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Roland Sarchet. OK 2 L T

Co nve rt ing th e T ELECAR TS 160 into a 2m.
HO-Channel Amateur FM Transceiver

The Telelunken FM uenecetver TELECA R TS
160 II now a Ultla oul-daled and In tha procall
01being replaced by more modern equipment.
It has thereiore become possible l o r th e rad io
emeleur to oblaln one 01 thele loUdly buill
tr ansceiverl and wi th a I mall to lal outlay.
co nve rt it Into lervlce aa Ihe main I la tion
equlpme nl or l or mobile use . Besides moving
It s band 01 operation from 160 MHz down to
144 MHz a synthesizer il inllalled. th ul con­
verUng Ihe TELECAR in lo a mod ern FM trani­
ce ilo'er fo r ama teur purposes.

For Ih ls purpose, Ihe 80-channel handheld,
descr ibed In VHF COMMUNICATIONS 11986
by OL 5 NP, hal a very lullable modern
Iyntheslzar which has bean borrrowed lor
Ih ls project . Gunter Prokoph, DL 5 NP had for­
leen th e po ss ibility 01 the synl hes lzer being
used lor e tner project s and establi shed a
d iv iding Une on Ihe PCB DL 5 NP 001, The
numerical lrequenccy Indic ator show s 00 •
144,00 MHz up 10 79 • 145.915. An otlset 01
600 kHz is avalleble lor relay operation and the
IF .s 10.7 MHz. Fig . I shows Ihe completed
equipment.

'94

FIg , I :
Fron t \f~W of th.
modi II..:! I'qulpm.nl
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1.
REMOVING THE UNWANTED
COMPONENTS

First of all me two houslOg covers are removed
and the l.ont panel gam control Bnd channel
selection knobs removed Now take oft me ee­
cutcheon panel The sWitches Rececbspene
(mute) and Lautstaeeke al e allowed to remain
untouched

FoliowlOg that. all the modules are removed so
that only the basfC chaSSIS remalOS The two
screws securing the Irame to the back wall of
the hooslOg are 'oosereo. as well as the screws
along the chassIS It IS pointed out that one of
these screws is located underneath the la.ges t
electrolytic capacuor When all the screws are out
and the groon· , breck-. red- and Ve!low·mSl ked
plug has been wlthdl awn the back wall complete
With chaSSIS may be carelully taken out

Fill . 2:
Drlv• • compo",, 0118VOul
Th' pilot'l l, ..wo 10 two
8t th' dotted lin,

The cable cleat on the electrolytic IS now
loosened and unsoldered from the InSide and
bent out ot the waV Now the channel selector
SWi tch stops are fully eeoosec. They are cent up
and removed and the unwanted (green) channel
selector SWitch desoldered and removed

Now the channel IndiCatOr lamp holder (I e the
white tamp) ISsawn through «om both Sides ThiS
cceuco IS requlfed for the BCD SWitch, The
square cor-oct In the escutcheon IS Iliad out on
both Sides arid bollom In order to fit a twc-ccsmcn
mnuause code SWi tch Tt us IS liKed Into po9ll10n
With a two-component edheerve

The transm'tter-muilipher module printed CirCUit
board is M Wtaken and a saw cut made Immedi­
ately behind L6 In o,de, that L7 to L10 and Ts 6
Il lg , 2) may be lurther employed as a driver
The rest of thiSboard, as well as the sender and
eecewer OSCillator boards. Will not be reqUiredand
can be disposed 01 On the send Side. all the pin
plU9S ot the sender csouaror and the ne~h ­

bOtmng pins 01 the sender murnpher are de-

195
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Fig . 3 :
The unu Hd p_rt _ 01
the TELECAR

soldered and removed The space c-eetec ISre­
qu,re<! lor the syntheslzel All the unwanted pens
that nevebeen removed are shown In the pholoor
l ig . 3

The ChaSSIS can now be carelully Insar1ed ,"10
the eQuIpme nt Iram e and all screws lastaned
rlrmly The e!eclfolyhc ISsoldered In togelher With
the plug W,th tt us, plactlcally all the mec hanICal
work has been accomplished

FIg. 4 : Mod ule'eyoul 01lhe TELECAR TS 1&0
recel~er ..cllon

Olll21T B,---
", '~I " 4"I'IIII ..r ~.I,IIf1'"

1,°"'1 ", " ~.I'I It I ...

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

'" ·r '0101 ' -1001
.._"nl~'" - 0 ..,,1 11"1,,, : :
'"" lonQr, '·"IQI . .. 011 ··~ol l·'I"

,,,,,ul ..I,,.

EJ ..-

The ong,"al (unmodlhed) poSItions ot the moo­
ules ale shown In l ig . 4 rcr the recewer and In
119. 5 lor the send SIde The parts no to"gef ee­
qUlfad ere Indicated on these diagrams

An 85 x 105 mm panel ISthen sawn trom paxolin
Of another Slmltarmsutenonmerenerwhich ISthen
hlled Into the space vacated by the former trans­
mit osoueior Betcre ,"stall'"g II, place the an­
tenna hltef In pos'loon '" OHler to ensure that
there WIll be surhClen t place lor " The paxol,"
panel ISsecured to lhe chaSSIS USingthe eXlst,ng
screw holes The anlenna hllm IS then agaIn te ­

mo","
The reason lor lIlt ,ng nus Insulaled panel IS lhat
the TElECAA TS supply ISWifed coemve pole 10
chaSSIS and the syntheSIzer IS conl/enllonally
supplied w,th negative pole 10chaSSIS ThiSpanel
must thefelore be Installed In an Insulated
manner

2,
MECHA NICAL WORK
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_1111,11 .. , ...
d,IY.. ' " .,,." l o .. ~.. , , .. ,,"IUd) ·oS ·. - ···.,......." oKlll .. "".........,,, .. , ,- In_, ,..,.. " .... )

o"'P'" R.toO.... ... ,

F

J0""''' 'I,ll." OK2LT

1'19, II: Module layoul 01 'h a TEl ECAR TS 160
" an , mllla' H'CUon

3.
CONV ERTIN G TO 144 MHz

Fust the links A, C, E, F, K. and M In the HF Input
eecnce are soldered In end atterwa,ds the cacao­
lors C2. C4, Cll. C14 and C l& are removed and
replaced by 10 pI', 10 pF, 15 pI' and 15 pI' and
15 pF 'eapec1IVety F~ . 6 shOws the pc)Slbon 01
the I,nks and capacitor. menlJooed above The
tunlOQ WIll follow late' WIth the &drustment 01 the
IndlVIdUllllndUC10r dust-cores

In the '8C8Ive audIO ampliller, two links must be
removed II they have . In teet been wired In at all
They can eaSily be seen trom thet'ack Side of the
board The linkS &81the de-emphasIS ' ram Ua"
when ,emal/ad 10 8dB per octave when Installed

t I r F G I

Fig , . : C~lIOt'. and IInk8 of I"" HI' Input module
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f ig. 7:
Compl.-IH ' K ltlve
HCtIon In the
TfLfCART S 160

Two link. are lhen removed from the modulallon
amplilier In the ..me mllnner a. lor the receve
audIOamplilier They can be kx:a led also on lhe
PCB Iraeltl lde Fig . 7 lhowl lhe receiver part of
the TELECAR TS loIlowlng thll modl llC8hon

Now two Inlulaled conduclorl Wllh d,lIeren l
colours are soldered to pml 2 and 3 otme trans­
mllter oulptJlampll!ler (f ig. 8). Solder lhen a, near
10 the Inlulallon al possible These conduclorl
WIll be uaed 10 the 'send' condition to control a
aeparate relay lor lhe voltage auppIy to lhe dl lyer
and I ynlhe.. : er oulpu1·ampll llal.

By lollowlng lhe llacll ol lhe output ol lhe lec8lYe
OSCIllator board (pin 12), the end 18 tound under
lhe modulahon ampIlltel (pin 1 ot the hrsl IF
stagel A Ihln coa l la' cable (RG· 174'\J or PTFE

198

cable) ISsoldered on 1011 - bul only lhe Inner,lhe
ICrHO rema,nlng unconnected toanythIng al thll
POint The other end ol lhe coallal cable Will be
lal. , eceoectee to the lecelye O!lCIlialor In Ihe
PLL carrymg • I 19nal c r 133 3 10 135 3 MHz. By
lhasa maanl , the hfst IF ot 10 7 MHz IS deflyed
and whiCh Ihe TELECAR T5 160 Will procass
turthar .

FolloWIng a ¥llOal mspecbon and then an adual
working t.11 to enlOr. lhallh. alore-mentloned
modlhca tlOl\Sare luncltonal, IheBe modules may
be fe-Installed As mentIOnedabove , the sender
and the recer.rerOSClltalor toge ther w,lh lhe "'NIl­
011 gl eatel por1lO1l of the Iransmll mult ,pllel ale
no Ionget I8qUlFed The escutcheon 18 not '11.1put
on
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Flg_. : TElECAR d.I.... . net outpu t tI -;I. I howlng
. 1100 p.o1 01Ol e NP 001 lynlh.,II• • prlntl'd
circui t board

••INSTALLING THE SYNTHESIZER

The O8la,11 oI lhe rx S NP 001 module need nol
be gone ,n lO here as th" Informa hon can be oc­
la,ned from the VHF CO MMUNICAn ONS 1/86
WhICh , logether wrth the printed CirculI board and
components, can be obi..,*' Irom lhe pub­
Iishe" Only the Ir8Qll8OCY det8flTllnlllg portIOn

as well al lhe driver and output , Iage are re­
qUlred

The t,anSITH" er " cons t.ucted I.om lynlhe~1I1&r 10
ouipuillage (T911nexaelly lhe mann&r desc"bed
by Gue nl&r Prol<oph The whole oI lhe receveoo-

FIiI. I : Compl,tl'd Ol 5 NP001prln ll'd cIrcuit botrd
".." lor Intl,II' lion In IhI TElECAR 19 160

galhe r wtlh Ihe moduialor and PTI are not
equrpped pooe De allO " not requrred The
power lupplle, lor T8 and T9 are Inlroduced vre
R 49. R 39 and RFC 2 Thera " a 10101 apace
available on lhe prlnled C"Clllt board and II II

posllble to ullllH lhe (unused) receIVer pr,nled
lrackl A small lelay w'lh two change-over con­
tael, I' lined as IndlC8ted ,n 11401 . " Th,s ,elay
,w'tCheS the supply to T8 and T9 In the 'send
COfld'toon The relay COOl II connec1ed to the twO
leads from Pin 2( + ) and pin 3l )prepared eaf118f
on lhe Iran, rM ler output Itage . A protecllOO
diode (t N4' 48) " ,nunled acrou the relay Thll .
loge lhe. w,lh othel O8la,ls may be aeen,n ' li. 10

Pin S 01 the modulatoon amphl'er " connected
d"eclly 10 the ground plane 01Dl S NP 00 1 PCB

199
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.adulator
point 6

tran••tt o utpu t . t aqe
pin 2

FIg,IO'
Au.ili.ry ,..• .,
wirlngpl.n

Ta . T9

R 11
open e nd

OK2LT

tr. n.mit
output
.taqe
pin ]

relay 2 x c/o
12V

' wor k i nq po s ition

C 10
deviation

modul .. t or
point)

- - - ' -

I I";. -. T HI,,, I

:,1
II

",

,,,tI"h'
.. I

I Ii lI.l l l
H en

~0· ":'ffiy'" '\ -- ( • I • I ( a
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Fig . 1 I : TELECAA drl ....II.modlliealion.
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Fill. 12:
Compl.ted Ir.<ltmll
uc:1lon modll i·
e.lion,

and pm 3 is connec ted to the + Ve 01the board ss
shown 00 page 10. lig 5 01 VHF COMMUNI·
CATIONS 1/1986 The coooecnone 101' the in­

tegrated Circuits, also shown there , must be
earned out as well The pari of the driver to be
utilised e-cconectee at point X (11g 5) Wi th the
PCB grOl.Jnd-plane Here , It should be remem ­
bered,the PCB OL 5 NP OOl lSmounted so that It
IS Isolated 'rom the main frame. on the pa_ohn
(SAPB) board

A thin coeoe r cable (lOner) IS soldered 10 pomt
L7iC58 0' the transmit ouiput stage (T9): the
coenet screen IS soldered to grOl.Jnd The other
end IS connected to point Y (fig 51 of the reo
malnlflg part 0' the TELECAA cover but the
screen femalnS uncoonocted at thiS end The
po,nl Y IS the supply from L7 In the TELECAR
driver Il lll. 11) $0 lar, all the coorectces 0' the
'new neen: should he \0 hand Fill_12 shows the
equipmen t In th,s condi tion

201



5.
FINISHING THE WIRING WORK

Now , the BCD sw,tch and Ihe SID SWllch 's WI,ed
as Indicated below The escutCheon plate can
now be 'Ilted and the control knoOSmounted

FollOWing III turthOfcheck, the OIlQ,nal TELECAR
plug II Inserted III mUll be ensured Ihatlh,s pIuQ
ISWith Ihe lIIQulpmenl upon purchas,ng) , from lhe
plug comes lhe banlllfYcable led f + VIII) IIInd bloe
( Vel , the handset logelhlllr With 'send' SWitch,
and lhe e••emalloudspeaklllfconnectl()r.li

The power lUpply voltage should be between
12 V and 30 V, voltagel 101 WhICh lhe voltage
regulatol In the TELECAR can accommod ate
Thll regulatOl il eeort-orcou prool , that II,
aner the short has been removed , the voltage IS
restored 10 normal alter a lew seconds break

Upon connecting the supphes, lhe pressellwltch
EtN II opera ted When the RAUSCHSPERR E
bunon IS Plessed there should be a whife-nQlse
sound In the loudspeaker and LEO 0 3 shOUld
illuminate II thiS occurs , then the eqUipmenl can
be I WIlched olf again The oo4" lal cable , which
has PlevlOUsly been oonnecled to pin I Of the
hrS! If stage, IS now lurther connected 10 polnt
C 45 scteen to ground

6.
TUNING

The equ,pment IS sw,tched on and channel 40
(I e 145 000 MHZ) II selected A strong fM ltg­
ner, Pleterably Irom a commercialstgnal genel a­
tOl, II now reqUlled ThiS should be hea'd In the
Ioudspeakel and also when the SWitch Illelected
to 0 the 600 kHz otlset 'requency

II nothing II heard, In spite olll'lCreaslng the Input
power trom the slgnat gene,a tOl, IllS highly hkely
that the PLL has not locked In, Try sclew,ng the
core o. L I lully In, and when that <irJoMn 1work ,
'ully out until the ,ecllllver lockS In 10 145 MHz

Now the cores 01 the ree..vel modute InductOlS

202
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can be adJYsted lor ma. ,mum rec8<Ver terla<!lYlty
- always'edUCIngthe Inpul lignal power lrom the
l.gnal genera tor as the tumng progr. ...S, Then
adjust the regulatOl DC outpul Voltage to 11 5 V
With R4 as measured With a voltmeler oonnecled
belwoon pins 3 and 4

NOImalty, the ',rst and second IF, as well as the
othel stages, are In thell OIlglnal condition and
requll a no lurther adtuslment The equlpmen l I
modilled gave a senSltlV'ty check ot 0 4 10 0 7
microvolts lor 12 dB SINAO

Now lIs the turn ot the tlanlmltter Operate the
handsel pressel SWitch and the green lamp Will
come on - II not. Checlo; lhe bulb, The TELECAR
TS' send' lec8<Ve ,elay shOUld be clearly heard
anyway Also hlten 101' the operatl()l'lot lhe small
au.,hary relay when changing over 10 the 'l er1<f
cond,hon, II allis well, the tran" I Iors T8 and T9
should have a working vollage when the pressel
SWitch ISpressed and whIChrelurnslOzero when
the SWitch II ,e leased Check also, when In the
send cond ,!lon. that lhe AF modulator has a low
Irequency modulall()r'lVOltage al C 10

The equ,pmenl I' then 18110the IIIII'Id condltl()l'l
and lhe tllmme' capacllOl C 57 luned lor ma.,mal
output powe, . Then, all th. ITlmme" shown In
I lg , 8 should be tuned to mUlmlse lhe output
power, The power meter should now Indicate an
output power ot 2,5to 4 wall The dover indlcato'
(L7) core ISthen ecrewed-m but be very ca'etul in
th. e-cce 01 trimming tool 10 do It With! The
tun,ng shOUld result In a power output malumum
It thiSdoes not OCCU' . soIdel a 3 10 4 pF capaC/lor
acrOSI L7 (underneath the boaldl and then Iry 10
adlusl L7 core ; again 101. maximum power 0111­

pu'

Following that, lune L9 and C 39 lor a maximum
power OUlpul and lhen re-edjual the TELECAR
output stage Ihghlly lo opllmlse lhe output power .
The mrnmera In the antenna "iter Ire now ad­
Justed tor mu,mum output power. II any ol lhem
do not extubt a det,nate tuning charactefi stIC,
connect lhe lhree link, whIChal e cleerly located
beneetn the boald

Now regu1el0l pol.nhomet.r R9 II adjusted lor e
6 W oulPIA POW81 I have achl8ved 10 W at thiS
point 10 the procedure but lhe regulator coohng la
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nol sulliClenl 10 euow commuoua ope/ahon at
this power In anycase. 6 W IS the unmod lhed
TELECAR s SP6(:llIed output power

Both poteouometees In the modulal lon amplifier
are now turned to ml(llange where expenerce
has shown that a freQuency (levlallon of 4 5kHz
to 5 kHz ISto be expected

USing some hlgh-qualily componenls could result
In the TELECAR (Inver slage being cver-onven
t fue becomes apparen t when the equlpmenl In­
put supply current eeceecs 2 5 Amps and etso
perhaps, a slage star1 s to sen-cscmete ThiScan
be overcome by connecting a reSlslor 101a lew
ohms) In the connecl lng lead to poin t X Are·
SlS101 1M the PLL dllver supply to T8 T9 w<11
bflng the working ooreener down The poWIII
then ISnol so high and all slages are drMm nor­
mally

All the measueemenrs were mace wllh 8 scruon­
belgel rest-set 4040 logelher Wi th a model 632-1
spectrum analyser rnsoecnon 01 lhe output
spectrum l evealed spunoua reoencns 01smaller
than 25 x 10 ft W as demanded by the regula­
«cos

If the rull range 01the 2 m band ISdes<red, all me
cores In ttte HF Input Slages and those In the
lfansmltler musl be re-adJusted accordll'lQly
Bolh lhe cmput power af'ldthe receiver senSltlvlly
Will be comprormsed slightly

Now lhal the work has been cemec oul. nme can
be cevoreo to actually opefatlng lhe moeueo
equipmen t I have now mo(Med nvee or them and
used tham all wlthoul any problems wnatscever
They are used In the car, al work and In the lamlly
home

* Antenna Splitting Filters *
home-manufactured

Antenna Splitting Filter 3m 12m
cescnreo In VHF COMMUNICATIONS 1 1978 by OK 1 OF
rated 1ransmlt power 100 W COnllMuOUS, 400 W Intel mill anl

Kit, AW Art.No.: 6011 DM 26.00

Kit, ready-to-operate Art .No.: 6010 OM 79.00

Antenna Splitting Filter 2m 170 em
described In VHF COMMUNICATIONS 1/1988 by OK 1 OF
rated neeemu power 100 W commucus 400 W mterrmttant

Kit Art.No.:

Kit, ready-to-operate Art.No.:

6009

6008

DM

OM

55.00

125.00

L,... l1Jl}:OO7 technik
-A l1Jl}:OO7berichte

Telecommuniulion l, VHF.communiulionl
UKW-Technik Ttlf ry D. Bitt.ln oHG
JahnSlrallll 14, 0 8523 Ba!tlrsdor1
r et 10 9133) 47_0, nil 629 887. TI~ (091 33147 18
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Roman W9solowski, OJ 6 EP

5760 MH z Power-Amplifier using
the YO 1060
A review ofu moder n h em Tran cvcrte r

Thll artlcl. I hou ld constl tul. a l urther con­
tr ibution for Ihe awakening of activity In Ihe
S em band, It deacr lbel Ih. construction 01 a
valved power ampli fier del lgned in the co­
a. lal technique (fig, 1) and on account 01111
perlormance data repr ' l ent. an e.cellenl
all ernallve to the low-power tre....lllng w....e
lu be (TWT) I mpli li er.

