the 70 cm band(430-440 MHz)
Fig. 3a and 3b show the original diagrams
measured at 433 and 439 MHz . resp.

,

"

.. ..,"

FIg.3b:
A, Fig . 3a bUI m• • ' url'd 11439 MHz

uetectcrv rescue. While a stepped-diameter
folded dipole soldered directly \0 a hardtme
balun and a tciceo dipole wllh integral three­
w,re symmetry translormer proved best. the
rather !llmple eouton shown in Fig ure 4 was
nea rly as ettecnve (abou t 114dB extra loss)

2.2.2. Element Mount

Elements musl be centered to better Ihan 1
mm and have good ccruect to the boom. 3 mm
o hOles were dulled and lhen widened 10 3.9
mm trom bolh Sides (to avoid a loose III In lhe
" upper.. holo) . Elements were then dnven In
w.th a hammer .



92
92

85
84

ec 38 3
Director 44·47

Element Length Distances

Reflector 118 '0
Dnven Et. 110
Direct or t t04 t8
Director 2 102.5 42
Director 3 tOt 50
Director 4 99.' 58
Director 5 98 8'
Duecror 6 97 70
Drrecior 7 9. 73
Director 8 9' 7.
nuectcr 9 94 80
Director 10 94 83
Direc tor 11 93 8.
Olrector 12 93 90
DIrector 13·15 92 92
Director 16· 1a 9t 92
0 + irectOl' 19·21 90 92
Director 22·24 89 92
Drrecror25·28 88 92
DlrOC1or 29·32 87 92
Drrector33-37 8. 92
0" to< ·4

•

o ~o

Fig . • ;
23 embllull . rr.ngemenllrom ...ml·r lg ld ca bl• .
B. lun . " glh (OUI., conductor ): 80 mm

2.2.3, Dimensions

Table 2 gIves element leng ths and soeceqs.
AlthOugh SpaCingS are not overly cnncer they
should bechecked -troenboth ends- especial·
ly il severet idenllcal arrays are 10 be buill

2.2.4. Performance

With the teed shown. a gain 01 18.8 dB over a
dipole was measured. so probably 19 dBdare
With In reach . E· and H·plane beamwld ths we-e
measured to be 15 Fig. 5 shOws the onglnal
diagram.

Tabl e 2:
Dim enalon l oI l 49 e leme nt Vag i an tenna tor
1296 MHz Uling 4 mm alem ant l Ihrou gh a 1 2 ~

(12 mm ) boom

lo·back r8110 . II shOuld be remembered . how·
ever, that PICkup from behind can be ccnsr­
oereeie. In absolute terms 21 dB FIB tn a 16
dBd gain array means that the rear lobe IS Just
5 dB below dipole level. If this is conside red In·
sulliclenl - for Instance in EME work seve­
rallmprovemems over the Single reuecror vet­
son are poSSible

2.3 .
IMPROVED REFLECTORS

Very long VaglS Inherently neve a high Ironl·

2.3.1. puatln-Hne Refl ector

'rtus ananqemeru. made popula r by Dick
x naore. K 2 RtW. can be applied lo nearly any
Vagi aenai: A second. shghlly longer , reflector
IS added about 0 5 wavelengths behInd me
hrst ThiS Improves the FIB reuc scme-wtrat
and adds up to 02 dB 10 forward gain Match
remains unaltered
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3.
CHECKING THE PERFORMANCE

The mOSI slgmhcant feature 01 any antenna IS
ItS rao.eucn pattern So ellen a rough check
can tell a lot about certo -mence. Vagi patterns
possess cnaractensnc features which are
help'ul In performance tests

At array lengths beyond eooot 7 wa/elengths
E and H patte rns become almost Identical. at
least Mound the bOreSlght a_IS, so It 15 suffl·
cieru to tes t one plane usually E

lithe arlay works properly there are prooocn­
cec nulls eeiweeo main lobe and IlrS! see­
lObes The angle between these !Irsl nulls IS
very ccse to twce the aperture angle 01nan­
power beamwldlh lshghlly tafger In the E
plane) With the pre tnes given here the Ilrst
sldelobes should be suppressed by about 16·
17 dB

Fig . 5:
E·pllloe dlll'il' lIm ol lhe 23 em lIol eoo ll w ith
49 elemeol . and a 'ill1ln 0118,8 dB.

2.3.2. Multiple Reflectors

Instead of a single relleclOf element an array 01
re/lectorSln a plane perpeodicufar 10 the boom
can be used A double reuectoe should be
spaced 03 i, vertically and ecprox 0 .15 100 2
i,behind the rao.etor. length should be slightly
gfea ter than lor the smgle reuector 4 reflectors
spaced aoout 0 2 i,and aooroe 0 6 i, long will
Improve FiB rate further

The addll!onal gain will normally net exceed
0,2 dB with any or me arrangements moonon­
ed No senous matching problems should
arise. usually the multiple reflectors tend to
raise me Impedance somewhat and 10 orca­
den the response toward lOwer 'requencles

2.3.3. Reflector Planes

A melal eoeet or gnd 0 6 .,. Wide and high can
replace a quadruple reflector with nochange In
pertormaece
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At treooeocies below optimum the main lobe
widens With only moor changes in the pat­
terns appearance. except that the flfS! nulls
become deeper, Gain decreases slowly,

When the optimum frequency IS exceecec. the
first nulls qUickly fill In and the tnst sldelobes
begin 10merge With the main lobe. increasing
In amplitude , The main lobe becomes narro­
wer et me tiP eespue qUICkly decreaSing gain
Patterns3a and b snow hrst Signs ctme enecte
mentioned - optimum operating frequency IS
near 436 MHz

If the radiation penems look like the ones
shown and there IS no senccs rmsmatch (1 1.3
atteedpoeu or better}, one can be sure tne per­
formance is correct

4.
STOCKING

Alter It has been assured that SInglearrays are
working correctly they can be grouped In the
usual manner
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4.1.
OPTIMUM SPACING

For beamWldths -I' below aboul 30 the OPtI­
mum stackIng distance 0,. IS wIth sutece m
accuracy

"
For the 23 ele array wIth .,. ... 24

D"", IS2 39 ;. or 1,66 m at a wavelength 01 70
cm WIth the 49 erearray ('I' ... 15 )

D"", '" 382 i,010.9 m at wavelength 0123 em.

4.2.
MAST CLEARANCE

No conducting structures shOuldrun between
elemenlS II they are thICker than about iJ t O
Metal slructures parallel to the elements
should be kept at least hall the stackIng dIS­
tance away

5.
OWN DESIGNS

Usmg the graphs In F'9ure 2. Ioog Vagls can
be dM'9ned 10' any IreQuency and lor a wide
range of lenglh and element dlmenSIQflS

5.L
SCALING

Scaling IS done by I,rsl calculallnglhe eremenr
diame ter/wave length reuc at design center
'requency and then reading all the dlf9Ctor
lengths Irom F'9 2. II elemen ts run through a
metal coom uOlnsulated. 66 % 01 boom dia­
meter must be added

Folded dIpOle and reIlector elements can be
scaled Irom the dimenSIons given nere as their
lengthS are almost Indeptlndent of element
cIlametet

SpaCingS snould also be scaled Irom the dl­
menscos given here, tnv81'sely proportlOOallo
the uecoercee

5.2.
PERFORMANCE

G<lln to be expected can be estsne teo 'rom
FIgure 1. which relates gaIn 10 array length ,
Radiation patterns given lor Ihe two model ar­
rays indicate the beam pattern to be expect­
ed The from.to-eeck rene fluctuates Wi th
array length wllh nwnma about 2 dB below dr­
pole level II can always be Improved by the
measures mentioned In chapter 2.3 Band­
width shows only a very SI'9ht tendency to de­
crease wIth grOWing lenglh and should remain
more than 3% even lor the longest manage­
able arrays

5.3.
EXTENSION

II It IS ooSlred to contInue beyond the dimen­
SIons gIven. extrapOlation should loIlow the
logarithmIC law. keeping constant the length
tate between elements no n and zn . The
cheeks named In chapter 3 should sullice to
assure optimum pertormance
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Colour ATV-Transmissions are no problem
for our new ATV-7011

Tf...~'k technik Terry D. Bruen Jannstr. 14 . Postlach 80 ·0-8523 Baiersdort

Spec lf IC. l lons :
FreqUel'lClel. cryslal-controlled
veec 434 25 MHz, Sound 439,75 MHz
IM·prOOucls j3rd order): eener Il'Ian - 30 dB
Suppression 01eec.treq ftnd image
bolter lhan 55 dB
Power-Qutpul, unmoclulal8d : typ. 10 W
Ofl livery : a• . stOCk 10 8 weeks (Slanda rd f\llXlel)

..tv 7011

The ATV-70 11 IS a Pl'ole!l!llOnlil qualrly ATV 1Il1ns·
miller lor me 70 em ballCl It IS only necessary to
connect a camera {monochrome or colour) . anlenna
allClmICrophone, Can bo opera!e<!trom 220 V AC or
t 2 V DC, The slallClllrd UOlI opera les IICCOl'dmg 10
CCIR. bl;1other slandards IIle ava,IAble on reques!

The AT Y-7011 IS a further development ot OUf rell.
able ATV·l010 w'th belle . speohcatoons. nll wer de­
s~n . and smaller d,mensoons II uses a new lIystom
01 video-lO\lllCl comt);nahon and modulaloon II IS
also sUitable lor mobilfl opI!r8 11On lrom 12 Y DC or
lor li. e<!ooe raton on 220 V AC
PrIce OM 2750.00

The ATV-7011 '5 also available tor bfoadcasllf'\g UlMl
botwlHlfl 470 MHz and 500 MHz. and a numbor 01
sllctl uOIls are 11'1 COI'l\ll'luouS opelaloon In Afnca

Tel 09133/8 55 (Tag und Nachl)
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The Editors

Using the GaAs-FET S 31130 in a 70 em
Prcarnpl i fi er

The Interest shown In th e t44 MHz pream­
pli tier equipped wi th th e S 3030 ha s led 10
t he development 01 II similll r amphfier for
432 MH z. Oiscu Sllions wllh OL 9 JU and
OJ 1 SK et tne 1982 VHF ·U HF Conference
in Mun ich galle valuable assislance. The
desc ribed prololype operated wilh less
p ro b lem s Ihlln II 8F 981 prellmphfier lor the
144 MH z band r

1.
CONSIDERATIONS

All PfOlotypeS 01 lhl!l plft<'lmphhef e.h,biled
n()l!;e 1'9ureOJ between 0 7 ano 0 8 dB whftn
measured on an aulomAt,c n()lse system
Low er noise hgurfts lo r EME ocereucn can
Only be Obla'ned when wling rmcrcwave G<'IAs
FETs such aOJ lhe MGF 1400 (appro. 05 dB)
or Ihe MGF 141 2 Howe....er. mese lrAnsisl 0rs
cost appro.,maIAly 4 10 8 1unos more l han lhe
5 3030

NOise ligures below 1 dB are Also poSSlblo;.
when USIng blpolRr tranSlslors For Inslance
06 dB can be ob 'Alned when uSing tne NE
64535 Whft USing the new BFQ 69 manotac
lured by Siemens It Will bo coesere 10obta,n II
noise IIg ure ot 0 8 dB at 432 MH z when USing a

wldeban(lCIrCW' trom 8Ot0470 MHI. (IO!'lS-I(>.,s
lef'ldb<lck CIrClill as described In 1211 Howe....er.
the laller does nol ha....e any Sl'1fl{;1' ,ty. lh,S
C<'In. 01cOt!I!'e he rflill'Zed us,ng A llrn lous hi·
lar, rowe....er. An InserllOn loss 01only 0 5 dB
can cete-orete ue nose hgUH't by up to 6 dB I

Such cecuus Are oft ...n very entncun In align 10
minimum noise Aven whoo a large amount 01
meAsuring equ.pmentrs aV81tilbio

These probr ...ms are solved by USing i'I dual­
gale FET such AS the SF 981 or IhA 53030
thoso tranSlsl 0rs havlt such a high ,mpedance
11.\ Ihlt gal" thAt lhe mput norse matrhm9 can
he eaSily eeahzed WI th lhe aid 01 A pilfallftl
resonant cncurt Wllh lap WhIChillso pIOv'O&S
serecnv ,ty

2.
CONSTRUCTION

The CirCUlI 9'van In Figure I and Ihlt construe­
uonar Orilwmg glwm In Figure 2 show ,,111m­
pot"li'lnl dltta,ls rl'KlUlrfl'd lor coostrocuon The
30 mm h'gh Ctt-.It can be coosuuctec ' rom PC
bo:1'Ird mauIIIAI 01 brll~!1 plille Do 1'IOI I0Igel to
prov'de Ihe hOle lor lhf' 1"....515101 In lhe mter
mOOlltA pi-InAI
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.12V

3.
ALIGNMENT

used , 11 not available. It Willbe possible to use a
cerermc tubula r trimmer (Philips) . On the other
hand. a ceramic trimmer IS sotuceu on the
output Side, The length 01the Inner conductor
(appro• . 70 mm) depends on the trimmers
"",0

The connections 01source and gate 2 are SOl­
dered on to cere-rae Chip capacitors In a Similar
manner to that cescreeo lor the 144 MHz ver­
sion in (1). The capaci tance value is uncritical
and may be between approximately 270 pF
and 1 nF. The temte bead on the drain ccnnec ­
ucn is provided to avoid high frequency OSCilla­
tion In conjunction With the choke-resistance
combmanon 01the drain vo ltage

The DC-voltages lo r drain and gate 2 are led
into the chambers Wi th the aid or leed-through
capacitors whose capacitance value is less
impor tant than their UHF quality. The transi­
stor is protected against cv ervottaqee With the
aid 01the zener cooe . It is not operative at the
normat Voltage of 12 V, The transis tor should
be handled In the same way as a C-MOS com­
ponent.

Fig , 1:
Thll 70 em pfeamplifier I, equipped wi th a S 30 30
O, A'-do ub le galt MES-FET. The dra in eu rren t II
11rnA and 'he nol ' lI l1gur ll l ' appro . lmal ll ly 0.7 dB .

"I

53030

Get. 2
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•
-

- 17--

~
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I
I

I-~ -l~r--.~ --6-0 . 12V
215 ..... -.

,..----- f!"-~ -:":. f!'l. - - - - ., , ,
, '(l ~ I 100 I, , ,
: I eee : 0.5 ,, 101, "'T'" I
I -c:::J- I : 5p I

: ~~~ . .~.- l ll ~ :
I %> I l?Oo. I

-!.. I 1ncfliP ,.!.
,n 'l'- - -' 1,eo ~ ou t

I I _ I, , ,l.. .J .....

53030

The hlghes' poSSIble a should be provided at
least at the Input Side, and for tt ue reason, the
Input conductor (6 mm brass tube) should be
silve r-pla ted and glass tubular trimmer 015 pF
(Johanson or 'rekelec AIr!rOnlC) Should be

FIV· 2:
The chember·type CiPn, truet lon I, u led 10
provlde lhe hlgh..t Q end opllmum tefHnlng.
The Inpu t circu li ' hould be prOVided wllh ,
, lIver-p ieled Inner eonduel or and' gl..e lubu lar
Irlmmef .

Firstly carry out a b c -cnece by measuring the
voltage drop across the source resis tance , It
shou ld amoun t to approximately 2.0 V. lithe
measured value dillers grea lly Irom nus. vary
the value or one of the two gate-2 res-stances
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"fter CIOsang the case . both trimmers are now
aligned tor ma. '!'l'lUm galf'l Fltl8lly. the InpUt

tnmmer IS Inserted somewhat (Iowards hlghef
capacltance) un'" the sen5/lMty l Slgnal· to­
l"I()IlMt ratIO)lSopt ll1'llZed 01course . thiScan be
achteved most eaSIly when USIng an automatIC
rcee t'Oure sys lem . hOwever. It can be aptl'
mlzed It I lrS! with lhe aljj of a very weak FM·
SIgOAl thal l' monitored In an FM·r8C4lfVer wlfh
the ~ue'ct'I ' Witched oft II lhe SlgnalleveilS In
lhecorrec1 range, thesllghlest vanallOnS Oflhe
UHF SlgnaHo-l"I()IseratIOWltl be clearly heard
as vanall()l"lSof the AF·S'OnaHo-t'IOlse ,al OO

3.1.
MEASURED VALUES

NOIMl hgure NF • 07dB

Galf'l" 22dB
Oralf'l currenllo 11 mA.
Input IOte«:epl poInl iP OdBm

4.
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A Power Amplifier for 3456 MHz
Eq uipped with a YO 1060 T ube

A power amplt fier "tage lor the 9 em band
wa " developed lifter a con"iaerable
amount of ••pemnents on r. " o natar types
an d tUbe contacts. Tnis power amplt fier
wa" abl. to m atch the "pecihcaitons of In.
tu be. tn conjUnctIon WIth salt.lactory cur­
reOl alia voltage va lues.

