Watt FM TRANSMITTER

General Description

This is a small but quite powerful FM transmitter having three RF stages
incorporating an audio preamplifier for better modulation. t has an output power of 4
Watts and works off 12-18 VDC which makes it easily portable. It is the ideal project
for the beginner who wishes to get started in the fascinating world of FM broadcasting
and wants a good basic circuit to experiment with.

Technical Specifications - Characteristics

Modulation type: ........ FM
Frequency range: .... 88-108 MHz
Working voltage: ..... 12-18 VDC

Maximum current: ....... 450 mA
Output power: ............ 4 W
How it Works

As it has already been mentioned the transmitted signal is Frequency Modulated (FM)
which means that the carrier’s amplitude stays constant and its frequency varies
according to the amplitude variations of the audio signal. When the input signal’s
amplitude increases (i.e. during the positive half cycles) the frequency of the carrier
increases too, on the other hand when the input signal decreases in amplitude
(negative half-cycle or no signal) the carrier frequency decreases accordingly. In



figure 1 you can see a graphic representation of Frequency Modulation as it would
appear on an oscilloscope screen, together with the modulating AF signal. The output
frequency the transmitter is adjustable from 88 to 108 MHz which is the FM band that
is used for radio broadcasting. The circuit as we have already mentioned consists of
four stages. Three RF stages and one audio preamplifier for the modulation. The first
RF stage is an oscillator and is built around TR1. The frequency of the oscillator is
controlled by the LC network L1-C15. C7 is there to ensure that the circuit continues
oscillating and C8 adjusts the coupling between the oscillator and the next RF stage
which is an amplifier. This is built around TR2 which operates in class C and is tuned
by means of L2 and C9. The last RF stage is also an amplifier built around TR3 which
operates in class C the input of which is tuned by means of C10 and L4. From the
output of this last stage which is tuned by means of L3-C12 is taken the output signal
which through the tuned circuit L5-C11 goes to the aerial.

The circuit of the preamplifier is very simple and is built around TR4. The input
sensitivity of the stage is adjustable in order to make it possible to use the transmitter
with different input signals and depends upon the setting of VR1. As it is the
transmitter can be modulated directly with a piezoelectric microphone, a small
cassette recorder etc. It is of course possible to use an audio mixer in the input for
more professional results.

Construction

First of all let us consider a few basics in building electronic circuits on a printed
circuit board. The board is made of a thin insulating material clad with a thin layer of
conductive copper that is shaped in such a way as to form the necessary conductors
between the various components of the circuit. The use of a properly designed printed
circuit board is very desirable as it speeds construction up considerably and reduces
the possibility of making errors. Smart Kit boards also come pre-drilled and with the
outline of the components and their identification printed on the component side to
make construction easier. To protect the board during storage from oxidation and
assure it gets to you in perfect condition the copper is tinned during manufacturing
and covered with a special varnish that protects it from getting oxidised and also
makes soldering easier. Soldering the components to the board is the only way to
build your circuit and from the way you do it depends greatly your success or failure.
This work is not very difficult and if you stick to a few rules you should have no
problems. The soldering iron that you use must be light and its power should not
exceed the 25 Watts. The tip should be fine and must be kept clean at all times. For
this purpose come very handy specially made sponges that are kept wet and from time
to time you can wipe the hot tip on them to remove all the residues that tend to
accumulate on it. DO NOT file or sandpaper a dirty or worn out tip. If the tip cannot
be cleaned, replace it. There are many different types of solder in the market and you
should choose a good quality one that contains the necessary flux in its core, to assure
a perfect joint every time. DO NOT use soldering flux apart from that which is
already included in your solder. Too much flux can cause many problems and is one
of the main causes of circuit malfunction. If nevertheless you have to use extra flux,
as it is the case when you have to tin copper wires, clean it very thoroughly after you
finish your work. In order to solder a component correctly you should do the



following:

- Clean the component leads with a small piece of emery paper.

Bend them at the correct distance from the component’s body and insert the
component in its place on the board.

- You may find sometimes a component with heavier gauge leads than usual, that are
too thick to enter in the holes of the p.c. board. In this case use a mini drill to enlarge
the holes slightly.

- Do not make the holes too large as this is going to make soldering difficult
afterwards.