1.
MECHANICAL CONSTRUCTION

In order to minimiZe lhe undeSirable electrode
lead induc'ances and eure same l ime 10 Simplify
me coostncnon as much as possible, contact

FI",. t :
A ca mpl.ted YO 1060
po_ Impl illtr



VHF CQ MMUNIC.... liONS 4 87

lingers and complicated coa~lal plungers were
dispensed w,th allogether

The main body of the lIage ConSiStS01twobl'ass
cylinders whICh have been preas·l llted Into 01'\8'

eecmer (t lg. 2) by means 01a tuned ling, In ord er
to achieve a concentriC cooerruction , the inner
(gnct) tube (3) la lurned to 1320 mm (gnd ring
seating) and e~ternally to 16 60 mm (10 8I.Ilt the
dlSlance nng) 811 In one workIng operatIOn on
the lathe ThiScan be seen more clearly In Ilg . 3
The completed ring ("I IS now loree- li ned on to
the Inner cylinder wll h the aod of an engll'18er'a
VIse and eventually cleanly IOlcIered

The mechanICal cons trUCIIO(lI. commenced With
the moun ting 01 the guode aleeve (5) lor the 001·
pul socket (6) anclthe oppositely locatedbuah (7)
carry,ng the tUl'\8r·plunger (8) Inlo the main
(anode) cavl ly Both parts are lorce·lIned - II
posSible - into the main cyhnder and soldered
The anode resonator 'a lhen acrewed-OUl ln order
10 ba able to refnOOle any prOlrudlng Inlemal por.
IlOna of the outpu! sockel Only then la Ihe mner
cylinder , logethar With lhe tined flog. lorced on10
the anode fesonator The leed and tunIng er­
rangements lor the calhode resona lor afe SImilar
to ucee of the anode resonator Inasmuch Ihat the
teed·ln bush (9) anct the tUfllng screw (10) pass
throogh both cyllndera The reqUIsite details may
be obta ined Irom l igures 4 to eand the tollOWlng
componen t list idenlll,ellhe moallmportant corn­
poeente

Main Components U st

1) anode caVlIy cap
21 e-coe cylinder (main cyl,,'l(jer)
3) grodcylinder (Inner cylinder)
4 ) distance ling
5) gUide seeve
6) ootput assembly
7) luning bush
8) tuning plunger
9 ) Inpul assembly buah

10 ) tuning plunger
111 Inpu l assembly
121 lower cap
13) cathodeconlactsleeve
1") cathode tuba
I S) outercathoOe luba
16) hea ter connectlflglleeve

1

1
7 •
8 /

- I
l- ,

9
......

10

Fig , 2 , M. ,n eomponent. ero....eclkm.l dr . wlng
ot6 em band power . mpllner

17 a, b) tellon dISCS
18, Pin
19 1 ClIlhOde rasonalor cap
20) U·washer
21) tellon washer
22) tellon waahor

The anode cavIty cap (1). whIChlogethef With the
anode ring 01the cvnroerand the PTfE Insutallng
loll , lormlng a blocking eepaetoe . la secured to
the main cyhnder With SI ~ M2. 10 mm screwa Be
carelul wll h the upper 8I.I rfaces 01 thtl main
cylInder and the anode caVity cover rene ecratcn
or SOIl lhem In any way The lower COVttl' 01 the
tuba , whIChca",es the teedlhrough capacitor. for
the cathode and healer, ISnow moun led

20'
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Fig :I
,........n • .-nClty : Anodot
~ IIrldcy l'ndet,wt1h guide
bu''''' IOf'he lnpul output
-.Kk.-t. and luning plu"(loM'
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1.1. Th. Cllhode R••ona lor

Fig, 5 depicts the detail 01the cathode resonator .
The cathode ccotect sleeve (13) IS soldered on
to the 5 mm d,a cathode tube (14) and slotted
several limes Iol)Qltudlnally , The propnetory
lube (all the other lubes up 10 12 mm dia can be
obtained In model constrUC1lOn shops) is wrapped
tightly with PTFE 10i1 and lined into the outer
cathode tube (15) 01 52 mm Internal diS The
heater connectll)Q sleeve 116) is pushed Into the
two tellon washers (17 a. b).lixed at the end by
means ala 1,5 mm d,a Wife pin through adfliling
in the lube . and 90Idered 10 the connecting leads.
The cathode resonator cap (19) is rubbed with
coooccnve silver solutIOn In order 10 ensure a

good contact . The whole assembly is then lined
Into the cathode resonator and secured by side
screws.

1.2. Input end Output A• • emblle.

Both resonators are capacltrvely coupled Spe­
cially prepared BNC (prelerably N) sockets are
lined into 10. 1 mm e-eeetocee, the cleaned and
polished ends of whICh protrude Into the reeone­
tOf The outpu t socket is lined with a 5 mm eec
which protrudes abOut 1.5 mm deep Into the
e-cce resonator The meteoce 01 the couphl)Q
shalt (4 mm tube soldered to socket Innel) to the
cathode cylinder is about 2 mm. Fig ure. 7, 8 and

20'
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Fill. 7:
Low., up.nd • • t.OC: l. t"
p..rt. fO fill, to

Fill. 8 :
V.rlou . Input e nd output
~oupllnll..r''''lI....."t.

FIll_iii :
P.rtly . . ...mbleod "lIOn"or
with u p . nd tun ln<jl plunll"f
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the amptil lM gain .. too htgh . • e the output
couphng IS 100 tlQhl (screwed too lar 11'1). MIl ·
osollabon W'1' be aw-rl!lt\l

-- :
3.
THE TRANSVERTER

~

Fig. 10, 8Ioc:k dltlVr.... ot .'emHnd M_

Ir""'''~

t should IhOw the constructIOn more clearly
Ihan any .....nnen descriptIOn

1,3. Fin ing tM PA Tube

The anoele ring 01 the tube 15 .....rapped In PTFE ·
I hee ting and sere.....ee lightl y Into the anode
cover , The thin PTFE sheeting must be empl oyed
ca relull y al the mechanica l prope rties cou ld very
.....ell change .....,th temperature Ihu s tendi ng to
lOosen the grip on Ihe tube II ha l bee n the e.·
petlence that 008 100 10 mm tellon SIlk has very
0000 ptopet1'es In thIS respect The gnd seat ll'lll
and nng ar. both coated with conductive Illv...
and the tube . COt\'I9lete with aoode plate , ..
mounted ItlIO the assembly and scr_ed In

2.
COMMISSIONING AND TUNING

The outpul lSconnec1ed 10a sullabil' pow... meter
and the heat to a 6 V supply The won,'ng po,"1
" adJUsted ,th the a581stance01a COOIlanl voll -
age two-pole network arranged ,n lhe usuat lorm ,
With an ercee vollaoe 01400 VOC , a QUlesctln t
current 0120 mA should !1ow

The ampll tler can now- be dtlven , the cathod e
reson ator and the tunmg plung81 l hould be
Ite,a led 'Of various senlngs 01 the depth 01 the
couphng sha lt lor a ma.,mum anode currenl An
RF input dnve POW8I 01 100 mW lhould cause
abou l80 mA 01anode cuffenl to IIoW

In the same manr'l8l'. and under constant SUpe1­
VlllOf'l oIlhe anode CUtTen! IndlCalor. the anode
CIrCUit II tuned lot a max,mum OUlput powM II

As lhe ca..rty mUM and the varaclot mult lphet are
lh'ngs 01the past. •• Iar 81 the 6 em band II coo­
cemed. a more modem ICheme ol lhlngs Will now
be outlined .

In Ihe self-conSlrueted eQUipment made by the
aUlhor . a Sing le board tren.verter wa s emploYed
In mere stnpl,"elechnlQUlt lollowlng Ihedasign 01
DC 0 OA. A homa-con structed lmeer ampli ller
With two CFY 19s in par,lIelln the PA dalivarSlha
reQuired ISO mW in OfdM lo be able to adequately
drive the SUbject valved PA

A mod lll8d. two-slaga pt••mph"er, designed by
PA 2 DOl. gIVes a 1,9 dB f'IOIMl figure to the
dowfHXlnvertM "".l., 8QOIpped with an MO F
1302 and also an overa ll ga in lot the unll 0126dB
The eQulPInI!It\I. shown 11'1 fig . 10 , and g....an only
Itwl bnelest of mentions her_ . .....81 Il'1troduced al
Itwl Dors1en GHz gatherV'lg 11'1 Febtuary 1987.

4.
RESULTS

Wnh the deSlQfl as delcnbed. and an anode
YOllaga 014~ V. 6 Wan 01 outpul power was
ach18ved, The anode curren! wal dnven lrom a
QUl8scen l20 mA 10 100 mA WhiCh. With ptOVlsion
lor adequa te cooling. allow' the conslanl opera ­
tion in both tel&gl aphy or SSB

An Inspec tion 01 Ihe send ou tpul spec trum re­
veall a suppte8iJion 01Image and local oscilla lor
signal s 01a further 26 dB by the use 01a valved
slage . In concluSIOn I musl acknowledge the
assislance at Roll Kueppers. Dl 4 JK lot lhe
measuremenlS and Hlnl lehn.e lor Itwl photo­
graphs

209
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Eugen Berberich, DL 8 ZX

YCOs using Se mi-Rigid Cable T une d Circuits

Oscillators for the VHfrUHf range present par ­
ne uter dlll lculhes for the daSlQne r In order 10 make
tuned -CirCUits ot su ll,c,ent a and stablilty In 1I0C11 '

lion . It ine OSCIlla lor also hal to be Immuntl to
exlemal Inf lue nces IUCh 81 mlCrophony, rad lahon
lind I l ray coupling lhen open Clrcul ls and COIled
Inductorl ara Inadmluab!e BallC8l1y . tuned
hnes With an a,r d.electoc have a hlQh a but they
posselS a high sensl tlvl ly to mlcrophonIC effect s
and are dlll.cul t 10 labrICate, A good alternalive IS
oltered by concenlra led line components as well
as the ponted-Clrcult. stllpllne technology

FI_ed IreQuency OSCllla lors can nowadays em­
ploy surface wave resonators . wltn advanlage . to
work well Into tha UHF range They ale on ly wor1h
while lor the amateur II they can be ob tained for
the eoecnc IreQuancy raqulfed

On ac count of the above reeaonl , I e m now
l uggeltlng th at Mml·rlgld ca bla III can be
used for lhe tu ned circuli of a veo. It the
th lnna lt type II nOI used. lhe d illeciric II
IIbly to be PTF E (Tltlon) Ind the I llvet'ed
In ne r conduct or lorml a ' i l o na lo r wllh I
relltlvlly high a. Thll hl l been c onfirmed by
Il lt·mealurementi a nd let er I c ircuit e _·
I mple .....11 conltructed for Ihe Irequenc y
ra nge 600 to 800 MHI .

2.0

1.
Q-MEASUREMENTS

In Apr il 1987 a aerteS ol unloaded Q-mea9l.lre­
marl ls ""8Ie made on the vaflOUI resonators
(l ee ta ble 1) Ul lng a Boonton 190 AP a -me ier
Ot cou rse. the loaded a IS not the only cntenon
whICh determines the ow-nose working ot the
OSCillator A very important recror Is the loaded a
of the tuned CIfCUlt whICh IS determn'IeCI by Ihe
COUplIng10 the acl've CIrCUli element (tranSIstor )
The Ioosef the cou pl1ng. lhe higher the loaded a

2.
A PRACTICAL VCO

AU 310 FET Will chosen as Ihe ecnve element of
the OSCltlalor and connected In a common-ga te
Clrcutl The relatively hlQh oulput fell.lance only
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Z l .....' 0.-", I,.. a Remarkl

II ~ MH'

60 \50 loo m 190 11 0
60 200 poly ll thylene 150 130 I,mlIar 10 RG·2131U

-s 200 tellon 190 ' 0 Ihln i Suhner SR2-7S)

" 200 tll llon \90 11 0 Ihlck (Suhnllr SR3 ·7S)

50 '00 PTFE i RG-402/U) Z10 60 Ihick (Suhner SR·31

50 200 PTFE tRG·402,U) 160 60
'40 '50 loo m ' 50 170 SymmetFlUI

" '00 epo., 190 50 .........
50 '50 PTFE ceramIC \90 50 Slnpllne

'00 te l\ofllmm Z10 ' 0 Inclust' UHF -osCIllator

' 00 ." 150 '50 Inclustr VHF·reson alor

." 150 300 a<'-alll" wdg eo
1 mm IIlI.,..-ecj.."e

alf • VHF core \50 100 as betor e. but w,Ih
VHF, Ilug

alf • Ms core 150 \50 as belore . but ...Ih
bran slug

glan,oo " 0 '50 Z10 7 wdg 1 mm 1Il.....,iId
Wlfll, 12 mm long

as belore ' 50 Z10 as belore . but ..,'" marmor
k'" 1000 (marble I,"er ) dry

cera m,k COIl ' 50 200 S Wdg 80

hb.. t

ItghUy Ioads lhe '&IOnator, In lhe same manner , Fig. I ahovrrl the final crrcv ll tn 'Ifhoch the pOwer

"'e a 01 lhe Irequency determlOlng capactlor FET P8002haabeenuaad TheU 310,now-,
musl alto be conlidet"ed modem miniature brought ben., ' elUlIs ancl II could be dlr llClty lei
type s a,e not ,.alty wltable lot !Ovrr-I'lOl" OIOlla- InlO • dniling on ee PCB ancldirectly lOIdered In

tor. , the largM (htgher voIlaQe) COMlructlOll are - the melal houllng belng connected tntemafty 10
much more advantageous !he gata

'It. 1:
veo~. wllh bu""-'"IAI NO · 100 III..,
1811560 • toO IIIH.I ;

Dl8ZX l - *»_OGPI*CIad
cMIe (1uhnIN ' A-31



DL en:

Fit 2: yeo freq_y • • • function 01'tM lunlfll
"oIt~ IOl' ,he circui t DIfig 1.

The OICINltor Clro.III c.n etlf\ltr ha"e I iJ2 or I

/,,14 IUned CIrCUlI A'!he hlQf\ltr UHF Irequel"CMtl.how_.lhe /,,14 rnonator. ar. rned'IItnlC8ll)' 10
Shof1 U 10be .mpraclallnd iJ2 lengl t\s .... 10be
preferred (2 k) 51 The DC PC/'W« " lrllroduced .....
I r..:s.o treQlAnCy chok. tRFC) This compo...,."
must be CI'IOMfIe-etuly .., oro.r Ih8t II: !JOel noI

e-uM ~"'1IC oeClI8tlOftl The Ide.. PQlr'Il tor
IfIe DC to be led IrI~ be IfIe elec1nc8Ic.ntre
01.... rlMCln810r - this entails mBk"'D I slot . or I'
..... I sllC. IrI the c:.ble outer The~ llN
Shc:UCl be lIOlt1ereclll "plIlOM - preferllOly

llong lb entIr. Iengtt'I - 10 the grouncI piIlne 01
the pnnlecl Cll"CUlt bo8rd

VHF COM MU NICATIONS 4 81

The frtIQU8"'ICY .. Q08r.·tuned by a tnr'!'II'Tler

oonnec:ted k) the open end 01 the i."2 tuned·
Cll"CUll the ""'1urWIg .. _fleeted by' I IooIIy
c:oupIecl " Ireap diode e.ampIe VCO Ac:overa_
freQUenCY range of 550 k) 900 MHz and VCO B
from 550 10900 MHZ (rig. 2) The (lUlpu1 YOIlage.
WJIhou! butl er ..-ge . and InNsurecl IrI 50 II wa,
M Vb _ 10V 150mV

Vb _1 2V 200mV
Vb -18 V !iOOmY

Tunong acroa the binds caused level vana llOftl
01up to • 3 dB the lunong YOIlage yaryll"lQ from

10to . JO Y

The output from the IOUrce eIec1rode IS laorty nc:tl

In hlllTl'lOnlCS. the MCOnd harmQnlC being only
10 dB 'Nflaker thIn the fundamental Thls can be
ot adVanlag. whln a frequency doubl.r la r. ­
QUlred TheM harmofllCl can . how.Ylr. be .alll)'
liltlred OUI ahould I clea n ou tpu t be deslred

Thedrlltl outPul.. QUI'. ""01hIIm"1On1CSbut It ..
more prone 10 Ir~ pulling under the 10­
IIuenc» oIll»d Ylnahan. .... thI, e fleet mIIy be
conSIdered., QUIt. I large OiMdvlrUge. "mu,.
be rMlQllecI by the k1dI!Ion of • butler stage to
thII OUtput~ This w.. accompIIahed
here WJtI'I • ...,..,., rtyt)nCI ampldl8f OM 350

lorOM 34 5) from Valvo Wrth I dwectry c:oupIecl
0U1PUl acroa I 110 II ,....tor the output lmpe­

danced~ from 15 111050 II

Without •~.. the UHF 0U1PUl freQUef'lCY
...,. by - 500 kHz ........ the outpul .. temwtalecl
VII I 1 pF c.apICrkJI' The bu"-' ..-ge reducn the
puIng efleel Y8fY COMldetabty Furthltr ISOlIflOn

\

DL8ZX ..

,~,- .--<::;;;J ••__

-,
., ' I

. ( ~

-

Fig . S: '" n · ." ..ttzYCO u.... . llOc," '-01" DfAO-t 74 Uo;oe.~~(OST Ed llNOI
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" '...,. I ,
A 10 M'" YCO ".... l54 ......

