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Andrew 8 ell, GW 4 JJW

Circular Waveguid e Compone nts at 10 G Hz

MO. I aINlI~r. scquir' onty short '-"gu,. 01
rKtangular wavegukM pureh..'d al prien
r.nglng Mt..-o (1 and (a per loot. Whll.1
kmg ~th. 0 1 waveguide a,. not nMChd lor
por1abl. opM.tlon, tMy . r. otl~ r~ul rltdlor

Mtting up fl.1td .t.tlon. with roof-mounled
.nt",,,,,. Allhe.. prien walepro,," r. lh«
• • !»n.I Howev... . a CM'p . nd v.,.,. . tlsc -
Uve a ll ".llva • •1.1. by w.y 01conv",liOI\IIl
copper l1li'.1... pipe. Thl. e rtlcle Descr ibe. 1M
u.. of copper l1li' , 1... pipe e. clrculer wev.
gukM. The aUlhor ha. in. te lled .uch a .yll""
" hi. aTH end he. mede a Vlrlery 01 wev.
guide componenl. u.lng copper lube. Bolh
22 "1m out., dle""t" (20 "1m Inner dlem" ,r)
end 28 mm od (26 mm Id) lublng mey be uNcI
lo ca rry 10 GHI rltdlatlon. provided 1M consct
mod, l.uNd .

1.
TEll MODE IN CIRCULAR
WAVEGUIDE

20 mm ICI (22 mm od) lube .....,1. carry 10 OHI
rsd,shon. provided mode TEl I II .~clled TEI I
II analoQoullO TEIO In rectangular .....avegUid.
The modes TE10 and TEl l are shown dla·
gramat,cally In Ilgur•• 1 a nd 2 respect,vely

20 mm ICIIube opet"abng 1ft TE1 I mode hal ItIe
IolIOwlOQ charac1enshC. -

Cutotll,equency • 8 67 OMI
CuIOII wavelength • 3 46 em

AI 10,350 OHz !he~ w.velenglh II 54827
em. Formul ae a,. grven1ft AppendI. I

In a rectangular wavegu.de Ihe eIectnC 1.eId

II conslralned 10 slay 1ft OMI dorectlOl'l by lhe
ptt)'S1C81 dImensIOI'II ollhe waveguide.~."
,n CIrcular waveguide operatong 1ft TEll mode ,
lhe electnc Ileld II not conll'a'ned and le~

10 rotate. aw'ng 10 small d'scontlnu..... In the
waveguide sur1ace suc h 81 JOints and bends
Thls is no problem II a rotatable JOInt II 'ncluded
somewtoe.e In the sy,lem 10 correct lor the
rotatlOl'lal sMt The JOint .s rOlated for m...mum
power and If1en aoIdered In th'l poIl"on, In
this po5Ibon!he eiecnc IleId ..... '11 be Inthe correct
on.ntatoon 10 e lclte the rectangUlar gUld. In
TE10 mod. (Nole. howev... ' hal " Ih......av.·
guide IS dlstorled or ItSlength alteled. the ang ular
' h'" may need 'e sell lng )

1.1.T£11 Circular W,vltgu ld, IO TE10 COn
v.rt. r

AJihough ci,cular wavegUid. IS I8 tlslac1ory ror
Ihe main trans miSSiOn runs . II II . 1011 prefel able
'0 OtlQlOate 01' del,vel the mICrowave radlahon
In rectangular waveguide tor ,.gnal proces,'ng
The constructlOtl of a COfw.r1er lakes OtIly about
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• -- - -
- -+. . . . _~

- - - --1-:--
Fronl view

linel ot elec:lrlc lor n

Fig , I : TE10 modt In rltct.ngul.' gUide

,,

II,.... 01'-tric: torce

------ ll,....ol m~M1lCtorc.

Fig . 2: TEn mode In clrQller guide'

30 m<nut.. with SImple Iland tools A phoIograph
0111111 eoewenee ISshown In l lgure 3

A length ot 20 mm !d coppe r lube whtch II at
least 6 em longer than the reqUired length II
selected. One end of this lube must be stretched
slighlly along III Ci rcum ference and la-Iormed
Into reclangular cross &&el,en !denhcal with
WG16 ThIS end Will be IOIced through a wa16
!lange The flange II ol lhe type such thaI wa 16
would normalty go nght Ihrough II

FII'II of all one end oflhe lube II SQueezed In a
VICe whlch clamps lhe tube ndodty The Glher

end of the tube II stre lched by gently hammering
two cold (Itone working} chisels down Into lhe
lube - the broad laces 01 the chisels agalnsl
each other . ThiS has the enect of bolh stretching
the Circumlerence and lormlng a rough rectan 
gulal shape. Once the crrcumte rerce is large
enoug h, a bene r rectangular shape IS tormed
by squashing In a vICeand hitting It With a small
hammer . The above slages are repea led until
lhe end will lit Into, and lUst Ihrough. a Wa16
flange A little peflUaSlOfl Wllh a small hammer
may be needed 10 aclually gel the end 01 the
tube ngM through 10the fsrltde of the flange

6'
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e_cess copper is then carelully Illed 011 taking
cere not to damage the Ilange. The process is
compleled by rubbing the Ilange, With copper
tube rneertec . lace down on a shool 01 line
abrasive paper which is lace up on s good lla t
surface.

The converter is now ready 10 be soldered
NOlmal801t SOlder was used as Ihe 80Ider is not In

the path 01 RF. More than normal solder Will
probably be needed to ensure the joinl is waler
proof il the converter is to be used outside. Once
SOldered the surface 01 the Ilange should again
be cleaned Wi th abrasive paper as cescnbec
above. Finally a shor'llenglh 01 tubing Will have
been damaged by clamPIng and hammering at
the round end - this WIll need 10 be removed

Fig. 3 : TE10 10 TEll con..-otrtlH

Once the copper pipe has been lorced through
me t1ange, an old flat-ended Me 15 used as a
blunt ctnset to lorm the copper close to the walls
crme WG l 6 1lange. This is especially reqUIred
In the cornftfS. The two chisels pushing against
each other may also be able 10 achieve this,
depending on their size

,

1.2. JoIn ting In TEl l Mode

Convenllonal22 mm stlalg hl water pipe jointing
secucos may be used. provided care is taken
when the JOInt ISsoldered These secuone some·
limes come With solder nngs already inside them
but thiS type lends to have 100 much solder In
them lor our application and the eaceea lends
to run oul erto the waveguide whiCh aOds to the

i-l:t:;;. J .~ .rJ". •(1.".. • •
• • • • • • • • •

i• - -• •• • • • • :·r ' ..
! I:f -------\ · . • .if.•

d

11"..01el.cl rie loree

- ----- line. 01m.gnellc l orc.

Fli . 4: TMOI mode In cl rcul. , iU .de
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Fig. 5:
TE10 10 TMOl converter

waveguide losses. The type with no solder In is
to be prefered. When soldering this laller type
01 joml. apply Just anoogh solder 10 make tha
/Oint air-light.

Slow 90 degree bends can also be used but
the electric !leld will be rotated by thIs joint

2.
TM01 MODE IN CIRCULAR
WAVEGUIDE

The disadvan tage of using the TEl l mode
described above is the somewhat un-predlc1able
rotalloo of the electrIC Ileld , However, by USing the
TMOl mode this particular problem is overcome
Figure 4 shows how the eecmc and magnetIC
helds occupy the waveguide in TMOI mode , The
advantage with Ihls mode Is that the erecnc
held radiates from me centre 10 the inner surface
of the lube: thus It is symmetrical about the
centre axis (8 bIf like 8 C09l(i91 cable) and orienta
tioo is insigniliCant. In order to propagate 10 GHz

In thiSmode , 26mm Id (28 mmocl) copper tubing
is used

26 mm id lube in TMOl moce has !he !ollowmg
characteristICS: -
Cutolf Irequency 88385 GHz
Cutolf wavelength 3,393 em

The guide wavelength at 10.3500Hzls 556 em.
Formulae are given In Appendll( 1

There tscne disadvantage In USIng TM01, namely
that the mode 01propagato" does tend to revert
back to TEl l if sharp bends or disconlinUltleSare
Introduced Into the waveguide. This can be
understood II a sharp nght angle bend is com
pared With the converter described below - the
main dllference being that the distance Irom the
shOr1ed end to the centre ctme rectangUlar hole
ISzero,

2.1. Rectangular TE10 10 Cir cul ar TMOl Con-
verter

A photograph of ttus converter (1) IS shown In

figure 5 II is merely the Intersection of WG16
and 26 mm Id lube. The distance from the centre

69



of lhe '«tangula' hole In lhe copper tube 10 lhe
.,..,..... 1Urt8C4l of lhe shorted end .. 1mpOrtanl. "
should be Itw.. QU811.,1 01the TE11wa~h
Thll putl • large Mflfl'S IMetanee klr mode TE11
althe ••'101 the W01810IhII mode .. not lI.crl8Cl
,n the OICUI.,. guide The ,nlema! d1ametM
(26 mml 'I Ct10IIIIl '0 be appro.,ma'lIIy hall the
TM01 waveIeI1glh

2.2. Clrculal TEl l to Circular TM01 ConYef1.,

ThIs .. 'f'erY much hk. the~ dno obecl
above ••oepllhal IhII 20 rrm Id lube laklll the
piKe of !he WG Ie InIKI. INdy made pIurnI;w1g
· T" fCWlI """"28 rrm octa60ng the toP and 22 own
ad down hal beetI moclItted 10ect as a~
However. IhII QnIII1I&II(lrI of the .-ctnc heicl a.
" emers the 28 rrm lube • rnportanl: 10 a n:u
ling fCWlI of IOfnII~ 'IWOUId be I'lIKnIary

2.3. TM01 MalcnlnlilSec:tlonl

In ,ecIangulal gUIde QpIIIahrog on TEIO mode.
the length of the guide can be eIeclncally allMed
by '1lMI111'1Q mateI'Mg IClewt 11"I10 the elecloc IIIIid
!rOm the broad lace 01 the waVllQUlOe HoweY.,.
IhII .. not~ on CWQ.I1ar mode TMO I
l"'INd. a ..".. of Ihor1 MCtoonl 01w~
....,. made The Iangth lI'ICI'used 11'I lI'ICI'ememl
01 5 mm and raroged trom 80 rrm 10 115mm. on
duOIrog a JOlrlI al one and TheM....,. Iherl on
Mfled In~ onkllhe syIIem unIIIthe bIIIl
malCh wal Jound. (fll'lll ad",,,"",", C8Il be made
by not qu,te pushlng the IO'rn home )

2.4. A Sim ple TM01 Sia l Radla'or In Circular
Wevegu.d.

A .Iot whose leng 'h appro.,ma tea to haU Ihe
wavelength In all will flldilltll ,t II ueversel to an
electrIC held The letore a t 10 350 GHl a 110' 01
length ' 45 mm a,ound ,he crrcumte reoce at the
lube will radlat. (It II Importa nt to anenua'.
lhe alg nal to aNI. ' nlanalty balQfa taking
ma.auraman'. c ia .. '0 any r~•• tor.) The
matchtng .chon on the lOP of the antenna ..
tuned lor ma .,mum Iitch.ted or ,e<:erve<t powllf
In practICe 'I hal been Iound prelmable ' 0 make
ma lchong MCtIOltl 'ather Itlen purcha5e the

70
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F.. ....,....hom_
~ pwl To~.oneollheM a IlMOard
strlllghl pnt .. cut on hall' and Ihan • bra.. dole
.. ........, ·solderedlOone and

2.5. A Small 21 mm Conical Hom An'anna

A "r-.ghl pIumblI'Ig IO'rn whlch allows a pipe of
28 mmad 10 IO'na P'P8 of 52 mmad wa. auc.g.

IuIly modlloed10work as a horn figure II shows a
photograph 01 the IO'nl ",,, aftm " w.. cut WIth a
hack laW The only mod,llcaloOl'l was 10 remova
.. 01 the 52 mm pIPe and beYeI !he out., adglI
of !he '""Ibng COOICAl hom. aa II shown on the-"'"2.6. A TMO' 10 'N' Type Tranaltlon

Figur. 7 shows a TMOl 10 N type tlanSltoOl'l
A. braSIl dllC II hral dnlled 10 take the 'N' type
chau,a·mounllng IOCkel and then the dltc .a
Illvm·aokje,ed to the copper tube A. ahorllenglh
of 68A. sIudd,ng la then tcr_ed Into a 68A. bra ..
he_agon al Plilar and Sllver-lIOlde red ,nlO place ,
ThIS m.rely blan k, 0 11 011. end a t me Plilar The
leng lh ol lhe pillar la then adjusted to the d,men·
slOns . how n ,n IIgure 7 The open end a t Ihe pillar
,s l,nally drilled OUI 10 be a light Irt w,th the N'
IOCkel and lhen aon ·lOldflfad 01110 lhe N ' type

"'",'«""
The length at lhe.nner PlSlon haa been ad",sted
e _penmenlally 10 yllHd appro_lmately 50 II al
10 J50 GHl Reg,.ttably lad< of tllli equipment
made" '"'f)OUIble 10 ImprtWII on Ihla dIIIlgn
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3.
USEFUL HINTS

other end The tube ISthen rotated end over end
fOI a few rmnutes. prererebreoutoocrsm cese ene
01the corks drops ou t'

3.1. PrepereUo n 01Co pper Tu be

The author naafearnt by eKperience that It is best
to see and selec l the leng th 01 tube rather than
be handed a leng th over the counter. Tubes
sometimes con tain grease and other dl r1 whteh is
very dlllicult 10 clean out . and occasionally they
have a few minor dents. All tubIng should be
cleaned as thorough ly as poSSible be fore use

Cleaning can be cernec out by pushing a cork In

one end . pouring a good solv ent Into the tube .
follo wed by small piece s 01metal such as nut s or
ball bearings. and then placing a cork In the

3.2. Usefu l Tools

Plumbers use a tool kno wn as a pipe cutter. ThiS
tool culs all pipe sizes In the range 6 mm to
28 rrsn . In the UK the once of these range from
about .0 0 10 £20 bul If a Slgnilicant amount 01
tube work IS 10 be undertaken, the purchase of
one of mese is recommended as cunlng a pipe
takes seconds and the cut is perpendicular
Thei r pllnciple of operation is that a cutting edge
IS rotated accu rately around fhe oulside 01 Ihe
tube severa l times and even tually cuts through II
The Inner edge usually needs a little debumng
atlel culling , Th iS is either cencreeo With the

4 7t1l'"

oft solder

brass disc
versolder
~=::--..

pe chassis mounting socket

opper tubiry

F- N I,
I-

rr '- Tl/'

Piston~ ~Il' 5~~
sil

• 7~ ..

h

26 "''''

Fill . 1 : TMOl 10 'N ' type I, . n.lllo n
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b1unl kn,te often e"ached to the pope euner Of e
round t,le The pipe cuner may el.o be used 10

Kl'lbe • k". arooncl the Cll'ClJmterence of the tube
pnot' to hllng 1Iof, ele

A cheap Olygen kWchhas been loond trWaluabie
tor 1.tvef-8OIderong. e.petl8flCe haW'IQ IhoWn
lhal tomtI blow4arnps .... nell QUite ana,n a high
enough temperalure

3 .3 . Acknowledgement.
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5.1. Rectangular Guide.

a lransverse d,menSlOflof guide, l dlmer'lSlOfl
b - traMvarM d,menSlOflof guide. y d,menSlOfl
I treQUencY. ," Hz
" 2l1'1 . angular velocdy, radla,.,. per Me

tJ phase constant. radoan. pet em . based on pNi5e veloc'ty
" wavelength, em lin lTee spacel
e veiocIIy olllghl. 3 . 10 'Gcm pet Me

Operalong CtlaraclenSlICl Common to All Reclangulal Modes

Wayelength In 9U1de Wayelenglh onee space

i., 2 1'11 •. ct

Phase Yeloclty

" ~-,, "~

G IOOp Yeloc'ly

va d",id/l - c!1"~

Mod e C Ulo f f fr eq uenc y, I, C uto rr wa ve Ph ase cons ta n t, 8
lenal h, "

TE 1,O(U 1... ) ~tzh "
,. [I .[~rr->
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5.2. Circular Guid es

a _ gUide radius. cm
I _ frequency. In Hz
'" - 2 r.l. angular velOCity. radians per sec
Ij - phase conslant, radians pel em. based on phase velocity
I. _ wave length , om (In tree space)
c _ velOCity of light. 3 K 10'0emper sec

Operating c narectens ucs Common to All Cylmdllcal Modes

Wave length m gulde: Wave length In tree space

Iv 2 1I1fj

Phase velocily '

I. CIt

Group velocl ly

Mode Cutoff Irequen cy, /0 CUlo r f wa ve Phase consta nt, B
length , "

,
2.6 1a r:r .[2;0' ]'1'TM o,1 (Eol O.3831r

,
3.46a [r:]'·[':' rrT E I,I (H I) O.2891f"

E
-=

We accept VISA Credi t Card, Eurocard
(AccesS/Master Card) and only require
the order against your signature , card
number and its expiry dale .

VHF COMMUN ICATIONS I UKW·BERICHTE

VISA
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•
Fill . 3.'.: One ol lhe lour CMOS mem ory boerd. In lhe (Ompule r (lo p middle: lhe -.:Idre....leel lon)

The bus board (YT 3 MV 003) only includes 8
lemale "Eurocard" connectors and supply 9
bypass ceoecnore. The location 01 lhe laller is
shown in fig• • 3.1. and 3.2. The board nseu is
made 01 2.5 mm thick laminate lor mechanical
slrength . The connecter pins should be 4 mm
long lor easy soldering, The conneclors are held
in place with two 8 mm long M3 screws, It is very
Important 10 Inslall lhese screws Ilrst , belore
soldering the Pins. otherwise the eenernve springs
Inside the temere cooneoors Will be damaged
resuiling In Intermltlenl contacts !

