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KM Publi cations

a brief introduction

Just • few words by WI Y of introducing
ourselves to you, KM Publications consiS.lSof
myself, Mike Wooding O6IQM and my wife
Kim Wooding (hence KM). I have been an
active amaltur radio tnthusiast for sev~1

yeaB. my main Iphert' of activity king
amateur television. However, I am now
e:a:ploring r-CKeI radio with wme enthusiasm.

Kim Wooding is nOi an active radio amateur.
bUI is absorbed by all lhings _" iSlic, thus you
may see. from lime 10 lime, her influence on
the magazine.

KM Public.lions wu set up with me express
in'('fllion of lakinK over the publicat ion of
VHF Communications, when we heard thlt
UKW·fkorichle were going 10 discontin ue it.
11 has beee quite I Ilmble fOf us, but we Ire

pk.ased10 u.y thai the majority of the previous
5ubscribf-rs hive renewed .gain. even with the
unfortunately nt'Ctuity price increase .

It is our imenuon to maintain the very high
standard lhnt VHF Communications has
enjoyed in the pasl. In faCl, 10 all imems and

purposes, and apart from the occa~ lona l

difference in published articles between VUF
Communications and UKW·lkrichle, the
ntl guine will be an al~ euet replica of
put iuues. with I mix of artk les from recent
iuues of the Gmnan maguine.

Finally, in this brief inlroduction, J would
invite you to send in your articles 10 us for
conslderalion of publicalion. Without the
continued support of you, our readr r!>h ip, we
cannot metnteinlhis excellent publication.

Also. please write 10 us wiih your comroenn ,
Criticisms. complaints. articles and lopiCS
l't'Quesled. etc. We will be only 100 pleased 10

hear from you.

AIIII05« lhe tas. word. J would like 10 ('ll:prtS5

our ,ralilude andexlend our sincf're thanb 10
Corrie Rinan and the staff of UKW·Rerichte.
for wir help. advice and support durinl the
laUover period .

Rel ards ... Kim and M ike Wood ing.
KM Publications
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WolfgangSchneider, aJaES

FM-ATV Receiver for the 23cm Band

FM is the hot topi c among ATVel'S today.
On account of the larger bandwidth
required (of lbe order of20Mfh) FM ATV
ope ration is possible only on 23c m and
bigher ban ds such as 13cm 9cm and 3cm.
Th e following contribution describes an
FM ATV receiv er for th e 23cm ba nd .

Previously published designs, particularly
early on, leaned either towards narrow-band
concepts or were orientated towards satellite
techniques (with their own problems). These
concepts could only be used with out modifi­
cation for a single purpose .

For universal application . for example direct

simplex ATV. ATV repealers, etc .• a receiver
tunable over SOMHz or so is called for.

The receiver described has been conceived
specifically for FM-ATV, bUI could also be

used for amplitude modulat ion . For Ibis the IF
on channel 22 (vision carrier 479 .SMlh.,
sound carrie r 48S.0MH z) is availab le only at

the desi gnated points, that is directly be hind
the converter or (through a direct ional cou­
pler) after the IF amplifier.

As fig.I shews. the FM ATY receiver consists
of several modules. First of all is the converter
itself, comprised of fronl end, local oscillator
and miller).

~ ' G "·'·
~,oq".n.."..,g.

o.,"o~",,,o,

Fig .1 Block ci rcuit d iag ram of the com ple te FM ATV receiver for 23cm
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1.1. Circuit dcsc:ription

The received signal pesses along a quarter­
wavelength transformation line to !he gale of
jhe GaAsFET Tl OI, is amplifiedin hereand is
then led 10 the ring mixer. Filters were
dispensed with between the front end and
mixer. conventional quarter-wavelength stri­
pline filters do nOI provide the necessary
bandwidth for SOMHz or more and more
specialised designs would nOI be reprodccible
on the epoxjde PCB malerial employed. Even
so, image rt'jection of 40dR can be achieved
by using !he now commonplace high IF of
480MHz.

I.

The FMdemodulator DJ8ESQO.I is baSNI on I

PLL element, which provides I direc t video
output, Following de~mpha.~i 'J a sound demo­
dulator and audio amplifit ' are else provided

inth is unit.

The four umu arenow fullydescribed .

Fig. 2 shows the complete circ utr of the 23cm
convener. N()(ewonhy elementsare the front
end, mixer, local oscill ator, low pass and IF
amplifier. With the Indicated dimensioning of
the tunable oscilletor. jheconvener covers the
whole 23cmamateur band.

The Receive Converter

These slagf'S are . 11 combined in the unit
OJ8E5 00 1.

A digital frequency indication is not ebsc­
IUlely necessary for the operation of me
convener, bul this would be I pleasant
addition to the receiver concept. This module
has thedesignalion DJ8ES 002 .

The IF amplifier DJ8ES 003 operates I I

aro und 480M Hz, for which an integra ted fih t'r
in the un;1serves.

- I

• 1 1 -• iH '"- 1

ctJ-.... I '0I• 1I G-1
~ = I' ..fl l-I 'c

I" 'I1= HI 1 ...
I • 1 - I
'~'-III ~I '

~
I - - ;;, .~ . ' ·-1- _ ... - I II :I I ' 7 . - I ~ =.1 _ _ .. I I•-=

.= . ~ :
1 ~li ·-e:,,-I, I'I ' - 11 -1- , j I

v,i 1 [}jf---~ I - I~-I

I_-I~ ~ .!
'=I ' .. -1\-1

- ! !I
rT'~ - I -r- , 1I: 'i®-;'~
• 11-' -
I.. ~
:-( I-I ~~

4J-1 VIi 1
• II -I ):
! - <t- I

Fig.2 Circuit of the Converter DJ8BS
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­soc

700

o , 10 "

Fig.3 yeo frequency
as a function of
the tuning voltage

The vcltege-corurctled oscillator (YCO) was,
like the rest of the circuitry, desig ned from
commonly available pans. With this oscillator
a frequency variation ofabout 200MHz can be
achieved in the 7QO-900Mllz region. The
transistor (T2) employedin this stageprovides
an output of20mW. The YCO frequency as a
function of the tuning voltage is illustrated in
fig. 3.

For decoupling and at the same time power
marching between oscillator and mixer a 3dB
auenuator element is used . The low pass
reduees the hannoniccontentby 20d.B.

A small part of the oscillator power is tapped

off through a IpF capacitor for the frequency
display.

1.2. Construction hints

The printed circuit board DJ8ES 001 for the
unit described is made of double-sided
epcxide material l .5mm thick; it has the
measurements S3.Smm x 108mm (fig. 4), so
as to fit into a commercially available tinplate
enclosure (SS .Sx 11 1x 30).

After trimming the board is treated with
rub-on silver plating and then drilled. The
transistorsand the broadbandamplifier lie in

"

I ."'"

"""

In":' In ":' 1~ ll-
CE~Oo~l----'"

1--- --, D<. ,i I . I
I _, • ~ ~ 8 I4.A.Ol04 ""- - "-- ,-.16M-....._~::-.,..._ . r 1m

. '" ~.'II II"

.~, ( 1 U k ='" 100 0----0 01-
1'/ I ~··.CJO .L I 1~

DOl' L.. 1lf::1tt1. c:Jc••l-SCiI
= 111 0,,1 ' ],., " ~- = ,• 300 r:-3pII • 3pII

• D<.

Fig.. Positi on of components in the converter
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11
F.;g.-....t..a.

J"-
Fig.S A completed converter unit

1.3. lisl of co mponenL"

I Ring Mixer MS87 (or similar 2GHz type)
I Voltage Regulator 78L05
I Voltage Regulator 78L09
I Resistor 82R,0.1wall
2Tantalum bead electrolytics lOuF/25V
2 OJipca flllciton 4.7pF
2 Qip CIflIICiton 1000F
2Trapezoidal CA pllc itors InF
2 Foil trimmers 12pF (yellow)
2 Sky lrimmers 5pf (gft'len)
I Tinplate enclosure I I I .. 5S.S x 30mm
J BNC Oange socket3(llG-29OA/U)
) Teflon f«d·lhroughs

the PCA, so you need lodrill suitable holes for
these and then de -burr them. A recess of
approx. I mm lI. 8mm should be sawn away al
the appropriate edges of the PCB for the BNe
connectors,

Following drilling, the holes for the resistors,
capacitors, crystal. etc. should be milled with
a J.Smm drill on the groundplane (fully
ccpperedj side !>O that the surrounding copper
surface is removed.

Once these preparll ion, Ire camplere, the
PCBcan be sprayed with sol~ring varnish.

After drillin g the through-hole ground con­
nections for the: transiMon and broadband
amplilier can bemade.

After soldering the PCB into the tinplate
enclosure the co mponents can be placed in
position.

The nNe Flange connectors need 10 lie with
their nanges on the edge of the case. The PCB
is set in the case so thai the pins of the BNC
connectors shouldjust teuch the PCB tracks.

Note : the Teflon collar will need 10 be
removed wuh I sharp knife.

After soldering the PCB 10 the side surfaces of
the housing the components can beinserted.

TIOI:
T102:
ICIOI :
0101 :
Ll OI,L I02:
Ll O) :

Ll Q.$ :

L105:

OrIOI:
OrI02,OrIO) ;

CFY19 (Siemens)
BFR91 (Valvo/Mullard)
MSAOI~ (Avanlek)
B840m
etched
1.5t ums, smm diameter,
silver-plated wire Imm thick
halflUm, 5mmdiameter,
silver-plated wire Imm lhick
40mm long bent ocrSmm,
silver.plated wire lmm thtck
etched
0.1uH choke (Neosid)
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FiC.6 Circuil o f the DiSi1a1
Freq uency IntJical or DJ8ES
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FiB!only the 12Ypower supply is connected
to 1he module DJ8ES 001; a current of uound
9$mA should be drawn, 12mA of \I,bich is fot'
!he preampl ifter. The unil ibould wot'k
straighcaway.~iDg I I the oscillator OUI­

pul l signal of around 700MHz with a levelof
•ppro.... 2mW. If the luning volcage (ma ... .

JOY) is now tontteeted. the frequency varia­
tion of the yeoshou ld match chal in fig. 3.

Now you shou ld cany 0111the fir.;llria l with a
local ATV signal ( fol instance from a nearby
repeater). A TV receiver shou ld be connected
10 Ihe OII IPUl socke l and set 00 channel 22. For
guaranlreing Ihe best possible tunma of the
trinuners in lhe individual scaga.an amplitude
modulatt'd ATVl igoll is idea l.

If channel 22 is occu pied locally il is abo
poss ible to use • different IF. With due
cons iderahon 10 the tolI l conupl of che

VHF COMMUNICATIONS 1/!1

Ct'ramic discca~ilon (2.5mm leads~ing)

2 off IpF
2 off 3.9pF
I off 4'pf
I off 1000F
8 off loF

1.4. Commiss ioning the conven er un it

The following measuring devices are
required:

• multimcler

Res.lston {II8W, IOmm lead s~ing}

I off 18R
2 off 100R
20lY 300R
I off 22k
I off lOOk

• frequencycounlel (to IGHz)

• powelmecel (10 IGHz)

• ATV siana l, re&Ching the converter VLa an.......



2.2. Const ruct iona l hin ts

The PCB for the digital frequency indicator Is
again made of Umm thick double-sided
epoxide material and has the measurements
I IOmm x 8Omm.

11 is unn« eMary 10 build the modul e in I

housing SO the PCB has beendes igned so that
it can be cut in half to suit building into other
appl ications. Depending on this construction
;t mil)' be necessary to fit a heaL~ i nk to the
fixed voltage regulator: this can be a commer­
cia l uemor home-made.

Drill ing and othe r work is as for the eoeverter
module, although the silver plating is nol
required .