• ....... . -- . -©: • • • - --, ...... .. _ . ...c-.. ftOI furv-

o II ~ •
•

~-@..-~
~IQSTld_".' 1.- .-.

'oJ>

~
.--- 0 • 0 0 -0 0c .

I
0 Dl8ZX,

•• 1>

m.., ~ obtaoned by If"dudIng en anenwtOt be­
!ween 1M a.cJIator and 1M buf'tef ampIIl..

n"l h~ .mpl.. hal been designed lor en
oulput ....... of 106 dB rel,..V AI lhlI ....... lhe
Inlennooul&hon produc11 ar. gr••.., then 60 dB
down on1M eerr.. level When UI'"Q one 1Og,...1,
hc:Nrort1tl' . 1M hybrld empiIl", m.., be droven to
Oelrver0 ~ V Into 50 I IIn OfDel' 10 .Mownng m......
to be properly drrYen Al lfI's level , of COOrM, ltl8
herrnonoc oulput 'I llao tner.ased IlCOOl'dlngly

3.
FURTHER EXAMPLES

Fig, . ,
A OL. • ZlC yeo I"nlne "om 150
10lOOO M...

OlelX'

• .. 1Ie _,

A ,_ .,..,. ago the Am.neen ARRL em.leur Fig,',F...-,. _. '-'Ion of bHOIng

magal'OI as T publtahed two \IOItege-oonlrolled von.,. for "" \rCO .. tie 5
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OlCllhUorl UlIlng cable IIISQrllltOl'S Their 1111­
Quency of opera tlOn.a Iowll l (f ig . 3,4) but they do
Ieplll eent . com pletIOn 01 the l ange ol UHF VCOt

develOped bY my""

As. tul"thel • • ample- -

W,th a Hfl'll·nglCl lIne L of 30 mm long and Z. ­
!lOfl . a tUlllng range of 8SO to 1000 MHz (fig. 81
Wh lK:~ nlll CIrCUIt wu constructed onan
HF typo development pIlnted CIrCUIt board ullng
through-plated connec:tlOnS and the , hortHt
po••lbl. confMC"lIonl The output powIII, alllll
the alorlln'llll1l lOf'ledOM 350 hybnd ampllhel and
3 dB anlll'lUl1tor. wal .. 6 dBm The 3 ea at­
tenuator. InCldontly, wal made Irom chIp rel ll ·

to"
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Angel vnesece . HB 9 SL V

Measuring Wavelengths at Mic rowave
Frequen cies - Simply and Che aply

A difficult y which wal alwayl cropping up
when ullng microwave equipmenl wal Ihe
probl em of kno win g Ihe frequ ency 01 opera·
tlon . Of ccuree. Ihe so lution to the problem II
the ul e 01a micro wave frequency counter but
for mOl t ama leutl thll tlea well oUlalde Ihe
bounda 01poal ib ll ily. A lurther method lath.
ul e 01an ablorpilon wavemele r bulthe ecn­
I truc llon 01 luch an Ite m 01 lel t equlpmenl
requlrel care , preetalo n and experience. Allo
a micr owave Irequency met.r mUlt be Uled
for ca libration when It hili been conllructedl

I then chOle ano ther l o lutlon which II I lmple.
glvea a Ihr..-place '.Iolullon and COlt l
practicall y nothing - the Mlchel lon Intert ero­
meter.

1.
THE MICHELSON
INTERFEROMETER

When two waves '10m dillereni sources super­
Impose on each other Al lhe same place, an mter-

terence occurs. met IS. lhelf amplitudes add The
resultant amplitude depend s upon the rereuve
phne dlrterenee between me lwo waves A con·
stant amplitude IS apparenl where the'e ISa coo­
stent phase dillerence between the two waves : In
other words, they must be cohe rent

The best way ot obtaining two cobeeent waves IS
to spill a single beam mto lwo dlvergenl beams
The lwo beams are. from lhe laws of physIcs. m­
he'ently COherent The phase dlffelence . as co ­
served from a dlstanl poml eecercs only upon me
path length tnet eacn beam has to the po;nt where
they are made to converge and Impmge on each
other

The skelch of Ilg. 1 shows Michelson's Intel ·
Ierc rneter The beam splitting IS cameo out by
means 0' a grid whiCholllloes the beam mto two
equal power paths. one directed to reflector A and
the other 10,ellectO+" B The practical aspects of
both gild and refleclors are qUite Simple and Will
be dealt With late'

The beam cenec tec from reflector A IS dlfec ted
back lhrough me gIld where It unde'goes 8 further
splitting. one part gOingloa rece.ver and the ctbe r
part away 10 a place of no Importance 'or the
moment
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Fill. 2; Meeeuremen i of t" dlelen c:eMtw..n
20 me.lme
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FIJi! _1; Princ iple .rr.nvemenl 01. MI, "I, on
lnlerfefome!ef

The beam cenectec from -euecto- B IS also
divided In the same manner ai1done or the com­
ponent beams agam directed to the receiver

Recap~ng then: a portion of the beam produced
by the microwave sender lollows the path T-G·A­
G-R and another pornon loliows Ihe path T·G-B­
G-R The receiver will receive a maximum am­
piliude when both waves are 10 phase and that
OCcurs when the path length between the two
waves differs by a multiple 01 the wavelength

II. lor example , the reflector B 01path T-G-B was
moved, but always ensuring that II remamed
ptIrptli1dlcular 10 thiS path·axls . the amplitude at
the receiver would go through a senes 01 maxima
and mlOlma The crste-ce the reuector moves be­
tween two observed maxima (or mlntma)
amounts 10 a hall wavelength ThiS may be
proved quennnverv. see the appendix .

' 16

An Interferometer was bu ilt by the auuor which
worked al a frequency ot '0 GHI At thiS wave­
length - about 3 cm II IS very difficult to
measure such a small fraction ot a wavelength
This ISeueveteo by measuring over a distance 01
20 maxima - the first one being counted aSl ero
- and dividing by 10, thus ellec llvely increaSing
the resolution 01 the measurement 01 the wave­
length (I lg. 2).

In order to obtain the rrequency In OHI. the
number 30 IS merely divided by the result (In
centimetre) round for the wavelength

FI'il. 3; The 'ilrld , 0 nelru<;l lon c:en M ' le"ly _ n In
thle pholOllreph
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2.
A PRACTICAL INTERFEROMETER

The mill'" proOIem when mealUrlng w,lh a,..'l1Ier·
leromeler II the un wa,..tod r.llec11OO1 Irom
'UrToutldltlQob,ec1. wtlICh affltCt the rHd'r'lQ on
the 1ltC8lller S·mel.r For th,. r..1OI1 It " ben...
kJ conslruct the ,",er1...omet... a way, a. I., ..
pcIIIIl:lIe, trom ..-tal retll<:t1ng lUI1aon Thl.
could be on a table Itl !he mcldle of the room or
even Itl l!'le open ..,

The grid IS the most Cf1lJCa1 J*l of .... ,".-0­
meter" Art. much IlNrCf'llng IItld . _l»t'lI'TlatltabOl't
the besI reaAI ..... c:ltiUItled WIIh a SO em x
SO em 1QUar. of car~d -"'th, on on...-,
w.. cnu-ctOIMCI wl1n 2 5 em .Inpsof IikImof-..m
loIt about " em 1iPI" TheN !tnps may be aff,xed
Wltn~tapltl"liJ_ 3 1

The ,etlec1or'l w.... "'*'- lTom fHCty·lO-r..ncl

mal.,1.ItI One COI\II.IK! 01 a large poec. 01 un·
e1Ched prmlecH;lfeu,l·boafd the coppef SIde lO­

wardS the mlCrowa". IOUrc. The 01"" was a
SO cm x SO em po«e of alurTIIl'llum It'IIteI AllhOugfI
d .. "01 abIoIulely nec:ftUIV , ~ would be good
praclctt kJ UN r.llec1or. which ar. of the same
mat., ... atlCl SiZ.

Sma! hom radoalOf1, w.,. emp60yed 101 the
sender and '_II'" o'ldIc)nat an tennas The
-"*' prCldul:»daboui lO mW ',om a GUIlIl'"
menl The ree......., conll.lecI 01 a mo•., wdh an
MA " '''SJ cry,tal TI'Ilt local OKIIIalOl IOgnal wa,
derilled. also 'rom a Similar Gunn OIC,llator, and
led 10 11'1. ml• • r ,,'a a 30 dB d"eetoonat coupler
The IF amplihe' wa, provided by the UN 01an FM
ca, reco ,ecel"e'

Th. eeove menhoned m'C'OW811. par1, Originated
Irom a lew dls· assembled ca r RADAR warnlr'lQ
d.lec lOls Th. aluminium d'e-cashngl w.r. 01
' em arkably good quali ty Each had a horn, a
30 dB crOSI·coupler, a m,x"'dlOd-e hold." •
'esonator With a Gunn .Iemenl, a mocrowall.
cholle w,I" tun'ng sc,.w a. well a. a apec,al abo
IOIber 'or the .XC..I POW" 'rom the Gunn ele·
menl The mi. ... dIOde receIVe' only alhOU18tlClm
of lhe '0 mW of prOOuctld POW'" OWII'IQ 10 the
30 dB couplll'lQ loll of the dorecloonal coupler

The only (SI...,...an lage 01 the eQU.pmenl " tha I
f'lOt",ng can be soldered 10 lhe alUlnll'llum die·
castIngS

3.
MEASUREMENTS

Botrl the Mnder and ther~ .,a . w,1CtWd on
and .Ilow IOI'Ile llf'rW10 1herma1ty stabilize Also
Itl the Itf\erest 01' a .1aIN 1T1IQUeI'Cy. stab*led
supoloes should be used 101 .. eQUIpment

The $8ndIll' IItld~ .... then botn lUNd 10

the l est frequency and the I ystem checked 101

any lrequency do " 11 II ,"",*a"ve It\al botn
rer:etYer and MI'der remaon lUNd 10 HCh other

during tne rTIIl'Il.Il. 01 twodurall(ln ol lhe ,"I The
selectiVIty IS rather n.gh anr:l therefor. any I,e·
quency drl" can QUlCltIy upsel !he lell Hogh
ser'\SII1Vlty .. not, hOW.....,. ' equored ow,ng 10 the
proxlm, ty of tl'le 1..1compc:lOetlll lOeach 0Iher" It
IhouId be l""elOle poulble to UN the m.....
dIOde .. a del.ctOl and tl'ler8Oy " rmnale the
Mlectrilty F0I 1I'III the rec;8lllel' OIClILIIOIIUP9Iy
should be d1lCC)nne11;1ed and the C\lrTent
me asured between dIOde and ground WheIl
dOIng Ihr. the UIIAI precaullOl'llmull be taken kJ
preven1 the dIOde lTombltonQ ()eIlfoyecl by " aloC
ch.Wges These are the aame precautoons tha t
ha .... kJbe ta_en Wll" MOS de\llcM

The p1acemenl 01' sender. gncl. re'lec1OI. and
recert.' I' tamed 0U1 accord,ng to the alfang.
menl, stIow n In fig • . 1 end 4 The dillanee be ­
Iw..., the tender and lhe gncl'. aboul 65 cm, and
also Ihal be tween grid a nd ,e' lector A and renee­
lor B The se d" lanc., ar. not pa rllcularlycrlflca l

The re!leclor B II then movecl along . ' 1' E·G·B
alway. keeping II perpendocular 10 lhe plan e 01
movemenl Ama~lmum In the ree e ill.' Il ooted II
the ma ximum ClUI • • an S· me l., dellec1lOn 01
mor.lhan 60 '" FSD, lhe " l"I()er bea m Ihould be
weakened by lOme pow... ablorbenl malena t ­
a .tack of I.~ book. can be pieced In
'rorr!01 lhe sender horn

The ,.tlec1or 8 • poII ll()Il tor • ma _'mum II noted
'01 a z.,o relerence and maO<.ed on a paper 11r1p
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Fig . .. ,
The eulhor" . 10OH, -r.ng.
Mh:heh,on Interl••omotI ..
••r.ng.emenl

.D. , .D.~ 2(G8~ - GB,) - (n, - n~)i. (4)

That ISalso a whole multip le of the wavelengt h I..

When renecrcr 8 ISmoved from point B , to 81 ­

both mallma po5ltlOns - then:

A , _ 2(GA G8,) _ n,;' and

A~ .. 2(G A - GB1) - n1; , (3)

The path ·length emereoce bet wee n the two
po$l ilons is

whICh has been prevIously athled along the
T·G -8 a.,s

Now the ref lec tor 8 ISagain moved along the path
T·G ·B to the right . keepIng the plane of the re­
nector always perpendicular to the palh direct ion
As prevIOUsly e.plalned. the S·meter wIll e.hlM a
series 01mallma and mInIma as the renecicr 8 is
mo ved These mallma (the Ilfst being coun ted as
ze ro) are coun ted and the twenll eth marked The
distance to the re ference POint IS now measured
and dl\llde d by t o In order to ob tain the wave ­
length In centime tres The lIgure 30 is then dI­
Vided by the te et result In cm and the frequency
In GHz ob taIned

2 (GB , - GB , )

n I n ~

(5 )

4.
APPENDI X

I. IS inC IUded ln t he wavele "'ll th GB~ _ G 8, . i e. the

measured dis tance betw een the reterence and
end poSition 0 1 the reeectcr 8

n, - O and n1- 20 '

In thiS case equation (5) can be Slmplllled

A pomon or the beam takes the path T·G· A·G- A
and the other portio n takes the path T-G -8 ·G- A
The path -leng th on ereoce between the two IS

The vo ltage al the receiver is a ma llmum when
the path dillerence A IS a mul tiple or a wave­
length '

Ii 2GA - 2GB - 2(GA - GB)

A _ ni.

218

(1)

(2)

2 l measured dIs tance

20

measured distance

10

EltImpl.: measured distanc e
wavelength
or r, equency

•

_ 28 8cm

- 2,88cm
- 104 GHz

(6)
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Dragoslav DobritiC, YU , AW

Pre-amplifier - Pros and Cons

-------P.m.pI lhe moll Mrioul Com~lIlOf to the
su bject 01.nt~N11 In the Inenllonl 01 r.cllo
ox.,. I. the r.eel".,pr..mpUfIef . Whenev.,
• pr oblMn II comple. It givel gmt... KQpe
for mlKonceptlonl . tM , p"ad of widaly
accept.-d IO-Called II Ctl , p..udo-iclenlilic
lolklor e , a ll of wh Ich tend. 10 cloud 1M Ialue
In I n aUf' 01 mylilque .

11 ,. common knowledge nowada)'llhal tM ga,n
apec.hcallO alone oIa pre·ampkher II lnlUffoent
10 auesl .ISmer.t GaIn lI.aSlIy achieved and an
I . C... of It merely drIVe. the lollow,ng . tages
Inlo produ(:lng ontermoduiallOn OIstortlOn under
IIrong ""NIl condollOns L,kewISe . 11 11 alto ""...
known that the I"II)IM produClnQ QUai,,,..Of . pre­
ampkl«. e.praued by such Quantlh.. a. I'IOIM­

lactor. 1'IOIse-lIgure Of 1'10I" l. mp.....tufl . • 'e
muc h more Important parameters 10 be con ­
.Ide,ed Th. appendl. glYel lhe relallOflsh,p
between lhe se Quanli• •

No w comn 1M questlona : How low must 1M
nol .. In a~mplifl... be ? Should one di..
~ard coat and get 1M "err Iownt noi..
lpeclll.-d? Also. ttow much glln - II II II nol
1M hlgh e .1 ga in tha i 10 be IIrl"en lOt'. What I.
lhe OfIUmum ;-In and upon what oon It
da~nd?

1.
MAXIMUM AMPLIFICATION?

Th. aim ol lhlS artICle II to polntoula tew common
miliake. apparent 'n Ihe employmenl of a pre ­
amplll' er Inlended to ImprOlle a syslem and 10

suggest SImple metnodl by whIChtheM 1I'II""Me.
may be aYOlded The dIlemma 01ho w much gaIn
wtll be unrayelled 'Ifll wtry not . ,mply 1,1" II
much ampllhcat iOfl ll pos.IIbIe ,n Ofder 10 001«:1
lhe weaker lignaI.? Well. tM obvIou. IO!uhon

would be "'" II the receoW'IQ Iyst em IMn&l and
pre·ampllh...1 ItMIl did not ~ale nGIM AI
lhe pre-ampIII.., would do 11 10 ampIfy the roM

along WIth the IIgNlll'lu' giVIng higher IeYelI ot
bolh bu l w,lh no gre.ler dllCnm,nahOnbe lween
lhem In ordel to obtarn • highe r l'On al leye l
With lowe' nl)lse , II II nece..ary 10 mlnlmll,. IhtI
addillOfl81 I'lOlS. Introd uced by the ,ecetYlng
')'Item dullng the process 01ampll!leahon

The I'oOIM lnlfoduce<l 'nto the antenna II . how
..,.,. unaVOldatN and nothing much can be daM
aboul ,1 once the an tenna has been erecled WIth
the due anentlOn paid to lhe an lenna eleyahon
IocallOn. wor'''ng trequency and the ga,n The
IiOnal-1O I"IOtM ratIO (S NI 8t !he antenna outpUt

".
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tarmlnal s to the recewer . IS then , tha best Ihat
IS ava'lable tor Ihat partICUlar antonrna and ,t IS
cteer that In the subsequenl processing 01 the
IIgNII by the r8C8lY9f,!lOthlng should be allowed
to lurther detonorate It Th.s can!lOt be ach18ved
In prac tICe and the d8Slgn eNort should be (Ie.

