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A System for Reception and Display
of METEOSAT Images

Part 6

by R. TeUert, DC :) NT

I!"

The edllor. would lik e to po int out thai
reader. louted to the W.,t 01 the Gr••n­
wlch meridian ",ill be abl e 10 reca ivi the
GOES gaolliltlonary .. 'aUlt. which 'a
located o...a , It'l l equator a' Ihe 70 W m.,l·
d ian. Th ll ..lamia trlnlmit, Ihe u m.
type of APT-Ima".... MEl EOS"" . The
launch 01 METf:OSAT 2 II I" Uplanned for
Feb ruary 1982.

The following module• • r. reqUired lor Ih,
complete FAX·ayl'em with mechln'cal
display :

- DC 3 NT 007 (1IIrt·atop -log lc)
- DC 3 NT 010 (drum olclhlor)
- DC 3 NT 011 (C·MOS switch )
- DC:) NT 012 l'yl'em board)
- DC 3 NT 013 (diode mat,l. lor 11'1 . bUI )

"'"at d••c riblng th••• PC·board modul e . ,
th e con,tructlon 01 Ihe FAX·m achlne I, 10
be d• • c ,J~; this will ~ lollowed by d..•
c rlblng the CRT-mod ulI with Ita PC-board
10' Ih . h lgh-t.n, lon ' upply . nd Ih. ll. Y.
and Z-amplm.r' .

5.5. DC 3 NT 007

Modu le DC 3 NT 007 IS respo nlllble lor tne
10 1l0Win g lasks

1. Sta rt-sto p evalua hon 'ur .'I"llonary~

FAX-transmiSSion IMETEOSATIGOES
e tc .]

2 Evaluation and blan king 01 tee non-re­
qUlr ed parts 01 the T1 AOS· N and NOAA·6
lransmlSSI()(lS (Visual or Inl rare d)

The ececer lealurel are 10 be ellplamed
brielly wilh the aid 01 tne CirCUli d lag,am
gi ven In Figur. 48

5.5.1. Stationary Im ag. '

In Ihe case 01 siatlonary FAX·transmlSSlons
suc h as tnoee I rom METEOSAT. each
Image wil l commence wllh a sl art lone
Th iS lone IS between th ree and l ive se­
co nds long. and IS touowec by Ihe pha"
synchrOniZing pulse s which mark the com­
mencement 01 eecn line The task 01 tee
5l art· loglc is 10 only pass on thOM black l
wh ile I,ansi ll ons to the lacSlmi le machine
that lollow the (;Iart tone

Th iS IS made wllh the aid 01 an acl lve I lll e, .
wh ich I tlte rs out the Blart lone Irom th e
Video Signal. recti lies It and leeds II to a
Schmi l H rtgger When II given th reshold IS

esceec ec. thiS Will be aclualed and Will
SWllc h on the LED ~START - , The IranSClent
l ime IS depenclent on the 1IIIer bandWidth
In our case II II less Ihan 0 1 S WhiCh
meanl t hai II Can be ac tua led dunng a
pic ture IranWHSSIOn A delay cuccu (RtC·
l ink) ensure s. however, Iha t a shari
acnreucn Will no l be processed as slar l mg
lone. and the RIC-l ink subsequent 10 the
5c hml tH rlgger Will no t actua te un lll alter
app ro ximately 051
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Fig. 48:
Pho lograph 01Ihe
a Ulho r', protolype
DC 3 NT 001

After the completion 01 a known start lone,
this second SChmltl-lrigger will switch back
alter a delay 01 approximately 0.5 s This
starts a Monollop (upper hall 01 I 3) with a
delay 01 approximately 3 e. II IS only dUring
lhis period lhal me stan Impulses (black !
while Iransilions) can be led to tne start­
Ilipflop 01 the FAX-machine or CRT­
module!

The operation Of the stop lone CirCUlI IS
Iden tical ; however , mere IS no Inlercon ­
necncn wilh the phase synchronization
pulses since no stop pulses are gl\len . A
mcnottop (lower hall o f 13) WIll be starteo
at the end 01 the stop tone . and thiS mon o­
flop will generale a 10 ms stop pulse to the
pre\liou sly menucned mpuop

5.5.2. Im ag e, Irom Orbitin g Sate lli te.

In cont rast to the - steuo nerv- APT·Irans·
missions Irom the geoSlat'onary satellites
such as METEOSAT. lhe orbiting satellites
do not l ransmlt a start or stop tone since
they gl\le-tl ccntew cus transmiSSion of the
area over whiCh lhey are orbiting The be­
9111ning 01 each line is in the form of a syn·
chronizlng burst.

A special teature 01 lhe T1RO$·N and
NOAA-6 eerenues is thaI alternate lines are
lransml\ted in two eute-ent spectral range s,
This was brie lly menuceeo in Part 3 o f ttu e
article , The IIrsl eveiuencn ctrcuu com­
prised IwO filters which were tuned to these
two burst frequencies They sWllched a tup -
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Ilop, thll CirculI operated well at suttrcrent
51oml' levels However, whe n I burSI could
no t be Iden tilled due to mrer terence. thiS
resulted In a brigh t (blan ked) or dark (dual·
Irace) line ThiS led 10 ,n a cetencrauce 01
good Images

The fo llOWing CirCUlI only fllter. out the
1040 Hz burst (11. the lower ampllhers)
s.oce one know s Ihal Ihe second burst Will
come 8118Clly 025 I afterwa rds. Virtually
only two burs ts afe reqUired lor cod<nO
The selected bursl la llitered twIce and sets
a I lIplfop , which releases a ccc mee (I61
that In tu rn di Vides the frame pu lses by 720
The output 01 Ihe COunter Jumps 10 000
atter starltng wdh Ihe 1040 Hz bur" when
TIROS IranSlmls • new hne Th'S Jump
con nors a dl""de-~- ,wo divIder. whose Iwo
c utpute to and 0") provide the sIgnal lor
b lank in g the noe-requ.rec Image (co nnect­
ion, 20 and 21)

The l, rSI 1040 Hz burst commences the re­
run The subsequent SWitching 01 Ihe 2 1
d ivider mea ns that a ' tart Impulse IS given
pe r hne In the case 01 aurcmeuc hIm re­
co rding, Ih ls would mean thai a n_ Image
Will be started even wh en lhe satel"'e IS not
Within the reception range, For thiS reason ,
the I lrs t l llpliop I' reset when no 1040 Hz
bursl IS rec eived lor a period o f 8 eeconca

5.5.3. Ps.udo-Dlveflity

Bef ore comple ting the cescnotrcn 01 thl'
module. the ou tput PSEUDO·DIVERSITY
should be men tioned

Th iS output contrcrs a CirCUit thai sWllche,
the mpu t 01 the recei ver 10 a eeceoe
an tenna al ter each line 01 me image, If lhe
fie ld slrength IS higher . thiS antenna IS
used lo r lhe ne. t hne . II not. It Will SWllch
back to u-e hr51antenna

5.5.4. Con slruelJon 0 1 DC 3 NT 001

A pc-board deSignated DC J NT 007 was
developed for the COnslruct,on 01 Ihe en­
cuu given In Figure 46 The componen l
locations on Ihls Single-coaled PC-board
are given In Figur. 47 ThiS board has also
the so-called Europa board Slle of 160 mm

• tOO mm. and IS eqwpped w,th a JT -plO
connector which mean, Ihal It can be In ·
sertec In to the sys tem board DC 3 NT 0 12
An older p ro lOtype is 10 be seen In Fig , 41.

5.5.5. Component. 01 DC 3 NT 007

5 C· MOS·le,

1 piece 4013
t piece 4040
2 peeces 4093
I piece 4528

1 quadruple co. amp TAA 476 1

I AF l ran sisl or BC 238 . BC 413 or slm,lar

1 AF·PNP uansrstcr BC 308, BC 415
Of Similar

23 SWltchmg diodes 1 N 4148 or 1 N 4151

Ptasnc to-r cececucrs lo r 75 mm spaclflg
I • 10 fl F. 4.33 nF . 2 • 47 nF . 9.01 I.F,
2.0 47nF

4 tantalu m electrolytlCS. drop-Type
10 ,IF / 25 V

2 trimmer po tentiometers 01each 250 1J

and 500 U. spacIng 1015 mm

All other resistors lor 10 mm spacing

T a t-pm ccooec tc - (DIN 4 1617)

5.5.6. A lignment of Mod ule DC 3 NT 007

Four trimmer poreouometers are to be
found on thIS board lor alignme nl 01 tne
hiler treqceec.es For alignmenT. one Will
require a vroec slgflal having the reqUired
Irequency Thl' SIgnal can be generaled
eKternaUy 10 Ihree ways

A VCO can be frequency-modu lated 11M
uus l ed 10 Ihe FM-demoduialor

2 A 2 4 kHz OSCilla tor IS amplltude-modu ·
tatec wI lh me required freq uency

3 The Irequency doubling 01 the dual­
path AM -demodulator can be used ThiS
meth od IS lhe SimpleSt. emce only a
generaTor IS requited

Thi , Can be achieved by selllfl9 hilI the
Ireq uency et Ihe tooe gefllHato r TtliS "
then carned out In Ihe lollowlng maflner . In

order to align Ihe mree Iitler Irequenc,es 01



300 Hz (STAAT). 450 Hz (STOP). and 1040
Hz (TIROS/NOAA burst )

1 Set l hfi l()(le generator 10 ISO Hz and
feed thiS to the VHF"nput (AM ·mode)

2, Conne ct an oscilloscope to the video
,nput 01 DC 3 NT 007 (PI lSI and ahgn
the amplitude 01 ltle lone generator so
thaI apprO~lmately 3 10 4 V (peak- lo­
peak) can be measured at 300 Hz

3 , Do not alter thiS amplitude.

4 Connect the OSCilloscope 10 pin 7 ot I 1
and align the potenncmeter nearest to
pm t lor ma~lmum amplitude; the LED
_START. w,1I tight

5, Conne ct the ceeurceccee 10 j nn 2 01 I 1,
and settore generator to 225 5 Hz. Align
the po tentiometer ned 10 the SfART·
potenhometer to ma.,rnum amplt lude ,
The LEO MSTOPM Will light

6 Connect the OSCIlloscope 10 p in 14 at I 1
and set lhe tone generator to 520 HZ
Align the potentiometer In lhe VICinity 01
pm 12 for maomum amplitude.

7 Co nnec t {he OSCIlloscope 10 pm 8 and
align the lasl ecr eencmerer 'or max.·
mum amplitud e The LED TlROS MBu r!l l~

wllllighl

5.6. Modu le DC 3 NT 010

ThiS modu'e was not planned ong lnall y
However, I' was found alter co nstruct ing
the larger FAX-machme as de!lcflbed here ,
thaI tne synchr onou!l mot or ceonc t start
Immediately In me lull speed POSlt.on . and
It IS necel sary to commence Wllh a lower
frequency - as In the caM 01 slePPlng
motors - and co ntmous'y Increll!le Ihls tre­
quency up to the final speed On reaching
the nommal speed . the oecuretor IS swuch­
ed over to the crystal-controlled frequency

Untortunately . th iS pr inCiple canna l be
ecmevec so Simply In our application. since
the commenct>ment of the Image mu st be
detmed SInce lhe metaliled paper wtli
always receive a new start eue- rem oving
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DC 3 NT
0'0

• lhe laSI Image (one alwa~ cuts 011 more
paper Ihan actualty reqUired lor lhe ,mage ).
'I IS not always the same poSII.on 01 Ihe
drum lhal IS ee commencemefll 01 uie
Image. but the aClual pos ,t,on 01 t.... drum
before lIartmg For Ih,s reason. one adjusts
the drum belore startIng 10 thaI the srylus
IS placed a' the 8(lge 01 the paper

The sotuhon 10 thiS problem eleclnCally ,s
gIven In FJog ure 49 II ma,"ly cons,sls 01
three lunchonal parts

• SI.rt·VeO
• Counter and comparator 01 nommal and

actual drum potltlOO

• Changeover sw,tch'rn;! from veo to re'e-
rence frequency

II " necessary for me veo 10 fun up to a
frequency Ihat .5 10 10 15 ' higher than
tne ncrnmat trequencv required lor lhe
various speeds (see Part 4). Th•• guaran­
tees that tne nominal and actual value of
Ihe drum posi tion COincide wlth,n 10 lines.
and lhat lhe reference l'eQuency IS
eerecree Th iS means that It 19 necessary to
SWitch I i'll' veo together With the drum
.peed

" [JM-=---'--Gco IUUl--. .,
B'",.

Fig . SO: P,Inc;1pIe of ' he moIo. '''rlln8 cire ...,

.-
Fig . 51: TIme .,"V.em

The second part 01 the ClfCUl1 ensures that
lhe etecuomc CirCUit notes the slarl,ng
PO!llllon 01 lhe drum by compaflng It wl lh
the Ideal pos.tlon (I I' when Ihe drum had
.mmedlately lhe lull speed). and sv-Itches 10
the re ference IreQuency when IdentiCal

Since one Will be operating w llh 1440
pulses per d rum revourtrcn, It IS necessary
lor tne two counters 10 also diVid e by 1440
One counter is co nnected 10 Ii'll' re te re nce
frequency, and the other 10 the ou tput
pulses Two 4·811 co mpa rato r, gen erate tne
sync hrOniZing sig na! lor SWitc hing 10 the
rete eeoce IreQuency

II is necessary lor bo th counters to be resel
to zero belore startong Since Identical
phase WIll be present at t imes durong the
runup period (and Immediately aller lIart).
a lu rt her liming stage must be p rOVided 10
ensure that the changeover to lhe rete­
-eoce osc.lIator IS nOl made too lOOn Th,s
delay CIfCUlt must also be reset When
usong the 8-8'1 comparator. lhe erro,
between nomInal and aclual value IS < 1'-

5.6.1. Co nstruclion 01 DC 3 NT 010

•

5.6.2. Componenls 10' DC 3 NT 0 10

The drum oscillalor ahown In Figure 49 can
be accommodated on a 100 mm • 60 mm
large. double-coaled PC-board With
through contacts The component icceuces
on this boa rd (DC3 NT 010) are gl~en on
Flgur. 52. and Flgur. 53 sho ws a pncto­
graph 01 Ihe aulhon orotc rvce

Figure 50 Shows tner 11'1 15 can De eamed
out In a Simpler manner A mon oflop dnven
by Ii'll' relerence IreQuency and an RIC·
link 15 connec rec to ItS output The max,·
mum Yoltage across the capac ItO' la ere­
pomona! to the mpul IreQuency II Ii'll' time
constants ate selected to be su ll,c,ently
long Iepprcx 0 4 s) and II the ceoecuo- 15! d ischarged lor star lmg, 11'11' cne eectensuc

... glyen In Flgur. 51 Will be obtained

,i The subsequent vco IS now aligned 10 that
an ou lput 01 6 .36 kHz (app.o. to % more

§ Ihan nOminal) IS prOVided at an onput I'e­
" Quency 01 576 kHz - COffespond ,ng 10 240
So lines per m lnu le

9 C· MOS·ICs

2 pieces 4()40
1 piece 4046
1 piece 4066

1 piece
1 cece
1 piece
2 peces

4001
4062
4528
4585



.:. 100lJ
'0 ' 16 V

DC JNT OlD

FIII_52;
Componenl
loulloo
pleo o l lhe
double ·eoel ed
PC·boe,d
DC3NT010

Fill . 53:
PholOll·eph0' the e uthor'.
p,olotype
DC3 NT010

4 SWitchIng diodes 1 N 4148. 1 N 4151
or ennrra r

1 LED

1 alum.mum electroly llc 100 !,F 1 25 V,
spaCing 5 mm

2 tanta lum eleclrolyflcs (drop), 10 " F/ 2S V

I ctasuc '0 11 capaci tor 10 nF.
spacing 7 5 mm

1 creeuc fOil capacuo r, 4,7 nF,
spaci ng 75 mm

1 ceramrc or slyro'le~ cececnc-. 820 pF.
spacmg 5 mm

1 tnmmer ccteouomerer 25 kU.
f.pacmg 1015 mm

AII II~ed -eerstc rs spaCing 10 mm ,
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5.6.3. Inat enal ion of DC 3 NT 010

Mod u le DC 3 NT 0 10 II not accommodated
on Ihe sys tem board , but 'I connected 10
board DC 3 NT 008 FIgure 33 gIves •
dashed connection Irom pin 17 (clock 01,11 ­
pull 10 pin :?5 (clOCk 'npul) Module
DC 3 NT 010 II looped Into l hesa connect ­
Ions

Pin 21 (output 01 the Ma rl-SlOp f ll p f lo pa 01
Ihe maChine) ,nd,cates tnat a starl'process
15 commenCIflQ and lor th'l reason " ,.
connected to the onput -sten- 01 module
DC 3 NT 010

The lollowlng connec t io ns are addi tionally
required

Ground .• 1S V

Outpu t . Syn. II connected via a LEO and a
senes eeststc r 10 • IS V, l h l5 Will IIgh\
when me eerereoce treqcencv has been
selected

Connection . ~ 90- IS grounded a' speeds
01 48. 60 . and 90 Imes per rrnnute.amce " IS
no t necessary at reese speeds lor lhe cecu­
tetor 10 be commenced al a low&f tre ­
qUertcy

5.6.4. A ll gnmenl of DC 3 NT 010

Fo r ahgnlng Ih,s module. the FAX·mac;hlne
.5 star led and a speed 01 240 hnes per
minute selected Alter II few seconds. the
VCO trimmer octenncrneter (25 k ~J at l9) ••
al .gned so tha t a uec oeecv 01 6,36 kHZ "
meesurcc lit pin 4 01 the 404 6 No 'urt her
al .gnment IS reqUired

5.7. ModuleOC J NT011

Th.S module 15 the so-called -Sw.tc;h,ng
Board - wh.c;h has Ihe task 01 replaC;lng •
multi-layer SWltc;h lor selecting Itle audIO
sources and drum speeds The pilOt lone
reqUited lo r cceeancn In ccmcecucn With a
tape recorder .s SWI tched together wll h the
aocrc source . the l ime constants In the
t ime base generator crrcurt as well as the
ampli tudes 0 ' the synchronous mOlor volt ­
ages are set tog ethe r With the speed

The crrcuu 01 Ih e erect eomc SWitching,
w h.ch IS made In MOS-Iechno log y. IS given
In Flgur. 54 The drum Speed IS !tWitched
In the In tegraled CIrCUli I 1 ( 40~1). wh,c; h
has 7 SWllches The BCD-orders and the
speedS aee given edjecent to tne ClfCUlt