The ICs should be filled in soc kets, with the
excepeton of the firsl pre-sca ler 10 0 1, which
on account of its high operating Ireqeency

VHF COMMUNICATIONS 1/91

this version provides a TJ1.-level outpct
signal ready for further processing. The
following 74LS393 binary counter (1002)
provides. beside the necessary further divis ion
by 256, the gate-liming elemen t of the
frequency counter.

The counter module serves an ICM7217AIPI
from Imersil (1004). This four digit version
has a resolution of IMHz. which is very
favourabl e for ATV applicat ions. The control
signal needed by this unit is provided by
1C203, an 1Q.f7207AIPD. This controller
provides the driver outputs for use u •
frequency counter timebese together with a
crysta l osci llalor and attached divider , The
total division factor of the coun ter ca lls for a
crys tal frequencyof 8MHz.

The frequency counter must take into account
not only the oscillator frequen cy but also the
IF offset. For that reason the coun ter unit is
progra mmed with the amoun t of the IF
(480MHz). The preselling is done with a
diode matril and can eas ily be arran ged for
other frequencies (fig. 7 shows how).

-e-

-e-

"."

","

o • • 0 "' '''

Fig.7 Programming the Cnunte r unit

2"
DIGITAL FREQUENCY INDICATOR

\~ --""c.=====-=
converter unit. in particular the tunable
oscillator and the incorporated ring mlxer. the
lOP frequency is 6OOMlIz, which ccrrespoeds
to channel 37. In this way the convene rcoven
at IF level virtually the whole of UHF Band
IV, natura lly this entai ls corresponding modi­
fications to the following IF and demodu lator
module's.

The digila l frequency indicator is de!ligned 15
I separate unit DJ8ES 002, and represenu •
welcome addition to the FM AlV receiver.
The frequency counter evaluates the tunable
oscilla tor of the receive convener and carries
forward Ihis frequency, off~1 by lhe amount
of the IF al 480MHz 10 the display.

2.1. Circ uit descri ption

The circ uit of the frequency counter is
iIIu!>ltaled in fig. 6. AI the input of the unit the
oscillator signal 10 be evaluated is divided by
a factor of 256 in le 20! (SP4740). Th is is an
integrated frequency divider from Plessey and

•
I I •

I •

t•
I

" " " " , - - -

•ICM7217A .~

:-Tl7U
I
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ICM7217A.

".=
Fig.8 Componenl plan of ihe Digital Frequency Indicalor

should be soldered direct to the PCB. The IC
sockets should be prectslcn-tumedones.

Apart from good conuct precision-turned
sockets have another advantage: they permit
diodes for programming the frequency coun­
ter to be laid out beneath the counter (lC204).
Fig. 8 is the component layout for the counter
PCBDJ8ES002.

I Tantalum bead electrolytic IOuF/2,SV
I Foiltrimmer 40pF (g~y)

I ResiMor 51R (1/8W,IOmml ead spacing)
I Resistor 10k (1/8W, IOmm lead spadng)
4 Ceramic disc capacitors InF (2.5mm lead

spacing)
) Ceramicdisc capacitors IOnF (2.5mm lead

spacing)
1Ceramicdisc capacitor 22pF (2.5mm lead

spacing)
2.3. Compone nt list

4 7-segmentdispllYsSLIII OK cr eqeivelenr
I Fixed voltage regulator 7805

IC OI:
IC202,
10 03:
10 04:
Q201:
0201,0202:
n OI:

SP4740 (Plessey)
74LS)9)
ICM7l07AlPD (lnterail)
ICM7217AIPI (lmersil)
8MHz CryslAl, HCI 8-U
IN41480r equivalent
BCI0 8Bor equivalent

2.4. Commissioning

Following construction and a visual check
(see lig, 9) the frequency coumer can 1:It put
straight into service.

The unit is connected to the oscillator output
of the convene r and as soon as power is
connected it should display the receive fre­
quencyof the convene r.

If • known reference frequency is available
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.....,.... 0-

• • f'j l
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Fig.9 Laboratory sa mple of the Frequency Cocntee mod ule

(e.g ATV rcpeltlr r) line luning of the disp lay
frequency can be euemp ed with the trimmer
capacitor.

3.
TIle IF AMPLIFIER

The roul concept of the FM ATV receiver is
for the IF amplifier to have a through
arnphflcarion of 45dR /It 480MHz.

3.1. Circ uit descr ipl ion

Fig. 10 shows the complete circuit of the IF

amplifie e. The required amplification of 45dR
is guarantt'f'd by lIle three-stage chain of
imegrated broadband amplifiC'B of the type
MSAOI04 (IC30J ·303).To secure jhe necess­
ary bandwidth for FM ATV a helical filter is
filled after the ftrsrstage.

The huegrated amplifiers employ bipolar
silicon transistor broadband amplifiers in a
Darlington circuit urangem C' nt . These
MM ICs (MMIC - monolithic microwave
integrated circuit) are the simplest way of
achieving high levels of rel iable broadband
amplifi cation . Pan icularly convenient is thl t
no inpul or output matching is necessary:

DJ8ES 003 =,. ='" ::= -c-
• • e- . -o

~.. ~ .. ~..- -
.~ .~ '011 '011 ' 011

(~ II
... e_ 1I II-&' -II~'-II-$...

I •• 1_ 1_ j

Fig .I O Ci rcuit of the IF Amplifit"r [)J 8ES 003
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100 MSAQI04-
. ~

I" ,

'"
Helix·Filte r

252MX· 1552A

100 MSA0 10t 100

Fig.11 Component ove rlay for the IF Amplifier DJ8ES OOJ

impedance in both cases is 50 ohms.The only
external components needed for operation of
the MMICs arc a series resistor for the supply
and inputand output coupling capacitors.

3.2. Constructional hints

TIle PCB for lIle module DJ8ES described
consists of double-sided 1.5mm epcxide
material and has lIle measurements 34 x
72mm (fig. 11); it fits conveniently into a
commercially a...ailable tinplate box(37 x 74 x
JOnun). The necessary preparations for the
PCB and housing are as for the convener
module: lhis also applies for inslalling the
PCB and mounting the components.

3.3. Component list for DJHES 003

IC301,2 & J: MSAO I04 (Avantek)

I Helical filter 252MX· 1552A
5 O1ipcapacitors 1000F
3 Resistors 270R ( l f2W. IOmm leadspacing)
3 Ceramic disc capacitors InF (2.5mm lead

spacing)
I Tantalumbead electrolytic4.7uF/25V
2 BNC Ilange sockets (UG·290A/U)
I Tenon feed-through
I Tinplate enclosure 37 x 74 x JOmm.

3.4. Commissioning

After complete construction of the IF ampli­
fier (fig. 12) it can be put into operation on II

•
"

"

Fig.12 Laboratory sample of the IF Amplifier
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trial basis. Apply llie ... I2V supply and look
for a current drawn of around 84mA. This
implies a current reqelremenr of 28mA for
each stage, which can be proved simply by
checking the voltage drop of 7.'6V across
each 270R resistor.

The only frequency-determining component
is llie helical filter fined between the fi~1 and
second amplifier stages. This should be
adjusted for the naUest through·pass curve
(minimum ripple): this is best checked with a
sweep-frequency generalor (wobbulator).
Willi a centre frequency of 480Mlll a 3dB
bandwidth of22MHl should be achieved.

4.
TIl E FM DEMODULATOR

Willi regard to the widely used IF of 480Mlll
which is now commonplace in setelllte rele­
vision receivers a demodulator board was
developed to match ihe rest of the project.

4.1. Circuil descripti on

The hean of the demodulator unit (lig. 13) is
llie quadrat ure demodulator SL14'2 from
Plessey. lt is adjusted onto the 480Ml lz IF to
be demodulated with inductance UO I . In this
frequency-de termining resonanl circuit the
parallel resistor of 180 obms determines Ihe
demodulator bandwidth corresponding 10 the
FM ATV signals being received.

The demodulated video signal passes lItrough
a buffer stage (HOl) 10 the de~mphasis filter
and 00 10 lite video amplilit'r NE592 (ICol03).
The amplification faclor of this IC is preset by
pxenuomerer N OI. On its cutpcts the NE592
delivers two video signals of the ilInle
amplitude bUI opposed polarity. An im­
pedance transformer (T402. T403) is connec­
ted here.

Fig.14 Component plan of the FM Demodulator DJ8ES 004
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Fig .IS Labo ra tory sa mple of. DJ8ES 004 module

The audio subcarrier (S.5MHz) is led via I

ceramic filter (SF~.S) to the amplifier and
demodulator TRAI20T (IC404). At the same
lime the vo lume of the loudspeaker outpu t is
preset by a DC voltage: only a potentiometer
(Sk ohms 10 ground) is requi red. In this
manner screened audioleadscan be kepi: away
fromthe from panel.

A TOA~OO3 serves as audioamplifier, with an
output power of around S walts. A loud­
spraktr of appropriate I'Dling and a to 8 ohms
impedance is required. The power supply for
this am plifier is separate from the rest of the
board: this is to prevent low frequency
components from the audio signa l interfering
with the video signal. The alternative would
have beenmuch greater filtering.

After trimming the board is first treated wuh
rub-on si lver plaling and then drilled. FUMe'
work for prt'paralion and conslniet ion of the
demodulator module is as for the previoustwo
units. The TDA2003 needs coo ling : a s uitab le
healSink shou ld befilled .

4 .3. Component list fo r DIKES 004

IC401 : MSAOl04 (Avantek)
IC402: SL14S2 (Ples..~y)

IC403; NES92 (Signelics)
IC404 : rnA i aor (Siemens)
IC40S: TDA2003 (Sie mens)
T40I . 2 & 3: BC I08Borequivi leni
P40I : Trimpot 2.,k ( IOmm lead spacing)
l401; Necsjd coil RVS034 (O.04uH)
0 ,4 0 1: Choke 33ull

4.2. Co nst ruc t iona l hints

The PCR DJ8ES ()(}4 for the module described
cons ists of I double-sided board I .Smm thick
made of e pcx lde materia l. It has the measure ­
menta 72 Jl IOllmm. filling in a commercially
ava ilable linphu e enclos ure (74 x III Jl

3Omm). The track and component layout are
tn besee n in fig. 14.

3Tantalum bead electrolydcs 100FI2.5V
2 Electro lytics 1uF(2SV,Ixial
4 Electro lytics 47uF(2SV, axil l
I Chipcapncito r 47pF
2Chipcapacltors lOOpF
1SMO resls tor 180R
1 Vohage regulator 78l0S
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1Ceramicdiscriminator CDAS.S
1Filt('rSFES.S I BNe flange connector
(UG-290Af\}l
6 Teflonfoed·lhroughs
1Tinplateenclosure74 :r. II I :r. 30mm

Resistors (1/8W, IOmm leed spactng)

I off IR
1off 330R
1off 18R
4 01T S60R
3 01T 68R
3 off Ik
3off 7SR
3off 4k7
I off looR
3 0ff 10k
I off 270R
101T 82k
I off 3R

Ceramic disc capacitors (2.Smmlead spacing)

3 0ff 4.7pF
I off 4.7nF
I off 330pF
12 0ff IOnF
1off 680pF
3 off 22nF
3 off InF

4.4 . Commil>Sioning

The following Ire required:

• muhimeter

• frequency counter10 IGHz

• signalgenerator10 SOOMHz

• oscilloscope - FM ATVsignal, reachingthe
convener viatheantenna

To begin only !.he 12V supply is connected:
check for a current flow of around400mW, of _
which lTlO!ol is U1ken by the audio Implifier
(IC404), The module should work !>traighl'

s_
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Peler VagI, OL!RO

A 6cm Transverter using Stripline

Technology.

As presented at the 1990 VHF·UHF conference in Munich

Thi s art icle describes five bui lding block
modu les for I 6cm traesverte r with an IF of
43SMHL.

The use o f stripline techniques and SUT­

face -mou nt devices (SMD s) in quan tity
enables a very compact unit 10 be built
with I high degree of reproducibi lity and
reliability.

