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Interference emission from TV receivers in theory ad practice
By Richard Marshall, Richard Marshall Limited

Abstract

The paper will describe a field study of interface suffered by short-wave listeners
from TV receivers. This lead to laboratory meam@nts and to some theoretical modelling of
the emission from such products, their aerials,thed mains supplies.

Since the new Multimedia Standard provides an dppdy to review the emission
requirements for TV and similar products the woak been undertaken with the co-operation of
members of CISPR/I/WG2.

This work is aimed at understanding the causerami@ of such interference and has
implications for emissions from other cable-domathsituations - including Power-line
telecommunications.

1) Introduction

Members of the (Amateur) Radio Society of Greatait experience significant
problems of interferencieom TV receivers. These are usually solved by reptatie
offending TV - which is then out of reach of tedatalistudy. Alternatively the inter-personal
relationship between Culprit and Victim becomesdtrained to allow technical investigation.

However, in one case last year the TV and Shovievemjuipment were in the same
ownership — and the TV was just too old to retarthe shop.

The problem was a complete wipe-out of short waeeption from 3 to 30MHz when
the TV was operating; interference being strongeite 7MHz band. The installation layout
was as shown iRigure 1.
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Figure 1 TV Interference scenario.

The amateur equipment is some 13 metres from ¥he Turther than the conceptual
“protection distance” of domestic CISPR standards
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The author had a hunch that the maximum of interfee at 7MHz would have some
connection with the 10 metre length of the TV antenable, since the TV antenna and its
coaxial cable might be acting in common-mode aguarter wave antenna, end-fed above
ground, in the mode shown hereFigure 2.
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Figure 2 Aerials with one free end.

A vertical antenna driven relative to a low-impeda ground is a classic design, shown
here on the left as a medium — wave transmittimgaaeThe current and voltage distribution at
resonance is as shown in the middle drawing. €kd fs impedance next to the ground plane is
about 35 ohms.

Note the right-hand drawing which shows the reaoraat three times the frequency.
Later we will find both resonances in a common meahéssion current plot for a TV antenna.

2) Measurement method

The work that we could do on-site at our membleusgalow could only use his amateur
receiver and simple low cost additional items. c8i@ MHz was to him the worst frequency, and
since we wanted quality of data, not quantity, weaentrated on measurements at 7MHz. Our
first results are shown iRigure 3.
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Figure 3 Experiments with just one common-mode filter.

The antenna filterrtma” was a low-capacitance winding on a ferrite toroltthad an
impedance of 3,000 ohms at 7 MHz and behaved @ssg Inductor with a phase angle of 22
degrees. The mains filteemm comprised a similar toroid in series with a diffietial-mode
filter, and so had a slightly higher impedance.

The dBuV figures here are translated from theivecéS” meter readings using
published calibration data for that make of receivaibsequent comparison with a Rhode &
Schwarz measuring receiver suggests that theyoareat to within 3dB.

We did of course try the filters together, andrfduhe further improvement set out in
Figure 4.

Figure 4 Experiments with two filters.

However, substitution of the antenna filkgafs whose ¢/m impedance was a higher value — but
capacitive - showegorse performance. This really interesting result conéd that the antenna
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cablewasoperating near resonance, as was expected fropo#ialated quarter-wave vertical
antenna operation mode, and that the reactante dilter contributed to the tuning — for better
or for worse in the inductive/capacitive cases.

We also made a number of tests to confirm thattupling route from culprit to victim
was not conduction via the mains wiring.

The fact that a filter in series with the antehiaa a 20dB greater effect than a similar
filter in the mains lead was very clear evidena the interference current in the antenna cable
is greater than that in the mains cable — whicllidates the assumptions underlying the
CISPR13 measuring method. This was reported td & makers and to the CIS/I/WG2
Multimedia Emission Standard committee, which resiiin the professional measurements that
will now be summarised.

3) TV manufacturer’s Investigation

Later, with professional assistance and equiprfRR&SE receiver and FCC coupling
transformer), the in-situ plots of peak common-m@@m) current against frequency shown in
Figure 5 were made for both the antenna cable and the mabis.

