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MaljaJ Vidmar, YT3 M V

Digital Signal Processing Techniques for
Radio Amateurs
Part 2: Design of a DSP Co mpute r for Radio
Ama teur Applications

.... alrudy a.ptalMd In the theore1lc.1~rt of
the art lcMl (VHF COMMUNlc nONS 211N1),1
decided to de.lgn a comput with DSP c.pe-
bUIll•• around a Itllndlird 1. bit mlcropro
cellOf, In p,l rtlcular IhI; Motorola Me 88010.
"'n~ltton.l requl~ 'III" to de'IIgn thl;
hardwa,. MlCh that It doea not .Iow dOwn
thl; CPU In any way due 10 lhe 'PHd r.
qulrlmtlnt.ol DSP algorithm• .

2.1.
GENERAL DESIGN

The prachcel hard ware design of a 16 bi' mere
processor impose l many conltrain,s . In con
panson 10 an B bl1 microprocessor IYllem , the
number 01 connecll()fll is more Then doubled
Further, 16 brt mocf'OPl O<:eSsorl have an order
01 magn'lude IISler bus than 8 bI! mlCropro-

2

ceuon. Bus nnging and CfOSStIIlk,~ are
MldOm a problem in a~ned 8 bit micr0
computer, usuaIy C8UU 1r0Ubktl If1 16 bit dtt
Ilgl"IS ProfeUioneICOI\"I9Uler~ generally
aotve !he problem by USIng • better pnnled·
Cll'curt-board ledwlOlOgy , narneIy mulbl.ayel'
ponied CirCuit boardS. The laner .re prohlbi
IrYeIy priced it • small quantity IS only required
and this lect""OlOgy It therefore OUI of reacl1 for
amaleur elpenmenlal work

For expenmental wor\o; a modu lar deSIgn Wiltl a
common bu. boa rd, carrying lull Myeral multi
pole connectorl Wllh all the pln. connected in
parallel , is necessary . Aner a Careful analysis 01
the MC 68010 bu. lignaI., I lCUM OUI met a
bus With 64 pole connectors could be sufficien t
The .election fell on the well·proven and rehable,
bvl easily avai lable and reasonably prieed "Euro
card" connectora. A 64 pole " Euroca rd" connec
tor has two rO'\lln of 32 gold-plated con tact • . The
required parallel 0ClN'8Cti0n1can be made all on
one Iide 01 • oouble-slded pon ied Circuli boa rd
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Fill · 2.0.:
T~ D$P tompullM With
1 MDyI. $RAM. w'thoul
~ aupflIy ",nil
..... hou..ng

10 tNl !he 0Chef IIdI1can blt lINd .. an ~most

contlOUOU. ground~ 10I9'llcantly r~

cross talk blt """.." !he~ line.

Con.lclerJr'lg lhe leCl lJlology I hlKl available lor
lhe prmted CirCUlI boards - Ilmpie double·slded
boardS wllh not too li". line geome lry and nol
too many teedlhr ough hol.. - lhe mod ules hlKl
to blt made Il.ghlty larger than lhe I tandard
"Euroc.rd· lormal AU !he modules developed
are 120 mm wicleand 170mm long The modul..
repf...nlluncbonal uMI and all the connectlOOa
among me modulel themselve. are made
Ihrough lhe computer bul Wllh " Eurocard"
connectorl (f ilii. 2.0.).

Ot cou...., !he h.I,aw.... design 01 a compuler
also Dependl on the appIIc.Ibon and software
used Sonc. l decided nghI lrom lhe beglnrw'IQ

to use nonvolatile RAM as !he maIn program
and data storage. Ihe computer bus also cam..
a conllf1uouS supply voltage obta'ned Irom a
lingle NICd ba"ery In the power supply module
The la" 8I" SUpplies all the compuler memory
and the real·t lme·clock ClfCUl1 Even more 1m·
portanl, a nonvolat,1e RAM reQUlrel a very
reliable RESET CirCUl i The lall e, shOuld also
be able 10 Pfevent lhe deltrucllOO 01 lhe dala
dunng any power ·up or pow er-down sequence
by inhlbi llng Iha access to lhe RAM un.... lhe
supply I/Ollage II Wllh ln Iha speclhecl lolttrances
The RESET Ilgnal II therelore generaled by the
power supply modu le and made available to all
computer module, Ihrough !he bus

SInce l planned ~llIe UN 01 magnetIC media. I
~ no apeoaI arrangements lor QUICk da'a

1



translef to or from the computer melTlOly The
compu ter has no DMA capabllity and the MC
68010 IS hardwired 10 be the bus ma ster all the
time , In any case . lhe MC 680 10 Isfasl enoog h
to handle lhe data Slream 10 or from a lIoppy-dlsk
cootroll&r on 11. own, WIthou t the aid of • DMA
conlrOller. In the case 0 1 a DS P appIicahOr'l
Wllh • lyplCal 10kHZ sampling trequency, not
USing a DMA controller bnngs a penal ty of only
10 % or leu In terms 0 1 CPU hme. Finally. for
memory-Io-memory translers , the Me 680 10
Ioop-mode instructlOtlS are almotl t as fast as a
DMA controller

In a 16 brl mlCrocompute l deSIgn 1\ is frequenll y
convenient to use slandard a btl periphefal
devices because they ara ineKp&slve and wide ly
avaIlable. Since these al e usually too slow to
Interface dlrec1ly with a hlgh·speed 16 bit micro
pmc:essor bus , additIOnal interface circui ts are
requi red . The laner are placed on thfI peripheral
modules wtlere requited due to the limited
number of conductOIl avaltable 0fI the computer
bu• .

2.2.
Me 68010 OPERATION

Betore descrlbtng the variOUscomputer modules.
• brief d8$cl"lptlOn 01 the MC 680 10 CPU epara
lIOn Will be made , This Inlroduc1lOn 1$ Intanded
lor the reader that has a basic knowledge about
the operahOfl of a mICrocomputer. in pat1lcular
01 an 8 bit microprocessor , but hilS lillie or no
eepenerce With 16 btl mICroprocessors .

The MC 68010 hal a 16 btt data bus and 32 bit
Inlernal reg'sters. All addresses are Inlernally
32 btlllong andale relerred to 8 btl byte • • corra
sponchng to an addreSSing range of 2" or 4
terabytes, However , the uppe r a addre" bllS are
not available extern ally (thore ara not enough
pins on the package). and the addrau ing range is
limited to ~. or 16 megabytes Ther. ar. only
23 addres.s IlfleS. A1 to .6.23, since the 16 btt wide
bus can access 1wO bytas at a lime In the case
01a s.ngla byte access, only hall 01the available

4
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dala lines al. used , althar thalower edata lines
DO to 07 (odd addra,,) or lhe upper 8 data lines

•0 8 100 15 (even address) ,

16 btl dala wordl are always addreased by an
even addre" (lS8 • 0). A word access onan
Odd lIddreu (LS8 • 1) would requirelWO aepfI'

tale bus C<';des. The MC 680IIX MOaS 0 1 micro
processors do not lolerate word accesses on
Odd adclresses, in con trast With soma other 16
bit microprocessors. and a call 10 Ihe address
error handling roul lne II generated , All MC
680 10 Instruction cod.. are either one or an
Integer number of 16 bit words and the proglam
counter is always Inctemented in stepa 01 2, 4,

6 or other evennumbers.

A typlcal memory aCCflss (read or write) cycle is
shown 0fI fig . 2.1. The address lines A1 to .6.23
are ..l l lfst, IOIlowed by lhe Address Strobe (AS)
Signal 001"0 low. Two data strobe lines. Upper
Data Strobe ([Jl)S:) and lower Oata Strobe
(CDS) select 1he byta to be aecnsed . In thfI
case of a word ecceu. both ems and I01i are
as..t1ed g<>jng low slmultaneoUl ly. In the case
of • wrlle eyele, the Read!Wrlte (AIW) I lgnal
goas low before the data strobel, The mero
processor now warts lor thfI read CJ( write opera·
tl()l"l to be completed When thfI oper ation Is
completed, thfI memory Slgnalslt'lls to the mc ro
processor by pulling the Data Transler ACKnowI ·
edga (OfACKj line low IInomemoryil aveilable
at the lpacifled addreu , an elltemal logiC Is
uluatly used to activate lhe Bus ERRor line
(BffiR),

The Me 680 10 supplies three addlbotlal Signals,
namad funcl10n codes FCO, FC1 and FC2. to
beltel describe tho type 0 1 the bus cycle per
formed : instruchon letch, dala read or wrlta In
both user and supervilOt model CJ( Interrupt
acknowledge. Function coda lignals have to be
decoded together With the address hnes A1 to
A23 10select devices lied OfIthe bus .

The Me6801 0 acceptl seven dlNerenl interrupti
With dille ring pnorl!leS. The highel t ptlOflty
inler rupt il not maslul bla (NMI) while tha othar
interrupt levels can be inhlbtted by seltlng bits
in the Itatul register . The seven Ifl terrup1 re
qualtS ere decoded trom Ihree input lines: I ~Ui.

I~ and (PO. to reduce lhe number of pins on
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lhe rnlCJtlPfOC8S1Otpackage Ar1 externa l pIlOflty
encoder (utw arty 74LS148j is required In most
apPlitatlOns

CLOCK IS ObviOusly required by the mICrO
prOCtlalor Itlell. RESET and HALT are bOth in
puIs · to reset the mICroprocessor, and outpull:
to rellllt the pllnpherall under program control
and I lgnal a double bol error. Addilional contrOl
tinet !nclude an interlace lor the slow 6BOO
tenel pllnpherals (VPA, E, VMA) and bot re
qualt hoel lor DMA (SA.eO. OOACK).

Most 01the mICroprocessor IIgnalt are brought to
Ihe compuler bol Without USing botl1ert . The
laner are placed on the inputs 01 the vanou l
mod ules 10 reduce bus Ioadtng The actual bot
connectlOnl on a &4 pole " Eurocard" connec1or
are shown in fig . 2.2.

2.3.
PROCESSOR BOARD

The processor board includes the MC 68010 chip
and corrllipondi ng twpport Clrcuil ry, up 10
32 k.bylel 01 EPROM containing the operating
Iystem. 604 k.byles 01 nonllOlali le RAM and the
reaHl me calendll rldock The COfl'espondlng
CircUit diagram il shown in fig• . 2.3. and 2....

The mICroprocessor aupport clrcul ls Inctude a
clock v_,alor, a bos-error timer , an interrupt
requast pnOrlty eooodef, an interrupt aulovedor
logiC. a r_ l log lC and an add,... decoder 101' the
rem81ntngon-boerd de'llC8' . The clock generator
is a Simple crystal OSCillator boll! around a CMOS
(HC) gale, tince there are no special reqcee
menls regarding lIs accuracy. The nomina l clock
Irequancy IS 10 MHz. Additional HC galas are
used to both,,, the oscill alor output.

The bos-error timer monitor s Ihe A"S SlQna1.
In the case 01 a bu.-error no device Will answe ,
wllh a OTACK or VPA 10 lefmlnate the bot cycle
and lhe AS could remain low Indefinitely_How·
eVef, Ihe AS II also used 10 resellhe bo.-error
limer llihe ~ rema in. low for more than 192

Fig , ~ .~. : 81.1. connec1lon. on. Euroc ... d connec1or
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clock cycles. the bus-error nmeour counter (LS
393) will BSSer! the BERR signal commanding
the MC 68010 to call the bee-error handling
routine,

Tha interrupt-requesl priofll y encoder is simply a
LS 148 with pcn-ep resistors on Its eceve-cw In
puts. so that more devICes requestmg the same
level interrupt can be Simply wired-on. The MC
68010 ISused In Ihe ectovecior mode. The latler
is Invoked by decoding the interrupl-acknowledge
functiOn code (all thr&e FC outputs at logical
high) and asserting the VPA signal,

The MC 68010 microprocessor is reset when
both RESET and HALT lines are pulled low
simultaneously lor a sunielently long period of
time - al least 10 clock cycles during norma!
operation bul at least 100 milliseconds after
power·up. The reason lor this long power-up
reset time is easily explained since Ihe MC 68010
is a dynamic NMOS circuit internally, The delay
01 100 ms IS required lor the Internal on-chip
substrate bias-generator 10 achieve ilS lull OUI
put vollage 01 about - 3 V. The Meln Reset
signal (MR), supplied from the power-supply
module, iB applied through ccen-conectcr gates
to bolh RESET and HALT.

The MC 68010 RESn pin can also be an open
drain output. activated when executing the
RESET metrucnon. The lalter WIll not reset the
microprocessor oot will drive the RE-SEt pin low
lor 124 clock cycles_ThiSsignal Is made available
on the computer bus and is used to reset all
peflpheral devices.

On the other hand. the HALT pin is driven low
when a double bus-error Is detec1ed after a soft
ware crash or hardware lailure. A double OOs
error blocks Ihe MC 68010 10 aVOid damaging the
memory content allowing subsequent trccete
shootll'lg_ After a double OOs-error a reset Is
required to restart the MC 68010,

The address decoder is used 10 select the on
board memories and peripherals, decoding the
most sigmflcant address mee and to answer
With a OTAC"R or a ilPA signal. The nonvolall1e
CMOS RAM reqUlfes an additional decoder chip
(HC 138) whieh receives the same ballery
backed supply voltage as the RAM ,lsel1. The
decoder is inhibited by the MR Bignal to protect

Ihe RAM content during power-up or power
down,

A single B bit wide EPROM is used to store the
operaling syslem soltware . An BMlalch (LS 374)
and a sequence generator (LS 164) are used
to generate a 16 bll data word for the MC 66010.
Since this sequential B + 8 bit read operation Is
slow. the soltware Is copied into ue on-board
syslem RAM Immediately alter reset, Once in
Ihe RAM. the ecnwere can be executed at full
speed With no processor walt states,

The lower 18 kbytes 01 the on-board system
RAM are assigned to the stack by lhe present
ecnware. In the caseol a soltwarecrash II is usual
lor the Slack to grow In an uncontrolled way_
Therefore the Iocahons immediately below the
stack area are nol assigned to any device so
that an unccnuoaeo stack growl h ends In a
double bus-error sa1ety blocking the MC 68010,

A 71055 parallel I/O port (last CMOS version
01 the popular 8255) II used to inter1ace the
keyboard and the real-lime clock chip. The
parallel keyboard output is connected to port A.
conligured as a strobed Inpul, Por1 B is a spare
output. The lemeining blIs 01port C are used both
as !nputs and as outputs to IOter1ace the 4990
real-time clock Chip, The laner has serial inputs
and ouiputa. Clocks and other Signalsare gener
ated by software

The 4990 Chip selec t (CS) inpul is driven by the
MR signal to protect the clock count during power
-up or power-down lor the same reason as the
nonvolatile RAM. The 4990 has an on-chlp open
drain interrupl output. while lhe keyboard rnter
rupt. generated inside the 71055. requlfes an
additional tranSistor, CUffent software requires
the clock Interrupt on INTl and the keyboard
interrupt on INn . selectable through jumpers on
the pnnled circuit board,

2.4.
VIDEO BOARD

The veec board Includes 128 kbytes 01 speeer.
dual-pori video RAM. Video D/A converter and

7
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lIrrung .nd Interl ace ClrC\lI!s, The ercou dlagr.m
01 the VIdeO board IS shown In flga_ 2.5. • nd
2.6.
The memory uMd on • V>deo int8f1ace II belng
read continuously 10updata the picture displayed
on • CRT ..........1tamet pet' sec:oncl II. miCrO
proceuor has to access !he same memory, lor
••ample to update !he pc1ure , 1\eM -.t,*", wAIt

lor !he honlornel 01' vertICal retrace penocl 01'

tntem.opl the displ.V 'ead oper.bon dlslvrbing
the pcture. General purpose dynal'T'llC or at.tae
memonn .,. usually noc tast enough to provide
data lor a h'Oh resolUtlOl"'l video SIgnal generatlOl"'l
and be acx:eued by a fast 16 bit microproceuor
at the same nrne. On the other hand. true dual·
port mltfrlOnlll wllh two completely independent
acceu ports are bolh diffICult to manul acture
and e.pensive.

