
Volume No. 15 • Autumn . 311983 . OM 6.50

V-MOS FETs
for the 2 m band
can deliver
upto 100W



\Yl[}={][F • •
communications
A Publication for the Radio Amateur
Especially Covering VHF, UHF, and Microwaves

Volume No, 15 Aulumn Ed Ilion 311983

Published by:

Publlshet:

fdllors:

Advertising
manager:

VHF COMMU·
NICATIONS

Ii) Verlag
UKW·BfRICHTE
1983

Verlag UKW ·BERICHH: ,
Terry Bu tan
Jann sttasse 14

D-8523 BAIERSDORF
Fed , Rep , of Germany
Telephones (9 \ 33) 855,856

Terry Bittan . OJ 0 80

T(., ry 0, B ittan. G 3 JVQ I OJ 0 80,
responsib le lo r the text

Ro berl E Lentz, DL 3 INR.
rc spo ns-b te lor the techn ical
contents

Terry 8,l1an

The iruernaucnar eciuon of the
Germa n pubtic anon UKW·
BERICHTE. rs a quarter tv amateur
radio magazine espec ially caler,n ' ­
for Ihe VHFIUHFISHF lechnoloqv.
II ISpublished In S~J(Ing . Summer.
Autumn. and Winter. The 1983 sub­
sell pnon pnce IS OM 22 .00 or national
eq nval ent per year. lndiv.dual
copies are available a t OM 6,50
Or equrvalent, each. Subscriptions.
orders 0 1 Individual copies. our·
chas e of PC·boards and advert ised
spe cial components. ao veruse­
ments and contnbutio ns to the
magazine shoul d be addressee
10the nauonal rcoresentauve

All r ights reser ved Rep rints.
uan slauons. or extracts on ly
With tne w r itt en approval
01 the pub l isher.

Pr inted In Ihe Fed , Rep . o f
Germany by R Reic henbach KG
Krelin gst r , 39 ·8500 Nuernber q .

We would be q rate tu l " vou would
address yo ur o rders a d queues
10 your represen tative.

Representatives

AlJ51r ;l l l :l

Wit. P O & ., 1S0 rOORt, ,.,;. VIC J I. S2 Tel ,? · ~ · B,l S2

Bel gi um
COMEl EC D \:''' !Imu~ R UL1 0·.... JllI '~ . 2­
7000 MONS Tel 0653t 609 7
Sr(H(loOhQusCJ , O r u ::;.~e ls~Sh'(>nwQQ ~ ' 6 8 ·£'218 GEN r
PCR OO()' lO J ·t 2~7 CCP To)1 (0'91,31211 1
O~nmark

Fl.o::>mmmo Pco ersen 0 2 B G l LOGIC (N Slr,n ,\;)S
R, svp.! i 1 OK·7·~OO HERfJlNG .
Fra noe
C,m"'h.~ne Mo(;hel , F !l SM. SM Etectrco -c
2() o.s A..."u€,Ol!!)ClaluOf'ls F·89C>OO AUXERRE
Tel ( f! 6 ~ 4696~9

Fin la nd
Er~". l HoJhcfll t1,,1 SF·J IlOO SOMERO
JCI(>nsL; ~ Hr r(' 6 h ' ! 9 :.?':··H5:?- 11

Holl and
MEe O"," PI" 0 t\ER PO so- ~O C !nd·'! '~."'''hl f 2...\
r L ,g78 0 M BEOUl.! Tel 05900· .1 3~(l

Pcsrovo 3986 t 6J
Israel
Z Po rn{' ! , 1.~ r1 K T PO Bo > 222 K M0 2 KIN 2011,'
T~I 009 72· ...; 7 T-1(}78

l1aly
Fra nc o I' rm enght I,: LCK VI.:) S1900l0:J
1-,:0 137 BOL OGNl t er (05113.15(i 9 7

Lu xernb ou t q
TELEC O Jos r accr . LX 1 DE 5-9 A u.: 0...: ia tor no.oo
ESCH·SUR·ALZETTE T", S375 ?

New Zealan d
E M ZJmm eot mann. 1 L f AGO . PO BOlt 31-;(61
Mil lord. AUCKLAND 9. Pn on e 492-7-1 <1

Norway
" qnmn9 Th('g l .t\ oS YG P OS1OOl-:s 70

jo ·132-1 L YS AKER Posr~WC>~ (V'l 10 :1 16 0 0 09

South Afr ica
SA.Publicatio ns . PO Bo.- 22 32 JOH ANNES ·
BURG 2000 . T E"h~DhO()(' 22-l 4~6

Sp am t POr1uga '
Julio A Pfl(11 0 f~toll ~O EA .f CJ M"'~DFHO · 1 €>

000050 CO"." 5B 5·B T" , 2,13B3 B·'
Swed(!'n
Sven Huoe rm,VIo, . SM 5 0 x postoo .. 2090
5 ,141 02 HUODl f' GE
S~I'le rl3nd

Tor rv BIHan Scnv.'O't" x reote ostan ZURIC ~ I .

KIa 469 253·<11 DSc hKl a ZURI CH BO-;;'18-I9
United Kingd o m
amt»; IN TEA N ATIOPJAL
200. North Service Road
Brentwood Esse. CM," 4SG
T~I 102771230909

USA
Wea!hE'rs.aLlnc VHFCOMMU N1CATIO N:SOep l
7'304:G,~Aa F~EDER !CK .M0 2 1 i"0 1. Tel ( 30 1 ~ 694 S.666



Contents

Harald Braubach , DL 1GBH

V·MOS Transistor
in Power Ampllliers for 144 MHz 130 - 140

Istvan Szabo, op, of HA5KFV:
Sandor Nagy. HA5GH

Input Fillers lor Receive Applications
in the 144 MHz Range 141- 147

Gerd 0110. DC6HL

A Variable Crystal Oscillator (VXO)
with a Pulling Range of Appro~imately

200 kHz at 144 MHz 148 - 152

Michael Martin. OJ 7 VY

Extremely Low-Noise Preamplifiers
require Low-Loss Antenna Cables!

Wldeband Directional Coupler lor
VSWR·Measuremenls on Receiver
Syslems 153 - 162

Gun rner Borcnen . OF 5Fe

A 2 m/70 em SSB Transmitter with
High Spurious Rejection

Part 1 163-170

Hans Joachim Senckel, DF5QZ

A 13 em Fully Tranalstorlzed
Transverter 171 - 181

Gunter Sehwarzbeck . DL 1BU

Anlenna Polarisation
for OSCAR 10 t 82 - 183

Hans -J. Gnem. OJ 1 SL

A Helical Antenna lor the 23 em Band 184 - 190

In the Focus

OSCAR 10 IS tuncuorunq adm irably' OS05
are being made between Europe and Arneri­
ca . Alri ea , Australia . Japan and Asia! To
aSSISI you rn jOining Ihe user family , here are
the trequencies:

U·Transponder:
tnpu t 435025-435.175 MHz
Outpu t 145978-145.828 MHz
Engineering beacon' 145.987MHz
General beacon 145810 MHz

L·Transponder:
Input : 1269.050-1269850 MHz
Ouiput , 436.950-436150 MHz
Engineering beacon 436.020 MHz
General beacon: 436,040 MHz

Abou: antenna porar lsauon lor OSCAR 10
please read pages 182/183 in rtus ecuon.
A suuable transmit antenna for me t -rrans­
ponder is 10 be found on pag es \84 - 189

Early problems with the t-transponoer
(approx 30 dB of sensiti vity were rnissmq')
seem 10be solved . at least 10some extent .
According 10 DL 1au me sensitivity on
1269 MHz is near tne projected value now.
alter switching Ihe antenna retais many
limes by retecornrnand .

Now. how about you'>

Best 73 as 55 de

OL3WR

k~ T.,,,, D. &nan . Jahnslc. 14 Posdach 80 . 0·8523 Ba;."Oorl
Tel. Wesl Germany 9133·855. Fo r Represenlatives see cover page 2

129



VHF CO MMUNICATION S 3I8J

H. Braubaen. DL 1GBH

V-MOS Transistors
in Power Amplifiers for 144 MHz

Several V-MOS power transistors have
become available on the market in the last lew
years. This article Is to describe the dlHeren­
ces and advantages 01 these transistors with
respect to conventional MOS and bipolar tran­
sistors, and is to give information regarding
their applications. Three power amplifier
stages are 10 be described that match one
another. They allow one 10 carry oul one 's
own experimentation and to gain experience
using these components. On being connect­
ed togelher, a three-stage linear amplifier re­
sults thaI will provide an output 0180 10 100 W
at 144 MHz with a drive 01 less than 50 mW. The
article is completed by describing measuring
aids and a harmonic Iilter which is able 10

handle this output power level.

1.
V-MOS, A SHORT INTRODUCTION

In the case 01 conventional MOS-FETs, the cur­
rent /lows horizontally in the substrate . as shown

in the diagram given in Figure 1. The resistance
between source and dram is dependent on the
potenuat anne gale. With a given spacing source
- dra in and a given gale surface . II can only be
reduced to a minimum Ros on, lithe MOS-FET IS

to produce power. it is necessary for Ros on to
only amount to a tew Q . otnerwise, Ihe dissipa­
tion power of Ihe transrstor will be too high . Of
course , (here are convenuonal MOS·FETs
having a low ROS on. however. they require a large
gale surface and therefore exhibit a large gatel
source capacitance. For this reason . such uanst­
siors are only sunabls lor low-frequency aoptica­
hons

In the RF-range. convennonal MOS-FETs can
produce powers of up (0 1W Higher power levels
- up 10 appro ximate ly 120 W at frequenc ies of
up 10approx , 300 MHz - have only become pos­
sible uSing MOS technology since Ihe develop­
ment 01 the V-MOS-FETs. The "V" stands for
thair vertical structure . the currant flows verti­
cally in the substrate. as shown in Figure 2.

Due 10 the v-snucrure, the channel length is only

SoUN:e Gate Source

Source Gate

1
Si02
N·- -I-.-""- .......,....~

P - -----­
Nepl-F=:.....------------\
N·--==- .- ......J

Fig . t :
Cross sectlon through a eonvenllonal MOS -FET
(SILICONI X data book V-MOS Power FETs. 1980)
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approximately 1/3 thai of coovenno nal MOS
structures, which reduces Ihe ON·reslstance 10
approximately one third . Furthermore. IWO cur ­
rent channels are formed. wh ich allows th s ON·
resrsraoce to be halved again . The other drain
structure also allows Ille ON·resi slance to be
reduced so thai considerably higher currents
can flow than in the case 01 a conventional MOS ·
FET for the same input capacnance.

Funher very Important advantages 01 V·MOS
transistors should also be mentioned Dnefly:

• They exhibil a low feedback capacuance
• The intrinsic feedback capacitance is Virtually

stauc in con trast to brpolar trans istors. Which
leads to a very much lower randency 10 para­
metric OSCillation.

• V-MOS transistors have a negative tempera­
lure coenlcient . which means that the drain
current is reduced with increasing tempera­
ture . This ensures thai Ille trans istor cannot
destroy usell .

• V·MOS trans istors exhibi t an extremety hnear
characrer isuc. The requ ired quiescent cur rent
ISSimply aligned by connecllng a DC·voltage.
and a temperature compensat ion IS nOI
required.

2.
BASIC CALCULATIONS IN THE CASE OF
V·MOS POWER AMPLIFIERS

The maornum obta inaote power Ihat can De
achieved wuh a transrstor can be approximated
wilh Ihe aid of equ auon 1.

IUDO - Uos on}2
P '" (1)

2 x RL

One IS now able 10 see the el lect of Ihe transisto r
imp edance A DS " ., which was mscussed 111 sec­
l ion 1. A hIghe r res-stan ce auows tne residual vo t­
raqe U DS o n \0 be high and also only allows a
lower oulpul vouaq e. The maximum ou iput po­
wer P out is moslI y given in Ihe data sneers. The
required load resistance RL at the transisior can
Ihen De catcutatec according 10 equ ation 3 .

( UD O - U DS onJ2
RL = (3)

2 x P",.I
Finally. a tour lh equation is 10 be given Which
allows the poss ible gain (in dB) or a transisto r 10

be catcviareo:

Alter two uan slormation steps one Will obtain

where :
9m Forward slope
Rs Source impedance 01 the inpUi
RL l oad resistance at 'he drain
Roul OulPUI Impedance
Gp Power gain In dB

As IS Shown by equation 4b. the power gam IS
very strongly attecreo by \/R L In the nominator.
which mean s Ihal when RL Inc reases. trus Will
also cause Ihe gain 10 Increase. However. since
RL 15 also prssent m the norrunator of equalion 1.
the max imum output powe r will drop at Ihe same
lime. Trus means Ihat the maximum values 01
gain and OUIPUI power are nOI ach ievable at me
same lime

The residu al VOltage Uos on can be calculated
wilh Ihe aid of equation 2.

Uos on = Ima, )( Ros on (2)

whereby

Uoo
Uos on

Operat ing vouaqe
Drain/source resiouat voltage at lull
drive
Load res istance at the tran sistor

2.1. V·MOS Transistors Used

SILICON IX types DV 2805. DV 28tO, and
DV 2880 have been used. They belong 10 a
series 01 N·channel enhancement FETs thaI
comprise six types : DV 2805. DV 2810. DV 2820.
OV 2840. DV 2880. DV 28 \20. The number "28"
in the desig nation shows a nom inal operannq

13 1
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Flg.3:
Types 01cases 01 tn e V-MOS FETs used
(SlIlconlx)

voltage of 28 v, whereas Ihe last IWO or three
cliglls refer to the maximum output powe r The
deslgnalion "DV" designates lypes lor the VHF
frequency range in th e order of 175 MHz ,

All these tran sistors that exhibit 8 low noise
figure are able 10 handle mismatch conclnons.
do nOI run away Ihermically, and can be desig·
ned to operate with simple bias circuits for class
A. B, or C with a high dynamic range. The ir norru­
nal power gain when connected In a common
source Circuit amounts to 10 dB. They are avail­
able in cases rype "w" and "S " (see FIgure 3);
the higher-powered transistors are available in
cases "W", " U" (as " S", but larger). and "T". The
cheapest and thus most interesting types for
radio amateurs are the uansrstors mounted in a
"W" case.

3,
DESIGN OF THREE AMPLIFIER STAGES

A tew Irnponaruspscmcauons01 me Ihree trans l­
stor Iypes used are given In Table 1.

The requirement was to deSign a power amplifier
1'0111 h an oulput power 01 approxlmatetv tOO Wand
with a dnve power 01 8 maximum 01 100 mW. Of
course, a ga in of 30 dB cannot be obtained in a
single transistor sraqe V-MOS FETs have a typ i.
cal gain of 10 dB per stao e. wh ich means Ihal
Ihree amplilier sraqesare raquued . All three sra­
ges are designed so that they possess an input
and output Impedance 01 50 n. This simpl il ies
alignment and allows each siage to be used indio
vrdually. Spe crat teatures ol rhe c ircuit are now to
be described bristly, beg lnrtlng wilh Ihe output
stage The overall Circuli diagram is given in
Figure 4.

3.1. The 100 W Stage

The transisror Iype DV 2880 is used rn this staqe:
mrs is able 10 provids approximately 100 W PEP
al 145 MHz wllh a gain of to dB at an operat ing

TypeWType S

eha racteristics DV 2805 DV 2810 DV 2880

Absolute limit valu es at 25c C
Gate-sourcevoltage 40V 40V 40V
Drain-source Voltage 80V 80V 80V
Dra in-gate VOltage 80V 80V 80V
Drain cu rrent 05A lA 8A
Dissipanon power at 25cC case lem p tOW 20W 160W

Operating values at Uos = 28 V. f = 175 MHz
Output powr pout SWmin lOW min . 80Wmln.
Drain etnciencv 600/0lyp 60%typ. 65% Iyp.
Slope 9mat 0.5 10 ma. 65mS typ o 130 mS Iyp. 800 mSmin.
lnput capacitance at UGS = 0 V 12pF typ 22 pF typo 2tOpF max .
Output capacitance Cos, at UGS = 0 V II pF typ 21 pF typ , 175pF max .
Feedback capacnance C,ss at UGS = 0 V is pF typ o 3 pF Iyp. 25 pF ma x.
Noise figu re at 0.05 '0 rna, 6.BdB Iyp 6BdB lyP 4.0dBtyp
Transistor impedance ADS on 1 0 10 0.5 0

Table 1: Severallmpor1anl speclficatlons 01 tne \I.MOStransistors used
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P,2Qrnl.' ~700Jll,i Jo',U>i

Flg.4: Overall diagram oltho three amplifier slages lor 144 MHz

DL1GBH
llOO}I'

Hr-'~-----~~--------~7----t~-':>

10 :0·""

This can be calculated according to equation 2
as:

voltage of 30 V In order to catcutare Ihe required
load resistance RL • the following soectnceuons
are required

RDs on

Ima..

UC;J

P our

0,50
SA
30V
100W

Fig. 5: Outpultransformatlon ot rne 100 W staqe

UDSon = 050 x SA = 25V

and according 10 souauon3'

R (30 V - 2.5 V)2 0: 3,28 '~
l = 2 x 100 W '

Trusmeans that tne output impedance must be
transtormed 103,28 0 as load impedance for the
rransrstor, which IS carried out with the aid 01 a
CirCUlI as Shown In Figure 5, Inductance Lp is de­
signed so Ihat It forms a parallel resonant Circuit
log ether with capacitance CDS of lhe transistor
so that II is able to neutralize 'his capacitance.
The load 01 500 present on the ouiput socket is
transformed wllh the aid of Ls. Cs• and Cp 10 an
Impedance of 3280 at the transistor,

The Input matching is made wilh a Similar net­
work (Figure 6). In order 10 avoro oarasmc oscu­
lations, a resistance of between 100and 680 Q IS

connscteo m parallel with lhe mpu t. In the case
of this amp lifier stage, a value of 560 Q has been
found suitable.

