The development and performance of an EMC test cell.





The background


The advantages of using a cell for EMC emissions and immunity testing are several and significant.  The two tests can be accommodated in one compact ‘system’ and the use of a cell permits the generation of the strong (10V/m) fields required by the immunity standards using a relatively low power (and hence low cost) power amplifier.


For emissions measurement. the two major problems of ambient (always present on open sites) and test site calibration (a very significant source of measurement error) are eliminated. In fact, the only fundamental limitation is the size of the product to be tested, and to some extent the product configuration.  If, for instance, the product has one or more relatively long cables connected to it, then the accuracy of any results taken in a small cell must be viewed with caution.


This article describes the performance and limitations of a typical EMC test cell and explains how one particular cell (the LaplaCell) is used for emissions and immunity testing of  small products.





Cells such as the Stripline and TEM configurations were developed originally for RFI immunity testing. They  are cost effective solutions for the creation of the high field levels required for the immunity tests (IEC61000-4-3 specifies 3V/m and 10V/m for commercial and industrial environments respectively). The fundamental problem with these designs is that the maximum frequency is limited by the physical dimension between the ‘plates’ carrying the signal.  This effectively restricts the working range to 300MHz, possibly up to 500MHz for very small cells. The G-TEM technique extended the working range up to and above 1GHz by having a long tapered section, avoiding abrupt changes in cross section, and having an absorber lined end wall. The theory is that a plain wave can travel down the cell without reflection or distortion. In practice, many ‘unwanted’ modes exist and the field experienced by the EUT is anything but linear. However, the performance is generally considered acceptable and such cells are in regular use. The cells are in principle ‘reversible’ i.e. they will work such that EUT emissions can be measured at the RF connector in the nose of the cell.





The benefits


RFI Immunity testing must be done in a sealed room or chamber/cell to prevent the strong fields contaminating the surrounding area. A screened room could be used if fitted with a ‘mode stirrer’ to mix the resonances and achieve an acceptable distribution of energy throughout the EUT volume. Anechoic chambers are another alternative, but both require high levels of power to create the required fields.  Test cells however are relatively efficient and require much lower power levels to generate the same field levels. Given the high cost of large (>100W) power amplifiers, this is a key advantage.





The ability to conduct emissions measurement in a cell is a very significant advantage.


The immediate benefits are:


Absence of ambient.


Even low level emissions are easily measured


No need to ‘search’ for EUT emissions


No need to ‘cancel’ background signals


Avoids problems of intermittent ambient


Lack of strong ambient avoids problems with analyser dynamic range.


Testing can be done indoors!


In winter too.


Avoids unnecessary  investment in umbrellas





Calibrated environment


Each cell can be accurately calibrated.


Cells provide stable environment, so calibration should not drift and results will be repeatable.


Same resource can be used for Immunity testing too.








The downside


The problem with G-TEM cells is that they are so big!  The tapered section is such that for a 300mm high EUT, the cell must be about 4 metres long. This is a substantial piece of engineering. This has created a demand for cells that are more compact and economical and several different designs have appeared on the market.  These include the G-Strip cube (Comtest), EM-cell (Wayne Kerr), S-line (Rohde & Schwarz), AR-cell (Amplifier Research) and the LaplaCell (Laplace Instruments). These all use different techniques to create a reasonably linear field within the EUT volume inside the cell but, to date, very little hard data has been published on the performance of these cells, particularly in respect of emissions measurement.


Perhaps this is due to the fact that emissions testing inside a cell is not quite as straightforward as one would hope. 


In any practical cell, there will always be a certain degree of field distortion due to reflections (no absorber is perfect), discontinuities (corners, edges) and resonances (when cell physical dimensions match wavelength). Even when the vertical, wanted, component is reasonably well behaved, the longitudinal and lateral components can introduce significant effects. Even the G-TEM cells suffer in this respect.


In order to overcome the effects of imperfect field uniformity it is standard practice with all types of cells to perform several sweeps of the emissions, each one with the EUT in a different location inside the cell. (See later section on emissions calibration).  This technique applies to both emissions and immunity testing.