The power supply is buill on a single-Sided
printed cirCUit board (YT 3 MV 009) 120 mm long
and 100 mm Wide (fi ll S. 3.13. and 3.14.). scce
II includes a lew heavier componen ls . like the
NICd oenenes or the temte pol core and requires
a lew cconectone, only 4 wires. wilh the com
puler bus. lhe unills nol equippe<lwith an "Euro-

82

card" connector. II is 10 be installed separalely
USing lour M3 screwe in the corners.

All eleclrolytic cececuore are vertical types (see
IIg 3 14) , The NICd cells are installed horilon·
lally. The conoecnons are made by soldenng two
pieces 011 mm lhlck copper wire 10 each ball ery
cell terminals which also keep the cell in place
The BDX34 power darlington Iransistor is In·
stalled on a small heat sink With an M3 screw.

The (appro.,mately) 10 ,. H15 A chokes include
25 turns 01 1 mm thick enamelled copper wire
wound on a 5 mm diameter lemte screw The
slorage coil L is wound on a 30 mm diameter pol
core With an appro_imalelyO,5 mm lhick air gap,
It has 10 turns 01 lour times 0 5 mm enamelled
copper wire.

The rotator interlace board (YT 3 MV 010), shown
In lIga. 3.15. and 3.18•• is a Sland-alone board
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I YTJ MV 007

+~ H
rr ,.. r;!" ~ r ,!"

~

~ ~ ~ V' V' ~

~ G ~ - - "~ G ~
~ -s ee

~ '- ., '" '- '-
~ '- '-
'- .L§

L S -19 S ~
T,

.L ! IT ',
~Yl
~ .

~ LIOS I

••~ .
•

, Fig. 3.11.: Componenl loc.l lon pl."
Of I~ . n.log t O.nd R$-232 boIlrd
(VT3MV OO 71
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and also depends 00 the clock waveform, The
best resuUswere obtained with a Valvo 74HCOO
as the clock oscilla tor.

The video board uses special dualo!Xlrl mem
Ories, In the pl'Olotypes I successfully tested
both ,.PD41264 (NEC) and HM53461 (Hitachi)
with Identical resulfs, Both 120 ne and I SO ns
selections worked at 10 MHz CPU clock The
120 nl verSlOn is of course recommended lor
higher CPU clock frequenCies No pl'oblems
were ever ronceo uSing a refresh rate 0120 me
(TV frame) in place of the 4 ms recommended by
the manufacturers, The DACOBOO O/A converter
is available from many suppliers,

The main computer memory uses etauc CMOS
memofl9S, Over 120 NEC ,.P043256 120 n8
chIps were tested withouf pl'oblems. The memory
boeroe also worked With simIlar memones from
ofher manufac turers, For processor clock ne-

7.
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Fig . 3,2.:
Th. bu.~rd with
alil uni'.

quencies above 10 MHz 100 ns access lime
memories are recommended.

The NEC 7 10.~ series peripherals are CMOS
versiOns of the famous 82• • series of micro
processor peripherals, The IlP071055 parallel
1/0 pori 00 the processor board can be replaced
With a NMOS 8255. the latter eomenmee re
quuee a 330 pF capacitor to delay the CS Signal
lor proper ooerancn The Il P0710S4 pro
grammable counter can be stralghtlorward
replaced With a 8253 Chip, On the other hand. the
IlP071051 USART can nol be replaced With
a NMOS 825 1, Since the latter il unable to
operate at a 6,144 MHz clock Irequency. A
82C51 could work, but was not tested The
,.P04990 real-time calender/clock Chip is also
manufactured by NEC.

SUitable COOEC chips are manulacturoo by
Mostek: MK51se and by SGS: M51se The SGS
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All the sottware wal dea'9ned lor a minimum
clock Irequer'lCy 019 MHz, but a h'9her clock II"
Quency ISvery deSllabie

The remaining modules ale easy to lell once
the pnxeasor is opeHl hng. "nce the Ialle r can
also be used al a powerlul trOUblelhoollng looI
The e881811 to leal are the memory modules
When Inslailing the memory moduleS do nol
'orgel 10 program each 01 lhem lor • d,Il8l'en t
address range . Further, all the modulealhould
lorm a con t'9UOUS memory area to be used
elliCiently by the operating syllem sottwa re

To teet e memory mod ule, try the ' W" InstrtlCllOn
lirsl to write to or read Irom a lew memory
locahon l , Most delects are dllJCovered in this
way However, II is a I,llle tmorecncer 10 test
1 Mbyte 01 memory In thiS way, The I,nal check
can be done later, IOf instance by loading a few
Illes lrom a floppy disk

The analog va board hrll requires a few checks
on Its own . The on-board voIta~ Inver1er Ihould
supply a nega l lve voltage of - S V The crystal
OSCIllator has tobe adjusted eKaetly10 61 U MHz
Wltl"l a Irequency cou nt8l' only COfY108Cted al181' a
buller gate . II if is not posSIble to adjust the
Irequency WIth the QlV8fl tUning ranoe of the
Inmmer capaCltOf, then me heel ceoecnoe In
parallel With the trlmm8l' shou ld be replaced

The operating syl tem sottware does only Include
rOUMeS 10 use the RS·232 port on the aame
module The analog 110 cou ld be tested IIIUlng a
number 01 ·W· COmmands 10 inl\ lalize the appro
priate reglst8l'S, but It II usually easier to load
a DSP program that ulel the analog liO port The
AID converter cttset can be adjusted when
runni ng a program that II senSItive to AID Ollflet
errors. like me APT ptC1ure recei Ving program

BefOfemstalhng the lIoppy disk controller module,
Ille floppy disk dnve manual has to be consul ted
All the connectlOOS between the dnve and the

con lrol ler Ihould be veofl8d and the JUmperl
adjusted lor the dnve used

The lloppy conlroller Itsel f requlles thr" adJust
ments : VCO lrequency , read pulse width and
wnte precompenaahon , All three adlUltmentl
are to be perlOfmad by conl'l8Ctlng the TEST
Input (pin 22) 10GND only AFTER reset hal been
apPlied 10 the computer _GrOUnding TEST while

rese t is active Will prog ram the 2797 FOC lor a
dillerent mode of operallon ' The d,vlded VCO
frequency, 250 kHz, can be measured on pin 16
(DIRC) With a lrequ&ncy counter and adjUsted
wllh the VCO 's capaclIlve tflmme r. Then the
RPW duly cycle can be observed WIth an 01(:11·
Ioscope on pin 29 (TG"3) and has to be set to
125 % USIng the " 7 kll trlmmer

The write precornpenaatlOf1 pulse wodth can be
observed on pin 31 (WO). Sinee however the
lloppy drive manuall aeldom spec ify thiS value ,
an experimental adjustment II required Leave
the ' 0 kll trimme r in center POll ton and diS·
connect the TEST Ime Irom OND, Insert a new,
emply lloppy disk and try to icrmet It al de
ecnbed In the operating Iystem manual An
Improper write precompensatlon Will result In
lormall ing errors appe aring on the Innermost
trackl, usually on trackl 75 to 79 In the case
018l'rOt1i , try aoother " !lIng 01the 10 klllrlmmer
and rel ry fOfmalllng lracks 7S to 79 unlll all the
Ifackslormal property

The rola tOf Interlace only carnes a &lngletnmmer .
However , th8l'e are two tflmmars In the rotator
con trol unit and eight vanables in me tracking
progr am to be adJuSled All these adJul tmen ts
are 10 be made With the actual rotator With the
antennas Inslalled , To understand all these ad

Justments an inSIght In the operallOf1 01 the
automa llcal tracklng program is reqUired

3.5.
HOUSING CONSTRAINTS

All er assembly, the compie led computer hal to
be ,nllalled In a SUitable case There are, how·
ever , mechanlCat, thermal and &IeclrlCal coo
I tra,nts The main mechanical reqUirement II
to buIld a SUitable gUide I truclure 10 keep tt'I8
modules In the" respective connectors Also
when the comput8l' II betng transported 10 an
other locatlOf'l , It IS very Inconvenient II all the
memory content IS lost due to an Intermllleni
con tact on the bus

The eleclriCal perlor mances 01 all Integrated
cecuce used In the compu tel degrade quickly
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and a negatlve-golng strobe A keyboard lhal only
requires a + 5 V supply is prelerred

The 35" noppy cnve should be SUitable lor
double-sided 80 lrack llopples The spindle motor
speed should be 300 rpm , The raw ceoeots IS
1 Mbyte at 250 kbps MFM. I successfully tested
three dl1!erentfloppy cnves NEe FD1036 and
FD1037 and Matsushita JU383, Older models,
!Ike lhe FD1036 Of the JU363, require two supply
Voltages. + 5 Varnl + 12V. New models . like the
FD1037, operate from e Single + 5 V supply bul
do not provide a READY signal (move the corte 
spondlng lumper 00 the floppy controller board)
Warning! Although all three lloppy drives use the
same 34 pole connector . the coorecnore on one
dnve were found to be a "mirror Image" of
another drive '

The video board Will drive any (European)
standard TV monitor Onty the vertical sync and

VHF COMMUNICATIONS 2189

size may need to be adjusted to the sligh tly
orterent frame frequency . Due 10 lhe resoluhon Of
lhe pctu-e displayed . a 12" or larger screen IS
recommended, 11 poSSIble. lhe mcnacr should be
Inslalled In a melal case 10 avoe Inlerfe lenceS
10sensmve communcenons receivers .

3.3.
INSTALLATION OF COMPONENTS

The processor board , the Video board. me
memory , lhe analog 110 and floppy control ler
are all burnon double-sided pllnted Circuitboards.
170 mm long and 120 mm wide All modules have
a 64 pole "Eurocard" male right -angle connec tor
Wllh rows A and C equipped Withpms and row B
emply , The diameters ot the two mounl'ng holes

Fig , 3.6 : A r••dy-mad. video boa rd 11M ehok.. come Irom old TV_,

'0
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0fI each connector have to be sllghUy enlarged
10 accept two 10 mm long M3 screws 10hold the
c:onnec:tor In place 0fI the pnn teclc,rCUII board

The detailed component IocallOl'l plans 01' tM
aboYe modules and the belonging phologfaphl
10 It ar. shOWn It'! ' igs . 3.1. 10 3.115. respectIVely
• Symbols denol. feectttwough holes no compo
nem leads .r. nslalled It'! lhese holes. 1hetrorVy
purpoM II 10 connect traces 0fI dllleren1 IldeI 01'
me pnn lecl CWcull board

....MIt'!legratect ClfCUIts can be If\fltalled 0fI (good
QU&J'tylsoc....ts Use the type Wllh round lathed
contacts Wlltl gold-plated spnngs InSIde For
even tual Iroub1eshOOl:lng ' I IS only ,mportant to
have the compI • • IunctlOl'liC. 0fI ecceet• .II"'. the
mICroprocessor or peripheral • . II doel not tlelp
much to have all ttle TTls or 40.. Mtfles CMOS
onsoc.... ts

All Integrated cecoue used In th. DSP computer
may be damag ed by electros tatic dIlM;h8Ig. l .
Whll. CMOS and NMOS CirCUit. have prolec liOfl
n.twor.... to reduce lhe probability ot damage.
new bipolar Clfcultl With smal l geome trle. ar.
alao senllhv8 to . la tlC discharges The beat
way 10 prevenl these proble ms 1110 undersland
the damage mechamsm .... certain amounl 01
energy II leqUlfecl 10 deslroy an ,nlegraled

CIrCUli Slf'1C8 the IndUCed electrostat IC vollage
II hmltecl by .ffect. I,k. COl'ona dISCharge. the
only vllliable lell II the capaclly 01 the capacltOl
hoIdll'lQ the charge For e.ample. a>mpIy louc:hIng
a PI" 01an unconfl8C1ed ICcan never be harmful
the capacrty 01 the relalrvety sma' IC pacUge
towards 11. lorrouncllng. II very sma' On the
OCher hand. II the IC II ,",laIIed It'! a CltCUfl and
the CItCUfI II grounded or connected 10 another
high capaclty obfeCI. tM energy may be suffocoenl
10 deslroy a bopoler TTL IC Thefelore. I do not
recommend UllIIlg conductive ground planes Jar
W()r1o;lng sur1aces or grounding wrlll SIIaps ..nee
,n the case 01 a mlslak • . the Ian8f may be dan

gerous lor the opefator 100 Simply aVOIding
"dangerous· SltuatlOflS. h"'e a htgh capacity to
htgh-eapaclty discharge Ih'ough a senSlllve
component like the one descllbed above . I nevel
had even a ..ngle lallur. 01 aMOS IC to be
annbu led 10 a etenc dlschalge!

IC soc"'ets are also used as Jumpel plugs ('0
select the Interrupts) and a. ccooecrcr• . A very
Simple cct I . llable connector joint can be bUill
lrom two idenl1cal IC soc...... One soc"'et IS
soldered mto me printed CilCUlt board and IS
used as a femal. confl8C101 The other soc"'et II
used as a male connector Wllh Wiles solde,ed
,n the holes lor the IC plns

"
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Malja} Vidmar. YT3 MV

Digital Signa l Processing Techniques
for Radi o A ma te urs
Part 3: Construction and Usc of thc
DS P Computer

In Ihla announced th ird JNrt 01tIM DSP Mrl..,
In. con strucllon ollne compule r, o..c:rlbed
In JNrt 2{VHF COMMUNICATIONS 1/1989), will
be maO. po..lble. Th la powerful computer
can be uMd lor m.ny apptkatiOfla. however,
It. apec lallty la Digital Signal Proce..lng . aa
de.c:rlbed In IN''' (VHF COMMUNICATIONS
2"9881 . Part" wUl be concenl ratlng upon tIM
applicatio n .o"wa~.

3.1.
CONSTRUCTION OVERVIEW

Although DIgital Signal ProceSSing was ewo
duced 10 SImplify lhe hardware required and
Ihul leduce COllI. some hardware 11111 hal 10 be
buIll Al aembhng a computer-type ClfCUl1 II
cef1alnly not al demanding aa building a radIO
lrequency analog Circuli. MpeClally not lrom
ready·made buildIng bIockl . like II'IICroproc:es
SOIl , periphera lSor memor ies

Howevtlr. lhese ready·made buIlding blocks do
not alway l conlorm to lhe published apeclhca 
lIOnS. eapecially when lhere are more manulac 
lurers oHenng appalently Inlerchangeable
products. Even Wllh produc ts trom the same

74

manulacturel lhere are sometimes sudden
changes due to a new manulacturlng proceu
or SImply a spread 01 impor1ant parameters well
In excess of what IS guaranteed In the dala
lheetl, Ourlf'lg CIrCUit deSIgn, every eHort was
made to try .s many dlHerem products as
poaslble and the resulls are prnenled as a
recommended "componenl telecllOn"

M er assembly . the SIngle modules have 10 be
checked lor correc1 opera llon , Some modules
may reqtJlle a lew ahgnments 01 the on·boa rd
trimmer s Then Ihe complete cncou hal to be
Installed Inlo a SUitable ceee To help correctly
choose Ihe lallel . the mechanICal. thermal and
eiecncer constralnll Will be d'lCul sed

Inslallmg .he toftwafe ,ncluOflS lhe ad,ullmenl
01 the various pal ameler! to other analog hard·
wale allallable . hke transmllter modulatIOn levelS
or packel-radlOdelays. Smce source hies Will be
made alia liable . ~ Is ailO posSIble to "person
alize" the software addIng mInor bul Important
lealures

A lew h,nts ho\N to wnle OSP IOftwale are eee
d&SCnbed In thiS af1lC1e However, moal users
Will probably lind It neceuary 10 ,eler to literature
describing !he mlCroproceSlOt' and peripherals
Used, Unlortunalely lhe,e la nol mUCh Ille,alula
d.SCUll lng OSP techniques on an amateur level
yet Hopelully Ihls Will Change In the OIlal luture.
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3.2.
SELECTION OF COMPON ENTS

Throughou l the DSP compuler deSign . nc!
de...elopmenl I Iried 10 use readily .....,l.bla eom
ponents Over.11 cost was also.n important coo
siderahon,

Mosl computer c:ompooenlS are ,ntegrated ce
C\JllS. either compleJ functIOn blocks like the
miCtoproc&llOl' 01 memories, 01 SImple TTl and
CMOS SSI gale. and fllp-l1Op. The Lanerbelong
.ssenl lally 10 Ihr," logIC lamillas. The bipolar
LS (L.ow-power·Schottky) aenes ISused 101mosl
lunction s The new HC CMOS serl8S IS used
where both speed and Iow·power drain In stand
by are required The old 40.. CMOS series IS
used where speed is no! cfit,c.L Finally. thar.
are also • law ICs lrom other logIC famIlies
where requir ed,

Cons ldenng the decreasing prICes 01 the He
family It II already c:ortVefl..nllo replace the old
LS aerlls With lh. eener HC sefies , If all LSs are
changed to HCs. no ac!d'honal pull·up rltSlstOl'
are required and many 33 kll pull·up reSistors

can be omitted In f.ct prototypes bu'" With .11
He ClrC\Jlts oper.led better Ihan lhose WIth LS
CIrCUits HC IC. h..... a higher rKllse margin and
• slabl. OIJtput impedance compa red to the LS
sene.: both contnbute to suppress cross lalk and
ringing 01Ihe computer bu• . An ". 11 HC" deSIgn
I. recommended lor CPU clock frequencl. S
above 10 MHz .