Figure 5 The conducted emission spectra measured at Hayle.

First — and most important — note that the antenmeent is typically 8dBigher than
the mains current. This confirmed directly whatheel already concluded from the results of
inserting filter chokes. We return to this topicsections 4 and 5.

Note also the strong resonance at 7.5MHz, whistilisenhancing emission at 7MHz —
confirming the initial quarter-wave antenna theoRurthermore, the three-quarter wave
resonance is evident at around 25MHz as would pectgd fronFigure 2.

The narrow spikes are currents induced from brastdttansmitters — note particularly
the concentration in the medium-wave band 0.5%dVIHz and in the 31metre band short-wave
broadcast band at 9MHz.

We found that the 7.5MHz resonance moved to 6 MHen the ground connection to
the TV was supplemented. This confirmed that @s®mant frequencies were dependent on the
antenna system as well as on the TV itself.

Note the peak antenna current of 34dBpA at 7.5MAgsuming that the TV antenna is
acting as a quarter-wave monopole over ground, 8dth ohms input impedance and only 0dB
gain (the theoretical gain is 2dB) it may be cadoéed from this that the power input to this
antenna from the TV is 93 Nanowatts, and hencéig¢larat the “protection distance” of 10
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metres is 44.5 dBuV/m.

This isabovethe 40 dBuV/m CCIR service area field strengthtmadcast transmitters.
Since reception of such transmitters requires @asigoise ratio of 30 to 40dB, the common-
mode current launched onto the antenna by the Bdnse 35 to 45 dB too high for reception to
be of the quality intended.

4) Laboratory Tests

The TV was then moved to an EMC test- house, abfested to a series of tests starting
with the CISPR13 conducted emission test. Thisireg no test directly on the antenna port,
but seeks to infer the antenna current from measemés on the mains lead made with a LISN.
These are carried out with the antenna port feasated and then grounded. The plot when
grounded is shown iRigure 6. The equivalent plot with the antenna floatingsvaémost
identical at high frequencies and a few dB lowdoWwelOMHz and so is not reproduced here.

Figure 6 The mains cable noise measured with a Line Impei&tabilization Network.

It may be seen that the TV receiver meets the RISRequirements comfortably — even
though it had produced serious interference. @itie tb mind here the broad obligation in the
EC EMC Directive to "not cause undue interference”.

Note the peaks at 7MHz, 14MHz and 28 MHz whichengose in frequency to those
observed in the on-site test. There does seem émlunfortunate co-incidence of the TV’s
inherent 7MHz emission peak with the common-modemance of the user’'s TV antenna
installation.  The next tests were to compare thremon-mode rf currents in the mains and
antenna cables under laboratory conditions. Tthadoa current transformer was first applied to
the mains cable, with the antenna cable groundeid.tfanslated the curve of the previous plot
to the changed measuring method, and yielded ttarpFigure 7.
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Figure 7 The mains cable noise measured with a currentctaansformer.

Note that the general shape is as before: Thermamicurrent peaks are at about
20dBUA.
We compared this with the antenna cable curreshag/n inFigure 8.

Figure 8 The antenna cable noise measured with a curiamipc
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From 500KHz to 30MHz this currentlsrger than the mains noise current plotted
previously. The increase is about +5db from 500kd12MHz, rising to +10dB at 10MHz and
peaking to +20 dB at 14MHz.

This comparison is the third piece of evidence bnags into question the assumption of
equal mains and antenna currents that underlieBRI1S. It does justify the concern of those
working on the new multimedia standard.

The peaks at 7, 21, and 28 MHz are reminiscetitadfe observed in the measurements at
Hayle, but the magnitudes are rather differentthe laboratory the 7MHz peak is smaller —
presumably because the circuit impedance is highke 14MHz peak is much larger — at this
frequency the TV antenna at Hayle would have bedfaitave resonant and exhibited a very
high impedance which would reduce the current fl&a. we may note that the interference
current experienced in practice will vary widelythwvinstallation conditions.