A lew y.ara . go, aemlconduc lor m.nuf.c·
lur.ra Invenled an .lle rn.t lve . olullon to In
c r.... the dala r. l . from . d yn.mlc memory
built ualng only conventiona l DRAM chi p
lechnology. Dur ing any random . cce . a ~ad
or wrtle oper.tlon, In.lde a dy na mic RAM , •
whole row 01d.l.l l024 bltaln a 254 kbl t RAM )
1.lr.n.l....red ,,"om ha Slo rage cell. to ..many
~I"'ah amplifier• . Thl. dala can not be Iran..
1lll'T.cI qu ickly only becau.. It I. complel*'y
ImPfaetlal1 to build .n Ie houalng wtth so
many plna. However, thla (la1ll can be tnlna
lerNd to another circuit emclently It the
I.n.... la loeatlMl on the ..me aemleonductOl'
chip.

Dua l-port dynamIC memones Include 0lW;htp
.n additIOnal stillt r8QIster. A whOle row 01 bot.
can be Iran.lerred from the main memory array 10
!he au.,lIary shllt rtlO'Sler in one SIngle operabon,
called a data-lranslllf cycle and lasllng no more
than an ordinary data-access cycle, All., such a
data-'ransillf cycle the dynamic memory ClrcutlS
and th. shllt regl.ter are completely Independenl
the microprocessor can random ly ecce.. the
data In the main memory erray (with no l iming
penal\les) while other data is .hllled out of the
au.iliary regi.tar to gana rate the video .igna1.

Since dual-port video memone. are only .lightly
mora e.pensive than CDnvenlional dynamiC
RAM• • they are very attracllve lor any new VIdeo
memory design. A data-tran.lllf cycle usually

'0

VHF COMMUNICATIONS 1189

haa to be performed~ every television kne,
i e once every64 microHconds and it takes less
!han 1 '" of this lIme, The memory iii lherelore
available 10 the rnieroprocesaof lor mote !han

99 '" of the 1o4a1 lime WIth no delaysor dlslurtls to
the Qenlltated video.
Thedescnbed video bo8;rduses lour 41264 cBps
whrch are OtQ8l"llledaa 64 k by 4 bill HCh, From
the lTIlCl'optOCeUOf IIde Ihe video memory I'
or;arned aa 64 II; 16 bot WOtdS. from the video
lode lhere ara t2811; Pi..... arraopecl in 2561inM
of 512 Pi.els e8Ch and the 1l'Il8f\Sl1y of e8Ch
pI.el is descnbecl WIth 8 bot. Ot 256 possible

grey !evel., Each 4121)4 chlp •• so ha.lour 256
brl .hIll registers that are all loaded In a 'Ingle
data·ttanster cycte occurnng dunng the hori lon
tal relrace period . During ,he active scanning
period, data i. remvee alterna tely lrom two shill
regl.ter groups so Ihal Ihe posmon ct me 512
pix.ls obtained malches the rmcroproeessor
byta address ennumeratlOn, .implifying and
.peedlng-Up the so"wa'e.

All the timing of the generated video .ignal IS
derrvad Irom an on-bo8;rd 12 MHz cryslal oscllla·
lOt. whrch drives. dIVider chain . The ~ne period
matches the .landard TV line penod (64 ....).
One TV kne consrstl 01 768 pi."'; two third.
(512 ~llX.ls) represenllhe UMlIuI acan and the
rem&lf'llng third (256 pixels) is IeIt lor lhe horizon
tal relrace and blacIl: ed9n.' both picture sides,
Thenumbet of IineI in • TV frame is aiightly 1a!Q8l'
lhan .Iandard - a frame 01320 lineswas MIecIed
lor Slmpicrty. To avoid Illcll.er the 8C8f'II"ling is
noc onlerlaced

At the end of each useful acan penocl the VIdeo
IIlT1lng loQIC iUueI a requesllor a dala-lransfllf
cycle to obtain the data lor the nexl leleviSlOl"l line ,
The reque.1 can noc be granted lmmedlalely
Slnc. the mlCroproceallOl' may be U,lng the
memory at the same l ime , All dynamiC memories
are very senSItIVe 10 cor r8CI l iming - any in·
correct timing acce. cycle disturb. the ratrash
operation and des troy. immediat ely at lesst
one whole row 01data '

The data- Iransler cycle reque.t i. therelore
paned to an arbitration logic. built around a
double JK- FF (LS 112) The arMrshon circuli
deciOe. who has priortly to ac<:eu the memory,
allowing the d8VlCtI C\lrrentty aCCllSSlng the
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rnemotY k) oompIet. 1M~ In .r~\afWilY In
thct worst caM. thct~ hal 10 willi
lOr' ontI comple1. dIIuHrllnal",~ 01' lhe VIdeo

IIffiIOlI IogOC has to wall lor ontI~
buo<yde

rn. dIIuHranll",~ Ilmrng 'I o-r-lIl~ by •
MQUIlI'lllal logIC Wllh an 8 bll 1h1",r~llIer (L.S
16ot1 and COO'.spondIng gill" \.Ik." dynell1l(:
1\"leI1'lOI'Ie. thct 41264 reQUlr. RAS and CAS
CIoc'lI and~ rnu1bpl• ...,'Ig L.S 2« tn-lUll'
bu1I.,. JIftI used 101' bolh row and c:oIurnn Iddr...
rnu/lIpIeU'IQ Ind kJr twrtctwng !he .,." ......
bel'lwMn the miOopIoc-.or and the VIdeO liming
lOgrC. 5II'lI::e h ffiCf(lpfClCeUOf mey want to
ac::c.M • IlngIe byte -' II lime . sepwlllll CAS
c:lOCkS ..~ IfOrn OOS and CbS

The 41264 VIdeO RAM ""* 0UlputI Mve In
.... c.apabMy 8ft(! ar. IIn'IClfY lIItd ., par....
101' rnulbpleU'IQ AI... a brI [)oFF (5314)rt how 
ever r*IUH'~ k) · dNn- 1M dl.ta In tronl of the

VIdeO OIA ~'" Duong bolh hI)I'lzontai
and vertICal retrKe peoods, all the e dalll ......
. r. held low (bIKIl 1ev9l) by • tn ·lIl1l. blllter
(L.S2«1·

Sync pu.... are .xted 10 the oulput of the OIA
comrllr1'" The tlr:lnlc:IrUI sync: puIH .. generlll~
by II dual ITlOI"lC»table and 'IS potIbOn c..-. be .0
juat~ to match the tT'lOI'\Iklr used The vertICal
sync: puIM IS 9"""'al~ by a dual FF, II rt two
line p.nods long and occura 32 Irnn ah", the
-.:l of th4I useful P't1Ul" ICarl

A 733 Vldeo &mCl1S used k) boost the generlll~

Vldeo IlgnaI~, Both poiardlM are IIva..bIe
10 dn~ any type of .landard·tcan TV rnotll IOl',
Bolh lhe [)(A conver1., and the VI<*) amplifier
rfl<ll,me a nega llve I Upply voItag. olaboul - 4 V
that II gener aled on·boerd . All I Upply vo tlages
01 the analog pari 01 th. ClrCUI' are to be well·
t,ltered 10 avOid dlSlurbl in lhe video IIgnal.

2.5.
MEMORY

FOI' most applocahon programa. npeQ.lIy thoM
handhng piCtur.., lhe comput", reQUlr.. much

more rnemotY than lhe60t kbylel proYldfld on !he
proceuot' board Out01 the Me 680 10 16 Mt¥.
adl2resaang range the C\llfertl ClPJll'atlng IYliem
uses the I"al megabyT. lor varlOUl Iplem
IrJnC1lOI'Ia: alarl...,p ROM, I leck , vtdeo memory
and 110port aadr...... The rem&lnll'lQ 15 MbyI"
are Intended lor memory e.panllOl'l

The Circu,I dillgram of a 256 kbyl. I'IOI"lYOIahle
memory board IS shown 11'1 I lg . 2 .7 . The CllCUlt

II1dudes fllght 256 kbrI CMOS RAMa 43256 .
address and dllta bllt1eralO deer.... the capao
trYtIlCI4ldIngof !he oompuI", bull and an""'",
oecooar The Ilar1 *kif... of !he lS6 kbyle bIocII
c..-. be MIected k) atMt anywt1eIe IfOrn~
200000H 10 3COClClOM pOeIll(llW'lQ an on-board....-
The 43256 memory~ orVy have an ac1rw
low etIrp-«'IIlble Input To preMf\'fl the memory
oonlfll'll When the compuI", IS I WlIched oft. tne
~ha~ k) be kepl high Thla rtIQUII.
ment can be me! MIlly UIlI'iQ a CMOS (Me)
eddIess dec:oder (Me 138) supplied from lhe
same r4111 as the memory chlps The address
oec:ooer hal an lICtIw-high IfIPUt lted 10 MA 10
proteCllhe rnemoty conl.,,1

In a typICal lySlem. 4 auth memory boarda are
used 101' a k)lal 1 Mby1e norwolallle memory
The lan_ .. enough 101' motl DSP appIIcabOna
a,.;;t 101' some IlITlple IfT'Iag8 prDeeaIIng Cue k)

bull Ioadng problema II IS d1NlCUII k) corw'flCI
more Ihan 4 memory boaros WlII'lOUt UCl'llyong

!heopefatlt'lQ speed. Qtcour.... IOOI"i •• higher'
ctenslty memory chips become .lIallable, !he
descnbed memory boaros will ber~ by a
higher capacity memory

2.6.
ANALOG 1;0

An Impor1ant Pllrl 0 1 a ny DSP corn~11tI la
lIS Interfac. 10 Ihe analO9 world, AI alrudy
cI..crlbed In the theoretical pal't I d8c:1<*l10
UN a telepMM CODEC Ie a . the A D.nd D A
COf1ver1.r , . Inc. lI a per1ormanc" malch
thoN of voice 1iJ'~ communica tion. r.
celv",. and tranamlUltla , Includ ing r.cflo-

13
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. m.l.ur rK.'v.r••nd tr . n.mln.... . Sine.
an CaDEC. have on-c:h lp • a.rl .1 d. t. Int.r·
lace, . UART la requ l l"9dto Inl . rf . ee . Ca DEC
to . mlcroproc...or. Progr.mm. ble counler .
• re uNd 10 gener.le the AD .nd D A .am·
pIIng r.l••.

The analog 110 board alao Include . an Inde
pendent RS·232 interlace, The ClICUII diagram i.
lhown in rig• • 2.B. and 2.i. The RS·232 UART
(71051). lhe programmable coun ler. (11054)
and ee UART to inle rlace the CaDEC (another
11051) are all standard 8 bit miCroproce l sor
penphe rals. To interlace the laster MC 68010
bus. a liming logic built around a 4 bit Ihlh l egil ler
(LS 195) II reqUIred. The logIC1IIIarted when·
ever any ollhe three on-board penphelal ChlPI
are eeectee by the addre.. decodel (two LS
1381. genelallng a longer Read (R) Of Wnle (W)
pulse and linally t8lTT11nallng the bul cyc le by
iu ulng a DTACK to the MC 68010. AU thIN
penpherall ale connected to the lOwer byte
(00 10 07) 01 the 16 bll dala bul through a bt·
dlrec;bOnal buffer (LS 245) 10 reduce the ceeec
live bus loadIng

The RS-232 UART il equipped with a I landa,d
RS·232 leceiver (15 154). A 4053 CMOS multl 
ple_er il Uled to generale RS·232 compatible
Iransmillignallevell OUI 01the'" 5 V and - 5 V
l upplies available on-boar d. The RS·232 UART
genelalea both leceive (RX bUtler lu lt) and trans·
mil (TX butler emply) Interrupll. connected
through jumperl to INTj and INT2 rel pectlvely ,
Both RX and TX clocks 01the RS·232 UART are
connected 10 a common programmable counter.
The TX baud rate therefore can not be pro
grammed dltlerMlt trom the RX baud l ala ,

The COOEC UART hal two separate pro
grammable counterl to geoarale the AID and
CIA sampling rales independently. Soma addt·
tlOf18llogic:. two4029 count&fS and a 1_ gat...
a'e requIred 10 1fI1eriace the MK 5156 COOEC .
The AID generaled interrupt (new data avai lable)
il COrtl'l8Cted to IN 6. and the OJA tn1&m1pt (new
data required) is connected 10 INTS.

AU Ihe timing il denved lrom .n on-board cry l tal
OICilla lor al6144 kHz Some CSP p'og,aml .llka
the wealher' l atellile-pIClule receiving program.
reqUire a very accurata sampling treQuency The

6144 kHz clock II used by lhe UAATI . diVIded by
310 obtalO2048 kHz leQUited by the CODEC and
I Wllchad -eapaClIO!' IIltel. divided by 2 10 obtain
3072 kHz IO!' lhe liming logICand divided by 4 to
oblaln 1536 kHz as the ,npollo lhe p/ogramma bl•
dlVlClers The dIVlder·by ·3 ISa IIll1. more comple_
10 obta in a nearly 50 % duty cycle al2048 kHz ,

To Inlerla ce dlf ecll y wllh analog Clfcuili. re
ceivers or Iransmlll elS. the COOEC analog Inpul
and OUlputare connected to a I Wtlched-capacl lor
hllar (TP 3040) . The input audiO signal II applied
10 a bandpass uner wllh slower CUI-oil Ireque ncy
of 300 Hz and an upper cut-oil freQuency of .3400
Hz before reaching the AID converter, The DIA
output signal is applied to a Jowpal s With a cut
ofllrequellCy of 3400 Hz

Addit ional command lines are also prov ided .
one inpu l and two outpu l l . Their !unclion II ecn
ware p/ogrammable. The inpul is usually used
as a squelch Input (high mean s valid analog
l.gnal), The ou lputs are used al pn and CW
KEY commands 10 a t,an smltler These two out·
puts a' . open"COllec1O!' and acli v. ·1ow as re
quired by rnosltransm,lIer l The 154S2 dnvlH can
handle 300 mA and 30 V on each of lhese OUI·
pull.

The CODEC. the sWllchad-eapacllol hllel and
lhe RS·232 driver requtre a negative voltage
ot - 5 V, The lalter IS obtained on-board With a
Simple two-tranSistor f1yback IOverter I lmllar
10 tnet on the Vld80 board The supply vo ltagea
01 the analog circUits have 10 be lurther uuered
10 aVOIdany IOlenerene. 'rom the noisy computer
bus t 5 V supply lall 01 inverter The CODEC
alao requires two leference voltages . The POl llive
refetence II obtained Irom • red LED providing
a l iable vollage drop ofsboutl 8 V .The nega\lve
reference lracks the POSitive 'elerenee 10 aVOId
dlltorllon UI IflQan op-amp (141),

2.7.
FLOPPY DISK DRIVE

Although Ine operating system developed for my
DSP computer does nOI requite . masa memory
like magnetiC disks lor Its ope'ahon , II is very

"
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comlOf1ab1e 10 have allallable a Iloppy ttnll.
For ••ample, appIIcahOfti programs can be
loaded CClI'l\Ienlentt II'OITl a floppy .,.p, tor the
It" time. when initialIZIng the . ystem Floppy
dltltt .... -.0 uleful lor ba(:tl.up eopon ard kl
flor. a.rve Wt'IOUI'lt. ~ clIIla lew klnger pencdI
~ flITl8 (pctu'..1

8ulIdIng the~ part ~ a 1'lIg~'

tormanc:. flOPpy dnve ill probably out-ol-rNCt'l
for an amateur AII..... 1loppydOveI coma al·
leady with IOITIe elecltOf'llCS Iika write and ,1Nd
he-' amplll.,. and molOt dnvers , Moet of the
recent floppy dnves come w!lh a 34 pole coo
nector cartyw'lg TIL level SIgnals In both dlrac.
loons TheM 1Ig000Is ara slandardized Ther.
are ellO many IPeCI8I purpose <;hips allallable,
catled Floppy DI'k Conlrollers (FOC). to Inler·
lace lhe . Iande,d . J.4 pole c:onnecIor" fignel.
10 any rnteraproceuor orOMA controller .