The achievable noise figure of 1.5dR and
power output of I .SW represent the sllte of
the art in amaleur techn ology.

I.
POWER SUPPLY AND CONTROL
MODUL E DL IRQ NT6· 1

t . r . Descrtpnon

The front panel (fig. 1.1) is constructed
together with the power supply and control
PCB as a compact module, in order to save as
much roomas possible.

Fig. 1.! Front panel for lJLtRQ NT6-1: 145 . 40m m
Material: lipnay PCB 1.5mm thick, co ppe r-did both sides
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H1.'I:-=ttt...
9C237

...

an)' Germanium Diode)

IF

Fig.I .2

,.~ <9:
" -------{(9

Circuit ofOLlRQ NT&-I: (DAT46 may be
E ... RX; S-TX; ZF ... IF

Fig.1,) Power Supply and Control Module DLIRQ NT&-I
122 ll. 3Omrn; Maleri .l : Epoxy PCB 1.5mm thick , copper-clad both sides

Figl.4 Position of components on DLlRQ NT6-1
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Fig.1..5 Co mpone nts on conductor side of DLIRQ NT6·1
The SMC connectors are mounted from the conductor side. The fuse
ho lder and the SMD capacitor 470pF are soldered onto the conductor side

Fig .1.6 View of the component side of DLIRQ NT6·1

TIle c ircuit (fig.L2) is protected against short
circuit and reverse polarity and provides I

DC·DC convener for the negative supply ·SV.
a translstor-ccmrclled switch Ior the 12V
supply voltage as well as a resistive divider
with 6dB reduction in power load for the send
channel and 10dB reduction for lIle receive
side . The measurements of the front panel
were chosen to correspond with the width of
the IT-790 driver used by the author.

The height of the panel is laid out 10 match
commercially-available side profiles ( I).
Figs. 1.3 to 1.6 show the printed circuit board
DL IRQ NT6-1 and the compone nt ove rlay in
drawing and photographs.

2.
OSCILLATOR MODULE FOR
1331.2SMll z · DLI RQ 0 12

A special oscillator module was not designed
for the 6cm transverter. instead Ihe respected

and much copied oscillator module DLIRQ
012 was put into service again. This unit has
already been published in (2) and (3). For the
sake of completeness of !.his anicle it will be
described aga in, in a slighlly improved ver­
sion. You shou ld be aware that il is bui lt in a
tinplate box with lid, 37 x III x 3Omm, which
makes it of larger profile than the other 6cm
modules.

2.1. Description

The oscillator module is built OUI of four
stages (fig. 2.1). Beginning with the accepted
and low-noise crys tal csclllator with a P8002
(or 1300) transistor, the frequency is tripled in
the following stage using a RFY90.

Another triple r stage with a RFR96 follows
and this drives a BFR96 doubler via a
two-element filter. The output frequency is
coupled through a three-elem ent filler .

OutPUI power is in excess of 40mW , more
than enough 10 drive the module DLI RQ023.



1
_ , . 12V
... 2~1 I

SI<YOAVN!lp

n.
H

0,

1Mn .
H

'" H.,
V

"
,~ ", H

'" ,..
0,.. n , :n; '" I~

BFR" BFR96
66!U2!1 ~H , 1lJl,25lotHI

no

" "n o I UP
"toOl I JJOO
7U5.3 f04H,

Hlf'+-~~~-T"""C'" ~;:"~·~i'~'r--[ -tf "
r ' ",: I I Ll
L . J

.. . .u

."'"BFYlK)7tL02"'"
,"

'"00'
Fig.2.1 Circuit of DLI RQ 0 12

1I : BV5061 Ncositl llSn ll brown/b luc
L2: 13.Scm varnished copper O.lSmm diamete r e n 10k resistor
L3: 2.5 t urn s varnished co pper l.00mm diameter air -wound on Smm former
L4; as LJ
Sky tr tmmers . SpF green

o

Fig.2.2 PCB fo r OSCiUIlO' module DLI RQ 012
108 x 34mm; Mlterial: Epoxy PCB I.Smm thick, copper-clad both s ides

2.2. Construction of OLt RQ 012

PCB. component layout and I sample con­
struction can be seen in tigs. 2.2 to 2.4.

Through conucts are indicated on the corn­
ponent overlay by an X in a circle and are
formed either by componentleads or by small
pieces of Lymm copper wire. Components to

be grounded, where no drilled holes have been
provided. are soldered direct 10 the ground
plane. This is indicated by the symbol· on the
overlay plan .

The h('ight at which the PCR is mounted in the
tinplate enclosure depe nds on how tall the
crystal used is and on the height of the crysta l
themlOl>tat' s jnsulauc n.
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BFR96 8FR96
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Fig.2.3 Component Layout of DLIRQ 012

Fig .2.4 View of the completed module in tinplate enclosure .
Lid measurements : 311 I II I JOmm
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o--,---i 7' O ' I-~--,
+12V

I '"
PTC Typ Sie mens

P 3 10 - A 60 I 40 ClC

Fig.2.5 Circ uit of a simple 60 degrees C thermostat
Hint: The equilibrium temperature lies ...bo.-ethe Indicated doubling
temperature of the resi stance value of the PTC resistor.

Laten
0

I~
7808 .

':i='

, _ _ -,....-- 0.5 Cu-Blec h __

PTC-Sc heibe

ct~::::::::r- Lat en

1 .1 2V .12V 1

Fig.2.6 Construc tion deta ils of crystal thermostat.
Cu -Blcch - copper sheet material; L6ten - solder; Scheibe - d isc

2 .3. Advi ce on s imple cryslal thermostats

Circuit and construction are indicated in figs.
2.~ and 2.6. To avoid thermal instability you
need a particularly " intimate" contact bet­
ween the PTe disc and the copper sheer.

The constructor soldered the PTC disc nat
onto the copper sheet. Unfortunately the discs
are jXvne to developing hair-line cracks when
healed rapidly. and this leeds 10 significant
instability. The use of good flux and pre­
heating of the PTe disc are recommended.

The thermostat is placed up against the crystal
using plentyof heat-sink paste and surrounded
by as much expanded polystyrene as possible.

J.
TRANSISTOR QUADRUPLER
1331.25/5325MHz DLlRQ 02 3

3.1. Description

The quadruplet consists of twv doubler
circuits connected in cascade. Tho: I:rs t dou­
bler. using a BFR91. displays very good input
matching. It operates with a fixed.tuned
stripline circuit at 2662JiMHz. The second
doubler is equipped with an MGF1302 and
after a stripline filter delivers around 40mW
output on S32SMHz. By means of a IOdR
stripline coupler an oscillator level of approx.
4mW is fed out to the receiver module.
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Fig.] .1 Circuit of DLIRQ 023
GN • green; RT/SW · redlblack

l'ig.3.2 PCB for Quadrupler DLIRQ 023
108 I 34mm; Material: RT·Du roid d-S870; O.439mm

e­
OSZ

· 5V

Fig .3.3

2,,'21)) L
0 410
Om

)o~ O. 70 p

BrR9, MGf 1302

Compoeem laycut of DllRQ 023
OSZ - osc illalor

e­
RX

e­
n
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Fig.3.4 The completed module in tinplate enclosure.
Lid measurements 37 II 111 II 13

12

9.59.5

'+t=SMC SMC

2

(IS 72 5 .
f-

1

SMC

6,
35 3S

Fig.3.S Dimensioned sketcb of tbe end plnels of DllRQ 023
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0
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dB
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-3

-of
I
f.

Dl1RD 023

010'90

fig.3.6 Output spectrum of the quadruplet DLIRQ 023
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Fig.3.7 Relationship betw een input power al t33 1.Z.5Mllz end
output power at 5325M lIz

IO~ '00

~ 0-1 It....,.~.....

,.,

"

,......,..,+-----0~
Sl25MHr

1--1~---O~
USMtll

"

MOl' 1303 Jo4OF 1)02 MOF1J02

Fig.4. 1 Circuit diagram DlIRQ 670
L: 2 tu rns o f O.5mm silver-plated copper wire on 3mm former .
All co mponents SMD pattern except voltage regul ator 78L05 and 6pF
trimmer (ValvofMu llard grey).
IOpF coupling cap's: Valv o 2222 8.5 1/853 (0 104.520) 2 J,I .25 J. a .Sl mm

3.2 Con struction o f DLIRQ 023

PCB, component layout and I u mple con­
struction can be seen in rigs. 3.2 to 3.4.

C is a 4 x 4mm piece of stngte-sfded
RT-Duroid PCB material O.439mm thick and
sets the coupling attenuation of IOdR. It is

fixed wuh a small dab of universal glue
(lJHU, etc.)

Tranststor BFR91 is mounted in the fashion of
an SMD component. The cold end of the
striphne resonator at the collector of the
BFR91 must be through-contacted 10 lhe



VHF COMMUNICATIONS 1/91

Fig .4.2 PCB OLIRQ 670
lOB x 34, Material: RT·Duroid 0 ·5870; 0.4 39mm

~coo
IF

410 p

,p~1ti1O <)

1302 LO

o c> "" 0"
4?Op 2k1~3k

DL1RQ 6700'00- 12V-C:l:i' m05 0'00
cv a 2

1,1

Component Ilyout of DLIRQ 670Fig .4.3

coo~]rl'l' -o- l!f -o-
RF 1303 1302

1 1

-5'

Fig.4 .4 The completed module in tinpllte enclosure.
lid measur ements 37 x III • I J

groundplane side. The source connections of
the MGFIJ02 ate bent downwards, passed
through holes end soldered to the ground­
plane.

A tinplale enclosure with the Oid!) dimensions
of 37 x i i i. 13 is not c;ommerdilly IVlillble
to the knowledge of the writer. Accordingly
jw.t the lid of an IVlilable box with the
dimensions 37 x III x 30 was used [type
wg3113 from (4)J. The side Wills 12mm 1111
were home-made 10 march the originals.

The SMe connectors Ire soldtored hom
outside the end panels (lig. B). The Tenon
insulation which projects inside should be
removed right back 10 Ole Will of me
enclosure IIld the coeuc t pin VionMlNl
somewhal.

The Teflon PCB !Jlould be lrimmedso that me
lracks line up wilh the pins of the COfln«10~.

then soldered to them. Afler Ihi\ the edges of
the Pen can be made " wall'n ight" by
soldering all round 10 Ihl' Wllll ~ of the
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enclosure; lhi!l lpplies n'" on ly 10 the gro und ­
plane underside but also 10 the side strips or
islands on the lrackside.

3.3. Alignment hints (or DU RQ 023

The followingshould be~I up first

The trimmer in the BFR91's base circuit
should be fully turned "out", the inpu t
trimmer turned inwards I qua rter . Th e gale­
bias trimmer of the MGF I302 should be
adju slfillo its midd le posi tion .

Afl rT this me input trimmer shocld be
adjUlited for best input match ing . Us ing the
bast circuit and the gate-bias. tune for
maximum output power. In mis operation.
tum th~ base circu u in 15 linle as possible and
walch th~ dra in current by the vohegedrop on
th~ drain miislor!

3.4 Measured values (or the frequency quad ­
rupierD LIRQ023

Figs. 3.6 and 3.7 shown what should be
achieved wuh this module.

. J•

.H-t:'h
~•

- 6 -J

Dimensio ned sketch of the end
panels of DLl RQ 670

Noi se measurements for th e
receiver module DLlRQ 610
in rci llioo l'hip to the osc illator
perto mence

,
<,
~

,

FigA .S

•
e

Fig.4 .6

,
-11 . ,

IDl lllQ 610

J

I',

n

MGr 130 :

"

t-"--JI ~- 11-:) ee-

). n )l.

