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Technical and implementing issues with Amendment 1 of CISPR 22:1997

Action Request Christchurch 2 requested that this Red Bank WG3 document be circulated as a full working group paper after the New Zealand meeting.  Thus the circulation of the following text closes this action request.  The WG members are encouraged to review the document and note that it was considered in an ad hoc meeting held in New Zealand on the subject.  A proposal for modifying Amendment 1 to CISPR 22 is under consideration based on several inputs including those in this document.

Original text written in June 2002. 

Several members of the US technical advisory group for CISPR I including US members of the CISPR/I/WG3 have conducted practical measurement experiments using the requirements laid out in CISPR 22, Amendment 1 published in August 2000. The experiments were to determine if there were any issues with implementing the ferrite loading of tabletop equipment mains cabling as well as cables leaving the test site to remote equipment.  Various manufacturer testing laboratories participated in this research as well as manufacturers of ferrite material over the past year.  ITE manufacturers have provided the products to be tested.  

The results to date have raised serious issues on the ability to implement, calibrate, and accommodate ferrite loading using the specifications in Amendment 1.  These issues are placing the introduction of the ferrite loading technique in what appears as the same category as that for introducing the telecom port measurements in the past, i.e. the test set up and the device specifications used in the Amendment 1 measurement need further refinement or even reconsideration. 

This paper is intended to identify those issues, discuss these concerns and find a way forward during the CISPR/I/WG3 meeting in Red Bank. 

Here is a capsule of the main issues general issues found to date:

1. Experimental data has indicated that the ferrite material specification may not be sufficient to ensure repeatability in radiated emission measurements for tabletop equipment with cabling exiting the test site to remote ancillary or peripheral equipment.   What is the uncertainty of the test using ferrite loading?

Possible Action:  WG members to provide any data that shows repeatability or lack thereof and the uncertainty of the measurement

2. Above about 200 MHz, it has been reported by Delta Laboratories, but not seen by the Us that there is little if any effect from the ferrite loading used since EUT cabinet radiation appears to start to predominate.  Hence the use of ferrite loading has limited application in what it is purported to do, i.e. increase repeatability for the entire frequency range between 30 and 1000 MHz.  However, there is data to suggest that the technique has promise for improving lower frequency measurement repeatability.

Possible Action:  WG members to suggest alternate frequency span based on results to date.

3. A further complexity is that there are products which may be either tabletop or floor standing.  To avoid using ferrite loading it can be assumed that the floor standing selection will be made.  Will all do this?  Also what do you do when the EUT is comprised of both floor standing and tabletop parts where both parts can have cabling leaving the test area?  What do you do?  If you don’t also load the floor standing cables leaving the test site as well as the power mains cable for the floor standing part of the EUT, what will happen?  CISPR 22 has test setups for both tabletop and combination tabletop and floor standing EUTs.  So this facet is not a remote possibility.  Finally is a way forward to only have this loading applicable to personal computers and peripherals which are tabletop devices and hence eliminate at least floor standing issues?

Possible Action:  Add more specificity to the application of ferrite loading in Amendment 1

4. Specifically addressing the insertion loss/attenuation specification in Amendment 1 of the ferrite loading, the amendment states simply that the insertion loss must be greater than 15dB from 30-1000 MHz in a 50 ohm system.  
a. CISPR 16-1 says 100-250 ohms with it being less than 20% reactive.  
b. Should an insertion loss curve be created with a tolerance so that there is control of the range of attenuation that is needed to again increase repeatability. This tolerance will probably be in the order of +/- 30 percent or so.
Possible Action:  Add more detailed specification to the ferrite device

5. Measurements made with and without the ferrite loading of cabling have given different results which are not predictable without performing measurements with and without the ferrite loads or terminations.   Hence there is no clear way to determine or predict the continuing status of compliance of products which have limited margin with respect to the limit.  In this regard, here are further comments:

a. The results with adding the ferrite loads can cause the product to not meet the emission limits.  What do you do in this instance when products compliant today become non-compliant without any change in the product design or manufacture?

Possible Action:  Consider allowing products meeting the limits in the past, continue to meet the limits if no manufacturing or design changes affecting emissions are made

b. It would be extremely difficult to support a redesign of a product which heretofore met the limits.  

c. In addition, the placement of the ferrites may affect the radiated emission from products which have a significant radiating aperatures which are in the direction where the ferrite loads are placed.  What constraints should be placed on these placements?