VOled 10 COflhne !he T'IOIH 10an acceptable level
lor Il1eprevailing cond!hons lbs IS because the
pr.amplrl>er !lOt only ampht," the Ilgrnal and
the rose amvlf'9 al the antenna terrTllrnals bu1

alsO adds ," own Inlernally generaled t'IOISe The
SIg08I-lO-t'IOIMl ,ahO of the output 01 an Ideal
ampllh., IS a_acl1y lhe ..me as thaI allhe ,nput
All actual ampllll8f, unlottunately. alWays MS a
I()wer S.N ,allO at Its output thal'lll preMtlled 10
,ts IflC)UI and ~ IS logical 10 00I"Idu0e that the
menl 01a pr.ampIIl.... may be assessec:J by I'lO'W

low rtlltllemally oenerated f'lOIM II

The pr.ampl" .... gaN'l ......,tly. MS 10 lar
played no part ,n the dilcvSSl()O The prftVlOUS
dllOOUr.. II valid only 101' the caM wheta an
Ideal amphl.., toIlowI !he IUbfaCl pre-ampill.
.... thIS can NNer be Kh......:! '" practICe, ,t can
be c:onctuded that !he prlt-ampllll8f Ql',n IhouIct
only be high enough 10 prevent the T'IOIse lrom
!he MCOOd stage Irom sharply detenoralong the

S. N 01the oYetan system

This poll'll may be C!arlhed by a numencal ee­
ample 11 WIlt be assumed thaI lhe MCOOd Slage of
ampl,llCaloon has lhe same level 01 Internally
generated T'IOI" al that 01the pre·amphhel Also .
the ampt,hcatlOl'l 01 the prit-amplll,er II SO t,mes
(I 0 17 dB 01ga,nl The 'npul to lhe MCOOd . tage
will then be the IIIQnalplus T'IOIse Irom lhe antenna
logother With Inst I lago-I own Inlemal T'IOIH
all ampli lled by SO The T'IOIse econecteo by lhe
second 8ta98 will lhen be only 11501h 12% I ot lhe
overall notse Thll can be a_pressed ,n Ihe
lollow,ng manne r

T T,. T and \ T Ti G

where

T Ihe overall no,se lemperature
T Ihe I"lOlsa contflbu ted by Ih. second slage

T, Ihe noosetemperalure 01the hr.t slage
T1 Ihe rose temperature ol lhe second slage
o lhe ga,n ol lhe ,,," lIage

F,om thiSe_ample 11.s clear that the second stage
w,II only delenorate lhe overall $I N ratIO by a
very small amount, It is also apparent that ampl l'
1lC8llon valu9'Sof between 20 snd 50 lor tl'le hrsl
.tage wlIl surf oce 10OYercome the rlOlM T101 tl'le
second slage as lang as ttl,. roM II not . _en­
liVely h'9h I'" fig . 1)

When a prlt-amplll18r 11 10be added 10a ree..v."
,t " the rece+vet ,tsell which can be ' etila,ded as
the second stage 01 the aboVe e_ampIe The
aen"Iov,ty 01 the ()Y9ta_ syslem WI_ be tmprOYed
from the medIOcre lPfJOfatlOl'l of Itle r8CefYer
alone bu11he ga,n 0I 1tle prlt-amp ll,er may not be
IUNlCIeI'lt 10detet1'l'lltllt!he second . tage 001.. " ,
lot e_ampIe on Itle e_treme caM, that r8CefVer
employs a h1grHeYel nng'''U 9t tn order 10 1m­

ptOYeltle ," terrnodu!atlOfl petIotmance

"" lfTlJlOI'1ant polnl has beer'l aroved al and that II
the decrSlOO10aacnllc::e prlt-ampkhet g&IO 11\Otdet
to preserve lhe higher level of I'lilnal handllf'9
proper1," 01 the lee- system 01' whethet the
orcumsl8nCel dICtate that Itle pr...mp.I. be
Q'ven a hlgh galt'l It'I order Ihat the OYitta" r.

cerver" as senIrt'Vt1 as posSIble

There II no uruversal reope and the recerv 'ng
syslem must be talloted In order to meet the pr.
va,IIng conct,toons as~ al lhe anlenna output
lerm,nals The hrsl laetor detetm+tlIng theM con­
d,I+OrIS 's the rlOlM amvlOQ wtlh Ihe IIQ"&l rlOl..
w!lICh ca nnot be Inlluencecl by lhe operatOt bu1
musl be coped w'lh by the r9CelYer This OOIse
Win now be arnalysed and each component 01"
e_am,ned

2.
ANTENNA NOISE

In the VHF range the all y nol.. IS the gr.a•• s.
cont, lbul o, 10 lhe tOla! anlenna noise and this is
universally proport IOnal 10 treque ncy It cannol be
,ntluenc ed in any way bul can be n9Qlected al
Irequencles above 1 OHI t1)

Above I OHI, 'he g,ound nol•• •s COI'ISlanl but
decreases towardS lower IreQUenc," OWI"9 to

'"



lhe ,ncleas'ng ground re'lect,v,ty But !tie total
I"lOIH level .1 the lum 0 1 r'IOl5e radIated Irom the
earth and sky rcrse whICh hal been mIrrored Irom
the earth'llurlace When the antenna II dIrected
skywards, as in earth moon - eann (EME) or
H teillte communlCat,ons, the conlnbuhon of
thll nooseII smatl and "largely dependenl upon
lhe dlstrobutlOfl 01the Slde·lobes (I) . The deSora·
blllty'or an EME antenna. to poueu a clean lobe
penero. ma.,. now be !lppfectaled

When , on the other hand, "normal" VHFIUHF
communICat,on .. carried out oval the ealth'l
surtace, !he antenna receIves bolh ground and
Iky roN because the ant8nna Iobell are d,rtICled
to both , Iky and earth In aboul equal amounts

Two further contnbu tlOfll are The man ·mad.
noi . e Irom large ci l l• • and IndUllrl a! .re..
whIch vary accordIng to loca tIOn, and almoa·
pherlc no la. The latal il vary much smallal at
VHFIUHF than et HF and dltpendent upon the
prevaIling atmosphenc con<lItlQfll

The thermal no l, e &erMS the rad,atlQfl re·
slstance 01 an antenna may be neglected OWing
to lhe very htgh efllCleocy 01VHF/UHF antennal

From What has been alleady IBId, II may be con­
cluded that al the termInals 01 every anlenna
whICh II dlllilCled at the horiZon. • notS6 J)OW8I'

may be mealUled When lhe antenna •• dtlecled
towards the tilly th.s 1'l()I!!18 POW8l' 'ails The
relalonshlp of thIS IlOIse 10 the workIng ne­
quency •• 'hown In Ilg.2

SInce It became known that lhe sky born I10lse
Ituctuated conSIderably. mInImum values lor cer­
tern areas wele !aken , other aleas may have
landom rose pow8l' d,slnbuhon (I) The eeee­
nve valUBIIOf antenna 1'lOl&fl represenl thaI of lhe
absolu te m,nlmum becauselhe urban 1'lOl5e was
not taken .nto tICCOUnt and also there exisfs tha
po",blilty that me I kyward directed antenna
could be POinted to a partlcularty I'lOls", part 0'
the Iky The ccrves. theft , can only IndICate the
fTIlnlmumnoosewhIChmaybe expected under the
mott favourable enVlfonmen tal and space cce .
dltlOfll

VHF COMMUNICATIONS 4187

3.
SELECTING A PRE·AMPLIFIER

A SImple method of selectIng a pre·ampl liler
would be to est,male the I'lOlse aHlVlng WIth lhe
wanted IIgnal and then aqUlllng a pre-ampllll6f
wtMch would develop an equal value of selt·
genera ted I10lse Th,. w(XJ1d result In a 3 dB
deterioration In the $IN 'rom the anlenna as seen
at the oulput 01 the pre-ampli fier OWing 10 me
errecwe doubling orme total noise power. ThiS
may be acceptable. especi ally when It is to be
compaled against Irequenl1y OCC\I fll ng lade s 01
below - 30 dB

Ullng thiS method 01 assessm ent, a satlslactory
pre-amplifier sele<:hon can be made whIChwould
be SUitable lor f'\Ofmal telrestrial communICation
purposes, assuming 01course, that lhe receiVing
system's (pre-amplifier plus rec81ver) tolal flOIse
cont llbu lon IS equal to that ol lhe anlenna I1Olse,

It .s Important for some commun.catlOfl. appli·
eetooetc reduce lhe l>(S'NJ110m 3 dB 10 I dB
Thll neceSSItates reduetlQn In receveeI'lOlse by
several limes InvolVIng a further sacllllCe ot
receiver dynamIC range and also entails an extre
81(pense

B, .rlng Ih ls ln mind. It m.y be concluded that
the con,tructlon and employment 0' a pre­
amplllier having a lower nol .. lhan th at of lhe
, nlenna doe , nOI make much ..n.. tcr ler·
rea ltlal work. The anl.nna no l.. la a relavanl
t,clor In Ihe delerminat lon 01other elemenl,
of Ihe tec,lvlng . y, lem,

In Ofder 10 Illustrste thIS conten l1on, an example
w,11 be laken from amateu r pracllCe

RadIO amat8Urs flv.ng In amelI country towns,
away 110m motOfWay, and Induslnal plants, can
expecl an antenna noise temperature 01 about
1000 K (KelVIn), The author has mea sured nOIse
temperalures of around 800 K when a 2 m an­
tenos was euecteo towalds one 01 lhe qUletel
1&gIOflI OIBelgrade al about mtdrnght

Auumlng tha t the amateul 1&<110 (ecOlver has a
4 dB flOlse·ltgure a lypICal enough value lor a
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commercial receiver - and that the anlonna
OO4_ial cable has a loss 01 1 dB, II a CW Or SSB
Signal, accomp anied by IlOIle 0110 dB Iowor, Is
induced into the 8Olenna, the signal at the out ­
put 01 the receiver will have a lower velue 01
signal-te-noise - namely 7.9 dB. This is a 2.1 dB
dolerk)lallon 01 the signa! when compared with
the ceet (non-e_'stent j receiving system ,

The red,o amaleur realizes thaI he has a 1058
and ' ries to correct il by purchaSing a GaAsFET
pre-amphller With a OOlse Ilgure 010.4 dB, a geln
0123 dB and COiling a great deal 01 money - aha'
Thisd09s 'he IriCk end bflngsthe $iN up 10 9.SdB
when connected al the receiver and when con­
nected directly at .he anlenna lerminals 98 dB
This represe ntl an improve menl 01 16 dB or
1,9 dB in the latle r case , The poee in perlormance
whICh has to be paid lor this improvement is that
the receiver's dynamic range haseeee draslically
redUC9d making 11 ulslell lor contest work ,

The amateur manages 10 sell hiS dream per­
10rm8OC9 pre-amphller and obtains a much
cheaper one wllh oolse-Ilgure 01 2 dB and an
amphllcal lOfl 01 10 dB, He could have modi lled
the input I tage 01 hil receiver as it is relallvely
easy to achieve reee ligurel in the reglOn 012dB,

With thiS 10 dB pre-amphl!er lhe dynamiC rango
01 the receiver il Itlll somewhat reduced but by 00
means whal it wal when uling the l irsl pre­
amphlier. Now , wllh me improved receiver , the
original dynamic-range penor maflCe has been re­
tained and a SIN 018,9 dB at i.s cctoct

w ee it really worth compromising the dynamic
range 01 the receiver lor a 0 8 100.9 dB Increal e In
output SIN by using such a high performance
pre-amplihet - 001 to mention me cost 01 me
'hing ? OtJr radiO amaleur did a' leall reahse hiS
mistake and corrected It. The l uper-speci fied
pre -amplilier lalled to bring about Ihe improve­
ment In receiver pertcrmence whIChcould have
been e_peeled Irom II - Why? Beeau.. no
account ""aataken 0' the antenna nol...

Only in space communrcauoo s, and above all in
EME work, is a pre ·amphhar wll h lhe lowell
POSSible noisellgure juslil led Thllil becausa tha
antenna IslOklng al me "cold " I ky and the an­
lenna noee IS therelore much lower , Also, the
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wanled Signal II moslly hovering at, or even
under , the nOlseleval so Ihal an Improvement In
Ihe everem IlOIse Ilgure 01 1 or 2 dB can bring
aboul an Improvament In l ecepl lOn 01 between
50 and l00%.

leI's take a closer Iן100 at t lgura 2 It may be
sean, tnet all GaA sFET amplihars In both tha 2 m
and 70 cm bands hava aimOSI the same noise
ligu res . Tha dillerence between the venoce types
is that the expensive ones are speci lled al e acro­
walla IrllQuencies as wall (3) . It does 001 make
eenee to pay twenty times Ihe priC9 lor a micro­
wave GaAsFET and Ihen use II al VHF/UHF, All
GaAsFETs neve ec ee l igures which 'Ie under lha
2 m aarial roee spectrum but the really high
priced mcrcw eve types, on accoun t 01 their
narrow gala etrucmre (0 ,5 to 0,2 ",m) , are liable
to halle a higher roee ligure al the lower Ire­
ccercee Ihan et Ihei, specuec mlcrowall e Ira­
Quency barn'-

4.
THE EFFECT OF CABLE LOSS

In lhe aloregOlng diSCUSSiOn not much has been
said about Ihe ertect 01 the eceeer cable on the
rece iving ayetem. In reality , however, it IS the
coaxial cable and not Ihe pre-amphller whiCh 15
the hrsl elemenl In the recellling system and
always contflbu\lng a loss

II has already been menboned that the I,rsl com­
ponent has a determining inl luenceon the svstom
no ee Ilgure. Gef'lerallV II Increases the evstem
nollie ligure by the amount 01 ettenuauon In the
entenne down-lead to the receiver pre-ampnner.
Ellen a sho41 lenglh 01 low-loss cable Increases
the system noise ligure by a law tenlhs 01a ea .
The best pre-amplll lBrs may nol compensate tor
the use 01 long lengths 01 low-grade coaxial an­
tenna clown-lead. ... fig , 3

It tcucwe. then, thai a mediocre pr . ampUfle'
located .t the anlenna terminal. II • mu ch
better proposition than a high -performance
pr... mpUfier loealed al the end 01 a long
leng th of lOl ly cab le_
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The noise IlQUfe Ih.l t a pta ·ampltfler should haye
lor a spectlled cliSe il ltlitn detarrmoed by th.l en ­
tenna flOIse (dependanl upon locallOn. antenna
etevencn . frequency etc.I as well as the allow ,
ance lor second stage detefioratlOn upon the
ovefall ayslem t"IOlse hgure BUI how can the en­
tenna noise be quan ltlled In order tha' a pee­
ampl lt..r noose llgUfa mey be arTlYec! at?

5.
MEASURING THE ANTENNA NOISE

The rTleasuremeflt oI lhe anlenna J1Ol.. power 's
mosl Stmply accompliShed by measurtng the
t"IOlse Yoltage acrosa the receiver output and then
aubstllutlng the antenna Wllh a 50 II non 'lndUC­
tlve raststor and compartng lhe two compuled
power a at 290 K, r.e room 'emper ature The
oulput YOIImeler can be 01 any type Irom an
electrOf'llC AC mdl.YOI!meler to an ordinary
mult,me ler (2) and (4) .

The method '1 10 tarmlnate the antenna Inpu l
TermlOals 01 ue rece,verlp ra-amplt lier WITh a
50 II pad 01 at least 10 dB anenua tlOn, or a
meTal·l llm 50 II re..sTor or two 100 u MF re­
.,stors In paralle! The connecting leads , how ­
ever , shou ld be as lhor1as poulble Conoect lhe
AC meIer 10 lhe fecelV8f AF outpul termlnala
and adjUSI lhe receIVer gaIn lor a relelenca
vollage Now replace the dummy 50 II anlenna
With tha raal lhlng and note lhe Incrllased reading
Compule the two reading s 10'0 decibels i e

m . 2OIogV2JVl

whera V2 ISlhe oulpul vortagewhen !he antenna
'a connected V I IS !he output voltage when !he
anlenna ,"pul tl lermlnated

II ther a II a Ienglh of coaxia l ca bla betw..n
Iha anIanna and the rec alvar sys tam 's an­
lan na Input, the va llM of m mUlt be correc led
(1Ig 4),

With thek~ of the type 01cable, the tr.
quency of Interelt and the cable 'l length , !he
cable Iosa can be arrtveo at by fi g . 3 Thia cable

loss (dB) la than used 11'1 I1g . 4 10obIa.n lhe COI­
rected figure lor m by ....ng wheralhe cabla lola
value on the )(-axis intersects the computed value
lor m. The corrected yalue nee on the Y tntersacl
exprassed aa a temperatura ratIO TJT. (dB)
whera T.il the antenna J10lsetemperature and T.
lhe SO II term.nahon '. J1Ol&e temper atuf. n ils
corrected mae temperature ratIO TJT. {dBl la
then used In the charadertlbC ot f ig , 5 .n order
10 arrNe at lhe reqUlfed Iyslem m .. l!Qure or
tampe rature . ThiS, 01 course , Includas the cable
Joss, so to lind lhe l'Oura required lor the raeelver
Itsalt the cabla loss should be subtracted Irom II
Now tt can be aMassed what measura 01 pta­
ampll lrcahon - II any - il 10 be ptOYided by lhe
Ilrsl staga 01the ,ae8tVlng sy,tem,

6.
PRACTICAL CASE

Taktng a pt actlCllj case Auume lhallhe anlenna
OOH test descnbad abova gaya a rasu h 01
m • 3,5 dB The lact thal lhe antenna noise can
be measured uling lhe rece ver iI proal enough
Ihal lls 00.. lIgure ISptally reasonable and thai tI
ll lhe antanna J10lse wtllch iI the hm.llng lactor ,

From the X-axts 011!Q 5 tI can be seen that the m
Yalua 0135 dB corresponds 10 a noise lemper a·
jure T. of 650 K, Tha cable 1081 L. (25 ffIlllres 01
RG l3IRO 213) can be obtained !rom I!Q 3 as 2 dB
at1 44 MHZ, Wllh IhlS,the correct value 01m can
be read Irom 1'0 4, TJT• • 4 3 dB TakIng thiS
yalue to ,he )(·axts 01 1'0 5 giva. the ccere­
spond.ng m se lamperatura 01T• • 180 K

II II is known lhal lhe r8CelYer Itself ha, a mse
t'Oura NF - 3 dB, Ihen the overall NF I. 5 dB
(tak.ng IOtoaccoun l !he 2 dB cable 10811 " can be
seen from hg 5 thai the SIN data"oroloonII only
2 ,5 dB, It tl then ecoe. ent tha t me grealer pro­
portIOn 01the 180 K nolle temperalufe II In teet
urban noise and lhel under Ihese Clrcumslances
lhe 19C8IYer has a aaltalactory noise IlOUre

lI lt II f8QUlred10 lmpIOVe the SIN ratIOdetenora ·
hon lrom 2.5 dB 10 05 dB, the corresponding

:m



I'IOIS&-Iogure la NF - 12 dB (Iouncllrom fIg S) Aa
tl'lecablel'laaa2dBIou,anNF 1.2 dB can
only be achieved by Ioc8tlng a aUllable pre­
amph"... dlfeclly at me antanna lermlnala

Taking anol her a.ample A QUltlt " tuatlOf'l with
low anlenna l"IOII8 aa be"" a country aTH The
antenna f'IOIseleala. tt..s tlf"e. gava an m 01 adB
l)sIng 13 m 01 AG 213 I. e t, 1 dB) yoelds
TJT. - 0 eatram hg .. II a S'N degradahon of nol
more than 2 dB IS reQUIred then the 100al noose
lIgure (Irom fig SI ahouId be 2 dB From II1lS
musl be aubtracled the cable lou ancl the sec:ond
I lage degradRhon

