Cherry Clough’s EMC Demonstration

Introduction

This demo has proved to be very popular with a huge range of people, from non-technical (including financial managers) to technical (up to EMC experts), for many years, all over the world. 

The emissions from various parts of a demonstration unit and its cables are observed with a close-field probe and spectrum analyser. Close-field probing results are not comparable with the harmonised EMC standards, but the method is a quick and low-cost way of assessing a product’s emissions. 

Close-field probing has the advantage over EMC compliance tests of quickly identifying weak points in a design, so is useful during product development or as a diagnostic technique when an EMC compliance test has been failed.

This demonstration reveals the emissions from the various features of the unit, and allows the effectiveness of different designs and constructions of shielding and filtering to be compared. 

Although this demonstration deals only with emissions, shielding and filtering with poor emissions performance will also result in poor immunity test results.
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Construction of the Demonstration Unit

The overall construction of the unit and its accessories is shown in the following figure.

The demonstration unit contains a chip generating 16, 8 and 4  MHz clock signals which feed 74F244 line-drivers. A number of these line-driver outputs are fed to internal ribbon cables, and to two D-type sockets. These clock signals generate a "comb" of frequencies from 2MHz to well over 1GHz. The clock frequencies used are not high, and the 2ns rise/fall times specified by the data sheets for the F244s are not fast by today's standards. 

The construction of the unit uses typical bad EMC practices often seen in real life. It is always preferable to use good EMC practices in the design of hardware and software, PCBs, shielding, filtering and cabling, to save time and cost in development and manufacture.
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The radiated emissions from the enclosure
Ventilation slots

The 240mm slot has very strong emissions, peaking at 625MHz (the half-wave resonance of the slot) and still significant at over 1GHz. The textbook formula for the highest emissions frequency from a digital signal 
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  predicts 160MHz for 2ns rise and fall-times because it assumes non-saturating logic, whereas TTL uses saturating logic with faster risetimes over part of its transitions.

The row of 24mm slots (with the same total open area as the long slot) appears to have no emissions at all. So, to improve shielding it is best to size ventilation and other slots in screened enclosures so that they are short compared with the wavelength of the highest significant frequencies. In many cases this adds nothing to manufacturing costs.

We can “tune” the slot resonance by shorting across it with a screwdriver or coin. Trying to short the slot out with various lengths of green/yellow wire instead is generally ineffective, and can even make emissions worse. Even a 37mm wire cannot provide an effective bond at the frequencies capable of being generated by TTL logic with 2ns rise/falltimes.

The joint with the missing EMC gasket

The unit’s lid fits to its base with a tongue-and-groove arrangement which retains and compresses a conductive EMC gasket. A 240mm length of this gasket has been removed from along one edge of the lid, but the metal tongue protrudes far enough into the corresponding groove to prevent any line-of-sight through the resulting gap. It is also impossible to pass a feeler gauge through the gap where the gasket is missing. 

 Many people would assume that the metal ‘labyrinth’ created by the metal tongue and groove would prevent emissions form this slot. However, probing the missing gasket area shows that high emissions are present, peaking at 625MHz (the same as for the large slot on the lid) showing that even a very narrow, labyrinthine slot radiates emissions near resonance just as readily as a wide slot does. 

Even where a slot width is the thickness of an oxide film or paint layer (even m) – the emissions at its resonant frequency will be the same. This has important consequences for the design and assembly of seams, joints, panels, doors, covers, etc.

Data cable radiated emissions

Each of the two D-type sockets on the unit’s right hand side is driven by identical digital signals. One of the D sockets is unfiltered, and the other is filtered with an attenuation specification of around 40dB. The top rows of pins in the D sockets are driven with a combination of 2 and 16 MHz. Pins 13 are connected internally to digital 0 volts and also bond to the unit's metal enclosure. The bottom row of pins are all linked together and used for signal returns. Plugging different data cables into these D-type connectors and probing them, tells us a lot about cable and connector screening.

Emissions from cable 1  (ribbon)
The ribbon cable has one conductor per signal, a single return conductor at one side, and uses plain plastic (unshielded) connectors. The probe shows very high levels of emission from this cable and its unshielded connectors when plugged into the unfiltered socket. When plugged into the filtered socket, the emissions from the ribbon cable reduce by only 10 - 20dB over much of the frequency range. There is very little effect below 50MHz, since there is no point in filtering out the wanted signal. 

Because ribbon cables leak at the frequencies associated with the wanted data frequencies, filtering on its own is insufficient and some shielding will generally be required for EMC compliance. So low-cost ribbon cables are not as cost-effective as they appear to be at first.

Emissions from Cable 2  (straight multiconductor, foil screen)
Cable 2 is a straight multi-conductor cable with one conductor per signal and a single return, all screened by spiralled foil with the drain wire connected at both ends to pin 13. The cable is fitted with one plain plastic, and one metallised plastic shielded D-type hood.

The metallised plastic connector has very much lower emissions than the plain plastic one. The cable also emits less than the plain ribbon cable (above), but is still quite poor. Obviously, simply adding a foil shield to straight multi-conductor wires is insufficient to achieve good EMC performance. However, the combination of foil shield with the filtered D-type connector reduces the cable's emissions considerably, although data leakage is still visible and would probably cause failure on a proper emissions test with cables of more than a metre or so.