The 68010 mICroprocessor ,. manulactured by
Motorola. 5JgnetlCS, Thomson·CSF, Moslek and
probably some other maou lac lur.r. The MC
680 10 ,s uaually avaIlable selec1ed accord,ng
to lhe maJimum guaranteed cIoc::k Irequency of
8 MHz. 10 MHz and 12.5 MHz I only had evall·
abl. 11 sample. Irom Molorol. With dlttarant
speclhed clock Ir&quencles. dltterent packages
anc! dil ierenl manulac lunng dates and maak
sel idenhhera, In practice I ronceo a very large
spread 01the ma.lmum clock Irequency:guaran ·
teed 10 MHz sampiesraached from9,5MHzup to
15 MHz bel()r8 crashing the sohware For con
panson . the 8 MHz sample reached 125 MHz
and the 12 5 MHz sample reached 145 MHz,
Some eJperlmenhng may therefore be very
worlhWhlle' The maJlmum cIoc::k frequency ee
creases qUICkly With IncreaSIng chIp lemperalure
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bul Olhefwlse the InslaliallOl'l 01 the compooenls
IS lden llcal 10 other compuler modules II all lhe
Integr ated c"CUIIs used are CMOS verSlOl'lS as
recommended. then Ihe power dra,n IS so low
that the 7805 regulator does ret reqUire a heat
sin k,

3.4.
MODULE CHECKOUT
AND ALIGNMENT

It IS flOl recommended 10 assemble Ihe complela
computer w,lh all the modules and apply lhe
aupply voItBQe W ,lh such a compIe. C"CUlt
chances Ihal everything Will work Immedialely
are very sma ll Further , a mallunclloo In ooe 01
the modules, especIally lhe power aupply . could
damage many e~pensive components on other
module. Finally, troubleshooting may be jm
possible In these condi tIOnS,

Alter ass emb1lnoIhe Single modules, an accura te
Visual Inspect,on 01 the printed crcuu boa rdS
II highly recom mended , My pel'sonal a.penance
is thaI mos l mistakes are made dunng soldering "
either missed connec11onS or accidental shorts
be tween adl3Cent lines. After ItlIS the modules
~Id be checked In a reasooable order - USIng
already tesl ed modules to check another mod ule.

The ',rSI module to be tested IS obviously Ille
power aupply , Its Input should be connected 10

an adJUslable vottage DC source to lesl both lhe
SWitching regula lor and It1e r8ll8t CirCUlI Due10
maoulac lunng tole rances oIzel"l8f diOdes II may
be necessary 10 change lhe nominally 820 II
reslslor n In series With me reoer ccoe 10 co
taln lhe correct output vollage 0' 5 V (under
load I)

The rese t Cllcul l should have the r&quired
hysteresIs and dela y , The vol tage aclOSS the
NICd ba ttery should also be verll'ed Finally,
the I N5822 scholl ky ucoe. used 10 charge the
battery. ~Id be venueo lor leakage curren l
(main power ott) , II should no l be mora than 2Op.A
measunng the voltage lall across llle 120 II
re81SIor Do not unsolder the dIOde JUII 'or
meaaur'ng purp0&8'8 SInce lhe lea kage CUffent ,.

VHF COM MU NICAn ON S 2189

very temperalure depe nden t

Ned. the bus molhef board has 10 be checked
The latter has a very large numbel 01close solder
IOInts It II recommended to te st It With an corn
meIer 'or shor1s before con nectll'lg the lour wires
10 the power supply ,

Whenever Inse rting modules In the bus board,
keep In mind Ihal some supply voltages are al·
ways present even w'th the main power ott, due
to lhe N,CO battery , The best way to Insert a
module wllh an "Euroca rd" coorectce il lO mak e
the ground connec1lO1'1 !IIII Since lhe latter 'a on
the cccoeae lIde 01 ee supply contacts. ,t IS
sulllc..nt to remember 10 alwa ys plug -In the
modulea under such an anole that the ground
connectIOn 'I made IIrsl Belore pluggll"lg-In •
module• • sla tlC disch arge. touching bolt! Circui t
grounds al lhe same t,me wllh naked hands 'a
recommended too

The veec boa rd can nowbe plugged into lhe bus,
Connect a TV mon,tor to the video ou tput. Due 10
the random con lent 0' Ihe dynamiC RAM s atler
power-up. me Video board shoul d produc e a
recta ngle con lalnlng a random penem and
surrounded by a black border on the TV scr" n
AdJusl Ihe horIzontal posi lion tr immer to center
the PICture Also adlusl the vanQus con trols on
lhe TV mon' lor 10 obtain 8 reasona ble qua lity TV
PICture Also chec k lhe op8 ratlOl'l01 the on-board
llyback ,nverler. whICh should produce a negative
aupply vollage 01aboul - 4 V,

Once the V1deO board " wor1ung. the processor
board can be added. 01 course lurn Ihe power
oNbe lore p1ugg,ng ,n or out any module! Dono l
connect a keyboard to the processor boar d. nor
the part,ali lo tal resel lwllch, The lall erconnectlOn
should be lelt open 10 enable a totet resel II

everychlng la worlllt'lQ prope rly, the random
pattern on the TV eoeucr shou ld d' sappe ar abou t
one second alter powe r-up (resel de lay ) and be
replaced by a help message texl cov ering almost
all lhe screen A b1,nklng cursor should also
appear

II the random pa ttern rema,na unchanged. there
'a • problem on ee processor board or on lhe
video board lhal has to be repa ,red bel ora you
can proceed w'lh Olher modules In thtScase It'S
uselutlO Check the behaVIOUr01the HAL T ~ne on



VHF COMMUNICATIONS 2189

Fig . 3,10.; Pf olOtype' of ~ YT3..." 007 8n8Iog I 0~

the bul - • double bu. error makes 11 go low
Please remember lhat tor • correct '1M-up. the
IOltware reQUlIed ., contained In the 27128 lor
27C256) EPROM The operahon can not be
checked wllhoul . programmed EPROM!

When Ihe processor board i, wonllng correctly
lhe keyboard can be connecl ed Under lhe
operating syslem command mode, all the prinl
able characler, should be prlnled on Ihe screen
up 10 lhe maximum allowed hne lenglh . Any
control characlltt is Interpreled as a carriage
return. Any letlerl will only be printed In upper
case In the command mode. The code reqUired
lor Ihe delete luncllon II 7FH, Alter thll . try to
illue some l imple commands as delC flbed in the
operahng Iyltem manual AvOidcommands thaI
use peripherals Ihal are nol Inllalled yel, lIke
the lloppy disk or lhe RS·232 port

The operation 01 the real-lime calender/clock

can be checked USIng lhe corresponding oper
ating system command · U· n IS a I'"'e more
diHICU" 10 adJUst the 32 768 kHz cryslal 10 the
correctlreQuency, Ilnce the OSCIllator CirCUit II.
very high Impedance CirCUli The Ilmplesl way
1$ to leave lhe trimmer In lhe middle poIlhon
and correct the adlustment II a ClOCk dnll II
detected a lew days lale ' .

The processor board camel. normnally 10 MHz
crystal oscillator and lhe MC 68010 .hould al&O
be a 10 MHz version. Howev8l . It lIvery Ule'ullo
lest your processor tor Its maximum speed This
can limply be done by replaCinglhe crystal In Ihe
clock oscll'alo' . QI course . the computer can rot
be operaled reliably al the maximum clock Ire
quency The la" er Will be lurther reduced when
loading lhe bus With additional modules A l a'ely
margin 01aboul 2 MHz below lhe maximum Ir..
quency waslound appropriate In moll OCC8S1OflS
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Fig. 3.4.: PTOlot yP'f or I CPU bc»rd with I n elder EPROM

sample. had a lower DC otlsetln the AIDsection
tnan the MOSlekparts . No d,fferences were noted
between the ,wllched cepacitor t,lters manu
laetlJred by National semieonductor : TP3040
and II. Thomaon-CSF equivalent ETC5040

The floppy dllk conlroller IC II manulac1ured by
Western DIg'tal: WD2797 and by Siemens '
SA82797, The IQflal communlC8hon. conlrollet
I. available trom ZIIog Z8530 and Irom Sharp
l H8530, The same companies also manutac1ure
a CMOS Z80CPU (used In lhe rotator Interlace)
marked ZS4COO and lH50S0 respechvely , The
ADC0804 " manulac1uted by Nahonal Semi 
conductor and equlvalenl. are available Itom
other manu lac;lurer. 100 For accurate Itacklng
It is recommended to use the more accurale
verlions 01 the same chiP. martled ADC0802
or ADC0801
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The compuler modules Include many crys lal
OSCillators , Only two OSCillators really need to be
accur81e and have tnmmers tor Itne Irequency
corectoo: lhe teal-lime clock chip With a 32 ,768
kHz cry.lal and lhe 8144 kHz CfyIlal on lhe
analog I/O board thai (Sa"nes the sampltng retes
Bolh eeee crystals ere fundamenlal mode, 20 pF
parallel resonance All the remelnlng crys lal
OSCillators 81 10 MHz (CPU) . 12 MHZ (video),
18 MHz (FOC), 6144 MHz (serial liO) and
10 MHz (rotator interlace) need nol be very accu
rate . ' Computet-grade' lundamentat moce
cry.lal. are adequate and no line adjustment
trimmers ate provided

Finally, the computer also reqUires a ,_ larger
ul'IIIs: a keyboard,a llappy drive and a TV monitor.
The keyboard Ihould be a standard ASCII key
board with. parallel oult>Ullnclud,ng 7 data bits
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w,th lnCI'eUltlg amb!enltempet'ature In parbcU
ler. the operat'ng speeds at a~ Ioglc lam.Hos
decrease w,lh lemperature It IS "*etore highly
deIIrable 10keep the ambtenl lemperatur. and
the temperatures at lhe Single ch,p' as lOw as
prllCloeal

II " very diffiCult 10 InSlal1 heal links on alllnl..
graled CirCUits The prln led cirCUlI boards can,
however, be Inslalled In a vertoeal poe,llOfl 10
allow an . ttlC'enl 8If llow Finally . Ihe pow.r
supply unll (another heat :!lOUrce) should rot be
msteued close 10 me processor board tme moSI
eensmveto heat) ,

A 16 I>It mICrocomputer has at leasl !'NIce the
number 01 connectlOfl, compared to an 6 bll
mICrocomputer A 16 bit compu ler also opera les
al • speed an orOar 01magnllude laSler than an
8 M mactllne The mosl Immed,ate result IS lhal
a 16 M mICrocomputer rad,atel 20 10 30 dB..

slronger radIO II'Ilerlerances when compared
10an 8 bllmraocon IPU!'" ' Sonce a DSP c:ompul...
IS designed 10 work WIthcommurtlC8tlClf\S eQUIP"
men! ineIudtng senIlll't. recerv..... a very
accurate shl8ll;llng IS ablolula/y necessary.

The compuler has to be lI'I,talled In • metal
(alumInIum) 00_ II II Importan t that the 00_ IS

comple lely closed and Ihat the coversmake good
eececer contaCl, wllh the bo_ Irame on all
edges The lal1er . hould therel ore nol be painted
or anodized All lhe coroectoee should be
bypassed andlor should use shielded cables.
Bypass capaci tor. should be Inslalled ,mmed,_
alely on lhe con nectors and ground cooduetor s
should begrounded on the coonectorseo. olher ·
wise lhey Will Wf'rk as couplIng loops lor me
disturbs The keyboard connaCllOflS. !he VIdeo
output lhe RS·232 por1 and !he h.gh-spee<l
senal port can nol hava bypass capac tlors and
Iha usll at sht8ldecl cables II manda lcry
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ASCII keyboards now use a s'ngle-ch'p eucre
computer to scan the keys and generate the
codes. The taner could also cause some radiO
frequency interference since keyboards are
usually packaged m non-conductive ptesnc
cases, although the SWitching frequency is low
and the disturb level is low too A metal-case
keyboard Is the best 80luliOn. A valid alternative 's
an old, surplus keyboard, wIth a dumb diode
matnx logiC,whiCh can not generate AFt elthel,

A more Important source 01 Interferences is the
TV mollllor, II packaged In a plasllc case. II Will
generally only cause mterteeerce when ted With a
computer-generated Video SIgnal. The letter IS
amplified to about 20 to 30 Vpp to o-we the
CAT. A very ellicien t but cheap solution 10 lImit
mler/erences at VHF and higher trequencies IS
to hiler the video Signal betore sending II to the
TV momtor. Since the video signal does not con
rem uselul Intormatlon above 10 MHz, the spec
lrum above 10 MHz can simply be hllered away
With a low-pass hlter greatly redUCing the mter
terence WithoUtdegrading the picture at all.

3.6.
SOFTWARE INSTALLATION

Scnware tostenanoe is relatively Simple com
pared to commercret ccmcorers The operallng
system 's completely contained In an EPROM.
The actual version V7.1 is about 15 kbytes long
and was wrinen dtrecl ly in MC68010 machine
code, The EPROM can be a 27128 or a 27C256
pogrammed to lit In the same socket w,thout
mod,flcatlons, since the 27128 and In particular
the 27C128 are more expenswe and not always
available, For tuture upgrades, the CPU printed
crccu board already carries an addItional ad
dress lIne to mree solder pads close to the
EPROM socket The cncun can be thus moclilled
to use all the 32 kbytes 01a 27C256 Note, how
ever, that the 27C256 EPROMs SUpplied With the
V7,1 eonwere are programmed to ht Into an
unmodilled cirCUit (A 14 always high) and wi!1
not Walk II thISmconceucn Is made,

Atter power-up the ecncn taken by Ihe compUler

depends on the posmon 01 the partial/total reset
SWitCh, whIch should be Inslalled on me Iront
panel In the case at a lirst power-up (or aftel a
cataslropn,c software crash " .) me computer
requires a total reset During a total resel , the
whole conlent 01 the EPROM IScop!ed IOta the
eonvotame system RAM All system vanablea
are thus reset to thOlr ceteun values, The oper
allng system ecnware is always executed 10 the
RAM, since the tatter has a much lowel access
time than the EPROM and does not Introduce
any wall states

The parllall10tal reset SWitch IS th811 moved to
the partial reset pes.nco lor normal ccerenco.
In thl' case the computer assumes the RAM
alleady contains valid 50tlware and only a small
part 01 the conlenl 01the EPROM is COPied into
me coHespondlng part 01the RAM Mosl 01Ihe
sottware in the RAM is Ie" unchanged includmg
the operahng system parameters

Altel a toter reset. some operallng system
parameters should be set. Tha mosllmpor1ant is
to ten the computer Ihe location and amount 01
RAM available using the op8rahng system
command "N" ThiS and other cpelallng system
commands afe oescneec In detail in the "Oper
ating System Manual" The taller can not be
published since It is too long but will be made
available separately . A short descnpnon cr all
available commands can be obtained by ISSUIng
the "H" (Help) command. The laller is also
programmed as the ceteon aut05tart command ,

ApplicatIon programs are SUpplied on tlappy
disks Both source program Illes and complied
e~ecutable Illes are usually made everetse.
Application program, have e~lenSlva menusandi
or help messages achvated only whan a wrong
command Is issued, To use a program, It IS001'1
necessary to load lhe comPiled (.EXE) hie trom
the tloppy disk Into the RAM (command "L "). A
program can then be eoecutec uSing Ihe com
mand "R",

OSP programs ccntam many veuables - pa 
rameter, to be set by the user. In the supplied
appllCa\lOnprograms mese vallables have been
set according to my own analog hardware Some
programs also Include an opuon In lhe mam menu
tc reset all variables to their ceraon values
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Source program uee are well commen ted 10
provIde a OO"el underslandlng ot the operanon
and should enable users 10mocllly the programs ,
Source proglam Illes are ASCII Illes thaI can
00 handled by any text edltOl'program, inclucllng
tha lext achtor bUilt mto the operahng system.
The hlgh·level language syntax IS explained in
the "Operal lng Syslem Manual ".
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Source Illes usually only COIltain symbolic
variable names Alter compihng a program, Ihe
compiler Will also assign memory space to store
the ecnrer variable values inside the compiled
executable Ilia. The initial COIllent 01 the variables
ill Ihull comple lely random , However, II an
executable hla .....Ith lhe same name already
eXisted in the RAM dlreclory , the compile r .....111
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Fill . 3.14.: Po_ 'upply YT3MV 009

try to copy all variable values Into lhe new ex
eculable file. This is very useful since, for
ewample. alter a small modification ot Ihe satellite
Iracklng program II is nol necessary to type in
the Keplerian elements IOf 40 satellites again
(only a tew hoursot typing ..).

Finally. If an application program tries to use an
Ine ~lstent peripheral Of runs out o! memory . the
operating system Will slop the e~9Cuhon in an
orderly way indiCaling the bus error address.
type 01access and program counter value

3.7.
WRITING OSP SOFTWARE

DSP programmtng usually includes both pro
gramming in machine code tor the OSP algorithm

llset! and programmIMg In a high-level language
to support and use the DSP roullnes, To recall the
OSP rouM es perIOdically. Interrupls have 10 be
used, The 101i0wIMg discussion oescnees how
thiScan be done elticienlly on the OSP comptl ter
described

When a MC66010 microprocessor receives an
Interrupt request With 8 priCmty level higher than
the curren t processor priOri ty (deSCribed With
the correspondIMg one 1M lhe status register) . a
call 10 the Interrupt handling routine IS made
Start addresses 01 Interrupt handling rcctoee ale
etoee togelher wllh cuter e~cepllon vectors In
lhe exception vector tabte in the computer
memory , The e~ceptlon vector table is located
In the system RAM dUring normal program
execcnon texceor at power-up). Us start address
ISstored In the Vector Base Register (VBAI.