FIgu re 1 shows a lube-slage power amphlle,
eqUIpped wIlh IWO lubes YO 1060. as seen
Irom me ewer eoe Figu re 2 ShoWS Ihe same
ampliller 'rom tne antenna OUlpul complele
wllh power supply , 'a n. and two meteratcr lht!
anode currents

Fig . 1: ... two-.I-U. pow.r .mpllh.' lor 34506 MHz Ie<:m~nd)..,
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Fig . 2: Th. VO 1060 lublf• • r. pr...-el on 10 lh. grid c:onn-ehon U.ing . pr...ur . pl.l••nd . prlng.

CONTACTS

All attempts to use ccnvenncoet contact strip
material on the 9 cm band were wlthoul suc­
cess II IS assumed thai the conductor IndUC­
terce due to the very long SPrings 11 100hIgh at
this wavelength. whIch means that the lube
can no longer be tuned to resonance For InIS
reason, the holes for the grid and anode rIng
are "'ted e_aelly to the tube so Ihatthe low re­
Sidual gap at the gFld ccenecnoe can be made
Wi th the aid 01conduc tive Silver. and be Med
With the aid 01the thIn PTFE·' OII 01 the bypaSS
cecectceat the anode connection The actual
grid connec tion IS, however, made by eortece
pressu re of the grid nng onto the lathoo piece
The bypass capaci tor at the anode whIch IS

connected between anode Flng and cover 01
the resonator crovces acaoacnenceorappro­
_Imately 70 pF when uSing a 001 mm PTFE·
1011 . ThiSrepresents a cacacnve Impedance of
only apprcnrnatelv 0 66 U

TUNING THE ANODE RESONATOR

Figure 3 gIves an «ncresecn 01 the consuoc­
bon 01the power amphher The tunIng 01 the
anode resone roe IS made mducltvely With the
aid 01the live lunIng screws mounted around
the Circumference Wlthoutlhe screws . the re­
sonance Will be at a lower trequency (appro_
3360 MHz). and IS dependent on the aooce/
grId ceoacneoce On Inser\lng the live screws,.,



OK 1 UV
InsulatlOg matenat

I, _ Spring

Anode resonator - --1.

meenuee using
conduc tive sever

Ca thOde resonator -

Tuning rt~~~~
(poslhon see - ill
lower vu~w) -

Insul ahng washer

YO 1060 PTFE 0 ,01 mm tOIl
I By pa ss cap ... 70 pF

=~""

\
PTFE O' mm

Fig . 3: A 3456 MHz pow.r . mpllll.r wilt! 10 10 14 dB g.ln (.ecordlng to output pow.r)

and Inserting the coupling link. the resonant
frequ ency Will be Shilled upwards 10 8 maxI­
mu m 013500 MHz

By alle rnalely correcting the hlle alignment
screws. nrs ccssere to obtain 8 gOOdsymme­
Tricailiald In me anode resonator , whICh is ob·
served as a favorable rereuonenc 01 output
po wer to DC -power

CONSTRUCTION OF THE PARTS

The 1n<!lvJdual parts sho wn In Flgur. s 4·8 are
made Irom bra ss The PTFE· lolls et the came­
de contac t plal e. and anode rIIlg , 8S well as the
screws. plate. springs, and coupling link are
rot shown; however, Figures 1 and 3 prOVide
sultlClontdetails

The output couplIng ISshown In Figure 9 The
link coroneee an area 01appro ••mately 3 mm

,..

• 1 5 mm and ISsoldered to the end 01 a piece
of semlngld cable ThiSsemirigid cable ISpla·
ceo through the Sl. ,h radial hOle tn the main
body , wrose diameter shOuld be only Just
more than that 01the cable used The length 01
tho cable ISnot Imporlant: the other end 01 the
cable is soldered to an N-conn ector (8 !lange
connec tor type UG·56 AiU was used In the
prototype) The grOUnd connec tion shOuld be
made USinga cone (Iype UG· l 77IUj

Flgur. 10 shOWs the completed resonatOf
Irom below and shOws lhe POSition 01tho rnpet
coupling conneclOf (BNG) and the cathOdetu­
M l!iI screw The caecce resonator is ceoecn­
vely tuned . the contact between the tUning
screw and the cove r 01the cathOde cavlly must
be very good II a stable opeeenon IS to be
achieved FOf this reason. 11 is recommended
mat a bnetnreao M 6 .0.5 ISused The lUning
behaViour ISvery sharp

The lathed pieces and their assembly are fmal­
ly shOwnIn Figur.l1
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ALIGNMENT

The healer vot1age shOuldnot exceed 6 V (see
data sheell The anode current shOuld rot OK­
ceee 60 rnA, since omerwee Ihe Inside ctme
lube Will become so hoi Ihal 11Will conSiderably
vary me anode,grid capacitance . which means
lhat II Will be necessary 10 continuously tune
the anode resonator. An OtJtput power 016 W
can be achieved w,thln these limits. and me
oescncec power amplllier operates very sta­
bly wlthoul retunIng At an OtJlput power 01 10
W, O. 100 mAl me power ampliher stage
was thermally ,nstable and could not be used
ef!octively

The neqanve grid bias voltage IS made In a
coevennonet manner by InsertIng a veneere
ccoeta-u-votace two-pole SimIlar to that
shOwn In Figu re 12

A microwave power meter wllh an mpurnnpe­
dance 01 50 U ISnow connected 10 the output
socket and Ihe anode current aligned to 30 mA
with the aid 01the trImmer ccteoncmerer (FIg
12) All live tumng screws on the encoe reso­
neto- are now temporarily Inserted by approxI ­
mately 1 mm The drive signal ISnow sWItched
on, and the cettcce resonator tt;ned The tun­
Ing screw Ilnally crcnuoes apprOKlmalely 1
mm Into lhe reeonetor: under resonance con ­
cruces. It should be possible 10 measure a
slight output power al the output Finally , the
anode resonato r 1!lIt;ned and tnmmed careful­
I'll lor maKlmum SHF·outpu l power
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f ig . 11: A..e mbly ol lhe lalhed plec••

The mseetrcn dep th 01the coupling link deter­
mines the gain 01 the stage . Unde r small ­
signal condi tions , 8 gain 0116 dBcan be acme­
veo The ececmcencoe are :

ClI lhoOO

Quo"SCpr'l
cu '"ml
1l11lu~!m..n'
, . \1

Fig . 12

, " ~ 1"1

2N 22 19
or somola'

u. • 400 V I. • 40 mA
P", • 20mW P""" .. 600mW

A tendency to seit-oscrnanon or InstabIli ty will
be noticed at highe r gain levels . and this will be
audible as orstorted SSB-signals .

At hIgher output powers. the gain per stage will
be reduced to approxtma tely 10 dB due to the
close- coupled output coupling, The authOr's
prototypes shown in Figure 1 are connected in
series and ell.hibit an overa ll gain 0124 dB with
an output power 016 W. The drive r stage is run
with U•• 200 V and I•• 40 rnA. and the output
stage with U. .. 400 V and I. .. 25 rnA. The cur­
rent values are quiescent curren t, which io­
crease to 55 mA under fun drive condi tions
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Jan M. Noeding, LA 8 AK

Bias Voltage Circuit for Tubes of the
2 C 39 / 3 CX 100 Families

•

A common c ircuit for generat ing the requir­
ed grid bias voltage for tubes of th e 2 C 39
and 3 ex 100 (A) family waa described In
(1) and Is g iven again In Flgure1.ln thi s cir­
cuit, only the very low base current 01the
transistor flows through the diode, which
means that It operates In an unlavourable,
curved range of it s ch aract eristic . For th is
reason , cathode current flu ctuatlons can
be noticed as bia s voltage flu ctuations.

The improved cirCUit shown In Figure 2 allows
tne diode to be connected in the emner CIrcuit.
The higher current now flOWing through the
diode shilts its operating point Into the steeper
part 01the charac teristic so that only low nee­
nrauoneof the bias voUage result in the case of
cathode current fluctuations.

In addilion to mrs. a solution was sought to Indl·
cere the cathode curren t01one or two tubes on

COlhodil' ,

Fig. 1: Con ve"lIon . 1bl•• circuli
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a meter WithOut making It necessary for a rnA·
meter to be connected in the high-vOltage line
In the case 01 me Circuit given In Figure 1, the
meter was connected in Ihe collector cncurt
For construction. however. it seemed Simpler
to separate Ihe meter from the actual amplilier
circuit and the bias VOltage. The Improved cr­
CUIt is now shown in Figure 2. In tr usCIrCUit the
reterence voltage remains vlrtuatty constant
dUring operation 01the tube(s). and the meter
Will have only a very low ettect.

The bias voltage generated In the crcun
shown In Fig. 2, can be calculated as touowe:

R 1 + R 3
Ue - A3 ~ lc

_ (A t + 1 k 'l l ~ 1.3mA

With A 1 In k'2. the resulting cemcce voltage
Ue Will be In Volt Resistor A 2 should be se­
lected to SUit Ihe meter used

Fig . 2: The bl• • vol l.geI. Inde ptmdent
01the cathode curren t



Finally . It shOuld be nct cec that II ISonly ne­
cessary lor me base 01 transistor T 1 to be
grounded In order 10 virtually suppress the ca­
thOde current llOWlng via the lube(, ). The rear­
dual current IS then UclR 1, and Ihe cunent
!lowing via A 3 and A 4 Will amourntc a toter01
appro~!malely 2 mAowhen T 2 Just does not
conecct. The measuring error is thus negligl'
ore. This type 01-cut-ott- can be used. lor m­
stance. lor keying

In order to achieve a complete blocking. II IS
necessary lor A 1to be SWitchedoil . whICh can
be made USIng a SWllchlng tranSistor or relay
In order to avOid noise Irom Ihe power ampli·
I ler, a IUrlher reSistor shOuld be provlCled , and
have apprO~Imalely 47 kU Irom calhOde to
ground
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ElWin Schaefer. DL 3 ER

A Gunn Oscillat or . Detector. and
Mixer Module for 24 GHz

The dasc r lbed co natructlon ca n be uHd ••
Gunn c ectnetcr or a. datector m ixer In the
24 GHz amalaur band. It I. a ' urther eump­
~ 0 ' the u.. 0' bicycle valve. (1) and the
prev lou. ly de. crlbed choke . y.tem ' or
con tact-Ie •• tuning of wav~uide mOdule• .
Common se micond uctor. manu fac tured
by weU-known ' Irm. .uch a. Sle men. ,
MIcrowav e .... . ocl.I••••tc. are to be uHd
In a waveg uid e type WR 28 (R 3201.

The module partty conSISts of preYlClUSty des·
eeee parts such as a ChOk. moun! lor the
diode teed. and a d'loIIe arrangement tor Itle
l1JAng The oonsttuCll()l"j tS very SImple. buI r.
QUlr.. - as mentIOned In preYlOUt a l1l('" ­
the use ola lathe

OPERA TING BEHA VIOUR

Due to the hlQh e:ut-off IreQuency ol the wave­
guide type WR 26 used . It was posSible when
using SUitable Gunn elemenlSto genera'e os­
cillation up inlo the range 01 35 GHz. 01
co urse, il ls a lso poss ible to use waveguide
type WR 42. Electrically speaking . It is only Ihe
wavelength In the wavet;julde thaI changes.
whtch means that the dimenSIOnScan be re­
CIIk:ulated lrom treee gl\'fW1ln the draWIngs

The u..of. Choke l1JAng allOwS a clear maI l'
mum 10 be Iounct both when used as an OSCIlla-

'50

tor , and as a detector. The conventIona l Gunn
element (lower nghl) or SChOllky coces (be'
low left) shOwn In Figure 1 can be used In thIS
module

CONSTRUCTION

Figure 1 ShOwS the complete module. whICh
can be equipped Wllh standard,or hOme-made
n8"98 connec1ors For matctw"9. one can u..
the well -known three-tcrew tuner(2 mmd/.a.•
spaong i...v'8 10 ' .... 4 ) - It thI. Ihould be re­
qUlreel - after wt1ICh the output Ilde ol the m0­

dule is lengthened by , to 2 cm

In the part. U.I , thOse parts that can be laken
lrom al'lldes (1) and 121 are marked Other
parts that must be constructed are given In the
draWIngs gIven In Figure 2 Other parts given
In the lis t do not reQuire draWIngS

All llOldet' iO'nlS are made w,t" softllOldet'. II a
lIange is to be InSl alied . It should be Ilrstly SOl·
dered 10 the wavegu ide uSIng a solder haVing
a high meil ing lemper alure. The conoecnon si·
de 01the lIange can then be IInished by milling
or lath ing . It may be sulliclenl io llnish the sur­
lace WIth lhe aid 01a wet emery Cloth whICh is
placed on.glass surface Allenll()l'1 should be
pad to obtain a conSlant pressure dum1Q the Ii­
nllhlng process 10 thaI the nat surface IS not
rounded by mistake
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Fig , 1: A contact-lell, tunable 24 GHI, which can ee Ulled lISOu nn otclUator o r 11'1 detec to r mlur
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Fig. 2: A lew pa rttlor Ihe cona trucllo n aho wn In Figu re 1: o lher parta I N partlllil .

Parts 4 and 12 are l ixed and soldered tc­
gether paying atlantion tMl the holes are ex­
actly oppposite to one another, For tt ne rea­
son, they should be drilled together previously
USing a 2 mm drill. Afterwards. It is possible to

dnltthe planned holes 01the correct drameter

A centering tool shoold be made out 01PTFE
lor part 4, which is then removed after solder­
ing, A solder wrth a low melling tempera ture IS
required lor thiSsoldf'lfIng process. and It IS ad-
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P.rt oeslgnaUon , Mal erl al , Dimen sion s Notes

Tuning-choke system as described in (2)

2 Choke for diode ccnnecnon see Fig,2

3 Bicycle valve nut as described In (1)

4 Bicycle valve shall. 12 mm long.
Inner diameter 5 mm

5 PTFE bushing see Fig 2

6 150lal lng dIsk made from 1 mm Ihlck
PTFE,ouler dla,9 mm, hole 1.5mm without drawing

7 Diode screw Irom coppe r or brass
M 4 xO.5; Bmmlong, centered hole see Fig 1
1,6 mmdla, and approx . 5 mmdeep, Mount lor luning choke as desc ribed In (2)

9 PTFE spacing ring as oeecnbeo in (2)

1O Solder lag wIth 7 mm hole

11 Nut Irom bicycle valva

12 Threaded copper or brass bushing see Fig ,2

13 Waveguide WR 28 (R 320), approx . The lenglhdlmensions
55 mm long, With three -screw remain unchanged
matching appmx . 70 mm long when USing waveguide

WR42 (R 220)

14 PTFE bushing see Fig, 2

15 Coun ter nut M 3

vrsabte 10f the Ilange soldenng joints 10 be pro­
tected against too much heat by uSing a wet
paper handkerchiet . The soldering process is
made mosl favorably using a butane gas
Ilame. and carrying out the solde ring process
WIth a relatively small electric soldering Iron
whose tip has also been heated addi tionally by
meuame .
The soldenng 01part 8 10the flange is less cnu­
cal ; parts 4, 12, and the flange should, howe­
ver, be cove red by wet paper hand kerChiefs as
a cautionary measure, The same solder as
used lor soldering parts 4 and 12 should also
be used reee.eoe the same measures applied

The assembly is made as shown in Figure 1.
The connec tion cho ke lor the diode , or Gunn
elemen t ISnow insulated Witha tayer 01Sene­
tape. When uSing the module as Gunn cscua-
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tor , the sequtred attenua tor link should be sot­
cered between part 2 and the ground solder
lag to avoid pa-eemc oscilla tions : this is 22 nF
In series with appro ximately 100 U . In some
constructions, It IS sutncent to use the 22 nF
capecrtor on us own , Withothers It is necessary
for a lurther 10 to 50 !IF to be connected in
parallel in order to suppress OSCillation In the
lower frequency range . This should be esta ­
blished experimentally and checked With the
aid 01 an oscilloscope or TV-receiver.

The tumng choke is now Inserted 'rom the
open side 0' the waveguide , The coun ter-sunk
cone 01approximately 120 ' allows it to be cen­
tered and fixed so that It is possible to Insert a
watch-maker 's screwdriver and to place the
threaded bolt Into the associa ted hole after de­
presSIng the shall 0' the choke ,
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OPERATION AND RESULTS

The diode, Ot Gunn element should be msee­
ted carefully In order to avoid a mecnamcat de­
struction of meccmponenr. The tuning with the
aid of the choke system IS very clear . In the
case of resonators 01this type USing the H,o'
wave, the wevequioe chamber between semi­
conductor element and choke determines the
Irequency, The overall a 01thiS waveguide reo
senator determines the tUning Width of the oe ­
tectornmxer.