~..J

Jrfl P ' 9
~J [P I

1 .L 1
Fig. 6: Input matching of the 100 W staqe

Fig. 7: Operating polnt adiustmenl 01V·MOS FETs
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The quiescent current is determined in a simple
vo llage div ider which can be high-impedance ­
as in Figure 7 - . since a very hig ll In pUI irnpe­
dance ex ists lor DC·voltage For thi s reason.
there is a danger 01 the transistors being destroy­

ed by sianc cha rge. as is rbe case wilh all MOS·
semiconductors. One shou ld therefore l irslly sol­
der in the resistor 10ground betore moun\lng the
transistor.

3.2 . The 10 W Stage

The d river stage mus t prov ide 10 W into 50 (l A
type DV 2810 is used whose load impedance can
De ca tcutarec as lo llows .

UDS on ~ 0.5 (l X 1 A ~ 05 V

R ~ (29 .5 V)2 ~ 43.5 n
L 2 X 10 W

The input and Output matching are realized with
similar networks 10 that or Ihe 100 W stage The
io pu t matching IS somewhat Simpler as can be

seen in the circuit given In Figure 4.

3.3 The 1 W Stage

Since the 10 W stage provided a gain of appro xi­
rn arety 12dB Instead of the assumed 10 dB. the
lirst stage equ ipp ed wilh Ihe V-MOS type
DV 2805 only has to provide an output power 01
approximately 700 mW For this hrst staqe Ihe
follOWin g spec lhca ttons ca n be calculated
according to the previousty me ntioned eou a­
lions :

U DS on = I {} X 0.3 A = 0.3 V

Trnsvouaqe drop can be neglected

(30 V)?
RL = .- - - - = 64 2 n

2 x OJ W

VHF COMM UNICATIONS 3183

ThiS means Ihat the transistor inpul Impedance
of 50 n must De tran sformed to 642 (l al Ihe
trans istor wi th the aid or a marchmq network
Trns is achieved with Ihe circuit glVp.o in
Figure 8 . The input malchin g is made wilh a SI'

mi lar networ k to thai used for Ihe order two

higher-powered stages.

3.4. Special Components

L I: 2 turns of 1 mm dia . si jver-plated copper
wire wound on a 5 mm lormer, pulled OUI 10
a coulenqrh 01 15mm , seu-suppomnp.

L 2' I (urn of 2 mmdia . silver-plated copper wi re
wound on as mm Iorrner, pulled oullO a coil
lenglh 015 mm. setl-supportinq .

L 3' 1.3 turns of 1 mm ora, srlver -ptated copper
wire. wound on as rnrn former.

L 4: 9 turns 01 1 mm dla suver-ptaieo copper
wire wound on a 5 mm former. pulled to a
COil length 01 15mrn. self -supporting

L 5: 4 turns 01 1 mm dla sitver-ptatso copper
wire. 5 mm lormer. 5 mm long . selt ­
supporunq

L 6: 2 turns 01 2 mm era. suver-ptated copper
wire. 5 mm tormsr, 15 mm long . sen­
supporting

L 7 3 turns of 1 mm eta. silver·plated copper
wire . 5 mm former . 7 mm long. sell­
supporting

L 8' 05 turns of 2 mm dla sllver.plated copper
Wile. 15 mm former. sell-supponing

9 pes. mica trimmer capaci tors as shown In

FIgure 4 .

The couplrng capacnors 011.5 nF in rne Input and
driver stage are mica Iypes.

Ce ramic multi-layer capacitors 01 approxuna tely
I nF should be used lo r bypaSSing the drain
voltage: a 10·furn helical tnrnrner porenuorneier
should be used for adjust ing lhe gale bias
·/ollage. The tesothrouqh capacitors should be
for screw lining . and have caoachance values 01

between 1 and 2 nF.

f ig 8:
Output mal ching 01 (he hlgh.lmpedance I W stage
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4.
CONSTRUCTION OF THE AMPLIFIERS

A universal PC-board is provided lor Ihe var ious
arnphner slages (Figure 9). it is 105 mm x 54 mm
and 1$ constructed Irom 1.5 mm Ih ick epoxy
g lass'lbre board
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105

Fig. 9: Single·coated universal board OL , GBH 001

Each board is provided wiil1 a cutout for the rran­
sister SO 'hal 1l1e transistor Itsell can also be
directly screwed to Ihe base plate 01 the case
The components aredirectly soldered to Ihe sur­
lace ol the PC·board .

Each amphher staqe IS mstatled in a cast alum i­
mum case rne cases are prepared as shown in
Figure 10. whereby the two M3 threaded holes In

Ihe narrow side panel ot the case areonly reourr­
ed in 'he case of the ,00 W staoe, and only on the
output side. since an N·conneclor is 10 be used
here lhal has a conventional BNC.t1ange. The
cenuai hole at the bottom 01 the case IS used 10
mount rna transistor: this position IS marked aner
Ihe PC-board has been placed into the case The
other four holes in Ihe base plate are used lor

V-;::::;:====F==::;=======*~---'Q
- I

\
3

-flO -+-
f~'3>3 -

1
0 T o ~~- ,

Fig . 10: Preparation of the cast aluminium case
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Fig . 11:
Consl,ucllon Dr [he
1 Wampllfler

IN CUT

~ UG l • 30V

• LlG 2 • JOV

IN

mounling the heat sinks. which are only used lor
the two hIgher-powered staqes : Ihey are counter­
sunk lor M 2.5 screws These are nOIrequired lor
the 1 W stage. The holes m1helong-side panels
are lor twO leed1hrough capacuors. each . and
inose on the narrow-s ide panel s are lor BNCcon ­
necrors lor single·hole moun ting

It is now possi ble for the ampli fiers 10 De con-

135

Fig . 12:
Construction of the
10 w amplifier

OUT

Fig . 13:
Conslrucllon of th e
100 Wampllf ler

OUT

structed accord ing 10 Figure 11 (1 W sraqe),
Figure 12 (10 W staqe) . or Figure 13 (100 W
staqe) .

Th6 consuuction is commenced with Ihe
resistors. aner which the trans istor is soldered
into place belo ra the inductances and capaci­
tors. A pholograp h of a completed 1 W stage is
given in Figure 14. and Ihe 'wo " hi g her
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Fig. 14: Photograph 0' Ihe author's prototype t Wamplifier

Fig, 15: The 10 Wand the 100 W power arnpnners are mounted lo gelhe, with the bias vollage board
DL 1 GBH 002 onto a com man heal sink
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•
OL 1GBH

OJ 2

•
100

Fig , 16: The single-coated bias board DL 1 GBH 002

powered" stages , ioqeth cr with a small board to
provide Ihe bias voltaqos. ;Hr, shown In Figure
15, The lOa mm ~ 30 mm board DL 1 GBH 002
(Figure 16) accommodates Ihe Iwo spindle trim­
mers, the relay. Ihe zener diod e, the I mF electro­
lytic, and a lew solder points. Figure 17 shows

the com ponem Iocauon plan 01 Ihis PC·board, to­
g'Jlher with the overall consirucuon and inter­
meurate connections. Finally, II should De noted
that rne Iwo lower-power amplifiers are provided
wuh covers, whereas this is nor the case wilh Ihe
100 W amplifier : In Ihe case 01 the latter. Ihe

ShOr l &NC cable

Input

lnpu! singe

·30V

UG1"---++-------~

DL1GBH oo ie

• "YJV/SA
'rompower SlJpp ly

Oulpur st o9P

~ l m rr [ JIi9

Ou1puI IOOIJ

Fig . 17: Mounllng and wir ing 01 all tbree arnpuners \0 form a common lin ear arnphl ler
wllh 37 dB gain and 100 W output power .

t
Shor t BNC cable

t

\38
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J.

Fig. 18 ;
The following swept­
frequency responses can be

seen:
Upper lett: Tendency 10osctt­
tauon due 10exIra coupling;
Upper right : Slighl oscillation
01 Ine arnptltler:
Lower lel1: COnslanl slrong
oscillation :
Lower righl : Correct swept­
Irequency curve

losses due to induced AF-currenls in the cover
are so high Ihat the lull output power could no
longer be achieved,

5.
ALIGNMENT OF THE AMPLIFIERS

Any amateur who has constructed a power
amplitier with an expensive transistor and is
about 10align it, knows the danger of a sudden
setl-destruction 01 the rransisior The actual
danger are parasiuc osc.nauons which cause a
sleep Increase 01 current. The resuhi n9 exeedmq
or the limit values can be avoided by nOI provi­
ding a continuous Signal at one Irequency. bUI

dr iving lhe stage wl\h a swept -trequency Signal
over a wider frequency range . II frequency devia­
lion and speed are large enough. Ihe transistor
will only be in crincal ope ranno condmons for a
very short pence . wh ,ch usually does not
endanger (he translstor, Iendency 10oscutauon
and other inslabililies can easily be seen on the
swepi -lrequencv curve. Figure 18 shows a lew
examples 01 'hiS. It is also favorable to monitor
Ihe Input matching by placing a siandmq-wave
meter (reueciometenbetween generalor and the
amplifier slage to be aligned.

5.1. Adjustment of the Quiescent Currents.

For auqnrn em 01 the quiescent current, each
amplner staqe is terrrunated wilh 50 Q al the in·
put and ourpvt Funhermore. it should be
ensured Ihal the ootenuomerers are placed in
Iheir fUlly ground posmon before connecting lhe
gale bias voltages, This is followed by connecting
the voltages of +30 V (rnax . 5 A) and + 12 V lor
Ihe relay: tne follOWingquiescent currents should
be adjusted

1 W staqe: 10 = 25 rnA
10 W stage: 10 = 100 mA

100 W stage: 10 = 400 mA

The current should increase conunuooslv on in ­
creasing the gale VOltage: any sudden increase
indicates unwanted osc illations. In trus case,
reduce the gale vouaqe and alter the alignmenl
of the capacitors somewhat After this. realign
Ihe qu iescent current

5.2. VHF Alignment

Thi s allqnrneur req uires measuring equ ipme nt
thai shou lc Ge connected as shown in Figure 19
Flrstlyonly conn ect the t W sraqe and align it tor
maximum output power. A smooth, and COOlI­

nuous swepl ·frequency curve should be oo ta-i
en , simila r to Ihat shown In the lower pan 01
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Osciunscnpe

Swapl-l reQuency Ampl.rlc i Ali enualor Measuring y- 10 be alig op.c f--- 30 c:l 6 - -
gane,alor probe

X

I I

Fill . 19: Measullng equlpmenl for alignment:
the attenuator must be able 10handle Ihe lull output power

Figure '8. If Ihe hrst stag e is operaling correc tly,
Ihe \0 W stage is connected 10it and al igned 10a
sirn.Ia r manner 10 that ot rhe , W stage (to which
no further alignmenl should be made) Aller
complet ing the alignment or 'he 2nd stag e. me
100W staqe is connected and al igned In a Similar
manner. Aller thrs. II is possible for correct ions to
be made to all alignment capac itors In order to
obtain me max imum output power log ethe r With
the most favorable trequencv response. The au t­
hor's prototype obtained an ou tput power 01

'00 W wI,h a dnve power 01 20 mW: an outooi
power of 80 W should always be ach ievable

The measured values of me prototype are given
in Table 2 .

In one of the next ed itions or VHF COMMUNI·
CATIONS. we will bringlhe concluding parts,

6 Horne-made measuring aids
7 Harmonic riller

For those requiring more Information on V·MOS
transrsiors. we would like 10 pa in' out that SILl ­
CONIX pubtish a booklet entitled " V-MOS Power­
FET Des ign Cata logue".

P,nfd Bm P,nimW P,/dBm P1/mW P "/dBm P"fW PI" /dBm PlllfW

5 3.2 194 87 350 3 .16 425 17.8
6 4 20 .2 105 36.0 398 43 3 21.4
7 5 2 1 2 132 36 .8 4.79 4/l 3 26.9
8 6.3 22 .1 162 37.6 575 455 35 5
9 79 23.1 204 383 6.76 46.8 47.9

10 100 23.9 245 38 8 7.59 48.1 64 6
11 12.6 24 .8 302 393 851 48 .8 75.9
12 15.9 25 B 380 39 .7 933 49 3 85.1
13 200 26.8 479 40 .0 10 50.0 100

Table 2: Mea sured values ot tn e 1 W sraqe (II . 01 1 Wand 10 W slage (II) . as well as 01 all three sl ages
connected tnqether (III)
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Istvan Szebo, oo. of HA 5 KFV

Sandor Nagy, HA 5 GH

Input Filters For Receive Applications
In The 144 MHz Range

Most act ive VHF amateurs will have not iced
that many non-amateur signals are audible in
the 2 m band. These can be caused by many
things. and can also be generated in the re­
ce iver itself. For example, two or more legal
out-of-band signals can generate In-band
signals within the amateur band due to inter­
modulation in the input stage of the receiver
or preamplifier. These can be mixed with the
"wanted " signals and be demodulated With
them.

A lurther problem can be caused by individual
out-of -band signals from very strong trans­
millers that shift the operating poinl of Ihe
Ilrst stage and thus reduce the sensitivity 01
the receiver (desensltlzatlon). It the strong,
oul-ol-band signal disappears, the (weak)
amateur signal will be audible again. Such
surprising variations are not caused by tro­
pospheric propagation. but by the insufficient
large-signal handling capability of our recei·
ver.

Such Inte rterence ca n be reduced, or even
completely suppressed by using a selective
filter at the input of the receiver that only
allows the required frequency range 10 pass.

A good lil ter will also reduce me sum power 01
ign ition interference aric other man-made noise
(also a form 01 coruarnmanonl ). 01 course. the
rerna-runq rruerterence in the band Will still be
bad enough .and one could assume that this pro­
blem could be solved by simp ly Increasing Ihe
transmit power .n o rder 10 ease reception This
may bring a lem porary irnproverneru. however, II
all other transrnuters operate with higher power.

the same old situauon will prevail. For ims
reason, attempts are bemg mad e rhrouqnout tne
world 10 improve the large-SIgnal capabunres of
receivers. The describ ed bandpass Illler rep re­
sents one of these po ssibitities.

1.
BANDPASS FILTER

As is probably known, lhe losses of a resonant
circui t are dependent on the Q of Ihe inductance
land Ihe capa citance C If the Q or a circuit is
nIgh , Ihis will mean lhal Ihe resonant curve is
sha -p -'- 'IS curve can be made sharper - or its
slope steeper - whe n IwO resonant c ircuns are
coupled roqerher. For Quantitative cetcu.ancns.
which can be made wirh computers nowadays ,
one 'equires values or 0 and degree of coupling .
Cat curatlons need nOI be mad e inclividually sin­
ce the results can be taken Irom well-know n
rabie s and diagrams (1) and (2).

For the design ing process, one requi res Ihe re­

qu ired rreque ncy 'I:s :.>onse wll h auenuation va­
lue s at cenam frequencies to form lhe basis of

the calculat ion (Figure 1). The msertion ross
(loss In Ihe passband range) aD can fluctua te be­
tween 3 rm nirnur»and maximum value Within Ihe
passband range (number 01 maximums corr es­
ponds 10 the num ber 01 coupled ctrcuus). The
corne r frequencies 01 the passband rang e are \0

be cesiqna ted 10 1 and ' D2 ' The attenuat ion a, will
appear at freQuency Ie' , and Ihe anenuauon
should obtain the value ac2 at fa ·
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Fig. 1;

Typical frequency response 01a
bandpass filter together with Its
speciucatlons

2.
4-STAGE FILTER FOR 144 MHz

A 1,IIer is now 10 be descnbed for home-construe­
lion whose spec lt icauon s are gIven In Table 1:

The slo pe steepness of Ihe liller rs dependeru on
Ihe number or reson ant c ircu lis and on lhe
O-'/alu es The sr-ape of Ihe cu rve. mat is lis band­
w ,cJ'h , as well as Ihe valu e or the inseruon loss
Ci't -' be var ied wuh the aid or the degree or coup­
ling II the coupling is fixed . Ihe pa ssband curve
Will beco me wider and th e fluctua t ions of Ihe at­

tenu at ion (ripple) with in the passband range Will
becom e greater. In the case of so-ca lled cnucal
co upling . Ihe relationships are more tavorable.
bUI Ihe ba ndw idth is lower. A loose coupli ng .
fin all y. reSIJ IIS In the lowes t bandw ldl h. but also
!he higt l esl lnSerl ion loss,

In other word s. each fill er dnsrqn requi res corn­
promi ses and Ihe (ask is to ob tain a required
ba nnwi dth With a minim um of insertion loss. and
a t the same time 10 obta in the required auenu a­
lion values for out-ot-nnn o Signals (u ltimate
aue nuanon).
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CElmer trequency:
lnsernon loss'
Lower corner lrequency
Attenuation allpI

Upper corner frequency

Anenuanon at fp2
Lower CUI·olI trequency
Anenuation aIle'
Upper cu t-ott trequency

Attenuation at le2

Table 1: F,ller soecincat ions

' 0 - 145 MH z
ao = 16-IBdB

rD, = 144 MHz

at = 20dB
ID2 = 146 MHz

a2 - 20 dB
tel = 140 MHz

ae, = 36 -40 dB

' 02 = 150 MHz

ae2 - 36- 3B dB
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The hlter comprises capacruvely coupled lC ·
c ircuits. In the case 01 144 MHz. h lgh·a. air­
spaced coils w ith compact dimen sions can be
used . When using suver-ptareo wire and not 100
many turn s. one can ob tain Ovatues 01over 100.
Thi s is. or course. 110 co mparison to the a 01coa­

xial resonators (in Ihe order of a - 1000). bu t the
rnanutacture ;s considerably Simpler. lndu c­
lances 'or 144 MHz can be rnac e trorn 1 mrn d ia .
wire wi th a co il d iam ete r 01 6 to B rnrn.

Air -spaced or PTFE tnrnmers 01B 10 15 pF can be
us ed for luning . however. tnere are some other
solut ions The construct ion or special coup ling
capacitors ISatso to be discu ssed In th is art icle.
since they contnbute 10the tuning elements.

Input and oulPUI are induc tively coupled Since
tney allow simple transtormat lor- Irom 50 n 10the
resonance Impedance 01 the Circuits which are
usually in Ihe ord er of kn. In order 10 achieve the
required Iruely capacitive coupling. it is neces­
sary for the ind ivid ual inductances to be accorn­
modaled in scr eerunq ch ambers.