Emissions from Cable 3  (twisted-pair multiconductor, foil screen)
Cable 3 is exactly the same as cable 2, but instead of individual signal conductors it uses twisted-pairs, and has metallised plastic connectors at both ends. Each pair twists a signal conductor with a dedicated return conductor, with each return conductor connected to the return pin immediately below its signal’s pin in the D connector. 

Return currents prefer to flow along the return conductors of the pairs containing their respective drive signals, since this path offers the minimum impedance for the signal. The resulting very close proximity of the return currents to the send currents, plus the regular twist in the cable, substantially cancels the magnetic and electric fields generated by the signal and its return, considerably reducing the amount of data "leakage" and common-mode emissions. 

Balanced drive/receive (e.g. RS485, LVDS, etc.) communications would obtain the greatest advantage from twisted-pair cables, but this demonstration uses unbalanced (single-ended drive) TTL signals.

Compared with cables 1 and 2, cable 3 shows very much reduced emissions when used with the unfiltered D-type. When connected to the filtered D-type instead, the emissions are even lower, but still readily detectable.

Emissions from Cable 4  (twisted pairs, braid and foil screen)
This is the same as Cable 3, with the addition of a braid screen over the top of the foil screen (in contact with it – not a separate insulated screen). Even on the unfiltered D socket, this cable and its connectors have extremely low emissions on the tests used in this demonstration, and it is considerably better than any of the preceding cables, whether filtered or not.

Higher-quality, better screened, and more expensive cables than even cable 4 are available, and are sometimes needed for EMC purposes. 

Conclusions on cable emissions

The above tests of cables and their screening and filtering show how important it is to choose the right types of cables, connectors, and filters; how valuable twisted-pairs can be even when the signals are single ended, and how easy it is to check whether the right choices have been made before committing to compliance testing or manufacture, using this close-field probing technique.

Mains cable emissions

The demonstration unit has two IEC mains inlet connectors in parallel (with safety precautions against electric shock). One is a plain plastic inlet, whereas the other is a filtered inlet mounted on insulated studs to allow different earth-bonding techniques to be applied. The filtered inlet is connected to earth by a 150 mm long green/yellow wire, and a nearby brass earthing bar may also be clipped to its body.

Holding a close-field probe close to a mains cable allows both radiated and conducted emissions to be assessed. With the unit powered via the unfiltered mains inlet: applying the probe to the mains cable near to the unit shows high levels of emissions extending to a very high frequency. Moving the probe further along the mains cable shows that most of the higher frequencies disappear as they leak out of the cable, probably causing excessive radiated emissions. There are still quite high levels of emissions around 80MHz even as far away as the wall socket, showing that mains cables conduct some VHF signals very well.

With the unit powered via the filtered mains inlet: without the earth bar connected to the filter the cable emissions are lower, but still significant. With the earth bar clipped to the filter body emissions are much improved, even at as low as 20MHz. An additional earth connection from a screwdriver or coin to the other side of the filter from the earthing bar can improve the filtering even more.

This shows how important it is to use direct metal-to-metal bonds at frequent points between filter bodies and enclosure shields (or RF reference planes). Even a few millimetres of wire used as an earth bond (even if it has a green/yellow sleeve) is enough to ruin a filter’s performance.

Mains cable emissions with data cable 1 connected

With exactly the same set-up as the last test (probing the mains cable, filtered inlet with earth bar clipped to filter), plugging Cable 1 into the unfiltered D-type socket produces a sudden increase in the emissions of the mains cable. 

This shows that the emissions radiated from the data cable could cause the conducted emissions on the mains cable test to be failed. 

It is often not appreciated how easy it is for high frequencies to swap between conducted and radiated modes, and this shows that designing filtering and shielding must go hand-in-hand, and shortcomings in the one can compromise the other.

Overall conclusions on shielding and filtering

To achieve good EMC performance from a product using enclosure shielding requires all cables to be shielded and/or filtered to an appropriate degree. To achieve acceptable conducted mains emissions or immunity performance from a product may require the use of appropriate enclosure or cable shielding.

Even very short wires cannot be used as effective earth bonds for filters or for shields at frequencies as low as 20MHz. Direct and frequent metal-to-metal bonds are required to achieve the desired performance from the various filtering and shielding components and materials.

EMC performance can easily be compromised by lack of attention to detail in mechanical packaging (enclosure design), wiring and cabling, and assembly.

Overall conclusions on close-field probing

Close-field probing is a quick and easy way to identify significant EMC design issues and the reasons for failures to meet the emissions limits of compliance tests.

For more on EMC testing… 

…from low-cost and diagnostic methods right though to fully accredited testing, read: “EMC Testing” (in 7 parts) by Tim Williams and Keith Armstrong, EMC Compliance Journal, 2001-2002. This series is available from http://www.compliance-club.com/keith_armstrong.asp, and also included on the EMC Compliance Journal’s free CD-ROM Yearbook (available on request from www.compliance-club.com).

Alternatively, read the series of booklets produced by REO (UK) Ltd on EM phenomena and testing using IEC test standards, written by Keith Armstrong, freely available by visiting http://www.reo.co.uk and clicking on ‘EMC Guides’.
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