It is of great interest to know if the subject $¥t would have passed or failed the
emission limit that is applied to telecommunicati@ables in office equipment

Figure 9 The antenna cable of a 28" CRT TV tested as a chiltle.

Figure 9 shows that it would pass — but only just. Thsiswas of some concern to TV
manufacturers, since a natural form of construcisao mount all the external connectors onto
a metal plate and there is no natural place to mawommon-mode choke such as was used in
the tests on the TV users premises that were tescaarlier. Accordingly the team found
another TV - a larger and more up-to-date 32" LCadal. It was tested to the
telecommunications cable limiEigure 10 shows that it passed with a comfortable margin.
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Figure 10 The antenna cable of a 32" LCD TV tested as a chltée.

The author would not recommend common-mode chakesires for problems of this
sort in mass-production items, even though they#san the only option for an external fix.
Today’s TVs and future Multimedia equipment haver@asing numbers of ports interfacing to
telecommunications and audio cables all of whicfune similar treatment, and which cannot
economically use common-mode chokes. The theatetansiderations that follow suggest that
minimal additional shielding of EUT components garg high rf voltages will provide a much
cheaper improvement for all ports.

5) Theoretical Analysis of conducted emission frora generic product

For the EMC analysis of products with cables @dsepted for international standards
that conducted emission and immunity is the prim@cern atow radio frequencies, and
radiated effects predominateragh frequencies. The cross-over point is conceptuzsed on
EUT size, and is generally set at 30MHz. This caatfrequency is almost certainly too high
for a large-screen TV whose screen diagonal mapdre than a tenth of a wavelength at
30MHz.

Cable emission is the result of common-mode cuiftew and so it is necessary to
understand the sources and relative magnituddssofim current flow in the various cables
connected to multimedia equipment. Consider thmemon-mode equivalent circuit of an EUT
shown inFigure 11
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Figure 11 A basic multimedia equivalent circuit.

The EUT is symbolised as a TV receiver but theysisiwould equally applicable to
other products. For simplicity we consider a reeewith a mains supply cable and an antenna
cable but no additional cables such as SCART. tkatdil cables are an important complication
that is considered in a later section.

The EUT is visualised as having three ports asvahiwere. Each has the possibility in
principle of having an associated emission source.

The method of measurement in CISPR13 is baseldeoagsumption that the enclosure
port capacitanc€e is sufficiently small to render the current tognd negligible, so that the
¢/m current in the mains lead is identical to thahe antenna cable. The measurements
reported earlier have shown that this is clearlyaworect in the case of a 28” CRT-type TV
receiver. Therefore we next scope the valuEef

Figure 12 An estimation of enclosure port capacitance.

In Figure 12 we use the formula for the capacitance betweerctwcentric spheres
which may be derived from Gauss’s Law. From thbl@#& may then be seen that the
capacitance is approximately proportional to théelBlize, and not too sensitive to the proximity
of its surroundings. Whilst the earthed surrougdiof a real EUT do not form a concentric
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sphere this approximation leads to a relativelylsaereor as may be seen from a comparison
between the last two lines of the chart

The reactive impedance figures in the right-hamldron, by comparison with the typical
c-m cable impedance of 150 ohms [as standardiseéxample, in IEC61000-4-6], show that
the enclosure port exhibits an impedance to graumdh should not be neglected in any of the
tabled scenarias Of course, since the enclosure port is capagitte impedance is inversely
proportional to frequency and so in most casesvb&lHz it will be too large to provide an
important route for interference current.

For an independent corroboration of these impeglastimates, sdagure 13,

Figure 13 Reflection at the Antenna port of an isolated E&T TV.

ThisS;; graph is of the impedance to nearby objects oatttenna port in common-
mode of the author’s 28” CRT type TV with all cablisconnected.

It confirms again that th€e impedance is of the order of 50 ohms above 3MHze
near-perfect 50 ohm match at 26.8 MHz is due torrasce of the TV enclosure capacitance
with the inductance of the ground connection of\fleetor Network Analyser.  The enclosure
port certainly has a more serious effect for laigei’s such as large-screen TVs that have
become more commonplace in the last 15 years.