3.
CONSTRUCTION

The eourvateru d iag ram or Ihe 4-stage filter is
show n in Figu re 2 . The wi re length 01 the inducti­
ve la ps amounts 10 12 to 15 rnrn: they are con-

Fig . 2:
Equllialenl ci rcuit d iagr am 01 a 4-5Ia9 " IIller
with capacit ive coupling

nec ted 10 Ihe coil at 0.25 10075 turns from Ih e
cole: end . Silver -plated copp er wire 01 1 mm ota­
meter should be used . and th is wound around a
6 mm lorrn er,

Sp ecial auern lon an d care was paid 10 the con­
sr-ucnon 01 Ihe coupling cap acitors Cel to Cc J '

The Id ea was tha i Iwo neighbOUring conducti ve
sur laces on a PC· board provided well-rep ro­
du cible cap acita nce values in rne requireo order
of 0 2 to I pF. Figure 3a shows th is ar rang ement
and its equ ivalent circu it d iagram . Figure Jb
allows one to carry OUI one's own designs

Cross secnon

Dtelr·~r; l ru::

Copper

,-- - - Copper

I
I
I

trom aoove

Fig . 3a: s cnernauc arrangement ancl equivalera circuli diagram 01 a coupl ing capacuor
In strtpltne technotoqy,
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Ftg. 3b: Design diagrams tor str ipllne coupling capacnors

Our filler, comprising concentrated Inductanc es
and tr irn-ners. IS compternenteo by d istribuled
capac itances using thIs easy -lo-us e and wide­
spread srripl lne recnnotoqy. These capacuances
are realized on a double-coaled PTFE-glass l iore
PC-board Wilh (he dirnensrons 100 mm x 50 mm
(Figure 4) The arrangement is symmetrical.

Th e ioductances are constructed in a coaxial
manner in chambers made Irom PC-board male­
ria l as shown in Figure 5 All solder [om IS - also
those ot the (WO coaxial connectors (BNC) ­

must be on the inside so Ihal completely RF'l lghl
chambers witnout gaps result having a good
electrical contacr ro Ihe Input and output connec­
tors. II is only the coupling capacitors thai con ­
duct the RF-eurr enl from chamber 10 chamber.
Ironsar air-spaced tr imme rs are used Ihal have
lour connecuons lo r which holes have been pro­
vided on the boa rd .

144

3 .1. Required Malerlal

PC-board HA 5 KFV 001: 100 x 50 mm. con­
structed from double-coaled glasfibre PTFE
rnarenat (£, = 2 2). 1.5mm Ihlck (3M ' 250 GX 15)

The follOWing eight pieces are made from single­
coaled . normal PC-board maten al 01 15 mm
ttuckness:

3 pcs. mterrneorate panels. 47 )( 25 mm
2 pcs side pIeces . 97 x 25 mm
2 pes panels with BNC connector : 50 x 25 mm
1 pc cover 100 x 50 mm

Furthermore one will require .
2 BNC connectors (Radlall R-141S54)
4 air-spaced trimmers
(Tronser 10-1111-20014-000)
4 air-spaced co ils : 7 turns of 1 mm d ia, sllver­
plated copper wire wound on a 6 mm lormer, sell ­
support ing . connected between ground and lhe
Tronser Irrmmer.
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12,S
:>

2.5 25 12,5

"""!- L

100
~f-----------

Flg .4: PTFE PC-board HA 5 KFV 001 lor a a,slage bandpass lilter lor 144 MHz

!-------100-----~-l

Fig . S: Outside and lnterrnedtate panels, as well as lhe COve, lor Ihe 4-stage ttlter
These can be made Irom single-coaled PC·board rnatertal,

-
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Fig , 6: Photograph 01 prototype I itt er, but without cover
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Thin copper foil (approx . 0.1 mrn Ihlck} to solder
Ihe cover 10 the case and as metallic contac t bel ­
ween cover and upper edge or the mrerrned iate
panels. A co mple ted hile r. bu t wunout cover. is
g iven in Figure 6.

4.
ALIGNMENT

Alt hough one can exactl y ca lcu late all values. me
manutaciunnq tolerances of Ihe inductances
and Ihe interaction of resonant circuu and coup­
ling capac itances requires same lo rm of align­
menl. For (his reason. tnrnrners have been pro­
vided as well as several "capacuance Islands"
for rne coupling The less of these "capacuance
islands" that are tocaieo opposite 10each other,
!he looser Will 0(1 me coupling The optimum
alignment of each 4·stage fille r is a rather cornpli­
cared process lor whiCh one requires a swept ­
Irequency system or an RF netwo rk analyzer. and

rots 01pat ience .

The flrsl step IS 10 align all circuus 10Ihe center
Irequency 01 the band (14$.0 MHz) . The coupling
is then Improved m steps oy soldering several
islands together. unlll tne reqUired bandwidth is
ach ieved The Input and output coupling should .
on the omer hand . be as loose as possible, wha t
IS ach ieved by connect ing the lappmg oomrs as
near 10 Ihe cold end as poss ib le Figure 7 shows
the Irequency response of amphtude and Input
rnatctunq alte r alignment

5.
REFERENCES

(I) D G Fink EleClronlC Engineers Handbook.
Me ·Graw Hill Publications, New York

(2} G. Ptuzenrnaier TabeuenbucnT1efpasse
SIEMENS AG. Munchen 197\

New Interdigital Bandpass Filters

~« ·:,::teehnik Terry D. Bittan . Jannstr, 14 . Postlach 80 D-8523 Baiersdorf

4-$lage, sealed bandpass fillers for
1152 MHz, \ 255 MHz, 1266 MHz or 1297 MHz
centre Irequencies.

3 dB banownnh. .. 12 MHz
Passband iosertion loss: . 1.5 dB
Anenuation at ::: 24 MHz: 40 dB
Attenuation at ± 33 MHz: .. 60 dB
Return loss: . 20 dR
Dimen sions (mm) 140 )( 70 :<26

Ideat for mstal tarion between lirSIand second pre­
amplifier or in tront 0 1 the mixer for suppression 01
'mage noise. and interferer:e Irom UHF·TV
transrruners and our-ot-baou Radar Stat ions. Also
very advisable at the output of a Irequency rnuln­
pliel r l' " n, or behind a transmit mixer.

Price: OM 168.-

Please list requred
centre Irequency on
ordering

~l' l West Germany 9133/ 855 . For representatives see cov er pag e 2
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GerdOtto, DC6 HL

A Variable Crystal Oscillator (VXO) with a
Pulling Range of Approximately 200 kHz
at 144 MHz

A variable crystal oscilator (VXO) is 10 be
described that has been especially designed
lor use in conjuncllon wllh the mini-SSe
transceiver lor 144 MHz described by Ihe
same author in (1). This oscillator provides a
very clean signal with a level of approximately
7 dBm. This can be tuned from 135.15 to
135.35 MHz, whlch corresponds to an operat­
ing frequency range of 144.15 to 144.35 MHz
lor the transceiver, in other words for the sse·
range. Details are to be given regarding calcu­
latton of the crystal frequency, which means
that this oscillator can also be designed lor
other frequencies. The dimensions of the
screened module are only 74 mm x 37 mm x
3Q mm. It will be seen that lis lenglh cor­
responds to Ihe width of the transceiver,
whiCh means thaI the oscillator can be locat­
ed adjacent to the crystal filter of the transcei­
ver.

1.
CIRCUIT

Variable crystal oscilla tors are creferabty used
when a retatively narrow frequency range IS10 be
covered continuously - in CDn~ raSI 10 channel
switching with FM transceivers. The frequency
stabllil y corresponds to a value between a con­
ventlcna t crystal osc iuator and thai of a good
VFO (LC·osc·'·alor wuh variable capacuor or dIO­
de luning). Such variable crystal oscittators
(VXOs) have oeen described several lim es In

1<16

VHF COMMUNICATIONS - the last one was a
version wun eighl crystals. whose frequency ran­
ges overlapped (2).

In order to ensure a suHiclenlly Wide pulling ran­
ge, a tundarnantal crvstat is used at one sixtn or
the ourpur frequency The crysta l osc illates 10­
gelher with Ihe dua l-gale FET T 1 (Fig . 1). The
pulling inductance L 1 and Ihe output circuit
compris ing L 2 allow the pulling range and the
maxim um OUIPUI tevel to De adjusted with very
slight interaction. Due 10 Ihe comrot votraqe
generaled across diode 0 1.the oorout vOllage of
T 1 remains virtuall y consta nt over Ihe whole
pulling range.

The push-pull push-oush doubler equipped with
Schottky d iodes D 4 and D 5 is provid ed subse­
quen t to the oscillator and generales a frequency
of 45 MHz. . This is lollowed by a suosequ em
bandpass hiler equipped wilh inductances L 4
and L 5 which is used to filler the 45 MHz Signal.
especially 10 suppress its subnarrnornc
225 MHz. and 10 supply a clean drive signal for
the frequency tripler equipped wuh T 2.

The 135MHz signal gene raled in the tripler is feel
to a rhree-staqe filter and is availabl e at the out­
put at a level or at teast 7 dBm . This power level is
suff icient for driving standard Schottky diode
rnuers such as SAA-l , IE-SOQ. MO·106.

1.1.Selection of the Crystal

In order 10 obtarn Ihe required pulling range of
200 kHz.at the final frequency in Ihe 2 m band. it
IS necessary - as already mentio ned - \0 use a
tuooamemat crystal alone sixlh 01the required
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1
1

I DC6 Hl 012

;:- -

I
....."'~..

/

Fig. 1:Variable crystal oscillator frequency mull iplicalion of slx-tlmes 'he crvstal frequency

frequen cy. Since me pulling range is non -svrn­
rnetric to me nominal frequency (2). tne spec il r­
cal ions of the crystal should oe calculated ac ·
cording 10 the lo llowing equation:

1.2. Special Components

T,' 8F 981 (Philips) . 8F 907 (TI) or simil ar low­
noise DG·MOSFET ,I' a plastic cas e

T 2. BFT 66 (Siemens) or srrmlar fow·noise UHF
transisto r In TO·1Scase

I I: LM 2931 (Nal ional Semiconduclor)

1" lower rreouencv Ilmi l
ful upper nrnn 01me pull ing rang e

Wllh a pull ing range of \3515 to 135.35 MHz . 'a
will be 22 55 MHz . II is sutucrent lor one to order a
tunc arnernat crystal in a HC-43/U (He·18/U) lor
Ihe calculated frequency that is designed for a
caoacuive load of 30 pF

II + 150 kHz

6
lUi - 50 kHz

6

D I: C5V6 zener d iode
o 2. D 3' 86505 B or 505 G
o 4. D 5: HP 2600 (Hewlett Packard) or similar

Schollky diode
D 6: 1 N 4148. 1 N 4151 or similar swilching

diode
L 1 32 turns 0' 0 2 mm dia. enamelled copp er

wire in special co il set, (7V I S) with core
(yellow) . (p reviou sly: blue) .
Glue the windlllg 10Ihe coil former with the
aid of a dual -compon ent gl e without bub­
bles. Manufactu re as shown in Figure 2.

L 2: 13 + 2 + 2 turns .wire and coil set as for L 1
Glue the WIndings into plac e Manufacture
as shown In Figure 3.

L 3' Miniature cnoke 120 pH
L 4: 2 + 6 turns . wire and coil set as for L 1.

Mi,nulacture as shown in Figure 4.
L 5. 8 turns, wire and coil set as for L 1 Connec-

tion diag ram is given in Figure 2.
L 6 - L 8: Ready -wound coi l type 05116.

Crystal see Section 1.1 .
Case : Metal case. 74 mm x 37 mm x 0 mm
Tuning potentiometer: 100 kQ. to-turn helical
potentiometer
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Flg.2:
Connections 01 L 1 and
L S(top}, and winding
diagram 01 L 1 (below) .
Two layers 01 16 tums.
eachl

Flg.3:
Winding and connection diagram 01 L 2

Fig. 4:
Winding and connection
diagram 01 L 4

2.
CONSTRUCTI0 N

All components are accommodated on the
double-coated PC·board DC 6 HL 012 as shown
In Figure 5. This board is 70 mm x 325 mm and
lISground surface is arranged 50 Ihat no RF<:ur·
rerns from suonarmonics can flow 10 lhe output
pins .

The component connections designated wuh
crosses should be soldered on both sides 01 the
board (rhrouqh-contacts)

Inductances L 1. L 2 . L 4. and L 5 are wound
accord ing 10 the above-shown illustrations
(Fig 2-4). It is important that the wmding 01L 1
is earned out in IwOlayers USing0.2 mm enarneu­
ed copper wire. A sinqte-layer wind ing using a
thinner wire would lead 10 100 Iowa wind ing ca ­
pacitance and too tow a Q TransiSlorT 1IS sotde-
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Fig . S:
The double-<:oated PC·board is
10 be so ldered Onbot h Sides 01

the board (lhrough·contacts) at
lhe posillons designated wilh a
cross.
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red onto the PC·board with the marking lacing
towards the board.

Afler completing me PC-board. Ihe outer frame
of lhe metal box ,s soldered around me edge 01
me PC·board , The operannq and luning voltaqes
are led ,n via leedlhrough capacnors (short 'y­
pes) of approxirnarety 1 nF (4 pes ). A Ihin coaxrai
cable (RG-174/U or PTFE-cable) is passed
through a hole In the case and IS direclly solde­
red 10 PI 5 and ground - solder pins are nOI ne­
cessary A photograph of Ihe prototype ISgiven in
Figure 6.

3.
ALIGNMENT

Connect the operatinq vonaqs and the turunq
potenuometer, Check me stabilized voltage of 11

and 0 " 11 should amount 10 105 V

Set the potenuorneter 10 lhe higheslluning volta ­
ge and turn out the core of LIThe oscillator
should commence oscinanon on tuning L 2 This
can be measured with me aid of a (high­
impedance) voltmeter at the cathodes of the Ire
quency doubler diodes: Ihe read ing should
arnoum to 0.3 to 0.35 V.

Inductances L 4 and L 5 should be aligned for
maximum current dram ot the compl ete crrcur t II
should arnoum io 15mA o

Align Inductances L 6. L 7. and L 8 lor maximum
output power : an output power 01approximately
10ciBm snouro be achieved .

Rotate Ihe core of L 1 10, unul me output lrequen­
cy is aligned 10 Iq )( 6 + 50 kHz. The alignmenl
potenuometer 's now tuned to Ihe lowest lunIng
vo/lage. which should result rn fq x 6 - 150 kHz .
1I1he inductance 01L 1 'S increased further by In­
sertinq tne core, trus Will resulun 'he pulling ran­
ge 10become considerably grealer towa rds lower

Fig. 6: Th~ construeuon requires a steady hand . sharp eyes and a soldering rron wllh a narrow tip
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traquencies, However. the Irequency stahl)lly be­
comes less and less determined by tne c rysrat on
increasIng the pulling range For this reason , it
should nOI exceed 200 kHz (-150 10 + 50 kH z
Irom the normnal Irequencv)

4.
MEASURED VALUES

Stabihzed voltage (using 5V stabili zer and zen er
diode 5V6): 11.5 V.
Operating current (according 10 frequency) :
16-18 mA
Frequency range: 135.15 10 135.35 MHz
Output power , ~ 7 dBm (5 mW)
SPUIIOUS reject lon (lui + 22.55 MHz). at leas!
eo dB

All otbers at teasr 80 dB

Harmonic reiecuoo (2nd harmonic) 80 dB
All others . al least 80 dB

Vti F COMMUNICATIONS JI83

Frequency stabili ty for a tempe rature jump lrorn
20 to 50°C : approx 2 kHz .

Note:
As is rhe case of a VFO. this VXO snoutd be
mc un reo In a position in Ihe transceiver or recei ­
ver where the lowest amount of healing occurs
In addition to thrs, ;1 is adv isable lor the metal
case of Ihe oscu taior 10 be surrounded Wilh a
layer of at least 5 mm of styrine foam.

5,
REFERENCES

1) K. Schop l. DB 3 TB .
A VXO ·Local Osciuator for 144 MHz
Transceivers VHF COMMUNICATIONS 14.
Edmon 211982. pages 84-8B

2) B. Neubig. OK 1 AG.
Design 01 Crystal Oscluaror Ctrcuits. Pan 1
VHF COMMUNICATIONS 11. Edilion 3/1979,
pages 174-190

RECEIVER for 136-138 MHz
(Weather-satellite band)

The receiver described by Rudy Tellert,
DC3NT, in 4/1979 and 111980 of VHF

COMMUNICATIONS IS now available in
the form of ready-to-operate modules!

1. RFIIF module DC3NT 003:
complete with spec ial crystal trller.
dernodulaior and fillering . Also

includes monitor amp lifier and sub­
earne r output . DM 395.00

2. Oscillator module DC3NT 004 :
Enclosed In metal case. Includes AFC
and scanning circuit . as well as a
3.5 MHz frequency shif t circuit for
METEOSAT channels 1 and 2 .

DM 168.00

3. VHF COMM. 4n9+1/80 DM 9.00

(I'.fi,qt:,..~ .
,,~ ,~ ue:rn..-lllt; Ter ry D. Bit lan . .Jannstr. 14 . Postfach 80 D-8523 Baiersdorl

Tel. Wesl Germany 9133-855. Fo r Representatives see cover page 2
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Michael Martin , OJ 7 VY

Extremely Low-Noise Preamplifiers require
Low-Loss Antenna Cables!

Wideband Directional Coupler for
VSWR-Measurements on Receiver Systems

Th e use of GaAs-FET technology has brought
a considerable increase in receiver sensllivity
that was thought Impossible several years
ago. Both bipolar transistors and GaAs-FETs
now oller noise figures of less than 1 dB . and
the laller even allow noise figures of less than
0.5 dB to be achieved. This means that system
temperatures 01 50 K 0:. -223°C are now
possible using thls technology. which were
only possible with cooled parametric ampli­
liers in the past. The following article is 10

discuss several special features 01 'he GaAs­
FET preamplifiers without which it is not pos­
sible to obtain the values given In the data
sheets. Furthermore. a wideband directional
coupler is to be described thaI allows VSWR­
measurements 10 be made on the input cir­
cuits ot receivers and preamplif iers in the Ire­
quency range 012 to 1400 MHz.