Sutllraclortg the cable lou Ilral leaves a recerver
syslem I'lOl" lIgura of 1 dB (_ 7S I( ) This Ifl­

dudM the aeoond stage conlnbullOf'l and thll has
an NF 2 of M y 3 5 dB and lhe Ilrsl atage gain G1
IS 13 dB Aelernng 10 llgure 1 gives a aeoond
atage noose lemperalur e 01 18 K Deductortg ItIIs
Irom the Iolal recerver noose temperature I e
75 I( - 18 K goYea the reQl.llred " ra! ala9l' noose
lemperatura of 57 K or NF I - 08 dB The re­
ceMng syslem would be bett ... served II the pre­
amplll.... was plaoed al the anlenN termenala
The aec::ond I lage lou then Increasea by lhe
cable Ioss.e I dB plua 3 5 dB 4 SdB (530 I( )

The liralatage .mplll1C8tlOf'l of 13 eareduces the
elled of the aec::ondalage nolle 6.T 1027 I(

AI an ov...." f'IOlM hQure 01 2 dB ( - 175 1(1 la
reqUlfed . the noose lemperalure lhat the pre-
ampllher must have 18147 K I.e NF 1 18 ee
From th'l aecood e..ample It may be seen fhallor
the same OUlput S 'N 081"'lOIahoo. Ioc8hng the
pre-amplll,er In the mos l Ilral8g1C poIltlOll . Will
I,mlt the demands upon ," pen orm ance and
lhereby Ita COi l

7.
HIGHER FREQUENCIES

At ~"gher r'&Quanelel lhe value !or m ca n become
negilhve el!P9Clally when the anumna la po<nt9d
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ahywards Here IS an e..ample lor 432 MHz

The measurement olanlenna I'\OIse yielded a re­
suit 01m I 5 dB when lhe anlenna was dl­
recreo at lhe hOflZOO The cable loll (65 m
AG 213) wasl dBW,lh log4 T. T 1 9 d B
Fig 5 IndlCales 11'181 thIS correspondl to a I'IOlse
temperature 01 185 I( The second siage noose
con tflbutlO!'1 was held 10 I dB result'flog Itt an ov...­
all noose "gure 01 0 7 dB (50 1(1

lIthe rec&IVerhad a noose!>gure 015 dB typeal
lor a proplltllry amaleur r«&IV... lhen the f'Ifl.

cessary pre-amph! er 1'IOlS8 hgura may be oa,...·
m'NK! as lollows

W,th a I"st stage ga,n at 16 dB and a second
slage I'IOlse hgure ()I 5 oB ancl a leeder IoU 01 I
dB lhe second stage ,nllUfll"lU II lound 10De 22 K
It w,u be recalled that.n oyera_I'IOlM ''Vur.of 0 7
d B ISO Kl was 'eQUifad Now I.k.ng InlO8CCOUnt
the 22 K the hrsl slaQa NF 1 (I a lhe pre-amps
NFl must be 0 4 dB allhe antenna 'erf\"llf'lals Pla·
Clng the pre-amp! her," the statlOf'l al the end of
the 1 dB leeder loss would maka It Iffipoa&lble 10
reAlise the 1 dB S N degredahon ~mlt

Thlse_ample shows that al 430 MHz andhogher.
especially lor space commuf'llC8hor'll , the utmost
,f'l pre-ampMI8I noose pel10rmanca ,s requ"ed
The reason foes ,n the very much ,educed anlann8
nQlS8 al eese heQl.JolIf'ICtea

8.
CONCLUDING REMARKS

Pre_amphher ga,ns ot 23 dB. whiCh ere so aqree­
Siliely acra.mec In amateu r radiO maqanne ad·
verts . neve already bean discussed The recerver
subjec ted 10 such a high gain ,nput ccvce would
shaller ,"10 ," termoaulallon d,slorllOO uniesi. 01
cou rse . Ihal II was used before 8 h+gh 1081 (10 ­
I S dB ) teeder Then 'I would represent a good
soluhon as the 23 dB ga,n al Ihe antenna would
bnng lhe overall NF 10 tha same order as lhat 01
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'"

T _ ,F _l ) 290K

'"

_.

5,'N.
S ' N

F •

F _ IOa nlltov NF/ 10

The norse generaled With'" a *_.... ,arnpl,11ef
can be e _pressedl' an lQUIIIalerll nellM temper­

ature T whIctt lSoontlCklred tobe1he ~atUl"e
of , I_ alance al the onpul of the dlMce whICh
deveIopt the tame nell.. power ' I !he output ,.
lhe devlCellsell lhe deVIC. belng conl!dflfed al
nellseless

The IClHI dlMce amptot.... I I«eIY_ etc hal a
norse lactor 01 unrt)' .t.ctu-I~ .. he.....
norse lactor olO'e.l.. then unrty The "OIMlector
F alIowI me poubiIfy ol OCll'T'lPInng OM re­
cerver I measured petforlNt'lCe directly agaonat
another I .1 Ior'Q as the measurement CII'Cl..Im'

51ances rema,n equal lor bOth recervera The
rose lac tor F may be e _prMMd III~ '"
which cue It becomes tne ro...e NF

NF 10 tov F IdS )

lhe Inpul S I N ra tl() Thl' Il lhe lame Ihlng a, Illy '
Il"IQ lhat the IIOnal-to-ro.. " lhe ,"pul ISe _aclly
the same al Ihltal the OUtpull • 5.1N 1N
The n()l.. lacIOf can I""'e lor. be detiOed at Ihlt
lector can theretore be dehned AI lhat lacIOf by
whlch the S I N I I the output ISmore Ihln lhat a l
lhe lI'lpUt ola devlC8.' e

T (IOl nl'IOO NF f l O. l j 290 K

Since t". 00I11e lad ar F II referred to the lhe rmal
n()I$fI a t room ' emperalUle , I e 290 K, then by
de llOiflon It may be wntten

F _1 + T/290

the pre-amph"fIf 11 11 IhfI only caM whele lUCh a
hlgh pre-arnpl,hef ga,n 'I UMlul

Thli. of courM. bI>gI ll'4IQUelhon ol wt\IIl MICtla
high-10M cable " doing on an lmal..." I labon ­
~ dut'tng per10Ct 01 IIan$mtMlOtl' Tn.
Inl_ 10M IIl lhe purCMM 0I1ow -1os1cabla and
lhe dllJ)O&al oI lhe 23 dB pre-ampll h.,

Ftna lly. a lew morelWO«tl on the mea!Wt'~01
anlenna roM h" III'IpCIrtant thai durong the
~emenI. noroe 01~ ale UlUtaied wottl

roM I e tI'lII wt10Ier~ chaorI " wor1ung
.."..rty The ree.wer modi; tw,tch &hOuld Ihet'.

tore be turned 10 CW OfSSB and no! FU (~""l'"

and laturaled l)elec1Ofll The Aac mull be
IW'1Checl ofT and tI'lII RF ;atn tumec:l down lIlordel'
k) Wo'OId oveno.drng e "KtI II lhrt " notpoM1tlIe

at tome lec»r..... do not".... the lKJAofyol RF
ga.nCOI'llrol and Aac on I oIIlW11Chn - tI'lII r.
tulIl may be~ KCUl'IIe .. only low lev ­
ell "e ItlVOf\IecIIIl Itle measurement The AF on.
dleator must be .."..11V81O Ihow lhe roM wt'Ien

me antenna " terlTW1llled rn 50 II The L S
Ihou6Cl be CUI out 01orcurt and lep!Ked w,"'.*­
rT'IlNllt'IIjl reteStor (21 LcrcIl lfIl~.-.c. ncloMI

trom vehlcIn. arc -weldong and on -trequency
IlgI\III &hOuld be a\lOlded and 10 Itvs end lMYefal
measurementl tnould be canoed OUI

The rneasur.,.".,1 "1'01'. even w,lh a Irnear
IYltem. IS r»mpromIM(I by the IIC1 Ihat the WI­
lenna aImclIIt ...... rnatehel the lee.wer . -ac1lY
and the antenna VSWA II higher than unrty

The lulOf hopn t" " It'III a rtICleWI~ br'ng IOn'Ie

enhO" 'enrnen l 10 a IUbfld wh ICh " " puzzled
many amaleull 0VfH lhe ye,"1 F,na lly, the old
a _om WIll aga,n be lecalled
TM! bell Ilgnal lrequeney pr••mplifl., Illha
Inlenn.'

9.
APPENDIX

NF 10 tov (1 • T / 290 ) (dB)

Only an ld8a'ampl,I_ whICh oeneral" no r'I()IM
of III own I' abla to amplify wllhOut de!flflOl"hng

230

The (1IdIIiOUII Idea l rK iII'lViII'f "as an equlvale nl
rl()IlIe 'e mperalure T - 0 K, all olhel receover .
have a I"IOIM lemperat ur. at or.aler ItIlIn 0 K



VHF COMMUNICATIONS 4187

10.
LITERATURE

(1) D oconee. YU 1 AW '
Determ ining 'he Parameter,l 0 1a Rocel\l8
SYS'em InConjuctlon with ccsrrucRadiO
sco rcee
VHFCOMMUNICATION$, Vol 16,
Ed 111984, P 3S ·50

(2) 0 Dobn¢I¢, YU 1 AW
Ama'erske radio komunlkaCIi& Pf8kO
Mesoca
Rad~ ·amaler 1211 979

(3) Mil sublshl ApphcahOn Notes lor GaAs-FETII

(4) J Gannaway, G 3 YGFID Holme s, G 4 FZZ
Some Pilltall! ,n NOIse Figure Measurements
VHF COMMUNICATIONS, Vol 13.
Ed 111982 , P 44 ·48

A new book from VHF COMMUNICATIO NS (written in German)

1 · 7S GHz --0tR<g'l. practical COflsl'uctoon , le l hog 100 mflasuremflnl
lec hnlQuel

Thll ne boo!< II ",""e n tor Itlll lnle .e lleCIr~ amlleu ' a$ w....1as
lor t lud oI ' adlG tommurncahorll II reprftenlt an aid lor ltlll
devek)pmenl and letllng ()I mocrowave an lenn.. In !tIlI .ange
1 • 75 G Hl lor lhoM who wIsh 10 detlgn an anl llnna 10 t ..,,1 Ihe l'
own Indt\lldual 'eq<.JIIemen!t. The UM ot hlghe. ma ltlllma llCl "
CQf1t,,'l!d 10 the absolutelv n4lCftIlU'Y

The au lhOr. wllll·k llOWn lh.ough man y puOl>caloon. asa g""""l'llly
p.actlCal COf1.t'ucto< , ha. galt1l1'eCI IO(1l1ltlll. a poweI1ul collec bon
,n hI' 11111.1 worIc II con...t. 01 ba..c tllflOfy, evalua toon, con·
t l,UChon and mfla!IU'lImenl tec hnIQue. a. we ll III ItIlI opl lmllm
llpphcal oonfor va 'lOU. a nI..."" type s

-

PRAXIS
DER MIKROWEUEH­
AHTEHHEH

IUFberlcht!t

....-_.---

comp".'og 2 1 d.awlngs and200 PIIQl:II Wll h 96 d'''9'alTlS
66 pho1og r8pt1.
Avalillble onty In Ge.mlln

.k
fJ)J'({jJf.berichte

VllflagUK\V·BEFIICHTE
Te.ry B.nlln · POSUlch 80
JlIhntlfl~ I'" 0-8523 alOll'tdorl
Till, (09133) '"70

,.".
, ." ec

231



VHF CC/MMUNICATIONS 4 87

socren .)Irmann. DB , NV

A Spectrum Anal yser for thc Radio Amateur
Part 2 - Concluding

5.
THE FIRST LOCAL OSCILLATOR

ThllOledlaror. tunIng 'rom 4SOMHz to 1000 MHz.
has al,eady been OeKllbed In VHF ComI'TlUl"llCo"
llOl'IS 4 86 Ind !herelore the detalll here can be

hold to a mInimum In th'l ......IlOO. thOWn ,n t lg _
5. 1.. the OIe,llator l1a~11Of II a BFA gl and !he
butt.,.. amplll .... In NPN lrana-Ilor BFO 96. the
Lan... dell ....llng at Ieaal 10 mW dr..... to the
loIlow'ng SAA 220 nng m..... An au.,hary butl ...
output ot 0 5 mW II taken lrom the !w,n-hOI.
cored I'lnalormer Ind used !of \tie tUning
Ilnn nty CIrCUIts and tor ""' PLLdrlv, The com­
ponents Ir. lOldered to tl'le track SIde of !tie

prInted CrCUII bOard. the Irrangemenl beong
l hown ,n I lg . 5.2.

lS Up
111>~·r--;;';'- "r-r--41 ~o w . (l d. ...

-11-----:on~ I~\ ',, 'IIOn
z PO

l l, 6:

.~r_ ..__II
I"

FlrQ. 51 .: Thol"'".a!M(:llIa1Of tlaV1l'lil' 450 MtU 10 1000 MH, Nnong ' ....
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6.
FREOUENCY CONTROL LOOP
AND TUNING LINEARITY

The r.tl()Mhlp between the tuntrog YOItage and
the outPuI treqoer1Cy 01 a OlOde·tuned oeolLatOl"
roormally appro ...·,...t" a square tOOl tUCIIOtl In
Older 10 oblaon a ~near relatlOOShop between

IIJtW'Ig YOItaQe and frequency. d .. necesNtY 10
employ a r",slance-dlode nelwork poueult1g

an Il"lVe'I'M characterlSlIC, \II\'hIctI. whl>nc:omt:Ilned

w,tn the vcoeee-eceore, produces the d8$lred
I'near relaloonvup The only snag Wllh th,s ar­
rangement IS that each OIC~Ia\()l' mUSI be Ind!·
vidual')" adjUsted !of opl'mum 1e&uItS

The employment of a tfeQUef'ICY con trol loop .. an
alternatlYe method 01 oblaonong the linea l Ie·
IatoonshoP beIWeetI turw'lg VOlIage and VCO lie ·
quency A highly linea' dlllCflmlt\8tOl" .. ted from
the output of the VCO and ()elryers ontormatlOtl

conc.emng the actual lIequency of !he VCO A
conlrol ampIIher men causes the VCO to return
to the set Ir~ The doMdvantage 01 thIS

Fig ' .1.:
F.-.q_yeomrolloop
"Mel to W....tlMt"- " .
LO',I"nint c:"'-r" l1'f1, l oc:
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meUm II thaI the treQUency contlol loop has a
!In,le reac!OOO thus aen,ng a dell nate tIme Ilmil
10 the lunIng rate The dIOde luncllOn gell8falOl',
on the other hand , sutlersno IUCh dlsaclYantage
FOI the control loop method , a sulta~ trequency
d'lICmTMnalOl'may be realised uSInga monos lable
mulllVlbralor For wvery perm 01 onput VOltage
II cIellver. an output 01 consta...t WIdIhand ampll·
tude Tr.. a.....age penOd 01 \he output pulses
dellJfmlOlJl the outputlJequency

As tM dtscnrTMNltor ca... onI',o work up to Ir.
quenoe. of only a f_ me;ahertl, \he output from
\he VCO II scaleddown w,th \he aid of a SImple

ECl c\IvIOer of \he type IlltQU8f'tty used Irt c:om­
merCIa! TV equ,pmenl Tr.. block dwtglam ot \he

lJequency control loop. comP'l'te W< fh scalel. II
IhoWnm flg. 6.1.

The pto«Jtype frequency conlrol CWcull used by
\he autl"oOl II shOWn '" rig . 62. The VCO mal'"
• 10 dBm outpul goes 01"110 the PLl ClIC\III'Y and
will be dealt w'fh let8\' Tr.. 3 dBm outpullTom
me VCO II led 10 a r....t~ poweI sphnet' n
II \hetI bull8\'ed by • BFW 92 ampIIt., belore
belng taken 10 the SOA 4211 ECl Kaler Fol ­
Iow1ng a frequency dlVtsoon by a fadO! 01256 and
• level sh,tt 10 CMOS, a ligna! dllectly derrved
Irom the VCO '" lhe l ange 2 MHz to 4 MHZ ..
ava,lable

The lTaqueocy·VOItage Iran5OOcel' COOSIsls of a
tTIOI'IOItabie 74 He 123 whoM l ,me conttal"lll
are cont rolled by a melal· hlm r....IOl and a...
NPO Clipac,IOl The monos labl.,.. stabtl"y
delerm...." the re·aen,ng accuracy and lhe long'
lerm liability ot the Irequency conlrol seee
\he amphlude 01 the ,mpulse peaks afe cete r­
ml"'ec1 by the 5 V IUWIy vottage. the htgh-gfade
r~alOl l M 7~3 II used Thll t, an OI'd8f bener
than the widely used thIN terminal fagulatOl.
but Ihe use 01 a pl' 1(;11 1OI'IragulatOl IUCh II the
REF 02 II not COIlllldeled 10 be lIJ.hhed 101 th t'
apphcaTlOn

The RC nelwork lands 10 smcom tne mono­
stable ', output polsas !lOmewhal eeicre Ihey afe
led 10 1 low ,noll"e NE 5534 IC IImphher co...•
recteo as an In!flgfalor 01 as a PI fegula lof
Which coenpares Ihe ectcer Wllh lhe retere rce
tfeQuency A Illnl'$I01 Imph!,ef lillses me level
10 tha i feQUlled by lhe veo s contfol vollaqe Fig. 11,2,: Th. l il.1 LO'.II«l"'nc:y control loop
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o 30 V and an lC netWOlk Ioltefl out lhe residua l

AF

ImmedIately betore being appl,ed to Ihe VCO
COfItrol Input the tUM w;j voltage mIIy be adell·
llOn8lly Mered by a re tay selected RC ne lwork
(flg. 6.3.) ThISe_1I8hl1enng, although Improving
the I"IOlse supetlmpo!led on the control vollage,
also Increases the con trol loop reacllOO·\Ime
eno rmously For thIS reason II IS only aClivated
When the spectrum analysel IS bemg I wepl 8t
naHOW band (200 kHz/dlv ,) 110m the 2nd Ioca!
oecueior The detail is shown In IIg 63 The
retereoce freQuency lor Iheloop II represenled by
a we>ghted sum o! the tUning coteencmerer von­
ago . lhe sweep vol tago ancl the lUning VOltage
trom Ihe PlL Clrcu'try A second NE SS34 la used
here as tho summ'ng ampl,!>el Two mult i-turn
tflmmera adjust the ceoee IreQuency and luning

sena' hv'ly

Wllh the d'men8lOf'llng .s suggested here, the
treQU8ncy COfItrolloop has. 200 Hz ba~lCllh

ThiS allows a loop reacllQll llme 10 tunIng voltage
varla tlQllSot 1 S ms The VCO treQuency atablhty
II benol Ihan 100 kHz w,th IhlS COfI trol loop and
It 'a. In most cases. targely dependenl upon the
e_telnatly geoerated lunIng vottage