HardWired logiC on lhe processor board makes
the MC680 10 to operate In lhe eutcvecior mode :.,
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each interrupt level IS assigned a single vector
in the e_ceptlon vector table , Alter -eeet all
Interrupt vectors are pointing to an error handling
routme (except Interrupt 7 - Ihe opelator key
board ) and the processor priori ty is sel 10 7. To
use an Interrupt the lollowlng has to be made
eucUy in the order given :

1) Replace the current Interrupt vector Wi th 8
vector pointing to the Interrupt handling routine.

2) Initialize the peripheral that Will request me
interrupt

3) AdJust the processor priollty level il required

Aller the Interrupt IS no longel being used, Ihe
folloWing has to be made to restore the original
conditions :

I ) Disable the pellpheral requestmg the Interrupt.
2) Return the defaun interrupl vector (pointing to

the error handling loulone).
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3) Return the processor pllorl ty level II modified ,

The address of the memory ocencn conlalnlng
the interrupt vector is computed by adding the
corresponding cttset 10 the sta rt address stored
in the V8R. The otlsel ia 64H lor INn level
emovectcr. 68H for INT2...up 10 7CH lor INT7.

From the user pcmtof view It is very convenient 10
build interrupt rouhnes into high·level language
programs that can be handled or compiled as any
other program The compiler crcoocee reic
eatable ,EXE program Illea: the operating system
conSIders that an EXE hie can be executed on
any memory address. However , Ihe exception
vector table conlalnS absolu te addresses. The
program should Ihererore include a routine to
compute the Interrupt routine address dy·
namically each time the program is executed on a
I'l8W memory location ,
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In the case 01the MC68010 It is eonvemennc use
the Load enecnve Address tnstrucnoe, in par 
IIcular LEA d (PC). An to Imd the ecnrer program
counter, The address-finding routine IS usually
located lusl in Iront 01 the Intel'1"upt rooene so
menne unknown stan address can be computed
easily.

Interrupt routines are usually DSP roulines
wntten almost entirely in machme code How
ever, hlgh·level language e~p'esslons are
necessary 10Interlace 10Ihe resl ollhe program .
Whenever a call to an interrupt rooene is made.
II is necessary 10 S8ve Ihe content 01the micro
processor internal registers on the stack and
restore It belOfe e~lllng Irom ee rO\Jtlne. ceo
siderlng the many MC68010 Internal register,
thiS operation may be very lime consuming

Since most DSP machine code rouunea only
need a lew registers , only the laller are saved
and restored belore eXit to save CPU time High
level language espreesione. however , use all
MC68010 registers!

Programs designed lor use In an interrupt
driven multi tasking enveeoment require some
addlllOnal leatu res. Since dillerent interrupt
roulines may belong to dillerenl main programs
and the Interrupt nesting is arbitrary. the content
01 all microprocessor registers is comple tely
unknown when entering an Interrupl rO\Jtlne. If
high-level language e~pressions are used in
Interrupt rocnres. the values 01 registers coo
talnlng base addresses . usually A4 and A5. have
10 be restored lor correct operation
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3.8.
CONCLUSION

As already menloned In the hrsl. theoretocal parl
01the arlICIe. the DSP computer descrIbed II only
a very successlul prototype able 10 solve many
practICal problems We WIlt probably not have 10
111'811 long to see much more power1ul computers
till WIth new dfMceI desIQneCl espeoaIly lor
DSP We prot)ably sll1l have to MWent most
applIcahOns 01DSP tn amateor radIO too

It II Y8fy dIltlCUllto dHcrlbe a comple. electronIC
CirCUIt tn the ' rMeel spece of a I...... ITI8g8Z1ne
artlClH WIthoUt om,n,ng ItTIpOl'tant deliltls I
would recommend kI all users to ordera copy 01
the "Qperallng Syslem Manual " laboul 15
ShHts A41wt"Ctl InCludes a detaIled detlCnpbon
of all operallng syslem commands. le.1 eclItor and
hlgh-1eYeI language <:ompIet' I prel8ffeel not 10

pubItstI the manual on the m8QIlZone IIf'C8 "

would be very bonng 10 a' readers not Imme
dlately Interested In 1M DSP compu1er

Thoae Inleresteel In WritIng DSP software Wli

eenalnly need more onfOl"mahOo on the ha rd·
ware Used. eapeoally the MC6801 0 mcro
proceuor Dunng It1e deYeIopment 01 thIS
computer I used the tollowlOQ publocallOOs from
Motorola

l )l ij.b1t MJCI'oprocessors Dala Manual. 1983
2) M68000 t 6l3 2·/)It MICroprocessor Pro-

grammer '. Relereoce Manual, 1984

Dala on memor... and P8f1pher.1 d8VlCeS were
oblalned Irom several dala·books and cere
sheelslrom NEC, Western D1gl1al ,ZIIog, NatIona l
Semlcooductor, Mostek , RCA. FairChild and
Matsushita All the aboVe InformatIon on the
component. used Includes mor e Ihan 1000
pages A4

Both de.lgn and conllructlon artlcl• • mainly
dl ac:u••ed the herdw.,a aod l he operaUng
. yllem . oft we ra , As th. appli cat ion . oft wa 'a
wa s on ly br latly ~ntlooed In l he 10rltgoIog
artlcl••, a datalled d. ac:rlpUoo 111'111 be gi ven
In p.art 4 of thl•••rl••, Alt hough IOft wa r.
chang•• quIck ly , It wilt c.rtalnly be useful 10

mantlon what can be d OM with th l. computar
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up 10 now, A wh ola benc h full of dl"et".nl
lotarfaca modula. for dlgll al tranamlaalona,
Inc ludiflll FA X and WEFAX. will become
lupert luoul.

Thi l Is the IUIUficailon 01 the IIMnc lal
e.peo.. 01 Ihi. DSP computet" and ItI 10 ft ·
111" "' , tI. gr.II.11 edvantltge will become
c l.ar ho wevar when e.perlmenllngl. doM or
If tranlmlllion atandarda a,.. changed; in
the.. c.... . hardwara In terfac. modu'" wi ll
become o~ta. the DSP computet" only
~I a modified Pfogram Of ju. 1 • modilled
PfOllram parametet".

BesIdes II'ItIlJve applIca tlOO programs menloned
on It1e IheoretlCal ar1JC\e , It1e IICtual applIca tlOO
programs n::tucle

• AQ-13 400 bpi PSK telemetry receptlOl'1
(wnplemenleel)

• Meleosal WEF AX receptlOl'1 (lesleel)
• SSTV Rx..TX (plannedl
• AudIo recor08r 111',11'1 varl8b1e playbaCk Ipeec:i

(tested)
• Fn audIOspeclrum analyzer tplanned)
• AX 25 COrTVT\UOIC8tlOO modeml up 102400 bpi

(Iesleel)
• Advanced protocol. wllh errOl' COl"recbOo

COOtng (planned)
• Rang,ng tor salei llte orbt delermmatlOl'1

(plamed)

Many other progra ms and some hardware fan
EPROM programmer modu le) W8fe developed
JUst as tools 10 WOOl on t!'le hardware and on
the operaling system I decided not 10 describe
lhem emee they are probably nol Inlarastlng
lOt' the maJOl'lty 01 reade rs

Al the end I hope thIS serIes 01 arlIClas 111'111
shmulate mor e amateurs 10 e ape ren ent In lhe
DSP held Maybe lhe capa/)llli les 01 the DSP
comccrer shown are not compa rable 10 wha l
the leadIng sem+eondlJCtor manulacturers ar.
adverllslng on their eete-sneee . bul do not
lorget lhat lher. l' a long way Irom the dala·
sheet to a work Ing DSP prOject In any case, me
oeecnree DSP computer was lound mUch more
versalile lhan lhe origInally planned successor
10 the APT scan-conver1 er and In some case.
II performed even bene- lhan dedIcated DSP
computers
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JUfg8n Dahms. DC 0 DA

The " microline 3" Transverter System
The Break -th rough in 10 G Hz Experimenta l
Communicat ions
Part I

1.
HISTORICAL REVIEW

The 10 GHz amateur bancl has alWays been the
mosllaso.,..hng SHF b4lncllOl' lhe e_penmenla'
,aoo amateu' FOI' along lime now the legendary
Gunnple_er has been 'egarded as the means
01 communlUhon II doesn 'l pre5erl1 any con
strliCtl()flal problems an(l enables . In conJl,lnctl()fl
wl!h an appropriately h'lln-galn parabolic an
lenna. e_IraOl'd,nanly good redo conlacll over
greal dlslane" - provldmg met the working
Irequenc::y 01the dls tanl sla tK)tl has been loun(l '

In the sevenlles, many ,ad'o amatellrs were
dedICated to Ine cooeuucuon 01 ""lfow·band
franlverters Ullng semt-condUClors II was
proved e_pe'nmenlall y Ihal IherB was an IndiS
putably 30 dB gam to be had ovel the wideband
systems (1) In me meantime. It became clear
through variOUs e_penmenls. that tne advanlage
01 an almoll 30 dB .ySlem gain, as opposed
to the wldeband technIQues. was well proven and
could nol be disputed Even fhe process 01
SIInlng up a confac l IS very mIlCh 'aclillated
OWing 10 the e_cluslve use 01crys tal control

The !ransverler wl'llch was - and ,IIU II. espe
CIally on Greal Btllaln - lhal publIShed by G3JVL

'"At lhe end 01 the sevenl,... beg1nr'llng 01 Irw
81gnl.... one saw a lapod~lln nalrow·
band syslems. partly In pnnled-ClFCUll lechno!ogy
and on lI'Ie employmenl 01 a.As·FEl, One call
"9n whoch Will Immed.alely come 10 the mln(l
olanyGHzamaleu"sOll ROle_ Dl8RAH)(3)
HIS Iransvert81 was mainly eJnlJleled . and
operated , on IO\.llhem Germany and In Ilelgh 
bounng counlnes such as AUllna. SWllzerland
and Italy

Allhe beginning of 1886 came 11'1. ra.1 bre.k
IhrOllgh : 1l. lng • tolal 01 only th,.. modul••
jd. ac rlbed h.,e)• • respectabl. transmit ect
pili pow.r 01 lOme 200 mW .. well ••• very
good tecelve ..nsllMly po lng a nol s.
lacto r 01.pproxlmal.ly 2.5 dB w chl.ved,

Inlenl lonally . lhere Will be no smgle PCB deSign
presenled here , Ihe main cha,ac leflst+c aimed
lor being e_cha"98a~lIly and I je _ ,~lIly 01 bolh
sen(l and ,ecelve modlll.S Partocuter value 's
laid upon system fldeilly and the a~hly 01
modlll.s 10 be e_changed wlthoul compr'Slng
overall .yslem speclflCahOl'l' Modern lechnlQues

g,
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are employed al)d waveguide cons truc tIOns
completely dl!lpensed with

ThIS developr'r'lent could only be undef1aken
by the author w' th close co-coerenoe Irom the
hrm SSB Elec tronICS as Ihey possessed all lhe
eqUipment necessary 101' evaluahon purposes
W,th the practteal aSSIstance 01OJ 4 GC . mIme,
tUla caVity resonatOl'S POS~Slng a good value 01
o were constructed 101' the selective CirCUItS
They enabled an harmonte SUppresSIOfl 01eener
thAn 40 dB In the tranStnlt port+an10 be eeoevee
The employment 01 commerCIal tes t eqUipment
lor the development 01the projtl'Ct was absolu tely
Indlspenl!la~e Calculahons were cemec oul
but they were always Vfllll,ad comprehenSIvely
by me ans 01 Ihe spectlUm analysel eetcre
commumeettc the deSign was con templated

O,aappomlong expe llence With the blasmg 01FET
gates by means 01a separale supply dtd enta,1 a
bit 01 expenmen tat+an 101' the croce 01 low-loss
plate capaCltOl'S 101' the source decoupllng In
OId&f to gene rate the gate bias automatICally
Source biaSIng has been regalded w,th some
treprdatlOfl even by eXpel"enced SHF conSlruc
tOl'S Th8$e e_penmPn!S W&fe successtully con-
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cluded The employment 01SMO techniQues. eoo
tha (almost ) consequent use 01 stropllnes. auto
mahcally pved the problem

So tar . more Ihan a hund red com pleted modules
have been supplied to amateurs. both at home
and abroad . wlthou l any real tecnocet problemS
berng reported Not only was a USA distance
record established (400 11m) but also the eqUIp
ment was used 101' success lul 10 GHz EME ex·
pe",nents The popula flly 01 th,s 10 GHz tren••
vef1er III'l8 prompt ed Ideas abou t mail ing It
Ivallable a. a home construc tion prOJ6ClIOl' lhe
SHF I mateur In the 101m 01 a three -modu le li lt
ThiS IS supplied together wllh detai led point-by·
point construction and alignment Instruchons
VarIOUS me thods ol lesl lng and test eqUipment .•
prereqUISite lor a successlui allgnmenl. are
o,ven In table lorm toge lhel With leferences
A spect rum analyse r. allhough Indlspensa bla 'or
development purposes. is In no way necessary
101' the complellOl'l oI lhlS prOJ8C1.

The "mlCrol,1'l8 3* comprises three modulH
l l ig. 1) Mw"Q the loIlowIng OeSlgnatlOl"ls
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- XLo-l 2.5 GHzlreQOency proceSSing
XRM·1. 100Hz recOlve mlJer

- XTM· I : 10 GHzlrani mll miJer

These modulel will be lhe subj8C1 of Ih" multi '
parteescnonve artICle

The aUlhor '. desire is to I llmulale emeteur radiO
e~peomenlahOfl by , as a ' ''11 I lep . bUilding hll
own 10 GHz slal,Ofl The ever increasing re
QuellS lor 'net/vidual pl'lflled C" CUlt boards and
lpec.aHe-type componen lScan. Irom now on, be
sailifled These seNe 10 rellecllhe vreallnleresl
dIsplayed In the 10 GHz amaleur band

The driver transceIVer can be • normal com
merCIal z-eeee unll haVI"Q a Iranlr"" output
power 01 between 20 mW and 3 W IUCh as. fOl
e~ample, lhe n 290 01 IC 202 Bolh lhese
Iransceivers are emlnenlly sullable lor use With
Ihe "mlCrohne 3" equipmen t for 10 GHz porlab le
operatIOn

2.
LOCAL OSCILLATOR XL(). l

The local OSCillator module use. a double-sided
via 51-epoxy pl'lflled crcort board 01 dimenSions
35 x 108 mm II II pre·dolled and valvanically
nnred and MSln to a pl'epared hn·plate ccotamer
01 dimenSIOns 37 ~ 111 x 30 mm The module
delIVers a cryslal-conlrolled 25S6 MHz I "i!nal 10
dllve the 10 GHz recOlve m,xer XRM·I w,lh an
outpl,lt power of al leasl 5 mW

2.1. Circuli O..c ,l pllon

The Iow'MY outpullrom a 106 5 MHz cryslal
OSCillator is mull iploed by • laclor 01 24 10 bru'lQ
lhe unll oulpul to lhe requ"ed lrequency of
25S6 MHz t... l ig . 2)

Q • 106.\MHJ _ . , _ 1' 9.\MWl - . ' _ U9MWI -- . , - - ,n l "''''' _ ., _2\\6MHI

..•
fl::

~...

.~ ~, ", ",m •• ~ ~ - ~ - ~ .... 10, "" \0, ,,,
:-&- "" .. .. ......

. ~ " .. •

J
.a • ••t' . II ..

~:~ ~jr'" ..- <~ "~

rt ... "".... r- , •• r'! _u! IW H " ..'.. <~

\(Jl ~ I .. " , ::.,.l~ ~
, .. ~ " • " ~ .. . ",

1 .. ,
~.

..
,...-. "I-~,,,,, ,-Tr·t.<_

....0. ,'G'"... . It"
~'0..",1Cf ..",
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-f,Ot. ,"', ( - j" XlO- 1- , ,_.......,- _.- -'- -"""I" ... ''''If'O .... -,_",-

FIII- 2: TM Melll.tor mull lpllef module XLQ.1MI...... 5 mW.1 25511 MH'
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The IndiVidual mul lipher stages are coupled
through caro-pass " iters, a loosely coupled 3·
stage hlter being used at Ihe outpu t 0' the unit
In thl' manne r, a clean output spectrum IS

assured with a eponous level suppress-on 0'
greater than 40 dB Anon·board vollage regulalor
(9 V) makes the Unit secure ' rom the enecie ot
ed emal supply voltage lIuctual lons . An e.
tremely stable (TK • 10 ppm) crystal, which IS

also temperature-compensated, very adequately
assures a sulllclently Irequency-slable operation ,

Although the con struction and alignment 01 this
unit presen ts no senous problems for the ex 
cenercec cons tructor , both tecers are taken
care 0' by detailed step -by-step msuucuons
ThiS Should compel the ccosnoctcr Irom the
very start to adopt a cerelul approach thus
leading to an exac t and problem-tree coneuoctce
01both lh,s and, subseQuently , the XRM·1 and the
XTM·1 modules

2,2, lnllalll ng 1ha XLO·1 Board In lha Tin -Pla ta
HOUllng

t .
Set the Side walls o! the tm-plate box In lhe top
cover such that the two punched holes POint to
the botlom prate

2
Spot solder the Side walls temporarily together at
their upper corner edges .

3
POSition the M3 _ 12 mm cneeee-bead screws In
the comers 01the houSing,

4.
Fit the board Into the hoUSing Irame With the
groond-plane side uppermosl and restll~ on the
lour M3 screws, " n&Cessary hllng the edges
to obtain an eeect nt.