I selected to us. 3S· double-lided Iloppy dl.k.
on a 300 rpm drrv. al a recording speed of
2SO kbpl MFM An 80 Irack double-tided dl ....
ha, a raw capaclly 01 1 Mbyte . Each treck ha. a
raw capaclty 01 & 2S kbyles anclthe CUlTertllQ!l ,
war. formal. It Into S IfIJCloft(111)24 bytes aach.
rfISUn.ng n a IotmIned capac.ly of 800 kbyt..........
Floppy <Ulo; COllbolleo1l come erthet In one (:hlp
or .. a ... 01 mp., The Western~ 2797
II a arogle-chlp FCC 'IIrllh anan.alog data sepw.
bOn PlL New FOCahave dlgrtal PlU lMl do no!
requN'a 1ldjustrMms, but the 2797 III <:hNp ar'Cl
fIUIty allallabla To Itllerface a .tandard 3 S·
Iloppy dnve . It ot'Iy NqUlr'es • lew open-coIIaclor.
hlgh-current·"nk TTl buners,

The CirCUli Ihown ItI ligs. 2.10. and 2.11 . allO
IndudeI IOI'nct aQdltlQl'\8t logic 10 make an of the
2797Iunctoon. MIactabIa by software TheCltCUII
10 Interface the IIOw 2797 to the last MC 68010
but is ldenheal to Iha, used on the analog 110
bOard A 'Impl. htgh-apeed serial 1n1.r1ace.
based on a 8S30 SerIal Communicatoon. Con·
lroller (SCC). llloeated on!he ..me bOard

The liming lor the FOC and bus inlerlace logICi.
denvfId lrom a 18 104Hz crystal oaclll.alor II,
lrequency i. dllllClfld ttown to .Ither 1 or 2104Hz,.

VHF COMMUNICAnONS 1189

10 ttrrv. !he 7797 dock InpUl In !he wnl. mocIe
In the ruel mocIe , the 2797 det'IIft lI' doCkI
!rom an on-d'llp PU Wllh a VCO runtw1g ..
.. 104Hz

To mM'llarn iQftw.,. ~It*y with III
prad.o...ors. the daeIgr'lar' of lha 2797 etIlp
c:o.lIdno! !mPemer II .. ollIS IutlCbOna .. control
regrater bits The corraspondlng sa6acbOn pt'II

have kl be dmran by an aOdrllOt\&l output port . n
IhIlI caM a LS 273 1a1Ch. T1lIO outpull of the
LS 273 .... uMd to IIlIec1 the IIoppy ctnYa dlraetty.
bypassing the 2797 chip

3S· IIoppy dnves do no! have • head kHId
IOlenold - the read/Wl'rle head. ar. bacled
Immedlalety alter lha diP, II lnMt1ed InIO the
dnve Toa\/Old unnecessary we.w of the disk and
he-" , It is necessary to flop !he lIP'ndla motor
alter r.-' or WIlte operatIOns are complaled.
In the easeof the 2797 FCC. III H.ad LoaO (HLO)
IIgf\8I has to be used a•• MoIOl' On (MO) IIgnal
lor a 3S IIowY drive Corraspondongly . the
REAQY Input oltha 2797 can not be used and !he
REAOY output l rom the dnve ." avallable.1hou1d
be lied 10 !he Head L.o-d TIITW'IQ of the 2797,
The HLO 0UIpuI ot the 2797 hal an n ler..t'ng
INlIJta ' " no! dlubled by 1Oftw.... II ... be
cIll8blfld automatlCaly altar' 1S d* ravolullonl
f3 saconosl toIIowIrtg lha last rINd or wnt.
opetabon, A dw.... crash or a caraieSI pro.
gramrnIlI wiI no! ctastroy lha dIP. nor dar'nagfI
lhahMdsl

Soma 01 the coni"..CbC)II'between lha FCC and
the J.4 pclia COI'iNCt(lr a", brOoghl to a JIJmpaf

plug kl adapt tortmaII dlller---=- lI'Ilhe connec:·
loon. 01dllleranl dnves, The two 2797 Interrupts.
ORO and INTRO. ar. aIIO connected Ihrough
jumperl lO 1NT4 and I 3 rnpactlve/y,

The tarlal communieahort, controller chIp (8SJO)
obtains all ", tlmlOQ lrom a Ill •• kHz cryslal
MCltl.alor. Ilnee lhi. frequency can be dlvided
10 oblaln llanclard baud ,al. , Tha senel porl

uae. the lama IIgnal ......1. a, the lIoppy ctrrv.
Interlace: dtiverl ara open-eolleclOl' , high·
culTenl'lInk TTl and receiver. are Ilmpla TTl
InpulS 'Nllh puQ.up r....IOII tN"T8 II alllgned
10 the SCC. ag&In through. 1UfYlper . 10 hartdla
lhe Ngh dall rar....pected
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2.8.
POWER SUPPLY

Although the design 01 a power supply is not
conSidered very Important by most design
engineers, power l uppliel are usually a major
soc rce 0 1 troubles in practical elect ronic circuits ,
especiall y compu lersl Overheating, electriCal
interterencea and unreliable resen'ng are com
mon problems aSSOCialed With poorly designed
compoter power supplies.

A DSP computer is intended to operate toge ther
With other analog equipment lnCludll'lg sensitive
receivers and powerful transmItters. Efficient
shielding is a must to avoid interferences in both
d,rechons. However, an efficient shielding en
closure is normally very poor trom the thermal
design point 0 1 View since computer chips dissi
pate most ot the heat produced by convection
cooling, While It may not be possible to intluence
the amount 0 1 heal produced In the compo ler
ChiPS, other heat sources can be avoided in a

cere tot deSign. A good effiCiency. switching
power supply is a mus l!

The circuit diagram 0 1 me recommended power
supply lor Ihe DSP compu ter is shown in l lg . 2.12.
The power supply is inlended to operate Irom a
non-regula ted DC supply 01 nominally 12 V DC,
negative grounded. like most other radlo-amaleur
equipment. The efficiency 01 the simple series
sWItching regulator is above 80 %. Chokes at
both input and output are used to suppress both
interferences generated by the compoter and by
the SWltchlno regulator rteeu.

The power supply module includes a 3,6 V,
500 mM NiCd battery lor clock and memory
back-up.

The reset cirCUlI is an Integral part 0 1 the power
supply , since i1 il very difficult to derive the In
tcrmenon to opera te a reset ctrcun just Irom the
+ 5 V rail on the computer bus ,The AESEl' signal
will be applied immedia tely alter the mput VOltage
teue below about 6.5 V. The series regulator i8
stili operating correctly at Ihls Inpul voltage and
the RESET lignal will e"aclively protect the
Vulnerable con tent 01 the non-vol.llle AAM. II the

21
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mput voltage lalls down 10 zero, the RESET
signal remains ecuve. SinceIt is ecuve-cw.

When the Input voltage Is applied again, the
R£SEf Will only be removed al1er the input
voltage goes aboveabout 7V (hysteresis olaboot
0.5 V) and alter the delay introduced by the
1000 /-I F/ 1.2 eu nme coesram. Everyday practical
use confirmed Ihat thiS resettlngtprotectiOn
scheme is lailure-prool regardless 01the kind 01
transients on the power line, in severe contrasl
to what happens wllh commercial computers,
packeHadlo TNCs or other eQuipmenl using
microprocessorsl

Since there are just lour wires connecting the
powet supply module 10 the compuler bus: + 5 V,
+ CMOS, MA and GND, lhe module Is not
eQuippedwllh an "Eurocard- connector to avoid
capaCitive loading 01the computer bus

2.9.
ANTENNA ROTATOR INTERFACE

Automatic satellite Iracking With a steerable
antenna system is usually required together Wi th
many DSP applications. The described DSP
computer is able to generata Iha reQUired tracking
inlormatlon as a background task 10 the main
DSP task With a minimum ad(j,tlonal loading 01
the CPU, Even In the case 01up-<lating the an
tenna pointing direction every second, only aooot
2 % 01 the total CPU time is reQuired lor the
tracking program.

Du. to Ih. v.rl.ty of dltf.renl anl.nn. rotalor
systams, I decided not to build sny rotator
Intarlaca inslda tha computar It..II, Th.
rotator Inlarlaca, I hown in Ilg. 2,13., accepls
data from Ih. computer RS-232 port and Inter
lacaa 10 a KR-5600 rolator contra ' un it . II
Includes an 8 bit mlcroproca..o r 5080 (CMOS
varalon 01 tlla Z8OCPU) with an EPROM
(27C64) and a RAM (6116), an AiD converter
(AOCOS04), darllnglon r.lay drivers (2004)
and a Ilmplifled RS-232 port. Only a vary
I mall part of bolh tha EPROMand tha RAM ara
actually uaed alnca Ihe aoftwara Is vary
almpla.

The rotator interlace receives the deSired an
tenna azimuth and elevation Irom the DSP com
puter. These values are compared With the actual
values measured by the position-sensing poten
lIometers installed Ofl me rotators. The interlace
microcomputer then decides to activate the
molars in the appropriate erecncn. The soli 
were also corrects lOf the merna 01 the rotetcr
and antenna system. The damping coeucents
ala etsc up-loaded Irom me DSP computer, The
mtsrtece also Iransmits a complete status
report on reQuest Irom the main computer .

All 01the mICrocomputer components are CMOS
versiOflS to keep the current drain low. The
overall current conscmpnon 01 the Interlace
is only about 35 mAoThe taner can be derived
Irom lhe multipole connector on the KR·5600
control unit thus saving the expense 01an addl·
1I000ai power supply, The interlace requnee just
+ 5 V Obtained Irom a three·terminal voltage
regulal0r. The ArD converter has Its own 2.5 V
reference LM 336. Since the computer memory
content is lost after power-ocw n, no special
reset circuit is reQuired, an RC network and a
5chmin·trlgger gale are sull!cient.

The AS·232 seriaVparaliel and paralleVserial
conversions are clone In software. I beretore. all
the Clocks are derived Irom 8 single crystal
OSCilla tor at t o MHz - dlVlcied by 4 to obtain
2.5 MHZ lor the CPU and dIVided by teio obtain
625 kHz lor the ArD converter,

A parallel 110 pori (71055) controls Ihe relay
drivers, the al'l8log multiplexer (4066) lor the
AID converter and Ihe RS-232 slQnals. The tetter
are not comple lely 10 the RS-232 specillCations,
since the output logiCal·1ow is only zero vcne.
but are accepted by most RS·232 receivers.
With SUitable soltware the interlace could be
used With any computer eqUipped With a RS-232
port

2.10.
FUTURE PLANS

A conalructlon article Is planned to lo llow,
dlacu aalng . Iao hardw.r. check ·out, Ion·

"
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ware Insl all allon and use 01 the OSP com
puler. Some In/ormation, like the operaling
svstem manual. can not be published since they
would take far too much space in the magazine 
copies will be made available separately, Soft
ware will probably be made available on floppy
disks. Including source liles, their correspoodil'lQ
compiled versions and "manual" files describing
rcw to use lhem.

There Will certainly be many upgrades 01 both
Ihe ha.dware and especially the software. A very
successful upgrade was the replacement of all
t.s -senee TIL integrated Circuits With the new
He -saMs, The HC-series integrated cirClllts,
now available at Ihe same price as the older
LSs. otler a much lowe. currenl ccnscmpnon
(power dissipahOf1!) and a lower bus loading
In additIOn. their constant. resistive output

impedance etlicientfy suppresses bus nnging.
alloWIng up 10 30 % higher CPU clock fre
quencies

The next imminent hardware upgrade is certainly
a higher capacity memory board, Othe. pe
ripherals could be buill as well , including
"intelligent" ones carrying maybe an even more
powerlu l processor than the MC 68010 or a
dedicaled OSP chip, On the olher hand. luture
antenna rolalors will probably include an RS·232
inferlace and the descnbed rotalor interlace
board will probably become unnecessary,

Of course. most upgrades can be expected in
ire software. several algorithms. including the
Fast Fourier Transform, have nol even been tried
yet, although It is known lhey are possible on
Ihe described herdware ,

Heavy-Duty Support Housing
for KR 5400/KR 5600 Satellite Rotators

This heavy-duty . stable profile replaces the l ·bracket which lorms part of the
KR 5400 or KR 5600 rotator systems. The use 01this component ensures a
much higher degree 01antenna-installation stability.

Post and packag e charges upon request.

Weight : 3 .1 kg

!•
•

•

OM 148 .00

1068

Price :

Art .Nr. :

Mate rial :

Square -secuon tubing
200 x 149 x 100
6 mm thick stee l plastic coated

c£ technik
berichte

t".........mun!ollllon• . VHF-CO........nlColII_ _ UKW·hc:llnl. h.I'J o. e ll!fl"

h lln.I•• ". 14. D-1S23 "'londorI'. TIII.-lon (0'1331 470, Till• • 121.17
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Wolfgang Schneider, DO 2 EK

FM-ATV in the GHz Ran ge
Part I : 23 em T ransmitter

Owing 10 the edvenel ng developm ent l In the
field 01 .eteillte le levilion l echnlque. , FM·
ATV I. becom ing 0' Incree.lng Import.nee to
l he redlo emele ur. In sddltlon 10 the u.. 0'
reedy·medelndu.lrlel unll. , the modern .eml
conduc tor. enow the hom e conltruc Uon of

co mplete FM·A TV tr lnlmiller. end recelverl ,
well Into Ih e GHI renge, wi th Ihe min imum
effo rt . The to llowlng mulUpert ert ic le d..
scrlbel the con ltruction 01 I tflnlmiller.'
receiver l or FM·ATV In the 23 em bend.

••' ,"-
---.-.. ".;;.~~ -

1 1Io ' ''~ l

_ _ ~~ l~ ~uo~

I"..,.-
..~-
,.-••-

.,

VIDEO "r ~ . •
' . 110 ~., I --~, .-

fU"' OOO VOL!. 1Io1.~tl

• J"

00 H IO:002

'.=
'.=

•.. Qo.,..,
Fig . t ; lJ em bind F.......TV I.....amltt..

25



1.
CIRCUIT DESCRI PTION

002EK
002
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..."~--o u,

.... ma.,.~ IMn Irom fig . 1. 1t1e 23 em ATVIrl"'
",,"er d,splays no paJ1lall.l,r pecullatl1'" .... may
~ e.pected, thlI heatt of !hIlrenarTMtter me.,.~
~ a. the YOItage-cor'1trollecl oeoIIlCW
(VCO)~ Il"I a pt\UHXIt.lCllooped (PlL),
TM" nowbI ••arTW*! 1l"I~a.

'10; 100

='n III 0

,

-
1.1. Th.Vo"~ontronedo.cmator (VeO)

The VCO (fig . 2) WI. drIeIOped usono econorTll

cal . but r..(loIy obi..".,. eomponenlt The
vaneap doodet .,. normal UHF types and ....

tr~ .. .lito a It.Ind.Ird type

The .....~ ora.d c:omp... anInductOr
and twov~ doodet (B8405G) COlilKted~

tween the coIeetor and the baM of the 0KlIlI 1Or
tr.InIISScW A 100 pF C.Ipe(:IIOr NrYn 10 1IOl.It.
!hi vancaps IY'om the DC ()(lIIe(:t(lr von. but
at the same IIITlI II' connecting ..~ torml lhI
senft tu.-..ng-tnduet.lnce Olher connectlOnl ar.
k... short a, poeIIbIe Il"I order' 10 pr....-nt !he
W'IIfCldI..cbcl of unoomrolled rMCI.ll'lCel 1010 the

"'''''

• -'-0;;; ••
"

DD:£>< 00: n.. ~., ••
" .,

'" .......
" •.. ,, , , , • • " • .. .. ~ "

.,
"'e.3 : ThI YCO~ tIIIClthe output powM

(donN IIfteI .. .. fullCtioft olthe NnIng-
'"

The control of the lr.lMlllOl' " wor1ung pOInt and
lit qulMOlFlC CUl'Tertt II .IChIeYId by the 10 kU
r",llor between c:oIlIc1or .Incl baM and the
220 n reSIstor In !hi coIlec1or A smatllnduclance
in """ Wllh the coIlec1or r....tor prr.renlt !he
tuned CIrCUit Irom betng IO.Ided and enaur.. com
pIeI. deooUphng lrom Ihe supply voltage

The VCO. .. described. II capable 01 worIl lng
at 2 2 GMz The Inc!uclor torm.Id ' rom lhIlud of
the 100 pF CIlCl.ICIlor delerTnlnM the rnonanl
Irequency 01 !hI' Clrcurt In \hi Inlerest'"O Ir..
quency rang. around 1 2 0Hz. a 0 .2.....011 tuning
vottage Will enable a apeclrum 01 500 MHz 10be
l:O'o'ered l An OUlpul power 01 abou t 12 mW II
obt81ned 8t 1 0Hz anet 5 mW 81 1.5 OMz (fi g. 3).