I~M f ., ' ., .
I~ij'--'----l __={)

MGI 130 }

•n ll

Fig.S.! C ircu it diagram of DLI RQ 7()(,
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RECEIVER MODULE DURQ 670

4.1. Description

The receiver module (fig. 4.1) contains a
two-stage preampli fier with transistors
MGFI 303 and MGF1302. Following is a
two-pole striphne filter (or selecting the
receive frequency of 5670MHz, The mixer
stage is realised with an MGFI 302 transistor
and in this fonn is already proven in the
writer's IOGHz concept (5). The noise
measurement of the receive module remains
consunr at I.SdB from ImW oscillator load­
ing to above IOmW.

4.2. Cons lruc tion of the recei ve mod ule
DLl RQ670

Figs. 4.2 to 4.5 show all the details.

".3. Alignment hi nts and measuremen ts

The trimmer o( the 435MHz circuit should be
tuned for maximum noise in the 70cm
receiver connec ted (turned about halfway
inwards). On the trimmers for Ihe gale voltage
the following drain currents aft measured:

Preamplifier stage MGFI303: appro x. i 2mA,
corresponds to 1.2V on drain resistor Pre­
amplifier stage MGF1302: epprox. l~mA.

corresponds to U V on dra in resistor Mixer
stage MGFl 302: appro"'. 1 .~mA. corresponds
10 O.ISV on drain resistor.

The currents of the first stage and the mixer
stage should ideally be optimised on a noise
measurement station, but checks on several
lab. samples indicated that the techniques
described achieved dose to id~'a l norse perfor­
mance (fig. 4.6).

Fig.5.2 PCR DLI RQ 706
108 x 34m m; Material : RT -Duroid 0 -5870; 0.439mm

DL 1RQ 106

-¢o D -o­
1302 lOp

IO D

Fig .5.3.1 Component layoul ofDLlRQ 706

- Sv
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$MC SMC

9,5

'2

35
Fig.5.3.2 End plate dimensions (or DLlRQ 706

35

Pig.SA The completed module in t inplate enclosure .
Lid measurements 37 ... II I ... 13.
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Fig.S.5 Outpul spectrum of the transmit module DLIRQ 706
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Fig.S.6 Oscil la to r leve l and linearity behaviour ofthe tra nsm it module
(w ith 6dB divider hom NT6-1)

S.
TRANSMIlTER MODULE!.
DLIRQ 106

Figs. S.2 10 S.4 give !.he details necessary for
construction.

S.1. Description

The transm itter module (fig. S.I) contains a
push-pull ring-hybrid mixer (rat -race balan ­
ced mixer) with two diodes of lIle type
RA4gl. The 70cm signal which has already
been attenua ted 6dB in lIle driver module is
reduced once more here by 10dB before it
reaches the mixer diodes.

The csctueor power isdivided in the ring and
fed (0 lIle diodes in push-pull. Under ideal
conditions there should be good suppression
of the osc illator on theoutput of the mixer.

A striphne filler connected behind this sup­
presses the image frequency and provides
additional suppression of the oscillator. Fol­
lowing this is a two-stage amplifier which
raises the mixer signal to a maximum of
IOOIllW.

S.2. Ali gnment hin ts fo r the tr ansmi ue r
mod ule Dl. IRQ 706 and measur em ents

The only alignment is adjustin g jhe quiescent
current of !.he two lransistors:

First stage MGF I302: appro x. 3O-40I11W,
corresponds 10 O.J -O.4V on drain resistor
Second stage MGFI J0 2: opprox. 40mA ,
corresponds 10 OAV011dra in resis tor.

Figs. S.S and S.6 indica te first-class linearity
and adequate suppression of undesired mixer
products.

Aris ing from these measurements it is evident
that !.he mixer presented here is very tole rant
of the oscillator levels offered to it.

TO BE CONTINUED

(References and suppliers overleaf'}
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(3) IOGHz Transvener using Stripline Tech­
nology. Peter Vogi DLiRQ. DUBUS 2/86, pp
UHf.

(4) Giga.Tech Karl Himmler, Postfach 1160.
W·680.s Heddesheirn, Gennany . Modules and
special components for the Gill-Amateur .

(5) Redesigned IOGliz 55A 'rrensvener by
DLIRQ. Peter Vogi DLIRQ. DUBUS 4186.
pp 31Off.

(I) (sci side profile I no. 19083~ (from
lsen-Elecrronics, W·6419 Eiterfeld 1, Ger­
many).

(2) IOGll z 'rransvener using Smpline Tech­
nology. Peter Vogi DlIRQ. 1986 VHF-UHF
Conference notes, pp 58f1. South Ravaria
District of DARe.
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7.
LITERATURE AND SOURCES OF
SUPPLY

[j}flTECH @

eLEcTRoNics
21 GOlDINGS CLOSE
HAVERHill SUFFOLK
CB9 0EQ ENGLAND
TEL: 0440 62779
FAX: 044 714147

• 24CM COLOUR TV TRANSMITTER
Probilbly the . malltM 0.5 Wan Microw. ve Video Tral\-\mitlH In the World! Ideal for ponable uflt.
U_ ' IIII' of the an Mlrrate mount lechnoloi)' to cl"e uupelonl l nlilb illty I~ well u it, compile!
,be.

SI'ECIf'ICATION

RF OUTPUT 0 ..5 WATTS, f'REQUENCY 1240 - 1320 MHz, MODULATION FM with Ce lR
PRE·EMPHASIS, VIDEO INPUT 7.5 OHMS IV PK-PK COMPOSrrn VIDEO. A.S.C. INPtrr
1.5 OIlM '100mV PK-PK INTERCARRIER SOUND, POWER SUPPLY 12V DC 8
3.5Or1lA, SIZE (Wd h D) 64 X 32 .I 84 rnm

Compcs ue Video Ind Audio Sub Curler Inpu" 111: " II phono lIO(:kel", RF OIItput l~ "il In 5MB
soeket. Power lWpply is ,,1.1 I 2.'mm DC power lIOCKd. Lead kit ."Inlble • £.10.00 EXC VAT

£94.15 EXC VAT P&P EXTRA · SEE BELOW

• AUDIO SUB CARRIER + VOGAD
Om Audio Sub Carrier + Vo, ld unit is I complete ludio modulation 5y~tem d"lb'1led (OT In llt eur
televb ion. The circuit conslslll of I microphone amplff l er with lOpe«h compressor. ludio fllterlnll
anrl a 6MHz o~mator/FM modu lator.

SI'EClFICAT IO~

RF I~EQUENCY 6MHZ adj. -t- 500kHz. RF OUTPUT 0 TO IV PK-PK DEVIATION -t­
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43MM

KIT 0 1.00 + P P 8 £1.00 EXe VAT. BUILT &. lliSTED t 27.60 EXe VAT

I'OST &. PACKING: (UK) PLEASE ADD PM . £1.00 AND VAT . U S
OVERSEAS (71 ,RO VA1) PLEASE ADD P&.P 8 £.6.00

...... VISA - ACCESS · MASTERCARD · EURQCARI> ......
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BemdNeulJig.OKIAG

A Modern , Professional Look at the

Design of Stable, Crys tal Oscillators

Working at High Frequencies

Part I

From I lecture l iven 10 the 13th Session
(I01h Feb . 90) of the Gill. - convt tu ion in
Dcrste n.

I.

CHARACI'ERISTICS OF OSCILLAT­
ING CRYSTALS AT IIIGH FRE­
QUENCIES

1.1 Frequen cy Ringe Ind Overto nes

Stable, high ·frfilumcy Quartz OKiII.ton,
almost withou t except ion, use AT -cut crys­
tals. The frequency determining mode is that
of the thickneu·shea r, which means the
thickness of the plate determines the fre­
quency of oscillation according 10 the espres­
sion:

f(Ull ) • N166O{d where N • I, J,,S, .... 11 J

The upper frequency limit for the ba..lc QuAm:
eN • I ) is determined by the technology
availabl e in the manufacturing process.. - the
precise workin & of two thin surfaces , which

~ be absolutely SIJ100lh And plant paralkl
10 each other. Nowadays . these limiu are
reached, for example, by the firm Tr!tvtu17.
under production thickneM tolerances of 40 to
4,Sum - which colTt'Spond\ 10 a frequfflcy of
40 to 45MHz.. In the labora lory, however.
C1')'!iIo\1 wafen of 22um thkk (75~lHz funda ·
mental) can be achievtd. By d chin& out •
thin membnne of ,SOum from the eeeue of a
thkk Quanz slab by means of an ionic-beam
process, I fundamental frequency of JOOMlb
canbe obtained.

The disadvantage of these high-frequency
fundamental crysta ls is Ihllt their 0 decreases
invenely as the frequency increases, such Ihlll
the product or remains con...ant . A rule­
of-thumb wou ld be a ligurr of 1O'; lh .
Therefore, a ('ry~tA I having a fundamental
frequency of IOMlb would have I 0 around
10-\ where.... the JOOMllz crysllli would ha ve
aO ofooly3(01

As a rule. ove rtone crysta ls I re employed at
frequencies above 3OMllz, with factors o r
N • 3. ,S, 7. 9 or II . The 0 i~ cons iderably
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1.2 Spurious Reson ances

In addition to its fundamental and overtone
resonances , every crystal has a number of
undesirable spurious modes of oscillation.
These are not harmonically related and always
lie above the fundamental mode, at distances
varying between 10 and 120kHz. These
spurious resonances are some to - 2o.JBdown
on lhe fundamental (plane-parallel crystals),
but overtone crystals are prone 10 stronger
spun and they are closer to the main
resonance (Fig.I).

At the jrd-overtone 6-9dB can be reckoned
with and at the 5th-overtone and higher, 3dB
is often difficult to achieve. At frequencies
near the limit (e.g: 300Mli z using 9\h.
overtone) 2dB is the most thaI can be
expected. Very often, the finl spurious
resonance lies only some 20 - 30kHz above

(~,-----------""''-''''''''''''''''''''''''''''-"''
higher at (he 3rd-overtone, Qf· 4-7 • 1011Hz,
but from (he 5(h-overtone on (he dynamic
capacitance C l reduces, and with it (he
crystal's ability to bepulled.

At the 7th or 9\h overtones it is very difficult
to pull mo re (han 5 • IOppm, and (his is very
important for tuning and modulation pur­
poses.

A reasonable limit for overtone working
would be the 9\h overtone, which, at 40MHz
fundamental, would give an upper final
frequency limit of 360MHz. This limit is
exploited frequently in professional applica­
lions, but 100 • 150MHz seems to be the end
of this particular world for amateurs.

In theory, all crystals possess an ability to
oscillate at the fundamental frequency and on
their overtones, but the design is always
optimized for the desiredovertone.

~£, ~.V K~ / CIV ~AR~K ~ II C7e :oo . coc~z

O.ooOaS IO. COOaS ~AC (UO~ ) - e . :S7ai

-
V "-r-, == ---" '1-

-... I-'T
R£' ~KVE~ / OIV ~AR~£R ~ s 423 COO.OCC~ .

O. OCOcta 10 . 0 0 0 ctS "' AG (UC~l - , . ::IlOl Sctll

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

I I I
/ 1\ , ftl

\ <, 11\ r

Fig .1 Spurious Resonances present with Fundamental (top) and 5th -Overton e
••
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Fig .:Z Crys ta l Equivalent Circui u

the main resonance. It cannot really be
pred icted with any certainty whi t oscillation
willbreak OUI in I crystal using any JlBrticulu
osc illator circuit . The amplitude of the
spurious oscllleuons is controlled by the size
of the vibrator electrode. That is, the capacity
of C, and the conductanceof the crystal. The
ckmands for I beuer suppression of spurious
resonances means, very often, I crystal with
smali pulling ability and I higher resonant
resistance R,o

1.3 Equivalent Circu it

The well-known equivalent circuit of an
oscillating crystal shown in Fig,2a is not
sufficient to show ilS behaviour I' high
frequencies.