1.
GENERAL

A typrcal receive system compr ises a receive
antenna. a short piece of feeder cable between
antenna and masthead preamplifier. a second .
longer cabte 10 Ihe actu al recei ver The task of
the antenna IS 10 receiv e as much ene rgy as pos ­
sible This energy should be amplified without
any deterioration up to the demodulatio n level;

trus IS obtained using spe ctal low-no ise pre­
am plif iers at RF-Ievel.

2.
NOISE

2.1. Thermal Noise

The rmal molecule movement causes noise
wh ich len ds to blanket very low receive-signal
levels The natural limit value is given by Ihe
norse 01 rhe input Impedance or Ihe receiver
which amounts 10 290 K at an ambient tempera ­
ture ol l ?OC, This corresponds to a noise power of
- 174 dBm per Hz of bandwidlh . In Ihe case of a
convennonai bandwidth of 2.4 kHz, ttus is equal
to an input noise power of - 140 dBm . co rrespon­
ding \0 an input voltage 01 22 nV Into 50 Q Trus
means that no sign als of less than 22 nV can be
received . even when usmq an ideal noiseless
receiver thai IS conoecteo li sing a lossi ess cabl e
10 Ihe antenn a, II the ca ndwidth is nOI 10 be
decreased ,

2.2 . Signal-Io-Noise Ratio (No ise FIgure NF)

The noise l iyure is used to define the qual ily 01
an amplifier. Till S oe ' inn ron ind ica tes how much
the slqn al-to-no rse rauo at the output 01 the
amptilier has det ello' i31ed with respe ct \0 thai al
rne ,npu t.
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The value a, should be measured with an
accuracy 01 ± O05 dB.

II will be seen thaI the higher Ihe prearnplil ica­
l ion. the less will be the contnbut ion of the se·
cond stage 10(he overall norse lIg ure Fro!

2 .5. Measuring the Noise Figure

The mOSI tavorabte al ignmenl of preamp hlie rs
with a conu nuous no ise ligure measurernent is
poss ible wil h equipment opera1tng according to
the PANFI·pr inc ipl e (PreCISion Automatic Noise
FIgure Ind icator ) by wh ich Ihe Y·taclor of the
ampliller is recatcutated mto noise figure and IS
continuously indIcated (2) The measuung sy.
stem for determining Ihe no ise "gure with the aid
of the V-factor IS shown in Figure 1_

According to equat ion 4 the (ollowing rssons

NF"B = ENR"s - IOlg(Y - 1) (4)

The noise tac tor F IS alwa ys > 1 and ISobtained
acco rcm q 10the lollowing equation:

S,nIN,n
F = ( I)

SoutINo. ,

The norse figu re is given in dB and IS obtain ed
Irom the norse lactor w ith tne aid of logarithms:

NFdB = 1019 F (2)

An ioeat amp hlier would have a noise ligure 01
F = 1 ~ NF ; 0 ClB. and the inpu l siq nal-to-noise
rauo would be pres ent at Ihe outpu t wlthou:
chang e A Hue arnplllie r with a norse ligure of
:I dB will reduce a siqnat-to-norse ralio of 10 dB
comin g from the antenna to a value or 10 - 3 =
7 dB al the outpu t. The larget 01 all ampl ilier
developments IS 10 obtain a no ise Iigure that is
less than I dB. Improvements 'n the order of
0.5 dB ca n resul t in considerable system
«norovernerus in Ihe case of EME·communi·
ca nons where the antenna IS po inreo toward s
cold space (11 . II is po ssible 10 ach ieve no ise ligu·
res 0105 dB usmq the present stare-ot-the -an on
ail amat eur band s between 145 and 1296 MHz_

where

P2
Y = ­P, 10 ~ .

2.3. Cable Noise

2.4. Contribution of the Second Ampl ifier
Stage

Cabtes. atten uarors, input resonant c ircuns . and
all ornar passive lour-poles will caus e noise to
th e value 01 (hell insertion loss NF = a, (dB). A
cav ity filter haVing an Insert ion loss of 0 1 dB will
ceienorare Ihe input nois e ligure by the same
value

ENA = Ex.cessNOise Ratio = NOise power of the
norse ge neralor in dB . Y·laclor : Rallo 01 the ou t­
put norse power of the amplifier with Ihe no rse
generator switched on and ofI.

If an addi tional auenuanon of. lor instance. a, =
14dB must be inserted arterswitch ing . in order 10
obtain the same meter·readlng with a noise ge­
nerator having an ENR of 15 dB. me following will
result hom equauen 4.

NF = 15 - 10 Ig (10
'
.4 - I) = 1.17 dB ,

An a, ·value 01 14.5 dB. on the other hand, would
result In an NF·value of 065 dB . II will be seen
Irom equat ion 4 that any inaccuracy of the ENR ­
calibrat ion of the noise source wil l have an Imme­
diate effect on the rest resul t. A further difft culty
In me case of abso tute measurements is that

cur recei ver
noise ligure

The second ampliher sraqe 01
system Influences Ihe overall
according 10equation 3'

F2 - I
Fto, = F1 ... - -- ... .. +

G,

Noi~&

91!1n.eo l .t101

ENR.1 5006

NF..

,'Ilf=, . Gp
Fig . 1:
Determining the NoIse
Figure "IF tram the
V·'actor
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only very good calibration attenuator s allow a
reprod ucible accuracy of bett er than 0.1 dB.
which is esp eciall y required when low noise
figures are to be mea sured.

3.
CHARACTERISTICS OF ANTENNA
CABLES

All cables between rhe antenn a and the pream­
plifier posses s an insert ion loss that will dereno­
rate the system norse figure by at least the value
of its inserti on loss. This is not only a function of
the cable length . but is also dep end ent on Ihe im­
pedance (Zopr = 7S n lor CATV). and the ierrni­
nating resistance. The insertion loss is a min i-

mum when the impedance 01 the antenna cor­
responds to Ihe impedance Zo or tn e cable. and
trus to the Inpu t impedance Z,n 01 the pre­
amp li fier

II there is a dilierence betw een Zo and Z,n. stan­
dmg waves will be generat ed In the cable thai
cause (12 )( R)-Iosses al the pomts DI maximum
C UI rem. and lead to grea ter c. electric los ses at
the points of maximum volraqe. Cable s having
gas or PTFE rnsulation using thick , polished con­
ductors Will have the lowest losse s. Figure 2

shows a diagra m in which tne loss 01 Ihe most
common cab les is given lor a lenqth of 100 m as a
lunction 01 lrequ ency The dillerenl stope of the
li nes shows the dillerc nt disrnburion between
copper and dielectn c losses.

Fig , 2:
Allenualion ao 01
various coaxial
cables. as well
as a 300 0 twtn
line shown as a
tuncuon 01 tre­
quency for a
cable tenglh of
100m
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Flg.3
Relallonshlp between return loss
a' l VSWR, and rellecllon
taerer Q
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ThIS can be oererrnmeo graphically using
Figure 3.

possibte rn (3) to obtain an approxunat ion 01bOlh
values, however. it was nec essary to reduce the
gain per staqe to approximately 10 dB. wh ich
resulted in the contr ibu tion of Ihe second stage
to amount 10 one nin th 01 the iotat value (see
equanon 3)

Several preamplillers were exam ined wuh the aid
01 a directional coupler b(ldge wun respect 10

the ir mpu t marchmq The following relationsh ip
exisis between VSWR and return loss a,
accordmq to equauon 5:

In the ideal . march ed case , the lollowing will
resuu .Ior instance. WIth two met res ot RG·213 ca­
ble having 8 0 = 0.32 dB at 435 MHz In lront of 8

preamplifier wllh a NF of 1 dB and an rnpul irnpe ­
dance of 50 Q and a VSWR of 1.0' Overall noise
figure NF I01 = 1.0 +- 0.32 -= 1.32dB.

4.
CHARACTERISTICS OF PREAMPLIFIERS

BOlh in the case 01 preamplifiers equ ipped with
bipolar transrsto rs and tnose eqmpped wilh
FETs. there ISa pbysrcally-dependent dtlference
between the ir Input impedance and the genera­
lor Impedance requrrad lor obtaining a minimum
noise figure. Trus is the well-known dil1erence
between power and noise matchinq , II was
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Bipolar amplif iers wilh feedback. exhibited
values In the order of at = 12dB ,;" VSWR = 1.67
with a NF of 1.2 dB. whereas GaAs-FET ampli­
fiers wllh a NF of 0.6 dB exbibneo a-values 01
on ry 2 dB ,Q, VSWR ~ 8.72. In lhe case of spec ial
wideband types VSWR·values of between 17 and
several hundred were exnibited. Especially low­
norse ci rcui ts with no ise ligures of less than
0 5 dB exruoned. some times, neqative inpul
rrnpeoances

II was found in ma ny measurements of the caote
loss es in a measuring system cornpnsinq no ise
generalor - cable to be measured - preamph­
lIer - PANFI thai the determined values dillered
greally from the theorsucal value s (NF'OI ~

NFp,aa + <1<» This IS caused oy tne tactthat res i­
dual reacnve components ot me genera~or Impe ­
dance and the resu lling impedance rran storrna­
lion in Ihe cable can falsily the noise rnarchiop of
the amplifier These values will drtter even more,
the higher the Input VSWR of Ihe preamplifier,
and the longer Ihe «uerconnecuon cable.

5.
EXAMPLES

A few examples are now 10 be given 10 show Ihe
eHecr 01attenuation on the system norse Ilgure.

5.1.1. Preamplilier equipped
wilh bipolar translstor:

NF = 1.2 dB, a, = 12 dB. VSWR = 167 When
USinga 10 m lenglh of AG·213 cable at 435 MHz.
the following Will result Irom Figure 2,
ao ~ 16 dB :
NF\o\ ~ 1.6 + 1 2 ~ 2 8 dB

5.1.2. Same amplifier located close
to t he antenna.

2 m RG-213. ao = 0.32 d8,
NFIOI = 1.2 ... 0.32 = 152 dB

NOTE:
Low-Noise Preamplif iers should always be
mounted In the vicinity olthe antenna]

5.2 .1. Preamplilier w lth GaAs-FET:

NF ~ 06dB
to m RG·213 21o = \6 dB
NFror = 0,6 + 1.6 = 2 2 dB : wha t a waste of a
GaA s-FET !

5.2.2. Same amplilier mounled in the
vicinity ot the antenna:

2 m RG·213. 21 0 ~ 032 dB
NF,Ol = 06 -I- 032 = 092 dB

5.3. Low-Loss Antenna Cable

3/8···Fle xwell cable with mner dia . = 4.2 mm ,
outer dia . ~ 16 mm : 0,13dB/2 mat 435 MHz

5.3.1. Bipolar Amplifier

NF = 1,2dBandVSWR ~ 167
NF,ol ~ 1.2 -I- 0.13 = 1.33 dB

5.3.2. GlIAs-FET

NF ~ 0.5dB and VSWR ~ 872
NFror = 0,6 + 013 = 073d8

6.
IMPROVING THE NOISE FIGURE BY
USING EXTREMELY lOW-LOSS FEEDER
CABLE

TWIO-line "OL" is constructeo trom 25 mm era,
enamelled copper wire with PTFE-spacers at a
spacing of )./2. wire spacing 12.5 mm. Zo ~

298 Q, Velocity Faclor VF = 0.95.

Attenuation at 435 MHz : 3.3 dB/l00 rn,
2 dB/l00 m al 145 MHz .

6.1. Bipolar Amplifier w ith 2 m Tw/n Line

30 = 0.07dB
NFror = 12 -I- 0.07 = 1.27 dB
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6.2. GaAs·FET Preamplifier
with 2 m Twin Line

aD~ 007 dB
NF{D1 ; 06 + 0.07 = 0.67 dB. which correspo nds
10a very low NF deter ioration'

RESULT:
The high·impedance. low-loss tWin line is very
suited 10the hlqh -rmpeuance Input of the GaA s­
FET preamplifier!
NF = 0.6 dB ,;" 43 K noise temperatu re, NF
0.676 ~ 49 K

NOTE:
In order \0 keep the ettects of di1ferlng cable
length In the system no ise figure as low as pos ­
sible, Ihe intermediate cable should be as snort
and as low-loss as oossot e An exact solutio n ;5
only possote by alcgni ng Ihe preamplif ier i '1 con­
Junction wilh Ihe an tenna and int erconoecnnq
cable by inject ing a keyed noise power, usirlg a
second antenna , mto th e rec eive system and
alignmg it for minimum norse figure on th e
PANFI.

smce trus is very exte nsive, and is usually not
possible at most amat eur s' loca tions. it can
usually only be earned OUI in Ihe " laboratory":
The generator Impedance which the antenna
offers to me preamplifier at the end of Ihe reede r
cable must be measured and the amount and
phase must be simulated with 1:1C aid of a stu b­
luner between norse generator and preamp lifi er
during the alignment for rmrurnum noise figure ,

A minimum noise figure auqnrneru made in the
iaboratorv In conjunction with a no ise gen erator
Impedance 01500 Q ±0 5 o ~ a, ~ 40 dB IS only
reproduclble In practice if the antenna exrubits
me same -mpecance'

Amateur antennas. on the orner nand. some­
limes have a, values between 10 and 20 dB,
which means Ihal the results remain somewhat
uncertain.
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7.
MEASUREMENT OF THE INPUT
MATCHING WITH THE AID OF A
DIRECTIONAL COUPLER BRIDGE

Since p rearnphtier and receiver InPUt Circuits are
usually overloaded whe n using a power 010 dBm
~ , mW, il is not possible 10 us e conventiona l
VSWR-meters du e 10their insensitivuy,

Wit h the aid of the measuring system shown In
FIgure 4, it is possible for the a-vatue to be de ­
ter rnined rel rabt v at levels of less than - 40 dB m ,
A genera tor feeds a level 01 approx. - 40 dBm al
me requ ired measuring freque ncy to the brid ge
c rrcuit. The power present at lhe input of the test
object corresponds 10 the Injected power min us
6 dB. A 50 n rermlnauno resistor wi th Ihe bes t
pos sib le " l atch ing is co nnec ted 10Ihe reference
port to whi ch the lest object is compared . The
rece iver is now con nected v ia a cal ibrated
auenuaror wi tn tne o utput of tne ondqe Aller dis­
connect inq Ihe test object. [he receiver is adju sl'
eo 10a cerram S·m erer reading corr esponding to

- 4 ~8

-<.Od8 11' .. i rn'':

Fig .4 :
Measuring system lo r determining Ihe return
loss 01 preamplillers



VHF COMMUNICATIONS Ji83

approx imately 60 dB with the ala ot lhe calibrated
auenuator If an identical rerrrunannq resistor IS

now connected to Ihe test object port , the reouc­
non 01 the s -rnerer reaaing corresponos to the
directional response of the budge Trus should
De grealer than 30 dB. If possible. when low
VSWR-values are to be measured. After connec­
tlng the iest object. the reouct ion of the s-rnsier
reading is oirecuy proportional to me a,-value In
dB. il the S·meter IS also cahorared in dB. With
the aid of the calibrated auenuator, a suosuun ton
measurement can be carried out by measuring
th is ausnuarlco and reading it 011 On the
auenoator.

II IS Ihen possible with the aid of equation 5 or
Figure 3 to deterrnine the VSWR . In order to be
able to establish the overall system norse figure
when using dillering preamphtrsrs and cables, il
IS necessary for the mput reuecnon values to be
obtamso from lhe manufacturer of the preampli­
liers. A detailed description of further measure­
ments that can be carried out with the aid of the
bndge are 10 be found In (4)

8.
CONSTRUCTION

The elireClional coupler bUdge can be accommo­
dated on the couote-coatec PC·board DJ 7VY
006 and enclosed. as shown 10 Figure 5. in a
metal box navinq the dimensions 35 mm x
110 mm . The main dlfflcully ol ttus design IS10 be
seen In 'he consrrucnon of the extremely wide­
band balun Iransformer which IS similar to a
cescnouon pubtisbed by HP In (5)

The case is flrslly provided with the four connec­
tors. aher their center conoucrors nave been
shortened down 10 approximately 2 mm. Alter

cutting Ihe board at rhe dashed line , CUI-outs
Should be provided on the PC-board 10 tn rhe pro­
truding parts of the connectors and for Ihe resi·
stors caunon snouto be paid that not lao much
rnaiertat is removed ! The PC·board should Iii in
as well as possible mto the tOP ana oouorn of Ihe
case!

35 - - ------j

OJ 7 VY

1006

R M 0
-s

Flg .5:
The double-coaled directional coupler board
OJ7VY 006 is mane lrom 1.5mm "lick epoxy
glassfibre malerial G 10

OJ 7 VV
0060

r--~?---../

OJ7VY
006 b

/

/

BNC

Flg .6:
Partial PC-board OJ 7VY 006b must be rotaten
by 180· and soldered InlO place
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The (WQ parrs of the board are nowsoldered 101 0

place as shown in Figure 6 by firstly soldering
the str ipline con nections alter wh Ich Ihe ground
su rface is soldered The four 10,.0 resistors th ai

lorrn rne rnp u t res istors are now soldered in to

place at Ihe tocauon ol the cutout , and an appro­
xirnatetv 90 mrn length of SM 50 PTFE cabl e is
soldered 10 Ihe ou tpu t stripune. Place as many
terrue beads onto the cable unl it approximal ely
7 01 01 spacing remain s 10 the balan ced center

VHF COMMUNICATIONS J/83

point. The inner conductor 01 Ihe cable IS con­
nected 10 the reference striphne, and the outer
conoucror IS coonecieo 10 Ihe measunng pori
stripnne, A copper wire 01 0.8 0101 crarneier IS also
provided wilh terrue beads and is soldered lnto
place between ground and Ihe reference line.
The territe beads should be glued as shown in
Ih e prototype, uSing a normal adhesive so that
Ihe last 7 rnrn rem ain free. trnoor taru - The balun
should run as horizontal as POSSible to tne

t60

Fig. 7:
Photograph ot the
aurhors prototype,
seen as Fig . 6

Fig. 6;
Pholograph or the
author 's prototype
Irom Ihe other sIde
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balanced point 01th e bridge ' This IS shown more
clearly Ihan in the lexl in the photographs 01 the
aut hor s pro totype Figures 7 and B show that
two pieces 01 51 Ii res istors have been iostalled
instead of the lou r piece s of 100 Ii

W irh a clean. balanced construction. me crre cu­
vlty or rhe bridge wi ll be g realer than 30 dB! The
valu es 01 the author's prototype are given m
Figure 9. II is possible 10 construct one's own
terrn inat inq resistors instead of Ihe very expen­
sive prec ision termrnaling resisto rs described
(see Figu re 10) Two Wo-res istors 01100 Q , each ,
can be soldered onto a flange connector alter
filing down lhe center pin 10 lhe same height as
Ihe outer collar, These terrrunatinq resistors exru­
bueo a return loss In the order of 30 dB even at
1296 MHz . This IS greatly suitable lor amateur
measurements, since Ihe rest objects 10 be rnsa­
sured will never be better than 1 2 .;0 a, = 20 dB

Since Ihe price of such hom e-rnaoe terrnmatinq
resi stors IS low. it IS recommended Ihal identical
60 o (2 x \20 illl%) and also 75 Ii (2 x
150 011%) ivpes are constructed so tna t u is pos­
Sible 10 measu re VSWA·values al other impe­
dances.