FlO· ~ ,

f leclro ,, 'C . ",l lch... i" .. Ie . fepl.ce
• mfth.nlc.1multl.l.yer , ,,,,Ich

I 2 SWItches a voltage oorcer chain which
Influences the previously menlloned time
constant vIa connection 19 of mocute
DC 3 NT 005 The various audiO ecurcee
such as VHF . VlF. or HF receiver . and tape
reco rd er are selec ted In the In tegra ted c«­
CUlI 13 (4052) Finally . 14 sets the reqUired
operallng voltage lor the drum motor 01 tne
FAX -m ach ine to tne VllnOUI drum speeds
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The dr' .... 01 lhe MOS -IWIlc h 'I made ... ,.
the control bu.. ,IS h.ils been pr....'OUI.~
mentioned. Ih'l I Wl lCh .s binary COded Th.
re lalto nltllPi .r. shown In Ih. Im.ll table
given ,n FIglH. 504

The conneclll)rl polnfS 01 Ih. Ind,...ldu.1
boardl .r. g''''''' ,n lhe CirCUli d'agr.", 01
the . """tctung ~rd 'or lurther Inlorm&llort
and to aid faull-IH"Cl,ng , II r«!uIFed How·
........ one need nol worry .boul Ih. Wtrlng
S'1"ICe Ih ll 'I mIde w,th the Iyllem eee-e
whICh 'I 10 De deosctlbed ,n secnce 6

5.7.1. Conl tructlon of DC 3 NT 0 11

The I WI tChlrlQ board DC 3 NT a,l 'I ..ngle­
coated (Fig",,. 55) and a'so pos...... the
E",ropa board I'Z. 01 160 mm _ 100 mm. • 1­
IhOUgh o ne Ihlrd 01 the board 'I em pty and
cou ld b. del.led Figur. 56 IhO ""'S a phOIO­
graph 0 1 an old pro totype Ihal do" no t
possel S a numbe r 01 cacecnc re a nd re li l _
tors The IWO reqUired brtd ge s a nd the con­
necto r Si rlp can be seen

5.7.2. Co mponentl tor DC 3 NT 01'

4 C-MOS-te.

2 poeces 4OS1
2 Pl8Ces 4052
2 sWI tChing dIOdes 1 N 4 148 or I,mllar

4 cer.mlC or plastiC '011 capacltorl 0 t "F
$paCIng 7 5 rrwn

AU rnlllOrs 10 mm spaclrlQ

1 31-pln Cortnec:lor sttlp (OtN 41617)

5.'. Mod u l. DC 3 NT 012

Ttle so-called I~tem board 's pro""ded lo r
the m t.rconnechon 01 Ihe follow,ng
mOdule l

DC 3 NT 005 ,...cec board)

DC 3 NT 006lpower supply and oUlput
I taOel lor Ihe drum motor)

DC 3 NT 007 ll lart-Ito p logiC)

DC 3 NT 008 ('reQuency generatorl

DC 3 NT 009 (CRT d"ve X-Y-Z;
DC 3 NT all law,IChlng board;

A CIrCUit d,agram 01 Itlll boatd II nol liI'ven
Imce II would only lend 10 co nluN Ind
because Ih. Conne<:IIOr'l POints Ir. g,ven ,n
each Indl ... 'dual CIrCUlI d,agram

Figu t . 57 IhoWt Ihe componenl local,on.
01 thiS do",ble-co-ted pc-boIrd ,n a ted",c ­
ad mannet The aclu.' lize 01 the board 'I
160 mm _ 135 mm The componenl Ild&
only conl.,na t". 6 connector II"PI and
clamps lor I". In pr....IOu. 'y merllJOned
modules as weH as two Inlllgrated ClfCu,fS
(4416) lor the control bus and an AF-tr.n­
Slltor

A large number 01 solder pm' mUlt ee
soldered 10 the ecnecctcr Iide o. Ihe
board , and IheM ar. m" ked al bl.Ck dofS
m FIg u re 57 The IwO d,Odel (I N " '8 or
Slm,la r) and lou r r..,stors .re Imally also
mounted on me cornluctor "d. 01 Iha
board (Flg ur. sa)

Fig. 51 ; Phol~,.pfl 01 • Complel.l., .QII'9fl8d
1.,II.m b o. 'd DC J NT 0 12

5.11. Modul. DC3 NT 013

The croce maIm DC 3 NT 013 II bUIll up on
a lIngle-COa led PC-board (tee Flgur. 59 .
S """ lc hlng diOdes can be soldered rete
place o n Ih,s board lor selection 01 up 10
n Ine d iller ent programs

EaCh pr og.am represenls a COFfeCI Comb,­
na llon 01 drum speed. aud,o source SUit·
able demOdulalor 'eqUifed ,mege channel

•

•
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(TIROS and NOAA). fequlred ,"del 01 co ­
cceeeucn . and '!!'QUlred equallzallon 01 the
grey tones or monochrome level, 01 the
FAX-machine

PC-board DC 3 NT 0 13 IS 95 mm ~ 90 mm
The h orizontal lines over tne complete
leng th 01 me board represent 10 "Me
br idges made Irom 08 10 1 mm lhlck .
sil ver-p la ted copper wire These wires are
placed apprO~lmalely 8 mm above lhe
board The resistors and Ihe crooes are
now soldered ver1lcally Irom these Wtrl:!'S 10
the reQUired points on the board

Three Oil-sockets ate to be found on ll'le
edge 0 1 tne PC-board These are provided
/or Ihe Wlflrn;I shown In Flgur. 60 wl'I,c l'l 's
made With the a,d 0/ plugs and lIa l cable
The tnr ee pl ugs are coeeecrec as tonows

5T 1 ccotrcr bus 10 Ihe syll lt>m ooero

5T 2 Program SWllCh

Pin I Ground
Pin 2 METE0 5AT
Pin 3 . TlROS. CH A
Pm 4 TIROS. CH B
Pm 5 _ Vl F BLlWT 120

Pm 6 VlF g,.'ly 18\<9IS(240
Pm 7 HF BllWT 60
Pin 14 HF BLIWT 90
Pin 13 HF BLlWT 120
Pin 12 no l conoectec

ST 3 10 Ihe Indlv,dual SWl lches lor
programming as required

The lollow lng table shows tne programs
K'iected by the autnoe as recommeodancn
A program or mode SWitch IS reQUired lor
programming Tl'lis can be a Single-layel
rotary SWitch l'Iavlng len POSitions. 11
SWllches lhe Op('ratlng voltage to Ihe
selected group 01 diodes SO Iha l Ihe aco·
mtcrmatron IS passed 10 the MOS·sw,ICh
(DC 3 NT 011 ) Yla meconi rol bus

ThiS descrlphon has now cescnbed all
mod ules wllh the e xcepucn 01 DC 3 NT 009
whi ch IS required lor Ih fO pho tographic reo
cording l ogelher wll h the prelure lube ThiS
means tha i lhe erectrcmcs lor lhe FAX­
macl'l lne are complete. and It can be en­
closed In a cabInet and provided With Ihe
reQUired eonnectcrs. eweceee . conlrols and
md,calo rs

•

CO', ." .. '" "", s_ ,,,
'" '" '"'" " '" ,.,

C "" ""
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, 6. CONSTRUCTION AND WIRING
OF THE WHOLE UNIT

cen t to the cmee SWItches In II atrrntar
mann er to that sho wn In Figure 60 ,

The sys tem boa rd. th e PC-boards DC J NT
010 and 013. as well as a po wer transtcr­
mer (2 )( 15 V/65 VA) should now be
mounted In a cabi net of your enoree .
Anenucn Shou ld only be paid that Ina
so lder pm s on the conduc tor Side 01 1M
system board remain accessibl e. Since Ihe
interconnect ions to the connecto rs, SWItch·
es. co n trols. and Indlcalors are soldered to
these pins as sho wn In Flgur. 61 The
ccnnecnooe and cent-ers can be p laced on
the front o r rear panels as requi red

In the case 01 lhe author's pro to type . 3 and
S-p,n DIN-connectors were used lor
connecuon to lhe periphery equipment and
each connection prOVided Wit h a tnmmer
potentiometer lo r level adj ustment , A BHe­
connec to r can be used for in terconnection
to the OSCIlloscope, The co ntrast and
brightness con trols are used l alrly ollen
and sho uld tteretcee be moun ted on the
trent panel

The LEOs can be arra nged lunctlonal ly and
mounte d around the mode SWitc h or ecre-

Further PI. nnlng

The board s required lor ope ra tion 01 the
CRT· mod ule are accommodated In the
cabinet 01 ttus module With the exception
01 lhe pr eviously men tioned board DC 3 NT
009. wh ich should be Inse rted into the eve­
tern bo ard later ThiS means that the ~e!6C ·

ucmc- mod u le onl y con tains the pari s
g iven ," Figu res 60 and 61

Now to our -mecnamcer specialis ts" The
FAX -mach ine Will be described In one 01
the nex t eciucns 01 VHF COMMUNICA T·
IONS It IS Virt ually ImpoSSible to give the
delalled mech anical dra Wings In th iS maga ­
zine. and would taee up too much space In
It. Fo r tt us reason . these draWings will be
available sepa rll tely I rom the publishers or
your na tional representative lo r the equw e­
rent 01 OM 6.- . These draw ings can be
used In conjunction With the ceecnoticn 01
tne FAX· machlne wh ich IS to be gi ven in
Ihe magazine

A New Generation
of Transverters
for 1296 MHz

Jahnstr. 14 Pcsttacn 80 0 -8523 Bareredcr t
r eietc n 091 33 / 855 (Tag und Nach t }

620.­
786.-

OM
OM

We would like 10 « moocce our second generahon 01 23 ern Iransve rte rs tor operation In con­
u mcncn w ll h ei ther to m or 2 m transcervere

• Oou ere-cooversrcn bo th on transmit and receive With the 10 m version to ob tain the
extremely tllgh Image and SPU riOUS re.ecucn and clean spec trum ,

• Overa ll norse Ilgure 01 the receiv e ccrweuer typically 3 9 dB

• 'rr en svert ers are available In th e lollowlng versions

ST 12961144 A: 2 m IF. ou tp ut 1 W
ST 1296 /144 B: 2 m IF. ou tpul3 W

k UKWtechnik Hans Dohl us oHG

•



A Simple Converte r for Reception
of Weather Satellites in Conjunction
with 2 m FM Receivers

by H. Kulmul . OJ 8 UZ

The orbiling w.,ther " 'eIlU. . luch • •
TlROS-N. NOAA-6, and METEOR Irln,mll
thel, APT·w••the r Images (ll in Ihe ..'e'­
IIl e Irequency ,enge between 136 end 138
MHz. Si nce Ihe•• tra namlilloni .r. Ir. ­
quency-m odulated, It ., polilble 10 monl­
lor th... ..telll t.. by con"e"lnll th is
band 10 144·146 MHz and us ing I con"."­
I Ion81 2 m FM-r.c:e tver .

Th. d. , c,ltMtd cony.rte, w•• de"e topfl:! lo
rece ive Ih... frequenc ie. In .. l impl e
mann er. Only two .emlconductor, . r.
Ul ed . Th e converte r ., design ed 'or tho..
reader. lhe' he"e o Men tho ught .boul
recei..,i"g "",••th.r ••'elll l••, but han
been ...... lling lor I .imple me.". 01 doing
Ihl, . The .Impllcl ty 01 Ihe design end the
1,1,. 0 1 t••dlly l"IUable componenll
me.n . lhet construction ca n b. m.de by
new com er. and .hortw..... 1I11.ner• .

CIRCU IT DESCR IPTiON

As can be seen In Figure 1 the mpuT ..gnal
h om the antenna IS fea ...la a two-slage
bandpass IIIIer lor the weathm satelhte
band 136-138 MHz 10 the VHF-p reamphller
equipped wl lh the well-known MOSFET·
type SF 900 nate 2 of th.s lr anSlslo r III

access.me ....a a feedThrough capacI tor 10

tha t the gain 01 the VHF-preamplifier can
be red uced automatically or manually ThiS
allows Ihe gain to be set wrttun IIm,t. to
sUiI lh e subsequen t 2 m FM-re cel ...er The
mosl simple means of redUCing the gain
would be to ground connection PI2 ....a a
SWitch

The VHF-p reampli f ier slage IS followed by a
second two -slage bandpass filler for the
frequency raflOS' of 136 10 138 MHz. which
possesses a coupling link lor the miller

' - 6/nm -

•

Fill . 1:
A.c. I... . co n rt. r
136-138 MHzI1 · 1.' MHz

' "=oP t )
_ . 11V

.,
' 1\. 1\. 1\. .
• C8ill .J,;,N~ C13=

L....E?UCI1 J ~
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COMPO NENTS

The converter IS d8$.gned lor an ope'",ng
vol lage 01 12 V. Dul WIll ,It II operlle even
wIth I", than 6 V 01 COU... 1110""._ ga In

coupling The mlll.r .1 eqUIpped .... 'Ih an
ml8tjj'ate<:l CirCuli type SO42 P th,,1 con­
...erts Ihe lalelhte band 10 14.-146 MHz .... .U,
the aid of an 8 MHz C~I.I ·lreQu.ncy

The output couphng " ~ 'tl. " two·
slage bandpass ',"e' 101' " frequency fange
01 1.... 10 146 MHz

R 1 68 11,
R 2 1811,
R3,R4 ,R S 180U

C 1, C2 CS.C6, C 13. C '4
1 4 . 10 pF plast,c fOil trImmers
7 mm d,. bellow)

C8
C9
C,"
CII

C~

All ceramiC ~Itorl ar. lor 5 mm eoec­
mg , and poueu the loll owmg "alues

C3,C4 C7 CI2,C17
InFlol0nF
30 pF
100 pF
J3 pF
n pF

Metal plate With co" . rs
37mm . 111 mm ~ JOmm

Input and output connectors
BNC (or dlfect cabl. ccooecucm

C 15. C 16 FHdthrough capaci tor t nF
(valu. uncntrcef

CONSTRUCTION

The 107 mm • 35 mm large bOard .,
double-coaled . whereby the upper lode "
used as ground I4.Irface and only the Iow1Ir

BF 900 (Te• • , lnltru rnen tsl

SO 42 P IS,_n'l

8000 MHz HC·18 /U

55 lurns 01 1 mm doa arrver­
pla ted copper wne wound on II
6 mm tormer. 1Hl1l'lupporlmg
mounle<:l 2 mm over th e board
Co,I lap on L I and L 7
075 turns Irom the cold end

1 5 turns 01 Insulated w,re
wound In between Ihe lurnl
01 L 4. accord'ng 10 the hole
spacIng on the board

L5

T1

"0'
l , • L 4.
L 6, L 7

m



"de IS etched The component loca tions
are shown In Figure 2 Construc tion 18
Slmplilied by USing an available metal plale
case, and the ccmptete screening will
reduce the direct -eceoncn 01 2 m Signals
The screening panel across lhe Input tren­
siste r IS provided 10 ensure stable oper­
anon o f th is slage

It IS recommended lor the construc tio n to
be mad e In the follow ing order :

I . orin au holes In the metal plate case lo r
the connectors (Or hole l or Ihe cable l
and lor the lood through cepacuors

2. Sold er the frame 01 the case together
and eoroer In me le&dthrough ceoacuo r

3, orin the PC-board wilh a 1 mm diamete r
dri ll ( 1.3 mm lor Ihe tnmrner}. and coun­
tersink alt holes wllh exception 01 the
ground connecti on s, so that no short ­
circuits to ground occur, A hol e with a
diameter 01 55 mm IS dr illed In Ihe
boa rd lor the VHF-lranSlstor , whi ch IS
solde red to Ihe conduc tor lane s rater

4 Fit the pc-board to the case betc re
mounting the co mponents. and solcee
Into pla ce Make the «uerconnecuon s 10
the leedlhrough capaci to rs lor Ihe
+ 12 V and gate 2.

5 Fit m e screefll ng plate across th e VHF­
preamplif ier transistor and scree- Into
place .

6, Prepare the Ind uc tances and solde r mto
place , The directi on o f wind ing IS given
by the holes m me board, and attenncn
mu st be paid 10 th'S
FirStly mount the input and c utout Clf ­
CUl tS, and solder the wi res lor Ine COi l
tap Into place Indu ctan ce L 5 IS wound
trom Insulated wife In the turns of L 4
and shou ld be Installed at the same
time

7. Equ ip the board With the mmmets.
-eersrcrs. and ceoecuors

8 The SO 42 P IS now soldered mto place
wlt houl socket

9 The SF 900 IS now SOldered to the co n­
du c tor lanes Ir om terow
CAUTION Make sure that II IS the flgh l
way round I

10 Solder the crystal ,"10 oc stucn

ThiS ec mcretee the con strocuoo. and II IS
now on ly necessary lo r me co nverter 10 be
ahgned



,l l ALI GNMENT

Con nect an operating vol lage 01 t Z V and
check to see me t the current drain IS In the
order 01 appro_ 7 mA The opereuon otthe
crys tal oscil lator can be chec ked with the
aid of a Irequency counter uSing a small
coupling capacllor connected to pin 10 or
12 of the S0 4Z P A Irequenc y 01 8 MHz
shoul d be present

AlhH th iS. It 15 onl y necessary lor the reso­
nant CirCUits to be aligned at th e center o t
the band A slgna t generalo r having a good
ca libration (or checked ag,lInst a Irequ ency
coun ter) Slmplt lles the alignment process
and IS 10 be recommended

NOTE S
The descflbed ccoveuee was developed so
that II IS very easy 10 construc t The authOf
wou ld tnereto re like to e.sccss a lew 01 lis
special Ieatu res and limitations

The cr ys tal I requency 01 8000 MHz was
selec ted due to the avallablhly o t such
crys tals. The eigh teen th harmon iC (8 MHz _
18 144 MHZ) that IS audi ble at rne bo ttom
01 tne Z m band , WIll no t In terfe re w ith
reception. Since no satelli te Signals aee
active In nus Irequency range It can there­
lo re be used as a freq uency mar ker

Since the treouencv spacing between t36
and t44 MHz IS so tow. th(.>fe IS bound to
be a ce rtem amount 01 break through Irom
the 2 m band For Instance. It IS possible
10 f the repeater ou tput I requency 01
t45 625 MHz 10 ,nter tere Wllh the TlROS·N
Iransm lSSlons Ihll t are converted to 145 60?0
M~lz However. Ih,s w.1l only be the case
wben the 2 m Signal IS e.tremely stfong

01 course It would be posSible to select a
di lleren t crys tal trequeocv: th iS frequency
must be lower than 8 MHz, and a d,sad·
van tage IS tha t the scale Will no longer be
propor tional

Since the FM-tranSrnlSSlons trom the salol­
lite possess a Irequency cevrauce 01 9 kHz
some d.s tcruon will occur when uSing
narrc w-eaoc amatllur FM·recelvers ThIS
woutd be a d,sadvanlagll wht' n making
weathe r sa telli te Images. but thiS conver ter
w as no t constructed wl lh such applications
In mind but more lor mOnl'orlng thiS tre·
quenev range

REFERENCES

( 1) T Brttan Recept ion 01 the METEOSAT
Weath er Satellite
VHF COMMUNICATIONS 10 ,
Edi tion 3/1978. pages t69·t n

NEW 23 em CONVERTER SC 1296/144
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Noise I,gure tvp. 3 9 dB
Gain: typ 22 dB
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An Up-Converter for Extending the
Frequency Ran ge of Signal Generators

by J . M. Nodl"g, LA e AI<

I'

II I, nol I new Id•• to extend th e Ir. ·
quency reng. 0' • I Ig"I' IIlnerllor with
lhe l id 01 • min,. A I. rg. number 01
obl4let. . Igne' genetllor. . r. 10 be
found In Imaleur aheeh Ihel do notpo..... II VHF·ra nge, end even II" •
UHF-,enge . II Ih, Illl nlll " Inlri ior , Ignl '
i, con .... I1.d from HF to VHF or UHF. uel"g
• mod ern SChottky diode , Ing ml••r, it I,
po••ible 10 obta in . very I'fgl le ...el reng.
with • good lell il l ecurl CY OYlr I wide
frequency r'"ge.