The housing of the crystal should always be
earthed in applications demanding the highest
frequency stability. The capacitance of the
811u connector Ieed-thrcugbs amounlS to
IpF, and can no longer be neglected at the
higher frequencies. The spurious resonances
are represented by addnional series-tuned

circuits. This leads to u ie more represemauve
circuit in Fig.2b. Later jhe innurnce of the
inte rnal and external connection leads,
together with mounting pins and soc kets for
frequencies above ISOMHz mu.s1be taken inlo
accoum. All this is shown in Fig.2c.

I .• Loc us -Cu rve diagnm

The high frequency behaviour of rhe im .
pedanre or admittance of elect ronic com­
ponents is represented by a locus diagram.
The complex conductance of Ihe sim ple
equivalent diagram of Fig.2a is represented ,
near lIle resonant frequency, by a circle who~r
centre al the low frequencies lies jUJOI above
the real axis. The (righi-hand) intersect with
the real axis is the resonanl frequt"nq f,
(Fig.3a).

At high frequencies the centre jltlint nH>\t'~

upward~ owing to the mrlueuce ill' C\' and
resistance RI . The resonant 1n.·'l urn~· )" I" :11
which the cry~a l Impedance is 1"1,".11. Sl,'llol rall's
from the eJl lrrmc right.h and ",' illt ilf lht' eireI,'
(the series resonance fr('(I Ut'ney f. in Ih,'

"
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Fig.) locus-Curve Diagrams
a) ideal ; b) with spurious resonan ces

equivalent circuuj. Also. the f~ucncy f• • I I
which the: crystal is al iLS lowest impedance,
wanders away from f._ Above I certain
frequency the locus diagram no longer inter­
sects the realuis, thai means lhallhere is no
real working impedance in the vicinity of lhe
main resonem frequency. Most crystals
exhibit this characteristic above the ,th or 7th
cvertones. Izc tc l ' OMHz.

The static capacity Cg must be compensated
for stable and reliable operation. This is
carried out, as I rule, with a parallel indue­
lance, but also • as in the case of cryslal filler
circuits . willi • differential tran5former,
together wilh • compcasarioe eapecitor in ihe
opposite leg. The compensation inductor has
the following value:

L, . I 1«(2 ' PI • fJ" c;.J 12)

where Co is the not-to-be-Iorgouen winding
and stray capacitance of the circuit. The
inductor musl not have a very high Q and does
not need to be tuned. It is recommended that
the above fonnula (2] Ulould be used for the
calculauon of the value and the nearest lower
value chosen from the standard series of chip
inductors.

At Mill higher frequencio the locus diagram
will becomedistorted from the ideal owing 10

the near presence of the spurious resonances,
which give rise to pigtails on the main circle.

Lead inductance losses force the circle away
from the Im-u is (Fig.3b). This ckIeriorales
the impedance relationship between the
resonant andami -resonant frequencies and the
crystal becomesunstable.

2.

CRYSTAL OSCILLATOR CIRCUITS
FOR VIIF AND UHF

Many circuits have already been dealt with in
earlier editions of VHF Communications.
Here a few important aspects and new
developmentsof the intervening years will be
considered.

2.1 Clapp-Guriett Osci llator

The Clapp-Guriett crystal esctllator (Fig.4) is
a derivative of the ubiquitous ColpitIS circuit.
In order that reliable overtone operalion can
be achieved, the nonnal ColpitIS capacitive­
divider capacitors C. and <; between base ,
emitter and ground are modified by replacing
the leuer by a luned circuit~c., Its resonant
frequency:

f.,. ·l f( 2 ·Pl· ~· C<) [Jl

is chosen so thai il lies between ihe desired
n"..n nn.. ffMll""l<~ V . ml Ihl': n..., In.....,
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(grounded-base)

There is, however, no point in sp«ifying a
load capacity when ordering crystals for use
above 100M" " as the measurement of this
capacity is a very involved process. (n!>lead.
the crystals should be ordered IS series­
resonant. together with a deposition which
must be pre-determined experimentally. The
crystal manufacturers will most probably be
helpful in obtaining a value for the deposition
H/f (§ represents Delta), but it may be
calculatedas:

If/f. -C,n«; -CJ 1101
Values for the dynamic capacit.ances C1 and
C. can be obtained from manufacturers'
literalUrt (4), G. can be calculated using
formula [91 .

The O app-Gurieu oscillalor has the advan­
tage that the crystal sees only a de-tuned
circuit and nothing on the working frequency.
The tuned circuit does not require any tuning
and the oscillator frequency does not react so
much to varialions of 1.... Its use on higher
overtones (after the 7th) is. however, more
difficult. because the relative frequ~ncy sepe­
ration of the overtones become smaller, thus
necessitating a higher tuned circuit Q. and
tuninSthen becomesaxiomatic.

2.2 The Clapp-Osci llator circui t

The grounded base circuit of Fig..5 is welt
established. and is therefore used very exren ­
sivefy. 113 disadvantage is rnal the oscillator

,o ~ "' ~Cc l c [ 1k
........ ~

CbeflL.

Clapp-Ourien Osci llatorFigA

overtone (or funda mental). This makes the
tuned circuit capacitive above folo and the"
feedback conditions are thereby maintained.
Below fo~ the tuned circuit is inductiveand the
combined oscillator circuit cannot support
oscillations.

Roth values of the capacitors C. and C; .rr
should be of the same son of value. but it may
be advantageous for the latler to beup to 20"
smaller in value . but never greater than C•.
the reactance of C. should be. at the higher
frequencies, from 20 to SO Ohms • but no
more than 100 Ohms. II may be determined
by the followingexpression:

C.- I f(Z* PI *f.*X••) (4)

when: X., - 20 to SO Ohmsand C; , ff mu~t be
equal toor less thanC.. [Sl

With the resonant frequency of the tuned
circuit f.... between thecvertcees:

fN ~ <f... <fN (6)

L, and C. arecalculated as follows:

L. - I /( 4 • PF· C;.«) * (I lfok1• I If.l» (7)

C.-C;.rr /(I-( f... / f,,)1) IS)

The crystalthen works witha loadcapecuy Cl
of about:

Cl • (C, * C; .rf) / (C, + C; . fl) (9)

!
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Fig .7 Hart ley LC Osc illator with
Crysta l ip Emi tter feed back
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voltage ( or Un) should elso be considel'1lbly
lower than J2V.

• When it is properly tuned. the crystal will
oscillate precisely when it is in the series
mode, and above IOOMHz the Co compensa­
tion witha peratlel inductor is employed. By
properly tuned is understood 10 mean: the
crystal should be replaced by a resistor having
I value equal to thai specified for R1 of the
crystal. The oscillalor should then oscillate
reliably. Tune the collector circuit for
oscillation at the nominal frequency. After
rd illing the crystal, the oscillator should then
function to within I few ppm of the crystal's
nominal frequency.

• The capacitive voltage divider in the collec­
tor circuit shouldbe SO dimensioned thai there
can be no large excess of gain. The gain of
lhe basic circuil is:

with

ond

V -IT/ U. R., (II)

with UT - 26mV II 2.50<:. The collector
resistor R., is determined by the <4, of the
tuned circuit inductor L. and the loading of the
following slage RL• together with the Im­
pedance transformed by C•• c; of the series
circuit of the crysu l's Rl , and the emitter
resistance r., IS follows:

Fig .6 Crys Ll.l -st.b i l i ~ed

Colpitts Oscillator

H",... DK1AG

/C;

FCQ \!>
2N91 4

'"
'0 ' f---<>L '" J "

L ". .~ Cb
Lp I,.

J.

(f.------------"=-""""""""'''''-''''''''-'=

stage has • vcry high vol~ge gain. and
therefore has a tendency both 10 cverlced the
crystal element and also to develop pamitic
oscillations I I frequeecles between 600 and
IOOOMHz. in view of !.his the following
po ints should beobserved :

• The lransi, frequency of lIIe transistor
should be at least four limes ilial of the
intended frequency of operation at lhe chosen
collector current. For the lowest phase-noise.
a low-noise LFtransistor, with ajus! adequate
transit frequency, is very often better than I

fasl microwave transistor .

• Anenlioo to the extensive and effective use
of bolh RF and LF decoupling measures,
which avoid the establishment of loops, and
also using good RF layout practice, will
prevent the setting upof parasitic oscillations.
Of particular importance is the provision of .
goodshort ground for the base lead.

• The collector tuned circuit musthavea low
working Q and be damped with a 1 to 2k
resistor.

• The oscillator is not a PA sugel This
means that il should not be expected to deliver
much power: · IOdBmal the II105t. The supply
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also U- (C.... c;,>1 C. - <c;,JC.) ... I (15]

The capacitive divider C., c,. must now beso
dimensioned that the transistor amplification
Y. the attenuation k of the feedback network
C,. C, and the voltagedivider fonned fromthe
crystal's R, and the emitter resistor r., fulfils
the well knownconditions for feedback:

kV> I

by a factor of two, to provide some gain
reserve.

,:..." ......
,,,,,,,,,,,

""'~

-J
f--
• C

2.4. Hart ley LC osc ill ator with tho
Crystal in the Bminer feedba ck

A more developed fonn of this circuit (Fig.7)
was describedby the author in (6) as a cesccde
using two high-current FETs. This was
successfully constructed by C.H.Schi.ibhe
D16JJ (7) amongst others. IL<; chief advamage
is that the crystal is remote from the tuned
circuit.

The danger is also present here that the crystal
can be overloaded by too great a degree of
feedback, or too much emitter-collector
potential. A COlTt.C1design will result in very
good values for phase-noise.

From this:

Eumple: Crystal oscillator 100MHz in 5th­
overtone, HC·45{U, R, < 100 Ohms. Transis­
tor fT - BOOMHz at I, - SmA.

Collector tuned circuit: L., - 1000H, QL - 3D,
U- 6.

C" T...l - I J« 2 · PI • f"P " L.,) " 25.J3pF

c,Ic,-n - l-s

C. - 2S.33,F· 61S - 30pF

C, - 5 " C, - ISOpF

R, " 30 · 2 " PI " IOOMHz " 1000H " I.B85k

r; " UTII, - 5.20hms

(R, ... ro>·Ul - 105.2 " 36 .. 3.79k

forR~R, R, - I.BB5kIlJ.79k" 1.26k

Therefore, the amplification is:

Y -I, JCUT"R.) -242

On the other hand, the attenuation of the
feedback network (collector to emitter) is:

k .. rol (ro... R,) J 1.1 .. 5.2/105.2/6 - 0.ooB24

therefore:

kY - 242 "0.OOB24 - 1.99

The conditions for oscillation (kV > I) are
therefore fulfil led bya factor of 2.

2.3 Crys ta l-S ta bilised Co lpitts LC
oscilla tor

The circuit of Fig.6 shows a crystal also
working in the series-resonant mode. Fi2.8 1/sin2 the C'rvslal also a.<; a fi lter
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In orde r to further improve the phese-eoise
characteristics of the output signal, the crystal
can, al the same lime, also beused u • filler.
This is done by taking me CUlm\1 direct (rom
jhe crystal, e.g: via I transformer in the base
cin;:uit as shown in Fig.S.

Pan-2of this anicle will Ippt'at in issue2/91.
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FA~" SCAN, SLOW SCAN,~IUOIO WORK, ETC.