II a nne tuning 15 requuea, It can be made by m­
ser1lng a metetscrew - bet ter PTFE - at a po­
smcn 01 maximum electrical Ileid strength.
SUCh a pes.non is approximately halfway be­
tween the eerrscondcutor element and the
choke. as well as in the center of the wide side
of the wavequrce. The tuning slope can be de­
creased by taking the tuning screw trom the
cen ter 0' the wavequroe and placing It more to­
wards the edge,

When used as a Gunn OSCillator, the module
supplies an output power of approximately 10
to 50 mW according to the Gunn element Tfns
is ob tained With the most favorable hea t dissi­
pation, and matching,

When used as a detector, (e,g, when using a
Siemens Schottky diode type BAT 14-121) the
module can be used well in conjunctIOn With
the frequency meter oescnbec in (3) , as well
as for simple radiation pattern measurements
on antennas , In order to Increase the sensmvr­
ty. It is ocssee to add a Simple horn antenna
haVing a gatn 01 approximately 15 dB ,

The author has also used ttus module as a re­
ceive mixer successfully, The absolute noise
figure ISnot known, Since only an oecenoratec
noise source was available. However, thiS at­
lowed comparison measurements to be made ,
These measurements showed that when
using the described module With a low-noise
SChOllky diOde of the BAT te-seees. approxi­
mately me same senSIl!vlty values were ob­
tained as were exhibited by straight-through
mixers equipped With 1N26 diodes ,

Of course , the attenuate- link to avoid cereeurc
OSCillation of the Gunn OSCillator must be re­
moved lor such econceuons. since ttus would
omerwrse srort-cncou the IF,path .

HEAT PROBLEMS

When uSing ttns mOdule as a Gunn oscilla tor , It
should be mentioned that the heat drsstpatmn.
when USing the described construction under
ccnteuous operation, could cause problema.
Even low-power elements SUCh as Ihe MA­
49628 operate at a voltage of typically 5 V With
currents of 100 to 200 mA At the ioweurcencv
of only 2to 5 'Yo, a power erssipanon of 0,5 to 1
W results which must be ossipated. For this
reason, the good heat ccnoucnwv of copper
snooio be used whenever possible , Especially
when operating ttus mooute WIth higher power
Gunn elements, It is adVIsable to provrde a
conventional black-coloured heat Sink, or to
use a copper block as heat sink , Of course, It is
possible to use both,

All parts that become nohceably warmer than
thM environment should be made black so
that they can radia te the excessive heat. Since
a Silver-plated surface can hardly dissipate
heat. one should only silver-plate the surfaces
carrying AF -currentln Ihe inside 0' tho module.

All these measures Will be useless tithe heat
trans.non 'rom semiconductor element to
mounting screw is poor , because the hole is
too large. A good lit, and poSSibly a lillie heat­
conductive pas te are required here. Since
nea l oeecetee ttseu only very slowly (In brass
much slower than In copper) , the semiconduc­
tor crystal can nave already exceeded mecnn­
caltemperature of 250 ' before a temperature

153



Incre ase can be lelt on the heal sink. Feeling IS
Just nol sotncrentwhen lrylng 10 solve healing
problem s: one must study especially me tren­
smcns havlll g a low sotece area ca refull y to
see whether lhey can conduct heat To clarify
the snuanoo. It should be noted thaI the heat
load 01 the tranSlllOn crystal/case IS approxr­
mately 5 W/mm2 III the case 01 low-power
Gunn elements I In the case ctthe menti oned
Gunn elemen t. approx imat ely 0,5 101 W must
be conduc ted via approxima tely 8 mm 2, rlthe
whole surtece 01 the anode IS III direct hea t
con tac t rn part 7, If only a part otthe surtace IS
In contact. the speci fic heal loading wdl be
higher , Heal -conduc tive pas te will not solve all
p roble ms encountered With bad fit : It musl be
used senSibly: The AF ·conla ct s must rem ain
tree 01r eer-coooucnve pas te due to the losses
Involved

VHF COMMUNICATIONS 3.82

REFERENCES

(1) E. scneeter. Dl3 EA :
Coaxial SHF ·Connactor s Constructed
Irom Bicy cle Tlf e Valves
VHF COMMUNICATIONS 13.
Editi on 1/198 1, pages 36-37

(2) E, Sehae ter, Dl 3 EA .
Chokes lor Conracness Tumng 01
WavegUide Modules
VHF CO MMUNICATIONS 13.
Edl\lon 211981, pages 105· 107

(3) E , Scnaeter, Dl3 EA
A w evemeter lor the Frequency Aange
23 .5 to 24 .5 GHz
VHF COMMUNICATIONS 13 ,
Edition 411981, pages 235·238

GaAs FEr Masthead Preamplifiers for 144 MHz and
432 MHz with PIT and RF·VOX Switching
Selective High-Power Masthead Amplifiers In weemer-crcct cast aluminium case complete With
mast bracke ts Power supply and pn via cceca t cable from shac k uSlllg AF/DC Splitter.
Insertion loss tYPICally 0 3 dB ,

T, pe Noise fig Gaind B Max.Power Pnce

5MV 144 A O,9dB rs eo 8OO W55B OM 275,00
SMV t44 G 06dB 15/20 aoo W5SB OM 34500
SMV 432 A 1,OdB " 5OQ W55B OM 27500
5MV 432 G o.aee ts 500 WSSB OM 345,00

Wtlh AF·YOX·
5MY 144 Y O,9dB tsca 2OOW55B OM 27900

AF/DC $pl'l1ers : •
PIT .... " .................. OM 74 50
VOx ...... , ..................................................,.. OM 6< SO
O,menslOflS 125 x 80 ~ 28 mm {Without bfackell)

k ~(technik T.", D. Brttan Jetmstr. 14 . Pos tlach 80 ·0-8523 Baiersdort
Tel. 0 9133/8 55 (Tag uno Na cbn
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Lothar Damrow, DC 7 EP

A Simple Electronic Fu se

Pow~r Iranslslors are the mosl e.pttnslve
semiconduclors ola transmitter, es~lal·
Iy when high outpul powers ar.to be .chi.
ved at v~ry high freqlHtnci.s. Thcty are al·
ways &ndang&red when elpttrim&nting.
whether it Is during construchon, al ign­
mt'nl , r~lr, or when ..only_ trying 10 opti­
mize the output pow~r. It Is always advis·
able to provide an eleclronic tuse in Ihe
opttrating vollage line, who.. acluation
cu rrent Is adjustable to the malimum per­
mi..ible value.

Similar to Ihe d~scrlpliongIven in (1 ), th~
aulhor has construcled a posil lv.pole
l use thai can be realized with a m inimum 01
co mponents and be matched to modern
co nditions. In other words, 12 V opttralion
at hig h currents .

11 " J l OO l,.... ------,
, .-i'-;::-:;:'

DEMANDS AND SPECIFI CATIONS

The CirCUIt ShOuld operate as a two ·poIe. In
other words In the same way as a convenhonal
tcse

II ShOuld have a lalg& variatIOn range 01 von­
age and current . WIthOut hawlg to change the
components

Only a very low residual current ShOuld flow
attet" aetuatlOtl

The author 5 prototype e.hlb!ted lhe 100IOwlng
scecrcatoes

SWllchabie voltage Ub..... 20 V
Ma.lma! ceemseore continuous current

1" ..... SA
VOltagedrop across the tcse U

DC7 EP

"J\00I

"'"
q

!HlO'Il " , B
, ~ ..,..~ " 0 0

"
III I. 0
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~( IO~(

B

~r
Fig. 1:
Thll s lsc iro nic
11,1.. Cln protect
coniumer. up to
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I, U. U.
(A) (Fig 1) (Fig 2)

0.' 1 4 V, 1,6 V 92V
2 1.9 V Q,6V
5 3,SV 26V

Residual current atter ac tuation (at Ub ..

12V) 9mA

CIRCU IT DESCRIPTION

REDUCING THE VOLTAGE DROP

The vo ltage drop U<lo cannot be neglected and
IS especially unwanted when the consumer
does not draw a constant current. sucn as In
the case 01a SSB-ampll her or AF·power am­
puher A certain Improvement can be achieved
easuv by prOViding a bee current. As can be
seen In Figure 2, a load resistor of tOOU at­
lows a bias current or t20 mA (at 12 V) to now
'rtus allows Ihe voltage drop 10 be cecreasec
by ap proxunatalv 1 4 V, as can be seen In the
preVIOUS table ,

•

Fig , 2:
The voll ll ge drop U" be rlKlueed by providing
II , lIghlul rll lOlld

Fig . J ;
The voll . g. drop lleron lhe Iu .. elln be com­
plelely ellmln. lfll wh.n Ihe lUI . II 1", I.lled
belw H n recl lfier li nd 1111bUI, er

The volt age drop across the erectrcnc luse
can be completely eliminated If me stamnaa­
uon is made subsequent to the erecuonc luse
as shown in Figure 3

In this case. the erect-orne fuse wllh acnrancn
bu tton ISInstalled In the power supply be tween
recnuer I charge capacitor. and the stabilizer
However , It is necessary lor me voltage at the
charge cap acitor to be at least 4 V higher than
would be Ihe case wrtbou t fuse, liS A are flow­
Ing.

,

"" ." .

"1

-.....

~= •

The cncuu given In Fig ure 1ISequipped with a
power Darlington transistor in the main current
Circui t whose collec tor is connected to the
posmve pole 01 the power supply, The ermtter
represents the output 10 Ihe consumer, Transi·
stcr T 2 is block ed, and thus high-Impedance,
which mea ns that a vollage manscos'nve with
respect to the emi tter is led via resistance R 1
to the base 01T 1 and causes this 10 conduct

Between couecror and eroner 01T 1, a consu ­
mer current havlOg more or less vollage drop
will be cenereteo .and is also led to the vol tage
drvrdercomp rising A 2 and P 1. A part of this is
lapped 011 here and led via ecce 0 1 10 Ihe
base 01T 2, As long as the lapped-oil voltage
is less Ihan the sum ctme th reshold vcnacee
0 10 1 and mebase eeuuer diode 01T 2 , T 2 will
remain block ed and thus cause the tcse to
conduc t.

At a higher consumer current, and thus a
higher voltage drop across T 1 or P 1, the
tapped-off vollag e will inc rease Iinally to such
a value that T 2 will cond uct ThiS Will, 10 turn ,
cause T 1 10 be blocked and Ihe full operating
vouece is now present across the tuse: only a
very low residual current will new. which Will
001endanger Ihe consumer, This concmonre­
mains unt il ellher Ihe power supply is switched
ou or the consumer is d isconnected nom the
fuse. II should be menuonee that capacitor C 1
is provided to avoid an unwan ted actu ation 01
the lu se caused by Slee p curren t pulses, For
salety reasons, Its value should preferably be
as low as possible.
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REFERENCES

A Lentz, Ol 3 WA:
A Simple Electronic Fuse
VHF COMMUNICATIONS 1. Edition 3/1969.
pages 174-178

Fig . 4 : Pholog r.ph of Ih• • ulho , '. pro lolype of . 5 A lu• • buill up on . he" li nk

whiCh would. 01 course. also be possi ble in
conJunction With the potentiometer,

The components are not critical. The potennc­
meter should have a linear cnarectenenc . Any
modern silicon SWi tching diode can be used lor
D 1. Transistor T 2 shoutd have a high cu rrent
gai n. but does not need to have a metal case;
the more modern Be 413 C. lor example.
should be Just as SUitable . The NPN·Darling.
ton transistor MJ 300 1 (or MJ 3000) cannot be
replaced by a Simple tranSistor such as type
2N 3055, even when nrs enclosed in the same
case . This is because only Darhnqtcn-nansis­
tors provide a sufficiently high current gain . 0 1
course. one can use modern types in a ptesuc
case instead of me old Motorola type . SUitable
ua nestors are. lor instance. BO 675 [Sre­
mens). which are able to handle 45 V and 5 A,

MECH ANICAL CONSTRUCTION

Due to the tow number 01components, no PC­
board was developed lor cons truction. As can
be seen In Figure 4, the si_parts can easily be
installed on a heat sink of 115 _ 75 _ 25 mm .

lfthe fuse is to be Installed In a power supply,
and It ISposs ible for transistor T 1 to be moun­
led on a euuebte posi tion on me case. It will
probably not be necessary to provide a heat
Sink. The value 01the maxim um current ISde­
penden t on the size of the heat sink and on
transistor T 1 itsel f, It is possible to operate the
MJ 3001 up to approximetety 2 A completely
without hea t sink,

Potenuometee P 1 IS used for adjus ting the
reqUired actuation current. Belote uSing the
fuse. It can becalibrated by connec ting various
load resistances, However , this can be difficu lt
when a large numbe r of enerent current
values are requued It may then be advrsabre
to replace the potannometer by a SWi tch
haVing sixto twelve positions and to use tceo
resistors The SWi tch posmons can then be
marked Wi th the measured actuation cu rrents.
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Dynamic Ran ge of 2 In T ra nsce ive rs

Part 4: Modifica tions to the IT 22 1

A comPllrl.m 01 .... Iue. me• • urltd on weu­
known commercl.1 2 m Ir.nK.i.... r. w••
gl .... n In PIIrt 1 (VHF COMMUNICATlONS 1
82) 01 thl. serle. 01 .rtlcle• . P.rt 2, .Iso In
ltdlUon 1 82, g...... number 01 mochUca·
lion. to the T5 700. where PIIrt 3 (ed it ion 2
82) g..... modllic.tlon. to the IC 211.nd IC
245. The following PIIrt .. will . how how the
n 221 can be Impro ...ltd with r• • pec1 to It.
dyn.mlc rang• .

Wllhlespec1 10 IlSnotse 5ldeba nd l , theFT 221
ISone 01the better slaloons even bel()l'e modili'
cetoe How ever, a lew acoruonet rrcetce­
lions can Improve It conSide rably The Ihree
stanons given In Flgur. 1 were used lor expe ­
nmenls and lead to me cescreeo moo.nee­
tlonS

Belh the FT 22 1 and FT 225 can be equipped
wllh a hl9h·pel1ormance Ironl ·end board mao
nulacl ured In lhe UK by Mulek However. the
hl9h dynamIC range 01 the Mulek board can
only be u\lhzed to the lull II lhe VCO IS modi '

"""Mulek specilies thai an Intenerlng SlQnal at
144 300 MHz can be 115 eeover notse be fore
an 59 slQnalal 144 400 MHz ISdegraded by 3

,..

dB due to desenSlllzahon ThiS 8peclhcahon II
hardly of Interest. Since a weak IlQnal Will be
wetl In the rcee due to !heunwan ted COf't\I8f ­

SIOflWith the notse SIdebands of the veo
In 11$ angInal state. the not.. Ildebandl ollhe
veo are at - 90 dB Wi th an Input IfliInal Of
115 dB above notte.the eflac11vefICIN houre
WIll be InCleased by 25dB ThiSfTW!tant tha t l he
same per10rmance of adding the Mulek ', on t·
end could be obtalfl8d by lnMf1Ing a 20 dB al·
lenuat()l' be tween an tenna and l ecelV8/' '

The TWO-lone dynamIC range II more Impor1ant
(see the orevcus artICle) ThiS IS usually de ­
pendent on the pur ity ol lhe loc al oscillalor si·
gnal . or on me large' l lgnal charaCle rlstlCS 01
Ihe ucet-eoo l illie I' achiev ed by ImprOVing
the wrong cecun

The sucancn ISqUlledlflelenl when the Veo IS
modilled In this case mevccroeecenbere­
duced by apprormalely 20 dB at a spaCing 01
100 kHz which IhOuld directly Improve the
Ira nsmtlter correspondingly 1.lthOugh the 1m·
provement IS less In some C8se. 8S can be
seen belOw) A Mutek or Simila r tront -end Will
be reqUired In ack:ll tlQnIn ()I'der to cot am IIIlalge
Improvement on the receiver
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The FT 22 1 annotated ~ 1 " In Figure 1 was
measured in the receive mode . Curves A 10 C
In Figure 2 are those measured wllh the Origi­
nal VCO : whereas 0 to F show the results alter
the VCO moomceuone descnbec in this article,
Curves Band E were measured with the origi­
nal trent-end having a norse hgure 01 8 dB.
which is typica l lor a Japanese transceiver, II
would not be lair to make a direct cornnenscn
10 such a nanscerver equipped with a MUlek
front-end having a norse hgure 01 less than 2
dB (see curves A and 0 ),

iI a good preampil lter having a ga in 01about 15
dB is added to the orig inal trent-end. this Will
provide a performance Similar to curves C and
F. In tr ns case . the noise hgure wouid be the
same as with me Mutek Iront-end. and a direct
compa rison between curves 0 and F shows
the Improvement that can be obtained by re­
placing the front-e no In a station where the
vce has been rnocmeo

A direct companson between curves A and C
shows thai no improvement ISobtained at mo­
derate frequency spacings when uSing the on­
glna l vce.which underlines me above consr­
ceranoos.

