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Wolfgang Schneider, DO 2 EK

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

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

co mplete FM·A TV tr lnlmiller. end recelverl ,
well Into Ih e GHI renge, wi th Ihe min imum
effo rt . The to llowlng mulUpert ert ic le d..
scrlbel the con ltruction 01 I tflnlmiller.'
receiver l or FM·ATV In the 23 em bend.
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1.
CIRCUIT DESCRI PTION
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..."~--o u,

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

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

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

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

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

tween the coIeetor and the baM of the 0KlIlI 1Or
tr.InIISScW A 100 pF C.Ipe(:IIOr NrYn 10 1IOl.It.
!hi vancaps IY'om the DC ()(lIIe(:t(lr von. but
at the same IIITlI II' connecting ..~ torml lhI
senft tu.-..ng-tnduet.lnce Olher connectlOnl ar.
k... short a, poeIIbIe Il"I order' 10 pr....-nt !he
W'IIfCldI..cbcl of unoomrolled rMCI.ll'lCel 1010 the
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"'e.3 : ThI YCO~ tIIIClthe output powM

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

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

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

The SP 5060 lorm• . toge ther wIth lhe VCO. a
complela PlL Irequeoey , yntheSlzer (llg. " j
whlch II usable oyer the range 300 MHz IO2 OMz
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The Integrated Circuli con laln, .. pr.·scaler to
gether With a pr.amphl,er and a Irequency
clnnder . The laner ha. I hed cllYllIOn lac1or, the
' .1"0 between !hi lY"\'hesI l8l' .nd !hi r.I8l'~

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

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

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

2.
CONSTRUCTION

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

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

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

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

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

4 -n.

00 2 EK 002

"

f lU, 5;
The lt ac k••nd eomponenl. o l lhe
doubl••lded ece 00 2 EK. 002 lor
Ihe ei, eult dl ''iI' .m of IIU, I
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Fig. 6:
The vee l howlng the M il.
lupportlnltln-elr component
mounting

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

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

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

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

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

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

1 0.1~F cap. (7.5 mm grid)
1 33 ~Ff35 V elko. 110 mm grid}
2 10 ~Ff16 V lant.
2loonpresetpol.(10mmgrld)
1 100 UIO,3 W reSistor
1 Tin·plale boll 74 II 74 1130 mm



VHF COMMUNICATIONS 1/89

1 BNC panel mounting socket UG290A!U
6 lelton teeo-mrc Insulators

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

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

Inductors see tex t

Crystal
HC-l aU or HC·25U (see lext)

3.
COMMISSIONING

The tollowlng tes t Instruments should be
avaIlable '

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

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

Fig. 7:
Th. c:ompleled
FM·ATVlr."• •
mill• • module
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wOfklng, delivering some 20 mW to the power
meter. The VCO, however, is not yet locked on to
one or the two crys tal-determined frequencies
but IS osci llallng al Itf" lowesl frequency . The
luning voltage (max . 30 V) is now connected
and one 01 the lwo crystals put inlO operation
by applying 12 V to the appropr iate point. The
oscillator IS now oscil lallng, locked at the desired
'r&quency , and II ror. it is WOr\( lng OlJIslde 01 the
PLL '5 capture range . This may be corrected
e,lher by altering 'he inductance L 01' by an ad:
lustment ot the control voltage. A small test
cirCUit wt ucn Will be described in the second part
ot the e-eee . w,n produce an adjus table control
voltage trom the avai lable 12 V suppl y vo ltage.

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

VHF COMMUNICATIONS 1189

4.
LITERATURE

(I) Grimm,J. , OJ6 PI:
Frequency Modulaled Amateur Television
(ATV)
VHF COMMUNICATION S 18 (1986).
Editlo n3,P.165·176

(2) Sattler. GOnler:
Baugruppen fUr FM·ATV Sender In den
GHz· Bereichen
32. Weinheimer UKW.Tagung (Weinheimer
meeting)

(3) Hirschelmann, Klaus :
Gedanken zum Autbau von emtecren
$endern lOr FM-ATV
32. Weinheimer uKW-Tagung (Weinheimer
meeting)

(4) Plessey : Data sheet SP 5060

Interested in AMATEUR TV ?

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

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

- BAT C-, 'Grenehur s t', Pdnewood Road
Hi gh Wy c ombe, Buck s HP1 2 400 , U.K .
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Wolfgang Schneider, DO 2 EK

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

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

1.
THE SOUND-CARRIER CIRCUITS

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

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

1.1. Ci rcu li Deacr ip tlon

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

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

?8LOOI
". )2 V rl..

" " ..,. " "• • ., ".
" .,

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

I e 10" .. ••
U" 6

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

"IOU1 u" ..
I' lg . t : Clrtult SCt-.mIllc: o llOUnd Un1ott'
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Fig. 2: Co mpo.... nll.you l Ol lJOund·urrl•• bo• •d 00 2 EK 003

I·

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

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

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

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

1.2. Constructio n

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

5'

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

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

1.3. Component.

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

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

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

2.
THE DC·DC CONVERTER

2.1. Circu it Oe. crlpUon

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

2.2. Cons l ructlon

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

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

. 12 \1

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

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

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

L

002 [ I< OO~

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

2.3. Components

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

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

1 x Elk033/AFI40V(10 mmgnd)
2 ~ Elk01 0 /A FI40 V ( l Omm grid)
1 ~ presel I0 kl l(10/5 mmgrld)
2 ~ resistor 10 kl l (10 mm grid)
I ~ resis lor 27 kl l (10 mm god)
J ~ cerarrnc cececucr 1 nF (2.5 mm gnd)
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1 ~ tm-plate box 74 ~ 555 1130
2 ~ PTFE leed -through

3.
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