2SOO MEMBERS WORLDWIDE

QUARTERLYJOURNAL - CQ-TV - WlIICllFEATURES CONSTRUCTION

PROJECTS, ATVNEWS, REGUL4.R FEATURES AND PCB & CUMPONENT
OFFERSTOMEMBERS

SEND FOR DETAILSOF MEMBERSIII!'TO:

IBATC MEMBERSllIP SECRETARY, DAV E LAWH lN GllANll,

GRENEIIUR~'T, PINEWOODROAD,HIGH WYCOMBE, BUCKS.IU'1 2 -nn,UK
I

I I
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Jim rooo. aOFNH

lOGHz ATV The Easy Way

Part-l

At 11\1 yelr's Br it ish Amateur Television
Club 's conve ntion, along wilh Dave
G8NND, Sieve G8JMJ and Bob G80ZP, I
put on a display of my simple toolh ATV
statio n. A grea l many people showed a lot
of interest in the 100Hz se t up because of
the quali ty of Ihe pic tures and the simpli ·
city o f ccnstrucnon. Bl5k ally, an that I
have done i" 10 pUI together a lot of ideas
fro m variou.• publicerions , incl ud ing the
RSGB VIIFfU lIP Man ual 4th Ed it ion, The
Microwave New slener and CQ·TV. My
th anbtoall.

I.
TilE TRAN SM ITI·ER

1.1. Th e Circuit Dia gram and
Conslruc tion

I use a separate uansmiuer and receiver
uti1i~ ing Solfan heads without the in-line
mixer diodes for both. II is quu e ~rmissib le

10 U\C Solfan heath with in-line mixers, bUI
the resul ts obtaine d are not a'> good.

The circuit diagram of the Iraosmit modul ator
and Gunn diode power supply is shown in
Fig.I , the PCB layout in Fig.2 and component
overlay in Fig.3.

Once the boa rd has been assembled and
checked for short circuits and mis-placed
components, WI TH OUT the Gunn diode
connected. apply the 12V supply. Coolinn
that by adju.'>l ing the IO·tum prese t poreml­
cmeter thai the outpul voltage 10 the Gunn
diodecan be varied between 6 and 10 volts .

Re-se uhe Gunn supply 10 7 volts. Tum off the
supply and connect the head unit. not forgel­
ling to fil the 47o. ohm resistor and the O.OluF
capacitor across the Gunn diode (see Fig.4 ).

WARNIN G : Gunn diodes are negative rests ­
lance devices, the lower the bias voltage, the
lower the reslsunce and hence the higher the
current . If bias below +S.S volts is app lied 10

the Gunn diode it may be damaged .

Also, NEVER look into a head unit with Ihe
power switched on. Simi larly, il is inadvisahle
to look into, or stand in Irom of, an
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Fig.1 Transmitter Modulator and Gunn Diode supply.
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Fig.2

r· · ...

hn
.L••

,.... "
Transmi ller Modul ator and Gunn Diode supply pcn layou t

Fig .3 Tran smiuer Modulator and Gunn Diode supply PCR component over lay

Illumi nat ed dish or la unching unit,
MICROWAVB RADIATION CAN BB
DANGBROUS.

1.2. Selling up • Gunn Diod e Head

The transmit frequency should be set 10
IO.25OGHz, and if IlJI Sli P frequency counter
is not available this alternative method can be
used: Remove any components at the Gunn
diode. (Whilst microwave devices of this type
are not pan icularly sensitive 10 handling, it is
advisable to keep any contact with unconnec­
ted Gunn diodes to a minimum. Also, the use
of isolated soldering equipment is recommen­
ded).

If a Solfan head is being used then it is likely
that the oscillator will be set to around II Ghz.
Initially undo the brass locknut and screw in
the brass screw by l -tum. DO NOT move the
steel screws yet. Fix the head unit finn ly to a
nat surface and apply about +7.5 VOIIS to the
Gunn diode. Connect a mulnmerer between

the mixer diode and ground with the Gunn
supply on a current of between 1 and 3mA
should be shown on the meter.

Take a nat piece of metal and, keeping it
parallel to the mouth of the hom, move it
slowly away and watch for a minimum
reading on the meier. When this condition
occurs mark the position of the plate. Con­
tinue moving the plate outwards until another
position of minimum current is found and
again mark the position of the plate. The
distance between the two marks is half the
wavelength of the oscillator lind from this can
be determined the frequency.

The accuracy of this method can be improved
by finding several minimum positions and
averagleg me result. If the frequency is not
correct make small adjustments to the RRASS
screw until the correct frequency is obtained.
turning the screw in reduces the frequency and
screwing it out raises il.

The following equation is used 10 determine
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confinn thai approximately SOmV of video is
superimposed onto the Gunn diode supply
voltage whilst varying Ihe deviation pcrerul•
ometer. Hen oscilloscope is nOI available, SCI
the pctenticmeter towa rds its low end and
then adjust as necessary for best pictures on a
receive system.

If required an external luning potentiometer
can be used 50 85 to vary the transmit
frequen cy whilst in use . However. I have
found , 85 have most e ther operators, thai it is
better to have the transmit frequency fixed and
to tune the receiver, as is done on the ceer
bands .

The modulator PCB should be fitted into a
small die-cast box, with the Solfan head
mounted onto it and a small dish or horn atrial
mounted onto the head. Sockets for the video
input and DC power supply can then be fitted
10the box as required .

co... ... ... O," O(

••

••:;
to,

<rUN'" f w,,",-y

(VI A (Q" ,,;

TO"..,_IV.,
( h"'Itf, tr . ....J

" 'UJlGl/)

FigA Connections 10 the Gunn Diodes

(~------------'-'-"'-""''''''''''''''''''-'''''''-=

the actua l frequency from the wavelength
measurements:

Frequ ency» ISO/distance mm

If a transm it head unit other than the Solfan
type is used. the same method as abovecan be
employed In calculate and thus set lIle
osc illator frequency. but some expenmen­
union wilh the luning screws will be required
In asce rtain the correct procedure,

Finally, fine-tuning of the transmit frequency
is obtained by adjus ting lhe In-tum preset on
the modulator PCB.

1.3. Selling up rhe Modulator

Apply a 1 volt peak-to-peak video s ignal to
the input and. wnh the aid of an oscilloscope,

I) The British Amateur Televis ion Clu journal
CQ-TV, various issues.

2) The Radio Sociely of Great Britain
VHF/UHF Manual 4th Edition.

Bring your index up-to-date ,
•

TIle index of the preceedin g year is always inserted in the middle of the Spring (this)
edition of the magazine. II can beeas ily removed to update a comprehensive im.ll'\. You
will find the index for Volume 22 1990 on pages 311034 of this i ~..ue.
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A. V/laseca, HB9SL Vand.J.P. MOIlJI, HB9RKR

Trials and Modifications

of a 23cm Amplifier

Here is a brief descr iption of a small UHF
amplifier for raising the output of a 23cm
transverter from 30mW to around sOOmW.
the latter being the input drive level which
a hybrid amplifier module such as the
MS7762 requires.

As we always do under the circumstances. we
searched through our back numbers of VHF
COMMUNICATIONS and lmmediatejy
found what we were looking for in the article
"Linear Amplifiers with Transistors for the

inpu t

". u .

,..
•••,..
•••Ch,

Fig.1 Circuit o f the Wideband Amplifi er for 200-1400Mllz
LI, 1.6: 5 1I 2.5 (50 ohms); L3. 1.4; 11.5 1I 2.5(SO ohms)
Ch3: j tums 4nun long; Ch4; 4 turns 6mm long. both 3mm inner diametcr.
silver-prated wire of 0.7mm diameter.
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5r· 512 ... Reflected transmissionco-e fficie nt

This is lhe relationship of lhe wave produced
at lhe input to the Iorwerd wive at lhe output.
withZs · 'lJJ. SO ohms.

5f· S21• Forward transmission co-e fficien t

This is the relationship between the wave
produced at lhe output to the forward waveat
the input, wilh Zl - 'lJJ • SO ohms. This
desc ribes , for this special application, the
amplification of thecircuit.

50· S22 • Outputreflectionco-efficient

This is the relationship of lhe reflected to lhe
forward waveat the output. with Zs -11) • SO
ohms. In olher words this 5 parameter
desc ribes the output slanding wave ratio.

I.
S-PARAMETERS, A BRIEF
REFRESHER COURSE

(~ ~~=!1!!!9=~

23cm Band" by DF8QK and DCODA in (I).
Several llmplifieno were described in that
article and we selectedthe very Iirst one. With
a modified bias arrangement (fig. t) we
constructed it.

We were fortunate that modem Hewleu­
Packardtest gear was at ourdisposal; what we
discovered we are pleased to pess on. We
thinksome experimenters will be interested in
how the 5 parameters in th is workout.

The amplifier is
switched on and
is provided at
iLS input with a
sig nal whose

1m Il U

The circuit in fig. I gave the meesuremems
shown in figs.
2. 3 and 4.
So me co m­
ment s a re
offered in case
they ere a bit
too abstract for
one or two rea­
ders.

The reflection
co -e ffic ie nts
SI I and S22 are
represented as
polar diagrams,
similar to the
Smithchan .

2.
VALUES MEASURED ON TIlE
AMPLIFIER IN FlO . I

'.

,
12 '1. '4

"",•."

'----"'-~ .

8rR94 WB

CHI: "/R P""5[~- DCG
SIIIP RrUlL

Input matching Sil of the Wideband Amplifier in Fig.l

12U 122'0

Fig.2

S parameterscan be defined as follows:

51- SII • Inputreflection co-efficient

This is the relationship of the reflected wave
to the forward wave at the input. under the
conditions where ZI • 'lJJ ·SO ohms. We can
also present this as an expression of the input
V5WR.



VHF CO MMUNICATIONS 1(91

BfR94 Wli 6 ~R)(

"RG . _1' 7 .1 J)I

" J)8/J) I V 211.11

ITOP.. I JBil MHZ

I laB IlIl

'OIl"".
-.l~

18. 8

••

" •"•,•
~1 8 8

'"("IIZI

Fig.3 Amplifi cation 52! of the Wideband Anlplilier in Fig.!

BrR94 W~

(ffll

saa
PI1R5t:.. ­

POLRR
7!> [lCG
,,"ULL

Q
,;

" •'''(7) !JtI. 1. r •• Ii"" "\..,...... 2 ~•;

I
12 .. 11

"""l<"
5 OP-, I!Il "liZ

FigA OUlput matching S22 o( the Widehand Amplifi er in Fig.!
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frequency lies between the ....lues noted on jhe
X axis (in this case 12()(). I300MH,qI()()..
I300MHz).The curve drawn has twoends. on
bothof which the frequencies are noted. These
are the beginning and end frequencies of the
sweep.

You can also see little diamonds on the
curves: these are markers for frequencies of
particular interest. Now for some details on
these illusrradons.

• Every point in the polar diagrams above
the horizontal line through the centre point
describes an inductive reactance, and vice
versa, every point below the line is a
capacitive reactance.

• Every point inside a circle whose centre
lies in the centre of the diagram and whose
radius in the horizontal radius is scaled from
zero to infmity represents a standing wave
ratio equal 10 or smaller than the valueof the
circle's radius. A perfect non-reactive load
with SO ohms impedance would give us a
curve whose points would all lie precisely in
the centreof the concentric circles.

Our graphics have two circles: the smaller one
contains all points with an SWR equal to or
less than 1.' and the larger one contains with
all points with an SWR between I and
infinity. Points outside the two circles
naturally have no significance.

Now for the test results.

We can see immedialely that the amplifier is
very broadband. The amplification shown in
fig. 3 is 7.1dB al the marker frequency of
1269.9MHz and 2UdB at 200MHz. The
amplification dropsoff al 6dBper doubling of
frequency (- 6dB per octave), as one would
expect.

The outpet matching is good • SWR equal to
or less than I.' at frequencies between
1220MHl. (and probably even lower) to
IJOOMHz. At these frequencies the Input
appears capacitive -ihe whole curve lies below
the horizontalcentre line. However, the values
in most of the amateur band are still good
enough.

i npu t

LMH

1,r~

'"
,-,
'"

out put

Pig.' The Narrowband version for 1296Mhz
L I, L6:' . 2.5 (50 ohms); L2 . [.3: I U J. 2.' ('0 ohms)
0 3 and Cb4 as in Fig.1...
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grR9'i NB 51 I

("I :P/~ ~"pcc. _ P[G

511 I" " 1'"lA.L.

.......
Ii

,..... ..