In the case ot the FT za t .me norse Sidebands
are mainly caused by no-se Irom the phase ­
comparator (Note the unusually flat norse
spectract unmoourec stations) . This noise can
be suppressed by changing the value 01 A 302
Irom 2,2 kU to 100 U . andC actrromo.1 IlF to
2,211F (see Figure 3)

Alter carrying out ttus moomcatco. performa n­
ce is Improved at frequency spacings in ex­
cess 0150kHz, whereas the norse mcraasas at
lower frequency spacings , The source 01 Side­
band noise ennrs stage is the same as with un­
moourec IC 211 and fC 245 transceivers (see
previous article in this series) . The orlglnal lasl
response of the phase- locked loop In the FT
221 allowed the phase mooutancn of the vee
useu to be supp ressed . however, ttus is no lon­
ger possible alter changing the values 01
A 302 and C 30 1. This explains the degraded
performance eoiecem to the required jrequen­
' y
In order 10 obtain the performance shown In Fi­
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gure 1, It IS necessary to suppress Ihe ettects
01 the leakage currents by replaCing A 323 and
A 301 by AF-chokes 'rtus was discussed in
conjunction With the IC 211 /1C 245 II is also
necessary 10 suppre ss norse from the vencao
oooe 0 306 01the bencswtcn. ThiS is achie ­
ved by cutting the conductor lane between
R 322 and C 338 and bridging It Witha 100 k'~

resistor. It Should be noted Ihat the original CIr­
cuu diagram ISnot correct (lor correc tions see
Flg.3) . The 100 kU resistor and C 338 then
term a low-pass hiler . Also C 338 represent s a
row-urcecence path lor the norse components
01 Ihe leakage current through the vancac
diode It should be mentioned thaI R 301 IS
usually replaced by an RF-choke in the tecto­

'Y

The above cneoces cause the locking-in pro­
cess 10 be 20 times slower . It is tnere rore ne­
cessary to Change me value 01C 342 1rom0 1
IIF to o 68uF. c ecacuor C 342 IS In the CirCUlI
Ihat detects an unlocked condition. It is nece s­
sary to Increase Ihe time constant. omerwee
the transmitter could be SWitched on With the
oscillator In unloc ked condmcn

One 01the stauons did not work alle r carrying
cot the above mooucanons. The reason tor
ttus was tnat Ihe saw-tooth generator compri­
SingC 301 , A 302. R 306. and 0 301 Iumjunc­
lion tral'lSISlor) no longer OSCillated. The urn­
junction transistor was conduc ting ccetcwcus­
Iy, With appro ximately I V al base 2 tconnec­
led to C 301), ThiS prob lem was solved by in­
creasing the emitter current by changing the
value 01C 3031rom 10 lIFto 100 IlF and R 304
Irom 200 U to 100 U . Replacing 0301 or In­
serting a resistor In the base 1 nne. poSSibly In
parallel With a large cepecnor. are maybe a
eater alternative ,

Several FT 221 transceivers have been moen­
hed as above . The results shown In Figure 1
are recreeemenve. however . one source of
sideband noise has Stll! not been detected. It
can be seen in station 3 01 Figure 1, and the
worstcase known to the author is shown Fig.4 .
stenco A, Ttus station was measured and mo­
dified at the 1981Annaboda meetmq Unfortu ­
nately mere was no time to investigate the pro­
blem ,
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Clu:uU.xlr.c t With de"ll•
• bout p.r1. to be modified

NOise sidebands can be genera ­
ted by amplitude mooutaton as a
result of an Insufficiently ce cou­
pled supp ly voltage to any amph­
Iler or mixer In the transceiver

A qcoo example 01 ttus pheno­
menon ISboth the T5 700 descri ­
bed in the prevrcus article , and
station B given in Figure 4, which
was modified according to a des'
cncuon where a potentiometer
was connected in series With the
ermuer resistor R 512 01 an am­
pliher to allow adjustment 01 the
power output NOise sidebands
increase conSiderably when the
power is decreased In thiS man­
ner . The addi tional noise is prob·
ably caused by an increased sen­
SltlVlly to AM 01a 503 as the cur­
rent through ttus decreased , This
can be suppressed by oecoco­
ling the supply voltage USing a
capacitor haVing a few uFo51a·
non B was measured in Annaoo ­
da. however , betore the pro­
blems could be studied In delalt
the steuon became defec tive due
to a sncn-crcun that destroyed
one of the driver nanerstors. The
author still does not know
whether the norsesideband s can
be reduced at lull power by prOvi­
ding an adequate decoupling ot
tne supply voltage,

'"
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When comparing the recetve r perfo rman ce 01
stanon B ol Fig 4. lhere ISsure to be some AM
norse In the franarmtter even at lul l power out ­
cot. This appears as eonncoer rorse al Ire·
quency spacIngs of app ro.,ma lely 100 kHz ,

The lime constant 01me Iocklt''Ig-ln process IS
Increased alter carrying OUllhe prevcus modI '
ncenone . which ISa disadvantage when usmS
spnt-hequencias (FM·repeaterS). ThiS effect
could be avoided using a lew aKlra cornpc­
nen ls (see preVIOUS article on IC 21111C 245)
However, sece thiS effect was not considered
to be Important. no turther eXpe1'lmenls were

,.2

made

The keying 01the FT 221 ISvery unsatisfactory
as with meet Japanese transce ivers Keying
produces strong key-clicks . Despite thiS. the
keying ot many tranSfMters is nol last enough
lor htgh -speed meteor scauer work due 10 the
poordeSign 01the keying evsren

A lurther artcre is to show how 1115 possible 10
get perlec:l keying wrtnout back-lash upto 1000
letters per minute, and with no key-clicks at a
separa tion 01 3 kHz, Bo th the principles and
pracncafmstanancn Into lhe FT 221 are to be
described
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Bernd Neubig . DK 1 AG

T he Optimum IF Se lect ivity for
Cohere nt Telegraphy (CCW)

•

•

Thi . art icle pre. ent . a lurther contribution
to the subjec t 01coherent telegraphy .

Coherenl telegraphy allows a conside rable
reduction ot th e transm it and receive band ·
width. The main selectivi ty In the rece iver
(bandwidth Ie.. th an 10 Hz) can only be
achlevltd eully at AF·level (digi tal fllter).
As Is known. these ext remely small AF_
bandwidths are only 01 limited vslue wi­
thout suff icient pre-selectiv ity in th e VHF
and IF chai ns . Thlal. beeau seunwanted si­
gnal. will pu s through aUstages upto AF­
leve l and can cause desen slUaaUon, inter­
modulation, and un wanted co ntrol of th e
AGC-c lrcull.

Th is article Is lir. t ly to show how the mini­
mum bandwidth 01a IF-crystal filler I. d..
termlned for t.leg rsphy, and ••pecially lor
CCW. Finally, various titter charac1erisUcs
are co mpared with r• • pect to their .uilatH­
IIty . Part 2 of thi s articl e will th en bring a
proved ci rc ui t for hom..conatructlon.

1.
LIMITING OF THE MINIMUM BAND­
WIDTH DUE TO THE CHARACTE RI­
STICS OF THE CRYSTALS

Two Important crystal parameters delermlne
lhe ewest poSSible relatIve bandwidth 01 a cry'
stal Mer : The a cttne crystal. and the lempe­
ralure response 01 the crystallrequency ,

An InsulllcienUyhig a cnne crystal Will cause a
marked rounding 01 the passband curve . and
reduces the slope , Furthermore. 11 Will increa­
se the Insertion loss 01 the IIlter (Figure 1)

A basic rule is met the crysla! a (a
Q ) is at least

5 to to limes tne inverse value ortne reteuve
eercwetn bY1o:

I,
o, ii:: 51010x ~

At a center frequency 019 MHz. Illler cryslals
have a·values 01 approxlma lely 120 000 to
150 000 whICh corresponds 10 a mlntmum
bandwidlh 01300 10600 Hz , When USing spe­
CIal crySlal designs (e 9 overtone crystals) . It
IS ccesere to increase lhe a 10500 000 and
more . which results In narrower Illters
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Flg.1 :
FHllIr curv• ••• • Iunctlon
of Q of the c ry.llil Uled

The temperature response 01 common hlter
crystals amoun ts, lor example, In a temperatu­
re range of 0 C to SOC. to ::!:. 5 10:!; 10 ppm ; at
a frequency 0' 9 MHz . ttus results In z, 45 to
± 90 Hz mat the crystals can run, sometimes
In opposite orecucns (1),

For nus reason . Ihe temperature response o!
the crystals used In very narrow crys tal fillers
must be operated at their theoretical limi ts,
whiChis in lhe order of 1. 1.nto 1.5ppm (9to 15
Hz) In our example , For higher demands. such
mters are often placed in crys tal ovens.

Another euemau...e would be to select a further
lower intermediate frequency below 1 MHz.
Crystals In this range ha...e. it is true, a some­
what lower D,however. the retative bandwidth
is lower lor a certain bandwidth and thus the
demands 00 the crysta ls are lower . On the
omer hand, good crvstars are expensive in thiS
frequency range. and are also larger, The
main disadvantage is. however. me additIOnal
conveeson

'"

2.
LIMIT ING OF THE MINIMUM BAND­
WIDTH DUE TO THE
PULSE BEHAVIOUR

Every CW-man Willknow that narrow-cane 'II·
ters tend to ring at higher uansrrussion speeds
ThiS means that the - cieen- CW-Signallrom
the transmi tter ISdistorted: Rise and tanslopes
are uetter. and o...ersnoots Will appear .

The frequency spectru m 0' a periodically key·
ed HF-carrier possesses a number 01 lines
spaced at multip les o! the keying treqoency In
addi tion to the carrier frequency. In the case 01
cw-neoseuesione. these lines Will term a vir ­
tually continuous spectrum, If the group delay
(which is the delay time requued lor the enve ­
lope otthe CW·sign al to pass from the nuer in·
put 10 output) ISnot equaffor all spectrum com­
ponents. uus Willmean that these components
Willarrive eune output at one-em times They
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Comparl.on 01the panband
curya. 011lv8 common IIIter
char.cterl sUcs

will then be combined at the output and result
in a distorted waveform,

WIth normal utters. the group delay IS at a mini ­
mum In tne center 0\ the passb and range, and
increases to a mulnple 01this eune edge orthe
passband range (see Section 3)_ The narrower
Ihe hiler, the greater the effec t of these group
delay crstornons. Since they mstort the low-or­
der spectrum compone nts. which have lhe
greatest effect on the wavetorm.

3.
PULSE BEHA VIOUR AND SELEC­
TIVITY OF VARIOUS TYPES
OF FILTER

An Ideal CW-fllter would be a li lter having a
most constant group delay over the whole

passband range (2), as well as a bandpass
cna rectensuc thaI was as narrow as possible
and possessed the steepest possible slopes .

Unfortunately, lhese two demands cannot be
achieved al the same lime: A fille r With8 good
pulse behaviour Will have a poor eerecuvuy.
and a steep filler Will have a poor pulse beba­
vrour: Both cnerectensncs are connected to­
gether mathematically, and every practical so­
wuo n represen ts 8 compromise between both
demands.

This is now 10 be discussed In conjunction Wl lh
venous. common li ltel characteristics , An 8··
pole unar With a bandWidth of 150 Hz is to be
assumed In the examples . The appeopnete
bandpass curves are given In Figure 2, where­
as Figure 38 and 3b show the group delay in
the passband range, and Figure 4 Ihe pulse
behaviour of these hlters
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Flg.3e:
Group dele.,. 01C.ue r
. nd Ch,bl.llev·lHlet.

,

....
• , , , , , , , , , ,

' .1 .., I .l ••• e.s I. ' U ••• '.' I 1.1

t« I A;

All curves are given in standardized lorm In
the case 0 1 the Irequency allis. U _ 0 corres­
ponds to the cen ter frequency. and U - i 1 to
the 3 dB poi nts on the nne- cneractenencs. The
allis is therefore calibrated In rnulnples 01 hall
the 3 dB bandwmth.

The group delay ' gis also standardi zed as Tg:
Ihe group delay Tg (in sec) ISobtained tor a cer­
lain htter haVing a 3 dB bandWidth bJ (in Hz )
from the lo llow lng equation :

_ l
'. ., x b)

The pulse beha viour is Ihe shape 01the output
signal [i.e . the demodulated envelope). which
results when me earne r 10 al Ihe Input haVing
an ampl!lude ~ 1~ ISsuddenly (ideally square­
weve- rswocnec on.

The lime axis IS also given In standardized...

unl ls T and can be recercutateo «ito seconds
USing the lo llow lng ecueton .

T
- ;, xb)

Table 1 shows a llsl ot Ihe most nnccnants
data , The nrsuour columns give the stopband­
wid th In ~ !'Unll5 (shape factor ]. The tollowlng
columns con tain the most important data ab­
out the sranoarctzeo gro up delay : The value at
the center frequency TlI'O' Ihe ma ximum value.
the value al the a-ca-oomrs. and the point at
which the group delay has tauencu by 10 %
wllh respect to TlI'O'

Table 1

The lowest part 01 Ihe Table descnbes the
pulse behaviour : The ove rshoot In % and the
(standa rdized) times ener which 50 % and
90 % 01the Iinal ampli tude ~ 1~ is achieved
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Flg.3b :
G,oup d.l.y 01
Ulb, lc::h Plloly ,
B••• • l, .nd
G.u.. 1IIIe,.
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4,8....1
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I

' .1 8.2 8.3 ' .4 8.5 U 8.7 U 8.11 1 1,I

tlK 1 AC

~ler Cauer Tschebyschell GauB Bessel UlbrlchfPllely

Characteristics COS15b·45 ' C081 5b·T SPel SPel d -0.01 /S POI

Selectivity

" (2OdB) 1.085 1.136 2.60 2,35 2.40

" (40 dB) 1.201 1,362 3.90 3.34 3.17

" (GOdB) 1.314 1.700 5.38 4.53 4.07

" (BOdB) 1,380 1.884 7,28 6.08 5.30

Group delay

T~ ('l - O) 5.359 6.630 2.842 3.174 3.389

T_. 30.117 21.600 - - -
T~ 3 <111 (U - 1) 28.185 19,737 2,741 3,174 3.394

(10 %) - - 1,63 2,07 2,51

Pulse behaviour
Overshoot 19.82 % 18,49 % 0 0,45 % 0,44 %
T (50%) 5.' 7.1 2,67 3,04 3,26
T (90 %) 7 ._ 8.5 3.83 4.16 4.36

T.bl. 1: SeIec:Il... lty, g roup d.l.y, .nd pulu behevlour of .... 'Iou.lllle ' c:: h. r.C:: ll rl. lIu

167



"c-
l ' l . ........d••ff

" Ul wldll'Pll.l.

4, 1

.'....

F19·4:
Comparison 01Ih. pul..
"-h....lour ol l h. pr•
... Iou.ly ~nll~ I.....
Iy~. ol llll.rs

\/Hf COMMUNICATIONS } 82

3.2,
CAUER·FllTER

In order to Increase the slope steepness
'urther, addlhonal allenuallon poles ale gene­
ra ted in Ihe stoPband range with Cauer-Fillers

" 12 14 I' II 21

'" ".
the final amplltude IS achoeved only after 180
ms FUr1hermot'8. It overshOOts greatty by
185 '" and the OSCIllatIOn IS reduced slowly
what generales lhe well -known r1rlQlng sHeet
When one considers lhallhe dot1ength .s only
40 ms (4) at a speed 01150 letters per minute
and that with RTTY at a speed 01 45 45 (100 )
Baud the unl' length amounts to 22 (10) ms.
the resulhng output !lIgnal can be assumed !

It ~he (theorehcal) ripPle " reduced to zero.
one will cetam the so-called potential or Butter ­
worth·hllers However. these are not to be
dealt with ne-e. smce Ihey do nol bring any rm­
provement cune pulse behaViour

A
I.'

"-Pill.....
1.1 er-.,...u

1.1

1.1

1.7

1.1 • ,
•

U

I .'

I .'

1.2

I.'