6) Sources of emission driving TV ports

It is now necessary to consider if it is possiolethe three common-mode voltage
generator&/a, Vm, andVeto exist in practical TV and other multimedia gguent. We have
considered the EUT as a “star” circuit” thoughhiosld be remembered that some internal
sources may be acting in the “delta” configuratidiathematical transformation between
“delta’and “star” would be possible if necessary.

A first argument might be that since CISPR32 ibad'technology neutral”, then the
standard must provide for the situation wherehakbé might exist in future products using as-
yet-unused design techniques.

However, all three will result from circuit feags within today’s electronics, coupled in
some cases with poor electrostatic shielding amal porangement of the EUT’s internal ground
connections.

Specific causes are as follows;

* VVm will result from differential-mode to common-modenversion within the main and
standby switched-mode power supplies.

* Ve will result from the operation of TV display screeas well as from any of the
conductors internal to the EUT that carry high-ptitd high-frequency voltages such as
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switched mode power supplies, line scan circuits\adeo drive circuits. Plasma displays
operate with a 200KHz +/- 200 volt switching supppplied to a large number of
transmission lines across the display tube faces fidgs a trapezoidal waveform whose
harmonic content may easily be emitted. For TWhWRTSs the line scan and video drive
waveforms will have components in the HF bandsDLXY/s have a high-voltage high-
frequency backlight supply — typically 1,000 valtss at 50KHz. The interference potential
of this is limited since it must be a good sine @v&w avoid interference to the rest of the
receiver’s electronics!

* The EUT voltageva that drives the antenna in common mode might résrh coupling to
the intermediate frequency (IF) or local oscillat@quency (LO) circuitry due to finite
impedance of equipment conductors between the amethe remainder of the receiver.
This is probably the least likely source of emiasio present-day equipment — B andVe
can still drive the antenna cable.

Note that since the EUT must be regarded as @&Klidax”, we cannot use any
calculations that involve the addition or subtractof these three voltage sources because we do
not know if they are;

* Manifestations of a single interference souwoapled through various shared
impedances within the EUT, in which case vectoitamdof Va, Vmand/orVe might be
appropriatepr

* Independent, as listed in the three starredsten which case addition of total
interference power within the measurement bandwidtiht be sensible.

Further note that, in the presence of a relatil@hyimpedance enclosure port, only an
attenuated portion ofa can ever be presented at the mains port, ancesme¢asurement of
common-mode current on the mains leatly as presently proposed for CISPR32 cannot assess
the interference generation characteristic of tiiedceiver.

7) Other Cable Ports

In the previous sections this paper has concedt@tghe TV receiver with minimal
interconnections because it is easy to measuréoamaddel. However, the need for new
“Multimedia” standards follows from the integratiohcomputing and TV technologies that
have resulted in products, each with many diffesemts of cabled connections — both analogue
and digital — and these must also be considered.

Accordingly, current transformer tests were alsmeon the “Cornish domestic
installation” described above with the SCART catalstored to its normal interconnection to a
VCR to explore the effect of adding a third cabMo additional filters of any sort were present
during this test.

MHz Antenna Mains SCART
1.8 -3to+10 | <-10 10
3.5 22 10 10
7.0 37 22 37

10.0 2to 10 10 10
14.0 10to 22 -6 10
18.0 -9 <-10 10
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21.0 -3to+10 | <-10 22
24.0 37 22 22
28.0 37 10 10
50.0 <-10 <-10 <-10

Figure 14 Common-mode current flow on a SCART cable.

The dBUA figures irFigure 14 were obtained with a carefully-calibrated Turrent
transformer used with the same FT100 receiver fisde Readings were taken from the
receiver “S” meter and converted into dBpV and tdeeto dBpA. Accuracy should be similar to
the +/- 3dB already proven for the antenna currdiie fluctuations noted are variations with
TV picture content.

Theenclosure ports of course also carrying interference currebtitwe cannot
measure this directly.