IlX 1) '11

•'1''' ''' > ,..
lise

1 ~t1Z1

Fig .6 Input matching 5 11 o( the Narrowband Ampli er in Fig .S

C!'l2IB/A ~nG. -, a.s ..
'" 2 PB/PIV

• !ITCP-l)~ "S'T"Ul'T' .. I.m OJ ""' I'IJ:A_ l:lS'1. '7 I'It1Z I'lti Z

..,

••
e.e !

~

......

-a.a

121t11~ 1I

("tiZI

Fig.7 Amp lification S21 of the Narrowband verston
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Pig.S Output matcbing 822 of lhe Narrowband venlon

BrR9'i N6HlB

eH;;: '6/A "IIG _t 12 .S ~B

1i21 Ii: 1>1/1) I v ZO"

re.u

•• ,
•

L'll''"'='---,",",=z,--,--'-~=+'O· -,,1 25rol. 1I "..: 5IoP- tJIlIl "HZ• . I I .---1---1--- _.~

_ ,_ Il ro! l i'IIIl lJl<l!

tllllZ!

Fig.9 Amplification u( both veraioes ia cascade circuit
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Fig.lO Th e layout for upper and low er s ides ca n be used for oolh vef'!'iions

J.
A NARROWBAND VERSION

We cou ldn' t resist it! After we had already
modified the pre-bias circuit we just had to (1)'

and mod ify the input and output circuitry, Our
feelin g was rhat rhe circuit was 100 wideband
for us (had it been narrow-bend. we would
probably have tried to make it widebandl).

Fig.11 Arra ngement o f the
co mpone nts of th e
Narro wban d vers ion (upper
s ide) . 1I0r the Wid ehand
version the layout is th e same
exce pt that the capacitors on
L2 and L, are not required and
are rep laced by tr imme rs
between th e output and
gro und. Values shown on th e
circui t d iagram .

Anyway, fig. , lstbe resuu. We added tuned
circuits on the lnpin lind output, namrl y L2
and U . which arc capncitive 10 ground at one
end (an electrica l ground connection must

work jusl ... well, bul we didn' t (1)' Ihis out)
and tuned the ether end with a 3.6pF trimmer .

The layout may lrM)k l\ liule unconv('nli(l"al
with the arrangl'm('nl of the tuned circuit hut
the c ircuit does work very well, liS fiRS. 6, 1
ends show.
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Pig.12 The Wldeband Amplifier Fig.13 1bc NanowbaDd Amplifier

The amplification holds up practically un­
altered at the upper end of the amateur band.
whereas itdrops rapidlyer tower frequencies.

In similar fashion input and output matching
are very good at 1300MHz and soon
deteriorate with lowering of frequency. Un­
fortunately I300MHz was the top limit of our
test gear. so we could nOI check what
happened above the amateur band. All the
same, we had what we wanted: a narrow band
amplifier!

By the way it is also noteworthy thai both
versions of the amplifier turned Qui 10 be
perfectly stable. As a final experiment we
even connected the two amplifiers in series.
the narrowband in front of the wideband: we
found an amplifi cat ion of 12.5dB 81
1294MHz, dropping 10 0dB at 9OOMHz, as
fig. 9 shows. Additionally no tendency to
self-oscillation was noted.

Since we are of me opunon milt these
amplifiers are still totally up-to-date, we
present in fig. 10 our printed circuit board
made of double -sided glassfibre-epcxy
material, SO x sOmm. Fig. I I shows me
component layout for me narrowband version.
The wideband version has been built on uie
same PCB,only all capacitors connected with
L2 and U are left out and there is a trimmer to
ground from L6.

4.
LITERATURE

(I) U. Beckmann DF8QK and J. Dahms
DCODA: Linear Amplifiers with Transistors
for the 23cm Band. VHF COMMUNICA­
TIONS 18 (1 978) issue4,pp 194·203.
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Detlsl8un:!Jatrl, 80x 1442tJ, NairobI,Kenya

The V-Antenna on the Car roof

for mobile Direction-Finding

Th e foll owing article is hued on one in
"Biotelernetry '" (I) in which the use of the
V·a ntenna was described for track ing wild
ani mals equipped wilh . rad io tranlminer .
Since antennas are fundamenta lly interest ­
ing and mobil e d ir~tion - find ing is espe­
da lly interesting, I have adapeed this
derailed descript ion by the aUlhor with
further technical informenon. DL3WR

I.
INTRODUCfION

Gllelles, rhinoceroses and similar animalsare
easy 10 fit with radio transmlttera while one
grasps one of their horns. A skilled team can
fit them up in "minute.s. The antenna glued
to the hom ends up normally in a vertical
position, so one can reckon on vertical
polari\llion. The direclional effect of com­
mon VflF aerials is generelly less pronounced
in the vertical plane than in the honzonul
direcuon - the 1U19CV is an example of this;

using it one gets very good directjcn-flnding
results in horizontal polarisallon, but poor
ones usedvertically (fig. I).

To increase the directiona l effect one can use
an antenna with more elements. but the sll.e
rapidly becomes unmanageable. An alterna­
tive is to invert the polar diagram 10 gel good
directionality with small antenna dimensions;
this technique was used here.

2.
11m V-ANTENNA

An atTllngentenl of three elements was develo ­
ped. composed of IWO radiators and one
reflector and optimised for vertical polarise­
(ion. Since the horizontal projection of the
three elements forms a "V", the designation
" V-Antenna" was chosen. Fig. 2 shows il on
a small wooden mast.
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Fig.1 Directional diagrams of the IIB9CV anlenna
II • horizontal : V • vertical

Sepereucn between radiator and
reflector: 40)mm
Gain(including switching loss): 4dBd

Matching; SWRmax.2

The navigalion arrangements comprise, apart
from the V-enrenne. three modules which are
describednu t In detail: Directionality switch,
ReceiverControlanddisplaycircuitry.

If the RFenergy received on the two radiators
is added in a power combiner., we gel the
directional diagram shown in fig. 3a. If we put
a suitable delay line in the IWO feeders the
diagram shifts about 30 degrees to the left or
right, as shown in lig. 3b. A comparison of
the two voltagesVrand VI gives a measureof
lhe size and direction of declinalion between
the two incoming wave fronts and of the
amennasymmetryaxis.

Swilching between the two diagrams (direc­
tionality switching) and Vr{V1 comparison
can be carried out electronke lly and the
direction indicated on an instrument: this is
like instrument navigation In a vehicle or
aeroplane.

The radiators are connected to the gamma­
matching elements with coaxial cable, $0 thai
the lower half of the V-antenna can be
substituted by its mirror image without funher
ado. If desired, jusl the upper half can be
mounted on a car roof, achieving the anlenna
sketched in fig. 4 without detriment to
performance.

For an operarlng frequency of 174 plus or
minus 1MHz the following dimensions and
details apply:

Radiatorlength (ilcconnector): 422mm
Reflector length<ilc connector): 470mm
Connector type: PL2~9 Fig.2
Separationbetweenradiators: 403mm
sa

V-Antenna on wooden mast:
cables are led down the reflector
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and fixed above or bme.llh
the roof - it muse be well
conn«ted to 1M antmn.l
conn«ton and this means
lO~rinl ! The four diode
switches are simply four
switching diodes of the type
RA244, which have lower
Ihrough .lUetlu.alion than the

u PlN-diodes used prevtou.-';,Iy,
plus , ix car-citOB and eight
fC\won for ~D.ling the
RFandDC~ths.

The JOdegrte delay line is a
twelfih-wl veltneth looe piece of .50 ohm
coaxial cable end the power combiner, con­
sists or two quarter-wavelength pieces of 7.5
ohmcable.

• ..,
Directional diacrams of the V-anlenaa

A - zero degrees: R - plus or minus 30 deCreea

3.

DIRECTIONALITY SWITCH

Fig. .5 shows the principal elements of the
V·anltnna and directionllity switch. The
feedeR10 thetworadialors RI andR2 mlJSl be
the u.me imp. The switches Ire foeeed or
PlN~hodes, thedelly line DL is I short kngth
of ,SO-ohm caMe and the power combiner. can
either be made of coaxial cable or purchased
u. I ready·madehybrid.

If klgic level H is presenton the two conlrol
lines cl and c2, In diode switd1el are "on"
andone Ids thedirectional diagram of 6,. )a.

Ifonly c I is at " H" . PDS 2 and 3 are IWitched

on and the diaeram IumS 10direction RI (6, .
3b). The oppos.ite tum is made if PDSI and4
Ire switched on (c2at " H'·) .

3.1. Switching deuils of the
directionality switcb

The complete circuil is very simple and is
shown in fi, . 6. The V arrangement or the
Inlennl comprises three quarter-wave whips,
which are installedon an electrically cceduct­
ing surface of at least 1m x 1m. A car roof il
normally large enough (or this. If for all this
no conductive malerial is IVlilable a ground.
plane of lhis size can be madeof wife nelline

The associated IOOR resistor Ibsorbs power of
unequ.al phase. 1be Iwin-conductor, screened
control cable comes from the control and
display unit.

J

/
c=:::: _
~ - ---
e--_~~~=WRON=GI

~i
D........ I

•
AUfOMATEO NAVIQA TlON

Fi&.4 Halved V-Antrnn. in an African
appliulion



(f-. VHF COMMUNICATIONS 1(91

r- ol
HPOS

'

O. Burchard

II "
so-

Y pos z l
zum EmplAnger.

1 ec
Elngang

~ POS ] I

I"

Y POSI.
von de' Slauer· u
Anzeigeschaltung

"
"Fig.S Princip lc of the DirectionalilYSwitch on the Antenna: R - radiator

PDS " PIN-diode switch; DL " delay line; PC " power combiner

4.
RECEIVER

Any lUnd of OF receivet wilh audio and
trigger outputs can be usedwith the V·anteMa
if it bas ooly slightly excess beuery power.
Automatic gaincontrol is anadvantage.

It is worth mentioning, to understand the
necessary recelver characteristics, Ihat the
transmitters used in wildlife research operate
in pulse modein order to achievean oprtlting
life of up to three years from a lithiumbattery.
Typical .... lues for pulse duration are 2Oms.
with . I second repetition rate.

Here we are using the model 287078 receiver
made by B&R (W·7801 March-Buchheim,
Gennany) wilh ihe internal addition of the
display circuitry (described in the next chap­
ter) made on Vero-board and Ihe display
instrumentglued to theside.

A more professional route would have been to
COOl>truct • small addilional housing for the
electronics and mount Ihis on the ...ehicle
dashboard; this could be connected to Ihe
(unmodified) receiver by multi-corecable and
connec tors.

S.
CONTROL AND DISPLA Y
CIRCUITRY

Theblockdiagram ill fig.7 shou ld makethings
clear.

There is an an.logue circuit section (above)
and a digitalone (below). Each pulse received
activates the chain of timing elements (T I .
T3). Timing I is needed to sun operation of
the .veraging filter. the adler IWO are for
switching theantennadi. gramand (or acti vat ­
ing the sample and hold amplifier. The
diagram is Ihen shifted from the zero position
to plus and minus 30 degfC'CS. the- analogue
voltages proportional to Vr and VI (fig. 3b)
arc stored in the two sample- and hold
amplifiers, and the difference Indicated in thl"
instrument.

The S&.H and VA are set up (or unit),
amplificalion. The pulse duration must hi." at
Ie-ast IJms for correctdisplay and the' impu l~

amplitude mustbe: constant.The'AGe necess­
ary (or this mu...1CO~ inlo opl"r:uil"1 within
)ms including the illl l'mallriggC'r delay lim\"
o(the receiver.
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from the block diagram. an inlemallrigger has
been achieved. 50 thai the OF receiver wilhoul
itsown triggercircuil canbeemployed.