CAUTION:
The input coupling resistors Will not handle mo re
than 0.1 W. In the c ase of the author 's pro totype.
the towest directivity values arnount to:
2 MHz.' -22 dB, 4 MH z. -30 dB . 10 MHz :
-36 ea.1400 MHz.: - 36 dB . Th e lower cuion rre­
quency 01 Ihe bridge can be reduced down 10

below 1 MHz. by using a long er case and thus a
longer balun

9,
COMPONENTS

1 metal case
2 BNC flange connectors
2 N Ilange connectors
2 N flange connectors lor terrninaunq resistors
1 PC·board OJ 7 VY 006
8 resistors 100 illl0f0
28 lerrite beads
approx. 20 em 50 Q ieuon cable SM 50 or semi'
rigid copper cable

Fig . 9:
Dlrecllvlly 01 th e
dl rec llonal coupler bridge
constructed as Fi g . 6 w ith
(Wo prec ision termina ­
lions manu factured
by HP. Measured between
oand I GHz
(H: 100MHzfT:
V: 10dB/l)

2 MHz : -22 dB
4 MHz : - 30 dB

10MHz: - 36dB
\400 MHz : - 36 dB
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FIg . 10:
Photograph ot a nerne-made termination uSIng
an N.llange connecter and two 100 U resisters
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Gunther Borchert. OF5 Fe

A 2 m/70 em SSB Transmitter with
High Spurious Rejection

Part I

Recently, various pubtrcations have been
brought giving circuit descriptions for high­
quality receiver Input circuits. IF-amplifiers.
and oscillators. This means thai rece ive tech­
nology is now at a very high level. This article
is to give a recommendation lor a combined
transmit system for 2 m and 70 em, which is
based on an intermediate frequency of 9 MHz.
However, other Intermediate frequencies lire
possible. It is only necessary to modify the
frequency plan.

During conception of Ihe individual modules,
speclat attentton has been paid that they are
modular and that they can be used for other
applications. It may seem that the modular
construction is rather complex, however. il
will Increase reproducibility and simplify
alignment.

1.
CONCEPT

The developmenl target was to obta in a 2 m and
70 em transmit signal Irom an SSB IF-signal at

9 MHz wilh lhe aid of the lowes! number of mixer
stages and mdrviduat trequencies. The con side­
rations that leo to trus concept can best be seen
with the aid 01 a frequency scale :

As can be seen in Figure 1, the mixing of
135 MHz and 9 MHz 1'0'111 not only generate the reo
qurred 1'14 MHz. but will also generate the image
frequency 01 126 MHz Trus shows that Ihe 2 m
Signal can be generaled easilv iI the 126 MHz.
signal ISsuppressed.

A lew problems exist In the case of the 70 em A
direct conversion Irom 9 MHz IS nOI possible
since the required banowidtn should cover the
whole amateur band of 10 MHz. which means
that the local oscillator would 10111 In the requrreo
range at me band limits . A fUll her procassmq oj
the 2 m signal is very untavorabte, since Ihe Ir.lrd
harmonic will also fall In Ihe required range. The
generallon 01 this harmonic IS inavoioable since
a conversion can only occu r In coniunction with
non-ltneannas . and these will also generale har­
monies

A solut ion can be iouno here In several ways
One can , for instance. Irrstty convert the 2 m

70 emBand

_-"IT~: _~_
I
l SOO t IMHz!

..----- 435. 1
<.J1MHl Jed hamonl' o'

tn 2m " gnal,
IS no lon'l"" ~'s<'nt

In The ~ec t rum

J l1J I
oI YJO ) I ~ ZOO i zoo

9 M~ 1 11711' / " 145 z
SSB - IF I. - I ;. t of:, l O4MHI J78MHI

1J5 nHz 2M LO tC)' ll cm 3rd harmct'lfC

OF SFe vfo opercnco ot 116 MHz

Fig , 1, Indivlduallrequencies appearing in (he frequency plan
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A\ Fig. 2:
Block olagram 01 the
concept

? - m - P~;.:..:. ·~t.. 5 M-t.:

SCmW

l - ", - ' l1ttr

i:n :: J. htw12'6 · I28 Vt1:

lL 5 / 111 -MHl

M Il~r

r--- - -, l..:, .::. . i.:.6..~.. r-- -----,

DF5FC

JOi. - l~ M~z

DF5FC J/()01.

signal to a further frequency, after whIch u rs con­
verted lunher This. on Ihe other hand results in
Iurther conversion products (and co rresponding.
ly more lines on the trequency ax is shown in
Figure 1).

Thes e frequencies can now form turtner unwant­
ed corwers.on p roducts and ha rmonics in con­
junctlon w ilh further ncn-hnearuias The nec es­
sary arnoum ot Iinermq can the n become exces­
sive, since thes e unwanted produc ts can Deaoja ­
cent 10 the requu ed treouencv, wh ich means rna:
Ihe filters mUSI be very sleep.

AS previou sly rnenuon ed. the output Signa l 01 a
mixer conta ins nOI only rhe sum signal osc + l in.
ou t also Ihe dillerence signal fose - fin' The reo
sult in g image rreouencv 01 126 to 128 MHz can
De us ed successfully lo r a further proc essing to
the 70 cm band . The tnird harrnornc of th is signal
is near ly 50 MH z trom Ihe required 70 cm band
(see Figure 1) and can De suppressed eaSily A
Simi lar con cept has already been des cr ibed by
DL8ZX In (1).

important as Ihe increase of tne spunous signal
rejection II can be overcome Dyorganizing a cor­
responding con necuon 01 the Sideband crystals
toge ther With the amateur band selecuon A lre ­
qu ency conce pt resuueo Irom Ihese considera ­
nons tha t can be best descnbed wl\h the aid 01a
bluck rnaqrarn.

As ca n be seen In Figure 2, the VFO·signal IS

mixed witn the 9 MH z sse signal in the IIrsl
m ixer. which resuus III trequenc res 0 1 t45 MH z
and 126 MHz . The 2 m signal IS now carefully IiI·
tered and a"Tlp lifred so Ihal an oulpul power of
approx imately 50 mW IS availa ble alter Ih E> selec­
tive amplifier (or furthe r processing

The 126 10 t26 MHz signal IS led to a second
mixer whe re it IS mix ed With 304 - 312 MH z to
form me required Irequency 01 430 to 440 MH z
Approximately 50 mW IS also available at the out ­
pUI ot Ihe mixer module.

A aisadvantage of rrus mel hod rs Ihal an inve r­
sion 01 ne mooutation sloeoand 01 Ihe SSB
signal lakes place during the d ifference conver­
sion . Trus means tha t all USB·signal Will bec om e
LSB and v ice versa. Trus Cl lsadv anlage is not so

1601

The second local oscillator frequency 1$ general·
ed In a s-sraqe c rystal osc illator and mutnptlec .
The oscdtator and rhe frequency mumpner are
constructed in a complex manner. srnce the
Signals are also to be used lor receive applica­
tlo ns
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2.
TECHNOLOGY

2 .1.
SELECTION OF THE MIXER

Schouky diode ring mixers are used in both
mixer sraoes. since they are balanced and thus
suppress bOlh input Irequencies The use 01 a
high·level mixer, Iype SRA-tH . is not absolutely
necessary. however, Ihe less expensive IE-SOD or
SRA-t have a considerably poorer lnlermodula ­
tion behaviour.

The typical imermoo utauoo behaviour 01 diode
ring mixers can be seen in (he data sneers , II IS

shown that an mtarrnodutauon rejecuon 1M3 of
50 dB resuus at an RF-Ievel of 2 x -10 dBm ~

2 x 01 mW. In the case ot the SRA·tH, or aopro­
ximalely 45 dB at an RF·level 01 2 x 0 dBm .:.
2 x 1 mW In companson 10 'his, only an interrno­
dulanon rejec tion 01 approxrmarety 20 dB (!!) IS

obta ined Irom the SRA-1 at 2 x 0 dBm RF·level :
the SRA·1 IS very Similar (0 Ihe IE·SOO with
respect 10 irs consnucnon and level values. A
rsducnon ot rne RF-Ievelto 2 x -10 dBm impro­
ves the rejecllon to 45 dB These measureo
values shOw thai the SAA-1H does not react as
Critically to overload as Ihe less expensive
mixers. Tlus is only valid wun the oscinator
powers given In the data sneers :

SRA·tH
SRA·t

+ 17dBm .:. 50 mW:
+ 7dBm ~ SmW

2.2.
SUITABLE FILTERS

He lic rat trlters were used exclusivety 10obtain the
main selecuvuy in lrus design. They were select­
ed because lhey can be calculated very easuy
and are reproducible during construct ion The
expense may seem high. but the results are ex­
cenent. The most rmponant calculat ion tunda­
menials for helical hlte rs are 10 be mernioned
brielly.

Heli cal 11l1ers are bandpass fillers. The band­
wiOlh and slope 01such /olters is not only depen­
dent on the coupling bel ween Ihe two c ircuits bUI
also on Ihe 0 of the ind ividual cir cuits Normal in­
ductaoces have non-load Os 01 up 10approxirna­
tely 200, and this IS reduced considerably on
load. A high 0 is required for high selecnvity, In
the frequency range 01 interest any coax ial sy.
sterns can be used . however. a normal ).(4 lenqth
would be 100 long _For this reason. one combines
inductance and resonator by replacing Ihe inner
conduc tor of Ihe coaxial circuu with a helical in­
duc tance II is poss ible in Ih ,s manner, 10obtain

non-load Ovaiues of more than 1000 These cir­
cuits can euher be tuned wilh the aid 01a capaci­
lor whIch IS buill into the chamber. or by a metal
pla te which willbe brouqhr mto Ihe vicmity ot the
hOi end of Ihe COIL Du e to Ihe Iield drstnbut iou
nusaCls as a capacllor. .

•

Furthermore, il is necessary lo r all ports 01 the
mixers to be terminated with 50 n. othe rwise
dilterenl values Will result. Trus 50 n match ing
must be given lor all poss role frequencies in
order to obtam a good interrnodulanon be­
navrour, which W8S discussed In delall by
OJ 7 VY in several anicles (2. 3) Since Ihe incivi­
dual frequencies appear discretely In tne case of
a iransrnnter. (f,,, . "0' etc.), and not as a virtually
continuous spect rum as given in the case of a
receive rmxer, II is not necessary to provioe wide ­
band matching. and rrus IS specially valid when
lhe osciuators possess a low-norse. narrow-band
spectrum.

Flg.3:
Construction of an individual helical Circuit
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In our case, Ihe circuits were tuned witn capaci­
tors , and rnese were special spindle trimmers In

order 10 obtain a higher reproducibility. The
spindle trimmers are nOI mounted on rne lrorn 01
the chamber, out m one of Ihe side surfaces.
which results in mechanical simphtications. The
ettect of this capacitor is taken into consideration
during the design ol tne tiller by deleting several
turns from the calculated number (this must be
determined experimentally in the case 01 home­
made hlters) Actuauv, such a filter should have a
round case. however, square types are Simpler
and do not have any disadvantages. Figure 3
shows a drawing ot such a Single-hiler chamber

Q with
The follOWing IS valid S =~

24 r fo
' 0 = resonant frequency in MHz
Q = Q 01the Inductance
H = t6 S

~OOO
The number ot turns IS found as N =---

fo ><S/cm
The length of the ioouctance should amount to S.
me coil oiarnerer d = 0.66 S. and the wire dia­
meier D = S/2N. This results m the lollowing lor
such an inductance'

In the case of 145 MHz as center Irequsncv, one
Will otnam Ihe design shown in Figure 4 wilh the
followmg specifications
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ei ther
esc coup ling 81
(he no! endusmg
awne or metal smo

0'
Inductive couPlIng
al ine cold end W ltrl

Ihe aid 01a slot
Cover (he unused
cutout!

,
r - S - - ,

Flg .4 :
A Iwo·stage nencat turer wilh two lypes of coupling

MHz tor Ihe second local oscillator, and in Ihe 70
em stages. the tillers are coupled by radiation,
This allows a higher bandwidth. For Ihis reason.
only 2-sl8ge fillers are used lor the \0 MHz band­
width nuers . Three-stage filters can only be
tuned With considerable ertort .

An example for me selectivity characterist ics of
these filters can be seen In the case of lhe 2 m
mixer. A total 01 two three-siaqe ulrers are used
here Aher a careful alignmem 10 obtain a flat
passband curve. one will obtain a stopband atte·
nuation in the order of 70 dB. 8 MHz from Ihe I.e·
quired band.

H
S
d
D
N

36mm
20mm
13mm
1mm

6lums

2.3.
AMPLIFIERS

II should be taken into consrderation thai the
length 01the resonator and Ihe spacing from Ihe
case are given

The other bandpass fillers are combined trom
these resonators: neighbouring inductances
should have an opposite direction of turns The
spacing between the induclances amounts to S
In the case of the 2 MHz tllter. the coupling is
made capacitively Wllh the aid of a coupling wile
which protrudes from one chamber in lo the other.
In the case of Ihe filter with a bandwidth of to
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Eilher FETs In a comrnon-qaie circui t or arnpti­
tiers such as described by DJ7VY in (4) are used
in all modules, Both types have been touno to
work. WithOut problems and only show a very low
tendency to instaolurv

In the case of the FETs. il has been lound that
types P 8000, P 8002. and 2 N 4656 A are equally
SUitable. however, lhe IIrSl two types are more
tavoraote tor power appncations since they can
be cooled more easily.
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Fig . 5: Circuli diagram 01 the rnlxer from 9 MHz and 135 MHz 10 144 MHz or '26 MHz. respectively. lor 70 cm
transmuters

3.
CIRCUIT DESCRIPTION

3.1.
MIXER 145/126 MHz

The firs' mixer stage. wh ich is shown in Figure 5.
is wrdeband at the Inputs Tn is means. II IS
simple to change it to other frequency plans. The
auenuators are 10 match Ihe Input level 10Ihal re­
quired by the rmxer and 10 dampen th e ripple 01
the 50 Q rnatchmq Auenuauoo values are select­
ed so mat an osc illator power 01 .. 17 dBm ( + 7

dBm) results and an IF·power of - 10dBm (value
In pa rarue sis for IE·SOOor SRA·l)

The ou tpu t of Ihe mi xer mu st now be rerrrunat ed
wilh approx lrna te ly 50 Q for all l requencle s p re­
sent , In orde r to Obtain the required irue rrnod ula ­

1i01l reiection. furthermore, Ihe two freq uenci es
must have equal prionty for the output coupling.

Th e rnaicbinq is made with (he aid 01FET· stages
In a common-gale circuii . In order (0 coup le out
two frequenc ies In parallel . lhe mixer IS louoweo
by two FETs wuh a drain Circuit. each . lo r the re­
qu ired out put frequency The curren t IS sel wuh
lhe aid of a common source res istor so tha i the
mixer is provided with approximately 50 Q . If the
IwOFETs have approximately the sam e cnaracte­
risnc s, the current Will be oivrded approximately
equa lly betw een (hem A ma tching measure-

I

i
Scr..... o ImermediQte paoo I

':'llgn Rx to lo = 30mA
.\lIgn Ry to 10 : /.0 mA

T207.
P800D

H tn
4n7 Pt20 3 1SH [
~ '4~HH z out

""-----J"""'--.......\ L20S1 20 - S0 mw

OOS
.-ZOpF

Ry

I OiJ1
. 15VJ 1~ ~ ~H z

'-------'-,-,-,CTT'--~l_--<J PI 202

f201 H In , n7
2N4856AIn
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L201 lZ02 l 203

C201 (20 2 U~ 3

Tu bular t rllnmer 0.5 · 6pF

~", ( ul ­
tll'or

OF 5 FC
002

Fig . 6: sereen ve mixer-amplll ler lor '44 MHl with a maximum output 01 ~ 23 dBm
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ment earned out wu n a network analyzer tro rn
HP showed mat the resistor value onhe inpu t lrn­
pedance 01Ihe FET-circuil var ied between 40 n
and 60 O. all hough me c urrents were nOI opu­
mized . and me FETs were not selected. For both
resonant frequencies. the reuecuon tacior of the
stage was in Ihe order 010.1. which rneant tnar rne
impedance values were considered 10 be pe r­
rnissible. and no turther rnatchinq was made ,

The ouiput coupling staqes are tollowed by heli ­
cal fillers, which are used lor me main selecuvuy.
a ibree-staq e filler IS used for 2 m, and a two­
staqe filler for 126 MHz Th ey are calculated ac ­
cording 10 Ihe already described cntena . Th e
sub sequent FET-amplif ie rs are construcreo as
usual.

3.2.
ACTIVE FILTER FOR 2 m

The select ivity 01 a Ihree-stag e filter lor 144· t46
MHz was not found \0 be saustacrorv in our mea­
surernerus . For rrus reason, a tun ner module

VHF COMMU (CATIONS 3163

(DF5FC 002 , Figure 6) and rderulcauy con struct­
ed filler wuh tWO furl her FET-amplifier was pro­
vided By correct selec tion of the mOSIfavorab le
output coupling of the inoucranc es in the drain
cucu u or me stages [must be made expe rirnen ­
lally) , It ISpossible 10obtain an overall gain of the
module 01 app roximately 20 dB . II Ihe operating
voltage IS increased 10 24 V. it is possible 10oo­
lain an OU1PUl power of more than 100 mW Aller
changing the tiller ci rcui ts. it is possible lo r Ihis
module 10 also be used as a loc al oscilla tor am­
plil ier up 10 an output level ot + 23 dBm.