1
Z • I 1

3.1.
CHEBISHEV·FILTER

ThIS'S the mostcommonly used Idler cnaeac­
reusuc Most 01 Ihe CW ·lilters on the market
are 01 thl' 1VPf) Che!)lshev-I,lter, have a very
good selecllVlty , with steep slopes. where a
slight lthe meoreuc I) ripple IS permiSSible In
the Iial top 01 the pas sband range In our ex ­
ample, me ripple IS0 0988 dB ( .e:. 15 % renee­
lIOn). The acruer ripple ISusually higher due 10
component and alignment tolerances

In the stopband range, lhe attenuation will con­
nooe to Increase. In the given case. the shape
tac tor amounts to (60 dB . 3 dB) • 17, wi th a
60 dB bandwidth of 425 Hz: Ihe designation 01
thiS hiler is : C 0815b·T (see!5J), The group de­
lay Increases, however, steeply at Ihe edge 01
me passband range and achieves a maarmum
0145.8 ms in our eKample with respect to 14 1
ms at the center Irequency When one ceeer­
vee the pulse behavlOllr, one Will see that lhe
hlter reacts after a very large delay: 90 % of

'68
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(~elhptlcal mters..) In me example. the IIrsl
pole pes.non was sel et ~ ! _ 1.403, and the
ripple in the passband range was selected 10
be the same as that 01a Onebtsnev-nrter (hlter
terminology : C OB 15b-45 , see (5]). The resul­
1109 shape rector amounts to 1,3 1, which me­
ans thaI the 60 dB bandwidlh amounts to only
32B Hz I

The group delay is Similar to that 01 the
ChebisheY·hUer, however, With a higher overs­
hoot ot 11.3 ms (center Irequency) to 63 Bms
anne limit , The pulse behaviour is even worse:
It IS true that Ihe pulse appears some what
taster (90 % aner 15.7 ms) however, the
overshoots are stronge r (19,B %) and take
more time to decay. The improved selectiVity is
obta ined eune cost 01the pulse behayiour.

3.3.
GAUSS·FILTER

Wit h this type 01 M er . the passband curve
approximates the wen-known Gaussian drstn­
ounce curve - the la rger the num ber or poles.
the bet ter -. neuss.nuershave an idea l pulse
behaYlour With very test rise time (90 % alter
B.13 ms) and Without overshoot. However. the
selec tiVity is very poor: 60 dB are achieved
flrslly at5,3B times the bandwidth (1345 Hz) ,

The group dela y Sinks very little at the 3-dB­
point (6).

3.4.
BESSEL·FILTER

In the cesect Bessel-trtters. (also called 'rncm­
son-trlters). the group dela y IS optimized 10
have the bestnat cne rectenenc (7). In our ex­
ample. II amounts to 6.73 ms over the wnote
passband range . It taus otf by 10 % IIrstal 2,07
limes the band width The pulse behaviour has
only a very slight overshoot 010,45 %, which
ceases immedialely ; the nee lime is slightly

slower (90 % ener B,B3 ms) as was the case
Wi th the aacee-uner.

However, the selec tivi ty is much better: The
shape -factor 60 ee:3 dB is 4.53, correspon­
ding to a bandwidth or 1130 Hz.

3.5.
ULBRICH,PILOTY·FllTER

j tns Mer is also called an - Equmpple-Phase­
linea r Filter« , and is a lurl her developme nt 01
the Bessel-filter by allowing the group delay to
have a certain ripple (as was the case lor the
attenua tion 01 the Chebishev- lIlter) . ThiS
means that the group delay is constant over a
tar Wider range , and the selectIVI ty is also en­
proved (B) . In our example (standardized npp­
le 0,01). the60 dB : 3 dB shape tactor emcunts
to 4,07 (101 B HZ), the group delay amount s to
720 ms, and talls 011 by 10 % IlrsUy aner 25
times the bandw idth.

The pulse behaviour is very similar to that 01
the Bessel-filter : Ove rshoot 044 % , 90 % or
the errcrocoe is ach ieved aner 925 ms.

In addi tion 10 these IIIIer ctwactenence. there
are any numbe r 01rUrlher compromises, whiCh
would be tar 10 extensive to be oescnber In
this emote. To summarize, one can say met
the cause 01MfIOglng" of a liIte r is usually not
that the bandwldlh is tOO low, but more that the
IIlter characteristic ISnot conmeec .

••
HOME·CONSTRUCTION OF A CCW
CRYSTAL FILTER

The preViously discussed a-core litter cannot
be achieved in borne construction, since the Ii·
rruts are in the order of a a-potetrlter.In order to
SItU achieve a sufficien t selectivity , two tour­
pole filters or the UlbrichlPlloty type are to be
connected in series using an intermediate
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large-si gnal amphuer slage as bu lle r. The am-
plif ier stage has two tasks: Firstl y It is to provr­
de bot h filters with a pure ohmiC termination ­
whic h would no t be the case ,f the y were con­
nectecorrecuy in series : and secondly, il must
compensate lor the lotal insertion loss 01 the
two bners o f appro Kimately 12 dB.

When uSing this cecun. one achieves vrrtually
the same selectivi ty, with only a slight deteno­
ration 01 the pulse behaviour when compared
with an a-pole M er.

Pal12 of this articre Will cescnbe a 9 MH z-filter
with a bandwid th 01 150 Hz at - 3 dB (measu­
red using both !lIIers) . In order to recalculate
this hil er lor othe r cemer frequencies it is ne ­
cessary to know the crystal equivalent data
that can be realized (especiall y the dynamiC
capaci tance C 1 or inductlv lty L,) (9) .

Fig ure 5 sho ws me tneorencet selectiVity cur­
ves and the appropria te group delay. The
practica l cons truc tion and the measurement
will be carried OUI by F. Krug. OJ 3 RV 8S soon
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as the special crystals are received. This will
be fo llowed by a construc tiona l ertcte.
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VHF COUUVMCATIQNS J.a2

1

loo' r-1
W1~.II•• W1~lclt~

S

•
,

l

F1V, Sb:
Group delay 01
the f in.' filte r

-681 ... ·311 . 2lW -1. n IN <It ,. 4fJ8 see eel Qlal

t* I A;

(3) Be levltch, Vltold
Chebl,hev- Flllers and Amplll,er Net­
works - Wire less EngIneer
(Apr 1952) , page s 106· 110

(4) 0 , Burberg, OJ 2 VE :
Gesc hwindlg keltsbesllmmvng bel
efeklromschen Tasten
CO-DL Edillon 8/1981, page 384

(51 R $aal
Handbuch zum Flllerentwurt
AEG·Telelunken 1979

(6) M Dlshal :
Gau ssian·Respon se Filter Design;
Elec trical Comm unication, VOl 36 No 1
(1959), page s 3-26

(7) W E. ThOmson :
Delay Networ1I!IHaw lQ M,U lmillly-FIaI
Frequency Cha ractenshcs
PrOC .IEEE, Vol , 96 (1949) , pt 3,
pages 487·490

W, E Thom5Ofl:
Networks With Ma_lmally.Flal Delay
Wireless Engineer , (October 1952),
pages 256 ·263

(8) E. Ulbrich, H. Piloly:
Uber den Entwuri von Anpassen . Tie l·
passen und aarcce ssen mil emer rm
Cheblshev·schen $Inne approxnrnerten
konstanten Gruppenlaufzell
Archlv EI Ubertragung . Volume 14
(1960) , H 10, pages 451·467

(9) U l. Ronde, OJ 2 LR, published a cern­
peter program in OST, May 198 1, pages
18·23. MCryslal Fill er Design With Small
Computera- : however IhlS article pos­
sesses a large number of er rors . and one
cenoot reco mmend Its use The ce'cure­
lion of the described filter IS also made
wllh somewhat dlNeren l melhOds , On reo
Quest, the authOr OK 1 AG ISprepa red to
provide further eeererence.
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Friedrich Krug. OJ 3 RV

A Versatile IF-Module Suitable for
2 m Receivers , or as an IF-M odule
for th e SHF- Bands

Part 3: Contro lled IF-Amplifier,
Notch Filte r , Demodulators, BFO .
and A F-Amplifier

The foll o wing art icle Is the I inal part of a se­
ries describing the Individual circui ts and
the measured ....Iue. th. t can be oblalned.
The selec tion 01 Ihe ci rc uit to be used i,
di.cu ..ed,.' well.s one or other method,
which were not used In the IInal design.
Thi s ellenslve d l,cusslon ollhe ci rcuit i.
provided to .., Iat tho.. re.der, who have
autflcient elperlence and do not wish 10
construct the whole receiver. Thl . will .1­
lo w Ihem to c.rry oul the ir ow n elperl­
menls baaed on these circuits . For those
readers wIshing 10construct the complete
IF-module, lul l con.l ructlonal dela ll ainclu­
ding the complele ci rc uit diagram and PC­
board layout will be de. cr lbed In one 01the
neKI edi tio ns 01 VHF COMMUNICATIONS.

3.3.
CONTROLLE D IF-AMPLI FIER
WITH S-METE R

The lask orme second module (see Figure 4
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In Part 2) ISto amphly the IF-signal 10 a sutll'
cenuever lor li to be demodulated.Demodcta­
lors Will operate most lavorably when the
mean vercecttne Input signal remains Virtually
conSlanl and ISwllhtn the dynamiCrange 01the
demodula tor so Ihal IllS not eve-coven by lhe
Input Signal In order 10achieve thls.lhe IF-am­
phher must sallsfy mree tmportant cnerecten­
SIICS :

A. A very high. ew -rorse gain. whICh ensu­
res that the weakest received Signals Will pro­
Vide a sulllClent level al the demodulator so
Ihallhey can be demodulated wlthool cetenc­
raling Ihe signaHo-nOlsereno.

B . An AGe·range 01at least equal to me ov­
narruc range 01100 dB given In section 31 .1

C. A non-IImlllng InpUllevsl range 01 it 100
dB. It must be taken into consicereton mattne
module eqUIpped With Ihe cryslal hllers WIll
have already emphtred the !Ilgnal by apprOKI'
mately 20 dB Th.s means Ihal tne amplilier
must be able to process Inp!.ll vOllages nom
5 IN 10500 mV
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Fig, 13: The controlled IF·empUller with Illrge dyn lmlc rlnge I nd Iho l'1 eentret-nme COnltlntl

In order to ensure that the module can be con­
nected without problems 10 the outermodules.
the input and output Impedances are 50 U.
and the mean output level under controlled
conditions ISset at 10 mV across 50 ,!Q, - 27
dBm lor the output to Ihe demodulator module
(for the IF'oulput to 25 mV across 50 U Q,

- 19dBm).

Aller taking uie gain 01the crystal filler module
Into ccosrce rencn. the lowest Input level will
amount to 5 flV into 50 U Q - 93 dBm The
non-ieee gain of the iF·amplifler should there­
lore not exceed

G~ • - 27dBm - ( - 93dBm) • 66dB

otherwise me control cncuu would be actuated
by noise, Duat-gate FETs are used as ampli­
fiers. These componenls are mexceneive. and
It is assumed thaI they will be available for
many years.

With respectto merr technical cearectensucs.
VHF-dual·gate FETs are virtually ideal They
have a high slope. which means that a gain of
approximately 40 dB per stage can be ectne­
vee: they also possess a low reaction which
means ment is possible 10 construct a reliable
circuit without neulralization; a low r otee In

order to obta in a high srqnal-to-norse ratio and
a large dvnarmc range 01 > 50 dB per slage .
The only disadvantage is me preViously men­
tioned low Input ovnaeucrange under ccmrot­
led condi tions, This can be Improved by uSing
an additional control With a PIN·diode in front
of me first DG-FET as was recommended by
OJ 1 SK in (16). In order 10 ensure that the in­
put impedance ISvirtually independent of the
control slate, a PIN diode attenuator uSing a
Pt-crrcurt is used.

The cncuu diagram 01the controlled IF-ampli­
ber is given In Figure 13

3.3.1. PIN Diode Att enu ator

In Its torward onecnon. the PIN·dlode repre ­
sects a resistance for frequencies f > 1 MHz.
whose value can be controlled With the aid 01
the forward current.

With a high DC·currenl ln forward direction. IF.
the a s- reeerence or the diode Will be small,
whereas it Will increase at a low IF' The ene­
nuetor shown in Figure 13. is constructed
USing such PIN diodes In a Pi-circun. The con-
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Fig . 14:
The Itt",ullion c"-rK1er1.lle. of the PIN d.OCM
8t18f1U8101'in lhe 0 _ . 11 ci rc uli show. the
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trol voltage dnves the curren t In the pass diode
o 1 via the source tone.....er T 4, or the emitter
touowee T 5 The voltage drop across R 1
caused by this current dnves the current In
coeee 0 2 and 0 3 II the current through 0 1
decreases, the vollage drop across R 1 .....111
also decrease, thus IncressH'Ig the current In

02 and 0 3 The ressrerce 01 diode 0 1 ..... 111
thus Increase and the resistance values 01 0 2
and 0 3 .....111 be reduced ThiS means that the
attenuation 01 the PI-CIfC!J lt .....111 there lore m­
crease The calCulall/)l"l ct the attenuator .....as
made according 10InlormatJOl'l gIVen In (17)

The CirCUit should be deS'9ned SO that the m­
put Impedance z"'15 SO11 ! to % throughOut
the 'NhOIe dynamIC range II IS Importanl that
the anenuator IS terminated .....Ith SO11 8t the
output The anenuatJOl'l CNlraeteristlC 01 the
PIN dIOdeIn the overall orC\J1t as a lunctJOl'l 01
the control voltage 15 glVOO In Flgur. 14 For
htgher Input levels , the ooees .....111 be control·
led by the RF.Slgrl81. whICh decreases the
attenuallor'l anct .....11I cause the SIgnal to be dls-
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3.3.2. Controlled Amp lllier

As has been prevIOUsly menll()n8d , dual-gate
FETs are to be used In me ampliher , The tequi­
red dynamIC range anct the control time con­
stants ceterrmne the des'9n ollhe ClfCUIt . The
gatn 01Gp 66 dB can be ecmevec USinga
two-stage amphtrer. 85 can be the requued dy·
namlC range 01100 dB

The ampillier is built up USing t.....o OG·FETs
BF 910 In a coovnon-soerce crccn ee shown
in Figure 13 The deSign cruena lor these FETs
were gIVen by OJ 1 SK in (18). Untortunatery.
the mos t tevcraere input impedance lor rr unr­
mum noise 15 no! given In the data sheel 01the
SF 910, Noise ligu re measuremen ts showed
that this value must be In the order 011 kl1 .

The matching 10this value has been realized
uSing resonant ercone. The resonant ci rCUlI
between the attenuator and T 6 has a tume- ra­
110011:5and also guaran leeslhe rOQI,lIfed 50
11 rerrnmato n lor the PIN diode anerweior
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Fig , 15:
Th. gain 011M coniroilid IF·ampli ller • • •
'unciIo n 01 1M conlrol voll-VI .howlng Ih l
two d lff..,8fI1 rang• • 01 1M log.rllhmlc
chlrael..,l.l lc



The cou pling between T e and T 7 ISachieved
USing a resonant Clrcu.t With a turns-ratiO 01
41

The IIOnal It amplified .n T 7 and fed vIa a
capaot.vely coupled bandpass l~t8f and the
source 10l1Ow8f T 810 the output lor the dem0­
dulator module The OUlpul Impedance
amounts to 50 11due 10 lhe use 01the' source
tOilower The Inpul ceceeterce Ofth8 source
tOlOwer IS compensaled lor USing ee lC-or­
CU,I ThIs alagelherefore has the tendency to
seIl-oscll8ll(Wl under I"I()n>IOAd condlll()nS.

whICh means If\8t II snould onty be operaled
together Wllh • real-load of approlttm8tety
50U

The resonanl CIrCUits are relallvely wldeband
SO lhaltr.e IIOnal delay In lhe amphher tSshort
Wltr'l a surtable~ Ofthe time constant, In

lhe AGC-amplrl* . illS pos.IIb6e 10slil conlrol
level changlt rales 0110 dBI'S However . a
COOSIderable phase modutatlOn Of lhe $lQnal
WIll occur whICh lead, 10dlslOf1IOn dUring AM­
democIul8hon when USingsynchronous demo­
dulators. and dunng FM-demodulall()l'l when
USing a phase demOdulator ThiS ISespecaally
valid when the level vanatlOnS are caused by
Interlenng 19'815 Due 10the transoent betla­
vlOUr01the crystalldter In the 1.,.1module. the

,

••.J

level vaneuco rete at the widest bandw.dth is
hmlted to malt 1.5datls. II the dynamIC range
IS not exceeded It should be menhoned met
tne test module. as well as me l"I()lse blanker
deslgned by OJ 7 VY produce phase Inler1.
rence when strong Inter1enng pulMla1e recer­
vee ThiS ISeSP8CIallyunpleasant when USing
modulahon modes With whICh the InlormAtl()l"l
IS transrtlltted by phase·aMt keying. such aa
With COherent telegraphy (CCW)

The ga,n conlrol Of OG·FETs IS made moe.t
l'asrty by varymg lhe VOllageal gate 2 For "".
ltlmum gaIn of the FET . the voltage bet~
gale 2 and source UGn shOuld amount to 4 V
On elecreasrng VOltage. the aIope 01the Iran­
SlStor Will be reduced. and thys lhe gaIn

A ga,n vanatl(Wl of approltlmBtety SO dB per
s1aQe requrres a 'IQIIage vanatoonof 5 V at gate
2 In order' 10aVOId negatrve con trOl voItaoes.
lhe source potertballS lnaeased by the value
Oflhe VOltage drop aetOSS the diodes This re­
sults In a con trOlcharaeterlsttC lor the IF·ampli·
Iler as shown ,n Figure 15

FIgure 16s~ ee output VOltage U... as a
lunctlOn of the IOpUI level The conlro! com­
mences at an If'IPU1 VOltage Of 7 ~V 90
dBm. and maIntains a VlrtlUllt)' ronSl8nl output

OJ JRV

• • •.~- ...