The pnocrpre 01 trns method II gl Ylm In Ihe
block d iagram (Figur. 1) Th iS assumes a
SIgnal gen erator thaI has a frequency range
01 up to at least lS MHz and IS e. 'ended up
10 144 MHz w llh the aid 01 a crystal-con­
tro lled w ,deba nd mill er The loss 01 the
mixer can be taken Ir om tne da ta llheet as
l ,rSI app ro ximation and be broug ht 10 a
rounded value w llh tne Bid 01 Simple aue­
nua lor s (eg 10 dB)

The sWll chable auenuarcr sho wn In Fig 1
need o nly operate al the lower I reQuency. It

I' used to extend Ihe level range 01 the
Signal generator.

Fjgur. 2 shows me resulting CirCUit which
compri ses a crys tal cscruetoe. tr.prer. and
an amphner wh ,ch driVes Ihe f1ng mixer via
a ma tching link With app ro xlma lel y 10 mW
A DC-vo ltme ter can be co nnec ted to teet­
pomt TP 1 lor alignmen t 0 1 tne OSCi lla tor
chain

The nng m ixer type SBL - I ,MeL) u59d by
the author hall a conversion 1055 01 62 dB
when driven at th ll level. wh,ch III a very
typ ical value The Pr-ettenuator lin k al Ihe
Inpu t o f 0.8 dB , and one at the ou tput w.l h
3 dB , ensu re tna t the ove rall loss amounlS
to 10 dB Since these ring mi xers only
ec neve the ir g.ven da ta WIth exac tly 50 U
term tnat ,on al all po rlll. II II not a bad Idea
to de Sign the two PHUlenualor finkS '0'
h igher val ues - lor metence 38 dB at the
mput and 10 dB at the ou tpu l

Th iS resu lts In an overa ll corwersron 10 55 or
20 dB . which corresponds to 1110 01 me
ou tpu t vol tage read oil on the Signal gene ·
ral or

•

fill . 1: U.lnll. I1n_. r ml • • r ..lIh . hlllh dyn. mlc r. nll. 10 • • •• nll
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CONSTRUCTION AND
COMPO NENT DElAILS

The ClfCUlI given 11'1 Flgur. 2 can be accom­
modated on sc-eea-e OK 1 OF 042 (11
5eYeral Clfc ull dela,ls were also take" Irom
thiS module Further deta ,ls about the com­
ponenll and especially ttl. ,nduCla"en can
also be laken from th IS art icle

S,nce the C'fcu,l given ,1'1 FlOur. 2 " .chal.
Iv only an aumple on how I UCh an up­
con....rt., ca'1 be construc ted . complete
COf'Iitl ruCliOnal detAIl' ar. not to be Given

~uunly lhe '''''.penslYe mi••' ty~ auch ••
IE.SOO, M[).l 06. SRA· l Of Se l · 1 will be
uMd lor Ih 'l application. Wh Ich mN nl thaI
an l'eQuenCIM betwe&O 5 and 5000 MHI can
be ac hI eved . 1 IonQ as a SUitable OKtUalOI
CI,cul l " prOVIded S uch m ,x.r. leqUire an
cecrueto r power 01 5 to to mW 101 most
la vorabl. operation . one sho uld be able to
measure apprOxima tely 0 6 V at the teet ­
pomt when usmg a hlQh-.mpedance von­
meter The con verSion loss 01 . uch m,.ar.
" In Ihe order 01 5 5 to 7 dB The fI. ac t
value .s dependent on the Irt!'QueflCy, tne
osc ill ato r level. and on the Ind.v .dual m, .er

The 10Uow,"O tab le g,ves the requlfed
res.stance values lor the P.-allenuator lin ...
(rounded values)

Attenuation " 1 "' " 3
dB II II

O. 91 0 se
30 300 "3. 220 22
60 ' SO as

100 ' 00 68

USI NG THE MIXER AS
. WAVE ANALYZER.

The ,uthOr t\as 'Iso used lhe de'sc:hbe<\
m•• er module the Olheot w,y round ,n o ther
words USl"O an OICIl~tor Ireque ncy 01 143
MHz 10 convert ~nIIts on the 2 m band 10
an ,ntermed.... Irequency ot 1 10 3 MHz
'Mlen US.ng • 20 dB ampl,". r (e g BF 9(0)

at the IF-4)ytput (p.n 3 and 41. ,t 's poss, ble
10 drive a cheap OSCIUOICope, and. lor In.·
lance. 10 e.&m,M one'. OW" SSB·.,g"al lor
crstcrnon. or lor ad luatl"9 Ihe sha pe 01 the
keying en velope In CW by . lIe rmg Itle tun e
consla"1 In the " eymg Ime The laner e.·
ample shows ho w • dl Hlcu lt problem ca n
be solved Simply

REFERENCES

(1) J Kest ler A 29 MHz Tra" sve'ter
tor Use w,t h 145 MHz Tr.nsce.~'.

VHF COMMUNICATIONS t2 .
Ed ,IIon 2/ 1980, pages 88-95



Spectrum Analyzer for VHF/UHF Amateurs
Constructing a Home-Made Universal
HF-Module

•

by E. Berber iCh, DL B ZX

The description 01 th e 11'11 apecl rum ena "
lyle, , t th e VHF·UH F Convenl lo n 1976 in
Munich, end In VHF COMMUNICATIONS
htd to • la rge num ber of I,n, r, 'r om Ime ·
leur, th el wi,he d 10 COO"'ut! s uc h •
spectrum 1 "11y" " Unlor1u"e 'e" . th, con­
struc tion d,"iCuttl. ' wilh r••pect to the
AF·j"pul module , end the , me n It.qul ncy
rlngl:' 01 the lir.t ve" lon we'. not r••lIy
ab le 10 ..Usty th e dem and s th ll w.,.
pl aced on It. The dlveiopme"t and con­
, truc ll on 01 • sull able RF·lnpul module I,
•• Irem '" d iNlcult tor redio emltlur. th. ,
do nOI h .",. I CCI . I 10 • ' erg. I mo unl 0 1
• • pe nal ve me••uting equipme nt (QAL).
For thl , , ••ton, I " " eence pucn we .

d l ve lo pe d th aI Un be r• • lIze d lol ling con.
vI"lion,1 module. a"d eompo"e"I• . Thl.
" ew de. lg" we. de.erl~d . l lhe VHF·UHF
Ccmlle " lio" 1980 I" Mu" leh 8" d I. "OW 10
be de. er ibed '" Ih'. 8111(;Je.

I . METH OD OF REALI ZIN G THIS AIM

In orde l to d isplay a Wide frequency I<m911
at one tim e, It IS necessary to use a hll:,lh
I lf st mt errn eo.ere treq uency (IF) and an
OSCillato r that can be swep t electronically
over a correspondmgly Wide range There
are several possibilities 01 aVOiding co n­
st eucncn 01 these entreat modules

111 IF

•
~
~

101m.. . .

•r*o-l
~
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, 1.1. U•• er Industr .a' RF·Modu l..

Comp le te "ng muers lor 50 U ,U lI available
on Ihe markef thaI can be us.ed up 10 very
high uequences VCO-modules a,e al,o
available lor the VHF to SHF range The
reQUired hlgh ·pa SS and low-pass I llIerl . as
well as calibrated allenualoll are also
avaIlable I rom well -known companies Fig. t
shows the use 01 suc h compo nent, ,n con­
junction with a spectrum analyzer IS A,I
The only , bullmporlanl d isadvantage 'I the
pri ce 01 these modules. whi ch " usu ally lar
more than IS aveuetne lor one I hobby

1.2. U• • 0'. Cab le -TV·Tuner

Special luners are manulachHod 101 cable
teleVISIOn (CATV) tha I can be Tuned co eu­
nuously n om 40 10 300 MHz and ooe rete
With a l ' fsllF ot 600 MHI CATV ·luners also
have good large-signal hand lmg capablli­
l ies

Flgur. 2 glvH the block diagram or a spec­
l rum analyzel uSing a CATY ·Tuner Th iS SA
can co ver the Irequency range 01 0 1 10 40
MHz, and 40 10 300 MHI In lwO swllchable
bands Howevel. It IS nol easy to ob tam
such tuners Irom lhe servi ce departmen t or
me TV·manulacturers, or CA TY·companles,
presumably, because they think one Wishes
to lap mtc lhelr cable syslem Without poly·
mg the monthly lees I FOI lhl S reason. ui e
aumor allempled 10 fmd a furlher soluil on
10 me problem

1.3. UHF-TV ·Tuner •• Tun able Flr lt
IF · ...mplifler

A spectrum analyzer can also be realized
uSing a UHF-lunel Irom a TV·lece,vel
Smce It IS to be used In a measuring sys·
lem haVing a hIgh dynam.c range , a TY·
nmer should be round haVing lalge·slgnal
handhng capabili ties , tnar do es no t use a
se ll-e llci led ml.er A Iur tne r advan tage
would be 8 lunab le Inpul Circui t and a 75 ~J

IF·outpul

As lar as lhe autho' knows . no separate
UHF· tuner ISmanulactured In Germany . bul
he lound it SUitable rcoer tn a Japanese TV·
recei ver Th.s used a UHF-tuner uSing
merar-ptate chambers WI!tl tunable Input
S1age . as well as possessing a separale
osclilalor and diOde rtuxer ThiS lunti r IS

readi ly avai lable In Germany " om lhe ser ­
vice departmen ts 01 lhe targest man-order
co mpa ny

For those reade rs tnet ere not able to
obtain such a luner. II IS pOSSible Ina t lhls
could be obta.ned lo r you In Germany al
lOw cost

Figure 3 shows the I ,nal SOlution rn the
lorm 01 a block diagram In order 10 aVOId
espenerve ccacer ewncnee. each rrequency
ba nd possesses ItS own mpu t connec to r
The range SWllchmg IS made al the mput 01
Ihe l une r w llh me aid 01 PIN-d iodes In
o rde r 10 coram a constan t sensitivi ty ove,
the wh ol e lumng range . the lu ner mu sl
have a slightly , lop ing freq uency response

•
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The me8sl,lflng accuracy IS mainly deter ­
mmed by thlll characle"S!IC

As can be seen tn the block diagram. three
frequency range s 01 apprO~ lmalely 400
MHz eacf are obtamed In a Simp le manner
A lower band from appro.,malel)' I MHz
(lower cu i-oil frequency 01 'he ml.-ar usea l
to 400 MHz (I). the dlrecl tuning range 01
tne tu ner 'rom approxImately 430 to SOO
MH z (II) . and IInall y an upper band (UI) re­
pr esenting Ihe Image frOQuency 01 the
lower band , WhiCh covers Irom 1230 to
1600 M Hz

Of course, an UHF-SHF-conslruclOfS '0'1' ,11
have noticed lha l the mos t ImpOrtan t fre­
quency ran~ In me orde r Of 11500 MHZ.
w h iCh IS used as ioce t-osc-uaror freQuency
to r vl rl uaUy au rruercwave amateur band s,
IS nOI co vered For thi S reason me 800
MHz OSCillator IS des Igned to be lunable
Irom 710 10 800 MHz ThIS meanllhat II II
possible 10 sh, tl me Irequency range scree­
wh at w hen the meer IS used (preml,,-oper ­
atlon) Th IS hrsl loca l c sc.uercr cou ld be
10C~ed to a 72 MHz crystal OSCl ll l to r usmo
a PLL -ClrCVlt In cor uuncnon With a ewac n ­
able diVIder (by ten or by eleven ) II narrow-

FIg. 4: Fr.qu.ney pl.n lor Ih. Iln. 1, pKlrum .n.'yl" . hown In 1''9 - 3
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FIQ. ! :
" to-.p... f ln., !Of' ""fe I
L 1 • L 01 , .ectl)S """ 10",. fOO U ,tropHne
_....,f.c:lllled by M,,,_nl

• band ' ,lie,. are used ,n the I,'s ' If IheM
meuur•• • r. absoluTely neceuary te••uP­
p,eumg ,,,. Inter1ereoce dev.ahon

Figur. .. ahowI .. frequenCy pia'" whIc h
allowa tw o further ' reQlAflCY r.no_ 10 M
oblaone<! USIng .. leCond lOcal OSCillaTor
TheM renoes IIV) ancl (V) na~e It,ll not
been reah zed by Ine au thOr

" .,
I
T"

2. THE FINAL CIRCUIT '~-----..

As "as .I'~ been menllOl"eCl !hI' IP« ­
' rum " 10 be constructed as g'ven ,n Fog 3
Furthe r det,lllia are no w 10 be g,ven regard_
Ing ....11101,11 modules

..
. ,

OlB ZX

· .0

Fig. • :
Ctl.,ect.,lltlCof II'Ie to- .ea-"
I,n., II'''.'' In Fig. 5

0 1 COY''', these "al"," a l. only p.nenl
when th e s trlph".. a re glued to • me l,,1
l urface The 100 U line was telected lo r
the 10w· pllSl hne , ,n Older 10 Obta,n the
smallest poas'ble ConSIIUCI,on The _s­
Uled a nenuallOn Curve ISg,yen In Figul. S.

.. 7 nH
78 nH

6011
100 U

The IOW-Pd!lS utter to, 450 MHz " con­
Ilrueted tn a metal·plale case 01 37 mm •
111 mm The mduc tances (FI';IUf. 5) conillt
o lIO-called Z-ll rtpS manu faclured by M,ni ­
mou nt These sell-adnes,Ye epo.y-glasa
' ,br. S",PI w,lh co pper coa ling ar. 01"0111 ­

able ,n apprournlI lely 100 mm length 101
the ....nCu. lITlpec:lancn (SO U . 60 U 75 U ,
and 100 Ul Defined 'nductances can be
manufaClured USIng theM , trops and ItltI
tanow,ng Inductance va''''" ......e'. calcula,­
ed lor Ihe varlOOS "r,pl'ne w,dthS t,mpe­
dane")

50u 39nH.
7SU S8 nH

•

Fif 7:
P,....' .., mod"..
with IHF 1111111......
hn., ."d PIN ­
diode ••llell



2.2. 1100 MHz Hlgh·P... Flll lr I nd MI.lr

The SHF hlgh ·pass I lll er. PIN·d,Ode SWitch .
ring moer, and a 3 dB allenuator lor the
IF-ou tput are combined as sho wn In Fig. 7
to teem a Mpreml lerM mOdule The high·
pass ind uc tances L 5 and L 6 have an m­
euctence 01 4 nH and have been cons truct ­
ed In pr mted technology

The arrangement c t the components IS very
cri tical in this module II the crOSI- lal k be­

tween tne three channelS IS 10 be kept to a
low value For this reason. • preml lfH '
board was developed that may be des­
cribed la ter .

2.3. Ol clllator Moduli

The local OSCilla to r Ir equency 01 710 to 800
MHz IS I lr stly generated In a ' ree·runnlng
osc illator as shown In Figurl 8 The resc ­
nen t ci rCUit Induc tance L 2 comprises a 3
cm long p iece 01 15 mm d,a Iilver.plated
co ppe r wire A verac tc e diOde type BB lOS
IS co upled to thiS line and uS&d lor luning

The OSCillator drives «uc an apenOdlc
butler With feedback . and a 3-5Iage low·
pass I ilter The fil le r IS construc ted In the
same manner as the Inpu t lo w· pass nuer
for fange l; Inductances L 7. L 8. and 1 9
are a smgle piece 0 ' 100 U IInpline onto
which the capacitors are soldered With a
spacing 0 ' 17 mm each

2.4. IF·Amp' ifle r and Sel ectivity

The Inst IF 0139 MHz prOVided by lhe tuner
IS too lo w 10 obtain a high Image rejec tion
For tt ns reason . the dynamiC range 01 lhe
,nd,calo r was limited to 80 dB ThIS means
that only 8 stages of tne hnearllogar,lhm, c
IF·amp li fle r 018 ZX 000 (VHF COMMUNI­
CATIONS 2/t9n) are used

In the case of the author's prototype, Itle
ccnversrcn to 10,7 MHz WIIS nOI ceee in
order to avolCf unw anl ed reception points
When USing an op l,mum cceeeucncn.
however. It IS posSible 'or double ccrwete­
Ion 10 be eeanzeo satls 'actonly In order to
Improve selechvlty The advanlages 01
u eee measures were discussed In lhe pre­
vio us pubtrcenon . as well as ,n (3)

In the case 01 the aulhors proto type, only
lhe selectiVity of the 39 MHZ-CirCUIts 15
euecnve The rMultlng overa ll bandwld lh 01
appro xrma tetv 600 kHz IS 100 WIde lor
narrow- band displays Unfortunalely . no
comme rCially available crystal fil ters are
known for a 'r equency of 39 MHz. crys lal
ti llers are available lor 35 4 MHz I B 8
kHz (Philips). 41 MHZ I B 7 kHz (Toyo ­
com). bu t are too 'ar Irom lhe required Ire­
quency 01 39 MHz

For th iS reason. the aultlor cal culaled and
co ns tructed a helical bandpass 'liter for 39
MHz lo r the prototype syslem Lcw-cepecr­
ranee rela ys are used 10 , wl lch thiS f,tler
mto tne Signal palh when feQUlred (Fig 31

•
I

fig, a:
An 800 MH t vee

221



fig . 9 shows one stage 01 the IF'3mpl, !,er
DL 6 ZX 003 whIch has boon mod,ll~ rOf
39 MHz Inductance L I coosete o t 11 turns
01 04 mm d,a couon-co...e-ec. enamelled
copper wIre, wound on a 4 3 mm COil tor­
mer wllh ViOlet core II the Inductances are
enc losed In cans that are nol lao smatl, It ,s
possibl e lo r the sc reening pane ls between
tne IndIVidual slages to be deleted