5
Solder the board all the way around Its penmeter
10 the houSing walls

6
Take the hoUSingIrame complete With board Irom
the eonom plate and comple te the solde ring 01the
Side-wail comers bctn above and below lhe
board,

7 .
'tnm the 'Illi ng PInSon the prin t BNC socket and

.8
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hie the reSidue 011. j nm the BNC socket ceo
necicr SPigot and hrush olt With a Ille. PreSSing
lhe socke t to the tmwall, solder the centre SPlgol
to the 3-stage hlter output track .

8
Solder the BNC moun ting flange , all the way
around ItSpenme ter . directly to the Side wall,

9
F,! the PTFE through connector In the appropllate
hole and solde r the central spigo t to the PCB
track

2.3. XLO· l Componen1 Ult

1 PCB XLO-l (dnlled and tIMned)
1 Tin -plate enclosure (pre-Iabricated)

(37_ 111 _30)
Crys lal, HC 18/U series resonance
1.1 06 500 MHz
TK 1 10 ppm (- 20to '" 70" C)
Neosld inductor 506 1 (blue /brown ): L1
Tel lon ieec -tnro
SNC print socket
5cmCuL05dla
Voltage regulator 78L09
U 310: T1
BFG91 A : T5

1 BFR 90 A T3
2 BFA 91A T2, T4
4 M,niature presnc 'oiltnmmer type Sky, 10 p.

black
5 Miniature pia snc 1011trimmer type Sky, 5 p,

green
ensc capaci tor 1 n

4 Trapez cap 1 n
1 t -ecee.eec too c
1 Trapez cap. 47 p
3 Chip cap , 1 n
1 Chlpcap 4p7
1 Chip cap , 47 p
1 plOCO 01thin Cu· loil 20 _ 20 mm eppsox
2 Capaci tors 1 nF
1 Tant . eicc 1 j.lF/35Vor1 j.lF/16 V
1 Cap . 82 p, TK: N750 (hlac)
1 Cap 15 c . TK. N750 (lilac)
2Cap,6pB
2 cee a ca
2Cap, lp

ReSistors
1 .. >
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Fill. 3 :
INC Xl(). l module componenl
p< ."t l. yO\l1 p l." (ground pl....

• la )
l , - 3lurn. Cul 0.5 mm
dl• . wou nd OVfi 2 mm

,.1 1"" lon"fi
_M'" L.. _ 1 2 turn Cul 0.5 mm

dl• . wOUIld ov.r 3 mm
lotm.r

XLO-1

ILID
Fig , 4 :
)(l ().l module c:om po...nl
pl." (It.ck ~d.)

3 10 k
3 1k
I 330 II
1 220 II
3 47 11

2.4. Equipping PCB XlO -,

Figures 3 and 4 show the component layout 01
thiSboard Irom both Sides.

t .
Through-conrntet to ground the stnpline band
pass·lli ter CIrcuit. comple te With connectlon hole
lor the 1 nF Chip capaci tor, to the 'Irst stage 01
the 3-pole tee r.

2.
File out the drilling lor T2 Wi th a mouse-lall Iile
so thal lhe emmer leads can be passed lhrough

3
Solder the diSC capacitor 'or T2 emillar to tha
PCB

4
Solder au me ltapezOldal capaCllors (notel. 3
dlHarant valuas),

5
Snip lhe ceorre connector 'rom tha Noosld In·
ductor and also lwo 0' the screen-can !ll lng lugs
Pul me IndUCtor 1010 the holes prOVided The

scraenlng can IS soldered by the two opposite
lugs to the ground eo e Ol tha PCB

6
Solder·in the crystal and then QUickly spot solder
menarrow side 01ItShoUSing to the ground plana
oltha PCB

7.
Soldar-in T1 (V 310).lha transistor housing must
he !lush With lhe PCB's surface QUickly spol
solder the hoUSing lab 10 the PCB ground plana

B
Solder In all the lransiStors and e e VOltage
regulator in accordance wllh the lay-out plan.
The ll ansistor connector leads musl be shortaned
belorehand as required The ermtter lead of T2
(BFA 9t A) must be bent downwards through 90'
and soldered to me osc capacllors An ermuer
lead 01T5 (BFG 91 A) IS snlpped oH Ensure that
the pflnllng on the transis tors is legible 'rom
me track side 01the board l

9
Solder In all the III capacitors whiCh are Installed
from the ground-plane side as In IIg, 3,.
Fabricate the 8Ir-COlII 'or the 3195 MHz band
pass filter according to tne Instrucllons given In

the title to fig 3 and solder In ' rom the ground
plane Side

99
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11
Install all the lOll lrrmmers pressing lhe otesuc
bodies omo lhe board and solder ee previously
bent connector leads 10ground via Ihe shortesl
possible route Snip 0 11 any protruding connec tor
lead ends on the PCB track Side Should the tOil
trimmers be too slltl to turn, they can be treed
by means of a light hammer blow to a screwdnve r
applied 10 the rctoe slol. ThIS musl nol be over,
done as the SPling washer must have sulllClent
force to ensure a good sliding earth contact

12.
Solder In all the eight reslslors which go on me
ground-plane sloe of the board (see l+g 3)

13
Soldel In the remaining reSistors, ,nclud,ng the
chIp resistors, also lha capaci tors and chip ca
oecno-s. all 01 which go on the nece Side 01 the
board In accordance wllh fig . 4 The base ce
pecuors lor T2, T4 and TS are soldered uprlghl
between base and emiller and as near as cos
Sible to the tranSistor. tt couio be lhat Ihe viSible
portion 01 T2 's emilie , lead IS nol long enough
10 solder II lh,s 's the case, drill out the board
With an 08 mm dnllm order 10make the ground
contact

14
In o.der Ihat lhe emurer of TS(BFG 91 A) ISbelte l
de-coupled. a 1nFcnccececno is plaCed.on the
PCB ground-plane side, In para llel wllh the
100 pF lrapezoidal cecece-.

"The board is then inspected lor laulty SOldered
jomts and other WIfing cetecte. The pholos 01

' 00

I lg . 5 and 6 show a comple ted e~ample ctme
module XLO·l

2.5. XLQ-l Ali gnment,
Turn alltflmmerl fully out (min capacl ly) and all
coil slugs so that they are on the ext-erne edge 01
the COli lormer

2
Close me module and coooec t me 12 V power
supply'via the muttrmeter (range 100 rnA). A
current ot some 16 mA should be !lowing In me
ground leao

3
Slowly turn the csc.uatcr COil-core ,n until lhe
current nses trom 16 mA 10 24 rnA The crystal
ISmen oscilia ling ante nominal hequency.
4

Tum the couector mmmer 01T2 In by aboul l 13rd
and Ihe baselflmmerol T3m by 213rds Then by a
process 01 Iteration . tune them unlll the currenl
rises to a manmum 01around 44 mA . The output
necoeocv ot 3195 MHz should lhen be venuee
w,th an absorpliOO wevemeter (1)(2).

5.
Turn the collector tnmmer of T3 and the base
mrnmer 01 T4 In by aboul 113rd and lune lor a
maxtmum current rIlle at around 76 rnA. By
tUOIng Ihe lr1mmers, only one currenl peak
should be obla lned in order lhallhe uml is tuned
10 the outpul frequency (only) 01 639 MHz
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11
Flfl&-tune al the munlpll8f IrlfTlrT'lefl. by (leratlOl'l
between 1l'1em. unt,l a malllmtJm power outpul 01
10mW is anatned

Th,s tuntng pIOCflI should resun In • reduc1lOl'l
01tile mun,pIMtr currenllO .101,1 oIl1C1me 85 mA
By carefuly turn.ng out lhe OSQIlalOl' COIt-oc:we.
lhe 10laI munlplMtr current shOuld return to lIs
Ol'lglna!valueof 15mA

F.nally . the oaallator tuf"lll"lQ ItabMy should be
Chetked by dlsconnecl'rog .nd reconnectlrog the
munlpller supply IIOIlage a I_I,mes Eachlime II
IS reconnected. the power shOuld return 10 lhe
sameI,nallzed lun'ng lIalue

IIcar. 10 both soldering and allgnmenl hal been
elletClsed . more than 10 mW et Ihe reduced yalue
of supply currenl should be obtained Nalu rally .
the ellacl output power Will depend upon the
manulac tunng lolerances 01the I8ml-conduclOl'S
which neve been employed

Only 5 mW outpu t power II sutl'c'enl 10 drille
Ihe mUlhpher 01 ine receive -mIller XRM-1 so
Ihal the mult iplier has, In teet. more Ihan 3 dB
power m reserve

Nev8fttleleSS . IhlS should allO be lIerlloed .....,tIl
alr8QU8OCY counier llee.( above)

•
Turn lhe collector Inrnmer of T.( and the base
If1ITlI'l'l8I' of T5 In by about 113rd and tune by
~eral'"'il betWeen theM two conlrols unt,1 the

currenl nlea 10' mallllTlUm al about 100 mA
The IrflQuel'lCY 01 1278 MHz 'I clearly all.llable
now (ched< .s before) but II'lfl output ll1'lpedance
'I not yet matched 10the outpul tra"..stOl' T5

7
The lr,mm,rog tooll shOuld "I ll'lfl tunlrog &lots
ellae1ly and be ent"ety 01 plasllC Wllh no me lal
li ps The collectOl' tnmmer 01 T5 shOuld be tuned
care lully 10 Ihat the mocIule .nput currenl oe
cre.... by " mA (this corresponds 10 aboul a
115th 01 a lum 01' Iesl)
8
Connect a power meter (bo!omelet (3)( .(), 01'

WaMmeler (5)) whICh has been prevIOUsly set
10 the 10 mW range . 10 lhe Irequency multlplll!lr
OUlpu t

9
The hlSt two trimmers 01 the a-cere lil le r are
lurned slowly (about 0 ,5 mm). The power-meier
read'ng should Immedl8tely starl riSIng from
nearly zero deflection to abou l 5 mW .....hen
the ml<klle lrlmmer II turned

' 0
The output Irequency 01 2556 MHz should be
lIeriloed ..... ,th a cal,bra ted Irequency probe
accordu"Ig to (5)

Outpu t frequency
Outpu l power
HarmoniC output
Frequency stabllity
( + 5 10+ 30 C)

2556 MHz
5mW(mln)
< .(OdBc (mln ·1

10ppm(mln,)

' 01



2.7. Llter .lure to 1he Hlstorlc.1Review

(1) Vollhardl, D.• DL3 NQ :
The 10 GHz Amateur Bands - ConSlderalion
01Present and Future Technologies
Part 1 and 2
VHF COM MUNICATIONS Vol 10
Ed , 4/1978 , p . 244 ·251
VHF COMMUNICVATIONS Vol. 11
Ed 111 979, p 34 -42

Supply vollage tc nooa ro stab)
Supply current (typ ,)
Output connector
DimenSions (w1o sk1.)
Weight

12· 15V
BO mA
BNC

74x37x l l 1 mm
l 00 g

VHF CO MMUNICATIONS 2189

(2) G3JVL:
10 GHz Narrow -band Transverter
Microwaves, Jan. 1979

Suc kling. Charles . G 3 WDG'
Further Information on the G 3 JVL
10 GHz Transverter
AadlOCommunicallOn , Apn11980

(3) Vogl, P.• DL 8 AAH :
1Q.OHz·SS B·Tran sver1er In Modulbauwelse
DUBU S, Hell 21 1984
Vogl , P.• DL 1 AD:
10·GHz ·Tr ansverler in Mlcroslnphne·
TechOik
DUB US, Hell 2/1986

Vogl , P" DL 1 AO :
Neuenlwlcklung I O·O Hz·SS B-Transverter
DUBUS, Hell 411 986

We would like to introduce the English edition of the well·known " UHF-Unterlage" from
Kar l W e iner, OJ 9 HO.

THE UHF·COMPENDIUM
Interesting for all active and technically minded Radio Amateurs

The book contains sutncent meoretcar material to provide the relevant background infor
mation and to explain the operation of the equipment described in the building section.
Special emphasis has been ptaceo upon the construction of GaAs FET pre-empnuers and
converters as well as power amplifiers and antenna systems for the 70 cm and 23 cm bands.
Great attention was paid to diagrams of measuring equipment and tuning aids. Conse
quently. there are suggestions for the construction of simple alignment tools, power
measuring equipment, a fixed frequency generator for receiver alignment, a UHF dipper, a
panoram ic receiver and a swept frequency generator. Practically all constructional projects
have been verified and optimized USing present standard test equipment such as generators
and spectrum 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 mail) for inland OM 5,00
for abroad DM 6 00

k ~berichte T Blltan OHG · Jahnstr 14 · POBox 80 · D·8523 Balersdorf
Tel. West Germany 9133 47·0. For Representatives see cove r page 2
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Armin Meier, DC 7 MA

Furthe r Improvem ents to the DJ 4 LB 002a
ATV-TX Audio Section

The conatruction 01 the , 0und·PLL following
the de. lgn by OF 6 WU (VHF COMMS. 188)
w••, •• ler •• I w., concerned. fraught with
dll1lcuIUe•.

1. The oscillator was able to oscillate on all the
harmOl1IC overtones at 9 MHz exceor the 3rd., I e
26720 MHz

Remed y: A 47 pF capacitor connected between
the base and emitter 01 fl . Perhap s It was the
crystal that I used. as these CB crystals seem to
have a will 01their own!

2 The level plesented to the follOWing buffer
stage (T2) was very low. making II very dlHlcult
to set the working POII1t of the 7400 IC.

Remedy : By uSing a 74LSOO, the driVing power
needed Irom the buHer IS very much reduced
theleby II1cl easlng the output v~tage at the
buHer and making the working POll1t 01 Ihe IC
much eaSier to set ThiS IC lunchons without
any dlHlcultles despite the warl1lng about USing
LS types. ve-cce LS types Irom dll!eflng manu
facturers were tne<:! . all Without d,!Ilcu lhes, Also,
the 33 4 MHz Signal path (T3) thlough the IC was
much easlel lo adlusl ,

3 Since the gates In the LS veraron luncllOned
wlthoul any trouble. the other 74-sefleslCs were
replaced With LS types. Even the diVider chain
e_hlblted no problems l Nevertheless. vaflous
e_amples t-ern dll1eflng manufacturers wera
meo

I ,I'

1<~ tl~
l IS

-o {IJ ..
0 lJ -WI<.. AFC vo l t a ge

vv"-- -1 D t o veo
Fill· 1;
"'n lmpl oved
loop-llIl.r

' 03
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Flg. 2:
" mort
I n IOfm,II~ ,

"Ioc:k"lndlettor

7

f ig,3:
Short,nln'i!IM
loek_ln U",. by
prOYidlng , low
,..I. I.nee peth
lor high "Fe
~ollege.

The poSIIl~e resull was a smaller current con
surnpncn for the unit and. as a consequ ence, less
heat de~e!oped by the ~oltage regulator,

4 The PLL did rot lock In cleanly Listening to
me 334 MHz signal with a receiver in mode SSB
dldn'I sound too good The VCO was hunllng
around the rommar treQueney. somenmee
qUickly. somenmes very slowly before finally
locklng ·ln , An externally Induced Impulse from.
for example . SWitching on 'he soldering Iron
was su!llClenl to cause the PLL 10 break lock
and allow the earner to start hunllng again By
SUitably tUning the sse receiver. a norse remltllS
cent of a two-slroke molor could be obtaltled l

Remed y: A 3 to 5 kll resretor ISplaced In series
with the loop caoectcr (10 ,.F) as shown In flg.1.

5 The LEO does not really mean a greal deal as
thele doesn't appear 10 be much dllterenee Itl the
indicatIOn between a hunltng condl 'lon and a solid
lock of the PLL. The LEO might as well not be
there a' all

Remedy : The LEO operating logiC IS changed
around . pm 1 of the IC 4046 controls a PNP
Irensrstor via a 10 kll reeetoe The emitter II
connected to .. 5 V and the collector VIS a 300 II

104

(approx) reaetoeand LEO to e8r1h See lig. 2.

LEO on • PLL out ot lock
LEO Ihckers • PLL Isnot properly locked-

In but is huntltlg near the
selected trequency

LEO Intensity vsnes . Normal during modulation
peaks but could slgnlly
cver-cevence. Also PLL
out 01lock

LEO out - PLL properly locked

6 t ock-e time IS too long (1 to 2 sl ·

Remedy : A network CompriSing two 1 N 4148
diodes , Itl anti-parallel , and a series 4 7 kll
resistor il connected across the eXisting 100 kll
loop-uner resistor (... fig . 3)
Should the AFC voltage exceed r 08 V, the
current l lows via the diode network thus hmrhng
the AFC voltage to that value A Ime control II
then ellac ted via the 100 kl I reeetor. The lock-In
time IS then reduced to a lew mllli-seconds and
Without alfec llng the devls llon ,

7 The AFC hne should be screened

Remed y: Use screened or co-ax cab le lor thiS
hne
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Armin Meier. DC 7 MA

ATV-Sound PLL for the DJ 4 LB 002a Board

Owing to the d lfflcultl e. experienced with the
above un it. a. conceived by OF 6 WU, a com 
plelely new ci rcu it wa. deve loped wh ich may
be dup licated Immediately and wi thout any
adj uatment procedure. 10 bother with . The
OF 6 WU cIrcui t may have fun ct ioned well on
th e prototy pe but haa been found critica l
when dupllcaled.