The analogue circuit section - in the upper half
of the diagram is equipped with low-power
OpAmps . 11 lIle way through. The first
amplifier boosts the audio signal wilh amplifi·
cation SCI coarsely by Rsci and fine Ildjusl­
menl with PI .

The nen IwO amplifiers form together a
precision full-wive rectifier and the Ia.~l is an
activefilter foraveraging.

Theoutputvoltage of the filleris compared by
the amplifie r marW " trigger" with a DC
vohage from n . If the fixed level preset by
n is exceeded. lIle LED lights up and the
chain of timing eleTT\l"flts is activated .

The OUlpu l volu ge of lIle filter elso passes
through electronic switches 10 two storage
capacitors which Ire followed by OpAmps
wuh high input Impedances, these controlthe
instrumemation. This circu it fulfils the
function of lIle S&H/di ffel't'ntiaJ amp lifier of
lig,7.

The lasl operational amplifier produces an
auxiliary vollage of approx. 4 .2V with low
inlemal impedance.

U ll..

.-

,1 . 1­Fig.6 Circuit Diagram of the
Directionality Switch

..,"',

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

5.1 Detail s o f the control and displ ay
ci rcui try

Fig. 8 shows a lrial circuit with linu t ICs and
some CMOS logic. Only SmA is drawn from
the 12V operating voltage. rtlO!ot of which is
taken by jhe switching diodes. Diverging

oud,o

L .,,-;=_ "
Fig.7 Prin ci ple of the Con trol ae d Eva luilion circuit:

REC ... receiver; AF '" averaging fi lte ri 5 11 ... scan/h old amp lifier;
T ... timing ci rcui t; DA ... differenti a l amplifier

<0
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Fig.S Circuit of the Control and Display electronics

Timing circuit TI consists of two NAND
gatesof a 4011, the remaining two gatesbeing
employed as buffers before and after the
circuit for rege nerating the pulse edges.
Timing circuits 1'2 and T3 are made up of
Ootype flip-flops, of which two are in one
4013. The Q outputsof both flip-flops control
the electronic switch in the S&H circuit. The
two bar-Q outputs control, via cI and c2, the
switching diodes in the aerial change-over

switc hes. The R-C-R network in both control
lines suppress high frequency interference
from the digitalcircuit section.

When the double toggle switch is in the FWD
(forward) position. battery voltage is applied
to the two control lines and all diodes are
swltcbed for maximum sensitivity in the
forward direction. With the toggle switch in
the L·R (left-right) position. the control and
display circuitryoperatesas follows.
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The audio voltage at poinl AF is amplified,
recnfled and averaged • u already described .
When the smoothed out voltege is sufficiently
high, it triggers the timing circuit TI via the
comparator: TI produces a pulse 3.Sms long
and the LEO lights up. The averaging filter
needs this lime to build up to the correct
average value. After this timer T2 switched
the antenna diagram into the -30 degree
direction and switches the 40 16 (or 4(66)
electronic switch shown top righr 10 through.
pass. After an operating time of 4.Sms the
switched through voltage value is stored in the
47nF cepachor and reed ocr on the side of the
instrument.

Then, under the control of T3, the same thing
happt'ns with the +30 degrees direct ion and
the lower S&H circuit, which now givC5 the
stored voltage on the other side of the
instrument.

The instrument gives the difference between

both voltages. which gives I measure of
direction of the oncomi ng wive front: with
each pctse received a new direction value Is
displayed . The display .sensitivity can be
adjusted with P3.

6.
OPERATIONA L. EXPERIENCE

Dpen -air tests wert carried out in the open
bush land of the Kitangela Game ConSC'rva·
tion Area. A tracking transmlner of me type
294079 (R&R) was used, with • radiated
power of about ImW (antenna height O.Sm).

The V·antenna was mounted on Ihe back of.
Land Rover, in such. way thaI it cou ld be
turned 10 pick up its diagram or orientated
straight ahead for i n~tf\lmtnt navigation
(fig. 9).
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(I) Burchard D.: The V·Aerial, A Navigation
Aid for Tracking Down of Radio-Equipped
Wildlife.Biotelemetry IX.pp 31'·318. 1987.
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linear up 10 . trackin g ang le o f more than plus

or minus 20degrees.

The system desc ribed takes about IOms per
tracking operation. Comparedwith the human
method by ear , which lakes . , Ieast 10 seconds
per sounding, il ls so fast that movementof the
animals is almost inconsequential.

(~ --'=-""""'"""""'''-'''''''''-.!12.!

Wh en we we re at I distan ce of IOkm from the
transmitter the signal was rar too weak
(receive performance below . 14OdBm) to
trigger the instrument's navigation. yer once
heard we co uld lrack !he direction coa rse ly
(w ith the toggle switch in me FWDposition).

At S or 6km distan ce the instrumentation
tracking began to function but the instrument
needle wavered about S degrees one way and
the oilier because of the overloading receiver
noise. Satisfactory results were achieved al
4km distance (receive performance above
· J20dBm). when ihe fluuering of lhe needle
had reduced to less than I degree. With
decreasing distance the display improved
further, in which we determined with further
tests that the instrument display was almost

muTek limited

,. .
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IiMuTECH ELECTRONICS LTD !I
TELEVISION TRANSMITIERS:
TVX-800~ : SOOmW wUdoscillator~" bud Vidtoonly. Proven pnfonnance record!
TVX -BOII: 300mWcrystal Iocked"'L"'bud video andaudio. Over 100sold.
TVX -B02IA: ,SOOmWcrystal b:k.edlynlhesiscd 1.IGHz to I-'GUz video and2alM!io channels.

Fi~1d selectablecarrierfrequency viaOILswitches.
TVX-1021B; I$OmWcrystal locked Iynlhesiscd I .5GHz 10 2.OGHz "kIeoand 2audio channels.

Fi~1d selectable carrier frequt1lCy "ia OILswitches.
TVX-I022A: IWcrySllllockedsynlhesisedmkroprocessorconlrol1N 1.I GHz 10 I.5GUz "ideo

and 2audio chann~ls. Fieldselectablecarrier frequency"i, keybolrd and digilal
fmjuency readoul display. Suilabl~ forsprt'adspectnlln/fmp,lt1lCy hopping.

TVX -8022D: Sa~uTVX·8022A bulco"fflng I-'GHz 102.OGHz.

POWER AMPLIFIERS:
PA·70 16:
PA·7017:
PA·70 Ig:
PA-7021:

2W I.OGHz 10 2.OGUz
1.8W<at 1.3GHz) 1.2Gllz 10 I.SGllz. Ideally suited for use with TVX-800S.
8W "L" band. Aw~1I provendesignwilh over 100soidduring dev~ IOpmt'flI .

20W 1.3GHz 10 1.4GHz.

PREAMPLIFIERS:
RPA-7003: 1.6dDnoise, 35d gain highquality masthead unit. Spot fmquency seleclion in ihe

range I.OGHz 10 2.OGUz. Well provendesign with oY~r 2OOsoki.
RPA-700~: 4dBnoise, 20dBBain widebandRFcableamplif~r,covering I .oollz 10 2.00ttL.

W~I I provendesign withoYn" 2OOIOkiduring developrnent.
RPA·7006: 1.5dDnoise,S4dBgain, 1.6GUznarrowband antennapreamphf.et.
P·902I : DCpoweringmoduleformnote poweringof preamphfwn vii ftedrr cable.

TELEVISION RECEIVERS:
TVR-S08A: High professionalgrade synthesisedvtdeo and2 audio channelmkTowav~ TV

receiver. covmng 9SOMHzto 1.7Gllz_ Frequencyse1eclion via UPIOOWN
butlonswithf~uency readouton LCDdisplay. Rx sensilivity lOO.2$dBm.

TVR · SOSn; Sa~as TVR-508A ~x«pt f~uency cov~rag~ or I.SGHz to2 .OCilil.

MISCELLANEOUS:
Vogadswith subcarriergm~ration and Videoaulomalk levtl adjuslt n .
"L" band nat &nltnna 4dBi gain, miniature Vagi IGHz10 2GHz with I ldRi aain - S"16"10.25".
Alfordsl()( anltnn a 1.3GHz (otht r frequencleam 5pecialorder).
"DlNGR" T" nal covertant~nna 1.2GHz 10 2.5Gllz - looks llke the bat secnon of llable·ltnnis bat
CovertTV surveillance equipment.
Voltage ConrrcjledOscmaror modultscovt'ring IGHZt o I.7GHZand 1.5GHz10 2.oollz.

ForpriCts and funher informalionplease coeuct.

MuTECII , 9S LONOON ROAD, 1I0 RNDHAN, IIAMPSIII RE. POS ORP, U.K.

TEl. : 0705 S9556S Inlernational + .... 705 595565). FAX: 0705 59872 1
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MATERIAL PRICE LIST OF EQUIPMENT
described in edition1/91of VHFCOMMUNICATIDNS

DJ8ES FM ATV Receiver forme 23cm Band Art .No. Ed.1/1988

Converte r

PCB DJ8ESOOI double-sided 6347 OM 22.00
Components 018E5001 6348 OM 179.00
Kit DJ8ESOOI complete 6349 OM 194.00

Digital Freque ncy Indicator

PCB OJ8£5OO2 double-sided
Components OJ8£5OO2
Kit OJ8£5002 complete

IF Amplifier

PCB 018E5(0) double-sided
Components 018£500)
Kit 018£5003 complete

Demodulator

PCB 0}8£5004 double-sided
Components DJaESOO4
Kit DJ8ESOO4 complete

63~O OM 19.80
635I OM 94.00
6352 OM 110.00

635) OM J5.00
6354 OM 105.00
6355 OM 11 5.00

6356 OM 19.00
6357 OM 136.00
6362 OM 150.00

The above itemsareallsupplied by. and obtained from, UKW-Berichtc in Gennany.

To obtain supplies please contact your country representative for details of local prices and
availability. Alternatively. you may order direct fromUKW-Berichte or via KM Publications,
whoseaddresses may be foundonthe inside fron tcover or thlsmagazine.



Plastic Binders for
VHF COMMUNICATIONS

• "",!ICIIV. p1aahccovered In VHF blue

• Accepts up to 12edilionS llhleevolumeal

• Allows any reQUired copy 10 be found easily

• KeepSlhe XYL happy and contented

• WIll be senlanywhete ,n the world tor
OM 1000 'nclUding surface ma,l

Please order )'OUrblnder VI. lhe nattOflal
repfesenlal'Y8 or dllBCtty Irom UKW·BERICHTE.
Terry B,nen OHG (see below)

The following editions of VHF COMMUNICATIONS are still
obtainable for reduced prices from the publishers of UKW­
Berlchte.

Subscription

VHF COMMUNICATIONS 1990
VHF COM MU NICATIONS 1988 10 1989
VHF COMMU NICATIONS 1986 10 1987
VHF COM MU NICATIONS 1985
VHF COM MUNICATIONS 19&0 10 1984

Volu me

••eh OM27.00
net! OM 25.00
eech OM 24.oo

OM 20.00
••ch OM 18.00

Ind ividu al copy

each OM 750
each OM 750
each OM 7 00
each OM 600
each OM .. 50

Individual copes ou t ot elder, Incomplete
volumes, .,Iong as slock l., ta :

2/1971 . 1,2, 4/1972 .2, 4/1973 . 1,3/1974 .1 ,2,3, 4.11975,
2,3. 4/1976 .1,2. 4/1977 • " 21'978 . 1. 2, 311979

PlastIC blndllr lor 3 volumes

All pt"lces l l"lCludlng suri.ce m.1!

When ordering 3 co mplele yo lume.,. 'r.. binder Is Inc ludedl

••Ch OM 2.00
••ch OM 2.00

OM 10.00

k 1UOOl\.berichte T. B,.an QHG . Jahnst•. 14. P",.ach 8Q . 0-&523 B., a.odo"
Tel. 09 133·47-0 · 're ietex 09 133·4747 · PSchKlo Nurnberg 30455·858
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