A shori descnpt,on 01 the IU'ea. llog8f1!h­
rmc IF-ampli fIer '5 no w to be 9, ...on , amce II
torme the heart 01 the spec trum analyzer

JO

20

~
"• • 20 D co 50 ,bO 70 OJ

~
, .', 0, ,

i " " re " " IJ " " o ocwcurrf'(i'
of rF-omp

> O.M 0,;>1 056 " 665 " '" 210mY§
! Flll_ 10 :

O. .... lopm. nl 01 In. IOll, ••,h ml(: se. "

m

•

Dl. 8 ZX

DL8 ZX

eo
ee
70

OJ

50

' 0

Fig , . :
TtI.lf ' ''·II''
01 modul.
OL I Zl( 003
• •• mod il l. d
10. 311 MHI

In order to ob taIn a dB·hnear (In o ther
wor ds a logari thmiC) scale over a large
dynarmc range, It IS poSSIble to use a so­
ca lled succeYlve rec ti lier amphl,er It con­
Slsls Of !leVeral Identical ampll lier stages
With a cuut-m recti he' The ampli tlers are
connec ted In series and are adj usted lo r
10 dB per stage A stage With an Inpu t
imped ance In the order 01 lero U adds the
tecuner currents and passes them on to the
V·ampllfler of an OSCIlloscope Figur. 10
shows th e developmen t of the vlf1ually
,deal c a-nneer scale

A voltage·hnear display II also poss,ble and
thIs II the reason 10' lhe deSigna tion
linear/loga'l thmlc ampll l,er ThIS can be
selec ted With SWitch 5 1 (Flguf. 11) to fmd
the ampli fie r st"gf> 2 to 9 that II Stili operet­
mg tn Its hnear range, accordmg to the
mput level

The Impedance eoove-te- (LM 324) IS fOI.
lowed by an active low -pass " ite' With
variable bandwrotn , equipped With a cern.
pensa ted operational ampli ',er type L 141
lor stablhly reasons A meter IS also con­
nec ted here for readmg 011 the amplitude
value o f an IndiVidual spectral nne . which II
usually more accura te than when uSing an
OSCi lloscope

2.5. IF·p,.tamplif ler

The croce ml ler used In the UHF-tuner hall
QUIte a good IMge-slgnal handling capa ­
bility. but elh,bll ll a convors.on 1055 For
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thIs reason. a lew-norse preampll tler as
sho wn 10 Flg u,e 12 IS connec ted 10 r-oot of
The linear/ logari thmiC IF-ampli fIer

An addi tional ' Iller can be connec ted at tne
ou tput Of thiS arnputra r fo r ImprovlOg serec ­
ltVlty. If me nner IS bridged. resister Ad IS
provided to compensate tor the converstc n
loss 01 t t us fil ler rn the passband range In
lh ,s manner II IS possible to adJusI the
ove ra ll gain 10 be me same In every operal ·
109 mode ,

Th iS crrcuu is also able to co mpensate 'or
gam uuctuanons durlOg prem-x -cperauon

.l

FI'II . 12, IF.p ,. , mpUfI.r 10 . 39 MHz

by allering lhe G z-vorteqe Trimmer resrs ­
tors are orovrcec for tms. wh 'Ch are swnch­
eo With a tenner water of SWIIch 52 All m­
cuctancee are wound on 4 3 mm era coil
for me rs wl lh vroret cores

2.6. Deflect ion Module

Since most OSCilloscopes do not nave an
ou tpu t fo r sawtoom voltage , Ihe ceuecnon
vo ltage is gene rated In the spec trum ana ­
tyler Specrahsts can lhus USE' an aocruonar
posSlblll ly or equahltng the luning votlage
for trequancy-hneae dIsplay on lhe x -ans

DL 8 ZX
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already cause a " aq uency Shill 01 , MHz

3. CONSTRUCTION DETAil S

All modulM should be cons truc ted In
metet-ptete cases , and all DC and avo.c­
' raq uency vcnecee should be led via teec ­
l hrough capac llors In order 10 achieve lhal
every module IS RF-Ilghl All modules are
l hen accommodaled In a co mmon metal
case, w hose dImenSiOns are sulllclenlly
large so that any mterecncn between the
modules can be compensated lo r by
changing tee ccemcn 01 lhal module In the
case A large number 01 very strong trans­
mi llers (SW. IIHF-brOadCasllng . Til ) are to
be fou nd In Ih,s Wide 'raquency range. and
It IS necessary to ensure that these are no t
Int roduced InlO the System It IS also
necessary '0 prOVide a co wer-nne ' ,Iler. but
ttns IS only 01 ad vantage when rne rest 01
the case IS RF-t,ght

The de scription given In III
souacre layout 101 Ih,s C!fCU,!

The au th or used a ceuecnco moclulp all
dnSClibad ,n Ill, thai was mootuoo !IO thllt
lho x -oeuecnoe frequency " continuo usly
variable (Figure 13) Th iS IS m.lde With the
ta noe m -potennomet e r P 1 Th iS lldlusl.lh,lI·
ty 15 reql./I.ed lo r millchmg 10 the IranSClenl
behaVIour 01d,IIerenIIF-,.ltefs

The oeuecuco module also gen erat es an
V·level lme. as well as a br,gh\rle ss·markc.
on the X -a~15 The OSCilloscope usod must
however possess DC·coupled X IlOd y .
amplifiers due to Ihe slow proce sses
present

•

The 'u rt her proc ess ing 01 lhe x -neuecucn
vonaee. as well as the general 'o n 01 tho
lun,ng voueoe lor tne UHF -tuner IS g,vlm In
Figure 14 II should be mentioned 'oat 'h e
lunmg vollago must be extremely nee 01

i l norse and hum volla9~ , Since 60 mil Wil l

".
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4. SENS ITIVITY, CALIBRATION

The aul hof a prolotJpe was designed 10' •
ma ..,mum Input VOl tage of 30 mil lor lu ll ­
sca le md,cal l()l'l (freq uency range til r lMo
two premuer ·rllOgeS I and III exhibIt an
adc!,!fonai aflenual lOn of apprOximately 10
ea. whIch 'It'l 'IS the dyf1am ,c range 10 10
dB This lou was compensated 10' - wIlh."
IImllS - by usu'Ig an I F·preamphl~1 1_
251 wh OM ga,n was ...aflable F'xed allen u ­
8104'·hn kl Of • bulll -,n cahbr ated a ltef'!ua lOI

can be used !of i1ltenUilltng 1'110"'" Input
Ie\oels SUCh allenualors .re a....,lable
commerCIally trom appro_ OM 350 ­

When !he Irequency d4N',alt on 's sw' tched
0 11 ' I IS poss,ble to use l he spectrum ana
Iy l er 85 measunng rere'vt' r In th Is taM
tne VCO can be I wepl manually USing a
roteonomet.., The bUIII ·,n meter then md l·
cates the rever Sin ce me spec trum analy,!"
ope,ales In a dB ·lInea, manner . tne meter
woll not require a specrar cali bratIOn

The mOdulato on 0 1 'ad,o s,gnals can be
monitored usmg SUitable dem(ldulal o, s
connec ted to lhe IF-output

F,nally IIII pou<ble 10 prOVIde a Ireq uency
marker l o r lhe IreqU4lflC)' a••s wtll ch 15 lOO­
sely couplud 10 the Input Fo r Instance. th.,

ca li b ra tion spec tru m genera tor cescneec
by DC 6 HY wou ld tMI SUolable lor th'l

The spectrum anal ylltf could be e .tended
by anumbet' 0 1 lurther pOlSl b,IoIIM t.....,
al low Ih,. syslem to be e deoOed 10 lorm a
versahle and Jfle'pens,... me8surong s)"5t('fTl
lor radiO ama teur . ()l COU,y 'I IS nol abll"
10 compete w.l h ".pens,.... prolO'lSSlOllal
analyle,s

The au thor and the publishers wou ld I! ~e to
hea r your v 0ew5 on ,mprOVlng or Slmplo'ylng
construCtion. and on any addltoons thaI
come to mind

5. REFERENCES

III E Berbero ch .OL 8Zx A Spec trum
Ana'yler lor Amateur Ap plocatoons
VHF COMMUNICATIONS 9.
Ed,hOn 211977, pages ,l 09 ·120

(2) M Arnoldt Er/eugung yon Spek trum­
d arSlellungen im UKW ·B'Ir " .ch
Funllschau 1977 Ed,toon 11. pag" 489

(3) Or Ing W SChmill
Spe ll l rum .Analysa toren
Elelllron ,ll ·l ndusl ro " Ed,hon 12 /1919
and 111980
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, ' A Home-Made Reflectometer for VHF and
UHF Applications Manufactured from
Readily Available Plumbing Material

by H. C. A I. , DC 4 10

Insp irat ion came Irom ARRL publicati ons
(Antenna Handbook and VHF Manual), In
whi Ch a reuectcmete- was eeecneec USing
suc h pl umbing metenar. as well as Ideas
lor ma king me demodulator orooes from
the RSGB (VHF/UHF Manual) How ever.
tnese drm ens.ons were given In InChes.
wh ich caused some prob lems In order 10
ob tain an Impedance 01 50 tl. one reqUIres

There are a number 01 cheap reuec tc­
meters on the market lor HF thai can be
used w llh some reservanoe e at 144 MHz
Ttlere are also 8 number 01 expensive UHF
reuect c meters Howev er, ther e seems lillie
between tnese fWO ext reme s, For this rea­
son . lhe author !s to describe a good re­
trec tometer that can be home-construct ed
usmg coppe r lubes that are readily avail ­
able at plumbers and hardware shops

No lathing. or spec.a t sk ill is reqUi red It 1$
SUItable l or use In the trec uencv range
' rom 2 m 10 23 em lIs Intrinsic slandlng
w ave rati o was measured ,1"1 tne labo rato ­
ries 01 VHF COMMUNICATIONS ' Of the
'OIlOwing ama teur bands

~•
g
"
~,,
§
~ FIQ_

2>6

Frequency

145 MHz
432 MH z

1296 MH z

Return loss

33 dB
30 dB
26 dB

VSWR

105
1 07

'"



8 diameter rallO be tween outer and ,nner
conductor 0 1 Old 23, ' I IS necessary 10
do some calculahons 10 fH'ld the correc t
lubes from me Ih'81lablll standard malenal

As can be seen In Flgur. 1 the solullon
was found when uSing 18 mm d,ameler
coppe' lube with lhe matching T-preces
and covers ThIs standard malenal posses ­
ses an Inner d iame ter 01 16 mm . wnen
uSing a brass lube 01 7 mm outer dUlmeter
as mner conductor , lt1e Impedance 1 cafl
be calculated as roucws

Z 601"0 1(1 60 In 16/7 4960'1

CONSTRUCTION

As can be seen on Flgur. 2, the renecto­
meter IS 140 mm long from flange to
lI ange ThIS means tha t ,t can be mounted
m a TEKO cox erze 4 A II a large' 00. "
available, II " pos$lble 'or Ihe cuter 18 mm
dremeter tubes to be made longer, Without
afle<:tlng th e cnaracteneuce 01 the reuectc­
meter The d lre<:hvlW and coupli ng attenu ­
anon are dependent on the shape and
spaCIng 0' tne coupling lin ks In IMe demo­
dula to r probes

Required Componenl .

150 mm tong 18 mm d,a copper tube
2 pieces T-oeces. 18 mm copper

2 c.eces cover. 18 mm coppe r
2 pieces N-connec:tors (SO lJ )

Single-hole mounllng

Brass tube 4 mm nu ter dlameler ,
30 10 32 mm Inne r diameter ,
apprOll 130 - 140 mm long

(TUbe 5 mm outer diameter , 4 0 10 4 2 mrr
lOner diameter . 8pprO ~ 120 mm long )

B ress tube 7 mm curer d tameter : 52 mm
Inner diameter, app rcx 130 mm long

Threaded rOd. brass, M 3 appro~

80 10 90 mm long

2 pieces lh readl:lCl bushings . M 3
apprOll 5 mm long

2 ceces ' oo<lthrough CaPACllOrS apprOll
I nF l o r soloer mounllng

2 pieces Scholtk~ diodes hp 2600,
or Similar

2 pieces reststors 51 lJ (.1 nOl available,
47 or 56lJ). low Inductlvl I~

Vanous small componenls such as
washers. and nulS

The mner coocluclor 0' lhe reuec rometer
should possess 7 mm diameter How ever,
10 order to mount th.s 10 lhe short e r- eeo­
nec tcr. an addi lional 4 mm d,ameler l ube I.
prOVided msio e tne rna," Inne r conductor
Since all re-ccnnectcre are nOI ellaclly
IdanllCal , II IS nol poSSible 10 give Ihe e~act

leng l h lo t reese tubes The exact length

,

•

i
I'

I~

N- tonnKIOl'

25mm
r lonl y
ov.rl)

DC L IQ

1-15mm I I

16mm lu~ I
oppro~ 25mm1009,
l s.e. t.dl

'l. Omm

.. lor SOld'rI"9 R
18mm COP
lcopp.r ]

'-') SCf'''' for Doooo
f,. ,n; • __ 18mm lu b• .

' B:t M)nul ......... Ion; , copp.
l old,r'd $older t o c

- ~ I
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l - t5mm'I Tnr.ad lo r
p lu g cno
mounting nut

PTFE
Insula tion so.... off

@

Fig, 3:
Sh orten lh. two
N-conneclor.

can be determined by tak ing the evereu
lenalh 0 1 140 mm and dadu ch ng the length
01 the PTFE pa rt 01 Ihe co nnecto rs Irom
Ihe Ilange up 10 the mner co nduc to r

Figur . 3 allOwS Ihe preparallo n 01 tile COn­
nect ors The ce nter pins 01Ihe Iwo cc ooec ­
to rs are so lde red In lO the 4 mm tube wh ich
ha s been slo tted to all ow a better "'hng
Allanlton should be pa id Ihal Ihe center
pins are fIll ed ,n the cc rrecr po l lt lon uohl
the soldering proce ss has boo n completed
The coll ars around Ihe center p ins mUll
Ihen be fli ed down somewhat 50 thaI the
PTFE pa rt and the outside 01 the connector
can be pu shed on Ir om Ihe OUlSld8 du ring

the mou nt ing process.

The 7 mm tube 15 also slo tted al both en ds
(make lour 51015 01 5 mm m leng th) , alter
which It IS tiled down conicall y II 15 then
p laced over the 4 mm tube and center p ins
and soldered Into place centrically In order
to ens ure that the 7 mm tube IS placed
concentr icall y on the 4 mm lube. It 15 poss ­
Ible to msert the 5 mm lube O' Vtrn 10
br acket s 10 the parts l ist The materi al used
lor thiS aU. lliary tube IS UOlmportant slOce
no HF·I ,eld IS present With ," the 7 mm
tube Fin ally . the tranSitio n from the 7 mm
tube to the center p ins 0' the soc kets
sho uld be nted conic ally

Ptcsnc disk '0
stc bill z. WIr . S ___

Ondthl1todfild rod '-nr " .__

Fig. • :
Cons truc tio n 01 the
demodutetor probesDC 4 IQ

Coun t.r nu l. M]

5•• lOgo091 M]
bushlr'lg. 5mm lon g
( or Similor!

Coun t.r nu t "4]

Solc»r M] nu t
t o disk

Disk, lQmm e.c

Slot l orr--- scr. wdfl ",. rI

/
M.to l stnc. It. . 2 mm.
spo~ oppro. J."mm
tram IOn.r conduc to r

-:T h r.od~ brass
ro d, 1043. ..O· t.Smm
1,"0

F• • d thro ugh Of
c.romlC I••dthr~h
cccccucr.ecce»
3mm c.c

~ I
•
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The n.~' Slep .s Ihe construct.on 0' Ih.
out., conducior by Culling 11'1. 18 mm d.a ­
mel.r tube ,nlO lhe pieces shown In Fig, 2.
AlltI' thll , lhey are plugg.e<l togethe, w,lh
lhe T-plf'C". and lhe leogln IS adjullt<! by
lem pora rlly placing ,,,.. p'ep8f1.d N·conoec­
10 ,.., .nto place II .verytn,nlil 1,1t, the Ind,v,­
dual parts can be soldered logelner Soli
lOIOe"ng has been lound sahslaclory

The ne ll step " to place one 01 lhe N·COO­
neclO'1 on the p'.p.illre<! .nner-Conductor
sys lem PA- the ,nner COJ'iduClor InlO lhe
outer condUCtor. atler whICh lhe 01"., con­
nectOf t, ,nsene<! 1010 place AII.r et'IIU,­
109, Iha l .....rylh'ng Ills correclly lhe wf\Ol.
asaembty should be h.1d ,n a ...l1lca l
poaltlon . alter whic h the lower connec lo, ••
SOldered InlO place The reUectomel.r '1
the n tu rn. d around by 180 , .IIer which Ihe
othe , connector 's also SOldered InIO place
ThiS process II to ens ure thll l no 10Ider
ca n tau In'O the renec toreeret DC ' IO

•

The demOdulator probes Should now be
maoe al lhOwn In Flgu'e" The p,ece 01 18
mm tub'"", II now soIoert<! 10 th. COVe!'
bu l 1'101 10 lhe relleClQmele, (T-P,ec.l Th'l
mUlt r.maln adjustable and can be 11 ~t<!

lat., usm" • KrfrjV (solOe, • nul arOUnd ,he
hOle In Ihe r-oece. as 'ndlcaled ,n Fog ..)
or by uSing. clamp (see phOtographl. aller
tawing. 1101 ,n lhe T-p,ec . Th.s type 01
conllruChon allOws adjustment 01 I"'.
eeee probes. and also lhe . lchange 01any
delecl'v. ComponenlS

Ad,. .. 01 10 mm d,amele, 'S prOv'ded at tn.
III1Cl 01 11'1. M 3 Ihre . de(! rOdS The IAII 01
th,. 's 10 rllduc:e lhe aperture ,n the T·poece
SO thai any 'nterlerenee to lhe hOmoQell'ly
01 the coa~,al cOrtstrucl'OIl 'S kepI to a
m'"lmum Both probes ar. ahgned lale, by
IlIdlllg w'l h," the r-c.ece. and by adjulllIIO
the d isk tn O'chlr 10 orc vice rne same von­
age wllh a g iven, constan l powe r ThiS II
mad e by se lling the hlSl pro be , turn ing the
eenector a rou nd and ad just ing tne aocond

Figur . ~ lhOwl the prepa,ahQn 01 the
TEKO·bo. 10' .ns tallallon 01 the rllUecto­
me ier As can be Mell m Ihe phOlograph
g,ven m F'gu ' . 1. the Ind,cahon " NP&rale
and can be COO"t'CIe<! us,ng Su,lab~ con-

Fig. 5:
Pr~r.UQ" ol lhe' TEKO-bol A"

nectors The pholograph alto Shows lhal
lhe aull'lor tIas rn(H,In led the d'odes and
tl'le1 r bypass ~,to,.., on a p'ece 01 Vero
bOard mo unted belwMn the demOdulator
p,obes and lhal theM a,. led w,lh COIi lla'
cable Th" type 01 con.lruclton was used
only for e lperllTlenllng wltn vallOu. d'OCles
and " nOI 10 be recommended lor con­
strucllon of the relleclomele,

Ed, loFlaj Note

Nol only the g'ven SchQlllly ece... are su,t ·
able lo r thl' appllcal'OII . but allO germa­
nium d 'Odes SUCh as M 138 or - ltVen
better - poln l contac t d,odes IUCh a. tne
wen-k nown IN 21 Furthe' Inlo,mat,OII on
tne se lection 01 11'1" diodes. calib ,a t,on 01 a
reuec tcmerar and on thIS meaSUfing tec h­
no logy was g ive n ," the lo llow lng emcre

T,elenth a te ' , DE 5 THl , and AoBle . OJ 1 JZ
A PreclS,o n RelleClomeler lor VHF and UHF
Apphcaholls .... '11'1 an Impedance 01 500 U
VHF CO MMUNICATIONS 6 Ed'hon 1 1974
pages2-17
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• A Simple Two-Band Omnidirectional
A ntenna for 2 m and 70 cm

by K. J . Schopf, DB 3 T8

Verticl' pol . rind, omnidlrecllonal en­
lenn•• I r. very populi' on lhe 2 m end 70
em bind tor FM -communielUon 'Il l re·
p••'er . , end in conjunction with mobile
I ti llo ni. TtIe .dvenl.gl I, Ii'll' no rotl lor
II ,~ulr.d.

