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Summary

Conducted and radiated tests were carried out on three versions of the ZXLD1350 demo-boards.  These were ZXLD1350EV2 as supplied to Delphi.  ZXLD1350EV3.  A relayed out version of EV2 were the inductor and LED connections were swapped. Finally a cut-down version of the EV3 board with no LEDs attached to see if the LED tracks were contributing to the radiated and conducted noise.   The results have been compared with those obtained by Delphi.  The methods to test the conducted and radiated noise were different to Delphi.  Zetex does not at present have the same EMC equipment as Delphi.  However on advice from the EMC consultant the techniques can be seen to give good indication of what techniques are needed to improve the ZXLD1350’s EMI performance.
The ZXLD1350EV2 board was tested for radiated and conducted emissions both in single wire (differential) configuration and for common mode signals.  The tests were carried out in a non-anechoic, screened room with equipment supplied by the EMC consultant.    Tests were carried out on both input supply wires and a single remotely connected 1W LED of length approximately 1metre.  Tests on this board were carried out as a calibration exercise to compare with graphs supplied by Delphi.

Results were useful as similar results to the stripline tests were obtained, but direct comparisons should not be taken as absolute readings.
Most significant improved test results were obtained with a cut-down version of the ZXLD1350EV3 board which most significant difference was the change to the connections of the LED and switching inductor.  By employing all of the measures in the recommendations including the new layout and extra EMI filtering the cut-down should be re-submitted to Delphi for re-testing.  Extra measures include increased input capacitance on Vin from 1uF low ESR to 10uF.  Inclusion of an output capacitor of 1uF low ESR and a Vin series inductor of around 300uH.  Finally run the ZXLD1350 as fast as the device will allow using a 47uH or smaller inductor in the switching circuit to minimise input filtering
When all these measures were taken both conducted and radiated emissions were measured to be reduced by around 60dBuV.  It is recommended that all measures are taken and then values reduced until EMI measurements are acceptable to minimise size and cost implications.  The inclusion of an input inductive filter on the Vin supply is not peculiar problem with the ZXLD1350 but a likely with any switching regulator.
Introduction

The ZXLD1350 was reported to have EMI issues as seen in Appendix 1.  Delphi conducted and radiated emissions tests.  These graphs were used as a comparison to solve the EMI issues with the ZXLD1350 as used on the demo board ZXLD1350EV2.

Perfect replication of the tests was not possible with our limited test equipment.  An external EMC consultant was used to replicate the results taken by Delphi and provide defensive EMC measures to enable the customer to meet the conducted and radiated emissions tests.  

Test methods and levels are assumed to be similar to the CISPR25 levels

The results below are discussed with reference to Delphi’s testing in Appendix 1.  The test methods were different and so results are not identical.    The results are intended to show how relative EMI reduction can be improved with the recommended measures, but actual testing needs to be carried out by Delphi implementing the techniques to produce a suitable solution in their application. 

Conducted Emissions Tests Vin Power Line 

The test arrangement is shown in figure 1, using the ZXLD1350EV2 board.  The circuit diagram is shown in figure 2.  This was used to determine the levels of interference in the power line and then compared to the Delphi results in Appendix 1 figure A and figure C.  These results are believed to be carried out on the +Ve nominal 12V input supply wire and not as common mode signal on both wires 

Figure 1
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Figure 2
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ZETEX Plots of investigation undertaken 27/9/2006

The following plots, “on different configurations of the ZXLD1350 device” were under taken utilizing a 5Ω current probe or a MDS clamp and a spectrum analyser. The results are indicative only and demonstrate the consequential reduction in emission potential 

achieved by various techniques.

CONDUCTED

The following were undertaken with the 5Ω current probe on the V+ line
ZXLD1350EV2 Power Line

Figure 4A
Figure 4B
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Figure 4C
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Comments
This method is different but for a point of view of scaling Delphi measured the peak signal of the fundamental at 95dBuV at 231kHz .  The results shown in figure 4 a show the fundamental at 99dBuV at 236kHz.  For EMC comparison figures using different methods these are close enough for technique evaluation.  The spectrum analyser used by the consultant can only display the frequency with a linear X axis.  Hence 3 graphs Figure 4 A,B and C. 
ZXLD1350EV3 Power Line

Figure 5
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Figure 6A
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Figure 6B
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Figure 6C
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Comments
The Demo board ZXLD1350EV3 was tested in the same set up as figure 1.  The measurements repeated. This demo board has the LED and inductor connection swapped. The PCB layout is optimised for this layout.  The conducted radiation tests 
results shown in Figure 6A,B and C show the input noise has been reduced by around 23dBuV at the fundamental.  The harmonics in the 10MHz region also reduced by about 23dBuV.
ZXLD1350EV3 cut down Power Line

After some experimentation a collection of defences measures was applied to the ZXLD1350EV3 board which involved reducing the PCB to only the active controller section see figure 7. The circuit used with this board is shown Fig 8 and the component differences shown in below
Figure 7
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The following plots were undertaken with the following additional components:- 


Input Series Inductor

300μH


Input Capacitor

11μF


Output Capacitor

1μF


Switch Inductor

 47μH


[image: image5]
Power Line Measurements on Cut-down ZXLD1350EV3

Figure 9A
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Figure 9 B
Figure 9 C
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Comments
From the results shown in figure 9A,B, C the fundamental was reduced by around 10dBuV above the noise floor.  It was impossible to measure the signal using the same Y axis scale as figure 4A.  Hence we estimate the fundamental and all harmonics will reduce by around 60dBuV.  To a level that it is worth retrying with Delphi.  These measures should be much better with the cut down board and the input capacitors and inductors can be optimised for size, cost and performance compromises.  Noise peak on Figure 9C is believed to be the spectrum analyser as we were unable to provide connections outside of the room.  The peak was still there with the ZXLD1350EV3 board turned off.
Conducted EMI Tests on the output the output LEDs down 1metre cables.