3.3 .
SECOND LOCAL OSCILLATOR

A funher local OSCillatorsignal is reouued lor lhe
lunher processing ot the 12610 128 MHz signa l
In order to cover lhe full requited 10 MHz band­
width in (he 70 em band wuh a tunong rang e Of
2 MH z. il is necessary tor the oscillator 10provide
a total 01 five treque ncres on lhe range ot 304 to
312 MHz [similar to thai descrioed by DJ3V Y in
(5» .

76- 78HHz

OF SF(
003

Fig . 7: elyslal osclllalorldoublerllIller tor tne second local oscrllator.
The lollowlng values ale valid ror me 76 MHz crystals : C 302 :12 pF: C 303: 6.6 pF, C 304 : 62 pF : L 301 and
L 302 see see non 4 s.
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P"'C"p [ n ,,
''f!j.,4 I

Rs

. 15 V

~ 30/. - 312MHz

~-U-_--,r""""--,, \:",\n ..1
(f.~ !1

.15V

~
30/.- 312MHz

1n
'---1'H-----:;,..:.:.,~...... \ L" O

"0'
, HOD

DF 5 FC
00 1.

Fig. 8 ' Circuil diagram 01 tile trequency mult iplier tor tile second local oscillator

In the author's prototype. •he lundamenial tre­
quencv chosen was 38·39 MHz , however. a lre­
quency range 0176·78 MHz would be more tavor ­
able, since lhe frequency muuioucancn factor
would be lower. DJ3VY's PC·board can be used
lor this oscillator if some of Ihe component va·
lues are changed , or. as an alternative. the oscu­
later module DFSFC 003 shown In Figure 7 Ihal
operates witn crystals either In the range oe­
tween 38 and 39 MHz. or between 76 and
78 MHz In me firsl case. a trequencv doubler
equipped with Schoukv d iodes is provided on the
PC·board , which can be bridged If It is not rsquir­

ed .

The other two doublers are found on Ihe second
board DF5FC 004, as can be seen in Figure 8:
they are sim ilar 10those published by DJ3VY and
DJ'NY, and me informat ion given in the se arne­
les is also valid The bandpass filter at 152 MHz
was necessary in order 10suppress Ina subhar­
monie s sutfic rerulv.

The hefical fiuers are catcutared according to the
previously memicneo crheria bUI are provided
lor radial Ion coupling in order 10 obtain Ihe re­
quired 10 MHz bandwid th without compl icated
alignment pro cesses. Two fill ers have been pro ­
vioed In oru er to obtain a sutticient spurious
rejection despite 01 the two-siaqe nuer, The
amplil ier between these is a "standard" Circuit
as designed by DJ7VY. and Ihe instructions
given in his article (4) are val id The output stage
comprises IWO FET amplitiers that allow a low­
react ive. simultaneous cecoupnnq or the oscilla ­
tor trequencies. for instance, lor uansrniner and

receiver.

A max im um 01 ... 17 dBm can be coupled OUI at
an opera ting voltaqe of 24 V when using P 8000
or P 800 2 with a dram current 0140 to 50 mA oThis
is sull icient for driving high· level mi xers. When
used exc lusively in Ihe transmit mod e. Ihe two
amplifier stages can be deteted Irom me board
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Mea surements made on Ihe Irequency multip lier
have shown a virlually spurious-Iree signal : on ly
a slight component of 152 MHz could be measur­
ed at 75 dB dow n on lhe output signa l.

3.4.
70 em MIXER

The same ISvatro lor 1M matching of the mixe r of
module DF5FC 005 (Figure 9) as was vauo for
the lir st mixer The auenuators are onc e again
useo for power rnatchinq and to redu ce the rip­
ple The th ree-stage fill er on the 126 MHz side is
10 remove all traces olthe critical t45 MHz signal,
and It Willalso keep any harmonics of the ampl i­
her away Irom the mixer For th is reason, a band­
pass fil ter is provided subsequent to the oscina-
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_ I. I lOn

lor amplif ier (T 501). This subsequent arnpht ier is
nec essary il ths OSCilla tor signal IS presem with a
level 01approximately 7 10 BdBm If a powe r level
01 ... 17 dBm IS already available, this amplifier
c an be deleted and the Signal is sent dlfectly 10

Ihe lowpass tiller.

The matching of the mixer to the subsequent
arnphnar is mad e wun the aid 01 a Pi-lilter. This. In

turn . is lo llowed by the 432 MHz two-staqe helical
/i ller w hrch is the only serecuvuv prov ided tor Ihe
output frequency. II is radial ion-coupled in a
sim ilar manner to th e oscillator fillers in order 10

obtain the required banowknh 01 10MHz. Appro­
ximately + 17 dBm are available at the ou tput of
The module, and ihe au thor's pro torype even pro­
vided + 20 dBm , Wh en only one filler was used ,
the spur ious waves could be reduced 10 -60 dB ,

Trus high spur ious reject ion with only one filler is
the res l.,lt of the large spacing be tween the Ire·
cu er.cres used .
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Hans Joachim Senckel, OF 5 QZ

A 13 em Fully Transistorized Transverter

All previously described and published 13 cm
transmillers operated exclusively with high
local oscillator powers. Power mixers, such as
with a diode BXY 28 (1), or with a tube 2C39 (2)
require local oscillator powers In the order 01
1.5 to 2.5 W. In order to achieve such power
levels, several varactors, as well as a power
amplilier in the range of 350 to 500 MHz are
used. The mechanical but also the financial
expense are very constdarable. For this
reason, a tra nsrn Iller was designed that could
be manufactured at low cost and with tow
mechanical needs.

H2D
MHl

BLOCK DIAGRAM

AS can be seen m Figure 1, Ihe iransverter com­
prises five modules, the interdigltal mixer and
the IF-preampllfter are also given.

The local OSCillator module (DF5QZ 001) provi­
des an extremely low SpUfiOUS signal to the
transmit mixer (002) The OSCillator signal for the
receive convener is taken at this pomt via a
further BNC-connector The receiver comprises
an mrerdrqital mixer with IF-preamplitier as
described rn (3).

Fig, t: Block diagram01 the translstorlzeu 13 cm
transverter with receiveconverter
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Fig. 'Z, Local oscutator module DF50Z 00 1

Tne transmi t mixer is in a pusb-puu Circuit. which
converts up the oscillator signal an d the 144 MHz
drive signal ID Ihe requi red frequency range of
2320·2322 MHz . Two li near amplifie r stages are
provided to amplify the requ ired signal by 10 dB
before feeding it to th e Ihied stage,

DF50Z 003 IS equipped wilh a Iunher two-staqe
linear amplifier. which supplies suthciera power
for driving the driv er module (004) . This mod ule
is iouoweo by a low-power ampli l ier (005) , Ihat
pro vides an output power 01 1 to 1.2 W.

1.
LOCA L OSCILLATOR MODULE

The ou tput signal lo r me transrmt mixer was
tapped off at the 50 n poim Of the circuu. where­
as the cou pling for trie rece ive mixer (RX) IS

achieved via a coupling link in the d ireci vicin ity
of the outp ut circuit

This local osc iltai or can also be used lor the
23 cm band by rsptac tnq the crystal wilh a
96000 MH z type and leavmq OUI Ihe last sraqe
comprising T 5 The output frequency or
1152 MH z is lapped on at Ih e 50 Q POIOI of L 8
(which is usually soldered to L 9) . The 3-Slage Ii i·
ter comprising L 6 - L 8 is highly selec uve. which
mean s thai one IS able 10 obta in a very clean 10'

ca l OSCillator signal for 1296 MH z equipmenl ha­
ving an IF of 144 MHz,

1.1. Components
The crystal oscrtlator or thrs modul e (Figure 2)
oscillates at 90.666 MHz . Th is is multiptied by
Iwelv e 10 provide 1066 MH z (the frequencies
given in the cucui t diagram are rounded down).
This is followed t1y a printed 3·slage li lle r, whiCh
ensure s a clean spectru m . Th e following fre­
quency doubler slage is driven via Ihe series
resonant Circuit comprising L 9 and ge nerates
Ihe requ ired local oscll lator frequ ency 01
2176 MHz The frequency doubler transistor T 5
operates mto a )12 au -spaced stn pl lns circuit
(L 10). In order to obtain very high elt ,clcncy and
good setecuvu y, a prin ted induc tance was not
used here.
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t r:
t z

l 3:
l4 - L 8:
L 9:

L 10:

COil set blue/brown
2 turns ul 1 mm o.a. Sllver·p laled
copper wire wou nd on a 6 mm
torrner, selt-supportinq
as L 2
printed on DF50 Z 001
Bent w ire, link, made Irom 1 mm dia .
silver-p lated copper wi re. be n!
around a 6 mm former. 10 mm high
Brass-plate str ip, 6 mm wide, 35 mm
total lenqth, each end oent down by
4mm
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Fig. 3 :
PC·board DF5QZ DOl showing
cornpunem tocanons

o

N
a
tn §
u.o

'101 ' 9~1

~· o

Ca, CD' Co: Chip capacitors. approx. 1 nF:
press into slOISon the board!

Trimmers: 2 - 12pF: otasuc foil trimmer.
yellow (Philips)

0.5 - 6 pF: ptasuc toil trirnrner.
grey (Prutlps}

o 3 - 3 pF: ce ramic spindle trim mer
(Philips)

RFC 1- RFC 5.2 turns of approx, 04 mm d la
enamelled copper wire wound in a
lerr ite bead

RFC 6: 2 rurns 01 1 mm dia. suver-ptateo
copper wire wou no ona 2.5 mm
termer, sen-supportinq

Melal case . 74 II 146 x 50 mm
(cover dimens ions x he ight)
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ponenl side 01 the board using a copper str ip.
Figure 4 shOWS this c riticat pari of the board .

Fig .4 ·
Construction dela\ls regarding the last Irequency
doubler on OF50Z 001

1.3 Alignment Details

The frequency is checked alter lhe crystal oscu­
lator has locked in. The subsequent trequency
triplet stage IS checked wilh the aid 01a diprneter
or trequencv counter since it is possible lor the
second harmonic 10 be aligned instead of the

BNC t ,
2176 1"'"
5 mW Qt"I1

B,\:.c ih
2 ~ "7 M I-1 ~

: r:-,\".' _:

\ /
Trough

contucts

DFSQZ 00 1

3p

~
The upper surface IS on Ihe form of a ground sur­
lace. which IS only removed around those coo ­
necuons rnat are nOIgrounded Since the ground
surface 01the base can atlect the ouiout power. il
is necessary for the cover on the conductor lane
side 10 be soldered all around the edge The
component sioe 01 the board does nOI require a
cover

1.2 Construction

A double-coated PC·board DFSQZOOl was
desIgned lor accommooannq the local oscillator
module (Figure 3) . The drrnensions of this board
are 146 mm x 72 mm and II can be mounted in the

given metal box.

The board IS hrstly completed from Ihe cornpo­
nent side of the board. and Ihe 3 pF spindle
tnrnrners (bonzornah are soldered Irorn the con­
doctor side II is Important thai the ground con­
necuons 01 these trimmers be connected wuh
the ground surface of Ihe component srde 01the
board. The output CirCUIt L 10 is also mounted
trorn the conductor side. The cold ends 01L 5.L 7.
and L 8 must be "throuqh-contacteo" 10Ihe corn-

1""'~1

I~

( 1;.1"1....1

OF SOZ 002

(7) Us (3) Ua Uc1)

7 jlO ~ ~.:

011 1
I Cj ~ 'w'l

100
Us<>---C:::::J---f-f-l
e

1eo
'---CJ--4-...".t2v

Us
.12 V

Us

FIg. 5: Push-pu]! mlxer, 2·&lage linear amplUler. and bias \tollage supply
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2.1 Components

line circuits log ether wllh the chamber construe­
non ensu res a " lean ou tput signal Irom trus
module.

The mixer vers ion recommended here wtlh its
specific luning of Ihe collector Circuit 10 Ihe reo
ouired frequency corrects many old opinions thaI
a conversion to 2300 MHz wiin a BFR34A IS no
longer possible. The problem was nOI tbe
BFR34A. bUI the printed construcuon 01 the
mod if ied DF80K type In ihose cases. due 10 the
undef ined selectivity. Ihe 16th harmornc of the
2 m olive Signal was radiated alter being ampli ­
fied m Ihe transrmuer

Thi s problem was not present here . and Ihe sub­
sequent filler improves the output signal lurrher
so thai spu nous waves are more Ihan suIhcienlly
suppressed Furthermore. an important point rs
the exact matching 10 the subsequent transistor
input wilh the aid of Ihe series circuit comprising

L 9.

VHF COMMUNICATIONS 3/83

Ihird . II the requueo Irequency is present at th is
positlon . It IS possible lor the subsequent staqes
to be aligned for maximum OUIPUI power An In­
correct atrqnment IS virtually impossible since
these circuits have been designed exactly. The
alignmenl of the H2 circuilto Ihe trnal trequ ency
does not present any problems and can be
carried oul easily,

2.
TRANSMIT MIXER

The mixer module comprises IwO BFR34A as
push-pull mixer and two further transrsiors ot rms
type as selective linear arnphners (see Figure 5) ,
II is also enclosed in a metal box , and the stages
are buth up in separate chambers using 11tC? "

mediate panels,

Various attempts 10use Ihese SHF standard tran­
sisters, type BFA34A. in printec C l rC UI~S on epo xy
glassl lbre boards have nor been successful . Un ­
tonunatety no auempts were made US lllg PTFE
board material due 10 the high costs erwolveo . II
seems. however. [hat the expected pe rformance
is not worth such expense.

Tne construction recommended here uses i.l2
air-spaced striphnes (Figure 6) , and II seems
Ihal Ihe maximum values of the serni-conductors
have been achieved at 2300 MHz. In aoomon 10

trus. the excellent setecuvnv of air-spaced SHip-

L 1:

l2-L B,

Slums of 1 mm dia . Silver­
prated copper wire wound on a
5 mm dia COil former wuh
VHF-core: Input coupling:
2 turns or insulated wire wound
symrnet rlcatlv 10 Ihe center 01
L 1
Brass stnps, 6 mm wide. lenglh
before bending ~ 35 rnrn. bent
down 4 mm al both ends at an
angle or 900

1--- - - - - - - - - 110- - - - - - - - --1

lUMH,

IN

IP6 ~~ : -'()\l

I...

Ua U[

U& Ur

UB lk

lJ: ONe.,

OUT I
i

Flg .G :
Construct ion 01module
DF5QZ 002 (mIxer and linear
amplifier)
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L 9. L 10. Bent wire Irom 1 mm dra.
suver -ptated copper wire, bent

over a 6 mm lorrner
RFC I. RFC 2: )./4 choke for 1.15 MH~ ~ 50 ern.

of 0.4 mm ota. enamelled
copper wire wound on a <1 mm
former. self-supporting

RFC 3 - RFC 10 2 turns of approx . 0.4 mm dra,
enamelled copper wire wound
on a 2 5 mm former, sen­
support ing

C 1- C 9: C eramic min lal ure spindle
mrnrner 0 5- 3 pF (Philips)

Coupling capacitors Ceramic disks of 10- 3 pF
Feedlhrough capacitors: app rox. 1 nF
Metal box: 57 x III X30 mm

2.2 Construction Details

Consuucuon is commenced by making Ihe holes
for the spindle trimmers 10 (he base 01the box as
shown in Figure 6 Aller (his . the A/2 crrcuu s are
sold ered into p lace wnn me holes lor (he tr im ,
mers al Ihe center, after which the iruerrneorate
panels are also soldered mto place The side
panels are provided Wllh the holes lor the BNC ·
connectors and teeotnrouqn capacitors Alter as -

VHF COMMU NICATIONS 3/83

sembling the base plate wnh the Side panels. II is
possible for Ihe transistors , chokes. disk capacl ­
tors , as well as Ihe 144 MHz crrcuil to be mounted
and then soldered into place.

The network lor adjusting the mixer balance and
the oper atinq po ints is provided outside 01 the
box on a small Vero boards. Ttus can be srewed
below (he mi xer module anerwaros Figure 7
shows a phorooraoh of Ihe author 's prototype,

2.3 Alignment

Flrslly connect lh e operarinq votraqs and local
oscutaior Signal : mea sure me vohaqe Drop
across tne conector resistor of one 01 the mixer
transistors (bel ween + 12 V and POIOI 3 or 4). If
Ihe OU1PUl cir cuu of the oscillator module
DFSQZOOI and the inpUI c rrcuu ol the mixer are
in resonance. Ihe voll age drop will increase
clearly. The ci rcui ts should be aligned lor rnaxi­
mum voltage dro p.