Fig. 18:
T"- eutput volI.g. U_
.nd 1M control volt.g. Uf;
••• function ol l"-Inpul
pow.... p.. or 1M Input
'lo ti. U.. 0_. dyn.mlC
r.~ot tSOdB .
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Fig. 11:
The control \/Oll.g . g.n.r. llon hi ving . very s hort rl, . lime

voltage ol10mV up fOa" Input vollage 012,2 V
A ... 20 dBm. Distortions caused by Iimlling
the modulatIOn peak., commence at 500 mv.
An AM-Signal modulated by 30 % would then
possess a distortIOn tactor 01 approximately
3 % . ThiS is a good value lor amateur eccnca­
tcoe
The noise llgure I!I deterIOrated by the PIN­
diode attenualOf. IS. however. sill! only 6 dB.
WhICh means that II can be neglected In the
0l/er811 concept The noise power provided by
the hrs! module ISmuch higher

3.3.3. Control Volt age Generat ion

Alter seiling a level of 10 mV al the cemcoura­
lor output. a mean signal vonece 0' 25 mV Will
be present at the drRln 01T 7 'rtus leve l is not
sutncent lor direct recnucenco and must
toeesrore be amphhed The cecou 01the con­
trol VOltageampliher and control votlagegene­
rate r ISshown In Fig ure 17 The S19MI voltage
ISamplified to a value olapprox.malely 1VfJIf> In
a twC-stage amplih8f The IIrst slage has a
voltage gain 01 lour limes, and the eeccoe 01
three limes The IF-SIgnal IScoupled out aller
the lirs t stage The S19nalls then available With
SUlllCl8flt leve l at the IF-oolput connector IOf
lurther proceSSIng

Alter the second stage, the s'9nal is then led to
the control voltage rocli lier eqUIpped With the

1>.

germanium diodes AA 119 The roctilled SI­
gnal vollage controls transistor T 11, WhiCh
discharges capecuor CT10the required control
voltage potenllal. The ga.n 01 the IF-ampliller
Will reduce together wllh me decreas.ng con ­
trol voltage UAQC across cececnce CT_

With the aid 01 me voltage diVider compriSIng
Ihe 15 kU reslstOf and the 1 kU potentiometer.
It IS ccssere to vary me bias voltago at lhe
base 01 T 11 so that the control VOltage thre­
shold and me output ampli tude 01 10 mV can
be set al the output lor the demodulator

The maximum coot-or vollage results when
uensrs tor T 11 IS blocked The ewncbabre 4,7
kU ccterrnometer para llel to the zener diode
can be used as - menuet conner- where the
con trol IS maintained at a groatC! leve l ThiS
allows the highest coouor vonace. and Ihe
contfolthreshold to be selected.

Thedynamic control behaviour 01the IF-ampll·
Ile r must be matched 10 me dillelent mooura­
ten modes. and an absolute value ISvery dllll­
cult to establish Since It IS very dependent on
the personal reqcnernents Fundamentally
speak.ng. the con trol ShOUld be actuated
QUickly so that the demodulator 1$ not cveedn­
ven by large Jumps 01the reqUIred SIgnal 11 IS
ImpOrtanl when USing a last con lrolthat Inler ­
terence pulses are blanked belore reaching
the Mer module Otherwise, these pulses
would cceuo tne amplitler and Ihus blank the
reqUl/ad signal



However, atter the level of the reouuec Signal
decreases. the gain and the absolute level
should Increase more or less Slowly according
to the moootanon mode. The lollowlng values
can be used as cnenteucn values lor large
level veoencos . whereas the values should be
ten times slower In the case of small level va­
rIatlons In the case of CW, the gain nse rate
shOuld be apprO_lmately 5 dBlms, whereas
SSB-values Irom 1 dB/ms to 0 1 dB,'ms are
found sotebre. In me case 01 short lime con­
stants , a dynamiC compression of the lower
neccences 01 the modula tion Signal takes
place . For Ihls reason, me lime constant uSing
conjunction Wl lh AM should be long. since only
lading euecte must be controlled In me FM·
mode It ISpossible tor the Itme constant to be
aeon. Since a large AM·suppresslon IS e_hlbl '
ted Unfortunately, a compromise must be
made here Sincea last com-or Will also cause
mrertererce due to phase modulatIOnIn me IF­
amplifier

The tanand rise times are determined by cue­
rent componen ts, and n ts cceeete lor them to
be set Virtually Independent of another,

LeI us exarmne the components and the el·
fects whiChdetermine the tIme behavIOUr . The
minimum raunme Of the gaIn ISdetermined by
the Signal delay in the rF-amplllier and control
VOltage ampliller. as well as by the charge
times of the capacito rs at the recnner. and the
discharge limes of the capacitors In the control
voltage line.

'rtus time IS especially of mterest when the
module is to be used wilhout hlter module ,

The Signaldelay amounts to apprO_lmalely 0 2
uSand can be classed as the dead-lime of the
control encet The tranSClertt time of the IF·
amplrrrer to hall the voltage value is 5 115, The
charge time of me recnner cecectcr togelher
with the filter link prevroue to the base of T 11 is
at leasl 03 liS, and is level-dependent due to
me base current of ueneistor T 11 . The dis·
charge time of the capaci tors In the coonor
Voltage line IS mainly deterrmned by the value
01 C, and by the discharge current through
T 11. ThiScurrent ISdirectly dependent on me
level at the base For IhlS reason. the crs-

charge lime IS level-dependenl. and IS small
lor large level veeences . Capacitor Cr should
not exceeo 4,7 'IF , ctberwrse the discharge
cwteru Will be greater than the ma_lmum per­
mlsslble collec tor current 01 T 11. A current
limiting could be achieved uSing a reslSlor In
the collector line 01 T 11

A further delay IScaused by the coupling cepe ­
ctcrs and hlter capacitors In the PIN-diode at­
tenuetor . and the nuer links at gate 2 of the
FETs The delay time in the attenuator is very
much greater than me delay times at gate 2 01
ute FETs These ere very different and amount
10 apprO_lmatoly 1 5 «s for transis tor T 6 . and
aoorcs 10'15 for T 7 This guaran tees that T 6
is hrstly controlled . and that T 7 is not ever­
driven . The limes are so short Ihal the rnaxr­
mum rise limes lor the sl9nal are determined
by the bandWidth of the cryslalliller so Ihat the
amplrher can be controlled wlthOulllmlling

Wllh me aId 01the AC·hlter In front of the base
otuansrsior T 11, It is pcssere 10Increase me
fall (decay) time as r&qUlfed However, me
conner cnccn will become unstable al higher
values . and will lead to a strong overshoot In
me control crwectenstc. which Will also lead
10a ..ringing " of pulse-type Signals

The recovery time 01 the AGC-clFcUit ISdeter ­
mIned by the tene constant of AT and C, 10'
gether With the Illler caoacnors In the comro r
voltage tina. In the case 01AT .. 820 kU . the
meumum comror time Will be appro_lmately 10
ms Wi thout CT, and the maximum tene of
appro_imately 3 5 s for large level variations
Will be oblalned With a value 01CT.. 4,7 !,F

The gain nee limes are dependent on me abo
solute value due to the non-linear ccnuor cne.
racterlshC (Fig 14 and 15), since the gain va­
nes by appro_lmately 6.5 dBN In the contrOl
vOllage range Irom 5 6 V to 3.5 V. and by eo­
prO_Imately 37 5 dBN In the conlrol voltage
range from 3 V 10 1,2 V. Since the Increase of
tne control voltage is made according to an e_­
ccoeouer funcucn With Ihe lime consrent de­
pendent on CT and A t, thiS ncn-lmear beha­
viour Wi ll be Increased stllliurther. ThiSresults
In a retalively test rise time 01 tne gain In con­
juncnon Wl lh hl9h absolute levels , and a relall ­
vely low one With low absolute levels
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3.4.
NOTCH FILTER

Fig , 18:
The S·me te ' r••dlng I, derl lled Irom
lhe control 11011 '<;1'
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tbecrrcuu given In Figure 18does not possess
any special features The zero-pcmt can be
adjusted With the atd 01 the 4 7 kU reseror . and
me 25 k~l cotennoreter ISused to set the ma o
xrmurn value Due to me good stabllity 0' the
module, It ISpoSSible lor the meter to be cali­
brated In uV Thedlsodllantage 01 the cncurt IS
met stgnals below S 1 Will not be Indicated

Ama teur receivers are usually equipped With a
Notch hiler In me AF·ampliller for suppression
ollnlerleflng carriers In the passband range In
the AF·tange, such 'ilters can be constructed
With wtuatty Ideal cnarectensucs The only
disadvantage IS thai the Interference carrier
cen ccrworthe IF·ampliher. and thus blank the
requnec Signal II ISIherefore acvrseme tor the
suppression 10 be made In me IF.range be­
Tweencrystalliller and IF·ampllfler

In order to actueve a narrow-band suppres­
sian . IllS necessary to use a hlter hailing a high
o ThiS can only be acmevec atlF·lellel when
usmg a flUer crystal Crystals hailing a a 01
135 000 to 150 000, were used for the measu­
rements

SUItable crcuue were gillen In (20) and (21 )
FOf companson. expenments were made
uSing a bfl(lge lItler and a T-nner With coupled
Inductances

3.3.4 . S·Meter

This lime behaViour of the contrails found to
be very pleasant by the author on the VHF and
microwave bands The stanons are Immedia­
tely audible at a pleasant volume level and Will
nOI pump the AF·amphller With the hrst sylla­
ble . Alter the SIgnal disappears, the nerselellel
01 the receiver Will Increase slowly A dillereni
control characteristic may be adllisable for
operation on the encnwave bands: thiS can be
cctamed by varyIng the veiue 01capaci tor C,

It ISonly possible to display the whole dynamIC
rango Of the IF-amplifier linearly on a meter
when special detectors hailing a conespon­
ding ovnemc range are used An example 0'
Ihls ISlhe successrve-cetecuon With a logarlth.
rrnc Indicator such as oesoeeo by DL 8 ZX In
(191 Such a detector ISprOVided In the panora­
miC receiv er as shown In Figure 12

ThiS allows an exact meesuremeor 01 the abo
soMe rever

The evoa-mc range 01 the cescnbec concept
corresponds 10 SO '0 S9 + 46 dB when USing
the most common oenoton 01 S9 50 IIV at
me Input 0' me receiver as used In amateur
technology With 6 dB per S·Iellel , nuscones­
ponds to 166 Scpomts. 'rtus means that the
pointer Width 01 common meters would virtual­
Iy correspond to one S·!evel

In the coso of the cucuu shown In Figure 18
the control vcnaqe ISused for mccaton Due
to the non-unaar conne rctwacrensuc and the
control volteqe threShold at 0 1 IIV at the rnput
of the Input ccccn OJ 7 VY 002 (Figure 1), the
Indlcahon range from 0 to 50 % Will only cover
the rnst three stages 'rom S 1 to S 4 ThiS large
spread 0' the lower IndlCalion range has the
adllanlage that It IS more eaSIly posSIble 10
gille the SIgnal report In ..dB nver notse ...
whICh 15 more adVisabl e lor VHF-eommufllca ·
uces II also allows the antenna to be adjusted
more eaSily when recellllng weak Signals .

It strong Signals ate 10 be compared. It ISPOSSI '
ore 'or an aueeuator to be used In the Signal
pa th to bring the lever down to the mceuevcr­
able mecenon range

178



VHf CQMMVMCATJQNS 3.62

Fig , 11 :
.... Notch·lUl.r . I IF· I.v.1 ul lng I br idge
c irculi 10 o btlln " '"rg" NOlch-de pl h

Fig , 20 :
ThelrlKf uency r• • pon.. 01the Not ch·brldge
IItt. r lor VI. loUI vlluel 01R 2 when ..Iecl·
Ing. NOlch-deplh 01 35 dB

•

o ,...

1

(~

\I

3.4.1. Bridge Filter

The CUCUl t 01 the bridge hiter IS shown In
Figure 19,and tne measured results In Flg .20

Tho second ary wlI1c:M g 01Tr 1 lorms a brl6go
cncuutoqemer With R 1 and the equivatent roo
srstence A. 01tho crys tal at 501105 resonance ,
which can be aligned wllh R 1 R•. The '1011­
Age at tho center tap ISthen mecrenceuv lora
When USing nus CIrCUit a supprossion 01
70 dB can be Achieved, however , the Ilitor IS
then e_tromely narrow-bare and Ihe adjust ·
men t Will not be etetxe enough cue 10the tern­
pera ture behaViour 01 the components The
equivalent resrsterce R. 01the crcurt WIll also
change when me crvsteus pulled With the ca.
cecuerce C. 'rjus means that a larga rctcn
cepth IS only poSSible Within a tow pulling
range 01the crystal

In tho espenrnenta t cncuu. tho notch dep th
was selec ted 10 be 35 dB Wi th the aid 01R 1 As
can be seen In the measur ed curve. a parallel
resonance ct tne crys tal and Tr , Will appear
Without R 2. whiCh Will cause a great gain m­
crease 01 the cecurt 'rtus resonance IS sup­
cressec With the aid 01R 2 220 U since the
senas CIfCU!t 01 R 1 and R 2 represents me
Iranslormed load Impedance lor lhe Ilrsl lran·
Sisto, ThiShas a gain 011 With me senea reo
sonance 01 the ervstat, the load Impedance IS
mainly lormed by the selles cnCWI 01 R. and
R 1, Tho gain ISIhus reduced by 10 dB 100 1
ThiS euect results In the Improved slope steep ­
ness 01 the nuer curve when USing the same
crystal.

3.4.2. T·Filler

The T·l llter shOwn !n Fig ure 21 represents a
IWO-S1age bandpass Mer whiChISCOUpled via
thecrystaf Impedance cecacuc-e C , and C 2
deterrmne tne passband cnerectenstca 01the
liner outSIde 01the series resonance cnne cry'
stal The notch Irequency 01lhe liner can be
vanec Wi th the eo 01 C 3 by pulling the crys lal
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FI.... 22:
The frequency f., pon..
01the Notch.l ilt., IOf
various MlUrce and load
r. I II 'anc••

The depth ct me r orcn Is dependent on the a
01 the equtvalent crcwts and me cv stemsen.
Since the C at the crystal is ro ec.tne cveren 0
can be vaned with the Bid 01 A 1 and A 2.
Fig ure 22 shows the measured curves lor the
variOUS resis tance values The lilter curves are
rela tively wldeba nd . and IOf thiSreason me ad ­
visable lor two Idenllcsi litlers to be connected
one behind e e othe r, s-ee Ihe notch depth
does not vary as much as when using me
bridge ClfCUlt. It is possible lor the notch hiler to
be varied ove r me SSB bandwidth range.

3.5.
LIMITING AMPLIFIER

Frequency modulated Signals should be Iimlt-

ad In order to «rcrc vetne slgnal · to-nOlse ratio
tbecen be achieved by limi ting with ocoee. or
dl,sclly USIng the base-emitter diode or the
amplifier tranSis tor It ISalso poSSible 10coer­
ale the transistor wllh a lower ccnector-ermttee
vollage whICh Will also lead to limi ting , emee
lhe tranSIstor w ilithen be drrven Into salurallon.

Push-pUll cncous such as dillerential arnph­
hers are used for balanced limiting Lenne rerr­
cuns made up from a chain or 6 to 8 dl l!erenllal
amplil iers as used In FM broadcast receivers
are not SUitable lor ttns concept The available
gain 01 these cecuns IS too high SO thaI the
nose Signal would already be IImlled al lhe
oulput 01 the cont rolled IF·ampilfler , A SIngle·
slage dl tlerenhal amphtier is su tl,clent tor nus
application. A dillerential amplifier reqUlr8'S a
vOllage 01approximately 60 mVp'1'atlhe diller·
en tlal Inpul to cotam the limiting threshold
smce the oulpul Signal of the IF·ampliher ISset
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Fig 23:
The Mlecllve buner
empliller WiTh c heng..
over . wltchlng lor the
... erlOu. demodul.lor .
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to 10 rnv. an additional amplifier will be reo
qui red ,

When uSing the bu ller amp lltler shown In
Figure 23 , a gain o f approximately 15dB ISob·
tamed at the same nme as providing a further
selectivity using an aoomcnattwo-pore crystal
filler . A filter XF 910 Wllh ± 7,5 kHz bancwrdth
as already used in the rece iver is suitable for
ttus appli cation , If Ihe demodulator module is
only to be used for narrow-band modulation
modes, II is pos sible for nrter XF 914 with
± 1.75 kHz bandWidth 10 be used here. At me
output ot Ihe buller, the required signal IS
SWitched 10 me associated demodulator wllh
the aid or sWitching diodes.