Unfortun l 'ely. • • ch ml ,t lube only poe ·
•••Iel onll end lor mounUng l uch
I nla nn• • , which me.n. lhl' on ly one
l ueh Inlenn a can be moun ted . The olhe ,
I nlen nl wo uld Ihen h. .... 10 b e moun'ad
on the l id. 01 Ihe m l . t, whi ch wil l CIU•••
cons lde r.ble di ,lorUon 01 Ihe omnldire<:t­
lonl ' Chlt.clan, tic. In ord., to . void th ll ,
th e l ut ho r I n.mp 'ed 10 l ind lome .... y to
c ombine I n I n'e" "8 lor the 2 m end 70
e m band. 10 Ihl' Ihe y could be uu d
'"depend.nlty Irom lnolher, but 111 11 ra ·
p,• • • nt a n optimum lor .Ieh 01 Ih•••
bandl .

The baSIC lorm 01 tne an tenna 15 a 1/2- ted
di pole, which has the advan tage o f a 10\\0
angle 01 radiation. and does not require tne
u se 01 radials

MANUFACTURE

The an lenna can be ccoeuoctec Simply
I rom brass or copper tubes that ale read.ly
avail ab le In modol and hard \\oareshops

MATERI AL

Brass or copper. where not otherwise
giv en All dimenSion s ale g iven In mm

The 10 cm J·antenna (par ts t -5) and lhe
2 m cce xlal part (6·9) are Il rs tly assembled
but not soldered logel her Alter alignment
the sol dertng should be made With a HIO W
soldering lion In order 10 aVOid MdryM
JOints

ApprO~ l malety 1 m OUlel IIl~ ulallon 15

remcvec ' rom a coa klsl cable type
RG·58 /U ThIS coaklal cab le 15 then passed
through the lowe l (2 mj radia lor lpar l 6),
and 15 u sed as teeoer lor me 70 cm J .
an tenna. and 15 solde red mto place accor d ­
.ng 10 Ih e draWing

Part Type Ou lel dla Inner d,a length

•

230

1 TUbe/fOCI 4 mm 320 mm
2 TUbe 6mm 4mm 120mm
3 Tube 7 mm 6 mm 250 mm
4 tcoezrco 4 mm 181 mm
5 Plate 05 • I mm th.ck , 20 mm Wide, app rc x 60 mm long
6 Tube 6 mm 4 mm 920 mm
7 Ptasuc , 6 mm inner d la approe 10 mm thick

Ou ter dimenSIons 10 lot par t 8
Ca n be made. lor Ins tance , Irom epo~y glass fibre

8 Tube Wall lh,ck neu 1·2 mm 18-25 mm 5005 mm
9 Disk . 6 mm mner dla Ou ler dlmc.ns.ons 10 iii par I 8

up to 5 mm Ih lck Can be cu I h om mlllimum 2 mm plate
Coa klsl cable type RG·58 /U , min 15m



Fig. Ie . CIa" 1.c:l lOnA • 8
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The dnlenna can be mounted 10 tne mast
wl lh th e aid 01 tubular c lamps It .s ddvls,
able l o r the antenna to btl p rctectec
agalnsl corrosion In some man ner

ALI GNM ENT

REFERENC ES

K Ro lhammel. OM 2 ABK
An tenna Book. Franck h sene Ver lag s·
buChhandlung Stu ttgart

Krdu ss Antenna!> , McGra... HIli Verlll g
New York /LOndOn

The 70 em J-antenna " placed lempo ' arlly
on pa r' 6 and bUilt up as far as possible
Ir om other me tal sur laces A V$WR·meler
IS no..... connec ted In ,he feeder to the 70
em u anecewee and the an tenna aligned lor
mosl favorable standlng· .....ave -rene by
all e, mg the leng th 01 pan 1 {sol de r jo,nl
L 1) II may be oecesserv to change teeo .
ocm t E 1 when uSing l ubes of o uer em ora­
met ers

Al ter successfully aligning the 70 em
an ten na the vsw a-meter IS tnen placed ,1'1

the 2 m feed er and Ihe 2 m COil.lal antenna
IS aligned by altering Ihe '.mglh 01 pa,1 6
(1Older Jom' L 2) lor most favorable steoo­
Ing wil ve rene

Cau tion must be paid w, Ih standlny wave
me ters Only poSSttSsmg one me ter

A mnumum return POW\;If mo.c enoo oces
1'101 ajw ays mean best V$ WA, smce the lor ·
wil rd po we r can also be red uced under e e­
rreme mismalch cond, ho ns For thiS rea­
son . It IS necess.ory lor the 'Ol ward po wer
10 also be monl loreo A VSW A 0 ' t S or
leu IS completely satlslaC lory smce tms
r..p resen ls an elliciency 0 ' 96 %. 196 W Will
be rad iated . lo r meteoce. In tne case 01
10 W tran sm it po we r mlo the antenna)
Even II VSWR 0' 2 (II 89 %) 15 51111 eeue ­
l acl ory

The leng l h 01 the reeoe- cable 10 the
antenna IS tar more important . Since AG·
58/U al ready possesses an auenceucn 0 '
appro.,mllllfly 50 dB loss per tOO m at 450
M Hz II IS meretcre ad.... ,Sdble 10 ktleD the
AG S8/U cable as 51'10'" as poSil" blv and 101
Ihe feeder 10 be e. tende<l uSing AG·213/U
cable
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Fig. I:
A combln.d omnldl.eellon .'
. ntenne ' 01 2 mend 10 em
(nol lo IUle'



• An »OSCAR« Piptone-Generator,
BK-Operation and Sidetone for
the IC-202, IC-402 and IC-245

Many 01 0"'' teede,. will hav e nollcl'd th ,
l ome wh et complicated two-hand operat ­
ion requir ed during CW-oparation with
Ire nIC, lIte r, IC·202 , IC·402, a nd IC·24S.
Th l, wa. the re• • on why the author d~v. ­

loped l h e follo wing circui l s :

Plplone generalor fOf SSB

BK-op.raUon In CW (aulomallc Itan ami1­
recelYe Iwllching on keying)

Siclelan_ when ope,alin" CW (lor IC·202
end IC ·245 not equipped lor thil).

Ther. " very little room l or mounling suc h
acce••orl•• in th• • • un lt l . whi ch me.n s
thet the dimenl lon . mUll ~ kepi " s ma ll
• • po•• lb le .

CIRCUIT DESCRIPTION

The audIO generator '90 ,n the lorm 01 a
phase-shi ft generator (see Figur. I ) Tho
CIrCul I is Identical to thaI provided 11 the
IC·202 Sand thorolor. need no l be des­
cribed In de tail here A redu ction 01 the
value 01 A 1 - A 3, Of C t - C 3 Will mcrease
the trequencv. and vice versa

, 0 ••

', 0
~_.

•

I r -;,O ~1 • -c::l' .~ -f-<!
. 'U- ...-i~,-tr . .

~ --'-
1 Fig . 1: Tone ge,..r.tO l
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The treeemn-receive SWitching and prptcne
qeneretor (Figure 2) conSist 01 a monc­
stable stage and lour SWitching staues All
tr enerst or s have only two stales On or 0 11

In me receive mcoe . Pt 2 Will be at high rm­
pedance. T 4 Will conduct . T 2 Will be
blocked. r 1 Will conduct and T 3 Will be
blocked ThiS means that PI 8 Will be at
high Impedance (onglnal transmlH ecelve
Of PIT -ccntacn

In the transmit mode With key or PTT­
button dep ressed, Pt 2 Will be grounded.
T 4 Will be swnc nec 0 11 . T 2 Will concoct.
T 1 Will be sWllc hed cu and T 3 Will con ­
duct Th iS occurs Immediately. and PtS Will
be at ground po len llal

SWllchrng Irom transmit to receive

Aller openrnQ PI 2. the monoflop Will relurn
to the receive mode al Ief charging C 1 via
A 3 (li me constan t apprcx 069 • A • Cl
ThiS means thaI lhe transenner Will remain
tn the tr ansmit mode 101 II shor t pence
ette releaSing the key Nothrng further
happens In the cw-mcoe

.. ..
o' ( j?@-:... ~... ~-=.

<;;>-H -l ..
- --

Fig . 2, 81( . P lpton•• contro l Circu li



0 1 @
C6 0 IIlI 0 0 PI/' R3 C1

0'-11-0 o---C:Jg> <>-Cl--o 0-11-0
PI S@ ~ o, o-1 H>J 0-1f-<>

~ -RS~ C , C C2

~PI 2 E~0 1 ~ ~0-11--0 @ 0 I.
P t J@ c9 11 t o-1I-oIeL R2 R I

CB 6 C7 cs
DC S NN OOI

Fig. J : PC·bo••d DC ~ NN 001 (Fig . I I

Fig. • ; PC· bo . ,d DC 5 NN 002 IFlg, 2)

In me SSB-mode . however. T 6 will co nduct
alter releaSIng me PTI-butto n and Will
SWitch 9 V Irom h • s se 10 me lone
generalor Thl' II connec ted via a reSistor
01 appro~ 1 M' J and 1 of 10 the Input 01
the transm ll modulator (pm 2 01 the AF·IC )
The keYing line IS grounded by T 5 ThiS
means tha t the pip generator is active un l ll
the mon o llop returns to the receive mode
If a sheerer lone II reqUi red (8 somewhal
lange, l ime cc neteet IS requ ired In the CWo
mode), I t 1$ poSSible lor an addit ional re­
eeror (appro~ 27 lIU ) to be connec ted VI.

a diode " om the TJr .. SSB connec tion

CONSTRUCTION

The two ClrCUlIS can be ccreuuctec uSing
a lingle-coated PC-boa rd

Flgur. 3 shows the sma ll 375 mm l 20 mm
PC-bOard lor the tone generator (DC 5 NN
ool l . and Figur. 4 the PC-bOard lor tne
transmu-recewe SWitch ing (DC 5 Nf.! 002 ).
whose d imensions are 47.5 mm l 225 mm
The holes In the bOards Ihould be a
malumum of 1 mm diameter . sin ce rmrne­
lu re components are used elc luSlyely In

the cc nsnucuon o f these CirCUitS The
capac ito rs are ceramic types lor 16 V hay ­
ing a spa cing 01 S mm The Iranilitors are
ben t oyer so Ihat Ihe Irat Iide 01 th«m pfas­
nc cases rcccnes the PC·board Capaci to r
C 1 01 module DC 5 Nf.! 0Cl2 II co nnected
With the aid 01 two w ires (see Fluur. SI and
can be roce tec at a SUitable POSlflOn In the
transcelyer . In the case 01 Ihe IC-202/402
th" can be beh ind me LEO

The PC-boards are mounted With the com­
ponents l aCing do wn ward s It II ad Ylsable



REOUIRED PARTS

10 prov ide a plas tiC 1011between the boa rds
and the o the r components. and 10 glue
plashc lo ll tc the Inner Side 01 the metal
cove,

•

=••

R l , R 2.A 4
. 3

4k 7
580 k

R S. R 6

C l.C2,C3
C 4, C 7
C S. C6
C8
CO
II

01

22k

to fl F
47 pF
470 pF
33 nF
10 nF

Be 109 Be 413 or Similar

1 N 4 148 , , N 4151 or Similar

' 1 1
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MODIFICATION OF THE IC·202
FOR SIDETONE OPERATION

Remove C 109 and C 117. Unsolder A 32
Irom Ihe emltte, 01a 14. and solder to A 62
on the nelghbounng PC-board . In ctner
wor ds 10 W 2 (brown lead)

Connec t the tone generato '

R t , R 4
R2
R3
R3
R1. R 10
R 13

C 1
C2

T t • T 6

01. 0 2

R 5.R 6.R8, R 9, R I I . R 12 4k 7
10 k
15 k
appro» 27 k
Ik
82 \1

330 "F
10 1,F

BC 168, BC 413 or Slmll llr

I N 4148, t N 41St 0 ' similar

Pt 1 to ground USing a I mm wire 10 'he
screenmg ollransmll rnl_er lind drive'
Solder Pt 2 to . KEY. (31. PI 3 to ~J 2. or
R 31. and PI 4 10 . CW T •• (6) (connec to r
S/flp )

The Sldetone Should be audIb le when de­
pressing the CW-key In Ihe CW·T pcsuron

INSTALLATION OF THE PIPTONE
GENEA ATOA IN THE IC·202

Connect a enoce in senes w'th A 68 Ae­
move the black , 'he two grey, and the two
green leadS lrom the CW-TfAEC ewrtcn
Dele te the black lead (ground) . Also remove
tne grey and green leads tha t lead to the
connector str,p . The w"mg IS then made as
Shown in Flgur. 6

For tnc se readers tnet have dlll,cuilies In
tnsta lltng tnese UrHls. lurlher deta tls can be
obtained Irom the lIuthO' 10' Installalton In
the IC·202. lC·202 S. and IC-402

•

Even Colour ATV-Communications are
easy with our ATV-70} 0 Transmitter

The ATV·7010 IS a complete TV·lfansrntl ler
lor Ihe 70 cm band II IS only necessary 10
connec t a colour or mcnocnrome TV­
camera, microphone, antenna and power ­
ltne (220 V 1 50 Hz),

The TV·lransmltte, uses a vroec -ecuo o
spacing acco rd ing to CCIA All t,ansml
sions can be received on a demesne TV·
receiver equipped wll h a 70 cm converle r

Request l ull de tail s Irom .,our nahonal
represent ative. or from 'he publisher s ATV·
conver ters and match ing antennas are also
available

k UKWtechnlk Hans Dohlus oHG

_.-,_ "" ." """'_J V....., .JoIl1IO ....., -.""0.".. ...·.,
T~..d ... .,.. .... .,p Xldll ,_ ....'_~ 0&.
~""...,_' 0Utl>001 '>0 '0 '" J ICa JoI ~.. , 10 •
0.-- _ bo ••O ' .......
0eI0_••• -=."' , _.

Jahnstr. 14 Pcsttacn 80 0 -8523 Balersdorl

'reietcn 091 33 1855 tTag und Nacht]



Local Oscillator, Transmit Mixer, and
Linear Amplifier for the 9 cm Band

by H.J. Senckel . OF 5 QZ

DI.k·.... ' triodes l uc h .. th e YD 1060 . nd
2 C 39 ar. lUlt ' till l ulta ble lo r u.. In the
9 em bend, where • frequ ency ,eng. 01
3456 to 3458 MHz I, r• •e rved lo r neuow·
bend communlceUoru . The following
a rticle I. to d• •c rlbe • three -. tl ge Iren • .
Vllrtll f equipped with such lub• • , 0' whi ch
one I, u,.d II ml•• r, end the other two
.. lin•• r empillie r• . Thi. Cln provide In
output power 01 approllmately 5 W (. Ingle
tone). The l uthor h• • been e cllv8 with
thl, ",Uon on 9 em SSB.

Flgur. 1 shOws a block diagram of the
complete transmn-recetve converter lor the
9 em band. The wen-known inlerdig, 'al -

filler converter described in (1) by J Dahms
is used as receive converter The local
oscillator module comprises the follOWing
l ou r modules:

• A crveter-ccntrcnec module DC 0 DA 005
(2), but Without transIstor T 6 and With ­
ou t the multiplier o.cce. ThiS mean s that
an ou tput power 01 epproomateiv 100
mW is available al 384 MHz;

• A modilled power amphtrer OJ 3 SC 001
(3), equipped with a trans istor Iype
C 12·1 2 In the eu tpu t.