This is lollowed by injecnnq a 144 MHz drive
signal [m ax. 15 mW'l. and measuring the vouaqe
drop across Ihe collec tor bias resistor 01 Ihe
rruxer transistor, This drive Will cause a turthsr in ­

cr ease or voti aqe Trus is broughl 10 maximum

________~~-IIIIIF'"-

Fig. 7: Photograph of the author's prototype of module DFSQZ 002
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OF 5 Q.Z 003

OJ

'-----III-----JII-l---~

wun rne aid of Ihe cor e of inductance l I and Ihe
circuit capacuance. Finally switcf oft Ihe 2 m
carrier and adiu st the ourescem currents of Ihe
transistors 10 approxirnaretv 10rnA ,

Swucn On the 2 m signal aga in and measure the
vohage drop across Ihe collector bias resistor of
Ihe first arnpnuer tran sisto r (poinl 6) , The cotlec­
lo r Circu it of the pu sh-pu f mixer. the filler circui t .
ana the mpul network of the hrs: ampl il ier should
now also be aligned lor maximum vouaqe drop

Also align the second amplilier stage Attention
should be paid Ihal one does nOIal ign this to Ihe
osciltaror frequency All circous are snarp
enough 10 be aligned cleanly to the required. 10'

cal oscillator, or im age Irequency! The rule of
thumb IS;The required frequency resu lts Wllh the

trimmer virtually at minimum caoac nance

A sensinve power-meter or ind rcaror suitabte lor
Ihe frequency should be used lor optimizing this
mooute The balance of the mixer is al igned lor
best osc il lator signal suppression wilh the aid of
the wattmeter The mOSI lavoraote values can.
however, on ly be ob tained w llh Ihe aid 01a spec­
trum analyzer The measured spurious suppres­
sion arnourued 10 45 dB. and 'he output power
was5mW

The iruerrnediate treouency 01 144 MHz used
was a oisadvantaqe As previously mennoned .
the 16th harrnoruc 01 this bane falls into me
13 em band Trus unwanted elleet could be
avoioeo eas ily by us ing a dilferenll.F (such as Ihe
70 c m band) However. If a spectrum analyzer is
available, th is harmonic of the 2 m Signal can be
cornptetely suppressed With Ihe aid of the 2 m cir-

Flg .8:
Two-slage linear ampillier lor
approx. 60 mW in Ihe 13 cm
band

OUT
2320:'\rll

IW",',.I!

CU)\ and me mixer operating po ints

Wilh respect 10 the output power, it is possible
using this output power 10 commun icate via a
transponder at a drstaoce or 35 km (projected by
DC0DA and DF50Z) The inpul frequency was
232013 MHz. Ihe output frequency 432 75 MHz .
The author 's Signal was 45 dB above norse and
was able 10drive the transponder fully The mixer
operates slabily without any tenoency 10 oscula­
lion

3.
LINEAR AMPLIFIER WITH TWO BFR 34 A

This low-power ampli fier is eqUipped With 2 BFR
34A and is designed to be as select ive as POS SI '

:- - - - - 70 - - -----,

Fig. 9: Construct ion or the linear amplifier module
DFSaZ003
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Fig, 10:
Photograph 01 tne aulhor's
prototype DF5Ql 003

bte and 10 simultaneously provide a high. linear
gain , These demands can only be sausneo wnen
using chamber-type construction and when
using cur-spaced stripunes. The construcnon IS

therefore idenucal ro that of the 2-slage ampl ifier
in the mixer module 002 The SHF·circuil is
shown In Figure B.

The bias voltage supply IScarried OUI according
10 the crrcuu diagram given in Figure 5 A sketch
gIVen ' I Figure 9 and the photograph 01 the
authors prototype shown in Figure 10 give an
impression 01 Ihe construction The arrange­
men I 01 the circuits and Ihe chambers is nOI criti -

cal. however. rne base connection 01 the iransi­
stors :0 tr-e rnrn mers 0' Ihe associated rnarchinq
Circuit should be keot as short as possible.

3.1. Component Details

L 1, L 3, L 4. L 6. L 7. Brass stnps. 6 mm wide.
35 mm totauenqtn, bent down a mm al both ends
(90°)

L 2. L 5: Bent Irom 1 mrn dra sllver-plateo copper
w ire wound on a 3.5 mm former, height 8 mm .

Trimmers (7 pes) : ceram ic miniature spindle trim­

mers, 0.3-3 pF [Philps)

Melal box ' 72 x 57 x 30 mm

l j :? ;\ ~~! ~~'~_.J-t~.,.••I-lI~-..L~0,..i-I P1
I M;- T ·.. J
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Fig. 11:
Two-stage linear ampli Iler lor
approximately 600 mW In Ihe
13 em band
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3.2. Alignment

Firslly. ac just the quiesc ent currents to approx i­
rnatelv 10 iliA and con nect a power-me ter or
oth er Ind icator 10the ou tpu t . A signal of approxr­
mately 5 mW is now co nnected Irom the mixer
module 002 to Ihe amplifier modu le 00 3 The vot­
lage drop across tile two collector bias resistors
snooro now be measured aga in. and the reso­
nant c.rcu ns " oIgned tor maximum readu g. The
wattmeter should f inally ind icat e approx imately
60 mW The gain ol trus module was measured to
be 12dB. and 1I1e 3 dB band width 10 be 23 MH z.

4,
DRIVER STAGE

Unrcr tunarely. there are Virtually no cheap power
transistors lor the trequency range around
2500 MHz. A poss ible type was given in (4) , The
layout of Ihe PC·board descrrbed the re was mo­
dified at one pos ition . and then tested toqerner
wuh the tran sistor types BFO 68 and BFa 34.
Wh e:ells the BFa 34 prov ided pos it ive results . il
was found Ihallhe BFa 68 was unsuitable lor use
on this board , It seems Ihat Ihe S·parameters of
this type dillered greally. which meant Ihat
matching could nOI be obtaineo .

On Ihe otner hand, the BFa 34 prov ided a gall1 01

DF5QZ 00'

Fig. 12: Single·coated epoxy PC·board lor Ihe linear
amptlher equipped with two BFO 34

5 \0 6 dB at 2 3 GH z. and rhus an output power in
Ihe order of 0.5 W. II was therefore dec ided 10
construct the two-sraqe driver equipped with 11'10
BFa 34, which p rovided lhe stable 10dB ga in as
was expected, (see Figure 11)

4.1. Const ruct ion

The two-staqe dnver ampliller 101 2300 MHz
equipped wun two BFa 34 is accommodateo on
PC· board DF 5 02 004 (see Figure 12), This
board is made from epoxy glassllbre rnaterta l
(G 10) and its dimensions are 108 mm x 52 mm .

This board can be l ilted into a metal box. whose
dlr'1ens ions are 110 x 55 x 30 mm. The lWO net­
works tor adjusting the quiescent currents are
built up on a piece or vero board ourside 01 the
case [seo Figure 13). The contact 01 the trn nsi­
sior :JoIIS 10the base pla te olthe case is sutuc reru

Fig. 13 :
Photograph or Ihe author's
prototype DFSOZ 004
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FIg . 14 · I W power ampliher for Ihe 13 em oann
OFSQZ 005

for COOling The collector ana base connect ions
of the transistors should be shortened and cut
wuh Ihe aid of scissors beto re soldering into
place. The four chokes are le rrhe beads placed
over (he con necnon wires.

4.2. Alignment of the Driver

The quiescent current ot botb transistors is
aojusrec to 140rnA. The OUIPUI snourc now be
connected 10 a power meter The InpUI signal is
now connected . and the sp indle Irimmers align·
ed lor maximum output power. With an Input
power 0160 mW. ills pos sible 10obta in an outout
power 01 600 mW. as was measured in the
author's orotoryoe Thi s allows a tube amplifier
such as (2) 10be driven 10approximately 6 W Sin ­
ce Ihe consnucuon of such a lube ampl il ier reo
qu ires a lot of metal work , an attempt was made

VHF COMMUNICATIONS JiB 3

to incr ease the ou put power furth er using the
rela tively lnsxpen srve BFQ 34

S.
POWER AMPLIFIER

The trans isto r BFO 34 was exam ined at higher
onve levels with the aid of an aojustabte
2320 MHz power source The result was Itl al rhe
elnciency of trus rran srstor ceases at an output
power of 1.2 to 1.5 W The paralle l co nnec tion 01
(WOsuch BFO ) 4 did not resun in any noticeable
success

in the author 's op rruon . a printed co nstruction is

not SUi table 10 coram he dete rmined 3 dB gain in
he power range over 0.5 W. For this reason , the

rnatclunq lin s were once again made If1 air­
spaceo s ripline technology. Figure 14 shows the
circui diaq ra , Figure 15 the construction, and
Figure 16 the photograph 01 the author's proto­
type

The transistor IS sc rewed to the base; a heal sink
made out of 5 mm hick alurrunium plate navinq
the same clrnens rons as the ca se is usee lor
cooling . The hole around the transistor IS careful ­
ly sawn OUI With he aid of a fretsaw, so that Ihe
base and ernnre connoctrons do not touch the
base plate.

5.1. Components

L 1· Brass strlp 5 mm wide, 15 rnrn long . spaced
4 mm over the base ptai e

L 2· Brass str ip , 10 rnm wide. 25 mm long ;
co llector end benI down 4 mm , other end
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Fig . 15:
Consrruetton on me base 0/ a metal
case
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Fig. 16:
Photograph of the author 's
prototype 1W power amplifier
OFSQZ 005

should be cui as shown in FIgures 14 and
16: mounteo 6 mm over Ihe base plale.

RFC 1. 1 mm cna silver-plated copper wire ,
10 mm long

RFC 2 , RFC 4 ' Ferrite bead

RFC 3' 2 rnrn dia suver -plaieo copper wire.
10 rnrn long

Trimm er: 4 ceramic minia ture spindle tnrnrne rs,
0.3-3 pF (Philips)

C 1 mounted between Ihe connector
and L 1 sell-suppor tinp: C 2 - C 4: lor
horizontal mounling.

Metall case' 74 x 74 x 30 mrn
Base and collector voltage supply: As in the case
01driver DF5QZ 004.

5.2. Alignment of Ihe Amplifier

Connect a power mete, to the output . and align a
quiescent current to 140 mA oConnect the signal
at the Input and al ign for ma x :' l um ouroor . In lhe
author s prototype, I '01.3 W were obta ined with
a dnve level of 500 to 600 mW.
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G. Schwarzbeck, DL 1BU

Antenna Polarisation for OSCAR 10

AMSAT have clearly stated that clockwise cir­
cular polansation will be required lor commu­
nication via OSCAR 10. However. this was nOI
completely accepteo by many users in the
first weeks 01 practical operation via this
satellite. Such opinions were due to monito­
ring the satellite incorrectly or at the wrong
time : 1\ will be observed that antictockwlse
polarisation can provide a stronger signal
when the satellite is just over the horizon
(Fig. 1, Fig. 3), however, these are not Ihe
rnost favourable times lor working via
OSCAR 10.

The most favourable time for operation via
OSCAR 10 is when lt is at its maximum altitude
(Apogee), and it will be seen from the
measured field strengths Ihat clockwise circu ­
lar polarisation is far more favourable, both
with respect 10 fieldSlrength and fading
(Fig. 2).

Io prove IhIS, Ihe author ploned the receive held­
strength on a precision measuring receiver con­
nected 10 a XY·ploUer The 2 m beacon was
rece ived using a 8 element crossed Yagl antenna
In conjunction with a potansatlon swnchmq unu
as ollered by UKW·Technik. and described In (1)

Measuremenls were made just after lhe sarellue
appeared over the hor izon . al maximum anitude.
and jusl before dropping below the honzon
During a measunng penod 01 60 seconds, each
01 lhe follOWing polansations were selected for
10 s

Diagonal 135 0

Diagonal 45 0

Vertical
Honzontat
Anuclockwise circular
Clockwise circular

It Will be seen clearly Ihal clockwise cucular

-1~

,am, I -00

, I
I '

-1~

-\4D

-\4;

~:::::::::7.;";::':::-::;=-:::-:--:-~,"",""":,,~-~---:-:-:,,~~~~
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potansation is superior at the maximum auuoda
01 approxrmarely 35000 km. The received field­
Slrenglh was an average 01 -127 dBm. which
arnounts 1018dB above Ihe noise 01a GaAs·FET
preamplifier. The depth of fading only amounted
10 ± I to 1.5 dB.

One can also see from Ihe number of fading
periods (spin of (he satellue limes 3) that one of
the antennas IS defective. You will notice rnat rhe
depth ot the fading IS far more pronounced with
linear potarisatloo than wilh Circular (except at

me nonzon, where we are probably lookinq side
on 10 Ihe anrenoa . ad ).
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Hans-J. Griem. OJ 1SL

A Helical Antenna for the 23 em Band

Allhough OSCAR 10 was only considered
secondarily during the conception of this
antenna, this article describes just the anten­
na required lor operating via the 23 cm170 em
l ranspo nder.

1.
INDRODUCTION

The mai n reason lor selecting a helical anten na
were the buut-in wide bandwidth, and the Circular
polarizanon The wide bandwidth of lhe antenna
means that It ISnot crlncal to construct. since the
resonant frequency is not dependent on lrac­
nons of a rnilllrneter! Circular potanzanon allows
one to operate with stations using virtually any
polarization

One limit of this antenna is that the direction of
the helical winding determines the polarization
of the transrnn and receive signals and cannot be
switched as in the case of a crossed Yagl With two
separate leeders (1), Furthermore, the gain of the
antenna when receiving a linearly polarized
wave can be 3 dB lower than would be the case
when receiving the correct circular polanzauon
(2) ,

These disadvantages were acceptable since the
author's geographical location in a shallow valley
did not allow long·d,stance troposphenc corn­
municatrons. and since he required a universal,
simple direCtional antenna for cornrnunicanon
on the 23 cm band A recent apoucauon for rrus
antenna IS for operation via the "L-Transponder"
of OSCAR to Remember, a clockwise Circular­
polarized amen na Will provide 3 dB more gal n In

conjunction With OSCAR 10 than a linear­
polarized antenna 01 the same gain!

t84

2.
FUNDAMENTALS

There are a large number of publicauons regard·
ing the mechanical construcnon of a helical
antenna, such as (2) and (3) Three main charac­
teristics were Important during the conception 01

the antenna:
1, Good matching to the feeder cabre over Ihe

widest possible bandwidth
2. Low sidelobes In the polar diagram
3 Best possible circular polarization

All three demands are required to obtain the
highest antenna gain with given dimensions, In
other words, to get as near as possrble to the
maximum theoretical values The author studied
all available literature in order to determine the
state-of-the-an.

2.1. Matching

Publications (2) and (3) described a matching
network for transforming the characterisuc irnpe­
dance of the helical winding (approximately
140 0) to the required feeder impedance of 50 0
usmq a)J4 transformer. In (3) the matching obtai­
ned in the 70 cm band (2.3% bandwidth) was gl'
'len as 1.4 VSWR In (4) a type of UC.malchlng
was osscnbed. however, thrs was only aligned lor
a oescrete frequency In (5) and (6), a striphne cir­
cuit with continuously varYing Impedance (expo­
nentlal hne) was used lor transformation where a
VSWA 011 5 and a bandWidth 0125% were obtai­
ned In (5), wnereas 53% was Obtained In (6), In
(7), a wldeband matching was achieved by using
a cone around the commencement 01the helical
wind ing instead of a flat plate reflector. This an­
tenna was called "Hen-Cone", The transforma­
tion can be inlluenced within certain limits by va·
rytng the angle of the cone.
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As a result of Ihese experiments. an amenna was
oesiqned accordmq 10(6) With the cnaracrensucs

listed In lable 1.

The main characteristic is the conical form of Ihe
hetical Winding. Figure 1 shows the constructioo
of me antenna in the form of a diagram . and the
hel ical winding IS only indicated . Figures 2. 3,
and 4 show the completed antenna as a rear view
and from the trent 01 Ihe antenna towards the

renecior

2.4. Characteristics olthe Antenna

2.3. Circular Polarization

If a circular-polarizeo antenna also generates a
letl-hand Circular component or receives 'I, thrs
represents lost gall', unless the other station has
an antenna wl'h the same charactensucs. A
measure of the polarization error is Ihe axial ratio
of the elliptical potarizauon . This IS a true circle
With pure circular polarization According to the
axial relauonshtp and position ot tha elhonca! po­
larizauon 01 lWOantennas to another, 'he reduc­
tion 10 gam due '0 non-circularny can be between
a lew hundredth ot a dB up to several dB (9). (10).

As can be seen trom (6) and (7). the axial ratio
can be Improved consrderably by using a corucai
shaping ot ine commencemenl and end of Ihe
helical wlndll1g . It seems that this reduces the re­
necuon at me end ot 'he antenna considerably
which means mat the transmon at the UHF·
srqnal trorn the antenna to space is made without
orscontinuuy.

2.2. Radiation Diagramm

Srdelobas reduce Ihe antenna gain and allow
signals to be received Irom unwanted direclions.
These unwanted signals can be Ignil ion inrerte­
renee (yes . Ihey can still De received on tn is
band!) or terrestial noise. The latter IS imponaru
when using the antenna In conjunction wi'h very
tow-norse receive systems for space cornmu nica­
l ions (EME , sateuues) Sldelobes and tront -to­
back ratio can be improved up to 30 dB by mere a­
sing lhe size at Ihe renecior and Iorrmnq 'I mto a
cone, however. the desiqn at Ihe helical winding
can also inlluence the srdetooes (6) . (7),
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Fig. 1:
Dimensions 01 a tleliK antenna
comprising 16 turns. lor 1240-1300 MHz
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Frequency range '
Gain :

Sidelobe suppression
Circutaruy :
VSWR :
Overall Ienqth
Helicallenglh,
Helical diameter

at leeopoiru:
at Ihe Irom end:

Helical wlndlOg:

Turns spacing
Reflector diameter
Rellector collar :
Boom dimensions (rnm)

1240 -1300 MHz
15.6d Bi, Clockwise circular
(AHC)
-20d8

0,6d8':' 107
1,2
1117mm
1103mm

102mm
57.1 mm
3 mm ora, enamelled copper
wire
61.27 mm (calculated value)
21Smm
72mm
15 x \5 x \ 5 aluminium

VHF COMMUNICATIONS J/83

Table 1:
Helix antenna
tor Ihe 23 em band

3.
CONSTRUCTION DETAILS

The helical w inding is held fiNery hall a turn uSing
an insulatlng support . This is made by cuning
the reouireo lenglh of dielectric Insulation from
an RG·2131U coaxial cable A total or 37 pieces
are required whose length should be approxima­
tely 5 mm grealer Ihan the helical radius at the
associateo position . Of course, half the diameter
ot the boom should be deducted. These supports
are cut and are provided with holes at lhe correct
position wh ich are drilled with the dlameler of the
helical winding , All supports should now be
placed onto the helical winding in the correct
sequence. and dismbuted in approximately tns
correct spac ing of 163 10 95 rnrn. wrucf
decreases approx imately linearly.

Enamelled copper wife IS used as helical ele­
ment. since '1 can be bam easily and is protected
against corrosion The diameter is not entreat.
and 2 103 mm diameter was found 10be SUitable
Approxunatetv 5 m are required.