A mixer circuit SO 42 P connected as differ·
enneramplifier is used as limiter, as shown In
Figure 24 Any other dlflerenllal amplifier nev­
Ing a Wide bandwidth can be used in this cir·
cwt. t owever.u-e so 42 P isalso used here to
keep the number of cnerent components at a
minimum , The limiter cneractensuc ISshown In
Figure 25

3.6.
FM DEMODULATOR

Since various freQuency oevietcns are used
for ama teur ccmmuoicancns . various cncu.ts
With dilleflf'lg escnrmnetcr cnerectensucs
were examined. The bandwidth requirement
of the treQuency modulated signal is given by
the follOWing rule of thumb :

B .. 2 t'Mel + 2 ," r

wher e f'Mel IS the max-mum modulation fre­
quency, and " fT ISthe frequency cevtanon.

Since the signal should have me lowest POSSI'
ere distortion, the bandwrdth 01 the hiler and
tne linear part ot the orscnmmatcr cherecten­
sue shoutd correspond 10 the signal band­
width.

3.6 .1. PLL·Demodulator

When compared With otter types 01demodu­
lators, PLL·demodulalor s should provide a

Fig , 24:
A limi ter ullng I mil• •
circuit SO42 P Iwll t hKl
.1 dIN. r.nUl llmplil ler

•

r
),J . :

I "

i :. """ j :.' .,
", ,., J""
,..'I- II
: %

r t, so 42 P

~ ~
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' %,.
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Fig 25:
f M lim it ... luncuon of th e circuli
I how n in Fig , 24

oener AF slgnar-lo-nOlse ral lo at lower RF Sl­
gnaHo-nolJl;e ratios. This IS valid lor lower In­

tc -meoete frequencies. however . me author
could not measure any advan tages when
uSing the PLL-Clfcult XR 215 (Exar) lor an IF 01
9 MH z The IntrinSIC noise cuneVCO In the CIF­
CUlIIS too great Thts can be ImprOVed by USing
a crystar AS bequency-oependent componenl
The dlSCrlmlnalor curve Will, however. only
have a hump spacing 01 :!. 170 Hz when uSing
a crystal type XF 900 The values of ... 1 kHz
given by the manufacturer In (22) cannot be
achieved

3.6.2. Phase Detect or

A number 0 1 CirCUits have been ceecnoec III

nusmagazine e.g. (23). uSing phase detector s
and crystal hiler as phase shi ller lo r FM demo­
cutauon. which means mat lhe 'Ollowlng can
be limited to exoenmerus on cecwts haVing a
lower hump spaCing The SO 42 P 1$ to be
used as quac-aiure demodulator uSing one
dual as phase shllter The Circuit IS gIven In
Figure 26

The emuter lollow er connected between
phase stlliter and SO 42 P ISonly used as 1m·
pedance converter Since the Input 0 1 me de­
modulator module at point 8 has too Iow an Im­
pedance.

The Signal IStaken Irom the limiter at low Impe­
dance and ISled as SWitching Signal 10 pin 11
The drive 01 the phase-shill IIller is made at
high Impedance USing an l C-translormahon
The cen ter IreQuency IS adjusted with the a'd
0 1the ceoactoe . whereas the ootpu t LC-e,rcult
determines the lineaflty 01 lhe dlSCflmlnator
cnarectensnc . toge ther With the real load pro­
vided by the base vOltage divider and the inpu l
Impedance 01 me IranSlstor (as well as POSSI­
bly R 1)

~. .....

•

Fig . 2&:
TM SO 42 P II co nnected
•• colnclM nCe demodulltor
• nd UN' . cry," 1l ltt.r
for ph... ' hi lt
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The dual crystallillef XF 909 Will result In the
orscnrmoaror cnaractensnc shown In Fig . 27
II A 1 ISrot coonectec. uoro e bandw'dthof 10
kHz . the orstornon teeter IS less than 3 %,
Such values can be achieved down to a band ­
Width 01 500 Hz Without A 1. and lor a band ­
Width of t ,6kHz WithA 1 470 11when USing
a dual !Iller XF 919 The measured values are
shown 10 Figures 28 and 29

3.6.3. Squelch Circuit

, ,
' -

Fig. 27:
The dllcrimlnator characterl ltlc lOt
5 kHz devilltlon

The squelch cecurt ISto block the AF-channel
until a Signal of surucrent held strenglh !Spre­
sent to ensure mat a norse-free SIgnalcan be
received There are various methOds 0' qene ­
ratlOg the control Signal The no-se at the de­
modulator can be coupled ou t via a hiler . am­
phhed and recnnec aswas described In (24) , II
a Signal is received . the norse level Will de­
crease and the AF-amphher ISopened

Another method IS to obtain a control signal
from the IF-voltage which can be tapped oft
eetc-e the hrmter 'rtus could be achieved
uSing the cncurt given In Fig ure 30

The IF-SIgnal IS amplified In the uans.sror
stage and rectified in a voltage -doubler CIrCUit,
The d,llefenllal amptrnar operates as a compa ­
rator that compares the recnnec signal to a
voltage set With Ihe aid 0' the 10 kl.1potenno­
meter , As long as the VOltage adtusted at the
potentiometer IS greater than the rectified Sl'
gnal voltage, the rlght ·hand uenerstoe con­
ducts and the VOltage drop across the collector
resistor Will block the AF-amplilier However,
thiS squelch cncurt Willonly operate WithInput
signals up to the Control voltage threshold.
Since in exce ss of This the IF-voltage IS main­
tained at a constant level

..
• 1 _ ..

, .
•

•
I
u

os
.'

Fig. 28:
The dl l cr lmlnetor enecn equlpp&<! with lCF 919
. now,. devletlon 01250 Hz li nd I, lhue ,ultllble
10rRny

Fig . 29:
The dlecrlminetor chllrllclerl,Uc ca n be Incr,,,,,.&d
to 800 Hzby eddlng th. load r. , I, tor R 1

.,

.' - -.
i... /

Furthermore. the Control voltage can be used
as control Signal In lh,s case . It IS acvrsame
that the comror commences at the nose thre­
shold ThiS IS not poSSible 10 the cescncec
concep t where low-norse Inpul stages ale
used The squelch can meretore only be
opened by Signals which are able to actuate
the control creon
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Fig. 30;
Th. cootrol ...o lleg.
g.o.retor lor the
I qu.lch

Technically speaking. this can be achieved
easily if the crcuu given in Figure 30 is discon­
nected at pomt P and connected to the source
of the ccotrcr transistor of the s-meter CirCUit
(Figure 18 ).

3.7.
AM· DEMODULATION

Mainly two pnrccree are used lor AM-demo·
oulaucn. The ftrst is the envelope cemooure­
lion using a rectifier crcun. and the second IS

"'"I "

."

the reconversion 01 the AM-signal using the
carrie r (synchronous demodula tion). Both
tvcee of demod ulator were tested and are 10
be described individually,

3.7.1. Pus h-Pull Demod ulator

The most Simple form of AM'demOdulalion IS
an envelope demodulator uSing diodes such
as used In me control vcuace recnners shown
In Figure 17 Due 10 Ihe relatively high tnre­
shold voltage of Ihe diodes, low RF,volla ges
cen only be demodula ted With a high deg ree of
distortion,

.15...(AM)

Flg .31 ;
Th. AM...n....lo pe d.modul.tor
ul lng e pUlh· pu Ucirc uli



il ls posSIbleUSing a bias curren t tor the ooces
to be operated In class B so tha t !Ow RF ·volla­
gas can also be demodulated at low distortion
HOW9yor, the operating point ISthen very tern­
perature-dependen t OJ 4 BG showed In (25)
tnatu IS poSSible to carry 001a temperature­
compensated recnncanon uSing the base­
ermuer diodes ot uanetstors This typeol cncu­
" was bcnnup In push-pull uSing a SO 42 Pas
shown In Figure 31 The Input 51gnal15 balan­
ced USing the coupled resonant ClfCUlt The
uanstoemanon reno has been selec ted so that
the Input Impedance 01 the CIrCUi t .s approxI­
ma tely 50 U The base-emitter diodes be ­
tween pins 13 and 12. as well as 11and 10 are
connected as push-pull recuuers The base
blas voltage IS oeovec Irom IwO senes-con ­
oectec diodes. and IShalved USIngthe Internal
and exlerna13 3 kU reeeraoce so that the rec­
hIler operates In class B The Internal 1 4 klJ
resrsrors ensu re a good balance, A very good
temperature compensation IS achieved uSing
meee measures The author did not experi­
men t to Irnd out whether an Improvemeni
could be actuev ec by redUCing me cur rent
t10w lng Ihrough mebias diodes

The rt!ClIhed s.gnal IS taken via the collectors
and the tranSlstOlSconnected as add ing stage
'rom poin ts 2 and 3 The CirCUit operates at a
icw distortion teeter 'Of Inpul Signals ' rom 3 mV
to I OO mV For Slgnals ln excess ot l 00 mV. an
overoove condi tion Will exrst lor the transistors
In the adding stage . ThiS can be chec ked to
see whetner any VOltage breakdown can be
seen wllh an OSCilloscopeconnected '0 points
7 and B

3.7.2. Synchronous Demodulator

The synchronous cemodctator IS a mIxer ce­
CUI ' In whIch me AM -Signal IS mIxed wllh a SI­
gnal tnaus synchronous 10 me earner bequen­
cy A synchronous Signa l can be ecnevecWIth
me aid 01a st.t-cecon 01 Simply With the aid ot
a "miter All cnccrts thaI ale used lor cower­
l ing SSB Signals are sonaore as mixer cncwt "
tne synchronous Signal IS mjected Instead 0'
the BFO-slgnal. as ISshOwn In the CirCUit dia­
gram 01the SSB cemooutator

Synchronous demodulators have a greater dy­
na-me range and less dis tortion than envelope

Fig . 32;
Th. mix., clrcuil lor
d.moduli lio n 0 1AM.
SSB Ind CW I lllnil l
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Fig, JJ :
Alow-nol' . BFO
lor thr.. , wllCh·
' b le frequ enel. ,
. nd.mulmum
ou tput power
of$ mW
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cemoculetcrs For this reason, such a demo­
curator was planned as demodulator In the ori ­
ginal concept. However. II was toune that the
generatIOn 01a synchronous earne r Signal with
a trrmter prcvrced too great a degree 01 ampll '
tude and phase Interference allow .npUllevsl,
due 10the inlerleflng pulses The ewercce ce­
modulator as shown In Ftgure 31 crcvees a,.·
gnal with loss mterterence

3.8.
SSB CW DEMO DULATOR

The demodulation 01an SSB-slgnal IS made
by converting II with a sl'ilnal haVing !he sarno
freQuency as the OriginalC8rr10r SIgnal, Since a
high earner suppression IS usee in amateur
SSB·communicatlOns, rt is no t pOSSible10 reo
cover me camerlrom the Input SIgnal, and thIs
means that an au x.llary (BFO) Signal must be
generated ThiS BFO-signai ISmixed to the In­
put Signal.n a meer cecurt and the AF-slgnalls

'86

coupled out via a ow-ceseutter . All cowenno­
nal circuus can be used as mixer, and a
double-balanced diode mixer such as the
IE 500 requtrea me lowest external c.rCUl lry
However, II reqUifes 8 relallvely high BFO-Ie­
vel 01at least 5 mW

The c-co.t given In Figure 32 shows a mixer
eqUipped with a SO 42 P In a standard CirCUit
The received signal Irom the buller amphher is
balanced in a lo roid core trenelcrmer and led
to pins 7 andS : lhe BFO,signalls led via an et­
tenuator .n a balanced manner to pins 11 and
12 The etteouaicr ISprOVided as a preceutc­
nary measure lor levels greater than 1 mW ,
since lhe da ta sheet does not give any details
regarding memaximum permiSSible input po­
wet at pins 11 and 13 Measurements showed
that tho conversion gain did not Increase con ­
Siderably for BFO· levols In excess of - 6 dBm,
At greater levels. me suppression 01the BFO
signal altha signal Input and AF-output were
considerably less, The AF,sIgnal is coupled
out Irom pIn 2 Vl8 arcw-pese ' Iller compriSing a
'0 kU resistor and 470 pF capacitor
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The mlker crcuu IS very sensmve and can be
cnven with conSiderably tower levels cune In­
put and BFO signals If tapped resonant crcuus
are used Instead of the torOId core transfer ­
mers . Since the higher level was available In
the ove rall concept, toroid core transformers
were used on the PC·board also for compact·
ness

3,9,
BFO

Since the BFO was also used as signal source
lor the euermooutanoe measu rements on the
crystal utter, a very low-norse CirCUi t was oeve­
loped having a low harmomc conten t As can
be seen in Figure 33 , sepa rate OSCillatorsare
provided for the various BFO-IrequenCles that
can be SWitched In as reqUired

A Colpins-clfcUit eqUipped with 8 Juncllan FET

is used as oscnratoe The crystal cecnetee In
parallel resonance and is coupled to the FET
with the aid 01C , and C 2 In the case of cry '
erers having a lower C, the coupling can be in·
creased by inc reasing the value 01 C 1. or oe­
creaSing the value 01C 2 The SChQllky diode
connected from gale to ground is used for aen­
phtude limi ting by nega tively charging capacr­
tor C 1 at the gale on IncreaSing amplitude.
whICh In turn drives the operating poin t 01the
FET Into a range of lower Slope.

The ekact l requency adjustment ISmade USing
a pulling capacitance In senee With the crystal
The cw-crveter trequency can be adjusted to
cover the CW-hlle r bandwidth with the aid 01a
verectcr diode and a 5.6 pF coupling capaci­
tor. If a larger Irequency range IS requneo. it is
necessary to use two diodes since althOugh
the variation range of the indIVidual diode is m­
creased on increaSing the coupling cecectee­
ce. the diode Will be driven Into the lorward
di rection by the RF·a mplltude
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Fig. 35:
The AF-ampli li.r with
. hort-c lrcult protection
and Iquelch I wltch
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The signal IScoupled out via a 10 pF cecacoo­
at the source toncwer. Since the oscilla tor am­
plitude is dependent on the large spread 01the
slope 01the first FET , an amplitude alignment
can be Carried out with the aid of C 3 which is
used as cacacuvevoltage divider. In orde r to
ensure fha t all three OSCillators provide the
same amplitude at the output.

Only one or me OSCillatorsmay be SWitched on
at one time The two other oscillators are
blocked With the aid of sWitching diodes type
BA283

The AF-ampliller does not coseess any spe­
ere! features. Since the Integrated circui l does
not have any Internal current Iimlling as crctec­
non against overdrive and short-orcutt at the
output. It is pOSSibleto use a current limitIng to
the squelch sWitching transistor equipped With
a BC 415 This Will not be required rtrt IS not
possible 10 short-crcuume output.

The squelch cucuu is obtained by short-err­
CUltlng With the aid 01the BC 4 13. When using
a l M380 as AF·amplilier, the transistor can be
connected to pin 1In the same manner as des­
cnoec by DC 3 NT In (27) .

The lapped resonant cecuu Improves the har­
morse suppression. which means a maomum
of 5 mW having a harmonic reiecuon or > 45
dB can be coupted oul alter lhe source roue­
we'

3.11.
IF OUTPUT COUPLING

3.10.
AF·AMPU FIER

As can be seen in Figure 34, me oemcoutated
AF-slgnals are SWitched to the AF·amplilie r
shown In Figure 35 With me aid 01emeter 10 110 '
wers and sWitching mooee . Ac tive liIters as
described by OJ 4 BG (26) are used as AF·li l·
ters.

18.

High demands are placed on an IF-ou tplJt, Nor
only must this ou tput be insensitive to any mis·
match, even short or open circUit. but also ha­
ve a low reaction, Any external signals, such
as the oscilla tor of an external moer. may not
be II'IJected Into the CirCUlI. The circuit shown In
FIgure 36 seuenes these demands The out ­
pu t colJpling 01the IF-Signal is made from the
collector of the l lrst amplifier 01the coruror-vcit­
age circui t. The signal is Ihen passed through
a hiler and a low reactive cascade of two FETs
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Fre lslng 1978

I.'