A etenc moasuremenl ot hneaflty us'ng 8 ne ­
quoncy counter and a digital voltmeter feveil ls
pracllcalty no errOlS The VCO e_hlblll a reSidual

modulallOn. I e trom hum and LF I1OIse , ot some
30 kHz peak Only on the IIllel baf\dwlCllh trom 1 to

2 kHZ can " be observed mar a bener VCO Sla­
blhty would be desirable Thla lheme la persuoo
In the lollow'ng chapler whICh InlrodUC&S a PLL
CirCUlI whICh may be sw,tched 10 aweeppresenla­
llOI\Sot200 kHz { dlv or less

7.
THE PHASE LOCK ED LOOP

When swept displays 0' unoer 200 kHZ I dlv are
reQUi ted, tho soecuom analyser preseoted here
sweep s tho 2nd LO a' 460 MHz whilst the lst LO
la Iree ·runnlng In order '0reoece the etleets 01
the Is' lO', flOIse modulahon . the OSCillator 15

COflllolted 110m a crystal ',eqUency reterence
The author anempled to use a ' elevl8lOf'l rOC8lver
PLl syntheSIzer tor thiSpurpose bul 'I PIOVeden ­
su,table Tesl measuremenls showed Iha l lhe
l"IOlS8 Irom a teleV18lOf'1 aynlheSlzer was glealer
Ihan tha t l rom Ihe IreQU8ncy COfIlfol loop ce­
SCli bed above The trouble hea In the lafga dl vl­
SIOO tac 'or 0164 or 2S6 In lhe TV tuner and ,\8 in­
horontly low phase comparatOl trequency

The Pll errcuu IS 'hel etore 10 dlmenSlonod Ihat
' he emeues t poSSible VCO dlvlS>Ofl rector ISusee
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Fig. 7,1;
111LO PLL bloc:k dlagrl m

In the Inter"ts 01 eee.er opera llOn. II control
lechmque . whICh allows manual luOing between
I,.ed spol hequencl8s. IS 10 be prelerred One
posSll)llIty IS a PLL CIfCl,ltt wllh harmonIC ffiI.'ng
as shown In block dIagram If lg. 7.1.1 The VCO
519nallS moeo wIth a harmonlC-IIch crystal OSCIl ­
lator The resuiling Intermediate frequency IS
ampll l!8d and laken 10 a pha,. I 'requency com­
parator wh,ch coollOls lhe VCO luning voltage

A problem crops up here WIth the production ct
lhe harmomc SIgnals as the spect rum musl e.·
lend well over the 1GHz regIon , The author 10und
lhat an hamlOnlC spectrum up to Aboul 300 MHz
coukl be achIeved l elallvely eaSIly by uSing lhe
gale nmee 01 TIL CirCUItS ThiS olle r, the POSSI­
blilly ot diViding the VCO 'requency to under 300
MHz and Ihen 10aHange the harmonICmmng

The l lnal PLLClrCUltlll shown In 11'11. 7.2. 11 may be
seen lhal lhe Input agaIn pass_s a reSIstIve
dlVlOel' whICh passes thegrelltm proporllOn ot lhe
Input power to lhe LO outpul on the Ifonl panel A
smallef portIOn IS amplllled by II Iwc>-slage Iran­
SISIQf (BFR 151 amphhef and taken 10 lhe CA
3199 ECL scalel

The prlCli 0' Illtegra ted UHF cucu," has lallen
recently tto Ins than 10 OM) makIng thelf use
aimos l mandalory For a start, lhe M,nl-Cll cults
MAR-8 IS sugges ted The mput atgnal IS diVided
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by 4 In II reasonable pr lCed l8 OM) CA 3199 Ire­
quency scaler whtch IS capable 01wQfk""g up to
1250 MHz The output Irom the divider IS taken
VI,Ia low-pass hIIef 10a ml.er whIChISaffanged In
a sample-hold FET CirCUIt

A CD 4060 crystal QSClllalQf CIrCUlI wOlklng al 4
MHz IS dIvided by 16 and pfesell" a 256 kHZ
squa le wave Into pcl6lllve gomg ne8c:lIe puiS"
abou t 2 IlS wide The needle pulses gate the FET
sWItch A tulthef diVISIOn 01Ihe cryslal ',equency
orcoccee a 32 kHz rerererce '01 lhe 'requency I
phase compa rator

The IF Signal ISlaken al high Impedance 'rom the
ml.er by a FET bulle l and thell on to the CD 4046
" eqUency I phase campalalor via a 50 kHz low·
pass 1,ltel A COlltrol vol tage lfom lhe CD 4046
pIn 13. IS8venlually taken to lhe PLL all61 being
IIIt61ed and bullered A SF 246 FET sw,Ich pas ·
ses the PLL cont rol VoIlage on to the phase-lock
Input 01the Irequency contfolloopl l ig. 6.2., The
500 I I plesells adjUsted 10 opllmlse the PLL sen­
SitiVity A jock-oetect SIgnal ISalso ava,lable trom
lhe CD 4046 pin 1 ThIS ISmade 10 drive 8!l LEO
Iocaled on the Ifonl panel . marked "LOC K" . and
s'9nals the coffeclluncltOfllng of lhe PLL

When Initially SWllched on. 'I was Ioond Ihal lhe
PLL dId not lock at or near lhe seleclod spot ue-
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Queocy but lOcked al some othe, random I,..
QIJftIlCY la' rftt'l'lOVeCl Th', error 'l\'as conected by
arlang'ng lhe PLL to tum on gradually upon
S'l\',tCh-on IhuS aVOIdIng SWllchlng tranSl8f1ts
Thl' was accomphshed by IncludIng an AC net ­
'l\'ork In the gale CirCUlI ot Ihe BF 246 SWItchIng
FET This has lhe ell ee' 01graduall y raising the
gate voltage upon , wl'Ch-on and thereby the PLL
IlXlPgaln

USIng lhe CI'CU" proposed. here the rrequency­
comb , Ipot-rrequencl&S are spaced by I MHz
ThISplesenls no plOOIemslor Ihe lonetunIng bet ­
ween spoll,equenctes; IhlS being (kloe at 5 MHz
by a second OSCillator The Ilequency Ilablhty 01
the spectrum analy581 II only determ,ned by the
15' LOs rere-eoce clyslal sla~hly and the dflll
t-orn Ihe Ime-tune. secon d cscneicr When thel .
mally I Illb,hzed, Ihe Irequency drill ot the ena­
lyser is less than 10 kHz In coerenoo. lhe ana­
lyser II hill ewncneo to a sweep dIsplay 01200
kHz per dlVl'IOI'l, a' aboUI the Irequency 01Inler­
est . and then Ihe PLl IS sw,tched on By care lul
conecttOn ollhe ma,n IUt'ling . lhe PLL ,s brought

VHF COMMUNICAn ON S 4/87

Inlo lOck as IndlCaled by the IlIumlnatl()l'l ot .he
lOck" LED Now. the deSlled IIOnal can be I,ne­

tuned and the sweep width lurther reduced lor a
nan OW-band dIsplay The ma,n tuning should not
then be alle led olherwl,e the 1st LO will lock at a
nelghboUrlflg tr8Quency and the oscrev test II a
displa y 01500 kHz per diVISion, or greater, ISreo
qUlred Ihe PLL I' SWItched oft automatically

B.
OTHER MOOULES

A lew other CIrCUIt detad, mus t be mentlOOed In
orde r '0 complete the description 01 a prachcal
spectrum analyser Some modules e g the
power ' upply delivering + 1511, • 35 II, - 12 II ,

24 V, the saw· tooth gene rator tor the , weep
voltage and denecnon amphr,ell have been dehb­
erately om,n8d as lhese Items are heaVIly de­
pendent upon the lype 01dIsplay lube wtnch has
been uhl,sed

~--------------,,
dI91t.h'Oltr. ·t.er-t!'Cdule Wlth II

I
LED dl..,lay ,2V .,- I

I I

'" I 1~
I v- I

ZP04,7 I ICL 710617116 I,
I I• ,.

'" I I= -r " '" 0' I,
ZPD4 .7f

I IL ____ _ _ __ _ _J

,.
"

••

."'"
238



VHF COM MUNICATIONS 4 81

•

!

•

l•
J
J
l
J

t

f
~

239



The e.rcuu dalalls 10be cooecerec now are the
production at lhe tuning -voltage supply, the digital
frequency Indicator and the support module lOf
the dIsplay swetlp ,wldth . A 100 kll. to ·lurn po­
tenncrneter sen/as as the lUning potentiometer
The luning Voltage. In the autho(s versiOn was
drawn Irom a hIghly stable + 100 V supply which
was available In me InSlrumenl ThIS Voltage
range ISnot StflCtlynecessary as the luning range
can be altered by SUitable dimenSIOning at the
summing l eslstors in the Il9quency control loop
CllCUl t 10 sUil the eve.rebe tuning voltage supply
to the tuning potennometer The main Ihlng to
watCh, ISlhal the supply Itselt ISabsolutely stable
and «ee ot hum and noise

A digllal voltmeter can be used as the frequency
display which IS actually measullflg me tuning
voltage The author used a 3 112 digit voltmeier
wllh an LCD display and a 2 volt l ange. This used
the well·known CMOS module tCL 7106 or
ICL 7116 by GE-lnter8l1 ThiS unit IS equipped
with a Iloa\lng dilleren\lal Indicator and has a
coeecmcnco 01 only 2 rnA' As opposed to the
usualg V battery supply, a mains cenvec source
ISused tn a ten-wave crrcuu to two z-o.coes oe­
hllellng • 4 7 Vwr t ground

When constrUCling thiS «em, or uSing a mcoueo
commercial d,gllal vcnmeter. lwo points shOOld
be cooscerec II the module ollglnally used 9 V
batteries then the minus (pin 30) IS strapped to
ground (pin 32) ThiS coonecuon IS to be mter­
ruoteo

ThiS IC ecmenmee e.h,b,ts problems with com­
men-mode vcnecee which cove tne Inlegrator
Into a premature run·down cOflditlon ThiShas the
etrect 01the display Indica\lng up to a cenam in­
put IIOltage and lhen saMates, or s\lcks. at lhal
Indication ThiS euect can be countered by In­
creasong the lIalue ot the Integration resistance
at pm 28 Of increasIng the value 01 the mte­
gral lon capaci tor at pin 27

Figure 8.1. shows Ihe e.ternal ClfCUIlry used by
lhe aUlhor 10 support lhe ICL 7tt6 10 the area 01
lhe signal Inpul By means ot a selector swucn.
e,lher one of IwO tecerve Input ranges may be
selected 0 10 500 MHz or 1000 to t500 MHz and
correctly ecceteo Operating thiS SWitch can
also be caused to SWllch In me ecorco-ete high
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and low-pass lo iters belore the hrsl muer. but
the author dld 'nt do Jt In thiSmanner in lhe proto­
type Instrument The eecceocv indlca llOn has an
accuracy a! a tew MHz whrch is su!l lclent tor mosl
purposes II a higher acculacy is desired. It can be
calibra ted wllh a spectrum genela lor,

The sweep vonaqe. employed to wobbulate the
OSCillators ot the spectrum analyser. IS a svrn­
metncal about zero. aaw-tootned walle·lorm 01
25 V peak to peak The freQuency 01the wave­
lorm IS lIanable between 2 Hz and 25 HZ. The
generation ot the vanous scan wldl hs ISgill en 10
I lg , 8.2. By means ot a slepped dlllider sweep
WidthsOf 10 kHzid,v and 20 MHZldlll " In a ' ·2-5
sequence . may be seiectec For scan WidthSOller
500 kHz/dill .• the t st csouetor is eevieteo Wllh an
attenuated portion 01the sweep voltage applied
10 tne Irequency COnlfOI loop CirCUit When
srnaueescan Widthsare selected, only the second
OSCillator ISwobbvlated Also. me sweep-vcnaqe
and the vollage from the rme-tcne potentiometer
are summed In an operational amplifier and
taken lo the 2nd LO ', vencaccroces In lhe IF con­
verter module A coreecuon of the tUOIng cnarac­
teoenc was !ound to be unnecessa ry In thiS
mode 01 operation. the control speed 01the ne ­
quency regulalor loop IS l eduCed In order 10
atlenua te the t st LO's noise modu!ahon, In
addlhon, the PLL etatxnzanon can be SWllched In

By means 01 a furlher SWitch a display over the
Whole500 MHz range can be selected the mld­
IIeQuency beIng Ii.ed Another !acility IS that
tne whole wobbulallon system can be swacneo
ott In ordel to observe the modu!atlon on a
Single Signal,

9.
CONSTRUCTIONAL HINTS

There are many and vanccs ways by which the
ceecnbed modules may be connected logether 10
term a eornprete spectrum analysel , The mosl
elabora te way is to make me display and power
supplies In order to bUild a eett-cornemed In­
slrument ute ISalso made easier when a raady'
to-hand OSCIlloscope can be pressed rmo sen/Ice
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lor the display The oscilloscope-s tune-base can
then be used lor the spectrum analyser's saw­
tooth wave101m ,equlrement Most OSCIII05COP6s
have an e~temal connec ter lor the nrne-base
voltag e buill not, one can be easily nueo Also,
with any luck, the OSCilloscope's power supplies
will also supply the analyser's power requne­
ments as well

The owne lS ot an oscucscope haVing a plug'ln
unil capabli lly afe even benet otf One 01 me
plug-In units can be stripped and the chaSSIS
used to bUild me spectrum analyser cncues The
oscilloscope can then be used for ItS onglnal
purpose. or to, the spectrum analyse' taCllrly. as
oeeneo The aulho, chose thiS melhod USing a
Hewle " Packard 140 A OSCilloscope main trame
and one ot the little used plug'ln conoos being
tumed mlo an analyse' plug'ln, The mam frame
could deliver • 250 V, • tOO V, 12 V and

100 V The .. 35 V and 24 V supplies reo
qUired by the analyser were easily derived trom
the _/ 100 V OSCilloscope supply , uSing re­
sisters and zenner eoces

The . 15 V supply had, however , 10 be a lillie
more elaborate because 01 ir e 500 mA ecnsump-

~

-"'- --

non One POSSlbllily . oHefed by all Older plug-In
oscilloscopes, IS the employment ot the 63 VAC
heater voltage which ISbfought oul et the main
plug for the plug 'ln umt USIng8 smalilaminaled
transtormel . a roa-weve rect lhel and a m-ee­
lermmal fegulator. lhe necessary VOltage may be
made available

The HP 140does nOIhave a oeuecuon amprmer.
I e the deflechoo card 01 the CAT lies dlfec tly at
the plug 'ln's plug Two ceuecnon amplifiers are
necessary meretcre bul the bandwldlh need only
be aboul5O kHz, The aulho, used lor wecwccse
a reeov-to-neeo board whiCh also contained a
saw-tooth genelalor and a blanking ampl lher
which suppressed the trace return.

It IS nol necessary 10 go Inlo IUr1hel delalls as
lhey ale largely dependent upon ue type 01diS­
play cevice used by the authOl, Other equipment
must use an IndiVidual method tOl utiliSing II to
comeme With a none-made sceceom analysel
Betore altemphng 10 mod ify an OSCilloscope tor
thiS purpose, It IS recommended Ihatlhe oscmo­
SCope handbook ISgiven a thorough pel8ual be­
tails on ceuecncn ampli lle,s ma.,. be found In

,
Fig,' l ,:
TI•• • ulna , '.
-.pKlr1,lm.".1.,._
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volume 4 0 ' the sefles · ProleSitlona' ElectroniCS­
published by FranCIS Verlag
The author's pro,olype Instrument II shown In
'lg. 8.1.

10.
ADDITIONS

The spect rum analyser as descnbed may be
given a lew lut1her laC1'lt lel , A lew suggestIOns
are given aslollows

- An addltlOl'lal VCO tumng Irom 1000 MHz 10

1500 104Hz Will enabl e the Inpul range to be e.­
lended Irom 500 104Hz to 1000 MHz. The Eel
d!'lider. in the Irequency control loop and in the
PLL. are .....ell able to work at the.e Irequenciet at
I. sts have shown.

- A Irequ.ncy conve rter Of an ••,.rnal harmonIC
ml.er tOf the rmcrcwave bands can be connected .

VHF COMMUNICAnONS 4/81

- A s...... ep generator haVIng a 60 dB dynamiC
rang. and a tunll'IQ range 010 - 500 104Hz may be
made by .ynchronising another oscillator 50

lhat il 15 I .....ept In I lep With the spect rum ana·
lyser'. l.! LO,

- U,lng high and low-pass liners. automatically
S.....ltChed With the Inpul range I WI!etl . ,educes the
pos'lblllty 01 receiving I purious signals in the
display trace

- The use 0 1 a better , I,., not" 'educed . local
OSCillator ..... 111 improve lh. Instrum.nr s dynamlO
rang., Thi. il edremely important when 0b­
serving a number 0'clo. ely arrayed signala ..... llh
larg.level differences between them.

II may be seen lhalthe spec1rum analyser offera
many POSllblllll.1 101 indi'lidual expanlion
schemes and lor e.perimentatlOn lor Improved
performance with the beec CirCUits. Th. purpose
01 lhls article , a. I lated et the Itart. .....a. 10

g.l'I8rale the necessary Inler.s' 10 begin a protect
01 lh ls kind and also 10 dispe l me un' ounded
'earl att.nd!ng III comple.ity,
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Oragoslav DobriCiC, YU t AW

Low-Noise 144 MHz Pre-Amplifier Using
Helical Tuned Circuits

f it \ : FEYno'" t19u..... lunc:11on of dr.in
euttlOnt ...

FltSl 01 all, lhe tmportant parameteta. draIn­
sou rce vollag. (Uos), gl le-2 sou rce voltag.,
(U(U'$\ and dra,n CUfT. nt (ID) should .It be pr.­
cil . lyde hned How important, .boY.,II. the draIn
CUffe nt is can be seen In ' Ig. 1,

Afurth. r importanl cond,t,on II Ihal the tranl istor
Input ' l ees - a de hnlle Impedlnce z..,. et which
111 noll e II I I • mlmmum, W,th mosl FETI , .nd
"p8Cl"1y .....,th GIAs -FErs . thiS ,mpedance z..,.
d,II... . widely Irom that I I .....hiCh the Irl nl fllar

The ,ntroduetlQn oI lleld ellecllra nl li lof. (FETS1.
espec,ally IhoU made Irom galilum-arNnlde
(Ga AI). In Iow-OOIN pre ·ampllllarl wal . I lgn,ll­
Cl nlltep torw. rd In a held hlthlrto dofmnl 1ed by
plrame1f1c and MASER .mpllherl . W,lh the
Idvent 01 EME Ind I l teillte communicl"on l .
I maleu rs are begmmng 10 improve thet' ' BCe lving
sYltems wIth pre -amplllie rl , Be'Ote. however.
Iow-OOIle IranslstOts are employed lor Ihls per­
pole. lhe r. I re one or two thlngl which hI ve to
be lak.n Into account.

