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Understanding DC/DC Converter 
Waveforms



Buck converter current & voltage waveforms
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Consider MPQ9842, an automotive buck converter with integrated FETôs
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Buck converter layout ïprimary noise sources
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EVQ9842-L-00A PCB

Input Caps:

High dI/dt

(strong H field)

DC/DC IC:

High dV/dt & dI/dt in 

power stage

(strong E & H fields)

SW Node:

High dV/dt

(strong E field)

Output Inductor:

(strong H & E fields)



Debugging Radiated EMI from 
DC/DC Converters



DUT used for RE measurements
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Before performing measurements, be sure to carefully understand the schematic & layout of your DC/DC converter

EVQ9842-L-00A

Å Output = 5V, 2A

Å Fsw set to 2MHz

Å NO Spread Spectrum

Å Input EMI filters (L1, L2) 

are shorted out

Å Input power cables are 

2m long, unshielded & 

untwisted.



Initial scan for CISPR25 - Monopole
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CISPR25 Radiated Emissions setup

Å DUT = EVQ9842

Å 2m cable harness (+12V, GND)

Å Antenna 1m from setup

1 Failure:

Average @ 6MHz

< 1dB above limit



Initial scan for CISPR25 ïBicon, Log
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Now look at Bicon antenna (30MHz ï300MHz) and Log antenna (300MHz ï1GHz) 

Zoom in of RKE band

1 Failure:

Vert Average @ 301.3MHz

1.69dB above limit



Observations
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Prior to CISPR25, Level 5 RE measurements, PCB layout was reviewed and looked good. 

No major problems observed.

Monopole (150kHz ï30MHz)

ÅPassing except slightly above limit at 6MHz (failing < 1dB, borderline)

Bicon (30MHz ï300MHz)

ÅNoticeable noise spectrum, but well below limits

ÅPassing Peak & Average at all freqôs

Log (300MHz ï1GHz)

ÅNoticeable noise spectrum between 300MHz ï450MHz

ÅAverage noise from 300MHz ï330MHz is close to limit line (Vertical is worse)

ÅOne failure at 301.3MHz, vertical polarization (~2dB over limit)

Overall, not bad.  But a few improvements should be made at the ñproblem areasò

GOAL: PASS at problem freqôs, with as much margin as possible



Starting point for debuggingé.
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First letôs consider the near/far field boundaries in our measurements

Å For each problem freq or freq range, we can determine wavelength (ⱦ) as ⱦ= c/f

Å Define ñnear field boundaryò as distance ⱦ/6 from noise source

Monopole

Å For 6MHz failure, we can calculate ⱦ= 50m; near field boundary ⱦ/6 =  8.3m

Å Since our antenna is 1m from cabling, and ~1.5m from DUT, problem is NEAR FIELD!

Å Weôre measuring E fields from DUT, or cabling, or both

Bicon

Passing

Log

Å For 301MHz failure, we can calculate ⱦ= 1m; ⱦ/6 =  0.17m (or 17cm) 

Å Problem is FAR FIELD!

Å We are measuring the E component of E-M wave. 

Å Cables may be contributing some noise at ~300MHz

Å However, DUT/board can become dominant radiator at this frequency (>300MHz)



Determine dominant noise source ïDUT or Cable?
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From our pre-assessment:

1) Problem at 6MHz (Monopole) is near field, may be coupling from cable or DUT or both

2) Problem at 301MHz (Log) is far field, weôre assuming DUT may be dominant radiation source

HOW can we prove if our initial assessments are correct?

Shield using

metal enclosure

Shield using

foil or mesh

OR

Significantly shorten cable

(make it electrically small object)

NOTE:

In a real customer test, alligator clips 

should NEVER be used!

Use VERY GOOD connections ï

screw terminals, solder wires, etc.

DUT

Cable

Shield/enclosure 

does NOT connect 

to DUT/Cable



Monopole ïdominant noise source?
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Standard setup with 2m cables

Modified setup with 15cm cables

Observations with different cables:
Å Reduction of 3-6dB at most frequencies

Å Assessment: Dominant noise NOT coming from cable

Observations with shielded DUT: 
Å Reduction of 10-15dB at most frequencies

Å Assessment: Dominant noise coming from DUT

Shielded DUT with 2m cables



Bicon/Log, Vertical ïdominant noise source?
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Standard setup with 2m cables

Modified setup with 15cm cables

Observations with different cables:
Å Between 30MHz ï300MHz, some noise shifts around

Å Between 300MHz -400MHz, noise is about the same

Å Overall, noise levels donôt change significantly

Å Assessment: Dominant noise NOT coming from cable

Observations with shielded DUT (not shown): 
Å DUT is placed in a shielded box

Å 2m cables used

Å Noise drops significantly from 300MHz ï400MHz

Å Noise drops significantly < 300MHz

Å Assessment: Dominant noise coming from DUT



Bicon/Log, Horizontal ïdominant noise source?
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Standard setup with 2m cables

Modified setup with 15cm cables

Observations with different cables:
Å Between 30MHz ï300MHz, some noise shifts around

Å Some noise slightly higher between 40-80MHz

Å Between 300MHz -400MHz, noise is about the same

Å Some noise above 400MHz improved

Å Overall, noise levels donôt change significantly

Å Assessment: Dominant noise NOT coming from cable

Observations with shielded DUT (not shown): 
Å DUT is placed in a shielded box

Å 2m cables used

Å Noise drops significantly from 300MHz ï400MHz

Å Noise drops significantly < 300MHz

Å Assessment: Dominant noise coming from DUT