••
•

,
., ' .. I-

- 001[11. 002

1.2. The Ph a..Loc:kld Loop

The SP 5060 lorm• . toge ther wIth lhe VCO. a
complela PlL Irequeoey , yntheSlzer (llg. " j
whlch II usable oyer the range 300 MHz IO2 OMz

26

The Integrated Circuli con laln, .. pr.·scaler to
gether With a pr.amphl,er and a Irequency
clnnder . The laner ha. I hed cllYllIOn lac1or, the
' .1"0 between !hi lY"\'hesI l8l' .nd !hi r.I8l'~

frequency belng 256 I
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The phase comparator is supplied with an all
tarnal, querte-oenved. ra ference Irequency.
Tha output 0 1the compa rator COfltrols the vencee
ecce In the VCO via an external transistor
(BC 109 or eqUlV,),

Owing to the fixed divisiOn teeter in th~ SP 506O's
divider, me refarenca trequancy ISObliged to be
ellactly a 256th 0 1 the synthesize~l lrequaflCY

This means thaI lor a desired ou tput Irequency,
say 1270 MHz, a retereoce frequency ot 12701
256 .4,9609375 MHz is required

2.
CONSTRUCTION

The pnnted circ uit board lor meCircUl' descnbed
above, is constructed on a double-sided, 1,5 mm
thick, epo lly -glass malenal af\d 01 dimensions

72 x 72 mm {s.. l lg, 5) . It hts Into a proprietary nn
pla te box 74 x 74 x 30 mm .

Alt er trlmmmg the board 10 Size, It is cleaned and
coated with rub-on Silver plating - although uue
is no' absolutely necessary, Then It is onuec The
bro adband amphlier is li lted InlO a SUItably cu t
hOle In 'he board, Also, a slot (1 Il 8 mm) IS pro
vided, al the approp ria te place at the edga 01 the
board, In order to accommodate the BNC socket
inner connector spigot,

The board is then drilled lor the other compo
nents; resistors, capacito~. 'he crystal esc. Cal.
must then be taken to provide a countersin k
(using 8 2,5 mm dn ll) around the ung rounded
leads on me ground-pla ne, Ie. component side
01 tha board, in order that the component leads
ar. not inadvertently shorted 'o earth.

Aller this woril is Ilnished , the board can be
treated With Ilull solution.

4 -n.

00 2 EK 002

"

f lU, 5;
The lt ac k••nd eomponenl. o l lhe
doubl••lded ece 00 2 EK. 002 lor
Ihe ei, eult dl ''iI' .m of IIU, I

27
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Fig. 6:
The vee l howlng the M il.
lupportlnltln-elr component
mounting

When the board is dry. the through·platlng con
tacts can be Installed lor lhe broadband amplifier
IC. The BNC socket musl be installed so that ItS
!lange fits to the appropriate place on the Irame
WIth its inner spigot in the slot provided on the
PCB. The tellon snoulder on the socket may be
removed with a sharp knife betcre mounting,
Also, see 10 it that the module tid is not prevented
!rom tilt ing when the crystal has been Installed
(think about this when the board is being soIdeled
into Its frame)

FollOWIng the correct soldering 01 the PCB inlo
the boll Il ame, the equipping 01 the board Is
carried out The VCO is wired together "in air"
(see fig . 6), the component leads beIng made
as short as posSIble in order to minimize stray
inductance enece. The series inductor in the
VCO is lormed lrom me ecnecicr-eoe lead ol lhe
100 pF capacitor cont'\9Cled between base and
collector 01 T 1. For the frequency 01 interest,
about 1.2 GHz, this lead is trimmed to 9 mm and
bent through 90". This may be clearly seen in
the photograph 011'9, 6.

28

2.1. Compon.nll

BC109B, BC 413, BC 550 or equlv . low-noise
NF types
BFR96
MSA0404 (Avantek)
SP5060 (PleMey)
78 1 09

1 78 105
2 Diode B8405G
2 Diode BA282
1 RFC 10 ~H (Neosld) !

1 6·hole temte core (Valvo)
2 RFC 4 turns 0.3 mm Cu;lac, wire on 3 mm

lerrile bead I
90 pF loil trimmel (red)
4,7pFtrapez. cap. I
4,7 pF chip cap,
0,47 ~ F cap. (7.5 mm grid)

1 0.1~F cap. (7.5 mm grid)
1 33 ~Ff35 V elko. 110 mm grid}
2 10 ~Ff16 V lant.
2loonpresetpol.(10mmgrld)
1 100 UIO,3 W reSistor
1 Tin·plale boll 74 II 74 1130 mm
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1 BNC panel mounting socket UG290A!U
6 lelton teeo-mrc Insulators

CBfami(:disc capacitors (2,5 mm grid)
1 1 pF
1 4,7pF
1 47 pF
2 l oo pF
12 1 nF
1 1,8 nF

Resislors (lixed, 10 mm gnd)
1 18n
1 47 n
2 75 11
1 l oo n
3 220 II
1 300 II
6 1 kJl
3 10 kll
1 33 kll

Inductors see tex t

Crystal
HC-l aU or HC·25U (see lext)

3.
COMMISSIONING

The tollowlng tes t Instruments should be
avaIlable '

- Mulll ·purpose meter
- Frequency counter (to 1.3 GHz)
- Power mete, (to 1.3 GHzj

FollowIng the appncanon ot the 12 V supply
voltage. the unit should immediately stafl

Fig. 7:
Th. c:ompleled
FM·ATVlr."• •
mill• • module

29



wOfklng, delivering some 20 mW to the power
meter. The VCO, however, is not yet locked on to
one or the two crys tal-determined frequencies
but IS osci llallng al Itf" lowesl frequency . The
luning voltage (max . 30 V) is now connected
and one 01 the lwo crystals put inlO operation
by applying 12 V to the appropr iate point. The
oscillator IS now oscil lallng, locked at the desired
'r&quency , and II ror. it is WOr\( lng OlJIslde 01 the
PLL '5 capture range . This may be corrected
e,lher by altering 'he inductance L 01' by an ad:
lustment ot the control voltage. A small test
cirCUit wt ucn Will be described in the second part
ot the e-eee . w,n produce an adjus table control
voltage trom the avai lable 12 V suppl y vo ltage.

All er the synthesizer has been set-up correctly,
Ihe video camera and a treQuency-mod ulated,
5.5 MHz sound carrier can be connected and the
unit put into operalion. It only remains now to
set the frequency deviation With the two pre sel
resis tors

VHF COMMUNICATIONS 1189
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Interested in AMATEUR TV ?

. . . . th e n you ne ed CO - TV Maga zin e

CO - TV Ma g a z in e is the quar ter ly j ou rn al o f t he
British Amateur Te l e v i s i o n Club . Th e c lu b cate rs
f or all aspects of television i nc l ud i ng a ma t e u r
t r an s mi s sion s , broa dcast recepti on , vi deo tec h
niques, satellites, SSTV etc.
Det ail s of membershi p may be o btaine d b y se ndi ng
a stamped addressed envelo pe to :

- BAT C-, 'Grenehur s t', Pdnewood Road
Hi gh Wy c ombe, Buck s HP1 2 400 , U.K .
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Andrew 8ell. GW 4 JJ W

Morse Code Ge nerator for
Microwave Applications

Th l••Ingl...lded PCB ('.g. 2) genet'.te. I
mar•• cod. modul.led ton. which c.n be ' ed
Into Ih. modul. tor or • mlcrowll v, Ir. n. 
mut er. Th. mor.. cod. I• • tored In.n EPROM
. nd It t.kll eecut 20 minute. to . c. n through
the . ntlr. EPROM.t .bout 15 wp m. Wh.n the
.nd I. r••ched. lIC.nnl ngl. r• • t.rted from th e
beg inning 01 the EPROM. The th.ory I. tnet
period. 0' contlnuou. ton. or . n.nc. m.y
be Int.r.per.ed w ith mar•• code .1 will . Th.
Input to the board •• + ,2 volt .nd Ih. output
••• low-p l ..-,m er.d, mor ae cod. moclul l t. d
• udlo tone .

1.
CIRCUIT DESCRIPTION

11. a 12-IIage CMOS oSCillator and divider, ISset
to oscillate at aboul 28 kHz by means of eland
VR 1 (I lg. 1). Square wave eenc is taken from pin
5 aner a dlVlllon by 32 to yield a frequency 01
about 880 Hz , Alter division o! the orig inal Signal
by 8192, Ihe signal 15 passed on to the 12. a
CO 4040. lor 12 more stages of dlvlllOn The re
l ulls of the last 14 stages of divisiOn are laken

!rom the counlers and passed to me EPROM on
Its address tines, The EPROM Will then step
through about 14 addresses per second which
represents a morse code speed 01about 15 wpm ,
At any scecne address II a data bit is found to be
Ioglcal-one, a tona will be generated, otherwise a
peeod 01 silence Will lollow On Ihe prototype
(I lg. 3) only bt-zero was used although proviSI()l'l
has been made via a ten-way molelt connector.
J 1, 10select any on. o! the a-ens which emerge
Irom th. EPROM by means 01 II SWlfch. The
EPROM data bit, which Is really a 'tcoe-eoeeie '
Signal, is passed 10 14, a CO 4011 NAND gate •
where It II combined With 'he square-wave tone
lignal. The OUtpul is audible morse code 'r t ns
is passed through a two-Slage RIC Illter to remove
many harmonics and glitches caused by the slow
propagation nme ollhe counters 11 then goos 10a
common drain JFET ampli fier 10 convert Ihe
high output impedance 01 the nner to a much
lower value, The lunction of R 4 is to reduce the
amplr'ude 01 the eonc I lgnal. Finally VR 2 &elVes
to vary the ampli tUde 01 the morse modula ted
auec signal whiChISAC-connected to the 4-way
molelt connector.

A power-on reset compriSingR 5 and C 5 ensures
that on power-up Ihe EPROM address IS set to
zero .
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5 ~3v

•

••

•
"ICROWA VE2HDRSEVDEACDN"

Fig. 2: PC-board Ow . JJw 001

•

1.1. Connection

In tha pl'Olotype tha audiO oulpu t was laft con
tinuously connected to me Gunn diode modu latOl'
and the 12 V supply was switched on when re
Quired. (In thiS way the EPROM does ror con
sume power when its funct IOn IS ret reQUIted.)
The morse code speed, and theretora the Ire
Quency 01 the tone. are adjusted by VR 1. The
amplitude 01the slgn.lll is adjusted by VR 2,

1,2, EPROM Programm Ing

The EPROM contains a time imaga 01the mor se
code to be sent out over me twen ty minute period .
Every address in the EPROM eetetee whether a
tona should be output or not , This state lasts lor
the petlod 01a moru coda dot belore the EPROM
address ISIncremented .

The author wrote a small BASIC program on a
BBC microcomputar which trans lated ASCII text
into mor se code " II a tone was reQUired the
byte was eet to 255. but olhe rwise it was set to

25-4 (The author only used bl1{l and unused bits
were sene 1 to speed up program ming, but later
the program was enhanced and is now able to
generate each 01the 8-bits of the EPROM sepe
rately so that 8 dll!erenl "messages" may be
stored in the EPROM), A morse code 'dash'
wou ld Iheretore be programmed as 3 consecutive
addresses sol 10 255. These resulls were wnnen
to a disc file and latar used to program the
EPROM II mor e Ihan a Single bit ISused. It may
be ueetuuc dedlca'e one bll to a conllnuous tone.
A ground connec tion is provided on me len-way
mole ~ plug for 'no lone' .

2.
CONCLUSION

The eumcr combined Ihls board wlfh a simple
Gunn OSCillator and modul atOl'and the resulling
'beacon ' has proved most valuable In seiling up

• A paper lilting oIltle progr am WIn be wnt upon reqUill 1aga,nal C,R L (coupo.1'I6ponsa Internallonal)
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Fig. 3: ..~1Id eUlftP6eof the OW . J,JW 001 mor.. COC)e veo-elOt

lnlCfowa". recervers In pattICuLIr. oroe can be
sur. thai the receover IS beIt'Q allgl'led on the
correct SIgnal and not. spurIOUS one

3.
COMPONENTS

" CD 4060
12 CO4040
13 21128 EPROM
14 CO 4011

REGl 18L05

0' J J l0iM PF 102

38

R 1 100 K

R 2 8K 2
RJ 68 K
R4 1 M
RS 13K
R8 l OOK

VR 1 100 K (mut\J1urn)
VR 2 1 K (multllUrn)

C 1 470pF poly"yrerlO
C 2 18 nF layer
C3 2n2 1ayer
C 4 10nFIayel
C SiC 810 ,.F 16 V tanlalum
C 11C 810 nF plaIa ceramic
C 9 100 JlF 25 V can e1ectrolyhe
C 10 0.1,.F lay...

J 1 l ()-pon vetheal mole _ (optlOO8l)
J 2 4-PlOvertICal mole _
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Carsten Vie/and, OJ 4 GC

UHF and SHF Broadband Mixers

For Irequencies higher Ihan Ihe 70 cm ba~,

the overwhelming majority of amaleur mi.ers are
singly-balanced, narrow·band Iypes. However ,
the posilive quahlles of symmetriCal passive
mi.ers with 50 n ports such as, inler·port isola·
tion, suppression of an undesirable mi.er product
or Ireedom Irom self·oscillatlon tendencies, are
aVAilable at frequencies above 1 GHz,

The delmite qualities 01 broadba~ 50 n ml.ers
are evident nol only in nenemrt and receive
techniques but also in measurement tecnmquee.
The e w-ccst region of i~ustTi ally manufactured
millers have, in the meantime , reached tha 13 cm
band (e,g, SRA. 1.1Hor LMX· 123) a~ as a rasul!.
Ihesa mi.ers have become too expensive lor
most amateurs. The prasent technology strives
for a band from 2 to 26 GHz.

Thl . arl lc le d••crlb.. bfoadtNInd ml.er.
whi ch, becauae 01 their u.. of printed c ircuit
bo arda, are easny and renably reproduc ible,
demand th e u. e 01no ellpenalve component.
and by means 01 the well ·trled mlJler·att .nu.·
l ion , achlevea Ih. muil l-oc tave bandwldlh of
2 · 11 GHz.

Stimulaled by a publication in a German·
language, miCrowave magazine (1), the miller
described here, repre!>enlS 8 translation of the
published hlgh· tech version into one using
readily obtainable malerials and components.
The astonishing bandwidth speci fication proved
extremely indepe~ent 01 componenltolerances
a~ diode characteristics. Practical ellperiments
have shown Ihal despite me use 01 rot so
favourably specilled diodes or incorreCl dl-

mensioning, e,g , ol lhe slolled hnes, Ihe cneeac
terence ol lhe miller cirCUit are, In the main, well
preserved,

1.
CONST RUCTION

The nng millers which have long been popular
e.g, SRA' 1, IE·SOl) or HPF·50S, contain two
wideband, ternte transtormers and a m~ miller
consisting 01 four 5chollky diOdes. Ferrite uere
lormers ellhl!3i! sharp hysterisis losses above
about 3 GHz, thus lorming a nalural barrier lor
this lechnology, Using powder ed· iron cores has
the disadva ntage of narrower bandwid ths , In
the SHF region therelor e, clrcuils are prelerred
which uilli ze lhe phase relationships 01 trans·
lormer tuned lines, Wilkinson combiners or
symmelrlcallines to produce the necessary diode
phasing . In the loIlOWlng cons truction , a con
blnation 01stnp and slolled lines (fig. 1) Is used in
order 10 achieve symmelry over. wide band.