The Test Setup is shown in Figure 10A B.  below.  The ZXLD1350EV2 board with circuit configuration as in Figure2 was used. Conducted emissions tests using the 5 ohm current clamp were measure as single wire measurements on the Anode of the LED.  The results are shown in figure 11 A,B C.  Common mode measurements with the clamp around both anode and Cathode leads are shown in Figures 12 A, B and C.

Figure 10A
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Figure 10B
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Output Single wire 

Figure 11A
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Output Common mode 
Figure 12A
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C
Comments on conducted output EMI.
From the results shown in figures 11 and 12.  The conducted emissions are much reduced as common mode signal than a differential/single ended signal. These results are more of an indication of potential emitted noise problems than conducted problems as the LED is in a closed loop and is not directly connected to any other circuitry.    

Results of tests have on the ZXLD1350EV3 cut-down version (figure 7) have been published as the results were all in the noise floor and no conducted emissions were detected.  The use of the new layout and output capacitor cleaned this signal.

RADIATED emissions tests
The following were undertaken with the MDS clamp to assess radiation potential.  We are currently not in possession of a TEM cell/stripline to carryout a true replication of the Delphi Tests. On advice from the EMC consultant we used a MDS clamp to get indicative tests of the likely performance compared to a stripline test.  The test method is shown in figure 13

Figure 13   

[image: image8]
ZXLD1350EV2
Figure 14A
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Figure 14B
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Comments on single ended emissions test

The above graphs of figure 14 can be compared with the stripline results of the Vin strip line measurements in appendix1 Figure B. The test method is shown in figure 13. Although the Delphi stripline test is covering a wider frequency band 500kHz to 1GHz.  Over the measurable frequency band possible with MDS equipment the results are comparable.  This is of course not a true comparison especially as the measurement is on the output and not the input as per Appendix 1 Figure B, however the general peaks and troughs are in similar bands and as a calibration exercise our figures were around 8dB lower than the Delphi figures.  The object of these results is to show the relative improvements later.  Input voltage measurements will be also be shown later.

Output Common Mode tests Figure 15
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Figure 16A
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Figure 16A
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Comments on single ended emissions test

The set up in figure 15 shows the LED wires were placed side by side in the MDS clamp.  The results are shown in Figure 16A and B.

The common mode signal had some different peaks and troughs but the level of emissions is similar to the single ended results.
Input Voltage  Common Mode
Figure 17 Test setup
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Figure 18A
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Figure 18B
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Comments
The above graphs of figure 18 can be compared with the stripline results of the Vin strip line measurements in appendix 1 Figure B. The test method is shown in figure 17. Although the Delphi stripline test is covering a wider frequency band 500kHz to 1GHz.  Over the measurable frequency band possible with MDS equipment the results are comparable.  This may not be a true comparison with Appendix 1 Figure B, We are not clear if Delphi carried out a single wire test or a common mode test on the input supply. However the general peaks and troughs are in similar bands and as a calibration exercise our figures were around 6dB lower than the Delphi figures for the common mode results.  At higher frequency there appears to be some common mode cancellation occurring.
Input voltage positive lead radiated tests.

Figure 19 Test setup


[image: image11]
Figure 20A

Figure 20B

Comments

The above graphs of figure 20 can be compared with the stripline results of the Vin strip line measurements in appendix 1 Figure B. The test method is shown in figure 19. Although the Delphi stripline test is covering a wider frequency band 500kHz to 1GHz.  Over the measurable frequency band possible with MDS equipment the results are comparable.  This may not be a true comparison with Appendix 1 Figure B, We are not clear if Delphi carried out a single wire test or a common mode test on the input supply.  However the general peaks and troughs are in similar bands and as a calibration exercise our figures were around10dB lower than the Delphi figures for the single ended results at around 30MHz and about 15dBuV down around 100MHz.  
ZXLD1350EB3 cut down Power Line Tests
The test method shown in figures 17 and 19 using the cut-down version of the ZXLD1350EV3 board shown in figure 7.  All the defensive measures were applied.  The circuit values are shown in figure 8.  The changed values are summarised below.
The Results are shown below.
The following plots were undertaken with the following additional components:- 


Input Series Inductor

300μH


Input Capacitor

11μF


Output Capacitor

1μF


Switch Inductor

 47μH

Input Common Mode and Positive Wire Radiated tests
No plots were recorded for either test as the results were merely the Noise floor of the Spectrum analyser.
Output Common mode Tests
The test setup shown in Figure 15 was used on the cut-down ZXLD1350EV3 board to measure output radiated noise using the MDS clamp.  The results are shown in Figures 21A and B. Only Common mode tests were carried out as it was felt that in a real system with remote LEDs the LEDs would be unlikely to have separated wiring.
Figure 21A


Figure 21B

Comments

The above graphs of Figure 21a and B shows there was very little radiated EMI to be measured with this technique.  The peaks at 227MHz were test equipment noise. The set up was not ideal as the screen room does not at present have remote connection facilities.  The peaks were proven not to be due to the ZXLD1350 as they were still present with the battery disconnected.  It is difficult to scale the overall improvement as the scale and reference points of the spectrum analyser had to be changed to get any readings.  It is estimated that an overall improvement of greater than 60dBuV was achieved with all of the defensive measures.
Appendix 1

Figures A 

Delphi results of ZXLD1350EV2 Vin conducted emissions

[image: image12.emf]
Figure B

In put Voltage Radiated emissions using strip line technique 
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Figure C 
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Figure D
Strip line radiated emissions test method used by Delphi
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Figure 8	ZXLD1350EV3 EMI measures
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