(19) E. Berbe nch , DL 8 ZX
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(23) J Kesller . OK 1 OF
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Edll lOf'l 1,1979, pages 44·53

(241 G Ruhr. OH 2 KT
A Mlnlat ure Rec&lver for lhe 2 m Band
VHF COMMUNICATIONS 7,
Edltl()n 4 1975 , pages 239-243

(25) 0 E Schmitzer , OJ 4 BO
AM-Demodulators USing SIIICOl'1 semi'
conductors
VHF COMMUNICATIO NS 3.
Edition 3 1971 , pages 190-193

(26) 0 E. Schm,tzer. OJ 4 BO
Active Aud IOFilters
VHF CO MMUNICATIO NS "
Edition 4 '1969, pages 218·235

(27) R reuen.DC 3 NT '
A System lor Recept ion and Display 01
METEOSAT Images Part 2
VHF COMMUNICATIONS 11,
Edili on 4 '1979, page s 194-202
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·0 0 " .......ED .g.! "i

cr.~ · ·O

OJ 3RV

The Input 01the Illler ISmatched with resistors,
The output matching ISrealized w,th a 6 8 IIU
reSIstor, and the reecn ...e components are
compensated IOf Dy lhe LC-eltcull

When USInga drain reSistor of 56 U, the ces­
cece slage Will e.hit)1 a gain 01apPfO_lmately
1, whIChmeans that the IF'5"Jnal Will be 25mV
WIth the IF·a mpl1l1ttl' con lrolled

The low reectoo IS achieved due 10 the low·
senSlhvlty to mismatch 01 the cascade CirCUli
and due to the VOltage dlvlSl()n 01the ma te ng
res,stOl' al lhe ,npul of the Mer andcolleCIOf re­
slslor In the con lrol VOltage amplIfier

The ISQlatlOf'l amoon ls lOappro_lmately 60 dB
In the passband range 01the !lIter and Increa­
ses to 90 ca In the stopband range
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An Amateur-Television Transmitter
for Home Construction

OJ! JZ 002

...... ..- .-
." .......,
~

OJ40lB OOl

'"".~-- Oj40 LBOOS
. :l!o.......-

VHF COMMUNICATIO NS 411977
VHF COMMUNICA TIO NS 311981
Th is sel 016 edil ions Is ava ilable
at OM 24.-

1/1973
2/1973
211976
111977

A tetevmcn transmmertxnu from modules described in VHF COMMUNICATIO NS ISshow n In the
above blo ck diagram Each function IS realised on an IndiVidual PC-board Each PC-board IS
bunt into liS own nnneo-metetbox, which leads to a very clean operation without unwanted stray
coupling and without problems caused by radia tion , Each module ma y be aligned and tested on
ItSown All ttns encourages the rome constructor since II makes II easy 10 unde rstand the cute­
rent tcncncns. and It lmally leads to a tuqn-vatue ATV uansrruuer to which all possible Video
sources (blackJwl1l1e or color) may be connected.
For an amplnrcatron 01the transrru t power , a variety of linea r errcnnere for the 70 cm band may be
used (not FM -nneers - t). whereby care shoul d be taken to adjus t the cnve so met the output
power does nol exceed hall the PEP value of the SSB mode
The ATV modules listed have been published by three authors. The cescnoucos are detailed and
will enable successful duphcabon. They are to be found in Ihe lo llowlng edlUons of VHF COM·
MUNICATIONS:

VHF COMMU NICATIONS
VHFCOMMU NtCATION$
VHF COM MUNICATIONS
VHF COMMUNICATIONS

Ind ividual kits :

OJ 4 LB oo l a kit. comple te
OJ 4 LB ooza kit. complete
OJ 4 LB 007 kit. comple te
OJ 6 PI 003 kit, complete

OM 98 ­
OM 99 ­
OM 90,­
OM 50 -

OJ 6Pl 004
OJ 4 LB OO3
OJ 1 JZOO2

reacy-tc-operate OM 115 -
kit,complete OM 92 .-
kll, complete OM 131.50

190

Sel 01complel e kit s l or the 70 cm ATV l ran smitter (without po wer ampliller)
comprlsmg OJ 4 LB oo ra . OJ 4 LB ooze. OJ 4 LB 007 . OJ 6 PI 003 ,
OJ 6 PI 004 , OJ 4 LB 003 , OJ 1 JZ 002 OM 69 5.-

k IUJ)::~ berichte T.,,, D. B'f1an · Jahns" 14 · Posfloch 60 · 0- 6523 B"."do,[
Tel, West Germany 9133 ·855 Representatives see cover page 2
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W[f(][F • •
communIcatIons
offers ...

A System for Reception and Display of Weather-Satelli te
Images using a digital scan converter/storage module with

256 lines, 256 pixels and 64 grey levels

As a mode rn replacement lor the DC 3 NT video processor. VHF COMMUNICA­
TIONS is now able to otter a digital scan converter with the above mentioned features .
The 2400 Hz subca rrie r is fed Irom the VHF receiver (DC 3 NT 00310(4). processed
and stored in the scan conve rter. and the CC IR video output can be displayed on any
suitable monitor. The scan converter asen consists of two sc-coaromodules and will
be published in the next two editions. We can , however already otterthese modules in
advance since they will be available from January 1983.
All these modul es are aveuabte as kits. ready-to-operate aligned modules, or as com­
plete equipment in cabinets.

fI :'"berichte TerryD, Billan Jahnstr 14 Postlach 80 0 -8523 Ba.erscort
Tel. weer Germany 9133-855. Represenlallyes see coyer page 2
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A) A co mple te sys tem as kits

Plrtln thl I Yl llm DellCr lbed Kit del lgnetion Art .Nr. "" Totl l
ln Edl llon DM DM

1. Pelebol le enlenne I, I m d,am 12segm a.t 919 Pelebolle enle nne kit 0098 l BO.OO
tobe screwed or nveted logll lhfl ' Rlvellng mechlne + rlvet l ooso 93.00

1.1 GHz Cev lly rldlltor kit 009' 90.00

Total' 363.00

2. Low-nolee amplll ier for 1.1 GHz 1"980 DJ6P lOl0 6565 225.00 225.00
(Ofigin/lily deSCribed101use at 2,4 GHz.
thiSurut ISnmedtc 1,7GHz)

3. METEOSAT Converte r, conSl,llng of lwO 4 1981 OJ1JZ003 670!) 189.00
modules OtJtpul ",'1 IF 137 SM Hz) 11\982 DJ1JZOO4 6714 185.00

360.00

••VHF Recelv el, Irequency range 4"1919 DC3NT003 6141 225.00
136· I 38 MHz,Oulpu l: 2400 Hz sub,carr'ef 111980 DC3NT004 614S 80.00

305.00

· 5. Dlglta l ecan converte r 411982 YU3UMVool
(256 x2!)6 x6 B"I I lt983 YU3UMV002

toter 615.00

B) A complete system as aligned ready-to-operate PCB-modu les

Cavity rad lal or 101 above cereocuc antenna

VHF receiver IOf I J6 ·138MHz. DC3NTOO3

O. clliltol for VHF I&celver, DC3NT 004

Dlgltil ican conve rte l (256. 2S6 x66")

0092 150.00

6731 395.00

6732 168,00

10l al 1150.00

C) A co mplete sys tem. reedy-tc -c perete in cabinet s

Plrllbol le I nlennll , 12 segments. IIvetmg machine and nvets . and cavlly rad,alOf
(ready· lo-opelate)

METEOSA T converte r wllh GaAs· FET preamph!l8I and m.. er . 2 channels, on easmg

Ant enne for O/b<lIng satellites .DJOBQ ·l 37
Powercomomerrorebcve. AT. \ 37

• &-chennel VHF receive , Incabinet. progfammedlO1 '
137,130 1131,300 1137,400 1131,500 1137,6201 1J7.8SOMHz

• Digital ,can con verter ,256 x256 .6 BIt. wlthCOOlrol elecl rO", C. ln eabmel

Vid eo monitor,blat;OJwh,te. with3 1emC,R,T

423.00

3026 645.00

198.00
98.00

1298.00

1980.00

550.00

:Th~, ' berichte Terry D . Brttan -Jannstr. 14 . Postlach 80 · D -8 523 eaersccrt

• From January 1983

k
Tel 0 91 33 / 855 . For repre sentauves see cover page 2
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Space and Astronomical Slides
Informative and Impressive
VHF CQMMUNICAnONS now oil91's 1Ilt1. 01 proan.
laShe slides made (lunng the Gen'h"',ApolIo,Ma.108I',
and Voyage. 1Tl'''~, 81 wellas ,hOO. Irom loa<!"'IQ
oosal\'alor,es These a'e standa rd ,, 18 !i em • !i em
slides which a'e !famed andllnnola led
PrICes plu. OM J 00 101 POll and pac king

Sets 015 NASA·sli des OM 8.50 per set
$et8 103 Apo!Io 11 Earth and Moon
Set8 104 Apollo 11 Man altlle Moon
Set8105 AQollo9ancll0 Moon Reh&lIlNl
Set8106 F.omC.h'Offll.IOC~CaN""'11
Sel8107 ApoIlo 12 Moon Rev.t11ed
5e18 108 Gemln, E•• ttl VIOWS
$018109 "POlio 15 ROVIngHadley R,lle
So t8110 ApoIIo16 Inlothe Hoghland,l
Se t8 111 Apollo 11 last vcveceic lh o moo n
5018112 Apollo 17 lRsl Moon Walks
50181 13 M'U,nltll 0 MIIII;uryand Venu.

• • - ..
5e18147 MJ upltef encountered - 20 alides of VOYAGER 1 & 2 OM 35.00
1 Jupl.. -...lJ .....".. 2 Tl'IegoanlpIAMI ] Jupl'.. Io..-odEuropoo ~ T". R.d 1pOll ~ r".RedIpOll"_ e 1fto1
.~c:loudIo T 1o_'_~O\IaI a n.~oI",-RedIlPOl ,n.. ""l"oIJupl.. '0 TMGalIoINnMl
1ft 11 A"","_ 11 CeuoIlo 13 ImpaelfHtur.anea..1O I~ EruptoonanlD 15 1D1uI_ IS EUfopIefow.UIl
11 E~""'.... _ II ~dCIw'UIl ,e A_....~ :l'O TM_'Yllom

5el81oo ..S.lurnencounlered ... 20 VOYAGER·1 sli des OM 35.00
I s.1",,,.noSoI~.moonI 1 Sol,,,,,,t.om1I moo_ 3 Sfttu"'''omSII1IO...... ~ IN''''''lt01T1 I moo...... 5 SIIl",,,"no
''''liS ItOIT1 IlOO 000 ""lQ 6 lNl",'" ReCl loj>01 1 Cloud be". ,n""'.~ • 0I0n. "\1"''''' Sal",,, 9 t>oor>. etoH·"p 10
R~. II c'. '."oIm.... 11 Tolan 13 T,' . " . POl Al t>ooa 14 H"O'I e'.'.' onM,mu 1501"If-.deol l,lhm•• ' S AII­
ptJ»[tl~ II>a ''''III I 1 Uno:IfI< ,.... ''''01 11 8aIow11'1""0" 19" Ilflode<l- F ""0 :l'O I'POI,,"

Set 8148 ..VOYAGER 211 Salurn.., 20 VOYAGER-2 slides OM 35.00
1 VOYAGER 1_~ 1 00ucII ' ' ''"9" 3 Slur.... ' ..,... . Cvet<>-a IIPQII ' 1M II'...... 5 e-.a'V1I
'1IQIOfII fi A'~II;Ooll.~ 1 R"'IJlI fi~1 I tt>a·C·'ong ,Ronga.l.... 10 TI>a.A. ""lI " looO"'lI
ilk_anSa!"" 12 T...., "'11"'- 13 Tdl'\ 11"'lllQl"lnC_ 14T.... -F.""lI 15 !'+ypIfoon_up 16 11('1I..­
__ 11E~ • •pIorlCl 16 T.... T-"'.... can.,.on Ie T.... _F_,'"II""..:Iur. 20 W~"" II>a E nk. ""'-

Se18101 ..From Here 10 Ih e Gal•• le. ... 20 astronomlc.lsUde. OM 35.00
I~ ."'If"~rnb 2 Moon NElomtl 3 e-I"'EYASE KI 4 lfllPll..m 5 SunIlowlo"-pIoI-.y".tlul..,AqwI.
""- 6 NatlulI",Cluocpeol 1 NorIt> A...."CI natlull • ~"I''''"lIa' dDucl 'Spttll ;.I• • y '" T"ang ..."... 10 5p \III
'"C...... """"'1CJ I I 5p ;I'mComa8e'1fIlCft 12 5p ,., "' lao 13 E~·anlP ,.1 ",WOO 14 5p;ll "'Ca,....".­
MhO 15 5p 'AI ," C. melopA' c!Ahl 16 Sp 0" "' lyn . 11 $p 'II ,"P"O'l1U1 II us NAvI I Cl!lIoefv l tory FIIIO01A"
/lJ 19 1·,nctl " I " "" 1OlnOOl>a 20 61·'nctl'.'lecI",

Sel8102 " The Sola r Svs1em • • 20 NASA JPL sUdes OM 35.00
, Sola, S~.... 2 For"'''',," 01II-. PIAnaI. 3 TM Sun 4 Maotur'j 5 Cfel,clll'fll v....... I Cll;luao 01v....... 1 Eartt>
IF... Moan 0 M..' 10 """. 0I'f'I'(lUI ""'"' II 1,4..-. G<_ Canyon 11 ~'. SonuouI CIIannitl 13 Pt>oboa
1 ~ JupoI.....mMoofw, 15 Jupo... RaOSpol 16 Sal""" 17 Sa!l.nI R""9" 11 Ur......_~ " PIulo :l'O e­
1 ~...,•.5aIo

Set8149 " The Sun In act ion - , 20 NASA JPL sUdes OM 35.00
I s..nIlH"lIgtll 1 T_SolIo~ 3 0u11f~ ~ ea.- l,om SMMMI_ ~ ea.-~ I SolIomaone
!Oll'.... 7 AcW.'I'goOno"')(-'ldIal00n a )(...y_ 0 A_ ...... ,...,.. 10 SoIa'lI4I.. " AcI",.s..n 11 E,...".... pto,
~ 130.".nt"."ptOl'W'lflCtr 14 E'''''' PI~ If> HUOI' SolI' • •pIOIIOfl 16 P,............,.... ..,,_ 11
Sun",..""", IS "".....c flli!llDapl Ie Prom,.......,.c:tltH·up 20 C"'~IP'.Y

Sel 8144 - s peee shutt le" . 12 f ir sl .lllghl slides OM 24.00
, STS I _110" 1 V_"omll>a ........ 3 T_ ~., ~ l . undl PfQl'" 5 P.y\Qe(l tlay~ 6STS""""oIHou­
.ton 7 I" ortlI1, • ..,t> _ lty""", II>a* onclowI • BooCt_ II ..... -oacJo 0 John Vouno 10~~
II A"1f ~ 51lou'. "'IIP«eColumtlolotwl\l......IOE.rtt> 12 AI!'.......,. C'__v"""'-V-.".. II>aauc:ceMlul_

k m:, ..berichte Teny 0 B"tan John"' . 14 Po,lI"h 80 0·8523 Ba,." "",,
Tel. weet Germanv 9133·855 Fo, aeoreseotsnves see cove, page 2



OUR GREATEST now wi th reduced dimensions I
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Case:

DISCRETE Apph·
MONOLITHIC EQUIVALENT

CRYSTAL Wllh Impedance Ira nslorma hOn Wll hOul Im ped ance lfanslormatlon

FILTER
cation

Type Termination Case Type Iermmeucn C,..

XF·9A SSB XFM 9,1,
""''' JOpF "

XFM 9502 IBHJ 3 pF "XF·'18 SSB XFM 98 soo 'J l1 30 pf rs XFM 9503 1 8 ... 'J 3 pF l4
XF·9C AM XFM·9C

""''' JOpF rs )(FM·9504 2 7 "" J 2 pF l4
XF·g O AM XFM 90

""''' JOpF "
lFM SO 33HZ 2 pF l4

XF·9 E FM XFM 9E 12 kU JOpF rs lFM 5 82 11'J OpF l4
XF·g S Ol LSB lFM BOI

""''' JOpF "
II.FM 9 18kU 3 pF l4

XF·lIB02 US B lFM BO' ""''' JOpF "
lFM 18kU 3 pF l4

XF·W " SS B lFM ISkU 3 pF rs

• New: 10·Pole SSB· IIll.r , ,hape tac lor 60 dB : 6 dB 1.S

Dual (m ono ll lhiC Iwop o lej

Matched dual parr (IOUf pole)

XF·910 ; BandWidth 15 kHZ. RT . 6 kU. Cas. 17

XF·920 : BandWidth 15 kHz. RT - 6 kU , Cne 2 • 17

DISCRIMI NATOR DUALS (SH VHF COMMUNICATIONS 1/1979 . page 45,

lo r NSFM XF·909 Peak sepa ration 28 kHl
lo r FSK /RTTY xF ·919 Peak sepa ratIon 2 kHz

CW·FllI.r. _ SIII1 in discrete tech no log y

Type 6 dB Bandw idt h Crys tals Shape-Fac tor Term!natlon c...
XF·i M "'" H, 4 6OdB .6dB44 "", U JO pF 2
XF·i NB soo H' 8 6O~~ .6dB22 SOO O ' 30 ~; 1
.{f ·if' . H

• New I

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH
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