1.1. PCB M.t.,I.1

The important cirCUli componen ts are Iocsled on
• double·slded PCB. As there can be no resonanl
struclures in such a creon. epo.y.g lass base
materiol can be used up 10 about 3 GHz. RTI
Duroid in 0.79 mm thiCkness ond Keene leflon
substrate ar8 usable up to about the x-eeoc
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f ig . 1: Th. eon.l .ue' " ~I.II. 01. wld.b,nd,
mlerowlv. min. on I Iwo-,id" pce

(10,3 GHz), cererrsc ,ubstrates, OWing to their
high relative permillivily (9 .7) and small Ioss
angle, appear at firsl to be ideal candid ates ,
However, the dillicutly 01obtaining them and also
the sublle methods aMending the machining 01
this brlllle materiat at an amateur level, iorcec

Mixer d •
SHF Smm 7mm

UHF 18 mm 16 mm

high8f losse s to be tolerated by the use of more
pliable and obtainable materials.

Besides thaI. however , there are new PCB
material, appearing In the trade whiCh impreg
nate the tellon carr ier material With pulverized

40
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C8tamM: (e ·o- ATlOurOtd 6010 lrom Ma"lfIlz In
He mburg), The consequence 01 a high perml' 
tiVrty 01 over 9. Is • reooced stnphne wldlh lor
50 0 to0 .85 mm (subltrltl lhidtnns 0835 mm) .
The reaJil abie llot wldIh 01 0.2 mm relUltJ 10 •
ben8\'~od metch 10 thed~ thNl can be
ObIlined wI1h!he-normal- bue material, heving
perrTIItlJvrtlei 01 around 2.34 Narrow ' triphnes
are there fore 10 be prefetTM:I 10 wide ones be
caUM of ItIe Iowet fItl8rVY lou by radiatIOn and
!he resulting inSenSItIVity ~ the lin ing of c:overI

onIh8 instrument', apecll'lCtltlOflt.

1.2. UHF Mi ••,

In thiS constructIOn Illg. 21 ' he local-OSCillator
SIgnal 15 led In Irom Ihe slftplln. Yla a through 
conlaet InlO a Circular formed sloned line From
the leed-In polnt of VI4tW. Ih., ar rangement
appears lIke a par allel ClrCUlt conSISting 01 two
carner ieee The L 0 l'Ona ' II led In-phase to
the back-to-back dIoDes (Ilg. 3) The two eeeee
will conduct according Ie thl mornehtary poIarlly
of !he o.clllalOf sgna. AI.n all p.ll ' &IYe ml.er • .
!he local OSCIlla lor hal Itle funcbOn of opening

"'e .J :
A compns UHF 11'I . ... In ns
-.. bo.(~Inesldel

Fig. 4;
$I rlpllne side of ltIe UHF ",I...
showlng the IF 1ow-9-"lUter,
lhe Inductor 01 wh k:h .s
,,,hloned Irom bent wire
(grid _ 5mm)

r,, •, , .~

",
f

~

I" Ii lI

II .' If
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and shutling the diodes at a pre-cetemuned rate
This ,ole could be tullilled by a lelay contact I! It
were fast enough

The ml.Irlg products are laken lrom the alctrec
IIrle ,sland The lower dillelenee·signal is selected
by a tow -pass 1IIIer (I lg . 4) and taken to a coaoet
socket In order 10 avoid connecling lOsses, an
Isolallrl9 ceoecuor (0Ie ,9 10 pFJISplaced in the
OSCillator's stnplinelead-In, which acts as a high .
pass flltel As. normally , the IF and the L O
signal s lie very far apart in frequency, no formal
mprexer ISreQUire<! tor Ihls purpose ,

The HF Input Signal IS, either capacilively 01
via a through- cootact, (fig 4), led Into the slOtted
'Irle , On the one Side, It goes to a cecurer-tomeo
e.pansion lunloaded slotted-line } which aFts as
an Impedance discontinui ty pomt. The input
SfQnal is renectec from ttus poin l and taken to Ihe
t.o -ccouonec ocoe SWllch . From here , and al a
clock speed determined by tne L,O , energy IS
tran slerred to the sfctted-bne Island . first Irom
one diode and then from the other opPOsitely '
phased diode The mult<ple.ed Signal contains
both the sum and the dlfte renee freqceruce s
rms arrangement IS represen tenve 01a Simple
balanced ml.er CIrCUit

The dimen SIOning01the slotted line poses many
problems As opposed fa stnpnoes. the cnerac
tenstrc «ececerce or slotted lines ISconsiderably
more frequency·dependent, As only the ccooeue
copper edges or the slol are involved in the Irans·
ocrt of energy, there is a higher addilionai loss
due to skln-elleet whiCh Increases wllh fre
quency The variou s hne leng ths can never be
terrruoateo al every Irequeney With es nominal
Impedance ThiS ineVitably, no t only leads to
both an IncreaSing euenceuon With trequency
but atso to a pronounced npple across the
w()fklng band at the ml.er

The plol olype used pbcto-reset PCB material
te g, RT/Dulold 5870) , Both strlpllnes ar82 ,4 mm
Wide and are loca t9d on the unclera;lde or the
coam They are made by adhering black stnps
dllectly to Ihe pboto-res.s t Then an exposure
is made, 10Uow9d by developlflg and elchlflg

The sloll 9d· line structure can be made qUite
eaSily by the use 01a pair 01 diVider acnbers 10

scratch a crrcle In the crcto-reeet Durlflg the

. ?
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f ill, 5: SHf ml~ (.Iott.o-llne . ldel . hoWln'il bo lh
diooH. (B T 14-og31. ....11 conflKlOI••,e
SMAl'ilr1d . Ii mm)

f ig. 8 : Th. mlur 01 Ii .bowelrom the . Irlpllne . Ide .
The cro..·. M pe<I . tl uclur. l. l ... printed
RF Input c.PKI101
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loIloWlng etchll'lQprocell. • 025 mm w~ Ilot II
1000med 10 the C()ppef-clad sunaee (hg 2) The
prOduclJOn 01 a I UIlable exposure ma sk is much
100 hme-consum'ng IOfa one-off lOb,

hous'ngs, By USIng .II large L O. •nput power
( .. 13 dBm). the charac tenst,cs 01the se dIOdes
allow a part ICUlarly good Intercepl POIOI l iP ) 10
be actlMtved,

1.3. SHF Mlx.r

The SHF mixer II shown In IIgl . 5 and 6 The RF
Inpul signal IS coupled-in capacltlvely from Ihe
sirlpline 10 the sloll ed lIne by mellnl of a prlOled
strueture , Inlhe UHF Ver5l0l'l. thISstru ctu'e would
have been too la,ge. which is why the through
con l.llcllng wa l used The funchon IS nol. how·
ever . g,e ally In fluanced by the type 01 ," pul
COUplll'lQ

The lower hmlt frequency ot thiS m,.er type .s
reached when the 111'\8 length of the Clrcula,
sloll ed I,,,, presentl l,tlle 01 no d,verl lOf1 leng th
lor the RF . igl'\llIS

The lsola\ll'lQ capa citor In me OSCIllatOl' branch
should be 01 the -chip- con strUCliOn (e,g ATC)
Also . the sWitchIng diodes (tl g. Sa) could be
chosen 10 the h"t Instance, accordlllg 10 thei r
lorm 01cons lruction - the emeueer lorm Or any
parhcular Iype being selecled . Glass diOdes
(BA 48 1) .xhlbi! good charaeterlShC$ well Into
the S band For use in 11'18 X band. a mICrowave
dIOde houl lng musl be employed , The te
vou 'ably-pnced GaA s dIOdes MGF 3000 can be
used In !plte 01 the somewhal l.IIrge Size al the"

2.
MEASURED RESULT S

The charaeterilt,C$ of mlxe,. ara very d,lhcu l1 lo
assess because lWOe..-tremety wldeband osc,lIa·
lors are reqUired . one of wl'IlCh. must be capable ,
01 producing at least 10 mW OUlpul power In '
order to obtain a sweep display. both lell 0SCi1·
latorl musl be swept so Ihat lhet'e 's always a
conatanl Irequency d,fference (Ihe IF) between
them As this sort 01 lest eQulpmenl II seldom
10 be found In amateur wOlkstlopa. • mlsh -ma sh
01 varlOlJS oscilla tors . Illters, amphflerl . and
allenuatorl must be put logether , The general
arrangement 01the test sel -up II l hown in Ilg . 7.

To set the leve l of the HF Inpu l l ignal 100,5 mW
(- 3 dBm). the Signal is taken 10 a ther mal power
meter via a high..gr.llde change-over I Wltch . A
second power meter monitors the power in the
IF port at a Irequency 01, say 145 MHz, Both
OSCIliatorl must malnlaln a a)l1Slanl d,"erence

OJ" GC r m_ •• ,.,..
G n "IX rt- n -r-

--...,
-r- 6).........

I I '.. --..., '.r "0_ .. - ~-

I ....
I

~I ~
, Po

I
G """'t "'"' ~n

d-. • 'll !oil ------
~

......... y ...
'" 17 dEl .. 1)0"" r.Ioo 01 "

fig. 7: T..I .-I-up 10 m...ute,"" ml.., 10... The e«enuelOf -' I"" If porIl. IOfme' chlng purpo....
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Fig , . :
Polnl-by-poinl deple1lon ot lhe
$ HF mb., '. m l ~ l ng loll

01145 MHz between them at all lesl Irequencies
within the range 01interesl , The oscillator power
must always btl + 10dBm.

The AF signal should. In the interesls 01spectral
puflly. always be liltered. A harmonic 01 only
- 10dBc could lalSlly the measuredmi~er loss by
as much as 0,5 dB , Even ener many cerelul
measurements, a measurement tolerance of 0.5
dB should be expected .

The upper Irequenty limit 01 the SHF mi~e r

(I lg . al lies Inthe Immediate viCInity 01 the 10GHz

amateur band (up to 10,4 GHz). To ensure Its
conclusion , me circular ecnee-noe structure
should be shortened by 0,5 mm 10 a diameter
4.5 mm, In addition, it would be very inleres llng
tc lind out whether a reduction of the diameter
to 1,6 mm and uSlflg beam·lead diodes would
allow24 GHzto be reached?

The IF Signal islaKen cot vis s low-pass structure.
Tile reqUifed capaci tance can be atlorded by a
Chip capacitor Of a lhrough-eonlaet could be
used . The chosen IF top Irequency lor the SHF

44
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On the whOle. thefe was nol all tnet much
dlHer.nce In the mam, usable charlcte flsllca
01 IhlS home ·constructed mi.er to Ihose 01
commerCially made ml.er, Certa,nly, the con
struchon.1lechnlQues were baSlCllly lhe same.
The SHF ver,lOn was tested In a spectrum
analyzer which was e..pected 10 take care 01 a
frequency band 012 to 9 GHz In the event , only
merOinal dlllerences could be detOC1ed In the
soeceum Inlly 'Sper1ormlnc8.

•
OJ4GC

•
•

•
•

•

'"

• , • '/QHI

FIll . 10: Polnt-by-polnl o-plet lon of the UHF min ,,',
ml. l"ll lIMa

3.
REFERENCES

mi..er, 250 MHz, could be seen on me CRT
ween by means 01 I mel surement triCk The
Slgnal.porI generllor wu replaced by a h'Oh'
grade , amphlltl'd, GHz noiH source Ind ee IF
monllor oscilloscope. by a spectrum analyzer.
The noise S9K1rum ean lhen be dlSpllyed at the
IF pori as In 11'1' 8

The UHF ml..er has a dlHerently dimensioned
Iow·p ass strudure which uses an elched capacl·
101' .The 3 dB Ilmll Irequency lays around 700 MHz
l flg. 10). fhI; iSOlatlO4"'l between the l .O. and
RF·input porIs lay between 10 dB and 22 dB
according to Irequency

The retum.Jols measurements of mi..ers 1$ not
a subject Ihal manulleturers of mi.erl lIke to
discuss in delail , Pradal measurements
yielded a result 0110 dB bul that was after ecu
mlzing both the power and Irequency of the in·
put generltors. In this respect this home
produced eHort lound ItHII in qUite respectable
compan y

(1) Or. BemdSchOppert:
" RechntH'Oesl iJtzte Opllmierung brell 
banc:ltger Mlkrowellen-Gegenl aklmllCher "
M,krowellen·Magazln Heft !lI 1986
Sprechsaal,Ver lao Coburg

(2) Bur1lhard Schlelt :
"Me6sysleme dot"Hoch lrequenztechn,k"
aus der $erie "Studlenle..le ElektrOlechnik"
HulhlQ-Ver1ag Heidelberg

(3) Walter Jansen :
" HoM elier und Str.,lenl81ler"
Huth'O·Vertag Heidelberg

(4) Or. ln9O WoUl.
" EinlOhrung in dIe Mlkroslrip-lOlstungS'
techtllk"
Verlag H, WoIH. Aachen

(S) Wolf Dieter $chleller :
"Hoch lrequenz- und Mlkrowellen·MeB·
technik in de, Pra..lS-
HiJlhig-Verlag Heidelberg

(6) AVANTEK "Produd Guide "
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Or, (Eng.) Ralph Oppelt. DB 2 NP

Stabilizing the YCO Frequency by Means of
Monostables
Part 2: A Continuo usly Tunable YCO
for th e 2 III SSB Band

Pari 1 o l thl, arlll::l. described th . pr lnclpl. '
01 the ll.blUzallon 01 vee, b V mean, 01
monoatlble multj.....lbra tor. and allO the Ir.
quency drift behallior 01 the.. oscillator,.
Th la 1IC0nd , cOllC l ud l~ art lc" , will de, crl be
tha con' tructlonal detail , 01 such a vee
which may b.- emploVed, lor aumple, wllh
the phliing melhod 01 55B gane rallon d.
acrlbed In r.t. (1). Thl ' would l hen teem the
ba,l, 10f an economical home-c:on atnlc ted ,
55B, 2·melr.tran scelller .

5.
CHOICE OF MONOSTABLE

The moSI ccoversent inlegrated monoslables
are Ihe 4047. 4528 and 4538 'rom lhe CMOS
4000 senes . also lhe 74121 , 7"221, 7" 122 and
74123 toge'her wlln tnell ImprOlled. pln·com·
pal lble equlllalents. lhe 74422 and 7"423 Irom
Ihe 7400 M llet The lanel ,ellel have also
meanwhile sprOUled a mU!!lp llClty 0' lIallOUS
lypeS tn Ihe 74SN ._ , 74LS .." 74ALS " 74S '"
74F '. 74HC .., 74HCT..etc, 'amllies.