- Take the hot iron and place its tip on the component lead while holding the end of
the solder wire at the point where the lead emerges from the board. The iron tip must
touch the lead slightly above the p.c. board. - When the solder starts to melt and flow
wait till it covers evenly the area around the hole and the flux boils and gets out from
underneath the solder. The whole operation should not take more than 5 seconds.
Remove the iron and allow the solder to cool naturally without blowing on it or
moving the component. If everything was done properly the surface of the joint must
have a bright metallic finish and its edges should be smoothly ended on the
component lead and the board track. If the solder looks dull, cracked, or has the shape
of a blob then you have made a dry joint and you should remove the solder (with a
pump, or a solder wick) and redo it.

- Take care not to overheat the tracks as it is very easy to lift them from the board and
break them.

- When you are soldering a sensitive component it is good practice to hold the lead
from the component side of the board with a pair of long-nose pliers to divert any heat
that could possibly damage the component.

- Make sure that you do not use more solder than it is necessary as you are running the
risk of short-circuiting adjacent tracks on the board, especially if they are very close
together.

- When you finish your work cut off the excess of the component leads and

clean the board thoroughly with a suitable solvent to remove all flux residues that may
still remain on it.

This is an RF project and this calls for even more care during soldering as sloppiness
during construction can mean low or no output at all, low stability and other
problems. Make sure that you follow the general rules about electronic circuit
construction outlined above and double-check everything before going to the next
step. All the components are clearly marked on the component side of the P.C. board
and you should have no difficulty in locating and placing them. Solder first of all the
pins, and continue with the coils taking care not to deform them, the RFC’s, the
resistors, the capacitors and finally the electrolytic and the trimmers. Make sure that
the electrolytic are correctly placed with respect to their polarity and that the trimmers
are not overheated during soldering. At this point stop for a good inspection of the
work done so far and if you see that everything is OK go on and solder the transistors
in their places taking grate care not to overheat them as they are the most sensitive of
all the components used in the project. The audio frequency input is at points 1
(ground) and 2 (signal), the power supply is connected at points 3 (-) and 4 (+) and
the antenna is connected at points 5 (ground) and 6 (signal). As we have already
mentioned the signal you use for the modulation of the transmitter could be the output
of a preamplifier or mixer or in case you only want to modulate it with voice you can
use the piezoelectric microphone supplied with the Kit. (The quality of this



microphone is not very good but it is quite adequate if you are interested in speech
only.) As an antenna you can use an open dipole or a Ground Plane. Before you start
using the transmitter or every time you change its working frequency you must follow
the procedure described below which is called alignment.

Adjustments

If you expect your transmitter to be able to deliver its maximum output at any time
you must align all the RF stages in order to ensure that you get the best energy
transfer between them. There are two ways to do this and it depends if you have a
SWR meter or not which method you are going to follow. If you have a SWR meter
turn the transmitter on, having connected the SWR meter in its output in series with
the antenna, and turn C15 in order to tune the oscillator to the frequency you have
chosen for your broad casts. Then start adjusting the trimmers C8,9,10,12 and 11 in
this order till you get the maximum output power in the SWR meter. For those who
don’t have a SWR meter there is another method which gives quite satisfactory
results. You only have to build the little circuit in Fig. 2 which is connected in the out
put of the transmitter and in its output (across C16) you connect your multi-tester
having selected a suitable VOLTS scale. You tune C15 in the desired frequency and
then adjust the other trimmers in the same order as it is described above for the
maximum output in the multitester. The disadvantage of this method is that you do
not align the transmitter with a real antenna connected in its output and it may be
necessary to make slight adjustments to C11 and C12 for a perfect antenna match.
Do not forget to align your transmitter every time you change your aerial or your
working frequency.

WARNING: In every transmitter there are present apart from the main output
frequency various harmonics that usually have a very short range. In order to make
sure you haven’t tuned on one of them do the tuning as far as possible from your
receiver, or use a Spectrum Analyser to see your output spectrum and make sure that
you tune your transmitter on the right frequency.




Warning

Smart kits are sold as stand alone training Kkits.
If they are used as part of a larger assembly and any damage is caused, our company
bears no responsibility.

While using electrical parts, handle power supply and equipment with great care,
following safety standards as described by international specs and regulations.

