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Understanding DC/DC Converter
Waveforms
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Buck converter current & voltage waveforms

Consider MPQ9842, an automotive buck converter with integr
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Buck converter layout T primary noise sources

EVQ9842-L-00A PCB DC/DC IC: .
High dVv/dt & dl/dt in

power stage
(strong E & H fields)

MPQ9842 Demo | Joord
EVQ9842-L-00A
www.monolithicpo rer.com:
Made in China

Input Caps:
High dl/dt
(strong H field)

PS Confidential

SW Node:
High dV/dt
(strong E field)

Output Inductor:
(strong H & E fields)
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Debugging Radiated EMI from
DC/DC Converters
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DUT used for RE measurements

Before performing measurements, be sure to carefully understand the schematic & layout of your DC/DC converter
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Initial scan for CISPR25 - Monopole

CISPR25 Radiated Emissions setup Frequency|  Limit |Band| [etector|Value ( dByv/m )| R8W | Detector|Value (dByv/m )| Rew i (d)|ass/Fail|
A DUT = EVQ9842 910kHz Table7-Ciass5 MW  Vertical Peak 2360 SkHz  Pesk 40.00 SKkHz  -1640 (]
A 2m Cable harn eSS (+12V’ GND) 910kHz Table7-Class5 MW Vertical Average 17.25 SkHz Average 20.00 SkHz -275 °
910khz Table7-Ciass5 MW  Vertical Peak 2360 9kHz = QPesk 27.00 9z -340 (]
A Antenna 1m from setu p 195kHz Teble7-ClassS LW Vertical Peak 2445 SkHz  Peak 4600 9KkHz 2155 (]
A =g - 190kHz Table7-ClassS LW  Vertical  Average 1019 SkHz  Average 26.00 SkHz -1581 (]
195kHz Table7-Class5 LW Vertical Peak 2445 9kHz = QPeak 33.00 9kHz -855 °
6095 MHz Teble7-ClassS SW  Vertical Peak 2398 okHz  Peak 4000 SkHz -1602 (]
6095MHz Table7-Class5 SW  Vertical  Average 2082 SkHz | Average 2000 SkHz 082 [x]
6.095MHz Table7-Class5 SW Vertical Peak 2398 9kHz = QPeak 27.00 9kHz -3.02 °

z 1 Failure:
Vertical

55 dByV/m Average @ 6MHz
< 1dB above limit

40 dBuV/m

e l—

Level

20 dBuV/m

0dBuV/m
-5 dBuV/m T A AR T e e vyt T T—T—1—7—
150 kHz 500 kHz 1 MHz 2 MHz 5 MHz 10 MHz 20 MHz 50 MHz
Frequency

mmmm Table 7 - Class 5Peak == Table 7 - Class 5 Average === Table 7 - Class 5 QPeak
©  Data Reduction
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Initial scan for CISPR25 1 Bicon, Log

Now look at Bicon antenna (30MHz i 300MHz) and Log antenna (300MHz i 1GHz)
Vertical

1 Failure:
Vert Average @ 301.3MHz
ol 1.69dB above limit
st b s
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e — e ey
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2
= | Measurement Limit ’ }
0dBuV/m [ I l Frequency|  Limit Band |Polarization| Detector Value ( dByV/m )| RBW |Detector|Value (dByV/m )| RBW [Diff (dB)|Pass/Fail
3057 MHz  Teble 7 - Ciass 5§ RKE Vertical Peak 251 120cHz  Pesk 3200 120KHz 349
s mwer-casfl RE  vetan  mesge| w8 | oew heme|  wm ume e @
=
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Prior to CISPR25, Level 5 RE measurements, PCB layout was reviewed and looked good.
No major problems observed.

Monopole (150kHz i 30MHz)
A Passing except slightly above limit at 6MHz (failing < 1dB, borderline)

Bicon (30MHz i _300MHz)
A Noticeable noise spectrum, but well below limits
A Passing Peak & Average atallf r e g 6 s

Log (300MHz i 1GHz)

A Noticeable noise spectrum between 300MHz i 450MHz

A Average noise from 300MHz i 330MHz is close to limit line (Vertical is worse)
A One failure at 301.3MHz, vertical polarization (~2dB over limit)

Overall, not bad. But a few i mprovements s
GOAL: PASS at problem f r e, gith as much margin as possible
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Il ng point for debuggi

First | et 6s consider the near/ far fi eld boundari

A For each problem freq or freq range, we can determine wavelength (f) as ¥ = c/f
A Define finear fi el df/Bfoomnasasoyrae as di stance

Monopole
A For 6MHz failure, we can calculate ¥ = 50m; near field boundary ¥ /6 = 8.3m

A Since our antenna is 1m from cabling, and ~1.5m from DUT, problem is NEAR FIELD!
A Weodr e meRfeldsfrorm@UT, or cabling, or both

Bicon

Passing

Log

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

A Problem is FAR FIELD!