As lne tCs are mostly used In bal lery·supplled
equ.pmenl. the onea haVlf~ the Iownl power

4.

consu mption i e CMOS or 74HC types, are lo be
prelerred One Ihlng 10 be wercnec. however. IS
that Ihe mlntmum durallOl'l puls-e (T.) lequlred
can be gene lated In the proposed type 10 be
employed AccotdlllQ to eq 9 (part 1) lhe required
T•• lor a laYOUl abie dlmenslonmg. IS aboul 20 '"
smalle l lhan Ihe VCOs reciprocal devia tion
1IlI H - Ill. For Ihe 2'm&tre band men. lhe oulpul
pulse dUlallOl'l T. ISabout 400 ns - Ihil 's able 10
be leptocluced wllh cellamty

Every real lQuare·wave pulse has , however.
" MIle nee and lal ilimet and mosl!y has an over 
shoot 01 undershool as well, As Ilg. 8 makes
clear , II is always Important Iha. lhe monoslable
OUlputSignal u, (I ) has ,elumed to zelO be'OIe the
ned 1J1Q981 pulse, Ttws ensulel tl'l8 hneal re
lahonsh,p . Ind.caled in eq 2. between lhe mono
liable 'requency I - lIT and the ayerage value
u. 01 the monostable oulpu l signal u.(I) Is Yalid
'01 any oulpu l wave shape Any depa rtule 'rom
the Ideal wave Ihape In u.ll) wllla!waysrellJllln a
mocliltcallQn to lhe relallOl'lsl'lIP Olven In eq 2
between u. and I , II u. (I) has notdecayed to zero
be'ore the nex l trigger aequence occurs. a
!Ir.eallty error at me high end 01 lhe veo·s band
Willbe lhe result il lS tmponan t thaI lhe minimum
pulse attainable should be regarded aa thaI
OCCUffing 'rom Ine zero al the leading edge 0 1the
pulse, 10 the Inllan l the wave· lerm hal reached
a sleady slate zero al lhe tralhng edge 01 lhe
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pulse , This IS the cond illon which Ihe minimum
attain able pulse duration T • 111 will ewe the
veowlthau l any rlsk ol linearlly error.

The Integrated circui l chose n lor this 500 10Hz
tUOIng range, SSB veo IS the economical and
easily oblalnable 4528. in CMOS, This app lies
also to any veo which is requiled to cover the
whole 01 me z-metre band i.e . 2 MHz Nevel
Iheless, there is quae a dillerence .n these
devices between mcse 01 dillerent menotec
tUlels A good example 01 the 4528 should be
able to produce a minimum pulse at aboUt 120 ns
duratIOn With5 V supply potenllal and an extelOal
load 01R.... 015 lo ll and output capacity 010 pF.

6.
VCO MODULE, CIRCUIT DIAGRAM

The crccn shown In the block diag ram ol t lg. 7
shows, besides the actual veo, a clYstal ceca-
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lator (XO) employed lor me genera tion of a 9 or
10.7 MHz carrier lor the mixer whiCh tl anslates
Iha veo Irequency 10 the trans mitting l ange 01
144 10 144,5MHz. This modulemay be comb ined
direcll y With the sse phasing-method generator
descnbed In (1) thus making lor a compact single
module.

In order that Ihe probiam With SPUriOUS Signal
gene ralion , which was discussed in part 1, is
avoided, the veo usas two downward trans
tenons (despite what IS shown In lig , 1) in order
to altaln the hnal local OSCillator frequency. In
order that things are eeot as Simple as poSSible,
sell-OSCillating crystar mixers are used for this
eceranco. An IF of 10.7 MHz was used which
means that the veo must cover 'rom IL • 133.3
MHz to I.. . 133,8 MHZ lor transrmasicn on Ihe
lower quarter 01the 2 m band, Both crys lal mixers
use cheap computer crystals, 24576 MHz ex
CIted on «e 51h over-tone giving an output on
122,96 MHz 'or Ihe h'sl one, and the second
mixer uses a 10 ,24 or 10 245 MHz fundamentat
crystatcscutatcr
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The c.rcu,' schematIC of Ilg . 8 shoWs the whole
arrangement In detail As many standard Circuits
have been employed . only the peculiarities ,n Ihll
deSIgnwill be enlafged upon

It may be observed thaI lhe varlCap dlOdel Ot
and 02 are not Itlunted across the comple le
lUning Inductance L3 but only a low-Impedance
tapping ccor 01 It Th.s measure ensures Ihal •
larger tuning voltage IncrerTltlnt IS reqUired to
achieve a given frequency vanatlOn TherelOle.
a raasonable lunIng vollage range of 3 '0 7 volts
ISrequired 10 cover the enure VCO range Ins'ead
o' a few millivolts (see part t . para. 2),

The VCO Ilgnal IS led lrom the source CUCUIt
Into Ihe PLL control loop. II is lhen taken 10 a
Ilm,tet-preampli ller (2 x BC 308) via the two
mixer I lages and a 3rd-ordar, 750 kHz, Iow-p8ss
1,IIer n is then presenled 10 the Inpul 01the mono
stable t"goger With the crystals used here, Ihll
luggar IIgnal lias In thtl tange 01 aboUt 100 to
600 kHz Ullng cteer combina tl\)f'lS0101 and 02
could relull In a higher than Intended spectrum
resulling In a detenotatlOn ollhe Irequency I la
blil ly

The second monos table of the 4528 ISdisabled
IOf a lew mlill-seoonds 10llOWlng the applICation
ctme 12 V supply vottage , ThiSensures Ihal lhe
con trol loop Ingger SIgnal lor the monoalable IS
missing which Simulates a "100 low" v c e Ire
quency, The control loop voltage U, and With "
the !reely oscillating vee, assumes Its maximum
posSible value Thel eby, when the Ilrst mixer Is
actlvaled VI. pin 5. lhe VCO is started up wl'h the
eoeect Ildeband and a proper PLL lock IS en
SUled

Frequency IUMlrlg 'S earned out by means 01the
I D-tum polenllomete r P3 OAring 10 l.he IIOffi&

what coarse Wlnd'ng Ol ln,S poI 'meter. the tun,ng
appears 10 occur In l ine Sleps mak.ng 11 dllhcutt
to adJUII to very line IimilS Th.s ellact " not
pronounced enough to notICe when luning ,n a
. tat,on Should a more continuous tuning be
required , II Will be necessary to add lhe dolled
hne components P5 and R3 ancl,depending upon
the ChoICe 01 R3 (Mil tange). II IS poss.ble to
tune light down to .t. t kHz or ± 5 kHz, Since the
to-turn pot'me ler has a luning rete 01SO kHz per
tum , thll allemat,ve II, at the same lime. 8
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valuable luning aid particularly lor those whose
hand ISnot 100 I leady

01 par1iCUlar Importance 101' the llneSflty IS the
reSIstorAt on the ground side 01PJ as llllm,'s \he

voltaoe 10 be handled by Ihe 100Iowing voIIage 
loIlower Ie 10 a lew mV above Its negative supply
rail (I e 0 volts ') , As the DC compooenl oI lha
monostable OUlpul volla98 u. Increases wllh lhe
VCO Irequency. a lalling voltage must be pro
vided et the OUlput 01 ttle voltag&-loIlower In
ordfl1 lhat ttle PI controlle r hal a balanced voltage
at ItS two Inpuls , When the slider 01 P3 II set
agalnil ihe connection 01At , the vee !r8Quency
must be at exaclly I.. . t 33 8 MHz ThiS adjusl
ment can be pr8Clsely adjusted With Pt at the
non-inverting input 01 the PI conncne r. The
setl1ng 01 P2 is almosl IIrelevant as It doel not
allect Ihe vollage set by P3 to any greal ed en! as
lOngas lhe WIper 01PJ. as ordained , 1. lurned 10
the extreme end o/ltS travel to Itle Rl end. Il lhe
wlper'l now turned 10Itt other extreme I,e, to the
R2 end, the Iowfl1 band frequency 01 1. - 133 3
MHz may be tel Without a"eetlng the upper Ire
Quency tetllng Thll measure aVOIds lhe lire
some, ,teral,ve adJUllments al lower and upper
Irequency IIm"1 10 prevalenl Wllh olher vee
deSignl.

The stabili zed voltage lor the monostable IC II
ooveeo by the llandard Ihree-lermlnat 78L05 1\
has ptoved fully aallsfactory lor th,s appllcallon
bu' can, 01 course, be Changed lor a higher
Quality Iype II reqUIred , Th.s stabilized 5 V supply
II also used, together Wi th a second IC, type
LM324. to prOVide. stablllzed 9 volt lor moSI of
tne olner I lages el well as lor eventual e..-Iernal
employment Because a pnp type was chosen as
the lenel I lab,l.zer tranSlltor only a 0,3 V VOltage
dl!lerence was necesaary . II lunctlons thereby
periec tly satllfactory even when the batl8f)'
voltage hal IUnk Irom 12 V to as low al 93 V
(tl'lllt II. '" any case. long al181 a change 01
balle"es should have been considered)

Tne IUf'lChon ot ecce 03 IS 01 Importance ThiS
II... In Ihe same 9 V stabilized l!Ile as lhe LM324
and ensurel Ihal the lanfl1 is Initially suppll8d
wllh 4 3 V (I a 5 V minUI the dIode drop) upon
SWllch-on. The cltcul l .s then able to nee auto
ma\lcally to the required 9 V, DIOde 03 '1 then
poled In the blocked directIOn
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7.
CONSTRUCTION. COMMISSIONING
AND AOJUSTMENTS

Fig. " shows the component layoul plan 01 the
72~ 109mm PCBDB 2 NPOO2whiChls Intended
for a M-plate bo~ 0174 ~ I I I ~ 30 mm dimen
sions. The coreuuctc n follows closely the pro
cedure mentlOfled in (1); Le. I,rst dnll all the holes
,n Ihe lin-plale bo~. lhen solder me pre-dnlled
PCB Into the housing - e e ground plane 10lhe
walls ol lhe bcx. The Iin-plete compartmenl walls
are then lined and soldered in. The laller are, In
teet. nol slriClly necessary bul at least the VCO
shoutd be soundly enclosed and filled wilh Ilsown
bd, The lalter should elso have e hole drilled in
ee appropriate place 10allow C3 10 be adjusted
(see the photo 01the prololype in I lg . 10),

The (lQuippillg 01 lhe board should start wllh
those componentswhich are enncun to get at, or
lhal must be soldered 10ground on all Sides, or
that lie in the l/iCiOily 01 the wall. It II prolorable
nol lo provide an Ie holder lor me S 042 P. The
I'I/e pins whiCh are shown connected 10ground .
are splayed out 8t right-angles on 10 the ground
plane surface and soldered on 10 II

Since Ihe lernle beads are always placed In the
supply hne 10 each Indll/idual slage , It is ad
I/anlageous 10 include mem one by one as the
slages are tested .

Upon SWitching on the completed unit, lhe
stabilized + 5 V and + 9 V supply ralls are lestod
10 ensure that they are lunctlonillg correctly.
The phase lOop 's then opened by temporarily
remOVing R6 Irom the PI controllers output and
connechr19 II With the wiper 01 a tesl poten-

" "

'". lO-"" " No

, ,

(P3 • lUOIng, P5 _ line tUNng. FP • FB)

Fig. I : The componenllsy ollt lor PCB DB 2 NP 002 for 1M circ ulI of I.g. e
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lIomeler , 01 eeccr t o to 50 kll. wh!Ctl lleS SC10SS
Iha .. 9 V IUpply

Now. the veo OUlpul.1 connec led to a lreqtlency
counter and bolh IrVQuency and lhe yollage althe
wiper ot Ihe test potenllometer morutored s,mul.
laneously, Capac,tor C3 .s so adjusled that at
t.. _ 1338 MHz 7 V (appro ~ ) Is obtained . At
'l- 133 3 MHz, Ihe reading should then be 3 V
l appro~ ) II, OWing to the lolerances 01 01 and
0 2,Ihll Yoltage range dlUef!llrom 4 V,me lapping
polnl 01 La should be I hilled lowardS the cokl
end ol lhe Induclance to l edu<:e the 'o'OIIage range
and towards the tlolend to Increase 11

VHF COMMUNICATIONS 1189

FoIlow1f1g lh'l p1ellfTllNlry luning. the veo " let
to 133 5 MHz ( appro ~ ,) . By meansollne voltage
d,Ylder R4'R5. the veo output voIlage can be
Yafled wllhln certain Ilm,ts, A gUide 1108 lor Ih"
voltage i. that proyl(!ed by the gate·2 pol&nlial 01
the BF960. I.e 1 8 V which entail, a 39 kll
reSistor ' 01' RS.

Now, L4i. loosely coupled by an InduC1lye!OOp to
a 88nslt,ye Irequency ecooter. By cafa tully ee
IU,lIng the capacitor C4. tha 51h overtone 01
lhe crystal 01 " e~Clted II Will be Immediately
apparen t 'rorn the betlaYlOf 01 the Irequency
counler II the OSCIl lator .s osoilaltng wildly 01'

Fig , 10: Pl"OlOlrp' 01"'" Iuttr.-qulpped PCB DB:r NP 002 . Theosc: t11l1lor 'tagoel' ..,.". hldden.waruna.r I'"
aoIdefM-on compart~lco ..... . The Irlm..- CJ mual be_al~, Thill' Khlav9d br prOYIdI""il'
• mm hole In I'" PC81tnd""""ng lhe lflm..- 10 In.! 11I1Ioll1Id aplnc:l" protr\ldlle through I".
ground-ple",",n II It\efl aol-.d 10 "'" IrKk.~.
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suddenly locks In 10 Ihe cryslal's overlon e Ire
quency. This stage is. in lact. somewhal cnhcal
It may be nece ssary 10 match RFC L5. lhe
crySlar. capacIty compensalor , 101M cryalal In
use , SulllCe II 10 say tnet the atable operalon
01thla atage is absolulely oeceaury lor a alable
veo operatonl

The MOOnd mixer /oscIllator IS, on lhe Olhe r hand.
WIthOUt any problema whalsoev er , The dOwn·
conver18d VCO, lunable over 200 kHz . can be
Inspected wllh an oscillOsCOpe al TP 1, lis ampli·
tude shOtJld not be smaller Ihan 02 V• . The
amplitude can be max imized by a carelul adJust 
ment 01C4 which make a the Ilral mixer /osc illalor
cecmete allull power ,

A Slightly rounded square-we....e algnal ahould
now be seen at pin 4 etee 4528 01 4 10 5 V.
amplilude, This triggers Ihe monollable, AI its
output (pin 6), clean square·wave Slgnala ahOUld
appe ar in aynchronlsm with lhe Irlgger lignal
and whoH penod (1.5 ~.) is aet by R7 and C7 ,

The 12 V ItsppIy 18 now disconnected and the
Pll loOP ClOSed by rel1'lOVlng R6 lrom the lell
potentIOmeter and connecti ng II 10 the PI coe.
trOiler 'a OUlpul.

Aller re-applylng the 12 V supply , lhere should
be 3 to 7 V at TP 2 11 11 i. only a lew mV or nearly
9 ~ I,e. al the extremea 01 the glven range, 1\ II
an indICation thaI Ihe VCO, lor IIOme reason or
olher, is not phaH-locked

Now , the tuning lor IH • 133.8 MHz and I, •
133.3 MHz can be earned oul wllh PI and P2 in
exactly lhe same way as eeeeoeee earlier. Al the
band exiremilies II would appear as II Ihe multi '
turn pormeter Is non·llnear , II may be theref ore
adv isable 10 sel thIS pot 'meter IP3l 10 the hrsl
graduat lOl"l on lhe scale and lhen w,lh P1 set the
Irequency 10 133,35 MHz , In lhe same manner ,
P3 Is then HI to scale graduafoon 9 and P2 IS
then ad/Usted lor 133 75 MHZ. The elr1reme
Irequencies lhen CSBviale bul slightly Irom 133 3
and 133.8 MHZ bul the resl of the scale IS much
more prttCIH. It should be noled. hoWever, Ihal
potenllometers PI and P2 are not 110 lsolaled
Irom each other and IhlS, 01COUrY, mean. more
Iteraloon Irom htgh 10 low acale unl ll a saliS,
lectory cahbrallon has been achl8ved

In conc lusoon, Ihe stages whICh do nol belong 10

the actual VCO are .uned Capacilol C5 ISluned
to oblal n exactly 10 ooסס7 MHz Irom me crystal
oscilla lor 0 3 , II lis oulput IS then , provlsoonally .
led mto the 10.7 MHz Input ol lhe Iransmll mlurr,
a .'Onal al 144 0 to I ·U 5 MHZ should appear et
Ihe mixer 's outpul Capacllora C l and C2 should
then be set 10 ach l8....e maximum OUlpu l power
and P4 adjuSled lor the bes t pou.ble carrier
1133 MHz ) suppressoon The latler adluslment
IS cafrled out by WithdraWing crys tal OJ and
adlustlng P410r a mInImum octpct By IncreaSing
R8 IllS posSible 10 attenuate Ihe 144 MHz output
s'OnAt and thereby saving on banery supp ty
requ irements.