• A varac tor tnpre- as descrlbeO by
OK 1 PN (4) uSing me base -emitter diode
01a 2 N 3375:

3312 MHl

c O~

12V2.SA _3.I V .1A U.VOHI60
SOO v 0.15 A
(VO 1(60) U 2C39BA

POWER SUPPLY ~~9~· 12 A •

70mW

'''' iOKIII. to, Vlr~lo' V...ctcr
t:92 MHl •• - l ",••, f-. 36.! MHl • 3 -. 110( MHl .3 H'

• 36ll MHl 368 MHl 110( MHl 3312 MHl - i Inte'd,g.t
, t,nge ,

" W ,W (2 N 3375) 1 5 W lBXV 28) Oil W , 144 MHl con . e rte
(OCOO A

I lInelr.mp l ,n..,.mp M.... 1--
2C 39 ~- vO 1060 1-- VO 1060

3o'Sll MHl 34Sll MHz 3312MHl '1 44I--
OF 5 az

5 W I U. ... " w osw

,, ," to,h" lelli
>
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Fig . 2: PfOtOtype of th, Ir",. mll · r, c, IY, con v.I1" Including loeel OKIII.lor ("'f),
n"cto. mu' llpll". (Ieh). mlnf (If on' ro.... l.h). , nd the ''''0 line.. . mplltl,••
(Ifont row. c, nte . ,nd rlghl)

• As well as a lurther lrlpler whICh IS to be
described In more deta il In Ih lS a-uc je.
This tnprer pOSSesses an output lor the
recerve and transmll ml.efS

The phOtograph In Flgur. 2 ShOwS hOW nus
local osc illator module 15 co mbined With
the rmxer and linear amphlle, stages on a

common chassIs The thfee tUbe-eqUiPped
stages are arranged 50 that they can be
cooled USing a Single radia l blowef. The
nlCelye converter IS accommodated else­
wneee The O1Jtpyt stage 01 the Ir ansyefl ef
IS to be lound on the f ight-hand 'Ide near
10 the blo wef . a 6 W lamp 15 used In the
photograph as ~dummy- load~

•

f ig . :I:
crrecn d l,g'lm
01 the ml.e, .left)
Ind line" .mpun"
I I. ge . ( fl ghl),
lI _ ll n lhe ble.
two-po ll

OF \ az
Be,~ . all, ."II1'

I
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All parlS reQUired lor conSlru CI,on 01 ona
stage are given logel her With the" d"n(On ­
SIOnS '" 'he Irw;l lv'dual diagrams, and !tSled
In the parls hs t

Construchon IS begun WII"I the nngl Ihow" fl
In Figure 5 wh ICh are lhe only parts I tI.Il
must be constructed ullng a lal"le

The cathode pia'.. 1 and 2 (Fig ul a 61 Ih .
anode 8fld 9"d pla le (Figur. 7) can be cut
With the aid 01a tret saw or wllh gUlllo'one
The 91\1(On holt'l Ihouiu be dlilled as
aCcurately as poulble For thiS reeson . II II

CUll The orld bias voltage " gen erated tn ..
"mple two ·pole. compr iSing .. l,anl.S10' ..
crcoe. and two ,",atorl Ihal connec lS one
S'OO 01 the healer conMChon 10 ground II
IS lheretore necessary to prOVide separale
heal er w ind ings lor each tube and lor them
not 10 be grounded ThiS has been
desc ribed a llen In Ihe pasl. eg In (5, The
only erue-erce belween Ihe mi xer and "'e
linear ampllher Slag.. 'I Ihe Iranstormer
mpul couphng 01 lhe 1.... MHz d"v. IIgnal
(Flgur. 31 Olherwlse lhe Slag.. ar. !den ll­
cal

The principle 01 the mechanICal construCI­
Ion is given in Flgur." The anode and
eeecee ha.... lhelr own cavlly rMOnal or
wh ICh can be brought 10 rMOnance by eo ­
juslm9 lhe plUng.' Whereas the Input
coupling 10 the calhode CirCUlI II f ' .led lhe
OUlput coupling lor lhe an()()e CirCUli can
be vaned w,lh lhe a.d 01 • COmpeoaa long
",n

•
~,
,
"
2l,
"

,"

Of s cz

1. rae TUBE STAGES

"

"Ig. Contlruc:'-t of "',• • , ' M lin••, ...-pt" ...
11-oe' .. , Ing YO 1010 or 2 C )l IIIN.

E .pe"'T~nl$~ shown Iha' ., " p.e f., .

able to UN 'he YO 1060 .. mile, lube ,no
slead 01 the 2 C 39 Tht. " also thct case m
lhe subsequent d,,~r stage HO_' II
was found thai mor. output po_ was
p rOVIded when USing .. 2 C 39 ,n lne output
It308. . .... n thOugh I' IS ope rated a' 'II
upper lt eqveney "m,l The ou tput power 10
be . xpected II atso depen()enl on the
selected anode VOltage 01 the output lube .
lhe OUlptll~ .II 1000 V 'I apprOl lmate·
Iy 50 .,. tougher than a ' 500 V. however the
hi. 01 Ihe lube W ill be ConSlde'iIIb''1 reduc ­
ed The vOltage an<! currerl l ",alUM Will be
given In Ihe a'lQnlTHlnl ,nll rUC he n,

The lu be YO 1060 belong. 10 lhe dlsk-lMI.1

WOO. lamlly and ,t " operated In the lame
manner a. a 2 C 39 In a grounded gfld cu -

,

"I _ '1 .'/ _ ....,•

co~
.,

0
,-- •

i, • I
• f Ig 5 :,

Anode l in g (left)

~
a nd cat hode " ng...., (Ilgh l)

_ " '1 _ Th kkn..a 01 boItl
OF 5 OZ Or:saz ling. : • '" '"
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FIg. II: C'lhodt pial. 1 (Iell) e nd 2 (1111 111)

60 OF 50Z

advisable lor the flngs to be drilled uSing a
stand dri ll and provided Wll h a M 3·lhread
The plate and me appropriate ring should
then be c lamped togel her af ter whiCh the
bores are mar ked This w ill ensu re lhal tne
holes ccmcioe

One can also use a ha rdboard dn iling tem ­
plate. Anyway. Ihe number of holes should

no t fn ght en anybody away from construct­
Ing this u ensven er. Since Ihe author IS able
to construct such a stage durmg a long
weekend uSing normal tools

The dl lferent dimenSions 01 the lubes
YD 1060 and 2C39 mUSI be taken Into
coes-oeraucn for some parts These are
given In the lo llowlng table '

PM Dimensions Dimen Sions
YO 1060 2 C39

Cathode plate 1 Grid hole 13 22 mm
Anode plate Anode hole 16 20 mm
A-capaci tor ring Anode hole t9 26 mm
C-capacl to r Cathode tube 6 9mm

" - .1. "', 1101

• ".fJ2&1

, @\,@JlI J,~ I •
"

, , •
, I 1 .

, ,
." @ , @ • - ,

••
,

I ,, I 0 • •• I, I

- ,-
OF 5 oz
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Flg _7: Anode pl ~le lle ft) e nd grid pl.te Irlg lltJ
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A contact I tnp II soroereo a ro und Ihc g rid
hole In Ih e g rid pial. (pari 11l . and Ihl' "
used al gild conneellon lor the lube Th,.
IS mad. Irom lhe anOde 11(1e

II '1 ne cessa,.,. 10 coun lerSln k all Ihe M 3
and M. ho les where me pla les ove rlap
Th l, II . lso va lid lor lhe M4-h o l...n Ihe
anode p laia . •n wh Ich pl.IIC scr.ws ar. 10
be used Ialer The counlersunk shape 0 1
lhe hoi.. ensur.. fhal no h.gh-l-.on
flashover can occur hera

The anode capac"or nng (F)gur. ' ) .s CuI
wllh Ihe a Id 0 1 • Irel taw trom I mm p1. I.
Aller Ih, • . lne contacl "rip lor lhe pl.'.
connec tl()ll " soldered mto place II no
such coniact Slnps .r••v.,'.ble , lhe ceo ­
tacts c.n be made .S lol low l

Fig. • :
Ano6e C.p.cllOf

"..

151
.,
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ShOu ld nOI be .Ilowed 10 louch lhem a".r
assembly The mo unllng 0 1 Ihe coupling
pms In Ih ,S way 'I ve,.,. Imporla nl wllh r..­
pect to Iha operallon ollhe I lag.'

The lenglh 01 !he anode OUlpul couplIng
p,n should .,nounl 10 hal l lhe he,ghl 01 lhe
rmg . whereas lhe lenglh 0 1 the calhode
Inpul coupling p,n II .. lOng as lhe hetghl
0 1 IhfI calhode CIIvl ly In Ih•• type 01 work
.1 I' o llen NSI8l' 10 I,.,. assembly rather lhan
to a llempl 10 m11ln la,n accurate dl1'nan­
s.ons ThfI anode coupling pm 's IInally
1111ed wllh ICIder and llled lIal a l lhe IIde
lacmg Ihe Compensallng Irlmmer

PTFE loll 01 OS 10 1 mm Iruc k (uncrl ilcal ) II
used as d,elect r.c lor me CllpaCIIO,. The
loi l p Ie c e s .r. CUi wllh sc,ssors 10 Ihal
a ppro . ,mal.1y I mm •• vlI.ble Irom un<lar
1M p l.le .

The d lll eri ng dlmenSIOM IOf Ihe 2 C 39 IIf'
gIven In brackel s In the dr,wlngs

The c8thOde capaCitor (Figure II I' made
from I mm thIC k bra. or copper plate
Th., It lo llOVrted by so ldenng the 10 mm
long ca thode lube (part 1, no t IUu.t,aled)
In lo lhe a mm ho le al r.g ht angl •• 10 the
plale . Thi s points outward all er aSlemb ly,
and accommodates the cathode cc nnecuc n
01 the lube In order 10 en'ure l ha t the con .
teet '1 gOOd. the lube s houl d be ,lolled
w ith ' tre' saw betor. solde ring InlO place.
and " " adv isab le to chec k me 1IIt ,ng by
shdlng I' over the ca'hoOe connection 01
lhe lube

The cyhndet"-heads 0 1 lhe lunin g Kr_a
(parts • .e 15. and 16 . not IlluS lrlledJ ar.
It led down ..",hl they a'. comple tely 1111

The two coupling p,n, (pa rts 22 .nd 23) .'.
also nOI shown In the dr.wlngs They 'f'
manuf actured from 6 mm brass lube M 3·
nu ts should be SOldered InlO place al bolh
ends 0 1 lhe Itlpul coupl,ng lube (cathode
resona lor) The OUlput coupling lube ' I
only p rov'ded wllh such a nUl a l one end

Th ll II fo llowed by preparmg Ihe BNC-con­
neclorl (lingle-hole mountmg) The
Ih reade d Ilange II I horlene<' 10 2 mm and
lhe rema InIng ,nner conduc lor II pulled
OUI Th ll II fhen soI d&red ,nlO Ihe M 3-nul
alone end 0 1 Ihe prev'ously prepared
coup lm g pma II Ihe inner cc nc uctc r ••
then pushed ba ck mtc Ihe co nnecte r. II WI ll
be seen Ihal lhe anode . nd calhoda rmg
w, 1I nol a llow a verllcal pos,llo n 01 Iha
coupli ng pIn II.s Ihar.lor . nee....,.,. lo r
lhese IWO rings 10 be Illed down al Ih,.
poalhon 10 lhat lhe coupling p, nl can IUS!
approac h lhese pom lS w,lh a SpaCIng 01
appro.,malaly OS mm How .....r lhey

•

''''



The hole lor the anode connection II not
sawn oct completely, bu t lel l III II number
01 segmen ts thaI can be benl down to lo rm
II ring around the anode connection 01 the
tube " IS possIble, afTerwards . lor these to
be pressed against the connection uSing II
Pipe clamp

The same can be done lor the grId coo.
r ecucn

The grid ho le In part 11 can be aawn out ' 0 IA
Ihal II " somewhat larger. a lief whIch 8
na rrow I,n pla te strip 01 0 2 10 0 5 mm Ihlck

II so lde red mtc p lace Aft er lh ls. the pla le
IS fubbed down With lin e eme ry cloth,
chec kin g With the lu be all the tun e unt i l II
I.t s cc rrecnv. ThiS me thod is also used by
the aotncr

1.2. Pa r1 . 101 one Mlu , o r LIne.' Ampli lie r S'aga

Pan DeSCriptIOn - Malenal - DimenSIOns (.n mm )

1
2
3

• 4,,
7•

•• 8, 9
10
II

t 12
13
14

""17
18

"20
21
22
23
24
25
26
27
28
29
30
31

32
33

34

An od e flng, brass. Inner diameter 36, ou ler diameter 50
Ca thlXle r ing . brass, Inn er diameter 40 , ou ter diameter 53
An ode contac t fl ng
Gr id contact rin g
Anode capacitor nng. li n or b rass pla te. 05 - 1 mm thi ck
CathOde capaci tor , materIal as par t 5
Ca thode lu be , b rass o r copper

lo r YO 1060 Inner dIameter 7, ou ter diameter 8
lor 2 C 39 Inne r d iamet er 8, ou ter d iameter 9

Dretect nc lo r anode ceoecrtcr . PTFE, appro~ 0 2 thick, 42 mm d,a
Drelectnc lor ca thode capacitor , PTFE, appro~ 02 thick , n ~ n
An od e p late, br ass. 2 mm th iCk. 65 ~ 60
Grid plate , brass, 2 mm th iCk, 60 • 54
Cathode pla te I , brass, 2 mm thi ck 65 ~ 60
Cathode pla te 2, as pa r1 12
An Ode-tuOing sc rew , brass. M 5 • 40
Output coupling, compensa ting sc rew , brass. M 4.40
Cathode-tuni ng sc rew. brass , M 5 • 40
Input BNC-connector (Single-hole)
Outpu t BNC-con nector (Sin g le-hole)
Coun ter nut lor anode lun ing M 5
Counter nut lor catnoee tuning M 5
Coun ler nut lo r compensallng sc rew M 4
OUlpul coupli ng pin , brass , 6 mm outer diameter
Input coupling pin. b rass, 6 mm cu ter d,ameler
M 3 screws, br ass
M 4 screws , nylon
M 3 screws , nylon
M 4 nu ts, nylon
M 3 nu ts, nylon
Bracket. brass , 10 ~ 20
Feedlhrough cecec uo rs 1 nF
i.l 4 ChOkes ' 2 em, 1 mm ere auver-pte ted copper Wire,
wou nd on 26 mm lormer
Ce ram IC or plastiC loil l rimmer, 22 pF
SerIes Inductance lor 144 MHz 5 turns 01 1 mm d.a wif e
wound on a 8 mm lo rmer
tnput coupling Inductance lor part 33 2 .u rns 01 Insulated wire

•
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It. 2. ASSEMBL Y

The assembly IS commenced by so ldpfl ng
me BN e -connec tors 1010 place Thi S can be
slmp li f 'Pd by placing Ihe anode and grid
ote te on Ihe prate 0 1 an erectuc cooee r

Th,s IS touow ec by scre wing In l he tUning
plungers , no t lo rgeltmg the counter nuts
The ou tput cou pling tube logetner Wlt tl tne
BNC-pm '5 oracec 1010 me BNC-conneclor
ener which Ihe anode f1ng IS scre wed toge ­
ther wl lh me anode and grid oteres The
nylon sc rews lor mounllng the anode capa­
error prate musl be I"slly placed through
Ihe anode prate Irom the anode cavlly s'de
II IS necessary 10 hie down all M 3 counter­
sunk screws Ihal are between tw o plates

The anode capacito r pla le IS no w mounled
On the prolrudmg nylo n scr ews together
w! lh ,I , PTFE Insu lation , ener which Ihe
nylon nu ts are screwed In to place A tube
should be .ose rteo and the adJustmen l 01
the pa rts made In a most tavoracre manner
be fore fmally tighteni ng them

The catnooe resonator II mounted In the
same mannef ThiS IS commenced by f"s!l y
mounl lng Ihe M 5 tuning plunger and then
Inserl mg Ihe coupling lube Inl o me BNe ·
connect or The cemcoe capaci to r toge lher
With lIS PTFE d,eleclflc I' then screwed
In to place With the aid 0 1 tee ny lon sClews
aller wh ich the cetncoe "ng IS mounted
between the two cathode pla tes, and tne
M 3 co un tersunk screw s are filed down Uat
on the gr id Side

Finally. Ihe cemooe resonator IS screwed
onto me gnd plalp and tightened alter
msertmg Ihe lube

The assembly IS co mpretec aller mounlmg
the bracket lor Ihe IPedlhrough capacitor s
In the VICinity 0 1 tne ca thode cececuor
ThiS 15 mace by uSing one 0 1 the scre ws
holdin g tne cemooe f1 ng In the case 01 me
mixer sl"go, thiS bracket can also support
the sere-s-rescnaru Clf CUlt lOf 14 4 MHz
f Igure 10 show s a ph Olograph 01 a mlxe,
and two IIne"r ampli fier slages as eeee
Irom tne cetnooe Side Flgur. 11 show s a
photograph o f one 0 1 Ine stages as seen
I,om the anode 1 108

The operating vollagt>s are led to the stage
via 1./4 ChOk"

II II IS pOSSible to artver -ptate the melal
pa lls. thl' should be done The ceecneec
staqes Will operate w.moct Sliver .plat"'o
bu t the eu.cencv IS lower

3. ALIGNMENT

First ly chec k tnll Insulation 01 l tlll anode
and cathode cecec.tcr USlOg an Ohmme ler
ThIS IS rcnowec by Inserting Ihe lUbes as
l ar as Ihey Will go

The ahgnment IS commenced WI!t1 me
mixer stage . which " prOVided wllh an
anod e VOltage o ' ma~ lmum SOO V v,a a
100 mA met er. The nea te r vo ltage shoutd
be a mextmum 01 60 V II should be poss ­
Ible 10 align an anode c ureeceot current o f

'"

FIg, 10:
Th. Ihf •• lube·".g.,., ,••n ' rom
Ih. (:811000. ,Ide



ThiS ad,ustment must b4I made carelully Il.
With Ihe plunger tightened ThIS II made
eaSily by I lghteOing tne coumer nul some,
what and by ro latmg me lUOIng screw With
a pai r 01 cue-s

FIQ_II ' "'nod. l id. Including
bl.. two-pol.