CAUTION

All the RF kits are sold for experimental and laboratory use only. Their possession
and use are limited by laws which vary from state to state. Please get information
about what you can or can not do in your area and stay within the legal limits. Make
sure you do not become a nuisance to others with your experiments. Smart Kit has no
responsibility whatsoever for any misuse of its products.

If 1t does not work

- Check your work for possible dry joints, bridges across adjacent tracks or soldering
flux residues that usually cause problems.

Check again all the external connections to and from the circuit to see if there is a
mistake there.

- See that there are no components missing or inserted in the wrong places.

- Make sure that all the polarised components have been soldered the right way round.
- Make sure that the supply has the correct voltage and is connected the right way
round to your circuit.

- Check your project for faulty or damaged components.

If everything checks and your project still fails to work, please contact your retailer
and the Smart Kit Service will repair it for you.

Electronic Diagram.
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SMART KIT Nold28

MNOMNOL_FM 4 WATT

fipokeLtaL yré éva ToUTo ug HATAMAMKTLKES ENLOOOE!C avahoya ME TO
HEYEBOC Tou amol amGTeEreitat amoe Ttpio otadia RF koi Eva OKOUGTLKAE.

H BaBpifia TG QKOUCTULKTG OUXVOTNTAC GNOTEAELTAL GNG T6 Tufiua yupe amno
0 Tpaviiotop TR4,Kal £VLOXUEL TG ONpa EVOS KPUTTAAMLKOU ¥ MUKYWTLKOU
pLkpogpovou,n 8 eualgBnoia tou pulpiletaw.and T6 Tpippep VRI.

0 tohaviwTig anoteheital amo T4 Tuhpa yUpw  and té tpaviictop TRI.
kal pe tr Bondela Tov L1,08,015 guvtovieL otnyv mepLoyxn BB-108 MHz.

0 C7__ouvenpeil T¢ TAAQYTWOELC KAl EMLAOYR TNHC GuyveTniag yiveTal and
TaY gfﬁ\ Megw tou G2 yivetar 1 ouleugn pé Ty ENdUeEvn Babuida,moU
MEtToupYEl OFE TaEn C.Kal Eival @TLAYREVR YUpw anfd to tpavliotop TRZ.
TeEhog 0 onpa odnyeiral peow tou €9,<al L4, oty BuBuida e£ofou TRA,

0 GuvTOVLOpOG Tuv BaBpidwy autuy YIVETOL QRO TOUC METABANTOUC NMUKYWTEC
C9,C10,C11,kai C12.

Fld kepaia PNMOPEITE va XPNOLUONOLNOETE Eva DLNOKO EKMOUNNS FM,T Kepaia
GROUND FLANE 4 % B ototyeiwv,H Tpopodogio 140 Kukhopatoc eiLval
12-18V,kal 16 analtolpeve peypa 400-500 mA,

W KQTQOKEUN TOU Ei{vdlL QpKETA ankh apkel vd KOAAMOETE MpeTa Tig
AVTLOTAOELG TOUC KEPAUELKOUC TMUKVWTES,TOUC "HETABAATOUC Ta nnvia kal
TEAQS T4 TpaviioTop MPOOEXOVIAS MAYTA Ty MOALKGTINTA Toug kai TH owath
BE0N TOUC 010 KUKMwWa ¢T0 Tpaviiotop TR3 #a TomoBETHOETE TNy $UKIpA.
MLd vd QUYTOVIOETE TO KUKhwpQ XPELAQIESTE yEQUPa oTaoipwy .

AgOU  OUVDEUETE KATAAANAG  TH  yEQupa MATATE 16 MAMKTpa SWR,kal we 10
NOTEVOLOpETPpO puBpileTe 16 opyave va Belyvel T4 dpyave WATT arto
MEYLOTO,KATOMLY EWLAEYETE  THY Khipaka Toy WATT Kai aguvrovigete tov
noune apyifovrag amé Ty £igodo Mpoc tAV EEodo  TIU  Tmopmou,péExpL  va
TAPETE TNV, HEVLOT . Lol gt WAT T Erdufiol 1 op0- S e vl-ShEnt te U6 tid cua-
nou BeEv MPEMEL vd umepBailvouv TOv hdyo 1:1,5, aAhoidg umdpyel mpodinue
MPOTAPUOYHC TMouToU-KeEpa(ac,