These current measurements do show that;

a) The antenna cable current shows strong maximileiz and 24 to 28MHz. These
maxima appear to correspond to the c-m low-impeela@sonance of the TV antenna cable in its
quarter-wave and three-quarter wave modes as disdw@ove. Once again we are reminded
that for a comparison of real-life emission witaredard test parameters the possibility of low-
impedance resonance of EUT cabling must be coresider

b) In almost every case the interference currerihermains cable igssthan that on either
the antenna cable or the SCART cabl¢e may conclude that the EMC filtering within tHeTE

is effective for the mains lead — but not for otperts because of the effect of the enclosure port.
C) The current flowing between the TV and the VCRelatively large. If we take an
installation-sized view, this suggests that ifNaget is used with a VCR, then it would be a
waste of time putting a common-mode choke at theamiénna port, since interference current
would simply flow from the TV via the SCART cablethe VCR and thence onto the actual
antenna cable. This teaches that it is equallyntant to limit the emission from the TV'’s
SCART port, since this becomes an antenna port gpanection to the VCR This reinforces

the case for minimising TV emission at all portsesout earlier.

8) Installation Cabling

The user’s installation discussed at the beginoiriyis paper was connected to a
“Protected Multiple Earth” TN-C-S mains distribori system. The TV was directly in front of
a central heating radiator, and it was found tha$s-connecting the copper heating pipe to the
local green-yellow earth wire considerably affecteel interference current flow in the antenna
cable increasing it at some frequencies and ddoggasat others. We concluded that the
dominant resonance was of the antenna and maifhssgalzombination. This taught that a
mains “ground” connection is a very uncertain thimgadio frequencies.

This effect, and the strong common-mode resonahtiee TV antenna that we observed,
have implications for the possible resonance ohsaable systems should PLT (PLC, BPL) be
contemplated.

9) General Conclusions
Broad Conclusions are that;

* Domestic TV aerials in common-mode may be pattrly efficient emitters at their
resonant frequencies
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* CISPR13 does not adequately address the emigsim the antenna port of
physically large TVs

* Wideband interference emitters “seek out” ilegjuencies of structural cable/antenna
resonances at which they are well-matched. Ferfertence to occur, a culprit, a Victim, and a
path must all exist at the same time and at theedeequency. However, for wide-band emitters
the chance of a valid interference frequency ishrincreased, as in the case of this TV
problem.

This is a relevant consideration for widebanddetemunications services too.

10) The Multimedia Emission Standard

The CISPR Multimedia committee had been acquawiddthe earlier work described
in this paper by the contribution CIS/I/WG2 (Moramdlarshall) 07-01. Several members of
that committee attended the laboratory tests tieahawe described and after discussion agreed
to amend the next CD. So, hopefully, the needrfeasurements at the Antenna port is now
understood.

This draft CISPR/1/224/CD was circulated to Nadb@ommittees in the second quarter
of 2007 with a new test in Annexe B Table B7 tmataduces limits for antenna port emission.
This is a really positive step.

The common-mode impedance of 150 ohms, and tEoped voltage or current limits,
are consistent with those standardised for meagntnon telecommunications cables - but as
we have shown in this paper 150 ohms is much hitjtzar will be observed in practice at
resonant frequencies.

These test requirements must be tightened if met@omplaints are to be avoided. In
the present paper we have identified the follovadditional evidence for this:-

» Zero or negative signal-noise ratio for broadeaception at the 10 metre protection
distance

» The evidence of TV antenna resonance and tbeiknheoretical feed impedance of a
monopole above ground that results in the curidemt in use being much higher than that during
test.

11) Summary

In this paper we have introduced the general pralif emission from the antenna cable
of TV receivers, and explained how we seized arodppity to explore this problem, using very
limited test equipment.

Our findings came at just the right time to attthe attention of the Standards
Committee working on the Multimedia Emission Stagaand as a result of their interest our
early results and theoretical analysis have beafirated, and taken into account for the next
draft of the Standard.
We have also discussed the wider implications &nle-borne emission, and set out the case for
tighter limits for the common-mode interferenceadiuced into antenna cables.
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