10 rnA w ith the atd o. the trimmer 01 the
b ias tw o-po le

The Input connec tor on the ca thode reso ­
nator IS no w connected 10 the local oscilla­
to r , th e rast trlpler should crovrce a Ire­
cvency 01 3312 MHz with an ou tput power
01 at teee t 500 mW , The ca thod e resonator
sho uld no w be resona ted by adl usllng the
l unmg plunger ThiS should be soon as an
mcrease 10 cunent 01 1010 20 rnA

A 144 MHz SIgnal Wll h a po wer 01 epprcxr­
mately 3 W IS now led to Ihe coupling IlOk
01 the series CIFCUlt The p late current
should furt her Increase , and th e trim mer 01
the 144 MHz CIrCUI t should be aligned lor
ma_,mum (appro_ 50 mAl

A reuecrcmeter such as thaI tJescr'bed by
OE5 THL I OJ 1 JZ (6) and a Irequency
meter slm.lar 10 that descflbed by OJ 1 EE
(7) are very useru t lo r alig nmg the anode
rescnero r The aulhor used a 0 6 W lamp
moun ted on a BNC-connector to r prelimi ­
nary alignment and as load reSISlor II Witt
be seen that the lamp Witt hgh l up al IwO
poertrcne on ahgnmg the anode luning
p lunger The strongest 01 the two IS Ine
osc .lla to r I requency and one will lind !l Ie
weaker , required IreQuency by ro talmg oul
the pl unger 10 the ml _ed, sum Irequency ct
3456 MHz

The most tavorab le po wer mat Ch,ng IS
made Imall y uSing the compensatmg screw
Th,s trimmer pcteonomere- can arsc be ad ­
IUSled to select me mosl ravc -aote ope-at ­
log po.nt 101 the lube In Ine authors oro.
totvpe . an ou tput po wer 01 apprO_lma tely
o5 W was obtained

The subsequent linear amph ller slage
&qUIpped w llh lhe YO t060 IS aligned In a
Simi lar manner, The QUIescent current 0 1
th iS stage snould amount to apprO_lmalely
35 rnA, and Inc rease to appr o_ lmately
55 mA wnen enven With tne 3456 MHl
Signal Tna anode resonator IS aligned as
de5Crobed above . alter wh ,ch the compen­
sating screw o f the ou tput coupling ot tne
mixer stage IS ad lusted to matcn tne Inpu t
Impedance pus IS loll owed by aligning the
compensating screw 01 the hrsl linear
amplil ler slage The small load (lamp ) Will
be overloaded , II every thing IS work ing
cceecuv

The second linear am plif ,er lIage &qUipped
With rne 2 C 39 Will draw a QUiescen t ano de
curre nt 01 50mA at an anode vo ltage o f
500 V Th iS Will Increase 10 95 10 100 rnA
arte' l umng Ihe ca thode CirCUit II one
wou ld also " ke to eoee -ve Ihe - e _pens' ve_
microwave power, II IS poSSible to load the
anod e CIlCU.t With a 10 W lamp and to align
th e output Slage to resonance

II the 2 C 39 ISoperated w,lh an anode volt ­
age 01 900 V, the QUiescent current should
be set to 25 rnA The anode ewrent WIll m­
crease 10 130 rnA under drove cond,l lons.
and Will be reduced 10 100 rnA under
resonance cc nomons ThiS corresponds to
an mpu l po wer o f 90 W The aUlho r was
nOI able to measu re the output po wer. bu l
th,s IS eshmaled to be In Ihe order ot 5 W

4, TRIPLER 1104/3312 MHl

The CirCUit diagram 01 the lasl Irequency
tllp ler IS given In Flgu r. 12 and 115 uunen ­
slons In Flgu,. 13 A 25 mm hIgh case Wllh

•
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f ig , 12:
Circuli dl'If"'" of Ih, 3312MHl l l lp l.,

Thm copper striPS 01 approxlmalely 5 mm
Wide. and 8 to 10 mm In length , are no w
sol de red to the ends 01 lhe mle rconnec t,on
tube , as well as to the Inner conductor 01
the ou tpu t coupli ng connector 1 The strip
In the 1104 MHz cha mber IS sol de red to the
surface 01 the tubul ar Trimmer. the lOner
conduc to r 0 1 the Inpu t soc ket IS soldered 10

a Similar manner TO lhe Inne r conductor 01
the coaxial Cifcul T The phOlograph given In
Figure 14 shows the completed prototype.
as well as a 368/1 104 MHz trlpler

"' 4.1. Part. lor the 1104 /331 2 MHz Tripi er

f ill , 13:
The "'0" I",po" , nl dl", en, lon , of the tr lpler

the g iven dllTlenSlons 15 made Irom Single­
coa ted PC-bOard mater ial The TwO cOllllal
ClrCUIls are mounted In the center 01 the
resultmg chambers , Due to the autho r'S
poor experience With i./ 4 Circui ts, ;./2 cu­
CUitS were selected lor the ccr ou t cirCUi t
The reson ance was lound to be much
sharpe r. and It was virtually ImpOSSible to
mcorrectly ahgn to 2108 MHz

The heads 0 1 the two M 5 lun ing screws
should be I lled lIal The lUni ng screw 101
the 'J./2 output eueun Will be behmd The
tube Ir om the open Side, which means that
II musl be roserteo oe tc reneeo

An in ter connec l lng Tube 01 3 mm drameter
IS to be l ound bel ween the tw o chambers
Th iS IS pr OVided With a 1 5 mm hOle ,n the
cen ter l or Il lllng me varacto r d iode A M 4­
SCrew IS mounted opPOsite thi S hole and lis
I ial end is arsc prOVided Wll h a 15 mm
noie As can be seen In Figu re 13, II IS thus
pOSSible l or the diOde 10 be caretully
c lamped , aetore Ins talling the diode. a
pencil li ne should be drawn on Its ceraemc
case SO that appro xima tely 50 k ~l can be
measured In the b loc ked direction

Paris 1 Material _ DimenSions In mm

1 Single-coaled PC-board maTe"al
2 Insulated nipple SuCh as lor mounting

pow er tranSistor s
3 BX Y 27 or BXY 26 (Philips)

4 BNG-I lange connectors (3 piec es)
5 Ceramic tubu lar Tr immer 6 pF

(Philips ). 1 piece
6 Tun ing screws M 5. brass . 20 mm long

2 pieces

7 CounTer nuTs lor part 6

8 Diode mount M 4, copper
9 Co un ter nut to parI 8

to M 3 scr ews
11 Nut s for part 10

12 t 104 MHz resona to r 6 mm tube.
copper or brass . 50 mm long

13 33 12 MHz resoeator 6 mm Tube.
copper or b rass. 40 mm long

14 Coupling lube. brass or copper,
3 mm dla .. 15 mm long

15 Copper lOll. approx 0 1 mm lh lck

4.2. Alignmenl of th e TripIer

An Input power 01 apprOXimaTely t.s tc 2 W
IS reqUlled at 1104 MHz, ThiS IS led 10 tee
-nput SOCket A SChottky diode bypaued
wllh apprOllima Tely 50 pF IS connected to
the ou tp u t socket 1 and ecnnecree 10 a I.A ­
meter. An ,nd,cahon shOUld be eaSily 'ound
on rOlallng the tunmg p lunger 01 Ihe 1104
MHz CirCUlI Finall y, the tu bUlar t fl mmer 0 '
the 1104 MHz output couplong Ionk should
be aligned lor maximum Outpu l power The

"" " I
Bnn""DF5DZ
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Fig , 14 , It.
Prolotyp. 011M
'.0,.rl.,·c:onnected
I l ip•• r,

l ollowlng alignmlm l o f Ihe 3312 MHz Clrcu,1
w ill be very sharp , and cause a rapi d m·
crease In cunent on the meter

Th iS IS l ollowed by alignment 0 1 the two
coupling links ,n Ihe 3312 MHZ CirCUit
These are bent care fully and syslema tlca ll y
..... ,th the a,d 0 1 a ereeuc tool and continued
until a stable ma.l lmum ou tp ut po.....er IS
achi eved 01 course, It IS necessary lor Ihe
trimmers 10 be slightl y co rrec ted dunn g
tms process

FInally. th e covers should be mounted mte
ptace and the trtmmers co rrec ted lor ma. ,­
mum output power The po .....er values given
In Figure 12 .....ere measured selec hvely m
Ihe taborators 01 VHF COMMUNICATIONS
The output coo oec tor BNC 2. does nOI
possess a couplmg link bUI lIS Inner
conduc to r p rOVides enough po .....er lor tne
recewe convener

4.3. Application lor 10 GHz

II IS possrbte lor me 3312 MHz SIgnal to be
trIpled once aga in to 9936 MHz and then
ml.ed ..... ,th a 432 MHz (SSB) Signal to
generale 10368 MHz The au tho r plans to
amplily the 3312 MHz Signal up to apprO.lI­
mal ely 6 W uSing 1.....0 YO l060·s lages and
10 tr Ip le lhe IreQuency ..... ,th a tenner
BXY 27 The ou lput Signal Will Inen be
ml.ed With apprO.llmale 'y 05 W al 432 MHz
10 prOVide 10368 MH z SSB
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Pert 2 end 3 OeK rlbed Ihe CPU , memory
end bu • . Thi s pert ., 10 d. , crlbe Ih . input_
output un II. e .lor. commencing the d. , ·
cript ion 01 Ihe modul••, • lew po int , . ,.
to ~ dil culled th el mike Ihi• • y" e m
d ifferenl 'rom ol he , miCrocomputer • .

PROGRAM LANGUAGES

The described microcomputer Syslt'm IOf
ama teur radiO applications uses program
language - Assemerer- Ano l her IllngUilge
lhal 15 used otten ,n conjunction w,th
microcomputers ,s me problem -orientated
language . BaSIC- The advantage 01 a
- Assem me r- IS In the hlghar ope'at ,ng
speed and the lower memory eequuements
An Assembl81 program generales aU
machine InstruCllons, Since ' he symbo lic
mstrucncn lhal IS .....ntten. corresponds 10 a
machine tnSlrl,lch on Tho dlsad~anlalile 01
-Assemmer - 1$ Ihat II IS dli li cult 10 -eeo
which reeuus In comcncetec p rog,ams

With - aasrc- on lhe o ther hand , Ihere are
1'0110 dllfe,ent types 01 Ifanslallng prog,ams
~Comp l l e '~ and _ ln le , pre te r~ A Iranslallon
program Will always be ,eqUlred emce tne
machine can only carry Oul machme
mstrucncns w llh the eeceonon 01 when
one programs In machme language In tne
lalle, cue. a translating p'ogram would not
be rE!'Qulled In lhe case 01 me ~A,semble'·

program language, lh ,s translation program
1$ called . Assemb le, -. whereas II " e,lher
- Comprler; or ~ ln ltt, p rele '~ In Ihe case 01
~BaSIC~

Compile's are enu nOl co mmon ,n con­
juncnon wl lh ml ctOcompulflfS emce lhvy
require mass mtlmo"es tOI tran sla tion
such as IIOpp y disk S Comp,le rs generale
mectnne ,nst,ucl,on s In lhe saml'! manner
as Assemblers. ho wever . a compi led
msuucucn wnuen ,n ..Beerc- no longe,
co rresponds to an mdlv,dual macmne ms­
trucuon . bUI represen ts a whole program
sequence

Inlmpreters 00 nOl generate ma chine ms­
trccucns An ln tarpre ter co mperes lhe
s~mbolican~ wntten InSl lUCIlOn w,th li S
sto red p'ogram Itbary. and then caffl es oul
the storec p'ogram sequence l mlerp'e lal­
Ion) For lh,s reason . lhe Inte,p,eler mu sl
be contmuously m tne memor~ - ,n con­
l,ast 10 Assemble' and Comptler - 'I such a
BaSIC program IS to run

The type 01 memory IS bas,ca lly Immaten al
II can be IIxed -program memOries 0' 'ead­
wr ue memcnes Bas,c -ln lerprelers ,lie
usually supplied In lo rm 01 a cassene It
l h,s Interp reter '5 used tho memory mUSI
o f course. be a wrote-road memory II
should be nOled that a corlam lnlerp,eler
can only be uMld 10' a ce rtem rrucrcccm­
pu ler system. unless. 0 1 course. lIS po rlS
are mcouiec 10 SUII the cmer system

An mtertace has one 01 more ports The
ports are dlfocUy ec ooecreo to Ihe pen­
phery The Inpul-outpul modu les can be
programmed , wh,ch mean s lhllt II IS cess­
Ible to In to rm them whethor Ihey are 10 be
used as oUlput or mput ThIS la mad e w,th
the aid 01 B con tro l word



Small Bae.c-jruerpretees (2·3 k) ceono t be
used lor ama teur rao.o applicatIons. espe ­
c latly not lo r satelli te trackIng One teq uues
tram the rnterprete- tha t II contalnro all
tr anscendental 'unctlons (especIall y
angular tunctIOflS). and II able to carry out
l loahng operahons AppfO~lmately 8·t2 k
are reQuIred lo r thIs

II IS possIble to estImate ones mem ory re ­
cuuements II Ihe Intelpre'''f ha s. !or Ins·
taoce . 12 k and IS supplied In the lorm 01 a
eaeeeue . thIs WIll mean that one WIll need
a' least 12 k wft to-read memOlY capacI ty
SInce the pfograms, data mem Olles and the
sta ck arsc reqc rre wri te-read memory capa·
CIty. uus WIll Increase the memory ceoec.tv
-eoc.rement s to apprO~lmalely 14 to 16 k
(a t an expense 01approx OM tooo -I

The great advantage of BaSIC IS tho etear "
ccncepuon 01 thIS program languago It "
crecucenv a couoqu-er languagl' jEnghsh)
Fo r tms reason. BaSIC " very easy to learn
A furt her advan tage " the e.changeilbllltv
01 BaSIc -pr ogram. SInce an Intl'lpu!t el
does not generdte machine code, BaSIC II
vlrlually moeoeooeot 01 the roy. tem used A
Basrc-cr oqrem made by another pfQO,am­
mel . WIll be able to run In ones own I Ys,
tem alter milkIng a lew ad/US'menl! to
one! own BasIc·lnlerpreler

4. INPUT-OUTPUT UNIT

Let us now leave lhu prQOram tanguages
and go ba ck to the hardware 01 munocom -
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purer systems The mput-eutput unit IS now
10 be descnbec The task ot an ropvt -oct ­
put urut IS 10 read Inlormatlon Irom Ihe
dala bus and 10 teed lhem 10 e"ernal UflllS
(pe"phery). or - v,ce versa - 10 pass on
data Irom lhe periphery 10 the data bus and
10 Inlorm lhe CPU 01 lhe,r presence 10 Ihal
II IS able 10 carry OUI the requlfed c-ccese­
IfIg $Ieps

The lOpul and outpul proce ss IS ellher
made In parallel. In wh ich caw one des,g ·
nates II as a parallel -lOlerlace. o r ,n series .
when II IS deslgnate<! as serles-lOlerlace In
our case . parallel-Interfaces are uS4td

4.t . Th. Z 80 PIO

The Z 80 PIQ IS a programmable paraUel ­
mtertace wl lh two po rts The connecncn
diAgram 01 tne Z 80 PIQ IS gf...en 10 FIg. 27
The ecrmecnonsdes,gnaled w.lh 001007
are me da la Inpu ts-outputs The da la .s
passed on to the ports deStgnated A 0 10
A 7 or BOlo B 7 respectively accordmg 10
the programming.

A STB and B STB are Ihe Strobe-Inpuls II
a Slrobe-lnput e .III l-level. Ihe 180 PIQ
can req ues l an Inlerrupt. ,I programme<!

The oUlputs A ROY and B ROY provide Ihe
eccecrance SIgnals Ihal lhe data has been
accepted

Connections 24 (lEI) and 22 IIEOI are lhe
onputs or outputs lor lhe Inlerr upt pr lOtlty
In lhe caw 01 lhe hlghesl,pflo"ly module.
lhe lEI (Inletrupl Enable In ) ,s connec led to
• 5 V. so lhal It can requesl an Interrupl at
any lime (.1 permlss'ble) The fEO (Inlertupl
Enable QUII IS eeooeetee to me lEI 01 me
module 01 lhe ne..t lower prtOrily. and so
on Thi S IS calle<! - Da,sy chain Inlerrupl
cootror- It IS coeeere. on Ihls manner , 10
guarantee the priOrtty 01 Ihe Individual
modules, so mat only one module can te­
queet an Intarrupt II no highar priority
module has alreildy requested one

The Z 80 PIQ can be programmed 10 four
di llerenl modes

- Byle-inpul
- Byle·oulput
- Bldlrecllonal
- BII-mput -outpul

In tne case 01 the Bit-mput-octput mcce.
any cor mecuoe 01a port can be programm ·
ed lor mput oeOUlput

The Z 80 PIO receives Inlormallon whelher
the data word on the data bu s IS a ccorrcr
word or dala vta connec tion 5 (CtO SEll

BIll. SEl lS lor pon selecl lon

Further details regarding programming 01
the Z 80 PIO and lhe time d'aorams are no t
to be diSCUssed here . II lunher Inl orma l,on
IS reQUired , thIS can be done by teadlng I ')

4.2. Th . 8255

A programmable parallel -tnterlace With 3
ports havmg Ihe deslgnalton 8255 's used
In addruon 10 the 180 PIO Since Ihls
module IS nOI a typical Z 8O-mlet 'aco, Ihe
- DaiSY chain· II missing However. since
no In terrup t operation is made 1/1.11 the 8255.
mrs IS not reqUired

In ou r eccnceucn. the 8255 II only used lor
gll/Ing the angular In 'ormation 10 lhe dlgllal
rotator control (2 )

The cOnnectlOf\ diagram 01 the 8255 IS
gl~ In Flg u... 28 Connecllons PA 0 to
PA 7. PBO to PB7. and PCO 10 PC7 are
the Inputs-()Ytputs 01 the thr" ports A. B.
and C. They are wlected vIa Ihe -eert­
select . ,"puts A 0 an<! A I (pin 9 and 8) as
shOwn In Table 1

.. " "" ., CS Ope<.r_

• • • t • PO<I A . B~

• , • , • PO" B _ e.., • • , • P O' I C _ BUI

• • , • • B~ _ POl1 A

• , , • • Bo, _ POI! e, • , • • Bo, • POI! C, , , • • COr",OI ,,"O, d, InICh••

• • NOll·p", m ,..,blor COlldll,on

r ibl. 1

The 8255 IS set to mode 0 Inpul wllh the
aId 01 the reset-recut (pm 35) Furthermore.
all reglstera are HI to zero, The 8255 can
be eet to three dilleren! mOdes With Ihe aid
01 the ceenor wOtd



4.3. The SN 74 lS 373

Fun her details regarding the programming
are given In (3) In the case 0 1 mode 0 ,

each po rt IS programmable separately to
mpu t o r ccroor Mode 1 and 2 all ow Inte r­
rupl-reQuesls In Ihls case. port C " .pllt
In lo tw o 4·B,t wide pons tneee are used
lor generattOn 01 the con trol Signals

They ca n only be changed atter a new 01.11­
put Ins tr uction IS gi ven. This mea ns Ihat
they are accessible al any I,me

II the module IS programmed 10 Input. the
da la Ir om the ptmp nery un" " only passed
on 10 th e da ta bus as tong as ,he mod ule II
active and has Ri5' l Th iS ensu res that no
con thc t lakes place between mach ine
,"S lruChons and memory request,

•., ,..
19 ,.,

" ..,
" '"
" "J> IlESE'

j . D,
l.I D
11 D

", j' D
!2~~ .I.

"
" D,

" D,

" D

" v

" '"
" '"1l JPB s
21 ".
" Pel

Fig. 21, Th. 12M

fES • .~+) . , ~· - •.G'D "V'· - . .
~ '. ,, ~

~"6 '","0'.-. . .
~~ ci ~

. ~ - .
>fr " . 0<ij

•• • • •00 '. ' .< 0'
~. . .. . ' Do •.·'0 IO""C

~~.~_._. , l iJ'· , . C(§ , () ~ ~ I
• • 5,

,~ 29: Th. 74 LS 373 ~
0 0." Outpull Ii0 Dele InPilIi

2<,

Simple Input/output
Strobed Input /output
Bidirectional InPUlloutpul

The In tegrated CirCUli SN 74 lS 373 " a so­
catled _Transparent OCtal D-latcn - , wn,cn
means that II " an 8-B,t memory complele
w 'th ou tput bullers Th,S module IS, ,'I con­
nest 10 the 8255 and Z 80 PIO, not pro­
grammable It IS used for mt erm edrete
sto rage 0'oete that are to be passed on to
the periphery un' t at a certa in nme.