Av  BEY EXETE YEWUPO TOTE YTRAXVETE TO WLKPO KUKAwPa TOU GAivETAl 616
axnue Z,kal t0 ouvBEETE OTHY EE0BO TOU MOUMOU wkal fapaiinia o0'autd €va
MOAUMETPC ToU EXETE EMLAEEEL Tdon OC meproxfi 0-20 § 30 V.xali
JuvTovIZETE YOV mopmd apyiloviac ané tav C15 (guyvoernta) kai
npoxwpuytag Tpog Tty £E£0fo WEYXPL VG WAPETE THv pEyiotn eEodo gf Volt
MOALC TEAELUOETE QOAUPEITE TO KUKAWWMA OUVTIOVLIOUOU Kai OuvBEETE THY
hEpala.

I1d onueia 1 kal 2 guvBEeTe T6 utupawuvc KPUGTAAALKO T} TUKYWTLKG dta
onkeia 4 16 + TtN¢ Tpopofooiag (12-18Y) 018 3 1o - ,Evé OTA anueia 5
KAl 6 TO KUKAWWG GUYTOYLOWOU,
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TA YALKA '
il coouoosacconamncconaaoo 220 KO 1/4W (HOKKLYO,KOKKLYO,KIiTpLvD)

s sccnccooocononasconaoabon 4.7 KO 1/4W (Kitpivo,uwd KoxKLvYD)
RIBd.....0o0iiei ... 10 KO 1/4W (wage,paupo,nopTokailii)
RS, - vsenin e e e B2 0 1/4W (yHpl,HoKKLVvO,padpo)

L B e B T B e 3 P A R A S 4,7 uF 25 V (QAEKTPOAUTLHOC MUKVWITC)
_EE;ELQ?: ........... . B P A Y (HEPQUELKOC NUKYWINHG)
I 1 nf (KEPARELKOC NUKYWITNC)
8RB cn a0t conancacoaancoc 470 pF 414, (KEDQUELKOG TNMUKYWITS)

o (PTPETTE e e e e 10 pFy (KEPAQUELKOC MUKYWING)
TB...... e i - 10 pE +{1.1 (HETQBAMTOC JIUKVWINC)=KiTpLva
'ﬁﬁ;ﬁ12.*+,.. ........... g - 40 pF {uETABARTIOC HUHVwTﬁq}-p&upg

3 T T 20 - b0 pF (HETABAMTOC MUKVWING)
_QJS .................... 4 =20 pf Lu;tuﬂhnrbq HQHVurnQ)

e 4 oneipeg / Birapetpog mnviou 6 mm

L adndooscosaccocanacndannot 6 oneEipeg / DLApETpOC mAnviou 6 mm

Lt ooooboooo e e e 3 oneipeg / Dirapetpog unviouvu B8 mm

. IXESLAQONEVD TMAYW OTO TUTNWHREVO

g T E oneipec f Suvdperpoc nnviou 8 mm

BRECL 2 3. ......... ie e eae.. MK 200 TOOK WE TMUpTVA.

= eo..22 KO Tplupep

B O I 2N2Z19- NPN tpaviictop.

I £ e S ZN3553 NPN tpavliotop RFLoxuocg.

LB . v vt s et e aa e BC 548,547 NPN 1pavioctop,.
lEFﬂ- ................. MiKpoOpwvo MUKVWILKO 1) KPUSTahhiKo.

KYKAGMA TYNTOMITMOY
KpRoLpoNol £iTal_yYid Tév guvIovVIiOgpo Ywpig yEwupa,

120-150 ¥ 2Watt (2 avyTLOoTAQOELC)

- T TH4148 Aiodog
B i s A m s At e e & rormon 22 pnE _KEpPQOPELKAET

NPOTQXH: Tda wuyiouyva KIiTg Tnpoopifovial kKupiweg yia GOKLUES i}
EQpYQOINpLaK) XpHon,T KeToyn kai N AewrToupyia Toug WMEpLopifeTal and IRY
E£KACYIQTIE t0xuouUol vOouoleoia nou SHLa@EpPEL ano ywpa CJE ywpa

QEWPEiLTAL QuUIoOYONRIN 1 JUUNOPYPwON HE TOUC TOMLKOUC MEQLOplOpoUC,

ATMOKAEIZTIKOI ANTINPOZONOI EAAAAOE KAI KYNPOY
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