Another problem is that of any cables or connecting leads. Cables do not behave as they would in an OATS situation.  The inevitable close coupling between the cell walls, restricted length inside the cell, configuration and changed source/load impedance caused by the RF filtering required for all interconnections t the outside world will distort the results.  Therefore it is important to (a) correlate results against OATS measurements (this can be a once-off check) and (b) be very particular about the cable configuration inside the cell in order to obtain repeatable measurements.





Other considerations in cell design are:  


Access to the EUT


Heat dissipation and ventilation


EUT monitoring


EUT connections





A concept


The LaplaCell was created on the basis that if the G-TEM tapered design could be foreshortened, maybe the benefits of the linear wave through the EUT volume could be coupled to the advantages of a much more compact, lower cost design. This was achieved using a compound cell wall curvature and a novel ‘wavelauncher’ design at the head of the cell. 





Construction


The cell is a stainless steel fabrication with continuously welded joints all round, giving a totally screened enclosure which is completely maintenance free and will not degrade with time.  The main body of the cell is made from 18swg sheet producing a very strong unit but with an overall weight of only 100kg and a size that will fit though a standard single door width.


The EUT volume is contained within a Polypropylene enclosure.





The door is fitted with a clear glass window and a fine grade stainless steel mesh for EM screening.  Both the glass and the mesh can be easily removed for cleaning.


The periphery of the door mates with a mesh wire EMC gasket in the door frame so that the integrity of the screening is maintained.  In the door frame a microswitch is located to detect when the door is not fully closed.





At the nose of the cell, an N type connector and a 5 way DIN connector provide the RF input/output and connections to the internal field sensor  and door interlock respectively.


The RF connector is used as an input from an RF power amplifier for immunity testing.  For emissions testing this connector becomes the output and  is connected to an emissions analyser.


The 5 way DIN connector provides power to the internal sensor and the DC level back from the sensor to the field control system.





Internal sensor.


Conventional immunity test technique involves the use of a ‘field sensor’ inside the cell, close to the EUT. This sensor provides a feedback signal proportional to field strength and so the field control system can ensure that the desired field is achieved. In the LaplaCell the sensor is built into the design of the cell. It is arranged so as to provide an output matched to the field strength applied in the EUT volume.


Full scale of 2 volts corresponds to 10V/m on standard cells.


Each cell is shipped fully calibrated for sensor output Vs field strength.





EUT input/output facilities


Comprehensive I/O filter facilities are provided at the rear of the cell.  A cable duct between the EUT volume and the filter unit is designed so that cable entry is quick and easy. Inside the filter unit a connection panel with mains socket and a quick connect terminal block are provided.  The terminal block can accept up to 12 connections. An additional connector provides an interface for internal lighting and a camera. (Optional extras)





Within the body of the filter unit each connection is RF filtered, then terminated on a matching set of connectors  See figures 1 and 2.
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Figure 1   Upper part of I/O filter unit showing termination facilities for EUT.





The standard I/O arrangement comprises:


Mains supply.  IEC input with Mains outlet for EUT


Signals.  12 way  Wago quick release terminal block rated at 240V ac 6A each line.


Connections for internal illumination and camera





Each line is pi-filtered with 5nF to ground.


For High Speed data transmission lines, which may be compromised by this capacitance, an alternative common mode inductively filtered system can be provided. A key point is that the I/O facilities can be customised to suit individual requirements.


For those EUTs which normally have long I/O cables, the impedance of the filter can be matched to simulate the long length. Again, these requirements can be matched to specific requirements.
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Figure 2   View of connection panel for external cabling.








Test technique


When making emissions measurements, the EUT should initially be placed on the floor of the test volume, in the centre of the chamber. Cables should be arranged such that they run near vertically from the floor of the EUT test volume to the cable port. This maximises the potential emissions due to cable borne interference. 


Multiple scans should be taken with the EUT in different positions and orientations, as it is possible for the emissions to be directional.


Immunity measurements should be carried out in three perpendicular orientations. The EUT should be tested under the same conditions as for the emissions measurements. An interlock is fitted to the door that inhibits the amplifier output when the door is open.  The mesh window in the door can be used for viewing the EUT during testing. A miniature camera can also be used to monitor the EUT.