The co nnec tion d,agr am IS g,ven In Fig. 29
It IS ccee.ore 'o r the dat a to be outpul led
uSing l he output control The ~E nab l e

Gate- G IS used lor passing the dala to Ihe
8D-lhpllops The opera llon of the module
IS snow n In ' ab le 2

Mode 0
Mode'
Mode 2

In the case 01 Input IBF (Input Buller Full ),
Strcoe and INTR (Interrupt ReQuesl ) are
generated. whereas ACK (Acknowledge)
and INTR are gene rated In Ihe case 01 cct­
put OBF (Output Buller Full ), Thel e can be
used lor con trolli ng the per,phery un ,t The
pons A and B are then used 'or Inpul or
ou tput. " an c utout has taken place, the
dat a will be conllnuous ly availa ble at the
ou tput 0 1 the port (also at the Z 80 PIO).
mdepenoent 01 whether the modu le IS
acnve or nOI
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rabla 2: Function oltha SN 74 LS 371

X Ellher H or L
OD- Data word

L H H H
L H L L
L L X 0 ,
H X X tristate

high-imp9Clance

Connections I 0 to 8 0 are the data Inputs.
and I a to 8 a are dat, outputs The inte­
gra ted CIrcUIt SN 74 LS 373 IS used for out ­
pUllmg Ihe addressel 10 the l6-leomen!
mdlcator

•

Azlmut :o _
L LL L LlLl l lll

359 - LLHH l H l H HlLH

Elevenon
0 - lLl l l L L L LlLl

90 - lll L H L l H l Lll

As has already been mentioned , the second
part of Ihe Input -output module (8255) II
used fo r outputllng tne calculated angular
values to the digital rotator con trol It II
programmed In ..Mode 0 Output - In Ihe
case 01 an output InstrUCllon . the data Ir om
the bus wil l be read out and passed on 10
the programmed port

The o ulput of me angular \lslues IS made In
BCO-code An angle 01 mUlmum 359
degrees II pOSSIble tor the IZlmut. and a
maxImum 01 180 degrees lor the ele\latl on ,
howe\ler, I maklmum 01 90 degrees IS
eo tncrant lor ele\lll+on II these \lllues are
gl\len In BCD-code. Ihe lollowlng w,1l
rltSUlt

OulputoEnable
11"

Output
Con trol

4.4. Cir cu li Descr lpUon

The mput-output urut comprIses , al pre ­
vrouaty men honed. two modules Z 60 PIO
and 8255 (see Flgur. 30)

The Z 80 PIC is used lor Inputting the data
Irom tne keybOard and lor outpUlling 10 the
mdlcator. ThiS IS done by connec!lng pori
A to the keyboard The data IS passed to
tne bus and stored In the memory using an
mte rrupl request. The data IS led to the
mdrcetor umt via port B PreVIOUS to IhIS.
the address ct tne module thai IS to receive
the mfOrmallon, IS Intermedlalely slored 1M
the SN 74 LS 373

Port B 7 01 the Z 80 PIC IS coonectee to Ihe
ou tput control o f Ihe SN 74 LS 373 B 7 IS
then led 10 L by the program II the Sign IS
then outpUlled. me address to which the
sign musl be written IS Ihen automa llcally
available Such a program wnere a Sign
IS read Irom the keyboard. taken Irom the
memory and outpulled to the mdlcator umt.
IS called - Ecbc rc utme- . ThIS aliowl the
Sign 10 be chec ked ,

In tne case 01 an Incorrecl input . tne Sign
can be deleted With the aid 01 the keyboard
and re-Inpulled (-Rubout -)

II Will be seen thai 6 B' I remlln over Irom
Ihe po ri to tal 01 24 Bit These can be used ,
for exemple. tor speClat contrcre 01 the
dIgital rctetcr comrot It would be poSSible,
rcr Instance, to cererrmne via the keyboard
whether the rotator con trol IS to be made
ma nually. or Irom the computer,

The tnte rccnnecncn to Ihe ro tator con trol
IS made \lia I l6-pole lIat cable which I'
connected to P 3 and P 4 With the aid 01 a
Oil-plug The ctner end 01 the cable IS
connected to a special Interface board
which contains the output dfl\lers and
sockets lor the dIgital rotaroe control two
boards each OK 1 OF 038 and OK , OF 039,
as well as one board OK 1 OF 040 The des­
cription 01 Ih ls board Wilt tcucw m the
general descnptmn

The keyboard IS connected to connection
P 2 uSing te-ccre net cable. and Ihe IndI ­
cetor uOlI also With te-coie net cable to
ccnnecncn P 1 The addresses o f Ihe porlS
are gl\len In Tabl e 3 lor mcee readers thaI
WISh to make thelf own lIddltlonal pro ­
grams
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Add ress Module
r,bl.3 :
Addr..... of the Port.

EOH Dala Z OO PIO Port A
E 1 H Data Z OO PIO PorI B
E 2H Control word Z eo PIO Port A
E 3H Con l rol wor d Z eo PIO PorI B

E4H -E 7H SN 74 LS 373
E BH Data 8255 Port A
E9H Data 8255 Port B
EAH Dala 8255 Port C
EBH Con trol word 8255

•

252

The address selection is made with me aid
o f a 3- Bi l demulltple~er type SN 74 LS 138
In orde r to ensure tnet the por ts can onl y
be add ressed when an mput-cutpu t request
IS mad e (IORO at L), co nnectio n E 2 of th e
SN 74 LS 138 IS con nected to the IORO­
co nnec tio n.

The addr ess hnes A 7 and A 6 are Inverted
uSing tw o Inver1ers and connected to con­
nec tio n E 1 0' the 5N 74 L5 138 via an OR­
gate . E 3 is d irec tly co nnec ted to address
line A 5. This ensure s that the ports are
clearly add ressed.

In order to make It pOSSible lor tn e co rte to
be connected to o ther addresses (II the
com puter is to be e~ tendedl , solder tags
(Pt 1 to Pt 14) are pr OVided In trent 01 and
behind tn e Inverters, at con nectio ns A 3 to
A 7 01 th e 5N 74 LS 138, and in Ihe mter ­
con nection between the add ress line and
cc nnecncn E 3 II one or more mout -cotcut
mod ules are to be ccn nec tec 10 other
addresses, the co rresponding lines sho uld
be erscc noectee . and reco nnecle d to the
solder l ags wllh bridges so Ihat the
input-output module is connected to the
selected address.

The pr in c ip le c t doub le bullerlng (4), IS
also used lor the mput-output process . A
btouecnooer bus cnver type 5N 74 LS 245
IS used lor this. Its conn ection CE IS con­
nected via an AND-gale WIth IT of the
Z 80 PIO and me 8255, whIch means mat It
is on l ~ aclive when one 01 these modules is

activa ted . The enecuoner control 01 tne
SN 74 LS 245 IS made via the WR"-ou IPut 01
the CPU.

The dat a inputs 0' the SN 74 LS 373 are
directly connec ted to the bus, since II IS a
un idirecti onal driv er and therefore does not
require bufferIng. For those readers that do
not Wish to e~ tend theIr computer system
very tar (min imum system ), It IS possmre lor
the SN 74 LS 245 10 be deleted . However, It
1$ then necessary lor cc nnecucne A 0 to
A 7 to be connec ted 10 the co rresponding
ccnne cucns B Olo B 7 (In a Simil ar manner
to 4).

4.5. Con struct ion 01 the Inpul -0ulpul Unil

The input-output un it is eccommoc etec on
a double-coaled Pc -ooaro WIth through­
con tac ts designa ted OK 2 AY 005 The
crmenercns of this board are 162 mm x 101
mm (see Figur e 31)

The PC -board is provided With Sockets 'or
the Integrated cirCUits on the component
side 01 the board . 16-p in soc kets should be
soldered to the port connec tio ns P 1 to P 4
lor the plugs 0' Ihe mterccneecucn cables
Alter mounting all components on the
board (see Figure 32), the mod ule will be
ready tor operation and can be plugged
into one 0 ' the connec tio n strIps 01 the bus
board (OK 2 RY 002). No alignment IS
necessary
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4.S.1. Com ponents

I 1 8255 (INTELl or
SAB 8255 (Siemens)

t 2 Z OO PIO (ZILOGI
13 SN 74 i s 138 (TI)
14 SN 74 LS 32 (TI)
15 SN 74 i s 373 (TI)
16 SN 74 LS 245 tTll
17 SN 74 LS 04 tTll
18 SN 74LS 08 ITl)

S 1 Connector stnp C 74334·A 40·
A 60 (Siemens)

only ils l Ihe sources 01 Ihe IndiVidual com. I'
ponenls. bu t Will al Ieasl make all PC­
boards and lhe programmed PROMs avail ­
ab le

The baSIC syslem 0 1 the mlcrocompuhJI "
ready lor cccrencn allo r cone trucucn 0 1
mese boards and plugging in the pro ­
gra mmed "lied-program memory. as well
as the cennecucn to Ihe keyboard

REFERENCES TO PART 4

FURTHER DESCRIPTIONS

The next ecuon 0 1 VHF COMMUNICA­
TIONS will describe the cloc k umt and the
enm menc- c rccesscr (OK 2 RY 0061 This
PC-board also acccmmocetes Ihe cloc k
generato r lor lhe sySlem ThiS Wilt be
roucwec In a tater edition by lhe crenrm­
nary co mpletion 01 the description whiCh
will oeecnte lhe mo.eetcr unIt. l he power
supp ly and miertace board lor d ig ital
rotator co nner

Due 10 th e ccn nrrned mlerest I rom OUf
reade rs. VHF COMMUNICATIONS Will not

( I) Data Shoot Z 80 PIO
(Kontron . Munchen l

(2) J Kest ler, OK 1 OF
The ElectronIC Control 0 1 Anlenna
Rot al or s Part 2 Olgl,al Programmmg
With BCD-Inpuls
VHF COMMUNICATIONS 11 ,
Edi lion 4/1979. pages 238·250

(3) Oala Shee l ol l he 82S5
(INT EL. SIEMENS)

(4) W Kurl. OK 2 RY
A M icr ocomputer lor Amaleur
Rad iO Apphca' ,on s.
Part 3: Memory and System Bus
VHF COMMUNICATIONS 12.
Ed,hon 3/ 1979. pages 179- 191

Which Volumes of VHF COMMUNICATIONS are miss ing from
your library ?
As you know. lhe publishers cenunue to repfII\' back copies 0 1 VHF COMMUNICATIONS
Smce they are lull tecnencat arucree and lillie news or advertl$mg Ihe)" contain a great deal 01
non·agmg ,nlormallon lhal 's JUS! liS valid tOday Many 0 1 our reelder. Will also have lenl out
copies 0 1 VHF COMMUNICATIONS aod never received them back All tnese ed,lions back to
1970 are stili available and can be oblalned Irom your repeesentanve or trom me publishers

Posttacn 80 0 ·8523 Balersdor1
Tel 09133/8551Tag und Nachl)
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• MA TERIA L PRICE LI ST O F EQU I PM EN T
described In Edition 4/1980 01 VHF COMMUNICATIONS

DC:I NT 007

PC·board
StmIl;onductO<1l

'"

Stlrt-S lop Logic:

DC 3 NT 007 S,ngll-COlled, with plln
DC:I NT 007 2 1'l nl ..IO" . Z3 dlOdll'l . 1 quad-op amp..

S c.MOS IC,
oe 3 NT007 18 pi 1o,1. • ' I n!a lum , , Ilu e.p.. " ,,,mm

pot . 36 C"bon .....tor•. 1 c:on~'o, ' lrop
(31p'"l

DC:I NT 007 como"'a ....Uh 11'11 .bo~. Plrt'

Ed. 4/11110

OM 20-

OM 42 _

OM 111.-

OC3NT010

PC-w-rd
Sem'conduCIQfS
M,n'k'!

'"

Motor -Stl rtlng Cl~u lt

DC 3 NT 010 Ooub'--I;Olled. with plln
DC:I NT 010 9 C· MOS ICI , .. diOde• . I LEO
DC 3 NT 010 I .Iu.. 2 ""'!alum Ileclrolyt,ClI. 3 pi 10,1

CI Pt , 1 lum m pol . 12 cI 'bof1 '"" '0"
DC:I NT 010 comp','a With the abou Plrt'

Ed. 411110

OM 38 ­
0 M ea-,

OM 9 ­
OM 111.-

DC3NTOll

PC-board
s.m,COlldUCIO<1l
M,n'k,1

'"

S.llc:hl"fl BOlrd

DC:I NT 0 11 Smgllo -CQ4l led, wIth pl,n
DC:I NT al l • C_MOS ICI , 2 dIOde,
DC 3 NT 011 4 pi 10, 1 <:IP., 19 <:I'bon """0" .

1 31-p,n tonneclo.

DC :I NT 011 comple l. with the .bo.... p.",

Ed 4111110

OM 20 ­
0 M 26 -

OM 1 ~ ­

OM 511._

DC:I NT 012

Pe-boall;l
s.m,conduc~

Mm'k '!

'"

S,"em 801.d

DC 3 NT 012
DC 3 NT 0 12
DC 3 NT 0 12

DC:I NT 012

Dou bll-toalld w,th Ih.u-eonlac:1I

2 C-MaS ICa, 11. , n..1I0' . 2 d'OO"
4 <:Irbon 'M,1I0... 100 told.. p,n • .
e 31 -pln ccneecto••trlps ( I""".l.~

t om pil i. with Ih••bo~. p.",

Ed. 4'1'10

OM "8 ­
0 M 1 _

OM sa -,
OM 105._

DC:I NT 013

PC·board
M,n,k,'

'"

Diode " , lrl.
DC 3 NT 013
DC 3 NT 013

DC:I NT 013

S,ngle coalld. w,l l'>Out plen

66 Cl'OdeI . 14 '"" 10" . I m,n . a"', Ich
compll'lI with the ebo..e pe"l

Ed. 4/11110

OM 1 ~ _

OM ~1 ._

OM 70.-

OJ 8 U1 001

8 000 MHz
DJ .UlOOl

OM 9110

OM USO

OM ~9 -

Ed. 411"0

OM 13 SO

OM 980
OM 16 ­
0M 64.-

Ed. 4"1110

OM 14._
OM 13 SO

P 8002 lI1"t ve",on 01 I'" ",.II~nown low -no,..
le ' oe -1I0nel f EY P 8000

Log . I'-Amplille. for Spectrum Anel,,,..

OL8 1 )(003 .... 'th pten

w..th.. Selellt le Con ..e""

OJ euz001 Double -COIlICl. unclflllecl
OJ8U100i 1 OO-MOS fET. I IC
OJ8UZOOI 1 m .. lve, _pl worl . lpl 10 ,I II ,,,, ,,, ..a,

II~..""c c~. 2 leect lh", Up, . ~ .",,1011
1 metel·pll,. <:I". 37 • III • 30 mm,
2 BNC·co nneciOIl
HC/18 -U,pe .l lIlI ·ret

comple le with the ebo~1 pert'

006 ~4 C Gunn-Element ",enulectu'eCl by AII'm.
Inclul t".. PO"'I' SO mW .. 10 GHl

DJIUZOOI

PC-board
SIft'lICOnduc lors

Mm'k 'l

CI"yt,al

'"

Gunn_Olode

Oll ZIt 003
PC-board
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COMPLETE RECEIVE AND IMAGE PROCESSING SYSTEMS
FOR THE METEOSAT AND GOES SATELLITES

We otter a complete system 01 ,"e.pen,j~e modules lor profess ional apphcahon s. Thele are
o t special interest lor meleolog lca t olllcet at smaller aIrport s. lor harbour and I lml lar appli ­
cencne. They are also sui table lor Instruchon at univerSities, and scienti fic institutes A
number 01 image processing . ~s I 8m. and receiver. are available to l Ull the applica tion In

queenon. Equipment is available, Of under development lor.
• The METEOSAT and GOES/O MS satelli tes In Geoslahonary cr ou. Of
• The NOAA and TIROS M salellitesln polar orbits (136 · 138 MHz),

r' ~:::,.:. ~ I

~. ; OJJ'.. .
::c. = .:.,-~ -

METEO$AT ==-
M£TEOSAT -

I ;C I O J
I'

VIDEO PROCESSOR:
MOnllor tu be and
Pola rOid camera

Technical specification, 01 the b• • lc: METEOSAT syslem:

PARABOLIC ANTENNA: r-;--~-:::--r==;"""""",",=:""",,~~---~--:-
1 2mdl8 ,24dB galn ~ .. -'"

SHF·CONVERTER:
2-1181018 low -noise
pream pil lt er
With norse hgure 3 dB

VHF·RECEIVER:
NOIse figure 2 dB
AF·bandw ldlh .
800· 4000 Hz
SubCilHier outpu t
2 4 kHz/' V

k UKWlechnlk Hans Dohlus oHG Jahnstr., 4 Postlach 80 0 -8523 Ba lersdorl

retetce 0 9 1 3J 1855 (Tag und Nach l )



~ CRYSTAL FILTER S OSCILLATOR CRYSTALS

~ ~~ SYNONYMOUS FOR QUALITY
AND ADVANCED TECHNOLOGY

NEW STANDARD FILTERS

CW-FI LTER XF·9NB see table

SWITCHABLE SSB FILTERS
for a fixed carrier frequency of 9.000 MH z

XF-9B 01 XF·9B 02
B99B.S kHz for LSB 9001,5 kHz fo r US B

See XF·9B for all othe r specifications
The carrier crystal XF 900 is provided

FIller Type XF·9A xr-se XF-9C XF-90 I XF-9E I XF-9NB

Appllca"on sse ssa AM AM FM CW
T,anlm,l

Numbe, 01 cl )'l la l, S a a a a a
3 dB bandWidth 2.4 kHz 2.3 kHz 36 kHz .. 6 kHz 11.5 kHz 0 4 kHz

6 dB band wld lh :2 5 kHZ 2 4 kHz 375 kHz 50 kHz 12 0 kHz 05 kHz

Ripple < 1 dB < 2dB < 2d8 < 2dB < 2dB < 0.5 dB

InsertIon fan < 3 dB < 35dB < 35dB < 35 dB < 3 5 dB < 65d8

Z SOO Q SOO Q SOO Q SOO Q 1200 0 SOO Q
Term"'i1ho n

C 3O,F 3O,F 3O, F 30" 3O,F 30"
(650 08) 1.1 (6 6O(8) , 8 (6 6O(8) 18 te 6OdBI I.8 (6 6OdB) 18 (B 60 dS) :2 :2

Shape tIIelO'
(6 SOdS):2 2 (6 SOdS) 22 (6 6OdB ) :2:2 (660 d8)22 (6 BOdS)" 0

Ult"Tllllle reje ctIOn > 4Sda I > rocce > l 00d8 > 'ClOdS > 90 dB > 90 dB

XF·9A and XF·9B comple te WIlh XF 901, XF 902
XF·9NB co mplete w,th XF 9JJ

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH ~Q 6924 N~ckarb,.ehot.h.,m Po.lIaeh 7
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