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SPECTRUM OF FM ATV
By GBMNY
Most people are famliar with FM nodul ati on and the sidebands it produces, but
Col our ATV with inter-carriers is nore conplex and it is very difficult to see
and understand what is going on.

ATV COVPONENT PARTS

SOUND SUBCARRI ER

The signal feed to the FM npodul ator has many conponents, the sinplest of which
is the 6MHz FM sub-carrier sound. This has a peak deviation of +/-50KHz. The
audi o pre-enphasis network should give 50uS pre-enphasi zed (+15dB @ 15KHz
Treble lifted) audio, to obtain best Signal to noise fromthe FM process. Audio
Bandwi dt h 30-15KHz @ 3dB is easily possible.

LUM NANCE and SYNCS

The Lumi nance and Syncs signhal has a bandwi dth from near DC (10Hz) to 5.25MHz.
A flat gain, phase, and group delay, over this frequency range is essential if
the picture is to remain intact. Franme sync are at 50Hz and Line is at

15. 625KHz, and all the picture information is repeated at these rates.

COLOUR SUBCARRI ER

To the lum nance is added the conplex 4.43MHz PAL colour signal. It is a double
si deband signal nade with a Phase & Anplitude nodul ator driven fromthe col our
difference signals. It produces a col our signal bandw dth of 1.3MHz.

FM TELEVI SI ON

PRE- EMPHASI S

As with the FM audio, the TV signal to noise ratio, is nmuch inproved when Pre-
enphasis & de-enphasis is used. This is because the FM nodul ati on and
dermodul ati on process suffer fromhigh levels of HF noise.

Wth the Video signal frequency range, sinple CR tinme constant pre-enphasis,
will not work due to the nunber of octaves it contains. The enphasis standard
used for all FMVideo is the CCIR 405, that describes a 14dB HF lifting curve,
made from 5 conponents. This gives lift only to the picture detail |ike, edges
and col our information, above 2MHz that suffer the nbst from noise, |eaving the
bul k of the signal unchanged. It is applied to the conposite video signha

bef ore nodul ation, but not the sound sub-carrier!

FM MODULATI ON PROCESS

Rat her than attenpting to explain the conplexity of all these signals applied
to an FM nodul ator, lets go back a step and consider what happens when we FM
modul ate with a sinple square wave.

Wth a square wave you get two CWcarriers switched on and off at the square
wave frequency both with sets of AM sidebands. The depth of deviation only
separates the two CWfrequencies. So high deviation separates these signals,

| ow brings themtogether so there sidebands overlap. Increasing the Square wave
frequency, just increases each of the CW sideband wi dths.

Now you know what is going on, lets take a | ook at sinple video signa
consisting of 8 levels of Lum nance and syncs (standard grey scale) this gives
9 CWcarriers all pulsing on and off in sequence at line rate.

However if we use 6MHz sound sub-carrier with no video, we generate 2 main

Sub-carriers 12Wnz apart, at a |level dependent on the injection level simlar to
AM

G4APL GBT7CIP 6.6.2004



Technical Article SPECTRUM OF FM ATV Page 2 of 4

Put back the grey scale video with the sub-carriers and we have not 9, but 27 CW
signals. Consisting of the 9 instantaneous carrier frequencies each with a pair
of | ower power sound sub-carrier sidebands at +/-6MHz. Fromthis you can see
there are repetitions of all the Video information on the sound sub-carriers.

BANDW DTH

W t hout taking the higher order of FM sidebands into account, it can be shown
the full channel needed is 19MHz wide. If we | ook at the above exanple the two
sound sub-carrier are 12MHz apart. \Wen the recomended +/-3.5MHz peak deviation
of video is applied, each sub-carrier frequencies are also noved over the sane
+/-3.5 MHz, making

12VHz + 7MHz = 19MHz total sub-carrier displacenent.

FM SI DEBANDS

Go on forever! Yes its is true, unfortunately with FMnot only the first order
of sidebands are generated. The |l evels of the other orders (Fm x
2,3,4,5,6,7,8,9,...) depending on the Mdul ation index (Dev/Fn), but they are
al ways present at sone |evel

However the video signal varying in intensity, pre-enphasis, and sub-carriers,
the use of Modulation Index to try to describe what |evels of higher order
products you actually get is just not possible. In practice these higher orders
products decrease depending on their fundanmental injection |evel

FM ATV DEVI ATI ON

To limt bandwi dth used (unlike satellite TV where M=1.5 with 6 or nore
Sub-carriers) ATV uses only a peak deviation of +/-3.5MHz (M =0.7). However with
CCI R pre-enphasis the | ow frequency (<2MHz) deviation is practice -14dB bel ow
the +/-3.5MHz peak devi ation which gives; -

0.2 x +/-3.5 MHz = +/-0. 7VHz.

So nost of the signal energy is near the carrier, only the colour & sub-carriers
are spread

When using a Satellite Rx for ATV, this narrow deviation causes problens of |ow
vi deo gain and hi gh noise (& adjacent channel RADAR)

SUBCARRI ER LEVEL

The ATV recomrended sub-carrier levels are -18dBc. In the receiver this |evel of
Sub-carrier just about provides FMIlimting for the sound denodul ator, when the
picture is about P4 grade. But as the Picture grades reduce the sound will be
totally lost at a P2 while a noisy colour picture renains.

The result of this sub-carrier level however is to make the ATV signals 19MHz
edges -51dBc with successive 6Whz products falling off at a rate of 18dB/ 6MHz.

FI LTERI NG

Al t hough narrow Rx is effective on FMfor weak signal, the effect on good
signal s when the weaker parts of the spectrumare |lost due to over filtering
causes all sorts of video distortions |ike;-

Spar kl y edges,

Col our probl ens,

Vi deo on sound buzz,
Poor syncs.

For Transmitters as well as the above problens, tight filters cause SWR

i ncreases as nodul ation is applied, introducing AM nodul ati on m xi ng probl ens
in the PA
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Filtering below 19MHz flat bandwi dth will cause sone of the above on good P5
signals, but will not be noticed on weaker ones. Filtering below 12MHz on weak
signals is very useful where sound & quality are not wanted.

SaUuaRE LAUVE ORMLY

T ETTRTEE DEWIATIOR - 2

1
|
DOUBLE MM |
SIDEEMMNDS .
DUE To THE :
SAUARE LAUE |
FREQUERNCY, ;
1
|
1
|

MISSIRNG

Freqquemncygy ——> CrEREPRIER

CCIR =405 EMPHASIS CURVE

'.ﬂ
1z2dB f;ff

G4APL GBT7CIP 6.6.2004



Technical Article SPECTRUM OF FM ATV Page 4 of 4

SOUND SuBCcAaRRIER, HNO WIDEO
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