II I. wldefy beUevltd th.t li l••ufl lc..,nl ju. t to
bring. a......FET Into oper.tlon In ord.r to
obtain the nol.. flgur. pubU. Md In IN d.t. ,
book lo r the <!e'vlce. The r••llty I. , however,.
11"'- diff.rent owIng to the 10.... In Ihe lnpl.lt
IUneclcircuill. Th••• lo.... h. vethe . rtect of
dlreclly Incr••, lng the no l.. flg ur. 0 1 Ihe
• mpUlI.,. Ev.n u.lng.n ••c.lI.nt Ir.n,IIlOr,
the pr . -.mpltll.r c.n be r.nd.rltd wor , .lh. n
us.I. , . II du e .tt.nllon I. nol pa id 10 th. lnput
CirCulI 10• •••.

1.
A U TILE THEORY

A IranSllllar , ,nlended tar Iow-OOIH pr.-ampll­
',ers . ca n ooly l cOl&Yelhe sp&Clhed rtOIH I.gure II
cerll in working condItions I re e .aetly adhered 10

NF.. YU 1AW

Dill 2D JO ' 050 '"
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tranl lstor ~.. 11 C, c U, U~ U~ I, ... R I R 2 R,
~pe min. (dB) turn pF pF V V V mA " " " "
BF 981 0 1 4 41 2 12 10 4 10 10 · 50 10k 15k 150

MGF 1200 01 5 , 27 3 s 3 10 • 100 - - 100
MGF 1400

CFYt3 0 .15 s 27 3 s 4 10 • 100 10
CF Y 14

CF300 036 s " 2 6 s 2 10 • 100 10k 15k 10

Tlbt. 1; Element values lOf pre-ampl lherl

delive rs a ma~lmum power Ifanslar That IS, tho
noise match,ng racluces the ItanllslOf's ampll ­
tlCllIIOtl but the lower r'lOlse IlQuta IS by lar the
htghell conllderellOfl A high llmpll lica llOfl, In­
deed , can be pos'lively disadvantageous ( II .

The letllflg of the correct tran81stor workIng
po'e n\lal l and CUff ents II nOfmally no real prob­
lam, but a lew thlngl have 10be observed The
prOblem of arranging the gate to look Into an
Impedance z.., II mote d,!l1CU1t because o. the

o••........
..

""
~

•
"

. 0
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transistor MGF 1200 BF 981 CF300

Input CIrcui t 1 2 a 4 s • 7. 8 9 10. 11 12.

C" 307 709 225 113 '07 709 225 213 I.' '07 709 154

C. 112 112 17.1 17.1 45 4 .' 45 45 ., 29 29 29

min. loss (dB) 0 24 0.14 069 1.43 0 ,13 0.06 018 0.19 0 .34 08. 036 1.8

Table 2: Comparah\le data for dlf1erenl published pre-amplihers

losses entailed In translormln9 Irom the antenna
impedance (normally 50 II) to L..
The losses L ala matching Circuit are determine<!
by the relaliOnshlp 01 the loaded 0 (O) and the
unloaded a (a ").

L 10 log ( ' ) ,
1 - O,f O

It may be seen ' rom thiS formula that the losses
are smallesl when O,f OUISas smal l as possible,
I.e. O. mus t be as small as possible and 0 " must
be as high as possible (fig. 2)

0 , and a . are determined t-orn physical and
technical eneractensncs. By the correct choice 01
crcurt parameters and a care11,11construction . the
ocnrrwrn veioelor 0 ,and a ucan be achieved and
the reby the losses lor a particular appl ication
mimmlsed

0 ,should then be as small as posecte The lower
limit IS determined by the trans'ormahon ratio
n • Z.,./z... . The minimal value lor A,can then be
express ed as: -

Somehmes the value requued for Z... entails a
value tor A, which IS eoove the minimal value
according to the eocve formula ThiSvalue of a IS

determined by the ratIO 01Imaginary to real parts
0 1the impedance z..,

O~ . X..f'R..f

The Important conSideration when deslgmng pre­
ampli fier Input CIrCUIts is that the value for 0 , IS
determined by that reqUired lor correct noee im­
pedance match and Will be generally h~her than
0 0 or Q, (minI . The Increasing 0' a OWing to O.
would explain why many transistors work better In
certain Irequency bands than In Ofhers The
correct croce 0' tranSistor 18 oetemuoeo then .
upon the 0 0 at the working trequercv. For
example, on account 01 the large l elahonshlp 01
0 0 at low 'requencles (below t or 2 GHz), the
mafOflty of the well-known GaAsFETs are In·
effec tive In the 2 melre band A larger value 01Od,
and With It 0, Increases the Inpul creon losses
such thai the mlmmal value lor nolse-'Igu le can­
nol be attained The result can be worse In prac­
tice than USing much cheaper tranSistors
lIable 2}

0 " depends upon the cirCUit Itselt, ItS alrange­
ment. the number,type and manner 0'operation
01 the componen ts used a " is higher II me Indl­
vlClual components employed also have a high a,
that IS. they are 0' high quailly and ee com ­
ponent-cocnte kept to a minimum.

Intrinsic losses and radial Ion losses are two
laclors which must be kept unde r con trol In
most propfletry pl"e-amphtoers, the Induc tors ere
moun ted upon a pfln ted CirCUi t board and usually

2<5



Fill. 3: Parallallnput circuit with C8pM:III" a lo-d lnll
co"' ,ol

have signlhcant radiatiOnIolles, Good InaulatiOn
matarials are a must. All ii, wubcut doubt,
number one, PTFE (Ieflon) and high-frequency
ceramiC can also be recommended.

The resistance of conducling materials musl be
held to as low • level as possible in order to mini­
mise losses by skin-eHect. For this reason,
higher-eondliCtlva matals, such as coppar and
. ilver, are used and also metalsol a non-O_ldlling
nature (gold, plallnum) , These measures help to
achieve high.Q value. in circuit elements

At low.r frequ.ncl• • , the Inductor 10•••• ar.
the chi.' cau.. 0' the problem .a they, In
prae-tlc., determlna the O~ 01 Ih. reaonant
euecn. AI higher 'requencl••, Ih. 10.... a,.
con.ldar.bly reduca<! by the 1.1.. of atrlp-Une.
and coa.lal re-.onator. which mean hlgh.r
valu •• lor O~.

Also the relationship between inductance and
capacitance (LoG ratlo) influences the value at
O~. Using a higher value of indliCtance and a
lower value 01capacitance lor a given resonani
frequency , means that the unloaded 0 (Q..) Is
higher.

The minimum number 01 alements , required to
undertake an Impedance tranaformatlon, Is two.
The circuit Is known as an "L sechon" network
and consists 01a cacecnc r and an Induelor. This
circuli has the disadvantage that the loaded 0
(0.) eenror be independently variable but is
II. ed lor a given Iranslormatlon reuo.

Three elements In a transformer circuit. allow n
and a to be seleelable Independently f.om one

11..
"u

" YU 1AW
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anolher and Within certain limits, may be varied
thus making the tuning easier. From the many
posSible cirCUits using three elements, the PI
and the parallel luned cirCUits are the ones most
frequently used,

Addilional 10lles can occur owing to the chokes
and resistances used for the working pomt selling
01 the pre-ampjner. This applies also to the
capacitors for coupling and decoupllng , For
this reason it is best to incorporate tuned and
transformation cirCUits into the aellve devices '
electrode supply leads

Bearing these points in mind, the Input clfcuit
01 'Ig. 3, using a cececuwe coupling to the an­
tenna, may be regarded as salls 'aclorlly 11.11·
filling these requlremanls Using stflpllnes or
cos_ial lines, Instead 01 COils, rescue In an In­
creased O. but et 144 MHz, Ihe Ime would be
more than 30 cm long and therefore unpracucel.
Normal coiled inductors hava a 0 which I.dlfectly
proportiOnal to the wi diameler and Ihe equere
root of the Irequency for a given inductance.
ThiSmeans having tewer rume but an unwleldly
larga dlamalar to ecrseve tha necessary 0 . ,

The . olullon la the h.Ucal c ircuit , a kind 01
coaxlll ra.onator with a . plral-fo rmed Inner
conductor (2. 3). Thl. arrlngament r. lult. ln a
d.craaaed propagaUon factor 'or th e circui t,
and ther.by the langth 0' the ).14 or ).:2 IIna
alem.nt, quit. conlld.rably. At th e .am. tlma,
all the advantage. con cerning low 10.... are
r.talned th.reby .ndowlng the h.Ucal tuna<!
circuit With a 0 which II many ' actorl hIgher
than a coli tuna<!circuit 0' .Imllar dlmenllon l .
AI-.o, al Ihown In IIg , 2, the lo. ae. ar. ce o­
.Id.rably low.r w ith a reduction In th a r.
lallonahlp ColO. ,

Helical cirCUits are employed in proprietary
receivers bul elther in an actual or a conceptually
incorrect manner, Conceptually: the Inpul Circuit
was designed lor a high salectlvlty before lhe
IIrsl tranSistor was moslly using a Ihrea-stage
helIcal Iilter With loose coupling to obtain a high
a. and a narrow bandwktth. Because 0, was
nearly a5 high as Q., the Iiller elthlbits a high loll
(8 to 12 dB) and the resulting noise figure was
miserable, as a series ol lests have coo' irmed,
These IIIter8 were therefore removed in order to,..
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bring lhe I'lOlse Ilgure down to an acceptable
value 013 dB normal 'or lhe TranS'S1OfS used

In the pre-.mphl,er 10 be described. trle hehcal

ClfCU'1S are employed Itl QU". a d,lIeren' la,hlOfl
The rahO Q, 'O . ... made amall by USing a large
value lor O~ and lhereby sharply reduc,ng the
losses In other word• . ,he ,eplaclng 01. COli by a
helocal tuned cuCu.T and lu-rang'ng lor the 0 to be
the same, The ,ahO 01 0 ,0 ... more 'Ivourable
The ~t IheI'eby obla.ned ... ceo ­
Slderable and can be teen to the rnults 01
,.b.. 2

The conslf\lC11Ofl and lId~slmenl of heIcaI CIt·

CUltsa'e really "mple and. IIcar. ... laken over the
reia llOnShlp of 'na geomelnc (tImerlsoons not .II
.II compllcaled ThoS... ""'portan, becIIuse the
desH"ed resutts are ()Illy KhIeWI<l when the con ·
.tructlOn .......Iy,~

The author designed the pr.·amplol.... 'or hls
EME 'SlatlOfl The GaAs·fETs MGF 1200 .nd
CFY 13. as wei as the MOSfET BF 981 ar.
employed In CIfCUlIS whICh were COfTlPUled w,th
!he MI of • compuler prog'.Im YU 1 AW
MATCHNET" All theM CI'CUIIS ....... IUpeflOl to
preYlOUlIy published dfllgnI and oonllrmed
the Iheorelocal conIIOefatlOfl. ouU.f18d M'1 lhls
af1lC\e The If'lput Clrcutl 1Oue. were reduced by
AbouIO 1 dB

The author has no w checked over 25 published
destgns w 'Th lh,. program and obla,ned some

VHF COMMUNICAl iON S 4'87

preny Shal191lng resu ll, The ,nput Clrcu,t losses
'ay between 0 2 and 16dB. whICh doe not ,rociUde
add,Tl()I'lallosses caused by ,1d,atlOfl. poor teed ­

,n Of 'ncorrect COd· taPPIng . unsu" able layout.
dra,n-eurrent 100 low. etc Some 01The ••ample.
can be IOUnd In 'able 2 Many o' the pre-amphhe,s
lesled cla'med noose l'90res wheh lay under
lhe IIgure lor the 'ncu1c,rCUII loNes' Th•• shoWs
lhal many deslgners neglect 'he nega'lVe ,no
lluences 01 'he ,nput Clrcu, ' and give ,tie noose
figure 01 ttle pr.·amplrl .... .15 tha t published lor
the 1PflCl1'8d nooM-flgur. lor thII tranSl"or In
dSoala shee'

2.
MOSFET PRE·AMPLIFIER

A111hese hnclongs were apploed to Ihe c:ons,ructoo
ol. p'e-ampllher which would be C&Pllbie ()l ou ,·
performing a_ • • Ist,ng desIgos ,nasmuch me t all

lhe conddoans OUll108d .al'her would be full,'lecl

Only by USII"IQ helical h.ned ClrCU'ts , " IS possoble
10construct a 2 m-band pre-ampllller w,th a I'lOlIe
l.gur. wtlIch onty • •ceed8 lhat 0 ' Ihe tran8lstor
used by 0 1 dB The oonstructlQl'l USIng Itle
MOSFET BF 98 1 (fi g. 4) yl8lds an unloaded a
(0 101abOUt700 and a loaded 0 (0) 01.. S The
,npulloss IS Ihen compuled to btl 0 1 dB

))"t..,,·• 0
' t .. J

•
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Figure , 5 and e 'how lhe arrangement With the
nece. sary dlmen.lOn. given lor two plane. The
.nput and output IIOCkel ut,lise BNC flange reo
ceplacle. soldered directly 10 the metal lace In
lhe helical reeonator enclosure, the tuning ca.
paCitor C.and the antenna COUpling capaCitor C,
are 10 be lound , The ottlef <:ompar1menl contain'
lhe drain luned CIlCUlt SUitably damped by re­
SI.Iance R4 11) in order to reduce Ihe amplill­
cetoe and at lhe same lime to ,mprove the
matching 10 the 1oI1OWtng r_ver, The COIlS
are mounted perpendICularly With respect to
each other In order to reduce lhe posSibility 01
unwanted coupling 10 a minimum

The pre-ampllher IS hoUlled In a container made
Irom 0,5 mmthlck braSlor lXIPP8r (Il g , 7) and the
Input CirCUits separated Irom the oulpu l crrcints by
a metal separallng screen ThiSdIViding wall has
a 3 mm hole, drilled In I' through whiCh the gate 1
lead IIIpalled Allllhown In I lg .8 ,on each lllde 01
Ihlll hole are soldered Chipcapacl lors These are
connec ted 10 the source and gale 2 and also lhe
reSllliors whochse' lhe workIng pom, The supply
Voltage II Introduced by mean. of a soldered'ln
leed-throug h capaotor

The houllng I' Haled wl'h lIOldefed-on lids .
bolh above and below the helical luned clrcu,1
so Ihal lhe amplilier can lunc'lOn In stable con·
d,llonll and not 10 be subJ6C1ed 10 Int8f'lerence
heidI The layout II such Ihal lollIng and sub­
sequen f removal 01 the two covers lhould not
adversely anect Ihe ampli ll8r per10rmaMCe The
adlustmen l 01 thlll pre-am pliher IS qUlle SImple

Flrll l 01 a~ . the drain curren l II determined by
measuring lhe PO acrOSlllhe drain reslSlance RS
II lhe draIn current I' Imaller Ihan 10 mA or
greater than 1SmA, the reSlstance RS musl be
changed accordingly

Following Ihll adjUstment. the pre-ampli1ler III
connecled between anlenna and r_vet and the
'flmmer C, adrusled 10 that IndICated In lable 1
Alternatively. a J.Ultabie fixed capacl lor may be
also aoIdered In and the other lnmmer. tuned lor
maXimum ampli1lcahon uling a low-level Signa!
source

If a noise generalor, noise comparator (4) or
norse test -set (5) III avellable then me opllmum
adjustment lor C, and C. can be qUickly lound
Otherwise an approximallon'll method mUll be
employed ThiS con.llllS 01 IncreaSing the value
01 trimmer C. on 'he peonl 01mllxlmum gain unlll
the oulpul has dropped some 2 103 dB ThIll IS
approximately the lumng lor mInimUm noose
IIgur., vefilled by lhe author on a number 01
exampl"

IIllhould also be mef'ltoonad that It III very Impor ­
tant to amploy only Ihe bet!1-quahly l llmmers w.th
all as lhe d'eleclrlC or perhaPi ceramIC or PTFE

Owing '0 the 1ow·loaded 0 01 the tuned CIrCUlI ,
the bandwidth 01the amplilier III relallvely hoghso
that no retuning ISnec..lary across the whole 01
the two-metre band

WIth R4 llhunted acrcee Ihe oulput. me gain IS
rlKluced 10 some 16 dB II a gain adjus lment III
reqUired thlll resistor may be raise<! to Increase
Ihe ga,n Of C410wered

The only element whose value cannol be oe­
hnately given ISrne source reSlslance R. , Th., hes
between 10 and 50 II accordlrw;J 10 the value 01
,he tranSIstor . 1000 Thill prodUClion spread In

lolerances ISqUite normal lOf FETI

NOIse-hgure measuremenlS earned out on
several selected BF 981 (about 08 dB) showed
lhat the pre-ampl,flet MOIll8 hgurelay only 0 1 dB
above that lor the tranSlS'or elone Thl. venhed
the Iheory and lUsh/led rhe whole eHort All the
expectatIOn' were lully achi&Vedand therelore no
Improvemenls or mod,heahons were necessary
A lew 01lhese empllher, were used lor EME and
MS work and others are In conslan l use wllh
some keen ncce- n x-ee
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3.
A PRE·AMPLIFIER USING
GaAs-FETs

The CIrCUli diagram 01 an MOF 1200 p' e·amph'l&l'
may be Mtlf'Iln I liI . i The Input lllQentl(:al with
thaI In ' '0 4 e. eepl tlUt I I here I'only hvtl lurns
Theoutput ClfCUIt II non· Ieson an.