1.
CIRCUIT DETAILS

broadcast transmitter which also works wllh PLL
Circuitry The level tom thlll stage is already high
enough 10 drive a frequency counter and no
adlustment is therefore necessary , see fig . 2
The VCO must not be worked flat out. reduCing
the output h.mchons just as well

1.3. Divider Chain .

The tollowlng evrcer cnams were taken directly
t-ern OF 6 WU's cncun. except that In each chain
a dlvlde-by-ten stage was ackled.ThiSmeans fhaf
the PLL now functions Wi th a tenth ot the VCO
frequency ene-encoe The follOWing cnve to Ihe
40461C II Identical,

1.1. Cry atal O.cillator

The crystal OSCillator is driven Wl lh a somewhat
higher output voltage and SUpplied from the 5 V
rail. see fi g. 1

1.2. Level Adj ul tmenl l

The cnccu lor the HF-level matching , as well as
that of the VCO, has been borrowed trom a

1.4. Loop-FlIter

The output 01the PLL IC 4046. ptn 13 was taken
rrcm the creon suggesllons given In (1 ), (2 ) and
(3) The Ioop-hlter ccmorees an R-R-C combi
nation as shown In figure 3

The LED dove logiC was changed to Improve rte
Intelllglbili ly as an indicator

r,1 1': 20 t ur n. Cui O.6mn
w<lund on 5"11 t l;lr lner

Fig . 2: CirculI 10 convert 10 TTL-level

TTl

.sv

OC7 MA

'"

,os

I ,"

DC 7 MA

R,Q

(6

''''
Ql c::::::11 Ra

11>.710 I 1l ~



.....
.....

.
1,.

1:
-

..
..

..
.

"
-

L
.

""
D3

l"
C

t.
'

-
,
~
.

."
•

I
~

,
I

,
I

"
m

~

""
."

..
~

rn
T1

;
""

"
;>

-
•••

'"
•..

"
I

"
N

,.,
±

.~
,

..
r
+

4
.."

~
,

'"
."

.. -
18

..
"

T2
V

l
..

..
0(

1

'.
D2f

..·1
"

"
."

"
,

n
,

~
." .,.

r"
"

r"
0

,.
~

,

"
''
'I
I:
~

,.
~

I.
"

13
>

--
-f

--
--
4J

~~
@

....
""

1
."

"
.,

"
"_

_
I
'

•
n,

,.
n

,
,. K

"
~

,

H
H

-,
I

I
!"

O
O

(
..

,
s:

,.,
~

'"
"

).
t:

.
~

...
"

.'
D1

..'
..

l
·

·~
'"
''

"
"'

08
.-

I.
"

DB
1N

VO
O

7
~
H
n

"
..,

< I

•
•

"
~

H
'

-
-

o
e
,

."
."

."
,.

I
D
"
'
~
.
'

0
.. ~

~
~

,%

-
-
,
~
.

o
,

~
..

..
~

,.
"1

-r
..

c
DO

os
Z

~
~

,

0
"

."
..,

>
1

·
·..

..·
..

~

o
,

"
u

.
e

'"'
0

1
1

[(
1

Z
'H

'"
I,

~
...

F
ig

.4
,T

h
e

\o
Q

I
o

sc
il

la
to

r
P

ll

"
~

~
c

ir
c

u
it

d
ia

g
r.

m
D

B
1

N
V

00
7

~ ~

~
~

-
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~

.
~
"'

f
.

,
~
~



•

VHF COM MUNICATIONS 2189

A negative output woulcl cause the varap
tUning dlOdei lo cond ucl thulde·lun lng the vee
A. both the frequency drift and the phase nolse
of the l i t LO lor the I maller eweeps il unlatl' 
factory . It can be filled 10 a cryltal reference
Irequency Because 01the operating advantage s
01 the scanmng·PLL (easy lock to the nell t tre·
Quency I lep) It was retained but the CirCUitry
was radICally Simplilled Now. the output Ire·
QUency ot lhe VCO. diVIded by &4. II used lor
the acannlt'lQ - the FET T3 being a sampleJhold
CtrCl.lI1

The aampling pulse is produced In lhe usual
mannet', dunng the gate periOd. In 18 (74 F 00 )
and which is then used to drlve lhe cryatal OSCII·
lalor/dIVIder chip 19 (74HC4060). AI opposed to
the earlier verllon where me samphng SWi tch II
uled 10 tranl late to an IF ot 32 kHz. the phase
comparator operates nowdirect ly at the vee Ire
QUency - ellmlnallng harmonICmlll,ng In the IF
altogethel .

The output voltage 01 lhe phase comparator .,
taken to a hlgh'lmpedance pcIInl In 17 and ampb_

F't. I : The ....CO PLl !x»,d eomponer1llayoul plan

fled As. In the unlocked cond' hon. an IF spurIOUS
mill ing product IS developed In the aampllng mixer
betwee n the sampling pulse and the Input signal .
It IS poSSible to InUuence me lock cooeorWith one
of the recM,er, (07. OSI at Ihe output 01 17. II
Ihe Pll IS already In the lock coodlhon. 17
delivers a pure DC voltage . the diode cannot
pass the oulpul voltage and T4 and T5 ale
blocked thus exllngullhlng the Iock·,ndlca lor
LE D

The control voltage IS taken from 17. VI8 a Iow
pass 1,ller and a SWitch. 00 to a rellshve d,vl(ler
whICh enables an adjustment to the loop reo
sponse hme II then goes on 10 the control
amplifier 0' the 'requency control loop (13) The
lime coostent SWitching In 13 has the effect Ihal
a SUllable PlL lime constant II selec ted

2 .1. Con,lrvetlon and Alignmen t 0 1
DB 1 NVOO7

The conslrudl()l'l ol th,. module ,. vncfl1lC8l and
II carrl&d out In accordance With the COfflQOfIent

vco.".

'"

•
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Or, Eng. Jochen Jirmann, DB 1 NV

A Spectrum Analyser for the Radio Amateur
Part 3: Construction and PCBs

In VHF Co mmunlcaUon. 1981 ed ition. 3 and
4, a concept, together w ith th e nece. sary
ci rc uits, was presented lor a spec trum·
analy. er Int end ed lor amateur rad io u. e and
wh ich covered th e range. 0 • 500 MH: and
1000 - 1500 MH:. In th e meantime , this een
cept h.. bee n further dev eloped Into an
opera tional plec. 01 le.t equ ipment wh ich I.
abl. to be replicated without lear 01 en
countering teething troubles. The following
de.lgn objec tive. were achieved with the
Instru ment : -

• The number 01 const ituent units wes r..
duced to four .

• Crltlce l Inter·unl t cable connec tion. have
bee n avoi ded by careful arrange ment of
cl rc ult l w ithin .ach modul• . For e.ample,
the vce and PL.LFL.L. unit Is located to
ge the r thus avo idi ng th. nola..senslt lv.
vce co ntro l Une and HF cabUng.

The equipment'• • pec lf lcallon w.. gradu·
I lly Improved 10 th lt a contlnuou. ly
adjustable bandwidth cr yltal filter al well
.. . I w ltch. ble vi deo filter II now avanabl• .
The no ise si deband charac terlsUCI of th e
VCO were alsO Improved .

A I malle r circui t complex ity al l o IlmpUfles
th e con strucllon ,lo r ••ample, an Integ rated
circuit now r.pll ce l th e dl l cr ete-com po
nent loga rithmic IF·amptll ler. Thl l IC wal
designed lor use In hlgh -quallty stereo
rece lverl . The critica l sampli ng PLL. now
wo rk l at lower Irequ enc lel .

108

The spectrum analyser now ConSiStS 01 me
101l0wlI'\g lour uMs: -

1, The HF/fF UOit containing the mput ml. er, the
hrst (470 MH:) and second (10,7 MH: ) IF,
the wideband IF hiler and the logarithmIC IF
amplifier.

2, The local'"Osciliator module which comprises
the VCO from 470 to 1000 MHz wllh !requency
and cnese-ccseo loops

3, The veneble bandwidth crystal filler ,

4 The sequence control together With video
!Iller

The IndiVidual units wilt now be deSCribed bul
only as lat as they dill er Irom those deSCribed
In the previous articles .

Bul cercre the uM descnpncn commences, here
is an impor1ant advice to all potential builde rs
01this proj8C1

The Instrument represenls a very comprex
system which requires a great deal 01 expenence
In HF cirCUitry as well as access to the lollowlng
test equipmen t lor alignment: -

- d,gllal murtrmeter
- frequency coonter to at least 1 GHz
- OSCilloscope Wi th alleast a 20 MHz bandwidth
- sweep generator 10 500 MHz
- narrow·band sweeper lor 107 MHz (can be

seu-constructec)
- luncllon generalor
- spectrum generelor
- signal generalor (or a sweep gener.'o r) With
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II the HF output IXJ'lf"'8l' grelltly depanl lrom Ih8l
g~ above. It can be COITlICled bY c;hangong
the .".,tler r_stor of T2 ." the 'ange of 560 II
10 2 2 ktl The tu!Wlg I llroge can be COITIIClIlCl
bY 1Id~long the length of the tuned 11M II the
"1Ql.Ie"CY_ 100low . allNlloop of .oout 5 mm
~. both .rot betng~ed 10 ground and
IDealed at the cold end of the tuned 11M. can be
used lor line COtTectJOna The loop II ItInpty bent
10 a poat1lO1l such Ih8l the oounter~.

Induced .,,\0 the tuned ....., resultl ." a hlgher

"...-cY
Atter lhe veo II woriI,ng properly. the funct IOning
of the Irequency dIvider . SOA -4 211. arid of lhe
volla ge level change la can be OOr1 trolied Wllh T6
Md 14 Pin 3 0114 serves as a lost point to check
me vco Irequency dIvided by 64 II neeenary ,
the worlung point of the level charoger can be
OllfrllClllCl Wllh the 10 kll presel poI 'me le r The
15 (drv ld& bY -4 ) and the toltowong rnor'Il»labIe
16 II checked by mQnItonng the puIMs al P'" 13
oll6 TheM pulses have an approunala"WldU1 ol
200 ". ancl a PRF ol 210 -4 MHl The omportant

".

POInt II. thai at thlt hlgtlnt VCO lrequency there
IemlllfII a 50 ,. penod betWeer' pulses tor 1M
monos1able ." Clf'c»r 10 II1hIbot mIlI-tnggerng
II reQUll'ed , the rnor'Il»tabltl 'l penod may be
matched bYvanatlOl1 ollM componenlS (3 3 ki ll

68 pFl exu..eted 10 P'" 14 and 15 After !haM
tests, 1M frequency conIrot loop may be doMd
Now. the IerI\IIlFW'IQ sr.4lJlly voltages. - 15 V and
.. 30 V, .. be COI"If1eCled 10the module

A vanable DC voltage ol - -4 10 - 10 VOlt.,

connected 10 the Iunong InPUt. IhouId tune 1M
veo hnearty, The e..act kmll$ of IUl1lng depend
upon component tolerances, eapeoany thoH of
lhe monostabie.

The lunctlOn 01 the PLL can be vennee by ob 
serving the n mphng pulse at pin 11 0118 wilh an
OSCilloacope (thil leally ,aqulles an OSCi lloscope
w,th a 200 MHl blInclwldth) and by mol1lloong
the mn ong Irequency at P'" 6 ol 17.

When the PlL loop II C60Md WIth the WIle bndge
II'om"PlL 0U1" Io ·PU.,,· and the t.me oonstam
ol1he c:ontrolloop ampIll.., has been swl1CNd .



R.slstors :
1 preset 10 10.11 . gnd 5 x 10 mm. herlZ
1 preset 47 10.1 1, QrlCl 5 x 10 mm. hOfil
1 resls lor 3 3 10.11 , 1 % metal (al pin 15 01LS 22 1)
othel resistors selle s 0204 or 020 7

Capac itor . :
Ceram IC capac Itor, under 1 nF. Qnd 25 mm.
4 leadlelS plale , approx 100 pF , tor decouphng
In VCO ; btOOel capaCitors lod, Qrld 5 mm or
elkOl . uPf'Oht. gI ld 2 5 mm

Induc tM I :
1 mtnl AFC 0 47 ",H
1 mini AFC 1 ,.H
2mlnIAFCI S6 ,.H
1 mini AFC 56,.H
2 rrnrnAFC I l00,.H

Mll ceUafle'OUI
1 PCB DB 1 NV 007
1 Iln-piale houSing 148 x 72.30 mm
1 crys tal 2 MHz, HC 181U
11 leecHhro ' cepecuor s z 2 of
1 Reed relay ' 5 V, lingle conta ct. e g Clare
PRME 15005 B
2 m,nl coax sockets. e g Subtile, SMC

To bti conllnued

VHF COMMUNICAn ONS 2189

by appllullon 01 the SWitching potenhal 01 5 V,
the PLL Wlillock althe 2 MHZl tep when the veo
IS tuned slowly Thls IS manllesl In the lact that
17now delIVers .. DCvoltage whICh vanes at the
veoISslowly tuned (or by de-tuning the VCO by
touctung It l'Ohtly With a hoger ),

Tuning ItJrthel' will lock the VCO on to the ne X1
frequency lIep The 47 kl! potenhome ter In the
PLL CirCUlI iSlhen let 10 lhe moslslable qulescenl
cond,hon Normally , this occurs In the mtddle
01 the slider's lravel. The mosl critical Item is
the lock condl hon at the lower end of the tuning
range as the loop luning control Ilgnals have a
taster flse lime and theretore the greater tenden
cy tor the pulses 10 exhibit ever- and unde r
shoo ting

The lock detect CirculI il veri lied by Simply
connecll"O an LED II l hould extingUIsh when
the PLL II In the lock condfhOo, II the reverse
II to be preterred. I e, LED IlIumlnaled when
correctly locked , Iran..slor T5 II limply replaced
wdh an NPN Irantillor," g Be 5-47 etc. Whereby
the &mIner II connected 10 the LEO. The PCB
has been deSIgned 10 accommodale both
vananl,.

2.2. Compooent Lilt for DB 1 NV 007

S.ml conduc tors:
II l M 7805
12: SDA 4211 IS,emens}
13' NE 5S34 (Iow·nolse cp.emp.. Valvo )
14 74HCoo
15 74HC 161
16 74lS221 , see lexl
17 LF 356
16 74FOO.74ASOO

"II
T2
T3
T4 T7

T'T'
01 .02
03
O'
05,08

CD 4060. 74HC4060
BFG 96. BFR 96
BFR91
2N 4393
Be,,7
BC557
BF 970
BB 62 1. second choice BB 505
ZP09,1
ZP05,6
l N4148

"'



OtherwIse, the eqUIppIng 01the unll DB 1 NV 006
should be carned OUI In accordance wllh the
component layout plan of IIg . Z The completed
board can be tested and ahgned belore .nstalla
hO(l In lIs "n-pial. houSIng ThIs makes evenlual
lault·hnd,ng and componenl replacemenl so
much eaS>8f

The board should be sok:lefed Irno Ihe houSing
WIth an urunterrupled run 01 solder around \tie

edge 01 the board The upper (ground plane)
sode should be lIned w,th along IOIdeI' lag sullably
benl at II. end, and sok:lefed to the IIde wall
This 18ClhUUes \tie runhlng Ollhe to'det' around
ItliI pnt by hoIdwag !he board '" pCISIloon, In the
same operaloon, I e when tl'lll houSll"lg IS hol .
me leec:l-lhrough capacltors (22 nF) tor tl'Mt DC
coonec100ns. and the SMC sockets tor II'Mt HF
connectoons. can also be solttered Into the
houSN"lg The VIdeo OUlput and tl'Mt 107 MHz
IF OCIl'Ir'l8CtlOflS can use Simple. press-In PTFE
le«:I-Ih'ough InSUlators.n order 10 save on SMC
connectors - ,I oesored

Two detail. concet'nong Ihe houaong lIIe Of great
IrTlportal'lC4t tor lhe elI""natoon of spurIOUS Sogn8Is
the through-eonlaetlng of The houSIng IOl) ClO'ief

as well as the prOV1S!OO of damptng matenal In

\tie houSIng As these measures are Importanl
Ifl a g_a1 IeMe lor HF con.trucloon work ,
lhey WIllbe deall wIth ... more detaIl

II the HFIIF uM.S used In a compleled scecevm
analyser WIthout II. cover , a weak SPU"(kISSognal
at LOJ (455 kHz I would normally appear on the
trace Upon replaCIng the cover . a multItude of
spurs appear They are the result 01mIXIng01Ihe
OSClllato' hannorucs ,n the mIxer ,'.ell Th.s
occu, . because the mIxer '1 nol matched at the
harmonIC Irequencle. and lhe resultIng energy
IS renecree out on to the walls 01 the houllng
whICh acu hke a waveguIde, In th,s manner. the
I,gnall hom the 111 mIxer cl rcumvenl the I,lte,
and gel Inlo the 2nd mlxe, and the 10 ,7 MHz IF
cha in

There are IwO way. 01aVOIding thiS madvertent
waveguIde propagahOn allect EIther lha en-ott
Irequency 01the "wavegUIde" II raIsed by USing
metal battles Inlo an unc"llcal range. or the
wavegUide can be dampened WIth attenua ting
mateflal To dampen the t,ack side ot the PCB
IS ret sw table IS lhe wanted l'Onal on lhe short

"'
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Slrlp hnes as well as the OIC.llator CIrCUlI would
also be allenuated The remedy IS to th'oug h
contacl the flack side 01the boa'd th' ough 10 the
houSing t100r by meanl 01 brasl lCfe~ The
posotl()l'\ of these has been expenmeMtally
delermlned and IS InChcated In the componenl
layoul plan

The same measure earnedout on lhe componenl
IIde 'S nol ohowll'Ver. IlUCX:eUlul as lhe necessary
20 mm long 1Cf6WS would possess qulle a large
n::Iuetance The cover II lherefore lIned WIth
5 mm rhIck MOS foam plaS11C which acts as an
absorber maler..1. II shoUldbe obaervtlcl lha llhll
loam plasllC has WIdely d1l1enng r....lnre
propen... acccwdlng 10 me amount of cartlon
used ... II For thli PU'l)OM:, a low r&ll"ance,
hrgh carbon conlent mateo&l should be em
ployed

All er \tIls exClJfSlOO Il"lIO houllng teehnlQUM
COtl'I&S the alignment 01the \.lINt

1.2. DB 1 NY 006 "llgn~1

A sweep generalOl' WIth an OUlput Impedance
Of SO II WI. be reQl.llfed I,rlt of all A IIQnal 01'
- 20 ClBrn II led Il"lIO pon3 and .. 0111 and a SO II
delector dIOde II connected betWeen PIn 1 and
ground of 12 F.tters F l and F2 a,e adJUsted10a
mid Irequency of between 460 and 470 MHz The
passband curve should be asllat as po&SIbie wllh
a banaw.Clthof some 5 MHz llltlls ISnot alta"''lecl.
check Ilrst 01 all lhe match'ng of the delectOl'
A ga.n of 5 10 10 dB should normally be expected

The sweep generalor .s then taken to 12 PIn 3
and 4 at a power of - JOdBm The dlOdedelector
IS connecled to the 10 7 MHz outpul and the
supply voltage tor lhe amphher 'S connec ted
to -+ 15 V, Induelors L1 and L3 to L6are adlusled
lor a maxImum at 10 7 MHz ancll he cha,acleriatlC
shoulcl look clean ancl ,ouncled - no tlat top'
IncluctOl' L1 does not have much ellect when
luned , but Ih,a is normal

Now , Ihe 2nd LOcan be ahgned . Ualng a VOltage
U• • 6 V, tor tunIng purpoaes. the6 pF Inmmer la
tuned 10' 455 MHz, The Irequency may be dele,·
mined by means 01 a ahort "anlenna" coupled
Irom the ceonetce 10 the Irequency coun ler

F.nally. lhe sweep generator IS taken 10 the IF
Input socket 01the TDA 1576 An OSCIlloscope IS
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connec ted to the veec output (without the diode
detec tor) and L7 is tuned tor a maemcm.