Possible Action:  Further specify the test setup and constraints 

Here are other issues found during the research:

1. Currently, amendment 1 to CISPR 22 states that only a single cable can be routed through a ferrite clamp/tube. 
a. This presents a physical constraint that has no solution when EUTs have many cables (e.g., 100 or more) attached to it.
b. Testing organizations cannot provide that many ferrite clamps for obvious reasons of cost as well as the practical challenge of lining up all the clamps on the turntable and while still allowing the turntable to rotate. Also several testing organizations may have multiple test sites which if such testing is performed in parallel further increases the number of ferrite clamps/tubes.
c. We further note that the one cable/one ferrite load is only mentioned in note 7 of figure 10 in Amendment 1.  Clearly this subject needs to be addressed in the main text to be a requirement as such notes are only to remind the reader as to the requirement which should be in the main body of the standard.
d. None-the-less, for large arrays of cabling, this requirement has to be amended to ever be implementable.  Single vs. multiple cables.  This needs to be re-examined. Dozens of ferrite clamps/tubes on the ground plane is neither practical nor feasible. 

Possible Action:  Expand the concept of ferrite loading to allow multiple cables to be inserted in the ferrite device; what are the issues with doing this? 

2. Amendment 1 does not seem to allow the use of clamp-on ferrites which needs to be allowed and so stated in Amendment 1 as a possible solution to item 1 above.  

i. If such ferrite clamps are allowed then the issue is how to calibrate or verify that the insertion loss meets the 15 dB or larger requirement.  Hence to implement this alternative it would be necessary to construct a calibration procedure.  

ii. Without this verification/calibration, the goal of test repeatability will not be achieved. 
Possible Action:  Define a calibration method 

iii. It was hoped that the verification procedure for ferrite clamps, as described in the draft CD of CISPR/A/WG1 (draft available), would provide enough technical detail to fully verify the insertion loss of the ferrite loading.  Unfortunately this document calibrates the current probe portion of a clamp, not the impedance stabilization part.  In addition the draft CD describes in the draft is a scalar measurement procedure which largely ignores the contributions of the calibration fixture which is contained in the document. We have found that there are multiple reflections inside the fixture (e.g., at the connector interface) that affect the measurement of the ferrite clamp insertion loss. In fact the insertion loss due to the connector interface (an adaptation of the center conductor to a type N connector) was found to be greater than the 15 dB specification without taking into consideration any ferrite material present. This is due to the significant reflections at the fixture input (and output). Furthermore, no provision is made to allow for alternative verification methods (e.g., time domain measurements).  Again to be fair, the draft CD was not intended for the purpose we need to measure the insertion loss of clamps.  So it is not surprising that it does not meet our needs. 
Possible Action:  Suggest to CISPR/A/WG1 ways to add to their document (or work on a new document) a procedure to measure the insertion loss of ferrite tubes in the way Amendment 1 requires.  

iv. Even if the verification procedure in the CISPR/A/WG1 draft is used, the cable routing used for the verification and the cable routing actually used with the clamp in a test setup is different. (During the verification process proposed, the center conductor of the fixture is to be routed through the center of the ferrite clamp. During the measurement, the EUT cable is simply placed inside the clamp and the actual orientation is unknown.) Therefore, an investigation has to be made to determine the impact of the different routings of the cable. Our initial data suggests that this impact is not negligible.

Possible Action:  See immediately above possible action
v. In addition, the current fixture dimensions, as proposed in the draft CD of CISPR/A/WG1, do not allow the verification of commercially available ferrite clamps. This is mainly due to the maximum specified distance between the vertical part of the fixture and the ferrite inside the clamp being too limited. A maximum distance of 30 mm  stated in the draft CD is simply not long enough to use the above mentioned clamps.

Possible Action:  Ask CISPR/A to amend their document to account for the above dimension considerations.

To summarize, it is not clear if the ferrite material itself needs to be specified or if a combination of impedance and insertion loss is sufficient to adequately specify a ferrite clamp with the required insertion loss over the full frequency range it is to be used. Clearly, the material will have a significant impact on common mode current on the cable. 

As we have stated above, the product compliance result when introducing the use of ferrite clamps is unknown at this time. Even though the introduction of ferrite loading appears to be favorable for manufacturers at first glance (reduced emission amplitudes in parts of the frequency range of interest), resonance effects can also cause an increase of emissions and that increase might exceed the limit.

Work is continuing at an accelerated pace in the US to address all these issues.  Each time we make progress on one front, however, another issue surfaces.  We do not yet think all the issues are uncovered.

With this background, there needs to be immediate further investigation on how to address these significant issues before the full implementation and use of Amendment 1 begins.  We have indicated above several Possible Actions that need members of WG3 to take on board to move quickly to solutions/results. It is hoped that the members of WG3 will join in on this need to see what can be done now since it appears that the real status of using Amendment 1 is that it is premature to implement.   