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

A Cables may be contributing some noise at ~300MHz

A However, DUT/board can become dominant radiator at this frequency (>300MHz)
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Determine dominant noise source i DUT or Cable?

From our pre-assessment:
1) Problem at 6MHz (Monopole) is near field, may be coupling from cable or DUT or both
2) Problemat301MHz(Log) is far field, wedre assuming DUT may be dc

HOW can we prove if our initial assessments are correct?

Shield/enclosure
does NOT connect

Shield using
to DUT/Cable
metal enclosure
DUT —
NOTE:
In a real customer test, alligator clips
Shield using should NEVER be used!
foil or mesh Use VERY GOOD connections 1
—_—p screw terminals, solder wires, etc.
Cable
OR

Significantly shorten cable
(make it electrically small object)

»
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Vertical

Standard setup with 2m cables

55 dBuV/m

40 dBuV/m

Level

20 dBuV/m

0dBuV/m
-5 dBuV/m

150 kHz

T Tt=t
500 kHz 1MHz

T =t Tt
2 MHz 5 MHz

Vertical
55 dBpuV/m

40 dBuV/m

Modified setup with 15cm cables

T
10 MHz 20 MHz

Level

20 dBpV/m

0dBpV/m
-5dBuV/m

T | Fi= et o T
150 kHz 500 kHz 1 MHz 2 MHz

T T
5MHz 10 MHz 20 MHz
Frequency

Monopole T dominant noise source?

Shielded DUT with 2m cables

Vertical
55 dBuV/m

40 dBuV/m

Level

20 dBpV/m

0dBuV/m
-5 dBuV/m T
150 kHz

T T — T T T
600kHz 1MHz 2MHz 3MHz 6 MHz

10 MHz

20MHz 30V
Frequency

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

A Assessment: Dominant noise NOT coming from cable

Observations with shielded DUT:

A Reduction of 10-15dB at most frequencies
A Assessment: Dominant noise coming from DUT
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Bicon/Log, Vertical T dominant noise source?

Standard setup with 2m cables

Vertical
50 dBuV/m

40 dBpV/m

Observations with different cables:
A Between 30MHz i 300MHz, some noise shifts around

A Between 300MHz -400MHz, noise is about the same
e T e e ch s T e e comn some womemome e« | A Overall, noise |levels don§
A Assessment: Dominant noise NOT coming from cable

20 dBuV/m

Level

0 dBpV/m

= Table 7 - Class 5 Peak = Table 7 - Class 5 Average = Table 7 - Class 5QPeak =~ —— Peak/120kHz Average/120kHz ©  Data Reduction

Modified setup with 15cm cables
P Observations with shielded DUT (not shown):

Vertical A DUT is placed in a shielded box
cuk | _— A 2m cables used
Z o i T — — - A Noise drops significantly from 300MHz i 400MHz
3 2 deyvim- —— S _— Y A Noise drops significantly < 300MHz
) . ! L ? o W A Assessment: Dominant noise coming from DUT
30 MHz 40 MHz 50MHz 60 MHz 70 MHz 80 MHz 100 MHz ququwMHz 300 MHz 400 MHz 500 MHz 600 MHz 700 MHz 1GHz

= Table 7 - Class 5 Peak = Table 7 - Class 5 Average == Table 7 - Class 5 QPeak — Peak/120kHz Average/120kHz ©  Data Reduction
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Bicon/Log, Horizontal T dominant noise source?

Standard setup with 2m cables

Modified setup with 15cm cables

Observations with different cables:

Some noise above 400MHz improved

To Do To T I I

Between 30MHz i 300MHz, some noise shifts around
Some noise slightly higher between 40-80MHz
Between 300MHz -400MHz, noise is about the same

Overall, noi se | evels donb
Assessment: Dominant noise NOT coming from cable

Observations with shielded DUT (not shown):

A DUT is placed in a shielded box
A 2m cables used

A Noise drops significantly from 300MHz i 400MHz

A Noise drops significantly < 300MHz

A Assessment: Dominant noise coming from DUT
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