By altering lhe sweep gene ralor"s outpul powe r
In decade steps between - 90 dBm and 0 dBm,
the correct lunctloning 01the logarithmic ampli fier
can be checked Each step should result In a
correspon<:!Ing allerallo n In the video output to a
senSible degree .

Fig , 3 IS a photograph 01 a compl eted DB I NV
006 Unit

1.3. DB 1 NV 006 Component Lisl

Semlconducl or. :
11' Ring mixer SRA 220 (Mlnl,C,rCUlts)
12: Ring mixe r IE 500 (M,ni,Clrcults)
13 To A 1576 (Valvo)
T1 BFR 90 rvewc.Siemens)
T2 , BF 970 . BF 979 (Valvo, Siemens)
T3 SF 246a (Teus, Valvo)
14 SF 199 (Valvo. Siemens , SGS)
0 1'B8 105, 88505
02: BA 379 or successor BA 389

Inductor l :
F I , F2: Helical filler 1OH3/460 lTel&Oua rz)
t t 2,2",H I,lter klt7x7mmor Neosl d

ready-made coil
L2 : Neosid·UHF ready ·made COil 0021 ",H

(1 turn removed)
L3 - L6 : 0 ,47 " H 7 x 7 mm hlter kit or ready '

made COli
L7 1 ",H, tapped at 113. 'Iller kit 7 x 7 mm
La · LI O MinIature RFC 4,7 ",H Siemens MCC
Lt t MIniature RFC 15 ",H Siemens Me C

Res lsto r l :
1,/8 W series 0204 or 0207 , the 3 ee2nd LO pad
bemg cons tructed ot senee 0204 resistors

Capacito rs :
1 PTFE trimmer 6 pF, 2-leggOO, 5 mm grid
Small values ' ceramic, grid 2 5 mm
Large values eiecnovnce - upright. grid 2 5 mm
The 10 7 MHz luned CllCUlt capacitors l470 pF)
must be 01good quality, enne r ce .aeuc type 1 or
(as In hg , 3) hlgh-quahty tOil types such as WIMA
FKC ,

Mll cellaneo us :
1 PeB OB I NV Q06
1 Tin-plate bol( 54 x 148 x 30 mm

4 Miniature cceoer sockets, eg soccec SMC
3 Feed·through cepecuors 2,2 nF
1 FeecHhrough PTFE insulators lor Video signal

2.
THE LOCAL·OSCILLATORIPLL
UNIT OB 1 NV 007

As already mentioned, me VCOiPL L crcou has
been totally chang ed With respect to the earher
verSIOn. It can be seen Irom the cncuu ot I lg. 4
lhal the only part rema lntng Is me actual VCO
With T1 and T2. The frequency coraroucop. which
by normal sweeping ensures a lineal operahon,
was consi derably Simpli fied ,

Relerrlng 10 "g , 4, tl can be seen that the VCO
signal is divided by a teeter of 64 With 12 (either
an SOA 4211 or an SOA421 2), Follow ing a rever
change wllh T6 and 14 , a further division, this
time by 4 , IS carned out in a CMOS diVider , ThIS
gives an oulpul frequency of between 2 and
4 MHz when lhe VCO is being tuned between
500 and 1000 MHz. A monostable type 74LS22 1
IS used as a frequen cy-voltage converter , n
has been determined thaI the pulse Ji lle r 01
LS type s IS smaller than lhat of the 74HC equiva
lents . In order thaI a sumcent sweep OUlpu l
voltage is all ained, pin 13 0116 is given a pull-up
rasistor .

The lrequ ency-voltage converter, together With a
lollowlng low-pass lill er , prod uces a VCO Ira
Quency· proportKlnal outpul voltage which IS
coropeeed 10 the control IC 13 togather With the
weighted sum from lhe luning voilage, the
sweep saw-tooth vo!1age and PLL con trol von
age . In Older lhal the required tuning voltaga ot
o to 25 volts is obtained lor the vaneep eccee.
13 is given an asymmetrical supply voltage of
+ 30 V and - 5.6 V (produced by 04 ),

When the 2nd LO is swept, the loop bandWidth IS

reduced. which reduces the loop noise . ThIS 18
accomplished by SWltChlflg lransistor T7 and tha
reed ·re lay actlflg in the teedback of 13

Finally, diod es 06 and 0 5 lorm an empmode
dependent leedback cirCUit which prevents 'he
oulput of 13 lrom being cv er-cnven negal lvely ,

113
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. .. - ..... . ''«

Fig . 1 ; Com ponenl p1. n ol ln.11 0 . 45 mm DC 1 MA OO l PCB

•

•
•

An additional Circuit can be made whIch causes
the transmlner to be suppressed . see fig . 4
Shoold the PLL not lock in, the supply voltage
to the Injection frequency (OJ 4 LB 003 or OJ4 LB
(04) IScut on This prevents a 'aulty Blgnal 'rom
being radiated

LED out • PLL lUr'ICtlons MQfmally components havm9 ground conoecnons are to be
so(derad to both SideS of the board - thiS 's
dllflcult If Ie sockets are employed , All the other
holes must be counter·sunk on the component
Side to prevent undesired short-CirCUits to earth .
ThlB has been men\loned eetore m many pre
VIOUS articles Care should be taken With the
middle track 0' the PCB, It cernes .. 5 V

1.5. Fu ter Lock-In Time

It the PLL IB lound to lock-In too slowly (appro.
0 ,75 B). a resistance dIOde combination can be
placed across the 47 kll resistor R 170' the loop
nner See lig. 5 The lock-In lime IS thereby
sronenee to a few meand w,thout inlluenclng the
deviation (2), See alteralion lor OF 6 WU 00' .

2.
CONSTRUCTION

Those Interested In duplicating the complete
ClrcU't. should take Il g . 6 as a baSIS

2.1, Printed Circ uit Board

The pnnted cncon board (f ig. 7) is tully copper
coated on the component side , Hlgh·trBquency

As a small contribution to environmental ceo
siderations, the PCB was deSigned so that only a
minimum 01copper has to be etched away . ThiS
BaveB etch SOlu\lon but on "scouts honour "
wh ere does the used solutIon g01

3.
REFERENCES

(1) Becker, J .: · SODWINO· , Part ,
(RC Loop Filter ot OJ 8 1L001)
VHF COMMUNICATIONS 10 (1978) Ed 4.
P, 194 - 212

(2) Heeke, a " DC 1 OW:
Synthesizer for the 2 m Band In C·MOS
Technology
VHF COMMUNICATIONS 10 (1978) Ed 3,
P. 130 - 144

(3) Data Book CO$lMOS a·sefles Devices .
3rd Edl\lon , sos
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lavout plan oI l lg. 5 OnIVthe veo ItselllBqUlrel
carelul W"'ng al II II -rals-ne,," Wiled This II
shown c1eany In fig . 6 Wllh a IIClIIe 01.. 10 1

The varlCAlP dIOdesare prone to hair-line crackIng
whell subj8Cled to mechaolClllllress Th,s man,
'"t. Itself In unpredICtable tun'ng behaylOl 01the
veo and also In mi<;rophony Also, the leadless
dlll/; cececncee. wh'ch have been uaed al wifing
SUpportll . exhibit the same sort 0' elleetll when
they have been overhealed dUring aoIder.,g
Flgur. 7 lhows a comple ted example 0' !he
module DB 1 NV 007 whilst fig . 8 show. a ccee
up phologlaph 01 the VCO.

To commlUI()I'l lhe unit. a 15 V supply i. con·
nected and Ihe 0 - 30 V tun,ng vollage applied
dllectty 10 the variC8ps (the 100 pF decoupllng

".

capaalor I. a conv8l'llent pom1), the line arnvlflg
trom 13 being provlS1OOally disconnected The
main outpu t 01 the oscdlator II measuled by a
power meier (20 mW 'angel and a frBquency
counter IS connec ted to the second output. The
veo Will OSCillate at between "00 and 440 MHz
when the tunIng voltage II zero. At about 25 V,

1000 MHz Will be obtalfled The output power
will be between 5 and 15 mW over the entire
tUning range.

More Impof1anl than ' he absolu te values 01 Ire
quency and power II the check·up 01how they
vary dUllng tuning Sudd8l'l chaf198s In ellher
quantity IndlCllle SPUOOUI ollCillatlOO or para
IIbCS, Bolh elleets . ,. usually the resu lt 01ullng
wrongly dlmenllOOed AFC, or c:ompouenlS
whIChhave OYer-long c:onnectlng leads ,
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a callbfa led OUlpul anettualor
- h1gnty &table power supply g'Vlng !. 15 V and

- 30 V

r.
THE HFIIF UNIT DB 1 NV 006

The CIrCUli diagram oI l lg. 1 wa& orig inal ly pub
~shed In pa rl l (Ilg 2.3.) and represent. the HFIIF
&lgnaJ proceu.ng Tho. CIrCUit ha. been '-rgely
una ller ed . The Input signal In lhe range 0 _ 1500
MHZ " transl ated to a Irequency 01470 MHZ (1st
IF) by mean s 01 • dlOde-ml.ar type SRA 220
SUpplied by a local OSClliatOl' working ,n Iha range
470 · l OOOMHz. The IF signal i.passed lo a BFR
90 ampllher via a 3-stage helical filler Fl The
amph!le r IS lhen 'ollowed by a .econd helical
filler F2 The overall gain 01 lhe 470 MHz staga
lias betw een 5 and 10dB.

The Ilf st IF IS then translated 10 a second IF 01
10 7 MHz In an IE 5OOM18 (or ..mlla r) nngml.8f.
lhe lanef balng supplied by a var\C8P tuned
460 • 3 MHz local cscllialor The result ing 2nd
IF 01 10 7 MHz ISampilllecl by 26 dB ... a 2-stage
(T3 and T4) amp"l8f . The b8ndwl<tIh 01 the
arnphll8f IS some 400 kHz and IS the IIItldest
I.ller baf'ldwldth used by the analyser

The amp!lhcallon 0I1he IF stage can be vaned .by
mean& ot. PIN ()ode on the &miner 01T4 ,by up 10
15dB ThIS IS lhe mea ns by which. signal 10 be
ln$p8Cled IS ahgnecl lo any gIVen h()t'lz()t'llal gr id
line ()t'lthe trace Ifl order tha:!It. amplllude char ac
teflsl lCA can be compared

The amplllied 2nd IF al l0.7 MHZ IStaken oulto a
sockat whlch has a cry , lal 1,ller eeveetee 10 II
The ',Itered 2nd IF is lhen laken back 10 Iha HFIIF
urat and then on 10 the log afllhmlC demodulalOl' ,
Th'l deteclOl' il one-em 'rom lhe earlier verlion.
con" shng 01a Single Inlegroled ClrcUit. TDA 1576
(Valvo ), ThiS IC wa s daslgned as a high-perform·
ance FM-IF slaga. plus damodulator. lor high ·
class radIOtunar • . It possesses, a nearly,dB·line 
.r heldstrenglh characl ensliC OVef a 90 dB range
whIChISulled In lho, appl lCahon

Evttn lI the ~nea"ty ISno! as good as can be made
with d'SCI81e components In a chain 01 recMer-

110
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ampl ll l8f'S (the valVOdala ·aheel curves are a bol
opt imiStIC!). the IC IS Slill WOI1h Ultng because of
Its ewemety ..mple ut~lly ,

The advantage 01 c:omblnrng HF and IF slaget
Into one uM IS. fhal When USIOQ a larger" band
width . the crys tal -filter unrt can be lell out of cw
CUlt by Slfnply connecting the II'IpUl and output
ccn""I8C1Oi I together Thol CMl also be re;ardecl
as an eesy -lo-lmpIemenl test of the unit 'S tunc
to 'lIng

1.1. Conslrucllon

It is impor1ant When oblllr'llng the compotI8Ilts.
especially lhe semicof'lduclOl" , thaI only brand 
named IIams are chosen, Whilst the Tale Quarz
10H 3 hehx 1lller. on accounl 01 lIs dimensions,
cannot be subs liluted by anolher type. II Is
pos sible to use olher types 01 pin-compallble
mIg mi.ars tha n the speerlled ones from Mlni
CircUlI. In the same manner. 12can be lr led wllh
lhe R& Klaboralorlel MI 8

The Iunad-orcult COlli II to 17 can ttIther be
labnca ted Irom c:orl kil l ... the MneS 7 (7 • 7 •
13 mm) or ready-made IIIIel'llrom N80SId may be
employed, 'Ntwtrl constructlng the hell. fIIIar.
car. should be taken 10 IOlder Ihe long SIdes to
the lOp SIde 01 the PCB TheptnS CXlrVl8Cl1OQ the
9"ound pt.,..., should be carelulty bent ,"10 a
Il.JlIatlIe poIItlOll and M)I08fed 10 the upper
copper coa t.ng (ground plane ) Ofthe PCB Only
the IOpu1 and outpul ptnS~ wrth the
h lng tabs are taken through the PCB The
hong taOs must be lOldered bottIlO the ground
plane and Ihe track &Ide of the PCB l through
con tacted} The houSIng 01 the nng lnI.e, and
the emlnar confl8Cl1Oll 01 Tl (BFR go) are also
soldered to the ground plane, The ccoeecoeece
01 no! a"endlng correctly 10 these details ia a
lack 01overallsl8Q8 gain In Ihe 470 MHz por1lon
logelher wllh unstable bandpass curves dUring
the sweep alignment

During the InslaliatlOn 01 T4, It il recommend ed
tnet a larnta bead be Illpped over the base lead ,
This measure IS necesury 10 Inhlbt l lhe POSSl'
btilly 01 spuriOUS OSClllal lOOl. In the 500 MHz
regIOn Irom OCCUfflng - e.penenced tn some
e.amples , ThiS tl manrlasl In the form of "ghost
sigf'als " on the !face
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Thomas Morzinck. DO 0 O T

Oscilloscope Line-Analyzer Accessory

The un it to be de, crlbed enablel l he ,elec tion
and d l ' play 01 any I lnv le Une on a I tanda rd
olcilloscope. The clrcu ll II del lgned lor " Ideo
eecre.. ha" lng Ihe I la ndard ou l pu lle"el.