$e veral other pr. -ampllflers were eq UIpped wllh
one or two-gate OaAs-FETI, the MOF and CFY
eenee and alllO the CF 300 The lal1el was very
hard 10 maleh in the two-melre band bu' was
much eener In the 70 cm and 23 em beroe in this
respect and was very much eaSier '0work with

All a IAs-FET' .r. vir( d ltficull to metch It
low lrequencl. , . nd I,. on ly conditionally
, table at I rl qulnc l. . und er 2 GHz. ceo­
dlll<)Oally stable maans that they can, under
certain Circumstances, start to sell-oscill ate
especially under cono.noee whel e ma.imum gatn
IS being ew ecteo Cond'honally slable pre-

"I
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YU 1AW , ~.-u- ..:..'..:--J$-- "
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Fig 10: ' 1_ ,,1.-. of p'• • mp lt' '', eon . lru<:lotd
Iromllg.lI

Fig. II : PI...."Ie. 01p'••mpllfle r con . ' ruclotd
I.omlig.'
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ampllll8fS afe only slable In a very lImited band
01 Itle Input and oulpu! Impedances and 101' IhlS
reason the peak valuaS IOl' gatn and flOl$8 hgure
are ollen unobtatnable A resistance loading In
the dratn cecou reduces the superfluous ampli ll­
cenoe and brlllQs Ihe FET tn a stable workIng
regiOn, A famte bead slipped O\Ier the drain lead
also helps to tmpfove Ihe stability

The amplll tCatlOn may also be adlushKI in thtl
amplili ef by varying the values 01R4 and C4 The
drain currenl 10 may be adjusted by the preset
potenhometer RVl whtChil mounted outside lhe
ICleaned houSlng ThiS method II convement
and can also be used lor lhe BF 981 p'e-ampllher
described earli8f

The only difference between tha MGF and !he
CFV types (besides the leaclarrangamenl) li the
dratn source voItaga V..' The MGF types require
3 V and the CFV types " V Romust hava II valua
0110 II

The results achieved also contormed very well
With lhe caicuia lions The Input lo85el lay et
aboot 0,15 dB - a IInie htgher Ihan tha BF 981
amplllta, . The reason lor Ihe higher IOSllay tn the
unfavourable Input impedanca ot Iha GaAsFET,
Thts resolled In a htghllf vatue 101' a . so that. lor
a given value at a~. the losses have to be hlQhe'

The Input losses WIth the CF 300 could only be
m,mmlsed to 036 ee and they could be very
much h.gher lithe proper care II nollakan

The lmporlance of lhe Inpul ClrCUlt quailly ISmade
elllden l In lable 2 tl conlalna II compaflson ot II
lew common Input Clrcu,la lutfacled Irom general
Ilt8falure and comple ted wllh II taw propnelary
pre-ampllhera,

3.1. Componenta U sl

C,: 1,5 · 5pF ton mer cao. (Johanson)
Co: 1,5·6 pF ceramiC01' PTFE cap
C3' 2 · 10pFcefamlcorPTFEcap
C 4 25 pF dISkcap
C 5. C 9 1 nF leedthrough cep.. solderable
C 6, C 7, C 8 1 nF disk cap, w,thout COM8C1IOO
RFC ' 12 turns Culwlre, 0 2 mm onR 5
L 1 0 _ 13mm; L _ 18 mm;

Sllvllfed WIre, 2 mm 0
L2 0 _ 6 mm, L _ 15 mm;

n _ 5 Cut Wire, I 50

4.
SUMMARY

Upon the baSIS ot theoretical prooland practical
research , II has been shown Ihat II II laaslble to
employ low-rose t' anS'" 0I'5 more efflCl9nlly In
1ow-1'lOl1e p'e-amplttlllfS HellClll resonalOl'I In·
stead 01normal COIls resutt In II hiOharunloaded a

3.2, E. p lanatlon to T.ble 2

No Typo D(mm) L(mm) n d(mm) Note

, co, 14 "
, , helical COIl wll rlOut ah,ald, helical res. 14 " s a rasonalOl'25 M 25 M 30 mm

3 cer as 127 s t a published In magazlna
4 co, 46 12,7 , 0' published In magazllllI
s same 8S no 1

• same as no 2
7 same as no 3

• "'"
, •• e published In YU·VHF. MagallfwJ,

"'" 7 "
, published In magazine

'0 samaasno 1

" same as no 2
12 "'"

, 127 • published In magazine

'51



(0 _) By ca.eful arrangem8f1t 01 lhe Input CI' CUlt
and the choice O'the t.anSlstOfS, very low values
0 1loaded a (a,) were achl8ved and thel eby very
low Inpu ' matching cucvu losses The lossel
result directl y In a Iow,oolse hgu.e 101 tho pre­
amp illier The above described pre·ampli liers
represen!. In thiS respect. e wOl1hwhlle Improve·
m8f11upoo prevIOUslypub lished deSlgnl

5.
LITERATURE

(1) oee-ee.o.. YU 1 AW
P,e -ampli fler Pros and Cons
VHF COMMUNICATIONS Vol 19 ,
Ed 4 /1 987

VHF COM MUNICATIONS . 87

(2) Grossmann, 0 , OJ. RX
Simple, Com pact PA Stag" lor 2 Met res
VHF COMMUNICATlONS Vol 2,
Ed 1 /1 9 70,P45 · 55 and
ver.a. se 2 / 1970, P 111 ·1 22

(3) xesuer. J., OK 1OF:
Two- Metle Receiver F,ont ·End
VHF COMMUNICATlONS Vol 17.
Ed 4 f 1985,P 2" ·251

(4) Complon ,J R .G 4COM
An Alignmen t Aid torVHF ReceIVers
Racho Com munlC4hon 1976. Ed 1 (January)

(5 ) Qonlus , M

A Hom ... made Automahc NOise Flgu,e
Measuring Syslem
VHF COMMUNICATIONS Vel 15,
Ed 1 /1 983,P 2 · 11and
Ed 2 f 1983 , P66 ·83

VHF COMMUNICATIONS - Selected Articles on a Common Topic

I An!_1 Funda"",,'al l
2 """_I 101 2 m .nd 10 em
3 Ani."..,.... '01 23 em .nd 13 em
4 Mocrow.... ""'1__

!'I ....... teurTelitVlIoon tATVI
6 Ctyt,•• OKoIIalOn Xo. iIIndVXo.
1 liFO.
15 SvnlhnlI8"
9 AFillndAFM_

10 F.equency Count," oInd o.....lde<I
I I NoiM-Ftgu•••rId NoiM·Sp.cI'lIm MU . II' emlln!.
12 SImple TII1I1EQu<pmen!

13 HF PowerMe........m..,lt.
14 ShOITWlI....nd IF C'fCUll'
I!'I M,no AadooOIr«;lIOll Fndeo lor 2 m end 10 em
16 ~illndPY••'"JI"1or2mend1Oem
11 Conve<t_.nd py.·~.lot23emend13 em
18 T,_ve<1er1I end PAl tor 2 m

19 T'."'verleI'I.nd PAl lor 10 em
20 Tr_vener,.nd PAl lor 23 em iIInd 13 em
2 I Co'ClIrtllor9 em .nd 6 em
22 lOG HI TechnologyP." I
23 10 GHI TechnOIoojj~ P. ,12
24 FM Equopmenl lor 3 em.nd 1 !'Iem

Single-theme collection. including binder and postage. only OM 29.50

berichte Terry0 anran Jannsu 14 Postlach 60 0 ·8523 Bala,sdor!
Tel west GermAny 9133 47·0 For aeo-eseotanves sea cover paqe 2

'52



VHF COMMUNICATIONS 4 '87

BRIEFLY
SPEAKING...

AnolMr moclltlcallon 10 1M
YU 3 UUV ptclure m.mory
(VHF COMMS 4.2 + 1 13)

The ,n olullOl'l 01 lI'le PIcture
especially on blac k wtnte anet
wM e black Iranso l lOl'l zones
may be ,mproved by alter,ng
me capac'Iy value ol lhe com­
ponen ' 01'1 pm 6 U 1071 AOC
0804 'rom l 00nF 101 0nF The
reSISIOIS pins 4 - 11 (I l OS}
4007 alSO, are changed 'rom
150 II 10 15 II The rreprove­
mereenr spectacular buIll can
make the cme reoce between
Itfg.ble and IllegIble 'e . ' The
Ieg'bolil y 01 le xt USIng 256
pl oe ll pel' Ii,.,., 'S, In any case.
unU Ils 1ac1ory

Will y va n Or....CM, ON 6 VO

GB2EC
NewPQr1 Amaleur RadIO
So<...,
GB 2 EC" lne cauSlgIlused by
N A R S as pari of our prepa.
,a 'l()I'IS tor lhe Royal Welsh
Nal lOl'lal EiStedl3lod whlch IS
10 be held ,n NewpoI1 from
JOU,July 88 61hAugust 88
CluO membel, ",,111 hold

GB 2 EC 01'1a mQr1lhly rota I,om
October 1967 un l,l the
E,sleddlOd O89'ns In July 88
a toter 01 10 sla t'or'lS GB 2 EC
w.1I be ecnve 01'1 H F and
V HF

The awa'dS 101 work ing our
special evenl C811S19" Will be
popular judg '"g by lhe reo
spoese we had 011 July 1987
""he" we l, rSl pul 11'1. call·

SIgn on the au 10 000 aSl
cards have oeen pr'lltf!'d 101
th ,s purpose

We are OIg8n,s'ng a photo­

graptuc compeh"oll whlch 18

apen 101' every one FOI coe-.
peNIOI'l o.ta~, please ccotect
N A R S VI. 80. 33 N_POI1
Gwenl UK

GW 4 1EO 10' N A ,R,S,

Ce ra mIc reaonalor. for
Mlcrow. ve,

In EI new brOChure Irom
Sl8men, on a double-slOe
pagit , the d,electrlc resonalor
and lhe coa xial t eramlC re­
1Of'I1I10I are Onelly expla'ned
w,' h !he aid 01 two mam
d,agram, A JIlO the varlOU,
Iypes 01'8 tabula led Thele 01'8

doelednc ' eaonalOlI tor be­

1w8el'l 0 95 and 156 GHZ as
""ell as COIIXIllJ ceramIC r.
sonaklll 101' between 900 al'lCl
2400 MHz 11 II wortt'I men­
loQI'IIf'Ig lhal ltle tela!TllC rna­
nalOl' are aya~able ......ttl a
Iempelalure coelfooenl 01 be­
tween 3 ppm K and

"ppm K
Or~ No .: B4-BJ696

MocliflcaUo n 01 Ih. ON 6 VO
and OK 3 VF plClur.llor. fOf
SSTV, FAX.nd WEF Ale

Tt'lIl dnc1",on oS general tm­

provemenl to ,he FAX re­
cepll()l'l which aNows oath S·N
01' N·S poc;:1ure ",lormallOl'110 be
'e~ "'to ltle memory, W'IOe­
pendenlly 01 Heh 0ItleI al'lCl
. Iher 1'I()fma! 01' r_sed
IfT'IoIge FOI l!'llS laohty. tr'Ie

Clrcurl around I 213 and I 2U
(74LSI61) mUSI be mod'lied

(see IIHF COMMS I 83 IIg 14
and 1 86 "9' 4 and 51 Ptn 1
01I 213 and I 214 " COI'Inected
10Ihe • 5 III,.... via a 2 2 II re­
IlIlor The connec tlOl'ls be­
tween pm 1 01 I 213, pm 1 01
I 2 1 ~ a "d PI 20 7 mUSI be
broken A lso Ihe R'ghl/Le"
l!IwllCh lhould be dl!~cormecled

Irom PI 204 (th" coonecnoe

can ' ema,n open) Now make a
new COI'Inect.OI'l ',om prn 1 01
121310 lhe R.ghtteft sw'lch

Willy nn O,Ie.achlt, ON 6 VO
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MATERIAL PRICE LIST OF EQUIPMENT
desc ribe<! In edi tion 41987 ot VHF COMMUNICATIONS

Art.No.OK 2 LT

PCB
Parts

Converting the TElECAR T5 160 Into 8 2 m,
80-Channel Amateur FM Transceiver
OL5NP 001 I double-sided . drilled
OL5NPool I TELECAA·TS

7 ICs. stransetors. 4 diodes.
1 crys tal , 4 coil kits . Wire, 1 core.
1 temte bead . 2 lrimmers. 1 miniature
relay , 2 mlm-cooe-ewtcbes. 1 m ccaoa r
cable AG·174IU, 33 resistors, (0204'),
34 capacitors (diverse types)

6948
6220

Ed.487

OM 31. ­
OM 225.-

Kit Ol5NP 001 1 TElECAR·TS with the mentioned 6221 OM 256.-
parts

Semi.rigid cable 50 II (Suhner SR·3) per em DM 0,50

YU 1 AW 144 MHz lNA using Helical Tuned Clrculls Art .No. Ed. 4/1 987
Kit YU 1AW LNA 144 with following parts :

undulled MS metal stnps 30 mm
Wide, 2 BNC panel sockets. 3 wires .
1 territe bead . 1 Johanson trimmer
0,8' 10 pF , 2 SKY tnmmer. 2 cerami c,
3 chip and 2 teennrc ' caps,
10 resistors, 1lrimmpo tl , 1 5 V
regulal or and 1 BF 981 6031 OM 50.-

as above , but (instead of SF 981)
with 1 GaAs FET 6032 OM 75.-

k 1lW1';·berichle Twy D. B,lIan . JahnSi' 14 . Po,lIaeh 80 . D·8523 Bai..,dorl
Tel. We sl Ger many 9 133 47·0 , For a eoreseruenves see cover page 2
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Solar Power Supply for the Radio Amateur

The enwonmenHnendly energy production by
means or the pnctovottee cell ISalso meanlnglul
lor radiO amateur applications, The operencoer
time ror portable and mobile use IS over­
whelmingly dependent upon the available battery
power and the transmit power,

In order to operate with higher powers, or !or
tonger periods, one is obligated to butler the
cenenee with cost-tree solar energy,The rangeo!
appltcal<on 01 the solar module ISvery large:

For e~ample , a handy solar module can be
taken along with a small battery in a haversack
on a portable expedmen. The solar module
can then be Simplylaid in the sun and used as
a buller lor the transmlltlng session.

When camptng In tents, the module can be
used lor charging batteries lor both reoo and
lighting purposes.

For a real fleid-day, r e. wlthoul portable
generators or provisiOn o! a mains supply.
one. or more. solar module may be utilised
outSIdeOron the tent

The mounting 01 a large solar module on the
rool 01 a caravan oilers advantages lor cara­
van enthusiasts: II can hardly be seen Irom
ground level, It acts as a thermal lnsutator lor
the caravan roo! and also produces energy
Without Il'lCurnng any space penalties

II is Jusl as advantageous to use a large solar
module for a motor car merely by attaching il
to a redundanl luggage rack or Skiearner. The
installation will produce so much power. even
when transmit powers In the KW region are
being used. 'hat there Will slill be enough
power to start the car afterwards!

The mono-crystalline silicon diSCS are embe<kted
in EVA-plastic which allows 'he cell to thermally
e~pand and coneeo. and at the same time to
protect It Irom the Ingress ot water,

The light eensnwe side 01 the cells are covered
With a highly transparent. tempered glass screen
which protects Ihe modules Irom bothmechanical
and meteorological e ~tremes , The back o! the

module comprises a mulll ·layel Coatingot presnc
With an aluminium core and a PVF-plaslIC
coaling , This makes me module both COHOSlon
and water proot

The Irame 01 me module IS made from anti­
cortceen prcored. e~trUded-aluminlum prollle ,
The module is Ihereby ngid. shockproof, UV­
l esistant and distortion free

Ready-Io-us. modules using 17,35 and 50 W
mono-crystaUlne solar c.lls ar. avail abl e
trorn UKW-Technlk,

r_<tal. ......_-
"~ 'O~ ' OK S.. "
A• ...,_

!Ie..."" 3~ "."" H ~ .." " "
V~ (OCl 1U V 11 SV 115V
eu.."",(SC) ,.. '" " .-- 10' !Ie~C-- "'..~ lOU , . ,. 51. , .u,-,
·oo· ,,~ S I "g n "g

A.t1i'1o. UK 3211 3211- DM _ ,- DM IIO,_ OMU I _
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Plastic Binders for
VHF COMMUNICATIONS

• Anlacllve pieenc covered In VHF blue

• Accepts up 10 12 ed,ll(mS (three volumes)

• Allows any required Copy10 be found easily

• Keeps the XYL happy and con ten ted

• Will be sent anywhere 'n the WOfld !or
OM 9 00 Including surface mall

Order your binder Via the national representeuve
Of duactly from the publIshers 01
VHF CO MMUNICATIONS (seebelow)

Reduced Prices fo r VHF COMMUNICATIONS !!!

Subscription 1988
VHF CO MMUNICATIONS 1987
VHF CO MMU NICA TIONS 1986
VHF CO MMU NICA TIONS 1985
VHF CO MMU NICA TIONS 198010 1984
VHF COMMUNICATIONS 1975 to 1979

IndIvidual copies ou l 01elder . Incomplete
volumes. as long as stock las ls :

1/1910.21 1970.211971 .1 /1972.211912.4/1972 .
2/1973,411973, 1/9174, 311974

stesnc binder lor 3 volumes

All prices Incl ud ing lurface malt .

Volume

OM 25.00
OM 24,00
OM 2400
OM 20,00
OM 16,00
OM 12.00

IndivIdual copy

e.ch DM 7.50
each OM 7.00
each OM 7,00
each OM 6,00
each OM 4,50
each OM 3,50

each OM 2.00
each OM 2.00

OM 900

When ord erin g 3 com plele vo lume e• • fr.. bin der I. Included !

r:t::..<:.•,berichte Terry D. Bitten Jatmstr . 14 ' Pcstlach 80 ' 0 -8523 Baiersdort
Tel, West Germa ny 9133 47-0 For Representatives see cover page 2
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Order your free copy

of the complete Index

of VHF COMMUNICA TIONS
(either via the national representative or directl y
from the publlshers )

Complete Index
.ot all volumes from 1970 to 1986

k ~1'd)erichte Te,'Y 0 B'f1an Jahn," 14· Po,f1aeh 80 · 0 -.523 Ba,e,,<Iort
Tel. West Germany 9 133 47·0 For Representatives see cover page 2



You should know
whafs behind our sign

We ere the only European
manufactu re rs of theee

Miniature TCXO's
ceo 10Z, ceo 103,
ceo 104, ceo 152
modalahl. tabl.

tugher ltablll!y !han II
quartz crystal
less than ± 3 ppm ever
the temperature rang e
-30 to +6O"C (types B)
low agemg rete
leu than I ppm per
year
wide frequency range:
10 MHz to 80 MHz
low supply voltage:
+5V ,
low current consumption:
3 rnA max, (senee ceo 102)
smaUcunmes. ceo 104 .. 2,6 cm~. ceo 102/152 .. 3,3em',

ceo 103 .. t Oem'
Widespread applications e 9 88 c hannel elements or refere nce

oacilla!ors m UHr radIOS (450 and 900 MHz range)

Our R + D engmeers ale
constantly workmg With
new technology to
develop new products.
We can offer technical
advice fOI yow new
projects or manufacture
against yow specillcauon

Qllartz crystalllnits lA
th e frequency ra ng e
Irom 800 kH. to 360
M Hz Microprocessor
oseWaton (TCX O's,
VCXO's , OCXO's)
crystal eompone nlS
aceording to cus lomer's
spee1fleatlons

-
...-

ceo •• ceOI" C:CO IM, . , ., • , '-L ~'r---: Ill· 10 Mill to . ..110 ""'11.
olIO .. . to'C ·olIO" ollJ"C 110" ' 1CI"l;

I- --
. .. l.,11 .... 10..... " •• 10."
.,t1lI - . tv ol lJJl - . I V .. U•••av

_lOd.dIDOh.. m-rn"."l>Io 04• .0100Il1o(f__ 1}

-

... Your precise and reliable source
TElX.QUAlU OMllH 0 .uJ4 Neckar bYcbobhellll J

.... I. !on 012 /18'«IL.(I 'hoI•• TN3S0 Iq d Tel.r.. 07.,1411
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