8.
OPERATION AND CIRCUIT
VARIANTS

The VCO as descnbed was Ined by the authOl'In
an SSBiAM home-cons' ruc1ed transceIVer Alter
an tnl!lal warm-up periOd 01 aboul 3 mlnules. It
was not necessary to keep re-ad/Ustlng lhe Ire
quency tunlnQ Components Ihal were 100er snced
I " were , in tact . replaced by 0 ,1 " tolerance
and a therma l drill 01 1. 50 ppm. A thermal com·
pensatlon process such as thaI m8l'lt lOOlld In

chapter 2, is not . hoWe....er . absolutely necessary
lor ama teur appliCal lons II would only become
unaVOidable II, during the course 01 operation .
Ihal large eJrlremes 01 temperature we'e en
counlered and also a large Il tore was laid upon
Ihe scale marking being absolule ly cor rect et en
' Imes , Such lemperalure lIanahons are ooly
posSIble In orect ce. when the equ ipment II
laken 'rom a warm room Into oulslde 81r Wllh a
temperature 01say - 10" C In wlnle r or. summer
temperature 01 + 50" C and eperatlOOll are
Immed,alely comm enced Thlll llOrt01operaloonal
pracl lCe will cert ainly require cor rectllle Ire
quency procedures 10 allow dri ll- Iree operatoon
10010wIng aWltch-ove, breaks

A rule 01 thumb lor the Ol)bmal d,menalOn.ng 01
the I'TI()n()Stable 's R7 and C6 10 eeoeve good
thermal stabIlity (such as e ,g,: 50 II NTC In series
wl'h R7) cannot be gillen. 8S the Irequency drltt
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ISdependenl upon the Inter·relatlonshlp between
too many component. The correctlOrl must be
determmed M lvlduatly lor each veo by a sefles
01 measurements In a thermally COtItrolled
enclosure

The to-w rn potentiometer has been specllied
wllh a ~ 0 25 % lioearlly , As the VCO tuning
range covart 500 kHz, an error uncertainly ol lhlS
magmlude can be e.peeled In th. Irequency
selling due to Ihi. cause alone I.., 1. 1,25 kHz,
ThiScan be only be cecumvented by an indIVidual
scale calibration or by a cor rection scalellable,
The author's protolype exfutnted a scale erro r Of
1. 1 to 2 kHz, the precise erro r dapenclmg upon
the IreQUency seltlng within the 500 kHz range.
A more e_ael Irequency setllng COUld beoblalned
by the employment 01a 1 % linearity pcreon
ome ter or wIth a dlQllal lrequency r.ad·oul. As the
VCO Signal is downward. ' ransla ted In any case .
only a very slow tfequency-counler ehlp it r.
qUlfed• • g the s-dlQl\ LCD module EA BOn
which it abI. to worlI up 10 4 MHz and tak.s a
Sl.JppIy curren t 01 only 2 mA (2), To bflflQ It Into
opera lion r8QlJll8I only the prOVlaion 01a buller
Itage. e ,g,a CMOS InVerter ltageCOtlneeted with
lhe monoslable 's trigger SlgnaL To .nable the
lrequency to be ' . ad eaSIly, • speci ally selected
com blOallOrl 010 1 and 0 2 il I'I8Cesaary in order
thaI the e.act band edge lrequencies, e.g.
100 ,0 ..,600,0 kHz or belter 0,..500 .0 kHz are
produced Th. tarter then wou ld correspond 10 a
working lrequency 0l1440,..1445 MHz,

As 'he VCO is ...ery eaSIly flequency modulaled
(see part 1, fig I ), It would appear . natu,al
reaellOn to build a cirCUi t varia llOn which Will
cover Ihe lull 2·me l,e band lor use In an FM·
tranSC91ver , The reqUiled modlhca llonl tor thiS
applicatlOO ar. 10 be seen In fIg . 11. The Ilrst
ml.e, Mellialor la crys tal'llablll Zed at aIr.
quency 01 1"" MHZ minus the IF. I.• . In thll ca.se
al 133 ,3 MHz Sl.Jpplled. II necessary, lrom.n e.
lernal XO The second ml.er OSCIllalor 0*:111.1"
wllh the IF. when In the TX mode. i.e , 10.7 MHz
II now, th. monosl.bIe'l time COtIst.nts are
reduced 10" 00 ns and the limit frequency oI lhe
Iow·p."flilel lallowlng the 2nd ml.er increased
to 25 MHZ. the veo is .ble to be tuned 10cove l
a Ilequency range from 14" to 146 MHz

VHF COMMUNICATIONS 1189

The prOVlISlOO 01 • Ifequency ollset lor radIO
tr.nspondel opet'atlOt1 l' .lIected by a 10 1 MHz
[l.e . 10.7 MHz mlnu. 600 kHz) cryltal . In the
recei .... mode tRX) , the second m•• er oacill.tor i.
IOtally unba.l.nced and the OSCdlalOf part 01 the
CIrCUIt suppreued In order that the ml.er Input
Signal passes spect rally unalt.red to the ml.er
output. The conll8Quence of thiSil lhat lhe VCO
supplies the Irequency range 133,3 MHz 10 135.3
MHz , te. lhe working Irequency minUI the IF. to
Ihe recer...e mI.ar .

AS Ihe VCO deviallon il mUlllplled by loul ' Imes
In the proce ss 01 alflving In lhe vici Olly ot Ihe
band to be used , the lapptng polnl lor the vaneap
diodes 0 1 and 0 2 on the Inductor L3 must be
made higher up lh. COil. In add llion , a aecond
p.ir 01 vanc.p diodes has lhe lob 01 provid ing
a larve frequency ,hilt. by an amount equ.1 '0
lhe IF. dUring TX/RX SWItching In order thaI the
Pt controller can r.l. ,n control . within II. output
voltage limllS, Oller lhe loop Ifequency lor both
TX and RX Due to the In.lttng 01the VCO 1P8C'
nu m by an amoun l equal 10 the IF, an up-con
...erSlOn mt.er lor TX II rendered superfluous and
therelore obvla llng the spurlOUl signal problems
attending mi.", . Iagel.

In sse equlpmenl, thiS upward Irequency trans
l.tlOl'l is una"'OIdabie as the sse proceSSIng lake.
place Invariably al lhe IF Ie...el. Aslhe monos table
trigger sign.1 lies, in both the case 01 "send"
and "Ieceive" , In the range 0 10 2 MHz , II is eaSIly
,et ro-lined With the LCD counter modu le EA BOn .
The working Irequency I' ernved at by lhe addi·
lion 01144 MHz to lhe dllspl.yed Irequency .AsIhe
luning range now it 0 to 2 MHz and not a. pre
viOUslyCOtIsldeled, 0 10 500 kHz, the zero il not
...ery a.act anct could r.ad OUlllt se.... ,.1kHz . The
othel case enlalll the coupling and de-coupfing
cap8CItorl ha ...'ng.n e.ceul.....y high valu. thue
making the VCO unslable in ill low., tuning
rang., (Ther. II also the pOI..blltly ola random
t'anSlllOtllO the other SIdeband : X-eoupled PLl).
When tunIng the VCO lor the Inc\lCalor tranalalJon
o 10 ... MHZ, the lflgger SIgnal tower Irequency
limit should commence al abou l5kHZlor the sse
....rSlOn .nd about 25 kHz lor lhe FM ...erllOtl.
The lowes l working frequency would then be
144005 MHz (SSe) or 14.,025 MHz (FM) and
noI1 4"OOO MHz
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9.
COMPONENTS

11...3: S 042 P (Siemens)
14 LM 324 (variOUS manulacturers)
t5: 4528 (e,g. Fairchild , Valvo)
ie : 78L05 (various manufacturars)
n ,T7 : BF 245
T2: BF 960
T3,..T5: BC 308 or pep eqiav .
T6: BC 238 or npn &qUIV ,

0 1, 02 : BB505B (approx,2...11pF)
03: lN 41480r Si. eq uw.
CI , C2. C4. C5:Trlmmer 2...30pF. red. RM 5mm

(Valvo)
C3: Cer. Trimmer 1...6pF, mum-turn
C6: low-loss. styro/lex.

polypropolane etc.
L1. 4 turns tapped 1,S lums from

cold end
L2: 4 turns
L3: 4 turns lapped 1 tum trom cold

00'
L4 : 4 turns
Note : Illductors L1...L4 are 10 be wound with
0.8 mm silvered wire. L3 isl to be wound on a
6 mm former wllh 1 mm silvered wire
L5: 10 lurns co.ieee. 0.3 mm wire

wound on 27 kn resistor 0/ 3 mm
ee.

L6. L7: Fixed induclor With fefflCe CCH'e
(e·9· Siemens)

FB: Femte bead
QI : 24.576 MHz/undamental crystal
02: 10,24 or 10,245 MHz lunda·

mentat crystal

VHF COMMUNICATIONS 1/89

03: 10.7 MHz fundamental crystal
Note : For a 9 MHz IF, 0 3 should be 9 MHz and
02 should be eilher 11.94 or 12.0 MHz
Pl , P2: Preset pormeter RM 511 .51

2,5mm
P3: la-turn oorenuometer Withpanel

scale 0" .10
P4: Prasel pot'metet. carbon film,

RM 10/5 mm (Plher)
Note : All reslslors marked 1 % are to be meter
film wllh TK • 100 ppml"C , or better 0 ,1 % With
TK · SO ppI"lV"C,
Allfeed-thro' capacitors are apprcx . 1 nF,
eclderable.
The 4teed·thro 's are PTFE.
The lin-plate box is 74 x II I x 30 mm With two
covers and is lilled With a compartment divide'
wall 20 x l 09 mm and 4 aub-dlviders 20 x47mm,
An Internal cover 22 x 47 mm should also be
provided lor tha VCO stage

10.
REFERENC ES TO PART 2

(1) Oppelt , Ralph , DB 2 NP:
The Generation and Demodulal lon 0/ sse
Signals using the PhaSingMelhod.
VHF COMMUNICATIONS 19 (1987) ,
Edition 2, Page, 66·72
Edition 3, Page, 130 ·140

(2) (nol mentioning the author)
4-MHz-FrequenZZllhler
Elektor, Edilion 6/88. P. 20·21
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Wolfgang Schneider, DO 2 EK

FM-ATV in the GHz Ran ge
Part 2: Sound-Carrier Circuits and Tuning
Voltage DC Converte r

Part 1 01this art ic le abo ut FM·ATV In the QHz
range (1) described an FM·ATV tran smmer lo r
the 23 em be nd. This Nc:ond. supplamantary
article. Introduces the souncl-carrtar c ir cuitry
and alsoa DC converter togenarslethe tuning
vo"a~ lrom 812 vol t sou rca lo r application to
th. va,lcap d loda• •

1.
THE SOUND-CARRIER CIRCUITS

In order to convey speech ,nformahon over an
ATV link, a frequency ·modulaled IOUnd carner

al 55 MHz is rllqull ed Thl8 IOUnd aubcarrl6f IS
modulaled logelher w,th the V1deo s.gnal In Ihe
FM·ATV sender'1 VCO Tile SImple Clrcwl
SUllable lor ltllS purpOSeISlhown In flg . 1

1.1. Ci rcu li Deacr ip tlon

The sound lignal from the microphone II laken
via a !Mgle·slage pre-ampirtoer on 10 a galn
conlrolled stage ullng • IJ..A 741 integral9C!
CIrcui t amphher. Allhe outpul 01 Ihil IC, a portlOfI
01 Ihe 8'9nal is capactllVely taken oil to a dIOde
recMer. The DC vol lage il then Illtered and
amphll8d and 18 used as lhe conlrol vonage lor
the AF ampllh.r

The heart ot Ihe IOUnd-carnet' cIrculi ISthe veo
which IS • VOItage· luned COlp,tls OSCillator

?8LOOI
". )2 V rl..

" " ..,. " "• • ., ".
" .,

• "" 12" U no "" .. T "'.. " "Ir,'"
" • m no no• ..

I e 10" .. ••
U" 6

" I .. .. " PQ .UIIO
002 [K OOl

"IOU1 u" ..
I' lg . t : Clrtult SCt-.mIllc: o llOUnd Un1ott'
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'" '" •.."

Fig. 2: Co mpo.... nll.you l Ol lJOund·urrl•• bo• •d 00 2 EK 003

I·

working at 5 5 MHz. The Irequency -delermmmg
parallel tuned-crcun consists of an 8 ~H in
cucicr and a double tUning-diode BB 204 B.
Owing 10the BB 204 B's conslruCllonal charac
tensncs (lwo back·lo-back diodes In a Single
encapsulation), the necessary large capacity
variation range IS produce<! and the otherwise
capacitive seoeranoe ot the tuning voltage and
the AF signal from the rest 01 the oscilla tor
CIrCUit is rendered superlluOtJs.

Both ccoes are Dc-rerererceo to a fixed voltage
ot .. 9 V. The amphli&d signal is applied at this

point. The potentiometer serves 10 adjust the
frequency deviahon of the ATV sub-carrier sound.

An U 310 is used lor the cscueior transistor. Al
Ihe FET's sOtJrce the modulated 5.5 MHz Signalis
taken. via a low-pass reer . to the OtJtput al a
power 01some 3 mW.

1.2. Constructio n

The printed cecou board DO 2 EK 003 consists
ot a two-sided 1.5 mm thick epo~y'glass material

5'

Flij .3: .
The compleled
eound-c.rrler untl
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and 01d,menSlOf\S 535 . 108 mm wtnch Il lS Into a
propt'lelary 111 • 55.5 • 30 lin-plate 00. Atlltl'
the hOles lor the small componentS have been
dolled . the component Side holes . whICh are nol
passing ground leads . ara slightly counler-sunk
In order Ihallhe copper plallng IS ,emoved Irom
around Ihe Circumrerence ol lha hole ,

When these preparallons are ready . the board
can be sprayed With anll-e:orroslOO solution The
board is &QUipped wllh component. only atler It
hal been SOldered InlO Ihe enclosure , Flgur. 3
shoWslhe prototype uOil

1.3. Component.

rr ,T2 : Be 109 B. BC 413 . Be 5500' eqUIv
T3: U 310 (SlIICOnI. )
IC : p.A 741
01 .02: AA11 9 or equlv ,
03 BB 204 B
L1: 8 ",H inductor (Neolld BV 5800. gnt rd)
L2. 1 ...H inductor (Neolld BV 5048 ye/gn)
1 • \IOllage regul ator 78L09
5 . Elk0 2 2 ,..Ff25 V(1 0mm grld)
2 . Elk0 4,7,..FI25V (10 mmgnd)
1 • renteom pearl eap 10 ...Ff25 V
, . 100 nF (7,S mm grldl
1 . 10 kn presel (10 mm grid)
1. Ion-piale OO.l11. 55 5 . 3O
1 • BNC paoelskl. UG ·290AIU
2 . PTFE leed·thrOtJgI'l

ceramIC disks. 2,5 mm grid
3 .220pF; 7. 1 nF

Reslstorl (10 mm gnd )
1 . 220 11: 2 .1 kll.8.10kll.2.'00kl1

2.
THE DC·DC CONVERTER

2.1. Circu it Oe. crlpUon

The CirCUit In I lg . 4 represenls thai 01 a DC-DC
converter whIChIl.lpplles lhe VCO ...srcap ecce
wllh a lumng vollage 01 about 24 V. The clrcu ,I
luncbons Wllh en osclUalor I,equency 01 40 kHz
WhiCh is delermlne<! by the edernal ClrCUllry 10
an NE 555. The tollowlng hlgh -apeed ' Wi tching
tranSlslor drIVes lhe lIoraga Inductor L1 Thl'
inductor has an all-grapped pot-e:ore {A". • 250)
wound wllh 70 lurns 010 2 mm lacquered copper
w.,e (CuL), The 40 kHz output wa....lorm ISrecl,
l ied and fillered and then applied 10 a presel
potentlomeler. The ma.,mum ...oIlage oulpu l is
Iimiled by the zener dIOde 0 1 to 30 V ,

2.2. Cons l ructlon

The DC-DC converter ~, al atl the olhltl' boards
in Ihe FM·ATV t,ansmlll e, . mounted on a IWO
sided epo.y~lass PCB. 00 2 EK 004. Wllh di 
men SIOnS535 .72. 1 5 mm (I lg. 5),

The preparat ion and drilling lollows the lines
01 the sound.camer board The board is dnlled
etc, and lhen mounted In lis houSing The corrcc
nanls a,e then mounted end soldered In, Fig . e
shows the prolotype ollhe DC-DC COO\Ierter ,

. 12 \1

'0 ,,
L '".l '0., 02

7 a ""'0 • JJ U, z J 0 '• ",
'" '111,4:

Clrcull.thematlc 01
DO 2 £K00. DC-DC conyer! ..
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Fig . S:
Componerl l il you t 01 DC·DC eon....rt...
DO 2 EK 004

L

002 [ I< OO~

Fig . e:
The eomple led DC·DC eon....rt., un It

2.3. Components

T1 : BFX 34 or aqUIV.
IC NE 555
01 : zener diode 30 V/I .3 W
02:dlode lN 4146
L1 meuctor: 70 lurns, 02 CuL on pol-core

2 1 0~ 13mm(A.. .250)

1 x Elk033/AFI40V(10 mmgnd)
2 ~ Elk01 0 /A FI40 V ( l Omm grid)
1 ~ presel I0 kl l(10/5 mmgrld)
2 ~ resistor 10 kl l (10 mm grid)
I ~ resis lor 27 kl l (10 mm god)
J ~ cerarrnc cececucr 1 nF (2.5 mm gnd)

60

1 ~ tm-plate box 74 ~ 555 1130
2 ~ PTFE leed -through

3.
REFERENCES

(I) $ch nelder. W., 0 02 EK:
FM·ATV In the GHz Range.
Pari 1: 23 cm Tra'lsmrl1er
VHF COM MUNICATIONS 21 { 19a9)_ ad 1_
p.25·30
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MATERIAL PRICE LIST OF EaUIPMENT
described In edit ion 1/1989 of VHF COMMUNICATIONS

Ed. 1.'1989

OM 28
OM 117 .-

OM 145.
OM 46

Ed. 1-1989

6150
6151

Art .Nr.