1.
INTRODUCTION

The IaSl 10 years on the de\oelopmelll of dala
prOC8MlO'iJ. lhe 8lTlefglng meo.a has len ,Is
e"eel upon the VIdeo SIgnal The IranSlTUS5IOl'I of
add,hONII onlormahon SIgnals. which are nol
,nlended tor "' SlbIe display. II everymore In·
creasing

Broadcasl leIev1S1On oIlers liS VIeWers VIDEO
TEXT and oth.r Similar servICes and VHS rent
Illms add l'Onal. accord"'9 10 the MACRO
VISIONS (2) technique The SIS technique
(Sound" n·Sync) has been decided upon lor the
IransmlSSlon 01hlgh ·hdeli ly sound . also dala and
marker SIgnals can be encountered

All these nono(llsplayed SIgnal. are cemee In the
blanking and .ynchrOfllllng portiOflS 01lhe vcec
IIgnal and cannot r&!lably be evalualed on a
normal oscdloBCOptfs Irace For thiS laetllty . a
SynchroniZing Irame musl be prepared whICh IS

120

able 10 be tflggered In a cenn.te and pro
grammable manner from an edernal source

2.
PRINCIPLE

A synchrOf'llztng pulse CIfC\III. wtIlch has been
to !he desifed Y1deo Iflpul SIgnal (level pes neg ).
pnrnes the ~". and Irame pulses A counllng
Cll'CUIII5 Star1ed kom the hall kame PIcture which
COU"I. the honzonlal pulses and produces, al a
preselecled poonlln lime. an Impulse tor the e.·
lemal Ingger Input 01 an OSCIlloscope This
enables the presentation 01. Slnglellne or sertel
01lines to occur always al the same polnt In lime
leg aller the 10th II".}

The number 01displayed lines IS seleeled on lhe
OSCilloscope by Ihe hor,zon lal speed control
The displayed time duration lor only one line
(64 ,",s) IS100 short lo r Iha Ilace 10 have the re
quned b"lliance and therefore the brilliance
co"lroi ot thl! OSCilloscope mUSI be Increased 10
ma.,mum andior the amblenl hghhng reduced
A" Oscilloscope hood would also be a" adva,, -

'''.
Should &everal II"" be displayed at lhe same
lime. Ihe Irace bnIkance tnereases propor .
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tlonally USing a proprietary small service os
cilloscope. a Single. complete line can be made
clearly VISible: groups of about 10 to 15 uoee
are dlSll11Cl even with a small screen size , The
prinCiple ISshown clearty in fig. 1

3.
THE CIRCUIT

stare-ot-rne-arr component s bul they are un
problematical In their employmenl and are
probably already In the amateur's Junk·bo~

wailing lor something useful to do (fig. 2)

Highly Integr8ted solutions may be more elegant
but do not allow the same soft ot control over all
lhe Individual parameters. For SIgnal sources
whiCh do not possess the normal synchroniZing
pulses (satellite teleVIsion), an e~tern81 re
COflsl,tulion would be indispensable ,

There have already been several CirCUits pub
lished (3) . (4). whiCh may also be claSSified Into
voec. synchrOOlZlng or digital comcos.
There are venous poSSible solutions The TBA
920, used here. and the TTL series les are not

3.1. Video Amplll ier

The veee ampillier musl match the Inpul Signal
to the follOWing sync.- pulse cucurte Standard
video Signals. eg from a Video recorder (1 Vcr!
75 II FBAS pos ,), can be processed directly by

Fill. 1:
Pr lnc lp•• 01e vl!M'o
liM enelYler

~ ~

~ ~

000 600l(1 - (J ' 00 90lBt ·B4 1
Z@d @n vor..chIIL,n, prnt ! IB( OI

I'~\~I
Oscillosco pr

v.eee-
srqnCI

I, '11'_, ..'

rAl1r
! !

Yo" ." ,
~ C> C- 'I I' 11.......~

0 . .. • ( .,.
"'91'"
~(ounlfr .'
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a lelevlSIOn LSI-Ie (e g TDA 3701 (4' or TDA
2595 IS))

Ttle TBA 920 has been designed 10 work with
posilive sync , pulsn trom an Inpul SIgnal 01 at
least 1 V and a prlll-amplll,er IS ttlere!ore neces
sary ThiSwas taken Irom (6) ,

When other veecSignals are to be displayed a
sUitable ampli fier must be provided Maybe
several Inputs with sw,tchable Signal processll'!Q
would be the most coovemenlllOlutlOh

3.2. Sync. $eparatlon

The comPOSItion 01 a typica l lelevlSlOl'l pcture
SIgnal comple te with sync, pulses Will be as·
sumed 10 be lamll iar to the reader ,

The TV-IC TBA 920 18 used In a standard CirCUlI
and connected In the IIIdeo-record mode lpln 16
to ground }, The capacitor at ptn 14 (10 nF MKH)
must havlll a very cIose talerance as nie In eue
Quency-oetermfnlng pal1 01the crcurt It may be
belle r to construct It lrom several smaller parallel
capacitors to achieve the eeact value II tt ne

poin t is not ct eervee. the hOrlzontel OSCillator
Will have a very limIted capture ,ange, or indeecl,
none at all! The halH rame Impulses aree_lfacted
passll/ely by mean s 01 an RC-network The
dIsadvantage of thIS ' Imple CUCUlt 15 manlIest
when para$ll lC pulses le g MACROVISIONI
occu r In the SIgnal. Thll causes the 1""Qula'
generatlOt"l 01 spurIOUS ver1al pulses Immedl'
ately aMer the halt-frame Impulse In order to
suppress these SIgnals. the Vel1lCal s'Onal IS
taken via an Invel10r 8ta98 to the h' st mono-

'".<,nc

00 OCT

stable In the 74lS221 whIChgener ales a SQuare
wave pulse whose WIdth eQUals lhe duratIOn 01
eccot 100 (unc" tall Itnes 11 18 tnggered only
Irom a genuine hall ·lrame pulse and ,ts leading
edge neethe ne_1b1-stable (74L573)

ThiS b1-stable II connecled as a dlvide -by-two
scaler and It suppresses every second eeu
frame Impulse Only by these means can the
lollowlng counter be pre-adjusled 10 operate
ove r lhe lUll numbe r 01IIfl8Sl625)

In order to achieve a hed relationship between
the hne sync . pulse, tngger IIgnal. the counle,
IS not reset by the hall-Irame pulse but by a
hor izontal sync pulse The relevant SIgnal
sequence IS shown In flg . 3

Follow ing the auppreSBlOl'l 01 any spurIOUS
hall ·trame pulse by MF 1 andevery second nail ·
Irame pulse by the " Ip-llop . MF 2 produce s an
output pulse oIlhe same width as a line length
and whICh IS used as a gate lor the AND gales
(2 _ 74lSOO),

At this l ime, the amvtng pulse Irom the TBA 920
horizon tal OSCIllator appears at Ihe output 01the
uwenor as. poSItive re58t PUI58 for the lallowing
counter.

This manner 01 recovem'lQ the Impulse has the
lallowlng two dIsadvantage s -

aj By USing Ihe horizontal pulse .s • rese!. the
line toIlowlng the selected line WI" be displayed
on the screen

b) SInce no account has been taken In the sup
preUlOfl of every second hall-Irame pulse In

123
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Fig , <II : TN phologrlophlhowllln __r,., ln Itln-plill "1..... , Nt_II.11 bulilinaca...T.... un" II only
prOvlllOnalllr . 1....:1 tor 1..1 purpo....

whiCh halt of the trame II II . II can 0CC\Il' 1tIa1.
when " '1." IOhu been Miec1ee1."323 II,,,""',..,

For amateur purpolMtS. both IheMdiuavantagn
are largely wreleYanl A systemahC display«!
error of .. 1 II very eaSIly acoomoda leel by the,-
The Quest oOn 01 the hall· l rame can be se"leeI
Qu.ta QUICklyby observing the successive pulsel.
5 - lirst halHrame. 4 • second hall·lrame

3.3. The Count.r

Tha processed sync . pulse s are taken 10 a pre
adjustable counter BCD types Wllh ne;altve
outputs can be used lor the SWitCheS or SImple
S1epSWltChel With a suitable ecee matn. When
lhe selecteel number has been reached, an 1m·
pulse appea' i at the last 74 lS 85 wh ICh II used
to tnggar the 0I01loscope

'"

4.
CONSTRUCTION

""hough a ameli number of worlung UnitS have
been ccoemeteo. Ihls CIrCUIt .as only Intended
as a basl ilor design, A reproducible PCB Iayoul
has therelore not been provided A SUitablePCB
lor the counter would be that at OK 1 OF 002 (7).
The constructIOn IhOuld be e"ectlKl by eQUIPPIng
one cecwt et a lime and operallonally testing II.
Particular cere Should be taken With the adjust·
ment 01the TBA 920,

It is also posSIble 10 work With video sourca.
haVing 525 IIMlI a' 60 Hertz , A vary versa tile
measurement acceleory lor the OSCilloscope
can be built With , wllchable InpulS to vanou.
pre-amptll..,. poIarl'''' and e. terna! clock and
reset nputs
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AMATEUR TV
Interested In ....

AMATEUR TV-OX TV-DIGITAL PICTURES

HOME CONSTRUCTION -VISUAL EFFECTS

VIDEO - SATELLITES. SSTV - COMPUTERS
•••. Thon you n eed CQ-TV MAGA ZINR. Always
packed with up-to-date pract i ca l
informati on and pro jects. This English
language maqadne ie publhhed quarterly
and sent e xclusively t o members o f the
BR ITISH AMATEUR TELEV I SI ON CLUB.

JOIN NOW
The BATe h the 15rg6et in
the wor ld apecia lisinq in all aspects o f
amateur television . It is a f ounder
member o f the European ATV Wor ki ng Gr oup
( EATWG) and ie rec ogn ieed by IARU and a 11
major amateur radi o orqa n i s e tion a.

To receive full detail a wr ite
'G r o ne hu r a t· , Pinewood Road, Hi qh

Why not try a year ' s subacrlption

t o the Member sh i p
Wy c o mbe , Buck a HP1 2
.... you ' l1 be g lad

Secre t ary ;
4DOI U.K .
you d i d l
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MATERIAL PRICE LIST OF EQUIPMENT
d• • crlbed In edition 2'1989 01VHF COMMUNICATIONS

ed.l + 2-'89

OM 345,

ed.3 '89

OM 178.

ed.3.-'89

ed.2':88,
1 + 2,:89

OM 1050.-

OM 355.

OM 18,50

ed.2 +3:'89

OM6,350.
OM 2.698,
OM 1.620,-

OM 100.

upon request

ed.2 +3189

ed.2189

6004

660 1

6603

6605

6607

3303
3302
6005

Art .No.DSP Computer for Radio Amateur Applications

10 GHz Transverter Sys tem "mlcrotlne 3H

Osclllator

YT3MV

Set of PCBs, pr ogr . EPROM, operaUng system V,7.2.
Contains: PCBs YT3MV 003 (bus),
004,005,006 (4 x), 007, 008 and 009:
a programmed EPROM, the ooeranrq
system floppy, a set 01 copies 01 all
diagrams and component lay-out
plans (in A4), the operating-system
manual.

YT3MV 010 Interla ce for KR-5600 Rotators
PCB, programmed EPROM, together
with A4 copies 01circuit schematics
and component location plans 6003

XRM· l
K,t

DeODA

XLO-l
Kit

User soft ware

XTM-l

Kit

Contains all original components
in chapter 2.3.

ReceIve mixer
Contains all original components
in chapler 3.3,

Tran smit mixer
Contains all original components
in chapter 4,3.

Orig inal Joh snn son tr imming tool to r iJW trimmer

DB1NV Spectrum analyser 0 · 50011 500 - 1000 MHz

Ready-made unit with 6-months quarentee
Completed modules (4) aligned and tested
Component ki t This kit contains the 4 PCBs DB1NV
(lour modules) 006,007, 008.009, together With

all required parts incl. the 4 drilled
tin-plate housings with leed·lhro's
(caps + PTFE) and SMC sockets.

k m~'berichte T. Biltsn OHG ,Jahnstr. 14 · P.D .Box 80 , 0 -8523 Baiersdort
Tel, West Germany 9133 47-0. For Representalives see cover page 2
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PC/SAT Weather Satellite
Reception on a PCI AT

For t h ~ Firs t Time!
Recep t i cn lIlId proceU ill9 o f ..ee t he r se t e 11 i t e
pict ures Oil ally s t alldard PC/A T or a compatible.

HARDWARE

• Ant,nn. lor 1.7 GHr (V , gl , nl. nn. wllh d lpol,
or 80 cm Onl" per 'bOUC. nllnn, ).

• Lo.. -net.. 1.7 GHz pr..mplll..r IIp,cl. 1pr..
, mphll, r with only . 1,2 dB noillllgu" , nd
• g.ln 01 31 d B).

User .frlendly SOfTWARE
_ m,n In C and AI..mbler 285

• Oown·conv'rt'f/r'C'I~.. lor RF I"nl l'~""~"'- ~

, nd d,modul'lIon 01th,
u ti llit, ', ,!gn,1.

• PC/SAT lnt,n.c, · , loti ..,lIy Into
,1," ATIXT, .p,nllon-Ilol.

• PC/AT or comp.tlbl, Wltlt Ihe
lollowlng bnic eq ulpm,n t:
• 28&-prot ' uor
. 6 40 kbyt' , nd I Mbyt. Imln.)

. ]{\ende d me mory
• H.r d dllk drl ~, wllh 11 1• .,1

8.5 Mbyt. I.et
• EGA clfd or high er
• EGA ma nila.

Ask for a DelllO · pr ogr a.. with
~ a t. l 1 i t ' pi c tur.~ (OM 20 , - )
t oget her wi t h further Infol'1ll&t10n
- cuh or ch. ck wH h order .

• Rec. plion Iched ul. :
TI'l' .e ceptlon menu co ntel n••11 METEOSAT tr.n..
m!U ion~ hied wilh bolh 11m , I nd lorm. 1.Autom.lIc
" " ,pilon by l imply ' klicking II up' ,

• PICly" lormll
All plctu rel '" ,tared on Ih , Ita' ll d il k In lulllo.m.\.
Tl'le. , If' Ih ... plct u" pruent. tlon lormal, :

- 1100. 800 lull ruolution
- 1140 • 350 reduced ru oh'l lon
• 640 • 350 lI.ogr.phlce lly COlT.cled

• Zoomlhl'logrwm
Th, plcturu m. y be . hll rged up to a Il ctor I I . 10.
A I'liltog.am I' computed lor Ih, ..I,cted ..ctor,

• Colo ur
A colour table compti li nll 50 ..I,cIabl. coloull
1, .~..llbl, lor var ioul pleture , peett'lll renllu .

• n m. IIpn /mo vll Of up 10 IS pictures ;
ce n b. moved lorw. rd• • nd beck_rdl,

k
~technik

UKW·Tt<:l'l nlk
T. Bln." OmbH
P O 80.1I0J,nnll,.Il-t I.
O,85130..,1QOff
~." Il.-o otG.,,,,,nv

T.111919'33-11' 5
n, (1919 ' 33, 11 "
To S19UI~ ' .. dod
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AFUSOFT PC-RADIOFAX

An all-round Rad io Telelax prog ram for the PC

PC·RADIOFAX oilers picture tran sm issi on on the ATARI ST and MS DOS
comp uters (Xl/AT) lor receiving radio weather charts and phct otex.
With a speci al "AM·OPTION BOARD", using the FAX converter MPSK, you
can rece ive, sto re and process ampiliude-mod ulaled satell ite pi ctures .

Performance notes;
• Simple operatio n using keyboard or mouse
• Hlgh.resolutlon pi cture transmission on monitor or pr inter
• Mon ochrom (black /white), grey-scale or co lour repre sentat ion
• Automatic pha sing
• Manual phase readj ustme nt with out Inf ormat ion loss
• Auto matic picture tran smission (APT)
• Automatic picture control store and load
• Zoom to dillerent lormats
• In verse scan direct ion (ISO)
• Ins talled graph ic ed itor lor post process ing
• File to-mete and technical mtcrmeucn availabl e

App licatio ns:
• Amateur radi o
• Maritime radio
• Press reports
• Professional monit or slations

Hardware configuration:
• ATARI ST or compatible PC with at least 1 Mbyte RAM
• Appropriate SSB-receiver, transceiver, satelli te-receiving system
• Standard converter AFUSOFT MPSK equipped lor SSTV and other

picture mocles
Oplions;
Printer, hardd isk and plu g-In moclules (OPTION BOARDS) which iii
into the MPSK.

Art.No. Price
PC-RADIOFAX inc I. converter MPSK and handbook

5800 OM 950.00
PC-RADIOFAX lor ATARI ST, Incl. MSPK and handbook

58 10 OM 966 .00

Ask for our DEMO DI SK (OM 20.00l .Payment in advance please .
•-- ~ ~~= ~

r ......................._ •.VHF.com....." _IIOfl. _ullw·r .., k r ...., 0,B,tta n
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Plastic Binders for
VHF COMMUNICATIONS

• Anract lvo presnc covered In VHF blue

• Accepts up 10 12 edi tIOns (three volumes)

• A llows an y req uired copy 10 b8 lound eaSily

• Keeps the XYl happy and contented

• Will be sent anywhere in lhe world lor
OM 10 ,00 Including surface mall

OldOl you r blode r Via the netone r receese oraeve
or d irect ly from the publisherS 01
VHF COMMUN ICATlO NS (seebelow)

Prices for VHF COMMUNICATIONS

Subscription

VHF CO MMUNIC ATIONS 198 8 to 1989
VHF COMMU NICATIONS 1987
VHF COMMUNICATIONS 1986
VHF COMMU NICATIONS 1985
VHF COMMU NICATIONS 1980 10 1984
VH F COMMU NICATIONS 1975
VHF COMMU NICATIONS 1976 10 1979
(Inco mple te, only 3 &dlllons)

Volume

OM 25.00
OM 24 00
OM 2400
OM 2000
OM 16,00
OM 12 00

OM 900

Ind ividual copy

each OM 7.50
each OM 700
each OM 700
each OM 600
each OM 4 50
each OM 350

each OM 350

IndiVidual copies ou l 01eld er, Inco mplete
volu mes, as long as stock rests:

111970, 2/1971,1/1972, 21 1972, 411972,
2/1973, 411973, 111974, 31 1974

Plas lic binder 101 3 volumes

We shall nol be able to reprint eoncoe which are elder than 6 years

AU price. Includi ng . urf ece man
When ordering 3 complete volume. , . Ir.. b ind er I. Inc luded !

each OM 2 00
each OM 2.00

OM 1000

k lUli@0'berichte r e,'YD. B'lIan · Jah nst' ' 4 · PO,""h 60 · D-6523 Ba'e''''orl
Tel. Wesl Germany 9 133 47·0 , For Rep resentat ives see cover page 2



CCO 102, CCO 103,
CCO 104, CCO 109. CCO 152 with modulation capability

We are the only European
manufacturer to supply:

miniature TCXQ's

most stflngeflt lIemilllds

Crystals
Filters
Oscillators
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Broad Ifequency range:
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