Calibration


Immunity


The requirement is for the field strength inside the EUT volume to be -0dB, +6dB within the set point, at all points throughout the volume.  The field is calibrated at 12 points giving an effective coverage of 27 points inside the volume, due to vertical and horizontal symmetry. The probe used for the calibration is an isometric (non polarised) probe.  In practice, above 600MHz small pockets within the volume can be detected in which the field shows excursions outside the 6dB requirement at a spot frequency.  However the presence of any EUT inside the cell tends to reduce the height of these excursions, effectively having the effect of ‘averaging out’ these sharp peaks. Given that the field always errs on the high side, the cell will at least always ‘overtest’ rather than give a false impression of compliance with a borderline product.  At certain frequencies the cell becomes exceptionally efficient, requiring less than 25dBm input for 10V/m. At other frequencies the input required rises to 38dBm for the same field strength.


Emissions


The nominal A.F. (antenna factor) is the correction applied to results from the cell to convert them to levels as measured on a three metre OATS.  This calibration is obtained by measurements of an Emissions Reference Source (which is a transfer standard from NPL in London) in 12 (effectively 27) locations throughout the EUT volume.  At each frequency the 4 highest readings (from the 12 locations) are averaged to provide the calibration data. This is the A.F.  See figure 3.  The total range of A.F. is 33dB which is very similar to the range found on typical EMC antennas for use in OATS.


To check the uniformity of the cell, Figure 4 compares the single highest reading (lowest line) and the 4th lowest readings (upper line) with the A.F. data (thick line).  This shows excellent correspondence of the A.F. with the highest readings, implying that the cell is generally quite uniform throughout the EUT volume for the majority of locations. The plot also shows that the A.F. results are within 10dB at all frequencies for the lowest readings.  These low readings explains why standard procedure in test cells of all kinds involves measuring the emissions with the EUT in at least 4 locations in the cell and taking the peak reading at each frequency.
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Fig 3  Typical cell antenna factor.
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Fig 4  Variation of sensitivity within EUT volume
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The final chart shows the maximum deviation between the calibrated A.F. and the worst position within the cell. This assumes that for each frequency, the EUT is moved to the worst location, in practice an impossible scenario.
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Figure 5   Maximum deviation in sensitivity
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Complete system for Immunity testing








The diagram below shows the arrangement for immunity testing.
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The diagram shows the arrangement as for the Laplace component parts. Other signal generators and power amplifiers would provide the same functionality.








Technique





IEC61000-4-3 specifies that an RF field of the appropriate field strength (generally 3 or 10V/m) is applied, starting at a frequency of 80MHz and increasing up to 1GHz. The frequency is stepped in increments of x% of the current frequency, where x% is typically 0.5 or 1%. At each step, the field is adjusted to the selected value and modulation is applied. For most testing a 1KHz, 80% deep AM sine wave modulation is used, but at some frequencies a pulsed modulation is required to simulate the effects of mobile phones. The system ‘dwells’ at each step for long enough to check the correct operation of the EUT. This may involve some external exercising (prompting) to initiate a test cycle and an electronic monitoring system or visual monitoring of any screen or indicators.  Ideally these functions are automated as a sweep from 80 to 1000MHz at 1% step and 10 seconds dwell time will take over 50 minutes, and the same sweep with 0.5% steps will occupy almost 2 hours!








EUT Control and Monitoring





The RF1000 synthesiser and associated software includes facilities for interfacing to the EUT.   Two ports are provided on the synthesiser, one for ‘prompting’ or controlling the EUT and one for monitoring the status of the EUT.





Control: The RF1000 includes a 4 pole c/o relay connected to a 15 way DEE type connector. This relay is controlled from the RF1000 software and can be set to either close continuously during ‘dwell’ periods, or to pulse at the start of each dwell period. This can be used to trigger appropriate action in the EUT to test its functionality.


Monitor:  The RF1000 has an input designed for a single external contact closure input. Contact closed represents EUT OK. This input is monitored by the software and the status displayed on the PC screen. This status can be used to stop the test, or to simply record the status and allow the test to continue.





As each EUT is quite different, it is assumed that the user will (if applicable) build an EUT interface unit specific to the requirements. 





Conclusion


The use of test cells is not for everyone, but for relatively small products they can provide an RFI immunity and radiated emissions test facility which is both economical in space and cost.  They certainly offer a relatively quick and simple technique, and for radiated emissions can provide results which compare very favourably with typical, non-calibrated OATS test sites.