It is advisable to manufacture the boom trorn a
lube with a square cross-section. such as 15 mm
x 15 mm aluminrurn . with a wall Ihickness of
15 mm . The lenglh should be at least t400 rnrn,
in order 10ensure rnar a mast clamp can be pro­
video behind the reflector. The author reinforced
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Fig. 2: The author's prototype antenna
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FIg. 3: View onto Ihe reflector
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Flg.4:
Matching devl~ Inside
lhe reflector

the boom using an add ltlonal lube at 20 mm x
20 mm which was glued 10 the boom with the aid
01dual -component glu e. Slarting from me front
of the boom,:J7 hotes ot a mm diameter are requi­
red for mounnnq Ihe supports with the aid or
brass screws M3 x 20 The spacing is equal to
half me spacing of the winding , which amounts
1030.635 mm (calculated value)

The reflector is made from aluminium plate, The
Circular shape of the collar is approxirnateo uSing
22 cuts. in order 10 obtain waighl rnounnnq tabs
which are then screwed 10 the renecior disk. The
coaxial connector IS moumeo in me retlector With
a spacing at 51 mm from the cente r, The author
used a 50 Q tyee 4.tl9.5 manu factured by
Spinner (BN 962300) , which possesses a moun­
ling flange and a cable connection , onto which
the helical Winding was later soldered.

The whole rsuector plate is rnounieo 10 the boom
With rhe ardot two alurruruum brackets so that tne
commencement of the heli cal wind ing (lonqesi
support) IS stuned by 90° wuh respect 10 Ihe
coaxial socket. The mterrneorate piece of helical
winding is used later tor maichmq The rellector
possesses a round hole Witha cremerer orao mm
Ihrough which Ihe boom is placed. As can be
seen in the pnotooraons. il is not necessary to
close this gap

The helical winding ISmourned onto the boom as
foltows : The boom is mounted in a VIce WIthout
ranector and support. The helical Winding IS laid
out so that the shortest SUppOI1 is in Ihe vrcinuy 01
the Iront of the antenna Thrs support IS now
screwed (0 the boom: the brass screw can be
screwed in l ighlly 1010 (he hole where the Inner
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Dr illed ace 10

helix wire

Fig. 6 :
Antenna connector and helix wire.
wl1houl matching device

conductor was or iginally supported (Fig. 5). In
order 10 ensure Ihal lh e helical Winding cannot
jump out. bend back lhe e'1d around the support!
Open lhe vice and turn Ihe boom by 1800 and
lighten Ihevice again. Pay attenuon (0 Ihe direc­
non 01 Winding : The hel ical Winding should form
a Clockwise scr ew Form Ihe helical winding at

the front 01 Ihe antenna in a semi-circutar shape
and screw in the nel(l support unoplace. and so
on until the 371h support nas bean mounted.

lnaccuracres or Ihe hel ical winding should be
compensated for during mounling and aner
completion by bending and shlhing me wire to
the various supports. One is best able 10 see de­
v iauons Irom th e circular form by observing the
amenna trorn Ihe front , Finally. the helical win­
dlOg is hxsd 10 each support by providIng a glue
into the hole provided by Ihe onqinal inner
conductor

Thrs type 01 construction ensures rna: no metal
pieces imertere With Ihe operat ion ot Ihe helical
winding.

Aher IhIS, Ihe rellector is rnounteo so Ihat II is
spaced 14 rnrn Irom the center ot ihe longesl halr­

cal support. The end 01 [he helical winding IS
Ihen soldered 10 ihe inner conductor ot Ihe
coaxial connector. In Ihe auihor's case. trus
resulted m an arraoqernern as shown in
Figure 6.

The translorrnauon of the cnar actensuc Impe­
dan ce or the helical Winding 10 50 n was made
wilh Ihe aid of an exponent lal line, which 1$

shown In Figure 7. The shape of Ihe brass strlp
(that is grounded to Ihe body 01 the coaxial con ­
nector) was lound experimentally by observing
me marching In me lrequency range 01 interest
wun the aid of a direcnonal coupler. and by
bending Ihe strip correspondingly unnune retu rn
loss was better than 20 dB. wh ich corresponds 10

a VSWR ~ 1.2.

lt rs important Ihat the strip is near to the helical
winding at the ground end (approx 2 rnm). In
ord er 10 ensu re rna: the local impedance drstn­

buuon is in Ihe vicinity 01 50 Q The malchrng ex·
penrnem s were made. by Ihe way. with str ip
lenglhs of 3? mm to 60 rnrn, however. 50 mm has
been found 10 be optimum. and corresponds 10

approximalely)J4 ai a wavelenqth ot 23 cm .

Refiecior

Helix wire

Coaxial connector

FirSI support

:;c; ,--- Boom

-

=

'"9~~~- M3 x 20 mm
brass

l

Helix
rad ius

DJ 1 5L

Boom

Fig. S:
One of t he 37 insulating supports
made hom the dlerectrtc 01 RG213/U

DJ 15L

Coax ial
connector

'-..

DJ 15L

L Sitetched leng!h I
-- 50~
Brass SI"P 6 mm Wide
app rox, 0.5 rnrn th ick

Fig. 7: The ma1chlngdevice
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3.1. Masl Mounting

II is adv isable to reinforce the Doom using an
extra tube 01 20 rnrn x 20 mm in order 10be able \0

use conventional mast clamps. The antenna IS

mounted so that me cornmencernent of the heli·
cal winding at the coaxial connector laces down­
wards. which means that no rain can eruer Ihe
connector, This means rnat the helical supports
are Ihen vertical . which ensures a minimum de'
posit of dust and snow. Furthermore. birds are
not able 10use them as supports.

RG 214/U was used as leeder cable. since II was
found to have far less rettecnon disconnnuit ies
when measuring the impedance run up 10

t300 MHz . than similar lengths of RG-2t3lU (ob ­
tained from various suppliers) . The measure­
ment was made in Ihe same way as measuring
the matching of ine antenna, however, Ihe lest
object was a ring Ofcable (20 m or more) ioqetner
with a 50 Q terminaling resistor anne far end

4.
OPERATING EXPERIENCE

The charactensucs 01 the antenna could only be
Judged subjecuvely, in other words. the measu­
ring equipment and a measuring range were not
available lor gain measurements The good side­
lobe suppression was mdicated when receiving
Ihe 23 cm beacon DB0GP al Goppingen (42 krn ,
non -nne-ot-siqnt) with epproxrmateiy 12 dB over
noise. whereas it could hardly be heard when the
antenna was rotared to both SIdes . CW·signals
can be heard to far below the noise level.

In experiments carried out locally in con junction
with DL 71X II was found that th e hel ical antenna
showed hardly any Iield strenqth vanat ions when
DL 71X rotated hrs indoor transmit antenna. whe­
reas a very srronq QSB was exbibued when
using the author 's vertical. ornrn-duecuonat an­
tanna . The result IS that a lar more homogeneous
signal sirenqth IS obtained than when using a li­
nearly polarized antenna
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Further Notes On:

The Digital Storage Module
For Weather Satellite Images
YU3UMV 001/002

In the rnearuime. several hundreds of these dlgi·
tal storage modules are in operation and it has
been seen that Ihe 64·k-storage ICs are nOI so
critical as was assumed It IS possibte to use
(good) sockets II "pull-up resistors" are used on
the address multiplex hnas. As can be seen an
Figure 1, a TTL-hIgh line (center) can be modu­
lated by us neighbOUllng hnes (upper and lower
in Figure 1) so thai an incorrect pulse appears
when a high-to-low transition takes place on
these lines ThIS cross-talk is possiote with clock
or address lines This can be seen mOSI easIly
when no video SIgnal is present . lnsiaao 01
navinq a conunuous black area. (he monitor will
show a geometric panern 01 brighler pomts. Pull­
up resistors as shown ,n Figure 2 provide a reli ­
able aid , The storage block IS 10 the IIgl'll·nand
side of Figure 2.

YU 3l)MV

TTL t\l("Jr,

\ TiL 10'Y'-

TTL h lO'h r tt h lll h

~
t t t, tll~h

' 1t lo-...

I'ig , 1
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Dietrnar Gratz 01Oberursel has sem us modihca­
loon mstrucuons tor rne dignal storage module
which are 100 extensive to be brought here . They
describe circuit modulcauons IMI allow the
readout of the storage 10 be made In Ihe correct
ouection, even though il may nOI correspond 10

the direcuon ot rhe satellrte path .

ThIS is possiote by changang both 74LSt61 (1213,
1214) lor 74LS169. This JCISan up/down counter
WIth wmch all connections are cornpanble with
the sxcepuon of pin 1(U/O), However. pms 7 +- 10
01 1213, as well as pins 7 +- 15011 214 must be
connected In an mverted manner, The required
mverters are taken Irom Ihe parallel circuits 01

1217,

UnfOr1unalely, Ihis requires more extensive
modihcauons on (he board than may be assum­
ed Irom this descrtpnon. However. Ihe opsraunq
comfort provioed by this compensates for the
elton made II there IS sunicreru mreresi Irom
readers. the edltors are wllhng to either brtng uus
rnodrncat ioo In the magazine. or 10 iranstate "
and make" available.

.,.

J[ [ J 1[] l [1

. •
5 -

I.. .'

,

F'g.2



MATERIAL PRICE LIST OF EQUIPMENT
described in edition 3/83 of VHF COMMUNICATIONS

OM 14,50
OM 12.-

Ed. 3/1983

OM 14,50

OM 132.­
OM 145,-

OM 14.50
OM 12.-

OM 172,­
OM 196,-

OM 618.­
OM 639, -

Ed. 3/1983

OM 31.-

OM 95,-

OM 99.­
OM 41,­
OM 166,-

Ed. 3/1983
OM 17.-

Arl No .

6784

6793
6794

6775

6776

OL 1GBH 001 single coal ed . witnout comp. icc plan 6787
OL 1GBHll W , V-MOS-FET OV2B05. 1 Z·diode 15 v,

3 mica tnmmer caps.. 2 mica caps
1500 pF. 2 teedthrouqn caps . 1 mol
silver-plated wile 1 mm 0 . 1 alum in
dlecasl case , 2 BNC conn .. 1 10·lurn POl.
50 kQ. 6 resistors 6789

OL 1GBH/l W , complete wllh above parts 6790

DL 1GBH 00 1 single coaled . wil hou( cornp. roc plan 6787
DL 1GBH 002 single coaled . wnhout cornp. 10c. plan 6788
DL 1GSH ll0 W I V-MOS ·FET DV2810. 1 Z·diode 15 V.

2 mica trimmer caps.. 2 mica caps
1500 pF . 1 ceram, multilayer 1500 pF.
2 feed -lhrough caps " 1 m of sitver-ptated
wIre 1 mm 0 . 1 al. crecast case . 2 BNC
conn. 1 10-lurn pol. 50 kQ. 1 relaise
RS· 12V, 1 electret . cap . 1000 IJ.F/40 V.
6 resistors 6791

OL 1GBHIlO W, complete with above parts 6792

DL 1GBH 001 single coaled. without comp, loc . plan 6787
DL 1GBH 002 single coaled. without cornp, loc . plan 6788
DL 1GBHI100 W 1 V-MOS -FET DV2880. 1 Z-diode 15 V.

4 mica trimmer caps.. 1 ceram multilayer
cap 1500 pF . 1 m of snver-otared wire
1 mm and 2 mm 0 . 1 8NC and 1 Minl­
lIange N conn , 1 al. ciecast case .
1 rn-tum-oot 50 kQ. 1 relaise RS·12V.
1 Alumin . etectrol, cap. 1000 IJF/40 V.
4 resistors

OL 1GBH/100 W, complete with above parts

Variable crystal oscillator (VCXO) tor the 2 m band
OC6HL 012 double-coaled. wilh through-contacts
OC6HL 012 2 transiSl0rs. 1 special regulator, 1 Z·

diode . 2 varaciors. 2 $chollky and 1 swit­
ch ing diode. 4 co il kus, 3 co ils already
wound . 1 m ins. wire 02 mm 0, 1 choke.
1 metal case . 4 feedlhrough caps .. 3 tan ­
talum and 19 ceram . caps .. 1 1 resistors 6785

22 .550 MHz HC·43/U 6795
OC6HL 012 complete with above parts 6786

Directional coupler bridge for VSWA measurementS
OJ 7 VY 006 double coaled. Silver ptareo
OJ7VY 006 1 tmned-matal case. 2 N flange-connec­

tors , male and female , 2 8NC connec-
tors, 8 rnetat -fitm resistors 100 Q/l °.kl.
4.5 mm long. 1.5 mm dia .. 28 ferrile
beads 5 mm long , 20 em of 50 n PTFE
cable Iypa SM 50

OJ7VY 006 complete wllh above parts

Power amplifiers lor the 2 m band w ith V-MOS-FETs

1 W stage
PC-board
Pan s

Kil

10 W stage
PC-board
PC-board
Pans

Kit

100 W stage
PC·boa rd
PC·board
Parts

Crystat
KII

DJ7VY
PC-board
Pans

Kit

OC6HL
PC-board
ParIS

Kit
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FOR OSCAR 10 AND NORMAL COMMUNICATIONS

Polarisations Switching
Unit for 2 m

Crossed Yagis

Heady-tc-operate as described in VHf­
COMMUNICATIONS. Complete In ca·
brnet wilh three BNC connectors.
Espe cially designed for use Wilh crossed
yagis mounted as an ·X ". and led with
squat-lenqtn feeder s. Following six pola ­
risai ions can be selected: Vertical, hori­
zorual , clockwise circular. arniciockwrse
ci rcular, slant 450 and slant t35~.

" - •

""-
I

...,

-- .....
---

k
10I -' .....

VSWR
Power .
Insertion loss'
Phase error
Dimensions :

max 1,2
100 W carrier

01 to 0,3 dB
approx . 10

216 x 132 x 80 mm

Low-Noise GaAs-FET Masthead Amplifiers
for 144 MHz and 432 MHz
MV 144 and MV 432

• Connections :
N·Connectors

• Dimansrons
125 x 60 x 28 mm
[wirnout brackets}

Furtner detai ls on request .
• Opera ling voltage . 12 V via coaxial cable

~ [l fn1~r\dtech Ok~ ' !,{\', II\:} ru Terry D, B,llan Jannstr. 14 Posttach 80 ·0-8523 Baiersdort

Select ive Hrqh-Power Masthead Amplifiers in Walerproof
casi -alurrumurn case wllh masl brackets. Built-m relay lor
transmit-receive swi tching . PTT via coa xial cable using
supplied RF/DC·sphller.

• NOise figures: MV 144: 0 9 dB/0.6 dB •
(typ values) MV 432 : 1 0 dB/O.e dB

• Overall gain . MV 144 , 15/20 dB. swlrchable
MV432 .15 dB

• tnsenlon loss , tran smit : typ 03 dB

• Ma ximum transmu power '
MV 144: 800 W SS8. 400 CW/FM
MV 432 ' 500 W SSB, 250 CWIFM

Tel : West Germany 91331855 . For representatives see cov er page 2



German Quality you can afford
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technik PA 5500

WEATHERSATELLITE
RECEIVING SYSTEM

The PA 5500 system
• professionally proved
• produced in small series

oHers reception and image display of the weather satellites METEOSAT & GOES
This system is very compact, complete and ready to use.

It consists of:
• special developed antennaiSHF down-converter
• receiver, WEFAX electronics, scan converter
• black/white video monitor with extreme bandwidth

Features:
• zoom, timer
• optional : synthetic color presentation

Detailed info, price and delivery time at the addresses below.
UK: Microwave Modules ltd., LIVERPOOL L9 7AN, Tel. 051-5234011.
USA: Weathersat Inc., FREDERICK, MD 21701, Tel. (301) 6946666.

Other countries :

k 1 'IJ-." ··I,'technik Teny D. B;nan Jahn",. 14· Po,nach 80 ·0·8523 Ba;.,sdon
Tel . WeSI Ger man y 9133 I 855 For represe ntatives see cov er page 2



r OUR GREATEST now wil reduced dimensions I

Case: 15 14 13 17

DISCRETE MONOLITHIC EQUIVALENT

CRYSTAL
Appli- with impedance transformation without Impedance transformation

FILTER
cation

Type Termination Case Type Termination Case

XF-9A sse XFM-9A 500Q 30 pF 15 XF '-9S0 . 1,8 kQ 11 3 pF 13
XF-9B sse XFM-9B 500Q 30 pF 15 XFM·9S03 18 kO 113 pF 14
XF-9C AM XFM-9C 500 Q 30 pF 15 XFM·9S0.1 2.7 kO 112 pF 14
XF-9D AM XFM·9D SOOQ 30 pF 15 XFM·9S01 3,3 kQ 112 pF 14
XF-9E FM XFM-9E 1.2 kQ 30 pF 15 XFM·9S05 82 kO II 0 pF 14
XF-9B01 LSB XFM·9B01 500 Q 30 pF 15 XFM-9S0fi 1,8 kQ 113 pF 14
XF-9B02 USB XFM·9B02 500 Q 30 pF 15 XFM-9S0'/ 18 kQ 113 pF 14
X~-g e 10 sse XFM-')SOf: 18 kQ 113 pF fS

• New: 1a-Pole SSB-fIIter, shape factor 60 dB : 6 dB 1.5

Dual (monolithic twopote)

Matched dual pair (four pole)

XF-910; Bandwidth 15 kHz, RT = 6 kQ. Case 17

XF-920; Bandwidth 15 kHz, RT = 6 kQ. Case 2 x 17

DISCRIMINATOR DUALS (see VHF COMMUNICATIONS 111979, page 45)

for NBFM XF-909 Peak separation 28 kHz
lor FSK/RTrY XF-919 Peak separation 2 kHz

CW-Filters - still in discrete technology'

Type 6 dB Bandwidth Crystals Shape-Factor Termination Case

XF-9M 500 Hz 4 60dB'6d844 500 U 1130 pF 2
XF-9NB 500 Hz 8 60dB'6d822 500 [~ II 30 pF 1
>' F-9 p' ~JO H. 8 fo Od S D(18 , . IJ ' , I , F

• New!

KRISTALLVERARBEITUNG NECKARBISCHDFSHEIM GMBH
0-6924 Neckarblschofshelm . Post1ach 61 . Tel. 07263/6301
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