002EKOO2
002EKOO2

23 em Bend FM·ATV llensmlner (Pert 1)

two-SIded, silvered, dnlled
2 lr8nllllors. 1 AV8ntelo: amp,
I Plessey IC, 2 YOU regs, 4 diOcle"
2 AFC 's, wire, 1 1011cap" 22cer8mlCcapa..
3 er. ceoe.,2 presets , 20 reSistors, I tm-
plalebo_ . 6 PTFE 18&(\Ihro 's. 1 BNC socket

002EK 002 Without crystel bul with ell Usted pII rts ll152
002EK 002 please give deSIredIrequency' 6153 ee

23 em Band FM·A TV Trsnsmltter (Part 2)

KII
Crystals lor

002EK003

DD2EK 002

PCB
Components

Sou nd cer rler

PCB
Component,

KII

002EKOO3
002EKOO3

002EK003

two-slcIed, Silvered. cnueo 6154
2 transistors , 11C,3dlOdes.2COils , 6155
1 volt regulalor , 8 elkos, 1 ceramICcae..
I prel8l, 11 reSlslors, 1 IIn·plate bo_,
I BNC socket. 1 PTFE leedthro.
compl.t. with IIsled perts 11158

OM 24 
OM 70 -

OM 89.-

PCB
Components

KII

OB2NP 002

PCB
Components

KII

Volteg. converter
002£K 004 two-SIded, SIlvered, drilled 6157

002EKOO4 llran"slor. l1C, aceeee. 1 pot-core , 6158
5 m CuL wire 0 2 mm, 3elkos, 3 cer. ceos..
I pl'ept, 3 reslslors, 1 IIn-plale cos.
2 PTFE leedthro 's, I heat 'Ink

002EK 004 complete with li st ed parts 8159

2 m sse Band VFO

OB2NP 002 two-SIded, "Ivered, dnlled 6146
DB2NPOO2 61Cs, 7 'ran!Ulon,3dlOdas, 1 glass· 6147

lube Inmm8f , 4 f()ll tnmmers, 4Oc8f ,
caps" 2 Ill , caps., Silv Wire, 2 RFCs, 5 lemle
beads, t o-tum po l, WllhoUt scale, 2 mull i'
turn" 1 norm. preset pot, 10 MF· , 23 norm
resistors,4 PTFE leedthro 's, zteecmrc
caps , 1 Itn·plale bol(o4 sheet metalllnps,
3 cry1Itals (lor 9 or 10 7 MHz IF)

OB2NP 002 with lilted pIIrt8
1019 MHz IF 8149
lor 10.7 MHz IF 8148

OM 22 
0M 46 -

OM 114.-

Ed. 1/1989

OM 29 
OM 195

OM 225.
OM 224.-

k ~berichte T. BrnanQHG ·Jahnslr.14 'P.Q .Box80 ·Q·B523Balersdor1
Tel. west GermanV 9133 47·0 For Representat ives see cover page 2
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~FUSOFT PC·RADIOFAX

An ali -round Radio Telefax
VHf' COMMUNIC ATlON S 1,89

program for the PC

PC ·RAD IOFAX oilers picture uen amteetcn on the AlARI ST and MS ODS
computers (XT/AT) lor receiving radio weather charts and photolax.
With I speclat "AM·OPTION BOARD", using the FAX co nverter MPSK, you
can receive, store and process emcutude-mcdute red sate lli te pic tu res .

Performa nce notes:
• Simple operation using keyboard or mouse
• High ·resolutlon picture tran smission on mon itor or printer
• Monochrom (blacklwhitel , grey-sca le or colour representallon
• Automatic phasi ng
• Manual phase readjustment without rntcrmeucn loss
• Automatic pIcture transmission (APT)
• Automatic pic ture contro l store and toad
• Zoom 10 d illerent tormete
• Inverse scan dire cti on (ISO)
• Ins la lled graphic editor lor post processing
• File termers and tecnmce! informallon available

MPlica llons :
• Amaleur radio
• Mar illme radio
• Press report s
• Pro fessional monilor eteuone

Hardware conliguratlon :
• ATARI ST or ccmpettbte PC with at least 1 Mbyte RAM
• App ropr iate SSB-rece lver, tranecetver. satellite-receiv ing system
• Standard converter AFUSOFT MPSK equipped for SSTV and other

pic ture modes
Opllons:
Printer, harddisk and plug-in modules (OPTION BOARDS) which Itt
into the MPSK.

Art.No. Price
PC·RADIO FAX incl. converter MPSK and handbook

5800 OM 950.00
PC·AADIOFAX lor ATARI ST, Incl . MSPK and handbook

5810 OM 966.00

Ask for ou r DEMO DISK (OM 20 .00) . Payment in advance plec1Sf' .
=

t .._..e-_ -UIIW.t_ t -.r, D. • ' ''-..

"""'."_'4,o.aU3""'-. t"_101l33,41O, t 1,.117

62



VHF COMMUNICAn ONS 1/89

PC/SAT Weather Satellite
Reception on a PCIAT

for t h ~ f irst 'i~ !

R~c~pt i on and proc~s s i n g of ~ather sa t e l l i t ~
pic t ures on any st andard PC/ AT or a compat ible .

HARDWARE;

• An'.n"l lor 1.1 GHr (V l gl ln'.nnl ....,lh dlp ol.
or 00 em 011•• 1 plrlbollc 1" l l n" I ).

• Low."oill 1.7 GHz prllmptlll,r (lp'Cill 11''
I mp'U11r ....Uh onl VI 1.2 dB noillllgu" I nd
I glln 0131 d B).

f~1
~

User·friendly SOFTWARE
...,.m, n In C ,nd An . mbl. r 2"

• Oown·conv,I1'rJrIC,lv,' lor RF l.. n'II"· 'Oe'c... ~_-':::~::::::::::=-_...,
Ind d,modulilion o r 'h i r
11111111'" I lgnl l,

• PC/SAT Inl,rlIC" .1011 . u Uy lnlO
I I,.. ATfXT uplnl lon·llol.

,PC/AT or eom pillbil wilh Ih.
rollowlng bule ,qulpm.nt:
• 2'&-p<OClSlor
• '40 kbyl' . nd 1 Mbyl. (min ,)

.Ilt.nd.d m.mory
• H,rd dll k dr lv. wl'h '1 1" 11

1 ,5 Mbyl,,,"
• EGA cl rd or highlr
• EGA monitor

Ask fo r I OelllO -prollra• • t t h
•• tlllit , picturl' (OM20. -)
tOilet her with further lnfo,...t Ion
- cUh or chick wit h order .

• Rl c. pllon len'dull:
Th. ree'pllon manu eonl.lln, 'II METEOSAT ' rl n..
ml••lon. li. 'ed wtlh bOlh '1m. I nd lorml!. AulOml lie
rteapllon by l imply ' klieklnlllt up' ,

,Plelurt 100mil
All piet u.1S Ir l I lor.d on In, hlld dllk in lull ' ormll.
Tnlr' Irt In... plelur, p<"'OIlllon lorml ll :

• ' 00 K'00 lul1' lSolul lO"
• &40 I 350 red ue ed r. l olut ion
• &40 I 350 lI.og'.phleall y eo rr. eled

• Zoom/hi. logram
Th. pletu,1S ml y b. 1/'l11'1l.d up 10 I 'I etor 111 10.
A hlll og ..m II eompul.d lor lhl ••I.etH! lIelor.

• Colo ur
A eolour tabl, eo mprl, l" ll 50 III,el.lbl, eo lou..
II I VllLabl. lor virioUI pletU" . pact ,.1..nlllS,

, nm, llpillmovl. or up 10 HI pletu ' ,,;
can b. moved IOf'"WI rdl I nd bolI Ck..... rd . ,

k
rJJM!J;!jtechnik

UKW· TIC" " ,k
T.e,nln GmbH
p 0 Be. SO.JIM"' IB, 1 ~

0-'52381"'_
~ "" I'Ile elC>• •m.~v

Ttl (1 ~1 9 1] ]· H ' 5

T', l" 9191] ], HI 8
r, 829881u'''ooo
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We would like to introduce the English edition 01 the welt-known ~ U H F·U n lerlege~ Irom
Karl Weiner. OJ 9 HO.

THE UHF-COMPENDIUM
Interesting l or all active and techn ically minded Radio Amateu rs

The book contains sutncentmecrencet matenet tc provide the relevant background Inlor
meuon and to explain the operalion 01 the equipment descnbed in the building secnon.
Special emphasis has been placed upon the construction 01GaAs FET pre·amplifiers and
converters as well as power ampuuers and antenna systems lor the 70 em and 23 em bands .
Great attention was paid to diagrams of measuring equipment and tuning aids. Conse
quently. there are suggestions for the construction 01 simple alignment tools. power
measuring equipme nt. a fixed frequency generator tor receiver alignment . a UHF dipper. a
panoramic receiver and a swept frequency generator . Practically all constructional projects
have been verified and optim ized using present standard test equipment such asgenerators
and spect rum analyzers.

Part 1 and 2
Part 3 and 4

Art.No. 8054

Art .No. 8055

OM 45.00

OM 54.00

Additional post and package Charges (surface mall) lor inland OM 5.00
lor abroad OM 6 ,00

The DB 1 NV Spectrum Analyser
(VHF Communieahons 3 and 4/1987)

0·500 MHz (1000- 1500 MHz Image)
- l oodBm
1 kHZ/ 3 kHz /10 kHz /50 kHz /300 kHz
100Hz / I kHz /10kHz /1 00kHz
2: 60 dB
10 /20 /50 /100 1200 kHz I per em
0 ,SI I / 2 / S/ 10 f 20 MHz / per cm
also0 · 500 MHz screen dl.play
0...70 dB In 10 dB sleps (DC·2 GHz)

Speclflc-tions :
Frequency range
SensltlV'ty:
IF bandwidth:
Video bandw idth
IM·free dynamIC ' ange:
Display bandwldlh:

Input all enualOl (bUUlin):

Special F••lu," :
The video hl'er can be automa tically SWitChed to accommoda'e the seleclocr IF ba ndwidth , When d iS·
p1aylflg S 200 kHZ/em. PlL slabrllzahon oI lhe l Si lOcal OSCIllator may be SWitched In.

Beady-made u nit
Modules (complete set)

OM 6.350.
OM2.995.-

(export price OM 5.571 .-)
(export price OM 2.628.-)

k milberichle T. B,"ao OHG·Johnst'. 14 · P.080, 80 ·0-8523 Bo'.'""orl
Tat West Germany 9 133 47·0 For Representatives see COV9' page 2
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Plastic Binders for
VHF COMMUNICATIONS

• AnractlVe plastIC covered 11'\ VHF blue

• Accepts up to 12 e(j ,honl (thr. e vol umes)

• "'11ow, any reqUIred copy to be lound ea sIly

• Keepllhe XYL l\appy and COfltented

• Will be senl anywhere in the world IOf
OM 10,00 including surface mail

Order your binder Ill. the nahon.1 represent allve
or directly Irom lhe publisher. 01
VHF COMMUNICATIONS (s.. below)

Prices for VHF COMMUNICATIONS

Subscriptio n

VHF CO MMUNICATIO NS 19M 10 1989
VHF COMMUNICATIONS 1987
VHF COMMU NICA TIONS 1986
VHF COMMUNICATIONS 1985
VHF COMMUNICATIONS 1980 10 1984
VHF COMMUNICAn ONS 1975
VHf CO MMUNICATIONS 1976 10 1979
(incomplete. only 3 &dIllon!)

Volume

OM 25.00
OM 2400
OM 24.00
OM 2000
OM 1600
OM 12,00

OM 900

Individual co py

••ch OM 7.50
••ch DM 7.00
.achOM 7 00
a.ch DM 600
each DM 4 50
each DM 350

each OM 3 50

Individual COp,•• Qui or elder, Incomplete
volumes, as long asstock la,ls:

1/1970, 211971. 1/1972, 211972. 4/1972.
211973.4/1973. 1/1974,31197 4

PlastiCbindef lor 3 volume,

We , hall not be able 10,epl'lnl editIOnS whIChare elder than 6 years

All price. Inc lud ing aurface mail

When order ing 3 complete volumea. a free binder lalncluded!

each OM 200
each OM 200

OM tOOO

k ~berichte To"" 0 . "lan · J.hnst' l4 . Po, lI" h 80 . 0-8523 ••;o"OOrl
Tel. West Germany 9133 47 -0 . For Repr esentative s see cover page 2



New oscillators
Miniature crystal ascillators with a compact design

10 III P
~ TO III PM toIII V 10 III VII TO lll2

.. 50 ppm :t 130 PI)m

.US - 4,15 VI (5 VI_.
-. tl!.5 pP1'1l, O .so"t s .t20 ppm

• •.. 5O W-. - 40 .90'C
- ~ .. 105 "C_....- 5:t 20 ppm a .ro-c

• •- 4(1 .1IO"'C·2 .. 100'C- ....-i:llIrIfg, _ IbM

~ rnA l3 • 80lNtQ 35 IlIAIIW
60 rnA (1eII 1Nn 3 Mttll
.t5 V

10 moll rnu. ~ rnA mu

........ e '" '121 • u G125 G1JG

""'" ""'"Dual-in-I OIdllatori
With dOse loIefances
Double hermetieallV sealed
houslngs.

"'"TO052 oseIIator
WllIl iflt.led ClftUIt.
HIgn stability in I compact
houslnll·

ElectronIC c:ompooeflb
lor mostslrllgentdemands

Crysfals
Fillers
Osclllafors

TJ:L£-QUARZ CMIlH............
l>8l24 Neckarte:J1UIsllwn 2
,...,.,., 0128M10100
'!Well m.1q d
~... 072e&'143e

.'"

i.,-

a,-

I : .1~
,... ,

I .l ...+:
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